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Dear Colleagues and Friends,
A big welcome to everybody to the ESVCN congress in Nantes.
Nantes is well known for its prestigious maritime history. While
port and naval activities have now moved downstream, Nantes
turned into the metropolitan centre and the economic capital of
the West of France. The architectural heritage of Nantes reflects
the town’s wealth and importance over centuries : the mediaeval remnants in Bouffay, the castle of the Ducs de Bretagne, the
Opéra Graslin, the Cathedral, or the Passage Pommeraye, a
jewel of Art Nouveau. Unfortunately I am afraid you will not
have time to visit Nantes in depth. At least we will have the opportunity to experience the bouquet of the Muscadet, and the
best (I hope so…) of the local culinary tradition.
If the main reason of your coming is the congress, you will enjoy the program. Indeed
the scientific congress committee, headed by Henri Dumon and Peter Markwell, offers us
an excellent program with cutting edge information. For two days and a half we have a
core program with 12 scientific lectures and over 120 research communications. Keynote
lectures will give us updates in some fields of general or clinical nutrition. On Saturday
morning we have scheduled a mini-symposium that should show us interesting insights
of the comparative aspects of fatty liver disease.
During coffee and lunch breaks you will of course use the time for meeting old friends or
making new ones. You also have the chance to select the winner of the ESVCN abstract
2005. Try to visit the posters in the exhibit hall during the breaks. The winner of the best
poster will also be announced during the congress gala dinner. Do not forget to thank the
sponsors for their continuing support of this congress.
Well, with all this new and exciting information at your fingertips, research as well as
continuing education are at their best.
We are in great depth for the help from Joana Nery and Valéry Corberand in the organizing committee. Hope you appreciated their availability and efficiency. I also want to
thank all the colleagues of the scientific committee. All submitted papers have been reviewed by a pair of members. It has been a lot of work too.
The ESVCN congress is traditionally a place not only for scientific information but also for
social gatherings. Firstly, Royal Canin invites you all to a social dinner Thursday evening.
Friday evening will be the time of the official Gala Dinner, thanks to Nestlé Purina PetCare, the gold sponsor of this congress, at the Museum of Fine Arts. This might be the
time to discover the masterpieces of the museum, to listen to some musique, and to
taste some wonders from the sea and
the vineyards.
Most importantly, our congress has its
main reputation from excellent speakers and abstract presenters. Finally I
want therefore to thank you all for
coming and sharing your knowledge.
We are proud to have you with us.
So, have a great time in Nantes.
Patrick Nguyen
ESVCN 2006 Organizing Committee
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Program

Thursday, October 5th
09.00

Opening remarks
Pet energy requirements

09.10

Richard Hill (University of Florida)

Equine nutrition update

Manfred Coenen (University of Leipzig)

Applied nutrition Ia

10.10

(Oral presentations)

10.30

Coffee break

Applied nutrition Ib

11.00
12.10

(Oral presentations)

e-Feed – feedscience goes online

Marcel Wanner (University of Zurich)

12.30
14.00

Lunch.

(Oral presentations)

15.50
16.20
17.20

(Oral presentations)
Coffee break

Applied nutrition & toxicology
(Oral presentations)

Nutritional modulation of cardiac disease
Lisa Freeman (Tuft University)

17.50
20.15

Pet nutrition

Livestock nutrition

E nd

Social dinner.

Friday, October 6th
09.00
10.30
11.00
12.30
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(Oral presentations)
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(Oral presentations)
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Jacques-Philippe Moulinoux (University of Rennes)
E nd

Gala dinner.
Nestlé
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09.00

Liver lipid metabolism overview
Patrick Nguyen (Veterinary School of Nantes)
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Louis Istasse (University of Liège)
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Coffee break
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Pierre-Henri Ducluzeau (University of Angers)

Horse lipidosis
Domenico Bergero (University of Turin)

Nutrigenomics and liver metabolism
Kelly Swanson (University of Illinois)
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& Farewell lunch
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Coenen M., Vervuert I
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Nutritional modulation of cardiac disease
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Nguyen P.
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Dairy cattle fatty liver
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Bergero D., Nery J.
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SCIENTIFIC SESSIONS
Thursday, October 5th (10.10 - 12.10)

Applied nutrition I
Spelt, an ancient cereal of interest for modern horse feeding: chemical composition and digestibility

69

Delobel A., Schoonheere N., Hornick J.L., Istasse L.
Effects of oral L-carnitine and L-lysine administration in accordance to the biological strain in an exercising pigeon model

70

Hullár I., Fébe H., Mézes M., Glávits R., Fekete S.
NBT-PABA test to assess kinetics of proteolytic enzyme action in pancreatic
duct ligated minipigs used as a model of pancreatic exocrine insufficiency
Mößeler A., Karthoff J., Gregory P.C., Kamphues J.
Effects of Enterococcus faecium DSM 7134 on cellular and humoral immune parameters and the gut flora of adult dogs

71

72

Mück S., Hellweg P., Zentek J.
Kinetics of stable isotope-labelled bicarbonate in dogs
Hill R.C., Wrigglesworth D.D., Hackett R., Rawlings J.M., Callcut T., Speakman J.R.
Screening test to assess proteolytic enzyme activity in pancreatic duct ligated
and fistulated minipigs using a single test meal

73

74

Mößeler A., Becker. C., Zantz S., Gregory P.C., Kamphues J.
Extracts of calcinogenic plants prevent postmenopausal bone loss in the ovariectomized rat as a model for osteoporosis
Von Rosenberg S., Rambeck W.A., Wehr U.
Influence of feeding programme on growth dynamics of German shepherd puppies until 3 months of age

75

76

Cutrignelli M.I., D’Urso S, Solimene R., Romano R., Moniello G., Piccolo G.
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Thursday, October 5th (14.00 - 15.50)

Livestock nutrition
Effects of high-fibre feed supplied ad libitum to grouped pregnant sows
Wavreille J., Remience V., Servais V., Sulon J., Bartiaux-Thill N.
Comparison of fermentation characteristics of rumen fluid from buffalo and cattle using the in vitro gas production technique
Calabrò S., Moniello G., Piccolo V., Bovera F., Infascelli F., Cutrignelli M.I.
Vitamin D receptor amounts across different segments of the gastrointestinal
tract in cows under consideration of the factors age and breed
Liesegang A., Singer K., Boos A.
The impact of maternal n-3 PUFA supply on fatty acid profile and lymphocyte
surface markers in primary and secondary lymphatic tissues of piglets
Binter C., Khol-Parisini A., Schäfer K., Gerner W., Hellweg P., Hulan B., Saalmüller A.,
Zentek J.
Oregano (O. majorana x O. vulgare) has no effect on performance and antioxidative capacity of quails fed a diet rich in ω3 fatty acids
Handl, S., Hellweg, P., Khol-Parisini, A., Rossmann, B., Thurner, K., Luf, W., Novak, J.,
Zentek, J
Caecum microbial activity can be predicted by faecal fermentation characteristics in rabbits
Bovera F., Lucà R., Nizza S., Piccolo G., Tudisco R., Calabrò S.
The effects of iron sulphate supplementation to diets containing cottonseed
meal on performance and haematological parameters of broilers
Karakas Oguz F., Oguz M.N., Hatipoglu S., Gulay M.S.
Phosphorus metabolism in fattening bulls – effects of a varying crude fibre
supply and added calcium chloride
Taube V., Kamphues J.
Effects of coarsely ground diets and/or organic acids as feed additives on Salmonella prevalence in fattening pigs – a field study
Winter P., Visscher C., Verspohl J., Stratmann J., Müffling T. v., Kamphues J.
Investigations on effects of oral application of antibodies (produced in transgenic peas) in weaned piglets experimentally infected with F4 (K88) positive
enterotoxic E. coli (ETEC)
Hagemann M., Mößeler A., Riehl M., Giersberg M., Zimmerman J., Falkenbur D.,
Verspohl J., Kamphues J
The possibilities using dehulled barley in broiler quail diets
Oguz M.N., Karakas Oguz F., Goncuoglu E.
A new method to grade glass eels according to their appetite
Angelidis P.
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Thursday, October 5th (14.00 - 15.50)

Pet nutrition
First experiences with the new energy and nutrients requirements for dogs of
the NRC (2006) in nutrition consultation practice

99

Kienzle E., Zorn N., Kölle P., Dobenecker B.
Influence of cellulose fibre length on digestibility in cat
Prola L., Dobenecker B., Mussa P.P., Kienzle E.
Digestibility of starch sources for dogs and cats
Oliveira L.D., Sakakura F.S., Vasconcellos R.S., Bazolli R.S., Carciofi A.C., Prada F.
Variability of weight loss in energy-restricted obese cats
Colliard L., Paragon B.M., Blanchard G.
Nitrogen in urine and calculation of metabolisable energy in cats
Wichert B., Isenegger M., Wanner M.
Comparison of prediction methods of digestible energy content of extruded dog
food
Hervera M., Baucells M.D., Torre C., Buj A., Castrillo C.
Effect of very fresh salmon oil on antioxidative status, lipid and thyroid metabolism in dogs.
Hesta M., Verbrugghe A., Christophe A., J. Zentek J., Hellweg P., Buysed J., Janssens
G.P.J.
Dog's and cat's post-prandial glycemic and insulinemic responses to different
starch sources

100
101
102
103

104

106

107

Oliveira L.D., Takakura F.S., Bazolli R.S., Vasconcellos R.S., A. C. Carciofi A.C., Prada F.
Canine dinners: starch gelatinization and physical quality of pea flakes as affected by soaking, steam treatment and infrared radiation

108

Yang S.C., Zandstra T., van der Poel A.F.B.
Case report: Behaviour and movement disorders in dogs caused by cannabis
(Cannabis sativa L.) ingestion

109

Wolf P., Neuberth K., Aboling S., Kamphues J.
Retrospective comparative study of two diets in neutered cats and their impact
on general health
Lamarche M., Bénet J.J.
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Thursday, October 5th (16.20 - 17.20)

Applied nutrition & toxicology
Detection of oestrogenically active substances (genistein and daidzein from
soybean) in feedstuffs by an in vitro bioassay supported by HPLC analysis

113

Winter P., Nau H., Kamphues J.
The effect of fulvic and humic acid on the synthesis of T3, T4 and TSH hormones
in rats
Vucskits A.V., Hullár I., Szabó J.
“Standing straw” as a potential mycotoxine source for sows housed outdoor
Wolf P., Mischok D., Coenen M., Kamphues J.
Deoxynivalenol transport across the chicken intestinal epithelial cells and its effects on SGLT-1 transport activity in chicken jejunum
Awad W., Aschenbach J., Razzazi-Fazeli E., Böhm J., Zentek J.
Effect of rancid feed on rat`s performance, protein utilization and pathological
findings

114

115

116

117

Fekete S.G., Fodor K., Andrasofszky E., Glavits R.
Acute aflatoxicosis in dogs of Rio de Janeiro, Brasil
Campos S.G., Pimenta A. L. P., Almeida T. M., Lucena F. P., Bacelar A., Cavaglieri L.,
Dacero A., Rosa C.A.R.
Effect of gamma radiation on morphology and toxigenic capacity of Aspergillus
strains

118

119

Ribeiro J.M.M., Fraga M.E.,. Magnoli C., Fernández- Juri M.G., Dalcero A., Rosa C.A.R.
Surveillance of micoflora from raw materials used to pet food manufacture
Campos S.G, Cavaglieri L., Dacero A., Rosa C.A.R.

120

Micoflora and aflatoxigenic strains in commercial pet food in Argentina
Fernández- Juri M.G., Astoreca A., Barberis C., Asili R., Rosa C.A.R., Dalcero A., Magnoli
C.
Fractionation of trace metal ions in the presence of phytate by ultrafiltration
Van paemel M., Hesta M., Kalmar I., Janssens G.P.J.
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Friday, October 6th (09.00 - 10.30)

Horse nutrition
Effect of human-animal relationship between horses and young woman on
feeding, husbandry and grooming of horses

125

Bergler, R., Hoff, T., Kienzle, E.
Metabolic effects of short-term over and underfeeding in healthy ponies
Van Weyenberg S., Hesta M., Buyse J., Papadopoulos G.A., Janssens G.P.J.
Suitability of equine caecum content as inoculum in a modified ‘Rumen Simulation Technique’
Zeyner A., Dill B., Engelmann W., Markuske K.D.
Linseed oil, a supplement in horses diet. 1. Effects on digestibility
Delobel A., Schoonheere N., Hornick J.L., Istasse L
Linseed oil, a supplement in horses diet. 2. Effects on plasma metabolites and
insulin

126

127

128

129

Delobel A., Schoonheere N., Hornick J.L., Istasse L
A clinical report on enterolithiasis in horse in Italy
Valle E., Majer P., Aresu L., Tursi M., Bergero D.
Swiss Roughage: Hygienic quality and adequacy for horses
Wichert B., Nater S., Wolf P., Wittenbrink M., Bauer J., Wanner M.
Probiotic Escherichia coli strain Nissle 1917 in adult horses: Evidence of viable
bacteria in the faeces after incrementally increasing ingestion
Zeyner A., Albers N.A., Markuske K.D., von Bünau R., Krüger K.
Case report: Yellow oat grass (Trisetum flavescens) as a main constituent in
green fodder and its effects on health of horses

130
131

132

133

Wolf P., Aboling S., Kamphues J.
Dietary supplementation of scFOS prevent biochemical disturbances occurring
in the hindgut following an abrupt diet change
Respondek F., Goachet A.G., Julliand V.
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Friday, October 6th (09.00 - 10.30)

Wildlife & non conventional pet nutrition
Protein requirements for blue-fronted parrots (Amazona aestiva) growth
Carciofi A. C., Sanfilippo L.F., Oliveira L.D., Prada F.
Development of enzyme activities (in small intestine content and pancreatic
tissue) of pet birds during nestling period
Wolf P., Kamphues J.
Estimation of protein requirement for maintenance in a parrot species (Amazona spp.) by determining inevitable N-losses in excrements
Westfahl C., Wolf P., Kamphues J.
Hygienic quality of imported fresh oil palm fruits (Elaeis guinensis) for nutrition
of parrots
Wolf P., Siesenop U., Kamphues J.
Fatty acid status of free-ranging and captive black rhinoceros (Diceros bicornis), and correlation to the use of grain-based products
Clauss M., Dierenfeld E.S., Bigley K.E., Wang Y., Ghebremeskel K., Hatt J.-M., Flach E.J.,
Behlert O., Castell J.C., Streich W.J., Bauer J.E.
Diet hypersensitivity in captive wildlife in zoological collections
Ball R.L., Burton M.S., Olsen J.H.
Maintenance of wild born white rhinos (Ceratotherium simum simum) on forage
only diets in captivity

137

138

139

140

141

142

144

Ball R.L., Green J., Weatherford D., Forker K.
Quantification of enterobacteriaceae in faeces of captive black rhinoceros
(Diceros bicornis) in relation to dietary tannin supplementation
Clauss M., Wittenbrink M.W., Castell J.C., Kienzle E., Dierenfeld E.S., Flach E.J., Macgregor S.K., Hoppe T., Hummel J., Streich W.J., Hatt J.-M.
Measures of 3 species of acorns (Quercus ilex L., Quercus pubescens Willd.,
Quercus suber L.) and quali-quantitative microscopic aspects of the respective
starch granules

146

147

Pinna W., Cappai M.G., Sfuncia A., Nieddu G., Moniello G., Sanna M.
Hypersensitivity to captive diets as a possible underlying etiology for clinical
signs and pathology in captive black rhinoceros (Diceros bicornis)
Ball R.L., Burton M.S., Olsen J.H.
Apparent digestibility and Ca-requirement of tortoises (Testudo hermanni)
Varga A., Wagner E., Iben C.
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Friday, October 6th (11.00 - 12.30)

Applied nutrition II
Effect of glycosamine combined with omega-3 fatty acids on the development
of canine experimental osteoarthritis
Frost-Christensen L.N., Lafeber F., Mastbergen S.C., Garssen J., Hartog A., Hazewinkel
H.A.W.
The gut health response to dietary mannan-oligosaccharides in dogs
Spring P.
Investigations on calcium and phosphorus contents in blood and bones
(diaphysis of os femuris) of turkeys during fattening period
Götting C., Grosse Liesner B., Kamphues J.
Investigations on excreta quality (appearance, dry matter content, pH) related
to age, diet composition and counts of Clostridium perfringens in excreta of fattening turkeys

155

156

157

158

Radko D., Hagemann M., Hinrichs M., Grosse Liesner B., Götting C., Koddebusch L.,
Kamphues K.
Relationship between milk production and selected parameters in the urine of
lactating sows

159

Papadopoulos G.A., Maes D., Verheyen A., Van Weyenberg S., Janssens G.P.J.
Haematological changes in pigs suffering from the dystrophic syndrome
Orasanu A.
Efficacy of a combined fish oil and glucosamine &chondroitin sulfate supplementation on bone and cartilage metabolism in exercising young dogs
Vervuert I., Kessing M., Peus E., Gärtner S., Thonar E., Cuddeford D., Coenen M.
Effects of feeding a daily oral hygiene chew on dental deposits in medium and
large-sized dogs
Servet E., Hennet P., Biourge V.
The placebo effect of a supplement provided to dogs with signs of arthrosis: a
double blind-clinical trial in dogs.
Blanchard G., Dentz J.J., Paragon B.M.
Effect of ad libitum low energy high protein diet and exercise in obese dogs
Jeusette I., Compagnucci M., Romano V., Vilaseca Ll., Crusafont J., Torre C.
Investigations on the estrogenically active substances in feedstuffs by an in vitro bioassay in comparison to HPLC analysis
Winter P., Nau H., Kamphues J.
The impact of mycotoxins to animals and their productions
Antoniu S.
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Friday, October 6th (14.00 - 15.30)

Animal nutrition & food quality
Effects of induced acidosis on milk fat content and milk fatty acids profile
Enjalbert F., Videau Y., Nicot M.C., Troegeler A.
Influence of feeding plane on fatty acid composition of goat milk
D’Urso S., Cutrignelli M.I., Tudisco R., Piccolo V., Infascelli F.
Variations in the content of lactoferrin in tank milk samples
Giordano L., Dotreppe O., Hornick J.L., Istasse L., Dufrasne I.
Vitamins A and E content in milk from alpine grazing dairy cows
Elia C.A., Balzan S., Segato S., Bonato G., Lignitto L., Novelli E.
Determination of nutrients apparent digestibility with acid insoluble ash in
dairy cattle

171
172
174
175

176

Abdel Raheem S.M, Böhm J., Iben C.
Influence of dietary supplementation with False flax seeds on oxidative status
in rabbit
Prola L., Mussa P.P., Dominio S., Vercelli A., Strazzullo G., Meineri G.
Milk quality analysis by spectroscopy techniques for farm application
Segato S., Serva L., Elia C.A., Berzaghi P.
Does dietary linseed improve technological quality of the “foie gras” of overfed
ducks?
Rondia P., Delmotte C., Raes K., de Smet S., Sindic M., Fameree J., Bartiaux-Thill N.
Effects of grinding intensity and diet composition (addition of lignocellulose or
sugar beet pulp) on feces’ quality in swine

178

179

180

181

Warzecha A., Mößeler A., Kamphues J.
Is ostrich proper species for our zone?

182

Colibar O.
Potential toxic agents of animals associated with feeding in organic farming
Sekkin S.

20
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Friday, October 6th (14.00 - 15.30)

Pet clinical nutrition
Effect of supplemental dietary vitamin E and beta-carotene on immune and oxidative parameters in young and old beagle dogs

187

Massimino S., Hayek M., Reinhart G., Chew B., ParkJ., Morgan D.
Energy allowance to induce weight loss in dogs is affected by breed and sex but
not diet
Bissot T., Servet E., Biourge V.
The effect of dietary sodium on urine composition and on calcium oxalate relative supersaturation in healthy cats
Tournier C., Aladenise S., Vialle S., Venet C., Ecochard C., Sergheraert R., Biourge V.
The effect of urinary pH on calcium oxalate relative supersaturation in healthy
cats
Tournier C., Aladenise S., Vialle S., Venet C., Ecochard C., Sergheraert R., Biourge V.
Effect on water intake of dietary mannitol, sodium chloride and food frequency
in healthy cats
Kirschvink N., Lhoest E., Leemans J., Delvaux F., Istasse L., Gustin P., Biourge V., Diez
M.
Statistical relations between obesity in dogs and associated diseases
Swiontek V., Detilleux J., Herry J., Lhoest E., Istasse L., Diez M.
Gene expression during weight loss in obese and insulin resistant dogs
Khoshniat S., Leray V., Serisier S, Nguyen P.
Effects of hyperenergetic diet in young dogs compared to older dog
Serisier S., Briand F., Gayet C., Ouguerram K., Magot T., Nguyen P.
Obesity in dog: A survey results in Italy
Mussa P.P., Prola L., Meineri G.
The effect of the level of protein, fat and carbohydrate in nutrition on the glycemia in healthy cats
Verbrugghe A., Hesta M., Weyenberg S., Papadopoulos G., Gommeren K., Daminet S.,
BosmanT., Polis I., Janssens G.J.P.
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193
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Friday, October 6th (16.00 - 17.00)

Applied nutrition III
Analysis of skin sebum lipids and sebum cholesteryl ester fatty acid profiles of
dogs fed polyunsaturated fat defined diets
Kirby N.A., Hester, S.L., Wright, A.S., Bigley, K.E., Rees, C.A., Kennis, R.A., Zoran, D.L.
Bauer, J.E.
Evidence of insufficient dietary sulfur amino acid intake as a cause for taurine
deficiency in Newfoundland dogs
Backus R.C., Kwang Suk Ko, Fascetti A.J., Kittleson M.D., MacDonald K.A., Maggs D.J.,
Berg J.R., Rogers Q.R.
Effect of dietary fatty acid pattern on growth, body fat composition and antioxidant parameters in chicks
Fébel H., Mézes M., Pálfy T., Hermán A., Gundel J., Lugasi A., Kocsis I., Blázovics A.
Clinical cases: Use of a low fat diet in hyperlipidaemic dogs
Diez M., Doneux B., Schobyn P., Lhoest E., Istasse L., Biourge V.
A comparison of fatty acid status of free-ranging and captive wildlife – a literature survey

199

200

201

202

203

Clauss M., Grum C., Hatt J.-M.
Plasma DHA concentration is maximized in dogs by dietary intake of 175 mg
DHA per kg body weight per day whereas EPA is maximized by 218 mg/kg
BW/d

204

Jewell D.E., Hall J.A., Picton R.A., Skinner M.M., Wander R.C., Debraekeleer J.
Dietary fish oil supplementation in exercising dogs: Effects on clinical and immunological parameters?
Peus E., Vervuert I., Kessing M., Nolte I., Kietzmann M., Schrödl W., Coenen M.
Sulfur balance studies in dogs and cats fed two diets (moist, dry) with different
sulfur contents
Peus, E., Rust, P., Kamphues, J

22

205

206
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Posters
Effects of important B- trichothecene mycotoxins on the D-glucose transport
across isolated epithelium of broiler chickens

209

Awad W., Razzazi-Fazeli E., Böhm J., Zentek J.
The effect of fulvic and humic acid on the calcium, phosphorus, and microelement (Cu, Zn, Mn, Fe) concentrations of bone in rats
Vucskits A.V., Erzsébet B.E., Andrásofszky E., Szabó J.
The effect of fulvic and fumic acid on the intensity of the immunoresponse in
rats
Vucskits A.V., Andrásofszky E., Bersényi A., Szabó J.
Risk factors associated with gastric dilatation-volvulus in dogs
Hellweg P., Zentek J.
Cats in vaccination at national veterinary school of Alfort-France: risk factors
for obesity, and owner's parception of cat's body condition
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Companion animal nutrient and energy requirements:
the need for standardized reporting of nutritional requirements
Hill R.C.
College of Veterinary Medicine, University of Florida, USA
HillR@mail.vetmed.ufl.edu

Deciding how much metabolizable energy (ME) an animal must consume to maintain body condition
is the first step in any nutritional recommendation. Once the energy requirement has been established,
the nutrient density of the diet relative to ME must then be adjusted to ensure adequate intake of essential nutrients and to avoid excess consumption of potentially toxic nutrients. Recently, the National
Research Council (NRC) published recommendations concerning the average ME intake of dogs and
cats relative to body weight (BW) under various conditions. The NRC also made recommendations
concerning the minimum and maximum amounts of essential nutrients that should be included in diets
consumed by normal dogs and cats.
These recommendations were based on studies using average-sized laboratory animals of average
body condition undertaking moderate amounts of activity in a thermo-neutral environment consuming
food containing an average amount of energy. Nevertheless, most pet animals do not conform to these
norms and applying these recommendations to pet dogs and cats is not straight forward. Energy requirements change with physiological state, activity, environmental conditions, stress, disease, and
composition of the food consumed, and there is considerable variation among breeds and among individuals but there is little information as to how nutrient requirements change with energy requirements
under these various circumstances. Even studies that have assessed nutrient requirements during gestation, lactation and growth have mostly fed the same diet throughout the period of study with the result
that nutrient intake has increased with energy intake over time. For this reason, the NRC recommendations suggest maintaining the nutrient composition relative to ME (amount/1000 kcal ME) constant
throughout gestation, lactation and growth. Nevertheless, maintaining nutrient composition relative to
energy may not provide sufficient nutrients to an animal requiring much lower amounts of energy than
the average and may provide too much of a nutrient in an animal requiring more than the average.
Preliminary reports suggest that the new NRC recommendations for nutrient requirements in horses
will use a computer program to model changes in nutrient and energy requirements under various
physiological conditions. To accommodate individual variation in energy consumption, the tendency
of an animal to have low, average or high energy requirements will be included in the model. The implication is that the nutrient intake of these animals will be assumed to remain constant while the energy intake varies. This is a brave assumption. No such assumption was made in the new canine and
feline recommendations because the data in support of such a hypothesis is so limited. Very few studies have been performed outside the laboratory and few studies either within or outside the laboratory
have described the animals, their energy intake or the conditions under which they are being kept in
sufficient detail. The purpose of this presentation is to highlight dilemmas raised by this lack of clarity,
to encourage further research into the relationship between energy and nutrient requirements, body
weight and physiological condition and, lastly, to suggest guidelines as to the minimum information
that should be provided whenever nutrition research on dogs and cats is reported in the scientific literature.
Energy density of the diet
Many nutritional studies in dogs and cats only report the nutrient composition of experimental diets
relative to dry matter or ‘as fed’. This is a legacy from ruminant nutrition where the energy density of
diets is relatively low and dry matter intake is limiting. By contrast, pet foods often vary widely in energy density and it is energy not dry matter that determines how much an animal will consume to
maintain BW and body condition. The nutrient composition relative to energy can be deduced provided the energy density is reported relative to dry matter or if sufficient information as to the compo-
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sition of the diet is provided to enable the energy density to be calculated. Unfortunately, the analysis
is often not reported in sufficient detail.
The method of calculating ME density from the proximate analysis needs to be reported also because
the recommended method has evolved over time. The 1985 NRC suggested using modified Atwater
factors to calculate ME density because Atwater factors overestimated the ME density of commercial
pet foods. Nevertheless, modified Atwater factors often underestimate the ME density of commercial
pet food by 10 % or more so the new NRC publications recommends a calculation that estimates energy digestibility from the fiber content of the diet. This new calculation appears to give an estimate of
ME density which more closely approximates that obtained in feeding trials but correcting the error in
earlier studies is difficult unless the proximate analysis or the method used to establish ME density is
described.
Where papers have failed to provide enough information to establish ME density, the new NRC publication describes using an assumption that foods contained 4000 kcal ME/kg diet to convert minimum
nutrient recommendations from amounts/kg DM to amounts/1000 kcal. Earlier NRC publications and
AAFCO appear to have assumed that pet food contains 3500 kcal ME/kg diet. Pet foods may contain
from 3000 to 5000 kcal ME/kg diet so the error in either case could be as much as 25 %. Consideration of the maximum recommended intake of fat in the new NRC provides an example of the problems
of making this conversion of nutrient recommendations from a dry matter to an energy basis. Very
high concentrations of fat increase the energy density of the diet markedly which makes an assumption
that the diet contains only 4000 kcal ME/kg diet improbable. Only once the ME density of the diet is
known can any correction be made. New studies are desperately needed to clarify some of this confusion but adequate reporting of diet composition and ME density in such studies is essential.
Body condition score (BCS) and body weight
Few nutritional studies involving laboratory dogs and cats have reported BCS even though the beagles
used in many studies are prone to obesity. Many studies of obese animals have failed to report energy
consumption relative to either ideal or actual BW either at the start or end of a period of weight loss.
Consequently, it is difficult to make recommendations as to how much energy should be fed to obese
animals and difficult to make recommendations concerning nutrient density in obese animals. The
same is true of clinical patients that are often underweight. Studying energy requirements in clinical
patients is also more difficult because energy requirements change so rapidly with time. Until there is
a method of easily measuring energy consumption in individual animals over short periods of time,
studying variation in nutrient requirements with energy in such patients will be difficult.
Allometry of energy and nutrient requirements
The NRC reviewed many publications which have examined the relationship between BW and energy
consumption and chose to present energy requirements relative to metabolic BW (BW-0.75 in dogs and
BW-0.67 in lean cats). There is very little information concerning the allometry of essential nutrients but
comparison of vitamin and mineral requirements among different species and nitrogen excretion in
dogs suggest that maintenance requirements for protein, and many vitamins and minerals in adult animals are relatively constant when compared to metabolic BW. This suggests that among adult dogs
and cats, the nutrient density of the diet (amount/1000 kcal ME) fed to adult dogs and cats for maintenance can remain the same irrespective of the size of the dog or cat.
The allometry of nutrient requirements in animals under other physiological states has not been evaluated. It is possible, however, that the allometry of some nutrients such as calcium may be more closely
related to rate of increase in BW than metabolic BW in growing animals. The NRC has recommended
keeping the nutrient density relative to energy (Amount/1000 kcal ME) constant irrespective of BW in
pregnant, lactating and growing dogs but there is a very great need for the allometry of nutrient requirements to be studied more closely in dogs and cats with a range of BW under different physiological conditions. Until these studies have been performed inclusion of a safety margin when making nutrient recommendations and close monitoring of patients are recommended.
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Variation in energy and nutrient requirements with activity, environmental temperature and
among individuals and different breeds
Energy requirements vary quite markedly with activity and environmental temperature. Basal metabolic rate when it has been measured in dogs has varied from 48-114 kcal.kg BW-0.75.d-1 with a mean
of 76 kcal.kg BW-0.75.d-1. This increases approximately 50 % when a dog stands and increases thirtyfold or more for short periods when dogs are running at or above maximum oxygen capacity. Energy
consumption may also increase two- to three-fold in a cold environment and sled dogs racing long distances in the cold have been shown to require 1050 kcal.kg BW-0.75.d-1. There is some information
concerning how protein and fat requirements change with activity and in the cold but almost no information concerning vitamin and mineral requirements. The requirements for some nutrients may increase in proportion with energy requirements, in which case the composition of the diet would not
need to change with energy requirements. Alternatively, nutrient requirements may not change with
energy requirements in which case, active dogs consuming more food would require a less nutrient
dense diet and sedentary dogs consuming less food would require a more nutrient dense diet. The requirements for some nutrients may also increase but more slowly or more rapidly than energy requirements or may increase initially and then reach a maximum, and may change differently under different physiological states. Thus, there is a complex matrix of different nutrient requirements in different situations about which we have little information.
The sodium content of sled dog diets illustrates this point. Sled dogs excrete sodium in the urine and
have a tendency to lose sodium during a race. The sodium content of the diet relative to ME can be
very low and yet the dogs will still consume much more sodium than average dogs because sled dogs
consume so much food. There is almost no information, however, as to how sodium concentrations
should be adjusted relative to ME density in sled dog diets.
The situation is further complicated because there is great individual variation in energy requirements
among breeds and among individuals under quite narrow physiological conditions. Information comparing the needs of Newfoundlands which require less energy than an average dog of other breeds, respectively, suggests that Newfoundlands may need more protein relative to energy than other breeds.
This suggests that for these dogs nutrient requirements may indeed remain constant relative to BW not
energy. This lends support for the assumption made by the equine NRC recommendations but more
studies are needed with different breeds to resolve this issue. Any new studies would be of no value,
however, unless they provide enough information and it is important that veterinary and other journals
that publish companion animal nutrition studies should adhere to strict guidelines as to the minimum
information that should be provided. The following guidelines are offered as a recommendation.
Guidelines for minimum reporting of nutritional studies in companion animals
Reporting the proximate analysis and a list of ingredients should not be an unreasonable minimum requirement for all nutritional studies involving dogs and cats. The ME density should be provided with
an explanation of how it was obtained. Ideally a complete analysis of essential nutrients should be
provided and a recipe listing the source and amount of each ingredient. Unfortunately, the recipes of
commercial pet foods are proprietary but most manufacturers should not object to reporting the analysis, energy density and a list of ingredients plus any changes in composition among diets.
Additional information about the animal and its energy requirements are also essential for understanding studies in companion animals. Studies should all report the age, sex, neuter status, breed, body
condition score and body weight of the animals, their energy consumption relative to BW and metabolic BW, their physiological state, presence or absence of disease as well as a description of the level
of activity (duration and intensity of exercise), their living conditions (group or individually housed,
size of cages and runs) and environmental conditions (temperature, humidity, lighting). Such guidelines may help resolve some of the current clinical dilemmas associated with making recommendations concerning the nutritional recommendations in pet dogs and cats.
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Equine nutrition update
Coenen M., Vervuert I.
Institute of Animal Nutrition, Nutrition Diseases and Dietetics, University of Leipzig. Germany
coenen@vetmed.uni-leipzig.de

Introduction
The concepts in feeding the horse changed mainly in the section of concentrates but less regarding the
roughage. So far, this feed needs some support as the main and basic part of the ration. But recent
work takes the role of the concentrate:roughage ration into consideration regarding behaviour and
metabolic consequences. Increased knowledge in physiology of digestion, new technologies and the
structure in equine husbandry motivate to challenge the traditional concept of concentrates for horses.
Actually the reviewing of feeding recommendation is running and will include the expanded knowledge into the booklets which are used in different countries.
Some selected aspects are discussed below as they were subject matter in different experiments.
The source of carbohydrates?
Understanding the horses as an extreme successful product of evolutionary processes, we can conclude
that complex carbohydrates which are decomposed by microbial activity are the first choice to serve
the hindgut fermenter. Mean retention time and fibre digestion capacity in the equines are comparable
to those in ruminants (Pearson et al., 2006). Comparing species regarding the ration of small intestine
to hindgut in terms of volume or mucosal surface, the equines are ranked in the first third. (Ford and
Simmons, 1985) measured a contribution of propionic acid, as a product of microbial digestion to gluconeogenesis in ponies of 7 %. On good pasture containing some legumes young horses can realize an
energy intake > 70 MJ DE/day; that means the energy density of such type of roughage is clearly > 10
MJ DE/kg dry matter (Grace et al., 2002). In conclusion, the contribution of good roughage to total
energy intake can exceed the levels in numerous rations in practice. Therefore the question for carbohydrates must pick up roughage at first.
For a save function of the digestive tract a minimum of ~1 kg roughage dry matter is recommended
and this recommendation is becoming general accepted.
An early cut hay provides cellulose and other slowly fermentable carbohydrates (Hoffman et al.,
2001). A high digestible hay can present more than 50 % of total energy intake in horse with high energy requirement. Such a hay high in neutral detergent fibre (NDF) ensures high fermentation rates
(Hale and Newbold, 2005). Pectins, a further easy fermentable carbohydrate fraction (Vervuert et al.,
2005a), are a interesting carbohydrate source for the horse. The high digestibility is accompanied by
increased water absorption (Coenen et al., 2003). The main pectin containing feed is sugar beet pulp.
The extra portion of water is excreted by urine is case of no request but if there is a need for water by
reason of loaded thermoregulation and water export via sweat, this water may be available for compensation of cutaneous losses.
Roughly 50 % of digestible energy is delivered by absorption of glucose from the small intestine. The
glucose originates from digested glucose or from enzymatic break down of starch. Actually starch is
the main source for praecaecal absorbable carbohydrates. The amylase and other mucosa associated
enzymes ensure a digestibility of starch up to ~85 % in dependence on starch origin (see below); the
split of starch by enzymes and absorption of glucose and or fructose is reflected by postprandial
changes in blood and counteracted by insulin (Vervuert and Coenen, 2005). It is assumed that fructose
does not produce such a strong insulin response as glucose. However, the benefits of fructose in the
performance as a substitute for glucose (or starch) are questionable (Vervuert et al., 2004). The preferable source of starch is a matter of feed processing (s. below) but regarding the safe function of the gut
it is essential to limit daily starch intake by max. 5 g/kg body weight (Meyer and Coenen, 2002).
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Fat as energy source for the equine
Although the natural equine feed recourses are low in fat and the equine was not challenged to be
adapted to fat digestion, the horse is very effective fat digester.
The digestibility of fats from soy beans, sun flower, linseed and corn reaches > 90 % (Kronfeld et al.,
2004). So far there is no doubt about the useful integration of fats into horse diets. The main aspects
are: Maximal density of highly digestible energy, reduction of heat load, reduction of starch flow from
the small intestine into the hindgut (Ferrante et al., 1994a; Ferrante et al., 1994b; Kronfeld, 1996;
Kronfeld et al., 1994; Zeyner et al., 2002). However, it should be considered that an enforced fat intake is of interest in circumstances with high energy requirement and consequently focussed on lactating mares and performance horses. A separate aspect is the use of fat in horses with deregulated carbohydrate metabolism which is not discussed here in detail.
Feed additives
Herbs and plant extracts are subject of some experimental work and review (Williams and Lamprecht
2006, Harris 2006; Valle and Bergero 2006). The show in part effects on the immune system and metabolism. However, that is an area with a lack in precise information.
Other substances are focussed on digestion like yeasts, enzymes and oligosaccharides or on the energy
metabolism like chromium or carnitine (Appelt et al. 2005, Murray et al. 2005, Niemeyer et al. 2005,
Responek et al. 2005; Vervuert et al. 2005). An overview will summarize the main outcomes of experimental studies.
Technologies in feed processing
Pelleting horse feeds depressed liberation of dust, minimized separation of components with different
specific weight and improved shelf life of feed. Sophisticated heat processing and the extrusion technique are well established methods in food and feed production. Particular the extrusion technique is
favoured in order to improve feed efficiency in farm animals (Aldrich et al., 1997; Hongtrakul et al.,
1998; Marsman et al., 1997; Woodworth et al., 2001). But the results are not uniform and seem to be
small in the horse (Vervuert and Coenen, 2005; Vervuert et al., 2004a; Vervuert et al., 2004b, , 2003).
As lower the praecaecal digestibility of starch as interesting is an effect of extrusion or any other processing on digestibility. Obviously it is essential at what degree the starch is subject to gelatinisation
(Gray, 1992; van Amelsvoort and Weststrate, 1989). The configuration of starch, amylase or amylopectin may play a role in the response of feed on processing methods. In theory it will be a benefit if
a thermal processing elevates starch digestion in small intestine and decreases starch flow into the
caecum. By that it would be possible to protect the caecum against dangerous starch import. But the
current bibliography gives no uniform answer if there is a uniform effect of feed processing. Reasons
are a lack in experimental work (Vervuert et al., 2005) on partial digestibility and conflicting outcomes by studies on glycaemic response (Harris et al., 2005; Vervuert et al., 2004b, , 2003). So far,
the question can not be sufficiently be answered. On the other hand fact is that oat starch is high in digestibility in the small intestine and effect of processing will be low; in contrast to oats, unprocessed
corn starch is low in praecaecal digestibility and essentially needs at least mechanical or even better a
thermal processing.
Feeding technique
In general it recommended starting a meal by roughage in order to keep rate of intake down and to
prepare the gastric environment for acidifying the concentrates. Taking into consideration saliva production it is consequent to prefer roughage as the first part of a meal (Meyer et al., 1986). Actual results from experiments recording rate of intake and chewing frequency during ingestion of roughage
and concentrates in different order as well as measuring glycaemic and insulinaemic responses on
those diets show unexpected outcomes (Brüssow et al., 2005; Harris et al., 2005). The chewing frequency is rather uniform by ~1-2 chews/sec regardless the type of feed. The rate of grain consumption
after having roughage before is nearly unchanged in comparison to grain intake before roughage. Confirming the result on intake, the post prandial glucose and insulin curves are less influenced by the or-
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der of feeds as expected (Harris et al., 2005; Vervuert et al., 2005). So far, in terms of regulation in
energy metabolism, the role of feeding technique – roughage before concentrate – seems to be overestimated. But there is still an argument for having roughage at first by the high saliva production and
the buffer capacity in the stomach.
New concepts of complete diets for horses incorporate roughage, cereals, minerals and vitamins to a
uniform diet. There may be advantages in form of a more constant nutrients supply to the gastro intestinal tract.
Expected changes in recommendations
In the future feeding recommendation will or should take into consideration more as in the past the
water supply and the design of the ration. The energy requirement is in discussion by reason of the different systems (net, digestible and metabolisable energy) and the need to derive requirements for exercising horses with more precision.
The factorial approach to calculate protein requirement is not sufficient as in reproduction a higher intake as calculated seems to be beneficial. In addition the protein turnover in exercising horses becomes
of interest in experiments on amino acid metabolism.
Actual results are obtained regarding calcium. It is discussed since several years that particular the exercising horse needs more Ca as calculated by the factorial approach. However, the optimal Ca-intake
seems not to be sufficiently investigated.
For the list of references contact the authors
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eFeed – Feedscience goes online
Straub R., Kunz P., Pfirter H.P., Morel J., Schori F., Wanner M.
Institute of Animal Nutrition, Vetsuisse-Faculty University of Zurich, Switzerland
mwanner@vetphys.unizh.ch

In the year 2000 the Swiss government started a program named Swiss Virtual Campus (SVC) in order
to promote the development and implementation of web based learning programs at Swiss universities.
The present project has been realised in collaboration with the Universities of Zurich and Berne, the
ETH of Zurich, the University of Applied Sciences Berne and Agroscope Liebefeld-Posieux.
eFeed is an e-course offering basic training in feed science for students of veterinary medicine and agricultural sciences. By successful completion of the web based program, the user will be competent to
classify the various feedstuffs according to their properties. Students also learn to describe the practical use of feedstuffs in animal nutrition. The user benefits of various advantages provided by the use
of modern technologies such as time and place independent learning, extensive graphical materials
(photos) and user-friendly databases.
eFeed is composed of several learning modules and an extensive feedstuff database (feedstuff catalogue). Additionally the students have free access to the external “Swiss Feedstuff Database” (Fig. 1).
eFeed consists of 7 learning modules covering the following topics: Feed values, analysis, roughage,
concentrates, identification, legislation and supplements. Most of these course elements contain a
script (online and print version), various exercises (e.g. drag and drop, fill-in-blank etc.) and a test
(single and multiple choice questions). Only the module “Identification” differs slightly, as exercises
and test are replaced by an illustrative photo quiz. In addition, users of eFeed can study important key
data of the individual feedstuffs using the catalogue. This database contains detailed descriptions (e.g.
information about place of origin, special ingredients, processing, use in animal nutrition etc.) of 160
single feedstuffs. Furthermore there is permanent access to the external “Swiss Feedstuff Database”
representing scientific information about the feedstuff composition (nutrient contents and feed values).
As the curricula of the committed parties differ significantly, high flexibility in the use of the elearning program had to be considered. The modular construction of eFeed allows a very specific implementation in the various teaching programs in terms of blended learning. Each learning module can
be topically assorted to the current lectures and field trials. On this account, students can use eFeed either for pre- or post-study purposes.
eFeed
7 Learning Modules

Script
Exercises

Feedstuff Catalogue

„Feedstuff Analysis“

(149 feedstuff descriptions)

Modul
Modul
Modul
Futtermittelbewertung
Modul
Futtermittelbewertung
Modul
Futtermittelbewertung
Futtermittelbewertung
Module
Futtermittelbewertung

Test

+ permanent access to the „Swiss Feedstuff Database“

The future maintenance and extension of the e-course will be facilitated by the modular organisation.
Supplementary learning matrix can be added easily by inserting new learning modules.
Links: www.olat.uniz.ch, www.swissvirtualcampus.ch, www.efeed.unizh.ch
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Nutritional modulation of cardiac disease
Freeman L.M.
Department of Clinical Sciences, Cummings School of Veterinary Medicine, Tufts University, USA
Lisa.Freeman@Tufts.edu

Introduction
New research is reinforcing the importance of nutrition as a critical component of the optimal medical
management of dogs and cats with cardiac disease. Preventing both deficiencies and excesses of nutrients should be a goal but results of new studies suggest that some nutrients also may have beneficial
pharmacological effects.
Calories
Cardiac cachexia is a common problem in animals with congestive heart failure (CHF). Cachexia involves a loss of lean body mass which has direct and deleterious effects on strength, immune function,
and survival. While cachexia is sometimes viewed as the classic end-stage picture of an emaciated
animal, cachexia is actually the process of lean body mass loss that can be very subtle initially and can
even occur in an obese animal. Early recognition of cachexia may provide better opportunities to manage it effectively.
Anorexia, increased energy requirements, and metabolic alterations all contribute to the syndrome of
cardiac cachexia. The anorexia may be secondary to fatigue, dyspnea, medication toxicity, or unpalatable diets. However, it is the inflammatory cytokines, particularly tumor necrosis factor alpha (TNF)
and interleukin-1 beta (IL-1), that appear to be the primary mediators of cachexia. These inflammatory
cytokines cause anorexia, increase energy requirements, increase lean body mass loss, cause cardiac
myocyte hypertrophy and fibrosis, and have negative inotropic effects. One nutritional approach to reducing inflammatory cytokines is n-3 fatty acid supplementation. n-3 fatty acids can decrease cytokine
production in dogs with CHF, improve cachexia, and, in some animals, improve food intake.
Weight reduction is typically recommended for obese people with CHF and, similarly, for obese dogs
and cats with cardiac disease. However, new research in people suggests that people with CHF that are
overweight or obese actually have a better prognosis than people that are thin or of normal weight.
This brings into question the optimal approach to overweight or obese dogs and cats that have cardiac
disease. Further research in dogs and cats with cardiac disease will be needed to answer this question.
Protein and amino acids
Protein: Recommendations for restricting the dietary protein intake of animals with CHF were once
common to reduce the “metabolic stress” on the kidneys and liver. There is no evidence that protein
restriction is necessary for dogs and cats with CHF and, in fact, it probably is deleterious since these
patients are predisposed to loss of lean body mass. Unless severe renal dysfunction is present, highquality protein should be fed to meet canine adult maintenance minimums.
Taurine: Since the publication on taurine deficiency and feline dilated cardiomyopathy (DCM) by
Pion et al. in the late 1980’s, there has been a dramatic reduction in cases of feline DCM. Most of the
cats that now develop DCM are not taurine deficient but taurine deficiency should still be suspected
and tested for in all cases of feline DCM. Cats that have been fed a poor quality, homemade, or vegetarian diets are at risk for taurine deficiency.
Taurine deficiency is now suspected in some cases of canine DCM. Unlike cats, dogs can synthesize
adequate levels of taurine and so are not thought to require dietary taurine. Most dogs with DCM do
not have taurine deficiency, but low taurine concentrations have been found in some dogs with DCM,
most commonly reported for the American Cocker Spaniel, Golden Retrievers, Labrador Retrievers,
Newfoundlands, Portugese Water Dogs, and English Bulldogs. Taurine deficiency in dogs may be re-
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lated to dietary factors as it appears to be more common in dogs eating lamb meal and rice based or
high fiber diets and has been induced by feeding a low protein, low taurine diet to dogs. Taurine deficiency also may be the result of increased renal or fecal loss of taurine. Taurine supplementation (with
or without carnitine supplementation) is beneficial in some dogs with taurine deficiency but, even in
dogs that respond, the response generally is not as dramatic as in taurine deficient cats with DCM.
Fat
Fat provides calories and increases the palatability of pet foods but it also can significantly affect immunological, inflammatory, and hemodynamic parameters. The n-3 polyunsaturated fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are normally in low concentrations in
the cell membrane but levels can be elevated by increasing n-3 fatty acid intake. Dogs with CHF have
been shown to have reduced plasma levels of EPA and DHA, and fish oil supplementation can normalize these plasma fatty acid abnormalities. In addition to the correction of potential relative deficiencies, n-3 fatty acids also result in the production of less inflammatory eicosanoids compared to n-6
fatty acids and n-3 fatty acids decrease production of TNF and IL-1. As a result, n-3 fatty acid supplementation reduces the muscle loss (cachexia) associated with CHF. The anti-arrhythmic effects of
n-3 fatty acids are currently being studied in dogs with arrhythmia.
Minerals
Sodium: Sodium excretion is reduced even in early cardiac disease so sodium restriction is typically
recommended for dogs and cats with heart disease. Some authors have recommended severe sodium
restriction (ie, near the AAFCO canine minimum of 20 mg sodium/100 kcal) even in the early, asymptomatic stages. However, with the current availability of newer and more effective medications, the
role of severe sodium restriction in early CHF (ISACHC Stage I or II) is no longer clear since dietary
sodium restriction activates the renin-angiotensin-aldosterone system and this early activation could
have a negative impact. One study in dogs with CHF showed that a low sodium diet resulted in a reduction in measures of cardiac size compared to a moderate sodium diet (70 mg/100 kcal). However,
in a study of dogs with asymptomatic chronic valvular disease (CVD), a low sodium diet was associated with an increase in aldosterone concentrations and heart rate but there were no effects on cardiac
size. The effects of a low sodium diet on survival and progression of disease have not been studied but
these studies are clearly needed.
Potassium: Although hypokalemia is often quoted as a common risk in the treatment of CHF, the increased use of angiotensin converting enzyme (ACE) inhibitors and spironolactone make hyperkalemia just as likely in animals with CHF. In addition, some commercial cardiac diets contain increased potassium concentrations to counteract the theoretical potassium loss due to diuretics and
these diets can contribute to hyperkalemia. Serum potassium concentrations should be routinely monitored in animals with CHF and adjustment of the diet or medication may be necessary, based on the
results.
Magnesium: Prevention of hypomagnesemia is important in animals with cardiac disease as it can increase the risk of arrhythmias, decrease cardiac contractility, cause muscle weakness, contribute to renal potassium loss, and can potentiate the adverse effects of certain cardiac medications. The reported
prevalence of hypomagnesemia varies and likely depends upon the effects of different medications,
diets, and individual responses. In addition, serum magnesium concentrations are a poor indicator of
total body stores so even if serum magnesium concentrations are normal, this may not reflect the animal’s true magnesium status. However, if hypomagnesemia is present, it should clearly be addressed
either with a diet that has a higher magnesium content or with an oral magnesium supplement.
Other nutrients
Antioxidants: The metabolism of oxygen normally produces reactive oxygen species which can damage cells and tissues. The body normally compensates for these reactive oxygen species by producing
antioxidants. However, if there is an imbalance between oxidative stress and endogenous antioxidant
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protection, damage and resultant disease could arise. In one study of dogs with DCM and CHF, an imbalance between oxidative stress and vitamin E concentrations was demonstrated in dogs with severe
disease. Another study in dogs with DCM or CVD showed that there was higher oxidative stress in
dogs with CHF compared to healthy controls, and that this was not dependent on the underlying type
of disease. In addition, concentrations of the lipid-soluble antioxidants were significantly lower in
dogs with CHF. This suggests that an imbalance may exist in CHF, whether as a primary or a secondary factor, and that antioxidant supplementation may have some benefits in the treatment of dogs
with CHF.
L-Carnitine: L-Carnitine plays an important role in fatty acid metabolism and energy production, and
is concentrated in skeletal and cardiac muscle. People with carnitine deficiency can develop primary
myocardial disease and carnitine deficiency associated with DCM has been reported in a family of
Boxers. Anecdotal reports exist regarding the efficacy of L-carnitine in canine DCM, but no blinded
prospective studies have been done so a causative role has not been established. L-carnitine supplementation could be beneficial if carnitine deficiency is present or by improving myocardial energy
production.
Coenzyme Q10: Coenzyme Q10 (Co-Q10) is important for energy production but is also acts as an
antioxidant. Anecdotal reports suggest benefits with Co-Q10 supplementation in dogs with DCM but
controlled, prospective studies are not yet available to accurately judge the efficacy of this product. In
one study of dogs with experimentally-induced CHF, serum Co-Q10 levels were not reduced and CoQ10 supplementation increased serum, but not myocardial, concentrations. Human studies of coenzyme Q10 supplementation have generally not been well-controlled and results are conflicting.
References: Provided upon request.
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Polyamines, nutrition & cancer
Moulinoux J.-P., Cipolla B., Simonnet G.
Groupe de Recherche en Therapeutiques Anticancéreuses, University of Rennes, Département d’Urologie, Centre Hospitalier Privé Saint, Saint Grégoire, Laboratoire "Homéostasie-Allostasie-Pathologie" University of Bordeaux, Nutrialys Medical Nutrition SAS, Rennes, France
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The designations of the natural polyamines, putrescine, spermidine and spermine signal sources of
their first discovery. They have contributed considerably to the neglection of this class of biogenic
amines with undoubted basic functions in cell growth and proliferation. Early clinical trials with polyamine biosynthesis inhibitors were mostly unsuccessful, as evident now, due to the lack of understanding of how the polyamines are regulated in the vertebrate organisms. During the last decade our
knowledge of polyamine metabolism has improved to the extent of that failure of the clinical trials, as
well as the modest success of the attempts to use polyamines of body fluids as tumor markers, can be
rationalized. It is evident now in order to prevent tumors from growing, polyamine biosynthesis inhibition has to be combined with means suitable to prevent at least the utilization of exogenous polyamines by the tumor. Since mainly exogenous polyamines originate from the intestinal tract, we studied first in animal experimental models then in clinical trials, the effects of a polyamine deprivation by
reducing the polyamine intake.
Tumour-bearing animals fed with a polyamine deficient diet (PDD) and treated by DFMO (α-difluoromethylornithine, a specific inhibitor or the polyamine biosynthesis) and neomycin (partial decontamination of the gastro-intestinal tract), exhibit a very significant inhibition of tumour progression and of
metastasis spreading, as well as an anticancer immunity stimulation, without inducing deleterious secondary effects. Moreover, in tumour-grafted animals only fed with PDD and receiving neomycin per
os (i.e. without DFMO), we have induced a 40 % inhibition in tumour progression and metastasis
spreading. Given alone, neither neomycin nor DFMO was able to positively modify the malignant
evolution.
These preclinical studies performed in animal led us to analyse par mass spectrometry the polyamine
content in ~ 250 current foods and beverages in an attempt to reduce the polyamine intake in cancer
patients. A polyamine reduced diet (PRD) with intermittent partial decontamination is a safe and well
observed treatment for prostate cancer patients, and long term PRD is possible.
Survival of hormone refractory prostate cancer PRD treated patients is as long as survival observed in
recent chemotherapy trials with no significant specific side effects. Good pain control and performance status maintenance is achieved contributing to better living conditions.
Reducing polyamine dietary (PRD) being of therapeutic importance, at least in prostate cancer patients, we have design an industrially processed, canned liquid polyamine free formula (Castase™;
NUTRIALYS Medical Nutrition). A phase I study of this polyamine free formula as nutrition therapy
has been performed in metastatic hormone-refractory prostate cancer patients. It’s tolerance and side
effects has been assessed as well as it’s clinical and biological effects.
This polyamine free formula was well tolerated and was beneficial for patients’ quality of life and pain
control. It’s effect was dose dependent with a maximum improvement observed during the weeks
when polyamine depletion was maximal. Objective stabilization was observed in half of the patients.
PSA decline could also be observed.
As observed during these clinical trials, pain control was achieved by reducing polyamine intake in
cancer patients. “Cancer pain” being non specific of cancer, but having to be considered as a chronic
pain, we have evaluated the potency of our nutrition therapy in non cancerous animal pain models and
in man suffering from peripheral neuropathy.
The treatment of pain, especially chronic pain, remains one of the most significant challenges in medicine. Pain is not only a monolithic reflexion of the nociceptive stimulus intensity, but is to a large extent the expression of neural plasticity including both peripheral and central sensitization. ConseProceedings of the 10th ESVCN Congress - 2006

41

quently, new approaches for improving chronic pain relief have not to be limited to antinociceptive
drug research but have also to develop safe strategies allowing to specifically oppose pain sensitization. Multiple cellular mechanisms are involved in the transition of acute to persistent pain.
Among them, it is recognized that modulation of N-methyl-D-aspartate receptors (NMDA-Rs) is involved in the development and maintenance of central sensitization induced by nociceptive inputs.
From a therapeutic view point, the use of NMDA-Rs antagonists is limited by unacceptable sideeffects. An alternative strategy is to negatively modulate NMDA-Rs functioning without blocking
their physiological activity. Since the biological activity of NMDA-Rs is facilitated by polyamines, we
evaluated the potency of PDD in four pain models in rat (inflammation, surgery, arthritis, neuropathy),
and in ten patients suffering from peripheral neuropathic pain fed with the canned liquid polyamine
free formula.
In the four animal experimental models we observed that the pain sensitivity and the pain sensation
intensities were noticeably reduced by PDD within a few days. Moreover, PDD improved the efficiency of a low dose of morphine, especially in the neuropathic pain model. While morphine's analgesic effectiveness is discussed in neuropathic pain states, it is now recognized that neuropathic pain is
not completely opioid-resistant but only poorly sensitive to morphine.
We demonstrate for the first time, that when given a PDD, it becomes possible to reverse the pain associated with sustained nociceptive inputs and to strongly improve morphine's analgesic effect.
Concurrently, PDD has noticeably decreased the phosphorylation of the spinal NR2B-containing
NMDA-Rs associated with an inflammatory hyperalgesia. This nutrition therapy has to be considered
as a new strategy to negatively modulate NMDA-Rs functioning. Since the NR2B subunit of the
NMDA-Rs is involved in a diverse and extensive array of neurological disorders, this treatment might
exhibit a broader spectrum of medical indications.
In neuropathic patients pain was significantly reduced and as observed in hormone-refractory prostate
cancer patients fed with the canned liquid polyamine free formula, the management of pain was dose
dependent with a maximum improvement observed during the weeks when polyamine depletion was
maximal.
Since the reduction of the polyamine intake is devoid of any noticeable side effects, this nutrition therapy which is active against tumour progression and dissemination has also to be considered as a promising and safe strategy for relieving chronic pain, especially when resistant to opioids as in cancer,
neuropathy and/or palliative care.
If clinical trials are yet in progress in man, this nutrition therapy can be immediately used in pet
treated for cancer or suffering from chronic pain.
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Nguyen P., Leray V., Serisier S., B. Siliart, H. Dumon
Nutrition and Endocrinology Unit, National Veterinary School of Nantes, France
pnguyen@vet-nantes.fr

Lipid metabolism involves several pathways that are, at least in part, inter-dependent and ‘crossregulated’. There are thus different possible angles to get an overview. As the mini-syposium focus is
‘Fatty liver’ it looked making sense that the centre of the overview would be fatty acids (FA) and triacylglycerols (usually named triglycerides (TG); TG are the most common form of energy storage and
circulation since they are the most common non-toxic form of FA). FA/TG may originate in four
sources (pool input): de novo lipogenesis (DNL), cytoplasmic TG stores, FA derived from TG of remnants particles of lipoproteins taken up by the liver, and plasma non-esterified FA (NEFA) released by
adipose tissue. The relative importance of these sources depends on species differences (e. g in ruminants there is only a few hepatic DNL compared to adipose tissue whereas the inverse is true in birds
the liver being the main site of DNL), and on short-and long-term nutritional situation and energy balance. FA and TG may also be used in different ways (pool output): TG may (NEFA or activated forms
of NEFA may not) accumulate in the hepatocytes unless NEFA are oxidized (more or less completely)
or TG are exported as constituents of VLDL. Two examples of inter-connection may be cited: a low
rate of esterification when oxidation rate is high in response to energy demand, a strong relationship
between VLDL secretion and FA/TG availability, especially in species where DNL is very active but
not in those where high TG concentration may be present while liver is not the ‘usual’ site of DNL.
The TG content of hepatocytes is regulated by the integrated activities of cellular molecules that facilitate hepatic TG uptake, FA synthesis, and esterification on the one hand (‘input’) and hepatic FA oxidation and TG export on the other (‘output’). Moreover and interestingly FA upregulate the overall
lipid metabolism by binding nuclear transcription factors.
Fatty acids uptake and synthesis, and glycerolipids synthesis
NEFA can arise from the hydrolysis of complex lipids by lipases or the hydrolysis of FA-CoA by thioesterases but above NEFA originate in plasma and enter cells through transporters or diffusion. NEFA
are rapidly converted to fatty acyl CoA (FA-CoA) by FA-transport protein or fatty acyl-CoA synthetases. NEFA and FA-CoA are bound to FA and FA-CoA binding proteins that transport FA to intracellular compartments for metabolism or to the nucleus to interact with transcription factors. Cells challenged with exogenous FA rapidly assimilate the FA into neutral and polar lipids; some will be oxidized. These metabolic pathways keep intracellular NEFA and FA-CoA very low.
NEFA uptake
The liver takes up NEFA from blood in proportion to their concentration. Within the hepatocytes,
long-chain FA of 14 carbons or more are activated by acyl-CoA synthetases found in the microsomes
and outer mitochondrial membrane.
De novo synthesis lipogenesis
y De novo lipogenesis (DNL) is precisely de novo synthesis of FA. It is a key metabolic pathway for
energy homeostasis in higher animals, and lipogenic flux is tightly controlled by hormonal and nutritional conditions: briefly, feeding a high carbohydrate diet induces, whereas fasting or fat feeding inhibits DNL, especially depending on insulin concentration, and tissue insulin sensitivity.
Two major tissues produce FA. The FA synthesized in the liver are exported through lipoprotein production, and thus provide an energy source and structural components for membrane building. In adipose tissue, DNL directly contributes to in situ fat deposition and long-term energy storage.
y DNL occurs in cytosol and is a sequential cyclical process in which acetyl (2-carbon) units (derived
either from glucose or from acetate) are added successively to a 'primer' (initial starting molecule),
usually acetyl-CoA.
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The key feature of the pathway for biosynthesis of DNL in animals is the sequential extension of an
alkanoic chain, two carbons at a time, by a series of decarboxylative condensation reactions that can
be summarized by the equation:
Acetyl-CoA + 7 Malonyl-CoA + 14 NADPH + 14 H+  Palmitic acid + 7 CO2 + 8 CoA + 14 NADP+ + 6 H2O

y The rate-limiting step in DNL is catalyzed by acetyl-CoA carboxylase that converts acetyl-CoA to
malonyl-CoA, which is usually the chain extender substrate (“donor” of acetyl units) in the elongation
process. Formation of a new C-C bond, by condensation of the acetyl and malonyl moieties, is coupled
with an energetically favorable decarboxylation, so that the carbon originating from CO2, introduced
in the reaction catalyzed by acetyl-CoA carboxylase, is recycled. The β-ketoacyl formed is reduced
and then participate in a second round of condensation with a malonyl moity, etc. etc.
y A close relationship exists between the rate of FA synthesis and the activity of the fatty acid synthase
(FAS), a key multifunctional protein enzyme that catalyzes the entire pathway of palmitate synthesis.
FAS is expressed in the two major sites of FA production in the body, the liver and the adipose tissue,
but the relative contribution of these sites to DNL is highly variable among species. Adipose tissue is
the main site of DNL in non-lactating ruminants, pigs, dogs and cats. In poultry, similarly to humans,
the liver is the major site of DNL, while in rodents and rabbits both liver and adipose tissue are important lipogenic sites. The mammary gland of ruminant animals also actively synthesizes FA.
y DNL is regulated by hormones (insulin, glucagon) and nutritional conditions (carbohydrates and
polyunsaturated FA) in liver as well as in adipocytes. Insulin and substrates availabilty activate the enzyme whereas glucagon and catecholamines inhibit its activity via cAMP-dependent phosphorylation.
Increased concentrations of FA-CoA in the cytosol also inhibit the acetyl-CoA carboxylation. Regulation of FAS is also largely through intracellular concentrations of dietary or synthesized FA, which
decrease its activity. The regulation of lipogenic genes expression by insulin and FA would be mainly
mediated by transcription factors, sterol responsive element binding protein 1c and in part LXR.
y Moreover DNL also needs hydrogen donor, NADPH, which is generated through metabolism of glucose in the pentose phosphate pathway and in the malic enzyme reaction. In ruminants, cytosolic isocitrate dehydrogenase can generate over one-half of the NADPH, the remainder been derived from the
pentose phosphate pathway.
Glycerolipid synthesis
y Few NEFA are found in the animal body: most FA are found esterified to glycerol as glycerolipids
such as TG and phospholipids (PL). In tissues where DNL is very active, most FA are esterified to
form TG as a non-toxic form of energy storage or transfer. In liver of species in which it not an active
site of DNL, most FA are esterified to form PL as components of intracellular and plasma membranes.
Nevertheless the liver can also actively synthesize TG when high concentrations of NEFA are present.
y The enzymes needed for glycerolipid biosynthesis are found in the microsomal fraction of cells.
Acyl chains from acyl-CoA are transferred consecutively to glycerol-3- phosphate produced via glycolysis. The enzymes glycerophosphate acyltransferase (production lysophosphatidate), phosphatidate
phosphohydrolase (production of diacylglycerol) and diacylglycerol acyltransferase (formation of TG)
may be regulatory steps for TG synthesis, and accumulation of TG in the liver.
FA oxidation
Acyl-CoA that are not esterified may be oxidized either in mitochondria or peroxisomes. Mitochondrial oxidation may be either complete or not. Incomplete oxidation leads to formation of ketone bodies. The two main factors regulating the degree to which FA are oxidized by the liver are the supply
of FA to the liver via lipolysis and the partitioning between oxidation and microsomal esterification.
Intramitochondrial oxidation
y Intramitochondrial oxidation of acyl-CoA occurs through the β-oxidation pathway, resulting in formation of acetyl-CoA. During this process, electrons are transferred to FAD and NAD+ to form the
44

Proceedings of the 10th ESVCN Congress - 2006

reduced forms of these coenzymes, which in turn donate electrons to the electron transport chain to
drive ATP synthesis. The acetyl-CoA can be oxidized completely to carbon dioxide in the tricarboxylic acid cycle.
y The mitochondrial matrix does not contain any acyl-CoA synthetase enzyme that could activate FA
with 14 carbons or more. Entry of these long chain FA into the mitochondria is regulated by the activity of the enzyme carnitine palmitoyltransferase I (CPT-I). This enzyme is an integral protein of the
outer mitochondrial membrane, and catalyzes the formation of acyl-carnitine molecules, which are
transported across the mitochondrial membrane by a specific carrier protein, and are reconverted to
acyl-CoA within the mitochondrial matrix by the action of CPT-II, a peripheral protein of the inner
mitochondrial membrane. Short- and medium-chain FA (12 carbons or less) pass through the mitochondrial membrane and are activated by acyl-CoA synthetases round within the mitochondrial matrix. Consequently, oxidation of these FA is not controlled by CPT-I.
y The activity of CPT-I is inhibited by interaction with malonyl-CoA, the product of the first step of
DNL catalyzed by acetyl-CoA carboxylase (which activity is stimulated by insulin). Negative energy
balance results in a decrease in malonyl-CoA, and an increase in FA oxidation. The control of CPT-I
by malonyl-CoA would be a mean of preventing simultaneous oxidation and synthesis of FA within
the liver cell, a potential futile cycle. In ruminants, CPT-I also is highly sensitive to inhibition by methylmalonyl-CoA, which is an intermediate in the conversion of propionate to succinyl-CoA in the
process of gluconeogenesis.
Peroxisomal and micromal oxidation
y The peroxisomal pathway for β-oxidation functions similarly to the mitochondrial one, but with notable differences. Firstly, the first dehydrogenation of mitochondrial β-oxidation is replaced with an
oxidation (acyl-CoA oxidase), resulting in formation of H2O2 rather than reduced NAD+. Secondly,
peroxisomes do not contain an electron transport chain. Peroxisomal β-oxidation results therefore in
less energy as ATP than mitochondrial β-oxidation. Peroxisomal β-oxidation is active with very longchain FA (20 carbons or more) (that are relatively poor substrates for mitochondrial β-oxidation) and
would an “overflow” pathway to help cope with high availability of FA.
y The CYP4A enzymes (that belong to the cytochrome P450 4A family) are especially capable of hydroxylating the terminal ω-carbon and, to a lesser extent, the (ω-1) position of FA. Ω-hydroxylation, is
followed by cytosolic oxidation to produce long chain dicarboxylic acids. These acids cannot be readily metabolized by the mitochondria, whereas they are the preferred substrate for the peroxisomal βoxidation pathway. They are thus taken up by the peroxisomes and oxidized to FA, which can then be
shortened even further by the mitochondria. The induction of this system would be an adaptive response by the hepatocyte to maintain cellular lipid homeostasis. It is important during FA overload of
the mitochondrial β-oxidation system, with the microsomal CYP4A-mediated ω-oxidation and peroxisomal β-oxidation being cooperatively regulated to achieve FA metabolism in the liver.
Ketogenesis
y Under conditions of increased FA uptake, the liver often produces large amounts of the ketone bodies (KB), acetoacetate and β-hydroxybutyrate, in the process known as ketogenesis (KBG). KBG is
enhanced in times of increased NEFA uptake by the liver, when low insulin level causes activation of
CPT-I that allows extensive uptake of FA into mitochondria.
y Conversion of acetyl-CoA to KBG rather than complete oxidation in the TCA cycle results in formation of less ATP, e. g. five times less in the case of palmitate (129 vs. 27 ATP/mole, TCA cycle and
oxidative phosphorylalion in the electron transport chain vs. conversion of acetyl-CoA to KB). KBG
allows therefore the liver to metabolize about five times more FA (for the same ATP yield), and conversion of FA into water-soluble fuels may be an important short-term strategy to redistribute energy.
y KBG (as well as cholesterol biosynthesis) is controlled indirectly by CPT-I (under control of malonyl coenzyme A) and directly by the activity of the mitochondrial key regulatory enzyme 3-hydroxy3-methylglutaryl-CoA (HMG-CoA) synthase. The enzyme is regulated by two systems: succinylation
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in the short term, and transcriptional regulation in the long term (prolonged energy deficit). When succinyl-CoA pool size increases as a result of an increased flux of glucogenic metabolites, a succinyl
group is added to a regulatory sub-unit of HMG-CoA synthase, which is inactivated. Both control
mechanisms are influenced by nutritional and hormonal factors, which explain the incidence of KBG.
TG export (VLDL synthesis and secretion)
y The mechanism for synthesis and secretion of VLDL from liver is well known. Apoprotein B100
(apoB100; and apoB48 in a few species) is the key component whose rate of synthesis in the rough
endoplasmic reticulum would control the overall rate of VLDL production. Lipid components that are
synthesized in the smooth endoplasmic reticulum are added to apoprotein B as it moves to the junction
of the two compartments. After being carried to the Golgi apparatus in transport vesicles, the apoproteins are glycosylated. Secretory vesicles bud off the Golgi membrane, migrate to the sinusoïdal membrane of the hepatocyte, then fuse with the membrane and release the VLDL into blood.
y Animal models have shown that the availability of FA is not the only or the major determinant of the
rate of VLDL production. Where the limitation in VLDL synthesis or secretion resides is unknown.
The rate of synthesis or assembly would be limiting more likely than the secretory process per se. Inhibition of microsomal TG transfer protein (evaluated in treatment of atherosclerosis) blocks the assembly and the secretion of VLDL and chylomicrons but lead to steatosis.Possible limitations also include a high rate of degradation of apoB100, deficient synthesis of phosphatidylcholine or cholesterol.
y There are important species differences in the ability to export TG from the liver as VLDL, despite
similar rates of esterification of FA to TG. The rate of export of TG from the liver is in general related
to the rate of FA-DNL among species, with cattle and pigs that do not synthesize FA in the liver also
having the lowest rates of TG export whereas poultry that actively synthesize FA in the liver secreting
VLDL at very high rates. Rates of VLDL export are intermediate for rats and rabbits that have lipogenesis in both liver and adipose tissue.
y The origin of the FA incorporated into TG can affect the rate of VLDL export. In rats, dietary conditions that promote DNL in liver also stimulate VLDL output. In contrast, high fat diets or conditions
that promote mobilization of FA from adipose tissue decrease the rate of VLDL synthesis but promote
formation of a separate pool of storage TG. The situation could be the same in other species in response to liver uptake of NEFA mobilized from adipose tissue. In mice with increased DNL in the
liver, VLDL production can be either unaltered or increased, probably depending on the cause of the
increase in DNL and the capacity of the liver to increase FA β-oxidation. The inhibition of glucose-6phosphatase results in an increase in DNL without any stimulation of VLDL production. In contrast,
hamsters with increased DNL induced by fructose have increased VLDL production. Therefore, it is
likely that different molecular mechanisms are involved to explain the relation between steatosis and
the rate of basal VLDL production in different conditions.
y The mechanism of clearance of accumulated TG has not been fully clarified. In rats, the stored lipid
droplets do not contribute appreciably to VLDL synthesis. Rather it appears that the lipid droplets
would be degraded by lysosomal lipases to NEFA, which would then be metabolized by the liver.
Transcriptional regulation
y Fatty acids regulate gene expression by controlling the activity or abundance of key transcription factors, which, at the molecular level, play a crucial role that has been particularly well-illustrated by the
link between alterations of their functions and the occurrence of major metabolic diseases.. Many transcription factors have identified as prospective targets for FA regulation, including peroxisome proliferator-activated receptors (PPARα, β and γ), sterol regulatory element binding protein-1c (SREBP-1c),
retinoid X receptor (RXRα), liver X receptor (LXRα), and others. They integrate signals from various
pathways and coordinate the activity of the metabolic machinery necessary for FA metabolism with
the supply of energy and FA to tissues.
y PPAR and LXR belong to the nuclear receptor superfamily of ligand-activated transcription factors,
and have been implicated in diverse pathways of lipid metabolism. Similarly to other nuclear recep-
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tors, they interact with nuclear proteins known as co-activators and co-repressors. They function as
heterodimers with retinoid-receptors X (RXR) (PPAR-RXR or LXR-RXR complex). The heterodimers bind to the promoter region of their target genes on a specific DNA sequence termed the peroxisome proliferator responsive element (PPRE) and lead to modulation of the function of these genes.
PPAR-α is highly expressed in liver and tissues that highly extract energy from lipids. PPAR-α plays
a fundamental role in mammals by acting as a modulator of signalling molecules that mediate changes
in gene expression to maintain lipid homeostasis. It appears that its primary role is to increase the cellular capacity to mobilize and catabolize FA, particularly in the liver: increased transcription and expression of proteins and enzymes necessary to transport and catabolize FA (FABP, FAT, CPT-I etc.),
regulation of mitochondrial and peroxisomal FA β-oxidation systems and the microsomal ω-oxidation
system (acyl-CoA oxidase, CYP4A1 and CYP4A6 etc.), production of apolipoproteins. PPAR-α functions as a sensor for FA, and ineffective PPAR-α sensing (or PPAR-α null phenotype) can lead to reduced energy burning resulting in hepatic steatosis. The DNA-binding properties of PPARα and other
transcription factors (RXRs) on the PPRE of the mitochondrial HMG-CoA synthase promoter have
revealed that ketogenesis can be regulated by FA. Interestingly HMG-CoA synthase can react with
PPARα and thus autoregulate its own transcription. PPARγ activation is followed by overexpression
of lipogenic enzymes (acetylCoA carboxylase, FAS, glycerophosphate acyltransferase) and FA transport protein. LXR target genes include the ATP-binding cassette (ABC) subfamilies (ABCA1 and G1:
cholesterol efflux, G5 and G8: bile acid excretion and intestinal cholesterol absorption), SREBP, FAS,
and acyl-CoA carboxylase (factors that drive lipogenesis).
y SREBP-1 has indeed been identified as a potent activator of lipogenic gene expression. The expression of SREBP-1 has been shown to be increased by insulin and decreased by glucagon or cAMP.
Moreover SREBP-1 and FAS genes are both expressed and correlated in tissues that synthesize FA de
novo. In pigs, birds and rabbits (at least), there is a close relationship between the tissue (adipose tissue
vs. liver) specificity of FAS expression, FAS protein content or activity and the expression of SREBP1 mRNA. In chicken liver, SREBP-1 and FAS transcripts and proteins are elevated coordinately,
whereas in pigs, SREBP-1 and FAS transcripts and DNL are elevated in adipose tissue. SREBP-1
would therefore play a direct role in the relative level of FAS protein between tissues and species.
Hepatic lipid metabolism is a highly coordinated process which many pathways are regulated by
PPARs (especially PPARα) and SREBP-1 under control of intracellular NEFA level and composition.
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Updates on feline hepatic lipidosis
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Feline hepatic lipidosis (FHL) is one of the most often seen hepatopathies in the cat. In FHL histopathologic evaluation of the liver reveals that more than 34 % (in some cases even > 50 %) of hepatic
weight is attributable to retained triacylgliceroles and severe hepatocellular vacuolation and intrahepatic cholestasis is observed.5,6,8,14 Such destruction of hepatocyte structure causes impairment of
hepatic function and clinical symptoms resulting from hepatic insufficiency. By many authors this
condition is also described as Idiopathic Hepatic Lipidosis (IHL) underlining the fact that the exact
ethiopathogenesis of lipid infiltration of the liver in the feline is not known.8,15 According to more recent data vast majority of FHL occurs as a secondary condition concurrent with other diseases5 (cholestasis, cholangiohepatitis, pancreatitis, chronic hepatic infection, anomalies in hepatic circulation,
adenocarcinoma of the bile duct, diabetes mellitus and other diseases1,2,8,9). Long term glicocortycosteroid (poststeroid hepatopathies), other immunosupressive (methotrexat, l-asparaginase), antiepilectic (phenobarbitalum, kalium bromide) and antibiotic (mainly tetracyclins) therapy may also
cause secondary hepatic lipidosis in the cat.5,16
The prevalence of FHL is higher in the neutered feline and some authors suggest higher FHL frequency in females.8,9 Breed predilection has not been identified. In the past years the number of cases
of diagnosed FHL is growing in Poland, partly due to growing number of obese cats living in stressful
indoor conditions and partly because technical requirements for specific diagnosis (USG, histologic
evaluation) are commonly accessible.
Pathogenesis is related to altered lipid metabolism i.e. disability to secrete very low density lipids
(VLDL) due to low secretion of apolipoprotein B100 after prolonged anorexia and inadequate protein
intake.4 Higher concentrations of triacylgliceroles (TG), VLDL and low density lipids (LDL) in
plasma of cats with spontaneous feline hepatic lipidosis (FHL) seems to confirm this theory.4,13 However lipoprotein profile is not modified in obese cats according to Blanchard et al.4 Cats kept in domestic environment and cats with body condition score (BCS) above 5 in a 10 point scale are more
likely to develop this syndrome.1,5,15The predisposing effects of life-style and higher proportion of fat
in body composition are enhanced by the fact that cats are prone to anorexia in psychical stressful
conditions and also many diseases cause inappetence.4 Prolonged anorexia causes increased peripheral
lipolysis and additional triacylglicerole overload of the liver.
Affected cats often show anorexia, body weight (BW) loss, apathy, icterus, lethargy, vomiting, nausea,
jaundice. In severe cases hepatic encephalophatie may occur. The above clinical signs are not specific
of FHL thus for diagnosis detailed anamnesis and clinical examination should be supported by laboratory blood and urine analysis, USG examinations and histopathology of liver tissue after biopsy of fine
needle aspiration.12,14 Blood tests may reveal abnormal erythrocyte morphology, increased liver enzymes activity (particularly ALP), hyperbilirubinaemia, hypokalaemia, hypophosphatemia, vitamin K
responsive coagulopathy.6 Interpretation of cholesterolaemia should be careful in cats fed one meal per
day.4 In hepatic lipidosis typically markedly increased ALP activity is observed with normal or minimally increased GGT activity, but extrahepatic bile duct obstruction may also be the cause of similar
results. Biochemical abnormalities and changes in leucogram are not consistent.5 Ultrasonographic
evaluation of the liver shows generalized hyperechogenic structure of liver parenchyma and histopathology after fine needle aspiration or biopsy confirm the character of hepatocyte degeneration and the
presence of lipid containing vacuoles7.
Nutrition
Like in other hepatobiliary diseases potential causes of malnutrition in cats with HL include: 1) anorexia, nausea and vomiting, 2) impaired nutrient digestion, absorption and metabolism, 3) accelerated
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protein catabolism with impaired protein synthesis and 4) inappropriate nutritional recommendations.9
Additionally malnutrition further affects adversely hepatocellular function and structure.
Affected cats require “aggressive” nutritional and fluid support.6 Induction of such nutritional support
decreases the mortality rate from 80 % to 50-40 %.4 However, when assisted feeding is introduced in
an early stage of the disease recovery rate may reach 85-95 %. Non stressful method of alimentation
reduces the chance of acquired food aversion and continued undernutrition.6 This is usually achieved
by nasogastric intubation. Esophagostomy or gastrostomy route may also be secured when initial
metabolic disturbances are corrected (electrolyte deficiencies, dehydration, acidosis and/or ketosis).
The authors observed high efficacy using syringe feeding by the owner, probably because cats were
more relaxed when feeding was associated with striking by the owner. However some animals may get
used to such feeding procedure and refuse to eat from a bowl for a prolonged period of time.
There are no guidelines for estimated energy needs in cats with hepatic lipidosis other than clinical experience, which suggests that normal intakes are sufficient.5 Resources in the public domain suggest
that energy requirements are increased by illness and stress however, cats with FHL are inactive and
have reduced lean body mass which compensate the above mentioned higher requirement factors. By
most authors energy requirement is stated as being normal5 and most feeding protocols suggest feeding maintenance energy requirement (60-90 kcal/kg BW/d) achieved by graduate increasing in 3-10
days. According to personal observations and calculations resting energy requirement (RER) feeding
is sufficient and excess should be avoided in order not to overload the liver with already impaired
function. Using the generally accepted formulation for RER calculation (RER=70x(BWkg)0.75), a 4 kg
cat’s intake would be approx. 50 kcal/kg BW/d. Such daily amount of food should be divided into 4-6
meals (per approx 35-50 kcal) and should be introduced gradually. In most cases the introduction period is 3-4 days (increasing amount by 25-30 % daily) but in cases with persistent vomiting may be
longer. This protocol is similar to what was proposed by Blanchard (Meals 4 times a day; Day 1 - 4 x
10 %, Day 2 - 4 x 20 %, Day 3 - 4 x 25 % of RER of ideal BW) however, for simplicity the authors
prefer calculating with actual BW. Additionally, in some cases ideal BW is hard to establish when assisted feeding is introduced. Meal frequency is progressively reduced gradually till cat eats alone.2
The metabolic rate and nitrogen requirements of cats with FHL have not been quantified. Cats have
limited ability to adjust protein metabolism, for this reason anorexia in FHL causes protein deficiency
of rapid onset.6 Clinically, cats with FHL recover optimally when consuming feline maintenance or
high stress nutritional formulas providing ≥4.0 g/kg BW protein. Such diet corrects protein deficiencies resulting from decreased dietary intake derived from anorexia or inappropriate nutritional restrictions. According to Biourge et al.2 protein-based energy diet enhances recovery more than lipid- or
carbohydrate-based diet however, this statement needs further confirmation in greater number of patients. Arginine content is sufficient when protein based diets are used but required to be supplemented
when human enteral preparations are used in the cat (suggested dose 1g/cat/day). Arginine deficiency
enhances greatly hepatic encephalopathy because it is necessary in the production of some apoproteins
and in protein metabolite utilization.
Regardless of using protein-based energy diet, there is a greater requirement for some of the aminoacids in the therapeutic diet. Due to greater loss in the bile-acid conjugation processes taurine is supplemented (500 mg/cat/d) for at least the first month of therapy. Due to the well known positive effects
of L-carnitine on lipid transport to the mitochondria and enhancing β-oxidation of fatty acids it should
be routinely included in the diet at a higher dose (250-500 mg/kg BW/d). Also the supplementation of
substances required for L-carnitine synthesis may be beneficial (lysine, group B vitamins, iron, methionine).3,5,10,11,12
In FHL serious vitamin deficiencies may occur due to 1) decreased vitamin intake and supplementation, 2) intestinal malabsorption or reduced metabolic activation, 3) reduced vitamin storage due to
impaired function of hepatocytes, 4) increased urinary losses and 5) increased usage in regenerative
processes.6 There are no quantitative descriptions of the effects of these factors on water-soluble vitamin concentration and bioavailability in FHL. Center suggested supplementation of vitamin B12 parenterally at the dose of 1 mg/cat based on concentrations of the vitamin in plasma. Later with the diet
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supplementation of water soluble vitamins may take place empirically at a doubled daily dose.6 Others
suggest the following dosages: vitamin B1 – 100 mg i.m. twice a day for 2-3 days then 0.5-2 mg/ kg
BW/day with food; vitamin B12 - 50-100 μg i.m. or s.c./cat/day and later vitamin B complex added to
the diet at the dosage 0.1-1.5 mg/ kg BW/day. Supplementation of vitamin E (5 mg/kg BW/day per os)
may have beneficial hepato-protective effects especially till severe clinical signs resolve.5,7,8,9
Some authors suggest that elemental Zn should be added to the diet at a dose of 7-10 mg/kg BW/day.8
Many authors suggest as general feeding guidelines for cats suffering from FHL that the main characteristics of the diet are: high energy and protein content and low fat content. However, using a truly
low fat diet (fat content less than 9 % of dry matter) would increase the daily dose needed to be ingested to an unacceptable level. In clinical practice diets that support 45-55 % of the energy consumed
daily are well tolerated by cats with FHL and do not increase the TG overload of the hepatocytes.
Therapy is long (4-6 weeks or even longer) and labour absorbing however in the cases that recover
from FHL is shown to be reversible: after treatment liver functionality recovered and VLDL and LDL
cleared normally.4,6 Further research is needed to understand the genetic background of FHL, the lowered excretion of VLDL in the fasting cat and the specific effects of the nutrients in the diet used in
every day practice. Such data may enable us to improve further the nutritional protocols and can help
in individualizing the diets for the special needs of different patients.
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Introduction
The modern high lactating dairy cows could be affected by either infectious or non infectious disorders. Metabolic diseases - milk fever, ketosis, fat cow syndrome, down cow syndrome, displaced
abomasums - are disorders usually related to incorrect management during the dry period. An excess
in energy supply and/or a reduction in metabolism induce overweights and high body condition scores.
These are the main reasons for fatty liver induction.
The fatty liver syndrome has been the subject of many papers. Recently Bobe et al. (2004) produced a
comprehensive review with 153 references on the subject in which they discussed the pathology, the
etiology, the prevention and the treatment of the syndrome.
What is fatty liver?
Fatty liver is a major metabolic disorder of the dairy cow which occurs during the first period of lactation. It is called also the fat cow syndrome. It occurs when the hepatic uptake of lipids exceeds the
oxidation and the secretion by the liver. The lipids excesses are stored as triacylglycerol in the liver
with, as result, a reduction in the metabolic functions of the organ. Immediately after parturition, energy, glucose and amino acids required by the cow are increased by 300 %, 270 % and 190 % respectively (Bell 1995). The cow is unable to meet these increased requirements. She has to mobilise non
esterified fatty acids from the adipose tissue to compensate the physiological negative energy balance.
When lipomobilisation is too high and/or free fatty acids metabolism at liver level is insufficient, fatty
liver occurs. Fatty liver could be initiated before calving and occurs within the 4 weeks after calving
with sometimes more than 50 % of the cows showing some accumulations of triacylglycerol in the
liver (Jorritsma et al., 2001). When fatty liver occurs, there are decreases in the health status, in the
well being, in the productivity and in the reproduction performance. There are, as results, an increase
in the veterinary costs, a longer calving interval, a decreased milk production and a reduction in the
lifetime of the cow.
Categories of fatty liver
Three categories of fatty liver are defined according of the extent of the triacylglycerol concentration
in the liver.
In the severe fatty liver, triacylglycerols represent more than 10 % of the wet weight of the liver. Cows
with such a severe fatty liver are characterized by severe body weight loss, depressed feed intake and
large decrease in milk production, large amounts of ketones being found in the blood, urine and milk.
In extreme cases, hepatic encephalopathy occurs with depressed consciousness, ataxia, somnolency
and coma. Death can occur associated with liver and kidney failures and cardiac arrest.
In the moderate and the mild fatty livers, triacylglycerols are found in the liver at rates of 5-10 % and
1-5 % respectively. Urinary ketones are also found but to a much reduced extent (Hippen et al. 1999).
Usually, no large effects are observed on feed intake and on milk production although some reductions
are detected mainly at the lactation peak (Jorritsma et al. 2001).
According to a survey carried on literature data by Bobe et al. (2004), the incidence of the moderate
and severe fatty livers in modern dairy herds is about 42 % and 14 % respectively.
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Metabolic pathology of fatty liver
In the high milking dairy cows in negative energy balance at the beginning of lactation, body fat reserves are mobilized in order to provide energy and free fatty acids for milk production. The liver is
highly involved to metabolize the free fatty acids along with the absorbed nutrients such as the chylomicrons and the volatile fatty acids. Glycerol in the liver could be used for gluconeogenesis or for
triacylglycerols production by recombination with the free fatty acids. Free fatty acids could also enter
the β oxidation pathway leading to Acetyl-coA production which, when combined with oxaloacetate,
enters the Krebs cycle. When oxaloacetate is lacking Acetyl-coA is used to produce ketones.
Fatty liver is observed when the metabolism in the liver is overloaded by an excess of mobilized free
fatty acids and/or by a limited utilisation. Triacylglycerols are produced from those free fatty acids and
stored in hepatocytes rather than excreted in the blood as VLDL. This is because in ruminants, the
apolipoprotein A is lacking. Triacylglycerols in excess induce microscopic alterations of the liver with
large infiltrations of lipids. The liver is larger than usual, swollen, with round edges and yellowish.
Other organs such as kidneys, heart, muscles are also infiltrated. Bile tends to accumulate in the liver
with as results an increase of bilirubin, bile acids and cholic acid in the plasma. Accumulation of triacylglycerols in the fatty liver is associated with plasma decrease of concentration of structural lipids
(free cholesterol and phospholipids) and energy molecules (citrate, glycogen) but with plasma increase
of free fatty acids, acetone, β hydroxybutyrate and acetoacetate. All the protein compounds (for example apoprotein, VLDL…) involved in the lipid transport are decreased. There are changes at hepatocytes level of carbohydrates metabolism (decreased gluconeogenesis) and increased lipogenesis and
ketogenesis. Urea production is also reduced with increase of plasma ammonia concentration. There
are also changes in hormones: decreased production of glucagon, glucocorticoïds, IGF1, insulin, thyroxine and triiodothyronine.
Fatty liver and associated pathologies
Fatty liver is usually positively associated with displaced abomasun, impaired immunoreactivity, type
II ketosis, laminitis, mastitis, metritis, milk fever and retained placenta (see review by Bobe et al.
2004).
Different aspects of the immune response are suppressed. There are, for example, lower cellular cytotoxicity, reduced generation of reactive oxygen species by the polymorphonuclear cells in blood, decreased capacity for phagocytosis or for inflammatory mediators (Suriyasathaporn et al. 2000).
The reproductive performances are also affected in cows with fatty liver. The following cascade of
events is proposed. A decreased immune response in the uterus induces more severe endometritis and
delayed uterine involutions. Delayed synthesis of progesterone and luteinizing hormone induces delayed initiation of ovarian activity, first ovulation, first oestrus and first insemination. This could be
further complicated since cows with fatty liver in severe negative energy balance often show prolonged anoestrus.
Treatment of fatty liver
One has to discriminate between mild or moderate fatty liver on the one hand and severe fatty liver on
the other hand.
1. Treatment of mild or moderate fatty liver
The diagnosis of mild or moderate fatty liver is difficult since affected cows do not differ from normal
animals on the beginning of the lactation. All are in negative energy balance. Liver biopsies are required. In the future, ultrasonic techniques could be used (Bobe et al. 1999). Cows with fatty liver tend
to reduce dry matter intakes. They loose large amounts of live weight and body condition score notes
in a short period of time. The concentration of urinary ketones is elevated.
The treatment aims to increase the provision of glucose in the liver. This could be done by improvement of the general management or by increasing gluconeogenesis.
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Stöber and Scholz (1991) suggest to improve feed intake by provision of good quality feedstuffs such
as fresh roughages, fodder beets, grass hay,… and to promote oxidation of ketone bodies in muscle by
moderate exercise of the cows.
Gluconeogenesis is improved after subcutaneous injections of glucagon (15 mg daily for a 14 days period) (Bobe et al. 2003) or corticosteroïds (200 mg prednisolone daily for 5 days (Fürll and Fürll 1998)
or 10-30 mg dexamethasone, or 2-5 mg flumethasone (Stöber and Scholz 1991). Glucose precursors
such as glycerol (1 kg/d) or propylene glycol (1 l/d) or sodium propionate (100 g/d) are also used
orally. Glycerol is more palatable while overall good results are obtained with propylene glycol. Sodium propionate induces a fast increase in blood glucose but side effects such as a decrease in feed intake are also observed. Pratically only dexamethosone is registered in EU.
2. Treatment of severe fatty liver
One has to separate the nonencephalopathic form from the hepatic encephalopathy. The first form is
not lethal but health and milk production never fully recover. The hepatic encephalopathy is further
characterized by depressed consciousness, ataxia, somnolency, coma and finally death. Long term and
aggressive treatments (14 days intravenous glucagon, 0.5-1.0 kg/d glucose infusion at an ideal initial
maximal rate of 100 mg/kg/h during 2-3 days progressively increasing up to 600 mg/kg/h, simultaneous intravenous glucose, glucocorticoïds and insulin) are not often successful. Intraperitoneal infusions could be used to delay glucose resorption and to reduce urinary losses.
Conclusion
The fatty liver in dairy cows is a syndrome occurring in early lactation when the energy requirements
for maintenance and milk production exceed energy intake. The cow mobilises fat from reserves to a
large extent. She is unable to adequately utilize the fatty acids for milk production so that triacylglycerols are deposited in hepatocytes. More severe fatty livers are observed when the body condition
score is high at calving. Good management practises during the dry period could reduce either the frequency of the syndrome or the intensity.
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Hepatic steatosis occurs in mammals as a response to various forms of metabolic disorders. In the human, hepatic steatosis originates from sustained alcohol intake, overeating and obesity or infectious
disease. It is generally associated with an alteration of hepatic tissue structure, as necrosis, and may
evolve into cirrhosis. Fatty liver syndrome is also described as a metabolic disease in laying chickens.
It involves increase in liver weight and liver fat content, hemorrhage and hematoma.
Spontaneous hyperphagia in migrating wild species of birds leads to moderate physiological hepatic
steatosis in order to provide energy during migration. Domestic palmipedes overfed with a carbohydrate-rich diet also accumulate lipids in the liver. This susceptibility to nutritional steatosis is particularly developed in some breeds of ducks and geese used for the commercial production of “foie gras”.
Thus in Muscovy duck (Cairina mochata), Mule hybrid duck (Cairina moschata x Anas platyrhynchos) and Landes goose (Anser anser) the liver weight may increase seven- to tenfold in 2 to 3 weeks
of overfeeding, representing as far as 10% of body weight. Liver fat content can reach 60 % wet
weight. If overfeeding is not prolonged this steatosis does not induce any pathological alteration, and
the liver weight and composition return to pre-overfeeding values when overfeeding is interrupted.
In overfeeding for fatty liver production the diet generally consist of boiled, salted maize. Overfeeding
induce proteins, water and ash increase in whole liver, but mainly a 100-fold increase in lipid content.
All classes of lipids accumulate, phospholipids, free cholesterol and cholesterol ester, but triacylglycerol predominate as it represents 95% of total lipids in fatty liver. These triglycerides are rich in
monounsaturated fatty acids (MUFA) as they contain more than 50% oleic acid, but they are very poor
in polyunsaturated fatty acids (PUFA) (1-2%). Similarly PUFA content of phospholipids is lower in
fatty liver than lean liver while oleic acid content is more than twofold higher. Overfeeding diet is rich
in PUFA though as corn lipids contain 60% linoleic acid. In fact, in avian species de novo lipogenesis
occurs most exclusively in liver and the main product is oleic acid. Overfeeding with corn-based diet
results in a strong hepatic de novo lipogenesis which seem to induce a competition between dietary
and de novo synthesized fatty acid for their incorporation in liver triglycerides or phospholipids. Dietary PUFA not incorporated in liver lipids accumulate in adipose tissue where linoleic acid is tenfold
higher than in liver lipids.
The susceptibility to fatty liver induction is, at least partly, of genetic origin and to investigate the
mechanism for this nutritional steatosis researchers have compared physiological responses of breeds
with different steatosis susceptibilities. So the French Landes grey goose shows a high tendency towards hepatic steatosis, while Poland white goose exhibits a moderate capability to produce fatty liver
and preferential peripherical fattening. On both breeds activities of the lipogenic enzymes in fatty liver
tissues have been compared after overfeeding. If specific activities of glucose-6-phosphate deshydrogenase, acetyl-CoA-carboxylase and fatty acid synthase was not different between breeds, specific activity and mRNA level of malic enzyme was about twofold higher in Landes goose. Furthermore in
the Poland goose the weight of the fatty liver was correlated positively with the specific activity of
malic enzyme. Now in avian species the providing of NADPH required for fatty acid synthesis in the
liver depends mainly on the activity of malic enzyme instead of glucose-6-phosphate deshydrogenase
as in mammalian species. These results indicate that the level of hepatic lipogenesis is a factor in the
susceptibility to hepatic steatosis in different breeds of geese and malic enzyme may be a limiting factor of lipogenesis in the less susceptible breed. In others experiments overfeeding of geese induced
one- to twofold increase in plasma concentration and triglyceride content of hepatic liporoteins, VLDL
and HDL, but this effect was greater in Poland geese than Landes geese. Therefore channeling of
newly synthesized triglycerides towards secretion rather than in situ storage may be responsible for
hyporesponsiveness of Poland geese. Moreover different genotypes of ducks have been compared for
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lipoprotéine lipase (LPL) activity and insulin and glucagon plasma concentrations during overfeeding.
At the beginning of overfeeding, there was a similarity in the different genotypes. After overfeeding
Muscovy and Mule ducks, with a high susceptibility to liver steatosis, exhibited a dramatic fall in LPL
activity whereas insulin and glucagon plasma concentration remained stable. On the contrary, in Pekin
ducks (Anas platyrhynchos), which resist to steatosis, LPL activity remained steady as insulin concentration was dramatically higher. These data suggest that an increase in plasma insulin concentration
induced during overfeeding is necessary to maintain the LPL activity at a high level, which allows a
preferential lipid storage in the extrahepatic tissues to the detriment of the liver steatosis as observed in
Pekin ducks. Conversely in Muscovy and Mule ducks the absence of insulin response during overfeeding induce an inhibition of LPL activity which lead non-hydrolysed VLDL to return to the liver and to
contribute to increasing the hepatic steatosis.
Thus, although the mechanism of dietary-induced fatty liver is not still completely clarified, all this
data suggest that the high susceptibiliy to nutritional steatosis of some palmipedes breeds in response
to overfeeding for the production of “foie gras” may be explained by :
- an increased hepatic lipogenesis due to an enhanced malic enzyme activity which constitute a limiting factor in providing of NADPH required for fatty acid synthesis,
- a defect in synthesis and/or secretion of hepatic lipoprotein; the lipoprotein secretion pathway appears to be overwhelmed, and a high proportion of newly synthesized triglycerides remained
stored in the liver,
- no response of insulin inducing a fall of LPL activity limiting the lipid storage in peripheral tissue
to benefit the liver steatosis.
So, fattening and differential channelling of liver lipids in relation to susceptibility to hepatic steatosis
in palmipedes result from a multi-factorial control which still remains to be investigated.
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Insulin resistance is associated with fat accumulation in the liver, a condition called nonalcoholic fatty
liver disease (NAFLD). Excess fat in the liver is not a benign condition. Some patients with NAFLD
develop necroinflammatory changes in the liver called nonalcoholic steatohepatitis (NASH) and a
fraction of those will develop cirrhosis. About 20 % all adults have NAFLD and 2 % to 3 % of adults
have NASH. Approximately 20 % of patients with NASH are at risk for developing cirrhosis and subsequently dying from end-stage liver disease. In addition the liver has been recognized as a major target of injury in patients with insulin resistance or the metabolic syndrome. Insulin resistance is almost
universally found in patients with NASH and the main risk factors for this condition are overweight
and diabetes. Improvement in insulin sensitivity, whether achieved by diet, exercise and/or pharmacological interventions, results in a dramatic reduction of liver fat and inflammation and fibrosis as
well. Therefore NASH should be viewed as the hepatic phenotypic manifestation of insulin resistance
and a bona fide component of the metabolic syndrome that affect more than a quarter of adult population in industrialized country.
Physiopathology of NASH is complex but it is now universally accepted that insulin resistance and
subsequent hyperinsulinemia are key factors that lead to both NAFL and NASH. Insulin resistance
plays a central role in the development of a steatotic liver, which becomes vulnerable to additional injuries. Several cyclic mechanisms leading to self-enhancement of insulin resistance and hepatic accumulation of fat have been recently identified. With advancing obesity, resistance to the antilipolytic
effects of insulin results in increased lipolysis within the omental fat depot, a consequent further rise in
portal venous LCFA. This causes a further increase in hepatocellular LCFA uptake. The fate of intrahepatic LCFA could be esterification into triglycerides or oxidation into mitochondria. There is growing evidence that mitochondrial dysfunction, and more specifically respiratory chain deficiency, plays
a role in the pathophysiology of NASH. The generation of reactive oxygen species (ROS) by the respiratory chain is augmented. Concomitantly, ROS oxidize fat deposits to release lipid peroxidation
products that have detrimental effects on hepatocytes and other hepatic cells. In hepatocytes, ROS and
lipid peroxidation products further impair the respiratory chain, either directly or indirectly through
oxidative damage to the mitochondrial genome. This, in turn, leads to the generation of more ROS and
a vicious cycle ensues. Mitochondrial dysfunction can also lead to apoptosis or necrosis depending on
the energy status of the cell. ROS and lipid peroxidation products also activate stellate cells, thus resulting in fibrosis. Finally, ROS and lipid peroxidation increase the generation of several cytokines
(TNF-α, TGF-β, Fas ligand) that play sundry roles in the pathogenesis of NASH. To summarised, excess intracellular fatty acids, oxidant stress, tumor necrosis factor-alpha, and mitochondrial dysfunction are causes of hepatocellular injury, thereby leading to disease progression and to the establishment of NASH.
The diagnosis of NASH requires a high index of suspicion, especially in abdominal obese patients
over the age of 45 years as well those who have diabetes, because these are the patients at greatest risk
for developing cirrhosis. Indeed, all patient displaying unexplained elevated ALT levels, with intake of
less than 20 g of ethanol per day and seronegative for hepatic virus, could be suspected of NASH. It is
difficult to distinguish the simple steatosis and the NASH by transaminase level. Currently, in patients
with nonalcoholic fatty liver disease (NAFLD), a liver biopsy remains the only reliable way to differentiate simple steatosis from nonalcoholic steatohepatitis (NASH). The detection of NASH is usually
delayed, since there are no serum surrogate markers for NASH, and a definitive diagnosis requires
specific liver biopsy criteria: steatohepatitis, steatosis, inflammatory infiltrates, and ballooning degeneration with or without Mallory bodies or pericellular/perivenular fibrosis. In all case, ultrasonographic examinations give qualitative information on fat accumulation in liver and should carefully
look for nodular formation. Because NASH is a progressive fibrotic disease, patients with NASH and
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cirrhosis may progress to hepatocellular carcinoma. Regular screening based on tumor markers and
imaging modalities is needed to detect cancer, in patients with NASH and cirrhosis.
Treatment focuses on addressing the underlying insulin resistance with increased endurance exercise
and weight reduction. Pharmacologic therapeutic strategies aimed at modulating insulin resistance,
normalizing lipoprotein metabolism, and down regulating inflammatory mediators. The encouraging
results of the use of PPARγ agonists and, in particular, rosiglitazone, in human or experimental models
of NASH, justifies on-going large-scale, randomized controlled trials. In addition, a role for angiotensin II in insulin resistance, oxidative stress and hepatic stellate cell activation has been reported.
Treated patients who had NASH and hypertension with losartan, an angiotensin II receptor antagonist,
for 48 weeks improved hepatic necroinflammation and fibrosis in NASH patients.
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A number of different etiologic causes may be ascribed to the development of horse’s hepatic diseases
that became clinically apparent when more than 70 % of the liver function is lost. Hepatic failure can
lead to different clinical signs: neurological troubles linked to ammonia excesses, hypoglycaemia, icterus, hemoglobinuria, photosensibility, bleeding abnormalities, weight loss, oedemas, ascites. Hepatoencephalopathy is also described very often with different clinical signs as depression, head pressing, apparent blindness, circling and others.
Diagnosis is based on the assessment of the serum activities of gamma glutamil transferase and other
enzymes, bilirubin and bile acids. Hepatic biopsy is sometimes useful for the diagnosis and to plan for
a specific therapy.
Among therapies, nutritional management is very often useful. It includes fluid therapy, to improve
perfusion, restore electrolytes and glucose levels and help toxin removal. Dextrose is used in hypoglycaemic horses. Diets must contain low levels of proteins of good biological value. Non structural carbohydrates are required in large amounts. Corn and molasses are often used. The branched chain
amino acids / tryptophan ratio must be kept high. Increased number of daily meals could be also useful. High protein forages, as alfalfa and fresh rich spring grass, must be avoided. On the contrary, first
cut meadow hays and fall pasture grazing (avoiding long exposure to sun) can be considered optimal.
Horses with chronic hepatic disease must, on the contrary, be fed slightly high protein diets.
Horses liver function is also severely affected as a result of another disease, the equine hyperlipaemia.
The incidence of this metabolic disorder has been reported in population surveys, varying between 3
and 5 % while clinical studies of animals presented to veterinary hospitals have described incidences
between 11 and 18 %. Although of minor economical importance in the equine industry1, mortality of
affected animals is high, like in other species, ranging between 60 and 80 %.2 Predisposing factors are
breed (poneys), obesity, lactation and pregnancy. Risk factors are stress, anorexia, diseases.
Equine hyperlipaemia is a disorder of lipid metabolism, characterized by increase in plasma triglycerides. Due to hormone sensitive lipase (HSL) activation in hyperlipaemic animals, an increase of
plasma NEFA occurs, exceeding the oxidative, gluconeogenic and ketogenic pathways. Unlike other
species, horses have a limited capacity for ketogenesis and do not develop pronounced ketonemia3 associated with hyperlipaemia. The synthesis of triglycerides in the liver is thus increased in the form of
very low density lipoproteins (VLDL), which are secreted in the circulation, increasing plasma
triglycerides3. Fatty infiltration of different organs may follow. Liver’s fatty infiltration is due to an
increased VLDL synthesis that does not match the rate of triglycerides synthesis. Figure 1 shows a
schematic approach of the lipid metabolism differences between hyperlipaemic and normal ponies.
Reported clinical signs of hyperlipaemia in a population of 8 animals4 included dullness and depression (100 %), loss of appetite (80 %), production of scant feces (60 %), obesity (50 %), weight loss
(40 %), production of diarrhoeic feces (40 %), increased pulse rate (100 %), pyrexia (50 %), increased
respiratory rate (40 %), ventral oedema (40 %), jaundiced membranes (80 %), petechial haemorrhages
(50 %), lipaemic serum (50 %). Often hyperlipaemia is associated with a primary disease. Gastrointestinal diseases are commonly referred to in this context5, 6 and recovery is thus often closely related to
the success of treatment of the primary disease.
Post-mortem observations of affected animals comprise deposition of fat in the liver, kidneys, skeletal
muscle, adrenal cortex and myocardium, vascular trombosis in the lungs, kidneys and brain, renal
nephrosis and proliferative glomerulonephritis, atrophy of the exocrine pancreas, lymphoid follicle
depletion of the spleen, lymph nodes and mucosal ulceration of the gastrointestinal tract as well as excessive fluidity of the GI contents7.

Proceedings of the 10th ESVCN Congress - 2006

61

Figure 1: Lipid metabolism differences between healthy and hyperlipaemic ponies.
Source: Watson T, Equine hyperlipaemia, In: Metabolic and endocrine problems of the horse.
Hyperlipaemia in horses, from a nutritional point of view, can be approached by maintaining positive
energy balance, fighting dehydration and metabolic acidosis, and by the use of lipothropic factors.
Fluid therapy includes the use of lactate or pyruvate; bicarbonate can be used with caution. High energy feedstuffs can be used for hyperlipaemic horses; sometimes nasogastric tube feeding is required.
Dextrose or galactose are often used at quite high dosages. Complete feeds and increased daily meals
number are also useful.
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Nutrigenomics and liver metabolism
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Over the past few years, the National Human Genome Research Institute of the National Institutes of
Health (NIH) has expanded its goal of sequencing the human genome to include numerous other
mammalian species, including the dog and cat (Lindblad-Toh et al., 2005; http://www.genome.gov/
12514461). These sequencing efforts coupled with continued advancements in biotechnology have enabled comparative genomic experiments, enhanced our ability to identify genes associated with disease, and allowed the measurement of gene transcripts (mRNA), proteins, and metabolites. Thus, researchers now have a powerful arsenal of tools with great accuracy and precision, potential for highthroughput, and automation. Applying these tools to nutritional research will not only be key in advancing our general understanding of intermediary metabolism, but also for the identification of nutrient-gene interactions and their impact on aging and disease.
The study of how genotype (genetic background) affects nutrient metabolism may be referred to as
‘nutrigenetics.’ Although many polymorphisms (variations in DNA) have no impact on gene function,
a considerable number have mild effects on protein functionality. Acting alone, the effect of each
polymorphism may not be noticeable. The cumulative effects of all the SNP in an animal’s genome,
however, may be quite evident and is thought to contribute, in part, to the variation observed among
animals in response to diet and/or drugs. Genome sequencing has allowed the mapping of single nucleotide polymorphisms (SNP), 600,000 of which have already been mapped in the dog genome by the
NIH. Furthermore, a commercial ‘SNP chip’, enabling the search for individual or clusters of SNP associated with disease, is now available.
‘Nutrigenomics’ may be described as the study of how nutrient(s) affect gene expression. Gene expression is regulated by a labile process, being controlled by transcriptional activators and repressors
whose nuclear concentrations, covalent modifications, and subunit associations fluctuate extensively.
Numerous bioactive food components, including vitamins, minerals, carotenoids, flavonoids,
monoterpenes, and phenolic acids, are thought to act as transcriptional factors (Milner, 2004). In addition to transcriptional regulation (DNA to mRNA), nutritional status may also impact downstream
events such as post-translational modifications of newly synthesized proteins (e.g., phosphorylation,
acylation). The expression of gene transcripts (mRNA) can be used to get a snapshot of cellular activity/status. Recent advances in molecular biology have not only improved the accuracy and limits of
detection, but have led to high-throughput techniques (e.g., DNA microarrays) that provide researchers
with a holistic view of a cell, tissue, or organism.
The liver plays a central role in coordinating the body’s metabolism, including glucose homeostasis,
xenobiotic metabolism and detoxification, steroid hormone synthesis and degradation. Many of the
regulatory effects in response to diet initially occur in the liver, which then modulates the activities of
other organs in terms of nutrient utilization and metabolism. Thus, it is of little surprise that the health
consequences of abnormal liver function are enormous. Given its great importance to intermediary
metabolism, the liver has been one of the primary organs of focus in recent nutrigenomic experiments.
Experiments have been performed to study hepatic gene expression during the transition from the fasting to fed state (Reiter et al., 2005) and nutrient deficiency (Tom Dieck et al., 2005). Given the continued growth in the geriatric human population, numerous experiments have focused on studying hepatic response to various factors in aged vs. young animals. The liver is one of the few adult organs
that can completely regenerate itself in response to injury and most functions are maintained fairly
well with age. However, increased serum and biliary cholesterol levels and decreased liver regeneration, hepatic drug clearance, liver volume, and blood flow have been observed in aged animals
(Schmucker et al., 1998). Identifying mechanisms responsible for the aforementioned changes as well
as the maintenance of senescent cells and the loss of responsiveness to external stimuli in aged animals
has been a focus of many experiments (Schnabl et al., 2003).
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Similar to what has been demonstrated in skeletal muscle and brain, gene expression associated with
increased inflammation, cellular stress, and fibrosis, and reduced capacity for apoptosis, xenobiotic
metabolism, normal cell-cycling, and DNA replication has been observed in aged vs. young livers
(Cao et al., 2001; Schnabl et al., 2003). Furthermore, caloric restriction was shown to reverse the majority of these age-related changes. Our laboratory has observed similar age-related gene expression
changes in canine tissues, including liver (Apanavicius et al., 2005). In that experiment, aged canine
liver samples had increased expression of genes associated with stress response and inflammation,
which was more severe in dogs consuming high levels of dietary fat.
Although microarray experiments often create just as many questions as answers, the results force us
to reevaluate our current beliefs or understanding of a given metabolic pathway or biological system.
Often times, these experiments provide enough evidence to revise an existing dogma. The nutrigenomic experiments performed thus far have already shed new light on hepatic metabolism and have
laid the groundwork for future experiments. These projects have enhanced our understanding of intermediary metabolism on a mechanistic (gene/protein) level, which will allow more complicated problems, including those surrounding aging and (or) disease, to be effectively studied.
SNP testing and gene expression profiling may be a critical piece of future experiments focused on nutrition and disease, pharmacology, and toxicology. In my opinion, a prime target for gene expression
profiling is canine aflatoxicosis. While preventing the consumption of contaminated food by ingredient testing is ideal, it is inevitable that outbreaks will occur in the future despite regular testing. At present, veterinarians have very few options, but to address the hepatic damage that comes with aflatoxin
consumption (Stenske et al., 2006). Microarray analyses of liver biopsies collected from dogs suffering from aflatoxicosis vs. healthy controls would provide a broad view of liver metabolism, potentially
identifying molecular targets for treatment.
Genotype is an important factor affecting pharmacokinetics in humans and animals. A recent human
pharmacogenomic experiment has enabled stratifications of subjects into low-, medium-, and highdose warfarin groups based on their genetic profile (Rieder et al., 2005). Numerous other drugs are being studied in a similar manner to identify patients at risk for toxicity or reduced response, which will
ultimately lead to increased efficacy and decreased incidence or severity of side effects (reviewed by
Marsh and McLeod, 2006). Given the genotypic data now available in the dog (and soon with the cat),
similar experiments may be performed in companion animals. Researchers have already identified
polymorphisms in the MDR1 gene responsible for ivermectin toxicity in collies (Hugnet et al., 2004),
cytochrome P450 1A2 enzyme important in drug metabolism (Mise et al., 2004), and catechol Omethyltransferase (COMT) important for the inactivation of catecholamines and catechol-containing
drugs such as L-DOPA (Masuda et al., 2004). The availability of commercial SNP chips should lead
to great advances in canine pharmacogenomics in coming years.
In summary, a wide array of genomic tools is now accessible to study nutrition and disease. Measuring
thousands of gene expression changes simultaneously using microarray analyses provides a global
view of cellular or tissue status, revealing mechanisms of action and potential nutrient or drug strategies to combat disease. Identifying polymorphisms impacting nutrient or drug metabolism may be
used to develop personalized canine diets and drugs, similar to current efforts in human medicine.
Given the emergence of these tools, researchers and clinicians are one step closer to realizing these
goals.
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Applied nutrition I

Spelt, an ancient cereal of interest for modern horse feeding:
chemical composition and digestibility
Delobel A., Schoonheere N., Hornick J.L., Istasse L.
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Introduction: Oat, maize and barley are the cereals frequently incorporated in concentrates for horses.
Spelt is an ancient and rustic cereal. It is covered with a large husk. So, it has been suggested as a fiber
source. The aim of the present paper was to compare the chemical composition of spelt with that of
other cereals and to evaluate the digestibility of a diet in which oat was substituted by spelt.
Materials and Methods: Samples of spelt, barley, oat and maize were collected for chemical analyses. Two concentrates were then made. The composition of the control concentrate was 46.0 % oat,
46.0 % barley, 3.2 % molasses, 0.3 % soja oil, 4.0 % mineral and vitamin mixture and 0.5 % salt. Oat
was substituted by spelt in the test concentrate. The concentrates were offered along with hay in proportion of 70 % hay and 30 % concentrate on energy basis to six horses kept at maintenance level.
Results: On the whole, the chemical composition of spelt was in the normal range of values found for
cereals (Table 1). Both diets were well appreciated by the horses. The average apparent digestibility
coefficients of DM, OM, CP, EE, ADF and NDF are given for the two diets in table 2. There were no
significant differences between the 2 diets for the different parameters except for ether extract digestibility which was higher with the oat concentrate. The lack of difference was expected since the offered
amounts of spelt or oat were rather small although they were incorporated at 46 % in the concentrate.
The apparent digestibility coefficients given in Table 2 were in line with the reported data in the literature for rations based on hay.
Table 1: Chemical composition of the cereals ( % in DM).
Ash
Protein
Ether Extract
NDF
ADF

Spelt
2.8 ± 0.2
11.5 ± 1.2
2.0 ± 0.2
34.9 ± 4.2
16.3 ± 2.8

Barley
2.3 ± 0.3
15.1 ± 0.5
2.1 ± 0.2
31.0 ± 2.5
10.0 ± 0.6

Oat
2.5 ± 0.3
9.8 ± 0.6
4.0 ± 0.1
32.8 ± 4.8
18.1 ± 1.4

Maize
1.2 ± 0.2
8.2 ± 0.6
4.8 ± 0.8
20.0 ± 0.8
5.5 ± 1.1

SED
1.18
1.21
2.79
1.74
1.91
2.21

P<F
NS
NS
NS
0.01
NS
NS

Table 2: Apparent digestibility coefficients of the diets ( %).
DM
OM
CP
EE
ADF
NDF

Control with oat
59.32
59.63
74.35
61.40
53.38
60.13

Test with spelt
59.44
59.88
74.93
54.21
53.22
60.20

Conclusions: Spelt appeared thus as a cereal of interest to be included in a concentrate for horses.
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Effects of oral L-carnitine and L-lysine administration
in accordance to the biological strain in an exercising pigeon model
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The purpose of the present study was to examine whether the possible biological effects of oral administration of L-carnitine and its precursor L-lysine (L-Lys) are influenced by the biological strain of
the experimental animals. Two experiments were carried out. In the 1st one the flying distance (as a
biological strain) was 580 km (long-distance flight), while in the 2nd one only 135 km (short-distance
flight). In both experiments birds were divided into four groups of six animals (three males/three females) each. Experimental groups were as follows. Group 1: negative control, no flight and no treatment. Group 2: positive control (placebo-treatment with distilled water before flight). Group 3: Lcarnitine administration (200 mg/d during 7 days before flight). Group 4: L-Lys administration (400
mg/d during 7 days before flight). Before the transportation to the releasing site and after returning
home pigeons were weighed individually. Just after returning home blood samples from the brachial
veins of the left wing were collected and were analyzed for glucose, fructosamine, cholesterol, triglycerides, and thiobarbituric acid reactive substances. After taking the blood samples pigeons were euthanized, and histological examination was carried out. The whole body was analysed for chemical composition.
In the 1st experiment (long-distance flight) pigeons administrated by L-carnitine or L-Lys, due to the
better fat utilization had lower body fat content (5.19 and 4.75 % repectivelly) after flight than the
raced control (8.12 %). Pigeons of group 2 had the lowest glucose concentration (12.96 mM). In case
of L-Lys administration (Group 4) higher glucose level (15.16 mM) was observed but this elevated
value was significantly (P<0.05) lower than that of Group 1 (16.65 mM). There were no significant
differences in glucose concentration of raced pigeons with L-carnitine administration (15.67 mM) and
negative control group (16.65 mM). The results suggest that L-carnitine and L-Lys administration may
modify the gluconeogenesis and influence the metabolic utilization of other caloric sources, mainly
fatty acids. According to the similar results of pigeons receiving L-carnitine to that of the pigeons receiving L-Lys a fairly good conversion rate of L-Lys to L-carnitine can be supposed. Sex did not influenced the experimental results.
In the 2nd experiment (short-distance flight) neither L-carnitine nor L-Lys effects could be detected. It
can be concluded, that the short flying distance is probably not exhausting enough for the trained racing pigeons to detect the possible positive effects of L-carnitine and L-Lys. This experiment pays attention on the importance of adequate biological strain when choosing a model for detecting the biological effect of L-carnitine and L-Lys. Its may one of the factors which can be responsible for the
sometimes contradictory results on that field in the scientific literature.
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NBT-PABA test to assess kinetics of proteolytic enzyme action in pancreatic
duct ligated minipigs used as a model of pancreatic exocrine insufficiency
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Introduction: The NBT-PABA-test is an established method for diagnosis of pancreatic exocrine insufficiency (PEI) in veterinary medicine, especially in dogs and cats. In patients with PEI substitution
of digestive enzymes is an essential therapeutic treatment. Development of new enzyme preparations
is a major challenge to pharmaceutical companies. Determination of nutrient digestibility (precaecal/
total) is usually used to test in vivo efficacy of enzymes. These tests work well, but are time and work
intensive. In this context the NBT-PABA test was used for the first time to evaluate from blood samples the efficacy of enzyme supplementation after a single meal.
Materials and Methods: The study was performed on four adult Göttingen minipigs fitted with permanent jugular vein catheters. In these pigs the pancreatic duct was ligated (PL) to simulate a PEI. The
test meal contained 500 ml of an enteral (tube) feed (Fresubin diabetes®; per 100 ml: 377 kJ; 3.4 g
crude protein (cp), 12 g carbohydrate, 3.2 g crude fat). The efficacy of two pancreatic enzyme products, N and NN, was tested at various dosages (0, 4, 24 and 80 capsules). Enzymes were added to the
test meal and blood samples were taken hourly over six hours.
Results: Ligation of the pancreatic duct reduced the cleavage of NBT-PABA and resulted in significantly lower PABA concentrations in serum. At the doses tested, both enzyme products caused a dosedependent rise in area under the curve (AUC) of PABA concentration in serum. After application of
24 capsules of product NN the maximum concentration (312 µg/dl) and AUC (706) were higher (see
figure 1) than after application of 24 capsules product N (max: 220 µg/dl; AUC: 444). Additionally
PABA-levels rose much earlier after application of product NN.
Discussion: Dose dependent effects of different enzyme products can be differentiated on the basis of
the AUC in the NBT-PABA test. Furthermore this test gives important information about the kinetics
of proteolytic enzyme efficacy and therefore could be a very helpful method for testing new galenic
formulations. The present results show that the NBT-PABA test is an interesting additional method for
the in vivo evaluation of the kinetics and efficacy of proteolytic enzyme supplements. It is possible to
use this test as a screening method; a single test is done in six hours and there is no need for fistulated
animals and furthermore it might also give valuable information in the clinical situation.
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Effects of enterococcus faecium DSM 7134 on cellular
and humoral immune parameters and the gut flora of adult dogs
Mück S., Hellweg P., Zentek J.
Institute of Animal Nutrition, University of Veterinary Medicine, Vienna, Austria.
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Enterococcus faecium is used as a probiotic additive in livestock nutrition. For companion animals
probiotics have been used because of potential positive influence on the gut flora and on the immune
system. The present study was conducted to assess the effects of Enterococcus faecium DSM 7134 on
different aspects of the immune system and the gut flora of adult dogs.
Methods: 10 Beagles (4 males, 6 females, 12-17-kg BW, 2-4-y old) were used for the study. The experiment consisted of 5 periods (C1, PA, C2, PB, C3), each lasting 4 weeks. The first wk of every period was an adaptation period, the remaining 3 wk were the sampling period. Periods C1, C2, C3 were
control periods. All dogs obtained a complete dry diet. 9.5 x 105 CFU (colony forming units) E. faecium per gram diet were fed as top dressing in period PA, and 4.7 x 107 CFU in period PB. Blood
samples were taken to asses the haematology, serum biochemistry, lymphocyte proliferative response
after stimulation by ConA, PHA, PWM and for immunophenotyping of lymphocyte subsets (CD4+,
CD8+, CD21+, CD5+ ). Acute phase proteins (C-reactive protein and haptoglobin) and IgA, IgG, IgM
and IgE concentrations were measured in the sampling periods. Faeces were sampled to investigate the
potential impact on the faecal flora (E. coli, Cl. perfringens, Enterococcus spp.) and the faecal concentration of IgA. Statistical analysis of data was carried out using SPSS (ANOVA, Scheffe´-test, p <
0.05).
Results: The probiotic was tolerated without adverse reactions. There was no influence on acute phase
proteins, IgA, IgG, IgM, and IgE in blood and IgA in faecal samples. Haematological and serum biochemical testing showed no significant effects; all measured traits were within the physiological
ranges. The faecal concentrations of Enterococcus spp.increased significantly during the probiotic periods (PA, PB). The Enterococcus levels were identical for period C1, C2 and C3, and for PA and PB
at a significantly higher level. The faecal concentrations of E. coli showed significant differences between the five periods. There were no differences between period C1 and PA, but a significant decrease in period C2. Period PB and C3 show the same level as period C1 and PA. There were also significant differences in the faecal concentrations of Cl. perfringens. The numbers of clostridia decreased continously from periods Control 1, PA to period C2. No difference in faecal Cl. perfringens
concentration was observed in periods C2, PB and C3. The proportion of CD21+ lymphocytes increased during both probiotic periods, as tendency in PA and significantly in PB. The proportion of
CD4+, CD8+ and CD5+ lymphocytes was not affected by the different dietary treatments. The lymphocyte proliferative response stimulated by ConA, PHA, PWM increased in period PB and decreased after elimination of the probiotic diet.
Table 1: Faecal concentrations of selected bacteria (log10 CFU/g faeces ± SD).
Diet
C1
PA
C2
PB
C3

Enteroc. spp.
3.59a ± 0.6
7.53b ± 0.4
3.54a ± 0.9
6.94b ± 0.5
3.49 ± 0.5

E. coli
6.49b ± 0.8
5.99a ± 0.9
5.20a ± 0.8
6.19 ± 0.8
6.47 ± 0.8

Cl. perfr.
7.67a ± 0.7
6.75b ± 0.9
4.78c ± 1.0
5.28c ± 1.0
5.08c ± 1.0

Conclusion: Enterococcus faecium DSM 7124 colonized the intestine of dogs temporarily depending
on the dietary intake. Additional effects on the gut flora and on the cell-mediated immune response
cannot be excluded, however, further studies are required.
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Kinetics of stable isotope-labelled bicarbonate in dogs
Hill R.C., Wrigglesworth D.D., Hackett R., Rawlings J.M., Callcut T., Speakman J.R.
College of Veterinary Medicine, University of Florida, USA
hillr@mail.vetmed.ufl.edu

Indirect calorimetry is the gold standard for measuring energy utilization in dogs at rest but is impractical in active dogs. Energy utilization has been measured in free-living animals by deducing the rate
of carbon dioxide production (VCO2) from the turnover of stable isotope-labeled bicarbonate (H13CO3)
after a single injection of H13CO3- but the kinetics of H13CO3- and accuracy of this method for measuring energy consumption have not been determined in dogs.
Objectives: The purpose of this study was to compare VCO2 estimated from the turnover of H13CO3in blood (VCO2bld) and expired gas (VCO2exp) with VCO2 measured using an indirect calorimeter
(VCO2cal) in six Labrador Retriever dogs trained to lay down during measurements.
Materials and Methods: The enrichment of 13C in expired gas and in blood was measured after a single 0.5 mL/kg BW intravenous injection of 1M H13CO3-. Samples of blood and expired gas were collected every 5 min for the initial 30 min after injection and then for 20 min out of every 30 min over a
total of 7 h. Dogs were allowed to stand and walk around the room between measurement periods, i.e.,
for 10 min every 30 min, and were taken for a longer walk at 3 and 6 h after injection.
Results: Mean energy utilization at rest was 76 kcal.kg body weight-0.75.d-1. Mean respiratory quotient
decreased from 0.89 to 0.79 and mean VCO2 decreased from 124 to 102 mL/min during the study. The
enrichment of H13CO3- in blood and expired gas extrapolated to the time of injection gave similar
mean values for total bicarbonate (approximately 13 mol/kg body weight) but the half life for labeled
bicarbonate was initially slightly less in expired gas than in blood (23 vs. 29 min). As a consequence,
mean VCO2exp was slightly higher than VCO2bld initially. Both VCO2exp and VCO2bld were higher
than mean VCO2cal for the first hour but declined over time and were similar to VCO2cal from 1-3 hrs
after the injection. From 1-3 hrs, the rate of change of enrichment during exercise periods was twice
that at rest and increased more than three-fold during the longer walk at 3 h.
Conclusion: In conclusion, measuring the rate of change of enrichment after a single injection of
H13CO3- in blood or expired breath shows some promise as a method for measuring energy consumption of dogs during activity but further experiments comparing VCO2exp, VCO2bld and VCO2cal during exercise are needed to validate this methodology.
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Screening test to assess proteolytic enzyme activity in pancreatic duct
ligated and fistulated minipigs using a single test meal
Mößeler A., Becker C., Zantz S., Gregory P.C., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
anne.moesseler@tiho-hannover.de.

Objectives: Substitution of pancreatic enzymes is the main therapeutic treatment in patients with exocrine pancreatic insufficiency (EPI). To develop novel pancreatic enzyme preparations many different
enzymes undergo a variety of in vitro tests, but ultimately selection requires an in vivo efficacy test,
since correlation of in vitro / in vivo activity is not satisfactory. Digestibility trials (digT) - using ileally
fistulated minipigs to determine prececal crude protein digestibility (prc. cp dig.) - work well but are
also very time-consuming, labour-intensive and require large amounts of enzymes. Therefore these
tests are not suitable for testing a large number of enzymes. The aim of this study was to develop a
rapid screening test (ScT) to assess the proteolytic enzyme activity in vivo.
Materials and Methods: The study was performed in 6 Göttinger minipigs with an ileo-caecal reentrant fistula. In 3 of the animals (PL) the pancreatic duct was ligated to induce EPI, the others served
as controls (C). The animals were fed 250 g of a regular diet (18.9 % crude protein (cp), 4.98 % crude
fat (cfa), 47.7 % starch (st) in dry matter (DM)) twice a day. The test meal (21.4 % cp, 2.57 % cfa,
51.9 % st and 0.25 % Cr2O3 in DM and the enzyme product to be tested) was given only once. For
validation first trials were done with a standard pancreatic enzyme preparation (PEP) of well known
efficacy. Four proteases of unknown efficacy, as well as a PEP, were administered separately with the
test meal (at 0, 1000, 2500 and 6000 I.E. FIP). Chyme collection started after feeding the test meal and
lasted for 12 - 14 hours. Sampling of ileal chyme began when its green colour indicated the passage of
the test meal (3-5 hours ppr). The green chyme was collected and analysed (parameters: DM, cp and
Cr2O3) in intervals of two hours. Between two tests there was a minimum of 48 hours. The results of
the ScT were verified for two proteases (best and worse in screening test) in an established digT.
Results: Comparing DM, cp and Cr2O3 in chyme collected every 2-h an almost parallel flow of these
parameters could be observed when calculating relative flow rates. Tested proteases caused dosedependent improvements in cp dig in the screening test, as indicated by the disappearance rate of
crude protein. The protease No. 2 showed higher efficiency than No. 4 in the screening test in all
tested dosages. This ranking was confirmed by the results of the digT.
Table 1: Disappearance rate (screening test) and prc. digestibility rate (established digestibility trial)
using different enzyme products at a dosage of 1000 I.E. FIP proteolytic activity / meal / animal.

I.E. FIP
DM* ( %)
Cp* ( %)
Cr2O3
%)**

(

0
38.4 ±
16.9
14.7 ±
2.11
70.4 ±
6.95

*calculated with Cr2O3

Screening Test
PEP
No. 2
1000
1000
48.5 ±
43.9 ±
7.40
11.9
31.7 ±
53.2 ±
12.4
4.49
62.3 ±
89.3 ±
19.1
4.24

No. 4
1000
45.0 ±
19.3
35.6 ±
4.13
66.0 ±
7.16

Digestibility trial
No. 2
No. 4
0
1000
1000
34.7 ±
38.0 ±
42.2 ±
8.86
8.38
2.09
25.5 ±
59.9 ±
47.9 ±
12.3
8.2
5.86
98.5 ±
102 ±
112 ±
5.91
12.8
6.28

** recovery rate of Cr2O3

Conclusion: The results from the digestibility trial confirmed that the screening test is able to distinguish between enzymes with high or lower efficacy. The new test offers the possibility to screen proteases for in vivo efficacy using a single test meal. This test can be used to pre-select enzymes, since
only those with promising results need to be tested in the established digestibility trial (lasting ~ 2
weeks generally).
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Extracts of calcinogenic plants prevent postmenopausal bone loss
in the ovariectomized rat as a model for osteoporosis
von Rosenberg S., Rambeck W.A., Wehr U.
Institute of Physiology and Animal Nutrition, Ludwig-Maximilian University, Münich, Germany
Wehr@lmu.de

Objectives: In our study, we evaluated the bone protecting effects of herbal extracts which are
counted among the calcinogenic plants containing hormonal active vitamin D metabolites on postmenopausal bone metabolism in a small animal model. Extracts were gained from Trisetum flavescens
(occurring in the Alps, known as “golden oat grass”) and Solanum glaucophyllum (found in South
America, also named “waxy leaf nightshade”). The ovariectomized rat represents the only “small animal model” being accepted by the Food and Drug Administration (FDA) for postmenopausal osteoporosis studies in human medicine using new substances in therapy and prevention.
Materials and Methods: Conducted as a feeding experiment, female Wistar Han rats, either shamoperated or ovariectomized (ovx) were allotted to control groups and experimental groups (n = 10): a
positive control sham-operated group (Sham), an ovx non-treated negative control group (Ovx), and
four ovx groups receiving extracts of the two plants which were further divided into low-dose (Trisetum 1 and Solanum 1) and high-dose (Trisetum 4 and Solanum 4) groups.
The animals were ovariectomized at the age of 11 wk promoting the desired bone protecting effects of
the herbal extracts by the physiologically occurring higher bone turnover of growing individuals. To
evaluate the bone metabolism, blood and urine samples were taken every fourth wk to determine specific bone markers. These were Osteocalcin in the blood serum - as a specific parameter of bone formation - and the amount of collagen-crosslinks (Pyridinolin and Desoxypyrdinolin) in urine – as specific parameters of bone resorption. The calcium level in blood serum and urine as well as the calcitriol level in the blood serum were also measured as parameters for bone metabolism.
To analyze the effects on bone structure and quality of the micro-architecture, the bone density was
determined using peripheral quantitative computer tomography and micro-computer tomography.
Results: The total bone density of the four groups treated with herbal extracts was significantly higher
than Ovx. Both groups supplemented by Solanum glaucophyllum showed a total bone density being
33 % higher than Ovx. Regarding the trabecular density in which a postmenopausal bone degeneration
occurs at first, the two Solanum groups showed 162 % of Ovx. The biochemical results and the architectural parameters of the bones indicate an increased bone metabolism due to the herbal extracts.
The reason for theses results is probably caused by a stimulated activity or an increased number of
bone-forming osteoblats induced by calcitriol containing plant extracts. This was proved by the increase of the osteoblast specific bone marker osteocalcin. The concentration of osteocalcin in the four
examined groups is clearly higher than in Ovx. An anti-resorpting effect on the osteoclasts was not
seen.
Conclusion: The results of this study show explicitly that herbal extracts gained from Trisetum flavescens and Solanum glaucophyllum present a bone protecting effect on ovariectomized rats used as
model of osteoporosis. Thus, the two plants and their extracts may act as a natural agent probably representing an alternative to the current predominantly used therapeutics and prophylactics in human
medicine in postmenopausal osteoporosis. A subsequent study is actually conducted to fine-tune the
dose rate of the plant extracts for their bone protection.
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Influence of feeding programme on growth dynamics
of German shepherd puppies until 3 months of age
Cutrignelli M.I., D’Urso S., Solimene R., Romano R., Moniello G., Piccolo G.
Department of Zootecnichal Sciences and Food Inspection, University of Naples, Italy & Department of Animal
Biology, University of Sassari, Italy
cutrigne@unina.it

Objective: Weaning represents in all species a critical phase of life. Nutrition in this period plays a
basic role in the health of growing dogs and directly affects the immune system, body composition,
growth rate and skeletal development. This work aims to evaluate the influence of feeding programmes on growth dynamics.
Materials and Methods: The trial was carried out in a kennel in the province of Naples (southern Italy). Twenty-eight German shepherd puppies (14 males and 14 females), born from April to December
2004, were equally divided into 4 groups, named A, B, C and D, according to the dry commercial pet
food administered for weaning. In the first week of life the live weight (LW) and internal temperature
were monitored daily. Subsequently, the live weight was registered weekly for 3 months. At the 14th
day of lactation a sample of milk from each bitch (n = 6) was collected for chemical analysis. At 21 d
of age the dogs of each group received commercial foods. The amounts administered were calculated
according to the NRC (1985) and divided into 2 meals. Every 15 days samples of each commercial
food were collected to determine the chemical composition and calculate the energy concentration.
The food intake (FI), taking into account refusals of each meal, was registered daily. In order to estimate the live weight as a function of age, correlations (REG procedure of SAS, 2000) using the following functions were studied: quadratic (y = a + bx + cx2) or allometric (y = ax2) where y is the estimated live weight (kg) and x is the age (d). The results were analysed by ANOVA, using the SAS
(2000) GLM procedure.
Results and Discussion: The live weight of all the dogs was fitted with the quadratic function because
this model gave higher determination coefficients than the allometric one. The main chemical and nutritional characteristics of each food are following resumed: A – crude protein (CP, %) 29, ether extract (EE, %) 15, crude fibre (CF, %) 4, gross energy (GE, kcal/g) 4.66; B - CP 26, EE 9, CF 4, GE
4.27; C - CP 26, EE 15, CF 3, GE 4.25; D - CP 29, EE 7, CF 3, GE 4.62. The live weight at the age of
7, 14, 21, 30, 60 and 90 d; the daily weight gains (DWG) in the corresponding periods and the feed
conversion indexes were calculated from the data of individual growth curves to reduce error incidence. During suckling, the daily weight gain in each group was lower than that reported by Lewis et
al. (1993) for thoroughbred puppies with adult live weight similar to that of German shepherd, probably due to lower levels of protein, fat and lactose of the analysed milk than that reported by Lewis et
al. (1993) (moisture 77.2 vs 77.2 %; protein 7.5 vs 8.1 %; fat 9.2 vs 9.8 %; lactose 3.2 vs 3.5 %, respectively in this trial and as reported by Lewis, 1993). In the first 21 days of life the live weight
(1.523, 1.472, 1.421 and 1.532 kg, respectively for A, B, C and D group) and daily weight gain (76.08,
73.53, 70.99, 79.53 g/d, for group A, B, C and D respectively) were similar in the 4 groups, while at
the age of 60 d the live weight of groups A and B (5.950 and 5.298 kg, respectively) was higher than
those of C and D (4.389, 4.568 kg, respectively). At the age of 90 d the differences among the groups
was statistically significant (11.410, 9.934, 7.707 and 7.751 kg, for A, B, C and D group, respectively;
P < 0.05). The same trend was recorded for the daily weight gain. Considering that the mean food intake in the period 21-90 d was similar among the groups (217.58; 219.15; 220.12 and 213.40 g/d respectively for A, B, C and D) and that the nutritional characteristics of each commercial food used for
the trial fell in the ranges suggested by Debraekeleer et al. (2000) (CP 20-32 %; EE 8-12 %; metabolizable energy 3.2 -,3.8 kcal/g) during the 1st year of life, the authors suppose that the differences in
live weight and daily weight gain could be due to the higher digestibility of A and B commercial food.
Consequently further studies should be carried out to evaluate this food characteristic. Given scant
data on the ideal growing curve of German shepherd puppies, further studies are needed to define
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which of the tested foods could be considered the most suitable. Hence all the puppies will be periodically monitored up to the age of 1.5 years in order to evaluate their skeletal development and health.
Conclusions: These results might represent a starting point to study in deep the growth dynamics of
German shepherd puppies and their nutritional requirements during weaning. From those preliminary
results it emerges that more experiments will be required to evaluate the food digestibility.
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Livestock nutrition

Effects of high-fibre feed supplied ad libitum to grouped pregnant sows
Wavreille J., Remience V., Servais V., Sulon J., Bartiaux-Thill N.
Walloon Agricultural Research Centre, Gembloux, Belgium) &, University of Liège, Belgium
wavreille@cra.wallonie.be

Background and Aim: The obligatory group-housing of pregnant sows creates animal welfare problems due to the need to manage the feeding frustration caused by rationing. The addition of high-fibre
raw materials dilutes the feed energy and increases the quantities supplied. This extends feeding times
and consequently reduces the expression of non-feeding oral activities. The aim of this study is to test
the hypothesis that an ad libitum supply of high-fibre feed improves animal performance and welfare
compared to metered distribution of conventional feed to grouped pregnant sows.
Materials and Methods: Two sets of sixteen sows 29 days into pregnancy were used successively to
form two homogeneous batches of eight sows housed in a group. The first group is fed at the trough in
the morning with conventional feed according to a rationing plan (2.75 kg/d up to day 90 of pregnancy
and 3.10 kg/d thereafter). The second group is supplied with high-fibre feed ad libitum via a singlebay hopper. The high-fibre feed and the conventional feed contain respectively 12.5 % and 7.1 % RC,
28.9 % and 23.8 % NDF, 16.3 % and 11.7 % ADF and 8.01 versus 9.00 MJ (net energy). The following measurements were made: animal weight, back fat thickness at site P2 (Renco Lean Meater®) and
breeding performances. Saliva samples were taken around noon at 3, 6 and 9 weeks into the trial to ascertain salivary cortisol values. Statistical processing consists of analysis of variance with two classification criteria, a cross model and the fixed factors feed and period (Minitab v3.31).
Results: The high-fibre feed supplied ad libitum causes greater weight variations than the conventional rationed feed when sow parity exceeds 3. This does not simplify herd management. The measured increase in consumption compared to the conventional feed is 42 % and the feed energy dilution
is 11 %. However, the feed has no significant effect on back fat thickness during pregnancy. Sows fed
ad libitum with the high-fibre feed have a significantly higher salivary cortisol level; the stress level is
not reduced. This is in line with the conclusions of Courboulay’s study (Courboulay et al., 2001),
which showed an increase in non-feeding visits in groups of sows fed high-fibre feed via an electronic
sow feeder. The high-fibre feed did not improve breeding performance. The extra daily feed cost during pregnancy is 20 euro cents per sow.
Conclusion: Ad libitum supply of high-fibre feed to grouped pregnant sows via one single-bay hopper
is not recommended.
References: Courboulay V., Dubois A., Dubois M.-C. Meunier-Salaün (2001). The use of a fibre-rich diet alters the feeding behaviour of group-housed pregnant sows. Journées Rech. Porcine en France, 33, 307-312.
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Comparison of fermentation characteristics of rumen fluid from buffalo
and cattle using the in vitro gas production technique
Calabrò S., Moniello G., Piccolo V., Bovera F., Infascelli F., Cutrignelli M.I.
Department of Zootecnichal Sciences and Food Inspection, University of Naples, Italy & Department of Animal
Biology, University of Sassari, Italy
serena.calabro@unina.it

Introduction: Many authors (Mudgal, 1991; Devendra, 1983; Moran, et al., 1983; Norton et al.,
1979) reported that buffalo digests fibrous feeds more efficiently than cattle, particularly with diets
high in cellulose. A combination of factors were thought: rumen characteristics being more favourable
for utilization of ammonia-nitrogen, less inhibition of cellulose digestion by soluble carbohydrates, a
superior ability to handle stressful environments, and a wider range of grazing preferences (NRC,
1981). Grant et al. (1974) found similar in vitro true dry matter digestibility for Philippines-cattle and
buffalo rumen inocula if the donor animals were fed the same diet. However, Malakar and Walli
(1995) suggested that although cattle has smaller rumen bacterial population than buffalo with respect
to fibre degradation, it is compensated by higher fungal population. Moreover, Sadhana et al. (1992)
found that the cellulolytic population was approximately three times higher (P < 0.01) in buffalo than
in cattle and that cellulolysis started earlier in buffalo. Puppo et al. (1993) found more rumen bacteria
in cattle compared to buffalo if they were fed diet rich in fibre. Aim of this paper was to study the fermentation characteristics of cattle and buffalo rumen fluid using the in vitro gas production technique
(IVGPT; Theodorou et al., 1994). IVGPT is used also to study the differences in fermentation patterns
between animal species inoculum, due to different species of microorganisms, or to their microbial activity (Sunvold et al., 1995).
Materials and Methods: The fermentation was evaluated using eight feedstuffs (corn silage_CS, alfalfa hay_AH, ryegrass hay_RH and silage_RS, corn_CM and barley meal_BM, beet pulp_BP and
Soya bean meal_SM) as substrates. Each substrate, milled to pass a 1 mm screen (Brabender Wiley
mill, Brabender OHG Duisburg, Germany) was incubated at 39°C under anaerobic conditions with a
buffered rumen fluid, obtained from buffalo (BRF) and cattle (CRF) fed a standard diet. Fermentation
was carried out using 120 ml serum bottles sealed with butyl rubber stoppers and aluminium crimps.
Gas production was recorded 21 times (at 2-24 intervals) using a manual system (pressure transducer;
Cole and Palmer Instrument Co, Illinois, USA). At 120 h the fermentation was stopped, the pH was
measured (Alessandrini Instrument glass electrode; mod. Jenway 3030) and the volatile fatty acids
(VFA) produced were analysed by gas chromatography (Thermo Quest mod. 8000top, FUSED SILICA
capillary column 30 m x 0.25 mm x 0.25 mm film thickness). Then the contents of each bottle were
filtered through pre-weighed fibre crucibles (Schott-Duran, Mainz, Germany, porosity #2) and the incubation residues were first oven dried at 103°C for 24 h and then ashed at 550°C to determine the organic matter degradability (dOM). For curve fitting, the gas profile (as ml of gas produced per g OM
in time) were fitted to the model (Groot et al., 1996): G = A/(1+B/time)C where G (ml/g) = total gas
produced, A (ml/g) = asymptotic gas production, B (h) = time at which A/2 was reached, and C =
switching characteristic of the curve. The maximum rate of gas production (Rmax) and the time at
which it occurs (Tmax), were also calculated (Bauer et al., 2001). The fermentation characteristics and
the fitted parameters were subjected to analysis of variance (GLM procedure of SAS, 2000) to detect
the inoculum and substrate effects.
Results and Discussion: All the parameters (i.e. gas and VFA production, dOM and fermentation kinetics) were significantly (P < 0.001) affected by the specie’s rumen fluid. The digestibility at 120 h
for BRF was consistently higher (P < 0.001) compared to CRF (dOM: 84.5 vs. 80.9 %) for all the forages. On the other hand the gas produced was always lower for buffalo (299 vs. 334 ml/g), according
to a different microbial activity between the species. Similar findings were found in previous trial
(Calabrò et al., 2003), though the dOM was the same for both inocula. However, both BRF and CRF
ranked the substrates in the same order for OM degradability (SM > CM > BM > BP > CS > RH > RS
> AH) and total gas produced (BP > BM > CM > CS > SM > RS > RH > AH). For all substrates, CRF
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produced in proportion more propionate and less acetate compared to BRF, according to the higher
capacity of buffalo rumen population to degrade fibrous feedstuffs. Calabrò et al. (2003) reported that
VFA production, particularly acetic and butyric acids, was significantly (P < 0·0001) lower with buffalo than with cattle rumen fluid. Little differences in fermentation kinetics resulted for each substrates, comparing the two inocula: with CRF the fermentation rate was significantly (P < 0.01) higher
(Rmax: 12.0 vs. 11.0 ml/h) and was reached in shorter time (Tmax: 7.33 vs. 8.46 h; P < 0.01). Moreover,
B parameter was always lower in BRF than in CRF indicating that the fermentation started earlier in
buffalo.
Conclusions: The results of this trial confirm that IVGPT allows to point out differences in kinetics
fermentation between different ruminant rumen fluid. However, more experiments will be required to
validate this finding.
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Vitamin d receptor amounts across different segments of the gastrointestinal tract in cows under consideration of the factors age and breed
Liesegang A., Singer K., Boos A.
Institutes of Animal Nutrition & Veterinary Anatomy, Vetsuisse Faculty University of Zurich, Switzeland
alise@vetphys.unizh.ch

Objectives: The goal of an optimal mineral supply is to achieve a well-balanced steady-state between
requirement and intake. At the initiation of lactation, Ca homeostatic mechanisms have to react by a
tremendous increase in demand for Ca. Mobilization of Ca from bone and increased absorption from
the gastrointestinal tract are required to reestablish homeostasis. In addition, during different stages of
lactation different requirements of calcium have to be met in order to produce the amount of milk and
to maintain the different physiological processes. Vitamin D3 receptors (VDR) participate in the regulation of calcium homeostasis by increasing the entry of calcium into blood from bone stores and dietary sources. In this study, we wanted to investigate if age and breed of cows influence vitamin D
receptor amounts across different segments of the gastrointestinal tract of the cow.
Materials and Methods: 38 cows were used in this study (18 brown Swiss cows, aged > 5.5 years or
< 4.5 years; 18 hostein Friesan cows, aged > 5.5 years or < 4.5 years). Tissue specimens of small and
large intestine were collected from the cows. Formaldehyde fixed and microwave treated paraffin sections were used for VDR immunohistochemistry employing a biotinylated monoclonal rat antibody
and streptavidin peroxidase technique.
Results: The results exhibited, that VDR immunoreactivities were most prominent in duodenal mucosa, were lower in jejunum and further decreased in ileum, colon and lowest in caecum. Decreases in
numbers of positively marked cells and staining intensities resulted in reduced immunoreactions in the
latter segments of the small and large intestine. Nuclei and cytoplasm of enterocytes stained positively
for VDRs. Strongest immunoreactions were observed in intermediate and superficial glandular cells.
No significant differences were observed between the different groups.
Discussion and Conclusions: The results of this study indicate that VDR are highly expressed at the
site of maximal intestinal calcium resorption. No significant influence of age and breed was observed.
This may be due to the fact that animals used were not in a negative Ca balance. These animals were
all in the stage of late lactation or middle lactation, where Ca requirements are met by a normal diet
and most probably by passive diffussion. The active absorption may not play such an important role as
during the peripartal period, where Ca homoestatic mechanisms play an important role. Further investigations with cows around parturition are needed to see the influence on VDR amounts during the peripartal period. In another investigation with milk goats and sheep (Liesegang et al., 2006), a significant decrease of VDR around parturition was shown.
Reference: Liesegang A., Riner K., Boos A. (2006): Effects of gestation and lactation on Vitamin D receptor
amounts in goats and sheep. Domestic Animal Endocrinology, accepted.
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The impact of maternal n-3 PUFA supply on fatty acid profile and lymphocyte
surface markers in primary and secondary lymphatic tissues of piglets
Binter C., Khol-Parisini A., Schäfer K., Gerner W., Hellweg P., Hulan B.,
Saalmüller A., Zentek J.
Institute of Animal Nutrition, Free University of Berlin, Germany
zentek.juergen@vetmed.fu-berlin.de

Materno-fetal transfer and subsequent uptake of sow milk rich in polyunsaturated fatty acids (PUFA)
may not only influence neonatal body fat but it could also have impact on the immune function of the
young. This study was designed to determine the effect of two different maternal diets on lymphocyte
surface receptors, functional aspects of the immune system and the fatty acid status of piglets.
Methods: 4 gilts were fed a diet containing sunflower oil (n-6, control group) versus 3 % seal plubber
oil (n-3, test group) from the onset of pregnancy and a diet containing 5 % sunflower or seal blubber
oil during lactation. Zootechnical performance was recorded, sows´ serum and colostrum/milk were
analysed for fatty acids and the lymphocyte population was characterized by flow cytometry. Piglets
were sampled at birth, and at 10 d p.n. and 19 d p.n.. Tissue samples were analysed for fatty acid comparison and by flow cytometry (FCM) for phenotyping the lymphocyte population. Three colour staining of lymphocytes with anti CD3, CD4, CD8 and CD4, CD8, TCRγδ and CD21, SWC3 and MHC II
antibodies was performed. Additionally, lymphocytes were stimulated using Concanavalin A, Phytohaemagglutinin and Pokeweed mitogen in a proliferation test. Data were analysed using SPSS 12 using descriptive statistic.
Results: Differences between test and control group in fatty acid composition of different organs were
demonstrated (Table 1). Evidence is present that there was a diet x time effect on fatty acid quantity.
Maternal n-6/n-3 consumption had limited impact on the frequency of lymphocyte surface molecules
in the offspring. However, CD21, SWC3 and CD8 frequency increased from birth to day 19 whereas
CD4 decreased. No difference between groups in mitogen induced stimulation of lymphocytes was
noted.
Table 1: Fatty acid composition of the spleen of piglets sucking sows fed sunflower (n-6, control
group) or seal blubber oil (n-3, test group).
24h p.n.

C18:2 n-6
C18:3 n-3
C20:4 n-6
C20:5 n-3
C22:4 n-6
C22:5 n-3
C22:6 n-3

n-6
n-3
Mean SD Mean SD
10.81 1.80 4.86 1.38
0.84 0.41 2.30 1.29
15.75 3.13 7.22 1.94
1.94 0.64 2.73 0.78
2.23 0.54 0.00 0.00
1.99 1.60 2.44 0.64
2.45 0.65 3.34 1.26

Time of sample collection
10d p.n.
19d p.n.
n-6
n-3
n-6
n-3
Mean SD Mean SD Mean SD Mean SD
12.62 3.30 8.14 0.34 17.34 0.90 7.73 0.53
0.32 0.11 0.93 0.12 0.27 0.04 1.06 0.30
12.74 4.50 6.81 1.20 10.97 3.97 5.18 1.24
1.28 0.71 5.23 0.19 1.03 0.63 6.30 1.21
2.01 0.72 0.00 0.00 1.95 0.78 0.00 0.00
1.50 0.36 4.15 0.06 1.28 0.42 4.54 0.40
1.16 0.40 4.33 0.17 0.91 0.29 4.43 0.48

Conclusion: This study revealed the effect of maternal dietary fat supplementation on fatty acid composition of the newborn. Only weak influence of fatty acid status of suckling piglets seemed to exist
on lymphocyte surface molecule expression and on lymphocyte proliferation in this study.
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Oregano (o. Majorana x o. Vulgare ) has no effect on performance
and antioxidative capacity of quails fed a diet rich in ω3 fatty acids
Handl S., Hellweg P., Khol-Parisini A., Rossmann B.,
Thurner K., Luf W., Novak J., Zentek J.
Institute for Nutrition, University of Veterinary Medicine Vienna, Austria
stefanie.handl@vu-wien.ac.at

Objectives: The aim of this study was to assess a possible effect of oregano on the antioxidative capacity of quails fed a ω3 fatty acid enriched diet and on storage stability of their eggs.
Methods: 20 female quails were used. They were fed a diet rich in ω3 fatty acids (4 % linseed oil)
without addition of antioxidants. Quails were divided into two groups, one receiving oregano (a breeding strain of O. majorana x O. vulgare, rich in total phenolics, which are positively correlated with a
high antioxidant activity) and the other grass meal as control (2 % respectively). After an adaptation
period of 2 weeks, eggs were collected daily for one week. Animal condition, feed intake and laying
performance was recorded daily, body weight of animals and egg weight weekly. At the end of the
trial, quails were slaughtered to obtain blood and livers. Cholesterol oxidation products (COPs) were
analysed in fresh eggs, in stored eggs (3 weeks, room temperature) and in the livers by LC-MS (Razzazi-Fazeli et al., 2000) after extraction and purification of lipids. Trolox equivalent antioxidative capacity (TEAC) of plasma was measured according to Miller et al. (1996). Statistical analysis was performed using a t-test. P ≤ 0.05 was considered significant.
Results: Body weight, feed intake and laying performance were not influenced by the diets.
COPs content in the oregano group was insignificantly lower compared to the control group. Storing
led to a small, non significant increase in COPs in both groups. TEAC of plasma also showed no significant differences.
Table 1: COPs in quail livers (µg/g lipids), in fresh and stored quail eggs (µg/g lipids) and TEAC in
quail plasma (mean ± standard deviation).
Group
Control
Oregano

COPs livers
(µg/g)
17.9 ± 7.3
20.6 ± 9.2

COPs fresh eggs
(µg/g)
26.1 ± 0.4
19.6 ± 0.5

COPs stored eggs
(µg/g)
28.0 ± 1.0
25.2 ± 1.0

TEAC plasma
(mmol/l)
0.855 ± 0.203
0.802 ± 0.202

COPs: Cholesterol oxidation products, TEAC: Trolox equivalent antioxidative capacity

Conclusion: In this study, no significant influence of oregano could be shown on quails fed a diet enriched in ω3 fatty acids or on the oxidative stability of their eggs.
References: Miller N.J., Sampson J., Candeias L.P., Bramley P.M., Rice-Evans C.A. (1996): Antioxidant activities of carotenes and xanthophylls. FEBS Letters 384, 240-242. Razzazi-Fazeli E., Kleineisen S., Luf W.
(2000): Determination of cholesterol oxides in processed food using high-performance liquid chromatographymass spectrometry with atmospheric pressure chemical ionisation. J. Chrom. A. 896, 321-334.
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Caecum microbial activity can be predicted
by faecal fermentation characteristics in rabbits
Bovera F., Lucà R., Nizza S., Piccolo G., Tudisco R., Calabrò S.
Department of Scienze Zootecniche e Ispezione degli alimenti, University of Naples, Italy
bovera@unina.it

Objectives: The authors studied the equations able to estimate the fermentative characteristics of rabbit caecum from those of faeces in order to obtain information on the caecal environment in light of
animal welfare concerns.
Materials and Methods: Twelve forages used in rabbit nutrition (ryegrass hay, RH; alfalfa hay, AH;
wheat straw, WS; sulla hay, SH; oat hay, OH; vetch hay, VH; sulla-ryegrass hay, SRH; vetch-oat hay,
VOH; sulla-oat hay, SOH; clover hay, CH; ryegrass-clover hay, RCH; sulla-vetch-oat hay, SVOH)
were ground to pass a 1 mm screen (Brabender Wiley Mill, Brabender OHG Duisburg, Germany) and
their chemical composition was determined (AOAC, 2000). Cumulative gas production was measured
according to the IVGPT method proposed by Theodorou et al. (1994). For each substrate, about 1 g of
sample (in triplicate per inoculum) was weighed in a 120 ml serum flask and 75 ml of anaerobic buffered modified medium D (Theodorou, 1993) and 4 ml of reducing solution were added. The flasks
were sealed with butyl rubber stoppers and aluminium crimp seals and incubated at 39°C until inoculation. Caecal content and faeces were sampled in the morning in a specialised slaughter house on 25
hybrid Hyla rabbits raised on a commercial farm near Avellino (Italy), weighing an average 2.43 ±
0.53 kg. From the 56th to 77th day of age (the latter being the slaughter date) the rabbits were fed ad
libitum a commercial finisher diet (on DM basis: CP 15.7 %, EE 3.1 %, Ash 9.1 %, NDF 35.0 %, ADL
4.5 %). In the laboratory, 100 ml of pooled caecal content were diluted with 100 ml of anaerobic medium, stirred for 5 minutes and strained through six layers of gauze under CO2. The retained solids
were then mixed with 100 ml of medium and homogenised in a blender for 20 s under CO2. The homogenate was then re-strained through six layers of gauze; the resulting liquid was combined with the
other strained fluid and held at 39°C under CO2 until use (final dilution 2:1 medium:caecal content).With the same procedure 100 g of fresh faeces were diluted with 800 ml of medium (final dilution 8:1 medium:faeces). A syringe fitted with an 18 gauge (1.2 mm) needle was used to inject 10 ml
of caecal (CI) or faecal inocula (FI) into each flask. After inoculation the flasks were placed in an incubator at 39°C. Gas production was recorded 20 times at 2 – 24 h intervals throughout fermentation
(120 h) using a pressure transducer. At the end of incubation, the flasks were placed at 4°C to terminate fermentation. The pH of each flask was recorded (Alessandrini Instrument glass electrode, Jenway, Dunmow, UK; model 3030) and the substrate digestibility was estimated by filtering the residues
using preweighed sintered glass crucibles (Scott Duran, porosity 2) under vacuum. Residue dry matter
was determined by drying to a constant weight at 103°C, and OM by difference following ashing (5 h
at 550°C). All the fermentative characteristics were analysed by “two-way” (inocula and substrates)
ANOVA (SAS, 2000), including in the model the interaction between the factors. For each fermentation parameter, the values obtained with CI were estimated from the corresponding values obtained
with FI (independent factor) by PROC REG (SAS, 2000).
Results, Discussion and Conclusion: The caecal and faecal inocula showed no statistical differences
in terms of organic (OMd, 51.4 vs 50.3 %, respectively) and dry matter digestibility (DMd, 51.6 vs
49.9 %, respectively) of the substrates, though CI showed higher values than FI. By contrast, the pH
and gas production related to the organic matter incubated (OMCV) were significantly (P < 0.001)
higher for CI than FI (pH: 6.70 vs 6.61; OMCV: 168.0 vs 144.8 ml/g). This could mean that CI is
more able to ferment the structural carbohydrates with higher gas production than FI, due to a different
microbial population or, more probably (Bovera et al., 2006), different microbial activity. Bovera et
al. (2006), on comparing the caecal content and faeces of rabbit as source of inoculum for the in vitro
gas production technique on alfalfa, beet pulp and barley, found no differences between inocula in
OMd, OMCV and pH, even if the gas production for alfalfa was higher with CI than FI. This may be
due to the fact that the different categories of feeds (forage and concentrates) behaved differently ac-
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cording to the tested inoculum. According to the chemical composition, WS showed the lowest (P <
0.001) values of OMd (21.0 %), DMd (21.2 %) and OMCV (71.4 ml/g) and the highest (P < 0.001) pH
(6.83), while RH showed the highest (P < 0.001) OMd (75.9 %), DMd (76.5 %) and OMCV (204.0
ml/g). Finally, RCH showed the lowest (P < 0.001) pH (6.5). In all cases, the inocula x substrates interaction was statistically significant (P < 0.001). The results confirmed in vitro gas production as a
reliable technique to study the fermentation characteristics of the forages used in rabbit nutrition. The
best estimation of the caecal fermentation characteristic from that of faeces was obtained with polynomial equations. Regression equations, in each case statistically significant (P < 0.001), showed R2
values of 0.9470; 0.9735; 0.9299; 0.9592, respectively for OMd, DMd, OMCV and pH. It means that
some characteristics of caecum microbial activity, related to the fermentation of structural carbohydrates, can be well predicted by faecal fermentation characteristics in rabbits. Further studies are in
progress in order to find equations to estimate from faeces also the kinetic parameters of the fermentation, ammonia and the volatile fatty acid production of the caecum. Moreover, it is important to study
the regression equations to predict the caecal fermentation characteristics from that of faeces for other
kinds of feeds such as energy (barley, maize, oat, etc.) and protein (soybean, faba bean, etc.) ingredients and, finally for the complete concentrate.
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The effects of iron sulphate supplementation to diets containing cottonseed
meal on performance and haematological parameters of broilers
Karaka Oguz F., Oguz M.N., Hatipoglu S., Gulay M.S.
Department of Animal Nutrition and Nutritional Disease & Department of Animal Physiology, Faculty of Veterinary Medicine, University of Akdeniz, Burdur, Turkey
fatmakarakas@yahoo.com

The aim of the study was to determine the effects of iron sulphate supplementation of diet containing
15 % cottonseed meal on the live weight gain, feed consumption, feed efficiency and some haematological parameters of broilers. Prior to experiment, a commercial broiler starter diet was fed to broiler
chickens for two weeks. Than, 2-week old broiler chicks (n = 100) were divided into control (C), and
iron (FE; 0,31 % FeSO4 7H2O) groups. The diets for two groups were adjusted to be isocaloric and
isonitrogenous. At the end of the 4 weeks experiment, mean live body weights in FE group (1874.50 ±
26.76 g) was significantly greater (p=0.03) than that of C group (1794.78 ± 26.39 g). The values of
feed conversion ratio of C and FE groups were 2.72 and 2.40, respectively. Although haematocrit and
haemoglobin levels were not significant, mean corpuscular haemoglobin concentration (MCHC) were
significantly different (p=0.02) between groups. Consequently, iron sulphate supplementation has a
significant effect on live body weights and MCHC for diet containing cottonseed meal.
The study was supported by the Scientific Research Council of Akdeniz University.
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Phosphorus metabolism in fattening bulls –
effects of a varying crude fibre supply and added calcium chloride
Taube V., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
venja.taube@tiho-hannover.de

Introduction: Urolithiasis (due to phosphorus containing concrements) is reported as one of the
common disorders in intensive cattle fattening that not seldom needs surgical treatment.
Aim: of these investigations in fattening bulls was to understand the aetiology of urolithiasis in intensively fed cattle as well as to create dietary recommendations for prophylactic purposes (as established
for other species).
Materials and Methods: 3 fattening bulls (A, B, C; beef cattle cross-bred, ~250 kg body weight at the
beginning of the experiment) were fed a ration based on maize silage and soybean meal, supplemented
by minerals and vitamines according to their requirement. Crude fibre supply varied due to different
amounts of barley and hay (table 1). For dietetic purposes (acidification of the urine) in two balance
periodes CaCl2 was added to the ration (75 g/bull/day). In 5 consecutive balance trials (10 days adaptation, 10 days collection of faeces and urine) the phosphorus metabolism was studied (excretion; retention; phosphorus concentration in serum, saliva and urine). The urine pH was estimated in samples
immediately after the miction. Phosphorus was analyzed in all samples colorimetrically, further macro
minerals by atomic absorption spectrometry.
Table 1: Experimental design and main results concerning the P metabolism of bulls.
Balance
Treatment

XF ( % DM)
CaCl2 (g/day)

Ca intake (g/day)
P intake (g/day)
Apparent digestibility
of phosphorus ( %)

Phosphorus
excretion
via urine

absolute
(g/day)
relative ( %
of intake)

A
B
C
A
B
C
A
B
C

1
18.6
47.6
23.1
57.1
41.6
38.9
4.48
0.68
0.49
19.8
2.9
2.1

2
14.8
48.6
23.5
54.7
38.7
39.6
3.79
0.37
0.37
16.2
1.5
1.6

3
14.8
75.0
70.8
23.5
55.6
34.1
45.5
3.55
0.46
0.14
15.2
1.9
0.6

4
16.6
75.0
70.9
23.5
47.5
40.4
44.0
1.58
0.14
0.13
6.8
0.6
0.6

5
24.0
49.0
22.3
49.2
37.1
30.6
2.15
0.64
0.89
9.9
2.8
3.9

Results: The most interesting finding was the individually strong different reaction of the animals.
Bull A (highest digestibility rates and higher P contents in the blood) excreted significantly higher
amounts of phosphorus via urine (10-32 % of excreted P; in B & C: 1-5 %). Due to added CaCl2 the P
excretion via urine was reduced in general, but on individually different levels, and the pH in the urine
was reduced significantly ( > 8→ < 6.5) as it was intended (solubilization of struvite concrements).
Conclusion: Like in sheep where genetically based differences in P metabolism are well known, results of these investigations indicate comparable conditions in bulls. High efficient phosphorus absorber have higher P concentrations in the blood and excrete the P-surplus via urine. Presumably only
those animals are disposed for struvite formation in the urine. In affected animals the use of CaCl2
might be an useful dietetic measure, eventually avoiding surgical treatment.
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Effects of coarsely ground diets and/or organic acids as feed additives on
salmonella prevalence in fattening pigs – a field study
Winter P., Visscher C., Verspohl J., Stratmann J., v. Müffling T., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
Petra.Winter@tiho-hannover.de

Introduction: In experimental studies (Papenbrock et al. 2005) based on artificial infection with Salmonella Derby a low grinding intensity and the use of potassium diformate already resulted in significant prophylactic effects concerning Salmonella infection in reared piglets. This field study on four
farms (known for high Salmonella prevalence) was conducted to test whether this feeding concept reduces the Salmonella prevalence during the fattening period and in slaughtered pigs under field condition.
Materials and Methods: Investigations were performed on four farms during a period of two consecutive fattening periods (T1+T2). On each farm the piglets entering the fattening unit were divided
into a control group (CG) and an experimental group (EG) with nearly 200 pigs per group. There was
always an almost identical feed composition on one farm, but there were differences in diet composition between the four farms.
Salmonella status was investigated three times via rectal swap. The slaughtered pigs were tested by serological as well as by culture technique.
Results: On each farm, but not in each trial, Salmonella positive piglets were detected at the beginning
of the fattening period. Independent of the Salmonella status of pigs entering the fattening unit Salmonella prevalence was reduced when coarsely ground diets were fed.
Table 1: Feeding concept concerning grinding (sg/lg: standard/low grinding intensity) and additives
like potassium diformate (kdf), formic acid (f) and propionic acid (p).
farm 1
T1
T2
1
2

CG
sg, f/p
sg, f/p

EG
lg, f/p
lg, f/p

CG
sg, sg, f1

farm 2
EG
lg, kdf2
lg, kdf2

farm 3
CG
sg, f/p
sg, f/p

3
f in the starter diet
1.2 % kdf continuously
4)
1.2 % kdf in finisher diet 1.2 % kdf in starter diet

5

EG
lg, f/p
lg, kdf3

farm 4
CG
lg, lg, kdf4

EG
lg, kdf4
lg, kdf4,5

0.6 % kdf in finisher diet

Table 2: Salmonella antibody status in meat juice (positive: optical densitiy ≥ 40; in %) and results of
Salmonella detection in caecal content (in %) of slaughtered pigs.

meat
juice
caecal
content

T1
T2
T1
T2

farm 1
CG
EG
6.7
0.0
50.0
12.5
26.7
3.3
60.0
41.9

farm 2
CG
EG
28.0
3.1
12.1
3.3
79.3
16.1
83.9
13.3

farm 3
CG
EG
0.0
0.0
44.4
16.1
0.0
0.0
37.1
16.1

farm 4
CG
EG
0.0
13.9
6.7
0.0
13.3
11.4
0.0
0.0

Conclusion: Piglets entering the fattening unit were the main source of infection. The highest Salmonella detection rate was observed in caecal content of slaughtered pigs. At the same location there was
the most obvious effect (highest reduction of Salmonella prevalence) of coarsely ground diets. Especially this observation can explain prophylactic effects against Salmonella infection by coarsely
ground diets as it was found repeatedly in experimental studies as well as in this field study by now.
References: Papenbrock S. et al. (2005): J. Anim. Physiol. Anim. Nutr. 89, 84-87
This work was supported by the Ahrberg –Foundation.
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Investigations on effects of oral application of antibodies (produced in transgenic peas) in weaned piglets experimentally infected with F4 (K88) positive
enterotoxic E. coli (ETEC)
Hagemann M., Mößeler A., Kamphues J., Riehl M.,
Giersberg M., Saalbach I., Falkenburg D., Verspohl J.
Institut of Animal Nutrition and 3Institute for Microbiology and Infectious Diseases, University of Veterinary
Medicine Hannover, Germany
Michael.hagemann@tiho-hannover.de

Different strategies have been developed to prevent diarrhoea and losses in neonatal and weaned piglets caused by enterotoxic E. coli (ETEC). Antibodies (ab) used in veterinary medicine for passive
immunotherapy are commonly isolated from serum or eggs of immunised animals. By recombinant
antibody technology, Novoplant GmbH was able to express various single chain variable region fragments (scFv) ab directed against F4 (K88) fimbriae of ETEC in transgenic yeast and peas. The ab prevent fimbrial adhesion to brush border cells as demonstrated by in vitro studies.
Aim: To investigate (I) effects of an oral ab application after experimental infection and (II) ab stability against degradation by proteases and gastric acid in vivo. Special focus was on parameters for infection rates, clinical symptoms, quality of faeces, duration of faecal ETEC excretion and recovery
rate of ab in different parts of the GIT.
Materials and Methods: The study was performed in 33 piglets (mean age: 32 days at the beginning
of the study) that were housed individually and fed a conventional diet. Experimental infection (exp.
inf.) was achieved by individual oral application of BHI medium containing 1010 cfu of E. coli (F4,
LT1, ST1, ST2). 14 of them (experimental group: expG) continuously received 5-40 mg ab per kg BW
and day by feed (transgenic yeast via top dressing (n = 11) or inclusion of 5 % finely milled transgenic peas (n = 3) in the diet), starting the day before exp. inf.. Microbiological examination was
based on rectal swaps. In case of evidence of haemolytic E. coli using cultural technique the strain was
further characterised by PCR. In faeces dry matter (DM) content and faecal excretion of the strain
used for exp. inf. were determined. 10 animals were sacrificed to collect ingesta samples to evaluate
ab degradation using ELISA and Western Blot.
Results: Exp. inf. was successful in all animals as was shown by microbial. techniques but no differences in observed parameters were found (table 1) over whole study period.
Table 1: Quality of faeces and faecal excretion of administered E. coli strain.
Ø DM of faeces
[g/kg]
expG
Control
1 dpi.
2 dpi.
5 dpi.

(n = 19)
196 ( ± 67.6)
197 ( ± 75.8)
261 ( ± 51.5)

(n = 14)
194 ( ± 68.9)
197 ( ± 59.8)
251 ( ± 10.3)

Diarrhoea
[DM < 180 g/kg]

control

expG

(n = 19)
n = 11
n=6
n=0

(n = 14)
n=8
n=8
n=0

faecal excretion of ETEC
control

expG

n = 19/19
n = 8/8
n = 4/10

n = 14/14
n = 8/8
n = 4/6

Table 2: Recovery rate of ab (produced in yeast) in chyme of different parts of the GIT.
hours ppr.
0 (n = 1)
1 (n = 3)
4 (n = 3)

total [ %]
1.65
0.96
0.13

stomach [ %]
1.60
0.89
0.03

small intestine [ %]
0.03
0.05
0.03

Conclusion: Oral application of ab did not reduce incidence and intensity of diarrhoea in weaned piglets after exp. inf. with ETEC. This finding might be a result of the very high infectious dosage (1010
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cfu/ animal) or of insufficient stability of ab in GIT. First data (not shown) indicate improved ab stability and, with this, an improved anti-diarrheal effect if coarsely milled pea material is used instead of
the fine meal. For improvement of ab stability in the GIT of piglets coating or far-reaching molecular
engineering leading to ab structure found at protease-resistant secretory IgA and IgM could be useful.
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The possibilities using dehulled barley in broiler quail diets
Oguz M.N., Karakas Oguz F., Goncuoglu E.
Department of Animal Nutrition and Nutritional Disease & Department of Animal Physiology, Faculty of Veterinary Medicine, University of Akdeniz, Burdur, Turkey
mnoguz@yahoo.com

The aim of this study is to determine the effects of the usage of dehulled barley in broiler quail diets.
Barley was grinded and then divided by sieve, one dehulled barley, other barley hull. Dehulled barley
was used in experimental diets as control 0 % (C), 20 % (B20), 40 % (B40) and 40 % plus Betaglucanase (B40+E).
A total of 288 day old chicks were used in this experiment. They were divided into 4 groups each containing 72 chicks. Each group was divided into 6 subgroups containing 12 chicks. The experimental
period lasted 5 week. Diets were adjusted as isocaloric and isonitrogenic. Diets were contained approximately 24 % crude protein and 3000 kcal/kg ME. Broiler quails were provided with feed and water ad libitum in experiment period. The animals were fed according to subgroups and via weekly
measurements, the mean of group feed consumption and live weights were determined.
Differences of final average live weights of C, B20, B40 and B40+E groups were not significant
(198.16, 191.96, 189.29 and 201.17g, respectively). Also feed consumption (545.55, 618.31, 611.20
and 640.47g, respectively) was measured and feed conversion ratio (feed consumption/live weight
gain: 2.87, 3.36, 3.47 and 3.31, respectively) were calculated. At the end of the study 36 male quail of
each group was slaughtered and 12 chick’s blood was collected. Serum total cholesterol, trigliserids
and glucose analysis were determined using commercial kits. Differences between serum total cholesterol and glucose levels were not significant, but trigliserid level of control group was higher than experimental groups (240.76, 182.43, 220.07 and190.48 mg/dl, respectively). The slaughtered quails
were mechanically plucked and carcass yield was measured. Carcass percentage of C group (70.76 %)
was significantly higher than B20 and B40 groups (67.93 and 66.86 % respectively) and similar with
B40+E group (68.39 %).
According to the results of this study, dehulled or hulless barley may useful feedstuff for broiler quail
diets for 40 % level with or without enzyme.
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A new method to grade glass eels according to their appetite
Angelidis P.
Laboratory of Ichthyology, Veterinary Medicine School, Aristotle University of Thessaloniki, Greece
panagel@vet.auth.gr

One of the most difficult steps in the eel farm industry is the introduction of the glass eels to artificial
food. Most of the farmers during the first days of the glass eel’s life in the farm use raw feed as cod
ova, bovine liver, mussel meat, worms or processed feed known as starters. Mixtures of the above
mentioned feeds is also used. The glass eels in general show an interest to the feed in the first 2 – 5
days according to the water temperature. The success of a farm is to introduce as high as possible
number of glass eels to the feed in the shortest possible time. If the glass eels do not eat they die by the
first 40 – 60 days in farm. To avoid the technical problems encountered in the farms (dirty tanks,
pipes, screens), the farmers prefer to stop the raw feed as soon as possible and switch to the dry commercial feed. Some-times when they show the fish eating, they switch the feeding regime completely
to dry feed. In this case, a high percentage of the glass eels do not intake food and die eventually of
starvation. Grading of the fish in this early stage by mechanical means is not possible because of their
small size. The method we use with success is to collect the fish that show the highest interest for the
food even from the first days in the farm. We put the raw food in baskets and when the basket was full
with fish we collected them with a net and then they were farmed separately. By this method very
early in the farming life the fish with the highest appetite are separated and the others continue to be
fed with raw food until the time they are used in the food. Both groups show better farming performances.
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Pet nutrition

First experiences with the new energy and nutrients requirements
for dogs of the NRC (2006) in nutrition consultation practice
Kienzle E., Zorn N., Kölle P., Dobenecker B.
Institute of Physiology and Animal Nutrition, Ludwig-Maximilian University, Münich, Germany
kienzle@tiph.vetmed.uni-muenchen.de

Adult dogs: The differentiation of energy requirements according to lifestyle, breed and age works
well for individual ration calculation. The majority of pet dogs maintain weight when fed a ration with
an energy content in the lowest range of the requirements figures (95 kcal/0.4 MJ/kg body weight0.75).
Protein requirements (recommended daily allowance) of adult dogs are rather low (3.3 g/kg body
weight0.75). If they are met but not exceeded less than 10 % of calories come from protein. In practice
it is difficult to formulate rations which do not considerably exceed the recommended daily protein allowance. This is a concern for many dog owners. It would be helpful if the recommended daily protein
allowance could be expressed as a range rather than a lower limit. Recommended daily allowance for
calcium and phosphorus for maintenance are lower than so far existing figures. This agrees with anecdotal reports of adult dogs doing well on home made rations with low calcium content. When prepared
complete food is fed the intake of calcium and phosphorus exceeds the recommended daily allowance
considerably.
Puppies: The concept of multiplying maintenance energy requirements with a factor calculated by a
function of the quotient between actual weight and expected mature weight works very well in principle. Most growing pet dogs maintain growth according to recommendations provided a maintenance
requirement of only 95 kcal or 0.4 MJ/kg body weight0.75 is used with the NRC equation for calculation of energy requirements of growing dogs instead of a maintenance requirement of 130 kcal/0.54
MJ. From Hazewinkel’s experiments with Great Danes calcium requirements for giant breeds was calculated to amount to 540 mg/kg body weight from waening until 14 weeks of age. This agrees with
data from factorial calculation (Meyer and Zentek 2001). The figure includes a safety margin which is
justified by the data available at present. Large pet puppies with a low energy requirement may then
need a calcium level of 5000 mg Ca/1000 kcal in their diet. This exceeds the safe upper limit (maximal concentration not associated with adverse effects) of 4500 mg Ca/1000 kcal. Pending further research the obvious consequence of this situation is to introduce large breed puppy foods for different
levels of energy requirements and/or stages of growth.
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Influence of cellulose fibre length on digestibility in cat
Prola L., Dobenecker B., Mussa P.P., Kienzle E.
Dept. of Animal Production, Epidemiology and Ecology, University of Turin, Italy & Institute of Physiology and
Animal Nutrition, Ludwig-Maximilians University, Munich, Germany
liviana.prola@unito.it

Introduction: An increased content of cellulose in dog food appears to have effects on digestibility of
crude nutrients, dry matter and energy (Kienzle et al. 1998). Several studies (Lewis et al. 1994) report
different result, differences may in part be the results of the level and the type of cellulose. In the present investigation, cellulose types from different sources ranging in structure from microcrystalline to
long-fiber cellulose were compared.
Materials and Methods: Seven adult, healthy cats (mean body weight 3,6 kg; range 2,5-4,8 kg) were
fed a moist commercial complete cat food with 3 different cellulose type (Table 1) added at a level of
4 % (wet weight basis) for a one week period. This level of cellulose has been shown not influence
food intake in cats (Prola et al. 2006). No cellulose was added to control group diet. Before each trial,
an adaptation period of 5 days was performed. Consistency of faeces was scored throughout the whole
experiment and it was discriminated by Waltham Faecal Grading System. Food was offered in the
morning in amounts equal maintenance energy requirements. Water was offered free choice during the
trial. During each trial, cats were kept separated in cages which allowed sight contact; cages had holes
to the bottom to allow urine to leave the cage. Food and faeces were dried, ground and analysed for
crude nutrients by the Weende method. Combustion heat was determined by adiabatic calorimetric
bomb.
Results and Discussion: Fibre length results to be an element influencing nutrients digestibility in cat
(Table 1).
Table 1: Digestibility and different cellulose types.
Cellulose type
Long fibre
Mix short fibre
Microcristalline
Control

Source
?
Beech/Pine
1:1
?
/

Length
(μm)
?

DM %

Fat %

Protein %

Energy %

(mean±SD)

(mean±SD)

(mean±SD)

(mean±SD)

60.5±3.4

96.1±1.8

78.6±2.2

70.2±2.9

?

67.4±1.8

94.1±2.9

78.1±4.2

75.9±2.0

32-75
/

57.3±7.3
77.1±2.5

95.8±1.7
97.0±1.0

77.8±4.8
80.9±2.1

67.9±5.4
83.8±2.7

Moreover, it has also seen effects of fibre length on some minerals excretion. Calcium and phosphorus
excretion is increased with increasing faecal DM, while Na excretion is positively influenced by faecal
water content. Modulation of mineral excretion through faecal water and dry matter could be an important element for the management of some nutritional disease. At the end, differences in faecal
scores have been noticed but the effect of fibre length seems differs from dogs. Particularly, it could
be speculated a more important water reabsorption in cats than in dogs.
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Digestibility of starch sources for dogs and cats
Domingues de Oliveira L., Takakura F.S., Vasconcellos R.S.,
Bazolli R.S., Carciofi A.C., Prada F.
UNESP, Faculty of Agronomy and Veterinary Sciences, State University of São Paulo, Jaboticabal,
Brazil
aulus.carciofi@gmail.com

Carbohydrates may represent from 25 to 55 % of the dry matter of dry extruded pet foods, supplying
from 30 % to 60 % of the metabolizable energy of these diets. The objective of this study was to
evaluate diets with six different starch sources (whole corn, sorghum, peas, lentils, brewer’s rice, and
cassava meal) for dogs and cats.
Six experimental diets with approximately 39 % starch where extruded for dogs and six diets with approximately 35 % starch where extruded for cats, each diet containing just one of the starch ingredients, and met the AAFCO (2003) nutrient profile. Protein was used to complete the formulation. The
experiment was carried out with 36 dogs and 36 cats, with 6 replications per treatment in a completely
randomized design.
For dogs, the diets with brewer’s rice and cassava flour showed the greatest apparent digestibility coefficient (DC) of dry matter (DM), organic matter (OM) and crude energy (CE) (p < 0.05), followed
by the diet with corn and sorghum; the diet with pea and lentil showed the smallest DC. The starch had
a DC next to 99 % for all diets. The diets with brewer’s rice and cassava flour had the largest starch
DC values (p < 0.05) and the diets with lentil and pea, the smallest. Sorghum, pea and the lentil
showed the greatest concentrations and DC of total dietary fiber. For cats, the diets with brewer’s rice
and cassava flour showed the greatest DC of DM, OM and CE (p < 0.05), followed by the diet with
corn and pea. The diets with sorghum and lentils obtained the smallest DC of DM, OM, CE and fat.
The cat’s presented starch DC superior to 93 % for all diets. The diets with brewer’s rice, corn and
cassava flour had the largest starch DC values (p < 0.05) and the diets with lentil and sorghum, the
smallest. Sorghum, pea and the lentil showed the greatest concentrations and DC of total dietary fiber.
The structure and chemical composition of starch granules, mainly the amylose and amylopectin ratios, have the ability of affecting digestive processes, main in dogs and humans. This action, however,
can be affected by the processing of the feed or other factors.
Table 1: Apparent digestibility coefficients of diets with different starch sources for dogs and cats.
( %)

Cassava
Dogs

Corn

Sorghum

Rice

Pea

Cats

Dogs

Cats

Dogs

Cats

Cats

Dogs

Cats

DM

83.0 a 80.2ab

78.5b

78.5 bc

79.0b

76.3bc 82.3a 83.2 a

74.5c

76.4bc 76.0c 75.8 c

CP

86.7ab

81.9b

86.1b

83.2 b

85.0bc

80.6b

79.9d

80.8b

Fat

92.7 a

89.5 a

89.1bc

85.4 bc

88.2c

83.2c 88.9bc 87.7ab 89.3bc

TDF

8.2c

5.6b

11.4c

18.0ab

26.9ab 29.0ab 17.7bc 10.6ab

33.4a

33.1a

99.0ab

97.5ab

99.0ab

98.8b

95.2dc 98.6b 96.3bc

Starch 99.3 a 97.9ab

93.9d

Dogs

Lentil

89.0a 87.7 a

99.3a

98.6a

Dogs Cats
83.3c 82.2b

85.3bc 90.0b 87.9ab
30.3a 15.8ab

DM – Dry matter; CP – Crude protein; TDF – Total dietary fiber.
a, b, c, d – Means in the same line not sharing common superscripts letters differ (p < 0.05). Valid
comparison just for the same species.

All tested sources had high apparent digestibility coefficients of the starch, and no negative factor has
been identified that would prevent the use of these sources by the manufacturers of pet foods.
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Variability of weight loss in energy-restricted obese cats
Colliard L. *, Paragon B.M., Blanchard G.
Nutrition Unit, National Veterinary School of Alfort, France
*
resident granted by Hill’s Pet Nutrition, Europe
lcolliard@vet-alfort.fr

Obesity has occurred when body weight (BW) is 15 % greater than optimal BW. Thus, a cat that
should optimally weigh 4kg is obese at 4.6kg. A reduction of energy intake is the obvious dietary
route to achieve weight loss. The initial calculated estimate of calorie restriction that “should” produce
appropriate weight loss is from 75 % to 60 % of optimal weight maintenance energy expenditure. Although severe energy restriction (45 %) proved safe in cats, it resulted in an increase in the proportion
of weight loss from lean body mass and a relative decrease in the proportion of weight loss from body
fat.
The food is allocated to provide 75 % to 60 % of each cat’s estimated maintenance energy requirement
(MER) at its optimal BW, based on a maintenance requirement of 50kcal/kg BW/day (spayed and inactive cats).
Case n° 1: a 5-year-old male neutered domestic shorthair weighing 5.8kg suffered from chronic colitis
when fed a high-fiber diet. When fed light dry food [308kcal/100g] the cat tolerated well. Optimal BW
was estimated to be 4.5kg, making the patient’s initial BW 28.9 % above optimal. The food was allocated to provide 60 % of calculated MER (4.5x50x0.6 = 135kcal). A wet high-fiber diet [57kcal/100g]
was partially and gradually introduced (max 50 % of calculated energy requirement). The cat weighed
4.4kg after 45 weeks (4 appointments) with an average weight loss of about 0.7 % of final BW.
Case n° 2: a 9-year-old neutered male domestic longhair cat weighing 7.4kg was healthy apart from
obesity. The cat accepted nothing but dry food, and was fed light adult dry food [400kcal/100g]. Optimal BW was estimated to be 5kg, making the patient’s initial BW 48 % above optimal. The food was
changed to a hypocaloric dry food [290kcal/100g] and was allocated to provide 60 % of calculated
MER (5x50x0.6 = 150kcal). The cat weighed 5kg after 43 weeks (3 appointments) with an average
weight loss of about 1.1 % of final BW.
Case n° 3: a 4-year-old male neutered domestic shorthair weighing 9kg was healthy despite morbid
obesity. The cat was fed dry food, fish and vegetables. Optimal BW was estimated to be 5kg, making
the patient’s initial BW 80 % above optimal. The dry food was changed to a hypocaloric dry food
[290kcal/100g], fish and courgette were maintained. The food was allocated to provide 75 % of calculated MER (5x50x0.75 = 185kcal). On the owner’s request, the calorie restriction was moderate. The
cat weighed 5.2kg after 96 weeks (5 appointments) with an average weight loss of about 0.75 % of final BW.
Individual responses were highly variable. This variability leaves the practitioner with the problem of
individualising each weight loss protocol, to allow for metabolic differences. Nevertheless, the important factor in the treatment of pet obesity is high owner compliance in implementing and following a
plan of action: Regular follow-up consultations during the program will help underline the message.
The practitioner must accommodate as far as possible the pet owners’ wishes.
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Nitrogen in urine and calculation of metabolisable energy in cats
Wichert B., Isenegger M., Wanner M.
Institute of Animal Nutrition, Vetsuisse Faculty University Zurich, Switzerland
bwichert@vetphys.unizh.ch

Objective: The aim of the study was to get investigate the effects of different protein contents and
protein sources on the nitrogen content and the nitrogen compounds in the urine of cats. Further calculations of the energy content of urine with help of its nitrogen and carbon content (Hoffmann and
Klein, 1980) as well as the estimation of the content of metabolisable energy (ME) in cat food after
Kienzle et. al (1999) should be verified.
Materials and Methods: Six European Shorthair cats (4 female and 2 male intact) were investigated
in a Latin Square design. Six rations were tested (3 high protein: 75 % energy out of protein, 3 low
protein: 25 % energy out of protein). As protein sources served 1. beef, 2. lung from cattle, 3. soy protein. A proximate analyse of food an faeces was done. Further the gross energy (GE) of food, faeces
and urine was analysed by bomb calorimetry and also the nitrogen and carbon content was determined.
Further creatinine, urea, ammonia, protein and free amino acids were analysed in urine. The digestible
energy (DE) and ME of the food was calculated. The following formulas should be checked: GE of
urine = carbon content of urine (g) x 31 kJ + nitrogen content of urine (g) x 9 kJ (Hoffmann and Klein,
1980). ME of cat food: GE= 87.9-0.88 x crude fibre ( % dry matter), DE=GE x ad GE ( %)/100, ME=
DE- 3.8 kJ x g crude protein.
Results and Discussion: The urine contained between 143.2±50. mg total protein (tp)/l with the meat
ration high protein (MHP) and 388.3±208.3 mg tp/l with the lung, low protein (LLP) ration. The urea
concentration was with 1507.4±41.3 mmol/l urea significantly higher when the cats were eating the
lung high protein (LHP) ration in comparison to the meat low protein (MLP), LLP and both soy protein (LHP and LLP) rations (1141.5±89.3 mmol/l, 1199.5±107.1mmol/l, 1169.8±94.9 mmol/l and
1162.0±158.4 mmol/l urea) but not to the MHP ration (1426.4±128.3 mmol/l urea). Also the ammonia
concentration was significantly different between some of the rations (MHP 84.2±6.7nmol/l > LHP
116.6±9.1nmol/l, LLP 114.7±8.1 nmol/l and SHP 52.5±12.2 nmol/l). The comparison of the measured
GE of urine and the calculation after Hoffmann and Klein (1980) did not show a strict correlation in
the present investigation (r2=0.27), whereas in the study of Müller (not published) with dry cat food a
good correlation was found (r2=0.89). The calculation of ME of cat food after Kienzle et al. (1999)
showed also a good correlation (r2= 0.89) to the experimental raised results for the ME content of the
different rations.
Conclusion: the protein sources and protein contents influenced the nitrogen compounds in cat urine.
Further the calculation of gross energy of urine should be measured by bomb calorimetry for more accuracy in the scientific investigations.
References: Hoffmann and Klein (1980). Die Abhängigkeit der Harnenergie vom Kohlenstoff- und Stickstoffgehalt im Harn bei Rindern, Schafen, Schweinen und Ratten, Arch. F. Tierern. 10-12, 743-750. Kienzle, E, Optiz, B, Schrag, I. (1999). Energiebewertung von Futtermitteln für Hunde und Katzen, Übers. Tierernährg. 27,
191-220
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Comparison of prediction methods
of digestible energy content of extruded dog food
Hervera M., Baucells M.D., Torre C., Buj A., Castrillo C.
Animal Nutrition, Management & Welfare Research Group, Veterinary Faculty, Autonomous University of Barcelona & Department of Animal Production and Feed Science, University of Zaragoza, Spain
MariaDolores.Baucells@uab.es

Introduction: Recently, alternative methods to the NRC (1985) proposal have been suggested for
predicting energy content of commercial canine dry food. Factorial equations including crude fibre
content of foods as estimator (Kienzle et al., 1998; Castrillo et al., 2001), in vitro digestions methods
(Hervera et al., 2005) or NIR techniques (Castrillo et al., 2005) have been considered as good approaches to predict the energy content of dog foods. The aim of this study was to compare the accuracy of some of these estimation methods.
Materials and Methods: 17 samples of commercial extruded dog food were used to validate and
compare some estimation methods of energy digestibility ( % Ed) and digestible energy content (DE,
MJ/kg). The apparent Ed and DE of each food were previously determined by in vivo trials as described by Castrillo et al. (2001). In vivo Ed and DE of foods ranged from 79.30 to 91.05 % and from
16.25 to 21.82 MJ/kg DM, respectively, and their crude fibre content ranged from 0.72 to 3.28 % (in
dry matter base). The % Ed of each sample was estimated by factorial equation proposed by Kienzle et
al. (1998) (dEfactorial= 91.2-1.43 FB %, s.e 6.3 %) and by the in vitro digestion method proposed by
Hervera et al. (2005) (dEin vitro= -2.45-0.98 dMOin vitro %; R2 0.92; SE: 1.25 %). The DE (MJ/kg DM)
content of food was calculated multiplying the predicted dE by the gross energy (GE) content estimated from their proximate constituents (NRC, 1985). The set of samples also was analysed by nearinfrared spectroscopy (WinISI II, Intrasoft Int.), using a calibration equation developed from a set of
69 samples of commercial extruded dog food (0.76 and 0.89 cross-validation R2 and 2.33 and 0.61
cross-validation S.E. for dE and DE respectively). The estimated values of dE and DE determined by
the three methods were compared whit the in vivo values by linear regression equations (SAS Institute,
2002).
Results and Discussion: Results obtained comparing different estimation values of dE ( %) and DE
(MJ/kg) by in vivo trials and the same values obtained by the methods valuated are the following:
dE in vitro
dE NIR
dE factorial
DEin vitro
DENIR
DEfactorial
DENRC

R2
0.94
0.87
0.84
0.92
0.93
0.91
0.89

RSD
0.82
1.25
1.36
0.50
0.46
0.53
0.56

CV %
0.93
1.43
1.57
2.58
2.37
2.73
2.89

The in vitro method gave better estimations of in vivo dE than NIRS and factorial methods, although
the three methods showed a very good and similar accuracy in the prediction of DE content. This accuracy was even improved when determined instead of estimated GE was used to calculate DE ( %
CV = 2.47 and 1.67 for in vitro, and factorial approach). These three methods showed a slight better
accuracy than that proposed by the NRC, 1985.
To consider constant digestibility values of nutrient content of food can result in bias and error in the
estimated energy values, the magnitude of this error will be higher, the higher the crude fibre content.
Although the alternative methods do not meaningful improve the accuracy in the estimation of DE
value in the tested set of samples, they allow to take into account different factors affecting energy digestibility of foods. Factorial equations take into consideration the negative effect of crude fibre content on digestibility of energy in food. In vitro digestions allow for possible differences between die-
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tary ingredients and processing methods that can affect the availability of energy content of food and
NIR technology distinguish differences in the spectrum related to own characteristics of food.
Conclusion: The estimation methods used in this study take into account differences of ingredient
composition and availability of nutrients of different foods and would be a better system of valuating
their energy content in a wider range of different kind of foods than the official method (NRC, 1985).
References: Castrillo, C., et al. "Energy evaluation of extruded compound foods for dogs by near-infrared
spectroscopy." Journal of Animal Physiology and Animal Nutrition 89.3-6 (2005): 194-98. Castrillo, C., Vicente
F., Guada J. A.. "The effect of crude fibre on apparent digestibility and digestible energy content of extruded dog
foods." Journal of Animal Physiology and Animal Nutrition 85.7-8 (2001): 231-36. Hervera, M. et al., 2005:
Prediction of digestible energy content of extruded dog food by in Vitro analyses. In: (eds) 9th, Proc. European
Society of Veterinary and Comparative Nutrition, ESVCN-2005 Congress. 22-24 September. Torino. ESVCN. p.
46. Kienzle, E., et al. "The development of an improved method of predicting the energy content in prepared dog
and cat food." Journal of Animal Physiology and Animal Nutrition 79.2 (1998): 69-79. NRC, 1985: National Research Council of the USA. Nutrient Requirements for Dogs. National Academy Press, Washington, DC.
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Effect of very fresh salmon oil on antioxidative status,
lipid and thyroid metabolism in dogs
Hesta M., Verbrugghe A., Christophe A., Zentek J.,
Hellweg P., Buyse J., Janssens G.P.J.
Laboratory of Animal Nutrition, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium
Myriam.Hesta@Ugent.be

The objective of this trial was to test if the freshness of salmon oil can influence the oxidative status,
lipid and thyroid metabolism in dogs. Salmon oil that is not freshly collected and not kept under
proper storage conditions is prone to oxidation and might have a negative effect on the oxidative status
of the dog.
Material and Methods: Seventeen healthy adult beagle dogs were fed a commercial extruded dry dog
food with a medium fat content (11.5 % on DM and without fish products) as a basal diet (CL). During the production of the test diet, 1 % of saturated animal fat (chicken lard, CL) was exchanged for 1
% of very fresh (XO) or common salmon oil (CSO). The product tested in the trial, Xalar Virgin
Salmon Oil (Marine Harvest Ingredients) (XO) is a very fresh Norvegian salmon oil according to
European Pharmacopoeia Commission (01/2005: 1910). The other salmon oil is a randomly selected
CSO. The n-6/n-3 ratio of the diets decreased from 9.1 to 5.1 and 5.0 for CL, CSO and XO respectively.
The dogs were divided into two groups. Both groups were given the CL diet first for 14 days (period
1). From day 15 until day 28, 8 dogs received CSO diet and 9 dogs received XO diet (period 2). After
this period all dogs were fed the CL diet again from day 29 until day 42 (period 3). The dogs were
sampled on day 14, 28 and 42. On these days blood samples were taken pre-prandially just before the
morning feeding.
Results: As expected, the difference in oxidative status between the two salmon oils was prominent
(peroxide value of 1.97 versus 4.1meq O2/kg fat for XO and CSO resp.). No significant effects were
noted for thyroid hormones, lipid peroxidation and leptin concentrations in plasma. Very pronounced
effects on fatty acid profile of the plasma phospholipids were seen by substituting 1 % chicken lard by
1 % salmon oil (table 1).
Table 1: Plasma phospholipid fatty acid profiles (in weight %).
Group
Food
Arachidonic acid (AA)
Eicosapentaenoic acid (EPA)
Docosahexaenoic acid (DHA)
n-3/n-6 ratio
AA/DHA ratio
AA/EPA ratio

Period 1

Period 2

Period 3

A

B

A

B

A

CL
22.9
0.30
1.17
0.102
21.5
102

CL
19.9
0.32
1.34
0.101
16
67

CSO
19.2
1.08
2.85
0.193
7.0
22

XO
18.8
1.09
3.31
0.214
7.1
25

CL
22.9
0.32
1.22
0.106
18.5
93

B

P-value
PePeriod
Food
riod*Food

CL
18.5 0.002
0.59 < 0.001
1.90 < 0.001
0.136 < 0.001
11.3 < 0.001
45 < 0.001

0.041
NS
NS
NS
0.019
0.016

NS
NS
NS
NS
0.044
0.032

The XO food was able to maintain the decreased level of arachidonic acid (weight % phospholipid
fatty acid profile) throughout period 3, whereas this decrease was no longer or at least less occurring in
the CSO group. Similar results were obtained for the ratios of arachidonic acid versus eicosapentaenoic acid and docosahexaenoic acid.
Conclusion: exchanging 1 % of chicken lard by salmon oil profoundly changed the plasma phospholipid fatty acid profiles of the dogs. Moreover, these effects lasted significantly longer for very fresh
salmon oil versus common salmon oil.
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Dog’s and cat’s postprandial glycemic and insulinemic
responses to different starch sources
Domingues de Oliveira L., Takakura F.S., Bazolli R.S.,
Vasconcellos R.S., Carciofi A.C., Prada F.
UNESP, Faculty of Agronomy and Veterinary Sciences, State University of São Paulo, Brazil
aulus.carciofi@gmail.com

Starch is considered the major nutrient to affect and dictate the postprandial glucose level in dogs and
humans. The objective of this study was to determining the post-prandial blood glucose and insulin responses of six starch sources (whole corn, sorghum, peas, lentils, brewer’s rice, and cassava meal) for
dogs and cats.
Six experimental diets with approximately 39 % starch where extruded for dogs and six diets with approximately 35 % starch where extruded for cats, each diet containing just one of the starch ingredients, and met the AAFCO (2003) nutrient profile. Protein was used to complete the formula. The experiment was carried out with 36 dogs and 36 cats, with 6 replications per treatment in a completely
randomized design. Blood glucose levels were measured by the “GOD - ANA®” enzyme, and insulin
levels were measured using RIA (radio immunoassay) “Coat a Count®” kits. Postprandial blood glucose and insulin responses of dogs were measured according to Holste et al. (1989), excluding samples collected at 45 and 90 minutes, and adding an additional sample collected five hours after the
meal. For the cats, postprandial blood glucose and insulin responses were measured according to Bouchard & Sunvold (2000), excluding samples collected at 15 and 18 hours.
The dog’s results showed that blood glucose and insulin levels peaked earlier on diets based on
brewer’s rice, cassava meal, and corn (p < 0.05). The area under the curve (AUC) 0-30 min for insulin
was highest for these diets. The average increase in glucose at the peak was 19.8 mg/dL for brewer’s
rice, cassava meal, and corn-based diets. For diets containing lentils, peas, and sorghum, the average
blood glucose elevation was 14.2 mg/dL. Diets containing sorghum, lentils and peas allowed for the
maintenance of higher glycemic concentrations for longer periods of time, as demonstrated by the larger AUC 30-300 min for glucose with these treatments (p < 0.05), and by higher blood glucose for
these three diets at 300 minutes after feeding (p < 0.05). Diets based on lentils, peas, and sorghum resulted in less variation in blood glucose levels of the dogs. Blood glucose and insulin levels were rapidly increased after feeding the diets based on brewer’s rice and cassava, and this response was of
lesser duration. The cat’s results showed that the corn, followed by brewer’s rice, provided larger glucose AUC from zero to 12 hours (p < 0.05). The corn provided largers AUC from 4 to 8 hours, and
from 8 to 12 hours (p < 0.05). The other diets showed no differences in glycemic responses. The diet
based on sorghum showed larger insulin AUC than lentil (p < 0.05), the other diets provided intermediary results. The serum insulin level of the cats increased one hour after feeding, and did not return to
basal values after 12 hours of observation (p < 0.05). The cat’s insulin and glucose postprandial responses did not show a great variation among the starch sources.
The control of blood glucose levels in dogs may be affected under different conditions during the life
of the animals, as with diabetes mellitus, obesity, gestation, and aging. The use of starch sources that
result in lower glycemic and insulinemic postprandial variation could be beneficial to theses animals.
The postprandial responses observed in cats are more lingering than in dogs and man, they demonstrate smaller variations, possibly attenuating the differences among treatments. A possible explanation to these is the smaller amount of enzyme concentration on cat’s chime, resulting naturally in a
slower digestion rate of starch.
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Canine dinners: starch gelatinization and physical quality of pea flakes as
affected by soaking, steam treatment and infrared radiation
Yang S.C., Zandstra T., van der Poel A.F.B.
Wageningen Institute of Animal Sciences, Animal Nutrition Group, Wageningen University,
The Netherlands
Thomas.vanderpoel@wur.nl

Dinners are marketed as a smaller subsection of complete canine diets and are a mix of separately
processed ingredients. Flakes of e.g. peas are used as a vegetable, green ingredient for reason of consumer convenience. In the manufacturing of dinners, the quality of a flake is an important parameter
with respect to nutritional – starch, protein and nutritionally active factors and physical properties. The
objective of this experiment was to determine the effect of different up-stream processing and infrared
radiation variables, including holding time, on the degree of starch gelatinization and physical quality
of flaked peas.
Cleaned, whole smooth green peas (Pisum sativum L.) were reconstituted by soaking in 40 ˚C tap water for 15, 20 or 25 min and subsequently either toasted (100˚C during 1.5 min) and infrared (IR) radiated or just IR radiated. For IR radiation, a small-scale, propane-fired infrared radiation (IR) plant (micronizer) was used with an average residence times of 58 or 92 seconds, respectively. After exiting the
conveyor belt, peas were held for a predetermined period (holding: 0, 15 or 30 minutes, respectively)
in a well-insulated container. Finally, all radiated peas were flaked (roll distance 0.75 mm) in a flaking
mill, located posterior to the IR plant. Drying was done in an air convection oven at 60˚C for 15 min.
Selected samples were analysed in duplicate for total starch and the starch gelatinization degree (SGD;
enzymatically using amyloglucosidase), for flake durability (Pfost tumbling can method), for sieve fractions (4 and 6 mm) and flake thickness (marking gauge). Processing effects were statistically analysed
using analysis of variance.
Initial pea SGD was 10.1 % at a total starch content of 410 g/kg. IR processing for 92 sec significantly
improved the SGD (from 10.1 to 32.8 %) of pea flakes compared to 58 sec treatment (SGD 18.6 %).
The SGD was further improved (SGD 6-10 %) with steam treatment of peas, prior to IR. For all determined parameters, no effect of holding time could be observed. SGD can be improved by reconstitution, by toasting and by IR processing. Substantial improvement of SGD, however, can be only obtained by a longer IR residence time as well as toasting prior to the IR processing. These improvements of SGD, however, are paralleled by a decrease in flake durability (range from 34.9 to 87.4 %) as
measured by the flakes particles > 6mm. Improvement of SGD negatively correlated to flake durability ( > 6mm) and thickness.
In practice, the flake durability criterion is referred to as ‘a physical quality potentially to be marketed’. It is obvious, that the flake particles < 4mm are in principle too small, a property that is increased by an increased residence time on the IR belt conveyor. For the objective of preparing flakes
for dog dinners, process optimization should result in a higher SGD under the conditions of durable
and thick pea flakes.
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Case report: Behaviour and movement disorders in dogs
caused by an ingestion of cannabis (Cannabis sativa L.)
Wolf P., Neuberth K., Aboling S., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
petra.wolf@tiho-hannover.de

Anamnestic information: Behavioural and motor dysfunctions were observed in three dogs a few
hours after they had ingested crushed green plant material which they had found lying beside the way.
The dogs suffered from extreme ataxia and were obviously disoriented, staring with a fixed gaze. Furthermore, the dogs were found to be suffering from hypothermia and bradycardia, and were completely apathetic. As soon as the animals were hospitalised and treatment of symptoms had begun,
their condition began to improve. About 12 hours later all three dogs were practically free of the described symptoms and could be discharged.
Identification of the plant material:
The material gave off the characteristicy sweetish odour of Cannabis
sativa L.; this botanic identification was confirmed by morphological
examination (see figure right).
Hemp belongs to the urticales (and here to the order of Cannabaceae).
In general it exists three hemp varieties: plants for drug or fiber production as well as mixed varieties. The drug type is originated to tropical
regions like India or South Africa. Anyway this type can be cultivated
also in our climatic area.

Fig.: Leaves of cannabis sativa

Active substances
Cannabis contains more than 260 pharmacologically interesting substances and more than 60 of these
are known as cannabinoides. Cannabiole and delta-9-Tetrahydrocannabinol (THC) belong to the main
substances. The THC-level in dried flowers and leaves (marijuana) amounts 0.5 – 2 % as well as 2 –
20 % in the resin of the female plant (hash).
Clinical signs: Typical clinical symptoms in animals (similar to those in humans) include vomiting,
salivation, depression, and in some cases excitation, ataxia, hyperaesthesia, hypo- or hyperthermia,
mydriasis, brady- or tachycardia, and comatose states.
Conclusion: Ingestion of hemp is not an usual case in small animal practice, even if 213 known cases
are reported within the last five years (JANCZYK et al. 2004). Moreover, this case report is intended
to point out risks to animals exercising outdoors if they ingest plant material containing certain pharmacologically active substances. As cannabis and its products are subject to German narcotics regulations, their identification must be reported to authorities.
References: Janczyk P., Donaldson C.W., Gwaltney S. (2004): Vet. Hum. Toxicol. 46 (1), 19-21
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Retrospective comparative study of two diets
in neutered cats and their impact on general health
Lamarche M., Bénet J.J.
Royal Canin, 30470 Aimargues, France & Alfort Veterinary School, Maisons-Alfort, France
mlamarche@royal-canin.fr

In 2004, over 70 % of male cats and almost 60 % of female cats in France were neutered. Numerous
studies have shown that following neutering, cats’ general behaviour and feeding habits change, leading to an increased risk of obesity and urolithiasis. A number of pet food companies have produced
formulas adapted to the features of neutered cats, with the aim of minimizing the negative effects of
neutering.
Even though the clinical effects of such diets are known by these companies thanks to experimental
studies carried out in controlled environments, their effects when used by cat owners in home conditions are not. This preliminary study, of a voluntarily limited scale, was aimed towards highlighting
elements of a protocol that would evaluate the effects of this type of food on obesity in neutered cats,
and whose conclusions could produce a sufficiently large extrapolation.
This retrospective study compared the state of health and level of obesity in neutered cats according to
the type of food which the animals had been fed. Two sets of animals were compared, both fed diets
sold in veterinary clinics: the first was fed diet A, the second received other veterinary diets.
Out of the 14 veterinary clinics initially contacted in the Parisian area, 6 took part in the survey. First,
a questionnaire aimed at cat owners was left in the clinics’ waiting rooms, in order to collect the information required for subject matters of the study to be selected. The objective was to create two sets
of about one hundred cats each. The selection was made using the medical cards completed by owners
who agreed to take part in the study, and according to certain criteria which ensured the two sets were
demographically comparable (sex of the animal, breed, age, age at neutering, type of food given, consistency of feeding).
The selected owners were invited by their vet to attend a free consultation between November 2005
and February 2006, which is when the necessary observations were carried out: whether the cat was
overweight, its state of health and its feeding habits. The details were entered using Sphinx software.
Epi info software information was also used to carry out the preliminary calculations, and SAS software was used for the in-depth statistical analysis.
In total, 130 questionnaires were completed: 61 for the set of cats exposed to food A, 69 for the set exposed to other veterinary foods. No significant differences were found between the 2 sets regarding the
characteristics of the cats and their owners. However, the results relating to various health aspects did
reveal significant differences, such as food A’s protective effects, for example against obesity (as
evaluated using the cats’ body condition) (RR = 0.64 [0.43 – 0.95]), disease after neutering (RR = 0.63
[0.42 – 0.94]), gum recession (RR = 0.85 [0.74 – 0.97]) or urinary problems ( RR = 3.03 [1.2 – 07.7]).
Bias was discussed, mainly due to self-selection of owners who were willing to be involved in the
study, or a cluster effect due to the limited number of veterinary clinics. The design of a future study
would have to take these aspects into account.
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Detection of oestrogenically active substances (genistein and daidzein from soybean) in feedstuffs by an in vitro bioassay supported by HPLC analysis
Winter P., Nau H., Kamphues J.
Inst. of Animal Nutrition & Dept. of Food Toxicology, University of Veterinary Medicine, Hannover, Germany
Petra.Winter@tiho-hannover.de

Introduction: The main reason cited in the literature for hyperestrogenism in pigs is contamination of
feedstuffs by the mycotoxin zearalenone, but further oestrogenically active substances can also result
in hyperestrogenism. Therefore estrogenic activity of phytoestrogens in feedstuffs – especially of the
isoflavones genistein and daidzein in soy and soy products – are of particular interest. Aim of this
study was to improve established procedures (Kluczka, 2003) in order to design an in vitro bioassay as
a screening tool by which the total oestrogenic activity of feedstuffs can be determined. Results of
analysis by HPLC should support the measurement in the bioassay.
Materials and Methods: For enzymatic hydrolysis of phytoestrogens feed samples were incubated
overnight with an enzymatic mixture of β-glucosidase and glucuronidase at 37 °C. Extraction was performed using a liquid-liquid-extraction technique. The extract was reduced with methanol as keeper
and prior investigated by bioassay. In this bio-assay a human-embryonal-kidney cell line (HEK 293)
react to estrogenically active substances via expression of a reporter gene engineered into the cells.
The stably transfected cells contain either the human oestrogen receptor α (ERα) or β (ERβ). Physicochemical analysis was performed by HPLC method coupled with UV-detection.
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Results: In the bioassay oestrogenic potency is expressed as the ratio of the activity (x-fold induction)
of the unknown compounds relative to that of 17β-oestradiol, the major human oestrogen. Feed sample A and B (100mg each; A supplemented with soy concentrate) were extracted and the extracts were
incubated with ERα cells and ERβ cells.
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Fig. 1: Oestrogenic activity in ERα cells.
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Fig. 2: Oestrogenic activity in ERβ cells

Extraction of phytoestrogens from feedstuffs is usually not completely efficient. HPLC analysis shows
a 98 % recovery when biochanin A – a substance with similar chemical structure to genistein and
daidzein – as an internal standard was extracted without any matrix. The same extraction was carried
out with biochanin A plus a feed sample. The recovery ranged ~ 85 %, so the analysis demonstrates
the matrix effects of feedstuffs.
Conclusion: The in vitro bioassay can be used to screen for oestrogenically active substances like
genistein and daidzein in feedstuffs. Extracts of feedstuffs can be investigated prior by the bioassay to
identify compounds as having potential estrogenic activity like phytoestrogens. HPLC as a physicochemical method can then separate und quantify these estrogenic constituents present in the same extract.
References: Kluczka T. (2003): Investigations about occurrence of oestrogenically active compounds in water,
feed and stable dust with a reportergene-assay, Vet. Diss. Hannover.

The experiment was financed by OTKA-T049116
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The effect of fulvic and humic acid
on the synthesis of T3, T4 and TSH hormones in rats
Vucskits A.V.*, Hullár I., Szabó J.
Laboratory Animal Science, Faculty of Veterinary Science, Szent István University, Budapest, Hungary
dzehuti@hotmail.com

There is not a lot known about the effect of fulvic and humic acid on the thyroid gland. It has been
found that humic acid decreases the absorption of Iodine and it is iodine that is needed for the synthesis of T3 and T4 hormones. Therefore, it has been proven that the feeding of humic acid did not cause
hypothyroidism, however, it significantly increased the effect of a low level iodine concentration diet
on thyroid gland function in rats. The goal of our experiment was to determine how fulvic and humic
acid influences the synthesis of T3, T4 and TSH.
Material and Methods: The experiment was conducted on 72 Wistar CRL:(WI) BR, male, SPF rats
(body weight 70-72g). The experimental animals were put into 9 groups (a control group, 1, 2, 4 and
8g/kg of each fulvic and humic acid supplementations n = 8 respectively) following 4 days of familiarization. Each of the animals was kept in cages individually. During the experiment the rats were both
fed and given water ad libitum. The bodyweight and food consumption were measured on every second or third day. RIA was used to analyze the T3, T4 and TSH concentration in the blood plasma
samples of the rats.
Results:
T3
100 %
97 %
110 %
94 %
100 %
100 %
108 %
107 %
108 %

Control
Fulvic 0,1 %
Fulvic 0,2 %
Fulvic 0,4 %
Fulvic 0,8 %
Humic 0,1 %
Humic 0,2 %
Humic 0,4 %
Humic 0,8 %

T4
100 %
99 %
103 %
85 %
85 %
90 %
114 %
114 %
100 %

T4/T3
100 %
101 %
95 %
91 %
85 %
90 %
107 %
107 %
96 %

TSH
100 %
116 %
142 %
135 %
155 %
135 %
127 %
81 %
110 %

Fulvic acid TSH and T4/T3

Compared to the control (%)

165
155

R = 0,991

145
135

T4/T3

125

TSH

115

Polinom. (TSH)

105

Polinom. (T4/T3)

R = 0,966

95
85
75
0

0,2

0,4

0,6

0,8

1

Dose of Fulv ic acid (g/100g feed)

Conclusion: We have found a strong correlation between the dose of fulvic acid in the feed, the T4/T3
quotient of the blood plasma and the plasma TSH concentration. The experiment proves that fulvic
acid has a mild hypothyroid effect and that this effect strengthens as we increase the dose of fulvic
acid in the feed. Based on the data we can suggest that the T4/T3 quotient of the blood greatly influences the TSH production of the hypophysis. In the case of humic acid we could not observe any kind
of effect on the function of the thyroid gland.
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“Standing straw” as a potential mycotoxine source
for sows housed outdoor
Wolf P., Mischok D., Coenen M., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
petra.wolf@tiho-hannover.de

Objectives: Reduced fertility belongs to the most frequent problems in herds of sows (Pietrzak et al.
2003) that result in financial losses for owners (returns to oestrus, reduced litter size etc.). With clarification of those herd problems often mycotoxicosis is suspected, which is primarily supposed to be a
consequence of an increased intake of zearalenone. For diagnosis several substrates are used (blood,
bile, feedstuffs, stillbirths etc.). However, the diagnostic value of these materials for investigation is at
least partly discussed controversly.
Case reports: In different herds of sows (30/50/120 animals) inappetence, frequent returns to oestrus
and unsatisfactory litter size were observed. The common keeping conditions in all farms were an outdoor housing of the non-lactating sows.
Nutritional history: In all farms commercial mixed diets for pregnant sows (main ingredients: wheat,
barley, soybean meal, dried beet pulp) were offered. Water supply was ensured by tip water. The complete diets were characterized macroscopically as being of a satisfactory quality. Microbiological investigations (aerobe bacteria, moulds, yeasts, lipopoly-saccharides) showed no unusuals. A contamination with mycotoxines (zearalenone, desoxynivalenol (DON)) could not be detected. However in all
farms the sows got straw as roughage source. On one farm the non-lactating sows were kept outdoor
on a wheat field that was not harvested due to an extreme bad weather with heavy rainfalls around
harvesting time. All straws were investigated by sensory test as well as analysed for microorganisms
or mycotoxines.
Results: Sensory and microbiological findings, and mycotoxine levels in the straw
Sensory test:
Dry matter content
Aerobe bacteria (cfu/g):
Moulds (cfu/g):
Yeasts (cfu/g):
Zearalenone (μg/kg):
Deoxynivalenol (μg/kg):

dark yellow material, partly light grey and reddish change of
colour, flat smell, dry in the grip, under the magnifying glass:
diffuse areas of grey colour
845 - 880 g/kg fresh weight
1 x 105 until 1.5 x 107
main bacteria: coryneforme bacteria, Pantoea agglomerans
0.5 until 1x 103, mains: Alternaria sp., Fusarium sp.
< 103
270 / 668 / 412
4572 / 2108 / 1457

Assessment: Some of the straw samples had an insufficient dry matter content. The present contents
of moulds and yeasts were not to criticize – however, an exhaustion of substrates was probably existing. On the other hand severe contaminations with zearalenone and DON could be observed, which
were above tolerance limits (zearalenone: 250 μg/kg; DON: 1000 μg/kg; German Soc. of Mycotoxin
Research).
Conclusion: These data showed, that in cases of fertility problems in sow herds, one should not only
give special attention to feedstuffs in the troughs, but also to bedding material or components of the
environment. Furthermore it is shown, that the often claimed outdoor housing probably has many advantages (unlimited moving activity), but also disadvantages (contact to dangerous plants, ingestion of
substances out of the diet) regarding the health care of sows.

Proceedings of the 10th ESVCN Congress - 2006

115

Deoxynivalenol transport across the chicken intestinal epithelial cells and
its effects on SGLT-1 transport activity in chicken jejunum
Awad W., Aschenbach J., Razzazi-Fazeli E., Böhm J., Zentek J.
Inst/ of Anim. Nutr., Univ. of Vet. Med., Vienna, Austria & Inst. for Vet. Physiol., Univ. of Leipzig, Germany
wageha.awad@vu-wien.ac.at

Toxic effects of DON in different animal species have been well documented and focus mainly on the
immune system and the gastrointestinal tract (GIT). The injury to the GIT involves thickening of the
mucosa of the stomach and changes in villi morphology in the small intestine. It seems likely that the
morphological changes in the intestine and the decreased feed conversion are linked to an impaired
absorption of nutrients. We found in the previous studies a decreased Isc after addition of D-glucose
when artificially-contaminated diets, containing 10 mg DON.kg-1, were fed to broilers for 42 d. This
can be taken as an indirect indication that DON interferes with SGLT-1 activity in the chicken intestine. However, direct evidence for this suggestion is lacking so far. Therefore, the aim of the first experiment was to verify an effect of DON on small intestinal glucose absorption by direct evaluation of
the effect of DON on intestinal glucose uptake in chickens, using an Ussing chamber approach and the
second aim of the study was to evaluate the absorption of DON itself in our in vitro system.
Materials and Methods: Lohmann Brown laying hens, 18-22 wk old, 1-1.5 kg BW, were used. The
birds were slaughtered by stunning and bleeding. The segments were immediately taken from the midjejunum. The intestine was rinsed with ice-cold buffer and transported in ice-cold oxygenated incubation buffer to the laboratory. The underlying serosal layers were stripped off and the epithelial sheets
will be mounted in modified Ussing chambers. Isolated epithelia were incubated in D-glucose free
buffer mucosally and glucose containing buffer serosally in Ussing chamber for at least 30 min.
Thereafter, 200 µmol.L-1 [14C] glucose were added to the mucosal side. After 1 min incubation with
glucose, epithelia were washed 3 times with ice-cold glucose-free buffer solution. After tissues lysis
by ice-cold NaOH for 3 min. [14C] glucose was measured by scintillation counting. In the second DON
was introduced to the mucosal side at a final concentration of 1, 5 or 10 mg/L, and 2 mL of the buffer
was withdrawn from the serosal side and replaced by fresh buffer solution every 30 min. The samples
were analyzed for their DON content by HPLC. Unidirectional DON fluxes from the mucosal to the
serosal side were determined. Data were compared by Friedman repeated measures analysis of variance on ranks. Student-Newman-Keuls method was used for the comparison for different treatments.
Results: Glucose uptake was 3.28 ± 0.53 nmol.cm-2 in the control group. Phlorizin-sensitive glucose
uptake was 1.21 ± 0.19 nmol.cm-2. DON decreased (P < 0.05) the glucose uptake (1.81 ± 0.24
nmol.cm-2) in a similar way to phlorizin. The addition of DON and phlorizin decreased glucose uptake
(0.97 ± 0.17 nmol.cm-2, P < 0.05) compared with control and DON groups. In one set of DON transport experiments, DON was added on the mucosal side and its flux was determined in mucosal-toserosal direction over consecutive 30-min flux periods. Flux rate of DON increased from the first (0 30 min) to the second flux period (30 - 60 min) and stayed relatively constant thereafter (30 - 90 min).
The mean flux rate of DON in the different flux periods were 181 ± 26 (0 - 30 min), 483 ± 52 (30 - 60
min), 613 ± 111 (60 - 90 min), and 661 ± 91 ng.cm-2.h-1 (90 - 120 min).
Conclusion: Our studies showed that DON (10 mg.L-1) has a specific inhibitory effect on glucose absorption mediated by SGLT-1. In the longer term, these inhibitory effects of DON on SGLT-1 would
be complemented by a decrease of intestinal absorptive area. As we previously reported that DON altered small intestinal morphology especially in the duodenum and the jejunum, as evidenced by
shorter and thinner villi. The decrease in villus height is highly indicative that these mycotoxins are
altering digestive and absorptive function. Also, we found that DON is transported across the chicken
intestinal epithelium by using the established Ussing chamber technique. The permeation of DON
from the mucosal to the serosal side was proportional to the initial concentration. Absorption kinetics
is thus compatible with predominantly passive transfer of DON. At least in part, this passive permeation could be via the paracellular route, although some transcellular permeation may not be ruled out.
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Effect of rancid feed on rat’s performance,
protein utilization and pathological findings
Fekete S.G., Fodor K., Andrasofszky E., Glavits R.
Szent István University, Faculty of Veterinary Science & National Veterinary Institute, Budapest,
Hungary
Fekete.Sandor@aotk.szie.hu

Goal of the present trial was to investigate the effect of feeds of dietary rancidity levels on health
status, general performance, protein utilization and pathological changes.
From 42 CR:(W1) BR weaned male rats (LW: 69.3 ± 1.0 g) seven experimental groups were formed
using normal (N: peroxide# 7, acid# 10), high in peroxides (PO: peroxide# 256, acid# 17) and high in
organic acids (OA: peroxide# 2, acid#33, i.e. late phase of rancidity) meat-and-bone meal (MBM),
with and without a complex, synthetic antioxidant (AO), consisted of etoxyquine, propyl-gallate, citric
acid, natural polyphenol, calcium carbonate and silicium dioxide.
During the 26/day-long trial (5 days for adjustment and 21 d for main period) the live weight gain and
feed consumption have been recorded, the parameter, protein efficiency ratio (PER) of protein utilization have been measured and calculated. Except the protein-free diet, all semisynthetic feed mixtures
of the main experimental period were isoproteic (10 %) and isolipidic (6 %). The inclusion levels of
MBMs were 19-22 %. At the end of the trial detailed necropsy and histopathological evaluations were
performed.
Feeding of high peroxide feed mixtures significantly (P < 0.05) decreased live weight gain and feed
conversion efficacy (FCE), while the high organic acid concentration had only slight negative effects
(Table). The extremely high FCE of PO and OA groups suggests that there is other than the feed intake decreasing effect in the background of harmful influences of rancid feeds. Antioxidant supplementation improved 98feed intake and alleviated the harmful effects. There was a more expressed
change at the high PO group. This protective feature cannot be found when adding AO to feeds of
high OA content.
Group 1: Protein-free diet
Group 2: Normal
Group 3: PO
Group 4: OA
Group 5 : N+AO
Group 6: PO+AO
Group 7: OA+AO

LW, g
61.6a
107.4b
77.6c
88.5c
115.1b
91.2c
87.0c

ΔLW, %
-7.6
155
112
127
166
131
126

FI, %
51.2
100.00
69.75
83.95
108.02
90.74
88.89

FCE
5.4
17.1
8.9
4.8
8.5
10.2

PER
1.63
0.55
1.39
1.77
1.27
1.18

According to the histopathology, giving of rancid feed mixtures caused disappearance of glycogen
from the hepatocytes of liver, accompanied by a slight centrolobular fatty infiltration. The addition of
antioxidant failed to prevent these histological signs. Peroxydes showed immunosuppressive character
like lymphocyte depletion in spleen, decreasing measure of Malpighi bodies and decreased number of
lymphoblasts and altered spermiogenesis. Antioxidant mixture`s protective effect seemed to be negligible in this respect. The later findings may have human health concerns, too.
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Acute aflatoxicosis in dogs of Rio de Janeiro, Brasil
Campos S.G., Pimenta A.L.P., Almeida T. M., Lucena F.P.,
Bacelar A., Cavaglieri L., Dacero A., Rosa C.A.R.
Dept. of microbiology and veterinary immunology, Veterinary institute – Federal rural university of Rio de
Janeiro, Brazil & Jorge Vaitsman veterinary medicine municipal institute, Rio de Janeiro Brazil & Dept. of
microbiology, National university of Rio Cuarto, Córdoba, Argentine
shalako@ufrrj.br

The aflatoxins (B1, B2, G1, G2), bis-furanocumarins produced by species of the Aspergillus genera (A.
flavus, A. parasiticus, A. nomius), are worldwide contaminants of raw materials and feedstuffs. These
micotoxins are hepatotoxic for many animal species and also for cans1, being considered as carcinogens type 1. Little information has been published on the acute natural aflatoxins poisoning in dogs.
The affected animals present morbidity and raised mortality, jaundice, anorexia, depression, hemorrhage and polidipssia1,2,3,4,5. The anatomo-histopathologic description for aflatoxicosis includes gastrointestinal generalized jaundice, hepatic fat degeneration, hemorrhages, necrosis or regeneration; bilifers ducts proliferation; bile accumulation in the internal canaliculs; fibroplasia, necrosis or segmentary
atrophy of the intra-hepatic biliary ducts. The objective of the present work was to identify and to
quantify the mycotoxins able to produce poisoning.
Dogs (400) from different veterinarian clinics of the Rio de Janeiro State, Brazil, reported clinical
symptoms of aflatoxicosis. All of them were fed with the same commercial feed. One hundred and
seventeen samples (117) of rations were analyzed for mycotoxins by high pressure liquid chromatography7. Serological studies for leptospirosis, erlichiosis and babesiosis were carried out. Twenty eight
animals were autopsed and the organ samples were kept freezed and in formol (10 %). Fragments of
the collected organs were stained to make the histopathologic examinations.
The serologic study for leptospirosis, erlichiosis and babesiosis was negative. There was an evolution
from acute to subacute, with high morbidity and mortality. The autopsy of 28 dogs showed generalized jaundice, petequias, hydrothorax and ascites, stomach and thin intestine with edematic and hemorrhagic mucosa, liver with rough surface, hemorrhagic areas and biliary vesicle wall edema. The
histopathology showed degenerative and colestatic acute hepatitis. Mainly, center-lobular distribution
of microvesicular esteatosis, biliary ducts proliferation, intracellular and canalicular bilestasis. These
results agreed with others found by different researchers6. Samples (67.5 %) showed levels of aflatoxins B1 and B2 that ranged between 12.2 ng g-1 to 321 ng g-1. The detected AFB1 levels were similar
than those by Liggett et al. and Ketterer et al.4. All samples came from the same commercial mark.
The dogs died for aflatoxicosis (sub-acute to acute). Aflatoxigenic Aspergillus flavus were isolated
from raw materials intended for the feed manufacture whereas final feed did not show an important
fingal contamination.
Although the feed processing reduces the fungal growth, the aflatoxins were present in the raw material. For its sanitary quality, the identification of the contaminant mycoflora and mycotoxins in feed
supplies should be investigated.
References:1. Liggett A.D., Colvin B.M., Beaver R.W., Wilson D.M., 1986. Vet Hum Toxicol 28(5):428-.2.
Chaffee V.W., Edds G.T., Himes J.A., Neal F.C., 1969. Am J Vet Res 30(10):1737-49. 3. Greene C.E., Barsanti
J.A., Jones B.D., 19 Cornell Vet 67(1):29-49. 4. Ketterer P.J., Williams E.S., Blaney B.J., Connole M.D., 1975.
Aust Vet J 51(7):355-7. 5. Lucena R., Mozos E., Bautista M.J., Ginel P.J., Perez J., J Small Anim Pract
42(5):239-42. 6. Bastianello S.S., Nesbit J.W., Williams M.C., Lange A.L., 1987 Onderstepoort J Vet Res
54(4):635-40.
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Effect of gamma radiation on morphology
and toxigenic capacity of Aspergillus strains
Ribeiro J.M.M., Fraga M.E., Magnoli C.,
Fernández Juri M.G., Dalcero A., Rosa C.A.R.
Dept. of microbiology and immunology, Faculty of exact, physical and natural sciences, National university of
Río Cuarto, Córdoba ,Argentine & Dept. of microbiology and veterinary immunology, Veterinary institute –
Federal rural university of Rio de Janeiro, Brazil
shalako@ufrrj.br

The ability of ionizing radiation to kill microorganisms has been investigated since the late 19th century. The industrial application of ionizing energy for preservation of foods for man and animals has
been reviewed by several workers. The mycotoxin contamination in grain is difficult to predict because it depends on complex interactions of factors such as temperature, moisture, endogenous fungal
species and storage history and time. The enhancement of production of mycotoxins resulting from
gamma irradiation has been raised. The aims of this work were evaluate the effect of various doses of
gamma irradiation on the growth characteristics and the mycotoxins production by A. parasiticus, A.
ochraceus and A. niger on Czapek yeast extract agar.
The strains used were: A. niger 0437, A. nigeri Pc 0437, A. ochraceus NRRL 3174, A. parasiticus
0335, A. parasiticus 0336, A. parasiticus S 0336. Erlenmeyer flasks (500 ml) containing 150 g sterile
corn (aW 0.90) were inoculated with 106 spores ml-1 of each fungal strain and incubated during 3 days
at 28°C. Then, they were irradiated with 0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 kGy in air with a
137
Cs irradiation unit (Centro do Exército – CTEx. Guaratiba, Río de Janeiro, Brasil). Macroscopic and
microscopic aspects of Aspergillus strains after irradiation were evaluated in extract malt agar (MEA),
Czapek yeast extract agar (CYA) incubated at 28 and 37ºC during 7 days, following the keys proposed
by Klich (2002). Their ability to produce aflatoxins was evaluated in extract malt agar according to the
methodology proposed Geisen (1996), the extraction of toxins was made with chloroform and detection by TLC and confirmed by HPLC method.
There were many changes in the morphological characteristics between control and irradiated strains
and such as: color, texture and reverse of colonies, pigment production, color, size and aspect of conidia. The strain A. parasiticus 0336 control produced 8.5 μg/g of mycelium, these strains and A.
parasiticus S 0336 irradiated with 2.5 kGy produced higher levels of toxin, 23 and 17μg/g, respectively.
These results suggest that the irradiation methodology used to diminish or eliminate the microbial infection on foods and feeds could modify the genetic characteristics of toxigenics fungi and could increase the mycotoxins production.
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Surveillance of micoflora from raw materials
used to pet food manufacture
Campos S.G., Cavaglieri L., Dacero A., Rosa, C.A.R.
Dept. of microbiology and veterinary immunology, Veterinary institute – Federal rural university of Rio de Janeiro, Brazil & Dept. of microbiology, National university of Rio Cuarto, Córdoba, Argentine
shalako@ufrrj.br

The animal feed industry is an integral and growing segment of the food supply chain. It supplies the
feed ingredients needed to provide essential proteins and energy. Animals consume one third of the
global cereal grain supply. Mineral feed phosphates, animal-by-products, vitamins and other micronutrients are mixed with home-grown grains and other feedstuffs to make complete or compound feed.
Fungi capable of producing mycotoxins, such as some Fusarium and Aspergillus species, are widespread contaminants of agricultural commodities and feeds. When cereal grains and animal feed are
colonized by fungi, there is a significant risk of contamination with mycotoxins. The aim of the present study was to determine the natural fungal biota of raw materials used in pet food manufacturing.
A total of 30 samples of raw materials (5 for corn, 5 for ground corn, 5 for sorghum flour, 5 for corn
gluten plus corn 21 %, 5 for chicken by-product meal, 5 for bone and meat flour) were collected
monthly during ten months from a factory located in the Rio de Janeiro State, Brazil. Isolation of
moulds was carried out by the spread surface method. The cultures media used were dichloran-rosebengal-chloranphenicol agar (DRBC), dichloran-chloranphenicol 18 % glycerol agar (DG18) and
Nash-Snyder medium (NS). The average number of colonies on the triplicates plates was recorded and
the number of mould refers to CFU per gram of sample. Each strain isolated was identified to genera
level (Pitt and Hocking, 1997). Aspergillus and Fusarium species were identified according to Klich
(2002) and Nelson (1983), respectively.
Mycological examination indicated the presence of six genera of filamentous fungi. The most frequent
moulds were Aspergillus spp. and Fusarium spp. The most prevalent species was A. flavus in cornbased raw materials and corn, whereas A. sydowii, A. fumigatus and A. versicolor in sorghum flour,
Chicken by-product meal and bone-meat flour, respectively. In general, all samples showed moderate
levels of contamination in DRBC and DG18 whereas levels over 1 x 104 CFU g-1 were found in sorghum flour in DG18.
These results show that the presence of toxigenic fungi indicates a potential risk of animal health.
Therefore, future studies could be conducted to evaluate the mycotoxins contamination in raw materials and finished pet food.
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Micoflora and aflatoxigenic strains
in commercial pet food in Argentina
Fernández- Juri M.G., Astoreca A., Barberis C., Asili R.,
Rosa C.A.R., Dalcero A., Magnoli C.
Dept. of Microbiology and Immunology, Faculty of Exact, Physical and Natural Sciences, National University of
Río Cuarto, Córdoba, Argentine & Dept. of Microbiology and Veterinary Immunology, Veterinary Institute,
Federal Rural University of Rio de Janeiro, Brazil
cmagnoli@exa.unrc.edu.ar

Information about fungi associated with foods and feeds is important in assessing risk of mycotoxin
contamination. Dog and cat food are prepared with vegetables and/or meat, cereal grains, vitamins and
minerals. The filamentous moulds most commonly found in stored cereal grains are Aspergillus, Penicillium and Fusarium species. They are ubiquitous, can cause food spoilage and biodeterioration, and
are capable of producing many mycotoxins. The aims of this work were to give information about the
fungal contamination in dry pet foods and evaluate the toxigenic capacity by strains of Aspergillus
section Flavi.
A total of twenty five samples of dry pet foods were collected from a market located in the south of
Córdoba province, Argentina. Isolation of moulds was carried out by the spread surface method. The
cultures media used were dichloran-rose-bengal-chloranphenicol agar (DRBC) and dichloranchloranphenicol 18 % glycerol agar (DG18). The average number of colonies on the triplicates plates
was recorded and the number of mould refers to CFU per gram of sample. Each strain isolated was
identified to genera level (Pitt and Hocking, 1997). Aspergillus species were identified according to
Klich (2002). The strains of Aspergillus flavus and A. parasiticus were evaluated for their ability to
produce aflatoxins in extract malt agar according to Geisen (1996), the extraction of toxins was made
with chloroform and detection by TLC and confirmed by HPLC method. Mycological examination of
the samples indicated the presence of seven genera of filamentous fungi.
The most frequent mould was Aspergillus sp., followed by Eurotium sp., Cladosporium sp., Absidia
sp., Rhizopus sp. and Alternaria sp. in others. Aspergillus flavus and Aspergillus section Nigri contaminated a high percentage of samples. The samples showed moderate levels of contamination (10-2
to 10-3 CFU.g-1). A high percentage of A. flavus strains was aflatoxin- producing. The levels of AFB1
produced by these strains ranged from 2 to 66.25 µg.g-1.
The data presented in this study confirm the toxigenic fungi contamination could represent an hazard
for cats and dogs. Careful control of raw material and environmental conditions in dry pet food elaboration are recommended in order to preserve the toxigenic fungi growth and mycotoxins production.
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Fractionation of trace metal ions
in the presence of phytate by ultrafiltration
Van paemel M., Hesta M., Kalmar I., Janssens G.P.J.
Laboratory of Animal Nutrition,Ghent University, Belgium
marleen.vanpaemel@ugent.be

Introduction: Phytate, myo-inositol 1,2,3,4,5,6-hexakisphosphate (IP6), is a strong organic chelator
known to reduce mineral bioavailabilty in feed. There is a consensus that this negative effect can be
attributed to the low solubility of phytates in the small intestine. The aim of this work was to investigate in vitro the impact of phytate on the solubility of Cu2+, Zn2+ and Mn2+ in the digestive tract of
weaner pigs and to evaluate ultrafiltration (UF) as a technique for measuring phytate solubility. A size
fractionation study was performed on a mixed mineral solution containing Cu2+, Zn2+, Mn2+ together
with Ca2+, Mg2+ and IP6. All components were present in the same molar ratio as they could occur in a
weaner pig diet.
Materials and Methods: A mixed mineral solution was prepared containing 29.13 ppm Cu2+, 25.00
ppm Zn2+, 25.18 ppm Mn2+, 1465 ppm Ca2+, 371 ppm Mg2+ and 2270 ppm IP6. An UF system with 4
stirred cells (Amicon, Model 8200, Millipore) was used in the concentration operation mode. The cells
were mounted with 1 kDa molecular weight cut off (MWCO) UF-membranes (YM1, Amicon, Millipore). Each cell was filled with 100 mL of the mixed mineral solution and the pH was set using HCl
(1M) or KOH (1M). The cells were pressurized until 30 mL filtrate was obtained. The concentrations
of Cu2+, Mn2+ and Zn2+ were determined in the mixed mineral solution and in the filtrates. The soluble
fraction was calculated as the ratio of both concentration measurements.
Results and Discussion: The results of the experiment are shown in Table 1.
Table 1: Soluble fractions (n = 4) measured after UF with 1 kDa membrane filter.

pH 2
pH 3
pH 4
pH 5
pH 6
pH 7

Cu2+
82.69 ± 1.79
70.09 ± 2.01
25.00 ± 0.20
<5%
<5%
<5%

Soluble fraction (mean ± sd) ( %)
Zn2+
82.14 ± 1.23
75.54 ± 0.88
13.50 ± 0.74
<5%
<5%
<5%

Mn2+
80.06 ± 1.03
72.85 ± 0.63
48.72 ± 0.93
14.04 ± 0.31
6.68 ± 0.77
<5%

The measurements show a steep decrease in solubility with an increasing pH which is in accordance
with Xu et al. (1992). Cu2+ and Zn2+ have a higher affinity for IP6 then Mn2+ (Wise, 1983) which is
reflected in their lower solubility from pH 4 on. The results also indicate that if phytate was the only
component in the feed matrix influencing solubility, then the trace metal ions would be almost completely insoluble in the small intestine. Ultrafiltration will further be compared with centrifugation.
References: Wise A. (1983). Nutrition Abstracts and Reviews, 53, 791-806. Xu P.; Price J.; Wise A.; Aggett
P.J. (1992). Journal of Inorganic Biochemistry, 47, 119-130.

122

Proceedings of the 10th ESVCN Congress - 2006

Horse nutrition

Effect of human-animal relationship between horses
and young woman on feeding, husbandry and grooming of horses
Bergler R., Hoff T., Kienzle E.
Institute of Physiology and Animal Nutrition, Ludwig-Maximilians University, Münich, Germany
kienzle@tiph.vetmed.uni-muenchen.de

A standardized questionnaire on human-animal relationship (advantages and draw backs of horse
ownership and riding), feeding, husbandry and grooming of the horse was developed in a pilot study
(20 interviews). Hundred non-professional riding female horse owners (15-29 years) who rode mainly
dressage (no or lower level competition) and/or pleasure (no show jumpers, no three-day eventers, no
race horses) were interviewed. A cluster analysis was carried out, to identify different types of relationship, differences between types were compared by criteria of practical significance.
Cluster analysis identified two types of human-animal-relationships. Type I perceives advantages of
horse ownership intensively, riding is a central part of their life. Riders of this type enjoy strongly
many aspects of horse ownership, and the horse contributes considerably to their personal happiness.
Solving problems and improving their horsemanship are important points which are counted among
the advantages of horse ownership. Riding is enjoyed best, when there is a feeling of harmony with the
horse. Type II perceives horse ownership and riding as something supposed to be fun among other important things in their life. The relationship to the horse is not as close as in type I and they enjoy
horse-ownership and riding to a lesser extent. Interest in improving their horsemenship is rather moderate. Type I riders spent much more time with the horse for grooming, exercising and riding
(sig.=0.01; CC=0.25). They tend to be more careful about their horse in every way. For instance, they
employ a farrior more regularly and in shorter intervals (mean 7.2 versus 8.0 weeks; sig.= 0.01; eta2=
0.04). Type I riders are more interested in information on many aspects of horsemenship including
grooming and feeding (sig.=0.00; CC=0.40).
Horses of type I riders are fed significantly more often concentrates than horses of type II riders. All
horses are given roughage, but horses of type I riders are given significantly more often hay and straw
and horses of type II riders more often silage (significance sig.=0.00-0.04 and CC=0.24-0.34). Type I
riders prefer to stable their horses in single stalls (70.7 % versus 48.0 %; sig.= 0.04; CC= 0.20), and
they use more often boxes without a paddock (54.7 % versus 32.0 %; sig.= 0.05; CC= 0.19). Outdoor
and group housing is used less often (25.3 % versus 48.0 %; sig.= 0.03; CC= 0.21).
These findings are interpreted as follows: Group housing and feeding mostly roughage are often chosen to accommodate the riders’ needs such as not being obliged to spent time grooming and exercising
the horse everyday or to improve their horsemanship but not because the riders care more about there
horses’ welfare.
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Metabolic effects of short-term over
and underfeeding in healthy ponies
Van Weyenberg S., Hesta M. , Buyse J., Papadopoulos G.A., Janssens G.P.J.
Laboratory of Animal Nutrition, Ghent University, Merelbeke, Belgium & Laboratory of Physiology and Immunology of Domestic Animals, Catholic University of Leuven, Belgium
stephanie.vanweyenberg@UGent.be
Objectives: Obesity in equines is associated with high plasma leptin concentrations, suggesting that
leptin concentrations can be used to predict body fat mass3. However, humans5 and horses1 with the
same body condition score (BCS) could have different leptin concentrations, so other factors in addition to adipose mass modulate leptin secretion.
Aim: To determine whether fasted plasma leptin concentrations are affected by short-term over- and
underfeeding in ponies with the same BCS and whether this difference in energy balance should be
taken into account when leptin is used as predictor for fat mass.
Materials and Methods: Nine healthy Shetland ponies with an initial body weight (BW, 143 ± 27 kg)
with an initial BCS2 of 4 or 5 were fed twice a day (09.00 and 18.00). After 3 weeks of adaptation,
feed intake was increased to 140 % of their maintenance requirements, corresponding with 3.08±0.42
kg) feed a day. After 13 days feed intake was restricted to 1.7±0.23 kg) or 75 % of their initial maintenance requirements. Body weight and BCS was recorded every 3 days. Daily blood samples were
taken before morning feeding for triglycerides (TG), lactate, non-esterified fatty acid (NEFA), creatine
phosphokinase (CPK), lactate dehydrogenase (LDH), T3, T4 and leptin analysis. An oral glucose tolerance test (OGTT) was performed at day 7 of each period. After overnight fasting, 1g glucose/ kg
ideal weight of a 20 % glucose solution was offered by stomach tube. Serial blood samples were taken
at 0, 15, 30, 45, 60, 90, 120, 180, 240, 300 min after the glucose load for glucose and insulin analyses.
Results and Discussion: During the experiment body weight and BCS were not significantly changed.
Underfeeding results in fatty acids mobilisation with increased fasted plasma NEFA (P < 0.001) concentrations. No changes due to treatments were seen on plasma TG (P = 0.243). The ponies responded
to underfeeding by lower CPK (P < 0.001) concentrations, possibly reflecting their reduced metabolism. In contrast LHD (P = 0.313), T3 (P = 0.607) and T4 (P = 0.318) were not significantly affected
by
energy balance, possibly due to the short period or modest change in energy intake. As previously seen
in humans4, leptin concentrations increased (P < 0.001) during overfeeding. Although overfeeding was
continued for 13 days, fasted leptin returned to the initial values after 7 days.
Placing the catheters before the OGTT was stressful, resulting in elevated cortisol concentrations (P <
0.05). Yet cortisol concentrations were even higher during the 2nd OGGT (P = 0.009), when ponies
were in a negative energy balance (underfeeding).
During the OGTT, underfeeding was associated with a higher peak glucose (P < 0.001), a higher AUC
for glucose (P = 0.02) and a trend for a higher AUC for insulin (P = 0.05). Consequently the higher
glucose response during a negative energy balance was not the result of a decreased insulin secretion,
but of a decreased glucose tolerance (AUC glucose/AUC insulin; P = 0.008). Physiological stress,
with higher cortisol concentrations could explain this higher response6. Further research must clarify
whether underfeeding or repeated blood sampling is responsible for this extra stress.
Conclusion: It can be concluded that differences in nutritional intake and energy balance, without
changed BW, can influence fasted leptin concentrations in ponies.
References: 1. Gentry, L.R. et al. (2002). Theriogenology 58: 563. 2. Henneke, D. R. (1983). Equine Vet. J.
15, 371. 3. Kearns et al. Vet. J., In press. 4. Kolaczynski J.W. et al. (1996).Diabetes 45, 1511. 5. Maffei, M. et
al. (1995). Nat. Med. 1, 1155-116. 6. Ralston S.L. (2002). Vet.Clin.N.Amer-Eq. Pract.
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Suitability of equine caecum content
as inoculum in a modified ‘rumen simulation technique’
Zeyner A., Dill B., Engelmann W., Markuske K. D.
Chair of Nutrient Physiology and Animal Feeding, University of Rostock, Germany
annette.zeyner@uni-rostock.de

The health of horses is highly dependent from a regular fermentation in the terminal gut, especially in
the caecum. This is impressive highlighted in case of feed-induced laminitis. The investigation of hind
gut fermentation is therefore of particular interest, but in vivo highly complicated. Batch culture systems with equine faeces or gut contents are well established, but do not allow to study long-lasting
processes or to influence fermentation characteristics in an active way. However, a precondition for
that is to establish a semi-continuous fermentation (SCF) system that guarantees repeatable fermentation patterns and maintained microbiota over longer period of time. This study was conducted to prove
the suitability of equine caecum content as inoculum in a modified ‘Rumen Simulation Technique’,
further called ‘Caecum Incubation Technique’ (Caesitec). An altered ‘Hohenheim Gas Test’ (HGT)
was additionally thought to act as control system whether the fermentative activity of the inoculum
will be changed by SCF.
Methods: Immediately after an adult healthy horse had been slaughtered, caecum content was obtained as anaerobically as possible and the liquid phase and solid material (30 g as inoculum) were
prepared to use them in the Caesitec system. Semi-continuous incubation at 39° C occurred with a
mixed substrate consisting of meadow hay (H, particle size: 350 - 1000 µm) and pre-gelatinized maize
(M) in a 3:1 ratio, over a period of 11 days. To reach and ensure environmental steady state conditions, a modified McDougall-buffer (pH 7.0) was permanently added. One fermenter flask served as
control receiving not any substrate. Daily, prior to the ‘feeding’ of the fermenter flasks, pH value and
redox potential of the liquid phase were measured. To compare the fermentative activity of the microbes prior to and after semi-continuous fermentation, the fresh caecum content (CC) and 11 days
later always incubated material from the Caesitec bags which contained microbes from the incubation
(MI) were used as inocula in the HGT with the H+M (3:1) substrate. The net gas production (NGP)
per 100 mg of substrate was measured 0, 3, 6, 9, 19, 21, and 26 (CC) and 0, 3, 6, 9, 21, 25, and 27
(MI) hours, respectively, after the incubation had been started.
Results: Within the Caesitec system, the redox potential and the pH value reached a stable plateau at
day 2 of incubation with an average (day 2 to 11) that amounted to –245 mV and 7.37 in the control
flask and –280 mV and 6.82 in the ‘fed’ flask’s, respectively. HGT revealed that the NGP after incubation of substrate plus CC (14.9 ml/100 mg) and MI from the ‘fed’ Caesitec flask’s (mean: 13.6
ml/100 mg) were higher than the respective NGP from CC alone (7.0 ml) or from MI derived from the
control flask + substrate (3.0 ml/100 mg). The dynamic patterns of NGP were similar when fresh CC
and MI from ‘fed’ Caesitec flask’s were incubated with substrates in the modified HGT.
Conclusions: From the results it can be speculated that anaerobe and appropriately buffered steady
state conditions can be obtained always 24 hours after the semi-continuous incubation of a mixed substrate with fresh equine caecum content has been started and maintained by use of a modified McDougall buffer over at least 11 days. Fermentation patterns of an altered ‘Hohenheim Gas Test’ reveal that
fresh caecum content and previously in the Caesitec incubated material induce comparable fermentation characteristics, indicating maintained microbiota during the Caesitec run.
References: (1) Zeyner, A (2002): Göttingen: Univ., Habilitation thesis, 154, 59-66.
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Linseed oil, a supplement in horses diet.
1. Effects on digestibility
Delobel A., Schoonheere N., Hornick J.L., Istasse L.
Nutrition Unit, Department of Animal Production, Faculty of Veterinary Medicine, Liege University, Belgium
listasse@ulg.ac.be.

Introduction: Horses diets are made of hay or straw associated with concentrates. In heavily exercised horses the amount of offered cereals is high to meet the energy requirements. There are associated disturbances such as gastrointestinal disorders or laminitis. Fat has been suggested as a compound
to provide energy. The aim of the present work was to propose linseed oil as an alternative for fat supplementation in horses rations.
Materials and Methods: Four adult horses were fed either a control diet or a diet in which linseed oil
was incorporated. The diet was made of 50 % grass hay and 50 % concentrate. The control concentrate
included 47.5 % whole spelt, 47.5 % steam treated barley, 3 % molasses, 1.2 % chalk and 0.8 % salt.
In the linseed oil concentrate, 8 % barley was substituted by 8 % linseed oil. The dry matter intake was
set to cover 100 % of the maintenance energy requirements. During the last 6 days of each period faecal samples were collected on four occasions each day. Apparent digestibility was measured using
acid-insoluble ash as internal marker.
Results: The four horses remained healthy during the 6 months period. They were offered daily an average of 0.6kg/100kg body weight hay and 0.6kg/100kg body weight concentrate. There were no evident refusals during the trial. The fat content in the linseed oil concentrate was 9.6 % DM while it was
2 % DM in the control concentrate. The inclusion of linseed oil in the concentrate resulted in reductions in the content of protein (10.1 vs 10.8 % DM), NDF (28.3 vs 30.2 % DM) and ADF (11.5 vs 12.1
% DM). The fat content in the diet – hay and concentrate- was 1.6 and 5.4 % DM in the control and
the linseed oil diets respectively.The apparent digestibility coefficients of the diets are given in table 1.
In the control diet, the DM digestibility was 64.1 %. The digestibility of fat was 57.3 %; it was 46.7
for ADF and 50.7 % for NDF. The present values are in line with those reported in horses with 50 %
concentrate 50 % hay diets. The inclusion of linseed oil at an incorporation rate of 8 % in the concentrate increased the digestibility of DM (66.5 vs 64.1 %; P < 0.018) and of OM (70.2 vs 67.3 %, P <
0.056). The most interesting effect was the significant increase in EE digestibility (83.7 vs 57.3, P <
0.001). Finally, the inclusion of linseed oil increased the digestibility of NDF (53.0 vs 50.7 %, P <
0.013).
Table 1: Apparent digestibility coefficients of the diets ( %).
Control diet
DM
OM
CP
EE
ADF
NDF

64.1
67.3
76.9
57.3
46.7
50.7

Diet with linseed oil
66.5
70.2
79.1
83.7
50.1
53.0

SEM

P<F

1.40
1.42
1.13
0.99
2.60
2.66

0.018
0.056
0.300
0.001
0.230
0.013

Conclusion: The inclusion of linseed oil provided a compound feedstuff of interest which is well
eaten and which is characterized by improved digestibility coefficients.
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Linseed oil, a supplement in horses diet.
2. Effects on plasma metabolites and insulin
Delobel A., Schoonheere N., Hornick J.L., Istasse L.
Nutrition Unit. Department of Animal Production, Faculty of Veterinary Medicine, Liege University, Belgium
listasse@ulg.ac.be

Introduction: Cereals are incorporated at large inclusion rates in rations of exercised horses. Cereals
are high in starch. The use of oil in horses diets is an alternative to reduce cereals incorporation. The
aim of the present work was to assess plasma metabolites and insulin profile when linseed oil was incorporated in horses rations.
Materials and Methods: The description of the experiment was given in the companion paper. On the
end of the two experimental periods, blood samples were obtained before the morning meal (t0) and
then every thirty minutes over a five hours period.
Results: With the control diet the average glucose concentration was 5.15 mmol/l and that of insulin
31.7 µIU/ml. The concentrations were 0.17, 0.18 and 4.51 mmol/l for non esterified fatty acids,
triglycerides and urea respectively. There were no significant effects of the inclusion of linseed oil on
the plasma metabolites. By contrast, linseed oil reduced to a large extent the average concentration of
insulin (16.7 vs 31.7 µIU/ml, P < 0.06). The pattern of insulin profile is given in Figure 1. The insulin
concentration was low at about 5 µIU/ml before the meal was offered. It then rose with both diets but
to a different pattern. Insulin concentrations close or over 40µIU/ml were observed with the control
diet from 90 to 210 minutes post feeding. The concentrations remained then high. When linseed oil
was included, the post prandial concentrations were reduced and remained low from 150 minutes post
feeding, the differences being significant (p < 0.05 or 0.10) at 150, 180, 210 and 270 minutes.
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Figure 1: Changes in insulin concentration over a five hours period in horses offered either a control
diet or a diet with linseed oil. The vertical bar indicates the pooled standard error of the data.
Conclusion: The most interesting effect of linseed oil was a reduction of the post prandial rise of insulin. Implications could be expected in the prevention of developmental diseases.
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A clinical report on enterolithiasis in horse in Italy
Valle E., Majer P., Aresu L., Tursi M., Bergero D.
Department of Animal Production, Epidemiology and Ecology & Department of Animal Pathologies, University
of Turin, Italy. Alto-Lambro Veterinary Center, Lesmo, Italy
emanuela.valle@unito.it

Objective: Intestinal obstruction leading to colic in horses caused by enteroliths has been recorded in
literature for more than 140 years. Only in recent years unusually high numbers of equids with enteroliths have been reported in particular in the United States. Enteroliths may occur worldwide and are
often unevaluated cause of colics; they are mainly due to many factors such as inadequate horse feeding and nutritional management. This paper describes a case of acute abdominal pain associated with
enteroliths in Italy.
Materials and Methods: A purebred Spanish horse (PRE) 9 years old, bred in the north of Italy, underwent explorative celiotomy for treatment of acute colic pain; an enterolith was harvested from the
colon. The colour and profile of the enterolith’s internal and external surfaces were documented; then
it was cut into 2 equal halves to perform qualitative and quantitative analyses to determine the mineral
composition.

Result and Discussion: The enterolith was almost spherical - 9.4 cm of diameter, 8 cm of height and
11 cm of length; it was found in the small colon. The cut surface was cleaned and section allowed the
identification of an iron central nidus, fiber fractions and mineral stratified structure, onion like. The
case report was alike many others found in relevant literature. Different risk factor detected during the
anamnesis have been in fact associated with enterolith: the horse had no access to grazing and was not
allowed to spend time outdoor, was feed only two times a day with alfalfa hay and a concentrate (12.3
% of crude protein, 8.10 % of crude fiber as fed). Dietary factors, in particular alfalfa hay, has been
often cited as possibly implicated in the occurrence of enterolithiasis. The high-protein content of the
ration results in the releasing of free ammonium in the colon of equids during digestion and may also
decreasing colonic absorption of mineral; the consequent increased available ammonium may precipitate with magnesium and phosphate such as high levels of dietary wheat bran could involve. Feeding
alfalfa products may also have an influence on alkalisation of colonic contents because alfalfa has a
strong buffering capacity documented in ruminants. Furthermore magnesium excess, provided from
alfalfa or by the addition of magnesium oxide to diets, provides magnesium not only for the formation
of enteroliths but also help increase the pH, which favours the precipitation of salts. A decreasing in
intestinal motility due to infrequent feeding (only 1-2 times/day) or lack of adequate exercise might
also predispose horses to impaction. For this reason according to literature horses spending less than
50 % of time outdoors may have more predisposition, whereas grazing could have a dilution effect on
the harmful effect of alfalfa diets. While this paper was composed, another case of enterolith in a horse
living in the same stable was referred. Enteroliths must be considered one risk factor for recurrent
colics, and it has been considered as a potential diagnosis at the moment underestimated in Italy.
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Swiss roughage: hygienic quality and adequacy for horses
Wichert B., Nater S., Wolf P., Wittenbrink M., Bauer J., Wanner M.
Institute of Animal Nutrition, Vetsuisse Faculty University Zurich, Switzerland
bwichert@vetphys.unizh.ch

Objective: The present study shall give an overview on hygienic quality, structure and nutrient content of roughage for horses in Switzerland.
Materials and Methods: 152 feed samples from 46 farms all over Switzerland were collected. A
macroscopic examination was done of all samples. Further an approximate analyses was done and the
pH of the silages was determined. In grasses and silages the fructan content was analysed by enzymatic test (Megazyme®). In all roughages the microbial count (aerobic bacteria, moulds and yeasts) as
well as the lipolpolysaccharide (LPS) content (Limulus-Test, Kamphues, 1986) and the deoxynivalenol (DON) concentration (screening by ELISA, Ridascreen fast®, reanalyses of positive samples by
liquid chromatography with mass spectrometry, Plattner and Maragos, 2003) were determined. With
help of a questionnaire additional data about feeding regime and feed were collected.
Results and Discussion: After the macroscopic examination most of the hay samples showed a proper
hygienic quality or only slight hygienic deficiencies. In contrast to that only one straw sample had a
proper hygienic quality. Also a tendency of higher bacterial counts and significant higher LPS counts
could be found in the straw samples in comparison to hay. In 17 % of the straw- and only in one of the
hay samples DON could be detected.
The nutrient contents of hay and grass-silages were clearly different from those given in nutrient tables
for ruminants in the same stage of growing. The measurement of fructan showed a fructan content in
the grass samples varying between 8.7 and 94.3 g/kg DM. The grass-silages contained between 4.2
and 37.8 g/kg DM.
Conclusions: It can be concluded that the Swiss nutrient tables for ruminants do not give real data for
roughage that was produced for horses. The grass samples had a fructan content that should not produce laminitis without any other causes. Concerning the hygienic quality the farmers in Switzerland
seem to look much more carefully on their hay than on the straw. Therefore the hygienic standard of
the straw often is a health risk for the horses and should also be taken into account.
References: Kamphues J., 1986: Lipopolysaccharide in Futtermitteln - mögliche Bedeutung, Bestimmung und
Gehalte, Übers. Tierernährung 14, 131-156. Plattner R. D., Maragos C. M., 2003: Determination of deoxynivalenol and nivalenol in corn and wheat by liquid chromatography with electrospray mass spectrometry. J. AOAC
Int. 86, 61-65
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Probiotic Escherichia coli strain Nissle 1917 in adult horses: Evidence of viable bacteria in the faeces after incrementally increasing ingestion
Zeyner A., Albers N.V., Markuske K. D., von Bünau R., Krüger M.
Chair of Nutrient Physiology and Animal Feeding, University of Rostock, Germany
annette.zeyner@uni-rostock.de

The non-pathogenic Escherichia coli strain Nissle 1917 (EcN) has been used to treat different human
gut diseases for more than 85 years. In animals, EcN currently helps to prevent neonatal calf diarrhoea. The probiotic strain might be also be useful to prevent or treat disorders of the terminal gut of
horses. For this reason, the ability of the strain to survive the bowel passage is an essential precondition. This ability has previously been demonstrated in two of six orally treated horses that received 1.5
x 1010 colony forming units of EcN per day over a period of ten days (1). The present study was conducted to investigate whether an incrementally increasing ingestion of probiotic bacteria is able to elevate the security that viable EcN survive the bowel passage in adult healthy horses.
Methods: Six adult healthy horses (2 mares, 4 geldings; body weight: 512 ± 49.5 kg; age: 12 ± 2.7
years) received daily 0, 75, 150, 250, and 500 ml of verum, each over 10 days (day 1 - 50). No supplementation occurred during the final 15 days (day 51 - 65). The verum contained 108 viable EcN per
ml in a salty buffer (NaCl, KCl, MgCl2, CaCl2, MgSO4 in purified distilled water). The horses were
fed roughage, oats and mineral feed. The liquid supplements were subdivided into two equal doses per
day (07.00 and 16.00 h) and in every case freshly topped on the oats. Morning faeces were sampled
directly from the Ampulla recti at the experimental days 2, 5, 10, 12, 15, 20, 22, 25, 30, 32, 35, 40, 42,
45, 50, 52, 55, 60, and 65. All samples were investigated for EcN directly by PCR (2). In case of positive results, samples were additionally proved whether they contain viable EcN via cultural serial dilution technique followed by specific PCR (2). The latter was also performed with faeces taken in the
pre-supplementation period at day 2.
Results: Direct PCR indicated the presence of EcN in the faeces of two horses at day 20 and all six
horses at day 25, 30, 32, 35, 40, 42, 45, and 50. During the post-supplementation period, the faeces
from three horses and one horse, respectively, were positive at day 52 and 55. Post-culture PCR revealed viable EcN in the samples of all horses that had been consumed 150, 250, and 500 ml of verum
per day. In the post-supplementation period, viable EcN were detected in the faeces from one horse at
day 52 only.
Conclusions: Results reveal that probiotic EcN are able to survive the bowel passage in adult healthy
horses under common feeding conditions, as it has always been found previously (1). Thus, this essential precondition for the potential use of EcN as probiotic bacteria in horses seems to be fulfilled. Further, from the results it can be speculated that in horses with body weights in between about 450 and
550 kg, the daily intake of 1.5 x 1010 of viable EcN and more may ensure survival. However, results
do not indicate the strain’s ability to colonize the gut without persistent oral supplementation.
References: Zeyner A., Albers N., Schrödl W., Krüger M. (2005): Probiotic Escherichia coli strain Nissle 1917
in adult horses: Oral tolerance and presence of viable bacteria in the faeces, Tierärztl, Praxis, 32G, 82-83. BlumOehler G., Oswald S., Eiteljörge K., Sonnenborn U., Schulze J., Kruis W., Hacker J. (2003): Development of
strain specific PCR reactions for the detection of E. coli Nissle in fecal samples, Res. Microbiol, 154, 59-66.

132

Proceedings of the 10th ESVCN Congress - 2006

Case report: yellow oat grass (Trisetum flavescens)
as a main constituent in green fodder and its effects on health of horses
Wolf P., Aboling S., Kamphues J.
Institute of Animal Nutrition & Institute of Botany, University of Veterinary Medicine Hannover., Germany
petra.wolf@tiho-hannover.de

Introduction: Yellow oat grass (Trisetum flavescens (L.) P. BEAUV.) occurs in almost the whole of
Europe. It appears in the mountainous regions where the drought- and cold-resistent species is dominant as element in the yellow oat meadows (Polygono-Trisetion), but also in the plain in meadows
composed of false oat grass (grassland type Arrhenatherion elatioris). The grass may be found chiefly
on clay and loam where soil is not too dry but always fertile and basic. Yellow oat grass is neither tolerant to grazing nor to cutting more than two times a year. Anyway due to its less competitive power
in the plain, intensive grassland management has lead to a significant decline in the past. For example
Trisetum flavescens ssp. flavescens currently belongs to the potential endangered species in Lower
Saxony (Northern Germany). However, there is a trend during the last decades, obviously supported
by EU-programmes aimed at extensive grassland management, that golden oat grass is inclined to become more importance in central regions of Germany.
Case reports: Feeding a new delivery of hay colic like symptoms occurred in a pony as well as in a
warmblood foal. Besides the hay the horses got oats, a pelleted mixed diet as well as mineral supplement (no new delivery). Results of blood chemistry indicated kidney affections. The usual therapy in
cases of colics failed, but after removal of the hay the colic symptoms disappeared gradually. Therefore the consulted veterinarian suspected a reduced hygienic quality of this roughage and recommended a microbiological analysis.
Nutritional history: The arranged microbiological investigation showed no unusual counts of bacteria, moulds or yeasts. Furthermore a critical sensory investigation was carried out. It concerns a light
yellow plant that could be identified due to the typical parts of this plant (gold-yellow ears with one
awn per blossom) as Trisetum flavescens. The proportion of the yellow oat grass in the batch
amounted round about 25 %.
Assessment: This sweet grass contains calcinogenous glycosides of the active metabolite 1,25dihydroxycholecalciferole (1,25-OH-D3) that maintain activity during drying of green fodder. An increased calcium reabsorption and a deposition in soft tissues belong to the main meachnisms. Many
cases of calcinosis after ingestion of yellow oat grass were described in cattle (WANNER et al. 1986),
but disorders can also be observed in horses after ingestion of hay containing more than 15 % yellow
oat grass (MEYER and COENEN 2002).
Conclusion: Claims due to the intake of poison substances are not the daily routine, but in recent
years their frequency seems to increase that can be explained by the trend for extensive grass land
management (for example: 1st allowed cut after the 1st of July) within the last years.
References: Meyer H., Coenen M. (2002): Nutrition of Horses, 4th edition, Parey, Berlin. Wanner M., Kessler
J., Martig J., Tontis A. (1986): Enzootic calcinosis in goats and cattle in Switzerland, Schweiz, Arch. Tierheilk,
128, 151-160.
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Dietary supplementation of scFOS prevent biochemical disturbances occurring in the hindgut following an abrupt diet change
Respondek F., Goachet A.G., Julliand V
Béghin-Meiji, Marckolsheim, France. ENESAD, Dijon, France
frespondek@tereos.com

Fructo-oligosaccharides (scFOS) are prebiotic ingredients selectively fermented that allows specific
changes, in the composition and/or activity in the gastro-intestinal microflora that confers benefits
upon host wellbeing and health (Gibson et al., 2004). Prebiotics are known to stabilize the intestinal
microflora in different species. Studies in horses are scare, despite the huge sensitivity of their hindgut
microflora. High amount of dietary starch, abrupt diet change are risk factors of hindgut microbial disturbances and can lead to colic. The objective of our study was to assess the effectiveness of a dietary
supplementation with scFOS in reducing fermentative disturbances within the hindgut of horses subjected to an abrupt diet change.
Materials and Methods: Four 7-year old cross bred, fistulated geldings (425 ± 27kg) were included
in a 2-treatment-2-period cross-over designed study. Each period lasted 22 days, when horses were fed
either the control diet, straw and concentrate pelleted feed (Hippo 122, UAR, Villemoisson, France) or
the control diet supplemented with 30g of scFOS (Profeed ®, Beghin-Meiji, France) top-dressed on
the morning meal of concentrate feed. After 21days, in order to induce a digestive stress, a meal of
barley (2.25kg equivalent to 0.28 %BW of starch) was given to horses instead of their usual morning
meal. Caecal and colonic contents were sampling before, 5h and 29h after the meal of barley. Immediately after collection, pH was measured and about 10mL of each digesta sample were filtered (100µm)
for later determination of D- and L-lactate, volatile fatty acids (VFA). An analysis of variance with the
GLM procedure of SAS was carried out to assess the variables’ response the diet and the factor of
stress.
Results and Discussion: The caecal concentrations in D- and L-lactate were not influenced by the
scFOS supplementation as already observed (Respondek et al., 2005). The colonic D-lactate concentration did not alter over time in horses supplemented with scFOS, whereas it was eightfold increased
5 hours after the meal of barley in the control horses (p=0.002) and remained high after 29 hours. Total VFA concentrations were lower in the caecum than in the colon for all animals. In the caecum,
trends for higher concentrations of total VFA (p=0.082), acetate (p=0.054) and butyrate (p=0.064)
were observed with the scFOS supplementation. In the colon, no increase on VFA concentrations but a
tendency for lower acetate molar ratio was observed. It could be expected scFOS have indirectly
stimulated the growth of lactate-utilising bacteria as suggested by higher butyrate concentrations generally observed following scFOS ingestion in other species (Le Blay et al., 1999). The trend we observed for a lower acetate molar ratio in the colon is in accordance with a shift of the fermentation profile towards higher propionate and butyrate. Results on VFA would need to be confirmed with a larger
number of horses. ScFOS supplementation induced slight shift of the fermentation products in the
hindgut of horses. They particularly avoided disturbances of the fermentative pattern, illustrated by Dlactate accumulation, occurring after an abrupt modification of the feeding management.
Conclusion: Certainly by stabilising the hindgut microflora in horses, scFOS are of great interest in
managing microbial disturbances induced by stress factor, which could lead to colic and/or laminitis.
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Protein requirements
for blue-fronted parrots (Amazona aestiva) growth
Carciofi A.C., Sanfilippo L. F., Oliveira L. D., Prada F.
UNESP, Faculty of Agronomy & Veterinary Sciences, State University of São Paulo, Jaboticabal, Brazil
aulus.carciofi@gmail.com

There is very little information on the nutritional requirements of psittacine birds. The objective of this
study was to quantify the protein requirements for hand raising blue-fronted parrots (Amazona aestiva).
Materials and Methods: Forty young parrots were maintained in incubators at 32°C until 2.5 months
old. They were fed a semi-purified diet containing cornstarch, cellulose, soya oil, soya isolated protein, methionine, minerals and vitamins. Four protein levels were used: 13 %, 18 %, 23 % and 28 %
(air basis). The experiment was carried out in a randomized blocks design, and the initial weight of the
parrot being the blocking factor. Each block had ten experimental units (parrots), with 10 replications
per treatment (protein level). The evaluated biometrical measures were weight gain, maximum weight
reached, tarsus width, tarsus length, maxillary base width, width of the mandible base, culmen length,
length of the wing feathers and length of the tail feathers. The growth of parrot was considered completed when the maximum weight (peak weight, value used in the experiment) was reached and in the
7-day follow-up the weight became stable or slowly started to decrease.
Results and Discussion: The main results are shown in Table 1. Quadratic regressions between the
protein level and several biometric measures were found. The optimal protein concentration for weight
was 24.36 % (Maximum weight, g = 0.3364x2 – 16.3872x - 191.012; p < 0.08; r²= 0.25), the optimal
protein concentration for tail length (TL) was 23.67 % (TL, mm = 0.13x2 – 6.154x + 5.362; p < 0.09;
r²=0.19), and for wing length (WL) was 23.03 % crude protein (WL, mm = 0.188x2 -8.66 – 70.452; p
< 0.07; r²= 0.17). Results indicate that 18 % crude protein was the minimum level required by the
young parrots for good growth and feathering rates. However, optimal levels for growth and feathering
were estimated as being between 23 and 24.5 % of crude protein. The other biometrical measures were
similar between the treatments. It should be stressed that the results here presented were obtained with
the use of a highly digestible protein, soya isolated protein, with the addition of methionine to correct
its amino acids profile. This protein level was balanced in a low-fat (3.75 %) and moderate metabolizable energy diet. The extrapolation of these results to a commercial or homemade diet should take into
consideration the digestibility and amino acid balance of the protein source, and the protein:energy ratio of the diet.
Table 1: Maximum weight, tail feathers length, culmen length and length of the wing feathers of
young blue-fronted parrots (A. aestiva) fed different protein levels. Average values ± standard error.

Weight (g)
Tail Length (mm)
Culmen Length (mm)
Wing Length (mm)

13 (n = 10)
347.3a ± 9.7
51.0a ± 0.5
24.9a ± 3.9
150.2a ± 3.8

Protein level ( %)
18 (n = 10)
23 (n = 10)
b
376.7 ± 12.0
390.2b ± 8.1
b
68.3 ± 0.4
62.4b ± 0.6
ab
26.0 ± 3.8
25.7ab ± 3.4
168.6b ± 4.2
167.0b ± 7.7

28 (n = 10)
386.0b ± 7.5
66.7b ± 0.3
26.6b ± 3.3
166.6b ± 3.7

a, b – figures in the same line followed by the same letter are not significantly different according to Duncan’s test (p < 0.05).
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Development of enzyme activities (in small intestine content
and pancreatic tissue) of pet birds during nestling period
Wolf P., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine, Hannover, Germany
petra.wolf@tiho-hannover.de

Precocial birds (i.e. Galliformes) start self-employed feed intake immediately after hatch, whereas
nidicolus birds are fed by their parents (feed is ingested by adults before given to nestlings). In contrast to precocial birds, in which development of enzyme activities is in-depth investigated (2), data for
pet bird nestlings are seldom.
Aim of this study was the investigation of enzyme activities of the young organism as well as their development to optimize the composition of diets used for handrearing of nestlings.
Materials and Methods: Investigations were carried out with budgerigars (Melopsittacus undulatus)
as well as lovebirds (Agapornis spp.) fed a commercial handrearing diet (data per kg f.m.: 924 g DM,
46.3 g ash, 234 g crude protein, 91.2 g crude fat, 371.8 g starch, 26.9 g sugar, 13.3 MJ ME; minerals
and amino acids corresponding to usual recommendations, no addition of enzymes). Activities of lipase and amylase in chyme and pancreatic tissue were measured directly at the day of hatch (1st day of
life, before fed by parents) and the following days as well as at 12th-15th day of life and in full-grown
birds ( > 40 d). For analyses duodenal chyme and pancreatic tissue were diluted homogenously in
phosphorus buffer (amylase) or in aqua dest. (lipase). Analyses of amylase activity were performed by
Phadebas®-test, lipase activity was measured by a colorimetric method according to Imamutra et al.
(1989).
Results: Development of enzymes activities in duodenal chyme as well as in pancreatic tissue (pancr.
tis.) of budgerigars (BG) or lovebirds (AG) related to age:
species

n

1st day of life
chyme
pancreas

12th - 15th day of life
chyme
pancreas
n
Lipase (U/g)

BG

6

28.4 ± 27.2

15 ± 17.0

4

184 ± 84.8

AG

9

10.7 ± 10.9

150 ± 118

4

168 ± 108

BG

6

29.0 ± 13.8

130 ± 75.3

4

AG

9

67.3 ± 48.2

153 ± 138

4

n

> 40th day of life
chyme
pancreas

2007 ± 788
1816 ±
1109

12

360 ± 233

3743 ± 1077

19

235 ± 241

4110 ± 2551

191 ± 144

2040 ± 838

12

325 ± 289

8966 ± 5518

75.6 ± 35.3

1316 ± 528

19

336 ± 434

6243 ± 5634

Amylase (U/g)

Conclusion: Enzyme activity is low immediately after hatch, but increases within first two weeks of
life by a factor of ten. During growth (up to 40th day of life) enzymes activities increase markedly (lipase by a factor of 25 and amylase by a factor of 40 to 70, resp.). These values are similar (lipase:
3255 ± 1503 U/g) or slightly lower (amylase: 20102 ± 9688 U/g) to corresponding data in adults (3).
This might be explained by an effect of age or the starch level in the diet (millets: ∅ 75 %, handrearing diet: 37 %) or the administration of enzymes by the feeding parents. In running experiments it was
found that regurgitated material from parents contains enzymes. Therefore, an addition of enzymes to
diets within first days of nestlings life could be advantageous.
References: 1. Jamroz D., Wertelecki T. Proc. Soc. Nutr. Physiol. (2000) 9, 85. 2. Wolf P., Kamphues, J. Proc.
Soc. Nutr. Physiol. (2001) 10, 51, 3.Wolf P., Kamphues J., Bartels T., Boos A.: Proc. Soc. Nutr. Physiol. (1996)
5, 36.
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Estimation of protein requirement for maintenance in a parrot species
(Amazona spp.) by determining inevitable N-losses in excrements
Westfahl C., Wolf P., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Germany
claudia.westfahl@tiho-hannover.de

Introduction: In contrast to poultry with detailed experimental data on protein requirement, those for
pet birds are mainly incomplete. First investigations (1) in granivorous parrots based on extrapolation
(N-balance=0) indicate a protein requirement in these species corresponding to that in poultry. Aim
of this study was an assessment of the inevitable nitrogen losses via excrements in amazons (BW 360450 g) by feeding an almost nitrogen free diet in order to estimate the protein requirement for maintenance.
Materials and Methods: Investigations were carried out with 8 adult amazons (Amazona spp.). Birds
were housed individually in metabolism cages (adaptation period: 4 days, trial period: 9 days) and
were fed an almost nitrogen free diet based on starch, sugar and fat (data per kg FM: 960 g DM; 8.1 g
crude protein, 378 g starch, 266 g sugar, 110 g fat, 15 g crude fibre, 13.7 MJ ME; minerals and vitamins corresponding to recommendations for poultry). Determination of nitrogen levels in diets and in
excreta was done by Dumas analysis. To obtain sufficient amounts for analyses excreta of two birds
were pooled within the first five days of trial and afterwards (last 4 days) analysed individually (nitrogen, uric acid). At the beginning as well as at the end of the trial body weight was measured und blood
samples were taken to monitor protein-dependent parameters.
Results: Under the conditions of a DM intake as in seeds and therefore usual amounts of faeces
physiological intestinal conditions can be assumed to be the basis for the following data:
Day of trial
Offered diet
DM intake
(g/bird/day)
Amounts of excreta
(g DM/bird/day)
Total N-excretion
(mg/bird/day)

0
seeds

via

excreta

Composition of - uric acid N
excreted nitrogen
-Δ
(mg/bird/day)

12.80
± 2.21
3.69
± 0.89
496.25
± 135.04
311.25
± 92.36
185.00
± 44.68

1
2
3
4
5
]--------------- nitrogen free diet -----------------[
8.55
11.83
15.20
18.71
18.79
± 1.36
± 4.08
± 6.32
± 5.99
± 6.21
2.96
2.97
3.88
4.80
3.97
± 0.62
± 0.76
± 1.75
± 1.70
± 1.44
230.25
96.25
83.75
79.75
85.34
± 67.12 ± 10.14 ± 7.23
± 9.25
± 15.06
143.00
59.25
43.50
37.50
37.77
± 40.75 ± 13.87 ± 5.26
± 1.73
± 9.53
87.25
37.00
40.25
42.25
47.57
± 6.86
± 4.69
± 7.68
± 8.29
± 6.55

Neglecting protein losses of desquamated cells, feathers etc., the inevitable N-losses in amazons
amounted 170 to 180 mg N/kg BW0.75. In order to compensate these N-losses approximately 2.0 g protein/kg BW0.75 are necessary (assuming an utilization coefficient (2) of 0.57). These data are slightly
lower than values estimated in granivorous parrot species like african greys (3.05 to 3.08 g/kg BW0.75)
or macaws (2.44 to 2.94 g/kg BW0.75) but higher than in nectarivorous species like lories (1.76-1.96
g/kg BW0.75).
References: 1. Wolf P., Britsch G., Häbich A.-C., Otte W. , Kamphues J. (2005): Proc. Soc. Nutr. Physiol. 14,
29. 2. Voreck, O., Kirchgessner, M. (1980): Arch. Tierernähr. 30, 771-781.
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Hygienic quality of imported fresh oil palm fruits (Elaeis guinensis)
for nutrition of parrots
Wolf P., Siesenop U., Kamphues J.
Institute of Animal Nutrition & Institute of Microbiology and Infectious Diseases,
University of Veterinary Medicine Hannover, Germany
petra.wolf@tiho-hannover.de

Introduction: In the natural habitat parrots (especially African greys) live on oil palm fruits (Elaeis
guinensis) that present one of the most preferred source of feed. Therefore fresh oil palm fruits (containing both: flesh and seeds) are frequently recommended for feeding parrots kept as pets in Europe
to simulate the natural ingestion behaviour. In many cases the fruits are imported from South Africa,
where they are harvested and treated. Due to climatic as well as hygienic conditions and different harvesting procedures some problems occur concerning the hygienic quality of those feedstuffs. High
contaminations by yeasts and moulds were found in the flesh that could be a reason for aspergillosis or
digestive disorders in parrots. Therefore microbiological investigations of samples that were obtained
after the consecutive steps of production (harvesting, washing, freezing a.s.o.) were carried out to find
out the weak spots and to redress them.
Materials and Methods: All the oil palm fruits analyzed here were imported from Ghana. On one
side the fruits were cultivated, harvested and transported as usual (variation V1 ) – that means the
fruits were harvested, washed, deep frozen and transported by airplane. On the other side some processing steps were modified. In some cases the fruits were not washed (variation V2), but frozen immediately after harvesting and then transported. Furthermore the fruits were not harvested in Ghana, but
the whole bunch was immediately deep frozen, transported and then the fruits were harvested from the
bunch in Germany (variation V3). Detailed sensory and microbiological examinations (standard methods of microbiology) were carried out (Table 1).
Results: Microbiological findings (data in cfu/g) in different processed oil palm fruits:
V
1

n
9

2

5

3

6

aerobe bacteria (cfu/g)
3.5 x 107 – 1 x 109
coliforme/corynefome
bact., Staphylococcus,
Pseudom. sp.,
Enterococcus
5.5 x 106 – 2 x 107
coliforme/coryneforme
bact., Streptococcus,
Bacillus subtilis group
< 105 (not specified
counts)

moulds (cfu/g)
3 x 103 – 5 x 106
Aspergillus,
Penicillium, Mucor,
Fusarium, Geotrichum,
Rhizopus
< 103 – 1 x 105
Aspergillus,
Penicillium
< 103 (not specified
counts)

yeasts (cfu/g)
1.5 – 4.5 x 106

0.5 – 1.0 x 106

0.5 – 1.0 x 103

Oil palm fruits imported from South Africa can be characterized by different hygienic qualities that
depend on the processing steps. If fruits are washed it can be assumed, that wash water (not changed
daily) contains different microorganisms and the fruits are contaminated.
Conclusion: To guarantee a sufficient hygienic quality of fruits the processing steps should be done
by opportune hygienic conditions to avoid feed-hygienic related disorders in parrots.
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Fatty acid status of free-ranging and captive black rhinoceros (Diceros bicornis), and correlation to the use of grain-based products
Clauss M., Dierenfeld E.S., Bigley K.E., Wang Y., Ghebremeskel K., Hatt J.-M., Flach E.J., Behlert
O., Castell J.C., Streich W.J., Bauer J.E.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland
mclauss@vetclinics.unizh.ch

Objective: In It has been suspected that the fatty acid (FA) status of captive black rhinoceroses
(Diceros bicornis) differs drastically from their free-ranging conspecifics, due to the difference in FA
pattern between the natural forage and the captive diet. As an increased n-6/n-3 ratio has been reported
to be associated with alterations of the immune status, inflammatory response, skin health and reproductive potential, such a potential difference is of partricular concern in the black rhinoceros, not only
with regards to the common problem of necrolytic dermatitis.
Materials and Methods: The FA pattern of plasma/serum triglycerides (TG), phospholipids (PL) and
cholesteryl esters (CE) of captive and free-ranging black rhinoceroses were analysed using standard
methods. Free-ranging animals (n = 28) from four different regions were sampled. Captive animals
included specimens from North American (n = 13) and three different European facilities (n = 6). The
European animals were tested on 1-4 different diets, resulting in a total of 15 blood samples. In these
animals, a consistent diet was fed > 2 months prior to blood sampling, and within one week of blood
sampling, intake of all diet items was quantified during a one-week intake study.
Results: Regardless of differences between the free-ranging animals from different regions, differences between captive and free-ranging animals were relatively uniform: captive animals had higher
overall PUFA proportions, and a higher unsaturation index; these findings were due to proportions of
linoleic acid (LA, 18:2n-6) that were drastically increased as compared to free-ranging animals. In
contrast, levels of linolenic acid (ALA, 18:3n-3) were consistently lower on conventional zoo diets.
n6/n3 ratios for TG, PL and CE were 1.6, 10 and 8 in free-ranging animals, respectively, as compared
to 4.1-16.3, 16-148 and 40-277 in captive animals. There was a significant correlation between the
proportion of grain-based products (commercial concentrates, plain grains, and bread) in the diets of
the European animals and the measured proportions of LA.
Discussion and Conclusions: Black rhinos are prone to several uncommon diseases that have been
suspected to be linked to oxidative damage, possibly due to the disposition of this species to excessive
iron storage. An unnatural dietary loading with unsaturated FA (which are a prime target for oxidants)
would exacerbate this problem. Additionally, n-6 FA are known as precursors of pro-inflammatory
mediators, and their overrepresentation could therefore exacerbate any inflammatory processes. The
current practice of using grain-based feeds as major ingredients in captive rhinoceros diets should be
discouraged. Diet items containing ALA (a precursor of anti-inflammatory mediators) such as fresh
grass, fresh browse, and the respective silages should be included at higher levels.
This work was supported by the International Rhino Foundation.
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Diet hypersensitivity in captive wildlife in zoological collections
Ball R.L., Burton M.S., Olsen J.H.
Busch Gardens Tampa Bay, 3605 Bougainvillea Drive, Tampa, FL 33612 USA
Dr.Ray.Ball@BuschGardens.com

Dietary hypersensitivity (food allergy) was documented in captive tigers (Panthera tigris tigris) and
highly suspected in a case of anterior enteritis in an Asian elephant (Elephas maximus). This diagnosis
was reached on the basis of clinical signs, specific IgE antigen food testing in model species, and
resolution of signs with the correction of diet. Diet hypersensitivity should be considered as a possible
underlying source of inflammation in such species as black rhinoceros, gorillas, pandas, cheetahs, and
toucans.
Case 1: A diet trial was initiated in 1.1 Bengal tigers at Busch Gardens Tampa Bay. The tigers were 5
yr-old hand reared siblings, in good general health and chosen due to the relative ease of voluntary
blood collections from the tail vein. The current commercial horsemeat diet (Diet A) was substituted
with a beef based product (Diet B). In addition to being beef based, flaxseed oil was supplemented in
this product. The diets were transitioned from Diet A to Diet B over a nine day period so that on Day
10 the cats were on 100 % of Diet B. Blood was collected prior to initiation of the trial and once the
cats were established on the new diet. Acceptance of the new diet was fair but eventually 100 % was
taken. The weight of the food was kept the same and after a month on the new food the female tiger
had gained 10 pounds. This female had several bouts of regurgitation during this month and her coat
had become dull and course. The diet was stopped and the tiger was returned to the original Diet A.
Two more attempts were made to convert this tiger to Diet B with the same clinical presentation at
each attempt. Food allergen testing has also been conducted at a commercial veterinary food allergen
testing facility (Bio-Medical Services, P.O. Box 26600, Austin, Texas 78755 USA, www.bmslab.
com). The male tiger was then transitioned to Diet B over 9 days. This diet was readily consumed but
on Day 4 a considerable amount of vomitus was found from this tiger. This tiger was depressed and
not responding to staff normally. The next morning the tiger was brighter and allowed blood collection
form the lateral tail vein. Complete blood count and serum biochemistry panel were unremarkable. A
food allergen profile was also conducted on this sample and two samples collected prior to the trial.
The trial was stopped and Diet A was resumed. The male ate 100 % of Diet A for two days and returned to normal. A food allergen profile suggested a hypersensitivity to flaxseed in the male and flaxseed and beef in the female.
Case 2: A female Asian elephant (Elephas maximus), Studbook No. 32, DOB 1973, had a history of
intermittent colic with regurgitation. The female also had voluminous, non-formed stools that had
been accepted as normal for this individual. During these episodes the elephant typically had a
stretched out posture and abducted elbows. Occasionally she would lie down but was not seen to be
distended. There seemed to be a strong correlation with bran administration and/or stealing food from
others with the onset of these episodes, especially with the most recent ones. Bloodwork typically
would demonstrate a pre-renal azotemia. Therapy was symptomatic and consisted of analgesics, fluids, and fasting. A tentative diagnosis of anterior enteritis was made. A retrospective evaluation of
food allergen testing was conducted at a commercial veterinary food allergen testing facility (BioMedical Services, P.O. Box 26600, Austin, TX, USA, 78755. www.bmslab.com). Three dates with
clinical episodes are demonstrated with two dates pulled randomly from the serum bank in which no
signs of gastrointestinal distress were noted. As a result of this testing, wheat bran has been removed
from #32’s routine. Consideration should be given to the potential of chronic antigenic stimulation as
an underlying etiology in other species.
Discussion: Food allergy is an adverse response to food or a food additive with a proven immunological basis.4 Clinical presentation of food allergies in domestic carnivores typically involves the skin or
gastrointestinal tract. In cats, specific adverse reactions have been documented to beef, dairy products,
and fish.5 Diagnostic testing relies heavily on dietary elimination trials. Serological testing is not considered reliable in animals .2 In the case of the tigers, a clinical response was seen after removal of the
142

Proceedings of the 10th ESVCN Congress - 2006

diet suspected of causing the clinical problems. ELISA using domestic cats as a model correlated well
with the changes seen. The reactivity to flaxseed is noteworthy. Linolenic acid (C18:3 n-3) is required
as 1-2 % of the caloric intake in domestic cats and dogs.3 Flaxseed is an added component to Diet B
and is reflected in the antigen profiles in both tigers and in the fatty acid profile of the diet analysis.
Cats appear to have a limited capacity in the production of the higher homologues of linolenic acid
and this in fact may be responsible for the poor reproductive performance seen in domestic queens fed
high vegetable fats diets.3 Excessive amounts of plant based omega 3 fatty acids in a strict carnivore
may lead to adverse effects, possibly becoming an antigenic source for a reaction. The reaction to beef
noted in the female tiger is consistent with what has been documented in domestic cats. Intake of fatty
acid by grazing ruminants would be affected by the forage species consumed.1 Antibiotic residues are
also more likely to be relayed in domestic beef production versus commercial horse meat production
and may provide a source of food allergy or food intolerance. Significant health problems in captive
cheetahs have been greatly reduced in captive cats and recently-caught wild cheetahs by feeding venison and range-fed donkey (L. Marker, pers. comm., 2003).
In Case 2, there is a strong correlation to consuming excessive wheat bran and the clinical episodes of
anterior enteritis. The food allergen ELISA suggests a hypersensitivity to wheat, a commercial grain
that would be considered novel to a grazing species like Asian elephants. The primary ingredient of
the commercial elephant supplement fed is wheat middlings but none of the other animals in this herd
have had any apparent issues related to this ingredient based on the same ELISA testing. Given that
this elephant had chronic loose stool for years, further investigation into wheat as a source of the problem is warranted and underway. Pruritis is the typical presentation to food allergens in horses. Wild
oats, white clover, and alfalfa have been recognized as antigens in horses.6 The use of wheat bran as a
laxative in captive elephants is common practice. The use of good quality grass hay will eliminate the
need for this practice and may avoid any potential problems.
Literature cited
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Maintanence of wild born white rhinos
(Ceratotherium simum Simum) on forage only diets in captivity
Ball R.L., Green J., Weatherford D., Forker K.
Busch Gardens Tampa Bay, Tampa, Florida, 33612
Dr.Ray.Ball@BuschGardens.com

Introduction: White rhinoceros are generally classified as hind-gut grazers. Wild diets typically consist of grasses with some low lying vegetation occasionally taken. In captivity, it is common to supplement commercially available hay with a pelleted concentrate. While generally hardy animals once
acclimated to captivity, the lack of reproductive success prompted the staff at Busch Gardens Tampa
Bay (BGT) to start investigating the possible role of nutrition in the lack of the F1 generation of white
rhinos to breed successfully in captivity.
Methods and Materials: In May 2001, 1.2 white rhinos estimated at 5 years of age, arrived at Busch
Gardens Tampa Bay (BGT) from the Kruger National Park. After their capture they were held in bomas and adjusted to a diet of local grass hay for 6 mon prior to their arrival in Busch Gardens. Upon
arrival to Florida they were housed together in a sand pen and fed a combination of timothy and alfalfa
hays. The rhinoceros were trained within a few months for voluntary blood draws from the caudal surface of the ear and to stand on a platform for weights. A five day intake study was conducted in March
2003 prior to their relocation to a 15 acre mixed species display. Serum was stored and retrospectively
analyzed for vitamin and mineral levels. Routine serum blood chemistries and complete blood cell
counts were also examined periodically. Once moved, obtaining weights became more routine. Two
pregnancies have been confirmed and monitored. Milk was collected but was not analyzed for nutritional content as of this writing. A growth curve for the offspring has been established.
Results: The three rhinos were treated as one individual and the totals summed per the protocol. The
results of the intake study revealed an intake of 1.2 %. The young adult rhinos continued to gain
weight at a good rate. The captive born calf averaged approximately 1.5kgs per day growth during the
first year of life. Zinc levels were notably low in this group especially the lactating female and iron
was lower than referenced values in the captive born calf.
Discussion: Alfalfa hay was limit fed and the rhinoceros always consumed it all. It was fed at the
same time and is a preferred item over the timothy hay. The intake of 1.2 % should be a good estimate
as the rhinoceros still had plenty of palatable hay to consume if they chose to. This figure represents a
combination of timothy and alfalfa hay intake. Foose reports separate intake for grass hay (1.03 %)
and alfalfa hay (1.19 %).3 Feeding 100 % alfalfa is not advisable and was not looked at in this project.
The combination hays fed here led to a similar intake of alfalfa by Foose and avoided the potential
complications of feeding alfalfa exclusively to herbivores. The weight gains by the adults appeared
reasonable and their overall condition is excellent (M. Hoftmyer, 2006. pers. comm.). The growth
curve of the young female calf, 62638, shows a steady weight gain. This provides good evidence that
the energy status of the dam was adequate. This female did lose some weight during this lactation period but her condition remained good and she has already conceived again. It can also be inferred that
the protein level was adequate in this growing calf.
The only complications encountered so far have involved minerals. Table 3 compares the most recent
serum vitamin and mineral analysis to published levels in free-ranging white rhinoceros. The zinc
level was low in all animals and especially in 61409, the female with the calf. While lactating, this female developed a depigmentation of the skin on the withers. Biopsy revealed hyperplastic lesions consistent with zinc deficiency in domestic cattle.4 The zinc level at this time was 0.57 ug/dl with a reference level of 1.39 +/_ 0.2 ug/dl.1 Several browse and forages were looked at for zinc content and
Spanish moss (Tillandsia usneoides) was chosen as a supplement. It is highly palatable and has a high
level of zinc. High calcium diets also may lower zinc by competitive binding in the gastrointestinal
tract.4 The amount of alfalfa was reduced to its current level and is now used only for husbandry and
medical procedures. The serum zinc level improved as did the skin condition over several weeks. The
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reduction in calcium intake is believed to have been more useful as the supply of Spanish moss was
exhausted soon. Other vitamin and minerals were within the range reported in wild rhinoceros with the
exception of the iron in the calf 62638. The iron level at 12 mon of age was 1.59 ug/dl, well within the
reference range. At 16 months of age it had dropped to 0.89ug/dl. This calf has no other health problems at this point but this aspect will be closely followed on the premise that this drop in iron is due to
weaning.
With the notable exception of zinc, it appears that white rhinoceros can be successfully maintained and
propagate on a forage only diet. If this trend holds true it is hoped the F1 generation produced will be
fed the same way. The addition of concentrates and commercial feed stuffs may be affecting reproduction possibly as an antigenic source and will be investigated. Close attention should be paid to all nutrients when conducting such trials. The emphasis on operant conditioning can not be underestimated
in this trail.
Literature cited
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Quantification of enterobacteriaceae in faeces of captive black rhinoceros
(Diceros bicornis) in relation to dietary tannin supplementation
Clauss M., Wittenbrink M.W., Castell J.C., Kienzle E., Dierenfeld E.S., Flach E.J., Macgregor S.K.,
Hoppe T., Hummel J., Streich W.J., Hatt J.-M.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland
mclauss@vetclinics.unizh.ch

Objective: Free-ranging browsing herbivores ingest a range of secondary plant compounds, such as
tannins, with their natural diet. As many of these substances have been shown to have antibacterial
properties, it could be speculated that a lack of such compounds in captive zoo diets could favor the
growth of potentially pathogenic intestinal bacteria.
Materials and Methods: We investigated the effect of a supplementation of a conventional diet (N)
for eight captive black rhinoceroses (Diceros bicornis) with either tannic acid (T), a source of hydrolysable tannins, or quebracho (Q), a source of condensed tannins, on the number of faecal colony forming units (CFU) of Enterobactericeae, as determined by colony count of dilution series from fresh faeces applied to MacConkey agar plates. The adaptation period to the new diets was over two months.
Results: There was no difference in the number of CFU between diets N (95.0 105 ± 225.3 105 /g fresh
faeces) and T (164.3 105 ± 225.1 105 /g fresh faeces); in contrast, diet Q led to a significant reduction
in CFU (4.3 105 ± 6.5 105 /g fresh faeces).
Discussion and Conclusions: These findings suggest that condensed tannins could have the potential
to reduce the number of potentially pathogenic intestinal bacteria, and that the deliberate inclusion of
tannin sources in the diets of captive wild animals should be further investigated. The fact that tannic
acid, shown to have antibacterial effects in various in vitro studies, did not have an effect in this study,
emphasizes that the relevance of tannin supplementation for intestinal health must be verified in vivo.
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Measures of 3 species of acorns (Quercus ilex L., Quercus pubescens Willd.,
Quercus suber L.) and quali-quantitative microscopic aspects of the respective starch granules
Pinna W., Cappai M.G., Sfuncia A., Nieddu G., Moniello G., Sanna M.
Department of Animal Biology, Faculty of Veterinary Medicine, University of Sassari, Italy
prodanim@uniss.it

Introduction: Supported by a traditional but empirical acknowledgement, acorns represent one among
the most important alimentary sources naturally available in pastures of the Mediterranean area. Anyway, it is easy to note a few scientific papers in literature according to morphometric and structural
peculiarities of acorns, above all as far as starch content.
Materials and Methods: 198 achenii of Quercus Ilex L., 207 of Quercus Pubescens Willd., 215 of
Quercus Suber L., have been picked from the ground when fully mature in the same day of November,
in the area of Sardinia where the 3 aforementioned species of oak live. The fresh weight of each achenium, with and without the fibrous, cap has been detected and the measures of length and maximum
width have been reported by means of a caliper. Longitudinal sections (20 μm) of samples of each of
the three species of acorns without the wooden pericarp and the fibrous cap have been analysed
through an optical microscope, with successive enlargements 10x, 20x, 40x, 100x. The picture of each
field has been captured by a photomicroscope and downloaded on a Personal Computer under digital
format in order to measure and count starch granules by means of a suited software.
Results and Discussion: Morphometric data of complete achenii of Q. Ilex, Q. Pubescens and Q.
Suber, resulted as follows (M ± SD): weight (g) of fibrous cap (0.30 ± 0.05 vs 0.65 ± 0.08 vs 0.77 ±
0.23); weight (g) of achenium (3.3 ± 0.6 vs 4.0 ± 0.8 vs 8.0 ± 0.4); length (cm) of achenium (3.0 ± 0.1
vs 2.5 ± 0.2 vs 3.7 ± 0.2) and width (cm) of achenium (1.3 ± 0.1 vs 1.5 ± 0.1 vs 1.8 ± 0.2).
The microscopic analysis of the sections of samples allowed to determine the structural and qualiquantitative peculiarities of the starch granules as follows:
- Q. Ilex L.: spheroidal or slightly ellipsoidal shape; central dense lenticular ilum; clearly evident
lamellar structure; diameter 94.9 ± 25μ, and number of starch granules filling cells 27.6 ± 6;
- Q. Pubescens Willd.: polymorphic shape, mostly polygonal; dense almost central ilum irregularly
shaped; lamellar structure particularly evident; diameter 251.9 ± 111μ, number of starch granules
filling cell 56.2 ± 22;
- Q. Suber L.: prevalently spheroidal, occasionally ellipsoidal shape; pale central ilum spherically
and/or lenticularly shaped; hazy lamellar structure, diameter 203.5 ± 55μ, number of starch granules filling cell 40.4 ± 10.
Conclusions: The results reported in this paper show both morphological and structural difference of
starch granules among the 3 species of the considered Oaks. It is worthing to lead further investigations to better evaluate the chemical composition and ultrastructural peculiarities of the starch.
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Hypersensitivity to captive diets as a possible underlying etiology
for clinical signs and pathology in captive black rhinoceros
(Diceros bicornis)
Ball R.L., Burton M.S., Olsen J.H.
Busch Gardens Tampa Bay, Tampa, Florida, USA
Dr.Ray.Ball@BuschGardens.com

Black rhinos in captivity have been plagued by a host of clinical entities. These include superficial necrolytic dermatitis (SND) , hemosiderosis,3 hemolytic and non-hemolytic, anemia, and recently the
idiopathic hemorrhagic vasculopathy syndrome (IHVS) has been described in a group of black rhinos.4
Secondary infections are also noteworthy and include salmonellosis, leptospirosis, tuberculosis, and
aspergillosis.4 Information collected over the last several years have led to a theory that would potentially unite the pathologies and clinical conditions seen in captive black rhinos. A nutritional basis has
long been suspected and the focus has tended to be on specific nutrients like iron or fatty acids.6,7 Another possibility is that captive diets may be an antigenic source and initiate a cascade of events that
may lead to the pathologies and clinical conditions encountered in captive black rhinoceros.
Differences exist in the level of inflammation between captive and wild black rhinoceros as evidenced
with ferritin levels. The differences between wild and captive rhinos in regards to ferritin are well
documented.6 While ferritin is used as a marker for tissue storage of iron, it is an acute phase inflammatory protein as well. Ferritin levels increase over time spent in captivity. This has been assumed to
be to constant iron loading but a persistent inflammatory process could result in the same ferritin
changes. A diet trial at Busch Gardens Tampa Bay (BGT) was undertaken in 3.0 black rhinos (Diceros
bicornis michaeli; Studbook Nos. 518, 12 yr-old; 0786, 5 yr-old; 0864, 4 yr-old) in which a commercial browser pellet was substituted with a low starch, high physical effective fiber diet designed for giraffe. Basic hematology, serum chemistries, serum ferritin, and immune profiles were collected. Serum ferritin levels were checked (Kansas State Veterinary Diagnostic Laboratory, Manhattan, Kansas
66506 USA) at the beginning and ending of the trial. All 3 animals had a reduction of serum ferritin of
at least 50 %. The iron content of the new diet averages around 400ppm but varies slightly between
lots. The browser pellets contained 370ppm iron. Lymphocyte proliferation was evaluated at Mote
Marine Laboratory, Sarasota, FL, at the beginning and end of the trial. 8 Concanavalin A (Con A) and
phytohemagglutinin (PHA) were used as mitogens to stimulate lymphocyte proliferation. Immune response was slightly less at the end of the 5 mon time period. The difference may not be statistically
significant but the clinical significance may be real given other inflammatory mediators had been reduced. Antiphospholipid antibodies (APhL) has not been evaluated as of this writing. A reduction in
serum ferritin in spite of a higher iron diet suggests something other than iron intake is taking place
here and a change in inflammation is suspected. APhL have been examined in captive and wild black
rhinos, as well.1 Wild black rhinoceros have lower levels of these antibodies compared to captive ones.
A rising level can be seen when young captive rhinoceros are weaned onto solid foods.1 This rise in
APhL parallels that seen in ferritin. APhL are commonly seen in inflammatory processes in people. It
is believed that in black rhinoceros they are reflective of an increased inflammatory stimulus in captivity. Given the various conditions wild rhinos are often in regards to parasites and wounds, a reasonable
deduction would be the diet in captivity could be inciting the inflammation.
Support for a dietary source of gastrointestinal inflammation also comes from recent field work.
Eleven black rhinos were recently translocated from Hluhuwe-Imfolozi Wildlife Park in South Africa.
At capture all rhinos had fecals collected for various projects. Fecal hemacult were analyzed using a
commercial kit (Hemacult®, Beckman Coulter, Inc., 4300 N. Harbor Blvd., Fullerton, California
92834-3100 USA) animal side for the presence of fecal occult blood. All eleven samples were negative (Ball, unpub. data, 2005). Fecal hemacult test are always positive in all species of rhinoceros at
BGT. This test is not considered reliable in horses as the hindgut can readily degrade large amounts of
hemoglobin, hence masking gastric bleeding.5 While negative results can possibly be false negatives, a
false positive seems very unlikely and suggest some bleeding in the gastrointestinal tract. Tannins or
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other porporyin containing substances that could potentially interfere with this assay seem much more
likely to occur in wild rhinos consuming natural browse material. A recent epidemiological project
looking at the health issues in captive black rhinos listed diarrhea as the most common problem seen.2
Food allergen testing has also been conducted at a commercial veterinary food allergen testing facility
(Bio-Medical Services, P.O. Box 26600, Austin, Texas 78755 USA) on captive black rhinos at BGT
and 5 wild black rhinoceros from Zimbabwe. There is a fair amount of variability in the profiles between food items in the captive rhinos but corn and wheat are consistently reacting as antigens on the
assay in the captive rhinos. A young captive born rhino) showed an increase in the level of reactivity
to several items over time with a large increase occurring after weaning. Most interesting is the large
differences between the wild rhinos and the captive rhinos. Persistence of these two inflammatory proteins, ferritin and APhL, may lead to problems directly. Antiphospholipid can cause microthromi and
mimic problems seen in captive black rhinos.1 The problems with hemosiderosis are well documented
in black rhinoceros.6
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Apparent digestibility and Ca-requirement of tortoises (Testudo hermanni)
Varga A., Wagner E., Iben C.
Dept. of Food Science & Veterinary Public Health, University of Veterinary Medicine, Vienna, Austria
andreas.varga@vu-wien.ac.at

Objectives: Aim of the trial was to find the optimal Ca-content in tortoises (Testudo hermanni) feed.
Beside that, the apparent digestibility of energy and nutrients was determined.
Animals, Materials and Methods: 40 tortoises (mean body weight 137.8 ± 52.1 g, 2-3 years) were
randomly distributed to four groups. The tortoises were housed on the floor equipped with about 5 cm
of bark humus. To enable faeces collection 2 tortoises of each group with one replication were housed
in terraria without any litter for 14 days. Blood samples were taken every 4 weeks from the Vena coccygea dorsalis to determine alkaline phosphatase activity (AP), calcium and phosphorus. Diets were
prepared by ssniff (Soest, Germany) and mixed with salad to increase the palatability. Finally the rations contained 1.1 (group A), 1.9 (group B), 3.2 (group C) and 3.8 % calcium/kg dry matter (group
D). P-content was the same in all rations (0.7 %/kg DM). Crude protein content was between 19.1 and
19.8 %/kg DM.
Statistics: Distribution was examined using the Kolmogorov-Smirnov-Test. All parameters were
normal distributed. Significance of differences between the groups was calculated with the help of
ANOVA and following Scheffé-procedure. The selected level of significance was p < 0.05.
Results: Results are shown in graphs 1 and 2 and in table 1. Mean body weight of the tortoises at the
end of the trial after 4 month was 150 ± 60 g. Mean DM-intake/day/animal during the collection period of the digestibility trials was 2.69 g (A), 2.44 g (B) and 2.60 g (C). No significant differences
concerning the blood parameters caused by different feed could be found.
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Graph 1: Mean calcium content in serum.

Graph 2: Mean activity alk. phosphatase.

Table 1: Apparent digestibility ( %) of crude nutrients and minerals (n = 2).
Group
A
B
C

mean
SD
mean
SD
mean
SD

DS
93.62
1.11
94.55
3.09
94.31
1.12

CP
96.01
0.66
96.28
2.42
96.53
0.77

EE
92.47
4.39
92.29
5.21
94.54
0.81

CF g
89.86
0.36
90.49
5.35
90.66
2.51

ash
79.94
2.35
88.89
3.09
88.13
0.85

NfE
95.74
1.57
96.20
2.59
95.90
1.34

Ca
93.67
2.89
87.79
12.20
90.37
4.05

P
94.68
0.29
94.80
3.95
93.36
2.07

Mg
89.96
3.98
89.87
6.35
89.50
3.52

DS dry substance; CP crude protein; EE ether extract; CF crude fibre; NfE n-free-extracts

Discussion: It was not possible to run a digestibility trial in group D, because feed intake was low and
the tortoises produced almost no faeces. After 8 weeks trial duration this group was cancelled. A de-
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crease of the AP-activity could be observed with the increasing age of the tortoises, which can be a
consequence of age or of feed change. There was no correlation between BW and AP. Mean P-values
decreased from 0.9 to 0.73 mmol/l. With increasing Ca-content in the feed, digestibility of Ca decreased but was higher in group C than in group B. Digestibility of P or Mg was not influenced by the
feed. Altogether the apparent digestibility of nutrients and minerals was very high and over a period of
4 months Ca-contents between 1.1 and 3.2 % of DS in feed seemed to meet the requirement.
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Applied nutrition II

Effect of glycosamine combined with omega-3 fatty acids
on the development of canine experimental ostheoarthritis
Frost-Christensen L.N., Lafeber F., Mastbergen S.C.,
Garssen J., Hartog A., Hazewinkel H.A.W.
Dept. of Clin. Sc. of Comp. Anim., Dept. of Rheum. & Clin. Immunol., Dept. of Pharm. and Pathophys., Utrecht
University, Netherlands and Numico Research, Wageningen, The Netherlands
h.a.w.hazewinkel@vet.uu.nl

Introduction: Osteoarthritis (OA) is a complex disease with large impact on the quality of life, for which
there is no effective therapy. Alternatives for the traditional use of NSAIDs are sought; glucosamine and
omega-3 fatty acids have shown potential to modify OA development. Glucosamine is used to decrease
clinical symptoms of OA and to prevent/decrease cartilage damage; omega-3 fatty acids are claimed to be
anti-inflammatory with a protective effect on cartilage in vitro. Thus far clinical trails have shown conflicting results.
Aim: To investigate the effects of the combination of 800 mg glucosamine-sulfate and 1800 mg omega-3
fatty acids (including 930 mg eicosapentaenoic acid (EPA) and 600 mg docosahexaenoic acid (DHA)) on
the development of canine experimental OA.
Materials and Methods: In a prospective, double-blind, placebo controlled study two groups of dogs,
age (30.7 ± 1.3 months) and weight (24.8 ± 0.5 kg) matched (mean ± SEM), cartilage lesions were induced in one stifle joint by use of the groove model. Medication or placebo was given daily orally from 1
month before, till 3 months after surgery. At regular intervals gait analysis (force-plate) was performed,
blood was collected for fatty acids analysis, radiographs were made and synovia was collected for prostaglandin E2 (PGE2) and nitric oxide analysis. Cartilage and synovial membrane with underlaying tissue
of the experimental OA and controlateral control stifle joint were dissected immediately after sacrifice for
macroscopy and microscopy and cartilage proteoglycan (p.g.) synthesis, retention, release and content
was determined.
Results (mean ± SEM): The EPA and DHA % of the total free fatty acids in the medication group (2.23 ±
0.57 %; 2.75 ± 0.47 %) was significantly p < 0.001) higher than that in the placebo group (0.16 ± 0.1 %;
0.42 ± 0.57 %), resp.,during the p.o. period. The p.g.-content in the femoral condyles for the control and
experimental OA stifle joint, respectively, was significantly (p < 0.03) higher in the medication group
(38.4 ± 1.2 mg/g; 31.5 ± 1.3 mg/g) than in the placebo group (33.6 ± 1.2 mg/g; 27.2 ± 0.9 mg/g). However, the decrease of the p.g.-content between experimental OA and control joint was not significant different between the medication (6.9 ± 1.3 mg/g) and the placebo group (6.4 ± 1 mg/g). No significant difference was found between the medication and placebo group for any of the other parameters assessed.
Discussion and Conclusion: Combined medication of glycosamine and omega-3 fatty acid during 4
months, starting 1 month before the induction of OA enhanced the p.g.-content in the femoral condyles of
the experimental OA and the contralateral control joint. However, this did not coincide with any other
clinical, histological or biochemical effect in this prospective, well-controlled, sensitive canine model of
OA.
This study was financially supported by Numico Research, Wageningen, The Netherlands.
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The gut health response to dietary mannan-oligosaccharides in dogs
Spring P.
Swiss Agricultural College, Zollikofen
pspring@alltech.com

Health and welfare of pets and humans depend greatly on a stable and healthy gastrointestinal microbial population. Rapid changes in the microflora and proliferation of intestinal pathogens can lead to
gastrointestinal diseases or even death.
The gut microflora depends on the nutrient availability in both the small and large intestine. Poor feed
formulation can reduce the digestibility of nutrients, leading to increased flow of undigested nutrients
available for microbial fermentation. Bacterial overgrowth can lead to digestive problems such as gastroenteritis or bloat.
Research has demonstrated that the use of a certain specific mannan oligosaccharides derived from the
outer cell wall of Saccharomyces cerevisiae, can promote gut health and thereby welfare in pets.
Carbohydrate residues, in particular mannose residue block type-1 fimbriae by which many pathogenic bacteria attach to the intestinal wall. Dogs fed mannan oligosaccharides showed greater concentrations of bifidobacteria and lactobacillus spp. therefore competitively exclude pathogens such as
salmonella, E.coli, Clostridia spp. or campylobacter. Inclusion of dietary mannan oligosaccharides,
and the blocking of bacterial attachment sites, can also lead to improved immunity by allowing pathogens to be presented to immune cells as attenuated antigens. It is further suggested that mannan oligosaccharides also has direct effect on the immune cells in the gastrointestinal tract resulting in increased
activity of the cellular and humoral immune system.
Immunity and its interaction with nutrition is only just being understood, but from the trials conducted
in dogs to date, it can be seen that feeding mannan oligosaccharides and presenting pathogens to gut
lymphatic tissue can reduce inflammation, as well as stimulate the immune response to specific pathogens in the environment. This is especially important in newly immunised puppies or older animals
with reduced immunity. Research to date indicates that mannan oligosaccharides is an important food
supplement for companion animals to maximise health and well-being.
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Investigations on calcium and phosphorus contents in blood and bones
(diaphysis of os femuris) of turkeys during fattening period
Götting C., Grosse Liesner B., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine, Hannover, Foundation
josef.kamphues@tiho-hannover.de

Introduction: Skeleton disorders are a frequent clinical problem in fattening turkeys. Beside genetic
influences under those circumstances Ca- and P-supply as well as the vitamin D content of diets are on
debate, therefore chemical analyses of diets are recommended in general. It would be helpful to know
the physiological Ca- and P- values in the blood and “normal” mineralization of bones in fattening
turkeys because those data would indicate better the nutrient supply, than the diet composition it does.
Aim of the investigation was to generate values on the development of Ca- and P-levels in blood as
well as data on the mineralization of bones in healthy fattening turkeys.
Materials and Methods: Investigations were performed on an experimental and research farm, where
3000 male turkeys (2 genetically different lines, housed in 4 groups à 750 animals, stocking density at
the end of the fattening period = 60 kg bw/m2, wood shavings as litter) were fed one conventional,
phase typical diet (table 1). In each week 4 turkeys (one of each group) were sacrificed to obtain samples (blood, bones). Analyses concerning bones included chemical composition as well as functional
parameters (breaking strength: in Newton, N; tibia and humerus bones were fractured in a materialtest-machine type “Zwicki-Z2.5/TNIS”).
Table 1: Diet composition during fattening period [g/kg DM].
phases
crude protein
ME [MJ/kg DM]
calcium
phosphorus

P1
313
12.8
15.2
10.1

P2
305
12.9
15.5
10.0

P3
255
13.0
14.4
8.89

P4
236
13.6
12.8
6.42

P5
205
14.3
11.3
5.25

P6
188
14.5
8.2
5.00

Results: The final weight (22nd week) of male turkeys varied between 21.2 and 23.2 kg in the 4
groups. During the whole fattening period (from the 1st day of life) losses in a range of 8 – 11 % occurred. Of special interest was the development of the Ca- and P-values in the blood plasma (Fig 1).
The mineralisation of the skeleton was indicated by continuously increasing ash contents in the femur
diaphysis (Fig 2). With increased mineralization (higher ash content) breaking strength of tibia and
humerus increased also.
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Fig 1: Ca and P in plasma of fattening tukeys.
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Fig 2: Diaphysis ash content (fat- free wet weight).

Conclusions: Ca and P contents in plasma and os femuris diaphysis were obtained under field relevant
conditions (diet composition/growth rate), so these values might be used for comparison, when feed
related disorders of skeleton in fattening turkeys are on debate. Furthermore Plasma P contents may
indicate real P supply (P amount and availability in the diet) as it was found in fattening broilers (1).
References: (1) Hemme, A. (2004) vet. med. thesis, Hannover.
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Investigations on excreta quality (appearance, dry matter content, pH) related to age, diet composition and counts
of Clostridium perfringens in excreta of fattening turkeys
Radko D., Hagemann M., Hinrichs M., Grosse Liesner B.,
Götting C., Koddebusch L., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Foundation & Heidemark GmbH,
Garrel, Germany
josef.kamphues@tiho-hannover.de

Introduction: A rough estimation of excreta quality belongs to the essential tools of veterinary inspection in herds of fattening turkeys. If there are changes (water content, consistency, smell, colour)
potential reasons are on debate. Against this background it is necessary to know the normal values before changes can be interpreted as signs of specific influences (like an infection).
Aim of these investigations presented here was to generate data on normal excreta quality in turkeys
and to look whether changes in excreta quality (found in sensoric estimation) could be related to specific bacteriological findings like higher counts of Clostridium (Cl.) perfringens. Furthermore it was of
interest whether excreta quality is influenced by diet composition.
Materials and Methods: Fattening trials were performed with turkeys (BUT, Big 6) on two farms (H:
n = 1535; M: n = 2080) fed four different diets (in 12/16 groups) with about identical chemical composition but varying in the kind and proportion of main ingredients (1. control diet = conventional ingredients; 2. protein diet = without peas, rape seed meal; 3. starch diet = without triticale, more maize;
4. protein/starch diet = 2.+3.). The investigations on excreta quality started with a sensoric control of
appearance, consistency, smell and color, followed by measuring the pH and dry matter (DM, drying
at 103°C) content. In general the excreta were tested by bacteriological cultural techniques on counts
of Cl. perfringens (1g of excreta, dilution, anaerobe incubation, D.S.T. agar, hemolytic activity).
Results: The quality of excreta was characterized – based on visual inspection – as “normal”, “liquid”,
“foamy” or “containing litter/ undigested feeds”. During the fattening period slightly increasing DM
contents were measured in excreta (160-170g DM/kg → ~200g DM/kg feces). The pH of excreta varied independent of the diet or age around 7 but also values < 6 and > 8 were observed indicating unphysiological conditions in the GIT. The four diets (identical chemical composition but differences in
the kind and proportions of ingredients) did not influence significantly DM content and pH excreta.
During the fattening period there was a significant trend to higher detection rates ( % of positive samples) as well as towards higher counts of Cl. perfringens (≥10³CFU/g excrements). Incidence of Cl.
perfringens positive excreta samples as well as counts of Cl. perfringens were not influenced by the
type of diet. Not in “foamy” excreta (as it was supposed) but in excreta “containing litter/ undigested
feed” the highest counts of Cl. perfringens were detected.
Conclusion: “Foamy” excreta in turkeys do not indicate a massive load of the intestine by Cl. perfringens (as frequently supposed), in those samples even lower counts were detected. So there are doubts
whether the quality of excreta can be a usefull parameter for the choice of the right antibiotic treatment. Furthermore there are doubts whether the counts of Clostridia in poultry excreta have any diagnostic value because these bacteria belong the normal physiological intestinal flora.
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Relationship between milk production
and selected parameters in the urine of lactating sows
Papadopoulos G.A., Maes D., Verheyen A., Van Weyenberg S., Janssens G.P.J.
Laboratory of Animal Nutrition & Department of Reproduction, Obstetrics and Herd Health, Faculty of Veterinary Medicine, University of Ghent, Belgium
Geert.Janssens@UGent.be

Objective: Milk production in sows can be determined by different methods including the weighsuckle-weigh or the isotope dilution method. These methods however are labour intensive, expensive,
stressful for the piglets and the sow and they have to be performed under strict conditions. As the collection of the urine is a non-invasive technique that can be performed with minimal stress for the animals, the objective of this study was to identify whether there is a possible relationship between selected urinary parameters and milk production.
Materials and Methods: In total, 18 multiparous Rattlerow-Seghers hybrid sows with a mean parity
of 3.9 (range: 2-8), were used. All sows received the same standard lactation diet. Each sow was sampled during two days of the lactation: at day 3 or 4 after farrowing and a second time at day 14 or 15
after farrowing. In the morning (pm) of each sampling day, prior to the morning feeding at 8.00, three
samples were collected: a) a blood sample from the jugular vein using evacuated blood collection
tubes containing lithium heparin, b) a milk sample, after intravenous injection of 10 IU oxytocin and
hand milking of all the functional glands, c) a urine sample, after free urination of the sow by a participant who was standing behind the animal. In the afternoon (pm), between 12:00 and 13:00 of each
sampling day, a second urine sample was collected after free urination of the sow. Blood and urine
samples were analysed for K, Na, Ca, glucose, creatinine and lactose. Milk was analysed for fat, protein, lactose, cholesterol, K, Na, Ca and Mg. On each sampling day, milk production of the lactating
sows was determined by the weigh-suckle-weigh method based on 8 hourly measurements as described by Theil et al. (2002).
Results: Levels of urinary lactose, K, creatinine and their ratios were not correlated with milk production (r < 0.25; p > 0.05). Regression analysis of milk production (M) in function of the Kpm:Kam ratio
(KR) and day of lactation (D) gave:
M = 0,8+ 2,8(+/-0,6)KR + 0,14(+/-0,05)D (r²=0,594; P < 0,001).
Similar findings were obtained for the ratio of urinary Ca pm versus urinary Ca am (CaR):
M = 1,15+ 1,9(+/-0,5) CaR + 0,15(+/-0,06) D (r²=0,538, P < 0,001).
The number of piglets was not related with milk production (P = 0,416 ), in contrast to previous studies (Auldist et al.,1998). Blood and milk parameters were only moderately correlated to milk production.
Conclusions: The models described above can be used as indicators of milk production in sows by
means of a non-invasive non-stressing technique. However, there was a rather high residual variance,
which impairs the detection of small to moderate differences in milk production.
References: 1) Theil P. K. et al., 2002. Estimation of milk production in lactating sows by determination of
deuterated water turnover in three piglets per litter. Acta Agric. Scand., Sect A, Animal Science, 52: 221-232. 2)
Auldist D. E et al., 1998. The influence of litter size on milk production of sows. Anim. Sci. 1998, 67:333-337.
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Haematological changes in pigs suffering
from the dystrophic syndrome
Orăşanu A.
Institute for diagnosis and animal health Bucharest
orasanu.adriana@idah.ro

The dystrophic syndrome has a polyfactorial aetiology and it occurs during the antenatal and postnatal
development because of the stress factors and because of the nutritional biotic and endocrine causes
having complexe metabolic implications.
The haematological investigations were made during 2003-2005 on an approximate number of 500
blood samples drawn from porcines, fattening farms of the swine. For making the quantitative haematological tests, blood samples on anticoagulant (EDTA) were drawn (number of erythrocytes, haemoglobin, haematocrit, derived erythrocyte values (VEM, Hem, CHEM) as well as the qualitative one
(cytomorphological tests of peripheric blood smear) and also samples of haematoformators marrow.
By processing the haematological values obtained, we observed that the microcithemic oligocithemic
and hypochrome anaemia was the most common in pigs. The anaemia conditions are present with a
high incidence in association with the dystrophic syndrome; because of their complexity, because of
the oxygen’s homeostatic perturbation, all the organism’s functions were affected, fact which leads to
the morbidity and mortality of pigs and the decrease of animal production and of the reproduction values.
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Efficacy of a combined fish oil and glucosamine & chondroitin sulfate supplementation on bone and cartilage metabolism in exercising young dogs
Vervuert I., Kessing M., Peus E., Gärtner S., Thonar E., Cuddeford D., Coenen M.
Institute of Animal Nutrition, Nutrition Diseases and Dietetics, Faculty of Veterinary Medicine, Leipzig
ingrid.vervuert@vetmed.uni-leipzig.de

The aim of this study was to investigate the effects of a combined fish oil and glucosamine and chondroitin sulfate supplementation on bone and cartilage metabolism in exercising young dogs.
Materials and Methods: Ten foxhounds (5 males and 5 females, aged 12 mo, mean body weight: 31
± 5.4 kg) were trained every second day on a high speed treadmill for three months in order to impact
bone and cartilage metabolism. Each dog exercised a total distance of about 900 km during the experiment. The maximum daily exercise was 33.7 km at an average speed of 12.5 km/h. During the experiment the dogs were individually fed a constant basal diet formulated to meet energy and nutrient
requirements. Five dogs were additionally supplemented (S) with fish oil (FO) and glucosamine (G) /
chondroitin sulfate (CS) in the order indicated: 0.26 mL FO/kg M, 15.5 mg G/kg M and 10.5 mg
CS/kg M on days 1 and 2 of the experiment; 0.52 mL FO/kg M, 30.4 mg G/kg M and 21.0 mg CS/kg
M on day 3 and from day 18 on; 1.04 mL FO/kg M, 60.9 mg G/kg M and 42.1 CS mg/kg M on days 4
to 17, respectively. Five dogs received an isoenergetic placebo (C) of corn flakes. Blood samples were
taken at defined times to analyse bone specific alkaline phosphates (BAP), keratan sulfate (KS) and
hyaluronic acid (HA). Radiographic bone density was analysed before and after the training programme using computer tomography (Somatom®). Data are presented as means ± SD.
Results: Serum BAP was influenced by training and supplementation whereby the supplemented dogs
showed a more pronounced drop in serum BAP in the course of the training period (Table 1). Serum
cartilage markers (Table 1) and radiographic bone density were neither affected by training nor by
supplementation (P > 0.05).
Table 1: Serum BAP (IU/L), KS (ng/mL), and HA (ng/mL) during training period.
Parameter
Serum BAP (IU/L)
Serum KS (ng/mL)
Serum HA (ng/mL)

Group
C
S
C
S
C
S

Start (day 1)
14.1 ±
2.8a
14.2 ±
2.7a
84.1 ± 24.4a
97.7 ±
9.6a
22.3 ± 13.7a
21.5 ±
7.9a

Training period
Middle (day 50)
12.9 ±
2.3a
10.8 ±
0.5b
90.3 ± 10.1a
96.2 ± 19.4a
24.1 ±
9.4a
28.8 ±
7.9a

End (day 92)
13.0 ±
3.0a
10.9 ±
1.7b
86.4 ± 15.3a
98.9 ± 15.8a
25.5 ±
9.2a
29.9 ±
7.3a

Means with different superscripts are different (P < 0.05) within a row.

Discussion: Intensive training in dogs influenced bone metabolism whereby the combined fish oil and
glucosamine / chondroitin sulphate supplementation might accelerate a more stable bone turnover. Beside of scepticism of using serum cartilage markers instead of synovial markers, cartilage metabolism
seemed to be unchanged even by a very intensive training which agrees with the observations in humans that athletes like marathon runners have no more evidence of cartilage damage than sedentary
individuals. The results indicated that in healthy dogs a prophylactic combined supplementation of fish
oil and glucosamine / chondroitin sulfate does not improve cartilage metabolism during intensive exercise and training.
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Effects of feeding a daily oral hygiene chew
on dental deposits in medium and large sized dogs
Servet E., Hennet P., Biourge V.
Royal Canin Research Center, Aimargues, France & Veterinary Clinic, Paris
eservet@royal-canin.fr

Introduction: Oral diseases have been identified as the most frequently diagnosed clinical conditions
in domestic dogs. Tooth-brushing is proven to be the most efficient way to reduce dental deposits. Because many dog owners are not willing or able to brush their dog’s teeth, alternatives have been researched. The aim of the study was to evaluate over one month the effect on dental deposits of a new
oral hygiene chew intended for medium and large-sized dogs.
Materials and Methods: Twelve healthy male Beagles (1.4±0.6yrs, 17.5±2.8kg) and 12 entire crossGolden Retrievers (6 males and 6 females, 1.3±0.5yrs, 26.2±3.1kg) were included in the study. Following the “Clean Tooth Model”, dogs were randomly allocated into 3 homogenous groups based on a
1-week dental plaque scoring, breed and weight. Group 1 was fed a non-dental oriented dry diet1 only.
Group 2 was fed the same dry diet plus a daily chew2. Group 3 was fed a dental-oriented dry diet3 plus
the daily chew. The chew has been specifically designed to fit medium and large-sized breed oral biometry with an adapted shape, size and texture. It was developed to encourage chewing and release
tripolyphosphate, a salivary calcium chelator, in the oral cavity. Twenty-eight days after the initial
scaling/polishing, dental plaque and dental calculus were scored using the modified Logan & Boyce
plaque index and the Warrick & Gorrel calculus index, respectively.
Results: Dogs remained healthy, maintained their body weight and consumed their diet adequately.
All dogs consumed the chew without any issue. Its palatability was excellent. Ninety percent of the
dogs chewed within 2-3 minutes and 10 % within 1-2 minutes. Groups 2 and 3 showed significantly (p
< 0.05) less dental plaque accumulation than group 1 (-13.9 % and -21.8 %, respectively). Teeth showing most plaque reduction were maxillary premolar 4 and molar 1. Difference in plaque accumulation
between groups 2 and 3 was not significant. Groups 2 and 3 showed significantly (p < 0.05) less dental
calculus accumulation than group 1 (-72.9 % and -66.5 %, respectively). Teeth showing most tartar
reduction were maxillary premolars and molar 1 and mandibular premolar 4 and molar 1. There was
no tartar accumulation difference between groups 2 and 3.
Conclusion: This study shows that feeding dogs with a specially-designed daily chewing device is a
good alternative to limit the extent of dental accumulations leading to the periodontal disease. This
chew can be associated with a dental-oriented dry diet to further enhance the beneficial dental effect.
1 Royal Canin, Size Nutrition, Maxi Adult, Aimargues, France
2 Royal Canin, Veterinary diet, Oral Bar 70, Aimargues, France
3 Royal Canin, Vet Early Care, Canine, Dental&Skin, Aimargues, France
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The placebo effect of a supplement provided to dogs
with signs of arthosis: a double blind-clinical trial in dogs
Blanchard G., Dentz J.J., Paragon B.-M.
Nutrition Unit, National Veterinary School of Alfort, France
gblanchard@vet-alfort.fr

Arthosis is a very common disease in dogs, especially in the old ones and since years now both veterinarians and dog owners provide oral supplements or diets containing chondroitine sulfate (CS) and
glycosaminoglycans (GAGs) as neutraceuticals to help these dogs. Actually, in France, at least nine
oral supplements and numerous petfoods are available in the vet market with this target, each containing different dosage of CS and GAGs as well as different additives as various as chitosan, manganese,
zinc, vitamins E and C. with no published evidence of efficacy. A double-blind field study already
showed no effect of a supplement based on New Zealand green-lipped mussel extract in dogs with different degenerative disorders of large joints in dogs (Dobenecker et al., 1996), based on a questionnaire based on clinical signs. The aim of the present study was to compare the recommended dosage of
the different supplements available in the market and to realize a double-blind clinical trail.
Six dogs suffering from different degenerative disorders inducing lameness which did not require antiinflammatory drug were included in each group. None of the habits of the dogs were changed. A placebo provided by CEVA Santé Animale (Libourne, France) was provided to the control group. A
commercial supplement, Flexivet Start (CEVA SA) , providing 25 mg of glucosamine and 30 mg CS
per kg BW was provided to the test group. Both were sold to the owner at the same price. At T0, then
1, 3 and 6 months after the beginning of the supplementation, the owner -always the same of the
household- had to answer a questionnaire, and each dog, after at least 30 min of rest in a cage, was
submitted a complete clinical exam, the mean length of the stride was measured, and different clinical
signs received were scored based on a 3, 4 or 5 points scale, for each variable. X-ray signs of lesions
were recorded before and after 6 months of supplementation. Data were treated statistically with SAS
system with a glm procedure with repeated measures.
Out of all the signs recorded, no difference was noticed between the two groups except the answer of
the owner to the following questions (Table 1):
- Frequency of the signs: “All signs together, how often do you see some?” 1: never; 2: times to
times; 3: permanent.
- Troubles to get up: “Among the troubles showed by the dog, do you observe troubles to get up?” 1:
never; 2: < once a month; 3: once every 15 days; 4: > once a week 5: once a day.
- Global Improvement: How do you qualify the evolution of the global condition of your dog since
your last visit? 1: clear improvement; 2: light improvement; 3: none; 4: deteriorate
These supplements demonstrated no clinical objective effect, confirming previous studies.
Table 1: Variables for which a significant effect of time was shown.
Mean ± SD
Frequency of the signs
Troubles to get up
Global improvement

Group Visit
Placebo
CS-GA
Placebo
CS-GA
Placebo
CS-GA

T0
2.2 ± 0.4
2.3 ± 0.4
4.5 ± 0.5
3.4 ± 1.8
3.0 ± 0.0
3.0 ± 0.0

1 month
2.1 ± 0.5
1.9 ± 0.7
2.4 ± 1.9
2.8 ± 1.8
1.5 ± 0.9
2.0 ± 1.0

3 months
2.0 ± 0.7
2.1 ± 0.7
3.1 ± 1.9
2.4 ± 1.5
3.0 ± 0.7
2.6 ± 0.9

6 months
2.4 ± 0.5
2.5 ± 0.5
3.8 ± 1.3
3.4 ± 1.8
3.4 ± 0.6
2.6 ± 1.1

Time effect
p=0,03
p=0,04
p < 0,001

Conclusion: This study demonstrates a strong placebo effect of such a supplement against signs of arthrosis, with the best perception after one month of treatment, even a placebo. Among a follow on a
quite long period of 6 months, no improvement is reported any more after 3 to 6 months.
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References: Dobenecker et al. (1996) The effects of chondroitin sulfate or mussel extract on the owners’ perception of lameness and pain in dogs with joint-diseases- a placebo-controlled double-blind study. Proc. 5th conf.
ESVCN, Sursee, Switzerland, p.43.
Aknoledgement to the laboratory CEVA Santé Animale.
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Effect of ad libitum low energy high protein diet
and exercise in obese dogs
Jeusette I., Compagnucci M., Romano V., Vilaseca L., Crusafont J., Torre C.
Affinity-Petcare, Research and Development, Barcelona, Spain
IJeusette@affinity-petcare.com

Obesity is one of the most common nutritional disease in companion animals. The objective of this
study was to assess the effects of ad libitum consumption of high-protein low-energy diet in combination with physical activity in obese Beagle dogs.
Material and Methods: Twelve obese beagle dogs -4 entire males, 4 neutered males, 3 entire females
and 1 neutered female- were used. Dogs were housed by pair and were fed a high-protein low-energy
diet (36.6 % protein, 8.1 % fat, 3100 kcal metabolisable energy, as fed) for the 10 weeks. After 6
weeks, 2 hours of free exercise with all 12 dogs together was allowed. Results are presented as mean ±
standard error of the mean (SEM). Values are considered as significantly different for a p value < 0.05.
Results: Mean starting body weight (sBW) was 17.1 ± 0.8 kg. The ad libitum distribution of the diet
alone did not allow a significant weight loss (mean 0.04 ± 0.27 % sBW/week). By contrast, a mean
BW loss of 2.28 ± 0.44 % sBW/week was observed with diet and exercise. The weight loss program
results in a mean total weight loss of 1.7 ± 0.4 kg that corresponds to 1.04 ± 0.25 % sBW/ week. The
difference between entire and neutered dogs (1.2 ± 0.4 and 0.8 ± 0.4 % sBW/ week , respectively) or
between males and females (1.2 ± 0.4 and 0.7 ± 0.4 % sBW/ week, respectively) did not reach the significant level. The weight loss program resulted in a significant weight loss in all dogs except in the
neutered female.
Conclusion: Physical exercise should be encouraged during weight loss program in dogs. This could
be particularly helpful in females that lose weight less easily, maybe caused by lack of spontaneous
activity.
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Investigations on the estrogenically active substances in feedstuffs by an in
vitro bioassay in comparison to HPLC analysis
Winter P., Nau H., J. Kamphues J.
Inst. of Animal Nutrition, Dept. of Food Toxicology, University of Veterinary Medicine Hannover, Germany
Petra.Winter@tiho-hannover.de

The main reason cited in the literature for hyperestrogenism in pigs is contamination of feedstuffs by
the mycotoxin zearalenone, but effects of other estrogenically active substances as a cause of hyperestrogenism cannot be excluded. Therefore estrogenic activities of phytoestrogens in feedstuffs – especially of Daidzein and Genistein in soy and soy products – are of particular interest.
Aim of this study was to improve established procedures in order to design an in vitro bioassay by
which the total estrogenic activity of a feedstuff can be determined. Daidzein and genistein show estrogenic activity by this indirect measurement via expression of a reporter gene engineered into the
cell line HEK 293. Current analyses will show the correlation of estrogenic activity measured by bioassay to the results of daidzein and genistein analysis by HPLC.
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The impact of mycotoxins to animals and their productions
Antoniu S.
Institute of Diagnostic and Animal Health Bucharest
antoniu_silvia@yahoo.com

Mycotoxins are toxic metabolites synthesized by the different gena of pathogenic fungi, that grow on
feeds, when they find an optimal conditions of humidity, pH and temperature.
Their nocive action to animals and humans consist in appearance of cancer, imunosupression,
mutagenesis, endocrine, gastrointestinal, urogenital, vascular and nervous disorders, which imposed
the necesity of monitoring of health status in sensible species and feeds by mycological and
mycotoxicological exams.
In preventive and curative scope, in 2005, in Mycology-Mycotoxicology Lab from Institute of
Diagnosis and Animal Health (Bucharest, Romania), 52 feed samples were analysed by micological
exam, chromatography in thin layer and ELISA .
References:
Crivineanu V., Goran G.V., Crivineanu D.C., Micotoxines – old problem, modern solutions, Rev. Rom. Med.
Vet. 1/2005, ISSN: 1220-3173, p. 15-32.
Acha P.N., Szyfres B., OIE – Zoonose et maladies transmissibles communes à l’homme et aux animaux,
Troisième édition, 2005, Volume I: bactérioses et mycoses, p.297-359.
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Effects of induced acidosis
on milk fat content and milk fatty acids profile
Enjalbert F., Videau Y., Nicot M.C., Troegeler A.
National Veterinary School of Toulouse, France
f.enjalbert@envt.fr

Objective: The effect of wheat percentage in diets offered to lactating cows on variations of milk fat
content and profile of milk fatty acids (FA) was studied, focusing on odd-chain FA and trans intermediates of ruminal biohydrogenation.
Materials and Methods: Two cows equipped with a ruminal canula received four successive diets
based on maize silage, and comprising 0, 20, 34 and again 0 % of wheat on a dry matter basis. Each
diet was used during 12 days. The diet was distributed in two equal meals at 08:00 and 17:00, and
wheat was top-dressed on the silage. Milk samples were taken at the evening milking, and samples of
ruminal contents were taken hourly from 08:00 to 16:00 on days 10 and 11 in the first period, and on
days 5, 10 and 11 in the 3 subsequent periods.
Results and Discussion: Compared with the initial control, after 10 days adaptation, diet with 20 % of
wheat significantly lowered mean daily ruminal pH (6.03 vs 6.77) and milk fat content (33.0 vs 44.1),
and significantly increased the percentage of odd-chain FA in milk fat (2.38 vs 1.48). The trans10C18:1 / trans-11C18:1 ratio increased from 0.34 to 0.82, but the difference was not significant.
After 10 days adaptation, the diet with 34 % of wheat resulted in a low ruminal pH (5.8), a low milk
fat content (22.4), a high percentage of odd-chain FA (3.03) and a high trans-10C18:1 / trans-11C18:1
ratio (12.2). All these values were significantly different from both initial values and values observed
with 20 % of wheat.
After 10 days with the control diet following acidogenic diets, mean ruminal pH and milk fat content
returned near initial value (6.98 and 41.1, respectively), but the percentage of odd-chain FA and the
trans-10C18:1 / trans-11C18:1 ratio (1.80 and 2.14, respectively) remained significantly higher than
initial values. This suggests that effects of a ruminal acidosis can remain a long time after returning to
a non-acidogenic diet.
Values observed after 5 days adaptation to the three diets were intermediate between values at the end
of the previous period and values after 10 days adaptation, and significantly different from values after
10 days adaptation for all presented parameters except the trans-10C18:1 / trans-11C18:1 ratio (P =
0.25).
The correlation coefficients between mean ruminal pH and milk fat content, proportion of odd-chain
FA and trans-10C18:1 / trans-11C18:1 ratio were significant (0.84, -0.87 and -0.62, respectively).
However, this low latter value was due to a weak relationship when pH was over 6.2, as opposed to a
large increase of the trans-10C18:1 / trans-11C18:1 ratio when mean ruminal pH was under 6.2.
These results are consistent with present knowledge on trans-10 FA as a result of low ruminal pH and
a cause of low milk fat content. They show that the trans-10C18:1 / trans-11C18:1 ratio can exhibit
very large variations when the mean ruminal pH is under 6.2.
Conclusion and Perspective: Induced acidosis resulted in lowered milk fat content, and increased the
proportion of odd-chain FA and the trans-10C18:1 / trans-11C18:1 ratio. Milk fat content and proportion of odd-chain FA were linearly related to mean ruminal pH. On the contrary, trans-10C18:1 /
trans-11C18:1 ratio only exhibited variations when mean ruminal pH was low, and these variations
were in a large range, making this ratio a possible candidate for biochemical characterisation of acidosis.
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Influence of feeding plan on fatty acid composition of goat milk
D’Urso S., Cutrignelli M.I., Tudisco R., Piccolo V., Infascelli F.
Department of Zootechnical Sciences and Food Inspection, Naples, Italy
fasce@unina.it

Objectives: Goat milk is thought to be high in nutritional value because of relatively high level of
medium chain triglycerides (Boza and Sanz Sampelayo, 1997). This aspect could be improved even
further by increasing the polyunsaturated fatty acids (PUFAs) content, which have been associated
with a decrease in the risk of hearth disease (Albert et., al, 1998). In addition, the conjugated linoleic
acids (CLA), a class of isomers of linoleic acid, are recognized as having antioxidative and anticarcinogenic properties (Parodi, 1997). Animal diet has been demonstrate to have great influence on the
PUFAs and CLA content of milk (Parodi, 1999); therefore, the aim of present work was to evaluate
the effect of pasture on the fatty acid composition of milk yielded by an autochthonous goat population called “Cilentana”, extensively bred in Cilento (Salerno province, Southern Italy).
Materials and Methods: The trial was carried out using 30 pluriparous goats, equally divided before
lambing into two groups (A and B) homogeneous in parity and milk production at the previous lactation. Group A (control) was housed in a stall, while group B was led to pasture. The groups received
diets with the same energy and protein contents. As for forage group A received alfalfa hay ad libitum
selected to guarantee the same protein intake for both groups. Indeed in previous trials (Infascelli et
al., 1998; Cutrignelli et al., 2000) effected in the same area, the protein content of pasture resulted
close to 16 % DM. The same concentrate [crude protein (CP) 18 % of dry matter (DM); 1.03 Feed
Units of Lactation (UFL)/kg DM] was administered to both groups in amount of 200 - 300 and 400
g/head/d, respectively 45 - 30 and 15 days before lambing. After lambing (occurring in each case up to
the 1st week of February 2004), the administration of concentrate was gradually increased up to 700
g/head/d. After lamb sold (second half of April) and up to dry season for a total of 5 months, milk
yield was recorded monthly. At each control, moreover, milk samples, representative of the two daily
milking were analysed for: protein, fat and lactose contents whit infrared method using Milko Scan
133B (FIL IDF, 1996) standardised for goat milk. In addition total lipids were extracted and turned in
methyl esters (Hara et al., 2000), which were analysed by gas chromatograph according to Gramenzi
et al. (2003) in order to determine the fatty acids composition and the CLA concentration. The results
were analysed by ANOVA using SAS (2000) according to the model: Yijk = μ + Gi + Cj + GCij + εijk
where Y is the single observation, μ is general mean, G is the group effect (i = A, B), C is the control
effect (j = 1,…5), GC is the interaction between the two considered effects, and ε is the error. The “intra-effect” comparison among the means was performed with the Tukey test (SAS, 2000).
Results and Discussion: Average milk yield did not statistically differ between the groups, even if
group A showed higher milk production than group B (1418.1 g/d vs 1337.2 g/d). In terms of milk
chemical composition, the grazing group showed significantly higher fat percentages than group A
(4.60 vs 3.79 %, respectively for groups B and A, P < 0.01). Our results agree with those recorded by
Ramanzin et al. (1997) in milking cows and, more recently, by Soryal et al. (2004) in Alpina goats. As
for other milk chemical characteristics, statistically significant differences were recorded for lactose
content (4.67 and 4.59 %, respectively for groups A and B, P < 0.01). It is worth studying the trend of
fat content in milk by milking month. The grazing group showed higher values at the first two productive controls (April and May) than the two subsequent controls; on the contrary, the fat content of milk
produced by group A increased gradually during milking. At the last control, finally, in the two groups
the highest fat content was recorded. As concerns the fatty acid composition of milk, the grazing affected only the concentrations of the oleic (C18:1) and linoleic (C18:2) acids which were significantly
(P < 0.05) higher in group B (g/100 g fat 18.15 vs 16.94 and 2.31 vs 2.01, respectively). PUFAs increase in the milk of grazing animals have been reported also by Shroeder et al. (2003) who found a
significant higher levels of linolenic acid (C18:3) in milk of dairy cows led to pasture than in milk of
those fed total mixed ration (g/100 g 0.57 vs. 0.07). Also in the present work, the concentration of linolenic acid was higher in the milk of group led to pasture, even if the differences were not significant
(g/100 g 0.68 vs 0.75, for group A and B, respectively). As concerns the influence of the month of
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sampling, in grazing group the highest level of oleic acid was registered at the 3rd sampling (June)
while that of the linoleic acid was reached on the 4th sampling (July). The pasture highly affected the
CLA concentration of milk. Indeed, the average value was significantly higher for group B than for
group A (g/100 0.84 vs 0.56; P < 0.01). Our results agree with those of Dhiman et al. (1996) in dairy
cows; in contrast, Jahreis et al. (1999) did not find differences in CLA concentration between milk
from grazing and stall housed goats. For the CLA milk concentration, it is worth studying the trend by
sampling month. The grazing groups showed the lowest values (g/100g 0.49) at the first control
(April) which doubled at the second one (g/100 g 0.85) to reach the highest level at the last sampling
(beginning of September), indicating high influence of quality of pasture on milk CLA concentration.
Conclusions: The positive effect of grazing on the nutritional value of milk Cilentana goats has been
demonstrated. Indeed, the group led to pasture showed significantly higher levels of PUFAs and CLA
widely recognised as having beneficial effects on human health.
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Variations in the content of lactoferrin in tank milk samples
Giordano L., Dotreppe O., Hornick J.L., Istasse L., Dufrasne I.
1

Nutrition Unit B43. Dept. of Animal Production, Faculty of Veterinary Medicine, Liege University, Belgium &
Experimental Station , Liege, Belgium
listasse@ulg.ac.be

Introduction: Lactoferrin is a glycoprotein secreted by different cells, particularly in the mammary
gland. Due to its iron binding capacity lactoferrin is characterized by bacteriostatic properties. Lactoferrin is implicated in many defense mechanisms and so is involved in the protection of the mammary
gland. Lactoferrin is present in milk from which it is extracted by industrial processes. The present
work was carried on to assess variations in the content of lactoferrin in milk obtained from tanks.
Materials and Methods: A total of 99 milk samples from tanks were collected over a three days period in January 2006. The samples originated from dairy farms located in 4 different agronomy areas.
The samples were analysed for fat, protein, urea, total cell counts and lactoferrin.
Results: The concentrations of lactoferrin, fat, protein and urea were significantly affected by the
agronomy areas (Table 1). The urea concentration was the lowest in the crops area at 158mg/l while it
was the highest in the grass-midland area (308mg/l, P < 0.003). The difference could be ascribed to a
high proportion of maize and sugar beet pulp silages in the cow diets in the crop area as opposed to
grass silage in the grass midland area. The differences in fat and protein contents according to the areas were unclear and should be related to other factors such as genetics and management. The lactoferrin content was the lowest in the crops area. A linear model was adjusted to the different sets of data.
The total variation of the lactoferrin content was significantly explained by differences in protein and
total cell counts. There were also positive relationships between lactoferrin content and these two parameters. Neutrophils and a larger production of lactoferrin by the epithelial mammary cells are reported to be involved in the processes.
Table 1: Composition of tank milk samples as influenced by the agronomy areas.
Crops
N
Lactoferrin (mg/l)
Fat. (g/l)
Protein (g/l)
Urea (mg/l)
Cells (1000/ml)

44
361.0
40.7
33.1
158
240

Crops
grass
26
417.9
41.6
33.6
219
324

Areas characterized by
Grass
Highland
midland
23
6
442.6
421.3
44.1
43.3
34.1
34.5
308
215
255
267

RSD

P>F

115.7
3.3
1.5
70.4
171.9

0.048
0.008
0.032
0.003
0.269

Conclusion: The lactoferrin content in tank cow milk varies according to the areas and is closely related to the total cell count and the protein content. These observations are of interest in the purification of lactoferrin by the industry and for the mammary gland protection.
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Vitamins A and E content in milk from alpine grazing dairy cows
Elia C.A., Balzan S., Segato S., Bonato G., Lignitto L., Novelli E.
Dept. of Animal Science & Dept. of Public Health, Comparative Pathology and Veterinary Hygiene of Padova
University
enrico.novelli@unipd.it

Introduction: Liposoluble vitamins content of milk is related to the diet administered to dairy cows,
especially in the comparison between pasture and total mixed ration (TMR) feeding system. From a
nutritional point of view, these vitamins are of high interest, since they exert their antioxidant activity
in biological tissues as well as in foods. In this contest, the present study aimed at evaluating the effect
of alpine grazing, in comparison to farm rearing system, on milk content of vitamins A and E.
Materials and Methods: The experiment took place from May to September 2005 and involved 3
farms in the Plateau of Asiago (Veneto Region, Italy), representative of the local dairy conditions for
breed and productivity, which for the summer period move to alpine farm. During the three experimental periods (S1: May, TMR; S2: July, alpine grazing and concentrate supplement; S3: September,
alpine grazing and concentrate supplement), for each involved farm, 4 milk samples were collected
from bulk tank (two replications per day) in two consecutive days (n = 36). Vitamins A and E content
were assessed by HPLC and crude fat content by infrared milk analyzer. Data were submitted to
ANOVA, considering period (P) and farm (F) as fixed effects; the degrees of freedom of period were
used in two orthogonal contrasts for evaluating a linear or quadratic effect.
Results and Discussion: The change from a TMR diet to an alpine pasture had a significant linear effect on vitamins content, increasing both vitamin A and E throughout the experimental period (table
1). With regard to farm, only vitamin E content was significantly affected (P < 0.05). Milk crude fat
content showed a reduction during the alpine grazing period (3.86 % vs. 3.67 %) that was not confirmed by the statistical analysis. Despite the similar fat percentage, liposoluble vitamins content increased at the end of the trial. Quite apart the amount and kind of concentrates used as dietary supplement, the linear relationship between vitamins content and experimental period is probably due to the
seasonal variations in mountain pasture. In comparison to farm feeding system, alpine grazing enhanced liposoluble vitamin content improving nutritional quality of milk.
Table 1: Effect of period (P) and farm (F) on vitamins (μg/ml milk) and fat ( %) content.

Vit. A
Vit. E
Crude fat

Period/Feeding system
May
July
Sept.
TMR
Grazing
Grazing
0.72
0.97
1.14
0.52
1.20
1.50
3.78
3.86
3.67

A

Farm
B

C

RSD

0.98
1.07
3.83

1.12
1.07
3.80

0.78
1.36
3.72

0.29
0.22
0.27

Significance
P
F
PxF
*
***
ns

ns
*
ns

ns
†
ns

***: P < 0.001; *:P < 0.05; †:P < 0.10; ns: not significance; RSD: residual std deviation

Study financial supported by Fondazione Cariverona - Lattiero-Caseari project.
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Determination of nutrients apparent digestibility
with acid insoluble ash in dairy cattle
Abdel Raheem S.M, Böhm J., Iben C.
Dept. of Food Science and Veterinary Public Health, University of Veterinary Medicine, Vienna, Austria
christine.iben@vu-wien.ac.at

Objectives: This work was performed to determine the apparent digestibility of energy and nutrients
and to compare the estimated energy and nutrients ingested with the recommended values in cattle.
The apparent digestibility was performed with acid insoluble ash (AIA) as internal marker.
Animals, Materials and Methods: Sixteen dairy cattle from the research and teaching farm of the
university of veterinary medicine Vienna with an average body weight of 748 (660-840) kg (3 Holstein Fresian and 13 Braunvieh) were fed a ration consisting of 15 kg corn silage, 20 kg grass silage, 3
kg grass hay as a basal feed and concentrate feed according to the milk yield as following: < 14 kg
milk: basal feed + 0, 5 kg concentrate I; 14-16 kg milk: basal feed + 1kg concentrate I; > 16 kg milk:
basal feed + 1.5 kg concentrate I in addition to 1 kg of concentrate II for 2.5 kg milk with a maximum
amount of 7 kg. Energy in feed and faeces was measured using a bomb calorimeter; proximate analyses were performed to determine the crude nutrients. Feeds and faecal samples were analysed for AIA
using a modification of the 2N HCl procedure of Van Keulen and Young (1977). Blood parameters
were analysed in the central lab.
Results: Daily milk yield was between 10 and 44 kg (30.7 ± 9; ± = SD), and the daily DS-intake between 16.4 and 23.5 kg. Calculated MJ NEL/kg DS was 6.77 ± 3.8 when ME was calculated using the
formula (MJ ME/kg=0.0174*dig. CP+0.312*dig. fat+0.0136*dig. fibre+0.00234*dig. CP; nutrients
g/kg DS) and following formulas as shown in Kamphues et al. (2004). The mean daily requirement/cow was calculated to be 139 ± 28 MJ NEL and the mean daily ingested amount of MJ NEL was
148 ± 20. The supply of crude protein was sufficient for all cows, most of them were oversupplied.
The 2 cows with the highest milk yield of 42.5 and 44 kg/day were marginal underfed with protein.
The calculated digestibility of OM ( % dig. OM= 90-0.88* fibre in % DS) was 72.51 ± 1.73 %. Plasma
total protein (75.6 ± 0.3 g/l) and ß-hydroxybutyrate (0.86 ± 0.10 mmol/l) were in the normal range in
all cows, whereas urea was in excess of the physiological value of 5 mmol/l (7.5 ± 0.74 mmol/l).
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Graph 1: Calculated energy requirement and ingested energy per cow
Conclusion: The results of this trial show an acceptable conformity between the calculated digestibility of OM and the estimated values using AIA as indicator with a difference of 5.74 %. The lower the
milk yield was, the higher was the oversupply with energy, in one case a cow (milk yield 10 kg) ingested 32 MJ NEL more than the calculated requirement allowed. On the other hand, high yielding
cows (42.5 and 44 kg milk) ingested 13 and 10 MJ NEL under their requirement. These 2 cows were
slightly underfed with protein as well. Although also the oversupply with protein was not high in most
of the cows (174 – 1085 g/day), all cows showed increased serum urea values.
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Table 1: Mean daily energy and nutrients intake (g), digestibility ( %) and the calculated amount of
absorbed nutrients (g)
OS
Intake
Mean
44700
SD
2594
Digestibility
Mean
SD
Absorbed nutrients
Mean
SD

DS

Ash

CP

Fat

Fiber

NfE

OM

MJ

21853
2306

1541
109

3634
484

606
63

4302
84

11770
1566

20312
2197

410
42

77.11
3.54

62 .03
5.54

73.88
4.71

72.72
6.46

69.87
5.61

82.91
3.18

78.25
3.46

75.88
3.68

16875
2145

958
122

2693
441

442
68

3005
240

9777
1470

15916
2039

311
40

OS original substance; DS dry substance; CP crude protein;
NfE N-free extracts; OM organic matter; SD standard deviation.

References: Kamphues J., Coenen M., Kienzle E., Pallauf J., Simon O., Zentek J. (1994): 10. Aufl., Shaper,
Alfeld-Hannover, Germany, S. 32. Van Keulen J., Young B.A. (1977): J. Animal Science 52, 5.
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Influence of dietary supplementation with false flax seeds
on oxidative status in rabbit
Prola L., Mussa P.P, Dominio S., Vercelli A., Strazzullo G., Meineri G.
Dept. of Animal Production, Epidemiology and Ecology, University of Turin, Italy
& ICB Institute - National Research Council, Naples, Italy
liviana.prola@unito.it

Introduction: The revival of interest in false flax (Camelina sativa L.) seed (FFS) is due to the content of about 40 % on dry matter (Budin et al. 1995) of oil. This oil is a rich source of unsaturated fatty
acids: oleic (C18:1n-9; 12-20 %), linoleic (C18:2n-6; 20-24 %), and linolenic acid (C18:3n-3; 36-42
%) (Flachowsky et al. 1998). False flax has been studied to determine fatty acid (FA) content, chemical composition, in vitro organic matter digestibility, and gross energy of the seeds and of the plant
during growth (Peiretti and Meineri 2006) and the FA profile appears to be very interesting from a nutritional point of view. Besides Abramovič and Abram (2005) assert that Camelina sativa oil must
contain an appreciable amount of antioxidant (400 mg of total phenolic per kg of fresh oil), this make
the oil quite stable in spite of its high polyunsaturated fatty acids (PUFA) content. Rabbit meat composition can be modified feeding animals with FFS (Peiretti et al. 2006). Rabbit meat has many positive dietetic characteristics for example low lipid and cholesterol levels and could be an alternative to
fish and oilseeds as a source of n-3 PUFA, which can be further increased by specific dietary strategies
supplementing animals ingredients containing linolenic acid (Castellini and Dal Bosco 1998; Bernardini et al. 1999; Castellini et al. 1999). The aim of the present work was to study the influence of FFS
diet supplementation on oxidant/antioxidant status of the rabbit.
Materials and Methods: Thirty weaned crossbred rabbits aged 70 days were equally divided into
three groups of 10. Animals were assigned to three isocaloric and isonitrogenous dietary treatments
containing 0, 10 and 15 % of FFS. After 50 days, rabbits were slaughtered in according to the common
practice, carcasses were chilled at 2°C for 24 h, blood samples were collected and the whole longissimus dorsi (LD) were removed, divided into sub-samples and frozen at – 80°C. To evaluate lipid oxidation, TBARS test was performed on meat samples (Faustman et al. 1992); to evaluate total plasmatic antioxidant power, PAO-test on plasma samples (Pregel et al. 2005) was also performed. To assess the antioxidant activities, the DPPH Radical-Scavenging Activity Method was used (BrandWilliams et al. 1995) on methanolic extract of the diet and the content of antioxidants quantified in
terms of milligrams of Trolox (6–hydroxy–2,5,7,8–tetramethylchroman–2–carboxylic acid) equivalent
(TE) per 100g of rabbit’s diet (mg TE/100). Statistical elaboration was performed by software SPSS
with a ANOVA - Dunnet test.
Results and Discussion: This study confirmed that FFS supplementation of rabbit diets improved nutritional value of rabbit meat (Peiretti et al., 2006) without increasing its lipids oxidation. Results obtained by DPPH method evaluating antioxidative activity showed: A) an increased antioxidant content
of rabbits’ diet (statistically demonstrated the difference with the control group and the test group). No
statistical differences between the 2 inclusion levels (10 and 15 % of FFS) were highlighted. B) the
plasmatic level of antioxidants in animals did not increase, this could be due either to the poor bioavailability of the antioxidants supplemented with the diet were or to the oxidation of the antioxidants
during the storage period to preserve polyunsaturated fatty acids.
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Milk quality analysis by spectroscopy techniques for farm application
Segato S., Serva L., Elia C.A., Berzaghi P.
Dept. of Animal Science of Padova University
severino.segato@unipd.it

Introduction: Dairy farming sustainability could be improved by using rapid and low cost techniques
to control the productive process. Near Infrared (NIR) spectroscopy is considered a powerful technique to assess the chemical composition of dairy products with decreasing time of reference and analytical cost. However, few data are available on its use at farm level. The study aimed at evaluating the
application of some instruments and scan mode (reflectance vs. transmittance) on the prediction of
milk quality.
Materials and Methods: The study considered 214 samples of crude milk from 5 farms of the NorthEast of Italy. One aliquot was analysed for crude protein and crude fat using an infrared milk analyzer
(FT120; Foss Electric). In order to simulate the same condition during milking process, a second aliquot was delivered to our NIR lab. Here, samples were heated at 40°C and scanned in duplicate by using these combinations: MMS (diode array 380–1100 nm VIS NIR; transmittance); NIR 1.7 (diode array 1100–1700 nm NIR; reflectance); NIRSystem (monochromator 1100–2500 nm NIR; reflectance).
MMS and NIR 1.7 are potential applicable as at-line instruments while NIRSystem is a bench instrument used only in laboratory condition. In addition, the visible (VIS) and short wave NIR regions below 1100 nm are characterized by a reduction of spectral information resulting in worse performance
of prediction than NIR region above 1100 nm. After math and statistics treatments, the calibration
equations between FT analyses and experimental spectroscopy data were evaluated considering SECV
(standard error of cross validation) and 1-VR (fraction of explained variance).
Results and Discussion: When instruments were based on the reflectance mode, NIR 1.7 evidenced
lower predictive performance than NIRSystem both for crude protein (1-VR: 0.37 vs. 0.42) and crude
fat (1-VR: 0.74 vs. 0.99). MMS achieved similar performance of the bench instrument (table 1). Despite of spectra region of MMS was settled on VIS-NIR region (below 1100 nm) it was observed also
an accurate prediction. Summarizing, the results seems to suggest the use of MMS as low cost and atline instrumental combination.
Table 1: Descriptive statistics of milk traits and prediction sets in cross validation.
Crude protein
MMS
NIR 1.7
NIRSystem
Crude fat
MMS
NIR 1.7
NIRSystem

n

Average

Stand. Dev.

SECV

1-VR

214
34
24

3.51
3.62
3.40

0.38
0.43
0.37

0.24
0.35
0.29

0.61
0.37
0.42

210
32
24

3.94
4.19
3.52

0.96
0.51
0.81

0.21
0.27
0.07

0.95
0.74
0.99

SECV: standard error of cross validation; 1-VR: fraction of explained variance.

Research financial supported by Fondazione Cariverona, Destra Brenta project.
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Does dietary linseed improve technological quality
of the “foie gras” of overfed ducks?
Rondia P., Delmotte C., Raes K., de Smet S., Sindic M., Fameree J., Bartiaux-Thill N.
Walloon Agricultural Research Centre, Gembloux, Belgium
prodanim@cra.wallonie.be

Introduction: The experiment was studying the impact of extruded linseed supplementation during
the force-feeding period on fatty acids (FA) composition of liver and on “lipidic rendering” (called
« fonte lipidique », in french), who was the main technological problem that occur in “foie gras” production.
Material and methods : 560 ducks were arranged in 2 groups (control and experimental) during the
overfeeding period (13 days). The control group receives corn grain alone (Control diet –C-) and the
experimental group corn grain with 2% of extruded linseed added (L2%). The fatty acid profile was
determined on liver (small lobe) of eight individuals per diet by using gas chromatography. The index
of lipidic rendering was measured both in production chain and in laboratory. The laboratory index
was established as below : sample (8 g) was put into a tube and then heated (in bain-marie at 75°C
during 1 hour), centrifugated (20 minutes at 3200 RPM) and turned-over to run off the dripping fat
(Index = [dripping fat weight] / [sample weight] x 100). In the production chain, the same index was
measured on an average of 4 blocks of “foie gras” for each treatment. Analysis of variance (one-way
ANOVA) was used to compare the two diets using the GLM procedure of MINITAB for all the data.
Results and discussion : Liver weight was similar among diets (± 530 g/bird). The linseed diet improved the fatty acid profile by an increase in n-3 PUFA but the proportion of these fatty acids remained relatively low in liver of overfed ducks (0,675 and 0,477 g/100g FA of n-3 PUFA for L2% and C
diets respectively). The other FA proportions showed no or minor changes between diets (41 and 55
g/100 g FA of SFA and MUFA respectively for both diets). This is due to the fact that de novo hepatic
lipogenesis prevailed over dietary lipid intake to modulate lipid composition of tissues in overfed waterfowl (Chartrin et al., 2003 ; Molee et al., 2005). A reduction of lipidic rendering was observed during the « foie gras » production chain. The production chain index mesured at the day of slaugthering
was much lower for the experimental diet (0,5 vs 3,5% for the control diet). After one day, this index
raised appreciably for the foie gras of the two treatments but the initial difference of 3 points was preserved (9,7 vs 12,8% respectively for the “experimental” and “control” treatments). Moreover, the laboratory index confirm this observation (36 vs 41% respectively for the “experimental” and “control”
treatments) even if this difference is not significant (p value = 0,23). There was an opposite relationship between n-3 PUFA and the laboratory index of the foie gras, specially for the docosapentaenoïc
acid content (DPA – C22:5 n-3) with a r value equal to -0.698 (p=0.001). We supposed that the higher
n-3 PUFA content in the foie gras with linseed diets would give more elasticity to the hepatic cell
membrane and, by this fact, would reduce the lipidic rendering who is prejudicial to the “foie gras”
quality. Thorough studies should be performed to confirm this assumption, specially with the observation of the changes that would occur in the FA profile of phospholipids.
Financial support for this study was provided by the General Directorate of Agriculture of the Walloon Region. The authors thank Mr Petit from Upignac and Mr Leplat from Moulin Hick as well as Mr
Malotaux for birds management.
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Effects of grinding intensity and diet composition
(addition of lignocellulose or sugar beet pulp) on feces’ quality in swine
Warzecha A., Mößeler A., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Foundation
Josef.kamphues@tiho-hannover.de

In pregnant sows, especially shortly before parturition, dry and hard feces can be frequently observed;
constipation is discussed as a predisposing factor for the development of the MMA syndrome. Continuing earlier investigations1 this study was focused, not only on ingredients/additives (sugar beet
pulp, SBP, lignocellulose, LC) but also on potential effects of the “structure” (particle size/grinding
intensity, PS/GI) of the diet on feces’ quality of piglets, fattening pigs and sows (different stadium of
reproduction).
Materials and Methods: Thirty pregnant sows and 6 weaned piglets housed individually were used.
Grinding intensity (GI) of the diets used in the studies differed according to the use of different sieves
in the hammer mill: 2mm (fine=f), 5mm (medium=m); 8mm (coarse=c). Additionally the effect of
adding 2.5 % lc or 10 % sbp to f diet was investigated. Parameters analysed in feces: dry matter (DM)
content and consistency (measured by penetration depth (pd) after method of DAB (1968)).
Results: There were changes in sows feces’ quality (see table 1) related to the “structure” of the diets
(identical composition). DM content as well as consistency were altered (DM ↓, pd ↑) when c diet
were fed. Addition of sbp as well as lc caused soggier and softer feces but did not alter stickiness. In
weaned piglets no effect of addition of lc on feces’ quality was observed (table 1) but coarser GI led to
a dryer feces quality.
Table 1: Effect of GI and addition of lc and sbp on feces quality in swine.

Pregnant sows
(mid of gestation)
Pregnant sows
(1 wk before parturition)
Lactating sows
(mid of lactation)
Weaned piglets
(23-46 kg)
* 6 mm sieve

n

GI

5
5
5
5
12
8
8
12
4
4
6
6
6

f
m
m + lc
c
f
f + lc
f + sbp
c
f
c
f
f + lc
m*

Crude fibre
in diet ( %)
6.3
5.9
9.1
6.1
4.4
6.1
5.7
4.6
4.4
4.7
4.6
5.8
3,9

DM ( %)
of feces
32.1 ± 2.31 a
29.6 ± 3.28 b
25.0 ± 1.89 c
27.4 ± 2.37 b
30.2 ± 5.69 a
27.7 ± 3.80 b
25.6 ± 2.66 c
27.4 ± 3.28 b
30.5 ± 1.29 a
26.8 ± 1.67 b
25.6 ± 4.58 a
25.4 ± 4.07 a
28.1 ± 4.16 b

pd (mm)
of feces
4.86 ± 0.87 a
7.44 ± 1.59 b
12.1 ± 2.30 d
9.10 ± 1.75 c
8.83 ± 4.20 a
11.0 ± 2.68 b
12.1 ± 2.32 b
11.3 ± 2.20 b
8.85 ± 2.13 a
15.5 ± 4.76 b
20.7 ± 5.97 a
19.0 ± 6.40 a
17.2 ± 4.40 b

p < 0.05 between treatments in each group of animals

Discussion: From the clinical point of view it is noteworthy that the quality of feces in sows is not influenced by the crude fiber (CF) content alone. In the case that dry and hard feces is a herd problem it
is recommended to consider the CF content of the diet but also the structure (PS). Reducing GI results
in higher proportions of coarse particles that reach the large intestine, where processes of fermentation
are stimulated, leading to favourable effects on chyme passage (trend for wet/soft feces). Addition of
10 % SBP or 2.5 % LC to sows diets resulted in softer and more moisturized feces as it is intended in
sows, especially before parturition to prevent constipation in the periparturient sow.
References: 1.Tabeling R. et al. 2003: J. Anim. Physiol. Anim. Nutr. 87, 116-121. 2.Nelson D.A . et al. 1992:
Michigan State University Swine Rpt. 92, 10.
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Is ostrich proper specie for our zone?
Colibar O.
University of Agricultural Science and Veterinary Medicine Banatul –Timisoara olimpia_fmvt@yahoo.com

Ostrich (Struthio Camelus) became more attractive in last few year for economic reasons: meat, eggs,
skin and feathers.
Is the East region of Europe, particularly the western zone of Romania, a good one for breading ostrich?
Is seams that it is because ostriches are successfully farmed in at least 50 countries from the coldest
climates of Alaska to the equatorial areas of central Africa and Romania is not an exception.
The present paper serves to appreciate the extension degree of ostrich’s farms from Timiş and Arad
districts.
We visited 3 farms from Timiş district and one farm in Arad district. In these farms we analyzed:
- some aspects concerning the farms placement
- number of birds, sex and ostriches age
- feeding (the diet structure, number of tains, particles size etc.)
- maintenance conditions
- information about the origin of birds, prices and possibilities to sell the obtained products.
Measurements concerning the space to mean for each bird comparing with those from speciality literature are included in table 1.
Table 1: The surfaces/ bird in visited farms.
Surfaces recommended by
speciality literature
120-237

Yard
Shelter
Nr. of birds
m2/bird

Buziaş
farm(m2)
742.5*
30
5
148.6

Orţişoara
farm(m2)
30
17.5
10
3

Mehala
farm(m2)
70
2
35

“Bella”
farm(m2)
600
7
85.5

*Total of 3025 m2 surface was divided in 4 sectors

Surfaces recommended by speciality literature show that 5-10 ostrich families need 1 ha land and
15/45 m for one ostrich pair. Only the Buziaş farm has a proper situation.
Generally the correct feeding rates were not observed in small farms from the visited zone.
The purpose of 75 % from visited farms was for economic reasons and 25 % was just for their exotic
kind.
References: Burlini, F. 1995, Practical manual for breeding ostrich, Ed. Acta, Neapoli. Donegan K. 2002.
"Struthio camelus", http://animaldiversity.ummz.umich.edu/site/accounts/ information/ Struthio_camelus.html”.
Wierciaska M.. , Szczerbinska D. 2005., The ostrich and emu, Electronic J. of Polish Agric. Univ., Biology,
Volume 8, Issue 4.
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Potential toxic agents of animals
associated with feeding in organic farming
Sekkin S.
Dept. of Pharmacology and Toxicology, Faculty of Veterinary Medicine,
Adnan Menderes University, Aydin, Turkey
ssekkin@adu.edu.tr

Organic farming is based on holistic production management systems which promote and enhance
agro-ecosystem health, including biodiversity, biological cycles and soil biological activity. Previous
decades, the amount of farmland managed under certified organic practices has expanded dramatically
and it is expected to increase in the future, as has consumer demand for organically grown food. It is
obvious that a lot of factors in production systems have an impact on the health of the animals involved. One major factor is almost certainly the feeds administered to the animals. As well as, animals
feed or forage may be the source of disorders for farm animals that could lead to human illness. From
the information evaluated it is clear that the major difference between organic and conventional production of feeds, food stuffs and additives is that in organic production systems seem to originate from
differences in production of plants, and the lack of the certain additives in the feeds with more stringent regulations. Another requirement of the feeds in organic production systems is that they should
not be generated using gene technology. Besides non-chemical crop production products organic producers use animal manure and other products to increase the growth of plants. The manure should be
derived from their own production facilities or from other organic producers. The types of feeds administered do not differ significantly and in this respect there are mostly quantitative differences observed. Pesticides, agricultural and industrial chemicals, heavy metals, radionuclides as well as natural
pollutants as mycotoxins may pollute animal feed and forages. The methods available for controlling
pollution from these sources are well understood from a technical point of view although the effective
implementation of controls can be difficult. The aim of this review was to find out the potential toxic
agents of animals associated with feeding in organic farming.
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Pet clinical nutrition

Effect of supplemental dietary vitamin E and beta-carotene
on immune and oxidative parameters in young and old beagle dogs
Massimino S., Hayek M., Reinhart G., Chew B., Park J., Morgan D.
The Iams Company, Geneva, Switzerland
morgan.dm@pg.com

Ageing has been associated with increased immune function dysregulation, oxidative stress and inflammation. These artefacts of ageing, in part due to free radical formation, have been reported to predispose to age-associated conditions and increased morbidity and mortality. Antioxidants are compounds that can neutralise free radicals, and therefore have been of primary interest in helping alleviate age-associated conditions.
Aim: The objective of the present study was to determine whether supplemental dietary vitamin E
(VE) and beta-carotene (BC) are able to alleviate these artefacts of ageing in a senior canine population.
Material and Methods: In the study, two diets were assessed in young (2.23 ± 0.02 y; n = 30) and
senior (9.97 ± 0.51; n = 28) beagle dogs. Dogs were randomized by age to receive either a control diet
(CON) which contained an adequate level of VE or an antioxidant diet (ATX) which was identical to
CON, but contained a higher level of VE ( > 3 fold) and BC ( > 60 fold). The CON diet was used as
the washout diet for 4 weeks. Dogs were fed for a total of 12 weeks with blood samples collected at
weeks 0 (W0), 8 (W8) and 12 (W12) for antioxidant, immunological (T-cell proliferation, DTH), oxidative stress (glutathione) and inflammatory marker analyses (cytokine profile). An intradermal DTH
response test with a multi-valent vaccine and mitogen (PHA) was conducted at W8 and W12. At W8
and W10, dogs were vaccinated with the same multi-valent vaccine in order to stimulate the immune
system and differentiate between naïve (W8) and stimulated systems (W12). Vaccination at W8 was
performed immediately after all blood collections and first DTH test were conducted.
Results: At W0 old dogs fed the washout CON had lower T-cell proliferation than young dogs fed
CON (p < 0.05). At W12, all ATX-fed dogs had elevated plasma levels of VE and BC compared to
CON (p < 0.05) and lower plasma IL-6 (p < 0.05). And, at W12 Senior ATX-fed dogs exhibited increased plasma IFN-γ and decreased TNF-α (p < 0.05) versus age-matched controls. Senior-ATX dogs
also exhibited higher T-cell proliferation (W8 & W12; p < 0.05) and increased DTH response to vaccine at W8 and PHA at W12 (p < 0.05) compared to their age-matched controls. Finally, in both young
and old dogs, the ratio of GSH:GSSG was higher in the ATX fed at W12 (p < 0.05).
Conclusion: These data suggest that senior dogs benefit from added VE and BC at raised levels in the
diet by improving immune function, and lowering markers of inflammation and oxidative stress.
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Energy allowance to induce weightloss in dogs
is affected by breed and sex but not diet
Bissot T., Servet E., Biourge V.
Royal Canin Research Center, Aimargues, France
tbissot@royal-canin.fr

Obesity is the most frequent nutritional disease diagnosed in dogs. Providing obese dogs an appropriate energy allowance is a key factor for a successful weight loss program. High protein and moderate
fiber as well as moderate protein and high fiber diets have been proven to be efficient to induce weight
loss in dogs. The aim of the study was to evaluate energy allowance to induce and maintain weight
loss in dogs based on sex and breed as well as on dietary strategy.
Materials and Methods: Twenty overweight healthy dogs, 6 entire male Beagles (4.0±1.1 y, 21.8±1.8
kg, Body Condition Score (BCS, 1-5): 4±1 and an initial weight excess of 32.0±9.1 %) and 6 entire
female Beagles (4.5±1.9 y, 18.0±2.8 kg, BCS: 4±1, Initial weight excess: 40.2±13.5 %), and 8 overweight healthy entire male crossed Labrador Retrievers (7.3±0.5 y, 38.8±2.4 kg, BCS: 4±0.5, Initial
weight excess: 32.0±10 %) were included in the study. The dogs were allocated into 2 homogenous
groups based on initial weight excess, breed and sex. Group 1 was fed a 41.2 % protein, 11.1 % dietary fibre (Total Dietary Fibre (TDF)), 13.842 MJ/kg as fed dry expanded diet and Group 2 a 22.6 %
protein, 33.8 % dietary fibre (TDF), 11.096 MJ/kg as fed diet. Based on previous work, initial allowance was 55 % of Maintenance Energy Requirement (MER = 0.553 MJ/kg0.73) for target body weight
for females and 75 % for males for the first three weeks. After those three weeks, a weekly adjustment
was done in order to induce a weight loss of 1 to 3 % per week. Food intake was monitored daily,
body weight and BCS, weekly. Weekly weight loss %, and time to reach optimum body weight were
calculated from the above data. Unpaired and paired Student t tests were used to compare the means.
Results are expressed as a mean ± SD.
Results: Dogs remained healthy, consumed all their food. Mean weight loss for all dogs was 1.5 ± 0.3
%/week. There was no significant difference between the two diets for the rate of weight loss, the time
to reach optimal body weight as well as the level of allocation to induce and maintain weight loss. The
rate of weight loss was significantly (p < 0.05) higher for female (1.7 %) than male Beagles (1.4 %)
and male Labradors (1.3 % per week). Female Beagles required a significantly lower allowance (57 %
of MER) than male Beagles (69 % of MER) to induce and maintain weight loss. Male Labradors required a significantly lower allowance (63 % of MER) than the male Beagles (69 % of MER) to induce and maintain weight loss. Energy allowance had to be adjusted over the study to maintain weight
loss. Allowance at the end was significantly lower than allowance at the beginning of the study for all
the dogs. The changes were due to the males (male beagle 73 %-64 %, male labs 72 %-59 %) rather
than the females (55 %-55 %).
Conclusion: For a successful weight loss program in dogs, energy allocation has to take into account
breed and sex and be adjusted accordingly. Energy allowance appears to be a more important factor
than nutrient composition to induce and maintain weight loss in dogs.
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The effect of dietary sodium on urine composition
and calcium oxalate relative supersaturation in healthy cats
Tournier C., Aladenise S., Vialle S., Venet C., Ecochard C., Sergheraert R., Biourge V.
Royal Canin Research Center, Aimargues, France
capucine.tournier@royal-canin.fr

Over the past twenty years, the prevalence of calcium oxalate uroliths has dramatically increased in
cats but their physiopathology is still poorly understood. The aim of this study was to establish the influence of dietary sodium on urine composition, volume and calcium oxalate relative supersaturation
in healthy adult cats.
Materials and Methods: Eleven commercial complete dry diets were fed successively to 7 Chartreux
cats (3 neutered males, 4 females, 6.7 ± 1.4 y old, weight: 4.6 ± 1.7 kg ) for 2 weeks. The diets tested
were similar in composition except for their dietary sodium content (mean: 0.79 ± 0.38 % Na on a DM
basis, range 0.44 %-1.56 %). Water intake was recorded the last 5 days of each study period. Urine
volume, urinary specific gravity, pH and concentrations of 10 solutes (Ca, Mg, Na, K, NH4+, phosphate, citrate, sulfate, oxalate, uric acid) were measured on the pooled urine of each cat for the last five
days of each study period. Based on those data, the urinary relative supersaturation (RSS) for calcium
oxalate (CaOx) was calculated using the software SUPERSAT. The effect of dietary sodium on those
parameters was assessed using simple regression (P < 0.05 for significant correlation) and multiple
range test (least significant difference).
Results: During the study, cats remained healthy, maintained their body weight and consumed their
diet adequately. A significant linear correlation was found between dietary sodium and CaOx RSS
with R2 = 80.2 %: CaOx RSS = 3.39 – 1.15 * sodium (g/100g DM). Urinary oxalate concentration decreased linearly and significantly when dietary sodium increases (R2 = 97.08 %). No correlation was
found between urinary calcium concentration and dietary sodium. Increasing dietary sodium linearly
and significantly increases urine volume (R2 = 73.67 %) as well as water intake (R2 = 57.65 %). Urinary specific gravity also decreased linearly with increasing dietary sodium but only at a level above
0.58 g/100g DM.
Conclusion: This study demonstrates that increasing dietary sodium significantly decreases CaOx
RSS in cats by increasing urine volume and thus, urine dilution. This could therefore be a useful strategy to minimize the risk of CaOx crystallisation in susceptible cats. The correlation between urinary
oxalate concentration and dietary sodium was excellent probably because urinary oxalate is mostly derived from endogenous production and thus its excretion over time is stable in urine as long as the cat
remains on similar diets. Indeed endogenous oxalate production varies with protein, vitamins B6 and
C consumption. Urinary calcium concentration remained stable despite the increase in dietary sodium.
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The effect of urinary pH on calcium oxalate
relative supersaturation in healthy cats
Tournier C., Aladenise S., Vialle S., Venet C., Ecochard C., Sergheraert R., Biourge V.
Royal Canin Research Center, Aimargues, France
capucine.tournier@royal-canin.fr

Over the past 20 years, the prevalence of calcium oxalate (CaOx) uroliths has dramatically increased
in cats. It has been suggested that the generalization of the so-called “acidifying diets” (diet formulated
to induce an urinary pH < 6.5) would explain this observation. Some opinion leaders also suggest that
urinary pH would be the most important factor in the prevention of calcium oxalate uroliths and that it
is impossible to prevent both struvite and CaOx uroliths with a same diet. Relative supersaturation
(RSS) is a method that allows to measure the potential for a urine to dissolve or form crystals and that
has been validated in cats. This is an indirect measure of the risk of forming or dissolving urinary
stones. The aim of this study was therefore to assess if urine pH is a good predictor of CaOx RSS in
healthy adult cats.
Materials and Methods: Twenty-three different commercial complete dry expanded diets were fed
successively to 7 Chartreux cats (3 neutered males, 4 females, 6.7 ± 1.4 y, 4.6 ± 1.7 kg) for 2 weeks.
Water intake was recorded for the last 5 days of each study period. pH and concentrations of 10 solutes (Ca, Mg, Na, K, NH4+, phosphate, citrate, sulfate, oxalate, uric acid) were measured on the pooled
urine of each cat for the last five days of each study period. Based on those data, the urinary relative
supersaturation (RSS) for calcium oxalate (CaOx) was calculated using the software SupersatTM. The
effect of urinary pH on CaOx RSS was assessed using a simple regression (P < 0.05 for significant
correlation) and multiple range test (least significant difference).
Results: During the study, cats remained healthy, maintained their body weight and consumed their
diet adequately. Urinary pH varied from 5.8 to 7.1 (mean: 6.26 ± 0.33). No correlation was found between urinary pH and CaOx RSS. No correlation was found between urinary calcium concentration
and urinary pH. Nine diets inducing a urinary pH below 6.2 presented a CaOx RSS < 3.
Conclusion: This study demonstrates that urinary pH is not a good predictor of CaOx RSS and therefore is a poor predictor of the risk of forming CaOx crystals and stones in the urinary tract of cats. RSS
takes into account many parameters aside pH and has been developed to assess the risk of forming
CaOx crystals. Our work strongly suggests that in cats, it is possible to formulate an acidifying diet
that will both reduce struvite and CaOx urine saturation.
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Effect on water intake of dietary mannitol, sodium chloride and food frequency in healthy cats
Kirschvink N., Lhoest E., Leemans J., Delvaux F.,
Istasse L., Gustin P., Biourge V., Diez M.
Dept. for Functional Sciences B41, Faculty of Veterinary Medicine, University of Liège, Belgium & Animal
Physiology, Dept. of Veterinary Medicine, University of Namur, Belgium
Nathalie.Kirschvink@fundp.ac.be

The aim of this study was to compare the effect of three dry diets on water intake of healthy cats.
Material and Methods: A control diet (wt/wt 0.27 % Na) was compared with a mannitol- and a NaCl
(wt/wt 1.0 % Na),-enriched diet. Each diet was given during 8 consecutive weeks to 24 clinically
healthy cats (10 neutered males and 14 neutered females) kept altogether. For each diet, a high energy
(52 kcal/kg BW) and a reduced (75 % of high energy supply) energy feeding regimen was tested.
Within each diet and feeding regimen, the effect of administrating food once daily or by providing it
by two portions was also tested. Water intake was determined twice daily by weighing water containers that were ad libitum available. Water intake was determined by Anova; results are expressed as
mean ± SD.
Results: All cats were weighed before and after administrating each diet. No differences of BW were
recorded throughout the protocol and cats’ mean BW was 4.12 ± 0.62 kg. Water intake (ml of water
drunken/kg BW) was significantly increased by NaCl-enriched diet, whereas no significant differences
between mannitol-enriched diet and control were detected (Table 1). High energy diet significantly increased water intake independently of the diet. Giving the meal twice daily significantly increased water intake for the mannitol-enriched and the control diet, independently of energy supply whereas no
effect was found for the NaCl-enriched diet. When water intake was expressed as ingestion/g of dry
matter (DM), a significant diet effect was detected, NaCl-enriched diet inducing the highest water consumption, followed by the mannitol-enriched and the control diet. The effect of energy supply (high
versus reduced) did not affect water intake/g DM, whatever the diet. Providing food twice rather than
once daily significantly increased water intake/g DM when mannitol-enriched diet and control diet
were tested.
Table 1: Water drunken (ml/kg BW) by cats receiving 3 diets, at 2 energy levels in 1 or 2 meals.
Low Energy
High Energy

1 meal
2 meals
1 meal
2 meals

Control
12.2 ± 1.2 a
13.7 ± 0.9 b
15.0 ± 1.1 c
17.9 ± 1.6 d

Mannitol
13.1 ± 1.1 a
13.9 ± 1.4 b
16.5 ± 1.9 c
18.3 ± 1.8 d

NaCl*
16.7 ± 0.8 a
16.9 ± 1.1 a
20.1 ± 3.0 b
20.6 ± 2.0 b

a, b,c,d

Values with different superscripts differ significantly in the same column (P < 0.05)
* NaCl significantly different of Control and Mannitol in the same row (P < 0.05)

Conclusion: These results suggest that the NaCl-enriched diet most efficiently increased water intake
in healthy cats and that fractioning the meal increased water intake in the mannitol-enriched and the
control diet.
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Statistical relations between obesity in dogs and associated diseases
Swiontek V., Detilleux J., Herry J., Lhoest E., Istasse L., Diez M.
Animal Nutrition Unit & Quantitative Genetic Unit,
Faculty of Veterinary Medicine, University of Liège, Belgium
mdiez@ulg.ac.be

The purpose of the study was to estimate the prevalence of diseases in overweight or obese dogs and
to investigate the owner’s perception of their dogs’ body condition score (BCS).
Material and Methods: Between October 2005 and January 2006, owners of overweight or obese
dogs, consulting a private veterinary practitioner, were questioned by a trained final year vet student
on age, breed, gender, sterilization, evolution of body weight (BW), time spent to exercise and body
condition of their pets. They had to evaluate dogs’ body condition by comparison with a 5-points visual scale. Chi square tests and a logistic regression model were used to study relations between the degree of obesity (BCS of 4, 4.5 or 5/5) and age, categories of breeds, gender, time spent to exercise.
Differences were considered statistically significant at P < 0.05.
Results: During her training period, the vet student detected 100 overweight dogs; by contrast, only
43 % of dogs were thought to be overweight or obese by their owners. Moreover, the mean ( ± SD)
BCS given by the vet was 4.6/5 ± 0.4 vs 3.4/5 ± 0.7 for the owners (n = 100; P < 0.05) The mean age
of the dog population was 8.0 ± 3.7 years (ranges: 1.5 - 16 years); 53 % of dogs were neutered (43 %
of females and 57 % of males). The mean age at neutering was 3.1 ± 2.8 years. The mean BW at neutering of respectively females and males were 18.9 ± 10.9 and 21.7 ± 13.4 kg; it increased of 5.4 and
2.9 kg, respectively after a mean duration of 6 years from neutering.
The logistic regression analysis demonstrated strong links between body condition and orthopaedics,
respiratory, dental and urinary diseases. Dog’s aging did not explain the increased incidence of orthopaedics diseases in the population. By contrast, statistical analysis shows that dog having a BCS of 5/5
had a higher risk of suffering from orthopaedics or respiratory diseases than dogs with a BCS of 4.5/5.
Conclusion: We can conclude 1) that obesity as a health-threatening condition is underestimated by
most owners and 2) that orthopaedics and respiratory diseases vary in severity according to the degree
of obesity as measured by the BCS.
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Gene expression during weight loss in obese and insulin resistant dogs
Khoshniat S., Leray V., Serisier S., Nguyen P.
Nutrition and Endocrinology Unit, National Veterinary School of Nantes, France
pnguyen@vet-nantes.fr

The adipose tissue is mainly responsible for insulin resistance (IR). Especially visceral fat in obese individuals is known to be particularly deleterious because it delivers free fatty flux to the liver through
the portal vein. This leads to hepatic and peripheral IR, and metabolic disorders commonly associated
with obesity. Body weight (BW) mainly depends on a balance between fat storage (lipogenesis) and
fat mobilization (lipolysis) in adipocytes. BW changes play a role in IR. Weight gain leads to IR
whereas weight loss, as it reduces adipose tissue, improves insulin sensitivity. A better knowledge on
the mechanisms implied in weight loss could help to develop efficient strategies against obesity.
The aim of this study was to evaluate the effect of weight loss and recovery of insulin sensitivity on
the expression of genes involved in lipogenesis and lipolysis in weight losing dogs. Gene expression
was studied in both subcutaneous and visceral fat.
Material and Methods: Obese dogs were underfed (hypoenergetic diet; 0.6 x NRC recommendation
based on optimal BW). Insulin sensitivity was assessed on dogs when obese and at the end of the
weight loss period using the euglycemic hyperinsulinemic clamp. Plasma concentrations of insulin and
non esterified fatty acids were measured. Gene expression of IRS-2, SREBP, intracellular insulin effectors, ACC, FAS, FABP, ADRP, PEPCK, lipogenesis key proteins, perilipin and HSL, lipolysis
keys proteins, was quantified using real time RT-PCR in subcutaneous and visceral fat.
Results: BW decreased from 15.2 ± 0.5 kg to 11.4 ± 0.36 kg (p < 0.05) over 78 ± 8 days. When they
were obese, dogs were insulin resistant. Weight loss was associated with an improvement in insulin
sensitivity (glucose perfusion rate: 14.15 ± 2.00 mg/kg/min and 20.14 ± 1.59 mg/kg/min before and
after weight loss respectively, p < 0.05). In the subcutaneous adipose tissue, the expression of only the
IRS-2, which is an effector of the insulin signalling pathway, was increased. In the visceral adipose
tissue, the expression of the genes involved in the lipogenesis was decreased, whereas the one of the
genes implied in the lipolysis did not change.
Conclusion: These results show that lipogenesis in visceral adipose tissue is lower in weight-losing
than in obese dogs. They also confirm dramatic differences in the lipid metabolism of visceral and
subcutaneous fat. They should be completed comparing weight-gaining and weight losing states as
well as taking into account the rate of weight change.
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Effects of hyperenergetic diet in young dogs compared to older dogs
Serisier S., Briand F., Gayet C., Ouguerram K., Magot T., Nguyen P.
University Hospital, Nantes, France & Endocrinology and Nutrition Unit,
National Veterinary School, Nantes, France
pnguyen@vet-nantes.fr

In humans, it has been well established that obesity is closely associated with insulin resistance (IR)
and dyslipidemia. Nevertheless, the correlation between age and the degree of appearance of these
metabolic disorders is not well known. The purpose of this study was to explore the effect of age on
some metabolic disturbances related to obesity in dogs.
Material and Methods: In order to investigate this question, 3 groups of beagle dogs: four puppies,
seven young adults and eleven mature adults (age: 3 months, 21 months and 4 years respectively) were
overfed (1.6 time the NRC recommendation). Insulin sensitivity (assessed by the euglycemichyperinsulinemic glucose clamp technique) and plasma lipid concentrations were measured during the
overfeeding period.
Results: In mature adults, body weight increased by 45 % (p < 0.001) in 22 weeks of overfeeding and
the insulin sensitivity progressively decreased by 58 % (p < 0.001). In young adults, body weight increased in the same proportions but over a 60-weeks period of overfeeding and insulin sensitivity decreased in a lesser extend by 44 % (p < 0.001). At the end of growth (32 weeks), the weight of overfed
puppies was 24 % greater (p < 0.01) than the weight of the control group fed according to NRC recommendation. Nevertheless, there was no difference in insulin sensitivity between overweight and
healthy puppies. Moreover, plasma triglycerides and free fatty acids concentrations were significantly
higher in young and mature adults whereas puppies were not dyslipidemic. Total cholesterol concentrations have not changed in the three groups.
Conclusion: These results show that overweight consequences on insulin sensitivity and lipid profile
are more important in mature adult than puppies. Thus, we can hypothesize that the older the dog the
less the body is able to compensate for obesity and associated metabolic disorders.
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Obesity in dog: a survey results in Italy
Mussa P.P., Prola L., Meineri G.
Dept. of Animal Production, Epidemiology and Ecology, University of Turin, Italy
pierpaolo.mussa@unito.it

Introduction: Obesity (30 % > normal weight) and overweight (15 % > normal weight) are the more
common nutritional diseases of dogs receiving veterinary cares in Western countries (Lewis 1978;
Norris and Beaver 1993). Living indoors, inactivity, middle age, being neutered and certain dietary
factors have been associated with being overweight (Scarlett et al. 1994). Neutered dogs are more
likely to be obese than entire dogs (Andersen and Lewis 1980, Edney and Smith 1986), whereas ovariectomized bitches fed a fixed amount of food and exercised regularly gained no weight (Le Roux,
1983). Except in very aged dogs, obesity is more common in females than in males (Andersen and
Lewis 1980). Prevalence of overweight/obesity in developed countries is about the same in all countries (Table 1). Also among those differing for risk factors status (i.e. percentage of spayed dogs in the
total population or percentage of dogs fed by commercial food). This study was designed to determine
the prevalence of obesity in a Italian dogs population and identify risk factors associated with their being overweight or obese.
Table 1: Prevalence of overweight/obesity in dogs recorded in previous studies.
Country
England
Great Britain
USA
Northern USA
Western Australia
Australia

N
1000
8268
77
289
657
2661

Prevalence ( %)
28.0
24.3
22.9
40.0
25.2
41.1

Reference
Mason 1970
Edney and Smith 1986
Donoghue et al. 1991
Glickman et al. 1995
Robertson 2003
McGreevy et al. 2005

Materials and Methods: A questionnaire was distributed to 3 veterinary practices of the Northern Italy; 350 dogs were included in the survey. The questionnaire was completed by a trained component
of the veterinary staff. Dogs were ineligible for inclusion in the survey if they were under one year of
age, pregnant, ill. The questionnaire asked for name, breed, age, sexual status, kind and quantity of
administered food, environmental factors, daily physical activity and others animals households. Each
dog also had to be assigned to a BCS (1-9) category. For the statistical evaluation “Epi Info” (6.04
version) and “R” (1.4.1 version) software had been used.
Results and Discussion: In the considered population, 35.2 % are obese/overweight dogs. Main risk
factors for obesity are age and neutering. Kind of food is a determinant risk factor: feeding dog only
with dry food decrease the risk of obesity; treats administration, instead, increase it. Risk of obesity is
also increased in dogs living indoor. In our population, large dogs are less prone to obesity but it is not
clear if it is due to the higher percentage of large dogs fed with dry food or to the higher percentage
living outdoor or because the relationship between a large dog and his owner is different from that one
existing with a small-medium dog. Finally, it is interesting to note as the prevalence of the disease is
the same of the other countries despite percentage of neutered dog in Italy is lower than that one in
other considered countries.
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The effect of the level of protein, fat and carbohydrate
in nutrition on the glycemia in healthy cats
Verbrugghe A.S.A., Hesta M., Weyenberg S., Papadopoulos G.,
Gommeren K., Daminet S., Bosman T., Polis I., Janssens G.J.P.
Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium
Adronie.Verbrugghe@UGent.be

Cats are strict carnivores that rely on nutrients in animal tissues to meet their specific and unique nutritional requirements. In their natural habitat, cats consume prey high in protein with moderate amounts
of fat and minimal carbohydrate. Nevertheless, commercial diets are formulated with a mixture of
animal- and plant-derived nutrients and are moderate to high in carbohydrates ( > 50 % of calories).
This change from a low-carbohydrate, high-protein diet in feral cats to a high-carbohydrate diet in
domestic cats may be partially responsible for the recent increase in incidence of diabetes mellitus in
domestic cats. The objective of this study was to determine the pure effect of the energy delivering
nutrients on the glucose metabolism in healthy cats.
Material and Methods: Nine healthy non-obese adult cats, were divided into three groups based on
gender and bodyweight. Three isoenergetic diets were tested in a latine square design; a low-protein
(LP), a low-fat (LF) and a low-carbohydrate (LC) diet. The diets contained the same ingredients, although in different quantities. The diets were home-made and the levels of chicken fillet, chicken fat
and corn starch were manipulated in order to create pair-wise changes in macronutrient content. The
LP-diet differed from LF-diet and LC-diet only by substitution of protein for fat and protein for carbohydrate, respectively. The LF-diet differed from the LC-diet by substitution of fat for carbohydrate.
Otherwise, diets were close in their fiber and mineral levels and had the same physical structure.
In order to prevent carry over, cats were fed a standard commercial maintenance diet (adaptation period) for 4 weeks, prior to being randomised to one of three groups. Each group of cats was assessed
on each of three diets in a random order at intervals of 3 weeks.
At the end of the adaptation period and at the end of each testing period an intravenous glucose tolerance test (IVGTT) was performed after a jugular catheter was placed for drug administration and
blood sampling. The glucose tolerance and insulin response were evaluated after IV administration of
0.5 g of glucose/kg body weight. Blood samples for glucose and insulin determinations were collected
immediately prior to and 2, 5, 10, 15, 30, 45, 60, 90 and 120 minutes after glucose administration.
Results: There were no significant differences for basal glucose, area under the curve for glucose
(AUCgluc) and insulin(AUCins), and fructosamine.

Basal glucose (mg/dl)
AUCgluc (mg/dl/120min)
AUCins (mg/dl/120min)
Fructosamine (μmol/l)

LP-diet
66.3

LF-diet
69.0

LC-diet
70.2

(48 – 76)

(57 – 77)

(55 – 85)

19011

18112

19955

(10735 – 28969)

(14540 – 23656)

(15214 – 27765)

3596
(1475 – 11020)
197.2
(177 – 222)

3339
(1598 – 5707)
204.9
(176 – 224)

3673
(1772 – 7282)
205.8
(171 – 224)

SEM

N P

1.67

9

0.682

928.06

9

0.093

398.01

9

0.093

3.080

9

0.097

Discussion and Conclusion: The basal glucose, AUCgluc, AUCins and fructosamine levels were expected to be lower for the LC-diet compared to the LP- and LF-diet. However, in contrast to another
study1, we used clinically healthy non-obese cats, weighing 2.15-4.60 kg. Moreover, the high protein
level of the LC-diet might have outvoted the effect of the LC level. In cats, amino-acids, especially arginine, appear to be potent insulin secretogogues when compared to glucose as a stimulus2.
References: 1 Thiess et al., 2004, J Fel Med Surg., 6, 207-218. 2 Curry et al., 1982, Comp. Biochem. Physiol.,
72A, 333-338.
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Analysis of skin sebum lipids and sebum cholesteryl ester
fatty acid profiles of dogs fed polyunsaturated fat defined diets
Kirby N.A., Hester S.L., Wright A.S., Bigley K.E.,
Rees C.A., Kennis R.A., Zoran D.L. Bauer J.E.
Companion Animal Nutrition Lab & Department of Small Animal Clinical Sciences,
Faculty of Nutrition, Texas A&M University, College Station
jbauer@cvm.tamu.edu

A study was performed to investigate effects of dietary polyunsaturated fatty acid modifications on
skin sebum lipids and fatty acid profiles of sebum cholesteryl ester fractions.
Material and Methods: The study included 24 (9 female beagles and 15 male hound mixed-breed
dogs) initially fed an extruded commercial diet containing 9 % fat (as-is) for a 12 week acclimation
period. For the following 12 weeks, the dogs were fed maintenance amounts of one of three experimental diets: Diet A containing adequate amounts of essential fatty acids (EFAs) and dietary zinc and
diets B and C containing additional but differing amouts of EFAs and zinc. Total dietary fat of all diets
was approximately 13 % (as-is). All three diets have previously been reported by us to improve skin
and hair coat scores due, in part, to their higher fat content compared to the acclimation diet. The diets
were isocaloric (3800 kcal/kg) and met the Association of American Feed Control Officials (AAFCO)
standards for all nutrients. We have previously found that sebum collected and extracted using either
Sebutape or plucked hair results in similar lipid constituents and includes cholesteryl esters (CE) and
wax diesters (WD). Plucked hair samples were therefore collected during the experimental diet period
at weeks 1, 3, 7, and 11 for lipid analysis via thin layer chromatography (TLC) and visualization after
charring. The major lipid fractions were quantified by densitometry with external standardization. Statistically significant increases in hair total CE concentrations were found in all three diet groups compared to the acclimation diet (p < 0.05) but differences due to diet were not observed. A second TLC
plate was developed for CE fractionation and recovery which was visualized via iodine vapor. The sebum CE samples were scraped from the plates and pooled at each time point due to low yields of individually plucked samples for fatty acid analysis. Fatty acid profiles of the sebum CE fraction were performed after scraping and transmethylattion via capillary gas chromatography.
Results: The major fatty acids included approximately 25 relative % omega-6 fatty acids; 20 relative
% saturated fatty acids, 15 relative % omega-3 fatty acids, and 5 relative % monounsaturates. An unexpected finding was the presence of an unidentified fatty acid eluting between 18:3n-3 and 20:0 on
the chromatograms which accounted for as much as 14 relative % of total fatty acids present. The possibility exists that this fatty acid is either a branched chain or hydroxy fatty acid.
Discussion and Conclusion: These findings are preliminary at this time and efforts to more precisely
identify this fatty acid and verify the other major fatty acids of the sebum CE fraction of canine hair
should be performed. The increase in sebum CE found in this study may correlate with feeding diets
higher in total fat concentration because such diets are known to increase plasma cholesterol concentrations overall. We speculate that increased amounts of CE may be incorporated and found on the hair
follicle and sebum of the hair shaft thereby resulting in improvement of canine skin and hair coat
sheen and appearance.
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Evidence of insufficient dietary sulfur amino acid intake
as a cause for taurine deficiency in Newfoundland dogs
Backus R.C., Suk Ko K., Fascetti A.J., Kittleson M.D.,
MacDonald K.A., Maggs D.J., Berg J.R., Rogers Q.R.
Department of Veterinary Medicine and Surgery, University of Missouri-Columbia, USA

backusr@missouri.edu
Taurine deficiency and related dilated cardiomyopathy (DCM) have been sporadically reported in
large-breed dogs in recent years. Cause for the deficiency is unknown because taurine is not recognized as a dietary essential nutrient in dogs.
Material and Methods: To investigate the cause, husbandry and feeding practices were examined and
blood taurine, methionine, cyst(e)ine, glutathione, homocysteine, and cysteinylglycine concentrations
were determined from 216 privately-owned Newfoundlands, a giant dog breed with high incidence of
idiopathic DCM (1.3 - 2.5 %).
Results: Plasma taurine concentration was weakly positively correlated (P < 0.05) with plasma
cyst(e)ine and methionine concentrations, but similar across age, sex, neutering status, body weight
and body condition score. Eight percent (n = 18) of the dogs had a low plasma taurine concentration (
< 40 nmol/mL). Relative to other dogs, these dogs were older, less active, had more medical problems
and treatments, and had lower plasma concentrations of albumin, cyst(e)ine, tryptophan, and α-aminon-butyric acid (P < 0.05). Of 9 dogs with low plasma taurine that were presented for clinical evaluation, 3 had DCM that was reversed by taurine supplementation for at least 4 months (median shortening fraction 12.4 % at baseline; 34.2 % post-supplementation). One dog had moderate generalized
retinal degeneration unlike the classical lesion reported in cats with taurine deficiency. Foods given to
dogs varied in type, amount, and duration of use prior to the survey. Only 38 % of the dogs were reported to be receiving a single commercial diet (43 different diets). The large variation in food sources
precluded analysis of influence of diet on taurine status. When given a commercial diet apparently
adequate in sulfur amino acids (5.4 g/kg) for 3 wk, 6 Newfoundland dogs (52.5 ± 2.3 kg, 3.5-7 y)
compared to 6 beagles (13.2 ± 2.3 kg, 5.5 y) had lower (P < 0.01) concentrations of plasma taurine (49
± 16 vs 97 ± 25 nmol/mL) and cyst(e)ine and blood glutathione, lower (P < 0.01) de novo taurine synthesis (59 ± 15 vs. 124 ± 27 mg/kg0.75 d-1), and greater (P < 0.05) fecal bile acid excretion (1.7 ± 0.2 vs.
1.4 ± 0.2 μmol/g dry matter).
Discussion: indicate a substantial incidence of taurine deficiency in the dogs studied. The biochemical
comparisons between taurine-deficient and taurine-replete dogs, and correlations between plasma
amino acid and thiol concentrations indicate that low sulfur amino acid intake may account for the low
taurine synthesis observed in the Newfoundlands. Lesser synthesis of taurine and greater excretion of
fecal bile acids by Newfoundlands relative to the beagles indicates that the Newfoundlands are at
greater risk for taurine deficiency when dietary sulfur amino acid concentration is marginal. The observed taurine deficiencies may have resulted from a higher dietary requirement for sulfur amino acids
in Newfoundlands relative to beagles, a breed used often in establishing nutrient requirements of dogs.
Conclusion: If Newfoundland dogs are representative of large-breed dogs, future studies should determine if the dietary sulfur amino acid requirement of dogs scale disproportionally with metabolic energy requirement.
Supported by the American Kennel Club Canine Health Foundation. The contents of this report are
solely the responsibility of the authors and do not represent the view of the foundation.
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Effect of dietary fatty acid pattern on growth, body fat composition and antioxidant parameters in chicks
Fébel H., Mézes M., Pálfy T., Hermán A., Gundel J., Lugasi A., Kocsis I., Blázovics A.
Research Institute for Animal Breeding and Nutrition, Herceghalom, Hungary
hedvig.febel@atk.hu

Introduction: The alteration of animal lipids has been the subject of numerous investigations, in large
part because of the effect of dietary fat on human blood lipids and on cardiovascular health. The fatty
acid (FA) composition of animal tissues can be affected by different factors. In chickens dietary fat
can greatly modified the FA composition of fat deposited. The increase of PUFA content in meat by
feeding different oils improves their value for human nutrition, but careful attention should be paid to
the potential for an increase of oxidative stress for birds. The objective of our study was to determine
the effects of dietary fat supplementation on bird performance, FA composition of tissues and antioxidant defence system of chickens.
Materials and Methods: Male broiler chicks (Ross-308) were placed in 20 floor pens (60 birds per
pen). The birds were allotted to four dietary treatments. The diets were corn-soybean meal ground
based with added different energy source: lard (L); sunflower oil (SFO); full-fat soybean meal (FFS);
and linseed oil (LSO). During the trial, live weight and feed intake were measured at days 1, 7, 14, 21,
28 and 35. At 5wk of age blood samples were taken from 10 birds from each group. These birds were
sacrified and tissue samples (breast meat and liver) were removed. From the plasma triglyceride, cholesterol (total, LDL, HDL), uric acid, glucose, bilirubin, albumin, enzyme activity of ALP, AST, LDH,
GGT were measured. Glutathione redox system (GSH, GSSG, GSH-Px) and malondialdehyde (MDA)
were detected from plasma, erythrocytes and liver. Antioxidant status (H-donating ability (HDA), reducing power (RP) and total scavenger capacity (TSC)) were also analysed. Chemical composition of
muscle and FA composition of muscle and liver were evaluated.
Results and Discussion: The treatments did not modify significantly growth performance and feed
intake of the chicks. Chemical composition of breast muscle and most of the serological parameters
were unaffected by feeding different fat sources. There was no effect of dietary FA pattern on glutathione redox system, the values were similar in the groups. However, higher PUFA content of the
diet resulted in a significant increase in MDA level of erythrocytes and liver. The chickens fed LSO
diet more effectively maintained their antioxidative status with enhanced HDA and TSC. FA composition in tissues reflected the FA pattern of the diets, although proportion of FAs with 4 or more double
bonds was metabolic specific. LSO diet resulted in a decrease in C18:2 and C20:4 in tissue lipids, but
C18:3, C20:5 and C22:6 increased compared to L, SFO and FFS diets.
Significantly increased HDA and TSC in concert with the enhanced EPA and DHA proportion in liver
and muscle during LSO feeding indicate metabolic changes to counteract the oxidative injury. This
may be related to the compounds produced after different biochemical pathways of n-6 and n-3 FAs.
Acknowledgement: This work was supported by the National Office for Research and Technology
(GVOP 3.1.1-2004-05-0014/3.0)
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Clinical cases: use of a low fat diet in hyperlipidaemic dogs
Diez M., Doneux B., Schobyn P., Lhoest E., Istasse L., Biourge V.
Animal Nutrition Unit, Faculty of Veterinary Medicine, University of Liège, Belgium
mdiez@ulg.ac.be

Three privately owned hyperlipidaemic entire male dogs were recruited in 2 vet practices to test a
high-digestible and low-fat diet. The mean age, body weight (BW), body condition scores and reasons
for consulting of the dogs are presented in Table 1. Each case underwent the following analyses: clinical examination, complete blood count, routine serum biochemistry and thyroid and adrenal functions.
Each owner was given a sufficient amount of food for one month and was asked to come back
monthly, at the clinic to control plasma lipids and clinical examination.
Treatment consisted of feeding a commercial dry diet containing 22 % crude protein, 5 % ether extract, 8 % total dietary fibre, and 3534 kcal/ kg diet. The energy allowance was calculated to obtain
ideal BW (BCS -Body Condition Score -: 3/5). The dogs were fed twice a day and regular exercise
was recommended.
The 3 dogs received the diet as their only treatment during 6 months. The daily amount of food was
checked monthly and the quantities adjusted if necessary. The energy allowance varied from 107 to
127 kcal/kg ideal BW0.75.
Table 1: Summary of the study.
ID

Breed

Gender

Age,
y

Reasons for consulting

BW,
kg

BCS

Plasma*
Chol.,
g/l

Plasma*
Trigl.,g/l

1

Schnauzer
medium

M

11

Lethargy keratoseborrheic conditions

29.5

4/5

M0: 9.7
M6: 5.1

M0: 4.5
M6: 13.5

2

Fox terrier

M

12

1 epileptic seizure

11.9

3/5

M0: 3.5
M6: 3.1

M0: 2.5
M6: 1.5

3

Shetland

M

5

Weakness, apathy,
footpad hyperkeratosis, lameness

15.0

3/5

M0: 3.8
M6: 4.0

M0: 4.9
M6: 4.0

Chol: cholesterol, Trigl : triglycerides, M: male, M0 - M6 : Month 0 or 6
* Normal ranges of the lab: TG: 0.1 - 1.5 g/l; Chol: 0.8 - 3.0 g/l

Each dog performed the whole study. Response to diet was good in all dogs -appetence, stool quality- ,
and resolution of most clinical findings (keratoseborrheic condition for dog 1, weakness, apathy and
pad hyperkeratosis for dog 3). Dog 1 presented a BCS of 3/5 at the end of the study.
This study suggests that a low-fat and low-fibre diet allows to decrease blood triglycerides (in 2/3
dogs), treat clinical signs and maintain BW.
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A comparison of fatty acid status
of free-ranging and captive wildlife – a literature survey
Clauss M., Grum C., Hatt J.-M.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland
mclauss@vetclinics.unizh.ch.

Objective: In human nutrition, the discrepancy between the fatty acid (FA) status of people from
“original” and “civilised” living conditions is interpreted as a major contributing factor to “civilisation-related” diseases. People from “civilised” living conditions are often characterised by a low status
of polyunsaturated fatty acids (PUFA), particularly of n-3 PUFA, and a low unsaturation index (UI);
the proportion of n-6 PUFA is usually increased, resulting in a decreased n-3/n-6 ratio. We performed
a literature survey, comparing the FA pattern of wildlife species from the wild and from captivity.
Materials and Methods: App. 450 publications containing data on the FA composition vertebrates
were screened for data on free-ranging and captive individuals of the same species, of the same body
tissues, and lipid classes.
Results: Information was available on 5 fish, 4 reptile, 7 bird, 7 mammalian omni- and carnivore, and
11 mammalian herbivore species. There were no consistent differences in FA status between freeranging and captive reptiles or mammalian carnivores and omnivores. In contrast, captive fishes, birds
and mammalian herbivores consistently had a lower PUFA and n-3 FA status, a lower UI and a lower
n-3/n-6 ratio than their free-ranging conspecifics.
Discussion and Conclusions: Given literature data on the FA composition of different feeds, this difference in birds and herbivorous mammals is most likely due to a widespread use of forages conserved
by drying (low PUFA content) and of grain-based mixed feeds (low n-3, high n-6). Regardless of anecdotal suspicions of FA-related disease syndromes in captive animals, there are – with one exception
in capuchin monkeys - no systematic descriptions of PUFA or n-3 deficiencies in captive wildlife.
However, in parallel to results from studies in humans or laboratory animals, long-term effects such as
reduced immune status, reduced reproductive potential, reduced longevity or reduced cognitive development could be suspected, which could affect the success of breeding or reintroduction programs. An
increasing use of fresh forages (e. g., cut grass), silages instead of hays, and mixed feeds that are based
on forage meals (grass or lucerne meal), that are supplemented with linseed products, and that do not
contain significant amounts of grain products, would enhance a FA status more similar to that of freeranging animals.
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Plasma DHA concentration is maximized in dogs
by dietary intake of 175 mg DHA per kg body weight per day
whereas EPA is maximized by 218 mg/kg BW/d
Jewell D.E., Hall J.A., Picton R.A., Skinner M.M., Wander R.C., Debraekeleer J.
Hill’s Pet Nutrition, Brussels, Belgium
Jaak_Debraekeleer@colpal.com

Material and Methods: This study used 32 healthy, female, geriatric (7 to 10 y) Beagles that weighed
between 7.6 and 15.3 kg. Dogs were maintained according to currently accepted practices of good
animal husbandry. They were housed in pairs in indoor runs and fed once daily in the morning, and
experienced enrichment through interactions with each other and with the caretakers. The experimental protocol was reviewed and approved by the Oregon State University Animal Care and Use Committee in accordance with principles outlined by the National Institutes of Health. Dogs were fed four
canned foods (average dry matter content was 39 %) with the same n-6 to n-3 fatty acid (FA) ratio
(1:1), but with different concentrations of n-6 and n-3 FA. The concentrations (as fed) of n-6 and n-3
FA are listed in Table 1. Food intake was measured and adjusted such that dogs did not lose weight.
Blood samples were collected after the dogs had consumed their respective foods for 12 weeks.
Treatment effects were evaluated using orthogonal polynomials. These contrasts assessed the linear
and quadratic responses of the dogs to varying dietary FA concentrations. Data were also analysed using analysis of variance with post hoc separation of the means by the LSD post-hoc test.
Results: There were no differences in body weight among the groups (pre- or post-feeding trial).
Plasma concentrations of DHA in dogs consuming food B were significantly higher than in dogs consuming food A (P = 0.03), but equivalent to those consuming food C. Significantly higher plasma concentrations of EPA and total n-3 FA were shown in dogs consuming food C compared to dogs consuming food A (P < 0.05). However, there were no significant differences in plasma concentrations of
EPA, DHA, or total n-3 FA between dogs consuming food D and those consuming food A (P > 0.05).
In this study, the plasma DHA level was determined by the n-3 FA intake, independent of the n-6 to n3 FA ratio, up to a total n-3 FA concentration of 6.3 g/kg food. The plasma concentration of EPA continued to increase with increasing intake up to a dietary concentration of 9.8 g total n-3 FA/kg food
while maintaining the same n-6 to n-3 FA ratio. These results indicate that at an n-6 to n-3 FA ratio of
1:1, the plasma concentrations of DHA and EPA reach a maximum at a daily intake of 175 mg/kg
BW/d for DHA and at 218 mg/kg BW/d for EPA (Table 2).
Table 1: Composition of the foods.
Food
Total n-3 FA (g/kg food)
Total n-6 FA (g/kg food)
Total fat content ( %)
Energy density (kcal/100g)

A
3.3
3.4
5.60
120

B
6.2
6.3
5.78
121

C
9.8
9.8
5.77
122

D
12.5
12.2
5.97
123

Table 2. Average daily intake of EPA and DHA obtained with the different foods.
Food
EPA intake (mg/kg BW/d)
DHA intake (mg/kg BW/d)
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A
68
90

B
131
175

C
218
291

D
258
344
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Dietary fish oil supplementation in exercising dogs:
Effects on clinical and immunological parameters?
Peus E., Vervuert I., Kessing M., Nolte I., Kietzmann M., Schrödl W., Coenen M.
Institute of Animal Nutrition, University of Veterinary Medicine, Foundation, Hannover
elisabeth.peus@tiho-hannover.de

Introduction: Exercise is a modulator of immune system. Extreme exercising, however, activates a
suppression of the immune system. Dietetics as well has a key position as a modulator of the immune
system, the eicosapentaenoic acid (EPA) and the docosahexaenoic acid (DHA) – two Ω3-fatty acids of
fish oil – play an important dietetic role. Moderate exercise raises body resistance against infection.
This study evaluated whether there are effects of a varying dosage of fish oil added to the diet on the
immune system of young dogs during intensive treadmill training.
Materials and Methods: Ten foxhounds aged one year were trained on a treadmill every other day
during the first 92 days of the 130-day test period. They were divided into the supplemented (n = 5,
fish oil: 0.26-0.52-1.04ml/kg BM) and the control group (n = 5, isoenergetic ration of maize flakes) at
random. Each dog practiced over a total distance of about 900 km. Blood samples were taken at rest
and three times immediately after exercise. Animals´ general state of health was monitored once a
week and immediately after exercise on days 1+2, 50+51 and 92 (core temperature, heart rate). The
analysed blood parameters were: eicosapentaenoic acid (EPA), linoleic acid (LiA), blood count, total
plasma protein (TPP), prostaglandin E2 (PGE2), C-reactive protein (CRP), tumour necrosis factor
(TNF) α.
Results: During the entire test period there was no change in heart rate and red blood count, the body
mass of the females also remained unchanged but that of the male dogs rose. Within the first week
there was a significant (P < 0.05) increase in EPA in supplemented dogs (25.2mg/l ± 8.4 to 226 mg/l ±
27.2); LiA decreased with increasing fish oil (683mg/l ± 66.5 to 601mg/l ± 32.1; P < 0.05). In the control group LiA rose temporarily (662mg/l ± 68.6 to 763mg/l ± 79.3; P < 0.05). The composition of the
differential white blood count remained the same. Starting on day 15 TPP decreased in all animals.
During the experimental period the PGE2 level of all dogs decreased (0.97ng/ml ± 0.36 to 0.12ng/ml ±
0.02; P < 0.05). There was no change in CRP related to the treatment. TNFα was below the detection
limit at all times. Exercise had immediate effects on proportion of neutrophils (65.7 % ± 4.57 to 73.5
% ± 4.94; P < 0.05) and leucocytes (25.8 % ± 4.44 to 18.7 % ± 3.83; P < 0.05) in male dogs. Exercise
had no immediate effects on TPP, red blood count, leucocyte count or CRP, but it led to significant increases in core temperature and heart rate.
Conclusion: Exercise had only moderate effects on the parameters analysed here. Dietary fish oil supplementation had no detectable effects on parameters of the immune system in young dogs under intensive treadmill training during 3 months. The EPA and LiA curves indicate that the 1.04ml/kg dose
of fish oil could have had more effects than the 0.52ml/kg dose. Individual values of CRP indicated in
combination with additional stimuli – e.g. injury by bite – that there were some effects of exercise and
supplementation.
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Sulfur balance studies in dogs and cats
fed two diets (moist, dry) with different sulfur contents
Peus E., Rust P., Kamphues, J.
Institute of Animal Nutrition, University of Veterinary Medicine Hannover, Foundation
elisabeth.peus@tiho-hannover.de

Introduction: The main Sulfur sources in feedstuffs are S containing substances like taurine, methionine and cysteine, but also inorganic sources (like sulfates) occur in diets for carnivorous species. Sulfur is involved in various reactions of the metabolism, also independent of the functions of both amino
acids and taurine. Aim of the study was to estimate digestibility and excretion (via feces/urine) of Sulfur. The investigations should allow a comparison between dogs and cats both fed two diets with different Sulfur concentrations due to different protein and sulfate contents.
Materials and Methods: Four dogs (14.5 ± 1.2 kg body mass [BM]) and cats (4.0 ± 0.4 kg BM) were
fed two different diets (table 1). After an adaptation period of one week feces and urine were collected
to analyse the Sulfur content (estimation: elemental analyzer; principle: catalytic tube combustion under oxygen supply and high temperature → thermal conductivity detector). Furthermore sulfate concentrations were measured in feces and urine (principle: BaSO4-precipitation). Feces and urine were
collected and pooled (one sample per animal and diet). The animals were housed individually in metabolism cages during the collection period (free access to distilled water).
Results: In the balance study with the dry diet all animals had a relatively constant body mass,
whereas in the period of moist feed BM losses were observed.
Table 1: Diet composition and data concerning the sulfur balance.
parameter
cp/ cfa (g/kg DM)
Sulfur content (g/kg DM)
- S (sulfate; g/kg DM)
- S (g/kg DM; from taurine+
methionine+cysteine)
DM intake (g/kg BM⋅d)
S intake (mg/kg BM⋅d)
S app. digestibility ( %)
S excretion (mg/kg BM⋅d)
- via feces ( %)
- via urine ( %)
S retention (mg/kg BM⋅d)

moist diet
554 / 271
7.97
1.08

dry diet
348 / 125
4.82
0.30

6.46

3.98

dog
12.4 ± 0.95
98.9 ± 7.56
68.0 ± 3.41
93.0 ± 20.1
35.0 ± 7.32
65.0 ± 7.32
5.89 ± 24.8

cat
7.48 ± 0.86
59.6 ± 6.84
65.9 ± 7.71
51.8 ± 5.12
39.0 ± 7.71
61.0 ± 7.71
7.81 ± 5.01

dog
24.7 ± 1.65
119 ± 7.93
75.6 ± 1.02
85.2 ± 9.68
34.3 ± 3.18
65.7 ± 3.18
34.0 ± 9.59

cat
16.2 ± 1.66
78.1 ± 7.99
69.0 ± 6.53
62.5 ± 12.6
38.7 ± 4.52
61.3 ± 4.52
15.6 ± 8.31

Conclusion: The apparent digestibility of Sulfur varied between 60-75 % (cats: slightly lower values).
Sulfur was excreted mainly via urine (cats about 61 %, dogs 65 %), the rests occurred in feces. Due to
lower feed intake and therefore the lower S intake during moist diet period the S-retention was low in
general, in two dogs even negative. Under the aspect of moisture and consistency of feces the sulfate
concentration in feces (dry feed/moist feed; dogs: 20-25 to 6-8 g/kg DM; cats: 17-25 to 8-9 g/kg DM)
is of interest. In dogs only the sulfate concentrations in feces correlated (r = -0.86) with the DM content. In further studies with dogs and cats the effects of Sulfur and sulfate intake on mineral metabolism, feces composition and urine pH will be tested.
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Effects of important B-trichothecene mycotoxins on the D-glucose transport
across isolated epithelium of broiler chickens
Awad W., Razzazi-Fazeli E., Böhm J., Zentek J.
Institute of Animal Nutrition, Department of Veterinary Public Health and Food Science,
University of Veterinary Medicine, Vienna, Austria
wageha.awad@vu-wien.ac.at

It has been observed that tricothecene mycotoxins cause feed refusal, body weight loss, and mouth lesions in chickens. Trichothecenes are closely-related sesquiterpenoids (ring structure) with a 12, 13
epoxy ring and a variable number of hydroxyl, acetyl or other substituents. Recently, DON appeared
to alter the gut function and impair ion transport in laying hens. In order to delineate the effects of different B-trichothecenes (DON, Nivalenol, 15-Ac-DON, and Fusarenon X) on intestinal absorption of
monsaccharide, the in vitro jejunal absorption of D-glucose was studied in broiler chickens by the
Ussing chamber technique.
Materials and Methods: Broiler chickens, 6-8 wk of age, were used. After slaughter, the intestinal
segments were immediately taken from the mid-jejunum. The intestine was rinsed with ice-cold buffer
and transported in ice-cold oxygenated incubation buffer to the laboratory. The underlying serosal
layer was stripped off and the epithelial sheets were mounted in modified Ussing chambers. The electrical measurements such as transmural potential difference (PD), short-circuit current (Isc), and electrical resistance (Rt) were continuously monitored. Ten µg/mL of different mycotoxins (DON, Nivalenol, 15-Ac-DON, and Fusarenon X) were added to the luminal side of separate chambers, 2 minutes
after the addition of D-glucose (5 mmol/L) to investigate the inhibtoring effect of those mycotoxins on
Na+-D-glucose co-transporter. In further experiments, D-glucose (5 mmol/L) was added to the luminal
side after prior incubation of the tissues with 10 µg /mL of mycotoxins. Data were compared by
ANOVA and subsequent the Duncan´s Multiple Range Test. Paired samples t-test was used for the
comparison within the same treatment.
Results: The tissue resistance (Rt) was higher (P < 0.05) in the tissues exposed to DON (428 ± 36
Ω.cm2), Nivalenol (307 ± 40 Ω.cm2), 15- Ac-DON (290 ± 47 Ω.cm2), and Fusarenon X (382 ± 32
Ω.cm2) compared with the basal values (348 ± 33 Ω.cm2, 267 ± 38 Ω.cm2, 243 ± 41 Ω.cm2, 325 ± 31
Ω.cm2, respectively). The addition of D-glucose to the luminal side of the isolated mucosa increased
(P < 0.05) the Isc, while it decreased (P < 0.05) after addition of different trichothecene mycotoxins
indicating that the glucose induced Isc was altered by trichothecenes. The addition of glucose after incubation of the tissues with trichothecenes had no effect (P > 0.05) on the Rt and the Isc, suggesting
that trichothecenes afflicted the Na+ D-glucose co-transport.
Conclusion: From this study it can be concluded that tichothecene mycotoxins (DON, Nivalenol, 15Ac-DON, and FusarenonX) impaired the jejunal function relating to glucose absorption mediated by
SGLT-1. These results suggest that the trichothecenes cause specific damage in the active transport
system for monosaccarides on the one hand, and impairment of their diffusional movement from the
epithelial layer to the mesenteric vein on the other.
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The effect of fulvic and humic acid on the calcium, phosphorus,
and microelement (Cu, Zn, Mn, Fe) concentrations of bone in rats
Vucskits A.V., Erzsébet B., Emese A., Szabó J.
Laboratory Animal Science, Faculty of Veterinary Science, Szent István University, Budapest, Hungary
dzsehuti@hotmail.com

Recently in animal nutrition minerals have been used in their more absorbable and less toxic organic
forms instead of their inorganic forms. Minerals are mostly bound to amino acids, proteins, polysaccharides and propionic acid in these forms, organic minerals can be used by the nutritional industries.
It has been known that humates form well absorbable complexes with minerals, and because of that
inexpensive, organic microelement products may be able to be made from them. For this more experimental data must be gathered on how humates influence the macro and microelement turnover of
the animals. In our experiment we have investigated the effect of the two most important ingredients
of humates, namely fulvic acid and humic acid, on the incorporation of Ca, P, Cu, Zn, Mn and Fe into
the femur of the experimental animals.
Material and Methods: The experiment was conducted on 72 Wistar CRL:(WI) BR, male, SPF rats.
Each rat weighed between 70-72g. The experimental animals were put into 9 groups (a control group,
1g/kg, 2g/kg, 4g/kg and 8g/kg of each fulvic and humic acid supplementations n = 8 respectively) following 4 days of familiarization. Each of the animals was kept in cages individually. During the experiment the rats were both fed and given water ad libitum. The bodyweight and food consumption
were measured on every second or third day. The Ca, P and microelement concentrations were determined from the femur of the rats with a Carl Zeiss Jena AAS3 atomic absorption spectrometer.
Results: (Compared to the Controll in %)
Groups
Controll
F-0.1 %
F-0.2 %
F-0.4 %
F-0.8 %
H-0.1 %
H-0.2 %
H-0.4 %
H-0.8 %

Ca
100.0
102.0
100.8
97.9
99.7
95.8
94.2
93.1
96.7

P
100.0
99.95
103.60
101.44
105.18
103.31
106.19
106.47
104.75

Zn
100.0
95.15
100.26
95.46
95.78
96.31
96.99
95.94
97.15

Cu
100.0
93.30
100.28
101.68
104.47
100.84
101.68
98.04
98.32

Mn
100.0
98.46
100.77
89.06
88.03
88.03
91.12
95.24
95.75

Fe
100.0
91.03
99.56
87.36
96.04
87.83
100.62
106.13
99.91

According to the experimental data we can say:
- In the case of fulvic acid there is a positive correlation between the dose of fulvic acid and the copper content of the bone.
- Higher fulvic acid dose decrease the manganese content of the bone.
- In the case of humic acid there is a strong negative correlation between the Ca-P and the P-Zn content.
- There is a positive correlation between the Ca and Zn content of the bone in the humic consumer
groups.
The experiment was financed by OTKA-T049116
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The effect of fulvic and humic acid
on the intensity of the immunoresponse in rats
Vucskits A.V., Emese A., Bersényi A., Szabó J.
Laboratory Animal Science, Faculty of Veterinary Science, Szent István University, Budapest, Hungary
dzsehuti@hotmail.com

New and environmental friendly, natural growth promoter substances are needed due to the ban on
growth promoting antibiotics. Unfortunately there is no product yet that can replace the complex effects of the antibiotics. However one of the fastest developing field of science is immune-nutrition it’s
goal to replace the effect of antibiotics. Some literature suggests that fulvic and humic acid have immune stimulating properties, however, there are no independent experiments to study the effect and
mechanism of humates. Humates are complex substances, that can be broken down into their individual components of fulvic acid and humic acid. fulvic acid is absorbed quickly by the intestines and is
eliminated from the body within hours on the other hand humic acid is absorbed poorly. The goal of
our experiment was to determine the effect of fulvic and humic acid on the immunological state of the
experimental animals.
The experiment was conducted on 72 Wistar CRL:(WI) BR, male, SPF rats. Each rat weighed between
70-72g. The experimental animals were put into 9 groups (a control group, 1g/kg, 2g/kg, 4g/kg and
8g/kg of each fulvic and humic acid supplementations n = 8 respectively) following 4 days of familiarization. Each of the animals were kept in cages individually. During the experiment the rats were
both fed and given water ad libitum. The bodyweight and food consumption were measured on every
second or third day. On the 2nd day of the experiment the animals were immunized with 1ml solution
that contained 200µl ovalbumin 400 µl CFA and 400 µl PBS/100g bodyweight intraperitoneally. On
the 26th day the animals were euthanized and insanguinated. ELISA was used to analyze the immunological parameters collected from the serum samples of the rats. The analysis was carried out at the
National Institute of Animal Health
Results:
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The intensity of the immune response

From the results we can say that both the humic and the fulvic acid supplementation is advantageous
for the immune response. There was no significant difference between the control and the experimental groups due to the large deviations from the average. In our experiment the 0.4 % supplementation
of both fulvic and humic acid was optimal for an immune response.
The experiment was financed by OTKA-T049116
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Risk factors associated with gastric dilatation-volvulus in dogs
Hellweg P., Zentek J.
Institute of Animal Nutrition, Free University of Berlin, Germany
zentek.juergen@vetmed.fu-berlin.de

Objectives: Acute gastric dilatation-volvulus in dogs is a life-threatening disorder associated with a
high mortality rate. The condition is characterized by a rapid accumulation of air in the stomach, displacement of the stomach and escalating intragastric pressure, causing a decrease in perfusion and the
development of hypovolaemic shock, metabolic acidosis and hypokalaemia. Multiple reports on possible etiologic factors have been published. However, its exact cause is still not clearly understood.
Only risk factors have been identified. Large breed dogs, dogs with a large thoracic depth-to-width ratio, and older animals are at higher risk of developing gastric dilatation-volvulus. In addition the diet,
the amount of food ingested, the frequency of feeding, feeding behaviour, exercise and stress after a
meal seem to be contributing factors. A high degree of breed purity and having a first degree-relative
that has a history of gastric dilatation-volvulus also increase the probability to suffer from this disease.
The aim of this study was to gain more information about risk factors predisposing for developing gastric dilatation-volvulus. For this reason 882 questionnaires from owners of dogs that had acute episodes of gastric dilatation-volvulus were analysed.
Methods: An Internet-based data acquisition was performed. Information elicited from the owners
was divided into the following categories: Host/owner, environment, medical history, physical activities, diet/nutrition, and personality/temperament. These questions were used to identify predisposing
risk factors for gastric dilatation-volvulus. As no matched control dogs were included in the study the
data was analysed by descriptive methods. The mean values as well as standard deviations were determined.
Results: 882 owners of affected dogs were able to be recruited to answer the questionnaire in the
Internet. In accordance to the literature, mainly large and giant breed dogs of advanced age were affected. The mean ( ± standard deviation) age and size were 6.9 ± 3.1 years and 66.6 ± 10.2 cm. 391
dogs were female (169 of these castrated) and 491 male gender (130 of these castrated). A correlation
between gender and risk of gastric dilatation-volvulus was not identified. 228 of 882 dogs were German Shepherds followed by 86 Great Danes and 73 mixed breed dogs. Affected dogs generally had a
normal weight, were quiet and had no history of gastrointestinal diseases. Most dogs were fed with a
commercial dry food. In 457 cases the food was moistened previous to feeding. 310 dogs received
their meal once a day; in 459 cases the ration was divided into two parts. The feeding behaviour did
not reveal an obvious tendency. 412 owners described the feeding behaviour as “slowly” and 456
owners as “fast”. 485 dogs ate their food from bowls on the floor and by 377 dogs the food bowl was
raised from the floor.
Conclusion: This study suggests that dogs with increasing age and body size are at higher risk of developing gastric dilatation-volvulus. Contrary to previous reports, no risk could be attributed in the
present study to male gender, a nervous temperament or rapid eating. Though many efforts were undertaken to elucidate the aetiology of gastric dilatation-volvulus it remains still unclear. The finding of
this study are consistent with the theory that gastric dilatation-volvulus develops as a result of a variety
of factors. Eliminating or minimising identified risks, however, and introducing protective practices
may help to reduce the incidence of this distressing, painful and often fatal condition.
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Cats in vaccination at National veterinary school of Alfort – France: risk
factors for obesity and owner’s perception of cat’s body condition
Colliard L.*, Lemuet B., Paragon B.-M., Blanchard G.
Nutrition Unit, National Veterinary School of Alfort, France
*
resident granted by Hill’s Pet Nutrition, Europe.
lcolliard@vet-alfort.fr

There are few data on the incidence of obesity in cats; those available showed from 6 to 40 % of cats
were overweight or obese. In France, there is only one previous study: a survey prepared for Hill’s Pet
Nutrition at the beginning of 2003 (260 owners interviewed by phone).
These studies suggested that risk factors for obesity include: male gender, neutering, being cross-bred,
middle age, living in a single or two-cat household, being confined indoors and inactivity, feeding
fresh meat or fish, eating a premium or therapeutic food and owner underestimation of their cat’s body
weight (BW).
Our study had 3 objectives: Firstly to assess the prevalence of overweight cats in the population presented for vaccination over a 3 month period at the National Veterinary School of Alfort; secondly to
explore the risk factors associated with overweight and obesity; and thirdly to evaluate the owner’s
perception of their cat’s body condition (BC).
All cat owners attending the Vaccination Department of ENVA, from March to June 2006 were questioned by a veterinarian. The owners were asked to supply details regarding their social status, age and
lifestyle. Then, the cat’s BC was evaluated twice by each owner: first, a verbal description by selecting
one of five descriptors: very thin, thin, optimal, a little overweight and very overweight; and then, by
choosing one of five drawings of cats of increasing body condition score (BCS) randomly arranged in
a circle. The owners were then asked to estimate the BW of their cats. Finally, they provided information on the cats themselves (age, gender, sexual status, type of diet). BCS by a veterinarian (1 for
“cachectic”, 2 for “lean”, 3 for “optimal”, 4 for “overweight”, 5 for “obese”), and the cat’s measured
weight completed the questionnaire.
The level of agreement between owner and veterinarian BCS and between BW were measured. To examine associations between overweight and some presumed risk factors, crude odds ratios (OR) and
95 % confident intervals (CI) were calculated. Then, a stratified analysis (adjusted OR) was applied to
variables suspected to be confounding factors in univariate analysis. Lastly, a multivariate logistic regression analysis (multivariate OR) was used for variables significantly associated with overweight in
previous analyses and for variables strongly suspected to be risk factors. OR estimates were considered significantly different from 1 if the 95 % CI did not include 1.0. A covariate was considered to be
a confounder and included in the multivariate regression model if its exclusion altered the OR for
overweight by 10 % or more.
A copy of complete results and discussion will be available during oral presentation.
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Relationship between analitic values and the canine obesity
Peňa C., Suarez L., Bautista I., Alberto Montoya J., Juste M.C.
Faculty of Veterinary Medicine, Las Palmas de Gran Canaria University, Spain
cris_romera@hotmail.com

Objective: The canine obesity has become in the most important nutritional health problem involving
many associated conditions, such as diabetes mellitus type II, hypertension and dislipemia. The goal of
this study is to investigate the relationship between obesity status and different analytic parameters in
a dog population.
Methods: Data were obtained on 127 dogs (42 males, 85 females) aged 1.6- 14.8 y (mean 6.67). Dogs
were recruited and assessed during routine veterinary visits. Body condition (BCS) was assessed using
a 9-point scale (7) and obesity was considered when BCS > 6. Of 127 dogs 84 were categorised as
obese and 43 as no obese. The analytic parameters evaluated were triglyceride, total cholesterol, highdensity lipoprotein cholesterol (HDL-C), glucose and ALT serum concentrations
Results: Obese dogs had significative higher levels of triglyceride and total cholesterol. Conclusions:
We believe the importance of identifying associated mobility in obese dogs because preventing intervention and treatment actions such as low fat diets, increased exercise and weight loss should all be
considered for this canine population
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Influence of anionic salts on bone metabolism
in periparturient dairy goats and sheep
Liesegang A.
Institute of Animal Nutrition, Vetsuisse Faculty University of Zurich, Zurich, Switzerland
aliese@vetphys.unizh.ch

Objectives: At the beginning of lactation, Ca homeostatic mechanisms have to react to a sudden increase in demand for Ca. Mobilization of Ca from bone and increased absorption from the gastrointestinal tract are required to re-establish homeostasis. It was shown that dietary anions play an important
role in the prevention of milk fever by mobilizing Ca from bone and by increasing Ca absorption in
the GI tract. The purpose of the present study was to investigate the influence of diets supplemented
with anionic salts on bone metabolism of dairy goats and sheep.
Materials and Methods: Twelve saanen goats and twelve ostfrisean milk sheep (housed inside, fourth
lactation) were divided into two groups each (SC, GC; SA, GA). Each group was fed a different diet
which was given 10 days prior to parturition. Group SC and GC received a normal diet without any
supplementation according to the requirements of goats and sheep in this stage of gestation. whereas
group SA and GA received in addition anionic salts. The dietary cation anion difference (DCAD) was
calculated with the formula – DCAD (meq/kg DM) = (0.15 Ca2++0.15 Mg2++Na++K+) - (Cl-+0.25 S2+0.5 P3-) (Goff 2000). Blood and urine samples were collected daily until parturition. Serum Ca, P,
Mg, serum crosslaps (SCL), osteocalcin (OC), 1,25-dihydroxy-Vit D (VITD), urinary pH and Ca concentrations were analyzed.
Results: The bone resorption marker SCL showed significant differences between the animals supplemented with anionic salts and the control animals. The animals receiving anionic salts had higher
concentrations throughout the experiment where the difference was more prominent in goats than in
sheep. Similar observations were made in VITD concentrations. On the contrary, the bone formation
marker OC was lower in the animals supplemented with anionic salts. The urinary pH was lower in the
SA and GA groups whereas urinary Ca concentrations were higher.
Discussion and Conclusions: In conclusion, this data showed that the addition of anionic salts in
small ruminants lead to higher bone resorption rates while on this feeding regime. It can be concluded,
that the anionic salts induced a mild metabolic acidosis with all its effects on calcium metabolism.
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The influence of polyunsaturated fatty acids on vitamin E requirements
of goats and sheep with marginal selenium supply
Liesegang A., Staub T., Kreuzer M., Wanner M.
Institute of Animal Nutrition, Vetsuisse Faculty University of Zurich, Zurich, Switzerland
aliese@vetphys.unizh.ch

Objectives: Selenium (Se) is always of interest because, in many areas of the world, plants contain
concentrations that are either deficient in or toxic to the animal metabolism. One of the major
functions of selenium is as a component of the enzyme glutathione peroxidase, which reduces
peroxides and hydroperoxides. When dietary selenium is insufficient to prevent this oxidation, muscle
membranes rupture and leak cellular enzymes into the extracellular circulation. These damaged
muscles become non-functional and turn white, hence the name “white muscle disease”. Animals
differ in their requirements for selenium and their susceptibility to white muscle disease. Some of
these species variations may be due to differences in the amount of nonselenium-dependent
glutathione peroxidase activity. The primary function of vitamin E (Vit. E) is to maintain the
functional integrity of cellular and subcellular membranes, by preventing lipid peroxidation of
unsaturated fatty acids. Nutritional muscular dystrophy, liver necrosis in swine and rats, foetal
resorption in rats, and encephalomalacia in poultry are possible signs of deficiency. Vit. E deficiency
has been observed in virtually all taxa of herbivores. Although low dietary Se may have been a
contributing factor, Vit. E deficiency can develop in herbivores when they are fed hay with a low Vit.
E content, due to late cutting, leaching or excessive storage, leading to oxidation of the vitamin.
Reductions of 80 to 90 % during the maturation of grasses are common. Another problem may be the
degradation of Vit. E by gastrointestinal microflora when animals consume high–grain diets. With a
rising grain content the destruction of Vit. E increases from 8 to 42 %. In the present study, the
influence of polyunsaturated fatty acids on the requirements of vitamin E will be tested.
Materials and Methods: 12 pregnant goats and sheep were fed a diet high in polyunsaturated fatty
acids in the diet during the last 2 months of gestation and the first 2 months of lactation. The animals
were fed a diet which constisted of hay and concentrate (table 1) and were divided into 2 groups each:
6 goats and 6 sheep received extra vitamin E (88 IE), while the control groups received no extra
Vitamin E supplementation. Blood and milk samples were taken. In addition, liver, muscle and spleen
samples will be taken from the lambs will be taken after slaughtering.
Table 1: Chemical analysis and composition of diets.
Hay
CP
CF
RL
HCL-insol. ash
Ca
P

%
%
%
%
%
%

13.87
25.53
1.95
1.72
0.70
0.27

Concentrate
19.88
6.18
6.78
0.59
0.94
0.39

Hay
Vitamin E
Selenium
Fat
Linoleic acid
Linolenic acid
Total PUFA

mg/kg
mg/kg
g/kg
g/kg
g/kg
g/kg

38.90
0.04
28.50
3.40
9.10
12.50

Concentrate
14.20
0.13
68.00
17.20
9.20
26.40

Results: No significant changes were observed between the groups for the parameters serum Se, serum vitamin E and gluthation peroxidase activities in erythrocytes. Only a significant increase in Vitamin E concentrations between two and four weeks post partum was evident in the vitamin E supplemented goat kid group. Four (p = 0.009), six (p = 0.001) and eight (p = 0.009) weeks pp, the concentrations of vitamin E in the supplemented group of kids were significantly higher compared to the unsupplemented group.
Discussion and Conclusions: From these results no significant influence of the higher polyunsaturated fatty acids on vitamin E requirements were observed. A possible explanation for these findings
may be, that the liver of the animals is able to store vitamin E for 2 to 3 months. The animals, which
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received a lower amount of vitamin E via the diet could use this storage. In hay the amounts of vitamin
E was high enough to cover the requirements of the animals. Although the selenium concentrations of
the diet were low, no significant influence war observed during the whole trial. In addition no signs of
white muscle disease were evident. Only in the livers of the vitamin E supplemented kids higher
amounts were found, which was also evident when analyzing the blood samples.
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Equine caecum content and faeces as inocula in a modified
‘Hohenheim gas test’ with hay, maize and a combination of both
Zeyner A., Engelmann W., Dill B., Markuske K. D.
Chair of Nutrient Physiology and Animal Feeding, University of Rostock, Germany
annette.zeyner@uni-rostock.de

Composition and activity of the guts’ microbiota contribute essentially to the health of the host. The
investigation of fermentative processes in the hind gut and particularly the caecum is therefore of special interest, but in vivo and ex vivo in vitro highly complicated. Using faeces as inoculum for in vitro
incubation may allow to study the fermentation of substrates assumed that they enter the hind gut. No
information exists whether fermentation with equine caecum content (C) and faeces (F) as inocula
provides comparable results, at least in relative patterns. The study was conducted to compare fermentation of different substrates (hay, maize, hay+maize) alternatively incubated with C and F.
Methods: The ‘Hohenheim Gas Test’ (HGT) modified for equine faeces as inoculum (1) was applied
to incubate substrates with F and additionally altered to use C as inoculum. C and F were obtained
immediately after an adult healthy horse had been slaughtered. The inocula were incubated 3 times
each with samples of meadow hay (H), pre-gelatinized maize (M) and hay plus pre-gelatinized maize
in a 2:1 ratio (H+M). Substrates and inocula were also incubated alone. Net gas production (NGP) was
measured at 0, 3, 6, 9, 19, 21, and 26 hours of incubation. Thereafter, the supernatant fluid from each
syringe was extracted to measure pH and short chain fatty acids (SCFA: acetate [A], propionate, iso-,
n-butyrate, iso-, n-valeriate, n-capronate) gas-chromatographically. ANOVA (SPSS 12.0) was performed to prove the main effects ‘substrate’ and ‘inoculum’ (NGP, pH, SCFA, A:P) and ‘time of incubation’ (NGP). Student Newman Keuls test was used as post hoc multiple comparison of means.
Results: Inoculum and substrate affected NGP, SCFA and A:P (P < 0.05) in the supernatant fluid after
incubation. An interaction of both existed for A:P only. NGP was influenced by the incubation time,
too (P < 0.05). During early incubation, lag-time and NGP did not differ between F and C. Relative to
H and H+M, M induced highest NGP and SCFA while incubated with F and C. For M, NGP was
higher with F than C, but contrary SCFA were higher with C than F. Although a close relation existed
(R=-0.844, P < 0.001) between final SCFA and pH, analysis of variance revealed no significant effect
(P > 0.05) of inoculum nor substrate. A:P was lowest with H+M when incubated with C.
Conclusions: Hay, pre-gelatinized maize and a combination of both induce similar relative effects on
final NGP and SCFA after incubation with either faeces or caecum content of horses. Maize induces
the most pronounced increase, but the absolute values differ between inocula. Interestingly, hay plus
starch had no additive effect on the NGP, meaning that hay modifies the starch impact on the guts’
microbiota. However, starchy feed stuffs seem to promote especially NGP when incubated with faeces, but SCFA when incubated with caecum content, probably because of a different microbial community. With limitation faeces can be accepted as alternative inoculum to caecum content to reveal
differences between different feed types.
References: Zeyner, A. (2002): Ernährungsphysiologische Wirkungen eines Austausches von stärkereichen
Komponenten durch Sojaöl in der Reitpferdeernährung. Göttingen, Univ.: Habilitation thesis.
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Mineral content of hay harvested in Bavarian horse farms.
Predictive value of cutting time, number of cut and fertilisation
Möllmann F., Kienzle E.
Institute of Physiology and Animal Nutrition, Ludwig-Maximilians University, Munich, Germany
kienzle@tiph.vetmed.uni-muenchen.de

The content of major minerals in hay may vary considerably. For ration calculation and feeding practice it is important to make an educated guess on mineral content of hay. Therefore in the present investigation 104 samples of grass hay from Bavarian horse farms or livery yards harvested in 2003 or
2004 were analysed for major minerals and proximates. Time of cutting, number of cut and fertilisation of the meadows were known for all samples.
Mean calcium content amounted to 4.7 ± 1.8 g/kg dry matter (DM). The first cut contained less calcium than the second and later cuts (4.1 ± 1.3 and 6.2 ± 2.0 g/kg DM, respectively). There was no effect of cutting time and fertilization, probably because the farmers tended to cut hay at the same stage
of vegetation, i.e. fertilised grass was cut earlier in the year than unfertilised grass. There was, however, a significant negative correlation between crude fibre and calcium content in dry matter in the
first as well as in later cuts. In first cuts with less than 34 % of crude fibre in DM the mean calcium
content was 4.5 ± 1.3 g/kg DM. In first cuts with more than 34 % crude fibre in DM calcium
amounted to 3.2 ± 1.0 g/kg DM. A similar difference existed for second and later cuts the critical
crude fibre content being 28 % DM. For grass hay in Bavaria with unknown calcium content the following estimates (g Ca/kg DM) are recommended: Straw-like first cut 3.5, normal first cut 5.0, second
or later cut with few leaves 5.6, later cut with many leaves 7.5. Compared to overall means errors are
reduced to about 50 %.
Magnesium content averaged 1.8 ± 1.0 g/kg DM. The effect of all parameters followed a similar pattern as in calcium. The following recommendations are given for magnesium prediction (g Mg/kg
DM): Straw-like first cut 1.2, normal first cut 1.6, second or later cut with few leaves 1.9, second or
later cut with many leaves 3.7. Compared to overall means errors are reduced to about 30 %.
Phosphorus content was rather uniform (3.8 ± 0.6 g/kg DM). Consequently there was little effect of all
parameters investigated. For Bavarian hay it is therefore recommended to work with the mean value of
3.8 g P/kg DM. It is however, to caution that the knowledge of soil pH of the farmers was limited, and
the amount of phosphorus used for fertilization was not precisely known. There were no samples from
meadows with long-term ( > 10 years) lack of phosphorus fertilisation.
Potassium content depended mainly on fertilisation even though it was not possible to differentiate between the amount of potassium fertilisation and it was combined with various other elements. Fertilised grass hay had a mean content of 20.7 ± 5.8 g K/kg DM and unfertilised grass hay of 15.6 ± 5.7
g/kg DM.
There were no systematic differences between samples from 2003 and 2004 even though 2003 was extremely dry and 2004 a rather moist year. Samples from he same meadows had similar mineral content
in 2003 and 2004.
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A comparison between 2N and 4N HCl AIA methods
for digestibility trials in horses
Bergero D., Préfontaine C., Miraglia N., Peiretti P.G.
Dept. of Animal Production, Epidemiology and Ecology, University of Turin, Italy
domenico.bergero@unito.it

Introduction: The digestibility of horse feeds and rations can be determined using different techniques: calculations based on the chemical composition of feeds, in vivo or in vitro methods. The total
collection of faeces method is considered to be the most accurate and it has been tested on a large
numbers of feeds with a significant number of horses. The markers methods overcome some difficulties that are encountered using the ingesta/egesta method: discomfort for the animals, necessity of
closing horses in narrow stalls, longer experimental times; moreover, the total collection method cannot be used with nervous or working horses.
In recent years some indigestible markers have been used in digestibility trials: some markers are naturally occuring substances such as n-alkanes, acid insoluble ash (AIA) measured using 2 N or 4 N HCl
as a part of the technique, and acid detergent lignin (ADL), while others are added to feedstuffs as
chromic oxide (Cr2O3) or titanium dioxide (TiO2). In field conditions, a naturally occurring indigestible marker can be used with no changes in the normal ration, thus providing a very useful tool for digestibility trials. The aim of this work was to assess the reliability of 2 N vs. 4 N AIA determinations
in faeces and feedstuffs for horses.
Materials and Methods: A group of 6 horses has been used for a set of 5 apparent digestibility trials
during 2005. The diets were based on first cut meadow hay and a simple feed (oats for trials 3 and 5
and barley for trials 1 and 2; 40 % of the ration on DM basis). Samples of the feedstuffs used and faeces have been dried and analysed, to determine their acid insoluble ash content (AIA, using 2 N Hcl or
4 N HCl technique). Dry matter, organic matter, crude protein, ADF, NDF and gross energy have also
been determined on all samples. The AIA determinations were performed 9 times (out of 3 different
samplings) on each feedstuff with each method, and at least in duplicate for faeces samples, to assess
the precision of the methods. Mean and standard deviations (SD) were calculated. Digestibility coefficients have been also calculated for the above mentioned fractions; ANOVA was used to compare
methods.
Results and Discussion:
Table 1: AIA 2N and AIA 4 N data variability: means ± SD.
2N
4N

2N
4N

Barley 1
0.934 ± 0.057
1.011 ± 0.017
Hay 1
2.317 ± 0.072
2.404 ± 0.023

Barley 2
0.639 ± 0.038
0.637 ± 0.013
Hay 2
2.432 ± 0.172
2.572 ± 0.034

Oats 3
0.822 ± 0.013
0.831 ± 0.010

Hay 3
1.255 ± 0.036
1.276 ± 0.023

Hay 4
1.474 ± 0.059
1.489 ± 0.043

Oats 5
2.778 ± 0.067
2.773 ± 0.056
Hay 5
2.375 ± 0.086
2.388 ± 0.020

No differences were found between the two methods as to AIA levels and digestibility coefficients. In
the light of these results, we can state that the easier and cheaper AIA 2 N HCl method can be considered a good tool for digestibility trials in horses fed hay based diets.
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An overview on the hygienic quality of feeds sent in for control
on the occasion of health problems in horses
Wolf P., Coenen M., Kamphues J.
Institute of Animal Nutrition, University of Veterinary Medicine, Foundation, Hannover
petra.wolf@tiho-hannover.de

A well balanced nutrition belongs to an essential condition for wellbeing or fitness as well as fertility
or longevity in horses. Therefore, energy and nutrient supply give import information that can be assessed by feed intake (amounts, composition of feed) as well as by analyses of different parameters in
body own substrates (blood, urine a.s.o.). Moreover, feeding technique has to be considered (relation
of roughage to concentrate, frequency, amount per meal). However, tolerability of feeds, rations or
techniques depends not least on hygienic quality of the offered feeds. In the following comments on
common lacks concerning hygienic status as well as on consequences for horses` health will be presented.
Investigation bases on 766 feedstuffs sent in to our institute in the years 2000 - 2005. All feedstuffs
were sent in with detailed preliminary reports. Colics or a reduced performance (tirednes, insufficient
locomotion) belong to the common health problems. Moreover increased levels of liver enzymes,
cough or allergic symptoms (oedema, « swollen legs”) gave reason for analyses of feeds. A carefull
sensory control (s.c.) gives first important information about the hygienic standard of the feedstuffs.
For example, a heavy dusty character or a mouldy odour of the feedstuff correlated in many cases with
a high level of moulds, a yeasty smell indicated high contents of yeasts. Moreover, a massive load by
pests or mites was combined with a lower dry matter content of the feed that is related in general to
higher counts of microorganisms.
Usual microbiological methods are very expressively, but the interpretation of results needs a distinction between different microorganisms that indicate spoilage as well as normal counts (n.c.) in different feeds. Anyway hygienic deviations in the hygienic quality could be observed in cereals and roughage, whereas commercial mixed feeds showed less imperfections.
The classical microbiological investigation (cultural proof) of feedstuffs, that are submitted to different procedures at the processing (drying, high temperatures, intensive grinding, high pressure, addition
of acids a.s.o.) gives sometimes no dependable results. In these cases the determination of the
lipopolysaccharide level (= LPS; part of the cell wall of gramnegative bacteria) gives indirectly information about the hygienic standard of the feedstuffs.
Conclusion: A critical proof of feedstuffs from the production until feeding is a fundamental condition to avoid health disorders or reduced performance caused by lacks of the hygienic standard. Veterinarians should be able to assess the hygienic quality of the offered feedstuffs (in particular in cases
with a high frequency of colics, disorders of the respiratory tract a.s.o.). However, not the industrially
produced mixed feeds/concentrates, but especially the roughage (even if it is only used as bedding material like straw) are worthy of note and should be proofed critically (intensive sensory control combined with further analyses that are recommended above).
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Feeding practice and nutrient requirements in brood mares
of 3 saddle breeds in Basse-Normandie region. A field study
Blanchard G., Normandin L., Robert C., Valette J.-P., Paragon B.-M., Loncke C.
Nutrition Unit, National Veterinary School of Alfort, France
gblanchard@vet-alfort.fr

The diet of the broodmare is most likely to influence the orthopaedic status of the foal, but this influence is poorly documented.
As the first part of a larger study of the relationships between different risk factors and developmental
orthopaedic disease in foals, the feeding practice and the nutrient intake of 373 mares of 3 breeds
(Thoroughbred, French Saddle and Standardbred) from 20 stud farms of Basse-Normandie were monitored from the 8th month of pregnancy to the weaning of the foal, by regular visits to the farm. The
grazing time and forage availability was recorded as well as the daily concentrate and supplements intake, and studied by month. Forages were sampled and analysed in each farm.
From this study, we observed a large grazing time except around foaling, and a high quality of the
grass in all nutrients, with seasonal variations, except for copper and zinc level, always under the recommendations.
We also observed a wide variety of the concentrate feeding, with the highest complexity and amount
observed in Thoroughbred and the lowest in French Saddle horse, the Standardbred appearing as an
intermediate. In 16 % of the Thoroughbred mares in gestation, all the recommended allowance in dry
matter intake was already covered by the concentrate while these mares consumed forage a large part
of their time. This leads to an overload of the essential nutrients compare to the NRC (1989) and
INRA (Martin-Rosset 1990) nutrient recommendations. It is also noteworthy that very few farms provide a salt stone, especially in French Saddle horse where none of the pregnant mare receive one.
The characterisation of the feeding’s practices of brood mares, as well as the coverage of the nutritional requirements represent a first stage in the study of the mare diet. These results may be used to
focus on dietary risk factors in the outbreak of Developmental Orthopaedic Diseases (DOD) of the
foal.
Aknoledgements to the Région Basse-Normandie for the grant of this study.
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Biometric and dietary characteristics
of Sardinian fox (Vulpes vulpes ichnusae)
Pinna W., Nieddu G., Demurtas A., Moniello G., Cappai M.G.
Dept. of Animal Biology, University of Sassari, Faculty of Veterinary Medicine, Sassari, Italy
prodanim@uniss.it

Introduction: An increasing interest in investigations on the diet of fox (Vulpes vulpes) broke out in
Italy, but only in few territories. The knowledge about dietary habits of fox in Sardinia lacks of information, although this wild animal is widely present on the whole Isle, and its spreading involves both
wild fauna management and risks of zoonosis, such as Trichinellosis.
Materials and Methods: In the present work main somatometric characteristics and linear measures
of the digestive apparatus from 26 adult (10 ♂, 16 ♀) Sardinian foxes, examined in May 2005-January
2006 period, are reported. Somatometric linear measures (in cm), have been detected by Lydtin stick
and centimetered tape. The next step led to identify and classify the ingested food categories, found in
wild animals stomachs, processing the gastric content as follows: 1)Freezing at -20°C until 24 hours
before checking of the content; 2)Weighting up of the whole stomach and then of its content and of the
empty stomach to set its stuff score, expressed by the formula: SR=CW/TC; 3)Visual check of the
stomach content to classify animal and vegetal species found by a stereo-microscopic examination.
Results and Discussion: In ♂ and ♀, respectively, somatometric measures were as follows (M ± SD):
total body weight (g 5596 ± 724.9 vs 3618 ± 374.5); withers height (cm 34.7 ± 3.4 vs 30.9 ± 2.2), chest
height (cm 14.2 ± 2.1 vs 11.7 ± 1.1); head-body length (cm 60.6 ± 4.0 vs 53.4 ± 5.6), body length (cm
38.4 ± 2.3 vs 34.3 ± 2.9), head length (cm 15.8 ± 0.6 vs 13.7 ± 0.8), nose length (cm 6.2 ± 0.6 vs 5.7 ±
0.5), ears length (cm 8.1 ± 0.4 vs 7.5 ± 0.9), back length (cm 8 ± 1.9 vs 8.2 ± 0.3), foot lenght ( cm
13.4 ± 0.4 vs 12.1 ± 0.7), tail length (cm 39.3 ± 2.2 vs 34.9 ± 3.4), internal eye-socket distance (cm 3.4
± 0.4 vs 2.9 ± 0.4), external eye-socket distance (cm 6.6 ± 0.4 vs 6 ± 0.3), ears distance (cm 5.9 ± 0.9
vs 6.3 ± 1.2), chest width (cm 10.1 ± 2.6 vs 7.6 ± 1.1), hips width (cm 5 ± 1.2 vs 5.5 ± 0.5), pins width
(cm 5.2 ± 1.5 vs 6.2 ± 0.3), chest girth (cm 43 ± 9.1 vs 34.5 ± 5.1), tarsus girth (cm 7.6 ± 1.3 vs 5.8 ±
0.7), anterior foot pad girth (cm 9.3 ± 0.3 vs 8.6 ± 1.2), posterior foot pad girth (cm 8.4 ± 0.5 vs 7.9 ±
0.6). Linear measures of the digestive apparatus were (M ± SD): tongue (cm 11 ± 1.4 vs 10.9 ± 1.2),
oesophagus (cm 29.1 ± 3.3 vs 25.5 ± 2.06), stomach (cm 36.9 ± 1.9 vs 29.4 ± 2.7), small intestine (cm
197.3 ± 17.5 vs 152.6 ± 12.6), caecum (cm 8.5 ± 1.8 vs 9.6 ± 2.7), colon (cm 19.8 ± 3.1 vs 20.3 ± 2.9),
rectum (cm 15.3 ± 2.97 vs 13.6 ± 1.82). The whole digestive apparatus was in total (cm 317.9 ± 22.5
vs 260.6 ± 13.1). The total capacity (TC) of the stomach resulted (M ± SD) (g 496 ± 282 vs 305 ±
125). The microscopic check of the gastric content allowed to classify the following alimentary categories: 6 vegetal species (Armeniaca vulgaris, Ficus carica, Olea europea L., Pirus amygdaliformis,
Pirus communis, Prunus avium); 4 animal species (Helix aspersa, Hyles euphorbiae, Ovis aries, Sus
scrofa domesticus). 8 categories roughly identified have been considered: hairs of mammals, birds
feathers, cricket-like insects, Coleoptera, Orthoptera, Ixodidae, Muridae, Scarabaeidae.
Conclusions: The collection of biometric data and the dietary characteristics reported in the present
work can represent a useful reference for further and wider investigations on biology of Sardinian fox.
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Bone ingestion is associated with faecal bacterial protein
in captive cheetahs
Janssens G.P.J., Depauw S., De Rycke H., Hesta M.
Laboratory of Animal Nutrition, Ghent University, Belgium
geert.janssens@ugent.be

Objective: In contrast to most other felid species, cheetahs (Acinonyx jubatus) have developed a set of
physiological and morphological adaptations to high speed, hence extrapolation of nutritional data on
cats might be invalid.
Materials and Methods: Four zoos in Belgium and The Netherlands were visited to collect as fresh
as possible faeces samples from individuals or pairs of cheetahs. These samples were collected in labelled plastic bags, put on dry ice and transported to the lab, where they were stored at –20°C until
analysis. In total, 46 samples were gathered, that were all individually analysed. Afterwards, the analytical results were pooled per experimental unit (individual or pair), hence 21 pooled results were obtained.
Samples were analysed for their content of dry matter, crude ash, macrominerals (calcium, phosphorus, sodium, potassium, chloride and magnesium), crude protein (Kjeldahl method) and bacterial protein. The latter was determined according to the method described by Hesta et al. (2003).
Results: All analysed faecal parameters showed high variability between cheetahs, e.g. dry matter
ranged from 17 to 59 % and Ca varied from 1.6 to 15.0 % on a dry matter basis. This variability could
be partly attributed to the feeding management of the zoo they were held, especially for Ca, P and bacterial protein. It was striking that faecal contents of Ca and P were highly correlated (r = 0.967; p <
0.001; linear regression: %Ca = 1.9 %P + 0.54), and also Na and Cl contents (r = 0.985; p > 0.001),
whereas Na and Cl were not correlated to Ca and P. A remarkable negative correlation was found between the crude protein content in the faecal dry matter and the percentage of bacterial N in the faecal
N (-0.759; p < 0.001). The percentage of bacterial protein in the total protein showed a significant
positive correlation with Ca, P and Mg, but not with Na, K or Cl.
Discussion: Despite the limitations of this type of study, the data revealed that feeding management
in zoos can affect nutrient supply to a considerable extent. Irrespective of the impact of management,
the study demonstrated that the main source is variation in faecal Ca and P output in cheetahs is most
likely the variable intake of bone material, as the slope of the Ca-P regression resembles the Ca:P ratio of bone. Differences in Ca and P are likely to be a consequence of feeding different animals: small
animals like chickens and rabbits are eaten almost completely, whereas cheetahs will not consume
many bones from larger carcasses. The ingested bone collagen seems to act as a substrate for hindgut
bacteria, similar to findings in dogs fed high amounts of meat and bone meal (Hesta et al., 2003). The
clinical importance of this finding needs further investigation.
Acknowledgements: We acknowledge the involved zoos for their cooperation.
References: Hesta, M, Janssens, GPJ, Millet, S, De Wilde, R, 2003. Prebiotics affect nutrient digestibility and
faecal ammonia in dogs fed increased dietary protein levels. Br. J. Nutr. 9: 1007-1014.
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Effects on nutrition of the specific feeding behaviour of parrots
Kalmar I.D., Geeroms B., Bürkle M., Reinschmidt M.,
Waugh D.,Werquin G., Janssens G.P.J.
Laboratory of Animal Nutrition, Ghent, Belgium & Loro Parque Fundacion, Tenerife, Spain
Isabelle.Kalmar@ugent.be

Introduction: Traditionally, parrots are fed seed mixtures, which still represent 85 % of the market
share in commercial parrot diets (company information, Versele-Laga Ltd). However, when provided
a heterogeneous diet, parrots usually have a strong tendency to consume only a limited number of seed
kernels out of the diet which results in a distinct nutrient profile between ingested and offered food,
introducing or aggravating nutritional disproportions inherent to seeds. The present study was intended
to provide quantitative data on the impact of seed dehusking and seed selection on the actual nutrient
intake in amazon parrots and how this feeding behaviour is influenced by the quantity of given seed
mixture and the availability of fruit. The study was carried out at the facilities of the Loro Parque Fundacion in Puerto de la Cruz, Tenerife.
Materials and Methods: Six 1-year old yellow-shouldered amazons (Amazona barbadensis) (275 ±
13 g) were individually housed indoors. Water was available at all times and a seed mixture was provided daily in amounts in which all components were available ad libitum. The parrots were subject to
a 2 times 2 cross-over design with 8-day periods, in which two feeding strategies were tested. In strategy A, fruit (apple and pear) was provided ad libitum in the morning, and an amount of 98 g of a seed
mixture in the afternoon; whereas in strategy B, only a greater amount of the same seed mixture (172g
or 175 %) was given in the morning. Daily intakes of water, fruit and seeds per seed type were recorded during the last 4 days of each period and selective consumption and actual nutrient intake were
calculated. Next, body weight change was recorded per period.
Results and Discussion: Feeding strategy A resulted in a significant decrease in seed intake, total energy intake and intake of crude protein and crude fat whereas intake of carbohydrate and crude fibre
was significantly increased. However, body weight was not significantly changed in these short, 8-day
treatment periods. Next, the profile of seed intake was comparable between both treatments. Herein,
the amazons strongly preferred oil seeds above carbohydrate-rich seeds: 72 ± 6 % and 77 ± 8 % oilseeds and only 27 ± 5 % and 21 ± 6 % carbohydrate-rich seeds in strategy A and B respectively. Dehusking the seeds resulted in a significant increase in energy density and protein and fat content and a
significant decrease in carbohydrate and crude fibre content next to a significantly decreased calcium:phosphorus ratio. Selective feeding aggravated all these effects. Finally, intake of drinking water
was not significantly influenced by feeding strategy, but total moisture intake greatly increased when
fruit was available.
Discussion: The results of this study suggest that voluntary energy intake in amazons can be decreased through provision of fruit. Further, these data indicate that amazons select seeds from a given
mixture in a way that is independent to the daily amount that is offered or to additional provision of
fruit. Hence, this kind of feeding trials can provide guidelines to pet food manufacturers in order to
compose seed mixtures from which the fraction of seeds that remains uneaten can be reduced.
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Feeding of a group of captive white-handed gibbons (Hylobates l. lar),
at Sigean’s African Zoological Park (France)
Turner L., Colliard L., Paragon B.-M., Blanchard G.
Nutrition Unit, National Veterinary School of Alfort, France
gblanchard@vet-alfort.fr

The Sigean’s African Zoological Park (SAZP) owns a group of four white-handed gibbons. Due of the
impossibility of the manufacturer to warranty the absence of meals of animal source in their pellets for
primates, the diet of the gibbons was changed for an in-house mixture in 2001. Since this change of
diet, the white-handed gibbons developed signs of chronic diarrhoea. This study started in 2003 in response on request of SAZP, to control the balance of the in-house mixture and to eventually replace it.
Materials and Methods: A colony of 4 gibbons, 2 adults and 2 babies, is housed in a large cage with
an outdoor access to an island during the daylight when the weather is not rainy. A complete nutritional study included :
- a descriptive study of the work of the keepers, and the gibbons’ behaviour;
- an evaluation of the daily consumption of a gibbon;
- the creation of a table of the nutritional content of all the foods provided, which enabled the calculation of the nutritional value of the daily gibbons’intake;
- the comparison of this value with the nutrient requirements of the Old World Primates, in absence
of specific recommendations for gibbons;
- the proposal of a new diet, taking into account the restraints of the Zoological Park.
Results and Discussion: The analysis of Sigean’s in-house mixture shows that:
- Compared to the industrial pellets made for Old World Primates (OWP), the in-house mixture is
richer in proteins (28 % versus 18 % in dry-matter basis), and poorer in total dietary fibre.
- The daily total gibbons’ intake, composed of 100 grams of the in-house mixture and 750 grammes
of fruits and vegetables, is unbalanced, compared to the nutritional requirements for OWP:
- High in protein and carbohydrate, poor in fibre and fat, which could explain the chronic diarrhoea
observed since 2001.
- Calcium, and vitamins A, D and E in excess, representing a risk for nutritional diseases such as
bone deformation, reproduction and dermatology troubles.
As a result, the in-house mixture was modified (Table 1), to meat the nutritional requirements of the
gibbons, be easier to prepare and cost less to the Park.
Table 1: New diet proposed for the colony of white-handed gibbons.
For 100 grams of the new in-house mixture (Diet M)
*Mixture prepared in advance:
Casein (11g)
Bledina® -a mix for babies- with no gluten (20g)
Soybean meal (14.4g)
Wheatbran (4g) - Cornflakes (8g) - Brewer Yeast (2.2g)
Milk powder 2nd age –for babies- (3.5g)
PetPhos Ca/P = 2 ® -a mineral vitamin mix for dogs- (7g)
*Added every morning:
Isio4 Lesieur ® -a mix of vegetal oils- (3.5g) -Fruit syrup ® (8g)
Water

Feeding Timeschedule
Delivery of 45 grams of Diet M/ gibbon
every morning and 50 grams/evening.
Delivery of fruits and vegetables
750 grams / day / gibbon,
in 4 distributions
Allbran®
® (fiber enriched flakes) available
ad libitum, added in the fruits and vegetables containers

Conclusion: In conclusion, this work presents the creation of a method for a nutrition study in gibbons, and shows a lack of scientific knowledge of nutritional requirements of gibbons. In fact, this
work encourages this kind of study in captivity.
Acknowledgements to the directors and veterinarians of the Zoos of San Diego (USA), Lisboa (Portugal) and Mulhouse (France), and to the whole staff of Sigean’s African Zoological Park.
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The influence of dietary tannin supplementation
on digestive performance in captive black rhinoceros (Diceros bicornis)
Clauss M., Castell J.C., Kienzle E., Dierenfeld E.S., Flach E.J.,
Behlert O., Ortmann S., Streich W.J., Hummel J., Hatt J.-M.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland
mclauss@vetclinics.unizh.ch

Objective: Free-ranging browsers such as the black rhinoceros consume a diet that contains tannins,
whereas the diets offered to them in captivity consist mostly of items known to contain hardly any
such secondary plant compounds. Tannins could have potentially beneficial effects, including the chelation of dietary iron (iron storage disease is a common problem in black rhinos). Here, we tested the
acceptance, and the consequences on digestion parameters, of a low-dose tannin supplementation in
captive animals.
Materials and Methods: Eight black rhinoceroses (Diceros bicornis) from three zoological institutions were used. Faecal output was quantified by total faecal collection. Diets fed were regular zoo diets supplemented with either tannic acid (T, hydrolysable tannin) or quebracho (Q, condensed tannins); overall tannin source intake increased at 5-15 g/kg DM compared to regular zoo diets. Adaptation periods to the new diets was > 2 months. Additional data was taken from one hitherto unpublished
study. Data were compared to measurements in the same animals on their regular zoo diets (1).
Results: All animals accepted the new diets without hesistation. There was no influence of tannin
supplementation on digestion coefficients, or faecal concentrations of volatile fatty acids or lactate.
Water intake did not increase during tannin supplementation.
Discussion and Conclusions: Should the inclusion of dietary tannin sources be an objective in the development of diets for captive rhinoceroses, moderate doses such as used in this study are unlikely to
cause relevant depressions of digestive efficiency and will not interfere with bacterial fermentation in
a relevant way.
References: 1. Clauss et al. (2005) Digestion coefficients achieved by the black rhinoceros (Diceros bicornis),
a large browsing hindgut fermenter. Proc ESVCN 9: 17.

This work was supported by the International Rhino Foundation.
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Antioxidant status of feces of captive black rhinoceros (Diceros bicornis)
in relation to dietary tannin supplementation
Clauss M., Pellegrini N., Castell J.C., Kienzle E.,
Dierenfeld E.S., Hummel J., Flach E.J., Streich W.J., Hatt J.-M.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland
mclauss@vetclinics.unizh.ch

Objective: In In context with the frequent observations of excessive iron (Fe) storage in captive black
rhinoceroses (Diceros bicornis), it has been suggested that both an excessive dietary Fe content and a
lack of dietary Fe-chelating substances such as tannins is the underlying cause. Therefore, studies on
the effects of tannin supplementation to captive diet are warranted.
Materials and Methods: We fed six captive rhinoceroses their normal zoo diet (N), and a similar diet
supplemented with either tannic acid (T, hydrolysable tannin) or quebracho (Q, condensed tannins)
and measured the total antioxidant capacity (TAC) measured as mmol Trolox equivalents/kg fresh feces. Adaptation time to the new diets was over two months.
Results: TAC values on diets N (1.24 ± 0.39 mmol /kg fresh feces) and T (1.34 ± 0.33 mmol /kg fresh
feces) were similar, but significantly higher on diet Q (2.32 ± 0.61 mmol /kg fresh feces). In contrast
to expectations, fecal TAC increased with increasing fecal Fe, possibly due to the fact that fecal Fe
content was positively correlated to the proportion of concentrate feeds in the diet, which also contain
antioxidants such as vitamin E in addition to Fe.
Discussion and Conclusions: Increased antioxidant status due to the use of tannin substances could
have a beneficial effect on animal health, but if tannins should be incorporated in designed diets, other
tannin sources such as grape pomace should be tested.
This work was supported by the International Rhino Foundation.
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Tooth wear in captive giraffes (Giraffa camelopardalis): mesowear analysis
classifies free-ranging specimens as browsers but captive ones as grazers
Clauss M., Franz-Odendaal T.A., Brasch J., Castell J.C., Kaiser T.
Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty of Zurich, Switzerland

mclauss@vetclinics.unizh.ch
Objective: Captive giraffe (Giraffa camelopardalis) mostly do not attain the longevity possible for
this species, and frequently have problems associated with low energy intake and fat store mobilization. Abnormal tooth wear has been among the causes suggested to potentially underlie these problems.
Materials and Methods: We apply a tooth wear scoring method (“mesowear”) used in paleobiology
to museum specimens of free-ranging (n = 20) and captive (n = 41) giraffe. The scoring system differentiates between attrition- (typical for browsers, as browse contains little abrasive silica) and abrasion(typical for grazers, as grass contains abrasive silica) dominated wear. The resulting wear signals of
the two populations were compared to literature data.
Results: The dental wear pattern of the free-ranging population is dominated by attrition, resembles
that previously published for free-ranging giraffe, and clusters within browsing herbivores in comparative analysis. In contrast, the wear pattern of the captive population is dominated by abrasion, and
clusters among grazing herbivores in comparative analyses.
Discussion and Conclusions: A likely explanation for this difference is the content of abrasive elements in zoo diets; whereas silica content (measured as acid insoluble ash) is similarly low in browse
and lucerne (alfalfa), not only grass hay, but also the majority of pelleted compound feeds contain distinctively higher amounts. It can be speculated that the abnormal wear pattern in captivity compromises tooth function in captive giraffe, with deleterious long-term consequences.
This work was supported by a DFG grant to TK and MC.
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Nutritional analysis of browse and common feed items
with an emphasis on starch content
Ball R.L., Kearney C.
Busch Gardens Tampa Bay, Tampa, Florida, USA
Dr.Ray.Ball@BuschGardens.com

Introduction: There has been a recent awareness of the presence of soluble complex carbohydrates in
animal diets. One particular aspect has been the use of starches in ruminant feeds. Starches have been
implicated as a possible underlying factor in numerous medical issues in captive wild ruminants. Consumption of high levels of concentrates with high levels of starches, are a known cause of ruminal acidosis in domestic ruminants, affecting intake, feed digestibility, milk production, hoof health, and
overall animal health. 3,4 An experimental study in cattle was conducted in which starches were infused
directly into the duodenum of cattle. Two of the 4 cattle became acutely ill with one animal needing to
be euthanized.1 The clinical signs were consistent with anaphalyxis. An experimental feed with less
starch than a traditional zoo ruminant ration was shown to allow weight gain and decreased blood levels of non-esterified fatty acids in 5 of 6 captive giraffe.2 An evaluation of common feed items including browse items that included starches was performed. Representative feed items were shipped to a
commercial feed lab (Dairy One Forage lab, 730 Warren Road, Ithaca, NY 14850 USA).
Results: The starch content on a percentage dry matter basis of hibiscus, bamboo, Spanish moss, mulberry, acacia with stems, false acacia with stems, water hyacinth, and romaine was 3.9, 0.3, 0.3, 3.1,
0.8, 2.1, 0.7, and 2.2 respectively. Strach content of a commercial ruminant browser pellet, elephant
supplemental feed, equine sweet feed, and leafeater primate biscuit was found to be 5.6, 12.9, 28.4
and, 18.3 % on a dry matter basis respectively. Analysis of a legume hay (alfalfa), timothy, Bermuda
grass, and orchard grass hay resulted in starch levels of 0.9, 1.6, 4.8, and 1.8 % on a dry matter basis
respectively.
Discussion : Complex carbohydrates are not found in abundance in non-agricultural food items, with
the exception of seeds,1 and hence many animals have not evolved appropriate measures for digesting
them. As a result, various inflammatory problems may develop. One major manufacturer of zoo animal feeds has already recognized this and has begun integration of low starch feeds into their line of
products. A recent workshop on Giraffe nutrition recommended starch levels of less than 5 % be fed to
giraffe.6 Starches can be found in many different feeds and the health care team at any zoological collection should be aware of the potential health problems this may cause. Other non-ruminant herbivores may also have the potential to develop health issues related to excessive dietary starches.
Literature cited
1. Bissel, H. A. 2002. Post-ruminal starch infusion in dairy cattle: Implications for inflammatory response and
animal health. Master’s Thesis, University of Florida.
2. Kearney, C., and M.B. Hall. 2005. An update on giraffe (Giraffa camelopardalis) response to dietary fiber
form and carbohydrate profile: Implications for animal health. Proc. Am. Assoc. Zoo Vet. Annu. Meet. Pp.
18
3. Krajcarski-Hunt, H., J.C. Plaizier, J.-P. Walton, R. Spratt, and B.W. McBride. 2002. Short Communication:
Effect of Subacute Ruminal Acidosis on In Situ Fiber Digestion in Lactating Dairy Cows. J. Dairy Sci.
85:570-573.
4. Nocek, J.E. 1997. Bovine acidosis: Implications on Laminitis. J. Dairy Sci. 80:1005-1028.
5. Robbins, C.T. 1993. Wildlife Feeding and Nutrition. Academic Press, Inc. New York, NY. Pp. 248.
6. Schmidt, D. 2005. Proc. Giraffe Nutritional Workshop. Lincoln Park Zoo, Chicago, IL. Pp. 23.
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Cancer prevention with supplementation of diets with botanicals
Karmali A. Fernandes T. H.
CIISA, Faculty of Veterinary Medicine, Technical University of Lisbon, Portugal
titofernandes@fmv.utl.pt

This work was conducted with a mushroom (Coriolus versicolor) which is in the market for human
and animal use. Mushroom polysaccharides, particularly β-glucans, have anti-tumour and immunostimulating properties. These polysaccharides do not directly attack cancer cells, but instead exert
their effects by activating immune responses in the host. Use of β-glucans as adjuvants for monoclonal
antibody treatment has also been explored, because β-glucans bind to the complement receptor and enhance leukocyte killing of tumour cells through naturally occurring anti-tumour antibodies. β-glucans
also appear to recruit tumouricidal granulocytes, dramatically enhancing tumour killing when combined with monoclonal antibody therapy. Mushroom β-glucans may affect immune function by infiltrating tumours and activating dendritic cells, suppressing certain enzymes, or by influencing mitotic
activity.
The vicious circle of chronic toxic overload is described in which there is a series of detoxification
steps leading to oxidative stress, causing free radical production which results in health conditions
generally solved with non-steroid anti-inflammatory and antibiotics. These drugs induce increased
permeability of the intestinal wall which is responsible for an overloaded liver causing detoxification
problems.
It is essential that a patient with cancer, faced with toxic overload, find an immune supporting factor
and detoxifying agent that can absorb the free radicals. The potential role of enzyme therapy is explained and although known over a century, can be used in the prevention and even therapy of several
clinical conditions. Enzyme utilization in the form of mushroom nutrition supplementation may be
useful for supporting the immune system in patients with toxic overload and at risk of cancer. After
supplementation, changes in immune parameters are noted, i.e. T cell activation, NK cell increase.
In summary, these studies conclude that Coriolus versicolor is an immunotherapeutic agent and very
recent work has revealed that daily supplementation of Coriolus versicolor over one year, had a significant impact on the risk factors for LSIL-HPV human patients. The role of protein-bound polysaccharide complexes in Coriolus versicolor and the levels of several enzymes (e.g. peroxidase, laccase,
protease, glucoamylase, β-glucanase, cytochrome P450, reductase, SOD) and secondary metabolites
(e.g. thrombin inhibitors) have been studied in an attempt to justify a mode of action of these botanicals in the role against cancer, through preventing oxidative stress, inhibiting cell growth and in detoxification. The combined impact of these various modes of action improves the immune profile of
patients, thereby reinforcing their immune system responses.

Proceedings of the 10th ESVCN Congress - 2006

231

ISBN: 2-95-279790-0

