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Abst ract 

The h istory, manufacture ,  physica l  and immunological  characteristics, 

n utritiona l  adequ acy, formu lation ,  taste and d igestib i l ity of protein 

hyd rolysates were reviewed . Stud ies were then undertaken to investigate the 

cause of the d iarrhoea reported to occur in  dogs fed an early formulation of 

Hi l l 's  Prescription Diet Canine z/d® ULTRA Al lergen Free.  

l t  was h ypothesised that the d igestib i l ity of Can ine z/d® ULTRA Al lergen 

Free was poor and therefore contributing to the d iarrhoea . To test th is 

hypothesis a stud y  was designed to assess the apparent i lea l  d igestib i l ity of 

the Can ine z/d® ULTRA Allergen Free d iet using a rat mod el of apparent 

i leal d igestib i l ity. The resu lts of this study showed the apparent i lea l  

d igestib i l ity of  the Can ine z/d® U LT RA Al lergen Free d iet was h igh and i t  was 

concluded that the d igestib i l ity of the d iet does not pred ispose dogs to 

d iarrhoe a . 

The reported high osmolarity of p rotein hydrolysate d iets was considered a 

potentia l  contributing  cause to the diarrhoea . To test th is hypothesis,  the 

osmolarity of the Canine z/d® ULT RA Allergen Free d iet was compared to a 

standard maintenan ce diet and to a d iet formu lated for the treatment of 

diarrhoea . The osmolarity of the C a n ine z/d® U LT RA Allergen Free d iet was 

approximately twice that of the osmolarities of the other  two d iets . Th is 

d ifference was statistica l ly sign ificant  (p<0 .05), and the data from this study 

suggest that the hyd rolysate d iet was sufficiently hyperosmolar  to be capable 

of damag ing  the mucosa.  Although of interest, these observations do not, 

however, a l low a conclusion that the reported d iarrhoea is  due to 

hyperosmolarity. 

Lastly, b re ath hydrogen tests were performed to investigate whether 

carbohyd rate malabsorption, abnormal orocol ic transit t imes or smal l  

i ntestinal bacterial overgrowth played a role i n  the cause of the  reported 

d iarrhoea . The breath hydrogen concentrations of dogs fed the hydrolysate 
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d iet remained with in  reference inteNals  confirming the h igh carbohydrate 

d igestib i l ity obseNed in the rat model of apparent i lea l  d igestib i l ity and 

provid ing no su pport for abnormal orocol ic trans it or bacteria l  overgrowth of 

the sma l l  intest ine as  causes for the reported d iarrhoea. 

In conclu s ion ,  the resu lts of the stud ies in th is  thesis do not provide a clear 

explanation for the cause of the d iarrhoea reported to occur with the Can ine 

z/d® U LT RA Al lergen  Free d iet. 

i i i  



Ackn owledgements 

I wou ld l i ke to express my sincere g ratitude to my supervisor P rofessor Grant 

Gui lford ( I nstitute of Veterinary, An imal  & Biomedica l Sciences),  for his 

gu idance, t i re less explanations and su pport du ring the cou rse of this study. 

His generous  provis ion of a post-graduate stipend is grateful ly  

acknowledged.  Many thanks must a lso go to my eo-su pervisor Dr .  Wouter 

Hendriks ( I nstitute of Food, Nutrit ion & H uman Health)  for his advice and help 

especia l ly  i n  the first part of the study. 

Very specia l  thanks go to my friends  and flatmates ,  part icu larly Karin  

Weidgraaf, M onique Dun lop and Ph i l ip  Alien for their  help ,  encou ragement, 

l istening ears and for having fun t imes. 

I am thankfu l to Patrick Morel and N icolas Lopez-Vi l la lobos for the i r  help with 

the statistical  analysis of the research . Tha nks a lso to Shane Rutherfurd for 

h is assistance with the rat study. 

Thanks to the staff and postgraduate students at the Veterin a ry Teaching 

Hospital ,  Sma l l  Animal Production U n it, I nstitute of Veterinary ,  Animal & 

Biomedical Sc iences and the I nstitute of Food, Nutrition & Human Health for 

their he lp in  the practical part of the research. 

F inal ly, I am extremely grateful to my parents for g iving me the o pportu nity to 

follow a dream,  their never-ending enco u ragement and for the i r  bel ief and 

trust in me. 

iv 



Table of C o ntents 

Abstract ii 

Acknowledgments iv 

Table of Conte nts V 

List of Tables vi i i  

List of F igures ix 

Chapter 1 I ntroduction 1 -3 

References 3 

Chapter 2 A review of protein hyd rolysates for use  

in food 4-37 

2 . 1  I ntroduction 4 

2 .2 What are proteins? 4 

2 .3 Protein hydrolysates and hydrolysis 5 

2.4 Purpose of h ydrolysis 6 

2 .5  H istory of protein hydrolysates 8 

2 .6 Manufactu re of protein hyd rolysates 9 

2 .7  Substrates and enzymes 1 1  

2 .8 Physical characteristics of protein 

hydrolysates 1 2  

2.9 D igestibi l ity 1 4  

2. 1 0  Immunolog ical characteristics 1 5  

2 . 1 1 Hypoal lergen ic d iets 1 6  

2. 1 2  Formulation 1 8  

2 . 1 3  N utritional adequacy 1 9  

2 . 1 4  Why protein h ydrolysates may be less 

nutritional ly valuable 22 

2 . 1 5  B itter taste 24 

2 . 1 6  Other adverse effects 26 

V 



Chapter 3 

Chapter 4 

2 . 1 7  Commercia l l y  avai lable hydrolysate 

d iets for dogs and cats 

References 

U se of a rat model to assess the 

apparent i leal  d igestib i l ity of Canine 

z/d® ULTRA Al lergen Free 

3 . 1  I ntroduction 

3 .2 Poor d igestibi l ity of a d iet as a cause of 

d iarrhoea 

3 .3  Measurement of  d igest ib i l ity of  a d iet 

3 .4 Why the rat as  a model an imal  for the 

d og? 

3 .5  Objective of  the study 

3 .6 Materia ls and methods 

3 .6 . 1 Animals ,  hous ing and diet 

3 .6 .2  Study protocol 

3 .6 .3  Chemical analysis 

3 .6 .4  Data analysis 

3 .7  Resu lts 

3.8 Discussion 

References 

Osmolarity of three d ifferent dog d iets 

4. 1 I ntroduction 

4.2 O bjective of the study 

4.3 Materials and methods 

4 .3 . 1 D iets 

4.3.2 Study protocol 

4 .3 .3 Data analysis 

4 .4 Results 

4 .5  D iscussion 

References 

vi 

27 

29 

38-56 

38 

39 

4 1  

43 

44 

44 

44 

44 

47 

48 

49 

52 

53 

57-67 

57 

58 

59 

59 

6 1  

61 

62 

64 

66 



Chapter 5 Use of the b reath hydrogen test to 

investigate if feed ing Can ine z/d® 

U LTRA Al lergen Free is associated 

with carbohydrate malabsorption , smal l  

i ntestinal bacteria l  overgrowth and/or 

abnormal orocol ic transit t imes 68-82 

5 . 1  I ntroduction 68 

5.2 Objective of the study 70 

5.3 Materials and m ethods 7 1  

5.3 . 1  Animals and d iet 7 1  

5 .3 .2 Study protocol 72 

5 .3 .3  B reath col lection 73 

5 .3 .4 Grading of faeces 75 

5 .3 .5  Data analysis 75 

5.4 Results 76 

5 .5 Discussion 78 

References 80 

Chapter 6 Conclusion 83-84 

Append ix I 85 

vii 



List of Tables 

Table 2 . 1  Substrates for food protein  hyd rolys is 1 1  

Table 2 .2  Physicochemical a nd funct ional 

properties of protein hyd rolysates in 

n utritional  products 1 3  

Table 2 .3  Symptoms of  rea ctions to  h igh ly 

hydrolysed case i n  formulae 27 

Table 3 . 1 N utrient composition of Can ine z/d® 

U LTRA Al lergen Free 50 

Table 3 .2  Apparent i leal d igestib i l ity coefficients i n  

rats and dogs 51 

Table 4 . 1  Proximate ana lys is  of Can ine z/d® 

U LTRA Allergen F ree, Canine i/d® and 

Can ine Ma intenance 59 

Table 4 .2  I ngred ients of  Can ine z/d® U LTRA 

Allergen Free, Can ine i/d® and Canine 

Maintenance 60 

Table 4 .3  Least square mea ns of the osmolarities 

of three dog d iets 62 

Table 4 .4 Least square mea ns of the osmolarities 

of three weight/vo lume concentration s  62 

Table 5. 1 Proximate analysis of Advance 

Pedigree Chicken 7 1  

Table 5 . 2  I ngred ients of Advance Ped igree 

Chicken 72 

Table 5 .3  Mean ±SD breath H2 data after 

ingestion of the C anine z/d® U LTRA 

Allergen Free or Canine i/d® d iet 77 

vi i i  



List of Figu res 

Figu re 2 . 1  Primary structure o f  amino acids 5 

Figu re 2 .2 3-D structure of a mino acids 6 

F igure 2 .3 Example of peptide bonds and four  

d ifferent amino acids 7 

F igu re 2 .4 Schematic exp lanation of the 

destruction of epitopes of proteins 

d u ring enzymatic hydrolysis 8 

F igu re 2 .5  Manufacture of p rotein hydrolysates for 

nutritional products 1 1  

F igu re 2 .6  H ydrolysis curve of chickpea protein  

isolate obta ined by sequentia l 

treatment of endopeptidase a nd 

exopeptidase enzymes 1 3  

Figure 3 . 1 Dissection of i leum 48 

Figure 3.2 Washing of i leum 49 

Figure 3 .3  F lush ing of i leal contents 49 

Figure 4 . 1  Mean osmolarity of three dog d iets 68 

Figure 4 .2  Extrapolation of osmolarity data 69 

Figure 5. 1 Outl ine of study 78 

Figure 5.2 Anaesthetic facemask over muzzle of 

dog 79 

Figure 5.3 Mean ±SEM breath H2 concentrations 

in 1 0 dogs after the ingestion of the 

Canine z/d® U LTRA Allergen Free and 

Canine i/d® d iet 8 1  

ix 



C hapter 1 

Introductio n  

A con nection between d iet and "eczema" i n  dogs had a l ready been 

hypothesised by the beginn ing of the 201h century.  Although reports on the 

preva lence of food a l lergy vary, it is nowadays estimated that approximately 

1 %  of al l dermato logical d iseases in dogs a nd approximately 1 0% of a l l  

a l lerg ic sk in reaction s  (except flea al lergy) ca n be ascribed to food a l lergy 

(Ackerman, 1 989;  M u l ler et al. , 1 989). Food sensit ivity is an adverse 

response to an ingested food or food add itive and  can be due to a number  of 

d ifferent causes (e .g .  immu nologic, pharmacolog ic, toxic, infectious ,  etc . ) . 

Food a l lergy and food hypersens itivity are synonymous terms and refer to a n  

adverse reaction t o  a food o r  food add itive with an  immunolog ical cause .  I n  

dogs , c l in ical s i g n s  of food a l lergy are usual ly dermatolog ica l or 

gastroenteric, or both (Roudebush et al. , 2000). 

To estab l ish a d iagnosis of food al lergy, it has been recommended to feed a 

restricted el imination d iet for a m in imum of thre e  weeks (Mu l ler et al. , 1 98 9; 

Carlotti et a/, 1 990 ;  White, 1 986), but this recom mendation is empirical and  

has  not been based on any  prospective stud ies (Rosser, 1 993 ) .  Food 

a l lerg ies are most commonly due to a l le rgic reactions  to protei n  sou rces 

(Chandra, 1 997) .  An e l imination d iet therefore consists of a protein and 

carbohydrate source to which the dog has had no previous exposu re .  

Trad itional ly e l iminat ion d iets are based on cooked lamb or chicken in  

combination with cooked rice. Veterinary d iets a re now ava i lab le with a wide 

range of protein sources i nclud ing chicken ,  fish ,  rabbit, duck, lamb and 

ven ison .  

U nfortunately, it i s  possible for a patient to show al lergic reactions to a wid e  

range of protein sources (August, 1 985). Mu lt ip le al le rg ic patients can b e  

successfu l ly treated with d iets based on  prote in hydrolysates (Hill et al. , 
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1 995) .  H ydrolysis of p rotein redu ces the p rotei n  to smal l  peptides.  S ufficiently 

smal l  molecu lar  frag ments are not recognised by the recipient's immune 

system a nd are no longer al lergen ic (Cave, 2001 ) .  

H i l l 's Pet Nutrit ion (Topeka , Kansas) has recently lau nched Prescription  

Diet® Can ine z/d® U LTRA Al lergen Free, a diet based on hydrolysed 

chicken p rote ins .  The d iet is intended for the n utritiona l  management of dogs 

with food al lergy and  intolerance. Unfortu nately, the orig ina l  formu lation of 

this d iet was associated with a h igher than acceptab le (to the company) 

number of reports of d iarrhoea. 

The research in th is thesis wil l  explore some potentia l  causes by wh ich the 

d iet could pred ispose dogs to d ia rrhoea . I n  the second chapter, prote in 

hydrolysates used i n  d iets are reviewed . In  Chapter 3 ,  a rat model  is  used to 

assess the apparent i leal d igest ib i l ity of Can ine z/d® U LTRA Al lergen Free 

as a poorly d igestib le  d iet can resu l t  in d iarrhoea . High d ietary osmolarity is 

another potential cau se of d iarrhoea particu larly  when feed ing hyd rolysate 

d iets . I n  Chapter 4,  the work in Chapter 3 was extended by comparing the 

osmola rity of Can ine z/d® ULTRA Al lergen Free to a standard maintenance 

d iet and to a d iet formu lated for the treatment of d iarrhoea . The fina l  study of 

this thesis is d escri bed in Chapter 5.  In th is study, a breath hydrogen test 

was performed to assess if the Canine z/d® U LTRA Al lergen Free d iet was 

associated with carbohydrate malabsorption ,  smal l  i ntest ina l  bacteria l  

overgrowth and/or abnormal orocol ic trans it t imes,  a l l  of which predispose to 

d ia rrhoea. Chapter 6 states general conclusions d rawn from the three 

different  stud ies and gives some approaches by which the d iarrhoea 

associated with the o riginal formulation of Canine z/d® U LTRA Al lergen Free 

could be further investigated . 
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C hapter 2 

A review of p rotein hyd rolysates for use i n  food 

2.1 I nt roduction 

This review gives a general overview of proteins  and p rotein  hydrolysates 

and their use in prevent ing adverse reactions to food . 

2.2 What are protei n s ?  

Proteins a re a large group  of natu ra l ly occu rring complex organ ic n itrogenous 

compounds .  Each protein  is bu i lt from a combination of a mino acids (F igure 

2 . 1  and F igure 2 .2 )  that are joined together through peptide bonds (Figure 

2 . 3) .  Twenty-two amino acids have been identified as vital for pro per growth ,  

development and maintenance of health .  The body can synthes ize thirteen of 

these, the non-essential amino acids ,  whereas the rema in ing n ine have to be 

obtained from the d iet and are therefore cal led essentia l .  P rotein  is the major 

source of bu i ld ing material for muscles, blood , sk in ,  ha i r, na i l s ,  and the 

internal o rgans .  

(Amino group) (Carboxyl group) 
H2N "' / COOH 

CH (Alpha-carbon) 

l 
R 

(Side chain) 

Figure 2 . 1  Primary structure of amino acid (modified from Friedli, 2000) 
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'N' 

group 

·eo· group 

'R' group 

Figure 2.2 3-0 structure of amino acid (modified from Friedl i ,  2000)  

2.3 P rotein hyd rolysates and hyd rolysis 

The basis of the process of hydro lysis is the attacking of the peptide bonds 

(F igure 2 .3 )  that hold the protein together (F igure 2 .4 ) . Hyd rolysis is a 

chemical rea ction in  which l a rge molecules are spl it into smal ler molecules by 

reaction with water; often assisted by a catalyst. For exa mple ,  in d igestion,  

enzymes catalyse the hyd rolysis of carbohyd rates ,  p rote ins ,  and fats i nto 

smal ler, solu ble  molecu les .  Hydrolysis changes the chemica l ,  physica l ,  

b io logica l ,  and immunologica l  properties of p roteins (Cord le ,  1 994 ) . The 

protein is  chopped into sma l ler pieces in a manner wh ich is s imi lar  to that 

wh ich happens to proteins that are ingested and exposed to d igestive 

proteases. P rotein hydrolysates can therefore be viewed as pre-d igested 

p roteins .  A m ix of s ing le am ino acids, d ipeptides and tr ipeptides (F igure 2 .3) 

may be considered the optima l  form of pre-d igested protein .  

Over the past few years, some authors have shown that  p reparations rich in  

sma l l  peptides from partia l ly hydrolysed proteins are ut i l ized more efficiently 

and have a h igher nutritive value than a simi lar mixture of free amino acids 

( Monchi and Rerat, 1 993; Ziegler et al. , 1 990; Morato et al. , 2000) (see 

section 2 . 1 4  for a d iscussion of the n utritive value of p rotein hydrolysates) .  
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This is probably because these small peptides are more rapidly absorbed 

than the free a mino acids .  

0 

1 1 
c CH 

/""' /� 
CH N 

I 
H 

peptide bonds 

0 
H2N��OH 

NH2 

Lysine (Lys) 

0 
HO -"' Jl 

If I 'OH 
0 NH2 

Aspartic 
Acid (Asp) 

c 

11 
0 

H 

I 
N 

/""' / 
CH 

Arginine (Arg) 

0 0 

HO�_)lOH 
I 

NH2 

Glutamic 
Acid (Glu) 

Figure 2 .3 Example of peptide bonds and four d ifferent amino acids 

2.4 P u rpose of hydrolysis 

COOH 

Hyd rolysis of proteins is carried out for many reasons .  The most frequent 

purpose is to improve the functional and nutritional  properties of proteins .  

Functional properties include adding texture to a food , improving the 

solub i l ity, foaming and emulsification properties , removing  avers ive-flavours 

or improving flavou rs,  accelerating  the ripening of cheese ,  improving  heat 

stab i l ity, retard ing d eterioration and  removal of toxic or i nh ibitory ingredients 

(Lahl  and Braun ,  1 994; Clemente , 2000) .  
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One of the best-establ ished c l in ical purposes of protei n  hydro lysis is to 

red uce the risk of a l lergenicity in human breast mi lk substitutes .  Other cl in ical 

uses a re treatme nt and management of food al lergies, i nf lammatory bowel 

d isease, short bowel syndrome, transient smal l  bowel enteropath ies d ue to 

food sensitivity, a l lergic colitis ,  cystic fib rosis and pancreatic insufficiency 

(Mi lia , 1 99 1 ;  Schm id l  et a/. , 1 994) .  

intact protein 

epitopes 

l Enzymatic hyd rolys is l 
hydrolysate 

destroyed epitopes 

Figure 2 .4  Schematic explanation of the destruction of epitopes of proteins during enzymatic 

hydrolysis (adapted from Sawatzki et al., 1994) 
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2.5 Hi story of p rotein hydrolys ates 

References to the u se of enzymes from an imal  stomachs for cheese making 

are fou n d  in the Greek epic poems The Iliad and The Odyssey dating as far 

back as  700 B .C .  (cited in Barfoed , 1 981  ) .  However, soy sauce is considered 

to be the first protei n  hydrolysate (Dave et al., 1 99 1 ; Prenderg ast, 1 974) .  For 

centu ries  this has been made by cooking soyabeans and wheat together and 

then leaving the mixture to stand for six months ,  during which t ime proteolytic 

enzymes break the peptide l inkages of soy (Dave et a/. , 1 99 1  ) .  

A d isti nction has to be drawn between protein hydrolysates that  are made by 

the action of enzymes and protein hydrolysates that a re made by 

fermentation by micro-organ isms. Fermentative changes can resu lt in many 

other chemical reactions in add ition to the hydrolysis of prote in .  Furthermore,  

the techn ology of protein hydrolysis has developed from d ifferent roots than 

the technology of fermented foods (Adler-N issen ,  1 986a) .  

Bracon not performed the fi rst experiments on the acid hyd rolysis of prote ins 

in  1 820 (H i l l ,  1 965) and the first protein hydrolysate of th is kind was 

introdu ced as a flavouring agent for foods in  1 886.  Th is  was an acid 

hydrolysed vegetab le protein (HVP) that is nowadays used extensively as a 

flavouring  agent by the food industry. The first commercial ly-avai lab le protein 

hyd rolysates for use as food a ppeared during World War  11 (Ad ler-N issen ,  

1 986a ; Cord a no and  Cook, 1 985 cited i n  Mahmoud ,  1 994 ) . A pepsin

mod ified soya protein was used to partly replace egg wh ite in the 

confectio n a ry industry and a casein hydrolysate was u sed for feed ing low 

b i rth weight  infants . 

Since the 1 940's con siderable attention has been given to the use of amino 

acids and  p rotein  hydrolysates for feed ing patients who cannot d igest intact 

protein  (Cuthbertson ,  1 950). At present, the treatment of food a l lergy is one 

of the p ri ncipal d riving forces beh ind the development of hydrolysate 

technology (Cord le ,  1 994 ) .  
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2.6 Manufactu re of protein hyd rolysates 

Protein hyd rolysates can be made with enzymes, acids or a lka l is .  Because of 

their specificity, enzymes are strongly preferred over acids or alkal is for 

hydrolysis  of proteins to be used i n  n utritional  appl ications (Lah l  and Braun ,  

1 994; C lemente, 2000) .  Furthermore , enzymatic hyd ro lysis i s  developed 

under mi ld  condit ions of pH (6-8) and temperature (40-60°) , avoid ing the 

extremes usual ly requ i red for chemical and physica l treatments and 

min imis ing s ide reactions (Ciemente, 2000) .  The abi l ity of an enzyme to 

hyd rolyse to the desired extent is usua l ly the criterion for its se lection i n  the 

manufactu ring  process.  The extent of the hydrolysis of p roteins is usua l ly  

measured by the 'degree of hydrolysis '  (DH) .  The DH is the ratio of free 

amino acids to total a m ino acids .  This i s  expressed as the amount of am ino 

n itrogen present in  the hydrolysate relative to the total amou nt of n itrogen 

present in  the substrate, wh ich can be determined by formaldehyde titration 

and the Kjeldah l  method (Silvestre , 1 997) .  

The prod uction of safe ,  effective hypoa l lergenic d iets on a commercial scale 

has becom e  of increasing importance (Hudson, 1 995). Commercial-scale 

hydrolysis h appens in  batch processes, us ing large vesse ls  conta in ing 

watery mixtures of substrate and enzyme (Figure 2 . 5) . 
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Figure 2.5 Manufacture of protein hydrolysates for nutritional products (from Lahl and 

Braun ,  1 994) 

The preferred method for stopping the hydrolys is process is to adjust the pH 

and temperature to a level at which the enzyme activity is destroyed (Lah l  

and Braun ,  1 994 ) .  Another method to terminate the hydrolysis i s  removal of 

the enzyme by filtration of the mixture. 
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2. 7 Substrates and enzymes 

A n  enzyme is  a protein with catalytic properties due to its power of specific 

a ctivation  (Dixon and Webb, 1 979). Some enzymes that are com monly used 

i n  protein  hydrol ys is a re trypsin ,  chymotrypsin ,  pepsin and carboxypeptidase 

( Rugo et a/, 1 992 cited in Cantani and M icera , 2000). 

The food protei n  su bstrates for proteolytic e nzymes is calculated as  N x fN in 

food appl icat ions (Adler-Nissen ,  1 986b ) .  This is the amount of n itrogen in the 

p rote in substrate mu ltiplied by the Kjeldah l  conversion factor UN) . Casein is 

often used as a substrate (Mahmoud et al., 1 992 ) and Table 2 . 1  shows some 

of the many d ifferent su bstrates that are used in food p rotein hydro lysis. 

Table 2.1 Substrates for food protein hydrolysis (Adapted from Adler-Nissen , 1986b) 

S ubstrate 

Casein 

W hey protein concentrate 

M eat 

H aemoglobin 

Gelatine 

Fish protein concentrate 

S oya proteins 

W heat gluten 

Ma ize protein isolate 

These substrates can be hydrolysed us ing d ifferent enzyme preparations 

s uch as peps in ,  a lcalase, subti l is in and tryps in .  The resu lt ing hyd rolysate can 

d iffer considerab ly  in degree of hydrolysis, molecular weight a nd length of the 

peptides depend ing on the enzyme used . The factors used to se lect the 

e nzyme for the desired outcome include the pH optimum,  thermostabi l ity, 

p rice and ava i lab i l ity of the enzyme (Ki lara, 1 985). 

Endopeptidases hydrolyse the peptide bonds and produce relativel y  large 

p eptides . Occasional ly, endopeptidases a re combined with exopeptidases, 

which systematically remove amino acids from the N- or C terminus to 

1 1  



ach ieve a more thorough degradation of the protein  (F igure 2 .6)  (Adler

N issen, 1 986c; Clemente, 2000). 

60 

50 

.!!! 40 i 
� I 
e 

� 30 1 - ' 
0 ' 
� 20 ... Cl (I) c 

0 

Addition of 
exoprote\ 

Addition of 
endopeptidase 

---------

0 60 120 180 240 300 360 420 480 
Reaction Time (min) 

Figure 2.6 Hydrolys is  curve of chickpea protein isolate obtained by sequential treatment of 

endopeptidase and exopeptidase enzymes (from C lemente et al. , 1 999) 

In food protein h ydrolysis there are four classes of endopeptidases: aspartic-, 

cysteine-, meta l lo- ,  and serine proteases . Their maximum cata lytic activity is 

found at different pH levels ranging from acid to neutral to a l ka l ine .  

U nfortunately there is variation between batches of commercial ly avai lable 

enzymes , which produces variabi l ity in  the end product (e. g .  protein 

hydro lysate) .  These d ifferences are not very wel l  documented because i t  is  

difficult to u nderstand the factors that control th is  variation (Ki lara ,  1 985) .  

2.8 Phys ical characteristics of protein hydrolysates 

Proteins are usua l ly described in part by their molecular  weight (MW). For 

example, cows' m i l k  proteins a re in the MW range of 1 5,000-24 , 000 D alton 

(Da) and soybean proteins are in the MW range of 1 80 ,000-350,000 Da.  

Protein hydrolysates can be extensively or  partially hydro lysed . The MW of 
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extensively hydrolysed p roteins is usual ly < 1  ,500 Da and that of the partia l ly  

hydrolysed proteins is >1 5,000 Da (Businco et  al. , 1 999). Part ia l ly hydrolysed 

formulae have considerably g reater amounts of i ntact proteins than 

extensively hydrolysed formulae (Bus inco, 1 994 cited in Bus inco et al. , 

1 999) .  

Table 2 .2 Phys icochemical and functional properties of prote in  hydrolysates in  nutritional 

products (Mahmoud , 1 994) 

Chemical and 

Physicochemical 

Properties 

Molecu lar s ize 

Surface activity and hydrophobicity 

Carbohydrate interaction 

M ineral interaction 

Functional properties 

lmmunogenicity (allergenicity) 

Solubil ity 

Osmolal ity 

Viscosity 

Gelation 

Emuls ification 

Clarity (turbidity) 

Flavour 

Emulsification 

Foaming 

Maillard browning 

Colour formation 

Gelation 

Flavour formation 

Solubil ity 

Thermal stability 

Two of the most impo rtant properties of hyd rolysed proteins a re the i r  h igh 

solubi l ity (even du ring  heat treatment) and their  emulsifying  ab i l ity. Studies 

have shown that even partial hydrolysis produ ces substantia l ly increased 

solubi l ity of the resulting hyd rolysates (Mahmoud ,  1 994 ) .  The better solub ility 

of the hyd rolysates is due  to their s maller size and  the newly exposed amino 
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g roups that increase the hydrolysates' hydrophi l icity. The emuls ifying 

p roperties of hydrolysed p roteins are improved by contro l l ing the extent of 

hydrolysis to p reserve a min imum peptide length (Van Der V en et al. , 2001 ) .  

Too much hydrolys is ,  such as occurs duri ng the manufacture of 

hypoal lergen ic  protein h ydrolysates, resu lts in l oss of the protein's 

emulsify ing properties. Other properties of food protein  hyd rolysates a re 

shown in  Table 2 .2 .  

2.9 D igestibi l i ty 

The gastro intestina l  absorption of hydrolysates, especial ly d i- and tripeptides, 

i s  thought to be more effective than that of intact protein (Ziegler  et al. ,  1 990) .  

This is particu larly hel pfu l when intestinal a bsorption is reduced and/or 

d igestive function is impaired. This is especia l ly  true at h ig her concentrations 

(Hegarty et al. , 1 982) .  G ri mble et al. ( 1 986) showed that absorption of tota l 

n itrogen and amino acids occu rred to a s ignificantly g reater extent from a low 

MW hyd rolysate than from a hydrolysate with h igher MW. S mal l  peptides 

a lso a re more rapidly absorbed than their constituent free amino acids 

(Matthews and Ad ibi ,  1 976; S iemensma et al. ,  1 993) .  In contrast, Rouanet et 

al. ( 1 990) measured the faecal apparent d igestib i l ity of healthy, 25-30 day old 

Sprague-Dawley rats fed a bovine plasma protein hyd rolysate d iet conta in ing 

75% di- and tripeptides and the orig ina l  bovine p lasma protein and found that 

there was no d ifference i n  digest ib i l ity between the d iets. A d ifference in  the 

absorption  of hyd rolysates and the absorption of the intact protein  is on ly 

l ikely to be apparent with p roteins that a re difficu lt to d igest. 

N itrogen ba lance for elementa l  (purified AA's as protein  source) and non

elemental (egg a lbumin as protein  sou rce) d iets is s imi lar in patients with 

moderate bowel dysfu nction and patients with severe bowel dysfunction 

(Fairfui i-S mith et al., 1 980) .  Keohane et al. ( 1 983) concluded that if maximal  

absorption is requ ired , low rather than h igh MW peptides should be used as  

the oligogopeptide based nitrogen source of elemental d iets . Ra imundo e t  al. 

( 1 988) concluded that when maximal absorption of n itrogen from casein 
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h ydrolysate is requ i red , the peptide chain length needs to be smaller than 

four. 

2 . 1 0  Imm u n ological characteristics 

l t  is important to first define some terms:  antigenicity i s  the capacity of 

molecules (antigens) to stimu late an immune response; immunogenicity is  

the capacity of molecu les ( immunogens) to el icit p roduction of specific 

antibod ies a nd/or to in it iate specific cel lu lar  immune responses;  and 

allergenicity is  the capacity of molecules (a l lergens) to induce specific  a l lergic 

responses (Anderson , 1 998) .  Other authors can define terms d ifferently. For 

example N. Cave (Massey Un iversity, pers. comm. )  d efines immunogenicity 

as the ab i l ity of d ietary ant igens to el icit antigen-specific immune responses 

in  naiVe recipients. Antigen icity essentia l ly  means the same, but could a lso 

e l icit a response in an a l re ady sensitised patient, and is thus reserved for 

references to sensitised patients . Al lergen icity descri bes the capacity to 

generate specific lgE (N .  Cave, Massey Un iversity, pers .  comm. ) .  I n  the 

context of th is  thesis the defin it ions of Anderson are used.  

The a llergen icity of hyd rolysate d iets can be assessed in vitro or  in vivo with 

the help of severa l  immunological tests. The in vitro tests used a re RAST 

( radioa l lergosorbent test) ,  RAST-inh ibition test, Western blot, lymphocyte 

prol iferation assay, immunoelectrophoresis,  enzyme-l i nked immunosorbent 

assay (EL I SA)  and ELISA- inh ibition assay. In vivo tests used include skin 

and ora l  cha l lenge tests. I n  research,  the most frequently u sed in vivo 

techn ique to evaluate the immunogenic or a l lergenic character of protein 

hyd rolysates is  the ora l  sensitisation of gu inea pigs (Pahud et al. , 1 985 cited 

i n  Cord le et al. , 1 99 1  ) . Clin ically, the most meaningful eva luation of the 

a l lergenicity of a food ingred ient is by double-bl ind p lacebo-control led ora l  

cha l lenge (Danie ls ,  1 999) .  

The a llergen ic  properties of  a sma l l  number of  protei n  hyd rolysates have 

been eva luated in clin ical stud ies. A study by Ch irico et al. ( 1 997) showed 
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that a partia l ly hyd rolysed formula was less immunogenic a n d  antigenic than 

a non-hyd rolysed trad itional  formula but was as immunogen ic  and antigenic 

as breast mi lk .  Ha l ken  et al. (2000)  found that a partia l ly h yd rolysed formula 

was more antigenic than an extens ively hydrolysed formu la .  Nakamura et al. 

( 1 992) concluded that the antigenicity of whey protein  concentrate 

hydro lysates prepared with trypsin and treated with an u ltra-fi l tration 

membrane d ropped from 1 /30 to 1 /200 compared with the u ntreated whey 

protein concentrate hyd rolysate . However, antigenicity d oes not a lways 

correlate d i rectly with MW . Nakamura et al. ( 1 993) investigated the 

antigenic ity of peptides prepared e nzymatical ly with three d ifferent proteases. 

The MWs of the peptides were s imi lar ,  but they s howed d ifferent 

antigen ic it ies. lt was suggested that the presence of d iffe ring  high molecular 

fractions  might have caused the variation in  the antigen icity. 

2 . 1 1 Hypoal lerge n i c  diets 

Partia l ly  hyd rolysed d iets are often ca l led 'hypoa llergenic '  d iets . However, 

this term has recently been defin ed by the Su bcommittee on Nutrition and 

Al lerg ic Disease of the American Academy of Paediatrics as a formu la of 

which the base protein has been modified to reduce antigen icity so that 90% 

of s u bjects a l lerg ic  to the base protein may tolerate the formula without 

symptoms (Bus inco et al. , 1 999) .  This defin it ion correctly imp l ies that before 

a protein hyd rolysate can be termed 'hypoal lergenic' it must be demonstrated 

to actua l ly be hypoal lergenic in the patient g roup at risk of the a l lergic 

reactio n .  

Exten sively hyd ro lysed formu lae were developed for the purpose of reducing 

the a ntigen icity of the food . Extensive hyd rolysis is essential to render the 

proteins  immunological ly unreactive for feed ing as hypoal lergen ic infant 

formu lae to a l lergy-prone infants (Cordle et al., 1 99 1  ) .  The functional 

properties of such extens ively hydrolysed food proteins have not been 

reported . 
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The earl iest marketed hypoal lergenic formulae were made u p  of more than 

70% free a mino acids and of peptides up to 5-8 a mino acids lon g .  After these 

in it ia l  formu lae, the h ydrolysates made had a lower concentration (40-60%) 

free amino acids and peptides up  to 1 0-1 2 amino acids long.  More recent 

hypoal lergen ic infant formulae have less than 20% free am ino  acids and 

have peptides u p  to 1 0-1 5 amino acids long (S iemensma et a/. , 1 993) .  

Currently, part ia l  or extensive in vitro enzymatic hydrolysis of cows' m ilk 

proteins,  fol lowed by heat treatment and u ltra fi ltration through filters with a 

MW cut-off value between 5 ,000 Da and 1 0 ,000 Da, a re used to reduce 

cows' mi lk  antigen icity for paed iatric hypoal lergen ic d iets (Van Beresteijn ,  

1 995). 

The first study of protein hydrolysates for use in dogs a n d  cats was 

performed by Cave i n  2001 . Cave (200 1 ) investigated a fish hydrolysate and 

a ch icken h ydro lysate and concluded that the chicken hyd ro lysate was more 

hydrolysed . N inety seven percent a nd ninety three percent of the  amino acids 

or pept ides in  the ch icken hydro lysate were determined to be less than 

1 0 ,000 Da and 5 ,000 Da, respectively (Cave, 200 1 ) .  Th is chicken 

hydrolysate was used to formulate the Canine z/d® U LTRA Al lergen Free 

d ieta and is one of the lead ing partia l ly hydrolysed formu lae that are 

commercia l ly ava i lab le currently for veterinary use.  

The ideal MW for a hyd rolysed protein that wi l l  render  the protein 

hypoa l lerg enic is not yet known for the cat or dog (McNei l l  et a/. , 200 1 ) but 

the lower the MW of the protein ,  the lower the antigen icity . l t  has been 

suggested that peptides with MWs < 1 800 Da a re not a l lergen ic in humans, 

but i t  is st i l l  not clear what the opt imal  degree of hydrolysis is and ,  at present, 

there is no defin ite MW below which peptides are considered non-al lergenic 

or non-immunogen ic  (Businco et a/. , 1 999). 

a Hill's Pet Products, Topeka Kansas. 
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2.11 Form ulation 

I nfant formu lae a re stable mixtu res of emuls ified fats , proteins, 

carbohyd rates ,  vitamins ,  and minerals  (Anderson et al. , 1 982) .  In genera l ,  as 

a complete s u bstitute for human mi lk ,  formula should provide p rotein at 7-

1 6% of calories, fat at 30-54% of calories, l inoleic acid at 2-3% of calories, 

and the rema in ing calories from carbohydrate sources (Nationa l  Research 

Cou nci l ,  1 989) .  The min imum and maximum nutrient levels of i nfant formu lae 

a re displayed in Appendix 1 .  

Hydrolysed infant formulae are usual ly formulated with vegetab le l ip ids and 

most a re lactose-free and conta in a smal l  amount of carnit ine (Cantan i  and 

M icera , 2000) ,  which is thought to have a beneficia l  effect on fat a bsorption . 

Fat is preferab ly provided in  the form of a mixture of med ium and  long chain 

triglycerides ( M i lia , 1 99 1  ) . 

To provide a balanced amino acid content in  a given prote in hydro lysate 

certa in am ino  acids can be supplemented (Lee, 1 992) .  Hyd rolysate 

manufacturers normal ly su pply hyd rolysed caseins, whey, soy, or blends 

without supp lementation (La hi and Braun ,  1 994) but specia l ly  designed 

vitamin and m inera l  supplements are avai lable for adding to the protein 

hydrolysate d iet. The manufacturers of the infant formula can then make final 

adjustments to the d ietary composition by, for example ,  add ing iron and 

calcium supp lements. 

Lactose intolerance is the most common form of carbohyd rate intolerance. 

Hypoal lergen ic  formulae therefore can cause d iarrhoea if they i nclude 

lactose. Therefore it is des i rable to use other d isaccha rides such as sucrose 

or monosaccharides such as g lucose in the formu lation of h ydrolysate 

formulae (M ilia , 1 99 1 ) or to use starch as the carbohydrate source. 

S imi larly ,  the manufacturers of protei n  hydrolysate d iets for dogs and cats 

must formu late thei r  products to meet the nutritional  needs of dogs and cats. 

I n  the first instance it needs to be ensured the p rodu ct m eets the 

recommended dai ly nut rient intakes for e ither dogs or  cats. Th is i s  fol lowed 
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by feed ing trials to ensure the product i s  complete and balanced and a lso 

palatable. During the formulation of the d iet the manufacturer must attempt to 

avoid the i ntroduction of a l lergenic proteins to the d iet via the carbohydrate 

and fat sources used in the diet. Contam ination of fat sources by traces of 

protein has previously been recognized as  a problem in  the huma n  literature 

(Moneret-Vautrin et al., 1 99 1 ;  De Mantis et al., 1 993) .  These auth ors express 

their concern a bout a l lergen ic peanut o i l  in milk formulas and vitamin D 

preparations .  

2 . 1 3 Nutritional ade·quacy 

The nutritiona l  va lue of protein hydro lysates has a lways been a n  important 

consideration d uring their development because the principal  use of 

hydrolysate formu lae was for pre-term infants. Inadequacies of certain 

nutrients such as protein and amino acids are more l ikely to become 

apparent dur ing infancy. 

As previous ly mentioned , for the hydrolysate to be of most nutritiona l  value it 

should be rich i n  low MW peptides with on ly low amou nts of free a m i no acids 

(Si lvestre, 1 997) .  Preparations rich in  smal l  peptides from partia l ly  hydrolysed 

proteins have been shown to be uti l ised more efficiently and have a h igher 

nutritive value  than an  equ ivalent mixture of free amino acids (Monch i and 

Rerat, 1 993;  M orato et a/, 2000; Si lk et a/, 1 982). Studies of a n i mals and 

humans have shown that o l igopeptides are absorbed faster and more evenly 

than equ ivalent mixtures of free amino acids (Ad ler-Nissen ,  1 986c) .  Rouanet 

et al. ( 1 990) fou nd that a hydrolysate d iet conta in ing di- and tripeptides is  

efficiently, but not better uti l ized i n  healthy growing rats compared to 

uti l isation of the d iet conta in ing the orig ina l  prote in .  Szajewska et al. (2001 ) 

did not find a n y  d isadvantage of protein  hydrolysate formulae compared to 

standard protei n  formulae and suggested that extensive and partial protein  

hydrolysate formulae are at least nutritionally equ ivalent to standard protein 

formulae. Boza et al. ( 1 995) also proved that enzymic hydrolysates from milk 

proteins have equ ivalent effects to their cou nterpart whole proteins in  
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supporting recovery after starvation in  rats at wean ing .  Ribeiro et al. ( 1 997) 

p resents sound  evidence that the use of d iets contain ing fu l ly hyd rolysed 

protein may assist in the recovery of malnourished patients . I n  contrast , a 

study by Zarrab ian et al. ( 1 999) found that rats with an  a rtific ial ly inflamed 

bowel lost weight  when fed a protein hyd rolysate diet compared to those fed 

a whole protein  d iet. The reasons for the contradiction between the resu lts of 

the study by Zarrabian et a l .  ( 1 999) and the resu lts of the other investigators 

quoted above a re unknown . However, it is notable that the protein u sed i n  

the  study by  Zarrabian e t  a l .  ( 1 999) was of low d igestib i l ity. The  weight loss 

was also associated with the n itrogen balance. The n itrogen ba lance in the 

protein hydrolysate group was worse than the n itrogen balance in  the whole 

protein group .  This was due to a greater ureagenesis in  the protein 

hydrolysate g ro u p .  The mechan isms u nderlying the sh ift towards conversion 

of ingested n itrogen into u rea rather than into body protein  a re u nknown , but 

may include d ifferences in the absorption amino acids .  Care should be  taken 

when cows' m i lk  p rotein hydrolysed formulae are g iven for prolonged periods 

to infants s ince n o  data are ava i lable on the nutritional assessment of i nfants 

fed exclus ively hyd rolysed formu lae for several months (Cantan i  and M icera , 

2000; Mihatsch et  al. 2002). 

After comparing three experimental protein hydrolysate preterm formu lae 

(one based on 1 00% whey hydrolysate protein ,  one based on a mixture of 

78% whey and 22% casein  hyd rolysed protein ,  and one based on a s im i lar 

mixtu re enriched with h istid ine) to a standard preterm formula (based o n  60% 

whey and 40% casein hydrolysate prote in ) ,  R igo and Senterre ( 1 994) found 

that compared with the standard preterm formula, the use of protein 

hyd rolysate formu las led to a decrease in  n itrogen and phosphorus 

absorption without mod ification of retention.  Compared with the standard 

preterm formula ,  a l l  three protein hydrolysate formu las led to a s ign ificant 

increase in p lasma threon ine,  a nd a decrease in tyrosine a nd phenyla lanine 

concentrations.  In add ition ,  there was an important redu ction in p lasma 

h istid ine concentrations with the 1 00% whey hydrolysate protein d iet .  This 

was partly corrected with the d iet based on a mixture of 78% whey and 22% 

casein hydrolysed prote in .  S imilar  values as in  the contro l  g roup were only 
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o btained with the mixture that was enriched with h istid ine. However, with this 

l atter formu la ,  low plasma concentrations of tryptophane and cystine  were 

observed . Accordingly, the authors recommended that the nutritional 

adequacy of protein hydro lysate formulae for prete rm infants needs to be 

i nvestigated before they can be proposed for routine use. Another study by 

Rigo et al. ( 1  994) showed that impaired growth a nd various b iochemical 

abnormal it ies occurred in i nfants fed on protein-hyd rolysed formulae (three 

d ifferent whey hydrolysate formulae, a soya-col lagen hydrolysate formula ,  or 

a whey-casein hydrolysate formula)  compared with human mi lk. As a result ,  

the authors concluded these formulae cou ld  not be con sidered equ iva lent in  

terms of nutritiona l  adequacy. Rigo et al. ( 1  995) concluded there is evidence 

that protein hyd rolysed formu lae  are not equ ivalent to whole protein  formulae 

in  terms of nutrit ional efficiency for preterm and term infants .  Potential causes 

for the reported nutritiona l inadequacies of hydrolysate formu lae are 

d iscussed in  section 2 . 1 4. 

In contrast, Verwimp et al. ( 1  995) concluded that whey-protein hyd rolysate 

based formu lae result in normal growth and reduced a l lergic symptoms in 

infants with cows' mi lk protein  i ntolerance. Fol lowing an  extensive review of 

the l iterature , B lecker ( 1  997) concluded that formulae for food-al lerg ic i nfants 

shou ld conta in peptides of the lowest possible MW to red uce the symptoms 

of food a l lergy but the peptide s  should be hydrolysed to the least possible 

extent to provid e  the best nutrit ional outcomes . 

There are on ly  a smal l  nu m ber of pet food companies that produce 

hyd rolysed protein d iets. These hydrolysed protein d i ets have passed 

AAF COb feed ing tria ls for the maintenance feed ing of adu lt dogs showing 

them to be complete and ba lanced for this life stage. To the author's 

knowledge, however, there a re no publ ished trials eva luat ing the nut rit ional 

value of hyd ro lysed proteins in  growing an imals.  U nt i l  such data are 

ava i lable, veterinary hydrol ysate d iets should be used for s ho rt periods only 

i n  g rowing an ima ls .  

b Association of American Feed Control Officials. 
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2 . 1 4  Why p rotein hyd rolysates may be less nutritional ly val uable 

Rege et al. ( 1 986) concluded that the low nutritive val u e  of a pre-d igested 

m i l k  protein hyd rolysate was most l i kely the resu lt of d ry ing the hydrolysed 

protein in the p resence of other  ingredients such as sugar. The cross l i nking 

of sugars and amino acids d u ring the thermal drying pro cess is thought to 

adversely affect the avai lab i l ity of certa in  amino ac ids (Bjarnason and 

Carpenter, 1 970) .  The most wel l  known of these react ions is  the Mai l lard 

react io n .  

Ma i l l a rd reactions occl.Jr between reducing carbohydrates (e .g .  lactose) and 

the free amino g roup of amino acids and yield enzyme res i stant l inkages that 

make a port ion of the a mi no acids ,  particu larly lys ine ,  nutritional ly 

u nava i lab le .  The Mai l lard reaction expla ins the fa l l  i n  nutritive va lue of the 

proteins  in foods conta in ing red ucing sugars that can occur even during 

re latively mi ld cond itions in  processing or storage (Bjarnason and Carpenter, 

1 969) .  Low ava i labi l ity of lysine was also found in infant formu lae by Ferrer et 

al. (2000) who suggested that the thermal t reatment of the formulae red uces 

the i r  avai lab le lys ine contents. 

Enzymatic and non-enzymatic "browning reactions" of a mino acids and 

protei ns  can a lso occu r with oxid ised l ip ids and oxid ised phenols .  These 

reactions occur d u ring process ing  and storage and resu l t  i n  changes in the 

structu res of the proteins , wh ich affect their nutritional  qua l ity (Swaisgood 

and Catignan i ,  1 985) .  The loss in nutritional  qua l ity (and potential ly in safety) 

has been attributed to destruction  of essential amino ac ids ,  d ecrease in  

d igest ib i l ity, i nh ibit ion of proteolyt ic and glycolyt ic enzymes, a nd formation of 

ant inutrit ional and toxic compounds (Friedman,  1 996). 

Picaud et al .  (200 1 ) concludes that the n itrogen absorpt ion rate of protein 

hydrolysates is  lower than that of intact prote ins and suggests, therefore , a 

1 0% increase i n  n itrogen content of protein  hyd rolysates compared to i ntact 

proteins .  Hegarty et al. ( 1 981 ) i nd icate that d ifferences between amino acid 

u ptake from protei n  hydrolysates and equivalent free amino acid m ixtures a re 

22 



dependent upon the concentration  of the hydrolysate. There is sign ificantly 

more a bsorption from highly concentrated hydrolysates than from 

hydrolysates of a lower amino acid concentration .  

Another  potentia l  reason for the  lower nutritive value can be  the molecu lar 

form of d ietary n itrogen (e.g.  smal l  peptide hyd rolysates ,  whole proteins or 

free a mino acids) .  The molecular form of n itrogen sou rce affects body weight, 

n itrogen  retention and smal l  intestinal mucosa morphology (Zarrabian et al. , 

1 999) .  The reason for this is unknown , but may relate to d ifferences in the 

a bsorption of amino acids.  The a bsorption k inetics of amino acids resu lts in  

d ifferences in the d istribution of free amino ac ids in the tissues after Infusion 

of small peptides or free amino acids (Rerat, 1 995). The imbalances that 

result from these d ifferences lead to a lower metabolic a mino acid uti l isation ,  

which leads to a lower nutritive value. 

I n  contra st, Rigo et al .  ( 1 994) relates the impaired g rowth of infants fed a 

h ydrolys ed protein formula compared to human mi lk to the lower amount of 

energy avai lable in  the hyd rolysed protein  formula .  Lastly methion ine 

enrich ment enhanced the nutrit iona l  value of soy protein hyd rolysates (De La 

Barca et al. , 2000) and of buffalo and cows' m i l k  case in  hydrolysates 

( Hussei n  et al. 2000).  

I n  conclusion ,  in  most research in which proteins and prote in  hydrolysates 

a re com pared it has been concluded that they are not equa l  in nutritional 

value.  Therefore,  before protei n  hydrolysates are used for long-term 

nutritiona l  purposes - particu larly in growth - they should be carefu l ly 

eva luated for thei r  n utritional adequacy. 
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2 . 1 5 B itter taste 

The first hydrolysates used for c l in ical purposes were very u npleasant to eat 

and there has subsequently been a lot of research i nto suppressing their 

b itter taste . Murray and Baker ( 1 952) d iscovered that the type of proteolytic 

enzyme used for hydrolysis marked ly affects the taste of the resu lting 

prod u ct. The b i tterness is caused by peptides that have extensive 

hydrophobic g roups at the C-terminal end (Matoba and H ata , 1 972 cited in  

Ad ler-N issen , 1 986c; Stevenson et  al. , 1 998) .  These b itter peptides are not a 

major part of the hydrolysates; they account for only 5- 1 0% of their weight. 

K i rimura et al.  ( 1 969r fou nd that the b itter hyd rophobic peptides contained 

neutral amino acids with large a l ky l  or aromatic side cha ins .  

As a p rotein is hydrolysed there is reduction of antigenic ity. Unfortunately, 

this is associated with a reduction in palatab i l ity (Cantan i  and  M icera ,  2000) .  

The correlation between the hydrophobicity of the peptides and their 

b itterness can be calcu lated with the fol lowing formula , which is cal led the Q

ru le :  Q - l:Min (Ney, 1 97 1 ; U metsu et a/, 1 985). This is the average free 

energy for the transfer of the am ino acid side chains from ethanol to water, 

d ivided by the number of amino acid resid ues.  The major ity of the bitter 

peptides have Q-values above + 1 400 cal/mole and the majority of the non

b itter peptides have Q-values below + 1 300 cal/mole. Th is  p rincip le is val id 

for MWs below approximately 6 , 000 Da; above that MW , peptides with Q

values h igher than 1 ,400 kcal/mole are not b itter (Pedersen , 1 994 ) .  Ad ler

N issen ( 1 986c) however, showed that the Q-ru le cou ld  not be d i rectly 

extrapolated to mixtures of pept ides in protein hydrolysates .  B itterness of the 

hydrolysate is not determined by the mean Q-value of al l the peptides in the 

hyd rolysate mixture .  Rather it is caused by the strongly hyd rop hobic peptides 

with a h igh Q-va lue  in  the hydrolysate. The p resence and concentration of 

such strongly hydrophobic pept ides cannot be predicted from the mean Q 

value of the hyd rolysate. 

The b itterness of p rotein hydrolysates can be removed by various methods 

(Saha and Hayash i ,  2001 ) .  These include the plastein react ion, masking or 
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extraction of bitter peptides . I n  the plastein reaction ,  the protein is fi rst 

enzymatical ly hydrolysed to a low MW mixture of p eptides and then 

enzymatical ly resynthesised into products which consist of insolub le ,  h ighly 

aggregated material having d ifferent structural ,  compositional  and fu nctional 

properties from that of the in it ial protein . After hyd ro lysis, the impurities, 

which cause u ndesirable odours, colou rs and flavou rs ,  are removed by 

treating the mixtu re with a protease (Dave et al. , 1 99 1  ) .  B itter peptides can 

a lso be removed by organic solvents, hydrophobic interaction 

chromatography, treatment with activated carbon , se lective separation ,  

treatment with enzymes such as aminopeptidase (Saha and  Hayashi ,  200 1 ) 

or  add ition of gelatin (Stanley, 1 98 1  ) .  The d isadvantages of these deoittering 

methods are that there is less hydrolysate yield and a decreased nutritional 

qua l ity of the hyd rolysate . 

Meat hydrolysates are usual ly regarded as non-bitter, but a trained taste 

panel d escribed a pancreatic hyd rolysate of ch icken meat as b itter (Stan ley, 

1 98 1  ) . Free g lycine  reduces the bitter taste of chicken meat hyd rolysate 

when added during the hyd rolysis process . N ish iwaki et al. , (2002) reported a 

method using an  aminopeptidase from the edible basidiomycete Grifola 

frondosa to debitter  the enzymatic hydrolysates of soy p rotein and mi lk  

case i n .  Another potential method to improve the bitter taste of protein 

hydrolysates was found by Stevenson et al. ( 1 998) who described the 

p rotease-catalysed condensation of peptides.  Capira l la  et al. (2002) 

d escribed an endopeptidase from Halobacterium halobium S9, which can be 

used for debittering of meso, cheese and protein hydrolysates in the food 

processing industry. 

Some caution shou ld be expressed on the experience of b itterness, as a 

negative experience of bitterness i s  not homogenous betwee n  species. Both 

cats and  dogs respond wel l  to hyd rolysates, which are widely used as 

enhance rs of palatab i l ity in d ry foods (N.  Cave, Massey U n iversity, pers. 

comm.) .  
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2 . 1 6 Other adverse effects 

Loose stools or d iarrhoea are a wel l-known side effect of hypoal lergenic 

hydrolysed protein formulae i n  infant feed ing (Mihatsch et  al. , 2002). The 

d ia rrhoea is thought to be due to an excessive osmotic load (see Chapter 4 ) .  

Severe d iarrhoea and even death has been reported in  p ig lets fed a peptic 

hyd rolysate of soya protein or a tryptic d igest of skim mi lk  (Cunningham and 

Brisson ,  1 957; Pett igrew et al. , 1 977). The reason for this is not clear, but the 

authors suggest it m ight have happened because pig lets at this you ng age 

(weaned at 1 to 2 days of age) may requ i re certa in physiologically active 

components of m i l k  for normal gastrointestinal function .  The activity of these 

components in the mi lk was thought to be destroyed by tryps in .  

Hypersensitivity ( lgE-med iated a l lergic reaction)  to commercial ly avai lable 

hypoa l le rgenic infant formu lae based on cows' mi lk protein hydrolysates has 

been reported (Heyman et al. , 1 990;  Bock, 1 990;  Lifsch itz et  al. , 1 988) .  Van 

Bereste ijn  ( 1 995) concludes that lgE-med iated al lergic reactions caused by 

the consumption of hypoa l lergen ic infant formulae based on cows' mi lk 

proteins cannot be attributed to one specific prote in .  There a re d ifferences in  

the ind ividual patterns of sensitisation to various cows' mi lk  p roteins .  Cantani  

and M icera (2000) reviewed the l iterature on studies done with hyd rolysed 

protein formulae a nd report a range of d ifferent a l lergic reactions. 

There a re some reports of specific deficiencies or d iseases occu rring in  

infants fed formu lae due to technical errors in the manufactu ring of the 

formu lae (Anderson et al. , 1 982) .  Table 2.3 shows the symptoms of reactions 

to h igh ly  hyd rolysed casein formulae col lated from d ifferent stud ies and some 

examples of deficiencies and d iseases that occurred due  to manufacturing 

errors . 
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Table 2 .3 Symptoms of reactions to highly hydrolysed casein formulae (Adapted from 

Cantani and Micera, 2000 and Anderson et al. , 1982) 

Anaphylaxis 

Atopic dermatitis worsening 

Bloating of the face 

Bloody stools 

Bronchospasm 

Classical l gE-reactions 

Cl inical intolerance 

Cows' m i lk  enterocolitis 

Diarrhoea 

Enterocol itis with haematochezia 

Epidermal and retinal bleeding 

Failure to thrive 

Haematem esis 

Labial angioedema 

Symptoms  

Obstructive symptoms 

Pallor 

Proctorrhagia 

Repeated haematochezia 

Rhinitis 

Scurvy 

Skin lesions 

Somnolence 

Stridor 

Systemic/generalised urticaria 

Vitamin A, C, D deficiencies 

Vomiting 

Worsening itch 

Another concern is microbial contamination d u ring the manufacture. This 

may a lter the nutrit ional qual ity of the protein  hydrolysate as a resu lt of 

m icrobial  g rowth and  metabol ism of essential a mino acids (Anderson et al. , 

1 982). M icrobial contamination can cause diarrhoea and su bsequent flu id 

and electrolyte imbalances. To p revent th is p roblem the qua l ity control on 

microbiolog ical safety has to be very good . 

2.17 Commercial ly avai lable hyd rolysate diets for dogs and cats 

There are now several protein hyd rolysate d iets avai lable on the market for 

use in dogs and cats. These include Hi l l 's Can ine z/d® U LTRA Allergen 

Free, Pu rina Veterinary Diet HypoAI Iergenic (HA) and Royal Can in  

Hypoal lerg enic d iet. 

The use of proteolyt ic enzymes to remove al lergen icity has been successfu l ly 

used in the productio n  of hypoal lergen ic infant formu lae for infants with cows' 

mi lk  al le rgy ,  but this approach has been rarely employed with other  al lerg ic 
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food (Hefle ,  1 999 cited in  McNei l l  et al. , 200 1 ). Although theoretical ly 

superior, there is as yet l ittle evidence that d iets contain ing protein 

hydrolysates are cl i n ical ly superior to existing selected prote in (exclusion) 

d iets for e ither the d iagnosis or management of d ietary sensitivities in  d ogs 

and cats (McNei l l  et al. , 200 1 ) .  There have been few in vivo cl in ical tria ls to 

evaluate the effectiveness of hyd rolysed protei n  d iets in an imals  with a l lergic 

responses to variou s  proteins in  their d iets (Hefle ,  1 999 and Gortler et al. , 

1 995 cited in McNei l l  et al. , 200 1 ) .  

One such in vivo cl in ical trial has been performed by Marks et al .  (2002) who 

concluded that the feeding of HA HypoAI Iergenic™ brand Can ine Formulae to 

dogs with I nflammatory Bowel D isease was associated with partia l  to 

complete resolution of cl in ical s igns .  In this study there was a d ramatic 

cl in ical improvement in  some dogs that previously lacked response to 

selected protein hypoallergenic d iets and med ical therapy. Th is trial suggests 

that d iets conta in ing hydrolysed protein may prove to be a n  a id in the 

management of d ietary sensitivities i n  dogs, but more research on this topic 

is requ i red . A second in vivo tria l  by Dossin et al. (2002) on soy isolate 

hyd rolysate in the management of i nflammatory bowel d isease (I BD) in d ogs 

showed s im i lar resu lts. This prel im inary study suggested that a soy isolate 

hyd rolysate d iet cou ld  be usefu l in the cl i n ical management of IBD ,  even in  

severe cases ,  and might be a good alternative to the use of corticostero ids .  

Jackson et al. (2003) demonstrated that a soy hydrolysate d iet was wel l  

tolerated by a majority of dogs with confirmed cutaneous reactivity to corn 

and soy and  this soy hydrolysate d iet may be a n  appropriate choice for the 

long-term management of individua ls a l lerg ic to soy or corn protein .  

c Nestle Purina PetCare Company, St. Louis, MO. 
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C h a pter 3 

Use of a rat model to assess t h e  apparent i leal  

d i g esti b i l ity of Can ine z/d® U LTRA Al lerg e n  Free 

3 . 1  I ntroduction 

There h ave been anecdotal reports from pet owners and veterinarians in 
. -

private p ractice that d ogs can develop d iarrhoea when fed the orig inal  

formu lation of the Canine z/d® ULTRA Allergen F reea d ietb . 

Diarrhoea can result  from a nu mber of d ifferent causes of wh ich many a re 

unknown (Gui lford , 1 996a) .  Acute d iarrhoea is most often due  to i rritation of 

the gut mucosa by infections, toxins (Berry and Levett, 1 986) or parasites .  

Acute d iarrhoea can a lso resu lt from sudden changes in  d iet. D iet changes 

can lead to diarrhoea because of saturation of d igestive and absorptive 

mechanisms for the novel nutrient. This is most com monly encou ntered when 

changing from a complete, dry,  cereal-based d iet to canned or fresh meat 

(Murdoch , 1 986) or from a low fat to a h igh fat d iet or a low carbohydrate to a 

high carbohydrate d iet (G . Gu i lford , Massey U niversity, pers . comm. ) .  

Different foods requ i re a d ifferent range of enzymes for d igestion (Agar, 

200 1 a) a nd/or an increase in  the amount of pancreatic and i ntestinal  

digestive enzymes secreted (Gu ilford and Strombeck, 1 996) .  The body 

needs t ime to produce t hese enzymes to al low adaptation to the new food . 

The food particles that don't get d igested d raw fluid into the g ut through 

osmosis resu lting in osmotic d iarrhoea . 

a H il l 's Pet Products, Topeka Kansas. 
b Personal communication of P .  Roudebush, H il l 's Pet Products, Topeka, Kansas, 1 999. 
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3.2 Poor d igesti b i l ity of a d iet as a cause of d iarrhoea 

Min imum dry matter d igest ib i l ity for a good qua l ity dry food is considered to 

be near 75% (Lewis and Morris,  1 984 cited in Huber et al. , 1 986) .  The 

d igest ibi l ity of most cereal and soy products is  i n  the range of 71 -80% ,  

whereas meats are d igested at levels of 80-90% (Kendal l  a n d  Holme, 1 982 ;  

Meyer, 1 984 ; Brown , 1 989) .  Digest ib i l it ies as h igh as 89%, 95% , and 88% for 

crude prote in ,  crude fat ,  and carbohydrate , respectively, can occu r in d ry

type premium pet food (Case, 1 999; Case et al. , 2000a) .  Accord ing to Zentek 

and Meyer ( 1 995), nutrient absorption seems to be influenced by breed type . 

The authors report d ry' matter d igestib i l ities for d ry d iets from 78.3% to 80 .3% 

for g reat danes and 79 .8% to 88 .5% for beag les .  The National Research 

Cou nci l ( National Research Cou nci l ,  1 985) suggests a d igestib i l ity coefficient 

of 85% be used for ca rbohydrate in commercia l  dog foods a nd a 90% 

d igestibi l ity coefficient for fat. 

The d igestib i l ity of amino acids in feeds is h ighly variable.  For example amino 

acids in  casein are al most completely absorbed d u ring d igestion whereas 

more than half of the amino acids in  meat and bone meal can remain 

unabsorbed in the d igestive tract ( Moughan and Donkoh , 1 99 1  ) .  l t i s  

uncerta in whether poor d igestib i l ity of amino acid leads to  d iarrhoea . 

Fat has a number of d ifferent roles in dog food . l t  contributes to the 

palatabi l ity and texture of the food ; it p rovides energy in a very concentrated 

form; it has numerous m etabolic and structura l  functions; and it p rovides a 

sou rce of essential fatty acids (EFAs) (Agar, 2001 b ) .  The N RC recommends 

a 90% d igestibi l ity coefficient be used for fat in  commercial dog foods 

( National Research Coun ci l ,  1 985). M aldigestion a nd malabsorption of fat 

a nd subsequently bacteria l  metabol ism of fatty acids and b i le  sa lts in the 

colon can resu lt i n  secretory d iarrhoea (Batt and B urrows, 1 994 ; Case et al. , 

2000b) i n  add ition to the osmotic d iarrhoea due to the malabsorption of 

n utrients. As a resu lt, restriction of d ietary fat intake when the d iarrhoea is of 

smal l  intest inal  orig in  wi l l  reduce d ia rrhoea (Watson and Markwel l ,  1 997) .  
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The process of assimi lation of fat is fai rly complex and therefore qu ite easy to 

d isru pt. 

Simi larly, poorly d igested carbohydrates can ,  among other p roblems,  cause 

osmotic d iarrhoea . Lactose (a d isaccharide) is often included in dog d iets, but 

because lactose is not wel l  tolerated by most d ogs i t  can resu lt i n  watery 

d iarrhoea (Burger, 1 982;  Gu ilford , 1 996b). Severa l  raw starches are poorly 

d igested , but  cooked starch and finely ground starch is efficiently d igested 

and absorbed by dogs (Romsos et al., 1 978; Bisset et al., 1 997) .  

The inclus ion of optimal  amounts of fibre in the d iet is necessary =-for the 

normal fun ctioning of the gastrointestina l  tract. I ncreasing amounts of fibre (a 

carbohyd rate) in the d iet can reduce the digestib i l ity of the d iet a nd increases 

faecal bu lk .  For example M itaru and Blair ( 1 984) concluded that the protein 

d igestibi l ity values for the ir  control and Alphafloc d iets were h igher (p<0.05) 

than for their (high fibre )  canola and soya bean hul l  d iets when fed to rats . 

L ignin is reported to have a detrimental effect o n  protein  d igestibi l ity, but 

cel lu lose has no adverse effect on protein d igestibi l ity (M itaru and Bla ir, 

1 984 ; Shah et al. 1 982). I n  genera l ,  dogs d igest foods of an imal orig in better 

than those of plant orig i n .  This d ifference is p rimarily the resu lt of the 

p resence of l ign in ,  cel l u lose, and other components of fibre in plant 

i ngredients (Case et al. ,  2000a) .  M itaru and Bla i r  ( 1 984 ) also concluded that 

the d ry matter  d igestib i l ity of a (low fibre) control d iet was higher than high 

fibre-conta in ing d iets. 
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3 . 3  Measu rement of d igesti bi l ity o f  a d iet 

T rad itional ly ,  the d igest ib i l ity of a d iet has been d etermined in vivo by 

calcu lating the d ifference between the nutrient i ntake in the food and the 

n utrient output in faeces ,  on a d ry matter basis. Digestib i l ity is usual ly 

expressed as a percentage ,  known as the d igestib i l ity coefficient (DC) . 

Digest ib i l ity coefficient = I ntake - faecal output x 1 00 

I ntake 

Th is can be determined e ither d i rectly, by measur ing the total amounts of 

nu trients ingested and excreted , or ind i rectly, by measuring the ratio of the 

nutrients to an ind igest ib le marker such as titan ium (see section  3 .6 .2) .  The 

u sual method of measuring digestibi l ity is feed ing the d iet to a nu mber of 

an imals after which the faeces are col lected throughout a predesignated time 

period .  lt is a lso possib le to determine the d igest ib i l ity of a d iet in vitro by 

reproducing the digestive reactions wh ich take place in the a l imentary tract of 

the an imal  ( McDonald et a/. , 1 995). 

The usual in vivo method of calcu lating d igest ib i l ity through  measuring 

n utrient output in the faeces has been criticised because of the inaccuracies 

resu lting from microbial act ion in  the large intest ine (Zebrowska , 1 975,  cited 

in Moughan et a/. , 1 984 ; M cNei l , 1 988) .  The microorganisms in the large 

in testine may metabolise d ietary and endogenous p rote ins and amino acids .  

Th is metabol ism can artificial ly increase the d igestibi l ity coefficient. For th is 

reason , th is method of calculating d igest ib i l ity is  cal led the 'apparent faecal 

d i gestibi l ity' . To overcom e  this problem, the apparent i leal d igestib i l ity 

m easurement method has been developed . I n  this method the d igesta (with 

o r  without an ind igestib le marker) is col lected at the termina l  i leum of the 

a n imal to avoid metabol i sm of nutrients in the large intest ine (van Weerden ,  

1 989). The impact of  microbial degradation in  .the large i ntestine on 

e stimation of p rotein  d ig estibi l ity coefficients has been observed in several 

monogastric s pecies with n otable d ifferences in faecal and a pparent i leal 
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d igest ib i l ity coefficients (Moughan and Donkoh ,  1 99 1  ). l t  is now general ly 

accepted that measu ri ng  d igest ib i l it ies at the terminal  i leum g ives a more 

rel iable estimate of the d igest ib i l ity of nutrients (Rerat, 1 98 1 ; Moughan and 

Donkoh ,  1 99 1 ; Sauer and Ozimek, 1 986; van Weerden ,  1 989; ) .  

To determine true d igestibi l ity the endogenous losses should be taken into 

account. To do this a correction is made for the non-d ietary components, 

such as bacteria ,  hair ,  d igestive secretions, mucus and cel ls ,  that may be 

present in the d igesta (Moughan and Donko h ,  1 99 1 ; Rutherfurd and 

Moughan ,  1 998). True d igestibi l ity is  a fundamenta l  property of the food . l t  is 

not affected by d ietar-Y featu res such as the prote in  content of the d iet under  

wh ich the food is fed to  the an imal (Darragh and Hodgkinson ,  2000) .  True 

d igestib i l ity is  usual ly calcu lated when it is necessary to get a better 

description of the u ptake of amino acids from the d igestive tract. lt was 

considered that there was no requ i rement to determine true d igestib i l ity i n  

this study as the stud y's  a im (see paragraph 3 . 5) cou ld  be met by the 

measurement of apparent  d igestibi l ity. 

The measurement of d ig estib i l it ies at the termina l  i leum requ i res invasive 

procedu res or euthanasia of the an imals used in the d igestib i l ity study. This 

is impractical in compan ion an imals for eth ical reasons .  Therefore, a 

previously va l idated rat m odel for assessing the d igestib i l ity of d iets by dogs 

was used (Sritharan ,  1 998) .  In th is model ,  the a pparent i leal d igestib i l ity of 

amino acids ,  n itrogen,  crude prote in ,  fat and carbohydrates in  the dog can be 

pred icted from the respective rat values (Sritharan ,  1 998) .  
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3.4 Why the rat as a m odel animal for the dog? 

I n  their book, The Principles of Humane Experimental Technique, Russel l  

a nd Burch ( 1 959) argue for replacement, reduction and refi nement in  the use 

of an imals i n  scientific research. Replacement is  the replacement of the 

an imal experiment by a research method that wi l l  gather the same result  but 

d oesn't need l ive an imals .  Reduction of the number of an imals needed in an 

experiment can be obta ined by standard isation of the an imal popu lation and 

experimental procedu res so the variation of the resu lts decreases. 

Refi nement is  the striv ing to decrease the d iscomfort caused by the 

experimenta l method , ·e .g . the expansion of the knowledge of the b iological  

p roperties of the an imal and the 'translation' of th is knowledge into optimal 

hous ing ,  nutrition and care of the animal . 

M odel an imals are often used for ethical or practica l reasons because d i rect 

m easu rements on the an ima l  of interest may be d ifficu lt or even sometimes 

impossible to obta in (Sritha ran ,  1 998) .  The rat is  considered a su itable 

mammal ian model for nut ritional  research . lt is an a n imal  that is  easy to keep 

in a laboratory,  is standard i sed , al lows more control over the experimental 

cond itions a nd continues to gain weight for a long period after weaning .  

Ga in ing weight for a long period after weaning is usefu l in  nutritiona l  stud ies 

(Dunn  et al. , 1 94 7). The rat is also inexpensive to obta in and keep and 

d igesta sampl ing techn iques have been developed for th is an ima l .  The rat 

has a l ready been val idated as a model animal for d igestion in p igs ,  humans 

and dogs (Bodwel l  et al. , 1 980; Pel l etier et al. , 1 983; Moughan et al. , 1 984; 

Donkoh et al. , 1 994 ; S ritha ra n ,  1 998) .  
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3.5 Objective of the study 

The aim of th is study was to assess the apparent i leal d igestib i l ity of the 

Prescription Diet® Canine z/d® ULTRA Al lergen Free u sing a rat model of 

apparent i leal d igestibi l ity to determine if poor d igestib i l ity may be contri buting 

to the diarrhoea t hat has been reported with use of this d iet. 

3.6 Materials and methods 

3 . 6 . 1  An imals,  h ousing and d iet 

Eight healthy ma le  S prague Dawley rats with an in itial body weight range of 

22 1 to 232 g (mean ± SEM,  225 . 1  ± 1 .46 g) were used in th is study .  The rats 

were suppl ied by the Smal l  Animal Production Unit of M assey U n iversity, 

Palmerston North , New Zealand.  The Massey Univers ity Animal  Eth ics 

Committee approved the experimental protocol . The standard d iet of the rats 

was Diet '86 ,  wh ich was provided by the Massey Un iversity Feedmi l l , 

Pal merston North , New Zealand .  The rats were kept ind ividua l ly  in  raised 

sta in less steel cages with wire mesh floors at a temperatu re of ± 23°C.  

During the stud y  the rats were fed the Prescription Diet® Canine z/d® 

U LT RA Allergen F ree. This d iet was ground to a powder. 

3 .6.2 Study protocol 

Titanium oxide was added to the d iet as a n  indigestible marker to be a ble to 

calculate d igesta flows. This was done by weighing three grams (0 .3%) of 

titan ium oxide and mixing th is thoroughly with one kilogram of the g round 

d iet. 

The rats were fed hourly for 1 0  minutes between 8 am and 5 pm.  Fresh water 

was avai lable ad libitum. The hourly feed ing regimen was used to o btain a 

constant flow of d igesta at the terminal i leum on the day of d igesta sampl ing .  

The food intake of every rat was recorded after each mea l .  On the 1 21h d ay of 
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the experiment the rats were suffocated with carbon dioxide a nd decapitated. 

Twenty cm of the i leum immediately anterior to the i leocaecal junction was 

then dissected from the rest of the bowel (F igure 3 . 1  ) . 

Figure 3 . 1 .  D issection of i leum 

The outs ide of the d issected i leum was washed with dist i l led deion ised water 

to remove a ny blood a nd hair and then carefu l ly  b lotted us ing a n  absorbent 

paper towel (F igure 3 .2) .  The i leal contents were gently flushed out with 

d isti l led deionised water into a plastic bag, us ing a syringe (F ig u re 3.3) .  The 

samples were frozen at -20° C immed iately after col lection and subsequently 

freeze-dried.  
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Figure 3 .2. Washing of i leum 

Figure 3.3 .  Flush ing of i leal contents 
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3.6.3 Chem i c a l  analys i s  

The i leal sam p les and the d iet were subjected to a nalysis of  d ry matter, 

organic matter (crude prote in ,  fat, carbohydrates) ,  titan ium,  n itrogen and 

amino acids .  Dry matter was determined in dup l icate by d rying samples at 

1 05° C for 1 6  hours (AOAC, 1 980), wh i le ash was determined by heating the 

samples at 5 50° C for 1 6  hou rs (AOAC , 1 980). Crude p rotein was 

determined i nd i rectly by measuring the n itrogen content and mu ltip lying by a 

convers ion factor of 6 .25  (Rutherfu rd and  Moughan ,  2000). Th is  conversion 

factor is based on the assumption that al l  proteins conta in approximately 

1 6% n itrogen .  Carbohyd rates were calcu lated by d ifference. The titan ium 

contents of  d iet and i lea l  samples were determined us ing a calorimetric 

assay. The samples were ign ited at 500°C to burn off a l l  organic material . The 

rema ining m inerals were d igested to release titan ium (Short et al. , 1 996) .  Tota l 

nitrogen was d etermined us ing the Kje ldah l  method . Dup l icate crude protein 

samples (± 5 mg) were hyd rolysed i n  1 ml of 6M glass-d ist i l led HCL 

conta in ing 0 . 1 % phenol for 24 hours a t  1 1 0  ± 2°  C in  glass tu bes sealed 

u nder vacu u m .  Amino acids were determined using ion excha nged H PLC 

system (Waters , M i l l i pore ,  M i lford , MA) employing postcolumn derivatisation 

with n in hyd rin ( Hendriks et al. , 1 997) .  Prol ine was detected at 440 nm whi le 

other amino acids were detected at 570 nm. Cysteine and meth ion ine were 

determined from performic acid oxidation .  No correction was made for loss of 

amino acids d u ring hyd rolysis and the weight of amino acids were calculated 

using free a m i no acids molecular weights . 
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3.6.4 Data a n a l ysis 

The apparent i lea l  d igestibi l ity of nutrients (amino acids ,  n itrogen , d ry matter 

and organic matter) were calcu lated us ing the fol lowing equation ( un its a re 

mg/g dry matter): 

Apparent i leal n utrient d igestibi l ity = 

nutrient con centration i n  the diet - corrected nutrient concentration in  the 
d igesta 

nutrient concentration in the d iet 

N utrient concentrations in the d igesta were calcu lated us ing the fol lowing 

equation (un its a re mg/g d ry matter): 

Corrected nutrient concentration in the d igesta = 

Titanium concentrat ion i n  d iet 

nutrient con centration in the digesta x 

Titanium concentration in  d igesta 

The apparent i lea l  nutrient d igestib i l ity of the d iet in dogs can be predicted 

u sing the fol lowin g  regression equation :  

Y = 0 .32 + 0 .65 X 

W here X is  the apparent i leal d igestib i l ity coefficient in rats and Y the 

apparent i leal d igestib i l ity coefficient in dogs (Sritharan, 1 998). 

Th is regression equation originated from resu lts of research into the 

comparison of the amino acid d igestibi l ity of a commercial d ry dog food fed to 

the adult rat and dog. There was a sign ificant l i near regression between the 

a pparent amino acid d igestib i l ity in  the rat and the apparent amino acid 

d igestibi l ity in  the dog .  
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3.7 Res u lts 

Al l the rats remained healthy throughout the experiment although two 

an imals lost some weight over the 1 2  days .  The rats we ighed 225 . 1  ± 1 .46 g 

(mean ± S E M )  o n  the 1 5\ 226 .5  ± 9 . 1 9  g on the 81h and 245.4 ± 1 1 .66  g on 

the 1 ih ( last) day of the experiment. The average weight ga in of the rats was 

20 .4 ± 1 0 . 55 g ( mean ± S E M )  over the 1 2-day period and the two rats that 

lost weight lost o n  average 23.4 g ± 1 7 . 6  g (mean ± SEM). 

The food intake of the rats stabi l ised fou r  days after the start of the study. 

The average food intake was 1 1 .6 ± 0 .85 g/d (mean ± S E M )  over the whole 

1 2-day period and  after stabi l isation the food intake was 1 4 .4 ± 0 .92 g/d 

(mean ± SEM) .  

Table 3 . 1  shows the nutrient composition of the Can ine z/d® U LTRA 

Al lergen F ree d ietc. 

c Provided by nutrition laboratory of the Institute of Food, Nutrition and Human Health , 
Massey University. 
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Table 3 . 1  Nutrient composition of Canine zld® ULTRA Al lergen Free 

Ingredient Amount 

(g!kg dry matter) 

N itrogen 30.2 

Crude protein 1 88 .8  

Fat 78 

Carbohydrates 683.9 

Ash 49 .3 

Aspartic acid 1 6 .4 

Threon ine 7.9 

Serine  6.2 

Glutamic acid 2 1  

Prol ine 8 

Glycine 8.6 

Alan ine 1 0 .6 

Val ine 1 0 .8 

Isoleucine 8 .3  

Leucine 1 5 .6 

Tyrosine 5 .8 

Phenylalanine 7 .9 

H istidine 4 .5  

Lysine 1 2 . 1  

Arg in ine 9.8 

Cysteine 2 .2  

Meth ionine 5.3 
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Table 3 .2 shows the mean apparent i leal d igestib i l ity coefficients of amino 

acids ,  n itrogen ,  fat ,  carbohydrates ,  dry matter and organic matter in  the rats 

fed the Canine z/d® ULTRA Al lergen Free d iet .  The tab le a lso shows the 

pred icted apparent i leal d igestib i l ity coefficients of the nutrients in dogs ,  

calcu lated from the rat values u sing the regression equation described 

above . 

Table 3 . 2  Apparent i leal d igestibil ity coefficients in rats and dogs 

Am ino acid Rat Dog 

(% ) (%) 
measured calculated 

apparent apparent 

Aspartic acid 75 .7 8 1 .2 

Threon ine 76. 5 8 1 .7  

Serine 72 .5  79 . 1  

Glutamic acid 82 . 1  85.4 

Prol ine 78 . 7  83 . 1  

Glycine 69.5 77.2 

Alanine 84.6 87.0 

Valine 8 1 .9  85.2 

Isoleucine 82 .6 85. 7 

Leucine 84 .9 87.2 

Tyros ine 82.9 85 .9 

Phenylalan ine 8 1 .8  85 .2  

Histid ine 73 .8 79.9 

Lysine 84 . 7 87 .0 

Arginine 87 . 5  88.9 

Cysteine 44 .0  60.6 

Meth ion ine 87 .7 89.0 

Crude Protein 77 .5  82.4 

Crude Fat 92 . 5  92. 1 

CHO 89.0 89.9 

Dry matter 84 .6  87.0 

Organic matter 87.0 88.6 
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3.8  D iscuss i o n  

This assessment of apparent i lea l  d igest ibi l ity of the Can ine z/d® U LTRA 

Al lergen Free d iet u s ing the rat model demonstrated that the d igestib i l ity of 

crude  protein , cru d e  fat and carbohyd rate is 82.4%, 92 . 1 %  and 89 .9% 

respect ively. These data compare favourably with d igestib i l ity data reported 

in the l iteratu re .  R eported d igest ib i l ity data for com mercial d ry dog foods 

range from 69 .3% to 89.0% for crude prote in , 69. 1 %  to 95 .0% for crude  fat 

and 69 .4% to 88 .0% for carbohydrate (Huber et al. , 1 986; Case , 1 999 ;  

Kenda l l  et  al. , 1 982) .  Premium pet foods usual ly have sl ightly h ig her 

digestib i l ity coeffic ients than the N RC suggests (Case, 1 999) .  

The measured and calculated apparent d igestib i l ities of cysteine a re low 

compared to the d igestib i l it ies of the other amino acids in the d iet. Th is  m ig ht 

be due  to the fact that rats eat their hair ,  which is h igh  i n  cyste ine. The 

amount of endogenous cyste ine and the amou nt of cyste ine in the d iet is low. 

The amount of cyste ine in  the d igesta is h igh (due to ha i r  in  the d igesta ). Th is  

resu lts in a d isproportionately low apparent d igestibi l ity. 

Due to the l im ited a mount of d igesta col lected , there is a possib i l ity of a bias 

in resu lts due to unrepresentative sampl ing of d igesta (Darragh and 

Hodgkinson , 2000).  When the animal is fed frequently before s laug hter, 

however, the variab i l ity of data derived is no greater than that fou nd with 

cannu lated an ima ls  (Donkoh et al. , 1 994 ). 

In s ummary ,  the present data show that the apparent i leal d igestib i l ity of the 

Can ine z/d® U LT RA Al lergen F ree d iet was h igh .  l t  is therefore u n l ikely that 

poor d igestib i l ity contributes to the d iarrhoea that has been reported in  dogs 

fed this product .  
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C h a pter 4 

Osmolarity of th ree d iffere nt dog d iets 

4 . 1  I ntrod uction 

Osmosis i s  the movement of a solvent (such as water) th rough a permeable 

membrane from a solut ion that has a low concentration of solutes to a 

solution that has a h igh concentration . Osmolarity i s  defined as the osmotic 

pressure of a solution expressed in osmols or  m i l l iosmols per l itre of the 

solution (Anderson ,  1 998 ) .  

In most d iets , the main determinants of the osmolarity are electrolytes ,  

soluble m inerals ,  and s imple carbohyd rates (Mahmoud , 1 994 ) .  Because of 

their large size ,  macronutrients such as prote in ,  starch and trig lycerides do 

not contribute greatly to d ietary osmolarity. However, hyd rolysis of protein 

produces a large amount of smal l  s ize particles, such as amino acids and 

peptides, wh ich can i ncrease the osmolarity of the resu lti ng product 

(Mahmoud , 1 994 ; M i l i a ,  1 991 ; Sawatzki et al. , 1 994 ; L inb lad ,  1 978 cited in  

Boza e t  al. , 1 995; M ihatsch e t  al. , 2001  ) .  The more hyd rolysed the protein  

sou rce of  the product, the h igher the osmolarity of  the product .  

A d iet with a h igh osmolarity can resu lt in d ia rrhoea because of the large 

amounts of water that may be drawn i nto the smal l  i ntest ine.  This is cal led 

osmotic d iarrhoea . The a ppearance of osmotic d ia rrhoea is characterized by 

large volu mes of watery d iarrhoea that can be resolved by fast ing for 24 to 48 

hours (Gu i lford and Strom beck, 1 996) .  H igh osmolarity is also a st imu lus  for 

gastrointestina l  i nflammation (Madara and Trier, 1 987; Kotz et al. , 1 992 cited 

in Gu i lford , 1 996b) ,  wh ich can lead to diarrhoea.  Norris ( 1 973) showed that 

the osmotic equ i l ibri um fol lowing the appl ication of a solut ion with a h igh  

osmolarity into the sma l l  i ntest ine resu lted in  an  i ncrease in l u mina l  contents 

and a su bsequent decrease in t issue water flu id and venous outflow from the 
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segment  of the i leum u nder study. Damage to the m u cosa has been 

observed in an ima ls  fed very high osmolar (1 ,000-2,000 mosmol/kg ) d iets 

(Teichberg et a/, 1 978 cited in  B i l l eaud et a/. , 1 982). A hyperton ic solution in 

excess of 41 0 mOsm/L wh ich is  in contact with the intestin a l  mucosa for 30 

minutes or more produces mucosal damage (Kameda et al. , 1 968 ). The 

cha nges that occu rred in the vi l l i  cou ld be d i rectly attributed to the 

dehyd rating effect of the hyperosmotic solution on the epithe l i um.  

Low osmola l ity of  a nutrient solut ion decreases intra lumina l  water flow rates 

in the u pper intest ine without affecting the absorption rates of total n itrogen 

and ca rbohydrate . Therefore ,  hypo-osmolar  solutions might  lower the water 

loss in patients with extensive short bowel intestinal resection (Pfeiffer et al. , 

1 998) .  The World Health Orga n ization (WHO) advices O ra l  Rehyd ration 

Solut ion (ORS) as the standard treatment for dehyd ration caused by 

d iarrhoea.  Recently research has  been d i rected to the osmolarity of these 

ORS as  the standard WHO ORS has a reasonably h igh osmolarity of 31 1 

mmol/1 (EI-Moug i  et al. , 1 996 ). lt is suggested that hypo-osmolar ORS is 

cl in ica l ly  more effective than sta ndard ORS and may thus be advantageous 

for use  in  the treatment of ch i ld ren with persistent d iarrhoea ( E I-Mougi et a/. , 

1 996 ;  Dutta et a/. , 2000; Hahn et a/. , 200 1 ; Sarker et a/. , 2001 ) . 

4.2 Objective of the study 

The objective of this study was to compare the osmolarity of H i l l 's  

Prescription Diet Canine z/d® U LTRA Al lergen Free to a standard 

maintenance d iet a nd to a d iet formu lated for the treatment of d iarrhoea. 
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4.3 Mate rials and methods 

4. 3. 1 Diets 

The d iets chosen for th is study were Prescription D iet Can ine z/d® ULTRA 

Al lergen Freea - a d iet based on a protein hyd rolysate ; Prescription Diet 

Can ine i/d®a - a d iet formulated for the treatment of dogs with 

gastrointestina l  cond it ions but which does not conta in  a protein  hydrolysate , 

a nd Science Diet® Can ine Maintenancea - a  d iet formulated for the feed ing 

of healthy adu lt dogs.  

The proximate analyses of these d iets are compared in  Table 4 . 1 and the 

ingredients of these d iets a re l isted in  Table 4 .2 .  

Table 4 . 1 Proximate analysis of Canine zJd® U LTRA Allergen Free, Canine i/d and Can ine 

Ma intenanceb 

Canine zld Canine i/d Canine Maintenance 

ULTRA Al lergen Free 

% Dry Matter  % Dry Matter % Dry Matter 

P rotein 1 7 . 1 0  26.40 2 1 .50 

Fat 1 3 .80 1 3 .60 1 3 .00 

Carbohydrate (NFE) 6 1 .40 52 .30 60.86 

Crude Fibre 2 .90 1 .20 3 .00 

Calcium 0 .67 1 . 1 3  0 . 50 

Phosphorus 0 .51  0 .83 0 .40 

Sodium 0 .30 0 .46 

Potassium 0 .64 0.92 

Magnes ium 0 .054 0 .092 

Chloride 0 .92 1 . 1 0  

a Hil l's Pet P roducts, Topeka, Kansas. 
b Provided by Hi l l 's Pet Products , Topeka, Kansas. 
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Table 4 .2 Ingredients of Canine z/d® U LTRA Allergen Free, Canine i/d and Canine 

Maintena ncec 

D iet 

Can i ne z/d® 

U LTRA Al lergen F ree 

Ca n ine i/d® 

Can ine Maintenance 

I n g red ients 

Starch, Hydrolysed C hicken Liver, Vegetable Oi l ,  

Powdered Cellulose, Hydrolysed Chicken, 

Dicalciu m  Phosphate , Calcium Carbonate , 

Glyceryl Monostearate, Potassium Chloride, Salt, 

Choline Chloride, D L-Methionine, Taurine, 

Ferrous Sulfate, Zinc Oxide, Copper Sulfate, 

Manganous Oxide, Calcium Iodate, Sodium 

Selenite, Vitamin A S u pplement, D-Activated 

Animal Sterol ,  Vitamin E S upplement, Antioxidant, 

Niacin,  Thiamine, C a lcium Pa ntothenate, 

Pyridoxine Hydrochloride ,  Riboflavin ,  Fol ic Acid, 

Biotin ,  Vitamin B 1 2  Supplement 

Ground Corn, Brewers Rice, Dried Egg P roduct, 

Poultry By-Product Meal ,  Corn Gl uten Meal, 

Animal Fat, Soy Fi bre, Dicalcium Phosphate, 

Natural  Flavour, Iodised Salt, Chol ine Chloride , 

Potassium Citrate, Potassium Chloride, Calcium 

Carbonate, Vegetable Oil,  Tauri n e ,  Antioxidant, 

Ferrous Su lfate, Zinc Oxide, Copper S ulfate, 

Manganous Oxide , Calcium Iodate , Sodium 

Selenite, Vitamin A S u pplement, D-Activated 

Animal Sterol ,  Vitamin E Su pplement, Niacin ,  

Thiamine,  Calcium P antothenate , Pyridoxine 

Hydrochloride, Riboflavin ,  Folic Acid, Biotin , 

Vitamin B 1 2  Supplement 

Ground Corn, Poultry By-Product Meal , Soybean 

Mea l ,  Animal Fat (Preserved with BHA, Propyl 

Gallate and Citric Acid),  Natural  Flavou r, 

Vegetable Oi l ,  Dried Egg Product, F laxseed, 

Iodised Salt, Chol ine , Chloride, Calcium 

Carbonate, Ferrous S ulfate, Zinc Oxid e ,  Copper 

Sulfate, Manganous Oxide, Calcium Iodate, 

Sodi u m  Selenite, Vitam i n  A S upplement,  D

Activated Animal Sterol ,  Vitamin E Supplement, 

Niacin,  Thiamine, preserved with BHT and BHA, 

Calcium Pantothenate , Pyridoxine Hydroch loride , 

Riboflavin, Folic Acid ,  Biotin ,  Vitamin B 1 2  

Supplement 

c Provided by Hi l l 's Pet Products, Topeka, Kansas. 
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4.3.2 Study protocol  

The d iets were g ro u n d  in a grinderd unti l  a powdery state was reached . Th ree 

1 0-gram samples of each of the g round d iets were then placed in  beakers 

and 40 ml ,  80 ml  o r  1 60 ml  of d isti l led water was added to yield three weig ht

by-vol ume concentrations of 1 :4 ,  1 :8 and 1 : 1 6 . The solution was sti rred for 1 0  

minutes using a magnetic sti rrer. The solut ion was then centrifugede for 1 0 

minutes on 2 ,900 rotations per minute ( 1  ,700 xg) .  Two ml  of the solut ion was 

pipetted in to an osmometer1. The osmolarity was determined by the freezi ng

point depression m ethod . The protocol was repeated to get a d u pl icate 

sample .  

4.3 .3  Data analys i s  

The SAS system9 was used for the  statistical analysis of the  resu lts . 

The osmolarities of the Prescription Diet Can ine z/d® ULTRA Al lergen F ree, 

Prescription Diet C a n ine i/d® and Science D iet® Canine Ma intenance d iets 

were analysed us ing  the M IXED proced ure of SAS with a l inear model that 

included the effect of d iet and concentration . 

Expected osmolarity values outs ide of the concentrations stud ied for each of 

the d iets were pred icted us ing a l i near regress ion model . The estimates of 

the i ntercept and the  slope for each d iet were u sed to pred ict the osmolari t ies 

at 1 : 1 and 1 :2  concentrations. The l i near mode ls  were: 

y = 233 .5 - 1 1 .6 x for d iet Canine i/d® 

y = 1 69 .0 - 8 . 4  x for d iet Canine Ma intenance 

y = 392 . 0 - 1 8 .9  x for d iet Canine z/d® U LTRA Al lergen Free 

where y is the pred icted osmolarity at concentration x .  

d Brevi l le, Model CG-2 . 
e I nternational Equipment Company, I EC Centra GP  8R,  Needham Heights, USA. 
1 Advanced Instruments Inc., Model 302, Massachussetts . 
9 SAS Institute Inc. , Release 8.02, Cary, NC, USA. 

6 1  



4.4 Res u lts 

Table 4 . 3  shows the least square means of the osmola rities of the three 

d ifferent d iets. The osmolarity of the Canine z/d® ULTRA Al lergen Free d iet 

was s ign ificantly d ifferent from the osmolarit ies of the Can ine i/d® and 

Canine Ma intenance d i ets at  respectively p=0.0463 and p=0 . 0 1 65.  The 

osmolarity of the Can ine i/d® d iet and the o smola rity of the Can ine 

Maintenance d iet were not s ign ificantly different fro m each other at  p=0 .3240 . 

Table 4 .3  Least square means of the osmolarities of three dog diets 

Diet LS means 

Can ine z/d® ULTRA Al lergen Free 2 1 1 . 752 

Canine i/d® 1 25.67° 

Canine Ma intenance 9 1 .75° 

Table 4 . 4  shows the least square means of the osmolarities of the three 

different concentrations .  The osmolarity of the 1 :4 concentration was 

sign ificantly d ifferent fro m  the osmolarities of the 1 : 8  and 1 : 1 6  concentrat ions 

at p=0.0204 and p=0 .0049 ,  respectively. The osmolarity of the 1 :8 

concentration was not s ign ificantly d ifferent from the osmolarity of the 1 : 1 6  

concentration at p=0 . 1 307 .  

Table 4 .4  Least square means  of the osmolarities of  three weighUvolume concentrations 

Concentration LS means 

1 :4 237.082 

1 :8 1 24 .67° 

1 : 1 6  67 .42° 
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The mean osmolarity in mi l l iosmoles (mOsm) of the th ree d ifferent dog d iets 

a re d isplayed in F igure 4 . 1 .  

Osmolarity of three dog diets 
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Figure 4.1 Mean osmolarity of three dog diets 
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E xtrapolation of these data is  shown in F igure 4 .2 .  The data poi nts shown in 

F igure 4.2 a re exactly the same as those shown in  F igure 4 . 1 .  The l ine 

shown is the extrapolated l ine derived from those data points . 
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Extrapolation of Data 

450 ------------------ , 

400 -

350 -- -

....J 300 
-

E 250 -

1/) 
0 200 -

E 1 50 

1 00 

50 

0 

0 

�·-- -

0. 1 

I 

I 
i 

- - - - - _j - -- --- - - 1  
I 
I 

·- --- - -- -- --- _J 
- ·- --- - - - - - I 

0 . 2  

D i l ution 

I -- - - I 

0. 3 

Figure 4 .2  Extrapolation of osmolarity data 

4.5 Discuss ion 

-- Extrapolated Z/0 
values 
Extrapolated 1/D 
values 
Extrapolated 
Maintenance values 

+ Observed Z/0 values . 

I 
Observed 1 /D va lues I 

Observed 
Maintenance values 

No p reviously pub l ished techn iques on measuring d ieta ry osmolarity were 

fou n d  in the l ite ratu re . Therefore the study rel ied on a de n o vo protocol . 

At every weight/volume concentration of the d iet solut ion measured , the 

osmolarity of Can ine z/d® U LT RA Al lergen Free d iet was approximately 2-

fold  h igher than the other two d iets to which i t  was compared . Accord ing to 

B i l leaud et al. ( 1 982) there is  a sign ificant positive l inear corre lation between 

the osmolarity of the d iet and the osmolarity in the stomach and d uodenum.  

When the osmolarity of the d igesta is sti l l  h igh  when it reaches the  end of  the 

sma l l  intest ine, it wil l  reta in water in  the tract which can cause osmotic 

d iarrhoea . B i l leaud et al. ( 1 982) conclude that d iets high in osmolarity m ight 

be d angerous for low b i rth weight infants and should be avoided if possib le .  

The resu lts of th is study show that the osmolarity of the C anine z/d® U LTRA 

Al lergen Free d iet is h igher than the osmolarities of the other two d iets at 

i ngestion , but d o  not a l low us to conclude this d ifference between the d iets 

wou ld  persist at the end of the smal l  intest ine.  I n  fact, the resu lts of the work 
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i n  cha pter three showed the Can ine z/d® ULTRA Al lergen F ree d iet has a 

h igh apparent i leal d igestib i l ity which impl ies that the osmotic effect of Canine 

z/d® U LTRA Al lergen Free is un l ike ly to persist i nto the la rge intestine. 

lt is poss ib le that the osmolarity of the Canine z/d® ULT RA Al lergen F ree 

d iet was sufficiently h igh to d i rectly damage the mucosa.  To  the author's 

knowledge this effect has only yet been reported at osmolarit ies h igher than 

4 1 0 mOsm/L (Kameda et al. , 1 968 ;  Norris ,  1 973) .  The h ighest osmolarity 

d i rectly m easured i n  this study was 350 mOsm in the Can ine z/d® U LTRA 

Al lergen F ree d iet at a weighUvolume of 1 :4 .  W hen the data was extrapolated 

into a weighUvolume of 1 : 1  the osmolarity of Canine z/d® U LTRA -Al lergen 

Free was pred icted to be approximately 679 mOsm/L. Although this 

osmolarity is h igher  than the 4 1 0 mOsm/L at which damage has been 

reported it is uncerta in whether it is sufficiently high to cau se damage. l t  is 

also possible the d i lution of the hyd rolysate by admixture with the 

gastro intestinal ju ices is sufficiently rapid that any exposu re of the gastric or 

intestina l  mucosa to h igh osmolarity wou ld be transient. However, B i l leaud et 

al. ( 1 982)  concluded that the osmola l ity of the two most hypertonic d iets used 

in the i r  study (about 600 mOsm/kg) remained h igh throughout the test (4 70 

+/- 73 m Osm/kg at 45 min and 345 +/- 55 mOsm/kg at 1 80 m i n ) . This means 

there was a s ign ificant positive l i near correlation between the osmolal ity of 

the d iet and the osmola l ity in the stomach and duodenu m at each t ime of 

samp l ing but the s lope of the reg ression l ines decreased progressively du ring 

the three hours after feed ing.  

Althoug h  one needs to be very carefu l d rawing con clusions when 

extrapolat ing data , B i l leaud's d ata and the data from the present study 

suggest that the hydrolysate d iet was sufficiently hyperosmola r  to be capable 

of damaging the mucosa . 
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C h apter 5 

U se of the b reath hyd rogen test to i nvest igate if 

feed i n g  C a n i n e  z/d® U LTRA Al l erg e n  Free is 

associ ated with carbohyd rate m a l a bsorpt ion,  s ma l l  

i ntesti nal  bacteria l  overg rowth a n d/or a b n o rmal 

o rocol ic trans it  t i m es 

5.1  I ntroduction 

Hyd rogen gas ( H2) ,  a by-product of microbial fermentation ,  can be measu red 

in expired a i r  and used as an ind i rect test for carbohyd rate malabsorption ,  

sma l l  intestinal bacterial overg rowth (S IBO) and/or  abnormal orocol ic trans it 

t imes. Bacteria are u su a l ly found in  high numbers in  the colon and rectum .  

Colonic bacteria rapid ly metabol ise fermentab le substrates that reach the 

large bowel and a p ro portion of the H2 produ ced d iffuses into the porta l 

circu lation and is subsequently excreted in  the breath .  The simple and 

non invasive nature of the breath H2 test and i ts ease of app l ication to an imals 

makes determination of breath H2 concentration a suitable d iag nostic test for 

smal l  an imal  cl in ical practice (B issett et al. , 1 998 ) . 

Colonic flora prod uce H 2  wh i le metabol ising carbohyd rate . Ma labsorption of 

carbohyd rates can occur  because of events i n  the l umen of the intest ine 

wh ich i nterfere with normal d igestive and absorptive processes (Rosenberg 

et al. , 1 977) .  The two major causes of mald igestion are exocrine pancreatic 

insuffic iency (EP I )  and  smal l  intest ina l  d isease (S I D) (Wi l l iams and Gu i lford , 

1 996) .  The balance between the capacity of the colon to d ispose of the 

carbohydrate by bacteria l fermentation and the osmotic d raw of the 

carbohydrate is probab ly the factor that determines whether carbohyd rate 

malabsorption causes d iarrhoea (Ciausen , 1 998) .  
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T h e  breath H2 test rel ies on the fact that mammal ian ce l ls  do not normal ly 

p roduce H2 and  therefore i ts presence in the breath ind icates breakdown of 

carbohyd rate in  the intest ine by bacteria . Because comparatively few 

bacteria l ive in  the healthy smal l  intest ine,  breath H2 excretion does not 

u su al ly occu r to any great extent unt i l  malabsorbed ca rbohyd rate begins to 

enter the colo n ,  approximately 4-6 hou rs after the carbohyd rate-conta in ing 

food was ingested . Some of the H2 wil l  be absorbed i nto the blood and 

subsequently excreted by the lungs.  Thus,  after ingestion of a carbohyd rate , 

a rise in breath H2 ind icates del ivery of carbohyd rate to the colonic flora ( i .e . ,  

ma labsorption ) , whereas n o  rise i n  breath H 2  ind icates that the colonic 

bacteria d id not gain access to carbohyd rates ( i . e . ,  a bsorpt ion) .  F. l i near 

re lationsh ip exists between the amount of carbohyd rate malabsorbed and the 

a mount of breath H2 excreted (Bond and Levitt , 1 972 ;  Fritz et al . .  1 985 ;  

W ashabau et a l  . .  1 986a). 

The breath H2  test has repeatedly been demonstrated to be an accurate 

i nd i rect method of assessment of carbohydrate malabsorption and it has 

been widely app l ied in  studying d igestion of the entire spectrum of d ietary 

carbohyd rate (Perman ,  1 99 1 ; Mu i r et a/. , 1 99 1 ) .  

Smal l  intest ina l  bacterial overgrowth (S I BO)  is defined as  an increase in  the 

nu mber of m icroorganisms in  the lumen of the upper smal l  intestine ,  in  

association with cl in ical s igns of chronic d iarrhoea and/or a ma labsorption 

syndrome (Wi l l iams,  1 996) .  S I BO is considered a s ign ifica nt cause of 

gastrointestina l  signs in  dogs (Wi l l iams,  1 996;  Rutgers et al. . 1 996) .  

D ifferences in  d iet, environ ment, age and breed of the an imal ,  cu lture 

technique,  and country of o rig in  a l l  contribute to the variation in numbers and 

types of bacteria in the sma l l  intestine (Johnston ,  1 999) .  Diet ,  i n  particu la r, 

has been pro posed as a factor that can s ign ificantly infl uence the i ntestinal 

flo ra (Heine, 1 996;  Maciorowski ,  1 997)  of dogs (Joh nston ,  1 999) .  

In dogs with S I BO ,  the breath H2 concentration rises ear ly after feeding 

because the carbohyd rate in  the d iet comes into contact with la rge numbers 

of bacteria in  the smal l  intestine that can ferment it far sooner after ingestion 
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than u s u al (Wi l l iams and Gu i lford , 1 996). Thus ,  early rises of breath H2 

provide  a method to diagnose s mal l  intest ina l  bacterial overgrowth.  The 

breath H2 test is  v iewed by some as the preferred method for test ing for 

S I BO ( M u i r et al. ,  1 99 1 ; Stotzer and  Ki lander, 1 999 ). 

Anothe r  potential cau se of d ia rrhoea after a meal is  overly rapid trans it 

through the smal l  intestine. Decreased smal l  intestinal tra nsit times can be 

due to rapid gastric emptying .  The  shortened t ime of exposure of l umina l  

contents to smal l  bowel mucosa results i n  malabsorption and hence 

d iarrhoea (Bond and Levitt, 1 977 ) . The rapid passage of food through the 

intest ines also contributes to poor digestib i l ity, high stool volume "tfnd gas 

prod uct ion (Case et al. , 2000a) .  

The breath H2 test has also been used for assessment of smal l  intest ina l  

trans it t imes (Muir  et al. , 1 99 1  ) . The time between feeding a nd fi rst rise of 

breath h ydrogen concentration is a measu re of the time it ta kes for food to 

pass th rough the stomach and intestine to the colon - i . e .  "orocol ic transit 

t ime" . The fidel ity of this assessment can be u pset if the smal l  intestine 

(wh ich u sua l ly has only smal l  n u mbers of bacteria) becomes overgrown with 

large q u antities of bacteria .  

5.2 O bjective of the study 

The objective of the study was to assess if the Canine z/d® U LTRA Al lergen 

F ree d iet causes ca rbohydrate malabsorptio n ,  smal l  i ntestinal bacterial 

overgrowth and/or abnormal orocol ic transit t imes by measu ring the breath 

H2 concentration in dogs after feed ing the d iet. 
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5.3 Materials and methods 

5.3 . 1  An imals a n d  diet 

Ten hea lthy adu lt Labrador retriever-cross d ogs (5 female ,  5 male) with a 

body weight range of 26.5 to 34 .6 kg were used in th is  study. The An imal 

Hea lth Service Centre of Massey Un iversity su ppl ied the dogs .  The Massey 

Un ivers ity Animal  Eth ics Committee approved the experimental protocol .  

The dogs' standard d iet was Advance Ped igree C h ickena , an AAFCOb 

com plete and ba lanced dry d iet. The proximate analys is and ingredtents of 

Adva nce Ped igree Ch icken are l isted in  table 5 . 1  and 5 .2  respectively. The 

dogs were fed th is  d iet at their maintenance energy requ irement ( M E R) when 

they were not undergoing a breath hyd rogen  study. The test d iets were 

Can ine z/d® ULT RA Allergen Freec and Can ine ild®d . The amount of test 

d iet fed prior to each breath hyd rogen study was 50% of the dogs' M E R .  lt 

was decided to restrict the test meal to 50% of the dogs'  da i ly energy needs 

to he lp  ensu re the dogs ate the entire meal promptly, yet ensure sufficient 

d ietary carbohyd rate was ingested to chal lenge the dogs d igestive and 

a bsorptive processes. 

Table 5 . 1  Proximate analysis of  Advance Ped igree Ch icken 

% 

Protein (not less than) 24.0 

Fat (not less than) 1 4 .0 

Crude F ibre (not more than) 5 .0 

Moisture (not more than ) 1 0 .0 

Ash ( not more than) 1 0 .5 

Salt (as NaCL) (not more than ) 2 . 5  

Calc ium (not less than)  1 .2 

Phosphorus (not less than) 1 .2 

a Waltham . 
b Association of American Feed Control Officials .  
c Hi l ls  Pet Products, Topeka Kansas. 
d Hi l ls Pet Products , Topeka Kansas . 
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Table 5.2 Ingredients of Advance Pedigree Chicken 

Diet 

Advance Pedigree Ch icken 

5.3.2 Study protocol 

Ingredie nts 

Chicken a n d  chicken by-products, rice, corn , 

sorghum,  chicken digest, chicken tallow, 

vegetable fi bre ,  vegetable oi l ,  vegetable protein  

concentrate , poultry and poultry by-produ cts,  

iodised salt ,  potassium chloride ,  di-calcium 

phosphate, taurine, vitamin E ,  z inc sulphate, 

choline chlori d e ,  antioxidants, vitamin C ,  lucerne 

meal ,  marigold mea l ,  tomato powder, ferrous 

sulphate ( i ro n ) ,  copper sulphate, vitamin A ,  

calcium pantothenate, s o d i u m  selenite, vita min 

82, vitamin 8 1 2 , potassium iodide, vitamin 8 1 , 

niacin, vitamin 03, vitamin 86,  fol ic acia 

Al lotment of test d iet (Ca nine z/d® ULTRA Al lergen Free or Can ine ild®) to 

each dog was done at random (5 dogs were first fed z/d then i/d and 5 dogs 

were fi rst fed i/d then z/d ) .  The dogs were fasted for 24 hours p rior to feed ing 

of the test d iet to redu ce the effect of past meals on base l ine breath H2 

resu lts (see Figure 5 . 1  for complete outl ine of the study) . Th l""\ tvv'o test d iets 
were fed for a maximum of 30 minutes after basel ine breath H2 sampl ing 

(T0). The d iets were fed to the dogs in a crossover repeated measu re fashion 

because of the cons idera ble intra- and inter-ind ivid ua l  variation with the test 

(Lud low, 1 996 cited i n  Johnston ,  1 999) .  Accord ing to B isset et al. ( 1 998) 

there is no need for an  a daptation period to the test d iets . 
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Figure 5 . 1  Outl ine of study 

5.3.3 Breath collection 

The breath col lection  method used was that described by Washabau et al. 

( 1 986b) .  B riefly a close-fitting anaesthetic facemask was p laced over the 

muzzle of the dog (F ig u re 5 .2) .  The anaesthetic mask was connected to an  

a naesthetic reservoi r  bag  via a non-rebreathing va lve. To  min imize dead 

space in  the col lection a pparatus ,  the dogs were a l lowed to breathe through 

the system and fi i i  the a n aesthetic reservoi r  bag once without taking a b reath 

sample. When the anaesthetic reservoir bag was fi l led it was removed , 

emptied and reattached wh i le the dog continued to breathe through the 

facemask a nd non-rebreathing va lve. After refi l l i ng the anaesthetic reservoir 

bag, an expired air sample was extracted from the base of the bag into a 2 0  

ml  syringe v i a  a three-way stop valve . P lastic syringes with a rubber stopper 

were used as  they rep resent practica l vessels for storage of breath-test 

samples (Rosado and Solomons, 1 983) .  

73 



Figure 5.2 Anaesthetic facemask over muzzle of dog 

Dupl icate samples were obtai ned in  order to detect samp l ing errors and to 

min im ize the effect of large moment-to-moment variation s  i n  breath H2. The 

dogs were carefu l ly hand led a n d  exercised to min imise excitement d u ring 

breath col lections .  

The samples were a nalysed with i n  two hours of col lection over wh ich period 

there is  no significant loss of H2 concentration  (Perman et al. , 1 978 cited in 

Rosado and Solomons, 1 983) .  An e lectrochem ica l cel le cal ibrated with a 

standard gas mixture was used for the ana lysis  of H2 concentration (ppm) in 

the b reath samples.  This meter has an  accuracy of ± 1 ppm for the range of 

hydrogen concentrations measured in  the tria l  (Mu i r  et al. , 1 99 1 ) . 

e GMI Exhaled Hydrogen Monitor, GMI  Med ical Ltd , Renfrew, Scot land. 
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5.3.4 G rad i n g  of fae ces 

Each dog 's  faeces were subjectively g raded for consisten cy using a 

standard ized grad ing chart. The grad i ng began on Day 4 of the trial and was 

performed every t ime the dogs defaecated . A score of 1 to 5 was used , with 

1 being a very watery stool and 5 representing a very fi rm stool .  

5.3.5 Data analys is 

The breath H2 levels of the Canine z/d® ULTRA Al lergen F ree d iet were 

compared to the breath H2 levels of the Canine ild® d iet. H2 measurements 

were ana lysed using the M IXED procedu re in the SAS system .  The model 

included the fixed effects of d iet, t ime, the interaction of d iet and t ime and the 

random effects of b locks of periods and dog nested with in  each d iet. The 

res idual  covariance structure for repeated measures over time with in dogs 

was assumed equa l  for al l  dogs. Least squares means and their  standard 

errors were obta ined for each combination of d iet and time.  The mean total 

area under  the breath H2 curves (AU C101) were calcu lated for both the Canine 

z/d® ULTRA Al lergen Free and Can ine i/d® d iet. The mean of the maximum 

breath H2 concentrations (peak breath H2) and the t i  e at wh ich th i  

maximum b reath H2 concentration occu rred (time of peak breath H2) were 

also determ ined for each diet. 

The faecal g rades of the dogs fed the Canine z/d® ULTRA Al lergen Free d iet 

were compared to the faecal grades of the dogs fed the Can ine i/d® d iet. 

This comparison was made us ing a paired T-test. The SASr system was 

used for the statistical analysis of the faecal grade measurements .  

1 Release 8 .02 ,  2001 , SAS Institute Inc . ,  Cary, NC, USA. 
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5.4 Res u lts 

Al l  the an imals remained healthy throughout the tria l .  The dogs consumed a l l  

their food read i ly .  

The breath H2  concentration of the Canine z/d® ULTRA Al lergen F ree and 

Can ine i/d® d iets were not s ign ificantly d ifferent from each other. B reath H2 

concentrations were sign ificantly affected by time (p<0.0 1  ) .  The interaction of 

d iet and t ime overa l l  is not s ign ificant. Th is  interaction is on ly s ign ificantly 

d ifferent at T5 (p<0 .01  ) . The breath H2 concentrations of the Canine i/d® d iet 

were s ign ificant ly different (p<0 .0 1 ) from the basel ine breath H2 

concentration at T5 and T6. The breath H2  concentrations of the Can ine z/d® 

U LTRA Al lergen Free d iet were not sign ificantly d ifferent from the basel ine 

breath H2 concentration .  

The mean ±SEM breath H 2  concentrations o f  ten dogs over eight hou rs after 

the ingestion of the Canine z/d® ULTRA Al lergen F ree (z/d ) and Can ine i/d® 

( ild ) d iet are presented in F igure 5 .3 .  
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Figure 5.3 Mean ± SEM breath H2 concentrations in 1 0  dogs after the ingestion of the 

Canine z/d® ULTRA Allergen Free and Canine i/d® diet 
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The mean ±SD areas under the breath H2 curves (AUC ), peak breath H2  

concentrations, and t imes of  peak breath H2  concentrations for the Canine 

z/d® U LTRA Allergen F ree and Can ine ild® d iet a re d isp layed in  Table 5 .3 .  

The a rea u nder the b reath H2  curve, the peak breath H2 concentration ,  and  

the t ime of peak breath H2  were not s ignificantly d ifferent between the Canine 

z/d® U LT RA Allergen F ree and Canine i/d® d iet. 

Table 5 .3 Mean ±SD breath H2 data after ingestion of the z/d or i/d diet 

AUC Peak breath H2 Time of peak breath H2 

(ppm) (hours) 
lztd 20 .932 1 +/- 1 .8 1 1 7* 3 .290 1 +/- 0 .21 95* 4.7 +/- 0 .6839* 

i/d 1 9 .9679 +/- 1 .8 1 1 7* 3 . 1 099 +/- 0.2 1 95* 4 . 7  +/- 0.6839* - -
. .  

* not S lgn 1f1cantly d ifferent 

There was considera ble variation in the breath H2 concentrations between 

ind ividua l  dogs fed the test d iet. This variation d id not have the same pattern 

for every dog. When a dogs breath conta ins a h igher H2 with one d iet at a 

g iven t ime,  this doesn 't necessari ly mean that the dogs breath conta ins a 

h igher H2  at the sa me t ime with the other d iet. 

The mean ±SEM faecal  grades of the Canine z/d® ULTRA Al lergen Free and 

Can ine i/d® diets were respectively 2 .8 ± 0 .25  and 4 ± 0 .00 .  The faecal 

grades of the Canine z/d® ULTRA Al lergen Free and Canine i/d® d iets were 

sign ificantly d ifferent (p<0 .0 1 ) with Canine z/d® U LTRA Al lergen Free having 

a sign ificantly lower faecal grade. 

77 



5 . 5  Discuss ion 

There was no d ifference between the mean breath H2 concentrations of the 

dogs when fed the two test d iets . These data a lso sup port that it is un l ikely 

carbohyd rate malabsorpt ion expla ins the d ifference i n  faecal consistency 

between Can ine z/d® ULT RA Al lergen F ree and Canine ild®. 

Although the breath H2 concentrations in this study d id not vary s ign ificantly 

between the two d iets tested , they were observed to vary between dogs. 

La rge ind ividua l  variab i l ity i n  breath H2 excretion after the i ngestion of a test 

su bstrate has been reported in hea lthy dogs (Lud low et al. , 1 994 ), --and is a 

wel l -recogn ized phenomenon in  people (Bond and Levitt , 1 972) .  

In th is study a l l  the dogs produced very l ittle H2 on both test d iets . These low 

breath H2 concentrations ca n be explained by the near complete d igestion 

and  absorption of the carbohyd rates in both d iets. W hen nearly all the 

ca rbohyd rates in the d iet are d igested and absorbed there are no 

ca rbohyd rates left for the colon ic flora to produ ce H2 whi le metabol is ing the 

carbohyd rates . Perman ( 1 99 1 ) showed low H2 concentrations fluctuating 

a ro u nd 1 0  pp m for healthy human patients fed a h ighly a bsorbable 

carbohyd rate ( rice starch)  and Washabau et al. ( 1 986a ) showed H2 

concentrations fluctuating a round 3 ppm and not exceed ing 5 ppm in dogs 

fed xylose. 

The resu lts from this study agree with resu lts fou nd in  Chapter 3 of th is 

thesis .  The resu lts of that chapter show that the apparent i leal  d igestib i l ity of 

the Canine z/d® ULTRA Al lergen Free d iet is h igh .  

The orocol ic  transit t ime of  the Can ine i/d® d iet - ie the t ime at  which the 

b reath H2 concentration beg ins to increase - was approximately 5 hours 

wh ich is norma l .  The resu lts of the Canine z/d® U LTRA Al lergen F ree d iet do 

not g ive such a clear message. There was no s ign ificant  d ifference between 

basel ine breath H2 and any of the 8 time points . However, a recent paper by 

Ramirez et al. , (2003) conclu ded from a prel iminary study that the osmolal ity 
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of the food does not change the gastric emptying in i nfants after feeding a 

h igher  osmolal ity food compared to a control food . 

The lack of an  early rise in breath H2 excretion with the Can ine z/d® U LTRA 

Al lergen  Free d iet does not provide su pport for sma l l  intestina l  bacterial 

overgrowth or rapid orocol ic trans it time . 

The faecal consistency of the two test d iets were sign ificant ly d ifferent from 

each other with the Canine z/d® U LTRA Al lergen Free d iet showing a more 

watery stool than the Canine i/d® d iet . This is compatib le with the h igher than 

accepta ble nu mber of ·reports of d ia rrhoea H i l l ' s  Pet Nutrit ion receivea about 

the Can ine z/d® U LT RA Al lergen F ree d iet. 

I n  conc lus ion , the resu lts of th is study suggest that the d iarrhoea associated 

with Can ine z/d® U LTRA Al lergen Free d iet is not due  to carbohyd rate 

malabsorption , smal l  intestina l  bacterial overgrowth or abnormal orocol ic 

transit t ime. Nevertheless, the poor stool qual ity associated with the 

hyd rolysate d iet was readi ly observable but as yet remains u n expla ined . 
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Chapter 6 

Conclus ion 

Protein hyd rolysates have come a long way in  the food industry. Wh ile they 

were first used in hypoal lergenic formulae for infants , they a re now a lso used 

i n  d iets for a n imals that a re a l lerg ic to proteins. The orig ina l  formu lation of the 

H i l l 's Prescription Diet Ca n ine z/d® ULTRA Al lergen Free dog d iet was 

associated with a higher than acceptable number or reports of d iarr1toea . I n  

th is research report, three possible causes of th is d iarrhoea have been 

studied . 

The first study was the assessment of apparent i lea l  d igestib i l ity of the 

Canine z/d® U LTRA Al lergen Free d iet us ing a rat model to determine if low 

d igestib i l ity may be contributing to the d ia rrhoea.  Th is study showed that the 

d igest ib i l ity of Canine z/d® ULTRA Al lergen was h igh and it is therefore 

u n l i kely that poor d igest ib i l ity contributes to the d iarrhoea that has been 

re ported in d og s  fed tl1 is prod uct .  

The second study compared the osmolarity of Can ine z/d® U LTRA Al lergen 

F ree to P rescription D iet Canine i/d® and Science Diet® Canine 

Ma intenance . This study showed that the osmolarity of Canine z/d® ULTRA 

Al lergen Free was approxim ately twice that of the osmolarities of Prescription 

D iet Canine i/d® and Science Diet® Canine Maintenance . Th is d ifference 

was statistical ly sign ificant (p<0.05) and the data from th is study suggest that 

the hyd rolysate d iet was sufficiently hyperosmolar to be capable of damaging 

the mucosa . However, i t  could not be concl uded that this d ifference between 

the d iets wou ld  persist throughout the entire length of the smal l  i ntest ine or 

that the d iarrhoea associated with th is d iet was due to hyperosmolarity. 
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The last study assessed if the Can ine z/d® U LTRA Al lergen Free d iet caused 

carbohydrate malabsorption ,  smal l  intest inal  bacteria l  overg rowth and/or 

abnormal oroco l ic  t ransit t imes by measu ring the breath H2 concentration in 

dogs after feed ing  the d iet. The faecal consistency of the two test d iets were 

sign ificantly d ifferent from each other with the Canine z/d® ULTRA Al lergen 

Free d iet showing a more watery stool than the Canine i/d® d iet. There was 

no d ifference between the mean breath H2 concentrations of the dogs when 

fed the  two test d iets. These data a lso support that it is un l i kely carbohydrate 

malabsorption explains the d ifference in faeca l consistency between Can ine 

z/d® U LTRA Al le rgen Free and Canine i/d®. The look of an early r ise in 

breath H2 excretion with the Can ine z/d® ULTRA Al lergen F ree d iet tiDes not 

provide support for smal l  intest inal  bacteria l  overgrowth or rapid orocolic 

trans it time. Therefore it can be concluded that carbohyd rate malabsorption , 

sma l l  i ntestinal bacterial overgrowth and rapid orocol ic transit do not cause 

the d ia rrhoea in  dogs fed the Can ine z/d® U LTRA Al lergen Free d iet. The 

resu lts from this study agree with resu lts found in  chapter 3 of this thesis .  The 

resu lts of that chapter show that the apparent i lea l  d igestib i l ity of the Can ine 

z/d® U LTRA Al lergen Free d iet is  h igh .  

i n  conclus ion ,  the resu lts of  the stud ies i n  th is thesis have demonstrated that 

poor d ietary d igestib i l ity, carbohydrate malabsorption ,  smal l  intest inal 

bacterial  overgrowth and abnormal orocol ic transit t imes do not contribute to 

the occu rrence of d iarrhoea with this diet. 

Fu rther research into the osmolarity of Canine z/d® U LT RA Al lergen Free 

during  the whole process of ingestion through t i l l  defaecation is  needed . lt 

wou ld  a lso be val uable to determine if the d iet produces a ny d i rect mucosal 

damage,  by way of its rel atively high osmolarity, or conta ins any 

secretagogues that may be causing excess ive secretion of electro lytes and 

water. Lastly, the effect of the inclusion of a fermentab le  fibre on stool 

con sistency, either through beneficial influence or colon ic function or faecal 

water b inding capacity should be investigated . 
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Appe n d ix 1 

M i n i m u m  and maxi m u m  n utrient levels  of infa nt form u lae 
( N ational Research Counci l ,  1 989) 

FDA 1 97 1  1 976 Recommendations 

Regulations 
Nutrient Min imum Minimum Maximum 

Protein (g) 1 .8 1 .8 4 .5 
Fat 

(g) 1 .7 3 .3 6.0 

(% cal) 1 5 .0 30.0 54 .0 
Essential fatty acids (linoleate) 

(% cal ) 2 .0 3.0 

(m g)  222 .0 300.0 
Vitamins 

A ( IU )  250 .0 250.0 750.0 
D ( IU )  40.0 40.0 1 00 .0 
K (ug) 4.0 

E ( IU )  0 .3 0.3 (with 0.7 I U/g 

l inoleic acid) 

C (ascorbic acid) (mg) 7 .8  8 .0 

B (th iamine) (ug)  25 .0 40.0 
82 (riboflavin) (ug) 60.0 60.0 

86 (pyridoxine) (ug) 35.0 35.0 (with 15 ug/g of 

protein in formula)  

B 1 2 (ug) 0 . 1 5 0 . 1 5  
N i acin 

(ug) 250.0 
(ug equiv) 800 .0 

Folic acid (ug)  4 .0 4.0 
Pantothenic acid (ug) 300 .0 300.0 

Biotin (ug)  1 . 5 
Choline (mg) 7 .0 

Inositol (mg)  4.0 
Minerals 

Calcium (mg) 50.0 40.0 

Phosphorus (mg) 25.0 25.0 

Magnesium (mg) 6 .0  6 .0  

I ron (mg) 1 .0 0 . 1 5  

Iodine (ug)  5 .0  5 .0  

Z inc (mg) 0.5 

Copper (ug) 60.0 60.0 

Manganese (ug) 5.0 

Sod ium (mg) 20.0 60.0 
Potass ium (mg) 80.0 200.0 

Chloride (mg) 55.0 1 50 .0 
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