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ABSTRACT

The main objective of this study was to provide infonnation for the detennination of
the protein and amino acid requirements of the adult domestic cat by the factorial
method. Data are presented on four factors for a factorial model: ( 1 ) the endogenous
amino acids excreted in the faeces, (2) the amino acids which are required for the
replacement of hair, (3) the body amino acids which are catabolised and ultimately
voided in the urine and (4) the excretion of the urinary amino acid fel inine.
Endogenous i leal nitrogen and amino acid excretions were detennined under
the conditions of protein-free and peptide (enzymatically hydrolysed casein,
molecul ar weight

<

10,000 Da) ali mentation while the relative contribution of the

hindgut to total endogenous gut excretion was investigated in a separate study by
feeding cats a protein-free diet with or without added antibiotics. Endogenous ileal
nitrogen and amino acid n itrogen excretions (mean ± SEM) of 2.4 ± 0.27 and 1 .9 ±
0. 1 3 mglg food dry matter intake, respectively, were found for the cats fed the

protein-free diet, whereas higher excretions of 3.6 ± 0.73 (P = 0. 1 2) and 3 . 6 ± 0.76 (P
=

0.03) mg/g food dry matter intake were obtained under the condition of peptide

alimentation. Significantly (P

<

0.05) higher endogenous i leal amino acid excretions,

for the enzymatically hydrolysed casein-fed cats compared with those fed the protein
free diet, were found for methionine, aspartic acid, serine, glutamic acid, proline,
val ine and isoleucine, with the differences in excretions of glycine, alanine, leucine
and histidi ne being significant at the 6 % level. Most of the endogenous faecal amino
aci d excretions were unaffected by the inclusion of the antibiotics in the protein-free
diet, although bacterial numbers were significantly (P

<

0.0 1 ) reduced (69 %).

Antibiotics addition led to significantly higher faecal endogenous excretions of
n itrogen, taurine, threonine, serine and histidine but significantly lower excretions for
meth ionine and lysine.
N itrogen and amino acids required for the growth of hair were estimated by the
measurement of hair growth and loss rates for adult male and female domestic short
haired cats, and the nitrogen and amino acid composition of cat hair. Hair growth
rate was determi ned using the mid-side patch technique in combination with the ratio
of hair on the mid-side area to total hair on the body to allow conversion of mid-side
•

hair growth rates to hair growth rates over the entire body. Hair loss rate was
/

determined in a separate experiment by quantitative collection of ingested and non-

11

ingested hair loss. The mid-side hair growth and the hair loss rates showed a
sinusoidal pattern throughout the year. The peak hair growth rate for the female cats
was reached earlier than that for the male cats. Hair loss rate was 75 d out of phase
with hair growth rate. The estimate for the total amount of hair growth throughout
the year (32.7 g . kg: !body weight) was similar to the estimate for the total amount of
hair loss throughout the year (28. 1 g·kg·!body weight). The amino acid composition
of cat hair was determined by conventional 24 h acid hydrolysis and by a
compartmental model which took into account the simultaneously occurring processes
of hydrolysis and degradation of amino acids over time. Four colours-of cat hair, were
also analysed (24 h hydrolysis) to determine if there was an effect of hair colour on
amino acid composition. There was no significant (P > 0.05) effect of hair colour on
the amino acid composition of cat hair. Amino acid nitrogen accounted for 94 and 99
% of the total nitrogen when determined by conventional 24 h hydrolysis and the
compartmental model, respectively. The accurate amino acid composition of cat hair is
presented.
Endogenous.urinary excretions of total, urea, ammonia and creatinine nitrogen in
the adult cat were determined by feeding cats a protein-free diet or by regression to
zero protein intake of urinary nitrogen metabolite excretions for adult cats fed four
levels of dietary protein. The mean (± SEM) endogenous total, urea and ammonia
nitrogen excretions for the cats fed the protein-free diet were 360 (± 1 1 .3), 243 (± 8.8)
o 75
!
and 27.6 (± 1 .06) mg·kg· . body weight·d· , respecti vely. Lower mean (± SEM)
-O 75
!
estimates of 3 1 6 (± 5 3 .9) and 232 (± 43 .4) mg·kg · body weight·d· were obtained for
the endogenous excretions of total and urea nitrogen, respectively using the regression
technique while a higher endogenous urinary ammo nia nitrogen excretion of 33.7 (±
o 75
!
5 .68) mg·kg· . body weight·d· was found. The differences between the two techniques
were not statistically significant. Daily excretions of creatinine nitrogen were not
significantly (P = 0.64) different (mean ± SEM, 1 6.2 ± 0.46 and 1 7.5 ± 1 . 1 9 mg·kg'
o.67
body weight, respectively) for the two methods. The chemical body composition of
male and female adult cats was determined to obtain an estimate of the pattern of
endogenous amino acid catabolism. Dehaired empty cat bodies were subjected to
analysis for dry matter, lipid, ash, c rude protein, amino acids, and several minerals
(Ca, P, K, Mg, Fe, Mn and Zn). The chemical body composition was found to be
similar between male and female cats except for the amount of crude protein which
was significantly (P < 0.05) higher on a wet tissue (2 1 .7 ± 0.35 % vs. 20.0 ± 0.60 %),

lipid-free matter (24. 1 ± 0.22 % vs. 23.0 ± 0.22 %) and lipid-free dry matter (80.7 ±

0.23 % vs. 7 8 . 3 ± 0.32 %) basis in the male cats compared to the female cats. There
was no significant (P > 0.05) effect of gender on the whole body amino acid
composition (lipid-free dry matter or mol % basis) except for cysteine which was
significantly (P < 0.05) lower in the male cats in comparison to the female cats.
A review on the urinary amino acid, felinine, which can be found in cat urine is
presented. The biological significance of felinine to the animal is still a matter for
speculation, but its function as a precursor to a pheromone seems likely. To obtain a
standard for quantification experiments, several published synthesis procedures
reported leading to (±)-felinine were evaiuated for their yield. Most of the procedures
were found to produce an amino acid isomeric with felinine. The yield for the only
evaluated synthesis procedure shown to produce felinine was found to be low. A new
higher yielding method for the synthesis of (±)-felinine is presented. In a separate
study, normal urinary excretions of felinine by entire male, castrated male, entire
female and spayed female cats were determined and were found to be (mean ± SEM)
I
I
1 22 ± 23.6,4 1 ± 8 .4, 36 ± 7.3 and 20 ± 3.8 J..lmol·kg- body weight·d- , respectively.

iv

ACKNOWLEDGEMENTS
I

sincerely thank my supervisors - Professor Paul J. Moughan for his encouragement,

dedication and sharing his scientific vision, and Associate Professor Michael F.
Tarttelin for providing expert knowledge in feline physiology and the practical
realisation of this work.
I thank Mr Shane M. Rutherfurd for his skilled assistance in amino acid analyses;
Dr. Anthony D. Wool house for his help in the synthesis of felinine; Professor Dorian J.
Garrick for his advice on statistical matters; Dr. Alison 1. Darragh for her valuable
discussions; Ms Fliss Jackson, Ms Mirian Hendriks, Mr Joseph Bateson and Ms
M argeret Scott for their assistance in chemical analysis; Ms Heather Nicol and Ms
Alison Reed for their help during trial work.
Several staff members an d postgraduate students of the Department of Animal
.
Science at Massey University are acknowledged for their help, in particular Associate
Professor George Wickham, Mr Don Thomas, Mr Hian Voon and Mr. Nicolas Lopez
Villalobos.
I

thank M r Jaap Groenewegen, Mr Bruce Trass and Ms Midge Coates of

BestFriend Petfood for their help in preparing special diets.
The financial support of BestFriend Petfood, Auckland, New Zealand is
gratefully acknowledged, as is the use of the BestFriend Feline Nutrition Research Unit
where several of the trials were conducted.
I

was the grateful recipient of a Massey University Vice-Chancellor's

Scholarship, Helen E. Akers Scholarship and a Verenigde SpaarBank Scholarship from
the Netherlands.
I

gratefully thank my wife. Mirian, for her encouragement and support during my

studies.

v

TABLE OF CONTENTS
Abstract

11

Acknowledgements

v

Table of contents

vi

List of tables

Xl

List of figures

xiv

GENERAL INTRODUCTION

CHAPTER 1 REVIEW

OF LITERATURE

1.1 Introduction

2

1.2 Mammalian protein metabolism - an overview

4

1 .2. 1 Synthesis and breakdown of body proteins

5

1 .2.2 The role of the liver

6

1 .2.3 The role of muscle tissue

9

1 .2.4 The role of the kidney

10

1 .2.5 The role of the gastrointestinal tract

11

1 .2.6 The role of other body tissues

12

1.3 Feline protein metabolism - an overview

12

1 .3 . 1 Feline development

13

1 .3 . 2 Peculiarities of feline protein metabolism

15

1. 3.2. 1 Inability to regulate amino acid catabolic enzymes

15

1.3.2.2 A rginine metabolism

16

1.3.2.3 Taurine metabolism

18

J .3.2.4 Tryptophan metabolism

20

1.3.2.5 Urinary excretion of unusual sulphur-containing amino acids

20

1 .3 . 3 Protein requirements of growing and adult cats

22

1 .3 .4 Amino acid requirements of growing and adult cats

24

1 .3.5 Energy requirements of growing and adult cats

28

1 .3 . 6 Summary and conclusions

30

1.4 Methods for determining the protein and amino acid requirements
/

of mammals

30

VI

...

1 .4. 1

Dose-response method

1 .4.2 Epidemiological
1 .4.3

31

approach

33

Factorial method

36

1 .4.4 Conclusions

38

1.5 I n formation required for the determi nation of the protein and amino
acid re quiremen ts of the adult domestic cat by the factorial method

38

1.6 Conclusion

41

1 .7 Literature cited

42

CHAPTER 2 GUT ENDOGENOUS NITROGEN AND AMINO ACID
EXCRETIONS IN ADULT DOMESTIC CATS
62

(FEllS CATUS)

Gut endogenous nitrogen and amino acid excretions in adult
domestic ca ts fed a protein-free diet or an enzymatically
h ydrol yzed casein-based diet

63

2.1 A bstract

64

2.2 I ntroduction

65

2.3 M ateri al a nd methods

66

2.3. 1

Study

1

66

2 . 3 .2

Study

2

67

2.3.3

Chemical analysis

69

2.3.4

Data analysis

70

2.4 Results

70

2.5 Discussion

73

2.6 Literature c ited

79

CHAPTER 3 INTEGUMENTAL AMINO ACID LOSSES IN ADULT

PART I

/'

DOMESTIC CATS THROUGHOUT THE YEAR

82

Seaso nal h ai r growth i n the adult domestic cat (Felis calus)

83

3.Ll

Abstract

84

3 .L2

Introduction

85

3 .L3

Material and methods

85

vii

3.1.3. J Study J

85

3.1.3.2 Study 2

87

3.1.3. 3 Data analysis

87

3.1.4 Results

88

3.I.5 Discussion

92

3.1.6 References

97

PART II

Seasonal h air loss in the adult domestic cat (Felis catus)

3.II.I Abstract

101

3.II.2 Introduction

1 02

3.II.3 Material and methods

1 02

3.1/.3. 1 Animals and diet

102

3 . // . 3. 2 Experimental design

1 03

3 . 11.3.3 Hair collection

1 03

3.//.3.4 Hair cleaning

1 04

3.11.3.5 Data analysis

1 04

3.II.4 Results

1 06

3.II.5 Discussion

1 09

3.II.6 References

1 13

PART III

The amino acid composition of cat (Felis catus) h air

1 15

3.m. l Abstract

1 16

3.m.2 Introduction

1 17

3.m.3 Material and methods

1 18

3.ll1.3. 1 Hair samples

1 18

3.111.3.2 Chemical analysis

1 18

3. llI.3. 3 Data analysis

1 19

3.m.4 Results and discussion

1 19

3.m.6 Literature cited

1 25

CHAPT ER 4 CATA BOLISM OF BODY A l\1INO ACIDS

PART I

1 28

E ndogenous urinary metabolite excretion in the adult

1 29

domestic cat

"

1 00

4.1. 1 Abstract

1 30

4.I.2 Introduction

131

VIII

Materials and methods

4.1.3

4. 1.3. 1 Animals and housing

131

4. 1.3. 2 Study 1

132

4.1.3. 3 Study 2

132

4. 1.3. 4 Urine collection

133

4.1.3. 5 Chemical analysis

134

4.1 . 3. 6 Data analysis

135

4.1.4

Results

135

4.1.5

Discussion

140

4.1.6

Literature cited

144

Body composition of the adult domestic cat (Felis catus)

PART II

147

4.II.I

Abstract

148

4.II.2

Introduction

148

4.II.3

M aterial and methods

148

4. 1/.3. 1 Body processing

148

4. 1/.3. 2 Chemical analysis

150

4.11. 3 . 3 Data analysis

151

4.II.4

Results and discussion

151

4.II.5

References

157

CHAPTER

PART I

-'

131

5

EXCRETION OF FELINlNE IN THE ADULT
DOMESTIC CAT

158

Felinine: a urinary amino ac id of Fel idae

159

5.1.1

Abstract

160

5.1.2

Introduction

161

5.1.3

Characterisation and synthesis of felinine

161

5.1.4

Occurrence of felinine

163

5. 1.4. 1 Effect of species

163

5.1.4. 2 Distribution influids and tissues of the cat

164

5.1.4. 3 Effect ofgender

165

5.1.5

B iosynthesis

166

5.1.6

Biological significance of felinine

169

5.1.7

Nutritional aspects

170

IX

5 .18 Conclusion

172

5 .19 References

173

PART II

Synthesis of felinine, 2-amino-7-hydroxy-S,5-dimethyl-4-thia
heptanoic acid

176

5 .II. l Abstract

177

5.U.2 Introduction

178

5 .U.3 Experimental

179

5. 11.3. 1 Chemicals

179

5.11.3. 2 Apparatus and methods

179

5.11. 3.3 Isolation of "naturalfelinine"

180

5.11.3.4 Synthesis of"Schoberlfelinine" 2-amino-7-hydroxy-7-methyl-

180

4-thiaoctanoic acid (7a)
5. 11.3.5 Synthesis of methyl 2-amino-7-hydroxy-7-methyl-4-thiaoctanoate (7b)

181

5.11.3. 6 Synthesis of "Trippettfelinine" 2-amino-7-hydroxy-5,5dimethyl-4-thiaheptanoic acid (1)

181

5.11.3.7 Synthesis of (±) -felinine, 2-amino-7-hydroxy-5,5-dimethyl4-thiaheptanoic acid (1), an adapted procedure

5.U.4 Results and discussion

183

5.U.5 References

191

PART III

T wenty -fo ur hour felinine excretion patterns in entire and

193

castrated cats

.

./

182

5 .ill . l Abstract

194

5.ill . 2 Introduction

1 95

5.ill . 3 Method

195

5.111.3.1 Animals and housing

195

5.111. 3.2 Urine collection

195

5.11/. 3. 3 Felinine analysis

196

5.111.3.4 Statistical analysis

196

5 .ill.4 Results

197

5 .ill . 5 Discussion

198

5 .ill.6 References

199

CHAPTER 6 GENERAL DISCUSSION

x

201

LIST OF TABLES
CHAPTER!

Table
Essentiali ty of amino acids in mammals.
2

Developmental data for different animal species.

3

Minimum dietary crude protein requirementS for growing and adul t

8
14

animals o f several mammalian species.

15

4

Estimates of the protein requirements for the growing and adult cat.

23

5

Essential amino acid requirements for the growing and adult cat,
dog and rat.

6

25

Protein and total essential amino acid requirements for the growing
and adult cat, dog and rat.

7

26

Minimum dietary levels of essential amino acids required by the
growing and adult cat as determined by the dose-response method.

8

33

Dietary essential amino acid profile required by the growing and adult
cat

as

determined by the dose-response or epidemiological methods.

34

CHAPTER 2

Table
Ingredient compositions of the protein-free (PF) and enzymatically
hydrolyzed casein (EHC)-based diets.

67

2

Composition of the antibiotic-fungicide mixture.

68

3

Body weights at the start and end of the test period and daily food
intakes in cats fed a protein-free diet (PF) and the protein-free diet
containing antibiotics (PF+ ) .

4

71

Endogenous nitrogen and amino acid excretions at the terminal ileum
in cats fed a protein-free diet (PF) or an enzymatically hydrolyzed
casein (EHC)-based diet.

5

72

Fecal bacterial counts and fecal concentrations and daily excretions of
diaminopimelic acid (DAPA) in cats fed a protein-free diet (PF) or the
protein-free diet containing antibiotics (PF+).

6

73

Endogenous nitrogen and amino acid excretions determined over the
entire digestive tract in cats fed a protein-free diet (PF) or the proteinfree diet containing antibiotics (PF+).

Xl

74

CHAPTER 3 PART 1

Table
Parameters (a, b, d), coefficient of determination (R2), minima and

1

maxima of the sine-functions fitted to day length (long. 1 74°38'E, lat.
40022'S), minimum and maximum daily air temperature, and mid-side
hair growth rate data for adult male and female short-haired cats.
2

91

Mean, standard error (SEM) and coefficient of variation (CV) for body
weight (BW), total body hair and hair on the mid-side patch of adult
92

domestic short-haired cats.
3

Monthly hair growth rate per unit body weight (BW) and surface
area (SA) for adult male and female domestic short-haired cats
96

(long. 1 74°38'E, lat. 40022'S).
CHAPTER 3 PART 2

Table
Parameters (a, b, d), coefficient of deter mination (R2), minima and
maxima for the sine-function fitted to day length (long. 1 74°38'E, lat.
40022'S), minimum and maximum daily air temperature, ingested hair
loss, non- ingested hair loss and total hair loss data for adult domestic
short-haired cats throughout the year.
2

1 08

Monthly ingested, non-ingested and total hair loss rate per unit body
weight (BW) and surface area (SA) for adult domestic short-haired
cats (long. 1 74°38'E, lat. 40022'S).

1 10

CHAPTER 3 PART 3

Table
Amino aci d composit ions of black, white, gray and ginger colored cat
hair determined by 24 h hydrolysis.
2

1 20

2
Estimates (Ao, h, l) and coefficients of determination (R ) for a

compartmental model used to determine the ami no acid composition
1 22

of cat hair.
:3

Amino acid composition of cat hair determined using a compartmental
model and conventional 24 h hydrolysis.

4

1 23

Published amino acid composition of cat, dog, horse, sheep and human
1 24

hair protein.
-'

xu

CHAPTER 4 PART 1
Table

2

Ingredient composition of the experimental diets.

132

Nutrient composition of the fish off al used in the experimental diets.

133

CHAPTER 4 PART 2
Table
Mean, standard error of the mean and range in body weight, empty
body weight, hair weight and concentrations of chemical body
components for adult male and female domestic cats.

152

2

Body amino acid composition and pattern in the adult domestic cat.

154

3

Mean, standard error of the mean and range for the body concentrations
of several minerals in the ash fraction of the adult domestic cat.

156

C HAPTER 5 PART 1
Table
Reported occurrence of felinine in the urine of different mammalian
specles.

163

CHAPTER 5 PART 3
Table
Body weight (BW), urinary felin ine concentration, 24 h urine volume
and daily urinary felinine excretion for entire male, castrated male,
entire female and spayed female cats.

xiii

197

LIST OF FIGURES
CHAPTERl
Figure
Evolution of the order Carnivora.

2

2

Schematic representation of protein metabolism in mammals.

4

3

Molecul ar structure of felinine, isovalthine and isobuteine.

21

4

Estimates of the energy requirement of the growing cat.

28

CHAPTER 3 PART 1
Figure
Day length at long. 1 7s038'E, lat. 40022'S, average minimum and
maximum monthly temperatures and the sine-functions fitted to the
day length and minimum and maximum daily temperature data.
2

89

Daily hai r growth rate as measured on the mid-side area in adult
domestic short-haired cats of both sexes and the sine-functions fitted
to the data.

90

CHAPTER 3 PART 2
Figure
Mean (± SEM) ingested dai ly hair loss rate in adult domestic short
haired cats and the sine-function fitted to the data.
2

Mean ( ± SEM) non-ingested daily hair loss rate in adult domestic
short-haired cats and the sine-function fitted to the data.

3

107

Mean (± SEM) total daily hair loss rate in adult domestic short-haired
108

cats and the sine-function fitted to the data.
4

106

Sine-functions describing daily hair growth and hair loss rate and the
daily change in body hair throughout the year in adult domestic short112

haired cats (long. 1 75°38'E, lat. 40022'S).

CHAPTER 4 PART 1
Figure
1

Daily food intakes for adult domestic cats (n

=

6) given a casein-based

diet for 2 d followed by a protein-free diet for 10 d.
2

136

Daily urinary total nitrogen, urea nitrogen and ammonia nitrogen
excretions for adult cats (n

=

6) given a casein-based diet for 2 d

followed by a protein-free diet for 10 d.

XIV

137

3

Dai ly uri nary excretions of total nitrogen for adult cats (n = 1 4) fed four
different levels of dietary nitrogen and the linear regression line relating
urinary total nitrogen excretion to dietary nitrogen intake.

4

1 39

Daily urinary excretions of urea nitrogen for adult cats (n = 1 4) fed four
different levels of dietary nitrogen and the linear regression line relating
urinary urea nitrogen excretion to dietary nitrogen intake.

5

1 39

Daily urinary excretions of ammonia nitrogen for adult cats (n = 1 4) fed
four different levels of dietary nitrogen and the linear regression line
relating urinary ammonia nitrogen excretion to dietary nitrogen intake.

1 40

C HAPTER 5 PART 1
Figure
Molecular structure of felinine, 2-amino-7-hydroxy-5,5-dimethyl-4thi aheptanoic acid.
2

1 62

Proposed metabolic pathway for the biosynthesis of felinine in the
domestic cat.

3

1 67

Molecul ar structure of 3-mercapto-3-methyl- l -butanol and 3-methyl3-methy lthio- I -butanol.

1 72

C HAPTER 5 PART 2
Figure
Superimposed HPLC chromatograms of a standard amino acid mixture,
the product mixture from the Schoberl et al. (5) procedure and felinine
isolated from tom cat urine.

1 83

2

I H NMR spectrum of felinine isolated from tom cat urine.

184

3

IH

NMR spectrum of the compound obtained from the use of L-cysteine

methyl ester instead of L-cysteine in the Schober! et al. (5) procedure.

4

1 87

IH NMR spectrum of the compound obtained from the new synthesis

procedure of felinine.

1 90

CHAPTER 5 PART 3
Figure
1

Mean 24 h excretions of felinine in entire male, castrated male, entire
female and spayed female cats.

1 98

CHA PTER 6
Figure
S imple model for whole-body protein metabolism in adult animals.

xv

202

