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ABSTRACT The effect of deleting each of the amino acids known to be
essential for the young rat was determined in post weanling kittens fed a
purified diet containing only L-amino acids as the source of dietary nitrogen.
When any one of the 10 amino acids ( arginine, lysine, histidine, isoleucine,
leucine, methionine, phenylalanine, threonine, tryptophan, valine) were
deleted from the diet, food intake decreased, the kittens lost weight, and
there was a dramatic drop in each corresponding amino acid in the blood
plasma; indicating that each of the above amino acids is essential for the
kitten. Deletion of all the amino acids except the 10 essential amino acids
plus alanine resulted in a decreased weight gain to about /a normal; indi
cating that although all the other amino acids could be synthesized, one or
more of the dispensable amino acids may be required for maximal growth.
When any one of the essential amino acids was decreased to one-half that
present in the basal diet, there was no decrease in weight gain, indicating
that the high protein requirement of the kitten is not the result of an
unusually high requirement for the essential amino acids. J. Nutr. 109:
718-723, 1979.
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There has been a dearth of information methionine. Although there is not complete
on the amino acid requirements of the cat agreement as to the nutritional value of
as compared to that of man, dog, rat, and wheat gluten for the kitten (4, 5), the im-
other domesticated animals. It is surprising provement of growth found by supplement-
that in the late 1970's, over 40 years after ing wheat gluten with lysine (6) supports
Rose and co-workers had discovered threo- the idea that lysine is an essential amino
nine and thereby completed the ground- _
work for adequate methods to experimen-
. ,, i i. i .1 .. i.. j . Keceived for publication September 13, 1978.tally establish the essentiality and require- , Thu workwngsupporteuln part by a glft from
mentS of amino acids (1), that there has the Quaker Oats Company, Research Foundation,
i 1-ij.i i LI- i_ j A.-L. â€¢ Harrington, Illinois 00010 and in part by funds pro-
been SO little work published On the ammo Vl<lÂ«lthrough a National Institutes of Health, Public

rpniiirpmpnrÂ«; nf thp rat Tn thp mpi<rpr Health Services BiomÃ©dical Research support Grantrequirements or tne cat. in trie meager ^55011^05457.The researchdescribedin this report
literature available On amino acid nutrition involved nnlmals maintained in animal care facilities
in the cat, uncertainties have developed, <^^^^ntS?%$aigt^m fÂ°rthe
even with regard to the essentiality of cer- â€žJtÂ»~ ^fc*^1^ cai. Å’t.Â«?'^
tain ammo acids. Using adult cats, Miller _>.Â¡,isc (Ahstr.#512Â».
and co-workers Â°-<have suggested that the of'Aaa'nllnp0 â€ž^nAnViheffi' Â«A*
cat could synthesize sufficient methionine to Â«-rationPâ„¢C-y. ?73>,(,Abstr-0*13,4180l_x*,â€ž,

... ' , , -n... j r^ â€¢ Â«Rambaut, P. & Miller, S. (1967) Studies In
meet its needs; Whereas Ritter and Owens,'1 Feline Sulfur Amino Acid Metabolism. Proc. Seventh
inH mnrp rp^i>r>H\/ TViÂ»ror iÂ»f il Via\/o nri> International Congress of Nutrition, Hamburg,..... recently, leeter ;t ai., nave pre wnft perpunonPre8SiNewYork.
sented evidence that the growing kitten Â»Ritter,s. M.&owens.F. N. <1974) Methiontne
/o\ j it. J i L /o\ â€¢ J- M. requirements of the growing cat. J. Anim. Sci. 39,
(2) and the adult cat (3) require dietary 981 (Abstr.#68).
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acid. Hardy et al. (7) have reported that
valine is essential and we have recently
reported ( 8, 9 ) the strikingly adverse effect
of an arginine deficiency (8, 9) in the cat.

The minimal protein requirement of the
weanling kitten and adult cat is reported
to be 29 and 19%, respectively, of the
energy requirement (4, 10-12). These
levels are considerably higher than that
known to be required by many other mam
malian species (13).

The objectives of this report were : 1) to
establish which amino acids are essential
for the growing kitten, 2) to seek an ex
planation for the high dietary protein re
quirement of the cat, and 3) to obtain a
first approximation of the essential amino
acid requirement of the growing kitten.

METHODS
Sixty-four post weanling conventional

kittens which had been fed a purified diet
from weaning vaccinated against panleuko-
penia, were adapted to the basal amino
acid diet6 (7). The kittens were housed in
separate stainless steel cages in an air-con
ditioned room (23 Â±2Â°)in conformance
with the American Association for Accredi
tation of Laboratory Animal Care Stan
dards. The lighting was constant during
each experiment, but between experiments
varied as seasonal lighting changed. The
kittens were assigned as they came avail
able to individual groups, each from 3 to
12 kittens ( as indicated in the results ) over
a 2-year period until completion of the
studies. Feed and water were provided ad
libitum. Kittens were first fed the basal
amino acid diet Â°(7 ) then a diet devoid of
one of the amino acids. Following the diet
lacking one amino acid, kittens were then
either fed the basal diet or a diet contain
ing the amino acid at one-half the basal
level. In some experiments the diet con
taining the one-half level of a given amino
acid was fed following the basal amino
acid diet. All diets were kept isonitrogenous
by adjusting the level of alanine and carbo
hydrate. Food intake and weight gains were
measured daily for 7 to 14 days (normally
9 to 10 days) and jugular blood samples
were taken on day 5 or 6 at 1000 to 1200
hours (without fasting ). The blood samples
were taken from the jugular vein of un-

anesthetized kittens in heparinized syringes
and were immediately placed on ice. They
were then centrifugea and the plasma
frozen until the amino acid analyses could
be performed. Before analysis, the plasma
samples were thawed, an equal volume of
Q% sulfosalicylic acid was added, the pro
tein precipitate was removed via centrifu-
gation, an aliquot of the supernatant was
neutralized to pH 2.2 with lithium hydrox
ide and the equivalent of 40 /J of plasma
was placed on the amino acid analyzer.7

RESULTS

The effects of deleting each of the amino
acids known to be essential for the rat and
of deleting one of several dispensable
amino acids on weight gains are shown in
table 1. The mean weight gain of each
group of kittens fed the initial basal diet
varied from 5.5 to 24 g/day. The two basal
groups which gained less than 10 g/day
and some of the other groups, had de
pressed gains due to post weaning respira
tory infections. When each of the 10 amino
acids that are essential for the growing rat
(arginine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threo-
nine, tryptophan, and valine) were sepa
rately deleted from the diet, every single
group and every single kitten within each
group lost weight; providing strong evi
dence that these amino acids are also essen
tial for the kitten. Results of statistical
analysis for all groups are not presented
because of the small numbers per group.
Except for the minus arginine group, the
mean weight losses were between 4.5 and
19.5 g/day; starting the first day with
minimal gain or no loss followed by con
sistent linear weight losses after the third
day (see graph for minus valine diet (7)
for a typical weight loss curve ). After feed
ing the minus arginine diet the kittens lost
93 Â±7 g the first day and 136 Â±31 g by
the end of the second day. The mean

â€¢The basal amino acid diet contained (In % of
diet) : amino acid mixture, 34.7 ; turkey fat, 25.0 ;
starch, 19.27 ; sucrose, 15.7 ; salt mixture, 4.0, vita
min mixture 1.0; and choline chloride, 0.33. The
amino acid mixture contained (in % of the diet) :L-His-HCl-H2O, 1.2; L-Ile, 1.8; L-Leu, 2.4; L-Lys-HCl,
2.8 ; L-Met, 1.1 ; L-Cys-Cys, 0.80 ; L-Phe, 1.5 ; L-Tyr,
1.0; L-Thr, 1.4; L-Trp, 0.4; L-Val, 1.8; L-Arg-HCl,
2.0; L-Asn, 2.0; L-Ser, 1.0; L-Pro, 2.0; Gly, 2.0;
L-Glu. 6.0 ; L-Ã‚la, 1.0 ; and sodium acetate, 2.5

7121M Beckman Amino Acid Analyzer.
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TABLE 1

Effect of deletion from or halving the level of individual amino acids in the
basal diet on the weight gain of kittens1

AminoacidAlanineArginine*AsparagineCystine*HistidineIsoleucineLeucineLysineMethioninePhenylalanine*ProlineThreonineTryptophan*Tyrosine*Valine*.Â«Alanine

onlyfor
Disp AA*.'Basal13.4

Â±1.518.5
Â±2.07.5

Â±0.519.6
Â±2.613.6Â±4.013.4

Â±2.4â€”13.1

Â±2.1Â«11.5
Â±1.75.5Â±1.7â€”23.0

Â±2.710.6Â±1.017.4

Â±4.113.1
Â±0.923.8
Â±5.117.0Â±5.016.0Â±1.8(3)(5)(3)(12)(3)(2)(3)(3)(3)(5)(3)(3)(5)(6)(6)(8)Devoid14.6Â±1.1-47.6

Â±3.0'6.8
Â±2.38.3

Â±3.1-
4.5Â±1.1-10.3
Â±4.5â€”-

7.3Â±1.3-ll.Sdbl.O-19.5

Â±5.8â€”-10.1

Â±1.911.1Â±1.1-14.6Â±2.6-13.2Â±1.818.4

Â±4.4-13.8
Â±1.76.5Â±1.1(3)(6)(3)(12)(3)(3)(3)(3)Ci)(5)(3)(3)(5)(6)(8)(8)Basaig/day13.1

Â±1.5(3)â€”IIâ€”-i17.1

Â±2.7(3)-.â€”-Â»22.7Â±4.1

(3)||-Â»â€”-â€¢â€”-.23.0Â±2.7

(5)||15.6
Â±2.9(3)-Â»10.0

Â±2.2 (6)Basaiâ€”7.1

Â±5.4'(10)â€”-â€¢-â€¢â€”12.8Â±1.1

(4)-Â»14.9Â±2.1

(3)â€”10.9

Â±3.4(4)-.â€”-.6.1

Â±1.0(4)â€”-Â»â€”Halfâ€”12.2

Â±7.2Â«â€”15.2Â±2.1<13.1

Â±2.111.2

Â±2.710.3
Â±1.811.9
Â±1.913.5
Â±2.924.5
Â±5.515.4
Â±4.831.1
Â±2.0â€”28.4

Â±6.711.2Â±2.4â€”17.3

Â±4.8â€”(10)(12)(3)(3)(4)(3)(3)(3)(4)(5)(3)(4)(6)Baaalâ€”â€”19.3

Â±2.0â€”â€”14.9

Â±2.313.4
Â±2.018.6Â±1.624.0Â±6.419.2

Â±4.622.5
Â±0.7â€”16.7

Â±5.49.4Â±1.1â€”13.6

Â±2.6â€”(12)(4)(2)(3)(3)(4)(6)(3)(4)(6)

The values in this table are mean Â±BEU. ' Kittens were fed each diet for 7 to 14 days in sequence left to right except when
there is an asterisk, in which case a crossover design was used. One-half of the kittens were fed each of the two diets during the
first period and the diets switched during the second period. A double line indicates a separate group of kittens. Number of kit
tens per group given in parenthesis beside weight gain values. * Five-day mean weight loss. Mean weight loss was 136 Â±31for the
first 2 days the diet was fed. >Costello, M. J. (1978) The Arginine Requirement of the Growing Cat, MS Thesis, University
of California, Davis. * Cystine-free diet to which additional methionine (equimolar to cystine deleted) was added. 6 This group
of kittens was fed the half histidine diet prior to the leucine-free diet. â€¢Taken from Hardy et al. (7). ' The basal dispensable

amino acids were deleted and an isonitrogenous quantity of arginine (4.0%) and alanine (8.72%) were added to this diet.

weight loss over a 5-day period was â€”47.6
Â±3.0 g/day. This rate of body weight loss
is dramatically different from that follow
ing the deletion of any of the other essential
amino acids and led us to more extensive
experiments with the minus arginine diet
which have been published separately
(8,9).

There was no depression in weight gain
when alanine, asparagine, proline, and tyro-
sine were deleted from the diet. When
cystine was deleted from the diet, there
was a decrease in weight gain but the de
crease was not significant ( 14 ). The reduc
tion of each of the separate essential amino
acids to half that present in the basal diet
resulted in weight gains similar to that of
the kittens fed the basal diet (table 1).
The deletion of all the dispensable amino
acids ( at the same time ) except alanine 8
resulted in a lower weight gain ( 6.5 versus
16.0 g/day).

The measurements of food intake of the
kittens fed the various diets are reported
in table 2. With the exception of the kittens

fed the arginine-free diet, the mean food
intake of the diets devoid of each of the
essential amino acids was only 54 to 70%
of the intake recorded for the basal diet.
When arginine was deleted, the mean (5
day) food intakes dropped to 20% of that
eaten by the basal group.

The effect of deletion or halving each
amino acid on the concentration of the
free-amino acid in blood plasma is shown
in table 3. Each amino acid decreased in
plasma when it was deleted from the diet.
Among the essential amino acids, histidine
decreased the most (to 5% of normal) and
lysine decreased the least (to 30% of nor
mal). Among the dispensable amino acids
deleted, plasma-free asparagine decreased
the most (to 17% of basal), whereas tyro-
sine decreased the least (to 43% of basal).
When each essential amino acid was de
creased to one-half that present in the basal
diet, threonine decreased the most (to 2A%

8 Note that cystine and tyroslne were included In
the essential amino acid mixture.
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of basal) and phenylalanine decreased the
least (to 57% of basal). When all the dis
pensable amino acids except alanine 8 were
omitted from the diet, except for aspara-
gine, there was only a minor decrease in
the concentration of each dispensable free
amino acid. Asparagine exhibited a major
decrease from 187 Â±20 for kittens given
the dispensable amino acid mixture to
10.5 Â±6 /Â¿Mfor kittens given alanine as the
only dispensable amino acid.

DISCUSSION

Our results show that the 10 amino acids
which are essential for most animals ( argi
nine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryp-
tophan, and valine) are essential for the
growing kitten. Except for the uniqueness
of the response to an arginine-free diet,
which is discussed in detail elsewhere,
(8, 9) the response of kittens to the lack
of any one of the essential amino acids is
typical of that of other species. That is, a
30 to 50% decrease in food intake, a loss of
body weight, and a decline in the concen

tration of the deleted amino acid in the
plasma. It is unlikely that the cat can syn
thesize any of the above essential amino
acids. Whereas, it is obvious from the result
of the last group in table 1 (alanine only
for dispensable amino acids) that the kit
ten can synthesize some of each of the dis
pensable amino acids (i.e., the kitten did
grow although at a lower rate). It would
appear, however that one or more of the
dispensable amino acids may be necessary
for maximal growth. However, it is not
clear from these results, whether one of the
dispensable amino acids may be required
for maximal growth or whether the cat,
similar to the rat, simply cannot synthesize
all the dispensable amino acids from a
single nitrogen source at a rate commensu
rate with maximal growth. Asparagine
dropped the most in the plasma from kit
tens fed the diet devoid of the dispensable
amino acids so the possible growth response
to dietary asparagine should be reexamined
in young post-weaning specific pathogen-
free kittens. Although it may appear at first
glance that there was a response to cystine,

TABLE 2
Effect of deletion from or halving the level of individual amino acids in the

basal diet on food intake of kittens

AminoacidAlanine

Arginine*AsparagineCystine*HistidineIsoleucineLeucineLysineMethioninePhenylalanine*ProlineThreonineTryptophan*Tyrosine*Valine*-Â«Alanine

onlyforDisp
AA*.'Basal39.9

Â±1.9
48.6 Â±2.651.4Â±
6.643.7

Â±3.240.1
Â±5.247.2
Â±11.2â€”41.3Â±

6.5s35.0Â±
3.447.0

Â±6.9â€”44.7

Â±1.345.6
Â±5.446.1
Â±9.837.0Â±

2.450.7
Â±5.442.5
Â±6.437.9
Â±3.6Devoid(3)

(5)(3)(12)(3)(2)(3)(3)(3)(5)(3)(3)(5)(6)(6)(Â«)43.7Â±1.79.6Â±2.0'46.3
Â±4.237.4

Â±3.523.4
Â±3.623.5Â±1.6â€”28.9

Â±4.023.9Â±1.925.

3Â±4.6â€”26.0

Â±0.639.1
Â±5.025.0Â±1.325.4

Â±2.555.9
Â±8.926.1

Â±3.931.1
Â±4.7(3)

(6)(3)(12)(3)(3)(3)(3)(3)(8)(3)(3)(5)(6)(6)(6)Basala/day40.5
Â±6.0(3)-IIâ€”-â€¢39.1

Â±5.6(3)-.â€”â€”

Â»44.2

Â±2.2 (3)Basal40.8Â±10.2Â«â€”-Â»-Â»-.41.9Â±

3.2-.44.5Â±

1.0Half(10)

43.3Â±10.4Â«43.4

Â±41.3
Â±39.4

Â±(4)
46.9Â±38.9

Â±(3)
53.5Â±â€”3.7Â«8.55.94.16.63.6-Â«

â€” 49.5Â±12.5â€”â€”

Â»â€”â€”

Â»44.7

Â±1.3(5)||53.
2 Â±11.4(3)â€”

.41.6

Â±5.9 (6)38.6

Â±8.0->â€”-Â»35.8Â±

3.8â€”-.â€”(4)

49.9Â±51.
5Â±48.

4Â±(4)
43.3Â±49.7

Â±8.02.8â€”7.67.0â€”7.4â€”(10)(12)(3)(3)(4)(3)(3)(3)(4)(6)(3)(4)(6)Basalâ€”â€”53.3Â±

3.5â€”â€”45.3

Â±3.439.5
Â±7.562.3

Â±11.469.3
Â±4.253.7Â±11.256.4

Â±2.3â€”51.3

Â±8.548.1
Â±5.3â€”45.7

Â±4.8â€”(12)(4)(3)(3)(3)(4)(S)(3)(4)(6)

1Kittens were fed each diet for 7 to 14 days in sequence left to right except when there is an asterisk, in which case the kitten
were crossed over, J fed basal and J fed experimental diet. A double line indicates a separate group of kittens. Intakes reported
aa mean Â±SEM,number of kittens per group given in parenthesis beside food intake values. : Five-day mean food intake. * Cos
tello, M. J. (1978) The Arginine Requirement of the Growing Cat, MS Thesis, University of California, Davis. Â«Cystine-
free diet to which additional methionine (equimolar to cystine deleted) was added. s This group of kittens was fed the half
histidine diet prior to the leucine-free diet. aTaken from Hardy et al. (7). 7The basal dispensable amino acids were deleted

and an isonitrogenous quantity of arginine (4.0%) and alanine (8.72%) were added to this diet.
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TABLE 3

Effect of deletion Â¡romor halving the level of amino acids
in the basal diet on the concentration of each

respective amino acid in the blood
plasma of kittens1

Amino acid Basal1 -AA level

MMArginine1Citrulline2Ornithine1AsparagineHistidine3IsoleucineLeucineLysineMethioninePhenylalanine*TyrosineProline'ThreonineTryptophan4TyrosineValine7110Â±

813Â±
148Â±

4104Â±
9180Â±
9134Â±10174Â±13149Â±11177Â±1293Â±

7118Â±
7276
Â±23327

Â±2571Â±
4118Â±
7337

Â±2328

Â±3.06.7Â±
1.28.7Â±

2.018
Â±3.79.4Â±

4.08.1
Â±3.125

Â±1245
Â±6.611
Â±4.711
Â±2.734
Â±2.9s81
Â±9.960
Â±3.38.9Â±

2.350
Â±4.833
Â±1372

Â±7.96.1Â±
2.010.8Â±

1.3108

Â±1445
Â±6.465

Â±1570
Â±1.068

Â±2553
Â±7.755
Â±7.2s79

Â±2032
Â±3.366

Â±13

1MeanÂ±SEM. n = 38 for basal group, see Table 1
for n for each experimental group. Kittens were bled
without fasting from the jugular vein on the 5th or
6th day of the experiment at 1000 to 1200 hours.
*Four hours after feeding 12 g of arginine-free diet,
citrulline and ornithine values from the same kittens.
3These values for the experimental diets were for the
second day. The 14th-day values for the histidine
deficient and J level were, respectively, 17Â±9.1 and
73Â±9.9. Â«Some of the kittens fed the phenyl-
alanine experimental diets and all of the kittens fed
the tryptophan-free diet were also fed hydroxypro-
line for proline. â€¢Tyrosine value is from plasma
taken from kittens fed the phenylalanine-free diet
and diet containing 1-level of phenylalanine. ' An
other group of four kittens fed hydroxyproline for
proline for 3 to 4 weeks had a plasma proline level of
60Â±5.2. ' Group labeled J level was fed j level pre
sent in the basal diet. Taken from Hardy et al. (7)

a paired i-test ( 14 ) resulted in no statistical
difference between the control and the cys-
tine-free group. Teeter et al. (2) have re
cently reported that cystine is dispensable.

The most surprising finding (apart fromthe cats' response to an arginine-free diet)

was that the kittens grew just as well when
any one of the essential amino acids was
independently reduced to one-half that
present in the basal diet. A diet containing
about 16% of a high quality protein would
provide about one-half the level of essential
amino acids present in our basal diet. In
long-term experiments (6 months), using
conventional kittens, a 16.5% soy protein-
methionine supplemented diet was found to
be insufficient to maintain body weight and

general good health." It is generally ac
cepted that the protein requirement of the
kitten is about 30% of the diet (4, 10-12).
These results support the hypothesis that
the cat requires a high protein diet for its
nitrogen (13, 14) rather than requiring a
high level of essential amino acids in the
diet. The high nitrogen requirement ap
pears to be the result of a lack of adapta
tion in nitrogen catabolic enzymes in the
cat ( 15) which results in excessive wastage
of nitrogen when cats consume a low pro
tein diet.

The results indicate that the cat can con
serve and efficiently utilize any one amino
acid, (including all the essential amino
acids), but that the cat cannot efficiently
conserve nitrogen. In order to confirm this
hypothesis, it will be important to estab
lish the minimal requirement of each of the
essential amino acids.
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