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ABSTRACT The reproductive ormance and
outcome of kittens was determined for female cats fed
0.05, 0.2 or 1% taurine. No adverse effects of high
taurine diets were noted in the adults or offspring, and
the reproductive performance was slightly better than
that of females fed the normal (0.05% taurine) diet.
Body weight at birth and brain weight at weaning were
significantly greater in the very high taurine group than in
the normal taurine group, although the greatest growth
rate was achieved by the nommal taurine group. The
concentration of taurine in milk of lactating females was
substantially higher in cats fed the higher taurine diets.
Brain of adult cats was resistant to increases in brain
taurine concentrations, as was brain of newbom cats.
However, brain of juvenile cats responded to higher di-
etary taurine intake with increased taurine concentra-
tions. These results indicate that the higher taurine
content in cat foods recently introduced for prevention of
feline dilated cardiomyopathy should have no adverse
effects over a prolonged on health and

duction of cats. J. Nutr. 122: 82-88, 1992.
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The dietary importance of taurine for cats has
received a great deal of attention in recent years,
mostly with regard to the effects of insufficient di-
etary taurine (see 1-4 for reviews). Recent reports
(5-7) implicated taurine deficiency in feline dilated
cardiomyopathy and demonstrated its reversal by nu-
tritional taurine therapy if treated in time. This suc-
cessful treatment led to the fortification of com-
mercial cat foods (which already contained taurine)
with additional taurine. Although this fortification
has resulted in the virtual disappearance of this condi-
tion, no systematic studies have been reported on the
long-term effects of a high taurine diet. The results of
such a study are reported here.

MATERIALS AND METHODS

Female domestic cats raised in the Institute for
Basic Research (IBR) colony and vaccinated against
feline viral rhinotracheitis, panleukopenia virus and
calici virus (modified live virus) (Pitman-Moore, Mun-
delein, IL) were fed a completely defined purified diet
(taurine-free) (BioServ, Frenchtown, NJ) containing
0.05, 0.2 or 1% taurine for at least 6 mo prior to
mating (8). All were bred as follows: when in estrus
they were caged with a male for 1 wk; conception was
defined as the middle of this period. Male cats were
fed a nonpurified diet, except for the interval of co-
habitation with females fed the different diets. Preg-
nancies were confirmed by palpation and in some
cases also by X-ray 4-6 wk after conception. Kittens
were weaned onto the same diet consumed by their
mother. Data from females fed the 0.05% taurine diet
were collected over the past 10 y, and data from the
females fed the 0.2 and 1% taurine diets were ob-
tained over a 3-y period in each case.

The birth and twice-weekly weights of all kittens
were determined. Maternal samples of blood (weekly)
and milk (twice-weekly) were taken beginning within
48 h of birth, without food deprivation and under
light sedation as previously described (8). The protein
concentration in milk was ineasured by the method
of Bradford (9).

Kittens were killed at the time of weaning (8 wk
after birth), 12 wk after birth or 20 wk after birth by
first overdosing with sodium pentobarbitol (Nem-
butal, Abbott Laboratories, North Chicago, IL) fol-
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TABLE 1
Outcome of pregnancies from females fed a purified diet supplemented with various amounts of taurine

Percentage of No. kittens/ No. survivors/

Diet Kittens Kittens pregnancies term term
(% taurine) Pregnancies To term stillbom! live! Survivors® to term pregnancy® pregnancy
0.05 73 64 12 218 154 88 3.6 241
02 24 20 9 65 44 83 3.7 2.20
1.0 38 37 4 125 99 97 35 2.68

1Rrom term pregnancies.
2Alive at wesning (8 wk after birth).
live and stillborn kittens.

lowed by exsanguination by cardiac puncture. Tissues pregnancies and any subsequent growth data on re-
were immediately dissected and processed immedi- maining kittens were not used in calculating the re-
ately or frozen on dry ice until processed by homoge- productive data presented because of possible bias
nizing in 5% trifluoroacetic acid and centrifuging to caused by artificially reducing the number of kittens

obtain a clear supematant fluid. This extract was in a litter.

stored at —80°C until derivatized with phenylisothio- Adult female cats were killed by overdosing with
cyanate and separated by reverse-phase HPLC (10). sodium pentobarbitol (Nembutal, Abbott Laborato-
The apparatus used consisted of a Spectra Physics ries) followed by exsanguination by cardiac puncture
(Piscataway, NJ) 8800 temary HPLC pump and a 4.6 after at least four pregnancies and at least 2 wk after
mm x 25 cm BakerBond C-18 column (Baker, Phillips- the last kittens were weaned. Tissues were removed
burg, NJj) maintained at 34°C. The taurine derivative and processed as described for the kittens. These
was detected at 254 nm with an LDC SpectroMonitor studies were approved by the IBR animal welfare

D (Milton Roy, Riviera Beach, FL) and quantified | committee.

using Nelson Analytical (Cupertino, CA) 2600 chro- Results from multiple groups of animals were ana-
matography software with an IBM PC-AT (New York, lyzed using one-way ANOVA variance (“oneway”
NY). A Waters 712 WISP (Milford, MA), with refriger- Stata, Computing Resource Center, Los Angeles, CA)
ation unit set at 5°C, allowed the automatic analysis and if significance was found (P < 0.05%), individual
of up to 96 samples. ’ groups were compared using Student’s t test (pro-

Some live kittens were killed at birth as described tected t test). Results from two groups of animals

for the 8-wk-old kittens. When this was done, these were analyzed directly using Student’s t test.

TABLE 2

Body and brain weights of newborn and 8-wk-old kittens from females fed a purified diet supplemented
wlﬁvadmuofm'

Diet Newbom 8-Wk-old
(% taurine) Body Brain Body Brain

g
0.05 105.6 + 30.3 4.86 + 114 (23) 749 + 142 21.7 + 1.8 (28)
0.2 111.6 + 23.8 444 + 110 (11) 722 + 141 22.1 + 0.9 (13)
1.0 113.4 + 20.82 5.41 + 0903 (9) 699 + 1474 230 + 1.05 (10)

IValueouemmstsoofthebodywdghuofdlkimuaedinthhatudymdolthcnnmberofbninumplainpuenm.

Significance was determined using Student’s t test.
2significantly greater than 0.05% taurine group (P < 0.01).
3significantly greater than 0.2% taurine group (P < 0.05).
4significantly smaller than 0.05% taurine group (P < 0.05).
Ssignificantly greater than 0.05 and 0.2% taurine groups (P < 0.05).

Downloaded from https://academic.oup.com/jn/article-abstract/122/1/82/4754778

by guest

on 10 March 2018



84 STURMAN AND MESSING

800
TABLE 3
Concentration of taurine in tissues and fluids of adult cats
__ 600T — fed a purified diet supplemented with 0.05 or 1% taurine!
[«)] i
% Dietary taurine
§ 400 Tissue 0.05% 1%
>
§ — 1% Taurine wmol/g wet wt
A 0.2% Taurine Retina 424 + 44 22 £ 91
] . ) Tapetum 111 + 36 133 + 53
F 0.05% Taurine Lens 664+ 230 750 £ 150
g Liver 850 + 3.33 172 + 63?2
0 | . | Kidney 515 191 123 19:
y ' Lung 828 + 2.60 118 £ 21
0 20 40 80 | Spleen 734 + 244 110 + 192
Days After Birth Adrenal 125 = 36 140 = 37
Heart 120 + 2.7 157 + 32
FIGURE 1 Growth curves of kittens from females fed g}iastmcnemms gg; : igg 1?22 : ;fgz
0.05, 0.2 or 1.0% taurine. The curves are derived from the ceps 783 & 2.96 134 & 542
twice-weekly weights of all kittens included in this study Ik'uccph: 549 + 233 656 + 125
using a standard computer program for linear regression. an"p% s 127 53 429+ 1722
A . > ,
Correlation coefficients are 0.87, 0.85 and 0.86, respectively. Occipital lobe 298 + 0.88 236 + 048
Frontal lobe 219 £+ 049 301+ 087
Temporal lobe 192 + 088 255 + 057
Parietal lobe 232 + 076 268 + 069
RESULTS Cercbellum 314+ 080 376+ 0.78
Superior colliculus 165 + 044 189 + 046
The high taurine diet had no effect on appetite, Inferior colliculus 1.56 + 047 loz + 3-551’2
food consumption, weight gain or estrus cycle of the Hippocampus 219 + 064 341+ 05
) Corpus callosum 2.67 £ 057 334 077
adult females. The reproductive performance was Thalamus 155 £ 029 194 + 043
slightly better in the females fed the highest taurine Pons 148 + 038 165+ 037
diet; the proportion of pregnancies reaching term and | Medulla b 147 £ 047 %g + ;(1)3
the number of kittens surviving to weaning per term Olfactory bulb 743 + 189 88+ 2
X Lateral geniculate
pregnancy were slightly greater for cats fed 1% nucleus 195+ 0.71 217+ 050
taurine than for those fed 0.05 or 0.2% taurine, al- Optic tract 225 + 0.84 293+ 092
Optic nerve 329 + 1.08 420 £ 090
Spinal cord 103 £ 041 155+ 037
Sciatic nerve 1.14 £ 040 143+ 121

8.0

g 6.0 - — 1% Taurine
g — oy 0.2% Taurine
E — - 0.05% Taurine
2 404
5
=
=
Seo+

0 l + }

0 20 40 60

Days After Birth

FIGURE 2 Concentration of taurine in milk of lactating
females fed 0.05, 0.2 or 1% taurine. The curves are derived
from the twice-weekly milk samples from all females in-
cluded in this study using a standard computer program for
linear regression. Correlation coefficients are 0.03, 0.03 and
0.05, respectively.
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lyalues are means + sp for 10 to 14 cats.
2Significantly greater than 0.05% taurine group (P < 0.05), Stu-
dent’s t test.

though none of these trends was statistically signif-
icant (Table 1). The growth rates of kittens from
females fed the different amounts of taurine were not
significantly different, although the greatest rate was
achieved by kittens from females fed the 0.05%
taurine diet (Fig. 1). This observation is supported by
examination of the birth weights and 8-week-old
weights of all kittens in this study (Table 2). The
kittens from females fed the greatest amount of
taurine weighed more at birth than those from fe-
males fed 0.05% taurine, whereas the reverse was
true at 8 wk of age. The brain weights of kittens from
mothers fed 1% taurine were greater than those of the
other diet groups, both at birth and at 8 wk of age.
The concentration of taurine in the milk of the lac-
tating females was greater in those fed the highest
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TABLE 4

Concentration of taurine in tissues and fluids of newborn kittens from mothers fed a purified diet supplemented
with 0.05, 0.2 or 1% taurine!

Dietary taurine
Tissue 0.05% 02% 1%

pmol/g wet wt
Retina 196 = 59 230 + 24 201 + 5.1
Lens 152 + 20 168 + 32 142 + 40
Liver 937 + 395 113 + 38 129 + 302
Kidney 658 + 197 780 + 327 795+ 159
Lung 854 + 231 999 + 3.16 935 219
Spleen 581 + 161 649 £+ 290 598+ 104
Heart 129 + 47 159 + 54 133 + 35
Gastrocnemius 9.36 + 345 118 + 36 112 + 22
Biceps 958 + 251 102 + 56 941 + 452
Triceps 935+ 215 104 £ 32 1.7 = 37
Diaphragm 6.54 + 203 644 + 240 841 + 24028
Stomach contents 087 + 0.73 084 + 0.44 173+ 056*2
Plasma, pmol/L 155 +71 387 + 1262 437 1852
Occipital lobe 7.77 £ 215 853+ 252 778+ 158
Prontal lobe 884 + 0.83 861+ 175 798 + 155
Cerebellum 717 £ 171 832+ 3.74 795+ 115
Superior colliculus 550 + 115 598 + 141 764 + 421
Thalamus 622 £ 051 660 £ 131 689+ 0.76
Olfactory bulb 1.7 = 29 123 & 42 115 + 31
Spinal cord 388+ 0.76 397+ 105 393+ 067

lyalues are means + sp for 12 to 18 kittens.

2significantly greater than 0.05% taurine group (P < 0.05), Student’s t test.
3significantly greater than 0.2% taurine group (P < 0.05), Student’s t test.

amounts of dietary taurine and generally increased
during lactation (Fig. 2). The concentration of protein
in milk did not vary substantially among groups or
during lactation; mean values (+ sD) were 56.8 + 17.0,
61.8 + 15.9 and 60.1 £ 16.1 g/L for mothers fed 0.05,
0.2 and 1% taurine, respectively.

The tissue taurine concentrations of adult cats fed
the 1% taurine diet for 2 mean (+ sD) of 29.7 + 4.8 mo
were generally greater than those of cats fed the
0.05% taurine diet for 32.3 + 7.1 mo (Table 3). The
greatest differences were observed in the soft tissues
(P < 0.05): liver, kidney, lung and spleen. Significant
differences were observed in gastrocnemius, biceps
and triceps, in plasma, and only in hippocampus of
the brain regions.

Very few significant differences in taurine concen-
trations were noted in newbormn kittens from mothers
fed 0.05, 0.2 or 1% taurine (Table 4). Only liver,
diaphragm, stomach contents and plasma values were
significantly different. No brain regions showed sig-
nificantly different taurine concentrations.

In 8-wk-old kittens there were many statistically
significant differences in tissue taurine concentra-
tions among the diet groups (Table 5). These changes
were quite different from those observed in adult cats.
Of the soft tissues, only kidney had significantly
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greater taurine concentration in kittens from mothers
fed high taurine diets than in those from mothers fed
0.05% taurine. The concentration of taurine in most
brain regions of kittens from mothers fed 1% taurine
were greater than those of the other diet groups.
At 12 wk after birth (Table 6) and at 20 wk after
birth (Table 7) most of the tissues from the 1%
taurine group had significantly greater taurine con-
centrations than those from the 0.05% taurine group.

DISCUSSION

Several studies have indicated that a normal level
of taurine in purified diets for cats is ~0.05% by
weight (1, 8, 11, 12). The major conclusion from the
present studies is that feeding a very high taurine diet
(approximately 20-fold normal) even for years had no
apparent ill effects on adult female cats. If anything,
such cats had a slightly better reproductive per-
formance than cats fed the normal diet, which con-
tained 0.05% taurine. Kittens bom to mothers fed the
high taurine diet generally flourished, having greater
birth weights, and newborn and 8-wk-old brain
weights, than comparable kittens from mothers fed
0.05% taurine. Body weight at 8 wk, however, was
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TABLE 5
Concentration ofmmehduwmdﬂﬁdaof&wbddﬂmﬁmmﬁmfdcpﬁﬂcd&aw
with 0.05, 0.2 or 1% taurine!
Dietary taurine
Tissuc 0.05% 02% 1%
pmol/g wet wt

Retina 456 + 108 400 + 122 432 * 149
Tapetum 822 + 2.34 794 + 287 9.75 + 3.06
Lens 160 + 42 145 + 63 165 + 18
Liver 131 + 44 127 + 50 131 =+ 30
Kidney 545 £ 2.06 900 + 2962 103 + 18
Lung 973 + 3.58 965+ 4.80 105 + 16
Spleen 718 £ 317 826 + 281 830 + 243
Pancreas 364 + 086 434+ 118 312+ 176
Adrenal 955+ 1.38 632 + 259 583 + 159
Heart 151 + 11 187 + 88 165 + 7.7
Gastrocnemius 863 + 2.50 148 + 76 176 + 50?2
Biceps 106 + 48 125 + 60 137 + 37
Triceps 947 + 3.51 147 & 75% 154 = 402
Diaphragm 802 + 2.68 809+ 296 806+ 211
Stomach contents 0.88 + 0.12 173 + 0512 434 + 12428
Plasma, pmol/L 724 + 370 341  + 1192 364 + 1512
Urine, mmol/L 03 + 01 116 + 452 238 + 9.428
Occipital lobe 560 + 1.82 558 + 1.69 731+ 16128
Frontal lobe 479 + 091 516 + 2.09 558 + 0912
Temporal lobe 523 + 097 501 £+ 134 617 + 09023
Parietal lobe 467 £ 122 493 + 1.60 6.13 + 1222
Cerebellum 555 + 1.49 595 + 193 744 + 07023
Superior colliculus 424 £ 134 415+ 152 476 + 093%
Inferior colliculus 314 + 0.70 374+ 232 371 + 0472
Hippocampus 503 + 131 451 + 1.00 559 + 0.83°
Corpus callosum 487 + 111 544 + 155 695+ 12328
Thalamus 371 + 110 401 + 105 430 + 0492
Pons 303 + 095 277+ 074 309+ 026
Medulla 265 + 0.37 291 + 093 326 + 058
Olfactory bulb 837 + 1.06 720+ 2.86 850 + 144
Lateral geniculate nucleus 444 + 126 504 + 152 558 + 0.96%
Optic tract 449 + 148 616 + 214 628 + 127
Optic nerve 640 + 1.18 662+ 175 799+ 122
Spinal cord 329 + 091 282+ 109 309+ 077
Sciatic nerve 326 + 0.1 570 + 2932 410 + 0382

lvalues are means + sp for 25-30 kittens (0.05% taurine group) and for 10-15 kittens (0.2 and 1% taurine groups).
2gignificantly greater than 0.05% taurine group (P < 0.05), Student’s t test. ,
3significantly greater than 0.2% taurine group (P < 0.05), Student’s t test.

smaller. A previous report (13) noted that rats
drinking a 5% solution of taurine had a smaller
weight gain than rats drinking water without taurine,
and appeared lethargic but otherwise healthy.
Adult female cats fed the high taurine diet over
this extended period had greater taurine concentra-
tions in soft tissues and some muscles, but not in
retina or brain, with the single exception of hip-
pocampus. As expected, plasma taurine concentra-
tions were 1nuch greater in cats fed the high taurine
diets, as were milk taurine concentrations during lac-
tation. The milk taurine concentration in lactating
females fed the 1% taurine diet increased ~50% from
birth to weaning at 8 wk. Somewhat surprisingly,

Downloaded from https://academic.oup.com/jn/article-abstract/122/1/82/4754778

by guest

on 10 March 2018

despite spending the entire gestation period in a
taurine-enriched environment, only liver, diaphragm,
plasma and stomach contents of newbom kittens had
greater concentrations of taurine. By weaning, at 8 wk
after birth, kittens from mothers fed the high taurine
diet had greater taurine concentrations in a number of
tissues, including most brain regions, than kittens
from mothers fed the diet containing 0.05% taurine.
Notable exceptions were in the eye tissues, retina,
tapetum, lens, optic nerve and optic tract, and ol-
factory bulb. Kittens from mothers fed the 1% taurine
diet and themselves weaned onto the same diet had
significantly greater taurine concentrations in most
tissues at 12 and 20 wk after birth than did similar
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TABLE 6

Concentration of taurine in tissues and fluids of 12-wk-old
cats fed a purified diet supplemented 0.05

TABLE 7

Concentration of taurine in tissues and fluids of 20-wk-old
cmfcdapmiﬂcddlctmppl?mudwlﬁaw

or 1% or 1% taurin
Dietary taurine Dietary taurine
Tissue 0.05% 1% Tissue 0.05% 1%
pmol/g wet wt pmol/g wet wt
Retina 43 + 6.1 506 + 26 Retina 504 + 23 426 + 124
Tapetum 823 + 243 128 + 212 Tapetum 172 + 73 145 + 44
Lens 116 + 57 174 + 62 Lens 169 + 18 165 + 18
Liver 125 + 41 201 + 342 Liver 916+ 292 182 + o082
Kidney 665+ 3.49 142 = 152 Kidney 512+ 105 139 + 142
11.1 + 22 149 + 232 Lung 149 + 103 152 + 20

Spleen 7.60 + 2.00 112 + 212 Spleen 853+ 0.50 114 + 08?2
Adrenal 9.07 + 287 107 + 20 Adrenal 120 + 24 180 + 99
Heart 135 + 42 187 + 53 Heart 107 + 58 159 + 21
Gastrocnemius 1.1 + 51 197 + 29?2 Gastrocnemius 875+ 155 159 + 412
Biceps 101 % 37 193 + 322 Biceps 938+ 135 144 + 282
Triceps 126 + 41 209 + 402 Triceps 109 + 17 157 + 112
Disphragm 642+ 172 114 + 13?2 Diaphragm 414+ 078 855 + 0.632
Plasma, pmol/L 9 & 87 651 + 2772 Plasma, pmol/L 218 & 186 477 £ 302
Occipital lobe 309 + 083 536 + 0852 Occipital lobe 257+ 033 395+ 0.662
Frontal lobe 368 + 037 580 + 0912 Frontal lobe 292+ 034 425 + 0812
Temporal lobe 351 + 031 523 + 0.652 Temporal lobe 294 + 042 405 + 0.582
Parietal lobe 370 + 035 546 + 0872 Parietal lobe 246 + 0.56 421 + 0522
Cerebellum 401 + 043 818 + 1042 Cerebellum 335+ 028 583 + 0.692
Superior colliculus 236 + 027 416 + 0522 Superior colliculus 151+ 0.73 274 + 0.482
Inferior coliculus 239+ 0.16 338 + 0312 Inferior colliculus 125+ 039 222 + 0.282
Hippocampus 351 + 021 455 + 0422 Hippocampus 229 + 0.11 418 + 0222
Corpus callosum 368 + 037 722 + 1362 Corpus callosum 304 + 047 435 + 0.402
Thalamus 283 + 044 369+ 0242 Thalamus 163 + 031 232+ 0312
Pons 1.89 + 025 350+ 1.73 Pons 128 + 031 274 + 148
Medulla 191 + 023 3.10 + 0402 Medulla 120+ 020 227 + 0542
Olfactory bulb 752 + 089 862+ 101 Olfactory bulb 102 + 32 9.42 + 032
Lateral geniculate Lateral geniculate

nucleus 2.77 + 041 455 + 0452 nucleus 159 + 0.62 3.00 + 0222
Optic tract 343 + 023 565+ 0952 Optic tract 188+ 073 350 + 0.16%
Optic nerve 522 + 020 601 + 211 Optic nerve 436 + 271 476 + 015
Spinal cord 255 + 0.73 401 + 0712 Spinal cord 118 £+ 0.30 243 + 0.042
Sciatic nerve 354 + 088 464 + 186 Sciatic nerve 381 + 3.30 272+ 092

Values are means + sp for 5 to 8 cats.
2gignificantly greater than 0.05% taurine group (P < 0.05), Stu-
dent’s t test.

kittens froin the 0.05% taurine group. Notable excep-
tions were in the retina, lens, optic nerve, olfactory
bulb and sciatic nerve.

Taken together, these results indicate that the fully
mature cat brain is largely resistant to significant
increases in taurine concentration when cats are fed a
high taurine diet over a long period of time, as might
be expected. Less expected was the observation that
the fetal cat brain was also resistant to increases in
taurine concentration, despite the immaturity of the
blood brain barrier during gestation. Even more sur-
prising in light of this observation was the apparent
decrease in resistance to increased brain taurine con-
centrations in young juveniles, at 8, 12 and 20 wk
after birth, when brain development has been largely

lyalues are means + sp for 4 to 6 cats.
2gignificantly greater than 0.05% taurine group (P < 0.05), Stu-
dent’s t test.

comnpleted and the blood brain barrier is fully mature.
The high dietary intake provided to the kittens during
lactation had a greater impact than the in utero envir-
onment of the mothers fed the high taurine diet. It
would be of interest to know when the adult property
of resistance to increased brain taurine concentrations
is reached, and whether other compounds besides
taurine can increase in juvenile kitten brain.

A number of reports in the literature have asso-
ciated dietary taurine netabolisin with dietary
protein content. Mature rhesus monkeys do not seem
to be dependent on dietary taurine to maintain their
body taurine pools although rhesus monkey infants
do seem dependent (14)] unless their diet is deficient
in protein (15, 16). Supplementary dietary taurine

Downloaded from https://academic.oup.com/jn/article-abstract/122/1/82/4754778
by guest
on 10 March 2018



88 STURMAN AND MESSING

given to lactating mice fed a protein-deficient diet
increased neonatal survival, but had no effect on lac-
tating mice fed a protein-sufficient diet (17). Purther
data obtained from this same animal model showed
that a limited period of undemnutrition had a per-
manent effect on the levels of certain amino acids,
including taurine, in the adult cerebellum, and that
these changes were modified by taurine supplemen-
tation (18). Weanling rats fed a low protein diet had
reduced taurine concentrations in plasma and retina
and abnormal retinal function (depressed a and b
waves in the electroretinograin) (19). Dietary taurine
supplementation normalized the taurine concentra-
tions but resulted in further impairment of visual
function. Injection of taurine, but not of sodium
chloride or valine, into fertilized chicken eggs
resulted in increased taurine concentrations in heart
and brain, and hatchlings with severe ataxia, reduced
muscle strength and impaired motor coordination
(20). Our studies have provided no evidence of ill
effects produced by prolonged feeding of high taurine
diets to adult female cats or on their offspring, al-
though these diets contained normal amounts of
protein for felines.
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