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The Utilization of Nitrogen for Growth

In Mice Fed Blends of Purified
Proteins (42856)

MURRAY O. KEITH AND J. MILTON BELL

Abstract. Reasons for differences in growth of weanling mice fed different blends of
purified proteins in diets apparently adequate in indispensable amino acids were
investigated. Dietary nitrogen provided at increasing levels from a mixture of casein,
gelatin, and zein, or from these plus gliadin and lactalbumin resulted in similar weight
gains and efficiency of feed utilization in weanling mice. These responses were always
lower (P < 0.05) than for mice fed the control diet. When diets were based on true
digestible nitrogen and amino acids, weight gains and feed efficiency decreased (P <
0.05) as the dietary nitrogen level increased. High plasma glycine concentrations and
high phenylalanine to tyrosine ratios were associated with high dietary glycine levels
provided by gelatin. When a mixture of constant proportions of protein sources, predom-
inantly casein, supplied most of the dietary nitrogen, small increases in weight gains
and feed efficiency were observed as the nitrogen level in the diet increased. Varying
the proportions of sources, which increased the percentage of gelatin, resulted in
decreased gains in response to more dietary nitrogen. Replacing the amino acids found
in gelatin by crystalline L-amino acids and replacing glycine by glutamic acid improved
gains and feed efficiency (P < 0.05) compared with gelatin-containing diets. These
studies demonstrated that glycine at dietary concentrations of approximately 1-2%,
either from gelatin or as the free amino acid, inhibited growth and feed utilization of

growing mice.

[P.S.E.B.M. 1989, Vol 190]

he requirements for indispensable amino acids

(IAA) for mouse growth have been reported (1,

2) but the requirement for total dietary nitrogen
has not been accurately defined. The dispensable amino
acids (DAA), which supply nonspecific nitrogen if the
IAA are provided at the requirement level, differ in
nutritional value for simple-stomached animals (3, 4).
For example, excessive dietary glycine can depress
growth of rats (5, 6) and chicks (7).

Although casein is used extensively in experimental
diets, several other commercially refined proteins may
be used to extend the opportunity through linear pro-
gramming to formulate diets for a wide range of amino
acid (AA) specifications while minimizing the need for
crystalline AA. The success of this approach depends
upon having adequate knowledge of the composition,
interchangeability, and digestibility of the alternative
protein sources.
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The objective of this study was to examine the
growth and feed efficiency (FE; gain/feed) responses of
weanling mice fed diets containing JAA at requirement
levels (1, 2) with various levels of total dietary nitrogen
and with the DAA supplied by several blends of purified
proteins and amino acids.

Materials and Methods

The effects of basing diet formulations on true
digestible nitrogen and AA instead of total nitrogen and
AA, of allowing unrestricted selection of protein sources
compared with fixed or constant proportions when
linear programming diets, of expanding the selection of
protein sources, and of restricting the glycine level of
the diet were successively investigated in a series of
seven growth trials with weanling mice (Table I). All
diets in Experiments 1-6 were formulated to minimize
the use of crystalline IAA. In Experiments 3 and 4,
DAA were supplied to meet the desired level of dietary
nitrogen.

Diet formulation, excluding the nitrogen portion
(Table 1I), was the same as in previous feeding trials
with mice (1, 2). The American Institute of Nutrition
(AIN) diet (8) was fed as a control diet. All diets were



Table I. Experimental Variables Used in Experiments 1-7

Proportions QSiUfS?S Dietary levels AA
Experiment Protein sources” of protein gf ﬁ: t?ol Ie}r: of nitrogen added
sources and A?A tested (g/kg)
1 Cas?, gel, zein Variable® Total 14.8-21.6 IAA
2 Cas, gel, zein Variable® True digestible 14.4-21.8 IAA
3 Cas, gel, zein Constant® True digestible 14.5-21.1 IAA, DAA
4 Cas, gel, zein, glia, lact Variable® Total 156.2-21.8 IAA
5 Cas, gel, zein, glia, lact Variable® True digestible 14.9-22.3 IAA
6 Cas, gel, zein, glia, lact Constant® True digestible 14.3-20.4 IAA, DAA
7 Gel, zein True digestible 20.6-21.6 IAA, DAA

“ Cas, casein; gel, gelatin; glia, gliadin; and lact, lactalbumin.

® No restrictions in linear programming on use of protein sources among diets with different test levels of dietary nitrogen.
¢ Proportions of protein sources fixed according to the levels programmed in the lowest nitrogen diet of the preceding experiment.

Table Il. Diet Formulas, Dry Matter Basis (g/kg)

. Experimental  Control

Ingredient diet? diet®
Carbohydrate premix® Variable —
Protein and amino acids’ Variable —
Sucrose — 500
Cornstarch — 140
Casein, high nitrogen® — 200
Fat premix’ 100 —
Corn il — 50
Cellulose-Celufil® 50 50
AIN mineral mix®- 35 35
AIN vitamin mix® 10 10
Choline bitartrate® 2 2
pL-methionine — 3
Antibiotic premix¢ 10 10

? As used by John and Bell (1) and Bell and John (2).

® Composition according to AIN (8).

¢ Composition: cornstarch, 50%; cerelose (glucose), 30%; sucrose,
20%.

“ Replaced part of the carbohydrate premix; composition presented
for individual experiments.

¢ Supplied by United States Biochemical Corp., Cleveland, OH.

" Composition: lard, 60.33%; sunflower oil, 39.42%; ethoxyquin (an-
tioxidant), 0.25%.

9 Tetralean 55 (MTC Pharmaceuticals, Hamilton, Ontario, Canada) in
cornstarch (1:99), provided 5.5 mg tetracycline HCl/kg diet, omitted
from Experiments 1 and 4.

formulated on a dry matter (DM) basis and adjusted to
air-dry composition before mixing.

Two purified protein assortments, casein + gelatin
+ zein and the previous sources + gliadin + lactalbu-
min, supplied most of the nitrogen in the test diets. In
an attempt to achieve maximum growth in weanling
mice, a series of three experiments was conducted with
each protein assortment using linear programmed diets
designed to provide the minimum required concentra-
tions of IAA but varying in nitrogen level. The recom-
mended level of crude protein for growing mice is
12.5% (2.0% nitrogen X 6.25) (9) based on limited data.

Dietary concentrations of IAA were those recom-
mended by John and Bell (1) and Bell and John (2) as
follows (g/kg diet DM): histidine, 2.0; isoleucine, 3.7:

leucine, 6.6; lysine, 4.0; methionine, 5.4; phenylalanine,
3.6; threonine, 4.5; tryptophan, 1.0; and valine, 5.4. In
the estimation of the methionine requirement (1), the
only cystine was a trace amount provided by the casein.
The total phenylalanine plus tyrosine requirement was
6.6 g/kg (4 phenylalanine, 2.6 tyrosine), with all tyro-
sine being supplied by the protein sources (2). In the
previous studies (1, 2) arginine was found to be dispen-
sable and was considered a DAA in the present exper-
iments. These concentrations of IAA were used for all
experimental diets (control diet excluded) either on a
total or true digestible basis as indicated for individual
experiments. The mouse’s requirements for AA such as
asparagine, glutamic acid, and proline have not been
determined. These AA are important for maximum
growth in young rats (9) and, if of equal importance for
growing mice, these AA could be assumed to have been
provided by the 8-12% of various protein sources in
the diets.

The first experiment in each series (Experiment 1,
Table III and Experiment 4, Table IV) was based on
chemically determined levels of total nitrogen and total
TAA in the protein sources as reported previously (10).
The diets were formulated to contain 14.4-20.8 g nitro-
gen/kg diet (9-13% crude protein, nitrogen X 6.25). In
the second experiment in the series (Experiment 2,
Table III and Experiment 5, Table IV), the diets pro-
vided true digestible nitrogen and IAA levels based on
individual IAA digestibility coefficients also determined
previously (10). True digestible nitrogen concentrations
were 12.8-19.2 g/kg diet (8-12% true digestible crude
protein). The proportional contribution of each protein
source varied among diets in each of the four experi-
ments.

In the third experiment in the series (Experiment
3, Table III and Experiment 6, Table IV) nitrogen and
IAA were provided on a true digestible basis but the
proportional contribution of each purified protein was
held constant for all test diets within the experiment.
This enabled the effects of increasing nitrogen concen-
tration to be determined without possible confounding
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Table Ill. Proportions of Nitrogen-Containing Components in the Diet Dry Matter of Experiments 1-3 Using
Casein, Gelatin, and Zein as the Protein Sources (g/kg)

Total True Crystalline amino acids
Diet nitrogen by digestible Casein® Gelatin® Zein? ] )
analysis?® nitrogen Indispensable Dispensable®
Experiment 1
1 14.8 — 39.9 27.0 17.8 8.0 —
2 16.5 — 33.6 40.4 19.0 8.2 —
3 18.1 — 27.3 53.7 20.2 8.3 —
4 19.8 — 21.0 67.1 21.3 8.5 —
5 21.6 —_ 14.6 80.4 225 8.6 —
Experiment 2
6 14.4 12.8 68.6 3.8 10.1 74 —
7 15.8 144 53.5 235 14.0 8.6 —
8 18.4 16.0 37.2 43.8 18.3 10.1 —_
9 20.4 17.6 17.6 65.4 242 121 —
10 21.8 19.2 0 84.8 295 13.9 1.0
Experiment 3
11 145 12.8 68.6 3.8 10.1 7.4 0
12 16.0 144 68.6 3.8 10.1 7.4 14.0
13 17.8 16.0 68.6 3.8 10.1 7.4 28.0
14 19.2 17.6 68.6 3.8 10.1 7.4 42.0
15 211 19.2 68.6 3.8 10.1 7.4 56.0

“ Total nitrogen by analysis in the control diet fed in Experiments 1-7 ranged from 30.0 to 31.5 g/kg dry matter.
® High nitrogen casein, United States Biochemical Corp, Cleveland, OH, supplier.

° Bloom 300, from porcine skin (United States Biochemical Corp.).
¢ICN Nutritional Biochemicals, Cleveland, OH, supplier.

¢ Composition; % dry weight (Experiment 2) ala:gly:ser = 25:50:25, as used previously (1); (Experiment 3) ala:arg:glu:gly = 15:4:78:3.

Table IV. Proportions of Nitrogen-Containing Components in the Dry Matter of Experiments 4-6 Using Casein,
Gelatin, Gliadin, Lactalbumin, and Zein as the Protein Sources (g/kg)

Total True

Diet nitrogen  digestible Casein Gelatin Gliadin® Lactailbumin®  Zein

by analysis  nitrogen

Crystalline amino acids

Indispensable Dispensable®

Experiment 4

16 15.2 — 242 11.5
17 16.9 — 9.1 232
18 18.5 — — 37.3
19 19.9 — — 54.8
20 21.8 — — 72.2
Experiment 5
21 14.9 12.8 711 —
22 16.4 14.4 459 13.7
23 18.0 16.0 15.7 296
24 20.1 17.6 — 55.3
25 223 19.2 — 84.8
Experiment 6
26 14.3 12.8 711 —
27 15.5 144 711 —
28 17.5 16.0 711 —
29 18.8 17.6 71.1 —
30 204 19.2 711 —

245 20.0 6.6 6.6 —
28.2 29.0 6.1 6.9 —
27.8 31.4 7.6 7.2 —
20.8 241 11.9 7.7 —
14.0 16.8 16.2 8.1 —
3.6 — 79 6.7 —
15.3 9.3 6.8 7.4 —
26.2 20.9 6.7 8.6 —
191 18.7 14.3 10.7
— — 295 13.9 1.0
3.6 — 7.9 6.7 —
36 — 79 6.7 13.5
3.6 — 7.9 6.7 27.0
3.6 —_ 7.9 6.7 40.4
3.6 — 7.9 6.7 53.9

 Crude, from wheat gluten (United States Biochemical Corp.)
®ICN.

¢ Composition: % dry weight (Experiment 5) ala:gly:ser = 25:50:25 (1); (Experiment 6) ala:arg:glu:gly = 15:4:78:3.

from compositional changes in the nitrogen component
coincident with each increment in nitrogen in the pre-
vious experiments. The composition of the basal diet
was the same as that diet having the lowest level of true
digestible nitrogen in the preceding experiment of each
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series. Using a constant basal diet necessitated including
a greater proportion of crystalline DAA to meet total
nitrogen requirements. The composition of the DAA
mixture was changed (Tables III and IV) to minimize
dependence on glycine as a source of nitrogen. The



proportions of alanine, arginine, and glycine were sim-
ilar to those in casein. The proportion of glutamic acid
was similar to glutamic acid plus glutamine in casein.

A seventh and final experiment (Table V) was
designed to examine the possibility that gelatin or gly-
cine caused reduced mouse growth in the previous
experiments. Diets were formulated on a true digestible
nitrogen and IA A basis. The true digestible AA supplied
by gelatin and zein were replaced in turn by crystalline
AA (Diets 32 and 33, respectively) or, in the case of
Diet 34, by crystalline AA with the glycine from gelatin
replaced by glutamic acid.

Swiss X Carworth Farms no. 1 crossbred male
weanling mice were used for all experiments except
Experiment 7 in which CD1 Swiss mice were used. All
were maintained in stock cages and fed a 20% casein-
based pretest diet for | to 3 days before being randomly
allotted to test diets at 18-21 days of age and weighing
10-11 g. There were 10 replicates per treatment group
except 12 per treatment in Experiment 7.

The mice were kept in individual stainless steel
screen-bottom mouse cages for a 14-day test period.
Room conditions were maintained at 23-24°C, relative
humidity was 40-50%, and a 12-hr light and dark
schedule was followed. Feed and water were provided
ad libitum. Body weights were recorded weekly. Spilled
feed was collected on a paper towel under each cage
and, at the end of each week after drying at room
conditions, was separated from feces using a 16-gauge
sieve. The total weight of oven-dry spilled feed was
deducted from the weight of the allotted diet corrected
to DM basis.

The mice were anesthetized with ether and then
decapitated. Plasma was obtained by centrifuging hep-
arinized blood at 1800g for 15 min. Two pooled sam-
ples of plasma, each from separate groups of three or
four mice within each diet group, were deproteinized
using 20% trichloroacetic acid in a volume ratio of
1:0.5 (plasma to trichloroacetic acid). The supernatant
and the remaining plasma were stored at —18°C until
assayed.

Concentrations of AA in deproteinized plasma
were measured by ion exchange chromatography using

a Perkin Elmer Series 4 Liquid Chromatograph. Plasma
urea nitrogen was measured following the release of
ammonia from urea by urease and the reaction of
ammonia with alkaline hypochlorite and phenol in the
presence of sodium nitroprusside (Kit no. 640; Sigma
Chemical Co., St. Louis, MO). Total nitrogen in diets
was determined by the Kjeldahl method (11).

The design for all experiments was a one-way clas-
sification. Observed gains, feed intakes, gain to feed
ratios, and urea nitrogen concentrations were analyzed
by analysis of variance followed by Waller and Dun-
can’s k ratio test (12) (k ratio = 100) to compare
individual means. A k ratio of 100 approximates the
5% level of significance (13). Weight gains adjusted for
differences in feed intakes were analyzed using covari-
ance analysis (12). Regression analysis was used to
examine effects of increasing dietary nitrogen concen-
tration in each experiment (control data excluded).
Most variables showed little response to nitrogen con-
centration for reasons that are discussed in the text and
the regression data were not reported here.

Results

There were no significant increases (P > 0.05) in
weight gains, adjusted gains, or FE as the dietary nitro-
gen concentration increased in Experiment 1 (Table
VI). For all three variables the performance of mice fed
the test diets was inferior to that of the control mice,
although the amount of feed eaten was similar for all
diets.

In Experiment 2 where true digestible nitrogen and
AA concentrations were used in diet formulation, both
weight gains and FE decreased (P < 0.05) as the nitro-
gen concentration increased. Intakes of all diets were
the same except for Diet 10 which had the highest
nitrogen concentration and for which feed intake was
significantly reduced (P < 0.05). Plasma glycine and
urea nitrogen concentrations and phenylalanine to ty-
rosine (phe to tyr) ratios increased as dietary nitrogen
increased. Mice receiving the highest nitrogen concen-
tration were most adversely affected.

Using the same true digestible nitrogen and AA
levels as for Experiment 2 but with these nutrients

Table V. Proportions of Nitrogen-Containing Components in the Diet Dry Matter of Experiment 7 (g/kg)

Total True Crystalline amino acids
Diet nitrogen digestible Gelatin Zein ) -
by analysis nitrogen indispensable Dispensable
Experiment 7

317 21.6 19.2 84.8 29.5 13.9 1.0°
32 20.6 19.2 — 295 36.0 66.9
33 20.9 19.2 84.8 — 220 19.9
34¢ 20.6 19.2 — 29.5 36.0 86.5

? The same composition as Diet 10, Experiment 2 (Table Hll) and Diet 25, Experiment 5 (Table V).

® Composition: % dry weight (Diet 31) ala:gly:ser = 25:50:25.
¢ The same as Diet 32 but with glycine replaced by glutamic acid.
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Table VI. Weight Gains, Feed Efficiency (Gain/Feed), and Concentrations of Selected Plasma Variables of Mice
Fed Test Diets in Experiments 1-3

Food Adiusted Plasma®
ee . juste
Diet Observed e GaIN/ gain® Urea i cine Tyrosine  Phenylalanine Phenylalanine/
gain (g) (DM) (g) feed nitrogen Y y y A .
g @ (ma/d) M) (uM) (M) tyrosine ratio
Experiment 1
1 12.1bc® 57.9abc 0.208b 12.0c — — — — —
2 13.9b 61.6a 0.226b 12.6bc — — — — —
3 12.3bc 58.3abc 0.210b 12.2¢ — — — — —
4 13.0bc 56.8bc  0.228b 13.4b — — — — —
5 11.7¢ 53.7¢ 0.217b 13.1bc — — — — —_
Control 16.0a 59.0ab 0.272a 15.6a — _— — — —
SEM? 0.70 1.45 0.0091 0.48
Experiment 2
6 13.1b 53.8a 0.241b 12.5b 13.5¢ 226 164 99 0.60
7 13.3b 53.2a 0.249b 13.0b 16.0c 501 122 90 0.74
8 12.1bc 52.6a 0.227bc  12.0b 16.0c 880 104 87 0.84
9 10.4c 52.3a 0.199¢c 10.4c 19.0b 1124 73 79 1.08
10 7.3d 45.6b 0.150d 9.9¢ 20.7b 2539 60 78 1.30
Control 16.2a 56.4a 0.287a 14.7a 31.2a 188 173 117 0.68
SEM? 0.87 1.99 0.0112 0.44 1.03 — — — —_—
Experiment 3
11 11.3b 54.6 0.207¢c 11.4c 11.2d 241 134 85 0.63
12 12.1b 54.4 0.223bc  12.3b 13.8cd 247 133 84 0.63
13 11.5b 529 0.218bc  12.1bc 14.8bc 231 132 79 0.60
14 12.7b 55.5 0.229% 12.5b 17.1b 218 126 77 0.61
15 12.8b 55.3 0.230b 12.6b 17.4b 231 107 75 0.70
Control 16.4a 56.4 0.290a 15.9a 32.7a 161 151 105 0.70
SEM? 0.59 1.61 0.0064 0.33 1.07 — — — —

“ Adjusted for differences in feed intake using covariance analysis.

® Plasma amino acid concentrations based on a pooled sample analysis. No statistical comparisons made.
¢ Means followed by different letters are significantly different (k ratio=100).
9 Standard error of the mean based on 10 observations per treatment group.

provided by a basal diet of constant composition (Ex-
periment 3), the adjusted gains and FE increased
slightly relative to those at the lowest level of nitrogen
intake and the negative effects of increasing dietary
nitrogen on gains and feed intakes were not observed
as they had been in the previous experiments (Table
VI). Plasma glycine levels and phe to tyr ratios were
similar to those of controls.

In these three experiments the weight gains and FE
of mice fed the experimental diets were below (P <
0.05) those of the control mice fed the AIN diet, al-
though the highest observed or adjusted gains for any
experiment were 78-87% of controls.

The results of Experiments 4-6 (Table VII) were
similar to those of Experiments 1-3 (Table VI). Most
notable were the decreasing gains and FE in Experiment
5 diets based on true digestible nitrogen and AA. These
results provided important confirmation of results of
Experiments {-3 despite using a broader array of pro-
teins from both plant and animal sources.

The increasing concentration of gelatin, particu-
larly in diets of Experiments 2 and 5, suggested an
association with poor gains and feed efficiency. The
highest concentration of glycine in Experiment 5 diets
was 21.5 g/kg or about 2% of the diet provided almost

250 NITROGEN UTILIZATION IN GROWING MICE

entirely by gelatin (Table VIII). The nitrogen provided
by this glycine was about 18% of the total dietary
nitrogen. By comparison glycine concentration in the
casein-based control diet was 3.3 g/kg or approximately
0.3% of the diet.

By replacing gelatin or zein with equivalent
amounts of crystalline AA (Diets 32 and 33, respec-
tively) in Experiment 7 (Table 1X), the mice did not
grow any better compared with those fed the gelatin
plus zein diet (Diet 31). In fact, feed intakes were
depressed and plasma glycine concentrations tended to
rise. However, replacing the glycine from gelatin with
glutamic acid (Diet 34) improved FE (P < 0.05) and
adjusted gains (P < 0.05) whereas plasma glycine con-
centrations were markedly reduced. The phe to tyr
ratios were slightly lower with the glutamic acid substi-
tution. The AA composition of gelatin, in particular its
high glycine concentration, was primarily responsible
for the decreasing gains and FE of mice observed in
Experiments 2 and 5.

Discussion

The basal diet that was used for these experimental
diets has been used previously (I, 2). Despite some
compositional differences between it and the AIN diet



Table VIl. Weight Gains, Feed Efficiency (Gain/Feed), and Concentrations of Selected Plasma Variables of Mice
Fed Test Diets in Experiments 4-6

Feed . Plasma®
Diet Observed intake  Gain/ Adj:i?‘tf d Urea . ] ] ]
gain (g) (DM) feed 9 nitrogen Glycine Tyrosine Phenylalanine Phenylalanlr!e/
@) (@ (mg/d) (M) (M) (uM) tyrosine ratio
Experiment 4
16 13.2b° 60.6ab 0.217b 12.9b — — — — —
17 13.6b 60.8ab 0.223b 13.2b — — — — —
18 13.7b 59.5ab 0.229b 13.8b — — — — —
19 12.4b 56.6b 0.217b 13.7b — — — — —
20 13.5b 58.2b 0.231b 14.1b — — — — —
Control 17.7a 63.0a 0.281a 16.4a — — — — —
SEM? 0.74 1.48 0.0091 0.46 — — — — —
Experiment 5
21 12.5bc  53.9ab 0.232bc 12.4b 14.5¢ 173 163 92 0.56
22 13.7b 56.0ab 0.244b 12.9b 15.0¢c 388 136 93 0.68
23 11.3cd 52.1ab 0.217c 11.9b 16.4c 655 99 84 0.85
24 10.2d 53.5ab 0.185d 10.2¢c 20.7b 1062 75 88 1.17
25 7.1c 50.1b  0.141e 8.4d 21.9b 2210 56 73 1.30
Control 16.8a 56.9a 0.295a 15.6a 32.5a 220 215 125 0.58
SEM“ 0.70 1.59  0.0088 0.39 1.29 — — — —
Experiment 6
26 13.8b 555b 0.248bc  14.0b 13.7e 235 162 95 0.59
27 14.3b 55.7b 0.257bc  14.4b 16.2de 246 150 96 0.64
28 13.6b 55.6b 0.244c 13.7b 16.8¢cd 257 142 87 0.61
29 14.6b 54.5b  0.268b 15.0b 19.3¢c 293 133 86 0.65
30 14.3b 542b 0.264b 14.8b 22.0b 304 169 113 0.67
Control 17.8a 60.6a 0.294a 16.5a 34.4a 171 179 127 0.71
SEM? 0.50 1.19  0.0067 0.37 1.00 — — —_ —

“ See footnote a to Table VI.
* See footnote b to Table VI.
¢ See footnote ¢ to Table VI.
“ See footnote d to Tabie VI.

Table VIIl. Gelatin and Glycine Contents in the Diet
Dry Matter of Experiment 5 (g/kg)

Total Glycine .

Diet nitrogen Gelatin  from 'Il'ot'al Gchmea

by analysis gelatin glycine - nitrogen

21 14.9 0 0 13 02 (1.3

22 16.4 13.7 3.4 47 09 (5.5

23 18.0 29.6 7.3 85 1.6 (8.9

24 20.1 553 136 144 27(134)

25 22.3 848 208 215 4.0(17.9)

Control 315 0 0] 33 06 (1.9

@Numbers in parentheses show glycine nitrogen as a percentage of
total nitrogen.

(8), this basal diet combined with the protein source of
the AIN diet (20% casein + 0.3% DL-methionine) re-
sulted in weight gains in weanling mice equal to those
fed the AIN diet (unpublished data). The inferior
growth and FE observed in this study were probably
due to the DAA fraction since the IAA were provided
at the requirement levels (1, 2).

Glycine was the DAA that varied most widely in
dietary concentration. The glycine content of gelatin is

about 24% (10) and diets with the highest gelatin level
contained 2.15% glycine, equivalent to 18% of the
dietary nitrogen. Although a reduction in weight gains
was not observed in rats fed AA diets containing up to
3% glycine (14), some growth reduction usually occurs
at higher levels of glycine. An AA-based diet containing
4.25% glycine caused lower gains and FE in rats (6).
Similar growth inhibition in rats has been reported
when glycine supplied a large proportion of the non-
specific nitrogen (3, 5, 15). In contrast, the reduced
growth of chicks fed an AA- or protein-supplemented
gelatin diet with a high glycine concentration was be-
lieved to be due to a methionine deficiency rather than
to an excess of glycine (7). For chicks the requirements
for both methionine and glycine are relatively large (16)
which might partly explain the difference.

Glycine has been found to be anorexigenic in rats,
apparently due to ammonia yielded by the glycine (17).
Sauberlich (5) found no reduction in feed intakes in
rats fed a diet containing 5% glycine but weight gains
were lower which resulted in lower FE. Feed intakes in
the current study declined only slightly in Experiments
2 and 5 and FE was reduced. Weight gains adjusted for
differences in feed intake were also reduced; therefore,
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Table IX. Weight Gains, Feed Efficiency (Gain/Feed), and Concentrations of Selected Plasma Variables in Mice
Fed Test Diets in Experiment 7

Feed _ Plasma®
; Observed intake  Gain/ Ad‘“.Staed Urea ] ] ] .
Diet gain(g) (DM)  feed gan nittogen  Glycine  Tyrosine  Phenylalanine  Phenylalanine/
(@) (@) (mg? dy M) (M) (uM) tyrosine ratio

Experiment 7

31 12.8bc® 59.4ab 0.215c 12.4¢c 27.0b 1952 78 77 0.99

32 12.2¢ 55.1¢ 0.221c  12.7¢ 25.4b 2335 73 59 0.81

33 11.8¢c 55.4c 0.212¢ 12.3c 25.3b 2212 78 66 0.85

34 13.5b 56.9bc 0.238b 13.7b 28.0b 575 89 69 0.78
Control 17.6a 61.7a 0.285a 16.7a 37.6a 276 170 95 0.56

SEM? 0.44 1.19  0.0064 0.36 1.53 — — — —

7 See footnote a to Table VI.
* See footnote b to Tabie VI.
° See footnote ¢ to Table VI.

¢ Standard error of the mean based on 12 observations per treatment group.

it appears that appetite depression was not important
in explaining the effect of glycine.

The mechanism by which glycine affects growth
and metabolism in mice may relate to its ammonia-
generating potential. Dogs infused intravenously with
glycine showed increased blood ammonia levels which
were related to the amount of glycine infused (18).
Infusion of a casein hydrolyzate providing amino nitro-
gen at the same rate resulted in a much smaller increase
in blood ammonia level but a greater increase in blood
urea. Glycine given orally or intravenously to human
subjects with liver disease is one of the most ammoni-
genic AA (4). Glycine is rapidly deaminated in the liver
and ammonia formation is an important step in the
entry of glycine nitrogen into the urea cycle (19).

Changes in the phe to tyr ratio similar to those seen
here have been observed in rats (20-22) and seem to
be associated with a pathologic state. Elevated plasma
concentrations of phenylalanine and methionine are
found in patients with liver disease (23, 24), indicating
that there is delayed conversion to the DAA and re-
duced clearance of the two IAA. In cirrhotic patients
high plasma phenylalanine concentrations were asso-
ciated with impaired ammonia tolerance (25). In the
mice in the present investigation, plasma phenylalanine
did not increase but tyrosine dropped markedly, leading
to high phe to tyr ratios. The relationship of the phe to
tyr ratio to ammonia concentration is uncertain be-
cause ammonia was not measured, but there is a strong
possibility that the mice fed high glycine diets were
subject to a persistent ammonia load.

In the present experiments arginine was considered
a DAA (2). Although an increase in the ammonia load
can increase the need for arginine (26), there was about
four times as much arginine in gelatin (8.59%) (10) as
in casein (2.32%) and the highest level of gelatin in the
diet (8.48%) provided 0.79% arginine. Unless the need
for arginine was unusually high, a shortage of this AA
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was not a likely explanation for the poor performance
of mice fed high gelatin (high glycine) diets.

The possibility exists that an [AA was limiting in
the experimental diets. If such a deficiency existed, it
was of a relatively mild degree since the fastest growing
test group overall averaged about 80% of the gains seen
with the AIN control diet. Under these circumstances
a dietary excess of most DAA would result in greater
urea excretion and decreased efficiency of nitrogen
utilization but not growth impairment or other evi-
dence of toxicity, both of which were observed in
Experiments 2 and S, in response to increased dietary
levels of glycine.

These experiments provided evidence for differ-
ences in the ability of purified proteins to provide AA
nutrition for mice even though the IAA were supplied
at recommended levels. These experiments identified
glycine as the AA in gelatin that interfered with nitrogen
utilization. For mice and probably for other simple-
stomached animals, gelatin as the principal source of
dietary nitrogen poses a risk to the metabolism of the
animal.
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