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Abstract

Young rats were fed diets containing three different proteins : lactalbumin, soy and peanut
protein, each fed at levels from zero to over 35% of the diet over a 2-week time period. Response
was measured as the amount of body weight gain in relation to total nitrogen consumption as a
measure of dose. The slopes of the regression of the proteins in the linear range were compared
to that of the standard lactalbumin. The relative growth index of soy and peanut protein was
calculated to be 78.4 and 55.7, respectively. Thus, it is concluded that the slope-ratic assay is a
very useful method for the evaluation of the nutritional quality of proteins under well-designed

experimental conditions.
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INTRODUCTION

In the evaluation of diets and in the establish-
ment of protein requirement, it is considered
necessary to take into account both the amount
and nutritional quality of dietary protein. There
are basically two biologic procedures in common
use for the evaluation of the nutritive value of
proteins. Biological value (BV) as determined by
Mitchell"is defined as the “percentage of absorbed
nitrogen refained” and is generally considered the
method of choice®. However, BV can be determined
only when the animal is depleted of nitrogen and
the intake of protein is low so that the animal is
negative balance or near balance. The other meth-
od is the protein efficiency ratio (PER) originally
proposed by Osborne et al®, This method has been
criticized? since the PER is highly correlated with
weight gain, not the characteristic of the protein,
but of the rate of weight gain of the animals consu-
ming the diet. The PER is also not a true measure
of efficiency since not all the protein is utilized for
growth.

The purpose of a blologic assay is to determine the
relative potency of a test protein compared with a
standard protzin. Hegsted and Chang® suggested
that the slope-ratio assay using weight gain as the
response and nitrogen intake as the measure of
dose could be most satisfactory for the svaluation
of the nutritive value of proteins., In this method,
the relative nutritive value or potency of test
proteins can be calculated by comparing the slopes
of test proteing with that of & standard protein
which is known to be of high biclogical protein.

In the current study, the relative nutritive values
of soy and peanut protein were estimated using the
growing rat slope-ratic assay.

MATERIALS AND METHODS

Diets

The protein-free diet contained a vitamin mixtu-
re, 0.5% ; a salt mixture, 5.0% (Teklad Test Diets,
Madison, WI) ; choline chloride (50% solution), .
4% (U, S, Biochemicals, Cleveland, OH) : and corn
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oil, 5.0% cerelose, 89.1% (CPC International,
Englewood Cliffs, NJ). The sources of three
different. proteins widely varying in protein guality
ranging from high, intermediate to low guality
were as follows : lactaibumin, U. 5. Biochemicals,
Cleveland, O : soy protein, Central Soya Com-
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Fig. 1. Relationship between total food intake and
weight gain of rats fed different protein

diet. A ! lactalbumin, B soy protein, C:
peanut protein.
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pany, Chicago, IL ; and defatted peanut grits, Gold
Kist Inc., Lithonia, GA. Protein was added to the
diet at the expense of equal weight of cerelose.

Animals

Young male rats (64~ 72g, Holtzman Co., Madiso-
n, WI) were fed a 10% cassin diet supplemented
with 0.3% of L-methionine for 3 days prior to
treatment group assignment. Three different
proteins of varying protein quality (lactalbumin,
soy and peanut protein) were observed in this
study. A total of 95 rats were weighed and divided
into 19 groups of similar weight, 5 rats per group.
The average weight of the rats in each group was
69+ 3.8g. The rats were individually housed in
stainless steel cages in a room with controlled
temperature (237) and relative humidity (60%) as
well as 12hr cycles of light and dark. One group
received a protein-free diet and 6 groups received 8
different levels of lactalbumin ranging from 0.45%
to 2.86% nitrogen ; another 6 groups, soy protein
containing 1.03% through 3.650% nitrogen ; and
the last 6 groups were fed a peanut protein diet
whose nitrogen conteni varied from 0.74% to 2.20
% nitrogen. The protein levels were selected to
cover the widest possible but the highest level
below that which allowed maximum growth. Food
and water were provided ad libitum for 14 days.
Food consumption and weight gain were measured
thiree times a week for each protein. Total nitrogen
intake was calculated for each animal from the
nitrogen content of the diet and the amount of food
consumed.

RESULTS AND DISCUSSION

Table 1 shows daily food intake, daily weight gain
and food efficiency ratio for rats fed the protein free

Table 1. Daily foed intake, daily weight gain and the food efficiency raiio (FER) for rats fed the protein free

diet”
Total food Total weight Daily food Daily weight Food efficiency
intake (g} gain(g) intakelg/day} gain re;tio"‘
148 + 247 —1567+0.55 10.70+1.870 —1.11+0.035 -0107+0.018

= All values represent the mean + SD of five values, Rats were fed protein free diet over a 2 week time period.
" Food efficiency ratio= Daily weight gain + Daily food intake.

*'Negative values represent loss in weight.
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Table 2. Dietary nitrogen content, total food intake, total nitrogen intake, and total weight gain of rats fed
diets containing no protein, lactalbumin, soy protein and peanut protein®

Protein Dietary nitrogen Total food Total weight Total nitrogen

fed content (¢0) intake {g) gain (@) intake ()
Protein free 0.00 149.8+24.7 —156+05 0.00

Lactalbumin 0.49 123.0+16.1 —4.4434 0.60+0.07

1.30 158,04+22.0 26.3+6.2 1.62+0.23

144 176.8+16.7 538+7.9 2554 0.24

1.97 29824 14,3 858+59 4.49+0.28

2.50 2084+ 5.2 886+7.7 5.21+0.13

288 201.2+21.1 92.8+:109 5.75+0.60

Say protein 1.03 151.5+125 14.3+3.1 1.56+0.13

1.50 174.5+13.3 38.8+17 2.61+0.20

1.75 176.2+14.6 484453 3.08+0.57

2.67 168.4+ 8.5 60.0+4.2 348+0.18

2.80 2024+ 188 85,8467 5.66+0.65

3.65 176.8+10.3 74.2+96 6.45+0.38

Peanut protein 0.74 151.8+15.3 —-88+97 1.13+0.11

1.23 168.9+28.3 T7.7+63 2.07+0.35

1.50 170.04+20.9 234426 2.55+0.81

1.72 166.8+ 6.8 276449 2.87+0.12

2.00 190.3+26.7 532475 3.81+0.53

2.20 165.9413.6 462+155 3.660.30

@ All values represent the mean - 8D of five values, except for the rats fed 0.74% nitrogen peanut protein diet in which
one rat was removed due to death. Rats were fed individual diet over a 2 week time period.

diet over a 2-week period. Although rats daily con-
sumed a diet containing all the essential nutrients
except protein on an average of 10.7g, these rats
lost 1.11g per day, indicating that protein is the
essential nutrient for the growth in rats. Thus, the
protein-free diet showed a food efficiency ratio of —
0.107 on an average.

A summary of intake-response data is given in
Table 2. Group means are presented; however,
individual values were used in the subsecuent
plotting and calculations. Generally, food intake
reached a peak at dietary nitrogen level below that
needed to maximize body weight gain. This
indicates that rats overeat when dietary nitrogen
intakes approaches the requirement”. Bfficiency of
protein utilization as measured by weight gain
increased continuously with inereasing dietary
nitrogen levels. When food intake was plotted
against total weight gain of rats fed lactalbumin,
soy and peanut protein diet for 14 days, there was
a positive correlation between the two (Ifig. 1). The
highest correlation between total food intake and
total weight gain was ohserved for rats fed the

tactalbumin diet (r=0.869) followed in decreasing
order by soy (r=0.595) and peanut protein diet (r=0.
295). 1t is noteworthy that most of rats consumed
less peanut protein diet as compared to lact-
albumin and soy protein diet.

The nitrogen dose-response curves with total
weight gain as the response are shown in Fig. 2.
The curve {it was accomplished by the second order
polynomial regression. The asymptotic or sigmoid
nature of these curves is apparent, particularly for
lactalbumin and soy protein diet. Inspection of
these curves indicates, however, that the central
portions may be completely or nearly linear. Whet-
her the response curve obtained with peanut
protein diet is typical of very poor quality protein®
or only representative of some unusual ocourrence
in this study needs further study.

In the slope-ratio assay, the potency is proportio-
nal to the slopes of the regression lines relating
dose and response”. Regression analyses were done
utilizing the points which appear to be in the linear
range shown in Fig. 2. Some of the points which
deviate sharply from the linearity were excluded
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Fig. 2. Relationship between total nitrogen intake
and weight gain of rais fed different protein
diets. A : lactalbumin, B : soy protein, C:
peanut protein.

from the computation. The regression lines for
lactalbumin, soy and peanut proteins are shown in
Fig. 3A, B and C respectively. Analysis of the slope-
ratic assay gave the linear regression line represe-
nied by the equation Y=athx for each protein, ¥
being the response (total weight gain) and x, the
total amount of N consumed by each rat. The ratic
of the slope (b} for each lest protein to that of the
siandard with high protein nutritive quality, in
this case, lactalbumin, is a measure of its relative
nutritive value (RNV), The data presented in Table
3 suggest that the most appropriate relative
nutritive values for soy and peanut proteins, ass-

Oh

Table 3. Slope-ratio assay. Characteristics of the re-
gression equation Y = a+bx for lactalbum-
in, soy and peanut protein

lactalbumin Soy Pearut
Protein Protein
Intercept(a) ~19.705 -19.3656 —20.215
Slope(h) 28,421 22,208 15817
" Correlation 0.971 0.971 0.816
coefficient(r)
SDof Y about 6.539 3.548 7.2'74
regression line
Relative mutritive vaiue 100 78.4 55,7
or potency(%)
Biological value” 85% 66.4" 561
(BV)
Net protain 89.1-94 7 83.3% 3949
utilization(NPU ~
“ Literature values.

uming lactalbumin has a relative value of 100, are
78.4 and 55.7 respectively, The value obtained for
30y protein shows a somewhat higher value than
that reported by Hegsted ef al.®for full fat soya
flour (58~64% RNV). In another report, Hegsted
and Chang? found that the soy protein had a RNV
of 34. Thus, it appears that the RNV value for soy
protein can be substantially variable depending on
variety, maturity, processing, etc. and also on the
variations in the assay design, such as the number
of animals per group, the number of levels of
protein tested, and the length of time aliowed for
a2ssay, etc®. On the other hand, RNV for peanut
protein shows a very close agreement with the
reported value of 577. The reported bioicgical
values (BV) and net protein utilization (NPU) are
included in Table 3 for comparison with RNV.
Congideration should be taken that the BV of poor
guality proteins appears to overestimate the
nutritive value?. Both the BV and NPU show simi-
lar magnitude as RNV when they are expressed in
relative terms, and give the same decreasing order
of efficiency as RNV for the three test proteins.
Thus, the adequacies of the slope-ratic method for
the evaluation of protein guality are shared by the
measurement of BV and NPU.

The correlation coefficient (r} values for the
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Fig. 3. Regression lines for lactalbumin, soy and
peanut protein diet caleulated through the
points which appear io be in the linear
range shown in Fig. 2.

regression lines are relatively high for all three
proteins (Table 3, Fig. 3). Appreciable departure
from linearity near the intercept can occur when
the calculated intercept is lower than that found
for the protein-free group. Also, at high levels of
protein intake, the rate of growth, i. e., the eff-
iciency of dietary protein utilization varies greatly
among individual animals fed the same diet as
shown in Fig. 2. Thus, it was necessary to elimi-
nate the points which are above or below the linear
curve,

The data and analyses presented in this study
show that accurate and inherently valid growth
assays of the nutritive values of proteins are feas-

ible under well-designed and well-controlled study.
Hegsted and Chang? suggested that the RNV of
sloperatio assays appear to be most useful when
the regression lines are substantially linear over a
considerable range and this also fulfills the prime
consideration for this assay.
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