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VITAMINS AND OTHER NUTRIENTS

Net Protein Ratio Data: AACC-ASTM Collaborative Study
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Seven- and 14-day net protein ratio (NPR) data were obtained from 7

" laboratories for 6 protein sources: ANRC casein, lean beef, lactalbu-
min, textured vegetable protein, and peanut flour were fed as 10%
protein (N X 6.25) in the test diet. Wheat flour, casein, and textured
vegetable protein were fed as 6% protein (N X 6.25) in the test diet.
Weighed dry ingredients for each diet were sent to each collaborator,
who mixed the dry ingredients, then added specified amounts of corn
oil and water and mixed each complete diet thoroughly. Rats were
adapted for 0, 2, or 4 days, and then were fed the test diets for 28 days
for protein efficiency ratio (PER) diets. The animal weight gain and
feed consumption data obtained after 7 or 14 days of feeding were used
to calculate NPR values. Analyses of data were done before [net protein
ratio (NPR)] and after (R-NPR [relative-NPR]) adjustment of the data
from each laboratory by its results for the reference protein casein.
From the analysis of variance for NPR, significant (P <0.05) interac-
tions were observed among laboratories, protein sources, and adap-
tation times of the animals (0, 2, or 4 days). Inter- and intralaboratory
variability were decreased by use of 14-day values compared with 7-
day values. Adjustment of the NPR data to R-NPR did not lower the
intralaboratory variability but did lower the interlaboratory variability
of the data. Increasing adaptation time did not consistently decrease
interlaboratory or intralaboratory variability or decrease coefficients
of variation (CV) of R-NPR values. The 14-day NPR inter- and intra-
laboratory variations for the 10% protein diet over all factors (5 protein
diets, 3 adaptation periods, and 7 laboratories), as measured by CV
values, were 13.2 and 7.7 %, respectively. The corresponding R-NPR
values were 9.2 and 8.0%, respectively.

Determination of net protein ratio (NPR), a 10-day rat bioas-
“say proposed by Bender and Doell in 1957 (1) for estimation
of protein quality, has potential as a standard method. There-
fore, NPR with a time modification also was determined
during the AACC-ASTM collaborative study on protein effi-
ciency ratio (PER) (2). Hackler et al. (3) have reported the
results of the collaborative study on PER. The NPR bioassay
" is similar to a shortened PER test, except in the NPR bio-
assay, 1 group of rats is fed a nonprotein diet. The weight
loss of the animals fed the nonprotein diet is assumed to be
equivalent to the requirements for maintaining rats of the age
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tested (1, 4-8). This adjustment addresses one of the most
serious criticisms of the AOAC PER method (9) for measuring
protein quality, which is that the PER assay evaluates pro-
teins for growth (weight gain) only and does not allow for
maintenance (10-13).

McLaughlan and co-workers (4, 5, 14, 15) found that the
NPR method of Bender and Doell (1) gave essentially the
same values as the slope ratio (SR) multiple dose assay of
Hegsted and Chang (11, 16, 17) when expressed as a per-
centage of the values of casein, except for lysine-deficient
proteins. The SR assay method produces a relative nutritive
value and is considered superior to the PER method (4, 11,
12, 14-16). It was found that the SR procedure may either
overestimate [relative nutritive value (RNV)] (18) or under-
estimate [relative protein value (RPV)] (19) the nutritional
quality of lysine-deficient proteins. The NPR procedure yielded
higher values than did the SR assay for lysine-deficient pro-
teins (4, 12, 14, 17); the PER assay yielded low values. There
is a controversy over which method gives the most appro-
priate value for lysine-deficient proteins (17, 20).

NPR values have a high correlation with net protein utili-
zation (NPU) values obtained by the method of Bender and
Miller (21) for a variety of proteins (22-24). Theoretically,
the NPU procedure is probably the most satisfactory of the
rat assays because the nitrogen retained in the body is mea-
sured directly by nitrogen analyses of the carcass at the
termination of the test (22). Henry (23) concluded, however,
that for a rapid routine assessment of protein quality, the
simpler determination, NPR, is an adequate replacement for
NPU.

Lachance et al. (25, 26) reported on studies at Institute of
Nutrition of Central America and Panama (INCAP) that indi-
cated a high correlation between NPR and slope ratio data
and the PER data obtained by Mertz et al. (27) from 18
samples of grain cereal. He also reported results from similar
studies at INCAP, using PER, NPU, and NPR data from 21
legume samples (28). The same approach, comparison of data
from PER, NPR, and SR methods, was used for 7 high protein
foods under development at INCAP. The correlation coeffi-
cients were highly significant, indicating a close relationship
between these methods (25, 26).

Two previous collaborative studies on NPR have been
reported (10, 17, 29). One, conducted by Samonds and Hegsted
(17, 29), compared data for 7 protein sources (lactalbumin,
casein, defatted meat, soy flour, a soy protein isolate, wheat
gluten, and white flour) from 7 laboratories. The second study,
reported by McLaughlan et al. (10), compared data for 6
protein diets (casein plus L-methionine as the reference pro-
tein, lactalbumin, egg white, wheat gluten, soybean protein
isolate, and wheat gluten and soybean protein isolate) from
6 laboratories.

One of the overall objectives of a third study, the AACC-
ASTM collaborative study (2, 3), which is reported here, was
to compare NPR values and the precision of the NPR method




with similar data from the PER method on the same protein
sources. The primary objective of the study as reported in
the PER section (2, 3) was to better define the specifications
of the procedure for determining PER, with the ultimate goal
of making some useful changes in the assay. The determi-
nation of interlaboratory variation of the data was also of
major interest.

Experimental

Seven laboratories collaborated by conducting rat bio-
assays. The test diets contained either 10 or 6% protein (N
X 6.25) (Table 1). The sources and composition of the diets,
information on the selection and distribution of the rats, and
the environmental conditions of the study were described in
an earlier preliminary publication (2) and by Hackler et al.
).

There were 2 differences between the protocols for deter-
mining NPR (Table 1) and PER (3) in this collaborative study:
(a) The feeding period for NPR was 7 and 14 days [instead of
7, 14, 21, and 28 days as for PER; 10 days as described by
Bender and Doell (1); or 14 days only as used by McLaughlan
et al. (10)]. (b) A nonprotein diet was fed to one group of rats
for 14 days. NPR calculations were made using the 7- and 14-
day weight gain and protein consumption data from each
animal fed the test diets and the average weight loss of the
10 animals fed the nonprotein diet, using the following equa-
tion (30):

wt gain of test animal + av. wt loss of nonprotein group

NPR = ; -
wt protein consumed by test animal

The above equation was used to calculate the NPR for each
rat individually within a trial [instead of for 10 rats collectively
(D], so the intralaboratory variation could be calculated.
Thus, it was necessary to use the average weight of 10 animals
from the nonprotein diet because an individual animal on the
nonprotein diet could not be linked to a specific animal on a

test diet.
ANRC casein, the reference standard for the determination

of PER by the official method (AOAC) in the United States
and Canada, was chosen as the reference protein for calcu-
lating relative NPR (R-NPR) and relative PER (R-PER). Ca-

sein is readily available worldwide and is standardized for -

use as the reference protein for PER determinations. The
following equations were used to calculate the R-NPR and
the R-PER:

NPR of protein source

R-NPR = 100
NPR of ANRC casein (for same week and
adaptation period within 1 lab.)

Table 1. Protocol for net protein ratio (NPR) study
Variable 10% Protein diets?* 6% Protein diets®
Adaptation period 0, 2, 4 days 2 days
Adaptation diet 10% casein 10% casein
Animals 10 rats/trial 10 rats/trial
Protein sources ANRC casein ANRC casein
freeze-dried lean
beef
lactalbumin

text. veg. protein
peanut flour

text. veg. protein
wheat flour

Nonprotein®
14 days

Nonprotein®

14 days

Test period

aReferred to as Test | (10%) and Test Il (6%) by Hackler et al. (3).
bNonprotein diet fed for 14 days after 0-, 2-, or 4-day adaptation period
on adaptation diet.

PER of protein source

PER of ANRC casein (for same week and
adaptation period within 1 lab.)

R-PER = 100

Statistical analyses including analysis of variance were car-
ried out, and the intralaboratory variability (repeatability) and
interlaboratory variability (reproducibility) were determined
by the methods of Youden and Steiner (31) for protein diet
(protein sources), adaptation time, for each week individu-
ally, and for 7 laboratories. Examination of the data for out-
lying results yielded no evidence of a consistent bias for any
of the 7 laboratories. The intralaboratory variability is a mea-
sure of the variability between individual rats, and not between
10-rat NPR replications. Inter- and intralaboratory variability
was also determined for each week and adaptation time over
all protein diets and for each week over all variables for 7
laboratories.

Results and Discussion

Nonprotein Diet

The data from feeding the nonprotein diet (Figure 1) indi-
cated an increasing mean weight loss of 10 animals over the
7 laboratories with increasing length of the adaptation period
of either 0, 2, or 4 days. Mean weight loss standard deviations
were similar except for the 2-day-adaptation 14-day-weight-
loss data. This is due to a reported mean weight loss of only
45 g per 10 animals from Laboratory 2. The next lowest
reported value for this same adaptation-time test period was
106 g. Removing the value of 45 g as an outlier increased the
mean for 6 laboratories to 134 g. The SD (standard deviation)
value, 17.0 g, and the CV value, 13% (cross-hatched areas
on Figure 1), were similar to the data from the other time
periods. The CV values for the adaptation periods 0 and 4
days of the second week were generally lower than those of
the first week. This was also true of the 2-day adaptation
when the 45 g outlier was removed.

_ Individual Laboratory Data

The NPR mean values for the 10% protein diets for 7 and
14 days (means for 10 rats), intralaboratory SD of the mean,
and CV values are given in Table 2 for each laboratory,
protein diet, and adaptation period. In general, the 14-day
NPR means were lower than those for 7 days. Exceptions
(higher 14-day NPR means) can be found in the data reported
from Laboratory 2 in the 0-day adaptation group and for .
Laboratory 6 in the 4-day adaptation group. The CV value is
lower for the 14-day mean data for 84% of the values (88 are
lower out of 105 comparisons). The 14-day CV values are °
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Figure 1. Data from feeding nonprotein diet. Mean weight loss (g) for groups

of 10 rats over 7 laboratories.



Table 2. Net protein ratio (NPR) data for 10% protein diets from 7 laboratories®

Casein Beef
7 days 14 days 7 days 14 days
Adapt. Y! y! y! . y
time, Lab. CV,s cv, cv, Cv,
days No. Mean SD? % Mean SD % Mean SD % Mean SD %
1 5.83 0.23 40 4.82 0.18 3.7 6.09 0.16 27 5.03 0.10 21
2 3.02 217 720 3.56 050 - 14.0 3.14 2.32 738 3.96 0.29 73
3 5.68 0.85 149 3.89 043 109 6.51 0.73 1.2 4.62 0.28 6.1
0 4 4.76 0.62 13.0 3.60 040 111 5.05 1.13 223 4.16 0.33 7.9
5 4.99 0.67 13.5 3.97 0.26 6.5 5.20 0.37 7.0 4.42 0.39 8.8
6 487 0.46 9.4 4.03 0.60 149 4.18 2.01 48.2 4.08 0.39 9.6
7 5.53 0.37 6.7 452 0.19 41 5.63 0.23 4.1 471 0.17 3.6
Mean 49 19.1 4.1 9.3 5.1 24.2 44 6.5
1 5.75 0.18 3.1 4.47 0.18 40 6.19 0.27 44 4.88 0.51 10.4
2 3.90 0.50 12.9 3.22 0.20 6.3 435 0.43 10.0 3.67 0.15 42
3 6.48 0.34 52 3.84 045 117 6.94 1.08 15.6 4.72 0.34 7.2
2 4 4.50 0.46 10.2 3.81 0.29 75 4.90 0.30 6.1 4.02 0.33 8.2
5 4.72 0.47 10.1 4.02 0.22 54 453 0.69 15.2 4.18 0.18 43
6 4.06 1.05 25.9 3.79 049 129 437 0.52 118 4.07 0.22 5.3
7 5.67 0.43 7.7 4.55 0.16 35 5.69 0.23 41 448 0.20 44
Mean 50 10.7 4.0 73 53 9.6 43 6.3
1 5.71 0.31 5.4 4.54 0.18 40 6.01 0.20 3.3 4.76 0.16 3.4
2 4.11 0.66 16.2 3.64 0.23 6.4 4.40 0.50 114 4.02 0.15 37
3 5.05 0.70 13.8 3.63 0.30 8.4 5.74 0.43 75 429 0.15 3.6
4 4 4.38 0.49 11.2 3.67 0.13 35 5.18 0.36 7.0 417 0.22 54
5 4.92 0.27 5.4 3.74 0.23 6.0 492 0.45 9.2 3.80 0.35 9.1
6 4.18 0.70 16.8 3.63 0.34 9.3 3.83 0.77 20.2 4.01 0.40 10.0
7 5.41 0.23 42 4.32 0.09 20 5.47 0.24 43 4.29 0.14 33
Mean 48 10.4 3.9 5.7 5.1 9.0 42 5.5
Overall 49 134 40 7.4 5.2 14.3 43 6.1
Mean
» Table 2. Continued.
Lactalbumin ! Peanut flour Textured vegetable protein
7 days 14 days 7 days 14 days 7 days 14 days

Ccv, cv, Cv, Ccv, Cv, cv,
Mean SD % Mean SD % Mean SD % Mean SD % Mean SD % Mean SD %

6.01 0.32 63 527 021 4.1 338 067 198 300 024 81 484 029 60 423 023 5.3
356 059 166 398 0.32 80 238 049 206 233 0.16 68 285 182 637 325 040 122
619 1.04 168 468 035 75 267 055 207 227 024 104 488 051 104 376 0.18 4.9
403 039 98 404 034 84 296 077 262 221 022 9.7 331 0.31 95 3.1 0.19 6.1
505 045 89 449 034 75 309 036 115 253 0.14 54 395 028 72 350 023 6.7
419 234 559 439 052 118 196 132 674 224 026 114 358 053 148 346 022 6.2
556 0.29 53 495 011 21 306 039 128 295 0.13 43 435 038 86 393 0.8 4.6
4.9 169 45 7.1 28 266 25 80 40 172 3.6 6.6

596 0.256 4.1 498 0.15 30 362 037 101 283 0.15 53 500 023 45 400 0.19 4.9
372 036 98 349 0.24 70 234 052 224 177 027 151 358 054 151 298 030 9.9
742 096 135 471 0.147 36 325 067 207 249 023 92 499 070 141 379 0.28 73
443 0.29 65 428 0.14 33 240 039 162 203 018 90 324 033 101 3.06 023 7.4
444 075 169 440 024 54 292 031 10.8 247 047 71 381 044 115 347 024 6.9
356 1.08 304 4.01 046 115 192 036 188 199 031 154 290 100 346 292 049 168
575 0.28 48 490 0.19 38 320 0.25 77 287 0.4 49 459 024 52 374 025 6.6
5.0 123 44 54 28 152 23 94 40 136 34 8.5

593 0.22 37 506 013 26 354 034 9.7 289 027 95 481 0.25 52 396 014 3.5
440 046 105 417 034 82 259 044 168 241 022 - 92 380 060 158 337 0.16 48
588  0.54 93 441 023 52 282 048 169 198 032 160 462 070 151 325 051 15.8
484 031 64 412 022 54 247 047 190 224 020 87 357 039 110 306 0.19 6.3
487 057 116 4.01 047 118 289 025 87 219 0.7 80 410 049 119 312 025 8.0
369 1.11. 302 38 046 120 166 089 534 235 028 118 251 101 400 289 055 19.1
546  0.46 84 461 019 41 327 022 66 272 0.18 6.7 435 026 60 349 027 7.8
5.0 114 43 70 27 18.7 24 100 4.0 150 33 9.3
5.0 136 44 65 28 198 24 9.1 4.0 152 34 8.1

agach NPR mean is the average value for 10 rats.
bSD = standard deviation. The SEM (standard error of the mean) can be calculated by the following equation:
SD SD

SEM = 776 ~ 31623
¢CV = coefficient of variation = SO
mean

x 100

frequently lower by a factor of 2 or more for Laboratories 2 ing the NPR test to 14 days decreased the SD and CV values,
and 6, particularly for the 0-day and 4-day adaptations, showing an increased precision. The level of variability (pre-
respectively. Six CV values were about the same for both the cision) is rather consistent in several laboratories for the 10%
7- and 14-day data. Generally, the data indicated that extend- . diets for all protein sources.



Six laboratories (LLaboratories 1-4, 6, and 7) exhibited con-
siderably higher variability for the 6% casein diet (Table 3)
compared with the 10% casein diet (Table 2, 2-day adaptation,
14-day CV data). However, only 4 laboratories (Laboratories
1-4) showed greater variability for the 6% diet data of tex-
tured vegetable protein (Table 2 [2-day adaptation, 14-day
CV data] and Table 3).

Analysis of Variance

An analysis of variance (ANOV A) was performed on both
the 7- and 14-day NPR and R-NPR data over 5 protein diets,
3 adaptation periods, and 7 laboratories for the 10% diets and
over 3 protein diets, one adaptation period (2-day), and 7
laboratories for the 6% diets (Table 4). When the 10% diets
were fed, there were significant effects due to laboratories
and diets and a significant interaction for laboratory-by-adap-
tation and laboratory-by-diet for the first week feeding. There
was a large increase in the effect of diet in the second week
which tended to overshadow (lower) the significance of the
laboratory effect and the relatively small effect of adaptation
time. Laboratory-by-diet was the most significant interaction.
The R-NPR data for 10% protein diets also showed the highly
significant effect of diet. The other individual effects and the
laboratory-by-diet interaction were lowered by adjustment to
the R-NPR.

The analysis of variance for the 6% protein diets showed
significant effects due to laboratories and diets for the 7- and
14-day NPR values and a significant laboratory-by-diet inter-
action. Analysis of the R-NPR data indicated a highly signif-
icant diet effect and a significant laboratory-by-diet interac-
tion. The significance of the laboratory-by-diet and labora-
tory-by-adaptation interaction terms means that the effects
of diet and adaptation changed from laboratory to laboratory.
This is quite evident from Table 2.

Two-Week Statistical Summary for Each Protein Source and
Adaptation Period

Fourteen-day NPR intralaboratory variability data (mean,
SD and CV) for each protein source and adaptation period
for all laboratories are given in Table 5. Calculating R-NPR
did not improve the intralaboratory variability of the NPR
for protein source and/or individual adaptation periods as
measured by the CV value (Table 5).

Interlaboratory variation or interlaboratory error (reprod-
ucibility) is defined by Youden and Steiner: ‘‘Reproducibility
is determined by the sum of between-laboratory error, inter-
action, and within-laboratory error’’ (31). The interlaboratory
variability data for each protein diet and adaptation period
determined from analysis of data for all laboratories are also
shown in Table S.

The mean values are the same for calculating either intra-
or interlaboratory variability. The lowest variability (inter-
laboratory CV of NPR) was found for the 4-day adaptation
groups for casein, beef, and lactalbumin and in the 0-day
adaptation groups for peanut flour and textured vegetable
protein. Calculating the R-NPR value produced lower inter-
laboratory CV values for nearly all protein sources, adapta-
tion periods, and the 2 levels of protein. The 2-day adaptation
period probably would be the most practical for a minimum
time—cost test. The analysis of variance indicated that vari-
ability due to laboratory or diet effects had higher significance
than those of the adaptation period. The interlaboratory vari-
ation (CV) in this study for lactalbumin NPR was higher for
0- and 2-day adaptation data; about same for 4-day adaptation
NPR data, but lower for all R-NPR data than that reported
in a previous study (10). Lactalbumin was the only protein
source common to both studies.

Table 3. Net protein ratio data for 6% protein diets from 7 laboratories®

7 days 14 days
Lab. Mean ~sD CV,% Mean SD CV. %
Casein Diet
1 5.90 0.39 6.6 4.80 0.66 13.8
2 4.32 0.33 7.6 3.20 0.35 10.9
3 5.79 1.32 22.8 4.49 0.65 14.5
4 3.90 0.48 12.3 3.94 0.45 1.4
5 4.94 0.44 89 . 4.08 0.23 5.6
6 3.04 0.99 32.6 293 0.80 27.3
7 5.98 0.50 84 . 4.80 0.34 71
Mean 4.8 14.2 4.0 12.9
Wheat Flour Diet
1 3.38 0.59 17.4 2.7 0.46 17.0
2 2.37 0.48 20.2 0.69 0.30 435
3 3.75 1.19 31.7 2.31 0.39 16.9
4 257 0.67 26.1 2.00 0.31 155
5 273 0.41 15.0 227 0.30 13.2
6 240 0.74 30.8 220 0.47 214
7 3.73 0.54 145 2.55 0.21 8.2
Mean 3.0 22.2 2.1 19.4
Textured Vegetable Protein Diet
1 4.77 0.56 1.7 4.07 0.33 8.1
2 3.84 0.38 9.9 2.69 0.40 14.9
3 3.78 0.98 25.9 3.53 0.41 11.6
4 3.61 0.81 22.4 3.62 0.30 8.3
5 4.47 0.44 9.8 3.95 0.21 53
6 3.14 0.57 18.2 3.26 0.39 12.0
7 482 0.41 85 4.09 0.26 6.4
Mean 4.1 15.2 36 9.5

agach NPR mean is the average value for 10 rats.



Table 4. Analysis of variance on NPR and R-NPR data

NPR R-NPR
7 days 14 days 7 days 14 days
) Error
Source® term®  Sum of sq. df Fe Sum of sq. df F° Sumofsq. df F° Sumofsq. df F°
10% Protein Diet
A MSa. 1.91 2 <1 7.98 2 3.1 477.90 2 <1 470.96 2 <1
L MS, 543.28 6 175.4* 119.60 6 225.2* 29564.01 6 16.5" 9707.21 6 31.0"
D MSwp 833.40 4 744" 558.65 4 281.2* 303717.77 3 163.6"* 349878.60 3 303.8*
AXxL MS, 54.92 12 8.9™ 15.67 12 148" 7646.72 12 2.1 317050 12 5.1**
AxD MSaw 1.54 8 <1 0.96 8 1.2 911.11 6 <1 456.93 6 1.0
LxD MS, 67.24 24 5.4* 11.92 24 5.6 1113792 18 21" 6909.76 18 7.4
AxLxD MS, 24.83 48 1.0 4.64 48 1.1 860089 36 <t 2646.40 36 1.4*
Error 487.80 945 83.63 945 225807.23 756 39440.80 756
Total 2014.92 1049 803.05 1049 587863.56 839 412681.17 839
6% Protein Diet
L MSio 99.30 6 8.1 62.76 6 102" 8112.76 6 15 17794.33 6 4.1
D MS, 120.55 2 128.3* 143.67 2 409.2** 22371.40 1 128.5* 51649.15 1 590.9**
LxD MS. 24.58 12 4.4" 12.28 12 5.8* 5533.20 6 5.3** 4325.07 6 8.2
Error 88.77 189 33.18 189 21933.58 126 11013.98 126
Total 333.20 209 251.90 209 57950.94 139 84782.53 139

2A = adaptation; L = laboratory; D = diet.

®Appropriate mean square (MS = ss/df) to calculate F (e.g., for adaptation, F = MS/MSy,).

¢ = (P <0.05); ** = (P <0.01).

Statistical Summary for Each Week and Adaptation Period Over
10 and 6% Diets

Data for each adaptation period and each week over the 5
protein diets fed at the 10% level (table not included) showed
that: The NPR mean over all protein sources was lowered by
extending the feeding period to 14 days; the 14-day NPR was
less variable than the 7-day NPR; the 4-day adaptation 14-
day NPR was the least variable and the 0-day adaptation was
nearly as precise. The NPR following the 2-day adaptation
had the highest variability, but the mean values for all adap-
tations had a maximum difference of only 0.21 NPR. Calcu-
lation of the R-NPR lowered the interlaboratory CV values

in all but 1 adaptation period (7-day R-NPR, 0-day adapta-
tion), which remained the same. The differences between the
interlaboratory CV values for 14-day NPR and 14-day R-NPR
are 4.2, 4.7, or 2.9% for the 0, 2, or 4-day adaptation groups,
respectively.

Statistical Summary for Each Week Over All Factors (Adap-
tation Period, Protein Diets, and Laboratories for 10% and
6% Diets)

The intra- and interlaboratory variability over all factors
for the five 10% and three 6% protein diets are given in Table
6. Again the calculation of R-NPR showed a lowering of the

Table 5. 14-day NPR and R-NPR data for 7 laboratories

Intralaboratory

Interlaboratory

Adapt NPR R-NPR CV,% SD CV,%
Diet days ' Mean? SD Mean® SD NPR? R-NPR? NPR® R-NPR? NPR® R-NPR?
10% Protein
Casein 0 4.06 0.39 100.00 10.25 9.7 10.3 0.60 10.49 148 10.5
2 3.96 0.31 100.00 8.08 7.8 8.1 0.53 8.37 134 8.4
4 3.88 0.23 100.00 6.18 59 6.2 044 6.32 1.3 6.3
Beef 0 4.43 0.30 109.52 7.66 6.7 7.0, 0.57 9.49 129 8.7
2 4.29 0.30 108.77 7.33 7.0 6.7 0.52. 10.49 121 9.6
4 4.19 0.25 108.35 6.57 5.9 6.1 0.39 8.94 9.3 83
Lactalbumin 0 4.54 0.33 112.19 8.56 73 7.6 0.57 8.94 126 8.0
2 4.39 0.25 111.08 6.58 5.7 5.9 0.58 8.37 13.2 75
4 4.32 0.32 111.50 8.58 74 77 0.51 10.00 18 9.0
Peanut 0 2.50 0.20 61.72 5.04 8.1 8.2 0.39 6.32 15.6 10.2
flour 2 2.35 0.22 59.03 5.77 9.2 9.8 0.48 7.75 204 13.1
4 2.40 0.24 61.71 6.29 10.0 10.2 0.39 7.07 16.2 11.5
Textured 0 3.61 0.24 89.01 6.28 6.7 71 0.44 7.07 12.2 7.9
vegetable 2 3.42 0.30 86.65 7.78 8.6 9.0 0.52 10.49 15.2 12.1
protein 4 3.31 0.34 85.27 9.06 10.2 10.6 0.46 10.00 13.9 11.7
6% Protein®
Casein 2 4.03 0.53 100.00 14.50 13.2 145 0.90 14.49 22.3 14.5
Wheat flour 2 2.10 0.36 51.98 9.63 171 18.5 0.75 18.17 35.7 35.0
Textured 2 3.60 0.34 90.40 9.06 9.3 10.0 0.60 13.78 16.7 15.2
vegetable
protein

?Means of 70 data points, 7 laboratories, 10 rats per laboratory.

*The means for intra- and interlaboratory variability of NPR for 1 adaptation period, diet, and 7 laboratories are the same. The R-NPR means are the
same. Casein was given the value of 100 for the calculation of R-NPR.

°NPR determined following a 2-day adaptation period only.



Table 6.

Intra- and interlaboratory variability for NPR data over all factors

. SD CV.,%
Ratio
calcd Mean Intralab. Interlab. Intralab. Interlab.
‘ 10% Protein Diets?
NPR 72 4.37 0.72 1.11 16.5 25.4
NPR 14¢ 3.71 0.29 0.49 7.7 13.2
R-NPR 7° 88.67 17.74 18.62 20.0 21.0
R-NPR 14°¢ 93.65 7.46 8.66 8.0 9.2
6% Protein Diets?
NPR7® 3.96 0.69 1.05 174 26.5
NPR 14¢ 3.25 0.42 0.76 129 234
R-NPR 7° 82.26 14.47 16.26 176 19.8
R-NPR 14¢ 80.79 11.33 15.44 14.0 19.1
“Five protein diets, 7 laboratories, 3-adaptation periods (0, 2, and 4 days), 10 rats/trial (1050 values).
57-day data. .
°14-day data.

9Three protein diets, 7 laboratories, 10 rats/trial, and 2-day adaptation period (210 values).

variability, indicating an increase in the precision of the inter-
laboratory data, for example, 4.4 and 4.0 percentage units for
the 7-day and 14-day data, respectively, for the 10% diets.

The interlaboratory CV values for the 6% diets over the 3
protein sources (casein, wheat flour, and textured vegetable
protein), 7 laboratories, and 2-day adaptation period (Table
6) were high. Calculating the R-NPR values for these diets
lowered the interlaboratory CV values 4.3%.

Comparison of R-NPR and R-PER Data

R-NPR and R-PER data were compared (Table 7). The R-

- NPR, PER, and R-PER data from 7 laboratories, 10 and 6%
protein diets, and 2-day adaptation period are based on 70
data points. The 7-laboratory R-NPR data over all 3 adapta-
tion periods are based on 210 data points.-All data are relative
to casein which was given the value of 100. The R-PER data
were calculated from the actual PER values obtained for the
different test proteins and casein for the feeding and adap-
tation time periods specified, and not from PER values that
were adjusted with the PER value of 2.5 assigned to casein.
The latter procedure is commonly used to adjust PER values
used for nutritional labeling. The use of either adjusted or
unadjusted PER values will give the same R-PER values. The
official method for calculating PER, although not used for
nutritional labeling, specifies that the unadjusted PER of the
test is expressed as a percentage of the unadjusted PER
obtained for the reference protein, ANRC casein (9). Thus,

the R-PER values shown in Table 7 have been calculated by
the official method and the R-NPR values were calculated
similarly. There are similarities and differences in the R-NPR
and R-PER. The 14-day R-NPR and the 28-day R-PER values
are similar for the high quality proteins, lactalbumin, beef,
and casein. The data for textured vegetable protein indicate
a higher R-NPR than either the 14-day or 28-day R-PER for
both the 10 and 6% diets. Peanut flour had the greatest dif-
ference among the 10% diets, at least 13 or 14 NPR units
higher than the 14- or 28-day R-PER, respectively. Wheat
flour exhibited a dramatic difference between R-NPR and R-
PER values.

Conclusions

The following conclusions can be drawn from the data in
this collaborative study: (1) The analysis of variance for the
NPR indicated significant (P < 0.05) effects due to the factors
(laboratories, protein sources, and adaptation times of the
animals for 0, 2, or 4 days) and interactions among the factors.
The most significant effect identified was between protein
diets, indicating that the NPR assay was finding a difference
between proteins. The most significant interaction among the
factors was laboratory-by-protein diet. (2) Inter- and intra-
laboratory precision were increased by feeding for 14 days
compared with 7 days. Therefore, a 14-day NPR test would
be advantageous. (3) Although results from the 4-day adap-
tation period were more precise than those from either the 0-

Table 7. Comparison of R-NPR and R-PER data

R-NPR
14 Days PER? R-PER?®
Adapt.,
days 2-Day adaptation
Diet 2 Overall 14 Day 28 Day 14 Day 28 Day
10% Protein Diet?
Casein 100 100° 3.26 2.97 100 100
Beef 108 108° 3.66 3.14 112 106
Lactalbumin 111 111¢ 3.73 3.31 114 i1
Peanut flour 59 61° 1.51 1.35 46 45
Text. veg. protein 86 87°¢ 2.68 2.39 82 80
6% Protein Diets®
Casein 100 2.51 2.25 100 100
Wheat flour 52 -0.15 0.04 -6 2
Text. veg. protein 89 2.09 1.0 83 84

2Unadjusted to a PER value of 2.5 assigned to casein.

sBased on means of 70 data points (7 labs, 1 adaptation period, and 10 rats/tria|).
<Based on means of 210 data points (7 labs, 3 adaptation periods, and 10 rats/trial).



or 2-day adaptation period, the differences were small and it
would not be of practical significance to recommend a 4-day
adaptation period. (4) A 2-day adaptation period for the rats
to adjust to their environment and to recover from shipping
stresses before initiation of the test would be more practical
for a minimum time-cost NPR assay. (5) Adjustment of the
NPR data to R-NPR did not improve the intralaboratory
precision, but did increase the interlabortory precision of the
data. (6) The NPR inter- and intralaboratory variation for the
10% diets over all factors were 13.2 and 7.7%, respectively,
as measured by CV values, about the average for that of the
3 adaptation periods. The R-NPR inter- and intralaboratory
variation over all factors, as measured by CV values were
9.2 and 8.0%, respectively. (7) Fourteen-day R-NPR and 28-
day R-PER values agree closely for high quality protein sources,
less closely for a medium quality protein source, and show
large differences for the lower quality protein sources (peanut
flour and wheat flour) in this study. (8) The NPR assay can
be used as an alternative method to PER for the determination
of protein quality. This conclusion is made despite knowledge
that the R-NPR may overestimate the quality of lysine-defi-
cient protein sources (4, 12, 15, 17, 18, 20). This is also the
case for other rat bioassays (4, 19).

Reference Standard for NPR and R-NPR Determinations

Casein plus L-methionine was used by McLaughlan et al.
(10) as the reference protein for NPR assay in a recent col-
laborative study and by Sarwar and McLaughlan (32) in a
study of variables for the NPR method. Casein and purified

L-methionine are each readily available to provide a mixture

that can be used as a reference standard for the rat, with an
NPR approaching that of the highest quality protein sources.
High quality protein sources such as lactalbumin and egg
white are not readily available as standardized products. Con-
sideration could be given to using casein plus L-methionine
as the reference protein in an official method for NPR and R-
NPR. However, the greatest disadvantage is that there is
little experience in feeding casein plus L-methionine to humans,
and it becomes a contrived reference protein for the deter-
mination of protein quality or for ranking the quality of pro-
tein sources for human consumption and regulatory pur-
poses. The average level of sulfur amino acids (s.a.a.) in the
ANRC casein plus L-methionine used in the McLaughlan et
al. (10) collaborative study probably was about 46 mg/g pro-
tein. Rama Rao et al. (33) found that the rat required about
50 mg s.a.a./g protein for maximum growth. The assumption
that a mixture of casein and L-methionine reacts the same
nutritionally in humans (infants and children) as in weanling
rats is questionable.

The Food and Nutrition Board (FNB) estimated the total
s.a.a. content of an ideal protein for humans as 26 mg/g
protein (34). Pineda et al. (35) found that 27 mg methionine
plus cystine/kg body weight (this translates to 27 mg s.a.a./g
protein in a scoring pattern) when fed as milk or milk plus
synthetic s.a.a. to children 21-27 months old, was similar to
“recommended’’ or ‘‘safe levels”’ of intake rather than mean
requirements. Torun et al. (36) used a level of 27 mg s.a.a./g
protein (a value close to that of FNB) in an amino acid scoring
pattern for 2-year-old children. The sample of ANRC casein
[92.6% protein (N X 6.25)], the reference protein in this
AACC-ASTM collaborative study, contained about 38 mg
s.a.a./g protein (M. L. Happich (1979) unpublished data).
Thus, ANRC casein without added methionine contained
adequate s.a.a. and can be considered an appropriate refer-
ence protein for the evaluation of protein quality for human
consumption, including young children. The use of casein

plus L-methionine introduces a bias in relation to the evalu-
ation of proteins for humans. It is appropriate that casein be
the reference protein for NPR determinations (and that casein
be continued as the reference protein for PER). Continuing
with casein allows for direct comparisons with values already
in the literature from past research and with values obtained
for past production and regulatory control. A protein source
that has higher protein quality than casein (or casein plus L-
methionine), e.g., egg white, can still be evaluated.

Recommendation

From the results obtained in this study, the net protein
ratio (NPR) method, following the general procedure used in
this study but with the 5 specifications listed below, is rec-
ommended as an alternative method to the PER assay for
determination of protein quality. The 5 specifications are as
follows: (a) that the test diet contain 1.6% nitrogen originating
solely from the test protein source; (b) that a 14-day NPR be
determined by feeding the test protein for 14 days; (c) that
there be a 2-day adaptation period; (d) that ANRC casein be
used as the reference protein for the assay; and (e) that the
NPR be expressed as R-NPR by calculating the ratio X 100
of the NPR for each assay group to the NPR for the reference
ANRC casein group, and reported as R-NPR.

Acknowledgments

The authors thank W. C. Damert, Eastern Regional Research
Center, USDA, for writing the computer programs to convert
the data into an appropriate format for the statistical analysis.

REFERENCES

(1) Bender, A. E., & Doell, B. H. (1957) Br. J. Nutr. 11, 140-148

(2) Hackler, L. R. (1978) Food Technol. 32(12), 62-64

(3) Hackler, L. R., et al. (1984) J. Assoc. Off. Anal. Chem. 67, 66—
77

(4) McLaughlan, J. M. (1976) J. Assoc. Off. Anal. Chem. 59, 42—
45

(5) McLaughlan, J. M. (1974) in Nutrients in Processed Foods, P.
L. White & D. C. Fletcher (Eds), Publishing Sciences Group,
Inc., Acton, MA, Chapter 2, pp. 69-76

(6) Jansen, G. R., Hutchison, C. F., & Zanetti, M. E. (1966) Food
Technol. 20, 323-326

(7) Rao, M. N. (1969) Nutr. Dieta 11, 193-197

(8) Matsuno, N., Yamaguchi, M., Saiki, R., & Tamura, E. (1976)
J. Nutr. Sci. Vitaminol. 22, 321-331

(9) Official Methods of Analysis (1980) 13th Ed., AOAC, Arlington,
VA, secs 43.212-43.216

(10) McLaughlan, J. M., et al. (1980) J. Assoc. Off. Anal. Chem. 63,
462-467

(11) Hegsted, D. M., & Chang, Y. (1965a) J. Nutr. 85, 159-168

(12) Hackler, L. R. (1977) Cereal Chem. 54, 984-995

(13) Pellet, P. L. (1978) Food Technol. 32(5), 60-76

(14) Yanez, E., & McLaughlan, J. M. (1970) Can. J. Physiol. Phar-
macol. 48, 188-192

(15) McLaughlan, J. M., & Keith, M. O. (1975) in Protein Nutritional
Quality of Foods and Feeds, Part 1, Mendel Friedman (Ed.),
Marcel Dekker, Inc., New York, NY, pp. 79-85

(16) Hegsted, D. M., & Chang, Y. (1965b) J. Nutr. 87, 19-25

(17) Samonds, K. W., & Hegsted, D. M. (1977) in Evaluation of
Proteins for Humans, C. E. Bodwell (Ed.), The AVI Publishing
Co., Inc., Westport, CT, pp. 68-80

(18) McLaughlan, J. M. (1972) Cereal Sci. Today 17, 162-165

(19) McLaughlan, J. M., & Keith, M. O. (1977) J. Assoc. Off. Anal.
Chem. 60, 1291-1295

(20) Jansen, G. R. (1978) Food Technol. 32(12), 52-56 N

(21) Bender, A. E., & Miller, D. S. (1953) Biochem, J. 53, vii—viii

" (22) McLaughlan, J. M. (1972) in New Methods of Nutritional Bio-

chemistry, A. A. Albanese (Ed.), Vol. V, Academic Press, New
York, NY, pp. 33-64

(23) Henry, K. M. (1965) Br. J. Nutr. 19, 125-135

(24) PAG (WHO/FAO/UNICEF) (1964) ‘‘Collaborative Study on
Protein Evaluation,’” Nutrition Document R. 6/add 3, compiled
by E. M. Demaaeyer, Meeting, New York, NY, July



(25) Lachance, P. A., Bressani; R., & Elias, L. G. (1977) in Pro-
ceedings from The Midlands Conference: New Concepts for the
Rapid Determination of Protein Quality, University of Nebraska,
Lincoln, NE, Feb. 20-22, pp. 35-47

_(26) Lachance, P.A., Bressani, R., & Elias, L. G. (1977) Food Tech-

nol. 31(6) 82-84

(27) Mertz, E. T., et al. (1972) in Proceedings of the CIMMYT—
Purdue Symposium on Protein Quality in Maize, El Batén,
Mexico, Halsted Press, John Wiley & Sons, New York, NY,
pp. 306-336

(28) Elias, L. G., & Bressani, R. (1976) ““Métodos Bioldgicos para -

Ia Evaluacién de la Calidad Proteinica de Leguminosas de Grano,”’
IV. Reunién de la Sociedad Latinoamericana de Nutricién (Slan),
Carcas, Vegenzuela, Nov. 21-27

(29) Samonds, K. W., & Hegsted, D. M. (1980) in Nutritional Eval-
uation of Protein Foods, P. L. Pellet & V. R. Young (Eds),
United Nations University, Tokyo, Japan, pp. 49-50

(30) Pellet, P. L., & Young, V. R. (Eds) (1980) Nutritional Evalua-

tion of Protein Foods, United Nations University, Tokyo, Japan,
pp- 112-113

(31) Youden, W. J., & Steiner, E. H. (1975) Statistical Manual of
the AOAC, AOAC, Arlington, VA, p. 69

(32) Sarwar, G., & McLaughlan, J. M. (1981) Nutr. Rep. Int. 23,
1157-1166

(33) Rama Rao, P. B., Metta, V. C., & Johnson, B. C. (1959) J.
Nutr. 69, 387-391

(34) National Research Council, Food and Nutrition Board (1980)
Recommended Dietary Allowance, Ed. 9, National Academy
of Sciences, Washington, DC, p. 43

(35) Pineda, O., Torun, B., Viteri, F. E., & Arroyave, G. (1981) in
Protein Quality in Humans: Assessment and In Vitro Estima-
tion, AVI Publishing Co., Inc., Westport, CT, pp. 29-42

(36) Torun, B., Pineda, O., Viteri, F. E., & Arroyave, G. (1981) in
Protein Quality in Humans: Assessment and In Vitro Estima-
tion, AVI Publishing Co., Inc., Westport, CT, p. 383



