
TABLE V 

Comparison of Protein Qual i ty  as Measured by RPV a and EUD 

RPV b EUD b 

Poultry meat  
breast 0.762 72.6 
back c 0.748 74.5 
neck c 0.646 66.1 
wing c 0.673 78.6 

Lacta lbumin (ICN) 0.901 86.7 
Casein 0.720 73.9 
Blood plasma (conc) 0.695 72.7 
Faba beans (raw conc) 0.328 45.4 
Sunflower (meal) 0.410 68.7 
Sunflower (defat ted meal) 0.410 70.1 

Correlation coeff.  (r) 0.808 
Regression equation y = 42.7 (7.58) + 45.1 (11.63)x 

aRat response body nitrogen. 
bVersus whole egg protein.  

CMechanically deboned,  

shown in Table V together with the correlation coefficients 
and the correlation equation. 

As it can be observed, the values for the animal protein 
sources fit quite well, while discrepancies emerge for what 
plant protein sources are concerned. On the whole, the 
correlation coefficients were satisfactory (0.808) but, 
owing to differences in the plant protein evaluation, the 
regression line intercepts the y axis much above the zero 
point. 

Possibly, the discrepancies shown for plant protein 
sources, which are severely unbalanced, are not to be 
ascribed to the ultrafiltrate digest methodology per se, but 
rather to the scheme of calculation, based on the geometric 
mean of all the essential amino acids, which obscures the 
effect of the limiting amino acid (11). However, a definitive 
conclusion about the equivalence of  the two methodologies 
will be drawn only when more data will be collected and 
carefully analyzed. 

With regard to the problem of the best bioassay pro- 
cedure, the results illustrated indicate that they can all be 
indifferently used when high quality proteins have to be 
tested, while the RPV test seems to be the method of 
choice for low protein quality, as plant proteins in general 
are. 

Two more problems await for a solution. The first is the 

problem of the reference protein. All the data reported are 
relative to the egg protein,whose utilization for rats' growth 
was better than that of  lactalbumin. Moreover, egg protein 
is the reference protein for the WHO/FAO standard. 

However, in a recent paper (12) it was shown that the 
true safety nitrogen level for human maintenance has a 
protein quality at least 25% less than egg. If this is so, a 
more realistic reference protein should be proposed. 

The second problem may be formulated as follows: 
when is it that two proteins must be considered as having 
different nutritive value? In our laboratory as in others 
(13), the standard error of  RPV was around 8%. Together 
with the definition of the reference protein, this is of 
practical importance when recommendations for a mini- 
mum value for protein quality are to be made. 
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The Nutritive Value of the Same Protein Preparations as 
Estimated by Human, Rat, and Chemical Assays 
C.E. BODWELL, Protein Nutrition Laboratory, Nutrition Institute, 
Human Nutrition Center, USDA, Beltsville, Maryland, 20705 USA 

ABSTRACT 

Results are summarized from studies in which the 
protein nutritional values of  thirteen protein sources 
were estimated by human, rat, or chemical assays. 
Generally, agreement was poor  between nutritive 
value as estimated in adult men and as estimated by 
various rat assays or by chemical (amino acid) scores. 
Possible reasons for this lack of  agreement are briefly 
discussed. 

for estimating the nutritional value of  protein from dif- 
ferent sources (1-7). These assays, however, are of little 
usefulness in human nutrit ion if they do not accurately 
predict protein nutritive value for humans. The few pub- 
lished comparisons of  nutritive value as estimated by animal 
or chemical assays and nutritive value as estimated directly 
in humans with the same protein preparations were re- 
viewed (8,9). In this paper, results from studies in which 
these comparisons have been made with two different 
groups of  protein sources are summarized. 

INTRODUCTION 

Various animal and chemical assaYs have been developed 

DESCRIPTION OF STUDIES 

In the first group of  six protein sources, nutritional value 
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TABLE I 

Relative Net Protein Utilization (Egg = 100) of the Same 
Protein Sources as Estimated with Men (0.4 g 

Protein [N x 6.25 ] [Kg Body Wt/Day) and Rats 

Net protein utilization 

Humans a Rats b 
Protein source (A) (B) (A) -- (B) 

Spray-dried whole egg (100) (100) --  
Tuna 93 89 + 4 
Cottage cheese C 97 91 + 6 
Soy isolate B e 90 66 +24 
Peanut flour 93 62 d +31 
Wheat gluten 66 66 0 

aFrom Bodwell (8) and Bodwell et al. (10). 
bFrom Hackler (1 I). 
Cpromine F. 
dHackler, unpublished data. 

was es t imated  by Net Pro te in  Ut i l iza t ion (NPU) as deter-  
mined  wi th  4-6 m e n  who  c o n s u m e d  a single in take  level 
(0.4 g [N x 6 . 2 5 ] / k g  b o d y  wt /day )  o f  each p ro te in  (10),  

various rat assays (11) ,  the  calcula ted Pro te in  Ef f ic iency  
Rat io  (C-PER) o f  Sat ter lee  et al. (12),  and chemica l  ( amino  
acid) scores. In the  second  group o f  sources,  seven p ro t e in  

breads  were similarly evaluated excep t  tha t  the i r  nu t r i t iona l  
value for h u m a n s  was es t imated  by de te rmin ing  the  mini-  
mal  n i t rogen  in take  level requi red  to  ma in ta in  a " z e r o "  

n i t rogen  balance (13-16).  Groups  o f  17-20 y o u n g  m e n  
consumed  each p ro t e in  bread at N in take  levels tha t  varied 

f rom 50 mg (all p ro te ins )  to  130-200 mg (varied according  
to  p ro te in  s o u r c e ) / k g  b o d y  w t /day  (16).  

RESULTS 

Human Assays vs Rat and C-PER Assays 

Relative NPU values (egg values = 100) as e s t ima ted  in 
the  m e n  and in rats  for  t he  first g roup  o f  p ro t e in  sources  
are s h o w n  in Table  I. C o m p a r e d  to  t h e  values f rom the  
humans ,  the  NPU values f rom rats were similar for  tuna ,  
co t tage  cheese  and whea t  g lu ten ,  but  marked ly  lower  for  
the  soy isolate and peanu t  f lour.  Relat ive p ro t e in  value, as 
es t imated  by  the  NPU values d e t e r m i n e d  in the  m e n ,  was 
also marked ly  u n d e r e s t i m a t e d  by b o t h  Relative Pro te in  
Values and Relat ive Ni t rogen Ut i l iza t ion  values ob t a ined  in 
the  rats (Table II). 

For  t he  g roup  o f  seven p ro t e in  breads ,  values f rom three  
d i f fe ren t  rat  assays are c o m p a r e d  in Table III wi th  t he  
es t imated  nut r i t ive  values f rom the  y o u n g  men .  With  a 
value o f  100 for  egg p ro t e in ,  the  Relat ive Pro te in  Value 
assay u n d e r e s t i m a t e d  nut r i t ive  value as e s t ima ted  in the  
y o u n g  m e n  (if  l ac t a lbumin  were  assigned a value o f  100), 
then  ag reemen t  wi th  the  values f rom the  m e n  would  be 
good for  casein,  bu t  the  nut r i t ive  value o f  egg whi te  would  
be overes t imated ,  and o f  t e x t u r e d  soy p ro t e in ,  soy isolate ,  
p ean u t  f lour,  and whea t  g lu ten ,  u n d e r e s t i m a t e d .  The  Net  
Pro te in  Rat io  and Relat ive Ni t rogen  Ut i l i za t ion  values 
agreed wi th  the  es t imates  f rom the  m e n  for  the  th ree  
animal p ro te ins ,  bu t  u n d e r e s t i m a t e d  the  nut r i t ive  values o f  
t e x t u r e d  soy p ro te in ,  soy isolate,  peanu t  f lour ,  and whea t  
gluten.  

The Pro te in  Ef f ic iency  Rat io  (PER)  values for  the  first 
group o f  p ro t e in  sources  and the  NPU values f rom the  m e n  
showed  li t t le re la t ionsh ip  (Table  IV). Exc lud ing  the  values 
for  gluten,  t he  relat ive NPU values only  var ied b e t w e e n  93 
and 98%. For  t he  same pro te ins ,  PER varied f r o m  0.99 to  
2.95. The C-PER values were  higher  for  5 o f  the  6 p ro te ins  

TABLE II 

Differences in Relative Protein Value (Egg = 100) as Estimated by Net Protein Utilization 
(NPU) Determined in Men (0.4 g Protein [N x 6.25 ]/Kg Body Weight/Day) and by 

Relative Protein Value (RPV) and Relative Nitrogen Utilization (RNU) in Rats 

NPU estimate NPU estimate 
(humans) a minus RPV (humans) a minus RNU 

Protein estimate (rats) b estimate (rats) b 

Spray-dried whole egg . . . . .  
Tuna +19 +23 
Cottage cheese C + 36 + 16 
Soy isolate B c +40 +35 
Peanut flour +56 --- 
Wheat gluten +47 +34 

aBodweli (8) and BodweB et al. (10). 
bHackler (11) and unpublished data of L.R. Hackler. 
Cpromine F. 

TABLE III 

Relative Protein Nutritive Value (Egg White = 100) of 
Different Protein Breads as Estimated in Rats and in Young Men 

Protein source Assaya Relative value 
(Breads) RPV NPR RNU in humans b 

Egg white (100) (100) (100) (100) 
Lactalbumin 76 92 92 9 l 
Casein 78 92 91 91 
Textured soy~protein c 58 78 78 91 
Soy isolate B u 47 70 69 77 
Peanut flour 52 61 61 79 
Wheat gluten 25 32 31 75 

aRelative Protein Value (RPV), Net Protein Ratio (NPR) and Relative Nitrogen Utiliza- 
tion (RNU) from Staples et al. (17). 

bBased on minimal nitrogen intake level required for "zero" nitrogen balance (16). 
CSupro 50-4. 
dpromine F. 
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TABLE IV 

Nutritive Value of Six Protein Sources As Estimated by Net 
Protein Utilization Values (NPU) Determined in Men (0.4 g protein 
[N x 6.25 ] [Kg Body Wt/Day), by Protein Efficiency Ratio (PER; 

Rats) and by Calculated Protein Efficiency Ratio (C-PER) 

NPU a 
(Human) PER b C-PER c 

Spray-dried whole egg (100) 2.95 2.63 
Tuna 93 2.28 2.66 
Cottage Cheese C 97 2.32 2.43 
Soy isolate B d 90 1.39 1.81 
Peanut flour 93 0.99 1.85 
Wheat gluten 66 0.32 0.82 

aRelative values with value for egg = 100 (8,10). 
bFrom Hackler (11) and unpublished data. 
CUnpublished data of L. Satterlee. 
dpromine F. 

than the  observed PER values. For  the  th ree  prote in  breads  
con ta in ing  animal p ro te in ,  the  PER values were similar and 
thus  agreed with the  es t imates  of  nutr i t ive  value f rom the  
young  men  (Table V). However ,  the  PER values for  the  
plant  p ro te in  breads  suggested a m u c h  lower  relative 
nutr i t ive  value than  ind ica ted  by the i r  relative values 
de t e rmined  in the  men .  Excep t  for  the  two soy p ro te in  
breads,  C-PER values were only  slightly higher  (<0 .3  PER 
uni ts)  than  the  observed PER values. 

Human Assays vs Chemical Scores 

Calculated chemical  scores are compa red  to  the esti- 
ma tes  of  nutr i t ive value ob ta ined  wi th  men  in Tables  VI 
and VII. For  the  first g roup  o f  p ro te ins  (Table VI), when  

scores were  calculated by  use o f  the  1974 NRC provisional  
amino  acid scoring p a t t e rn  (4) or  t he  1973 FAO/WHO 
provisional  pa t t e rn  (2),  ag reemen t  wi th  the  h u m a n  NPU 
values was general ly good  for  t he  t h ree  animal  p ro te ins ,  bu t  
no t  for  t he  p lant  pro te ins .  The  scores  ca lcula ted  by  use o f  
the  amino acid pa t t e rns  o f  egg or h u m a n  milk were  marked-  
ly lower  than  the  relative NPU values f rom the  h u m a n  
studies.  

F o r  the  p ro t e in  breads  (Table VII),  the  scores  calculated 
by use of  t he  NRC pa t t e rn  overes t ima ted  the  relative values 
f rom the  h u m a n  studies  for  l ac ta lbumin ,  casein,  t ex tu red  
soy pro te in ,  and soy isolate,  and u n d e r e s t i m a t e d  the  values 
o f  peanu t  f lour and  whea t  gluten.  With the  FAO/WHO 
pa t t e rn  as a re ference ,  ag reemen t  was good  b e t w e e n  the  
scores and the  relative nutr i t ive  values es t imated  in the  
h u man s  for  b o t h  soy p ro te ins ;  however ,  the  nut r i t ive  values 
were slightly ove res t ima ted  for  l ac ta lbumin  or  casein and 
u n d e re s t i ma t ed  for  peanu t  f lour and wheat  gluten.  Excep t  
for the  value for  casein calcula ted by use o f  t he  amino  acid 
pa t t e rn  of  h u m a n  milk as a re ference ,  the  scores calculated 
by use o f  e i ther  the  egg or h u m a n  milk pa t t e rn  were much  
lower  t han  the  comparab le  relative values f rom humans .  

DISCUSSION 

On the  basis o f  the  l imited data p resen ted ,  the  various 
animal or chemical  assays discussed would  no t  appear  to 
accurate ly  predic t  nu t r i t iona l  value for adult humans .  Most 
o f  the  animal assays use rapidly growing y o u n g  rats, and 
values f rom these  assays could be expec ted  to be more  
closely re la ted to prote in  nut r i t iona l  value for  infants  or 
chi ldren  than  for  adults .  However ,  PER values did no t  agree 
wi th  es t imates  of  nutr i t ive  value in chi ldren (9,13) .  For  the  

TABLE V 

Protein Efficiency Ratio (PER) Values, Calculated Protein Efficiency Ratio (C-PER) 
Values and Relative Nutritive Value in Humans of Different Protein Breads 

Protein source Relative value 
(Breads) PER a C-PER b in humans c 

Egg white 2.83 2.94 (100) 
Lactalbumin 2.59 2.74 91 
Casein 2.67 2.76 91 
Textured soy protein d 2.09 2.64 91 
Soy isolate B e 1.77 2.48 77 
Peanut flour 1.59 1.67 79 
Wheat gluten 0.45 0.69 75 

aValues corrected to casein (protein) = 2.50; from Staples et al. (17). 
bCalculated PER; determined by use of 4-enzyme method and Na~caseinate amino acid 

profile of Satterlee et al. (12); amino acid data used was from a single analysis of each pro- 
tein source (methionine and cysteine determined as methionine sulfone and cysteic acid). 

CRelative to value for egg white of 100 based on minimal nitrogen intake level required 
for "zero" nitrogen balance (16). 

dsupro 50-4. 
epromine F. 

TABLE VI 

Chemical Scores Calculated According to Different Reference Amino Acid Patterns and 
Relative Net Protein Utilization Values (Egg = 100) Determined in Men 

(0.4 g Protein IN x 6.25 ]/kg Body Wt./Day) 

Reference pattern Relative 
NRC, FAO]WHO, Human milk NPU 

Protein 1974 (4) 1973 (2) Egg a (18) (humans) 

Spray-dried whole egg 100 100 (100) 79 (100) 
Tuna 100 100 68 76 93 
Cottage cheese C 100 100 62 82 97 
Soy isolate B b 85 82 60 66 90 
Peanut flour 66 61 45 51 93 
Wheat gluten 28 26 21 22 66 

aSpray-dried whole egg (analyses from L.R. Hackler and C.E. Bodwell, unpublished data). 
bpromine F. 
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TABLE VII 

Chemical Scores According to Different Amino Acid Reference Patterns and Relative 
Nutritive Values of Different Protein Breads as Estimated in young Men 

Reference pattern Relative 
Protein source NRC, FAO/WHO, Human milk value in 

(Breads) 1974 (4) 1973 (2) Egg a (18) humans b 

Egg white 100 100 89 89 (100) 
Lactalbumin 100 100 70 76 91 
Casein 1 O0 t O0 72 96 91 
Textured soy jarotein c 1 O0 94 60 7 6 91 
Soy isolate B u 90 73 46 62 77 
Peanut flour 67 62 49 51 79 
Wheat gluten 32 30 24 25 75 

aSpray-dried whole egg (analyses from L.R. Hackler and C .E. Bodwell; unpublished data). 
b Relative to value for egg white of 100 based on minimal nitrogen intake level required 

for "zero" nitrogen balance (16). 
CSupro 50-4. 
dpromine F. 

o the r  animal  assays, there  are few or no data  for  making  
similar compar i sons  (8,9) .  

The lack of  agreement  b e t w e e n  nut r i t ive  value as pre- 
d ic ted by the  chemical  scores and nutr i t ive  value as esti- 
m a t e d  in our  h u m a n  subjects  is no t  surprising. The NRC 
and FAO/WHO refe rence  pa t t e rns  (2 ,4)  were  derived as 

pa t t e rns  for  evaluating p ro te in  nut r i t ive  value for  o lder  
infants ,  chi ldren,  and adults.  Because the  es t imated  re- 
qu i r emen t  levels o f  to ta l  essential  amino  acids are m u c h  

higher  for the  infant  or young  child t han  for  adults,  the  
scoring pa t t e rns  are no t  specifical ly appl icable  for  predic-  
t ion  of  p ro te in  nut r i t ive  value for adults.  Similarly, the  

essential  amino  acid levels in egg or  milk are m u c h  higher  
than  the  es t imated  r equ i r emen t  levels o f  adults .  In add i t ion  
to  these cons idera t ions ,  however ,  the re  is also a p robab le  
defec t  in the  app roach  used for  the  d e v e l o p m e n t  and  use o f  

amino  acid re fe rence  pa t te rns .  By conven t ion ,  values are 
summed  for  the  two sulfur  amino  acids and for  the  two  
aromat ic  amino  acids. Part icularly wi th  p lant  p ro te ins ,  this  

pract ice  is p robab ly  no t  just i f ied and may  con t r ibu te  a 
significant  a m o u n t  of  er ror  in p red ic t ing  p ro t e in  nut r i t ive  
value for  humans .  

The p rob lems  involved in the  use o f  the  PER assay for  
es t imat ing  pro te in  nu t r i t iona l  value for  h u m a n s  have been  

widely discussed (19-22).  It fol lows tha t  an app roach  such 
as the  C-PER p rocedure  o f  Sat ter lee et al. (12)  can be no  
m o r e  useful  t han  the  PER assay tha t  it  is i n t e n d e d  to  

replace.  As indica ted  by Sat ter lee et al. (12),  however ,  the  
p rocedures  developed might  be useful  in developing an 
approach  for  predic t ing  pro te in  nutr i t ive  value for  humans .  

As previously discussed (8),  if in vi tro digest ibi l i ty 
es t imates ,  such as those  used in the  C-PER p rocedure  (12),  
were f o u n d  to  corre la te  wi th  digest ibi l i ty  in humans ,  t he  

es t imates  might  ref lect  general  d i f fe rences  in amino  acid 
bioaviailability.  If so, an in vi tro es t imate  o f  digest ibi l i ty  
plus amino  acid c o m p o s i t i o n  data migh t  be used for  esti- 

mat ing  the  nutr i t ive  value of  p ro te ins  for  h u m a n s  wi th  an 
accuracy suff ic ient  for  pract ical  appl ica t ion.  

REFERENCES 
1. "Protein and Amino Acid Functions," Edited by E.J. Bywood, 

Pergamon Press, New York, 1972. 
2. FAO/WHO Food and Agriculture Organization, "Energy and 

Protein Requirements, Report of a Joint FAO/WHO ad hoc 
Expert Committee," WHO Tech. Report Series 522, WHO, 
Geneva, Switzerland, 1973. 

3. "Proteins In Human Nutrition," Edited by J.W.G. Porter and 
B.A. Rolls, Academic Press, New York, 1973. 

4. "Improvement of Protein Nutriture," Committee on Amino 
Acids, Food and Nutrition Board, National Research Council, 
Natl. Acad. Sci., Washington, DC, 1974. 

5. "Protein Nutritional Quality of Foods and Feeds, Part 1. Assay 
Methods-Biological, Biochemical, and Chemical," Edited by F. 
Friedman, Marcel Dekker, New York, 1975. 

6. "Nutritional Evaluation of Cereal Mutants," International 
Atomic Energy Agency, Vienna, Austria, 1977. 

7. "Evaluation of Proteins for Humans," Edited by C.E. Bodwell, 
Avi Publishing Co., Inc., Westport, CT, 1977. 

8. Bodwell, C.E.,Cereal Chem. 54:958 (1977). 
9. Bodwell, C.E., in "Soy Protein: Impact on Human Nutrition," 

Edited by H.L. Wilcke, D.T. Hopkins, and D.H. Waggle, Aca- 
demic Press, Inc., New York, 1978, (In press). 

10. Bodwell, C.E., E.M. Kyle, E.M. Schuster, D.A. Vaughan, M. 
Womack, and L.R. Hackler, Nutr. Rep. Int. (In press). 

1 l. Hackler, L.R., Cereal Chem. 54:984 (1977). 
12. Satterlee, L.D., H.F. Marshall, and J.M. Tennyson, JAOCS (In 

press). 
13. Viteri, F.E., and R. Bressani, Bull. Wld. Hlth. Org. 46:827 

(1972). 
14. Young, V.R., W.M. Rand, and N.S. Scrimshaw, Cereal Chem. 

54:929 (1977). 
15. Young, V.R., N.S. Scrimshaw, B. Torun, and F. Viteri, JAOCS 

(In press). 
16. Bodwell, C.E., E.M. Schuster, and B. Brooks, Fed. Proc. 38. 

(In press). 
17. Staples, R., M. Womack, D.A. Vaughan, and C.E. Bodwell. 

Ibid. (In press). 
18. Orr, M.L., and B.K. Watt, "Amino Acid Content of Foods," 

Home Econ. Res. Rep. No. 4, ARS-USDA, U.S. Government 
Printing Office, Washington, DC, 1968, p. 8. 

19. Hegsted, D.M., in "Improvement of Protein Nutriture," Com- 
mittee on Amino Acids, Food and Nutrition Board, National 
Research Council, Natl. Acad. Sci., Washington, DC, 1974, p. 
64. 

20, Bodwell, C.E., Food Technol, 31:73 (1977). 
21. Samonds, K.W., and D.M. Hegsted, in "Evaluation of Pro- 

teins for Humans," Edited by C.E. Bodwell, Avi Publishing 
Co., Inc., Westport, CT, 1977, I3.68. 

22. Steinke, F.H., Cereal Chem. 54:949 (1977). 

J. AM. OIL CHEMISTS' SOC., March 1979 (VOL. 56) 159 


