
(3) Block, R. J., Durrum, E. L., Zweig, 
G., “A Manual of Paper Chromatog- 
raphy and Paper EJectrophoresis,” 
2nd ed., p. 182, Academic Press, New 
York, 1958. 

(4) Burger, M.,  and Becker, K., Am.  
Sac. Brewing Chemists !’roc. 1949, 102. 

(5) Cole, S. W., “Practical Physio- 
logical Chemistry,” 9th ed., W. Heffer 
and Sons, Ltd., Cambridge, 1941. 

(6) Devor, A. W., Unger, C., Gill, I., 
.4rch. Biochem. Biophys. 72, 20 (1958). 

(7) Dische, Z., in “Methods of Bio- 
chemical Analysis,” \Tal. 2, D. Glick, 
Ed., Interscience, New York, 1955. 

(8) Elson, L. A., Morgan, W. T., 
BiochPm. J., 27, 1824 (1933). 

(9) Fishman, W. H., in “Advances in 
Enzymology,” 16, 361 (1955). 

(10) Gardell, S., in “Methods of Bio- 
chemical Analysis,” Vol. 6, p. 302, 
Interscience, New York, 1958. 

(11) Haas, G.  J., Fleischman, .4. I., 
J. AGR. FOOD CHEM. 9, 451 (1961). 

(12) Haas, G.  J., Fleischman, A. I .  
(to Liebmann Breweries), U. S. Patent 
3,052,547 (September 4, 1962). 

(13) Jacobs, M .  B., “The Chemical 
Analysis of Food and Food Products,” 
2nd ed., p. 434, D. Van Nostrand 
Co., New .York, 1951. 

(14) Kabat. E. A,. Maver. M. M., “Ex- 
\ ,  , , I  

perimental Immunochemistry,” p. 
310, Charles C Thomas, Ill., 1948. 

PROTEIN Q U A L I T Y  IMPROVEMENT 

Improvement in the Protein Efficiency of 
Soybean Concentrates and Isolates 
by Heat Treatment 

(15) Lindh: N. V.? Arkiv.  Kemi 10, 569 
(1 9.57). 

(16) Linker, A., Meyer, K. ,  Weissmann, 
B., J .  Biol. Chem. 213, 237 (1955). 

(17) Meyers, S. F. L., Northcote, D. H., 
Biochem. J .  71, 749 (1959). 

(18) Kiederl, J. B., Niederl, \’., “Or- 
ganic Quantitative Microanalysis:” 
2nd ed., p. 257, Miiley, New York, 
1942. 

(19) Nissen, B. H., Estes, C., Am. S‘OG. 
Brewing Chemists Proc. 1941, 37. 

(20) Owades, J. L.? Rubin, G.: Brenner? 
M.  $V., Ibbid., 1956, 193. 

Received f o r  review December 20, 790.3. 
Accepted March 9, 7964. 

JOHN B. LONGENECKER,’ 
WILBUR H. MARTIN, and 
HERBERT P. SARETT 
Department of Nutritional Research, 
Mead Johnson Research Center, 
Evansville, Ind. 

Protein efficiency values were determined for three soybean concentrates (approximately 
60% protein) and four soybean isolates (approximately 90% protein) before and 
after mild heat treatment. Values for the unheated samples were 0.34 to 1 .91, as 
compared to 2.44 (81 yo of the casein control) for a processed soybean flour. Mild 
heat treatment improved the protein efficiency values to 2.02  to 2.29 ,  except for one, 
which remained low ( 1  .46). The latter isolate contained appreciable cysteic acid 
apparently from destruction of cystine. Addition of methionine hydroxy analog to this 
isolate markedly improved its protein value. The findings indicate that soy isclates and 
concentrates may contain inherently good protein, but often require mild heat treatment 
to bring out maximal protein value. This must be considered in assessment of nutritive 
value and in use of these materials in nutritional products. 

OYBEANS are a very valuable protein S source for many nutritional products 
designed for human and animal use. 
Soybean flour must be properly heat 
treated to achieve maximal nutritional 
value. although excess heat can be detri- 
mental (7-3,9, 75). The improvement in 
the nutritional quality of soybean protein 
resulting from mild heat t.reatment is due 
partly to the destruction of trypsin 
inhibitor(s) (8, 70, 75) and partly to 
modification of the protein permitting 
more complete digestibility and utiliza- 
tion of the growth-limiting sulfur amino 
acids (3. 7 0 ) .  

There is increasing intere2t in the use of 
soybean concentrates and isolates in 
place of so)-bean flour in nutritional 
products because of the many tech- 
nological advantages relating to taste. 
texture. and other characteristics (6 ,  73). 
Successful use of such special prepara- 
tions also depends to a great extent on 
their nutritional qualities. Three soy- 
bean concentrates (approximately 6070 

1 Present address: Department of Home 
Economics, Uni\-ersity of Texas. .Austin; 
’resay. 

protein) and four isolates (approximately 
90% protein) were studied to evaluate 
their protein qualities and to determine 
whether they had received adequate 
heat treatment in manufacture to pro- 
mote maximal protein quality. and 
whether processing had reduced their 
potential protein quality. l’he results of 
these experiments are presented. 

Experimental 
The soybean protein preparations 

were obtained from Archer Daniels 
Midland Co.. Central Soya Co.. Hercules 
Powder Co.. and Ralston-Purina Co. 
‘l‘he conditions of manufacture were not 
divulged by the companies. Methionine, 
cystine, and tryptophan content of 
several of the soybean preparations were 
determined by m’crobiological assay 
with Leuconostoc mesenteroides (,5). and the 
other amino acids (and cysteic acid) by 
ion exchange chromatography ( 7  7.  7J) 
using a Beckman-Spinco Model X120 
amino acid analyzer. \.slues for 
methionine by the latter method were 
similar to those found microbiologically. 

Each sample \vas tested in rat studies 

V O L .  1 2 ,  

as received. and again after heat treat- 
ment. in which the soybean samples 
were spread in a thin ‘ayer (approximately 
1 ‘ 2  inch) in flat pans and exposed to live 
steam at  105’ C. in the autoclave for 
30 minutes. The materials were then 
dried in an oven at  100’ C.  for 1 hour. 
In all experiments. groups of 10 male 
weanling rats each (McCollum- 
Wisconsin strain) with an average initial 
Iveight of approximately 50 grams were 
selected on the basis of body weight and 
litter. The animals Jvere individually 
housed in metal, screen-bottomed cages 
in an air conditioned animal room. 

The general composition of the diets is 
sho\vn in ‘Table I .  In all experiments, 
food and water were offered nd iihitum 
and their intakes recorded: the animals 
were weighed each Lveek. &\fter 4 weeks, 
the protein efficiency value \vas cal- 
culated for each animal, and an average 
value and standard deviations were 
determined. 

Results and Discussion 
The protein efficiencies for the un- 

heated and heated soybean concentrates 
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Table 1. Composition of Diets 
Amount, 

To give 10% protein 
To give 107, fata 

lngredients % 
Protein source 
Corn oil 
Vitamin mixture'' 0.35 
Mineral mixture? 4.0 
Nonnutritive fiber 4.0 
DL-a-Tocopherol 

acetate 0.005 
Oleum Perco- 

morphum * 0.015 
Amidexd T o  100 

a Including fat supplied by protein 
source. 

b Sarett and Snipper ( 7 2 )  with ascorbic 
acid omitted from the vitamin mixture. 
Vitamins A and D added as Oleum Perco- 
morphum. 

c Jones and Foster (7)  with 10 p.p.m. 
F added as NaF. 

d -4midex brand corn starch (partially 
hydrolyzed). Corn Products Refining Co.; 
New York. N. Y .  

and soybean isolates are given in Table 
[I. The values for the unheated 
materials showed marked variation in 
nutritional quality. However, after 
heat treatment. the values for all of the 
concentrates and three of the isolates 
approached the values for soybean 
flour. The protein efficiency for one 
isolate was still quite low after heat 
treatment. These data suggest that 
there are marked differences in manu- 
facturing processes for soybean con- 
centrates and isolates, that losses in 
nutritional value in processing may be 
quite large. and that heat treatment is 
not optimal in most cases. Huge (6) 
reported that the nutritional value of a 
soy isolate (Promine. Central Soya Co.) 
was not significantly improved by heat 
treatment. and therefore sugges'ed that 
in the manufacture of the isolate, most 
of the inhibitors in the soybeans were 
removed. The present demonstration of 
improvement of nutritional value of soy 
isolates by heat suggests that inhibitors 
may not be completely removed, or that 
heat permits better utilization of the 
isolate protein. 

Sulfur amino acids (methionine and 
cystine) are the growth-limiting amino 
acids in soybean protein ( 7 ,  4) .  The 
concentrations of the essential amino 
acids in three soybean isolates showed 
little difference from values for soybean 
flour? except for sulfur amino acids 
(Table 111). [The amino acid analyses 
were in close agreement with those re- 
ported by Huge (6)  for a soybean con- 
centrate and a soybean isolate.] The low 
value of sulfur amino acids in isolate I 
was apparently due to the conversion of 
cystine to cysteic acid during processing 
(Table 111), and this probably accounts 
for the poor nutritional quality of this 
isolate, even after heat treatment. 
When methionine hydroxy analog 
(equivalent to methionine) was added 
to heat-treated isolate I a t  a level of 0.7 
gram per 100 grams protein, the protein 

Table 11. Protein Efficiency Values of Soybean Concentrates and 
Soybean Isolates before and after Heat Treatment 

Protein Efficiency -__ 
Grams Gain per Gram Protein lntake Casein Standard, % 

Protein Source Protein,a 70 Unheoted Heated Unheated Heated 
~~ 

Casein, ANRC 91.2 3.00 f 0.24h 100 . .  
Soybean flour 43.4 2.44 zt 0.36 2.39'&'0.27b 81 80 
Soybean concentrate A 52.9 0.34 f 0.55 2,06 =t 0.33 12 69 
Soybean concentrate B 57.1 1.37 i 0,36 2,lO i 0.19 46 70 
Soybean concentrate C 64.8 1 .86 zt 0.38 2.02 f 0.33 63 67 

Soybean isolate I1 88.6 1.41 i 0.31 2.27 =IC 0.21 44 76 

Soybean isolate IV 87.5 1.91 f 0.26 2.11 f 0.26 64 70 
Soybean isolate I + 
0.7 51 methionine 

Soybean isolate I 90.2 1.36 i 0.23 1.46 =t 0.32 45 49 

Soybean isolate I11 85.7 1.77 =k 0.23 2.29 i 0.17 59 73 

hydroxy analog 90.9 . . .  2.24 i 0.22 . . .  75 
Protein content (S X 6.25) on as is basis. b Mean f standard deviations. 

Table 111. Essential Amino Acid Content of Soybean Isolates and 
Soybean Flour 

Grams per 100 grams protein 
Soybean lsolate 

Amino Acid l 11  111 Soybeon Flour 

Methionine 
Cvstine 

1 , l  1 . 1  1.3 1.4 
0.8 1.2 1 . 1  1 . o  

Methionine + cystine 1.9 2.3 2.4 

Threonine 3.3 3.8 3.6 
b h Cysteic acid 0 . 5 ~  . . .  . . .  

2.4 

3.8 
b . . .  

Valine 
Isoleucine 

4.5 4.8 5.1 4.5 
4.6 4.7 4.6 4.4 

Leucine 7.5 7.9 7 7  7.2 
Phenylalanine 5.3 5.1 5.2 4.5 
Lysine 6.0 5.9 6.5 5.9 
Histidine 2.4 2.3 2.7 2.4 
Arginine 8.0 7.0 7.5 6.4 
Tryptophan 1 . o  1 . 3  . . .  . . .  

(1 Equix-alent to 0.36 gram cystine. 
b Cysteic acid content less than 0.05 gram. 

efficiency was improved from 1.46 to 
2.24 (Table 11). 

The determination of the sulfur amino 
acids in soybean proteins is useful to 
estimate the potential nutritional value 
of soybean products when properly 
heated, However, sulfur amino acid 
values alone do not reflect protein 
quality. since they give no indication of 
amino acid availability. The data 
from these studies sho\v the importance 
of heat treatment of soybean concentrates 
and isolates as well as of soybean flour 
when evaluating their nutritional 
quality. Consideration should be given 
to the amount of heat employed in the 
manufacturing of nutritional products 
containing soybean to ensure maximal 
protein quality. 

Acknowledgment 
The authors wish to thank Valada 

Ragsdale and Stephen Vogel for their 
technical assistance, and the Mead 
Johnson Control Laboratory for con- 
ducting the amino acid analyses. 

Literature Cited 
(1) Almquist, H .  J., Macchi, E., 

Kratzer, F. H., Grau, C. R., J .  h'utr. 
24, 385 (1942). 

(2) Diser. G. M.. FeedstufJ 35, No. 9, 72 
(1963). 

(3) Guggenheim. K. .  Halevy. S.. Fried- 
mann. S..  Arch. Biochem. Biophjs. 91, 
6 (1960). 

(4) Hayward. J. W., Hafner, F. H., 
Poultry Sci. 20, 139 (1941). 

(5) Henderson, L. M.. Snell, E. E.. 
J .  Biol. Chem. 172, 15 (1948). 

(6) Huge, W. E.. PYOC. Conf. Soybean 
Products ,for ProtPin in Human Foods, 

( 7 )  Jones. J. H.. Foster. C.. J .  il-utr. 24. 
c'.S.D.il.. ARS 71-22, 39 (1961). 

245 (1942). 
(8) Runitz. hl., Science 101, 668 (1945). 
( 9 )  Kwonp. E.. Barnes, R .  \V.% J .  .Vutr. 
'81, 392 11963). 

(10) Melnick, D., Oser, B. L.? Weiss. 
S., Science 103, 236 (1946). 

(11) Moore, S., Spackman. D. H.: Stein, 
W. H., ,4nal. Chem. 30, 1185 (1958). 

(12) Sarett, H.  P., Snipper, L. P., J .  
h k t r .  52, 525 (1954). 

(13) Smith, A. K.? "Processed Plant 
Protein Foodstuffs," A. hl. Altschul, 
Ed.. D. 249. Academic Press, New 
York. '1 958. 

(14) Spackman. D. H.. Stein, W. H., 
Moore, S.. Anal. Chem. 30, 1190 
(1958). 

(1948). 
(15) Westfall, R. J., J .  'Yutr. 35, 379 

Receked for review December 17, 7963. 
Accepted March 23, 1964. 

412 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  


