
have been artifacts. The spectral ab- 
sorption curve of the upper had much 
less fine structure, and had a cis-peak 
at  a somewhat higher wave length. 

The major pigment of 
this fraction, and the most abundant by 
far, was identified as lutein and not 
capsolutein. O n  treating with hydro- 
chloric acid in methanol and subjecting 
the product to a countercurrent dis- 
tribution run with system I, nearly all 
of the material occurred as a fraction 
with .V,oo value of 40. in good agree- 
ment with the prior result of 38 for 
lutein monomethyl ether. The .Tlo0 
values of lutein and capsolutein in 
this system were both 10. but the :Vloo 
value of capsolutein was unchanged 
after treatment with hydrochloric acid 
in methanol (5). 

A very minor band on the column 
(IIIA-1) below lutein had spectral 
absorption maxima at  481 and 446 
mp. This may possibly have been the 
same as a nonepoxide diol found in red 
bell peppers (5), and tentatively identi- 
fied as 6,6 ’-dideoxocapsorubin. 

Above the lutein band was a much 
smaller, redder band (I11 -4-4) which 
had similar spectral absorption maxima 
except the cis-peak was at  346 mk 
instead of 338; the spectral absorption 
curve had much less fine structure. 
This was identified as zeaxanthin, 
and apparently consisted, a t  least in 
part, of cis-isomers which may have 
been artifacts. 

Diepoxide Diols (IIIC). The major 
band of this fraction was violaxanthin 
(zeaxanthin-5,6,5’,6 ’-diepoxide) ; it was 
accompanied by smaller amounts of 
the corresponding 5,6,5 ’>8 ’-diepoxide 
isomers. the luteoxanthins, and by a 
much smaller amount of the 5,8,5’,8’- 
diepoxide isomers. the auroxanthins. 

Diols (IIIA). 

Below the yellow auroxanthin band \vas 
a minor red band (IIIC-5) which had 
spectral absorption maxima near those 
of lutein. It was eluted much less 
readily than zeaxanthin and may have 
been a polyol such as hydrox~-capsolu- 
tein (3). 

The first band eluted 
from the column had pronounced spec- 
tral absorption maxima at 431, 405, and 
384 mpu; these were only slightly changed 
on hydrochloric acid treatment? in- 
dicating that this substance was not a 
5.6-epoxide such as sinensiaxanthin 
found in oranges (7). This band was 
eluted from a column much more rapidly 
than the auroxanthin band in fraction 
IIIC.  The main constituent was neo- 
xanthin. a 5.6-epoxide polyol of in- 
completely known structure, with much 
smaller amounts of the corresponding 
5,8-epoxide isomers, the neochromes. 
When the major band (IV-2) was sub- 
jected to a countercurrent distribution 
run with system I11 (hexane-acetone- 
137, methanol), the &Vl0o value was 
64. in good agreement \vith previous re- 
sults of 61-62 for neoxanthin from leaves. 

As shown in Table 111. lutein was the 
most abundant carotenoid, with some- 
what smaller amounts of beta-carotene, 
violaxanthin, and neoxanthin. These 
are also the principal constituents of 
leaf carotenoids (70). Cholnoky et a/ .  
(2) recently investigated the carotenoids 
of green paprikas. Lutein was the 
most abundant constituent, with lesser 
amounts of beta-carotene, violaxanthin, 
“foliaxanthin.” and ‘.foliachrome.” 
Small amounts or traces of beta-carotene- 
5,6-epoxide. mutatoxanthin, anthera- 
xanthin. and apparently cryptoxanthin 
kvere also found. Three of the last 
four were not found in green peppers 
in the present work. t\vo of which would 

Polyols (IV). 

H E A T  EFFECTS ON S O Y M I L K  

Indices of Protein Quality 
in Dried Soymilks 

HE MAINTEHANCE and evaluation of T the nutritional quality of soybean 
products are of importance since such 
products often make up a significant part 
ofan individual’sfood intake. Thisis the 
case when they are used as substitutes for 
animal milks in infant feeding and when 
they are used to elevate the protein con- 
tent of otherwise inadequate diets. The  
use of animal feeding tests to obtain 

1 Present address: College of Pharmacy, 
Bagdad, Iraq. 

indices of protein quality (73)  provides 
the most direct and reliable experimental 
evaluations of the products, but such tests 
are expensive and time consuming. 
Simpler and quicker methods for the 
control of the manufacture and procure- 
ment of soy products are widely recog- 
nized as being of value in ensuring high 
quality in the finished products (74). 

For soybeans to provide a maximal 
contribution to nutrition, deleterious sub- 
stances must be removed from the raw 

be in the monoepoxide diol fraction 
(IIIB) which was not chromatographi- 
cally investigated. Cholnoky et al.  did 
not report a number of the minor con- 
stituents found in the present work, 
including phytoene, phytofluene, alpha- 
carotene, zeta-carotene, hydroxy-alpha- 
carotene, and zeaxanthin. “Foliaxan- 
thin,” a 5,6-epoxide. is apparently the 
same as neoxanthin ; “foliachrome,” 
reported by Cholnoky et ai .  as being the 
corresponding 5,8-epoxide, may be the 
same as neochromes, or. since it was 
found on the column below ’.foliaxan- 
thin,” possibly the same as luteoxanthins. 
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beans. Fortunately, through the appli- 
cation of heat, it is possible to inactivate 
such harmful materials as the trypsin 
inhibitors (77) .  To evaluate the ade- 
quacy of heat treatments a number of 
tests have been devised. Examples are 
the measurement of the extent of in- 
activation of urease (3) or trypsin in- 
hibitors ( 7 7 ) ,  the lowering of soluble ni- 
trogen (76) or alkali-soluble solids (74). 

Heating of soybeans introduces the 
possibility that some of the nutrients may 
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Soymilk powders were prepared by various heating and drying procedures. Adequacy 
of heat treatment was evaluated by means of an assay for trypsin inhibitor. Soluble 
nitrogen and urease activity levels could not substitute for the extent of trypsin inhibitor 
destruction as an indicator of adequate heating. Overheating was accompanied by a 
decrease in available lysine and an increase in darkness of the product. Variations 
in free amino group levels depended on the conditions of heat treatment. Soluble nitrogen 
had no correlation to heat damage. Regression equations relating indices of protein 
damage to biological value are presented. 

be damaged. Since: the value of soy- 
beans as a food is clue in large part to 
their high content of protein, it is impor- 
tant to be able to measure the extent to 
which the nutritional quality of the pro- 
tein may have been harmed during 
processing. 

Destruction or modification of lysine 
in proteins can be measured by a pro- 
cedure developed by Carpenter (2). 
This method yields a value for protein 
lysine available for use in the body for 
protein synthesis (or that lysine having a 
free epsilon amino group). Tests on 
animal proteins have shown a high 
correlation between available lysine 
content and biological value of the pro- 
teins ( 7 ) .  The estimation of available 
lysine has been applied to plant pro- 
teins (7 .  75) and mixtures of plant and 
animal proteins ( 4 )  with results that 
indicate that it may be useful in evaluat- 
ing damage to proteins resulting from 
heating. 

A type of protein or amino acid altera- 
tion that can occur during the processing 
of protein-containing foods results from 
the participation of amino groups in 
condensation reactions with other com- 
ponents of the food. By use of the formol 
titration, changes in the free amino 
group content can be estimated. Since 
proteins can become involved in broivn- 
ing reactions (5).  the color of a product 
may also indicate protein damage. 
Therefore. the level of free amino groups 
and the color of the product \vere in- 
vestigated as possible indices of protein 
quality in processed soymilks. 

The purpose of this work was to com- 
pare various procedures used for evaluat- 
ing adequacy of heating and possible 
protein quality damage in processed 
soybean milks. Siwogen solubility and 
survival of urease and trypsin inhibitors 
were compared as indices of adequate 
heating. The nitrogen solubility as well 
as available lysine levels, free amino 
group content. and degree of browning 
were used to estimate protein damage. 
The correlation between these results 
and the biological value of the products 
was determined. 

Procedure 

Dehulled Clark variety soybeans were 
They were de- used in these studies. 

hulled, soaked, ground with water, and 
then filtered. The details of the pro- 
cedure have been described by Hand 
et  al .  (7). The experimental variables 
that were introduced into the process are 
presented in a later section, together with 
the data obtained. 

Soluble nitrogen was determined by 
a method developed by Smith. Belter, 
and Johnsen (76). The soymilks were 
stirred in water, the mixture was filtered, 
and the nitrogen in the filtrate was 
measured. \2;ith the products studied 
it was not necessary to remove the fat 
before the water extraction. 

The measurement of available lysine 
was carried out by the procedure of 
Carpenter (2) ,  utilizing the reaction 
between fluorodinitrobenzene and the 
epsilon amino group of protein lysine. 
Recovery experiments in which epsilon 
dinitrophenyl lysine was added just 
prior to the acid hydrolysis step indicated 
that with these soy products a recovery 
of 78 to 82% was obtained. Data pre- 
sented in this paper have therefore been 
corrected for a 207 ,  loss during analysis. 

Broivning was measured as Hunter 
"L" values obtained using the photo- 
electric color difference meter described 
by Hunter ( 9 ) .  Plate No. 4 with an '.L" 
value of 75 was used as a standard. 
\Vith this instrument lower "L" values 
are associated with darker products. 

The formol titration procedure fol- 
lowed was that described by Hawk, Oser, 
and Summerson (8). The results are 
expressed as equivalents of free amino 
groups per mole of nitrogen in the prod- 
uct. 

The determination of residual trypsin 
inhibitors was carried out by using a 
modification of the assa>- developed by 
Learmonth (70), which compares the 
retardation of gelatin liquefaction by 
trypsin in the presence of various dilu- 
tions of heated and unheated soy prod- 
ucts. The  trypsin-gelatin mixture was 
no longer able to form a gel at 32' F. 
after 15 minutes' incubation at 98' F. 
The soybeans hitiall>- contained suffi- 
cient trypsin inhibitor such that 1 mg. 
of fresh soybean meal in 10 ml. of the 
trypsin-gelatin mixture would approxi- 
mately double the incubation time 
needed for liquefaction. The results are 
expressed as per cent of the original 
trypsin inhibitors destroyed by process- 
ing. Urease was detected as described 
by- Sumner and Somers (78) .  

Results 
A comparison of methods for evaluat- 

ing the adequacy of heat treatment of 
soymilk is given in Table I. The re- 
sults obtained with representative prod- 
ucts indicated that neither low soluble 
nitrogen nor the absence of urease were 

Table 1. Indices of Adequacy of Heat Treatments 
Residual 

Soluble Trypsin 
Nitrogen, Inhibitor, 

Sample Description % Urease yo 

Milk heated 2 minutes at 250' 
5 minutes at 250" F. 
8 minutes at 250' F. 
32 minutes at 250' F. 
30 minutes at 200' F. 
60 minutes at 200' F. 
120 minutes at 200' F. 

Milk spray dried at 295' F: 
at 620' F: 
at 710" F.a 
at 800' F.. 

- F. 29 
35 
39 
35 
18 
24 
24 
88 + 
30 

6 
4 

- 
- 
- 
- 
- 
- 

- 
- 
- 

36 
10 
16 

10 
14 
4 

100 
83 
22 
4 

3 

Soybeans steamed 5 minutes at 
8 - 250' F. 21 

15  minutes at 212' F. 46 + 20 
30 minutes at 212' F. 40 + 10 
a Inlet air temperature. 
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Figure 1. Effect of heating on the 
solubility of soymilk protein in 5% tri- 
chloroacetic acid (TCA) and in 66% 
ethanol 

reliable indications of trypsin inhibitor 
destruction. During the heating of 
liquid milks, urease was inactivated more 
quickly than trypsin inhibitor but when 
dry beans were steamed the urease was 
inactivated more slowly than trypsin 
inhibitor. In  milks, the soluble nitrogen 
changed very little after an  initial decline, 
while trypsin inhibitor gradually de- 
creased. The extent of trypsin inhibitor 
inactivation varied between lots of milk. 
At 200' F., the heating time needed to 
inactivate 907, of the trypsin inhibitor 
varied from 30 to 75 minutes, while a t  
250' F. the time needed varied from 
5 to 10 minutes. Under spray-drying 
conditions, where the only heating. was 
that taking place in the drier, the soluble 
nitrogen decreased more rapidly with 
rising temperatures than did the trypsin 
inhibitor. 

L'ariations in the properties of dried 
soymilk caused by differences in heating 
time a t  250' F. are shown in Table 11. 
Per cent soluble nitrogen decreased dur- 
ing the early stages of heating but a t  
longer times this quantity increased. 
During the first 10 minutes of heating. 
little change took place in the available 
1)-sine, free amino groups or Hunter ..L" 
values, but later the free amino groups 

increased and the available lysine and 
Hunter "L" values decreased. 

The  increase in nitrogen solubility 
after prolonged heating, together with 
the increase in amino groups, suggested 
a possible splitting of soybean protein 
during heating. Further evidence of 
breakdown was obtained when the solu- 
bilities of the proteins in 57 ,  trichloro- 
acetic acid and in 66% ethanol were 
examined (Figure 1).  The solubility of 
soybean nitrogen in these solutions 
showed a steady increase as a result of 
continued heating of the soymilk. After 
121 minutes about 7 7 ,  of the original 
protein had been broken down to frag- 
ments small enough to be soluble in these 
solvents. 

Soymilk was much less sensitive to pro- 
longed heating at 200' F. The  data 
in Table I11 show little change in most 
measurements during a 6-hour heating 
period. There was a rapid initial drop 
in soluble nitrogen and a gradual de- 
crease in amino groups and Hunter 
"L" values. 

A further series of soymilks was pre- 
pared utilizing heat exchangers to obtain 
rapid heating and cooling of the milk 
and consequent close control of heating 
times. This series confirmed the earlier 
results showing that little change took 
place as heating was prolonged a t  200' F. 
At 250°, changes were less than seen 
previously, presumably because of the 
shorter heating up and cooling down 
periods involved. 

The inlet air temperature used in 
connection with spray drying had a 
marked effect on the protein indices. 
As can be seen in Table IV. higher tem- 
peratures were associated ivith lower 
nitrogen solubility, available lysine. 
free amino groups. and Hunter "L" 
values. The color differences were quite 
marked. and a charring effect was ob- 
tained at the high temperatures. 

Most of this work has dealt \vith soy- 
milks that were, in essence. water ex- 
tracts of soybeans. Another type of 
product can be prepared by finely grind- 
ing dehulled soybeans to yield a material 

that can form a milk-like liquid when 
suspended in \rater. With such a 
process, the heat needed to destroy 
deleterious constituents such as trypsin 
inhibitors can be advantageously ap- 
plied to the soybeans before grinding. 
The effect of various heat treatments on 
the protein quality indices is given in 
Table V. With this type of heating, 
there was no tendency for the soluble 
nitrogen or the free amino groups to 
increase as the heating became more 
severe. This contrasts with what takes 
place when liquid soymilks are heated. 

The correlation between nonbiological 
indices of overheating and protein 
efficiency ratios (PER) (6) were cal- 
culated by the method described by 
Snedecor (77).  Since maximum PER'S 
were obtained \vhen about 90y0 of the 
trypsin inhibitor had been destroyed 
those samples containing more than 10% 
of their original content of trypsin in- 
hibitor \vere excluded from the com- 
putations. There was no significant 
correlation between soluble nitrogen and 
PER. but the free amino groups, Hunter 
'.L" values, and available lysine were 
correlated with PER a t  the 9970 con- 
fidence level. The standard error for 
regression equations relating laboratory 
tests and PER was quite high, ranging 
from 0.37 to 0.35 PER unit for the 
various indices. However, when the 
data on the milks made from steamed dry 
beans \vere considered separately from 
that on water extracted milks, the stand- 
ard error terms were lo\rer. especially 
in the case of available 1)-sine. These 
regression formulas for dry soymilks are 
presented. together with the standard 
error of the estimated PER, in Table VI. 

A multiple regression equation cover- 
ing both types of milk is: PER = 

2300A2 - 0.239H + 0.0019H2, in which 
L = available lysine in grams per 16 
grams N. '4 = equivalents of amino 
groups per mole of N. and H = Hunter 
$'L' '  value. The standard error of the 
calculated PER value using this equation 
is 0.25. The  use of such an equation re- 

-0.453 + 2.25L - 0.23L2 + 207A - 

Table II. Protein Quality Indices Changes in Soymilk" 
Heated at 250' F. Prior to Drying 

Free 
Available Amino 

Time Heated Soluble lysine, Groups, 
at 250' F., Nitrogen, Grams per Eq. per Hunter 

Min. ?& 16 GromsN Mole N "1" 

41 36 5 7  0 .041  62 
64 39 5 . 5  0 . 0 4 6  57 

121 50 5 . 0  0 . 0 5 4  52 

a Soymilk dried in freeze drier. 

Table 111. Protein Quality Indices Changes in Soymilk, 
Heated at 200' F. Prior to Drying 

Free 
Time A vailoble Amino 

Heated Soluble lysine, Groups, 
ot  200' F., Nitrogen, Grams per Eq. per Hunter 

Min. % 16 Grams N Mole N " I"  

0 75 5 . 3  0 . 0 3 9  83 
30 18 5 . 2  0.037 78 
60 21 5 . 4  0 .036  78 

120 21 5 . 2  0 . 0 3 3  77 
240 22 5 . 2  0 .035  73 
360 24 5 . 2  0 .034  74 

u Soymilk dried on vacuum roll. 
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Table IV. Effect of Spray Drying Temperature on 
Protein Quality Indices of Soymilk“ 

Free 
Avoiloble Amino 

Spray Drier Soluble lysine, Groups, 
Temperafure, Nitrogen, Grams per Eq. per Hunter 

O F. % 16 Grams N Mole N “1” 

290 38 5 5  0 042 75 
330 44 .5 6 0 043 78 
360 34 -5 5 0 .041  73 
440 15 5 1  0 038 72 
530 8 4 1  0 .026  61 
600 6 2 0  0 . 0 1 6  33 

a Heated for 10 minutes at 250” F before spray drying. 

Table V. Protein Quality Indices of Milks“ Prepared 
from Steamed Soybeans 

Free 
Available Amino 

Steaming Conditions Soluble lysine, Groups, 
Time, Temp., Nifrogen, Grams per Eq. per Hunter 
Min. F .  % 7 6 G r a m s N  Mole  N “1” 

3 250 21 5 . 2  0 .049  73 
10 250 11 4 . 9  0 . 0 4 6  72 
20 250 8 4 . 9  0 . 0 4 3  67 
40 250 8 4 4  0 041 59 
15 212 46 5 0  0 050 81 
30 212 40 5 1  0 050 80 
60 212 19 5 0  0 047 75 

120 212 12 4 . 7  0 . 0 4 6  69 
4 h l l  products spray dried at 410’ F. inlet air temperature. 

quires that several indices be determined, 
but a reasonably accurate estimate of 
PER on soymilk with an  unknown 
processing history can be obtained. 

However, these statistical relationships 
do not apply to milks containing more 
than 10% of their original trypsin in- 
hibi tor. 

Some samples were prepared to obtain 
information on drying methods (Table 
VII). Drum drying resulted in the 
greatest loss of nitrogen solubility and 
free amino groups, \vhile the available 
lysine and Hunter “L” values compared 
favorably with the other drying proce- 
dures. Since all the products proved 
satisfactory in feeding tests: the variations 
seen in the measured values may be in- 
dicative of ranges that do  not indicate 
damage to the nutritional quality. This 
table also contains a comparison of actual 
PER values and those calculated from 
the regression equation relating PER 
to available lysine in water-extracted 
milks. 

The use of dye binding as an index 
of soybean meal quality by Moran et  al. 
(72) has led the authors to attempt to 
relate heat damage to the ability of soy- 
milk protein to bind the dye. orange G 
(79). The  extent to which the dye 
was bound decreased as heat damage in- 
creased, but the differences \vere rather 
small. Under heating conditions where 
20 to 30% of the available lysine was 
lost, the dye-binding ability of the soy- 
milk decreased by 5 to 7y0. This lack 
of sensitivity leads us to the conclusion 
that measurement of the binding of 
orange G. while it may be useful with 
soybean meal, is not a suitable method 
for use in the quality control of soymilk. 

Discussion 

Soybean products require heating at 
some stage to have high nutritional value. 
The  nutritional value of soybeans is in- 
versely proportional to the trypsin in- 
hibitor content, and heating results in a 
destruction of the inhibitor ( 7 7 ) .  The 
level of trypsin inhibitor remaining in the 
soy product can therefore serve as an  
index of the adequacy of heat treatment. 
The other procedures tested in this work. 

Table VI. Regression Equations 
Relating PER to laboratory Tests 

Standard 
Error of  
Estimate 

Equationsa o f  P E R  

TYATER-EXTRACTED MILKS 

P E R  = 0 . 4 9 L  - 0 . 7 2  0 . 1 6  
P E R  = 29.4 f 0 . 7 1  0 . 3 2  
P E R  = 0 . 0 2 7 H  - 0 . 0 4  0 . 2 4  

DRY-STEAMED BEAN MILKS 

P E R  = 0 595L - 0 . 4 0  0 . 1 2  
P E R  = 35A + 0 . 9 1  0 . 1 6  
P E R  = 0 . 0 1 8 H  + 1 . 2 2  0 . 1 5  
a L = Grams available lysine per 16 

grams N ;  A = eq. free amino groups per 
mole N ;  H = Hunter “L” value. 

soluble nitrogen and urease. gave only 
approximate estimates of destruction of 
trypsin inhibitor. Urease in soymilk 
was inactivated more readilv than 
trypsin inhibitor ; therefore its presence 
indicates undertreatment, but its ab- 
sence does not ensure adequate heating. 
Soluble nitrogen varied widely with 
processing conditions, and many samples 
were found with low soluble nitrogen 
and still possessing significant amounts 
of trypsin inhibitors. Because the heat- 
ing time needed to inactivate 90% of the 
trypsin inhibitor varied between lots of 
soybeans, in practice, each batch of 
product should be checked for trypsin 
inhibitor content. 

Protein damage resulting from over- 
heating was measured Ivith the greatest 
accuracy through determination of the 
available lysine. Such a method detects 
any alterations in the amino acid, but 
under most conditions the major cause 
for the loss of available lysine is probably 
due to changes at  the epsilon amino 
group. Although lysine is present in 
fairly high amounts in soybean protein 
and may not be the groirth-limiting 
amino acid in soybean diets. the extent 
of its loss may provide an index of general 
heat damage to the nutritional quality 
of the soy protein. The principal dis- 
advantages of the available l>-sine method 
are that it requires considerable technical 
proficiency and several days to obtain 
results. On the other hand. i t  has given 
excellent indications of soybean protein 
quality \vhen used on soymilks heated 
and dried under a variety of conditions. 

The measurement of bro\vning result- 
ing from processing also shoivs consid- 
erable promise in evaluating dried 
soymilks. This usefulness is due to the 
participation of proteins in browning 
reactions. This method is the easiest 
to apply, and useful information can be 
obtained with the eye alone. Therefore. 
it would be particular1)- \vel1 suited for 
the control of quality at the manufactur- 
ing plant. 

Free amino groups have been shown 
to be highly correlated with the bio- 
logical value of the so)- protein. How- 

Table VII. Comparison of Protein Quality Indices of Soymilks“ Dried by 
Different Methods 

Available f ree  Amino 
Soluble lysine, Groups, 

Nitrogen, Grams per Eq. per Hunter Observed Calcd. 
Drying Method % 76 Grams N Mole N “1” P E R  P E R  

Spray dried, 330’ F.6 44 5 . 6  0 .054  ’8 2 , 2 2  2 . 0 2  

Atmospheric roll 20 5 . 7  0 .047  i i  

71 2 . 1 4  2 . 1 8  
2 . 1 6  2 . 0 8  

Freeze dried 41 5 . 9  0 , 0 5 2  

Vacuum roll 43 5 . 5  0 .051  80 2 . 2 3  1 . 9 8  
-- 

0 A11 milks heated at 250’ F. for 10 minutes before drying.. 
a Inlet air temperature. 

V O L .  1 2  N O .  6 .  N 0 V . - D E C .  1 9 6 4  527 



ever it is not safe to rely on this index 
since under some conditions, such as 
prolonged heating of milk at  high tem- 
peratures, the measured amount of free 
amino groups increased while the quality 
of the protein was reduced. 

While the measurement of soluble 
nitrogen has served as an excellent index 
of heat treatment for soybean oil meal, 
it was not satisfactory when applied to 
soymilks. possibly because the protein 
changes occurring in milk follow dif- 
ferent patterns than those seen when 
dry beans are heated. For example, 
after an initial sharp drop in nitrogen 
solubility. further heating does not 
decrease and may even increase the per 
cent of soluble nitrogen in soymilk. As 
a result, soluble nitrogen levels of be- 
tween 20 and 40% can be found in milks 
given a wide range of heating conditions 
and a variety of biological values. 

,4 knowledge of the history of a dried 
soymilk facilitates the use of protein 
indices in evaluating possible protein 
damage. The relation between indices 
and PER was dependent to some extent 
on whether the heat was applied to dry 
beans or to liquid milks. Free amino 
groups were particularly sensitive to the 
method of heating. The most reliable 
indices were available lysine and Hunter 
“L” values. 
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NUTRIENTS IN N U T  KERNELS 

Free Amino Acids in English 
Walnut (Juglans regia) Kernels 
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support this proposition. Two- 
directional filter paper chromatographic 
studies by the present authors of extracts 
of fresh and rancid \i.alnut kernels sug- 
gested that the development of rancidity 
involved changes among the ninhydrin- 
positive constituents (unpublished data). 
The presence in ivalnuts of reducing and 
nonreducing sugars: as well as large 
amounts of unsaturated lipids: has been 
established. Characterization of the free 

amino acids and related nitrogenous 
constituents is a prerequisite to investiga- 
tions on reactions between these com- 
pounds and the sugars, lipids. and their 
degradation products, and the influence 
of their products on walnut quality. 

Attempts to identify the major nitro- 
genous constituents in kernels bv filter 
paper chromatographic techniques onlv 
partiallv succeeded. Unequivocal 
identification of many spots was im- 
possible because of insufficient material 
for chemical studies, the unavailability 
or nonspecificity of distinctive color 
reactions applicable to paper chromato- 
grams. or diffuse spots which suggested 
concurrence of a number of compounds 
having similar chromatographic prop- 
erties. Therefore, gradient elution ion 
exchange fractionation was employed 
for preliminary separation and isolation 
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of the major constituents in sufficiently 
pure form to permit a study of their 
chemical, physical, and chromatographic 
properties. 

Experimental 

Paper Chromatography. Paper 
chromatographv was employed for the 
analyses of ion exchange column eluates, 
purified fractions, and crystalline prod- 
ucts. The techniques were procedures 
described previously (78 ,  79) modified 
(77) to improve sensitivity and repro- 
ducibilitv. 

Solvent I .  A stable mixture of tert- 
b u q l  alcohol : vater : 85y0 formic acid 
in a ratio of 69.5:4.0:26.5 b) volume at  
24.0” C. (74). 

Solvent 11. Phenol : lvater : ammonia 
(7.9). 
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