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RECI'NT REiSIARCII IN the area of off-flavor formation 
during soy milk production has shown that the major 
off-flavors associated with soy milk are of lipid origin and 
are produced by the action of the enzyme lipoxidase on the 
unsaturated fatty acids, principally linoleic and linolenic 
acids. Wilkens ct al. (1) were able to demonstrate that if the 
soybeans were ground with water at or near 100°C., nearly 
all of the rancid off-flavor formation was prevented and theblnd milkl wargad 
resulting milk was quite blhnd. lowever, Badenhop and
Wilkens (2) found that when a high-temperature grinding 

operation is )recedpd by an initial soaking operation, a 
significant quantity of l-octen-3-olis formed, the amount 
varying with several environmental conditions including pH. 
An alkaline soaking solution decreased the formation of 
l-octen-3-ol. As a result of these findings, this investigation 
was made to determine the effects of soaking soybeans in 

sodium hydroxide solutions on the flavor, acceptability, 
and nutritional value of the resulting soy milk. 

of soaking maize in sodium hydroxide'fie effects 
solution have been reported by Kodicek (3), who found 

that increased quantities of cyanogen bromide-reactive 
niatrii, pesuabl reeasd alalinicinwer b

material, presumably niacin, were released by alkali 
tre.tnments. Furthrmore, such alkaline extracts were shown 
to improve the growth of rats fed niacin-deficient diets 
(4,5). Koilek et al, (6) also demonstrated a similar effect 
ilpigs. Ilhrper ct if.(7)reported that the beneficial effect 

of alkali treatnent of maize could not be attributable to 
the correction or prevention of an amino acid imbalance 
but only to the release of niacin from an unavailable form, 
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Materials and Methods 
Soybeans of the variety Harosoy 63, grown locally, were 

used in this study. Reagent-grade sodium hydroxide was 
used for preparation of soaking solutions. Samples were 
prepared with four different concentrations tf sodium 
hydroxide as shown in the experimental design (Fig. 1). 

The. beans were soaked for 2 hr. at 50°C. in a 
stesultingete kettle large enough to accommodateaoemodat 5-kg.p
enoigh 5-kg. 
sanples'of beans and 25 kg. of soaking solution (1:5 w./w.
ratio).VThe temperatuie was maintained at 500C. by 
periodically turning on the steam. After soaking, the beans 
were drained and rinsed thoroughly with distilled water, 
then groundby passing them through a Rietz disintegrator 
(Model RA-4-K-53) having a screen with 0.t23-in. 
perforations. The beans were ground with sufficient boiling 

beansdistilled water to achieve a ratio of (wiw.f:10 dr 

to water). The resulting slury was next filtered though a 
Shriver size 12 plateand-frame filter press. 

After filtration, tihe resultig milk (approxintely 40 
mil fi l y 40 

kg.) was divided into two portions; one was filled into No. 
10 cans which wvere then closed and licat-processed at 

At eri to t worti ons; (a sp 


121 0C. for 10 min. This portion was later subsauipled for 
the taste-panel work. The milk, both heat-processed and 
"raw," was then freeze-dried, as well is a portion of the 
residue from the filtration stel. 

Amino acid analyses were determined by ion-exchange
column chromatography of acid hydrolysates; aT*cchnicon 
AminoAcid Autoanalyzer(Model NC-3) was used. Cyst in 
values were determined by the method of Moore (8); 

tryptophan was measured by the mtthod of Horn and 
Jones (9); and available lysine was determined by the 
method of Rexen and Christensen (10). 

otein efficiency ratios (PER's) determined bycown were 
growth studies with male weanling rats of the iHoltzman 
strain. The soybean supplements were used as the protein 

source in test diets at a level of approximately 10% crude 
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Fig. 1. Design of the experiment. 

protcin (Kjieldahl N X 6.25) and were fed ad libitumn to 
groups of 10 rats for 28 days. Because of insufficient
sample, some of tic groups limited to f than 10were Rcwer 
rats and t e feeding period was shortened to 25 (ays. Since 

the soybean fractions differed in protein and fat content, 
adjustments were made in the amounts of dextrose and 
corn oil added in order to maintain a relatively constant 
caloric-to-protein ratio. The experimental diets were 
compared to a casein control diet containing 10% protein. 
Complete details of the experimental methods used in the 
rat-growth studies have'been reported previously (11). 

"frypsin inhibitor measurements were obtained by the 
procedure of Learmonth (12) as modified by Van Buren et 
al. (13). This method ,oinpares the retardation of gelatin 
liquefaction by the enzyme ttypsin in the presence of 
various dilutions of the sample. Results are expressed as 
percent of activity present in the nonlicat-treated soybeans. 

Niacin content of the samples was determined by a 

microbiological method (Lactobacillus arabinosus) (14). 
The amount of growth was determined by measuring the 
turbidity of the media at 625 mp. 

Sodium analyses were conducted on an atomic 
absorption spectrophotometer (Perkin Elmer Model 303) at 
295 nma. 

Color measurements were obtained with a Hunter 
color-difference motor. 

The four soy milks of different pH values were 
subjected to a taste panel of 14 members who were asked 
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to rank them in order of increasing preference and rate 
them on a scale of"1 to 10. 

Results and Discussion 

Table I shows the composition of soaking solutions used 
in preparation of samples and amount of solution taken up 
by the beans during soaking. These data indicate that 
sodium hydroxide increases the rate of hydration of the 
beans. The amount of solution taken up increased from 
1.15 g. of distilled water to 1.61 g. of0.097NNaOHper g. 
of dry beans. 

Table 11 shows the composition of the four resullinii 
milk samples and the four residues or filter cakes. The 
solids content of the four samples indicates that at higher 
pH values, more solids are lost during the filtration step. 

Tablul. Concaritrutluois of Gonkinal Bolutlusis Almont of 
Solution Imbibed, and riH of IRosulthnip Soy Milk 

S-o-

Sodium Time A mount piH of 

Sample Hydroxide of of Soln. Rosultino 
No. Concentration Soak hnbltlod Milk p.of soln./

molos/Ihr m. 0./le,.of bons 

1 0.00 0.000 120 1.10 6.50 
2 1.92 0.048 120 1.40 7.37 
3 3.04 0.070 120 1.59 0.04 
4 3.s8 0.097 120 1.01 0.10 
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Table ii. Composition of Soy Milks and Residues 

Percent Solidst 
Suspended 


pH Solids Protein Ftb 	 Sodium 

Soy milk 6.55 6.46 46.4 19.96 0.041 
Rosidue ... ... 29.1 14.44 0.036 

Soy milk 7.37 6.18 48.0 19.92 0.431 
nosidue .. ... 26.4 16.67 0.246 

5.84 47.6 18.84 0.627Soy milk 8.04 
Residue ... ... 31,5 19.50 0.380 

.17 458 19.26 0.810Soy milk 9.18 

... 33.6 21.22 0.483Residue ... 

nOry.w.ight basils. 

1'Tho term "fat" here means ether.extractable substances. 


The protein content of the soy milk solids, when expressed 

on a dry-weight basis, indicates that an enrichment effect 
occurred when the pH was raised from 6.55 to 7.37, in that 

the protein content increased from 46.4 to 48.0%. A 

further increase in pH, however, decreased the protein 

content of the solids to 47.5% in the p1i 8.04 sample and 
9.18 sample. The protein content of the45.8% in the p1

residues decreased from 29.1% in the pH 6.55 sample to 

26.4% in the pH 7.37 sample and then increased to 31.5% 
1at p .1 8.04 and 33.6%'at pH'9.18. The ether-extractable fat 

in the soy milk solids was relatively unaffected by pH1, as 
seen from the table. The fat conten".t of the residue was 
observed to increase with pH. This is contrary to what 
would be expected and may be due in part to an 
enrichment effect caused by leaching of solids from the 
beans during soaking. The amounts of solids so leached 
increased from 9 g. per liter of soak water at the lowest pH' 
value to 30 g. per liter at the highest. Since approximately 
75% of the soak-water solids are substances other than 
protein and fat, the leaching effect may produce profound 
effects on the composition of milk and residue fractions. 
More laboratory tudtes are needed to evaluate properly the 
importance of these effects. The sodium content of the 
eight fractions is also included in Table II. 
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Fig. 2. Effect of iH on color of the heat.processed soy milk samples 
expross d in terms of Hunter color values (L vs. b). 

Taste-panel results of the Tour dil|erent soy milK 

samples were analyzed with the use of Kramer', (15) 

revised tables for determining differences from rank sums. 
The sample with pl1 7.37 had a significantly better flavor 
than the other three samples at the 5% ltrel. The sample 
prepared from beans soaked in water (pl 6.55) was judged 
significantly poorer than the other three samples at the 1% 
level. The same samples were resubmitted to the panel to 

determine any perceptible difference in mouth-feel. This 
panel showed no significan, differences among the four 
samples at the 5% level. It is of interest to note, however, 
that of the 14 panelists, five preferred the most alkaline 

sample and only two preferred the nonalkaline sample. This 
indicates that the alkaline treatment may have tdesirable 
effect on mouth-feel. 

Figure 2 shows a plot of Hunter color values, L vs. b, of 
both liquid and dried heat-processed samples of soy milk. It 
is evident that as the pH1 increases, the resulting milk 

becomes darker, i.e., the L value becornes :nialler. "Thei 

value, which is a measure of the yeihowvness of the saiple, 
shows that the three liquid samples of alkaline p1l were 

more intensely yellow than the nomalkaline sample. The pll 

8.04 sample was the most intense yellow. The dried samples 
showed a different pattern in terms of Hunter, b. The pH 

7.37 sample was the most intense yellow and the plt 9.18 
sample had a lower b value than the nonallkaline sample. 

Table III shows the trypsin inhibitor (TI) activity of he 
12 samples expressed as the percent of activity in whole 
untreated soybeans. From these data it is evident that 
heat-processing of the milk at 121 0C. for 10 min. results in 
retention levels of 7.6% and lower. These values agree 
closely with those reported by llackler et al. (16), that 
heating soy miLk at 1210 C. for 5 to 10 rain. destroys 90 to 
95% of the TI activity. Far more interesting is the apparent 
effect of pH on TI activity as seen front inspection of the 
values for the "raw" soy milks. The retention drops from 
68% in the p11 6.55 sample to 17% in the pH 9.18 samnple. 
Such an effect could be predicted in the light of findings of 
Kunitz (17) in his work with crystalline soybean trypsin 
inhibitor: he showed that 0. N NaOH at 36°C. for 2 hr. 
would destroy the inhibiting activity. Considering the 
higher temperatures involved (50 0C. during the 2-hr. 

Ill. Trypsin Inhibitor Retention, Cystine Content, 
and PER Values of 12 Samples 

Trypsin Protein 
Inhibitor Efficiency 

Sample Description pH Retained 	 CystIne Ratioa
 
./16 g. N
 

Milk, rawb 6.55 68.1 1,74 1.44
 
Milk, heat-processed 6.55 7.6 1.66 2.41
 

Residue 20.0 1.48 2.11 

Milk, raw 7.37 60.0 1.72 1.60 
6.9 1.41 2.18Milk, huet-processed 7.37 

Residue ... 20.0 1.37 2.13
 
Milk, raw 8.04 45.0 1.56 1.75
 

Milk, heat-processed 8.04 5.0 1.37 2,20
 
Residue ... 10.0 1.01 2.14
 

raw 9.18 17.3 1.30 1.88Milk, 
2.7 3.15 1.70Milk, heat-processed 9.18 

1.32 2.09Residue ... 6.4 

eAdjusted to acasein standard with a PER of 2.5. 
milk" means milk Which was not heat-processedbThe erm "raw 

at 121 C. 



soaking of the beans and nearly 100"C. during the grinding 
,operation), the resulting decrease in activity is not 
surprising, even though the highest sodium hydroxide 
concentration used in the soaking solutions was 
approximately O.IN. 

The results of the amino acid analyses of the 12 
fractions indicated that the effect of tile alkaline treatment 
on the amino acid content of .the soy milk and residue 
samples was minimal. The only amino acid which seems to 
be'affected by pH is cystine (Table III). The cystine level in 
the "raw" soy milk decreased from 1.74 g. per 16 g. N in 
the pH 6.55 sample to 1.30 g. per 16 g. N in the pH 9.18 
sample. When the soy milks were heat-processed for 10 
min. at 12 IOC., tile effects of heat and pH seemed to be 
additive. The cystine level dropped from 1.66 g. per 16 g. N 
in the phI 6.55 sample to 1.15 g. per 16 g. N in the pH 9.18 
sample. Thermal labi!ity of cystine at higher pH is well 
documented. The disulfide bond is apparently the most 
vulnerable position in the molecule, and one of the major 
prodicts found tv occur is lanthiOnine. Several mechanisms 
have been suggested for its formation, including one which 
involves cysteine as an intermediate product (18). 

Table II1shows the results of the rat weight-gain 
experiments. Examination of the PER's indicates that 
definite effects can be attributed to the alkali treatments. 
For the "raw" milk samples it may be noted that, as the 
final pH1 of the milk increased, the PER values also 
increased. This effect can be explained at least in part by 
examination of the trypsin inhibitor values for these 
samples, which range from 6S.1% in the pH 6.55 sample to0
17.3% in the p11 9.18 sample. The trend for the17.3%-ipesd ilk9.1samplejus . Tilerevered tfr th 
hat-proccssed mtilk samples is just reversed, in that with 
increasing p11 the PE) values decreased sharply. 
Apparently, part of the reason for this is the increased 
thermal lability of cystine, which has been discussed 
previously. The nutritional quality of the residue protein 
was relatively unaffected by pil. Since the residues were 
not heat-processed, some of the trypsin inhibitor activity 
remained in them; this partially explains their inferiority to 
the milk samples. 

An anomalQus situation exists, however, in that thehho 0
trypsin inhibitor values of the higher-pH residues were quite 
low, whereas the PER values obtained for these samples 
were nearly the same as those for the lower-pll samples, 
This would indicate that other inhibiting substances, 
unaffected by alkaline plI, may play a significant role in 
determining the nutritive value of the unprocessed residues. 

The niacin content of the soy milks and residues are 

.iiown in Table IV. i, tile light of earlier work done by 
various researchers (3,4,5,6,7) on alkaline extraction of 
corn, the results obtained in this study were somewhat 
surprising. The niacin content of alkaline-extracted soy 
milks did increase up to a pH of 8.04. The pI 8.04 soy 
milk contained approximately 25% more niacin than the 

1 1 1p. 6.55. The niacin content of the p . 9.18 sample, 
however, was considerably lower than that of the pll 8.04 
sample and was even lower than that of the water-extracted 
sample. Theories propose4 by various workers for the 
increase inextractable niacin at alkaline p-I are varied. 
Kodicek (3), who first observed tileeffects of extraction 
methods on niacin, suggested that alkaline conditions 
liberated a bound form of niacin. Snell and Wright (19) 
attributed the differences in amount of niacin extracted to 
the completeness of extraction, since they found that finely 
ground samples gave comparable results by both alkaline 
and neutral extraction methods. Melnick et al. (20) 

Table IV. Niacin Content of Samples 

Sample Description pH Niacln 

mo./boo V. 
dry matter 

Milk. rawa 6.55 3.50 
Milk, heat-processed 6.55 3.96 
Residue ... 0.68 
Milk, raw 7.37 3.72 
MIlk, heat-processed 7.37 3.85 
Residue ... 0.55 
Milk, raw 8.04 4.82 
Milk, hoat-processed 8.04 4.08 
Residue ... .3 

Milk, raw 9.18 2.56 
Milk, hoat-processed 9.18 3.69 
Residue ... 0.71 

aThe term "raw milk" means milk which was not heat.processod 

at 121 C. 

assumed that alkaline hydrolysis increased the availability 
of some water-soluble derivatives or precursor of niacin, 
since they found that alkaline hydrolysis of water extracts 
gave results similar to those obtained for direct alkaline 
extracts. Andrews et al. (21) confirmed the results of 
Melnick ct al. (20) and also found that strong acid 
hydrolysis would produce the same results. 

The icsults obtained in this work wold tend to support 
the original theory that bound niacin or a niacin precursor 
is released by alkaline extraction conditions. This would 
seem to be the case, because all of the samples were treated
with IN 112SO4 at 121'C. for 30 mill. during tile 
preparation for niacin analysis, which should 
acid-hydrolyze any precursor to active niacin. Terefoe if 
the precursor is soluble in water as Melnick sltlgst5, ;lld 
equal quantities were extrated at llfour 'fll levl:, the
 
qua ntit iaiw eexred atlr ple levarale 
should'have been ap roximately the same aU ofritil ik 
saopld he b f poue tey texain aliede iae 
samples. This, of coursc, does not exp',lain tile[lerelasid 
amount of niacin in the pH 9.18 sample. Ol the basis ofwork by Kodicek (3), one would expect to extract moreniacin at this higher ph i. All analognls situation exisls with 
tle niacin content of tile residue where the ltltloll of 
niacin renainig decreased ilh h[igee pi.A al owevel, 
tie higest p e c he iacin,thaw o1rsd coti nl ey 

the other samples. These uexpected wliCSuialylIe ill; 
riesult of difficulties experienced wi thea iltrayti b Ihle 

1I 9.18 sample which caused more of the milk to c'naill ill 
the residue. This would increase the niacin content of the 
residue above the expected value. 

Conclusion 
Soaking soybeans il a sodium hydroxide soll iollo 

approximately 0.05N is it desirable pretreatment pldir It)a 
high-tenperature grinding operation for the protluctionl of 
soy milk. 'rhis procedure .produced soy milk of pli 7.37 
which was judged by it panel of' 14 menibers to ha've a 
significaltly better flavor than itwVlater-slk conlltil 
treahnitelit at the 1%,level o'sil,nifiettll-o. 

Alkaline condifliols were 'ounlld It retidt'r lypsill 

inhibitor more leat-labilo and there1'oro easier to destroy 
during heat-processing. Alkaline soaking conlitions were 
also found to increaso tho niilh) Content of the soy iltilk 
slightly. 
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A disadvatltage of aikalijie treatment of soybeans prior 
to soy milk production appears to be partial destruction of
the amino acid cystine, which is reflected in low PER values, 
obtained for the processed soy milk samples of higher pHi.
The extent of this problem is apparently not very serious 
except in soy milk of p1 8.0 and higher. Since the 
beneficial effects of alkaline soaking treatments on the 
flavor of soy milk occur below pH 8.0, the use of an 
alkaline soaking treatment as a means of producing a more
palatable soy milk would seem to pose no serious 
nutritional problem. 
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