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EFFECT OF SODIUM ALKALIS AND SALTS ON pH
AND FLAVOR OF SOYMILK

ABSTRACT

Sodium hydroxide, sodium carbonate and sodium bicarbonate were
added to soymilk made by the *'boiling-water grind” process. NaOH
caused a rapid increase in pH; Na,CO, a moderate increase and
NallCO, a slight increase in pH. After sterilization in bottles the pH of
the soymilks containing alkali decreased, with the decrease least with
the NallCO, treatment and greatest with the NaOll treatment. The pH
ol the untreated soymilk did not change during sterilization, An experi-
enced taste panel showed greater acceptability for soymilk adjusted to
pH 2.0~ 7.5 with NaOIll but noted a soapy Mavor and gave lower scores
for milks with pH greater than 7.5, Soymilks adjusted to pil 7.0-7.5
with Na,CO; or NaHCO, were disliked by the panel. We theorized that
the improved acceptability with NaOIl could be due to the increase in
sodium on concentration rather than the change in pH, Soymilks pre-
pared with Na, €O, NaHCO,, NaNO;, Na,SO,, Na acctate and Na
citrate additions at the same Lavels as that amount of NaOll required 1o
rase the pH to 7.2 were given approximately the same scores by the
panel as the NaOll-treoted sample even when the pH was not in the
range of 7.0-7.5. This evidence supports the theory that the sodium
lon concentration is the effective mechanism in improving the flavor ot
soymilk rather than the change in pll

INTRODUCTION

SOYMILK s the aqueous extract of dry, mature soybeans. It
1s made by grinding the beans with water and filtering off the
insoluble residue, The product s a milky-looking liquid that
usually contains about 80 of the protein and about €07 of
the fat of the whole bean, The basic process has been known
in the Ornient for about two muleniums,

Since soymilk 1s relatively easy to prepare, and has a pro-
tein content and quality that approximates that of cow's mlk,
it has been the subject of considerable interest to those organi-
zations that wish to make a low-cost protein beverage available
to those arcas of the world where protein malnutrition is a
problem. Unfortunately soymilk has a strong, characteristic
“beany”™ fiavor that makes it unacceptable to non-Oriental
populations, T'he poor acceptability of soymilk has thwarted
efforts to introduce this nutritionally valuable beverage to low-
income populations.

Wilkens et al, (1967) found that the off-flavors of soymilk
were not present in the dry soybean but were formed during
the processing and that grinding the beans in boiling water
prevented the formation of the strong beany flavors, They
attributed this result to the rapid heat-inactivation of the
lipoxidase in the soybean precluding its attacking the unsatu-
rated fatty acid chains in the soybean oil to form a number of
lower molecular weight compounds that have objectionable
flavor impact. Many of the volatiles found in soymilk prepared
by the conventional grinding at ambient temperatures have
been isolated and identified (Mattick and Hand, 1969, Wilkens
and Lin, 1970).

Soymilk made correctly by the boiling-water grind method
is free of the strong beany flavors; it has a faint, pleasant
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cereal-like [lavor. Since the objectionable Mavor can be elimi-
nated it seems that soymilk should be reconsidered as a low-
cost protein beverage for developing countries. Steinkraus et
al. (1968) and Bourne (1970) extended the new process to a
pilot plant operation in the Philippines and studied factors
that would affect the widespread acceptance of soymilk in a
tropical country.,

There is a common belier (Yat the use of a mild alkali such
as sodium bicarbonate improves (he eating quality of cooked
common dry beans, although it 1s not aiways <lear whether the
improvement is in the tlavor, the texture, or both (e g, Buck-
eye Cookery, 1883, Snyder, 1936). The use of alkali seems to
be partly effective in improving the organoleptic quality of
conventional cold-grind soymilk because there are frequent
references to the use of sodium bicarbonate (haking soda) in
recipe books that describe how to make soy nulk te.g., Mona-
han and Pope, 1915)

Badenhop and Hackler ¢1970) studied the ettects ot souk-
img soybeans in sodium hydroxide solutions on vatious aspects
of soymulk quality using the boiling-water grind technique to
prepare the soymulk. They found that as the pH ot the soymilk
increased from 6,55 (water soak) to 918 (soak in 0.097N
NaO) the protem etticiency ratio (P1R) decreased from 241
to 170, niacin ancreased from 3,96 mg 1002 1 pll 6.55 to
498 at pll K04 and dechined to 3.69 at pll 9 15 [They also
noted that a taste panel composed of Americas s preferred the
flavor of soymuk of pH 7.37 (soybeans soaked in 0.045N
NaOI) over samples with higher or lower pll

Steinkraus et al. (1968) studied some effects of alkaly on
soymilks in the Plulippines using a Filipino taste panel. They
found with soymulk prepared from Taichung variety of soy-
beans the panel was unanimous in preferning milk made trom
beans that had been soaked in 0,1% NaOIll to those soaked in
water. However, with the Hsieh-lsieh variety the panel was
evenly divided in preference between soymilks made from
wiater-soaked and 0,1% NaOll-soaked beans. They further
noted that the taste panel was unanimous in preferring soy-
milk containing 0.15% NalCOy 1o those containing no sodi-
um bicarbonate, In a subsequent study, Puertollano et al
(1970) examuned the effect of changes in formulation of soy-
milk on ats acceptabiity by Filipino school children. They
reported that soaking soybeans in 0.1% NaOH prior to the
boiling water gnind process gave a soymilk with a slight, but
not significantly higher acceptability over the soymilk that had
been prepared from beans soaked in water only. They also
noted that adult Filipinos noted a “soapy’ flavor in soymilk
made from beans soaked in 0,1% NaOH and concluded that
the questions of alkali additions and flavor of soymilks re-
quired further study,

Khaleque et al. (1970) soaked soybeans in solutions of
Na;COy, NallCOy, NaOH, Na;S0;, NazlHPO4, NayPO,,
NaCl and a mixture of NayS;04 plus NH4OH in concentra-
tions of 0.2-0.8M and then made soymilk from the soaked
beans, They concluded that soymilk made from beans that had
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been soaked in 0.4M Na; CO, had the lowest level of beany
flavor. These authors questioned the lipoxidase theory of
beany flavor formation because all their soymilks had some
beany flavor, However, it seems that they did not achieve a
temperature sufficiently high enough to inactivate the lipoxi-
dase. They soaked 100g dry soybeans in solution, removed the
skins, and then ground the beans in a blender with 250 ml of
boiling water. After grinding, the volume was made to 700 ml.
Since the soaked weight of the beans would have been about
200g, the mixture of beans at ambient temperature and 250
ml of boiling water would have a temperature considerably
below the minimum of 80°C required to prevent beany flavor
‘ormation. A strong beany flavor would have developed in the
grinding operation under these conditions, and subscquent
heating and dilution would not remove it completely. This is
confirmed by their results; they found that all samples had the
beany flavor.

Koski and Smith (1972) describe a process for making soy-
milk in which the soy ingredient was defatted flakes. The
flakes are extracted in a sodium hydroxide solution with a pH
of about 12, th a4 the solution is brought back to a pHof 7 -8
by adding an acid such as citric acid. The use of alkali in this
case is presumably to assist in solubilizing the protein rather
than to produce a bland flavor,

This experiment reports on studies on the effect of alkali
additions to the bland-flavored soymilk made by the boiling-
waler grind process, using an experienced taste panel of eight
young adult Filipinos to evaluate the products.

DRY SOYQEANS

sook
8 hr in cold water

grind in boiling water
min temp 180F

boil 10 min
filter
» INSOLUBLE
RESIDUE
SOYMILK
formulate

» PH titration
curve

pH adjustment

I [ | |
66 70 75 80

L1 ! J

sterilize

SENSORY EVALUATION

Plp. 1=-8chematic representation of experimental procedure,
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EXPERIMENTAL

Preparation of soymilk

Soybeans of the Biyeloxi 256 variety, obtained from the Philippine
Bureau of Plant "'ndustry were suaked for approximately 8 hr in plain
water at ambient temperature, then drained, washed in fresh water and
drained again. A Rietz Disintegrater fitted with a stainless steel screen
with 0.032 in. perforations was preheated by passing a quantity of
boiling water through it. Small quantities of soaked beans and boiling
water were metered into the grinder at frequent intervals using almost
all of the required water. A food-grade silicone antifoam spray was used
to control foaming. Great care was taken to maintain the temperature
of the bean-water sturty above 80°C at all times during the arinding
operation becr-e previous experience had shown that if the tempera-
ture falls b 507 C for even a short period of time some beany flavor
will be «nt. The slurry was then boiled with constant stirring in a
steam-yucreted kettle for 10 min, after which the total weight was
adjusted to give a bean:water ratio of 1:10 by adding that small amount
of water necessary to give the correct final weight (1 kg of dry beans
yields il kg of slurry). The resulting slurry was filtered through a
plate-and-trame filter press. The insoluble residue was discarded and the
soymilk was formulated by adding 7% sugar and 20 ppm of a com-
mercial essence of a vanilla, This was the basic product that was used in
all subsequent tests.
pH titration curve

300 ml samples of soymilk were titrated with 1.25N solutions of
NaOH, NallCO, and Na,CO,, using a glass electrode pH meter. The
sample was stirred continuously be means of a magnetic stirrer during
the titration.
Effect of alkali and heat

A tow ot 600 ml beakers was set up with 300 nil of soymilk in each
beaker. A caleulated amount of alkali (based on the pH titration curve)
was added to cach beaker 1o raise the pH by approximately 0.2 units
over the preceding besker, Sodium hydrovide and sodium carbonate
were added in the torm of 1.28N soiutions. Sodium bicarborate was
added as a dry powder because the volume of solution necded to
achieve the desired pH level would have caused exeessive dilution of the
soymilk. The pH ot cach sample was measured alter the alkali addition,
Approvimiately 210wl of cach sample were transterred (o a 7-11 oz
bottle, sealed with a crown seal, and sterilized in steam i a retort using
a process of 12 e at 1200 C Q250 8 The pH ot the stertlived
products was ticasured the tollowinyg day.

Flavor study

Based on the rewults of the work mentioned above, calculated
amounts ot the three alkalis were added to soymilk to give pH values of
7.0, 7.5 and K0 Gtter sterilization in the bottle, The actual pll was
measured Just betore presentation to the panel. The samples were
stored tor spprosimately 2wk oat ambient temperature before sub-
mission to the panci. Ligure 1oy o schenatic ropresentation of the
preparatien method,

The panclists were miostly youny adult 1 ilipinos with approsimately
equal numbers of caclisen, The mensbers of the panel had had consider-
able previoous experience with tasting soyimtks. A 9-point hedonie seale
was used; a score of 1 dislike extremely, o score of § - neither like
nor dishike, and o score o1 9 Jike extremely.

When the resalts with the three sodiam slkalis suggested that pH
was nat the cause of thiver improvement, we studied the effect of
adding sodim salts (ootrate, sultate, acetate and citrate) at fevels that
would give sodium 1on concentrations of 1,50, 2.62 and 3.75 milli-
equivalents an tie soyoudk. Sodimin chlonde was not used because it
was found that the salty thavor of the (donde jon would mask any
effects of the sadium jon.

RESULTS & DISCUSSION

FIGURE 2 shows the pll titration curves for the three alkalis.
As would be expected from the relative strengths of the alka-
lis, NaOi! zave the most rapid inciea.e in pll, followed by
Na3 COy and NaliC O an that order. The addition of only 3.§
ml of the NaOH solution raised the pH of the soymilk to 10.
Five ml of the Na;CO;5 solution were required to raise the pl
to about 9.0 after which further additions gave only a slight
increase in pH. ‘The lghest pH obtainable with Na, Oy addi-
tion was about 9.5, The Nal(Oy raised the pHi very slowly;
about 30 ml of solution were required to raise the pi to 8.0
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and further additions had negligible effects on the pH. A mix-
ture of 100 m! of 1.25N NaliCO; and 300 ml of soymilk
showed a pH of 8.2.

Figures 3, 4 and 5 show the effect of the combination of
alkali addition and a heat process of 12 min i live steam at
121.1°C (250°F). The pH of the alkali-treated soymilks lell as
a result of the heat treatment but there was no change in pH as
a result of the heat treatment of the alkali-free soymilks. For
NaOH the pH decrease became larger as the amount of added
NaOH increased up to a maximum of about 2.5 ml of NaOH
solution when the pH difference was 1.0 pH unit. The pH
difference remained constant at 1.0 unit with additions greater
than 2.5 ml of NaOll solution. A similar effect was found with
the addition of Nay; COjy; the pH after sterilization was lower
than before sterilization, and the incredse became greater as
the amount of added Nay, CO ;3 imcreased to about 4.5 ml of the
solution when the pH ditference was 0.9 umt, With turther
additions of NayCOjy, the pH o difference remained at 0.9 pH
unit, The NaHCOj -treated soymilks showed o small drop in
pH after sterilization. The addition of 5 ml of NaHCOy so-
lution gave a pH difference of 0,16 unit, and the difference
remained at this level with all preates additions, Ttas ikely that
the reactivity of the alkali on some constituent ot the soymilk
is responsible for this type of behavior. For example, at pll 7.5
before heat sterilization the following decreases were observed
after sterilizaticn: for NaOH, a fall of 0.45 to give a pH of

ml 125 N ALKALI ADDED TO 300 mi SOYMILK

Fig. 2-pH vtration curves for three alkalis and soymilk.

BEFORE HEATING

pH

AFTER HEATING

6 i i 4 —

0 ] 2 3
ml 1.23 N NoOH ADDED 10 300ml SOYMILK

Fig J-Elfect of hest processing on pH values of NaOH-treated
soymilk,

7.05; for Na,;COj3, a tall of 0.40 to give a final pH of 7.10; and
for NaHCOj;, a fall of 0.15 to give a final pH of 7.35. Some
representative pH difference figures are shown in Table 1.

The results of the acceptability score vs pH after sterili-
zation are shown in Figure 6. For NaOH-treated milks there
was an increase in the acceptability score at pH 7.0 and 7.5
over the untreated soymilk but this was foliowed by a marked
decrease in acceptability at pH 8.0, For Nay CO -treated soy-
milks the acceptability decreased with every increase in pH,
there was no nitial increase in acceplability similar to that
shown by the NaOH. The NaHCO j-treated soymilk showed no
initial increase 1 acceptability; the acceptability decreased and
at a much faster rate than for the Na; COjy treatments. The
panelists noted that thavors described as “itter,” “soapy™ and
“sticky after-taste”™ were present in the soymilks at the agher
pH values, Some curdhng of the soymidk wus observed in the
sample that had its pH rased o 7.5 by the addition of
NaHC O,

The data 1 Pigure 0 could fead to the conclusion that
Nay COy and NaHOO 5 are completely unsuited for tlavor an-
provement of soymitk. Tt will now be shown that such a corn-
clusion 15 both superiicub and imcorect,

If the acceptabilits of soymlh were a tunction of pll, then
the lavor score should be the same regardiess ot which alkah
was used 1o adjust the pH. The evidence in Figure 6 leads to
the conclusion that the itavor acceptabihity of soymik 1s not

BEFORE HEATING —

9t
8 ,M
pH ASTER HEATING
7
6 n Y 4 [PPSR | — A
0 2 4 6

ml 125 N No,CO3 ADDED TO 300 ml SOYMILK

Fig. 4-Ettect of heat processing on pH va.ues of Na,CO,-lreated
soymilk.
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pH T AFTER MEATING
7 3

6 s Iy " L

0 10 20 30 40 50
ml 1.25 N NoHCO3 ADDED TO 300 ml SOYMILK

Fig. 6~Eltect of heat processing on pH velues of NaHCO ,-trested
soymilk,
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related directly to the pH since at each pH there are widely
different acceptability scores, depending on which particular
alkali was used to adjust the pH.

A question then arises as to the factor responsible for the
observed changes in flavor of soymilk as the result of alkali
additions, One significant factor is the amount of each alkali
required to achieve a given pH. It requires 1.0 ml of NaOH, 1.8
ml of Na;CO,, and 7 mt of NaHCO; solutions (1.25N) to
raise the pH of 300 ml of soymilk to pH 7.0 after sterilization.
We hypothesized that the sodium ion concentration could be
the key factor in these flavor studies. The added sodium ion
concentrations from the NaOH-treated soymilks of pH 7.0, 7.5
and 8.0 are respectively 1,50, 2.62 and 3.65 millicquivalents;
therefore, we made a new series of alkali-treated soymilks in
which 1.50, 2.62 and 3.65 millicquivalents of sodium ion were
added to soymilks, with the sodium being provided respec-
tivelv by NaOul, Na, CO; and NatllCO . An additional series
of experiments was run in which the same levels of sodium jon
were added to the soymilk with the sodium supplied by four
salts: NaNDj, Nay SOy, Na acetate and Na oitrate

The results for the addition of three alkalis at equal sodium
ton concentrations are shown in Figure 7. The stniking feature
here is the similanty i acceptablity scores for all alkalis. In
cach case there as an increase i acceptability at the 1.50 and
262 millicquivalent sodium ton levels, tollowed by a decrease
at the 365 nnllicquivalent level Tins evidence supports the
hypothests that it s the sodium on concentration that affects
the flavor ot soyonlk rather than the pH

Frgure 8 shows the effecton scceptabibity of the same three
levels of sodim on concentration in sovonlh with the sodinn
supplied by four sodium salts. The sodim ctrare and sodium
sulfate gave curves that are sumibar to those obtaned with the
alhalis The nitrate and acetate salis appeared 1o uve o efted
on the acceptability scores at the fevels tesr-d

An analysis of vatina e of the pooled data shown i Frgures
Toand 8 shows that the ditference. i ceptability hetween
sodium jon concentrations s hiphty signdicant tF ° devel on
the F-testy, while the difterences hetween sodium compounds
1y not sigmticant

Fhis evidence snterpreted as an andication that the so-
diam gon s the prncpal Gausative tactor i the etects ot
sodiam alkalis or sodinm salts on the thavor ot the bland-
tasting soymuks that are niade by correctly using the botling-
water gnnd method of preparation Althouvh not conustve,
1t seems probable that the anon assocrated with the wodinm
1on may have asecondary ettect T shonld be noted that in the
case of the alkabis the thivar nprovement decreased 14 re-
verse sequence to the albal strenpthe The anvaryimg accepta-
bility of the mtrate and aoctate with change tnoconcentiation
s unexplamed. Phe hgher wcare for the sodiam Gtrate, al-
though not sigmituant an this expenment, sugpests that the
catrate 1on may exertan improvement in the tavor iy addition
to the improvement given by the sodium won. Additional

Table 1~ Effect of heat and alkati on pH of soymilk

pH after heasting

pH before e et e £+ 4 e e e
heating NaOMH Nas, CO, NaHCO,
660 6.60 6.60 6.60
1.00 6.80 6.82 6.84
1.50 1.06 7.10 1.38
8.00 7.26 1.36 -
8.50 1.60 1.60 -
9.00 8.00 8.10 -
9.80 8.%0 - -
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studies are needed to determine the cause of the anomalous
behavior of the nitrate and acetate ions, and whether the ef-
fect of the citrate ion is additive or synergistic to the sodium
ion.
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