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ABSTRACT -

Sodium hydroxide, sodium carbonate and sodium bicarbonate were 
added to soymilk made by the "boiling-water grind" process. NaOlI 
caused a rapid Increase in pit; NaC70 a moderate increase and 
NaIICO) a slight increase in pll. After sterilization in bottles the pit of 
the soymilks containing alkali decreased, with the decrease least with 
the NaIICO1 treatment and greatest with the NaOll treatment. The pit
of the untreated soymilk did not change during sterilization. An experi-
enced taste panel showed greater acceptability for soymilk adjusted to 
pit 7.0- 7.5 with NaUll but noted asoapy flavor and gave lower scores 
for milks with p11 greater than 7.5. Soymilks adjusted to pit 7.0-7.5 
with Na2CO, or NaIICO, were disliked by the panel. We theoriied that 
the improved acceptability with NaOll could be due to the increase in 
sodium ion concentration rather than the change in pit. Soymilks pre
pared with Na2('O,, NaIlCOj, NaNO,, NaISO., Ni acetate and Na 
citrate additions at the same lvels as that amount of NaOll required I-) 
raise the pit to 7.2 were giv,;n approxiiately the same scores by the 
panel as the NaOll-tret,.d sample even when the pit was not in the 
range of 7.0-7.5. This evidence supports the theory that the sodium 
ion concentration is the effective mechanism in improving the flavor of 
soymilk rather than the change in pit, 

INTRODUCTION 

SOYMILK is the aqueous -xtract of dry, mature soybeans. It 
is made by grinding the beans with water and filtering off the 
insoluble residue. The product is a milky-looking liquid that 
usually contains about 80% of the protein and about 6fO7 (i 
the fat of the whole bean. The basic process has been known 
in the Orient for about two milleniums. 

Since soymilk is relatively easy to prepare, and has a pro-
lean content and quality that approximates that of cow's milk, 
it has been the subject of considerable interest to those organi-
zations that wish to make a low-cost protein beverage available 
to those areas of the world where protein malnutrition is a 
problem. Unfortunately soymilk has a strong, characteristic 
"beany" iavor that makes it unacceptable to non-Oriental 
populations. The 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 Itsattacking the unsatu-
rated fatty acid chiins 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 Ln, 1970). 

Soymflk made correctly by the boLling-witer grind method 
is free of the strong beany flavors; it has a faint, pleasant 

OF SOYMILK
 

cereal-like flavor. Since lthe objectionable flavor can be eliminated it seems that soytnilk should be reconsidered as a low

cost protein beverage f, 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. 

'rhere is a common beliet hat the use of a mild alkali such 
as sodium bicarbonate improves ;'e eating quality of cooked 
common dry beans, although it is not alw,ays ,Jear whether the 
improvement is in the flavor, the texture, or both (e.g., Buck
eye Cookery, 1883; Snyder, 1936). The use of alkali seems to 
be partly etfectivt in improving the organoleptic quality of 

conventional cold-grind soymilk because there are frequent 
references to the use of sodium bicarbonate (baking soda) in 
recipe hooks that descithe how to mi1ake s%,nilk te.g., Mona
han and Pope, IP15).

Badenhop and Jlackler ithe ,.oik1970) studied etl-cIs ot 
iog soy beans in sodium hydroxide ,olut ions on var tors aspect,, 
()f,oyinlk quality using the holing-water grind te'hniqle toi 

prepare Ihe so milk. I hey found that as the pit 1 the soyrnflk
rncre.,wd from 0.55 (water soak) to 9.18X (soak in 0.O7N 
Na()lii the protein ef1iciency ratio (l1 Ri decreasd from 2.4I 
to 1.70, macin increased from 3.1 rngtI00: -t pll 6.55 to 
4.98 at pll M.04 and declined to 3.6'6 at pA 1X, I hey also 
noted that a taste panel composed of Anctica, spirnterred the 
flavor of soyrirlk of pil 7,37 isoybeans soaked in 0.(4SN 
NaOll) over samples with higher or lower pit. 

Steinkraus et al. (1968) studied some efeclt, of alkali on 
soymnilks in the Philippines using a Filipino t.i t- panel. I hey 
found with soyinilk prepared from Iaichurng variety of soy
beans the panel was unanimous in preferring indk made trom 
beans that had been soaked in 0.1% NaOll to those soaked in 
water. However, with the Jlsich-llsieh variety the panel was 
evenly divided in preference between soynilks made front 
witer-soaked and 0.1 ' NaOl-soaked beans, TIhey further 
noted that the taste panel was unanimous in preferrng soy. 
milk containing 0.15% NaIli(O 3 to those containing no sodi
um bicarbonate. In a subsequent study, Puertollano el al. 
(1970) examined the effect of changes in formulation of soy
milk on its acceptability by Ilipino school children. They 
reported that soaking soybeans in 0. ', NaOlt prior to the 
boiltng water grind process gave a soymilk with a ilight, but 
not significantly higher acceptability over the soymilk that had 
been prepared from beans soaked in water only. "'Ihey also 
noted that adult Filipinos noted a "soapy" flavor in soymilk 
made from beans soaked In 0.1% NaOl and concluded that 
the questions of alkali additions and flavor of moymilks re
quired further study. 

Khaleque et al. (1970) soaked soybeans In solutions of 
Na 2 CO 3 , NalIC0 3 , NaOlf, NasSO 3 , Na2 IIPO4, NajPO, 
NaCI and a mixture of NaS2O i plus N114011 in concentra
tions of 0.2-0.8M and then made soymlk from the soaked 
beans. They concluded that soymilk made from beans that had 
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been soaked In O.4M Na 2 CO 3 had the lowest level of beany EXPERIMENTAL 
flavor. These authors questioned the lipoxidase theory of 
beany flavor formation because all their soymilks had some Preparation of soymilk
beany flavor. However, it seems that they did not achieve a Soybeans of the Biyeloxi 256 variety, obtained from the Philippine 
temperature sufficiently high enough to inactivate the lipoxi- Bureau of Plant !ndustry were soaked for approximately 8 i in plainwater at ambient temperature, then drained, washed in fresh water anddase. They soaked IOOg dry soybeans in solution, removed the drained again. A Rietz l)isintegrater fitted with a stainless steel screen
skins, and then ground the beans in a blender with 250 ml of with 0.032 in. perforations was pzeheated by passing a quantity of
boiling water. After grinding, the volume was made to 700 ml. boiling water through it. Small quantities of soaked beans and boiling
Since the soaked weight of the 	 aboutbeans would have been water were metered into the grinder at frequent intervals using almost
200g, the mixture of beans at ambient temperature and 250 all of the required water. A food-grade silicone antifoam spray was used 
ml of boiling water would have a temperature considerably to control foaming. Great care was taken to mraintain tire temperature
below the inininium of 800C required to prevent beany flavor of the bean-water slurry above 80"C at'all times during the grinding 
ornation. A strong beany flavor would have developed in the operation bec:-'"- shown that if the temperaprevious experience had 

ture falls b i,C for even a short period of tittle some beany flavorgrinding operation uinder these conditions, and subs.uent will be nt. The slurry was then boiled with constant stirring in a 
heating and dilution would not remove it completely. This is steam-jctceted kettle for 1i0 rin, after which tie total weight was 
confirmed by their results; they found that all samples had the adjusted to give a ean:water ratio of 1:10 by adding that small amount 
beany flavor, of water necessary to give the correct final weight (Ikg of dry beans 

Koski and Smith (1972) describe a process for making soy- yields i I kg of slurry), The resulting slurry was filtered through a 
milk in which the soy ingredient was lefatted flakes. The plate-and-frame filter press. The insoluble residue was discarded and the 
flakes are extracted in a sodiun hydroxide solution with a pil soymilk was formulated by adding 7'1,. sugar and 20 ppn of a com
of about 12, th i ite solution is bouight back to a pilof 7 8 irercial essence of a vanilla. This was tire basic product that was used in 
by adding an aciu such as citric acid. 'lie use of alkali in this all subsequent tests. 
case is presuiably to as.sisl in solubiliiing tire protein rather plt titration curve 
than to produce a Hiand flavor. 300 rulsamples of soyinilk were titrated with 1.25N solutions of 

This experiment reports on studies on lire effect of alkali NaOll, Nall(Oj and NaCO(., using a glass electrode 'ill tneter. The 
additions to tle bland-flavored soymilk inade by the boiling- saiple was stirred continuously ie neans of a magnetic stirrer during 
water grind process, using an experienced taste panel of eight tire titration. 
young adult Filipinos to evaluate the products. Effect of alkali aird heat 

A row ot ,i0 milheAkers was set up with 30tnil of soymilk in each 
beaker. A calultled aniount of alkali (based oil titration curve)rle pill 

was added to rc.ihbeaker to raise tie lill ll approxinately 0.2 units 
over tire preecdrrng he. ker. So iUiU iydro\ide and sodium carbonate 
were added infi tirirn of 1.25N solutions. Sodimrn hicarborate was 
added as I dr pot dei 1t ,tis the ,olirire of stolttion needed to 
achiese tire dcr'ed iII Itc \kould hirtvI.crstd \,cess tt,dlhirl of lireDRY SOY8EANS 	 soyrililk. I e Illo er. It s.iicI% ismti,,iired Ate', tire lk.rliadditiorr, 

Appro\iiarr t 210 t1 ejIll ace rmirterred ot's 1.1 StiIlIlIC ' io It 7-1 
JIOOll 	 bottle, saltd "silh, \ I) S,e t, rid Nierlicd iII 1teirli III ,A ctor r %In),1


a pijes\ ot 12 min ,it121.1tC (22S I 1. H cI P l lte reih/ed
6 hr in cold water products as i1k' sitti !he II'llss:n, d.1 

Flavor study 

grind in boiling water Iased oil tire ic,,lf tt 	 above, calculatedu IIh Aerk itrrioerd 
amounts otte lire ,ilkiis were added I %,5 ilk tigive phlvalres ofmin temp 18OF 	 7,0, 7.5 and h.t lter stvrrli/aori Irtie hottle. Iie actual pilwas 
measturtrd jut. li the litsrit,ltrrr hitihe panel ihe samples were 
stored [or ipprosunralcll ly 2 " k it airrireirt tellllealutre little Sub
mission to tiltp.rrrli. [ g re I rs a rivuiiLt it presentation of tire 

boil 10 min prepaiarl, n rothd, 
'lile piarrtshms a cll..istt, \rrrl' adulI I rirrrr11s with r1,11i r nrrrralcly 

equal nulrrbcr% ir h %(,\. I i' iIerrier IItII, h u a hadeichonsldvr
able presirur Is \ till, " \tllh sunlit s. i 5, iirrrA i i rrrhdont . ale
 

filter was ustlf, , dlihke tstnriic 	 Ir, i nrtiher. ire (it I l )I like 

INSO LUBLE nor dislike, ari a,stir, ,19 hk t oret ls. 
Wh n tire resits anlh IIt lirete olditnt lkah .tlg icd that pliSOMILRESIDUE was not tic i it tt.Irslrllplsr'lllt-r. s sluditd litetlt-tI ofadding S%lil silts (irr ',i, sirifinh, ant d ciliatel at levels that 

would give sodiurr io rnirrarirs, of 1.50, 2.62 and J.75 mllti
equivalents in t~le suyilk. Si)dirmii itrrih d' stas riot uscd because itformulate 	 was found tiat tie sail)a lvot olf it thlride Iorr ,suildrimask any 
effects of tire si-,dilllill.
 . pH titration 

curve 

URSU IS & )IS(USSION 

PH odjullment 
 |I(;UlRi 2 siows the pll trtirrton turves for le tihree alkalis. 
...-. 
 [-	 As would be txpe tied fron tiei relative sirenghs of the alka

6.6 7.0 7.5 8.0 lIs, NaOl! gave' li ruost rapid inciea - in pll, followed by
Na 2l()j and Nal'(0 1 in that order. 'Ilie additionrof only 3.5L LI~ml 	 of the NaIll soilion raised tirte pll of tie soymnilk to 10. 

Sterilize i:ive ili ol the Na( ) sorlut ion were requited ti taise the phl
to About 9.0 after which further additions gave only a slight

SENSORY EVALUATION increase in pll. 'lire highrsi pll oritainahle with Na 2 (COj addi
tion wams about 9.5. lihe Nall('O) raised the pH1 very slowly;

FiMt I-SeMatIC representraton Of eAperimentel procedure. about 30 mi of solution were required to raise the pli to 8.0 
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and further additions had negligible effects on the pH.A mix- 7.05; for Na2 CO3, a fall of 0.40 to give a final pitl of 7.10; and 
ture of 100 ml of 1.25N NalICO 3 and 300 ml of soymilk for NaIICO 3 , a fall of 0.15 to give a final pilof 7.35. Some 
showed a pliof 8.2. representative pll difference figures are shown in Table I. 

Figures 3, 4 and 5 show the effect of the combination of The results of the acceptability score vs pit after sterili
alkali addition and a heat process of 12 main inlive steam at zation are shown in Figure 6. For NaOlI-treated milks there 
121.1 0 C (250 0 F). The pilof the alkali-treated soymilks fell as was an increase in the acceptability score at p11 7.0 and 7.5 
a result of the heat treatnent but there was no change in pli as over the untreated soymilk but this was followed by a narked 
a result of the heat treatment of the alkali-free soyriilks. For decrease in acceptability at pit 8.0. [or Na2('()-treated soy-
NaOll the pildecrease becane larger as tie amrount of added milks the acceptability decreased with every increase in plI; 
NaOlI increased up to a maximunm of about 2.5 ml of NaOhl there was no initial increase in accepl,hility sinilar to that 
solution when the pll difference was 1.0 pit unit. The pli shown by the NaOlI. the Nal(0 3-trcated soyinilk sioved no 

difference remained constant at 1.0 unit with additions greater initial increase III acceptability; tie acceptability decteased and 
than 2.5 ml of NaOlI solution. A similar effect was found with at a much faster raite thIan tfor the Ni12(03 treatments. [he 
the addition of Na2 ('O); tilefill after St erili/ation was lower panelists noted thlat flavoIS decrlbWd IS "bitIcr," "S0.,py" and 

than before sterili/ation, and the increase hecarmc greater as "sticky aiter-tas'" wAcrc rrcscnt in the oyruilk,., at the higher 

the anount of added Na2 Cl'(3 incteased to .hoil S.nil of the pIlvalues. Sonie curdling o1 the ,)yriilk aS observcd in the 

solution when the pilldifference was 0.9 unit. With t rtlher sample that had it-,pil iailtd to 1.5 by the addition oh 

additions of Na2('03, tile pll tifference reimained at 0.9 pIt NatIW'." 
unit. The NalI('0 3 -treated showed amall drop in 'lh data in I giLe ( ild Ild 10th nclu'ckiorn tiatsoyiriilks i 

pillafter steriliation. 'llie atdition of S niI of Nall('(), So- Na 2 ('t) and Nall( ()1 are oinpltfclv r1r'ouitet to1 flavor IlII

lution gave a pIl diliertte l (I). 16 unit, ind t'e titterence prusenlent of ,oyinilk. In ,1 iN , ht.' how,mn tlhalt .,r0ii a Con

remained at thi,, level with all glcate; addiliol'S. It is likely that Clusion ISboth ouci 1tl .idIn"1ih i. 

the reactivity ot the alkali on Sonc coniuent of tre soyinilk It the acceptahilit, dt So inlk sci a it ,) ! phI,thicr 

is responsible for this type of hehavior. [or exaniple, at pl 7.5 the ilavor Score sioulJ be the samne irgrid ,es,t WhLiI alkah 

before heat sterili/ation the following decreases were observed was used io adjust the 1II. Ih vidcn,.ce in Ilgtc (I leads to 

after sterilization: for NaOlI, a fall of 0.45 to give a pII ot the conclusion that the flavor a,ceptil ihy of soinlk Is not 

10 NoOH 9 BFORE HEATING 

9 

-I
pH pH A 

7 
6 6 

. .... -. ..____________________.--. --......-... ... - 1... 
0 6 tl0 2 4 6 

SOYMILKml 125 N AlKAli ADDED T0 300 ml SOYMILK ml 125 N No 2 CO 3 ADDED TO 300 ml 

Fig. 2-pH titrationcurves for three alAalhs end soymilk. Fg. 4-Effect of heat proceisong on pH vates of Na CO, .treted 

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 p11. 

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 pit. It requires 1.0 rilof NaOll, 1.8 
ml of Na 2CO3 , and 7 ml of NatlCO 3 solutions (1.25N) to 
raise the pil of 300 ml of soynilk to pll 7.0 after sterilization. 
We hypothesized that the sodium ion concentration could he 
the key factor in these flavor studies. lhc added sodium ion 
concentrations from the NaOll-treated soyniilks of pil7.0, 7.5 
and 8.0 are respectively 1.50, 2.62 and 3.65 iuilliequivalents; 
therefore, we made a new series of alkali-treated soynilks in 
which 1.50, 2.62 and 3.65 ImnilliequivalIuts Of so)dliul ion were 
added to soyinlks, with tile sodiunm being provided respec
tively by NaO., Na2 (O1 iand Nall(() An :idditional series 
of experiments was run in which ilc S,,iiie leeR It .odiumii ion 
were added to the soymiilk with til d -.npIplietd hy four,ottiilnl 

salts: NaN)3, Na 2 S0 4 , Na acetate and Na citrate 

The results for tileadilition of three ilkali, at equal sodium 
ion concentratloti. are shown in [igire 7. lit' sitiking feature 
here is the similatily in aicceptability sco)re's for all alkalis. In 
each case there is an iicreiiw .ic a ptt. lity a the 1.50 aid 
2.62 rnillieinivalent sodium levcis, It by decreaseollowed a 
at the 3.65 rillicquisv,'i nt levelh. I his v1etLc supports tile 
tiypottiesis that it is I lie, N5 itii IIii0 Corl.4nldi 1111t ,.ft'eCS4 

tlile ilavor .1ILt'r thin lilt- pilot soy iii ilk 
, flIt', l . iu,l II lglru. S shl !flt' I ( ,tiCt' lttv L' W illCithre 

lev(.ls of OtiIIIJill I()4 1il,11 i l411iIf) Ihlllil' M)1111t111di 
SUipp lid by th il h ' in' t1 .11 ,oi)tlllu .w. flit , lll i te,imid 
sulfate gale, hirvs'4 th ies ll i) n c (bilhll'd 'Alh tIN'v I 
alkalis. Ilte i1tlit' ImL,tl , lt-3.i, li pp .lit'i llh 11iC Lt'I 
ointileIkt ipt.ihIlIt s . , lli - 1 1-,Iflc- h cl 

A li anldd),,iN- ,I N.,rlln,v [I ll,-. dt't f ' - d, ,l , t n lilI Ipiwtsk 

I a i d 8 s hlirts 1it i itt I i fle rt''c I,I l tp l. h l I t N e t'(I t 4lsodhllll lll vilt I l 1, hl'l,ll 'llll,l 
 IH I I. i11t f leh oli
vol 


I ilth i i lil 

I'S th at%lgi ft1111 

the I- oli ilc tit tt ,, fw t,.ce ii 111!1 oll ts 

,1 1 


IJl lrllts' h IIflt'lW llwlI 1111I so lt'v'iliN Ilt liih Ihva 


diut ll lilt] isil h i.it ,,iIi Ill lilt- t, t, i , t 
sodliu m alkli. (ii( lii i ",ilt,,illt le Il.i r III Itiehlaiid
tasting ,i,iiiltv. t Irt' III! uirc:ll ilinl.lit, lholin-
water fiid .it l,intII I'I .ir,iit>.alil) h Ith f,,n,'l 

it Seeilts piuthiith tiil It .ll l i, , ' ,lh itt', 11111 
lolltria) ti ,i a % 4, I, cI It I II O l 'ill ho iInI(I Iit.tl in t lie 

-
Case it thw alk,lil ill-tI iSi Iii,'1i1i i a it41',1 .i It 0 1,II 
5t-'i ' 54 , it Ih' I i '.tIcn it , ll. i % 1i1,m1,h .,kt'pf 


bity Of t lh l , ,. hl'i it. C . V %I11111.1h ''tI I illifiii ll 'lt a 

lltailited. t'i .4,,l' 1i fI, U liC I ll,'h l, ' tho 4,m tli ,lilliLil tlit il
thlugh iot ',igrit i ijit Ih sl nilii , tha.1I tllil trt lpt'sk, ilte 
tlittl li iml|Iiove'alient ii thet ilgorit additione lo1lilay e'cll 
tio the improvement give n by the Additional,uiuii Ioni,. 


Table 1-Effact of heal and lkal or, pH of eoymulk 

pH before - -
pH afll 

1.1 
healing 

- -

heating NilOH Nlet CO, N8l4CO' 

660 6,60 6.60 0.60 
7.00 8.80 6.82 6.84 
7.50 7.05 7.10 7.35 
8.00 7.25 703 -2 
8.50 7.60 7.00 -
9.00 
9.0 

9.00 
8,50 

8.10 
-

-
-
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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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