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Abstract 
Tie soaking of soybeans in water as it pro-

treatment for soy milk niattuf reture wits founfd to 
result in the production of significiat quantities 
of J-octen-3-ol. The atoutut of this compound 
formed at a soak temperature of 50 C increased 
with length of soak time arnd reached it niaxitnnuinn 
after approximately 6 hr. The 'ate of formation 
had it p1l optimmin of 6-7. A pure fraetion of 
1-octen-3-ol, isolated by a lprep arative ( LO 
technlque, was found to be levorotatory ([a] '1 

-11.7; r -- -11.8).-iased on these findiigq, 
tihe mode of forntatior of 1-o,.ten.3-ol in this 
ease is presunmed to be enzymatic. The flavor 
threstold of 1-oeten-3-ol ii soy nilk was deter-
aied to e 5and .ppm.minedole a 0between 0.5 

Introduction 
In the production of soy milk, a desirable first step 

from a physical standpohit involves the soaking of 
the soybeans for several iours in order to facilitate 
grinding. For this reason, the effect of the soaking 
step on the flavor of the resulting milk wi5ts 
vestigated. 

Wilkens et al. (1) have shown that in the priidlc-
tion of soy milk tile qunttities of volatile off-flavors 
can be greatly reduced by raisin,-, tile temnerature 
of the grihding operation through the addition of 
water at temperatures approachig 100 C. Vhen 
hitgh temperature griiding operation was preceded 
by an initial 300 sCaain, step, however, the gas 
hromnao~rplhic profile shlowed a very promnlent; 

leak wili a relention thin of 16.5 inin. The original
investigators noted the foniation of titis peak but 
did Ilot idenitil' or study it. The identifleation of 
this collllilOllt. its'effect ol the flavor of soy milk,
and the determination of the irtode of its formation 
drlinlg the Soaking of soybeains were objeetives of 
this resoarel. 

Experimental Procedures 

Two itethods of sampfle preparation were used il 
this experhnentation. For tile qualitative studies a 
iethod was followed witeli "would yield enough sami-
pIe for infrared analysis. For the quantitative studies 
iametlod wits devised which would give enl1ougl pre-
eision to compare the samples from the various soak 
treatments. 

for the Qualitative Studies 
Sampl Preparation foibtained 

Approxinmately 15 kg of certified snybeans (Clark
var.) were soaked overnight at 28 0. The soaked 
beans were ground withiwater at 90-100 C, in a 9:1 
ratio (water-beans) usina a Rietz disintegrator. The 
soy milk wits distilled inl 10 liter battehes by vigorously
lpassing stetiam through the soy nilk at atinospleric 

pressure. The distillate (1500 ni ) was collected from
each 10 liter batlh 'bylitil i series of three water-
,jacketed condensers. Six 2.5 liter aliquots of the 
distillate were extrneted five tinies with 25 Jil plPortion.-
of carbon disttllide ill a 4 liter separatory fmnnel. 
The extract was conentrated int a Nadcrna-DtnDtli 

N.165 .i 

evaporative concentrator to a Iimil volume of 5 Jill. 
'The was ti. .iisoiat,,d .,ilig n1 AerograplAutoprep A-700 gaS clt(hr(,iltt(gj'rrtih r-tilIduyintz a 2%)x:4in(I.loitiiclziptiedwt 
rt "8 
30,;o XF-II50 il 70-80 mt, (ls (.iiri A. ]'iIItr 
tfrieions of the Illt\Von wiro vollectd ill a 10 1 

1.1). glass capillary tuhe. 
Sample Preparation for the Quantitative Studies 

Saitiles of soylaiis (Chirk Nar.) were soakd- ill 
500 til of? soank jog soitolt. At'ter soakini g, Ii, boaims 
w re ( rtited, ( i theso0kitg so tti at sav ed to 

anilvy.is. For the ill stli l*y tih ats wr, ,,:I.od 
in hyror'hh'ric aci, -r 'i,,uitt ihy, ,xi, h tlirn.,ill' 
vlryhig plIs for 5 ]t' at 50C. A 'rrsolaking, tlh, 
beats were draitted gittd rinised several livtms witit 
water to IeLiOVe the exCess ,Soakiit s0l ation front thesurface of the beaits. Till beans were thtei gronid 
with 1. liter or boilinig distille,l water in a lIllge
Waring bilen(lor (Model (1B-5). An itrtrnal standaridof 0.5 nig of n-o,.tanol was aldtl .1(,oil Satiples. Thic 
sIafdar was l(led prior to tih griidinlg of tihe 
Ie(a0l sanilles inld to the soaki,,.g soiitions pri.,' th 
distilhtion. 

I'rcpatrolioi of sill-)lcs fr q.. chrmlowr,lry. 
A rotary viettintt (\vitporatar system, eltiplt)yinug two 
water-Coold co(lIdelsers altld all ic,-wa e coaltd re
eeiving flask, was used for di.,Ciilahin. Ali 85 C water 
bath wIs(.ed is the heat sonlrco, a 1id the rrvs.ttre 
hi tte svsein \\'it5 tiaitiaid lietw, n 10(1 and 120 
111111 ilttlis of v wite' aslpirall r an(1 varimtiof Ifg by 
gaugo. Two hundred and fifty miiliiiters of atiteois 
distillate wtee collected frolel Cai satll ple. 'Th ditil
late was lion extracted with 12 Jil of earbon disulfid. 
A 10 nil aliiquot; (if the ct rbohn distlifide wis sejlarald
frollt th; witer plhiase and .olivetilrate itiider vacllllli 
to p)plroXiiltltelv 0.5 iIl. 

Gas (:hl'otiloqralthicritolsis. Qitiitat ive 1ita
iil'tql1~ti5 of the ntknown were condrited on l 

Aerogilil Model 204 gas (it,t,)lrtallt with a flaile 
iOlliittioil detector, einl)hlryiltg ill 8 ft X 1".oin. o.D. 
sttinless steel c(Itllllll, pa.ked itlh 5/, XF-i]I0 oil
100--120 imesli Chronitsorb \V. All analy., were 
carried out isothermally at 125 C using, helim earrir 
gas at i flow rate of 20 nil/iin, 

.[ass spell-ral onlalt.is. M\iss i)eetra were obtained 
with a ]Bendix Model 12-101A Tini-of-Fl iirt limaiss 
spectroteter whii'h was conitetod to ,iti Aitrovrali 
201 gas eltromatograpli thriugh i Bvtndix Model 1076; 
ellroIlilitogralh lnanifold ilillC systeml.

hifrarcd spcral analysis. Infrared sletra were 
with a Becikman Model IR-7 infrared 

spectrophotonitetr.
Optical rotation terieal.'. Mr'tsiremeats of 

tile optical activity of flho etnj roullild were 1tate .in,,. 
a tRudolph Model 80 polarinteter in a contriill d totn
perature cell with a path lenIfulh of 1 dnt.

Fi r threshili dc/crminriion. A triargilar in

tensity Imnel of .13 ienlers faiiiliir with so- mnilk 
was traellid to dteet ithe preseitCe of 1-octelilot by 
reprat .'d soy withxposire to saimilos orI% iilk treated 
vationis; levelq of svitlietic 1-ocelell--l. 

Results and Discussion
 

trPlllilry evidente olr(nn gas ellroilttograjphi
retentio timite data indiniited that Che unknown was 
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not one or the earbinyl collunds which have been 
found in reverted soybean oil. TreatlileIlt of the lin-
known with 2,.-dtlhitrioh.ltylhyth'azil produ(i:d, no 
obser\valill, ireipit, fiuther vonfirliillg that it was 

tiot a earionil. An (Xaimiiniation or thlie niass speetrn 
of Iloll-tnlrb i o'ill of oilvI" lvi Irdiis soybieanii 
obtained by Siiinnse (7) rovaled Illint the ili.- spev-
trlli (r 1o-fi,'tlul-3-ol (.liita;iuid aIbas peak at illas 7 
and tverv small iIiolhvillt'a ion pe lk, typical of 
seendlutary alviliols, at iass 128. A syil tliic shi-
dnrd of 1-oll-.i:-ol was obtiimld Cliiillti ,;Iil5pevs 
(o.) and Ihwo.' lrtiolu till.. of th' standard and 
the tIIIko\\lI werl'e oliind to le identical. Fllrther-
Illloe, tit odil's of the ullnklniown 1idI1 ctIunlidid, ill tile 
efilleit from the eiluiin of' Itie gas eliroiiatgrilph, 
were Silir. ]"igIlie I shows t li '.as sptectru of 
I-octei-:l-1ol cOilPared withIi lint he.I llilowin. 
Sillee bith spectra wiert otll iiid oil compounds 
elne,'gilg tli'iii the mas ehroiiatogi'aljlh,the enueeit i-'-
tion was el , tlhe Thiseonstitl ihigiv (1inig sea il. 
possibly gav'e rise to tilie ilienlsist niieos obewved ill 
the two Spetra, 'I well as the aihsliie if a inloleelhal" 
ioll peak. 

lor this reaso, tll itltllaIrett spniwtrmli of the ll-
known was obtained. Figiire .2 sliows thlw infra red 
speetlrllin of the unliom\'wn econlire"i with that of 
authentie 1-oil en-3'-ol. Bith of thi, s;pptra were ob-
tailed (in ptre snilllh.s u.sing lhe salt plnte filint 
tehniiiqll. lxaunintliiill of the two stiedr.li hvn\esa 
little (dou11t. lhalt tile I1hiiOWl is inud,,d1 1-oten1-3-0l. 
The very slil diff'rrellee obser\'allh, in thl, regionbetweenl 1600 anld 180ID enrl, coulhd bv, (111 to the 

ln'esvine or a slight aitnlitit of an irlioiyl iultiirity. 
]-Octei-2-ol, ".latsil ak lolo." was.first isolated 

Frm .lIIiles! nsinlloouis iy Minr,.lshi (2) in 1938. 
The aleihI has also beel fniii ill vario., kinds of 
tiiint and lavelder oil. and ill elover inld lihver flow\vers 
(3-). It IInI, also 1iieli found ill reverted soybealn 
oil, oxidized Iiisied oil and palin iiil (7.,'). It hms 
been found lie t e iushmoon into Ihe awa of flavor 
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Plo. 2. Iitfizircd spectra of gas chromnatographiic fraction 
isolated from iinalcd soybeanis and standard 1.octcu-3-ol. 

oxidized dairy ]u'ottets (9) tul hns been produced
in model atloxidation of Iinoleic acid iuetihyl ctt-r 
(8). 

The olor of 1-octen-3-ol ias been variously described 
its lnllSlrtOOll, imuty or earthy. IIi additioi to its 
volatile odo., it also possesse. a sw'eet taste due to 
the positin ou the htydroxyl hiyurogen between its 

11ssociale helect rntego ixygenand the eleeive ato ll 

tronegative earbon-tn-earbo inisatLitr ated bond (12). 
This property is or little conwer(leente, however, be
casells tile volatile odor would be Over-pOwerilig alt 
concentrations high eiOtilgi to produce sweetess. 

The volatile flav'or lireshold of 1-ol0-3-ol its 
determined by Stark od o'oSs (9). 'T'hly fond that 
it trained paiitl could detent it in water at a level 
of I ppb, in skim milk at 1 part in 100 million, and 
in butter f.ll it I plrt in 10 nillion. With a trained 
inel it was found to be less detectable in soy milk. 

The threshlil here is between 0.5 and 1.0 ppln at. tile 
95% probability level. 

The effect (if temnlperatire o 1-oeten-3-ol fornation 
in soaking soybells appears to be onfliunded with 
tie hIyd ration late of the beams and the completeness 
of iydratioli. Thlese factors coinplieate tile problem 
of determining the true efit'vet of temperature on 
I -iiten-3-ol formation. P rel lliiiinary experience 
showed that at temperatui'-vs below 50 C the rate of 
hydration was reduced so that it limited the rate of 
. -oetm-,-ol formation, while at tomreratl.es above 
50 aI sharp (11p ill aCtivity was noted due prbably 
to a direet effect oil tile celitiiinl or the slowing of 
possible iiologieal reactions involved in its formation. 
or both. olr tliese reasons the teniporature of 50 C 
was elinsen for the stdot.Figure 3 shows tile elleet ofl Soak fille oill the 11mounit 

of 1-oeten-3-ol formed per 100 g of beans. The upper 
eur\'e shows the altlount of 1-octei,-3-ol eoitained in 
thi. beans after flhe iniditated ltiie of snak. The lower 
curve shows the anioltit Of 1-oeten-3-ol which vai 1nca
stred ill fhe soak wiliter l'ter colipletionll of the soak
int step. As can be seen front lie figure, the amount 
of I-utet. 2 3-otl col ainel, il the bean sa nlples inereased 
from tipproximnately 0.1 lmg in 100 g of dry beans to 

http:tomreratl.es
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lpproxilVately 4.4 g in the samples soaked for 6 hr.The apparent decrease in the amount measured at the 
longer soak times could be clue either to metabolism of 
the compould by the bean or to slight losses from 
the sample by evaporation. The amount of 1-oeten-3-ol 
mensu red in the soak water was found to be approxi-
muahy .10%1,of that found in the milk. 

The effect, of p[ on the a1ou1t of 1-oeLen-3-ol 
formed is showi in Figures 4 and 3. 

Since the p] M ,11'Iseim-slientswere made on the milk 
samples after grinding, the graplhs show tle general 
efl'ect of ph on the reaction without actually in-
dieatiig the amount formed at a specific p11, since 
the pll of the resulting milk would not correspond 
exactly with the pHt at the site of the reaction within 
the beans. Figure 5 shows the amount of l-octen-:-ol 
measured in the soak waters at their respective 1fits. 
Both curves indicate nIloptimum pH for I-octcn-3-ol 
formation 	 of between 6 and 7. It is interesting to 
nlote thba. the plf of soy milk made from soybeans 
soaked in distilled water has a p11 of 6.5-6.7 which is 
within the ])1[ range found to be optimum for I
oeten-3-ol formation. 

The elffect of reducing the level of molecular oxygen
during the soaking step was determined by de
aerating soybeanis under vacutum with a slow nitro-eil 
purge for approximately 18 hr. The beans were then 
soaked in de-aerated water for 5 hr at 50 C under a 
Ititrogen headslpee. The amount of 1-oeten-3-ol pro-
duced per 100 g of beans was found to be 3.5 nug.
This comparedi with 4.1 mg/100 g of beans it a 
control sample where no dc-aeration was attempted. 
Although absence of molecular oxygen slightly re
dneed the anmount formed, it does not indicate con-
eluively that it is or is not a factor ill tile Ieclanism 
of formation, since oxyget may be suppClied through 
a biological meehnisin uder antlrobie conditions. 

Several niechunisms of formation for 1-oeten-3-ol 
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have been 	 suggested by various workers. Stark andForss (9) 	 promosed that 1-oc-3-ol Could arise il 
oxidized dairy produets by an autoxidative meeia
nism with cither arachidonie or ]inoleic acids as 
possible precursors. 

Snimouie and Chang (7,11), in their work with re-
Nerted soybean oil, have also suggested an a.'toxida
ti' mechanism for the forilmtioolof 1-o.teu-3-ol front 
litolei(, acid. Their mechanisi diters slightly from 
that of Stark and Forss (9). 1 oth Tiehanisits 
postulate the initial formation oC an 18 carbon hy
droperoxide and a concomitant allylie rearrangement
followed by0 chain seission between C10 and . 
Stark and Forss postulate that the resulting 8 carbon 
fragments is a free radical which undergoes allylie 
rearraneme 

f 	 a 
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thtrec replications). 



'fret radical to produce 1-octen-3.ol. Smouse and 
Chang. on the Other hand, suggest that thle resulting 
8 carbon fragment is an olefia (2-octene) which then 
autoxidizes, again with concoinitaut allylic rearrange-
mnert, to 3-hydroperoxy-l-octene. This intermediate 
then reacts with another nioleeul0e of linoleic acid by 
cleavage of a hlydrox.yl radical front the hydro-
peroxide. A subsetluent aeccptance of a hydrogen ion 
from the liioleie acid forms 1-oeteii-3-ol. 

Hoffan (8) haS als,, proposed a nicehianisim for
the formation of .- o.ten-3-ol from linoleic acid. The 
iuechanists is also autoxidative but is quite different 
from the other two which have betn discussed. Ile 
suggested the formation of a free radical at Cu 
which would react with 0., and. another molecule of 
linoleic acid to yield a heiniacetal via ai unstable 
intermediate. The hienilatetal was theit thought to 
undergo an intermolecular cyclic rca rrangement fol-
lowed by cleavage and allyl iC rearrangement, to yield
1-oetpm-3-ol. 

All of I ,l e'hamislas whi.h have hee.i discuissed 
ive0 comllOll ill that thev are all autoxicative. In
each or these cases, ant anitoxidlative nieclianism was 

tenable, due to the conditions under whlih the coi-c~~ 

pound was observed to fol'lll. oil the coli tiollsBlased
under which 1-oeten-3-ol was obs,,n'Cd to formn in 

this experiment, however, a straight forward autoxida-
tive inecianisin (lid not secm tenable. 

Since I-octeil-3-ol possesses an asvinet.ric center, 
namely the number 3 (arbon, two optical isomers are 

i8 o4.possible. In order to dletermini the ]node of formation 

of 1-octen-3-ol in soybans dhirig soaking, a gaschlrolnalto-lraphlie fraction wans v.ollected, aud aLftts( "utiou,a 

of the comnpjiouind ill chloroforl-ml was mlallde to a1) 

concentration oif 18 mg/nh. The I -oetel-3-ol was
found to lie levorotatory withi a specific rotation of 

-11.7 at 17 C and -1 1.8 at 13 C. These values cornI-
pare with the literature values or -6.7 at 17 C, 
as determined by iNIIuralashi (2) for a synthetic sai-

ple of 1-octen-3-ol, and -17 at 13 C, as deterined 
by Crabalona (5) for a sample of 1-octeit-3-ol isolated 
from lav.ndr oil. 

Sifce tim sample of I-oeteil-3-ol which was isolated 
from si:,aked soybeans was folnd to be optically active,
the mechanism for its foriatiomi is steretospecific. This 
rules out a Straighltforward o?.g4anlic autoxidiativt. me-
Ch1niisin and indicates thatitilt comlpound is formIled 
via a biologically (enzyne)-controlled jaethianism, 
with a plI[ optintuni of G-7. I.sd on the stigstod
autoxidative mnchaiisni, leadiug to 1-,cten-:,ol 
formation, a substrate of lipidl origin is indicated. 
I.uring the rapid turnover of lipid (1(1) in the 
initial stages of the gerniniatio of soybeans, -octel
3-oh is perhaps o1e ,of tihe first volatile colnpotind: 
to be foriled. 

The fact that, our rotatory value is lower than ene 
of those reported in the literature does not exclide 
the possibility, however, that s,ne:of the 1-octen-3-ol 
is formed by noii-enzymi,, autoxidation. 
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