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ROASTING OF SOYBEANS AS A PROCESSING TECHNIQUE 
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ile processing operation of Woasting as app Iicd to peinti t, Lrim-iU t-., 
coffee, and other pl)r'ducts incluiws a riapid deh)ydroLion follom-cd by a partil 
pyrolysis. Ihe Iro-css is carried out minly for the desiraible H'vor changteswhich it produces in tile product. It, some casvs the process also imiparl.s oth
er hcneficial Changes, such as i lliproved texture and color. Also, as in tile 
roast in; of s'yibearis, Ile process m" ilrovc ntll ri toiial qua i ty by dest rO)
{Jig subetiicare saich as ant i. lrypsi licrcl arl at. ].sL {b'pc'; of riO;iti :ig "The si rples lianda eiL two p l'uccsseos, c 

most. diroct, f on is oClfen t.erned " i' Poi . i i i hti ll Aivol 'es heai. igi of tht 
P|rtic . ill air aIn/or of gil.e< the leatt source.Mixture fro. Iry roiitI 
is v'mpi iii . aniddl),,,I Ih Ioftfue cocoei ,i (lce -.iiig iidt;stiie. , to a cicl ul 
OXICeit. iln th peanut. p l, i.sinig illjt,:-, ry, iiiidSJfiC ext t. in the ic lliit.10 
Irocessiil inAdistry. VTic ot;er 1 ne ii&Vo V,. I, he iti ig .- i.',v 1iidt-, t i lit,
oil or fnt und s often termed " el rost.inj'" or " deep-fat fryi n". Oil 
rouist.lig is useu{d extcein.ively iln tL.I 'wianil aid t -ec-nut.ri ,:t~si hg i .iiie' II'S, 
as wol an: iii othr iusldust-riCs ufh as Ite poLt.a;o chip j:,rcc:..i i/ i:,!IIa.I.r\ 

Ill tile Cao5C oI peal ilt.. and Atht., rre-- Ul.s, a de.:ir,iblc leXtr.hr C lt ie 
aidn eyed meinely by i st ing the rhelI ,.rawi product. Wi twiouir any l.reati,(iit 
otho.r hn p)Clrhapsi a le illiinary1')' dr'yi, or curing o'pc P.l)11iit or ioi v!%, 
a limiliml opeati in) loosen and rnuve skins or tui]1 . "fie roast aoif!C 
soybeanri, Wi hiot sovm p1e- Lreatill el, result s in a, produt, \iLh ,in ext. rluiie,]) 
li r'i textri Ie, 

ie 1'Oit.' ilig, of S)o'iCiis is not. a niew plces . Sloybeins have hI'en roa,.
ed for ce, ien in ,a; i for di( pirodictt.ionl of 1 .ko. Fiin k, v *i fi ll ,
imade inl l: how(; 0) f',oist iigl r ;i) ii.: 3 in ;i,il Ii't.hinwa'e 4l.: (,V r u'i Oiipell 
fl ic. 'Ile rr'slL. ii!; ro.m-ed liu,. m" nr ti,,i, gro'tiill ntoillti a ,,,',d r wh ( iwas 
used ais u cool i o t.i ci ii',lic ili ,ther 'c (I).(,ir ilt oud 

IilI.ii1 liitrv, (', is i . ut lo . t'cld iei bl l n i 'lir t.oyvral .<oylICl,, 
il5 U i tiCf odiduei i th•] C,:ly 19:0' .lif'i, ihl .o the IfIcts ,loi ;li'ld 
Vai' II, 'iri nuionckly (Ifoi,.Ill il'(''' hilh-jir'.:ci n fod wore' . i zig I II i. iI. 
Ill lhis ( iolil,:i,.li ,li:.ilt',hlle -winkt 'an doni oil Ilhe protliict itll of iir i5l1,d 
So'y lult lii:li could l'v "'i . L ied IiidC h.lli,'d ;I.,; is, I Ai! (t l' iti.:, f Itothtrii 

in pi-.Lt in llp n". a,tili 'ed t'iiy b i ,it'ior UL' i. 'file Bordcii Soy Pricessilig
Co;llpiaI y Iurscii a pIO'l-do ire Vii, c1601i' ,v'1e . ('iili i ill' benY s n,I Iu'.,Ved by a ilry 
roastIiig pIllces; ill ordi.'r to iri'lii,' a soy ull.t wih a desirabl,- i.:undir Lrtextur 
(2). Aiother product w.ias made ly , 1hal,-. brii soybealis Wlhich had beell sub
jectted to ii prev.'ious snakbml ;.,,p (3,.). 

'ic pre:scil in'Leti gations weciundertaken ill order t.o evalunte I.h ef
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fects of roasting on the texture, nutritional quality, and acceptability of
 

soybeans. Both dry and oil roasting methods have been investigated.

DRY ROASTING SIUDIES 

Samp le Prepara t ion 

The design of the dry roasting study is shown in Figire 1. Certified 

Harasoy 63
 
soyboans

16-10 mesh
 
size graded
 

using a Clipper

Mill 

at 
50oC
 

Soak time Soak Lime Soak time Soak tLrao 
80 min. 100 mil. j144 min. 240 min. 
ca. 43" ca. 47% ca. 53% ca. 5%" 

moisture moisture [ moisture moisture 

Soak water 
drained & 
all snlples 

equilibratcd 
in closcd 
container 
for 1 hr. 

Roa t to 3 Roast. to 3 Roas to 3 Roast. to 3 
different diffurent difornt djffeciit 

iprinraLures eLcratro temperature 

170-C ISI 111C ~IIOI 360-~IC 185-C 170- 1810 C60 700C 111oT] 18 ~ 
Sot I Set - Set 2 Set IZ 

1 2 3 4 5 6 8 9 10 11 12 

Fig. I.--Design of dry roasting studies. 

steed soybeans of the variety ([larasoy-63) were size graded using a Clipper 

Mill (Model M-213), manufacLured by Lheb A.T. Farrell and Company, Saginaw, 

Michila. This operatiri w.,s done not only to obtain beans of uni form size, 

but. also as n means of partially cleaning the be.ans. Only beans which would 

a number 16, sieve were used. h'liese sieves containpass ait,mor 18, but. it 
round holes o f 18/64 mnd 16/64 inch diameter, rstpcetively. 

'lie preliminary soaking t ep was done at 50C in order to realize a rela-

Lively rapid Imydration of thl! beai.s without any pre-cooJnig takiig place prior 

Lu roasting. alistliri'c of, the \c,.i ral ed to fol," di fferei.TH'- con Leit was 

levels as indicated, -nId tlilt equil i lI .ition .tejp wa;. includcd to allow for a 

uniform 11,,ist.r, level withil tC ICZans. T'o slaI1, /I;s-fired, coffee sample 

roasters, liminfact.,red by til' IJ.ez luns Qsiipany (oW part of the I3law-Kiiox 

CorporaLion), were uscd for roat ing. 'lime temperature of the roaster prior to 

chargiig was approXimae ly 400"C. 

Tie end points of the roasting operation were determined by nieans of a 
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glass thermometer held in the product during the final minutes of roasting. 
lhernocouples were also positioned in the roasters so that they were constant
ly surrounded by tie tumbling product. These thermocouples were connected to 
a recorder Ii order to give an indication of the time-temperature relationship 
throughout. the roasting operation. An examination of a set of the thermocou
ple traces for six batches of sample No. 4, shown in Figure 2, from 900 C to 
the end point of the roast shows that a nearly straight line relationship ap
pears to exist to approximaLely 134 0 C, at whbch point the rise in temperature 
becomcs more and more rapid wih thuie. A possible explanation for this is 
that below this break point the amount of watler evaporating from the pro
duct is sufficient to keep the rate of temperature rise constant, while above 
this point the product has lost sufficient moisture so thlaL the rate of tem
perature rise is no longer linear. 

170 	 AVG. FINAl
 
TEMP. 1661.,
 

160 

Fig. 2.--Time-tenperature curves of 
150 	 six batches of sample #I4 (170'C
 

roast from an ingoing moisture 
.1 140 	 level of 47.o). 

130 

120 

110 

300 

90 
0 5 30 15 20 	 25 32:40 

AVG. TI/,ME
 
TIME MIN. 
 Or ROAST 

In order to preserve a relatively constant time-temperature product for 
all of the sample sets with di'ffereat iigoing moist tire levels, tLh size of the 
batches was ndj ustcd to give a rel aLi reIy constanit weight of i ngoiing moi sulire 
in each baLch. In this wanner the t.imaes of roast for the four sets of sampnples 
were approximateiy equalized. Table I sholws the comparison of the sarple ; 

from the four differen t moi.itLure levels which werec roasLed t.o ideiLical fi ial 
tempe rai llres. 

As can be seen, api,,les ( 2, i, from Lile lowest level COinand 3) moistore 
tained the smallet e,'viht of o iLu, re per batch an( also requi red the least, 
1moun0t of roasLing t.imcm. TIhe product Lemperature for Lot sa lples was detc'
nined by dumiping hat.ches from the samples containing the highest and lowest 
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Table I. 

W of g 
SampIe -Ingoing Wt of Roasting Time 

Sapie Final latch Moisture Moisture Product 
No. Temperature g (as is basis) per Batch Min. Sec. Temperature 

1 170 1163 43.5 505.9 30 23 159 
4 170 1117 47.9 535.0 31 53 -

7 170 1019 53.1 541.2 31 33 -
10 170 918 59.1 542.5 31 58 160 

2 180 1163 43.5 505.9 31 10 167 

5 180 1117 47.9 535.0 31 34 -

8 180 1019 53.1 541.2 32 40 -

11 180 918 59.]. 542.5 32 1.3 168 

3 185 1163 43.5 505.9 31 40 174 

6 185 1117 47.9 535.0 32 53 -

9 185 1019 53.1 541.2 32 18 -

12 185 918 59.1 542.5 32 40 175 

per ceant ingoing moisture into a Dewar flask and recording the highest tem

perature nttained. Frot the table it is apparent that. the final temperature, 
i.e., the t.emnperature reading used to determine the end point of thc roast was 
higher in each case than the tcmperature measured in the Dewar flask. Also, 

it is evident that, althou':h tie final LemperaLure.- show a 10-degree differ
ence between thc low and middle roast and a 5-degree differcncC betwecn the 
middle and high roast, tile podoct, t.cmpcratures for these samples show a range 
of 8 degrees between low and middle and 7 degrees between the riddie and high 
roasts. 

Color Aeasurenent 

Figure 3 shows the color of the 12 samples expressed as the ihmnter 1, 
valc of the whole beans. As expected, the color of the samples wi thin a set 

shows a darkelning with increasing degree of roast. The interestint thing to 
note, however, is that tLhe samples froma the longest soak time (10, 11, and 12) 
are considerably darker than the other three sets. '"Iis may be due to a move

meat of tihe :esoluble carbohydrates "o the surface of tire bean where covsider

able caralel ization and bromning takes place during tile roasting operation. 

Texture ,c iusu,'ement s 

"re×Lure iu .,measurements were imde on Lie roasted samples using all [iast ron 
texture inuluiring device. [he test con.sisted of measuring the amount of force 
required to unicture the product. using a flIat- faced, round punch with a dia
meter of 1/8 inch. Altho.ugh little or no difference was observed hetween sam
ples of a pat'ticolar set., coo.siderabie di [ference was evident he tween the 
samples from thbe four different sets. Vigure 4 shovs the distri but.i oil of sam
ples from th-ie fon r di ffer,.nt moisture levels wvithlregard to the amount. of 
force required to punture ic tie beans ovcr the scale. from 0 to 5 hg. The fig
tire also l i. ts ite pr ceit. of t.e sumil e hviichi reqlu ired more than 5 k, of 
piunctur,• force. 'Jiv figure shows rat iier clearly timat, ,ie di:;L.rihution curve 

is more comprios;scd as tie joak 1ime is increased. The aiolltllt of time samlple 
requ iring more thi 5 kg of puncture force also decreases witdi increasing soak 
ti Ine.
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Fig. 3. "-lhulter L values for 12 samples of dry roasted soybeans. 
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-. SET I 23.8Fig. 4.--Graphic comparison of punc-
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roasted soybeans.
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Bulk Dens i ty Alensuremcn ts 
Anoter indicaLion of Lte cffooLs of the soaking pre-treatnentL on thefinal tprodhuct. l be seen i n Vi gure 5 which sh,,,ws Life lulk denisity of the smmpies fronm it,- iJoulr SCos Corlpared wiL Lhe riw product.. Bulk (ensi Ly me,.;UremICnt..s were condhct e(l by 1niriiig an aliquot. from efch saipJ c itiLo a cot.jaieCrwhi,ch ha( a dIja;icter of .P. iniches, a depth of 2, inchles, anditl a volnmeml. '1he ";ap1qlcS .".'ore poured ;, nt.mil the 

of 538 
cona iner over-flowed. was struck-off using a woodC), .iaight 

The excess 
edge. ve replications ware made for 

coc, ampil v. 
An examination of the daLa frot the 12 samples indicated that very little 
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Fig. 5.--Bulk density measurements
 
for dry roasted soybeans.
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difference existed among the 3 samples wi thin a particular sariple set. Dif
ferences were appareit among tile four sets of sanple. liowever, examinatioli of 
tile daLa presented in Figure 5 shows that. by increasing the ingoing per cent 
moisturc the bulk density of L.c final roasted product is decreased. These 
daLa compare well with the texture data, since, generally with increasing in
going moi sLure level, larger leians were produced which required less puncture 
force, or, in subJectLire terms, were more chewable. 

Tas t e Pane ling 

The 12 sam)lcs of dry ronsted beans were present.ed to a taste panel of 

15 meibers wiich was asked to rannk the salples in order of inicreasing flavor 

prcfereunce and to rate the samples on a scale of 1 to 10. Tlhe samnples were 
presented in four sets of threc samples each corresponding to the thre de
grecs of roast from each ingoing mnoisture level. Although none of tle four 
panels showed si gui ficant differences at the 5 per cuet level, the trend in 
all Of these panels was the swnc, in that a preference was indicatied for the 
middle degree of roustL ( 0]0.C) 

'ltc four samples which were roasted to 180'C were then presented to the 

panelists witih i i..t .uCLionls to again rank them in order of increasing prefer
ence and to rate them on a scale of I to 10. 'Tlie results of this panel indi
cated thLat saiple No. 8 (180 0C roast. from ait ingoing moisLture level of 53.1%) 

was significantly better than the other 180'C sninples at, tLe I per cent level. 

Panelists were next asked Lo judge the tcxturc of the Lwo best flavored 
sanll Ies. 'Tiis panel was of tria ngular desipg, and the results showed that. 
sample 8 was significantly preferred for texture at. the ) per cent level. 

Ecotoni irs of Pro(lh iotl 

A det rt, iitaLion of the anotint. of gas requirei to roast, soybeans in tile 
small sampIe roastors fromt the hietL ingoing moisLure levelA was roatducted. 
A wet, test, gs meteor was conntct Cd between the pis source andi tihe urir, and 

batches equiva]eat to sample 11 (180C roast. from 59. 1% incisure) were roast
ed. 'T11e foult. of g1.;aconsumed wa.; found 1() b, 3.'76 cu. ft. per ba tch witii an 

average yield of' '375.5 1"m of roasted beans per batc. Isiing these figures, 
tle calcul(Itcd at ount of gas requited to protduce 1 lb. of roasted beans would 

be approxiimtely 4.55 cu. ft. u:ing the small sat ple roascers. 
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OIL ROASTING STUDIES
 
Sample Preparat ion 

For the oil roasting work a preliminary survey f different soak times 
and temperatures was conducted in order to find the oper pre-treatment re
q.ired to pi,.',.-a desirable product. Soak tepera ''aes of 100, 90, 70, and
5,1"C were use,i liIi tially. After soaking, the I (rurs were dehlulled by passing 
them through a (Qaker City Mill (Model F No. 4) which had de grinding plates
spaced far enoug!h apart to effect a loosening of the hulls from the beans 
while producing a miiiimium of damage to the cotyledons. In the oil ronstiig
work, dehulling was desirable in order to avoid the deposition of oil between 
the hull aid the cotyledons. After the hulls were looseried from the cotyle
dons, they were separated by a water' flot.ati on procedure. Thie cotyledons vere 
then deep-fat fried in cort oil at 190 0 C. A sria Ii deep- fat frye r (Sunbeam, 
Model TC F-6) was used for the initial work, and a llotpoint, Model li%-3, deep
fat fryer was used for the preparation of the larger sa,,ples. 
Texture Data from the Initial Samples 

Figure 6 shows the results of texture measurements on the samples of 
beans which were soaked at tie various temperaturen. for increasiing periods of 
Lime. All samples were r'oasted for 3 minutes at 190 0 C. 'Ie test was conduct
ed us !T'11 lIst ro, texture nrasuring device eploying a round, fiat-fnced 
punch i/16-inch ir diarueter to pucture inidividuiil Cotyledons. The paOin is onthe graphs correspond to the average force required to puncture 30 cotyledors
from each soak trca tmert. Tlie grraph s show Liiat., ,:whi jher ,oah tempera tur s 
produce a softening effect oi the roasLed produc t inimuch less tie than do 
tile lower l.eruperaLures. Vrom tile graphs. it. would ap.pea r that a short Soak at.100 or 90oC would be tre ideal p 'c-t; caui cnt., S ,h pre-trcatnwits vxrc found 
to cause Consi deral I di fficulty in dchulliig, miji tile texture of tCe finished 
produrct, i though soft, was found to become maealy when chewed, causing i t to 
be quite objectionable to a screening panel of four people who sampled the 
product froin the various pre-treatmeaLs. Based on the results of tire screen

2000
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Fig. 6.--Puncture force m,,easurements 1400 
for oil roasted soybeans.
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ing panel, a soak time of 2 hours at 700C was used in the subsequent experi
mentation. Such a soaking treatment produced a hydration ratio of approxi
mately 2.30 or a moisture content of approximately 60 per cent. 11is pre
treatment produced a significant decrease in the bulk density from approxi
mately 0.7 for the raw product to approximately 0.4 for the finished product. 

Effect of Oil Roast Time on Color and Acceptability 

An experiment was next conducted using roasting times of 2, 3, 4, and 5 
minutes. A sample of soaked beans was a]su freeze-dried to be used as a con
trol. Figure 7 shows the effect of rouisting time on the resultang color of 
the whole cotyledons expressed as the Hunter L value. The curve shows the 
increase in darkness of the beans subjected to longer frying times. The sam
ple roasted for 4 minute; was judged to be superior in flavor by the screening
panel. 

60
 

70 .%% 
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Effects of Oil Roasting and Economics of Product ion
 

In the process of oil roasting the raw product, is subjected to changes 
other than dehiydraLion and partial pyrolysis due to the nature of the roasting 
medi um. Filgure 8 shows the change in per cent lipid wiLh frying time using 
tie unroasted freeze-dried ,aniple for coiipa cirison. This graph shows tih t the 
Amount of Ii pi(' containled ill the roas ted produe t increases witi fryiag time 
due to absorpt ion of the corn oil ii, which the beaes were roa.lted. l"igzvIC 9 
shows the yild in grims which was obtainod for each increasing rtn;t iiig time. 

Each point oin t.he griaph represenits die yield ,of product. resuilting from a 
start.in g weight. of 2 kg of beans. The yield for the iuroatLed soaiple indi
cates the Ioss ill ,ci ht. due nilinly to the roilov;al of Lhe ill] Is prior to 
roast.inig and ie i;oist.re voiitczit of the beans. The Lot.al loss in1 initial 
weight, was apprrxi mately 28 per cent. 1Jthe origi,,l svr tling mater iiit . Ap
proximaLely 414 p r cezit of thfe original weight. loss is regained due to the oil 
which is absorbed during l the roasting process. 

As ii. the (Iv)' rost.ig irocc-;-, the mo. expelisi e factor involved would 
seem to be the. reiiiovnl of the walter t.alen u; duriijg the soiking pre- treatment, 
In each case, the amount of water which i remoio'ed to produce 1 lb. of ti 
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finished product anounts to approximately 1.5 lb.
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Fig. 8.--Lipid content of oil roast
ed soybeans. 
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CONCLUSION
 
Ile production of a roasLed soy product by cithernilL the dry roasting

process or the oil roasting process would seem t.obe rather expensive in terms
of the energy expenditures required. li each case a considerable amount ofwaLer must be evnporated during the roasting procedure. In the case of the 
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oil 	roasted product, additional energy must be expended in the dehulling
 
operation.
 

The 	cost of processing is partially offset, however, by the relatively
 
low 	cost of the raw product which is between X and %the cost of shelled and 
cleaned peanuts (5). 

From a nutritional standpoint, perhaps most important, is the fact that 
the protein content of soy nuts is approximately %' times that of peanuts (6). 
Studies are preseitly under way to determine the nutritional value of soy 
nuts, both in terms of the quantities of the essential amino acids which they 
contain and the quality of the protein as determined by rat feeding experi

ments. Studies are also planned for investigation of the volatile components 

contributing to the flavors formed during the roas;ting process. These areas 

of research will be reported later. 
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