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Study on Drying Processing Techniques for keeping
the Quality of Soybeans

Keiichi Inoue™ ,Kanji Ootsuka™, Noriyuki Murakami", Mitsuho Sugimoto™ and Lei Bun"

Summary

The production of soybeans increases every year owing to the increase of demand for the domestic
soybeans among the consumers in Japan and the rate of use of combine for harvesting soybeans increases
because of a labor saving harvesting method. But, drying processing technique for the high moisture
content soybeans harvested by combine has been retarded, and the degradation of soybeans and the heavy
labor work in the process of drying become a problem. The efficient drying processing technique keeping
the quality of soybeans harvested by combine, has been strongly required.

In the drying processing of high moisture content soybeans, there occurs the risk of swelling in
soybeans when the air ventilation in the layers is not sufficient. The activity of microorganism or mold
increases when the temperature of the air exceeds 80% humidity and over 20°C temperature. It is necessary
to adjust the temperature and humidity of the air ventilation to be out of this dangerous zone. In the
meantime, it is necessary also to control the drying rate of soybeans so as to avoid the occurrence of the
seed-coat cracking or the wrinkle of soybeans. To develop the effective artificial drying method keeping
the quality of soybeans, the investigation on the physical properties of soybeans relating to the drying
processing and the analysis of the drying process of soybeans are indispensable. However, the study has
been retarded in comparison with the study of rice or wheat.

In this study, the fundamental properties of soybeans relating to the drying and the characteristics
of the pressure loss in driers such as flat bed driers equipped with the bucket conveyer or dry stores were
clarified and a drying simulation model for analyzing the process of drying was developed and investigated
and the mechanism of the generation of coat cracking of soybeans and the effective treatment of the
ventilation air to minimize the coat cracking were cleared. Through this study, the fundamental techniques
for drying soybeans harvested by combine were developed.

In the first chapter, the significance and objectives of this study were described based on an outline
of soybean production and studies on soybean drying...

In the second chapter, the dependence of physical properties as specific volume, bulk volume, rate
of volume on moisture content of soybeans(tachinagaha, tamahomare, fukuyutaka, suzuyutaka, enrei
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variety) was theoretically considered and determined as follows with principal properties of specific volume

of dry matter V o, coefficient of rate of volume k of average soybeans.
Va=Vo+7-m=0.771+0965m (0.1<m) , V,= (m*+2V,m+V,*) ” (0<m)
Vau=V,./(1l—¢€)=6V,/knr, k=100 —0.029m

values i.e m ; moisture content (d.b. decimal), V ; specific volume based on dry material(10 ~° m */kg),

V. ; specific bulk volume, 1 — ¢ ; rate of kernel volume, V,=0.771(10"°m*/kg), Vo= 0.7460

Hence, physical properties of soybean for a drying simulation model were shown with principal parameters

of Vo, Voo, k.

In the third chapter, the pressure loss of soybeans was examined and the data was analyzed using
the non-dimensioned Navier-Stokes equations for forced air in accumulations. And resistance factors or
friction factors of soybeans were expressed as the function of Reynolds number, to esteem a pressure loss in
air forced layers of soybeans by calculation. We could get an experimental equation of resistance factor that
was applied for generally to pressure loss of soybeans, in 40<Re<200 ranges which is used with usual
forced air drying. We could express characteristics of pressure loss of soybeans, as the function of space
rate, ratio of surface area and velocity of air by using an experimental equations of the resistance factor or a
friction factor. The characteristics of pressure loss of soybeans were able to be approximated with high
accuracy.

In the forth chapter accuracy of a simulation model for drying soybeans that takes into account
moisture transport in gas and solid phases under an inconstant condition of air flow was investigated. It was
found that temperature, humidity of air passing through a deep bed of soybeans and the moisture contents
of accumulation layers of soybeans using different soybeans and two different types of experimental dryer
were able to be estimated correctly by using values of the fundamental drying properties such as density,
specific surface area, space ratio, equilibrium moisture content of soybeans, and specific heat, and mass
transfer coefficients of soybeans. '

In the fifth chapter,seed-coat cracking of soybeans occurs easily during the process of air drying. In
order to determine the relationship between external air temperature/humidity and distortions in seed-coat
cracked grains, the rates of seed-coat cracking of soybeans subjected to mono-layer drying were
investigated under various air drying conditions of different temperature and humidity combinations, and
the critical distortions were estimated. Based on the results, the required temperature and humidity
conditions of air passing through deep bed of soybeans for minimizing coat cracking and preventing
swelling due to high air temperature were clarified.



44 FREEREME LY —HERE

CHKERBERICHHHEITIE, K[URATNDRE
fEBRFEIERD 5 B RICAND Y LNITWMAT D72 EDF
ENEA NS, EBRITIIER L CER/ORE R
IEDREA 207 P EER D ZETITAN 5 D & B
D, MIRENTEE L THEPRNDFEEZ A 72h
5B CHNIDILED EREZMZ D72 EDHETH
WTED. KADI8RLATITIED &, SEAHHTE

3, 1T BORLAT LEI2BDT, EhOEKRDB DL,

LR RRDOFE A S TN, &R - EROBEED
nlEE L0 B,

6. £&&

REDYIEERE TREDIGEICE D EAFREDE
HEHZILZET, EBROER - EELHE T THA
P BRI FE A EIE I S R DR E S D 4347 2L
FICHEE L, HEORERBICENOREERDS
DT, KPTHIET DBBAOE YRR - Rz
Rz

VI 1E

1) REDEEHBEOZDDI I a2 — 3T
WAERRD=91Z, KEDLAERE, AT ERE 25K
RIx EHIRITHET O REEFOYMHRICDONWTH
RBRETY, IS E2EANRYNE Gt
5, RTARE) LKDOBEEELTELE &
SIZHRELELSRE I FFHH)N, FIER<L, 7
JAZH, AXAFH, ToLA1) OREITES
LT DX E 7.

Va=Vo+ 7 -m=0.771 +0.965m (0.1 <m)

Vo= M+ 2 Veem+V )2 (0<m)

V.=V./(1l—¢e)=6V.,./k=n
7272L, m@d.b. decimal), V ,; BEHEAEDHLAE
(107°mYkg), V. ; BMNTHARE € ; Z208%K, V=
0.771(10 ~’m/kg), V oc=0.746, k =1.00 — 0.029 m
DEDRER, R 2l —3 3 VIThERYMEE
EOIRNEARNERTET I ENTESLDITES
Iz
2) HEFREREIRICHBITBENREEFEICLST
KD D728, MEIOFUIRE EBEERERE L1 /)
ZHEOBEKRELTERL, @ OHERRBERLE THWY
5N540<R.< 200 DHHIZTBNTREIZBNT
— AT ERAL Y B EBRKZ KD, ZhiICKDKRE

35 (2003.3)

1) VR OEEDES ¢ 2, FEROEEKSIMy,
BEDKGM, EREERFREAICE>Te= (1 +
AM,) / (14+AM,) —1TELE

2) LM, Z¢IHIKS, M Z2ASKUTFEES BoK
SWEEMA TENUEAEBEE LT, #Eh
REEG EOBBREFANMEER, BEREOREREAD
BAIERGMITAN DT,

3) HERIREEIGN10%E 15.9% & 1555 R
DEHZEKTOBEEE L THEL, KIOEAMZD
NTNEL B EZEENDE. Tz, BBAF#EK
537K, TN T H@EEDER - BETELE.
IHIT, HERFEEEHN10% & 725 RA Ky
HhAR % BRI 8 CH S 3 %d.b./h LR BEBETE
~UTz.

4) 180 ZESHRR BTk & B EICE R T
A, FHE0ENZEREURAYS B EE TS
510D RHIEEGIRLTZ.

£

OFEBE BRI E BN HR, S8
R OERRZ L THEN O LR & R O
Zoph, EEEOBKE LTEL, EBOBEHES
HBR U7k, @RS T 8 25T 5
ZEMTES,

3) EEHERZU T COTHTOKIBEZEEL
FREOEAESES I 2L — 3 VEFIVEERL
REDQEBE, FEILETRE, ZERE, THEKsD,
FHEHE BB BRI & DA E W
T, REDHEREBRRBER BV TATHREE
B D7KSOMEHRRE, BREZDE - BELLER
ELHEET DI EMTE.

4) KEOERERTEUDTWERDZUZIZDW
T, SRR - BEEBRICBT 2 EAEOERE
el B - IBEORI DM THAE O E
BRETV, BoN-RERRELEND, HERE
BOELERBICHE LR ThE&D, HELE
EBYETORBRORENDRL, E5ICENE
EURVERDE - BELEEHSMLE



