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Abstract

Soybean milk could generate about 1.2 fold of wet soybean residue in the soybean
grinding processes. Due to large output, high moisture content and high elevated rate of
decaying of such residues, drying processes inevitably required to be applied with
consideration of economic feasibility. In fact, microwave drying caused substantial binding
vibration and movement of polar water molecules in food to generate heat; therefore, water
could be effectively evaporated for fast drying. This study tended to suggest a promising
microwave drying process according to resultant characteristics ( e.g., antioxidant activity) of
hot air dried and freeze dried soybean residue. As transient drying dynamics of 1, 2, and 3 kg
of soybean residue and different microwave powers (1, 2, and 3 kW) indicated, drying rate of
the soybean residue seemed to be more favorable at 3000 W. The drying rates of 1, 2, and 3
kg of soybean residue were 36.917, 41.004, and 44.107 g H20/min, and they required 22.70,
39.25, and 53.80 min, respectively. However, they required 5.5 and 24 hr were demanded for
80°C hot air drying and conventional freeze drying, respectively. The dried soybean residue
was first microwave extracted through 95% ethanol. The resulting antioxidant chemical
species and antioxidant activities of the extracts revealed that there were no significant
differences in flavonoid content (0.045 mg/g) of the three dried products. The polyphenolic
content and DPPH radical-scavenging activity were 0.97-1.35 mg/g and ca. 10-15%,
respectively. Apparently, microwave dried and freeze dried soybean residues showed no
significant difference in the brightness (L*) (ca. 82) still higher than hot air dried product.
Therefore, microwave drying could maintain antioxidant activity and owned brightness like
the freeze-drying method. Of course, microwave drying could significantly decrease the

drying time.
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T HEEE PR AN EIZA B - HEBEES (Chenetal ,2012) » DIF

HRP T A R SRR T > BRI R B s - AR E RS B
RIEVIERIEH - BEERA  NEFH RIBERE " a8& Tt 25851
B 8T XEIE TR - 20 BEFRlE BT E SR 84,895 A » # 1 kg HEZF
R LU 2,11 kg 08 HquR oL 89%:t Al A res 2 nl LUE 2 Z0E 0.241 kg
S EEFELIA 20,460 ANE 2 57 GERFEE - BEE — WS BEM O A AR ELGRK
R M A 2 2% (UL > 1979) » 1 HRTER A& T Re9 B 05 =0 2 K &
EFRRER SR B R (£ 2 2002) -

HEPRRR - EOERRE RS E IR 10% ~ 20% ~ 50%/5 45 » I H & Sk
YIE (FE% > 2014) - TP e v (R ERRIRE) - THERSIE R - B GER - [
(RIMAREERS - B RS (B> 2006) - B HAEHEKARNVEESE  H
BEANSSE AR - BIRE - FENLUFIA - FrRAI bR o m e (45 0 2010) -
5340 FIFIR B ERE SR B IRl s - It SN (Cheng et al,
2013) -
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ZEHL IR EZ R RE YRR RE AR 22 R, - BEERENRIVZ R - EFIR A Ranfra 2K
TTHIER - EBmETHZRVIA - KRB G LR - ARG - R ERE
{2 2K PR 11 5 13- /K O TR B R U BE R T K2R SR, » AR EEHEHRRR - SUERZ R THARYEZ IR
BRI > 1R R - MEVE R G FEE ST REAK S - Bl
IRV R - (B EN B R AR RN G (5 A R A AR - SRR B
AEMEFVEE - B2 o (Altan et al., 2005 5 G > 2014)

AN 2 RE IR RIS - MR ZE R T » (B EY/K o
[ R8 K BB A EE Ry KRR HERR - (M2 2R B - (BE&0S R IR AR
S TR mAKEAE - — HEREMRER Y B i BV K& A 2 T A A2 220R
[ESEMEE NS - FrREENIFEIIRE & » ISEZR AT E R = - (Babu et al., 2018)

TRz R AFR By 300-300000 MHz 2 BERILK » H Hii— SR P (o F AU B808E i 2 4%
F 2450MHz FYEELR - TR NIE IR ER 2 FITROR SRS R YIRS - BEES 5 (R AR NEE R
EF BB LIRS AR MK ) T HEE A O BB s RS L ROk A
BIZUHTEEE) - 454 BB L RS - E VIR ST RERFRHTHAY - iRt
VP ERE I ELBALIMRERTG 2 » SR #e 0 > EFTER MR ~ =58 ~ MU ~ RESHZRE: -
B TEES ~ IEMEAL - BL - B8 - R B Eaw Kot —(b - WS
iR (Ekezie etal., 2017 ; Zhang, 1988 ) - TR EN A EARERAVER » W1 ERFHZELE
FIOREZ IR (5RSF - 2011) » FEREGERR REZIRIEID L AR AU 2R -

BJE Rz H S 2 T T3EE2IR 705 - Ak 85 %IEAIZR  (Aghilinategh et
al., 2015 ) » {H2BEEZEAG R - 2WEH S ' YEFZ 2R (Babuetal,2018) ¢
R REZIBAEEOR T THARE » A AMT kAL & YIEERE - [FENG S B A EA R ERRK )
Mz HEE:  (Babuetal, 2018) » (HZFRIE Ali etal.  (2020) AYBHFEIEHY » R REZLR
AYBie G S B S IRGER - (K EREA SRR - MEESYERSE - bia(baE
[#{E 5 1F Aghilinategh etal. (2015) HYBHFEHEHT - HIATOR B FR S B S HR - B] DI
RSP - SEIRNRE - (ORI BN R R ) AT i = B (R V4R D & &

oK B —FEHER SRR B Z (AR IIEV e 7 =0 FIF & amNEK s FER R
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[ERSCOREZIR AR EAF M &N RE A= 20 » [RR B R AR - #UAR
BRI F B U DOR RS i R MO R SRR - PR A A % RE
e B E M TEALRES) - DURTL SRR Rk s A R IR -

A~ MREETTE

— < bl

= A UK EEEE 80%) KREDERVGKMAIRAT (HE > 28) - 28T
% ( gallic acid ) ~ ¥} &7 2% (quercetin ) ~ HrEEMEE (ascorbic acid ) ~ BHA ( butylated
hydroxyanisole ) ~ 1,1- —ZKF:-2- = ELZK[H (1, 1-Diphenyl-2-picryl hydrazyl, DPPH ) ~ #ik
#HAMEEH] (Folin-Ciocalteu's phenol reagent ) i H Sigma Chemical /3] ( St. Louis, MO,
USA) © 99%HIES ~ 95%ZE% ~ bk (Na2CO3) [EENDE4L%E TEMRTUE 11 (Osaka,
Japan ) e
4]

UK EZIEE (GBI HEIEAIRAE]) ~ A5MORREST CHIEHE : -
20~520C » TENMARS » BUSE:TM-300) ~ HE5 « B FHE0E - AOBEEHIE G - IRE
1%~ BEOR ARV > BB OB (Hsiangtai Centrifuge » BEFEAE]) - 7300)EEET (Model U-
2001, Hitachi Co. ) » EZ% g8 (vortex genie 2, USA ) » 27545 (Hunter Lab, Color Flex,
USA) -
= ~ HZSREE OB MITROR 22 (BRAIBR > 2013)

e BTN R LIAFEEE (12 F13kg) BB RGO (1253
kW) o DI B RO D238 R RS R R R IR » IEAg BRI ih 4R - Mk e A A
TTEEEZRE ~ 2 REZME - AFHERE (L*a*b*) HYHIE - fFIF 2.5 g §2KE= AN 50
mL 95%;FFEHETT 300 W R Z<HL 5 min » ff& DA 50 mg/mL ZEHURAETTHIE LR K
b EHE AT -
g~ s T A
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(—) ZKI3A%E

e B SLPEE wi g JUE 105°C MR P HEZ B E wo - T =EHUHLE » H

IR E R AR RKDER  SERMEHEKTEE MC (db.) = (wi-wo) /wo
(=) EERBAEST

EREEENE AR ERE A=A LY ~ a* ~ bYE o FEFDN 6 2 HiE
HME - WL BHZ R ER AR B (e B o Horp LMRFSEE R (0) ~HE(100)
aMERFLLE (+) ~&k6 (— ) bMERESER (+) ~EE (—)-

(=) 445 % (Lin and Tang, 2007 ) :

HY 0.2 mL #J 50 mg/mL ZZHURK » JOA 1 mL FYBEEEEZRY  (Folin ciocalten ) J25 /%A
0.8 mL 7.5 % Na2CO3 JR&H 5% » 1505 T HEEERE 30 min » JFE A 765 nm FHIE
A > DUS BT IR REE 4R A -

(PU) JE&EEHE (Lin and Tang, 2007 )

HY 1 mL §9 50 mg/mL ZXHLR - fA 1 mL2% methanolic  ( AICI3-6H20) 2% A1E.
GIE% > AEZR VEDEARE 10 min > R Ry 430 nm NHIETOLE > DU ZEREHE
4K IHAE -

(i) 3% 1, 1-Diphenyl-2-picryl hydrazyl (DPPH ) 2 #7735 ( Xu and Chang, 2007 ) :

HY 2 mL {1 50 mg/mL #5457 > fIA 2 mL 9 0.2 mM DPPH-MeOH 75 E &394
& » TEZOR MEEAFE 30 min > (&R 517 nm F o JETRSEE - RALSKLOKH
DPPH &3 (Scavenging effect) » i 5 mg/mL HYHUIEMEE - BHA Efy %740 -

=& /AT ¢ Scavenging effect (%) = (( ABS control - ABS sample ) /ABS control )) x100%
T~ ETT

aBRaE R DIT(E + BREEFOR Y BB Statistical Package for Social
Science (SPSS, SPSSINC. 7 {EEIMEHAS AL ARAE) 20.0 4iEtELEHES

HEELTHET AT > DL T 2R E 73 (Duncan's Multiple Range Test ) » DLEHZE /KA Sy o
=0.05 » [hiH = B -
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— BRI

R BEBATR A S & B 80% » (8] 1 5351 (A)l kg« (B2 kg FI(C)3 kg 1E=
FERCHT% (1000 ~ 2000 13000 W) TAHTHZBRERARE  HLAzR RIIE S - Hub i
BIRAARTES - BIZRA BRI - FRAIRRTAT - ZREOE T LIS -
S T R T  SENEFI KSR - SOV SRR IR 2 R
SREZRE - LIRS (2011) DIBH BRI T 2 G BAIR - T B SRR
o

SRR R B RR | FTSAIEER | kW BOSIh% - fEB A 1 kg - 2
ke il 3 kg SOBMRHEFLT R 12~13 gmin > (5 2kW #OBTHR > BTHE 1 kg ~ 2ke 71
3 kg TEAIZRIRE) By 27~29 gmin » FEHREROL TR 3KW - IR kg - 2kg
1 3 kg EBATHOBREIRRLT S 36~44 g/min - BORIFIE RIE AT F R L TS
BORSZRSRAIRIR » SOTREFR 3 kW HISE MORIN (T 3 ke SRR SR
LBy 44 gmin » FLFETERE 53.8 min BIET5ERUAZAE -
% . BT R F R 2 SRR R SRR

Table 1. Effect microwave power on drying rate and drying time of different loading of
soybean residue

: : : : Drying L
Microwave  Weight Linear regression R? cate Drying time
Power (kW) (kg) equation . (min)

(9/min)
1 y =-12.868x + 1031.4  0.9972 12.868 61.66
1 2 y =-13.741x + 2031.7  0.9988 13.741 111.82
3 y =-13.538x + 3071.5  0.9993 13.538 171.08
1 y =-27.429x + 1040.5  0.9951 27.429 29.29
2 2 y =-28.995x + 2064.4  0.9978 28.995 53.26
3 y =-29.177x +3219.0  0.9968 29.177 79.71
1 y =-36.971x + 1023.7  0.9875 36.917 22.70
3 2 y =-41.004x +2109.0  0.9949 41.004 39.25
3 y =-44.107x + 3140.3  0.9954 44.107 53.80
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1000W v=-12.868x+ 10314 R*=004972
#2000W y=-27429=z+ 10405 B*=0.0951
A3000W v=-36917x+ 10237 R*=00873

|:| i i i i i i
0 10 20 0 40 30 a0 70
Time (nun)
2300
(B) 1000W  y=-13.741x+2031.7 R*=0.9938
2000 #2000W y=-28993x+20644 F*=09978
A3000W  y=-41.004x+2100 B*=00043
1500 +
B
= 1000 |
00 -
0 L L L i L
0 20 40 a0 80 100 120

Time (mm})

looow v=-13.538x+30715 B*=10.9993
#2000W y=-2943%x +3134.5 B*=10.9957
AF000W y=-44107x+ 31403 R*=00054

0 30 50 %0 120 150 180
Time (min)
& 1. AEZEEEA)] kg (B) 2 kg F1(C) 3 kg & Z&E 57 AL 1000 ~ 2000 A1 3000 W UK
HZMERARAR

Fig. 1. The drying curves of (A)1 kg (B) 2 kg and (C)3 kg soybean residue under 1000, 2000
and 3000 W microwave drying.

SAME 2 R REIRUEIIZET - N[ SR A AR R ] 2 3R 4R R A R
(R2>0.99)» FRAEARFI R DI NHaEA [F R > I CHYEZIRE B R (4
B1% 2 iz aSEm Al - A= U E B A R SO R A AT L

AR IR ] -
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Fig. 2. The relationship of drying time and soybean residue loading under the same microwave
power.

[ 3 RoPRat DARE kg FTREAYHEOR B LI DRI R (] 2 B8l (% - HUS e B R ] Reie R
REMRTHHYP > BBy 1 kW 3 kg TEZIRFEIER ARy 171 min > JRIAR 1 kW AYRETRA
TELABLIE 3 kg My SUERZIE > B/2iE 3 kW 1 kg RIFR/REL 3 kW IRETRFZI: 1 kg Y

wHEEARENER > NF | kg mEERWOREZIRTIRE 2 kW $271 2 3 kW HYEZRE
RFfE S E 29.29 min 440 2 22.70 min > UM RE B IUASE BN EEREY) - NEEEAR
2R 3 kW 3 kg 1E Ry B RETR S e B F I 2 5 20 T IREVE B T - S59NRTH
i BT EE B VO B H DR (x) RITR(S WO SR SUERS ] (y) ZBEfR > RURiE 3 #Y
R (R TR0 y=57.509%-0.924 » R2=0.9929 » SFRTFHEH (% > i HBe (I =
B TR RO DR R A TR RZRRIF R © iRt BRI S AR RAE WO R2IR » &=

SRR Ty — BB OR0RE e A DRI IR R A BN 2 S8 K7 SRy - B S ey
fEBsE > (EFSRANHZ LR AR T (E PNV DB R R R R R

PR (2017) SRR 45°C2 RN 5 kW SAHEZRE 1 A 2 kg By A 77 R E
14 A1 30 min BI5EREZLR - HEzkRmie X S IRREZLR - 2RI 45°C 2 mEZ1R s
AR 330 min o FEFRORETPERIGUR EZIR & R/ BT 2 B re IREZ R B e -
RS R ] > ZRIET RS - N E SRR AR Ry SkW - HHEH
BB RIERE > NMERI WO a2 SUER - DRI BEIERIAE 1~3kW > HAERmER
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Fig. 3. The relationship between microwave output power and drying time.

NETE R AL R BRI A R 6 - [FIBIRIEIRIFLL 3 kW IUIEZRE 3 ke e 22
B (KOS EH 77%0REE 31% > AIFFEE 350 min > 45°C /2 EEZERAIFE S 840 min (5
5 2019) > EHRBARCHIOR AR SUARY 53.8 min & [N A HLIRNER A Bk R bn e B
RHVESRIEGE - L & s B RR

» EEEA Rl EOE 2 Ah

&l 4 53 A1R (A) 3kW SR EZERAT (B) 80°C BVEEALR = BRI TR A2 Hh 4R -
B B ISR R AL R R IR RZ IR Ry 44 g 7K/mino FZ R R 2B H A i »

HFEACE 53.8 min BIA[58plEzIE » HOREAERZIE O (49 10 min) BIPRERFH 14CTFR

55°C > MRAIPRIFE 55~65°C » {haTHoRs nITe (hia SRV /K3 263 Z VB2 I ERR
TEPRR RSP Sy 2 B i=rm & By 60°C » Bll— HEg (MBI bt PR = 7L 60°C - Bl
BRREOS0R > b PR AR A BB - B EI(MEIRR AR RE (AT 60°C R - fUUK
A G HERRL - 281 80°C RS2 EBTRGRIE - (EFZRERIIIZY 0.5 hr A (HOGE ETT2 40
C - MT&HY 3 hr QERFe SUERVRELIFE 40~50C - Hf& A (H o AR RN BT+ 2
68°C - NMEEREZHAHRZIRERL Fy 1.2 g 7/K/min > HAEFZRRRIF SRS -

Ryl FRRZNE - JLERLEHT 5.5 hr > S IRZIERF RIS mnin B IS RUE E © FEMUN R = 5E
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HREREFEHIAE 65C LU » HANRZIRIRF AT - &Y MBI EZIRIRFEIHY 1/6 > S G in
BIGERGEE -

(A) 40 70
35 { 60
[
30 s €
Y 5
= 1 10 E.
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10 )| —a— NMoisture
o5 L —s— Temperature 1 10
D_D i i i i i [}
0 10 20 30 40 0 a0
Time {min)

4. (A) 3kW Rz 3 kg s A (B) 80°C ZEEZME 1 kg B AT E 4R
MEzFEIK e EEE -

Fig. 4. The temperature profiles and the change of dry basis moisture content during (A) 3 kW
microwave drying 3 kg soybean residue and (B) 80°C hot air drying 1 kg soybean
residue.

2 2 BUNON A2 IR 2 Rz e s OBy (L*) S2fE 575l fy 82.90 Al 82.73 BHEAHL
ENEFZIERY 80.48 KX STE KRB MEA R/ - INEEDEH A EE/N - i
RO 70 3 kW BHEUR R B - DL HEZ g GUENF BEIRAH » RS ez R
K A G EAEE B EHELGE/ T  (HAIREFERS 24 hr - BFHAE
Feiad > Bz =M T2 Y (L*a¥b* ) ([HZER > GERBURUNRZIGRELS R
B B WS E AR BEEHER BN R - FrDli e S8 E iy &
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BN > AT R B EZ R R IR AT INENE 25 SRR e A B TR (K - & E I
MFZ IR RNV > BE AT SO fRF 0 -
R 2. AEIWOR IR s HE 2 B

Table 2. The color value of dried soybean residue by different microwave power
Weight Microwave

(kg) Power (kw) L a b*
1 82.68+ 0.04°  3.72 +0.04% 22.47 +0.30°
1 2 82.13+0.93* 3.39+0.23" 23.31 + 0.59?
3 83.50 + 0.64° 279+ 0.25° 22,90+ 0.73%
1 80.17 + 0.39°  4.36 + 0.28? 24.47 0,512
2 2 81.86+0.99° 3.90+ 0.28" 23.00+0.73°
3 82.83+0.56° 2.89+0.13° 22.88 + 0.16°
1 81.57 £ 0.96° 4.01+0.21° 23.04 + 0.35°
3 2 82.36+0.62% 354 +0.18° 22.64 +0.28°
3 83.08 + 0.07°  3.14 % 0.04° 21.65 + 0.06°

! Data are expressed as mean + S. D. (n=3).
2 Means with different superscript in the same column were significantly different (p<0.05).

% 3 Reixfmla T ORYRC T AR AT DUE s U RERG - EEEMER KBS
Ve oAl R 100g P57 10.6g~27.6 g~ 54.5g - AT - EEHAREEH
GBI RIZ R 10% ~ 20% ~ 50%/c 4 » I H E SEYVEEGRMT (% 0 2014) > &
i et v (e HERG B % B - TEPGRG SR ~ B IE(ERL [ RIS REREIRS - P IbfER

FERS (- 2006) - A= Z/AERE RV EMER = « RIGEZRAERR > IaliiiEs
AREEE (1 2010) > (s FUERRy —fEIREE M -

%3 Wl A BB T

Table 3. Analysis of nutrient composition of dried soybean residue

Item Soybean resiude (100 g)
Calories (kcal) 423.8
Total protein (g) 27.6
Total fat (g) 10.6
Satureated fat (g) 1.2
Trans fat (g) 0
Total Carbohydrate (g) 54.5
Sugar (g) 2.6
Sodium (mg) 21
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i 4 ByHiE b tras RETR = a2l )7 (A= & S MRS R - Bk
0.045 mg/g DW » JE e R L BVRERL = - 2R S ERVR B A I - (TS
&8/ DPPH 555 FHESRE 1743 71 5 0.97~1.35 mg/g DW H1 10-15% > DUA B i = »
FEINE = VR RS PR iE i W o - s B iR L - BTN A B on e
THH - IR TRV R e R BT Y - (E e SERY IR LR R & B KR
BAR - RO R I 55 Rz IR DUECRRZ AT = Sg B =08 R AT EE M 5y

A AR R RAIEVE S & WS SRR S -

4. AEEZE T A SE 2 E b o fE ST A

Table 4. Antioxidant components and activities analyses of different dried soybean residue

Total polyphenols Flavonoids Scavenging DPPH

Soybean residues (mg gallic acid (mg quercetin free radicals
equivalent /g DW) equivalent /g DW) (%)

Microwave dried 0.969 + 0.005° 0.0450 + 0.0004? 11.15+ 1.53°
Hot air dried 0.972 + 0.024° 0.0460 + 0.0003? 10.37 £ 0.53°
Freeze-dried 1.350 + 0.023? 0.0468 = 0.0005% 15.24 + 0.62°
Ascorbic acid - - 92.15 + 0.85°
BHA - - 93.91 + 0.06?

! Data are expressed as mean + S. D. (n=3).

2 Means with different superscript in the same column were significantly different (p<0.05).

3 The concentration of soybean residues was 50 mg/mL. The concentration of ascorbic acid, and BHA were 5
mg/mL.

B~ &5

PHOR HZ IR o R DAGEOR - SR RETILER - FEMFEIBO TR - APl VER
B R HET TN HolR Z SRR SR 23R AR MERA (R > H P DL 3 kg 3 kW UK RZR RS
R FEHFR 53.8 min FATRZIRSE S > MHEINFVEEZLRFRE 5.5 hr > /2 HEZIRLY 24 hr >
UK 2 1R RE LA HRF ] SE RRZIE > S RIS I E B (L R e - AR EUERYE
B oy IRE Ry - DTS BIE TELAR AN FREHAY SR AT -

B
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AW FEREHDE R A wlTE Mo AR B B2 - AT DUEAISE R > Ry

HEECEH -

SR

SLARE © 1979 - GIEHE KT AR Z AT o MBI ERE - p.3-14

P - 2002 - FIFERIER o BEEYIRE R 25T - TERERREZR S g6l
BB SRR s

BR 2% - 2014 - PR EBh K B B2 R RV B B E e B B 2 2 -
FREARE  AmEERERELR 6% 68 -

FEREE R B SRR - LAY - 2014 - SIS/ NN « ABTEE R K
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