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Effects of Steam Explosion Conditioning on the Aqueous
Extraction Efficiency of Soybean Oil and the Functional

Properties of Soybean Meal Protein

ABSTRACT

Soybean, as an important oilseed in China, has attracted much
attention for the development and utilization of its oil and protein
resources. At present, soybean oil is mainly produced by organic solvent
leaching method, but the denaturation of soybean meal protein is severe
and difficult to be high-value utilized. In addition, the production safety
requirements are high, and solvent leakage pollutes the environment.
Aqueous phase extraction of plant oils can achieve high-value utilization
of both oils and proteins simultaneously. However, the cost of biological
enzymes using the aqueous enzyme method is high, the yield of free oil is
low, and additional demulsification is required. Therefore, it is necessary
to innovate the aqueous extraction process of soybean oil. This study used
steam explosion conditioning assisted ethanol water method to extract
soybean oil. The research focused on steam explosion conditioning
conditions, optimization of extraction process, oil quality and functional
properties of soybean meal protein, as well as mechanisms to improve

extraction efficiency. The aim was to find a new type of soybean oil
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aqueous phase extraction process that is environmentally friendly, safe,
efficient, and has healthy and nutritious products. The goal is to achieve
high-value utilization of soybean oil and protein simultaneously, laying
the foundation for the high-quality development of soybean oil
processing industry. The main conclusions obtained are as follows:

(1) Effects of steam explosion conditioning on aqueous phase
extraction efficiency of soybean oil and functional properties of protein.
Soybean steam explosion conditioning significantly improved the
efficiency of ethanol aqueous phase extraction of oil, and most of the
functional properties of protein were retained. After soybean was soaked
for 2 h, the yield of soybean oil extracted by ethanol water could reach
97.60% under steam explosion pressure of 1.0 MPa and pressure
maintaining time of 15 s. When the obtained oil was treated in 0.06 MPa
vacuum for 1.5 h, the content of water and volatile matter could be
reduced from 1.02% to 0.11%, and the yield of clear oil was 96.69%. The
acid value and peroxide value of soybean oil were 0.13 mg KOH/g and
2.41 mmol/kg, respectively, and the refractive index was 1.4726. These
indicators meet the national first-class standard of soybean oil, and the
quality 1s good. Steam explosion conditioning led to mild denaturation of
the protein, the soluble protein content decreased from 7.60% to 6.03%,
but the water holding capacity increased from 3.51 g/g to 4.28 g/g, and
the protein hydration capacity increased. The retention rates of
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emulsifying property, emulsifying stability, foaming property and foam
stability of meal protein were 71.63%, 71.39%, 80.28% and 71.83%,
respectively. Therefore, steam explosion conditioning can significantly
improve the yield of free oil, and most of the functional properties of
meal protein can be retained. This process is efficient and feasible.

(2) Optimization of steam explosion conditioning assisted ethanol
aqueous phase extraction process of soybean oil. Under the optimal steam
explosion conditions, four factors (ethanol volume fraction, liquid-solid
ratio, extraction temperature, extraction time) which had significant
effects on the yield of free oil were selected as independent variables, and
the extraction conditions were optimized by response surface
methodology. The correlation coefficient R? of the model was 0.9533,
indicating that there was a high correlation between the predicted value
and the real value of the model. The adjusted determination coefficient
Ragi? of the model is 0.9065, indicating that the model has a good fit with
the actual situation. The extraction conditions were as follows: ethanol
volume fraction 41%, liquid-solid ratio 3:1, extraction temperature 71°C,
extraction time 2 h. at this condition, the free oil yield of the validation
experiment was 97.62%.

(3) Effect of steam explosion conditioning on particle size
distribution of soybean powder and material allocation after oil extraction.
The reason of improving oil extraction efficiency by steam explosion
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quenching and tempering was revealed from the perspective of soybean
powder particle size and oil distribution in the extraction process. After
steam explosion conditioning, the Doy of soybean powder decreased
significantly from 325.54 pum to 85.79 um, and the D90 and D [4,3] of
soybean meal decreased from 623.90 pm and 194.08 pm to 207.85 um
and 109.77 um, respectively, indicating that steam explosion conditioning
made the soybean powder more delicate and shortened the path of oil
dissolution. After steam explosion, the emulsified oil, aqueous oil and
residual oil in the extracted mixture were significantly reduced from
14.85%, 9.86% and 13.38% to 0.97%, 1.09% and 1.32%, while the yield
of clear oil was increased from 61.91% to 96.62%. Steam explosion
conditioning significantly improved the dissolution of oil, significantly
reduced emulsification, and reduced residual oil and water phase oil.
After steam explosion conditioning, the protein in the residue was
reduced to 95.58% of the control group, and the aqueous solid content
was increased to 124.72% of the control group. These changes were
helpful to reduce the residual oil and improve the clear oil.

(4) Effects of steam explosion conditioning on oil body
agglomeration and protein structure of soybean meal in soybean
cotyledons. The reason of improving oil extraction efficiency by steam
explosion conditioning was revealed from the point of view of the
existence of oil in soybean cotyledons and the structural changes of
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soybean meal protein. The results showed that the steam explosion
conditioning promoted the expansion of soybean cells, the increase of cell
gap, the rupture of some cells, and the aggregation and fusion of small oil
droplets into large oil droplets, which were free outside the cells, and the
protein distribution appeared obvious dispersion phenomenon, which was
conducive to the separation of oil and protein. The study on the structure
of soybean meal protein showed that the ordered structure of protein was
partially destroyed (XRD) and the protein was more extended by steam
explosion conditioning, but the overall absorption intensity and peak
position changed slightly, and the effect of steam explosion conditioning
on the structure of soybean meal protein was limited. FTIR showed that
the contents of a-helix, B-fold and B-turn in the protein were significantly
decreased, while the content of irregular coil was increased, and the
disorder degree of protein structure was improved. DSC analysis showed
that the denaturation temperature of protein decreased from 112.67°C to
111.77°C, and the thermal stability decreased, but the change range was
small, and the denaturation degree of meal protein was small. These
changes promote the separation of oil and protein, and improve the
efficiency of aqueous extraction of soybean oil.

This study established a new process for steam explosion
conditioning assisted ethanol water extraction of soybean oil. The reasons
for the improved extraction efficiency were revealed from the changes in
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oil aggregation state in cotyledons, soybean powder particle size, oil
allocation during extraction, and meal protein structure. This provides
theoretical basis and technical support for the improvement of soybean oil
water phase extraction process and the high-value utilization of soybean
protein, which is of great significance for promoting the green and

healthy development of soybean oil processing industry.

KEY WORDS: soybean oil, steam explosion conditioning, aqueous

phase extraction, free oil yield, protein
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FRVRIRBB — PO PR A LI AR 1 JEUR FAL B 50, G J B /K 28 RUHE

AT T RENS R, AR H S AR A3 BR, P I I (R R U Ak
PN SRR B A2729 R T fef G A B T R A (VIR A L S TR A, B
TG A4 MRS A RIS AR, A B TR VAR SO K S
JFHbEE L, (R A BT R ). 5 3 S BIGER F PR AL B 2R, AEAKAR
IS AR S T 27% . YuPHSRR S SR BTSSR I i
69.26%3% 1= % 80.11%.

1.5 REEBMIEEMERMFRME

RESEEARMRIET AR R EA . £5RRIEYT, RORE
A S BRI E M, WAL Ty —mEam, & MR
MR R RS SEYEEAHLE, YR A M@ AT RS, SR LS Rh A
aikh, GORRACAEREEE . HUEAAR T IERS . KA AW T AR T4 8
PP FERE, HAEBERM RS AMEFE 3 E . JUHER R, ARRE
H Il BV BRI ERR, TR E RS, M KEEAREREAL
ANFRAREAR B it . RO R & RIFAACTE. REKME. BURIESE DRI,
PRI K T 2 48 5 0 S VR T 6 P 20 1 LAt £ R D £ R R N R 8 T
FHE B8, T 9 K il T SE 4 1) BT S5 P e R, ER R S i
MEEIEIN R A E S, T ARE TR Tk R BA BEERE X
1.6 MBERS5ENX
REESTEAR. IR BokAEWEZMWEFBSY, EEH IR, 2.
ST YRR T, B FRME R . AT, ARG SRR AR £
R RV AR, T H AR S AE M A A AR, LR NE s IR ANR
HH2AE Y B0 LI 77 5 08 2 18 HLAG 35 N AAAg e s 7R ARGER 8] DR S 40 L s e o J22 K
FAGTEEITE BN A s KBEE A S AR T R Rtk JFR @R

H.
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k. SR SRR T A .

FIIN, KR FR R R B, E R Tl A BB B
ARG R G, 0 78 40 R K AR, S SL T AR, 0 R AR e 6 L
VIR R R T B R, 76 R B AR AR TR ), 2Bk R
WA RIS, A A RS T S A
1.7 ARAR

AHFTELLR T A ERL, SRR AT 0. ZBRKIREM T S35 K
I R0 5 5T ) TR R DA PR MR T 2 7 A i K R R T Fr LB
BRI, BRI 28 R

(1) EBEAR A GGREI R, JRBEE S, R ED) X KT I AR 2E T
SR NI TG 5k R 5

(2) VARV R ) 2 K SR S T MR SR & AL (2B
B WORIEL . REBURFE . REHUN ). R .

(3) AR N K i 2 B K A R A AR FE 4377 S s 3 TR S (K&
W EEUSIREY . 5 KE0 5 KR HAR R EE A W8l SLAkIm . K
RIS I F A 45 B U B el 2 A 5D

(4) VBRI TR Bk S K AR U R B SR AT GRvce e vl
JRIF BRI AR, NKEAL DRSS EATRIAEM R, EA%H. 5
HIMOIE AT R ST .« SO MR R R CAME . FEk .
R, FUALPE. AR, RIME. MukRa . RESKEE B
THIE QSR (SR, PaErE. TR . KEY OR L
WMEE CREMBEmieRES . KEEERNIEELEN) » ROMESNE%.
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£ 28 RBBARNKERKEZERERNHEES
LhgetE BRAY SN

2.1 AlS

T T 22 350K S22 B P A LA 7R 2 EOK  1 J =R L)« — B BA
K, U AR 1 22 A D ) BRASEHETSOS | AT T G i) ) % 2 WE H o 36
AAERFNE , LEMORF BT FIHERUR T2 S5 R 0Bk, I HomAm 7R
il e HE B A DGVE R o HE T 00 bR R 2% 5, A FH AT MLk 4R T A
TRE. GO BT R KRR P RIEFIEARTTE, B AT EE
BOR G AE ™ SRR, TR 75 R A i B A 38 7 B DA B LA T St

R T DA SRR 6T i i 2 R 2 B OR, AR R UL v DL SR
PRR AR BUR S0l 200 TOEG i it foc 4604 58 A FH VR R R 45 & S BRI
VRAER R S, SR I 732 1) JBR R 3 P3G 224 1 2 A T DA 50 e 6 A s o DAY
BRI FA I, DMELEATE LIRS (RIS B m 0, R S s & o 1 5 AR it 28
R B e BRI AEL PR R FR AN

TEARZ I T, RETRIT T RIS 8] PR 7 DL S 4 ) ) 25 1 b 32
FON RGBSR 5200, [R]I E0 AR R i ARt 5T« IR kA 1) 2 1 5
DR PEU AR HEAT I AT o @I — RAVI LI /04, B 28Rt t— PR RE ORI A=
(OISO, SCRET I i 5 5 2 1 B T e PO A (R ST e /) (1 A TR 3 2%
G
22 MRI5RE
22.1 EHER

K, WT k& ESET G, HED , & 9.06% + 0.16%I1
I3 18.02% + 0.47%HIHIIE 2 32.56% + 0.93%H) 85 H i -



2.2.2 SEIGIRF

* 2-1 SEIGFT)

Table 2-1 Experimental reagents

wilEg G s
T CIE Il 244 4k 2 iU AT BR 2 =) DN
ArMimE (30-60°C) I 244 Ak 22 R PR 2 =) srifrad
LT Il 244 4k 2 iU AT BR 2 =) AR
DIAE 33 [ 25 5 AL 2 0 A IR A ) Eizpail
LS Il 244 4k 22 AT BR 2 =) AR
AEAHA I 244 Ak 22 A BR 2 7 srifrad
ERatia 25 S B R IR AR DN
LN [ 25 5 AL 2 0 A IR A Eizpayil
LB Il 244 4k 2 AT BR 2 =) e
S I 244 Ak 22 R BR 2 =) srifréd
Al Il 244 4k 2 AT BR 2 =) e
AEYEE R I 244 Ak 22 R A PR 2 =) srifrad
Z Ol G-250 Il 244 4k 22 AT BR 2 =) TR
R — I 244 Ak 22 R A BR 2 = srifrad
PR — Il 244 4k A AT BR 2 =) e
LI} [ 25 £ AL 2 10 A R A ) Eizpayil
XU Il 244 4k 22 AT BR 2 =) DN
K21 I 244 Ak 22 R A PR 2 =) srifrad
CRIREISEE4=! Il 244 4k A AT BR 2 =) A
T B AR A I 244 Ak 2 A BR 2 =) srifrad

223 LW ESEEE

HF KT (JA2003N) , Bl RMCE IR A IR A7 s AT R A
(ZX-9146 MBE) , g i SV A PR A A BRIT BT s iyl e XU B AL
(FW-100) , RETH BRI ARAR; HEKBIRGH (SHA-B) , M
M RESARAR: 6XEEA ROV (TGL-16M) , R3NS3
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A ARA A 27 (QBS-80) , T M iiiEIEASRE AR AR, [l
Pro A (WAY-2D) ,  EiERDEAAGR—T s AT (MV-5800C)
TR A IR A ] mEEB YL (FA25) , ¥ 3heE s AL s A R
NwE]; HUIRREEIX (SZF-06A) , E##HzETHRAH.
23 KWHE
23.1 REKEHMTH

SRR MARE (AOAC %, Ca2c-25)  RILIEE (AOAC %, 995.19)
FAIVRERIE (AOAC V£ Ac4-91) ME KRG H/Ky. MlF EARKEE. K
GEEHEH 9.06% £ 0.16%117K 53+ 18.02% + 0.47% 1 AR & 32.56% + 0.93%1]
EE
232 REARFGERTGiE

KRG RILEFEWMEHEY), FURATER T KRG HATTEER, 73R
W R v DA B B ik EUOR AT AR, B e T VRO R 45 A LK
PEVEFERUR T
2321 MEHREE CBKERKEH

B K50 5F 1404 1504 160 170+ 180°C FAEKE 10 min, H4 Kk 5 EE B4k
JG . 1 A5% AR B CRERE LR SIH, WD PR ML AL FE X K i T IS R 1
S o
2322 RBEARGEE CB/KERKE M

FREUCKE 50 g, JEYEJEMAN 3 528 10KIZH 2 h, TR BNEBIL R
I REATIRBR R . PR F108 1.0 MPa,  4EERTIA] 15 s. YR IR G T 55°CHE
R 12 h BIEEKE, FRVRBRAR K.
RO : KRG —TH0E—~ I8 VR BT — BT — W 1 — SR KB A I —~ B 0
O3 8 — K

(1) R 70 K T T R I 5

i AN [F] (9958 5 71 (0 MPa. 0.5 MPa. 1.0 MPa. 1.5 MPa. 2.0 MPa. )
SR AT TAL B, 2 G900 s o0 K S i SR R e o LB SR B R A o
KR 2 he 4EJRRFE] 15 5. SEEARR 40 45% WORHEE 3:1 mL/g. AEHGEE
70°C. FEHURE] 2 hy #R¥FHEE 140 r/min.

8
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(2 2 B )T DK S 7ok 7 i AU 2R P 52

i AN [F (R 48 JE B 1) (0 MPa. 0.5 MPa. 1.0 MPa. 1.5 MPa, 2.0 MPa. )
SR AT AL I, 25 52750 e o6 K s R R e o S B SR IR A
KERWE 20, ]IEET] 1.0 MPay LBREARFR S E0 45% WRHEE 3:1 mL/g. ZHL
TR 70°C. ZEUNA] 2 hy PRI 140 t/min.

(3) RIS TR X0 O S 375 T ST 2 1) 52 i

HERAFREN 5 g KRG, I&WOREE 3:1 (mL/g) MINZEIRE/K 7358 0.0. 0.5,
1.0. 1.5, 2.0h. BIBLH)E, HDMEREREREERERARKDY, &E”KK
SHHTRB AR R REROR G, 5 G IR [R) 6 K SIS R e . SRR
PEANR : 5B IE 7 1.0 MPa. 4EJE I 8] 30 s ZBEARFR 0 $ 45%. Rk 3:1 mL/g.
LB BE 70°C ZEHUN ] 2 hy #RGHE 140 r/min.

2.3.3 KERKEZENGERERRERNITE

FREX 50 g VAR R RS, e R AEHLAE 24000 r/min T A 30s, H
25K, REIREH, T 4°CRAEFH, R DIARRBE RS AR HEMFRELS g
KEGBMA=HM, B 3:1 mL/g INAARTR 735 45% 1) S B /K IS, it
B)5) )5, £ 70°C K BA 140 r/min F3E FEAETE IR /K IR IR 28 P 2R 2 he ZEHUES R
JE7E 5000 r/min (2817 x g) N0 10 min, WH EEEMAIAALZ G, FK R
RIS G EE O — IR B IFFTR IR QIR IEMAIALE, SREE
4000 r/min (1803 x g) F {RKEL» 10 min, WRH_EJZiEM, tHEEMAE, &G
THEE MR GEMB & R bR E RN E 250 .

TR (%)= (my/ (mixa) ) x 100%

EAH, m N RER R mo ARREU KIS /g a ARG EMHE.
TR FAG 2 5 B0, R URHE 5% EIIZKAH, Y 5 mL 818K
JEVERIR, FRIET 55°C ML 12 h, HRIGH . KGR R, 2T
HE 48, 7 4°C A4S .

234 REMmBRSH

B S DL AT G R B A I e T R RS R AR, 4ili% GB
5009.229-2016 (£ i 24 bR £ RN AIMED « GB 5009.227-2016 (&
a P A AR R E ) A GB/T 5527-2010 (hiE#mifs Hrefaomie) my
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I E -
2.3.5 R RETENAE MK RIELZS SN
(1) B R G o S A8 R )& 2 ()

AT BB BARIRR R T 45 & SRR R Sl 17K o3 R R i
W KT S0°CHRIM A 3 IHT 00 1. 24 3. 4h, ZJEH#%IE 2.3.1 L
SE AP 5 R S K o AR &

(2) BAVENS KGR o S A R 5 ()

AT BB BARIRR R T 45 S SIS R Sl 17K o3 R R i
HERAPRE 1.0 g K TR OE T, HEOE RIS, T 0.06 MPa % 7]
THEHESESHIMES 0. 1. 1.5. 2. 2.5h, ZJa#R 2.3.1 (75300 E kb
JERE A RIK o AR R &

2.3.6 ZHHEBINEEMRNE
(1) RIVAMERR TS BRI E 22 20T 22 OS5 (125 T i s i Qe g tavk
Fe B 0.1%)5 &7 50025 D 2 . 100 pg/mL (4R MiE A H (BSA) Frifk
VR, TE 4°C I IRORAE & o IMNPRS #% & 2 min, F HCEILINE FE S 7E 595
nm A& ARG EERY, 32 fEER 2-2 wIE S A UK B AR AE £, 45 B[R 5 FE N
Y=0.0347X+0.8488 (R?=0.9915) .
# 2-2 Braford {5050 %

Table 2-2 Experiment Table of the Bradford Method

He 0 1 2 3 4 5 6
BSAFRER 0 0.1 0.2 0.3 0.4 0.6 0.8
IR /mL 1.0 0.9 0.8 0.7 0.6 0.4 0.2
EAFKRE (pg/mL) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

HERIFREL 0.5 g F5IEE f#A T 25 mL 0.05mol/L pH=7 BERR Th 2y, B
il B AR AUV, WEIRIRE 15 s J5, F 5000 r/min 5.0 20 min, PRI EETER
F RO PR IUAR . B 0.1 mL _FEEWINA 5 mL % B M i, E 2
min J5 H ECEIIIE 595 nm ALWROGEE, %A R AE R E A& &

AEMEERASE (g/100g) = cixvi/104/m;

A o NATEHEAIKRE, pg/mL; vi ALEIHERAER, mL; m A

10
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FRARE S &, go
(2) 2% Jeong M4 77 N B A BT HF KM (BRI o HERFR
B 0.5 g RS, N 5 mL Z&1K (BKSEHD , BERIEY 2 min J5, T =R
NEE 3h, ZJG/E 5000 r/min &0 15 min, ZEZRMHIRLE O RIL EETUA,
0% LA TR, 12 LR A QTR 4 3R R v B IR B A 7K B Y 5
e
ke () (g/g) = (mi-me-m2) /mo
AA: mo NEELEMRE, g m ASLEELERBRRE, ggm N
FRARE S B, go
(3) FAATEFEE (EAD RAAETEIRE (ESD HJMlE 2% Rivera &1
Trike MERAREN 0.3 g FRIIFE S, A 30 mL 0.05 mol/L pH=7 R £k 2% & Wi 5
FC 1 R B BN 1% KGR AR . RO, MREEABEBRHIA 10
mL KEM, WERIRY 2 min J5, 7F 10000 t/min F &0 2 min, S7ZEIAE B0 K
B EY 20 uL FLRWE IIAE] S mL 0.1 %+ K ARIER AN (SDS) & H - LL 0.1%
JR A HU) SDS ERAE A XTI, B L 5 A S VA E 500 nm AR IR Y
FE, 10N Ave TEIRBLTR A THE AR W I ALAETEFR S (EAD -
EAl/min= (2x2.303xA¢) / (0.25xm)
XA Aoy 0 min B IWBOGEE: m AFFIIFEM I BTE, g.
KRB 30 min, FR AR RIAE AL B B FLRIE 20 L, I5ELE 500 nm
AEFIR G RE Aso, FLALFRE AR (BESD #ZMRLL R i fE 5
ESI/min=Aoxt/ (Ao-Azo)
KH: Aoy 0 min BT FIIRGEE; Aso A 30 min B FROGAE s ¢ Ay lE] BB 1],
30 min.
(4) M R R e M 52 2% Medinal*25: 1) 777k o WHERRR LR DU A
il 0.3 g, A 30 mL 0.05 mol/L pH=7 IR Eh 22 v ¥R, FLffi] 10 mg/mL 1K
TERAEW. A EES AR 2 min 5, 4 HEREBE N 100 mL KR E S,
BRI AARRNEN Vie ##E 20 min J5, FUGCRIBEABICAN Va, IR
A TSR UAE S (0 RV DA R AR R 12k
FC (%) = (Vi/Vo) x100%

11


https://scholar.cnki.net/home/search?sw=6&sw-input=%C3%81ngel Efra%C3%ADn Rodr%C3%ADguez Rivera

TR RER 2 2 Bl i S

FS (%) = (Vo/V1) x100%

XA Vo NEABRAAR, 30mL; Vi~ 0 min B FIEHEAER, mL; Vo R
20 min J5 R7EIARAFN, mL.

(5) SRS T8, A8 FH 3 60 Bk I R A9 i 1) 2 THT 8 /K P 48490
FRECRFDURE S, B ILECH R 10 mg/mL KGR AR, TERIEY 5 s RS
5o HBWMIRE 0.5 mL S EEB T B0E S, A 100 pL 1.0mg/mL KR
W, AR EHE 3 mine 285 T 5000 r/min T &0 10 min, ZE12IE E
TG s R FAR R 20 £, Jl I BT WL 43 S B v 52 A S 7E 595 nm 4b
RG34 725 1 0.05 mol/L pH=7 [WBERR #h 4% pid i/ E X IR, T8 VR My i
(45 & B AR B R T T Bk (Ho) » # IR AR 22U BURm I 1 45 &

i

R4S A8 (ug) =200 pgx (Ap-Ar) /Ao
A Ao AT IR IIBOGRE s Ar AFE S BRI RO FE
2.3.7 BURALIETS A

TAEIE DM E =K, 45 RELRNTFIE L hREZE. KA SPSS19.0 #H4T
BKRTTZ0 T (ANOVA) FIXSH £ etk 2% (Duncan's multiple range test)
BEMSHT (P<0.05) , H Origin 2019b B AHE K
24 ER55Hh
241 REHHRIZHEHE
2.4.1.1 B RS ZE2KZEBUAR 2

ke L K I T ISR e G ] 2-1 B, bR B AN 140°CHE &
£ 170°CHf, K EMAEMBCR MG, M 69.85%IG % 89.69%. =K
(FIHERE 2542 140°C. 10 min B, R EHITEMICER A 69.85%. HEHFHERE I EIAS
A, YRESEIMBLEIRE, 75 170°C MIBMSRIA R 185 89.69%, & 140°Cli
FENRERUR IR 200 1.28 fifo Ui LIS e B 40 m KT RS MeR, Xl g
A2 PR BB A LR A T v, K A B B S R b o AR 4 B, B I R T IR R 7
e 73— TR TEAZ AN, AERSE KL FI3 R ok, b T At i
A, TER T R RIREFLACR o TR BB R REARASE K S G LA B I IR 2R
JRAS A FE 73 e B VAR A, 1t — IR BB FL AR, S K s s R . (B AR

12
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FEERE, H[EEET 170°C)kE, EHPCRHREZIE N, XA aERH 170°CHf
AR T BRI IR A K 3 28 R 264, Ak S 38 hnpb K e o i B A .

100
a a

b
80_ (‘1/‘:'/:/—<

60

401

I (%)

20

"0 130 160 170 180

AW (O

2-1 MR VR 5T XoF 2 I 7K A HIUK S I VRST8]

Figure 2-1 Influence of roasting conditioning on the extraction of soybean oil with ethanol-water
2.4.12 RIFBRHEN CEKBZER K E M
(1) R He 775068 R S 37 THTUSC 22 1) 52 i

REFRBF BT R & T /KA E S (B 2-2A-B) . 1£ 0~1.0 MPa
TP, MRS VORISR T E T B R OK (K] 2-2A) 1.0 MPa I il
W2k F] 97.60%, Heii b REM) 2 £ . IR AT 4G TR A 3 K 5 20 2 g i 24 A
FALAE R, fE— R R ERR 1 4HpaBE, AR T3 s KR, AEVRIR R T 1.0~2.0
MPa JG N, BEEIERE IR, EleR A B, [Firf, sk
T FERGHLFEL, BEINGE, v a2 e o) R £ RIER ST
RIHIR T, HIERTTLREFE, EFRBE T 1.0 MPa 84F .

b a a a
I - = —E

100
80
60

40

HHEER (%)

20+

0 - — . : ;
0.0 05 1.0 1.5 2.0
FIRIEJ) (MPa)
P 2-2 VR 1 onS RS Tl T I WA B R
Figure 2-2: Influence of steam explosion pressure on the yield of clear soybean oil

(2 2 s I ) 3ef K Y 38 T AT 36 F) 52
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2 s B[R] A2 SR TR SR (K 3 b AN BN K. & 2-3B fra, 4k ]
FE 0-15 s VT A, T THIAC 3 BB A5 448 1 I 8] O A T B AR i v, (L 224 46 T I ] 4K 48
AT 20 s WHE TR AAAN &, X 0] REFE OIS IE HE N K S 400 A 1 2697
CL28 AL 6 I IR S DR 2 B, S04 o ] 50 K 7 240 L PR BB R P R AN K
74k, dEIER R, KEHARBEE IR, e FEORE A SRR
MRS IR, R PR RN TH) 15 s BONEIE

100- b a2
80+
604

40

HHBE (%)

20/ 4

L

0 5 10 15 20
HEERF ] (s)
B 2-3 2 B TR) 6o oK VR V5 VR A0 P 52

Figure 2-3: Influence of pressure maintaining time on the yield of clear soybean oil

(3 FREF A1 O S 35 Y WA 2R P 5

FEVR R ACFRRT, B K S DABCEIEE 3:1 (mL/g) NN Z& 1 /K32 i — e i)
RN A% K S I SR B R 0 (] 2-4A PR . BEE IR AN E K, K&
TETE MR 2 EFHES, IR [EE R 1.0 h B, K G RTE I 81.88%
RERE R 96.86%, =i 2 h [FIEHICEIREE 97.60%. WK 2-4B fivx, 12l
2 h G KGRI BRI KRG 2 A4, XAEBRK S EOCE A EA
FURISEE NGRS, A R TR R K28 B E Y 1, e K=
MR 7R, PR R RS TE MR . YIRIEN R 2 h 5, TR
i) L 285 44 SE B 1, T 5 SR (VR VR TR ok B v e DA R RR SE B T A 254, S B

>N=[

BRCRE R PEE IR B iy AN R T ah R 2EE, - PRI RV I TR 35 2 h 9L
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Hir
20

00 05 10 15 20 e . B
UL ] (h) KRBT B 2h K&

P 2-4 0] DK i T T W DA B I I R FEE ) 5 e
Figure 2-4: Influence of soaking on the yield of clear soybean oil and the degree of expansion

e B A VIR TR E MR I, & B N ARIRIK S 5IRI 2 h KGRI .
242 RIBARN K MR

TR S0 R S AU K it o B B2 L] 2-5 A% 2-3 K E AR TS,
KM PTG B, TR s 6, (HIE B REA FTRRAR: S8 RS IR
AL A et B2 B i, AR I T B K — R S bR e, Hroadediih
TR, FFE RIFMESR . KESRBRBE, FRmR K KAERY)
RS T EAME, TEHEPREAC, (AL B R R Gl B ARG, RIIR
SLVRPRR TR AR KA BEHURT A3 K I R K o3 B A R A R ) o K23 RN
A S AE R Bt B, FTRE S BTV it 25 H R 02D B IR R A AR oK i
ANEAGFT S AR G R o 1 B RIS, DAL b ko e I 0 B s ML AR DS, 2EEUS
SRR TR 2w ) o B TR G R A G AR R e, Rt
B ERR R, RTRER IR Ko MR E R T i JE A, E ) DU P
Wb FRAE 2 FEAR R A5 [ X — GRS
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R 2-3 PR X i S AR R

Table 2-3 Effect of steam explosion conditioning on oil quality.

e AT (KOH) TEAE Pt R VIS EY L)
HA
/(mg/g) /(mmol/kg) /n* /%
XHE (B b) 0.08+0.01° 1.37+0.21° 1.4725+0.0001° 5.83+0.06°
B (E d) 0.13+0.02° 2.4140.04% 1.4726+0.00012 1.02+0.05%
NGRS —% < 0.50 < 5.00 1.4720-1.4770 < 0.20
GB/T 15352017  —4 <200 < 6.00

e FAIRARNG PR EE M ER (p<0.05) , TH.

(@XTHEL 7K (O)XTHE 45%ZBE: ()i 7K (AR, 45% 2B
Bl 2-5 VAR TR i I P €5 ) 5
Figure 2-5 Effects of steam explosion conditioning on the color of oil
243 HRMRETENKEHKS RIZELZS 2N
FER SN L AR v, A 8z H 7K 7 B R A B2 i D i g o o F DG
AT 3R 2-3 AT MGV AR 45 A LK BB K G oK o B R
AL, DR IGR B DA R B AR K Gy B R e, FAbE R AR
XK G B HE R B AN ] 2-6 Fian o AT [E] Y 2 hy BRI R
0.06 MPa. FA*IF 18] 4 1.5 h I, 7K 7> KA R & B 0 i) 2. 3 PR AR 2 0.12%.0.11%,
BREFT & — SR IR (<<0.20%) o {E % R 380 P b 75 3250 ot SR P S0
R AR AT . B, B R (9 B AR AT R 5] T s 1 A
PR A2 S N, SRR it T o T 3R V2 R AE AR BRI B, S8 I 3 A 1
77 AR K 53 B35 R AR E T BRd 5 K, S R ot J PR S e /N 21 R i
L3 2 RO T T DT RIS, e I A VR 2 RV TR TR AR HOK S 3 v R 7K Ay B
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RANFENIEH -

Ky BAE R & B (1%) >
N
2o » =

S
%

C c

d
1 2 3 4 T 00 05 10 15 20
HETFIF ] (h) HAEHE] (h)

B 2-6 vt K BLZSVENH R Sl 7K 4y K35 R Y)& & 5

=
=]
=
>

0

Figure 2-6 Effects of drying and vacuum methods on the moisture and volatile matter content
in soybean oil

244 RIBRMEHEB RN RV

FEM AR, B AT AR 25 s miR S e M AR, i s 25
B A GER DL S TR PR, VMR BN S B M R R R R 2-4 TR . 2234k
HjG, SHMEAMTEEEASEM 7.60%FKE 6.03%. XA {2 7E KA
KREMPRERE S, BEFMBCRN LT, CRAEARERFIHER T8 2 s
EA.

FEKME (WHC) FiFFME (OHC) R HE A M EER D), ERHI. L
i ity SR A £ B P R R MR . IR 2-4 TN, REIR
PR 0T 5 SRR R K B R OK, BRI M BRI R K P B BRI 7K
PR 1S G S . FLBRIE 2, AR 5 WoKEIK, 7 RE2 b
I VAR S B T T B 5 BB /K R 5 55500, B R PR S /K k5 i HH SR T 3
N7 SRIRRE KRS [EE, VR IS SRR AT R T B K M A, AR
TR S SRR 8, AT REAR T B .

KRGy e i A7EIN Tk F il s 2 2 2k, B A M AL T RE 2Bl i
177 AR ST RS K S 8 A T L BE NI Y 5 4, 7E I FR v L AT B A R AR
(HEATH AT REAE RIS TALINFA TS AR, e A2 AE & T 85°CIIR T 30 704, T3
ORI ALY, A I AR BGR TE AT B K S RE 159, SRS HE
G B P AT B A E . EAL AR R R -k S A TERE 1T ESI
RIS AL L — B 18] A7 s B8 NN 5 4 RS A Tl - /K SRR R e g (00, 28
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SRR RS, SR AR R FLAPEM 4.16 mY/g B 3E FFKE 2.98 mY/g,
FUAb AR e 79.45 mY/g EPRIRE 56.72 m¥g, ULEHVRIER I B A2 I ARk
TR AR, A AR T LA RE . DRI AT LY FUAGTH B A, R
AR SR E AR, IR Gl B E R .

B R PR IEL P SR AR B B R AR ST K T AR AR AR T R
(o1, HERFRAR . A G I EU B BRI RS E M, A A RS
HE) (R0 2 MR K R 1 (R 1 DA B R A P o TR 3-4 i 5 0 IR AHAH L
VR G B AT RN 17.44% T % 14.00%, EIEFRE T 66.27% K B2
47.60%, VLBHEEFURA T —E RS,

B 24 PREIRITOG R TR 1R D A R P B
Table 2-4 Effects of steam-explosion conditioning on the functional properties of proteins in

soybean meal

AEMEE FPKE Frim it/ EAI/ ESV/ WRTRENE R/
e A/ %

HE®R/% (g/g) (g/g) (m%g) (m¥g) 1% (ug)
X R 7.60+£0.57*  3.51+0.15>  3.09+0.13* 4.16+0.07° 79.45+0.71? 17.44+1.172 66.27+1.00*  52.49+2.58*

1.0 MPa 15s 6.03+0.08°  4.28+0.23*°  2.78+0.15* 2.98+0.16° 56.72£1.67°  14.00£0.33%  47.60+1.25>  49.72+1.27°

2.5 KEINE

A B G FE T VAR TR K S i RORR AR B b i O KR T R
PSR BRI 0 22 Rl BT TR VRS A LR R AR
SRR BFRRIL, PRI F7 kR IR 1) RS 0 16 %37 a5 SR B i (5
%, W T RARTIALE AA AEHA R] 2 hy VMR AT 1.0 MPa. ZEFER A 15 s,
TERLSAE T, s e o LG g S SRS/ o RTINS, AR A 5 2 fo K
(OB SRR K 20 B R & B Ak, B & i R R . kb,
T B T SR AR TR, R T AR A A R, R T Rk,
WA T R . FLALPE AR M . X et O S U BE T AR, ORI
R R K 4 B K R R T LA AT S (RS 7
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£ 3E RBERH CEKERARE M T ZrNW

3.1 5|18

REMEFRESIEFNE, HEAKGEMER. B ANFRE S SR
LMK AR SR BB A . H B 2 2 DA BRI ZE BN RS BOR S, 1R O
S5 G IR T 1 B o KL KIS R — DURA AT SR, BA S E, 24,
T 0% DA R B 1 I A P R AR A o AN ST A FH 2R B VR T T V%
DA KA RAEHGR], AR AR RSB KA T IR bR, 230 B K
TEM .

AT RER GRS MR, TERFTRIER R VRE S 4ERRT T, R
bU A5 DR 32 X T T WSO (52, S 7K AR AR RO 5 3 1 T 25 04T i R TR AT AL
32 ME5iRE
3.2.1 SERG[RHLANIH

K&, WF R4 NEsT G2, HED , &% 9.06% £ 0.16%[1
Ky 18.02% + 0.47%F1THHE & 32.56% + 0.93%KE [ )f . /KR, EZ54EH]
WERAAIRATR, A,

322 FEXWEE

fHIR KRG 38 (SHA-B) , WM& REARARAR: &R EEAEE
Ol (TGL-16MD , #h3ii URs SEER AR A PR A F .

3.3 KWFFE
3.3.1 MHRRR BT K TR RS20

AEMRAREL 0.2 g AFIIRE & T 50 mL BUE L&, 0N 20 mL AR FR 7 % 45%
(VvIv) [ OB KR RG50Sl . WESEON: 2 B0RIK,
#1500 r/min, WERA AT, HBIERXNZ 58 AR TPATIE 5 K
JE BT {E -
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3.3.2 KEMHE T HAR Z B2k Z BN M 5200

BEAERAAR IR it 50 g, 23 0l i SEndoR A LA o 8 1. 24 34 4.
5, UBMWERNFERZNE, HRITTURETE A FPR 0N K S KA 2 BT
REIFEM . KRR N ORI 8 45% . VROEHEE 3:1 mL/g. ZXHUREE
70°C. ZEHUS[H] 2 hy PR 8 140 r/min.
3.3.3 CEFAFA S Ex K S HE MU R RS20

HERAFREL 5 g FFUAES,, F2BCRHEE 3:1 (mL/g) AN 0%+ 15%-. 30%-
45%- 60% RT3 B0 B KIS, 7E 70°CF LA 140 r/min IR 38 5 KB R
A 2h, B0 EEINEBIE, F 500 L R SIE IR IR0 .
3.3.4 EREX K S HE RN

HERAFREL 5 g R IEE S, 20 304% 2:10 3:1. 4:1. 5:1. 6:1 (mL/g) MIRIEL
TN 45%RFR 73 Bt 2.8 K 7, £ 70°C R LA 140 r/min (3R 8 K I8 R % 2
W 2h, BSOS EIE BT, 8000} X K GBS i 520 .
3.3.5 FEURE XN XS HEHEENZMN

Oy BIFREL 5 g FRIURE L, FB0RHEE 3:1 (mL/g) NN 45% KR 73 B 2./ K
T, 43 HIAE 40, 504 60+ 70 80°C K LA 140 r/min [R5 ¥ /KB IR % ZEHL 2 h,
B0 B S SRR, 25 AU N K I I R B S
3.3.6 Z=BURT ()X K 2k E U R Y200

Oy BIFREL 5 g FRIURE L, FB0RHEE 3:1 (mL/g) NN 45% KR 73 B 2./ K
W, AE 70°CF BA 140 r/min FHRZHE FEKIBHRG 70 W28 0.5, 1.0, 1.5, 2.0,
2.5h, BB R ME IR ISR, B SRR [A] 6 K EIE R A S o
3.3.7 #SHEE N K DA ENZMN

Oy BIFREL 5 g FRIURE L, FB0RHEE 3:1 (mL/g) NN 45% KR 73 B 2./ K
T, 1E 70°C R4rHILALL 100, 120, 140, 160+ 180 r/min [R5 5 /KB IRE
AE 2h, B0 B EME B E, B SEASIUR EE R SIE R IR .
3.3.8 K& M7k FEZ=ERAYNE B 14 S286

MR B A R S IR R 5 AR B (AD © ORHEE (B)  FHUEE (O) L
SAERU ] (D) fENEAR R, ARSI IS R e NAE, AT T L T
PRV TEXT DA BRI 2R AT 28 XSES8, i3l 7 2 S MR 4 SR a5k 3-1 Fow . ig
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Design-Expert A TS
R 3-1 RBRNREKPER

Table 3-1 Factors and levels of the experiment

K FSE
A ZEERRSEU% B Wiklt/(mL/g)  C FEURE/SC D AEURE/M
-1 30 2:1 60 1.5
0 45 3:1 70 2
1 60 4:1 80 25

3.3.9 HIEAETE

A ERE 2= /D IE =k, S5 RFOR N FIIEARMER . SR SPSS19.0 #EAT #
KR T7Z 08 (ANOVA) XS Z itk Zfw%: (Duncan's multiple range test) i
EMEAHT (P<0.05) , A Origin 2019b K AFEE .

3.4 RS0
3.4.1 MHEREXT K EHRLE IR

M 3-1 T BV I BEE A BB G 0, TEVe 2 xt B I R IO S (K
B/ MRAR BRI, Khiie B EBCRE > . W 3-1A-B /LA, KERH
RAR ATV B AL AT, ANRIARIE AR 70 B O, 1 ok e U KIORT DA 3 BRI OK B
RSP RAR . Bl R e BRI G N, PR IR K R R R AR 70 AT (P V(B R S5 0/
BE AR AR SR, HUARAR AR o A VAR (1) A2 P B2 R IR K Ul IR e O
HO R SR RLAR S AR BN, R ARG £ 4-5 YO . fRPEER 3-2 7]
K, PR RIS Do 235 /N T X IRAL, BEE R B sgn, RS
Xt HEALIK) Doo. D[4,3 13550 25 1 F, 1l WIS DIk A X K A Sl 25 AR 0B R AR
ARITHERIF RS ZRE R FEAR T AR, S K R TR AR
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Figure 3-1 Effects of different grinding times on the particle size distribution of soybean powder
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R 3-2 ANFEPB BN KGR RE 73 A1 S 5 R

Table 3-2 Effect of different grinding times on particle size distribution parameters of soybean

powder

FE i Dio /um Dso /um Doo /um D[3,2] /um D[4,3] /um
M R 8.97+0.132 49.81+1.25 319.83+2.18" 18.64+0.26° 122.89+2.10°
1K R 5.62+0.08¢ 38.22+0.70° 208.86+1.06° 13.51+0.18¢ 77.52+1.82%
M R 6.37+0.25¢ 32.06+1.69¢ 250.01+1.21° 14.24+0.32¢ 83.36+1.10°
2k R 4.36+0.07" 24.05+0.50° 103.52+1.33¢f 10.47+0.16" 43.73+3.94°
M R 6.73+0.04° 31.49+0.23¢ 241.02+2.02° 14.46+0.07¢ 80.51+1.62°
3k R 4.35+0.04h 24.08+0.34° 107.88+1.47° 10.44+0.11° 44.05+2.62°
M R 5.77+0.06f 27.14+0.33¢ 200.65+1.56° 12.86+0.12¢ 67.99+1.48¢
4K R 4.08+0.03 22.61+0.19¢ 83.01+1.94f 9.94+0.068 37.54+1.32f
e R 6.27+0.05° 28.12+0.19° 168.59+2.71¢ 13.53+0.08¢ 60.34+1.344
5k R 3.62+0.01 18.94+0.08! 68.64+1.80" 8.85+0.02! 32.33+1.66%
e xR 7.0120.19° 33.11+1.06° 242.71+1.55% 15.19+0.39° 77.43+1.19®
6 X R 3.83+0.02 19.92:0.082" 59.80+0.93h 9.27+0.03" 29.66+0.64¢
3.4.2 REHPRIRE ST B ISR AR

AN TR R BEESO0T DR S 3 T TS 2R R 52 e A 1] 3-2 BT o BESE M AR B 1 K

HhnE 6 ¥k, JEHBCE E I
SE RS

A7

BT BT . R

RIS 49.05% 775 I 2.,

6 AN 1) 61.98%. Ui W BEE A B B N, K R T

e U
G VSO T IR B VRS « 537, B ECBOR O

KGR HCR BN,

N LR IRRIE R, LA G SN 2 ML SRR Ok, AT iy 1 T i
5 RN, JEMMCR AR AN K, T B B RORL 2 T 40,

FERAERECN 3 IRIHE R HUE ] T 96.67%,

VLT FRAR R R E _EASIR 1 K G K B AL 232844, il i m] LA 78 0 1 T 25 217K A

i,

Xt B VAR R B AT DA B R
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Figure 3-2 Effects of different grinding times on the yield of clear oil
3.4.3 CERATRS BT imAR A MR ARG
HI1E 3-3 AT RAE H, 1 0-45%30 FEl N B & S BEARFA 0 g sgm, & e i
BIEIN,  LEEAERR I HOY 45%HE TR LS 96.80%. 2 L BEIK 4k S 0 |
60%I, TSR SR N R, LRF BAARGRSE KM, AR b & A TR
7K ity (47 R B 8 7 T DA O T I s e, sk K EUR A R K L v B LR T
JRLOH, AR ZR rh ) /N T i B SRR ORI, A KA BT TR EGE M, Rl
BEEA RATHIREFLAE 7)o [R50 1) Rk 2 T (e AR ME D IR IV Y, R LR
USRI BZE e E N B K S T I g PRIV o AH 2 SRR FE IR B 60% ] RE
BT R GHL T Z SV R, 20 B T2 sofnia e, A AF] 5
TEIM AR R B AR 53 B 45% 10 BRI N RE BRI BT -

100+ 2

TEHILER (%)
s 2
o

i

[
(=]

e d

0 %) r—| . .
0 15 30 45 60

LIRS (%)

K 3-3 ZBEARAR S B 1 B 1R 52

Figure 3-3 Effect of ethanol volume fraction on the yield of clear oil
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3.4.4 FRRIEEXT BBE I HUSERF20

RS R i K AR B S e ] 3-4 B, 4R R R Rt e 2:1
mL/g B, MR 75.19% 218 5 2 93.60%. 4RI RE, ZERGRE
PRI R 2RGS0, AGRIRG AT, Jb 1 A BORS JEORH R B AR, PR
T KA R S N REIE Y B, 3 B0 IR B B RORAR, F iR o
B HWCRHL TSI, R RREEE TR, MK T KRS IR R, it
BEF R GAHLNMANEE, M lE DS . SR, SRkl 3:1
mL/g I, JEMBCER RN R, AR R B &g m 7 EE R E g, &
FuE B S s g R SR LA, MR PR, [N, 1w R ORt i
KA A, A2 BN f5 2 e (U LSRR R R HE B2, DRl i 380k} EE 311
mL/g N'H -

o

00+ a b

B E (%)
P (=) =]
s & &

o

[\
<
L

21 31 41 51 61
WOEH (mL/g)

5] 3-4 YRk EE R bR 3
Figure 3-4 Effect of liquid- to-solid ratio on the yield of clear oil

3.4.5 ZEEURE ST hAsEHBE SN

' 3-5 fran, BEEABURERZET A &, KO RiEmice i RS, 2
REUIRFE N 40°CHT, BTN 72.47%; MIRFETHE A 70°C, 5 iR & 21
2R 97.60%. ZEHCER LR AR T REIZEBUR G N 5 Fizsl, Ik
MIAMR S, AR I S e . MR R E. IREEmeR, H
RERFSSBUEEAR S FAREI, IR TEARSMIENS G/, Wb
PRI = A o B YRR BRI 80°C T S R s i FAAIK, X — &5 S 5 HAh i
FAERMU: REE—TREGE N, FHmCRREL BIh, 2 )5 M E 25 0E 5
BEEAIRL0OT . X AT R D] Ay i P8 A o B 1 0 7 A R PR TR T A W 1 S AR A 1671,
VEMARIERRAR, FELAS 7 AR 020 B SR 1 AR UG E ] B 2 S B Z AT
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Figure 3-5 Effect of extraction temperature on the yield of clear oil

3.4.6 Z=BRA(E) XM AE I MU R RS20

UN1E] 3-6 FT 7 A BN [0 K SId IS 2 B 5 o e B mT R, e A A EUT (]
HIANBTE N, R 2D ETHRES . AERUN T 0.5 h #2 2] 1.5 h
I, TE USRI 85.79% R EHE £ 96.69%. ZEHUET ML HAK] T 7870 B, I8
TR UK T 2R ) 7] BE S SR B AR I s B IR 6
TR BAVEVE SRR, FEARIE ISR o 55— 75 T 2R TR) i S 1 n A i
PR HIBERE, FEUE AT & AR E B U SR ME R 2R, AR T
SR IR, PRI BN [R] R 2 h N

_ b b a

100 a c e I R
50| E2

S

= 60+

-

= 40/

=

Hr
20

05 1.0 15 20 25
ZEHU ] (h)
3-6 REB T[] X3 VAR 1 52

Figure 3-6 Effect of extraction time on the yield of clear oil

3.4.7 RHIRE X mBEE BRI
np 3-7 7] WARPEEE N 100 t/min I, IR S RN D Tisshieeg, S
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AR ASRE TR WEURE R BRI R, T AT ISR AR B . IR 1R T 2]
120 r/min % PA BB, fR3E T K SRS QR A AR, A5 i Re %
AR E R B R, TS ViR mISeR . SR E GRS N, 7
TS AR T 2 2B AR, Ul B IR 357 3 P PR AR A TR SR B2 i AT R

100 a a a a

b & = = |
—E

80 -
9
= 60+
B
= 404
=
H

201
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3-7 I3 T RN I HTUAC 6 1) 52
Figure 3-7 Effect of oscillation speed on the yield of clear oil

3.4.8 KEHM/KFEZERR T Z RN~ Eik
3.48.1 RBENREFESH

Box-Behnken i1/ —Fh = 201 ma ST Bt R 5T DL D (I8 4T IR 3L
Fff R S B0 AR R R AR S BG R ZE R o (R R ARH PR 3R S IR i 5 51, SR UG I Vi
e e g LA S5 25 R DU AN DR R AR D A SR PR e S TR B U SR8 7 58, 43l &
BRI E (AD R (B) « ZHURFE (O UM (D), JHHlfiE
YD AE Ay AR .

® 33 Am TR AL R AR . IR 32 AR, FH
Design-Expert ZC15%5 i R A% H AR S AT EEME, 15310 S5 m =
V€2 M EINE Wy 3

Y=95.94-8.07xA-1.88xB+2.65xC-4.68xD-1.34x AxB+2.34x AxC-8.97x AxD+
5.44xBxC+2.09xBxD+1.62xCxD-13.16xA2-11.55xB%-13.54xC2-14.57xD?

A Y-REFEME (%), A-CBEERDE (%) , B-EH (mL/g) ,
C-ZHUGRE (°C) , D-ZHUE (h) .
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% 3-3 WS sEER et 545 R

Table 3-3 Design and results of response surface optimization experiments

KT A BRI E BRI CHHGMEZ DA /A Y R

1% /mL/g /°C 1%
1 -1 (30D -1 (2:1) 0 (70 0 (2.00 83.13
2 1 (60) -1 0 0 70.71
3 -1 1 (4:1 0 0 75.63
4 1 1 0 0 57.85
5 0 (45) 0 (3:1) -1 (60) -1 (1.5) 73.41
6 0 0 1 (80) -1 78.43
7 0 0 -1 1 (2.5 55.18
8 0 0 1 1 66.67
9 -1 0 0 -1 72.47
10 1 0 0 -1 72.19
11 -1 0 0 1 81.39
12 1 0 0 1 45.21
13 0 -1 -1 0 76.73
14 0 1 -1 0 59.70
15 0 -1 1 0 70.33
16 0 1 1 0 75.04
17 -1 0 -1 0 77.34
18 1 0 -1 0 57.59
19 -1 0 1 0 75.86
20 1 0 1 0 65.45
21 0 -1 0 -1 71.23
22 0 1 0 -1 72.11
23 0 -1 0 1 62.99
24 0 1 0 1 72.24
25 0 0 0 0 95.06
26 0 0 0 0 93.63
27 0 0 0 0 95.06
28 0 0 0 0 98.30
29 0 0 0 0 97.67

e FIBRIE S 1.5 MPa. 4EJERSIE] 15 s, R 140 r/min.,

XF R 3-3 RN R [ SE R HAE HEAT R 4 4, BRI E 3-4 TR T B
BRI FOOTH ISR R . BhAh, B0 [R5 T S 1 % R 2R S A5 R S )
MIECERRL, I TS HGAT IR, ASRAS AR 2 EUK 230 (1 541 2% AR08,

M2 3-4 T, AE BB R, F=20.40, P<0.0001, #6M1i% kWi
iR R . AP P=0.0587>0.05, WEHILMIIZE R AL E . ZREIH)
PR G SLIn g B MR R R R 180 SERMGIRE . R R2 MEEGR
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1, JUAEARLRAT S, a2 AL A O¢ R A R?=0.9533, Ui WA= A ) T 4
R DR G R S B S A8 45 R I FUSIAE, 5 OB BAT s B AR P o R (1 1R
P E AH Rag? 9 0.9065, U BZA AL TN AR 22 LUK, 5 Sk b B (UL 5 A
FERHFU, AL Cv (BN 5.41%A0K T SER IS HERL, % Cv [H/ N RIS T
IE B AT 5 o DRIk, 38 B DY A DR A5 28 11 [l VA 5 R ) DA K S R TSR 2 AT
T o P AR R ] R TSR RS2 R MR IR s L I B >R U [R]> 2K HL
IRE>WRLEE .
*® 3-4 AR HER

Table 3-4 Regression analysis table

i IR R H R By F{A P fH BEN
LY 4591.50 14 327.96 20.40 <0.0001 ok
A-CTEREE 781.18 1 781.18 48.58 <0.0001 Hok
B-#kH 42.38 1 42.38 2.64 0.1268
C-HENURE 8443 1 84.43 525 0.0380 *
D-ZHUNE]  262.83 1 262.83 16.35 0.0012 Hok
AB 7.18 1 7.18 0.45 0.5148

AC 21.81 1 21.81 1.36 0.2636

AD 322.20 1 322.20 20.04 0.0005 ok
BC 118.16 1 118.16 7.35 0.0169 ¢
BD 17.51 1 17.51 1.09 0.3143

CD 10.47 1 10.47 0.65 0.4333

A 1122.71 1 1122.71 69.82 <0.0001 ok
B’ 864.93 1 864.93 53.79 <0.0001 ok
c’ 1189.60 1 1189.60 73.98 <0.0001 ok
D 1376.73 1 1376.73 85.62 <0.0001 ok
W7z 225.12 14 16.08

FAUTR 209.67 10 20.97 5.43 0.0587

afi iR 72 15.45 4 3.86

MR 4816.62 28

R?=0.9533  Ra¢*=0.9065 Cv=5.41%

HE: *RoR P<0.05, HIZEREE; &K P<0.01, BIEREEZ.
3.4.8.2 Mo N EE 54

M 57 [F ] i 87 0T 4% R 25 P ) ol Py — 24 = ) it o P07, AAE] 3-8 AT &
BRI B AT AL o] o AR TS TSR KR . 7R 3D AR IR e, [T AR K R ik
KRR IX A B 31 B9 A2 ELAF A T S 32 B s e B X2, T8 b m] AR A% ) ik
2 i P B e, DINE TR A S B EmE . K 3-8 FTLAMSH, K C
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Fig. 3-8 The effects of the interaction among ethanol volume fraction, liquid-solid ratio, extraction

temperature and extraction time on the response surface and contour map of the yield of clear oil

were studied.
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A I 82 T AT A8 XSRS 1 B 4 H RN T AR SRR R SR E 45 L, A SE
S A I 3 A T2 38 g e AL o Ay 1 6 UE TR P e (R TS R, X Sk
AT 7 BAESEES, -5 T A e AR AT 06T bl o AR o S8 T 14 S 6 5 28 9 [ )
AR, SESR MRS, SRR B A: CEAFS L 40.92%,
WORIEE 2.94:1, ZEHUERE 70.58°C, AEHUNT[A] 1.96 ho ASLIG 7, ¥ A%
Ak, BEILPRAMAN: ORI 41%, WORHL 3:1, ZEEUERE 71°C, AR
I 1R] 2 he R0 4% ML 5% AF45 B RITHI R AT 8 97.36%.

S ST R YRR AR AR H AR AE TR ff T He A1 A B K el AL o AT 7 368 1o g 2
THNE DR A 7 TR, I8 B HEAT T SR AR BRI 2 A ISR IR S50 o BRHIE SRR Y
TR 97.62%, S SEAF G MR, BHUERA T R 82T A AL S
gt R R AT 52

32 3-5 BIE Fon L 9B gt S

Table 3-5 validation and comparison test results

SEI64H 51 LEEARFRIY HU% Wk /mL/g AR E/°C RE I 8] /h TE MR/ %

FERh 2 45 3:1 70 2 95.06+0.34
etk 24 40.92 2.94:1 70.58 1.96 97.36+0.98
I UE S 41 3:1 71 2 97.62+0.50

3.5 KRB

TE—EMNEE N, SRV ) S 4 R R RERE A iR 12, @l A
L BE 25 R SR B B SO o AFE e PRV 0 )R (R A K 2 PR 0 P BB A A
AR, FIRES S EOH RIS FRZ 0, RAAE IR AT R % . [
AT BTERATRR A R KAHZEIOR G 1 125 @I R R 3R S0, B9 T R i
UH GRS R WOk ZEEUERE . A HU [A) AR 9% 5 1 2 R 3 i il
BTN o 25 TR, 1& M A N E] 4 K. EEE 45%00 SRR 3:1
IVBOREEG . 70°CIZEEURFE 2 h IRASHUR (8] A0 120~180 r/min (4R35 18 55 A R T
PR . FESLEEAL b, R e S TR AL T R I ik 2 R Ty
T2, WRE T RS TR O3 1) 2 B R 3R P Ay TR o> A B[] > 26 HU I >80k
bt JEi e N B AT, 13 B AR T AN SRR B 41%, URLEE 3:1,
AW 71°C, RN TA] 2 h, BEAE BRI 97.62%. Sk SEie g R 553
TRMEART, EB T AR 0 PR B M R TS o A T DA i v DR S R 7K R R AL
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R TR LT ESE, MRS MR Z M ot B =2 3 5 3
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£ 4 8 RIBFBXIRE 57 AR BRI R

4.1 518

LER TN TATIR, $58 K i R AR O R — BRI I S 7 17 TG 25
FFFT DR, VB 45 LK SR VATE K S 3R Oy TR B — e %%,
AL T E BRI BARTHE R . SRTT, AR TV R B K S i K AR 3
HUSCR I TENLE T AR NI FE . RANIRFOX — W, ok — B R T2
DN R GBS S & N,

AP EE BT LR, IR R ARy — R BB, RSO0 K A B AL
B I SE B P VLR A o IR S V825 0 N A0 440 L B A 4, I 1
1T S5 W% (I S 722 25 RO ML B9 U0 0 T SRR 5 4 R B8 P B2 . /K
oo, 3 — i A AT Bt K S P A4 o TR R R A AR A P A S R
RIS I AR A URR o (EE T it — B e AR OGS R e, AR L e 4
23 B -

TER L IMAE G FE e, T TS o G i 55 L B o o 17 4 R o R
THEbR. VORGSR B ERE, MRS A TR, B R,
SRTIT,  E RTGRZ 0 AR A 7RI R IR N AT o BRAb, FESEBRAE o, K S
R T MR E RGBSR E. B THRBRRAER T S350, ©F
Kevk R SFURHIREE | S5 Sihn it Rt B A A L R A T ARV R
PE AR MR, A B T8 LR R % T 2280, Sl ks
REUAR R PRBERS, ISR s R s A R .

AR B RV ST VR IR B 1 A I 7R ORF 2 U 1 s R S 9 1
Y R B B OO R B, R R R B R i R .
IR s 43T S Rk P 1065 A 7 A5 7K B R R R A RIS, B A 0 2R R e
QR . PR SO R R EUS 5 DRI ZM A5 i 2 A 45 i
ORAIR, OV 25 0 2 /1 J2 TR VO R T B a3 HUCR I ERLA, RS
AT 2 K — B RN T AL P A3 S B R RE R, HEB) R S T
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IO ESES 948
42 M5 %
42.1 KIGER
K, WFIEWT 2 NEBET GEBl, FED , & 9.06% + 0.16%(1)
K3 18.02% + 0.47% IR f& 32.56% + 0.93%H £ FH )it -
4.2.2 EHIRF
® 4-1 L5

Table 4-1 Experimental reagents

EwlE AR A
TIK LB [ 25 SR A A 2 A IR A WD e
WK FE 245 B A BlGR A PR 2 7] srifrat
LTk [ 25 SR A A 2l A IR A WD e

423 FEIWNHE

BOGKLEE 73 Hr A (MS2000) , ZE [ B /R STALER AT FRA 7] s =il B Bl (FA25),
g B E S R AR LG AT R 2 7
43 KWHE
43.1 REEKENIHRES BRI

W L AR AR K S 00 T S5eCHFE T 0. 3. 64 9. 12h, &
AR E 5 I, BRIK 30 s.

(1) $ZIEHAETE (AOAC 7%, Ca2c-25) e A [ B I 18] T K =8 H )
TKE

HERAFREL 0.2 g MIAFIURER:, AU 10 mL 45%RF 0 300 Z BV, WEIRAR
% 30 s 3L 3 IRJEAFES A B ), RISk B R — S B, WU A A Y
L FE A3 AR L, B RETAT I LT M OGRS B E N e
NTFE, rwiEAZ L, AR 20 W, F49E 2000 r/min.
432 Z8. RIBRRCEAHRR S EXTE B ER R0

(1D PLRIRIE. RRBRRTG R, 450 LLZETRIK B 45% 4R350 500 2
BV RAE N ZERGR], B 5 v BRI e .

(2) PARIZH. 1.0 MPa JE 77 F4EE 15 s IR EAERL, 40 51 AR K &
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A5% R BT S TR ARERGR], SRS THEARE S & iR

(3) DAFHZEMRKRIL 2 he RISERIIR G ER, 2350 LAZETRK J 45% 1447
SRR CREVRAERAERGR], SRS THERE S R IOR

(4) DAHZM/KIRNL 2 hy 1.0 MPa [ ) F4ER 15 s R TNERL, 43 B
ZENBIK S A5 %R FR S ) CRF AR R ZERUR, &9 5 H SRR St 1 iE T
433 KERBFARXN CE/KZERUR &HEHERE 220
(1) K5 BB 4347

S 4.3.2 WL 0.2 ¢ KKy, ¥I515r BT QRS+, e FORLE 4y
Aiie
(2) ZEBUREYIRLEE 5340

B 432 W5, FIBCKIE I 2 mL A BUR S 510 B0 T LR
e FORL R A3
(3) B RS0 I KR RRL B 43 AT

2% 4.3.2 W77 20 mL 55— KRB0 E KA T B0, e HoRLRE
ey
(4) JEAH (RIRLEE 43 A1

2% 432 JTIERREL 0.2 g S, 3950 BT SRt W FORLEE 73 A o
434 RIBARMERR &S MRS AR

WL AG , THE IR A & A o R R R GOk R R T Y
Grbl, TR I LA KON I A v T R . AR R IR L
(AOAC Method, 995.19) ll7E Bidiyh K Sl i & & #5018 2.3.3 Pk i) 9% 1t
VG E, AKHEH I E 22 NiU2SE (0 2 2% 8P AR HLvs . AR ok JEUR) Hh
TR ) 5 LA %A e R o R ) ZE (1 3 LA e 1 T 000,

PR 5 e B2 R0 5 7 K 500 S5 /K AR R SR At T L 28 B f v T BRL/KAH
AL, R AR 10 mL ZKAH TR ZERE H, A 1.25 mL REUKIE S K
WA 20 min, SEFES T E AT AR SRR AL, BRI, %
HE AN 10 mL 95% A F 50 L%, HE— B AEAR o A, [RIET B AICAE
WIAE K R AR S, IR S U S ok . BN 50 mL £ k- i ok 1) e
BVRERURE SR B e, B E 1 h BEKAS ZB-A B RGO 2
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S B R R Z A R A U T ke R, e AR R Sk A
TR . RGO E TR P I, TR N A S TR R R

Y KD = (me-mp) x100/m
A m A 10mL FEREIBTE, g mi NEHRE, g m ARMEHHIRKIGE,
g
43.5 RIBARMERR S HEIR SRR

KHL 2.3.3 75 VEAREL 100 g KSR AT K Gl A 2EEL,  AEHUES RS THE AL
s & KA GRART MR R ETEYD |« Bl CRIERE PR, &
i BRAKAE K K GIERYD &M HRE. 5% 4.3.3 75 E &
AR A . E SSCCHERT TR T 12 b TH SRR [ L 47 % B (1 o
4.3.6 HIBALESE

B EAE 2 DM =Kk, G RRR N FIELFRAEZE . KA SPSS19.0 4T 5.
K& T7Z 08 (ANOVA) XS Z itk Zfw%: (Duncan's multiple range test) i
FZMEHT (P<0.05) , F Origin 2019b ¥ A4-AE K.
44 FRE5H
441 FEEFEEXKEZKERIHREZED RIS

Nk 4-1A Fios, BEERTRERER, KERKS SR 20 TREH.
4-1B 1, TR RGN 3 hy 6 h I, R4S A il 2R AW 17 B AR
FARAL, NRARUE [ 72w Hs o ML IS RIA S 9 hy 12 h, KRR EE,
YT INF 8] DA B DR 5 7K B DK 0 FRPRE B 23T IR RE A AL/, 3 75 B3 — 30 b
PERIA B )5 B2 s MR I K
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124 8
— Ko ARty
] a oot
@10 a . R [
< 8 b o |
I S |==12n
4n 6 % 4
& R
4 <
X E 5
2_
0-— T T T T T T 0 e \
0 2 4 6 8 10 12 0.1 1 10 100 1000 10000
HETFHF ] (h) BifE (um)

Bl 4-1 AS[RIHE I a6 K S 2 7K S SRR AR 23 A ) 5 1
Figure 4-1 Effects of different drying times on the moisture content of soybeans and the particle
size distribution of soybean flour
e B A VRS AN R I R0 R 5 K E R B B o K SR BRL 2 4 A1 il K
T TR E AR AT R AR BE 43 AT R RE
442 28, RIBRRCEEHRR S EXE BRI R0

PNESRIHE/GUR L SR R LV &SPt if - e G & S P S X (=L AP D o S i hUR 54
BEAFXIRA, ROFFIRI. IR LB KGR s . E 4-1
AL, TR ST RN, LRI RENS B IR mTE IR . A
RIBARE (NN)  ARIEEE (NE)  BIEAEE (SN | Riflj#E (SE)
HIEMBCE I 0.11%- 0.89%. 0.30%- 3.56% % E I E 56.49%. 84.24%.
61.91%. 97.93%, XKW LEETRREA BLdt R SiitiEt, CRER sl 6
DI e R AR B ] ) LA SR iE TR .

HANZILAE (NE) A n LRI, ZE MK AIE MR AN 0.89%, i
BB SAR T L IR RUR . S5 45% IR 00 B 1) £ B I R 26 B T A R Tk 3]
84.24%, VMR LIRS 27.75%. 1t WU H VR R R RE RS B IR K
S S5, AL FEAE G P P9 G 5 S e B AR A, LRI RA W AL
MR, ZFEGRERIRE g R

RIEAC IR R T — EAE o 0 LRI AR (SND ZHATANIZ AR (NND
H, TERH 45% CREREAUT, R0 28 8UR N 5.42% . =A% K 5 4 2R K
K, SR EE AR AR GRS, A BT QR VU G My B K T N, 1K 59
JE I EE Ak AR, 24 i T

B4R SRR ST R AL B 7 045 & (SE 4D | 45% ZBE AU, T
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R IE BB N 97.93% . X R WIR AR I o A 52 T NS R 5 i B A [
PR, IR IR R T A M R AR M 5 #0813 1 2% A, PR Rt — 2P a5 1
BRI R eAs, P SR EE R S S, BT TR CR .

[ &K FEI a
100+ [ 45% BRI —z 1S
b _~
X 80+ ] e 4
= 60 ] I
i | B¢
0 ’_P 0

NE SN SE

Kl 4-2 1290, IR K SO S TS ) 52

Figure 4-2 Effects of soaking, steam explosion and ethanol solution on the yield of clear oil
¥: NN, NE. SN. SE M HMUEARIEATE . MNRIEUR . RILATR. BIRE.
R 578K 3:1 mL/g R ELIRIE 2 hy MBS VIR ) 1.0 MPa. 4[]
15s.,
443 FBARMEIREMEHERNE SRR

R VAR R KT e A 7K AH A S AR FE o0 A7 I R LI 4-3 0 AN R VA
PR, KER R A R BUARUE (B 4-3A) , (HIHR S P9 04 i A b 4
980, T HIRB A ORLAR I AR 73 BBRAIG W87, T /KA U PR AR AR )
Hou, A, RIRERKIR T AERESEIIN RN (€42, FEl
Doo M 325.54 um J8/NE] 85.79 um, D[4,3]M 102.14 pm /5] 31.40 pm. iR %
UL, KGR SR B 10 DK ok R B I /)y, 3 BT [ AR AR
VBT A TR AR, AT T IR H gk N ZKAH , 3 AT RE SR VAR K S A 4251
AR SR AA TS

RAFBER B RE, HAEBUREY RAE 26.30 ym AFH — B KPR 7>
i (B 4-3B) , MV BT 2L BUR & W H B AN RLEE 73 A g, /INRLAR I
HBAE 22.91 pm, KRifRIE HBIAE 150.49 pm, H/NRIARIE KR FR 2 $o & 1K
RLARUE . WKLAR M S HORE , TR BTG A BOR G Y BT AR 2 58 T 3%
AL (Doo FEHUA LR, 2 DRGSR SR AR SR AR 5 XD , H B TVR0%
AT R OK SR TE AR HUHIRLAS B S5 5 /0, BRI GO o B S 38 K T 2O R b
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BRI IKREIE o KA R, RIIK GH S S nsies , S EKE 787y
TR 2 5 5 B R

A 8 B 8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — X b i e MR
— — T
6 6
& 4 /A 4
b & /
K S
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
B (um) KA (mm)
— X — MR
— R
6 6
= R B et = B
= 4 /AN = 4
TN AL
% 2 %2
\/\ / \/\
0 0 A
0.0 1 10 100 1000 10000 01 1 10 100 1000 10000
FifE (pm) FiFE (um)

Bl 4-3 PR R BT 0T DK I 7R 2 AR FBE AT PR 5 i
Figure 4-3 Effects of steam-explosion conditioning on the particle size distribution of each phase
in aqueous extraction of soybean oil

o A-D ARy, RBUREY, /KAH, TAARRLE /A

X TR BORE VIR KA KU, R 5T 38 SR i 7 (0 ka4 23 A (]
4-3C) , HUEA MPRIARAT Y98 A8 S H, HhIAPRLAR X IR R 40 B0 BT ok, (H
AARME BEHBANK, X — s WKLAR 0 A1 28 B A B AR, ROV T 5 7K AH
FRPRLA 2341 2 B0 A W ARk, U W DR S VR VR X 7K R VA S 0 AR A 5 e A
Ko

AE RV, KA RIS B R SR BRRLEE 73 A #5 2 X0 e (]
4-3D) , AHVRIBER R DN RARIE R IE AL RS AN 42.26 pm FERE] 16.26 um, 11K
RLAR U AT RIARAE 163.25 um DRIFANEE o VORI D015 SR BT REAS 70 A 2 4L
BB EAR (£ 4-2) , K512 Deo A1 D[4,31 KRN, BE— Ui K 5275
VAT GRS ENgE /N, Rl rE t, BRb AR, MR /N Z5 BRTIR, IR
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PR o 40 2 B AR T SO AN SRR, A 1 i i Hh R, A A i i 0

R 4-2 VBRI K S KR B S AL L 20 AT S HU R
Table 4-2 Effects of steam-explosion conditioning on the particle size distribution parameters of

each phase in aqueous extraction of soybean oil

R Dio /um Dso /um Do /um D[3,2] /um D[4,3] /um

T ST 533+£0.73%  30.94+4.44>  325.54+1.43° 12.03+1.22° 102.14+3.67°
TU B 3300200 16.59+0.69¢ 85.79+5.26¢ 7.75+0.31¢ 31.40+1.38¢
ORI 4224032 23.40+1.22¢ 89.57+2.99¢ 9.74+0.52¢ 43.20+0.51¢
=L/ R 3724017 21.67+0.90¢ 121.07+9.91¢ 8.99+0.43¢ 43.94+1.95¢
HOE W 095+0.01° 3.46+0.22¢ 21.49+1.90¢ 2.29+0.06° 7.78+0.59¢
JKAH HKHE S 0.92+0.01° 3.35+0.09° 17.78+0.32¢ 2.20+0.02¢ 6.81+0.11°
W 5.71+0.520 42.18+4.31°  623.90+3.29° 14.02+1.24° 194.08+4.78

PaW S 5.02+0.12° 32.51+1.36° 207.85+2.28% 12.35+0.32° 109.77+4.42°

444 FRIBRARXNZERESYE RSB

R TR I KA BE R (0 B R, O T VR TR I 0 K S 7K AR AR HL
A TG 2 BC B S o PR N BEBIUIR A 0 A I TG 2 BC B s A N 2% 4-3 i
ANy VOB U RS UR S B2 A T, FUART L KRR I AV AR I ) B A 2
FUD, TTE A 61.91% KIEEINE 96.62%, FHAVEEAEERETS 1 5 R iR
RIFLAK AR i I (008 Al SORA St R ) 2 LA T B A7) ) B AL B2 B K, T
DRGSR S T EC ] o H PR TAL B 2 i i WO B N AE TR A R i — 2B A 5T

43 PRI BTN AR S 4 & AH I TG 2 T ) 52

Table 4-3 Effects of steam-explosion conditioning on the oil distribution in each Phase of the

Extraction Mixture

e E /% A A% TR AR /% TEAH /%
PGS 61.91+0.77° 14.8540.572 9.86+0.482 13.38+0.612
el 96.62+0.50? 0.97+0.21b 1.09+0.52b 1.32+0.28P

T FEROR A VIR 2 ho VOEHEE 3:1 mL/g ZEHUER A 70°C AEEUET ] 2 hy 3R 9% E B 140 r/min.
4.4.5 RIBBRMZEIUR S 118 S E RIS

TR PO ZEBUR & Y5 AR BORE IR AN 3R 4-4 s, VBRI, 150
FREMITIEAN 11.16 g BERE R 17.41 g, FALI ACH I R 5 il 1) 7 234
N EE IR A A TR K G A S, R K AR S IR S 2 A T
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Mo VAR SIRE R RN 43.66 g FRIRE 41.74 g, BBV R M0 B2 A
JRAR T, s AR TR i

JKAH [ T o & A i KA SR 2 AN 7.12 g 29.86 g T & 8.88 g
30.01 g, VRRAE IR 7 2 I 5 A RS AL /N o PR VR T I I 508 A 0 EH AT
Gy, B IR AT ST, BRI 7RI, PRERBOR 7RG A, A
WEFR R, BEAR T R =, 38 TIIRFI R =R, [ 1 5 42 SO N i iy
PEEBRMAMERE, $-TF T S0R b 5T A SR 0 ISR S

B 4-4 FRIEVR T 00 RE O A4 8RR S 1 S

Table 4-4 Effect of steam-explosion conditioning on the material distribution in each phase of the

extraction mixture

TR [ BREmOK  SRIEKSY
P i iit/g Aeig  KAH/g Witihg  SREEA/g

iUl &g /g
Xt 11.16£0.77  2.68+0.09°  1.78+0.48"  7.12+0.02°  2.41+0.61*° 43.66+0.88°  29.86+0.47°  1.33+0.03*

1.0 MPa 15s  17.41£0.50*  0.17£0.21>  0.20+£0.52°>  8.88+0.16° 0.24+0.28"  41.74+1.15>  30.01+0.01*  1.35+0.02°

4.5 KEINGE

AREFENIRFC T VAR TR R K S K AR S BUOR R  SEI  ATIR
VIR S RO R ISR BRI, R B IRV R B3 PR IR LA, VR
5 LA ORISR R R, FLEE AR R R SR e R L R
PR . B KR GRS, AVURBIR A M QU A 1, VR0 1
BRI R, (IR S s SR RN 18] R OK K B R R AR 4 A
IR, BP0 =5 — . BT K, KEk &
W, RS A 2R 7E 3~6 h IS ML, 9~12 h ASIW A2, R WIFLXPHRLEE 43 i i
MR/, 4 b B DA e O R S AR O R e A it B A
R, R R EFLALI . K R A 1 A5 2 2, R R B
s VMR T A SO0 T % AR DR R 2L R 40 A M o 28 15 2 B (R AR IF
X A MRS 23 A i TG 2 B R A B 25 0 P, 6 T O TR R A R
K AR IR A R TR 0 7L L ol 6 TR B AT 48 K75 o v o, Sk
e R, 85 SRS 0T 5K 4 s R

—

il

>

&
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£ 55 RBERMNAEFHHHERER EHERSHN

A0

51 5|8

TE IR 5T RS $2 B R S A AU, TR AR L 2T AL S
IRNIRFC I A FENLEI S — 255 T K G TR K 2 G E 2. BARAT L O KL
FEGr A« TR B RL 3 TC A5 2 W EE AT T YRR R DT R e AR CR M R L, RAY
15 FETEIX 8 22 A AS 2 DA A TR FEARZ R A 1 e s L

RGOSR UL 5 IR AR AR RS PO MRFAE, 2 M AR HL AR
I SCBR O R 3 o ANTROWLRR S R, F FERR R B0 K 200 B il iR A
JREVHE RS . SRR AL . g, AR S mmssm, Ge%
R ZRVRIR A TR A BUSCR IR E R R B

REATGLI O IB RO RS RS X R ST 2 R
ARFB, RN TR K GRS /R B (G5 A 1R .l X e mF 7,
5 7E ANTHOUL 2 T 48 7 V1 VA T 42 i K S /K R 2E R AR AR SRR, e % K
INCERRAR R | 3 — AR AR A AR AE R G0 L 6 8 S {3 1 S 3R AR
P
52 HMRERE
5.2.1 KIGJRERL

K, MWFHERT A NESBT CEW, FED , &% 9.06% + 0.16%I1
IKTF 18.02% + 0.47%H)H JIE & 32.56% + 0.93%H) & H i
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5.2.2 SRR
#5-1 SEEGFT)

Table 5-1 Experimental reagents

EwlE GV RS
TR LB [ 25 SR A A 2l A IR A WD e
iEAR® [ 255 B A G A R A 7 B H
M G250 [ 25 SR A A 2 A IR A WD B
TR — S [ 255 B A G A R A 7 srifrat
TR S — [ 25 SR A 2l A IR A 7D e

523 TEXWKRE

BABE (LW200CA) , Fig il 4 s i ARG BR A 7] s H il v D)y L
(KD-3358) , iRl a3 sm AR an: X-SLATHH{ (D8 FOCUS) ,
15 [F Bruker A F]; fHE AR AMEIEIC (IRPretige-21) , HARREAFR]; &K
6T (RF-5301PC) , HAREAH; A kI (BIO-RAD) , %[
ARAT,; ZRFMERL (DSC2500, TAXE) , EEARH/RAF.,
53 LI E
53.1 KEHELAYI R/ FhERSHAZRMENE

VIR AL K YI 60 pm 13, K R G A BT830 B, H 0.5%
HIMZL O Bl gt 3 minl™7™, FHIROKARIR 2 2 RPB . RJEH] 25% (viv) HIL
B2 7R TR R i 0 € B8 TE T 0 BT 1 o K5 G 5 RO i B T O 2 S e P W%
AR AL o
532 RKEALYIRHEARGFERSHAZERIENE

2% 5.3.1 WI7E, 85 D iE e o R L0230 v o i) 2 1 o kAT G
i, FEGE R TSR R A AT
533 KEALY R HRAMEARHIVNEEAFZRMENE

fEH] 5.3.10 5.3.2 750 R EUI R BT XG0, Rl LSRG 2] J o
TR DL K B 5 43 A A L o
5.3.4 RN RSHIEBIENE

FIRA BRI VF SR, SRR S I R b, HBEERER
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MR R 2 REERL, Wi4r 10 nm, (F A R BT BB HEAT SR
5.3.5 SHEB X T iTET 24T (XRD)

2% ZitengPVEEI T8, FREGE & IR IIRE SN T A RERE , J8 I 4%
JEARE S R DY R BRI . A X R RATHO T SR A s A
MRk, SRS RSN 40 kV, HIN 30 mA, 8 °/min [HIHHEEE, i
TGy 4~70 °, 43 HE3 0.02 °,

53.6 SAEBEEMLIINEIESH (FTIR)

27 Xuel'STEE ) T8, FREL 1 mg SRR, A 130°C T4+ 4
h FRAHR 100 mg, 780G a4, KA IRPrestige-21 {8 B AZ #2140k
TSI T8 FE i LT AR o 0435 AN 4000 cm™ 28 400 em ™ IL4E, HIH 512 1K,
RN 2 em™ s RE AT IE ., P . BEZ T (1600~1700 cm™)
A 101 45 (1220~1350 em™) SGigH Tl A — k4549, F A PeakFit
4.12 BAF B R BRI 1T DCORBERZ 1L X AT R GRS, IR o-18E
B-HTE. B-F4 AFITC RN i S5 44 (AR X &

537 EREBERIMLIES T (L)

SHERRUEUSE T, HERAREL 0.02 ¢ FIAFIUFES, I\ 50 mL 0.05 mol/L
pH=7 FIWEIR T PP, TCl 0.4 mg/mL KEEEER, 25K & EERER
P& 1 min 2 HFRIPVE MR . DUBERRZE MU 7S 0 I, RERE PRI N Bt
BT AN TG RE T R IRE SRR ARG, 4 A 8 D 200~800
nm.

53.8 EHERNIRERAKIL S

S PRIAOSOE W7, FRECREIIRE 1N 0.01 mol/L [FIBRR £h 2% i
P % 0.4 mg/mL PRI R SLEE IR A5 FH 2 6 23 606 BE THII & A i 1) R 2201601
Who BOERESTE 295 nm AbUR, FHEREOGHE A 300~400 nm, UK FUR k4%
N 5nm, FAFEEE 600 nm/min, HE EIFE Y 0.2 nm.

539 ZHEA+TZREREEN-RNEIIZ R EK (SDS-PAGE)

S FH A% T B i e 4 B AN 12% ) 70 B e #E4T SDS-PAGE 525, 73 H K5
EARRSEMNT MR, EEFEFGT B 2% B-MECE) KiEmE
SDS-PAGE Ff it Zz il (1:1, v/iv) JREIET 100°C /K M#A 5 min, 10000 x g
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20 10 min, HU 10 pL BIEWR _EFE. FESD BRI 20 pL. HLUKAE 90 V LR T
3247 30 min, ARJETE 120 V Fiz{T 80 min. FLIKZEH 5, B 0.025%1%
A0 G250 VTt SRIGIEEH 45%F A 10% LRt i te, &
S BB S E W .
5.3.10 SHERMRIREMETH (DSC)

AERRARI 4 mg FF Moy R BN &, 8 2R & BGE SR AR IR
(Ta) FIAAERS (AHD o MESHC: THETEE 30°C~180°C, JHRIHE % 10°C/min,
WA NES, K 50 mL/min®, LSS NN R,
5.3.11 BUBLIES A

B 2D ME =R, BRI EME £ hRdEZ . KA SPSS19.0 #E4T
BRZETTZ 0 (ANOVA) AR E £ itk Zta% (Duncan's multiple range test)
BEMESHT (P<0.05) , F Origin 2019b B A4-AEE .

54 RS0
541 REHRAYI/FHERSHEREAFRHIRNE

xR R AR ORI, A2 B AR IE (1 5-1A) , HEBIEE ST
R, AMIRIBRAR /DN, AR A e R . RN TR A K S A i ] A RS T )
i » LIRS B/ BB D, 5 2 XA 758 DA (8 ik 4 45 00 BE AR 4RI A 6 1
5-1A) , AR AT S, DR AR AU R A 5 2 N KA 75 25 IR 1Y)
B, i EL /N iR AN A BN K AR JE B 5 FE LG ANA s R . K E4
RIS, MATRA PSR (B 5-1B) , HEFIARAS S INERAL, 20 A [a] R B
IR, Er AR, AR . AR, VURIR B K E4HH
PRI I 4 5 T R 5 BRE KRR, HORUR SR e (B 5-1B) , XA BT
BENTKAE IR BRI o B, 2 BB SO 15 2 1 iR e L 1 A A (1
5-1B) , KBRS T RSN, 04 A SRR A A A BRI, XS
Nil2IE5500F o K 2 I ORI e 45 SR 2R 0L e PRI, KOG YR R ot J PR AT I 7K A
R, B HCRE I I, R DA AT YR AR TR R o s A5 AR Z TR AR AR
KL T BB A T BB » T 2 T A 2 A, BE KA S S R i o
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Figure 5-1 Effect of steam explosion conditioning on oil accumulation in soybean cotyledons
d: AR E Y, B-IREBRED A
542 RKEALYIRHEARGERSHEREXAFZEMENR

PR R T R G A ER T AR ] 5-2 BT . SRR EZH B 5-2A F]

k0, IR AR G AN SE RAR N e %, AU TE I AR I 5. IO B
FUIRZS s XoF FRZE (1 28 (A B 38 2038 A T K S 40, R0 9 2B — BURPIR S,
AWLEEH W] 2 ) SRR B G . SR 5-2B AIAN, VU IS R S0 S5 A
HILREA, MR RS, FWRENARER, HITREME, imH
AN R E I 7O R, R RE S ARV AR R 7K 28 SN G i R] R
FUEBERUT . RN, PRGN R S s e 5 B0 B B s 1R 4 DA S AR
M AR L T A8 . 28 EFR, RESRBEABACES, AR T4
FUIRES H R B3 B AA FPIRAS B 1 5T 2 18] 45 K0 R A= AR A 0] 33 s 00 25
T H 1 K e T T
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Figure 5-2 Effect of steam-explosion conditioning on the aggregation state of proteins in soybean
cotyledons

H: ARSI, BABKREY A
543 KBALYI RFRAMEARHIVNEELFZBMENER

18 e AR R B2 5 VR 2 K T ) HEAT Y 5%, AT T B I
R EES . fEIMBE AT, SRR R i (L) RiaRsh, 7E40
NN R IBONFEE « A PRI ATIRES o VRS ORLAR IR S35 08 2 JF Bl 1 W
RRREMR, SRR BUE R S TR IRA R A 5T . MERA R EA
JRTEZH ML NG PRSI B R €, (RIRR G I AR A —, B8
VR P e S BUR 5K B A8 I o PR SR FERE DR S 40 i v it IR A 2 1 5 A
LA R4 T 27 T, FTRE T e A0 A 0 R A AR A RaS, o
TIPS IHARAE 8 A, (]IS o 4 R A 3 AN T AR o I AR Ay ]
RE 2t — A2 A DR LR S i R B SR R B B D Re e
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Figure 5-3 Observation of oil and protein in soybeans by double-staining method
W ARG Y R, BIABRED F Ao N O ¥imig o va , WEsA
F ok A RN .
544 SRAIMUEMRSHIIHEB RN E

VR U0 R TOUL T &S S5 A8 B 52 L] 5-4. IR A SRR BRI 2 (&
5-4A1D , REBONBUE. . Al (B 5-4A) , SHIRIEWE N TR
RIRRE S AL ATRE R AL GRS AR Z i, A BB U
SHEH . XA, KPR BL R SN B R R I 2 (K
5-4B1) , KARBUNS .. SMIRMEHEI TREMIL, ML T . RIRE
(¥ ORI R LR I8, X PT REZ VAR R 0L AR (R K 28 SUBEA T 4t &5
14, I R B e M PR S 300 o FH T BORE RO PRIk N R L IR 7 2, (R T 3 71
A R AN RS, BN T s S A Rl AR, AN B i R RO
IR
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Figure 5-4 Effect of steam-explosion conditioning on the morphological structure of soybean meal
T A-Axs Bi-Ba 73 SIARFEN ORIV 57 5 45 21 1) 526

5.4.5 SHER X §TE&LTH I (XRD)

T HE T3 T X 2 A A AT S AE B _E W DL AR SR BE AR A, SR E A
R RS, AR T EE A B 4549738 4 . XRD HAH R 58 B S 8 1 28 i
A P 2R R L], e 20=20°9 BRI £ 1 TR 4 U2, IR 5-5 A RT LR
t, RELEVREAFACES, GRS AR 2000 A0 50 B 50 ZEAH LE A B T
B, fELUEE Y 5 5 DA S A B T 2 2 AR Ak . Ul VR R o PT RE S BOR LR P i — B
Or A 7SS RBOR, B A A T AR R T O IRES o Z8IRBR B AR R
IRE AR, FTREREIA T &8 KA BAE A
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Figure 5-5 Effect of steam-explosion conditioning on XRD patterns of soybean meal
546 THEBEEMHIINEESH (FTIR)

LA R A T BRSO e K A M, T80 T R IR EE RE R A2 8K
TG R GG 3, e B AR S 2T AP i F R RAE R 1 BT A, i rT Ak
FAEF LTy B8 A A48 4k . WAL 147 (1600~1700 em™" i (1R Ui ) ]
FRVEAN 28 15 1 4540, 3825 C=0 (4E#R3N 1 C-N (4R a0 51621, 1542
™! R B IR AT I o) N7 2 9 BT IR T A (&1 5-6) 5 N-H 25 RS %
1220~1350 cm™" [ SO UAExof 7 28 195 () I Ai T 77, RFR. C-N IR iR 3 A1 N-H
(2 AR Bh . MRS, TRA% T T0 AN IIL A5 0 R A 06 F) o7 B8 R 5 5 80 R A
WA, Ui GO R B R RICH WAL . 20861 1800~1000 em! i
BN FL2 K SR FVRIB-FE K S BREE A U X3, BRI BRAE 1072 em™ Abf= AR
(RIRFAE AR AR B B 8S), VAR5 i IS ] 1060 em™ (1977 [A) R A T 1672,
VO EE A B AR & S ekb X T R S A AR A TR A R S B0 . 2861
em™ 1 2927 em™ BT I WA e AR 2 AR 1 o R BRI FY RS (1) C-HL 43R a8, iR
1R J S0 7 BTG S 3 AR A, ARG R R P AIG, AR S B B i s . AR B AE
3448 cm™ kbR AR (R AEIE 4G O-H N-H Fi iR sh A S BEE788), SV 150 55 )
WK 531 O-H A 4R BN B B 7K 21 /N, PR I WA 5 B2 B AIG, TR BAIR
PRAE S 280 B i p S A DB, G AR E YA BT .
JR I R EEREFER-HTE (1600~1640 cm') « TEAMUE R (1640~1650 cm™)
o-12JiE (1650~1660 cm') FI-#44f (1660~1700 cm™) 90921, 353, Bid
EASEYEA M, KEEABAARIKMo-18E 2 8 RS- a o &
03941, % IR AERY S B AL LR 5-1. KEVRBIE G G A a8 5E. p-
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Figure 5-6 Effect of steam-explosion conditioning on the FTIR spectrum of soybean meal protein
R 5-1 HAMBEE 1Al A L0 A5 H SRR B Al MR R
Table 5-1 Relative contents of the secondary structure of soybean meal protein bands calculated

from amide I bands and amide III bands

Ak a- SR iE/% -4 /% B-Fef1/% TEARIIAE H/%
X 20.790.99° 29.190.20° 34.620.24° 15.40+0.36°
R 17.84:0.80° 27.72+0.15 28.34+2.05 26.10+0.67*

547 BREAEIMLIES T (UV)

LY BAR R —Fh i W AR J7vE, DR B B RTEA R T 19
SRRSO GG ] o 24 8 1 R (T [ R R A R TR R TR I, G A 5 751 PO A
RABE, #—D SRRSO R, 385 58 A 1 738 A R SRRl i o )
AR PERRRE o YRR 5T AL BN EOR R B R AN IBOG IS S e A 1 5-7 PR, AR
200~400 nm FIPEKTE R N, YRR R T AL 2R 5 1 H 0T 5 0 HE A A O B
— MR, EAF P AR (AFEAER. REARMKNEAR) REWIE
SRAI DA A AR SIS, BT 0T R B R AR AR A . SV URIA RS, &
IS I E G AR T — 8 (AR Ak, A1 AR B T 2 190 23 N I 5 A R 2 e 1R
BRIEBRERAE 7> TR, GG E A RBOEE BT £ 280 nm T A AKAR
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R TR SRR S, TR TS I 2R E A S LA B, TRl A W
ZE 5, JX AT REAETUR T 3 BUG A 1 X B R AR R R L PIT AL (A S e 222
791, R AS T B 5 A BB K 95 A IR R SR IR RS AR R AL Ah, BREZFUI 1 R i 4
1

0.0 T T r T .
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Pk (nm)
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Figure 5-7 Effect of steam-explosion conditioning on UV spectra of soybean meal

5.4.8 THAEAWNIERAAIE S

TERT B 1 0T 45 R 78 A (R 7 308 SR 26 P D0 5 DY I T v o VR R O TS
IR R BT B AR A R AN o FH T P YR SR DI 0T 28 1 I3 401 i 1 £ B R TR Al
PRIEAR A BURR U001, BRI T AR T8 R 4T (M A5 R IR AR AL . B SR TE 295 nm &b
Wk, CAESRHERRES S BR R AL (52 m U0, #F 300~400 nm I KGN, &5l
VR AL TR ) SRR B R S o R s TN R AL YRR RO B U
343.6 nm, X RRZH AIEAEAE 339.4 nm b, VERAZOGEREEGINIF H R A T 4%,
B TR RN BE 52 BIPRMRREIA T  , ATK ONRE 1) e SRR PR B R IR R
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Figure 5-8 Effect of steam-explosion conditioning on the intrinsic fluorescence spectrum of
soybean meal
549 TR ERBRIN-RA BRIk (SDS-PAGE)
SDS-PAGE 1] LA Sk AV Ja » B A 20 15 DASCBR (1 R LR i) A
o XFHRAL A, W ZANEMT I E AR &, S mEANFER ST RAE. MiRE
AEFETT S BIVKIE 2 5 3 AR L, BEAR ST BOE RN 5 B 35 VA B SR AR 00T, AT
PRV DT A BRGE SR B 1 0 P 2L RSO 225 40 TG ¥ 3 s, R 1 O AR R AR L [ P A
ERAEH N0, R A R E A TR, RIEHENS RS, "otk
ANBRIE, X ] Re A D RE PR A LR B B S R, X a2 LR gt — 2B R R F K
FHGRE . 58 SR S Bt 1 SR
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Figure 5-9 Effect of steam-explosion conditioning on the gel electrophoresis pattern of soybean
meal
5.4.10 EFIEBRHAIZEM (DSC)

DSC AlJE VIR (T FEMER (AHD RBUE AR, Bh
TR B e s R R R M TR I Re R AU R, B A R A M AR E Y
(ERRYEFREE (R AT 2 5/ SRR . &) 5-10 B, AR DSC B REAR R T4
A AR I RE AR AR 3, TR B RE T st T PR R O AR B R AR
WK, IR ISR N 112.67°C, R 5T AL FE 5 B RE i A8 1k i P
K& 111.77°C, ZBYERE I 12.96 J/g T %2 8.23 /g, RMLRBIAREEBKAE
TR AR, GHE AR, S TRSHNEERLD, BEAST
ZERER 3 L2, HAE, ARVEIR BERRAE /N T 1°C, RV I & i A
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Figure 5-10 Effects of steam explosion conditioning on the thermal properties of soybean meal
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protein

5.5 KRB

A B PR SL T I v A SR A N SRR R A A SR TN SR T A A YRR R AR
i R M KA BE U A S PR o S8 I AT W S R B, YRR A AR S 4
SERLEL, AR SRR S BRI I B T R4, H 0 A R A A R B A R AR
DREUHR, XEEHE R THAR S R AR . F BTSRRI, BRI S
SRR 2, R H I, A B VAR E A ARE . XRD. UV, FTIR.
WIS 66T . SDS-PAGE Al DSC &5 70 4 R o, iU 1 R E R H
WES > B P aif, MEAS TRE—EREMRE. L6 8B R, RIBHR
T SRR AN AL L AN BT A S SR, TR TR KA AR
WO, AR T4 R R R T it R ZK AR A B AR R AL o
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6.1 Z5it

ASHIF 5T R PV PR T i B £ B /K ZE UK G i BRI e SO AR 1, S i
I . LA . RIS, 046 (FTIR) « $HHHEE (SEM) 2%
FB, ELZES S 2RI & EFERRIT . SRS AR DRt i S
S T 2RI, BT ANk, S0 RO KEMERTZ. B
ZERUTT

(1) ESL T PRBR R B B OB KV VR e RCE R Ll L2, did R4
HER PR A QRIARS IR VR E T 4EIRRT ] XK G i /K AH A B R A
TR BTS2, R IR LIS [R] L R e g R A He I T X6V it AR ) 5 2
TE—E YRR, $2 TR R ) AN 4 R IR ) ] R oK G A 454, R it AR R
& A o O VAR 70 T RE 2 (8 K S OB ALE  5, BELA e IR 7
Ho &M IEKRVES R S BOR TR ZAK, & KRB IR, AR TR K &S
BIERY G DR AR . R R R K S RV S K S SR
SEEEME, AR Tl AR EL 1 58 PR R 5 1 - IR VB TR] 2 ho VAR R /) 1.0 MPa,
YEIRIFIE] 15s, ERLARAE FiB MR TIA R 97.60%. A lE MRt (0.13 mg
KOH/g)  HEAE (2.41 mmol/kg) FHFTIEIEEL (1.4726) HFAEEE XK
SR . R E A BT IEAE 0.06 MPa B2 FANEE 1.5 h, W] LUK i
IRy AR R Y& BN 1.02% K E] 0.11%, 54— 20K G E K bR

(2) LB N S0 bR, W R RIRAT T SR 8 R .
AEHURLRE . AEHURT ) 495 8 R AR R R AR AR . 7S R R SR IR R b, R
S LISAIRFS S VAN oL ey E AT TE W EILE iy 0 i brlig A b o e S s
RIZA: SR >R [R)> R HGR >Rk o JE I me B 1T P o i, 19 B A
TEEM N CBEARFA KL 41%, BORHE 3:1, ZEHGREE 71°C, FEUSE] 2h, B
B B6F S5 )3 T SR FTIA 97.62% . SR IE S0 45 S-S5 B R T B AT, TR T
TSRS P UE AR MR P SR, R ST YRR R T i B T KV R e AR K S I T

B

Zio

56



TR RER 2 2 Bl i S

(3) MR RLEE Sy A« il B ANPARL o0 A 48 7~ VR 8 VR Tt v TR AR 1
JEDR o PR T RS PR T SR A SR RAR . KSR RIAE Doo A 325.54 um
FIR/NE] 85.79 um, WK T KM 5 LR A TR, IR 2 5 A S
RIS R, B T I IR A B s BRI N, 4R T TR AR, b
T PRER AR, TS & TIE MR . PR R TR T AR S A 1)
RLEE YA, BEHNUR G W BN . NRARIEARA B R PR RARIE B 4,
BT U IR R G RS AR R T NGRS, ABOKE Ry, MR S E
etk o VR PTCE T 2EBUR SV S AR L, B K T I KA
THAIVE AR ) B, T T LA AT RRZEL ) 61.91%38 51 & 96.62% . X SEARAY {2 fiff
RS ZEBGSE AR s kL o e 58 A R T8 W T SORT 2 B, B T IR I AU
%,

(4) RGPt v i 4 SR B S5 B0 AR 2 20 APV R 8 o i v I S 1) S A
SRR RN, VRS SRR L T VR AL, BORUR SN s E ok
SYIR M RAMOREE R, VR R S K A R, A IR K
VR /)N SRR RO T U B T A IR B R, 7E S S ARG AR HR i N K AH
Vi ATl =i iV N 0 e N e s = 5y 7 9 G i S S i R
EARE— B0 WA R TR S EAN S, ROk S O
IKBFEARTIAR, AT BT IR 2B 1

(5) 330 SR b AR 1 5 Th RS B R 45 R A A A5 A R R VR R B R i A
OB MR B o BRI IR S B MR AR A R M, (E AR VAR A
No SHITEMEE A S =EIC, TR b CREE MR T 2 A E A
BEANIKAR, BRI gl s SRRSO, Rl AN SR Mgk PR R, ATl Mg
SEMESE, BRTRBE (1.32%) 5 FAMERGEREERE, b 7
=, R TR A SIRNE S, 8T R SrEmeE . X XRD K
PG WS baw oS T iR 27 N NS 4 = e el 017 SWA o (a4 S DT et (A
J&, TFFREERIIN; FTIR 40 i o S AW R R BT, o-iR)E. p-
Pr S MR- f B BFEAR, TR &&= T ms UV BN RSO iR i 2
RS R AR, B9 05 B IR E LR TR I 3 e, (VR IR R IE WA B R A T — €
ik B AR AR MR R AE DT 1°C (DSC) , TiBA GRIER A e e T2
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2, ARHE T /N SRR G O, FEAS TR, BB PR MR R RUIC. &
H B D Re i 43 AR B, AR TS E A S EAR . AT, R ERE
A B B KR UK G T2 m AT AT (. ML T 1F OB, B
Bl A T2EMR @RI, BA T mE N AR5
6.2 FRE

AT AT [ Ge RO R o AE K LI KA 2R R G EE BRI R D7 TR AT T —Le A
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o Ja SRR B ST A R RIS AE 7=, Aok DA A 7 A7 AE R AR
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