5 44 % 5 8 i Tl B Vol. 44 No. 8
2023 4F 4 H Science and Technology of Food Industry Apr. 2023

AR AT, SRR, SF . AP PR O Z A A S REAE ST BT (9], B A T BHEE, 2023, 44(8): 197-204. doi:
10.13386/j.issn1002-0306.2022050251

LI Ruomin, ZHANG Huanxin, PAN Saikun, et al. Process Optimization and Functional Properties of Peony Seeds Protein[J]. Science
and Technology of Food Industry, 2023, 44(8): 197-204. (in Chinese with English abstract). doi: 10.13386/j.issn1002-
0306.2022050251

- TZHRK -
HPHRE A3 2RI REME v B
TR WIRHT ", BRE?, M

(13T R AAL I 2212 i 1 2 225300;
QILHHEFERFASAFE TSR, L &R 222005)

i B UK F R BRERTLERREAI LA, P g atFo RN, G2 HE%E
e p @R R, FERMRIL, BERE. BANZ. LB ESHEAFHEORREG IR, HLR
ERBIZE, ML, ZREY, BKE-BEHMBERTEIRBRAEAFREZTORRKIEZESA: #
A 1:98 (wiv) , BEREHNA495C, BRAFNEH 1.9%, ZFEH 119 mine AREHT, EQ9RRRE
K 90.95%. A ZFAEFTAERREOML, ALBAELEFLS, 2EAELRSENAMRS, Fiedtdn
HRME, Bk, LAETETFAERRE OGRS NE, LIefAr g eH, bt TR R Sm I
R o E B K AR-AR B AR B AR A BR LR R B AT R O B A &5 09 E R LA AT 2 fadF ik
FARIR): AR Bk, MK AR, AR E G, RIRL Y, sk, R BR 4 A%,

&3S TS201.2 XERFRIDAS: B XEH=:1002-0306(2023)08—0197-08
DOI: 10.13386/j.issn1002-0306.2022050251 AT &

Process Optimization and Functional Properties of Peony Seeds Protein
LI Ruomin'?, ZHANG Huanxin"", PAN Saikun’, YE Jingjing'
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2.School of Food Science and Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: On the basis of enzymatic hydrolysis and ultrasound-assisted extraction of protein by alkaline solution and acid
precipitation, the crude protein from peony seeds was initially separated and extracted. The effects of solid-liquid ratio,
ultrasonic temperature, enzyme dosage and ultrasonic time on the extraction rate of peony seed meal protein were
investigated by single factor experiments and response surface experiment. The optimal extraction process was determined
and its functional characteristics were determined. The optimal extraction conditions of peony seed meal protein by
enzymatic hydrolysis and ultrasound-assisted alkaline solubilization and acid precipitation were as follows: Solid-liquid
ratio was 1:9.8, ultrasonic temperature was 49.5 °C, enzyme dosage was 1.9%, and ultrasonic time was 119 min. Under
these conditions, the extraction yield of protein reached 90.95%. At this time, compared with the conventional method of
protein extraction, the protein obtained had a complete range of amino acids, the content of essential amino acids was
improved, and the functional properties such as water holding capacity, oil absorption and emulsification were better than
those of the conventional method, and the emulsification stability was better. Therefore, it was speculated that the protein
could be used as a food processing emulsifier. Therefore, the peony seed meal protein extracted by enzymatic hydrolysis
and ultrasound-assisted alkaline solution and acid precipitation method had higher nutritional value and better functional
characteristics.
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acid composition

WSS (Paeonia suffiuticosa Andr.) J&=—F T
DLRASTHAMEY), 225340 F 3R E LU AR 48 45 Py fili Hb
DX, FAE ARz, Jageit, #ub®) 2019 4F 6 4t}
FFAFFHE 24000 JT 2T FEMESEEAE AL GE 3L BT
2, A EATEWNE N k2 — BRI Ab, if
W dtPHFF TR A R E R AMBE R R, Ho
AR S8 2 5 2/3P, AP TFEEaE 5
FEAE AR PR, AR Sk R U Rkl 2555
AP, EEXF HRTVE PRl a2 — PR R
P R A, e 280, HPHFPRTE S AEZE . SR e
EANE 5 s Wy 3 e AR IS W e L s = i
WG EAIA 28% LA 1), MM 4, HARE
(ERAHERE  Bréafl . s O A S AR A
FEVER, "I T ORAEYE AR R .. Btz
B PP AR I TS5 R, Bt ia&sst 5
EFRMENE

H AR ) 1Z AR AR 3R IR 2255 DL
T IULFN: B IR DS . B EGE . A UL ISR B
FRVE PRI AN S SRR IBOL S, LA i BRUTIA by
HHECH) 1z, AR R BCRAA AN . LB R IRA SR
AR T LR S I BE R AR 2R (28 I S A nli SR A2 7
=, MR HEE A . KA R, Wi sE A
PREAR [A] Akl i E Ao oA R R e I ml 22 k4
5 | R 4235 R 45 A FERA L P BT o AR, AT ERIS48
FFRE SRR, AL IRE A SRR &
— PSR A . X PR ERa R Y, MR BT kL
B, S IEZEF MR SCRIRE R £ . IRIASES) LB fE
FHBR FR UL R SR B PR Th 2R 1 i e 25 A4 sk
WL 1:12, 45 °C, pH8.5 THEHL 1 h, BT & &
T3k 73%. FEARHEEC Ui A BRI, 45 R R
HERBCREN 56.77%, It HRBAESIRAAT . pH h
3.0~9.0 MBI A R AP b GE
A FE LA H PR D ROk, BB S g K A -
TG BN TR UTIE X R A SR IR A RE N, AR HR L
B R A TR U TR AR B PHAT RIS LR 545
AR U TR PR IR 2 Y EE S, AT At
FHFFRAIER 1 PR BRI LA
1 #RERFE
1.1 RS EE

HPHFERE e MEALEE(80 U/g) A4k,
HR AL YR A BRAF A e . 3h
i, Aymik . TR LIS EAYRNE AT BTA
BEHAYEERGE  BIREy sl

KQ-250B M5 iEvERs DU EHIE S ERHCA
BRZ\F]; Centrifuge 5810R =B VR ECHL IR
IR ES A PR F]; Labconoo FreeZone 6L & 2%
THL JEatE BAUCRRRIE R JAT FR2Y Wl DFT-100

T T 2B L
BRI S

1.2 XWFHE

1.2.1 HEFHFPRE SRS E T 250 mL BERR
T FRIBGE E AR PR TR, $23E MR 5 LI AR
17K, A 0.5 molV/L A4 fk4MIH Ty pH 2 10.0, T
HERRT 50 °C S EIR N 100 min, 4800 r/min
B0 15 min, B 15 mL _EiE RS 6 254y,
0.5 mol/L R ET R IIW pH %2 3.0, 3.5, 4.0, 4.5,
5.0. 5.5, 1§ 4800 r/min &5 .[> 20 min. K5 F4UL
VE, FFUTE P PR E 7 i SR R R ARG R
B, RE 1K, $HPHF & A5 SR DITE E Rl
BTy pH.

1.2.2 HPPERE RIS Bk -8 7 5 B,
VPR UL B P AR st m B T aUE S 5S¢
S, o HEE R 3 200 B, InACATMERRRAS, InA
ASTH) pH B3 L i A [5) 4 43 180, i34 5), 123
TEREFS I 200 W, — 2 103032 s (8] T 48 75 5 B sl
P&, #RJ5 5000 r/min B0 20 min, YEE FIEWR .. (i
FH HCLJH7Y pH 45 5, B0 5 IS H, WAy
pH, B —E F AL BT — 2 B TR, Bk K
fifg, FREE pH U8 2Pk, S B O e BRI UTE, I
AT UR T, B4 FHRPRA R o,

HRLEHRIBG H PR 55 °C BT 12 h, 258, Bt
FITASH A PRARE TR0, I A G ik AR A, I AASR]
pH BRI T i AN [R] A 43 F0R, 1Y) . 50 ¢k
%+ 2 h, 4000 r/min B5.0» 15 min, W& _FIF#; 4 mol/L
ERWRVETT pH W AR, B0 5 UITER %, AT pH
ZF P, 4000 r/min B0 15 min 7 i o B ATISUL
TEVA TR T, i 40 HIFIS4 PR A .

1.2.3 FAPRERSCIGTE  BARIER SIS RSO
bb . BEEE pH ., A IRE A TR] L W] .
ol B pH - R HRBCR 5
Mo BEihAS PR & Bl e (w/iv) 101, 105,
1:10. 1:15., 1:20; H3d2 pHS8.0. 9.0, 10.0, 11.0. 12.0;
FAFEIREE 40.0, 45.0. 50.0, 55.0, 60.0 °C; = A [A]
60.0. 80.0. 100.0. 120.0. 140.0 min; fifF## pH3.0. 3.5.
4.0, 4.5, 5.0; BEfERTE] 0.5, 1.0, 1.5, 2.0, 2.5 h; [if§
JHFIE 1.0%. 2.0%. 3.0%. 4.0%. 5.0%., FeA &1
T i B EE 1: 10, B3R pH10.0. SRS 50.0 °C|
FAFFHS[E] 100.0 min. BfR pH4.0. BEfFHTE] 1.5 he
B 2.0%, S 74 PR AR 32, DIE B i
BOeR, SRAPSHIAR LS, 530254845 DR 20 1R I HR
LN, G SRE0 T S 3 IR W BRI BRI )
AT AR PR B AR, A 2]

1.2.4 ma AR ge et RS R LI as R,
RGBT R Z K 32 1, PeBCHHE R BCR

T RAFEE A A
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SRR L L R IRRE | R L AR TR A
%, R JH Box-Benhnken HV.022H & ¥ 1HEE 5, AT 4
3 3 IR T S8, i fee e T 25280, R
RIS FEIG A, HEST AT HFPRAER IR ECR
A IR IR

#% 1 Box-Benhnken i #6 5i1# K 2 K
Table 1 Factors and levels of Box-Benhnken experimental

design

it ARRREL BEBAIREE(C) CEEFHFIE(%) DA IE (min)

-1 1:5 45.0 1.0 100.0
0 1:10 50.0 2.0 120.0
1 1:15 55.0 3.0 140.0

1.2.5 $HPRFERIE A BRIRECRNE EERES=EN
I A P B e 1, BB ES RS 25 3Gk [8].

FHEHFRNE %) =

W A E iR (mg/mL)

Jit B P FF R0 85 1 5T 2 (mg /mL)
1.2.6 HLFHFPRIEE A DIaetE i &
1.2.6.1 FRMMRE  FREC 1.0 g 4R H RS
T BB, I A 20 mL 25K IR 4, P8
pH %= 8.0, BT 50 °C /KIEHRIE 20 min, B E=E
¥ 3000 r/min Z5.0> 5 min, 3E22 FIEW, MIGE B0 4
FER R =P, $2 F SO TR

Bk =

F LERE B OB E - 08 SN SR &

P EA N E

1.2.6.2 WylMEMRE  FREL 0.5 g 4L FHAFRIEE 9, i
A 5.0 mL KEJHIES], =18 FHE+E 30 min, 5000 r/min
B0 15 min, 035 7 25 VAR FR UL DURE S A4 I vl P
R

x 100

5.0 — Jif B AR R

HAFEARE

1.2.6.3 FUfbPEMZUERREMEE  FLAEMED .

FREXL 1.0 g L PRI SR (4 H0CTF 25 mL 2218 7K,

A1 5 mL i, 2000 r/min fHiFEN A3, J5 3000 r/min

B0 5 min, WEESLZ LM K.
FLAE = E (mm)

B0 PR R S (mm)
FlLAbFEE I E . B DL _EFUABRESR BT 80 °C

TKIEHRYE: 30 min, 7K HPEEAHT 15 min, 3000 r/min

B0 5 min, WEESFERRE A

PR ARSI ZE %)E(mm)xl

JRFLALZ B B (mm)

1.2.6.4 ErEFEaEMEE  FREC1.5 g 47

KRR T 50 mL 5B -F/K 0, JE9 pH &= ok,

#EE 10 min, EZE 100 mL /E AR, 1000 r/min

Wit 3 min, id% FJE B AHLIRIAFI (mL), & &

Wi 1 (mL/g) =

AMME(%) = x 100

AN (%)= 00

30 min J5FKIEE_HERHIRMEF (mL), FFHHZLLT 2
s,
T E AR

s i o, RS0 minf b AR A

BT E M%) = R R x 100
1.2.6.5 &I HHEIER S A s
1, AR 48 GB 5009.124-2016 X il 4545 2 404 F 4R
R A TR R 2 SR A oA
1.3 IR

PRI R 3 K, MIRELS IR N
PEARUEZE(SD) . i [A] SPSS statistics 23 X156
G T I 25T 22 57 . ’IZdTH Origin
2018 Fl Excel #7411,
2 GBR5SH
2.1 HAFMREREHRES

i1 AT & B, 2GS pH=4.0 BF, PR
FUTTE AR, DRI PR A SR 4.0,

20
18

L 16

i

=
12
10

3.0 3.5 4.0 4.5 5.0 5.5
R pH
K1 BRUC pH A HPRRPRIER F DT & A5
Fig.1 Effect of acid precipitation ph on protein precipitation of
peony seed meal

2.2 FERNEERIRIENS G

VI LS R EE S HR I B AR AE R Y
He 2, I SR IR . R LeX PR R
PSR BCR AT AN 2 fs: BRI HAE 1:1~1:20
ZIAIE, HEPEFPROEE PR BCR S IS BRIK. 2k
Lb2h 1:10 B, 25 R BCR A =, 155 85.56%. 4)IT
Y BE R R R, B AR RGO, STz #)
BEAT, 7K 4315 BEARSS, SEna R (s, XK R =R
—EHIVER, AR PR ECREAIN, (HREE T
LRGN, At PR 550 FE o4 fl, (AR 55
T AR R ER IR, DT S0 85 BT 43 e, AR (i
FEARBCEF . (Had KB LL RIS T 2R H
SRR, A fESE KR I iR R b 5 S
EACPRRTHE T RO 25 RS S A F K &,
I, VEBCRIME L 1:5. 1:10. 1:15 PE—2E508k

Fifi 5 SR A A S R 57 AR B P i i, 24 98 pH 7E
8.0~10.0 Z AT, —S B MR n 8 s o+ —
DRI A S S, AR [RTRR Y B far 4 S B HA R (545
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5 PR ZE T PR R B TR B EBOCRR 1 5 e
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LKA, DA S 2R R IBeR ), (HyELRE
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Fig.2 Effect of each single factor on the extraction rate of protein from peony seeds



544 5 8 1Y)

AL, S AP BRI C AR AT REE BT - 201 -

A 7 B BT A] %) 4 PR R PR R SE )
2 AT ANEE 120 min B, B R BCR S A F]
87.66%, X J2 I 4t FHF PRI T MR 5 — <2 BT Tl
K, FRERKFE T e A A R F R AR, BiE P HaE]
Hhn, BRSPS 2 AU VEH B2, S as i %)
Y S NSRS v AL S w3 6 s o e WA N4 e d vl
., HARPEEBUAS LAREAR, FEHCRIEE e, (024
AbFRR TR, 25 P i aR B A B A HERS T R4
fE&, PTRED 7 X el ) 25 WU R o, (0
5355 R R A AR AR AL B T AR K R . (R, SRR A
HTE] 100, 120, 140 min H—E5256

i 25 T FH 70 B G0, PR R B P R R A, B
Z N, 7E 2% WA EAT, 8 A IRBCR Rk F
84.42%, 3X 1] REJ: PRI A il FH BL e B, B4 T Bl 5 )IE
Yah G HESR, TR RIS . dkseishinme 25
B H TR BCRAR LI AN, SR T HE S Bt 2R
FBT, S E 2RI o, B B RR, it 2
FAER (P B fe RE IVE ., (IS Sl &
AP RHASE I G, Hk, IR 1%. 2%.
3% iHF—5056

T pH AN BEEAR A 1) X 4 P APRA 25 3R ORI
MmN, B R EE BTSRRI 24 pH A 4.0
Ft, BEIE5H AR P SR AN /K Z IR AH A, o HA f e
P, EHIRBUCRILE] 82.88%; )5, B pH B4k, fif
WG PR EIREAIC, 85 PR BCR MR Z R, 00 pH iF
To A AT R Tl A T P Bl — 2 SR i, WA iR g A
o #E & pH4.0 1E N il % i £ pHe M/ 1.5 h
i, 5 R BCR R s F 82.92%. 1 24 FiE < Bt
(6] F] AFE S & FEBE I DIRE, 485 o 78 ST i .
e fE AR B A RS Tk AR, FRECERIEAIR, {HR AN TS, HEm
AT REFEREL S B G 225 S o T DA PR 4 Tl A s (1]
J& 1.5 h,

2.3 MZEIREAIIZIT

2.3.1 MRSy KO EER S BEEORHR LE .
AU | W A L RS S E] DO AR R BT ST
ARPE PR R R S g 45 R, SR Box-Benhnken H.004H 5
1, 884 PR 23R X B3 R p s, AT
4 [N 3 2K rdgma ) e A, o ) e A ke
TR gE UL 2,

il it Design-Expert BAFX) 3 2 b g8 1T
Z It RTG53 T, HP R PRAER ST BSR4 T
(T4 7Y Sy

Y (%)=91.40—0.092A—0.93B—0.69C—0.42D+
2.83AB+0.45AC+0.05AD+0.71BC+1.63BD+1.56CD—
5.8A%—6.14B>-3.84C*>—6.68D’

7 2E53HT UL 3, SR N LS M Ty 255301, T
MME 5 B SE 2 8] B 34 i AH 674, R7=0.9596,
R’ 5 7=0.9193, iX kLR HIIZARL HAT R4 A9L 5
BEREL/ N SER IR 25 o A B nT FH T Bl B
B PEEUH PR PRA P R A SRR A T 25 T RN T

2w LB R AR
Table 2 Response surface optimization experimental design
and results

LG A B C D E A FHRBCE (%)
1 -1 -1 0 0 83.56

2 1 -1 0 0 78.81

3 -1 1 0 0 73.64

4 1 1 0 0 80.23

5 0 0 -1 -1 83.65

6 0 0 1 -1 78.33

7 0 0 -1 1 79.51

8 0 0 1 1 80.41

9 -1 0 0 -1 80.60
10 1 0 0 -1 78.59

11 -1 0 0 1 78.85

12 1 0 0 1 77.04

13 0 -1 -1 0 83.24
14 0 1 -1 0 80.44

15 0 -1 1 0 80.66
16 0 1 1 0 80.72

17 -1 0 -1 0 82.91

18 1 0 -1 0 82.44
19 -1 0 1 0 81.24
20 1 0 1 0 82.58
21 0 -1 0 -1 80.64
22 0 1 0 -1 77.42
23 0 -1 0 1 77.55
24 0 1 0 1 80.85
25 0 0 0 0 90.89
26 0 0 0 0 90.33
27 0 0 0 0 92.18
28 0 0 0 0 91.33
29 0 0 0 0 92.25

#3 TESHT
Table 3  Analysis of variance

RIR R HmE 7 FfH PH  BEME
AL 632.36 14 45.17 26.94 <0.0001 ok
A 0.10 1 0.10 0.061 0.8082

B 10.38 1 10.38 6.19 0.0261 *
C 5.67 1 5.67 3.38 0.0872

D 2.10 1 2.10 1.25 0.2819

AB 32.15 1 32.15 19.17 0.0006 ok
AC 0.82 1 0.82 0.49 0.4961

AD 0.01 1 0.01  5.963E-003  0.9395

BC 2.04 1 2.04 1.22 0.2881

BD 10.63 1 10.63 6.34 0.0246 *
CD 9.67 1 9.67 5.77 0.0308 *
A 218.18 1 218.18 130.11 <0.0001 ok
B’ 244.61 1 244.61 14587  <0.0001 ok
C? 95.88 1 95.88 57.18 <0.0001 ok
D? 289.52 1 289.52 172.66  <0.0001 ok
W% 2348 14 1.15

K 2074 10 1.34 3.03 0.1486
iRz 274 4 0.69

B 655.83 28

TE: #2253, P<0.05; ** 2250 3, P<0.01.

M, R ENE AT AB. A%, B2, C? 1 D> X #E 4
FRARBCR SN 3% (P<0.01), B, BD fil CD 255
35 (P<0.05), HiAth 25 R TEGe 12435 X (P>0.05) .
(K11, 253 R X ni 7 B A2 i St HE k3 ek
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KR AN, FEBNE LE . AR . BE AR B
BefTa] 3 PO~ R 22, X 2R BT R IR 1 S I 3
Shy: RS IR (B) > FH 7 2 (C) > A BsH A (D) >4k
Fe(A) o 23 P=0.1486> 0.05, FHARINTHL K ZE
b SR R i AR /N, BRI A B A, IR 2=
sINe DA ST AR AR AT SR S s A B 2 R 3 (B
ZIa 2=
2.3.2 EHFiRXES Mg Design-Expert V8.0.6 {4
mi 7 AR, X 4% T 2 S8t fe s v, 4t
FHEAFRIER SRR (FHME) 2 91.49%, HIXT I A/ 4]
F OB L 1:9.82, EFSIREE 49.51 °C. B A&
1.89%. #BAITE] 118.87 min., AR SZBR S 1% L,
MR 7 R B B AR S, B AR R B
PSS IEAERE R AR LEIEE S 1:9.8(w/v), #EFH
IREETEE N 49.5 °C, B 1.9%, A8 75 I (8] 38
27 119 min. FEIAE T 240 Mk i T 2S5,
FRIAT 3 RAPATEELE, 4HS AR SR IR BCRS 51 R
90.85%. 89.68%. 92.33%, *F-HME "} 90.95%+1.18%,
PR A TIIME, 22 W31 Box-Benhnken H.004H
B ARAS I T S ORI S T AT HERR AT A, B —E
BN FHME
24 HIFHERSERRB S S

XHEE PR A 1 E SRR BT e, Fhis R
FIULTRI R 1 LRI P 7 A 1 75 e B s BR DL o e P T
FARE S MR A3 M52 (R 4) . HHER 4 AA,

R4 RUBRIA RIS /K - Pl R R Tk ) 7
FPAEE F 2R RRZL A LA (- (100 2) ")

Table 4 Comparison of amino acid components of peony seed
protein prepared by conventional alkali-soluble acid
precipitation and enzymatic hydrolysis-ultrasound-assisted
alkali-soluble acid precipitation (g-(100 g) ")

FEPRRPRI AR 1 T E LR AN IS S 4, WK - i B
WRATRUTIE il #5 B P PR PR P45 2R & 5e e 1
TR DT, HAA ST, iA% 88.17 g- (100 g)7,
IR s Pt 7K e~ P e A TR 1 L1 WA DI T B
FRUT. AT PHRPROER A 2l R rE e i, b b 7F 2
FLR SR B BT, 355 25.79 g-(100 g) ', iX &
= VAP R E SR ME . E R PSR L
BIHEAR KRR RE Lo T 8 sl AR, G 4a Pt
FEASRERY, BT P WY FE I, SRR AN b
ZAMR R BA SEAZME, nIVE R S SZ AR S de AT
PEo PP U SR IR A e 2 R T i I L,
I T A AR TT B T a2,
2.5 HIHFHAERIhEEME R

XA I B RRAEPEIEA T 40T, AR R
Sy B AR P B IR R DT . REZIK A -8 4l B Ak 1
VLT I RRRF e (3 5) .

K5 CHRLBRIATRL BE/K k-8 4 B BA R UL i s
FPAAEE I SOR T2 73 B 2R F D RE IR A LU
Table 5 Comparison of functional characteristics of peony seed
protein and soybean protein isolate prepared by conventional
alkali-soluble acid precipitation, enzymatic hydrolysis-
ultrasonic-assisted alkali-soluble acid precipitation

LIRS FOBARRYT KAl B R R DT
KRAHTRAsp 7.13+0.58° 8.28+0.42°
IR Th 2.46£0.27° 2.94+0.36°
227 Se 3.90+0.39" 4.56+0.78"
HAFRGI 18.6240.45° 21.93+0.91°
HikﬁaGly 3.42+0.61° 4.88+0.53°
WHEFRAla 3.22+0.18° 4.61+0.47*
LR Cys 0.71£0.93* 1.3840.63°
R Val 3.68+0.42° 4.97+0.58"
HAMMet 1.62+0.92° 1.76£0.24°
S Rlle 2.87+0.31° 4.16+0.72°
LA Leu 6.69+0.67° 7.7240.49°
ik AR Tyr 1.94+0.47" 2.33+0.22°
AN % Phe 2.71+0.26 3.96+0.15°
AR Lys 1.56+0.74 2.04+0.45°
2% i His 1.98+0.58" 2.36+0.70°
AR Arg 5.72+0.23° 6.15+0.68"
Jifi %% Pro 3.57+0.83" 4.14+0.41°
ME SRR (TAA) 71.80+0.52° 88.17+0.51°
T HEILTR(EAA) 21.59+0.45" 27.55+0.46
EAA/TAA 30.07+0.86" 31.25+0.90°

TE: FAT IR b/ NG TR R R 22 57 8.3 (P<0.05); 5[

it fifp- 8 P Al B

TiH BRI R DT BRI KEHBE
Rk (g/g) 9.42+0.51° 16.59+0.68" 3.8740.75°
it (mL/g) 1.58+0.23" 2.57+0.32° 1.60+0.97°
A (%) 26.71+0.48° 35.93+0.56 17.46+0.48°
FibRENE(%)  68.66+0.71° 75.52+0.43° 22.38+0.55°
A (%) 36.78+0.14° 40.58+0.55" 42.07+0.37°
WHRETE(%)  68.03£0.34° 63.18+0.28" 68.86+0.74°

K53 B -5 W LA TR D L 25 094 P R
HE F AR /K BE 1 YK T il /K A - 8 P i D RO PR DTS,
BB B TR R R PR R, SX T RE
SAEAE IR, G 2 T R BE B H 1 T
JRAIRAIE 53T ARG HEEAR, A AL PR ER FH FE 07
FRIT TR B/ INT T, SR T KA A R R 3R
1T, PRt A5 7K 2053 [B] B AR B 455 R o Bgsi,
PR FA AT AT B v A S R R PR R0
- LIS D U A5 00 JE L RE 7 22 LR K
gt - P ) B R TR DT RO R ARG, HRE0 AT BE ehy T S
PAL B R BB TR, B T ST
AHE AR, A BE Sy 3 5, AT R 552 4]
KM RUFLAPERERI T i K S 5 2K Ak Y
Petd) e s e BT o, OB Al B B A LA S
FREPEAHE5E, 3R] BB PN i P A B PR U i ]
KWL | K BT T80 25, 5 | L F T {7 1 A Iz opy
Fi¥gsE, INmHEA RArrgFLiett. SoRasEm st
ATHZK ST, B T S R5K g, ik ik A 1) B
TR AR AT B ORIV, AT = PLARRR E R
P PR A F LA RRF AR B ERE, & RT3
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FIBT T3 PE . Bk . Hfar RV P Bk A 1 2 A0
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P T LA R UL, (EIR TR S0 B 8 1 AR v
P, IX AT R PR Sy S A e A AR i e R A
Iy T E5E AR R TT, ARl S /K o T AR ELAE HE
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FEMEEEAS, 3 AT B S D S R s R
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3 Hig
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THFERE, FERARIZR SC g iy Al I, it 4 RIER 3 /K
AR R TG AT, I LORRR LE 1:9.8(w/v) | 75 il
B 49.5 °C. B 1.9% . #AEE] 119 min 4%
P8, A2 PR PRI R IR AR A T 2255 TR
FAF T PP R IBCRISF] 90.95%, HT 7t
B 91.49%, UEHA | T RAS-10 S B0 45 R T &
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okl AP L A S HAH LI &, AT
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