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Extraction Optimization and Analysis on Properties of Protein on
Peony Seed Meal

TIAN Xuan, LIU Yang, WANG Zhaosheng, DONG Shujun, ZHANG Bin, ZHENG Zhenjia*

(College of Food Science and Engineering, Shandong Agricultural University, Key Laboratory of Food Nutrition and
Healthy in Universities of Shandong, Taian 271018, China)

Abstract: In this study, an alkali solution and acid precipitation method were used to extract protein from peony seed meal.
Solid-liquid ratio, pH, time, and temperature were selected to carry out a single-factor study and combined with the
response surface method to optimize the optimal extraction process. The optimum process conditions were determined: The
protein yield reached 23.81%+0.04% when the ratio of solid to liquid was 1:25 g/mL, pH10.6, the temperature was 55 °C,
and time was 130 min. The peony seed meal protein obtained under these conditions contained 18 kinds of amino acids. The
water and oil retention of peony seed meal protein was 3.72 g/g and 3.67 g/g, respectively. Foamability and foam stability
decreased significantly at pH2~4, and the lowest was at pH4. Between pH6 and 10, foamability continued to increase, while
foam stability increased significantly and then decreased slightly. With the increase in pH, the emulsification and
emulsification stability increased. The results were consistent with the variation trend of particle size and Zeta potential.
This study provided a theoretical basis for the industrial production and comprehensive utilization of peony seed meal
protein.
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TR A PR S ARSI N, 7= A2 T R A -
KPR AERET RN T AR TP AR =8, PR
HFHA S AT 67%, FESAEAR ., 20k, 81
Hii . WEASAFNSELOCER &5, Horh S BT & i ik 26.98%,
HA T RBIRE A EES s HPhrein e
B B AR RDRERAERL, He A B AR 2T 20F)
JH, BT B BRI T . AP PR
w HBA RIrryzLAbdet: . Rk rERndsm e a0,
ANEVE AR ESH _ AP 2= 5 0] e s R T Reks
PEAR A MR ERE RS, B AED DU S 5 B
PEBURE, A w3, A S AP R R R A T 2R
47 °C. pH11.5, BHEH 1:35 g/mL. $2£HL150 min B}
B REEEBCR 93.12%, FEARSENO SR A B - iR
UL-TNZERAb IR S G IE ARSI 2 T 4P
ARSI T 25 50 °C . 3.5 h, NaOH #¢JF 0.008 mol/L
BRRLE 1:25 g/mL ., pH4.0 BHERER K 51.62%+0.34% .
[FIEsE, BT R A FHF RO AR IR RS e MR L AR
SEMETT LT R G4 s o, A S e
R T30 28 A PR R U B AR B T 23X R A
PR TR TP O SCEe . Bk, X 4T
FPRIER IS5 F AT REVE B TT RTSE, AT B T4
MBS T S5FH.

AWFSE LA PR S 88 SRR, B TR 3= 5E
EIfah B AL B 2R AR T 2, IF
ST PRFRA TR SRR H AR . Rk R A, LA
MAE] pH £ F HkiAs | Zeta HaA37 , AL 7R
et FULrERZLALRR e PESEA T , AT SEER X}
PEBUS R HUE TS5 DI BEE BT, BTE Rt
FHFERIER 0 Tl fe Az 7= R P IR 27651 & )
b
1 MR5RE%

1.1 #RSEE

SR HH PP GRS 28.68%)  ILARTIPESS
M4t FHE YR A R F R AL i 1 (R A =
13.5%) At R SEERMH G R 7l A ik . G
oA TREN . SR RN WeERRR . puSG ki Sy
Brali, FREEIEE Ah2# A FRAF S

Mastersizer 2000 BEOGR ST FLE SR
5l Adventurer LR BAZEHTEIBRE 5y (1)
AHFRAF]; ST2100 pH 31 BAZEHH AR CHE MDA PR
H]; SHA-B £ W HER IR #F B M RIS TRA
Al T18 S /il F8E IKA 23F]; UV-5100B %%
SRAT WA G BT ER A R4 F]  FD-
304 SRR TIENL TR BRIE A R F]; LC-
20AT ERGRAHETEAL  HAR A
1.2 EWHE
1.2.1 BiigHtFHFrfndl s dE PR s
40 Hif, saammiiig, 254
1.2.2 $HPHFPRIER A SE R A FREL 10.0 g 4t
FHEEK, A pH10 4 NaOH #4& 150 mL, 30 °C #5/J

#iFE 60 min, 5000 r/min &5.0> 10 min J5H FiEW, H
1 mol/L FY HCI & W HT B pH = 3.0, 3.5. 4.0,
4.5.5.0. 5.5, 5000 r/min &.(> 10 min, ¥F 595 nm &b
e VNG A, ARG B E F PR

R

1.2.3 4HPHAFRIER R I R IR, &

FHo B 1.0 g AR FHFFRIT 50 mL BS.0048 , 4%
HE— %2 EbBin AN TE] pH 4 NaOH ¥k, SR E IR
P RTEAEIREE T $2 O [F B 1R], 5000 r/min &0

15 min J5 B E7E® A 1 mol/L HC1 J475 pH = 3.5,
5000 r/min B5.0> 15 min, A8 0THEY) B 0 HLEE 1 .

25 50 °C 1EIE THE 25 mL X4 R 700 9 e, B
1 mL #RE4H55 . 1 mL PUSALERAN 3 mL X436 R
FNES), S E 5 mL, SRAEESMIEEE T 560 nm
AR R WG EEAE, T AP HRPRAER ARl

1.2.4 PARIZESCE #7208 1.2.3 7P E A

R P HR B I, DA PRRPR AR P AR S B 5 4R

i, AP AR LI/ LR 1,

R PR SRKFBOT

Table 1 Factor level of single factor variable design
ST B (g/mL) pH TRLEE(C) A E] (min)
1:15,1:20, 1:25,
1:30. 1:35 10 40 30
. 8.9, 10,
2 1:25 1. 12 40 30
. 70, 90, 110,
3 1:25 1 40 130. 150
. 40, 45, 50,
4 1:25 11 5560 130

1.2.5 WENENRYS ARSI ZR SEE g L, SEEC
FAS 352 i R — 7K, BHE EL (A) L pH(B) Fil
R BE(C) Sy R B F, LA PRI ER A5 32 2k i i
18, #2537 — R 2 =K1Y Box-Behnken 56, U3k 2
JI7Ro

AN I TS ENEY S

Table 2 Response surface test analysis factors and levels

e
¥ : \
B L (g/mL) pH HRECC)
-1 1:20 10 50
0 1:25 11 55
1 1:30 12 60

1.2.6 HHFHFAAEE IR HA

1.2.6.1 ArufEfhiZemyzshil  AEmmFRIBUER A 1.0 g, T4
$in 0.1 mol/L NaOH ¥R, £ 2 100 mL, 155
10 mg/mL FRAEFE, 5, B FARHER 0.0, 0.2,
0.4.0.6. 0.8, 1.0 mL T, Z5EF/KENSFE 1 mL,
A 1 mL PUSRALERFD 3 mL XXEEIRIRFIR S, =R
NIV 30 min, 560 nm AN IE R SCEEE . LIRG
PG MR A& (0, 0.4, 0.8, 1.2, 1.6, 2.0 mg/mL)
SR ALER, WOCIE AL B, 2 HIARAERTZRI), #iE
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o my: FHEERNE AR R A,
g; my: FEARIU T AL, go
1.2.7 $#rHFrfasE O eARrErgiE i is
B T 2 TP A PRA R AR B, XTHREAS 2 AR H
BT EASRURTIEYLE, BT E I TR o
1.2.7.1 4HPHFPRAE A& IR A E (=R
M2 )72 GB 18246-2000, S FLlel < Jy ik
Z25 XN ORI ARSI . B 0.1~0.2 g ¥R TR
TR RES, FIBAAFRIL 1:1 JIA 10 mL HCL, &,
110 °C F7Kf# 22 h, A ZE 25 mL. B 10 pL 55
(K = 2 HE=4:4:2), Z WK T A 20 pL
BRI (IR K = 2 SRR R=1:7:1: 1),
1A 30 min J5 &R T, A 200 pL 22 wpER W
(0.071% WHER & 4, 10% iR + Z M5 (95%+5%)
pH7.4), FSBAR TSI TIE . T RORAR TS TAE
ZAF: B HE LC-20AT; (3% 41 Waters X-Bridge C 4
(250 mmx4.6 mm, 5 pm) ; FE ¥R : 36 °C; Wi 3 -
1.0 mL/min; K< 254 nm; #HFEE:: 10 pL; 7wsh
FH: 0.1 mol/L; £ RN /KIEE I+ NE=93+7(A) Fl .
i +7K =4+1(B) ; Vet 2514 0~7 min, 2%~5%(B),
7~20 min, 5%~40%(B), 20.01~26.0 min, 90%(B) .
1.2.7.2 HPHFFRIE AR E B 0.5 g SR
A 30 mL B TIKIE2), 4000 r/min 85.0» 15 min, 3
_E3E, XTEeRTE R AR, AP PR B K
‘K;E[IS]:

, — My

Rk (e/g) = =
m,

A mg: FRET AL, g5 my: S0 B, gsmy: 55
JE B E R TR, g.
1.2.7.3 $EPHFRAIEE R PENE B 0.5 g SR
A 30 mL FFKIMIE A, 4000 r/min 8.0 15 min, 323
W, XT EeRTE B R Ak, TR PR R a3l
,K;E[W]:
L=,

b _ m
FrmE(g/g) = e

0

P my: BT, g5 my: BT, g5 my: B
CJE B DE R TR, g0
1.2.7.4 A[E] pH 2544 FRIAEFN Zeta HLA A 2
FORTRES I T 280K T, Fo ik 1 mg/mL %,
25 °C BEJ14HEPE 1 h, 4 C &M TFRAE 12 he JEY pH
% 2.0.4.0.6.0. 8.0, 10.0, WEA[F] pH 554 N0 Zeta
FRLA720 220
1.2.7.5 A[FE pH 54 F ARyt A afase tE e
HY 1.0 g FE NS F/KIsiR, e %2 500 mL,
12 25 mL, A 0.1 mol/L ) NaOH A1 HC1 ##75 pH &

2.0. 4.0, 6.0, 8.0, 10.0, 2J% 3 min, TTEALHIM:(F)
R AR e (F )P 20,

V,
FO(%):3—8><100

\
F, (%) = 30 x 100

A Fo: AR, %; Fp: HLIRFRE T, %5 V: L
RIARFR, mL; Vi: 25 °C 25 FJ3CE 30 min J5 IR 1T
AT, mL.,
1.2.7.6 A pH %44 T 2L X FLARRS o MR o
B 0.5 g B, ARHEZ S 500 mL, B 10 mL,
JFH 0.1 mol/L fJ NaOH F11 HC1 #4177 pH Z= 2.0, 4.0,
6.0, 8.0, 10.0, 3 5hN A 10 mL A5 A i, P 45 £
1 min, 1200 r/min &.C> 5 min, & & A FL1EHE .
BLO SRR 80 °C TR, ZKIE N 30 min, SR G
FUAE 1200 r/min B0 5 min, HEFLLME X F LTS
FEPERO,

SN < 101
OO = Frmmm R
ARt o = ER o

BAICEGE

1.3 #IEAIE

FARIF LSS 3 IR, 43912% Al Design Expert
11, Origin 2017 ZRAFHEA T N I E PR g i o fnss
&1, >R JH SPSS 25.0 FAF#EA T W 434, P<0.05 3R
INZESEPE T
2 BEREHHR
2.1 HIAFFHRERFHESRNE

AN pH A PHFFRAEE IR IO s O G R
W 1, S55R LR, 76 pH3.0~3.5 B PREEER A%
YR B W S'G BE [EEAIG, AE pH3.5~5.5 Bf B W Fh e, JE7E
pH3.5 AJikHe/IME 0.034, A ILAT F3EH P A&
AR, EEDITER 584, R ILEEE pH3.5 4t
PHAFARIER 00 55 L R, VE S S S AT SR T DLRE Y
pH &%, iZ 45 R SRR I e g5 R — 3.

L
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pH

K1 WOGRERE pH Ak ik
Fig.1 Curve of absorbance value with pH change
22 HHFHESRIWEERILE
2.2.1 BERE XA ARy 2 A 2
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[ S g s et e o) ) = A S = MY = B
b 1:25 g/mL B RGAEE(E 20.66% AR ELEEK
Bk, A R R At e, BEBUAFIAN B A, 3 RS HEL
B, DIAS R, BEE AR LEEG N, SR 7RI LA
FEAT 5 AR PRRF R R T R el BT, R A R S R
(P<0.05). BHELLICT 1:25 g/mL B, ZR IR,
Sy T Feor ik, KBS 2 AT RO 22 455 A pH3.5
B, VS ISR PR R G, SR TR

257
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23 4
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Fig.2 Effect of solid-liquid ratio on protein yield of
peony seed meal

TE: AF/NG RN 2257 3 (P<0.05); 151 3~I51 5 Tl

2.2.2 pH XHHFHFFMEBSRREm HE 3 U,
19 27E pH8~10 Jiu [l N AE AN B &2, 7 pH10~11 B
T (P<0.05), 1E pH11 Bk 22.83%. H
PRSI EE H 43 7RI A R ey, SEE-EEH
() % 338 hn, [R]esh 28 1 B3R 1 SR /K R 22 88, 57K 45
T 045 A Re 1 B 5m, M AR 2 B 0 R ) AE
JHBROS0 Y pH T 11 B, B pmi S h s 8
AR, 1555 [, M AR R

35 4
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25+ a
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Fig.3 Effect of pH on protein yield of peony seed meal

2.2.3 BFEIXTEEFHRERO SR ARy sEm anlEl 4 B
75, FESREE [E] G0, 25 A9 RS0 S 12 B IS w8,
TE 130 min B3R B R 21.35%., & S-SR K
A &Zeat— et R EUS , 4P PRAITE AR, ]
TFEAMFEEY, ZNEXEASRE —E M50,
{HH TAS AR BER S, BRI AT DR IR E R =%
B, AVE e B EAG I ZEE . A, B SR A [H]
PUIES, 2R AT RER A R A DIE, 7ZE &0 B h 54

)RR, FEAF R

354

a a

i

7I0 8I0 9I0 160 liO 1é0 léO léll-O léO
F ] (min)
Bl 4 WD PHRPRER AR 05

Fig.4 Effect of time on protein yield of peony seed meal

2.2.4 WEXTHPPFPRE AR hE 5 Al
HN, B FARRAE 40~55 °C Z A S5iEAR L IE L, 78
55 °C Wk EER S 22.75%. FEREZERITHE, 73T 1%
SR PEEIPR, A2 B AR, PR RN, TR R R
AFR, PIHEEASEE 355, SR EEQRZE RN 2 60 C
B, e it 2 S B S PERE AR IR 5 | R e,
A A3 AR

354

251 ab ab a ab

. S

0 45 50 55 60
HREE (°C)
K5 RERHP PRI AR R
Fig.5 Effect of temperature on protein yield of
peony seed meal
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2.3.1 W AR ST K T 2430 e T
TR IR 3, FZEHTIER 4, FEFHEZFES
455, SR Design Export 11 Geit43 st
3 B 3 KSR 43 BT, it R Z ot bl a4
A, AR PR AR RE Y S5ENRIE(A) . pH(B) .
HRE (O3 NHRZFEZ A R IBIE 5 R Y=23.61+
0.3625A—1.77B—0.0525C+0.4475AB—0.1775AC—
0.0725BC—1.02A2—2.10B>—0.1103C?, FiflhE RZEL
R*=0.9943, KZIE )5 YeAE R EL R 5 7=0.9869, Uil 1]
U RS R B AT, HL T {5 BE RS, e A FH AR
XS PR PR P AR5 E A T 3000

FH#2 4 AT, 7R B U PR PR 2R A e R
[ A — YR I AL B, 22 I AB, YRITT A2,
B? X 2R (G252 i 25 (P<0.01), — IR C, 38 H.
Il AC., BC FI¥RIT C* X1 FR ARG AS B35 (P>
0.05), nRFHAMIIS: . Be&uf a2 [RIFARI Sy Y=23.61+
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Table 3 Response surface test results

v oass A BRI B pH C il Y 55(%)
1 -1 0 1 22.45
2 -1 1 0 17.73
3 -1 0 -1 22.04
4 -1 -1 0 22.29
5 0 0 0 23.38
6 0 1 -1 19.89
7 0 -1 1 23.06
8 0 0 0 23.78
9 0 0 0 23.61
10 0 0 0 23.71
11 0 1 1 19.48
12 0 -1 -1 23.18
13 0 0 0 23.56
14 1 0 19.6
15 1 -1 0 2237
16 1 0 -1 22.87
17 1 0 1 22.57

# 4 AR 220

Table 4 Regression model variance analysis

P 3l FM AmE ¥y FlE PlH 225k
LAY 51.40 9 571 13463 <0.0001 o
AKRELL  1.05 1 1.05 2478  0.0016 **
B pH 25.20 1 2520 59420 <0.0001 o
CHEZ  0.0221 1 0.0221 05198  0.4943
AB 0.8010 1 0.8010  18.88  0.0034 o
AC 0.1260 1 0.1260 297  0.1284
BC 0.0210 1 0.0210 0.4957  0.5042
A’ 434 1 434 10231 <0.0001 o
B? 18.48 1 18.48 43576  <0.0001 o
c 0.0512 1 0.0512 121 03084
G2 0.2969 7 0.0424
AT 0.2027 3 0.0676 287 01677 AF
AXTIRZE 0.0943 4 0.0236

pEvill 51.70 16

s R 25 B (P<0.01); *FE7R 25 5 182 (P<0.05) .

0.3625A—1.77B+0.4475AB—1.02A%—2.10B2, HEHLA
F PRI AR AR SR A5 N R pH> R LE> T .
2.3.2 WA HEEHSTHT AR AR A R A HAE
SENAZE SR OLIE] 6., mi ) i A 3 B s B i, R B
EAE B AR, BT W A2 B4R ES .
S AR AL G R B W R 23 B AE R P
El 6A FRBH, g 4L HE2MEE, SRR tb Al
pH FYAZ B AE X ER SR 05200 0 28, > [ 0 S g
pH SiALEt, BEEBRRA LL RN, B8 A5 3R AR b AN
b, UEAARRE LEXHEERAGRE I/ N pH, SRR E S
—3; &l 6B R, M [E I LA SR, SN iR
Xt FR AR M AN B 5, R UAf e R EE T B AR
A% M R TIR R s (8] 6C R, Y [ S i pH ANAE
B, 2R S-SR BEIE R AR b ANBH 2, BB pH X &R 45
SRR TR
2.3.3 [IGAEAIIGHE i@ i) Design Expert 11 3142
SIPTEREUR XIS RA52m, e Pk g4t PErrR b

W >

R %) w

(@]
[}
=

B (%)
S

@© 90%90 12.00
76 o 11.00
A O 10.50
C /Z.fg@(% 00 10.00 oo

K6 45 PR SCH A I A PHFFARER FA5 385 00 B4 0 1 1 ]
Fig.6 Response surface of various factors on protein yield of
peony seed meal

AR B L 1:25.53 g/mL,
pH10.59, 15 54.06 °C, FRAMSFEAFIIRIME 24.00%
5 RS BR AR e R SEVE, SRR L 1:25 g/mL,
pH10.6, #EE 55 °C HATHAE, SEMAE A 23.81%*
0.04%. A[IEZBFIER 99.2%, 2 BH R AW At
AR B T2 AR e PEAT, WA TR .

24 TBEHARFHERNE

2.4.1 ZILRAM S F i AR 5 nTA, AEPRRPRIER
FIh LA 18 Fha i, Fhsss 4, Huil& 3, Fhs
ZF T AHRIREC K] 16 FhE IR . AR
M%) 8 Fhoh il S S Fn 22 J LT 75 M 4l SR 7E iz 4 -
FERAER v h 0K Y o AT SRR S 2R o fed
51, N 6.53%+0.07%. SEZ PR T LB e s Aok
YA EZKST, ZEARREE M S5 N A B PR
AR, AR EIRAE S IR R, A 22.79%+
0.30%, iz 5L AT B Tigmpi A LR & B s
TIREPY, ABFgE bt PP R P R A R 11 &
AN EE AP RIS I — 3K
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Table 5 Amino acid composition and content of peony seed
meal protein

SR e B A (%)
REHMR Asp 9.00+0.26
B4R Glu 22.79+0.30
22 541R Ser 4.39+0.04
HaEmR Gly 4.16+0.01
&R His 1.77+0.03
KR Arg 6.78+0.13
piXica Thr 2.45+0.04
AR Ala 3.91+0.00
eV Pro 3.86+0.18
fit &R Tyr 2.55+0.06
R Val 4.87+0.06
R Met 1.06+0.04
R Cyr 1.16+0.04
S EmR Tle 3.53+0.08
R Leu 6.53+0.07
RN Phe 3.1940.11
R Lys 1.79+0.08
ORI Trp 0.63+0.01
ps s 84.42

F: * 2o IR

2.4.2 HPHFPREECRPRME SRR BE 7 a1, 4
FREEHIRR IR KE N 3.72 g/g, RN 3.67 g/g,
= TR B CO, FEUBAR IS5 BI04 HEF R AR
FI PR (1.99 g/g) FIRFITE(2.65 g/g)!. 4FF
IKBETIHE 1.49~4.72 g/g Z (8], A% i al LAk 3
R BE, PP ER AR R i v T A 1R
VLA P2 RRDPRAER 97K 1E (0.8807 g/g) FITdRE
THPE(2.12 g/g)l0*1T,

5 -

N
L

w2
L

Rk HE . 1 (g/g)

Fpktk Sl
B 7 PP B K PRI
Fig.7 The water holding capacity and oil holding capacity of
peony seed meal protein

243 A[F pH S1F FEABERACKAE & 8 nf
0, HEEDRASAE pHA BER, 9 2129 nm. SEHLAGZE
EEPRE LR TR S e Ny L ENE A B+ & N = R ()52 29550
K, KA IR, Bii/KIE PR S 06 PR R e A 42
e, JIGE T SR AR, RN AR T ROIORAE A,
LA IR, TR B A A AR I /N Y pH2 B,
W IR FRLAAT, HAHER TR, AR Z AR R A BERR,
AL, ERARE TR, pH S, E AR 1

HL K PR, TR ST, S T 5 B,
TRTAPR R A R S IR S0 TR
SEPE 4,

2500 -
2000
£
£ 1500 1
1000 -
= T
500 - \
0 i -
2 4 6 8 10
pH

K8 ANIA] pH 250 T AL PRI AR AR
Fig.8 Particle size of peony seed meal protein solution under
different pH conditions

2.4.4 AN[F] pH 4540 N EHEW N Zeta A IR
%) pH SRR 53T IS TR, BR8] P R
LIRS, BIAE Zeta HEAZAYACAEHY, ANl 9 &%

7, pH2 BT 1E HLHE, pH6~10 W) H7 fh By fif . Zeta
FELAN A B (B 156 B 2R P 2R 1T HY 1 P A 1) 2 SR B 22
FHFIE T A2 IR . pH4A B AR B fp, KR
pH4 St PHFPRIER P00 A5 F SR, B8 PR S L S
T 38 LKA BAE . R R I AR T N
AT R SR AR, S EUE H ISR NS, 24 pH
TE 8~10 B} Zeta BV AULEXHELRH W0, A 120K
AT RORAE T HER, A 2R BRI A, A RS

22[46]
o

FE

> 4 6 8 10
pH
K19 Al pH Z&AF FHPHFAIE FIR I Zeta HLAL
Fig.9 Zeta potential of peony seed meal protein solution under
different pH conditions

2.4.5 FEIUEMMER IR RS E A E
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