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Optimization of Extraction Process and Properties of Protein from
Peony Seed Meal

WANG Huatian, DONG Zhuofan, LI Liang, FENG Tao, SONG Shiging, SUN Min, YAO Lingyun’

(School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418, China)

Abstract: Protein from peony seed meal was extracted by alkali dissolution and acid precipitation. The extraction process
was optimized by single factor and orthogonal experiments, and the physical and chemical properties and functional
properties including isoelectric point, molecular weight, secondary structure, foaming property and foaming stability of the
protein were determined. The results showed that the influencing factors on protein yield were: pH>extraction time>
extraction temperature>solid-liquid ratio. The optimal extraction conditions were under the optimum conditions of material
liquid ratio 1:20 g/mL, extraction temperature 70 “C, pH9 and extraction time 45 min, the yield of protein from peony seed
meal was 79.83%=+1.22%. SDS-PAGE showed that there were five kinds of protein with molecular weight, two of which
were between 15~25 kDa, two of which were between 35~40 kDa, and one of which was between 55~70 kDa. Fourier
infrared spectroscopy showed that the protein in peony seed meal was mainly a-helix and p-folding, containing
intermolecular hydrogen bonds and a small amount of carbohydrate. The scanning electron microscope showed that the
protein in peony seed meal was mainly composed of f-folding composition. Compared with soybean protein, peanut protein
and pea protein, peony seed meal protein had a good oil holding capacity of 4.5 g/g, which was similar to soybean protein in
foaming and emulsification. This study can provide a reference for the application of peony seed meal protein in the food
industry.
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FEPHRPRA S AP PR R TS TR B R =8, TE
fEPPFAhAE el R T A=A 30% 22 g RARATY.
FEPHFPRI T ST AR B U 200 TR e 4
DL KAt i R PRS2SR RO =g
WS | RS AT, s e A S W4t PR PR
HAPEAM, st brE mdhibpg ! 255k,
MR BOAEFHRFRA 24 7 35 220 S AR el AR
HH, A PHFF 2 G FUMME AR S84 R . X3
SEDATS] A ST PR DR R A B  SEAIMR R
ISy | SliAR L) R S BRI . Shi 4510 F2 BEFSY
TG TR . B B AR R R U
PR R A TERE . BRAL MR BRI E AR TEREN T
Gong ZEUS) i FHEHR K it b P AR AR 1, R BT
Rl ARV RE R B R E o HHFHFrRd gk
FHAVE & B LA R v i) oo 21 s e o il SR il
YR TP PRI ZE S R E . Bk, S E—
AR P AT 2R S FHRCR, Tt PERRa
JEAET o

Y E AR S R HAE R Tz, R
BB I F o H 25832 3567 . AP AR 1A E AR
B2 S ek, H RTERH UL A DR PR DTS |« il
fh . AULEFNE . FRETR MR SRR . TATRUT
2% 2B R ) FH R 1 ST AE A PR B v g5 4 AR 15 5
FAP, VAP USRI pH R RERT, R R4
SErE—E, DT, TEEER S RUTE, &
B PR TR U REBCR R 56.77%, H & BUAE s i 4%
4. pH3.0~9.0 B4 FHFFRIER A1 Rttt 2=
A AE P e AT FH il Ao -1 7 4 BB 1 L 2
B AT RO R P ) e A SR B T 25 B L 1:9.8,

FEFTVREE 49.5 °C, BEHFE 1.9%, MAHYE] 119 min,

TEMLAAAF TR ATHRECE N 90.95% . I BfLE
TR ERA A K 53 FEEF RN )N, ik gt S 5 H
EER AU T, ORI 2R, R YT RES:
MEALFREMANE . FrACHEREr R . LA . AR
BEEME, B2 FORZERY | i T ik DL R A s
B 2, (B &8 1K 4t AR SR B g B R
J5 . DHRERFPEIEA TR S 4 B S BT AN B S o
I, XSHAE PR AR A BRI R R . DO BB E T Rt
5T, AR FHP LS RIS I 1.

AAIFFE LA BN 22 AN E S I8 A g SRR R
BB T 2S5, JRRH P PR R = F s
BEAEBA TR Y, B AR R 5Tt . 2R
Sk, Bt &g ezl e, N4 rt
FrRaEE A UIREREE . ASSC B FE TR R B e R
2RISR, [RIE e U PE AT
i MV AR G B8R AR S HR I R e A T
BARSTHE, STEG PR PR R PR A T S
1 HRSsE
1.1 #MRI5EE

HPHFFR BRSSO E A P,

LPEAE VAT T B X2 A 2 e R A FR
oSl 85% WER . LWE. A MTEEH . B S
W T TR R AR (SDS) | VRARST | ok ZLPE . AR
EAREN. FRh1R  BIShSTal, WSE T E 25 4E A fhagik
FIARAF; KEEA.. WAEEA . SIS EANMS
ACFIREBCEHE BRA W] Rl S u Rl
B A BRA ] 851 EAEGZ vhR (5%) | 45 1 Mark
(10~180 kDa) . SDS-PAGE #EfZHCHlIAF & /=
RAEMIFARNH] S

AL-204 43T R MR -FERI 24300 ( i)
FHIRAF ZY-601 Wi IJHFEEIR KIS AR
FRAAU R AT B l; UV2350 B4 A] BLA3t
BEI JUJeRT () ISR R ] LGI-10 EA5%
RTEEPL JC IR RS 2545 BR A F]; FE20Plus
pH it AR -FER UG BRAS ] F6-10 T4
Yimaas  _LWEE Sk & R BR S Fl; VERTEX70
R AR LT ARG #2[E Bruker 23w ; DYPP-
44P BUEPKAY  JbEHIZS—XAS) 5 S-3400N F4#
FoMEE  HASEHEIRE ST
1.2 L7k
1.2.1 SHEETARAEMZHIFE  BoH 4 s 28 E b
HWEHM (1 mg/mL), 7€ 7 & H -5 A 0. 0.01,
0.02. 0.04. 0.06. 0.08. 0.1 mL HIBRUELE WL, Iind= 8
FI/KZE 0.1 mL, 104 A SS B ISR
5 mL, JRFHHIA)EHHE 10 min, 595 nm AR
SCAE, Ll FURbRHEIZR . MASEE A v=0.0077x+
0.011, R>=0.998.,

52 (%) = BT B4 PR 8 P R BU S /4
FPAABT EE <100,
1.2.2 HFHFPEE A IRIT 2
1.2.2.1 Hl&FHAE AP E AR T2
SR P A HREGR, A 1 mol/L AYERER VE Y HEHL
W pH 28 4, [ FHFFRAEE I FE437U0E, 4000 r/min
B0 5 min, KB F/ROK IS WROE 52— & IR,
25 T W S E AR B SR, R Kk
3 IR HRTLNE, SR T R T, A4t AT
MR AR
1.2.2.2 FAPRZESLE  FREL S g 4LFTRPRIR, LIZEIE
K g RHGR, FEIRJE N 70 °C, $RBUAT A N 45 min,
pH o 8, B&I A 1:10.1:15.1:20.1:25.1:30g/mL,
BT RS

PREX 5 g L PREERIES, LAZEIR K RG], 7Ek)
WA 1:20 g/mL, $2EXET A2 45 min, pH =& 8, $2
BRI R 40, 50, 60, 70, 80 °C, UFfTBAN Z LG

FREL 5 g 4 FIRPRART, LLIZER/K R EGR], 7kt
WEESA 1:20 g/mL, HE A 70 °C, $EBUHE A 45 min,
JH 1 mol/L Y NaOH ¥ pH &% 7. 8. 9. 10, 11, #
AT AR ZR 5L

FREX 5 g L PPRERIRS, LIZEMR K o EGR, 7Ek
WL 1:20 g/mL, IEEER 70 °C, pH & 8, FEHXH]A]
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Sl 30, 45, 60, 75. 90 min, P TEA K ZE 508

1.2.23 1EAZIAE:  DUBNE G, R pH FHE[E] A
K2, R Ly(3) FfMEsSiRIE (WL 1) FHZ ST
TR E B U & i, ARYEH P AR SR
AR T 2.

#1IEGRAE K

Table 1 Orthogonal experimental factors and levels
e
SH , p——
BH L (g/mL) REE(C) pH A 1] (min)
1 1:15 60 7 30
2 1:20 70 8 45
3 1:25 30 9 60

1.2.3 4R S —RE LR AT s
1.2.3.1 FREVNIGS TR EE RS ALKk (I e BGE & 4T
FHAFMIER A . KSR AT A8 H B
AL 3 mg/mL R BT W, K2R S iR 1 |
FELE pPR(S>)FERE 4:1 BYELBIITR A, 100 °C 7K 3~
5 min, & TR

122 B8 SDS-PAGE #¢ i e il 1257 & v gy a4
el 12% B0 BSIE 10 mL, F7 55 B e 76 Je M 5E [#]
J&, FFECHIMR ARG 3 mL, BE[ )5 PUFh R (Bt T EAE
AbEE, S RSl 80 V BRI BTk 4E 50 min, FRHL R
S 120 V EF BT 7435 1 he
1.2.3.2 AHHE AR LT ANEIE R E 25 B b Y
FhAE B R, SIRAGETR AR I SRS, 7Et ek bt
JEXAS), 10 MPa 2245 R R B B o 8
(8 L AR F LT A GIE I AE 4000~500 cm™' B ALY
PEATHHT, LA SR G E SO60E, AE61% 32 i
i, PR 8 em ™
1.2.3.3 HERMEEEMMIE =% Shilpashree 2507 [1)
Tk, IR . ERES S DG SR, f b
PUFPAR R U B A E S G & 7 S e i, FHYE
HBERIR R BRI, SRE A B 28 A anh e
LJEEL(2~5 ), EE & TR I ETE E 5 kv,
PATHRERE . BORARECH 120~130 1%,
1.2.4 HPPFERIEE S =R E 0L A a0 ShReRRrE
1.2.4.1 FpRPERFRMIEA N E  BRPUFE Y &5 E
£ 1 g 188 V, ZOREMELE(V)HS 10 mL
ZRKIRG, HEBERPE .08 1 min f5, HEH
30 min, L4 8000 r/min &5 .0> 10 min, K& iE
W, R DA S INAEY) B R (V)P EE R
b Co37 =R (1 [ O
A& X ()

BUFHEYIEAS 05 g, ic N V. 5 6 mL K&
IAEC AR E A E.LE (V) PIRE . BEPE 1 min, il
PSR SE &S R R G . B E 30 min, BE A LA
8000 r/min 50> 10 min, FHRSR B W HL I 75 7, FK

Frkt(g/g) =

HEDESHNEYBEE (V)P il ERR R
A= A i N LS N s G S S D TE =
g{1

V,=(V+V)

%

1.2.4.2 EUEHEFRREEMIE  435fles 20 mL
U BESA 10 mg/mL 1 PUFHAEYI 2R HIE W (V) , 7
1 mol/L ) NaOH ¥4 pH #75 & 8. i ism e
IRRE S FERS LA 800 r/min £E 30 °C #4f 30 min, 7E
BB EE L 10000 r/min ¥4k 1 min, BHRITHY
EARIBRFEFL T 50 mL &, 78 0 min(V,) Fl
10 min(V DigsARRRY . AN E R Ao
P, L) AR RS e M .

et (g/g) = 2 (2

FEILPE (%) = V“\:V x 100 (3
R %) = VY %100 X @)
12.43 FLAkAE AT A0 B s B B W 5 TG

( Emulsifying activity indices, EAI) | 52 B A& 2 2%
Taheri 25P% Y5 ik, JHFE/EIER . HDURFE Y 88 1A
(10 mg/mL, ¥ : C)H 1 mol/L NaOH 77 %
pHS, JIFFEZE R FHF: 30 min. #RJ5, 1% 18 mL &1
JRE RS 2 mL REGHIR S, /)5 4E 10000 r/min [
M N5 1 mine FLI (50 pL)FESAAE 0 min Mk
BIREE H, IR 0.1% T ES LA PR eI MR 5 mL
WikE. A YEERETTFE 500 nm W &ML/ 0 min
(A MZLIETRSCEE . THAEFLEME EAT(mY/g) 2
HKH:

2x2.303 %A,

exC

o, o RIS ZLRIE AR LR (0.1) .

FL ik Fa % Pk (Emulsion stability indices, ESI) 1Y
MR FERIE EAL JG PIZLIRIBASE i E 10 min,
T LA, 12N A g FLAEEEEE ESI(min)
AN

Ay X At
Ay—Ay

o, At B ] ERE (min) o
1.3 #EAIE

TR SEs B S =R, T A RN 3 Ik
HAE AP IEAARAEZE” o (I SPSS 20.0 X &
BEAT 7 2245007, B 22 5 2P, B ER M Origin
pro 2022 X Excel #1745l
2 GERE5H
2.1 HFHFHRERRER
2.1.1 PRRREXTE AR HIE 1A ATA,
RS LU PR TN, A E P PRRROER I AR T T, AE
1:20 g/mL AR 2 E. 188 TRH& tb a3,
PRI LT 4ESR,, 28555 5T ERIBOK S i ET

ESI = 2 (5

ESI = X (6
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JEFF, I NI ER I BT RBEOA AR 2Rl L
i 1:20 g/mL B, 4E FHFFRIEE 15 R 78.81%+
0.21%. PEHR LR T 1:20 g/mL B, 85 BTAY1S-%
RS I R ) ik s S DD IR & 2 [ e < 0 QR EE B
L) Sl K IR EE R 1:25 g/mL B, 3155 =
EASR, X AT HESE T A FF= g4 E P RRRR K
BESIANF . BRIk, 2R EEA 1:20 g/mL B, ik Hx
fEEHERA

A 10071
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Fig.1 Single factor experiments on extraction of protein from
peony seed meal

H & 1B AT, FEIREE S 70 °C LU B, ERE TR
B BT, BT AW T JRECAIRE BT
SyYRlpizE 3, A By T T an e iz as e, B
A BT8R S A (HR IR ARSE T, 3 R
JREIRIE, Jr T RWE 1 B, BB i, 511 ot
AR DY S 2R EESR 70 °C B, AP RRRRIERE Y
135K 76.57%+0.04%. HELEH G IN46EEP 251
FEL. PRI, IRBEER 70 °C B, i BH PRI R
TAFPEIURAT .

AW pH X HEPHRFRIER B 2 anisl 1C
P e B s pH ANTE 8 B8 P T A5 =, 18
Fl] 76.74%=x0.01%, FT AEJE At FHkeRa H ao s 5
FITERRE SRR, SR BT 0T 2 [l W5 | T REAIG, A2
PE T8 ST A, DT I AR T A R g P
{H24 pH 24 10, 11 I}, FH I BTAFR T BFEIFE T
eSS Dl 5 A [ s s = DD iRatl e ol 1 A ¢ = D DN P
e PRIE, 24 pHS I, i FH PR A iR
HRA .

rH & 1D AT, Bl PRI TR AS T E <, 41 P 1R
R A AR e N AR e T AR e o YR EU ]
h 45 min i, 35 BRI REL A 78.27%+0.02%
TE 45 min Z 1, H TP HOUR A i BT 58
A . 7E 60 min ZJ5, T inEE RS, (AR
DRGNS 1A 0 N 5 s =4 R DDAN D S S S DT N
I, YFREURE] A 45 min B, S EHPREERIEE B0 R
FEPRIBEE:

2.1.2 IEACIREGEE R 50T TR SRR IR S Y LA
b, gl B R AR e T PR R
BT 2. e 2 nTLUFA HY, pH X8 BT RO $2 BBOSCR
P4 52 ) e O, 3X 5 B DR 3R SR A5 SR AR W G, I T
et B2 DR X 85 P BT B SE R IR 2 o TE A2 3
Wtk LW, S R4S T A,B,CyD, I, BIRHE L
1:20 g/mL. & 70 °C. pHO. A [A] 45 min, 41734
MR B m, 153 79.83%+1.22%.

2 PSPPI F I IE A
Table 2 Orthogonal experiment of extraction of protein from
peony seed meal

S5 ARREI  BIRE  cpH  DEE 15E(%)

1 1 1 1 1 50.75+0.10
2 1 2 2 2 75.15+0.08
3 1 3 3 3 73.55+0.00
4 2 1 2 3 72.500.16
5 2 2 3 1 73.29+0.02
6 2 3 1 2 54.48+0.30
7 3 1 3 2 71.46+0.11
8 3 2 1 3 52.71+0.76
9 3 3 2 1 70.500.00
K, 66.483 64.903  52.647  64.847
K, 66.757 67.050 72717 67.030
K, 64.890 66.117 72767  66.253
R 1.867 2147 20120 2.183

FURAKF- C>D>B>A

A r % A,B,C,D,
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2.2.1 BNKIERZE LB 8T  DUPMEY R E

SO AT R L K 45 SR N 1] 2 s, PR AR 1 3R

A S AR AR B, 7E 15~25 kDa Z [H]A ™
B R ARA, 35~40 kDa 22 [8] 45 P &5 48 1 B 4547,

55~70 kDa Z [ — 4545, IX 5 Gao 5P 5T
ZAPLs IR RN S 8 PR FEL DK ) B BT A

SAARARL, P ELA 43S IR R P 85 B 45007, IF

HAA S FE S5 B EAR TR, B K & 8] H RS

SR A FEAE R A g T

LA 4 ZHRAERH, 70T 15~25. 35~40 Fl1 70 kDa
BRI B PO pAa 42y 25 FH A HL K IR, KGR AN

S A WIS AR, HPHF PR R EAE TR

Py FHE S AT AT LE AR L o

180 kDa |
140 kDa
100 kDa
70 kDa
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Marker fPHPHIE R KEHENA EEA BIEEN
Pl 2 DU AR 15 R e D ]

Fig.2 Gel electrophoresis of four plant proteins

2.2.2 fHHEMASRITAMEIE M E  BREBAYLTAN
JeiE BAT AR AE R A X BERZ T X (1600~
1700 cm™) | MkRE 11 IX.(1530~1550 cm™) FIfpEE 1 X
(1260~1300 cm ™) . kK C=0 4adRshFn C-
N PRSI BEE T X, BB T EAA a-
WEEFN BT s W T X 32 2 P a9 C-N 14y
PeshF N-H Z ¥ sh P28, h® 3 nf LEH, &
3415.80 cm™' AYIRISCIE SRy 43Tl S g n AaE iR 3l #E
M >k B T 22 A R A 7E 3176.63 cm ' R

3415.80 \ h 3176.63

4000 3500 3000 2500 2000 1500 1000 500
PEEL (em™)
3 DU A R A FL 2D AN OGS

Fig.3 Fourier infrared absorption spectra of four plant proteins

N-H B gades), nl G & A BT a Sk ni Pz s); iy
FHER HBTEEL T X WIS R A I 2s, Hop Pk
AR BRIy 1647.81 em ™!, K. B4R
F R 3 8 1 A R IS 4350 Dl 1635.32. 1643.07.
1640.49 cm™'c FEMERAE T X4LPIFPRATRE . AR
Fs S8R 0 35, 2k 1547.45 ecm™, TR R
B A A b DX IR I 2] W IR0 . #F 1400 om0
FEFAEIEF I N-H THiRsh. 7F 1065.74 cm ™' 19
I RN C-O FA IR IS4, SR T AR 1 BT & A b
Y C-O £, R H B S E ok IbEG4 -

PUFPAR D) & 1 i R EANE 4 TR, P HFrRa
AR IR KRG R BRIR, A5 —Lk
SRR FEAR AR VRIS S8R R AR AR, B 2R
FIAURL FEAEAE B i/ —2E . FR AR, &
TR S-S B, B I A PR
EAMSSHTEN B-ITE.

o

P4 UMM F SO S R B
Fig.4 Scanning electron microscopy of four plant proteins
TE: ASEPHFPRIE 11 (130%); BOK T 11(120%); CAEE # 1

(130x); D.FIE T (130%) .

2.3 HAFERS=MENLEBMINEEFHE 2
2.3.1 FEpKMERERERME 8 S R R A
FEAE—E K FITE LT, 2R HRSS A& 7/K AR R
J1, IXTE A AR TE . R b AN XUk B A VR A R
M, IR SA RTAL, R, DR R H ek
MSEEAE, Horp KSR AR KRN 4.13 g/g,
PRI EE A SR IR, Sl 1.37 g/g A
1.68 g/g, LA I RF /KPR 252 1.09 g/g. #RIMT
XFFREME, A PP B B A B RRR P, TR
HEH. A E A NBE S E R A I
FH AR BT RO R AR ) 5 HER g K M FITs 7K P 2
L AR SR, R HAPRAIEE A n BB A 2 Y
/KPR 2 R AN ) 2 T B K P o

2.3.2 MR E M PR R
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