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Abstract

In this study, the seed shell of oil peony processing residue was used as raw material, ethanol was
used as solvent, and the extraction yield was used as response value. The optimal extraction process
was prepared by single factor and orthogonal experiment. The optimal extraction process was as
follows: ethanol concentration was 95%, extraction temperature was 90°C, solid-liquid ratio was
1:10, extraction time was 4 h, and the extraction yield was 24.68% * 1.27%. Resveratrol (0.014%)
and paeoniflorin (1.40%) were detected in the extract of peony seed shell. Eicosapentaenoic acid
(0.0526%) and squalene (0.007%) were detected in the oil for the first time. Scanning electron
microscopy, thermogravimetry, infrared spectroscopy, polysaccharides, total phenols, total fla-
vonoids, in vitro antioxidant activity and mouse toxicity tests were carried out. The results showed
that the ethanol extract of peony processing residue had strong antioxidant activity in vitro. The
extract was nontoxic in the range of 0.05~0.8 g/kg, which could increase the activities of superox-
ide dismutase and catalase in serum and decrease the content of malondialdehyde. This study will
provide basic data support for the deep processing of oil peony enterprises and the potential ap-
plication of seed shell extract.
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1. 518

-7+ (Paeonia suffruticosa Andr-) J5 = i [, 2 ARAEMEY), HARBEAZHMWENE. B TEE
BTG JE . EARHE O KL 2000 SERH S o I x4 G 24 F AT LR 08B L PR 8 (R 72 32 1 A7 A2
T FY, IR0 ) 5 O PRI AR 9 B R . S B SRR RGP P R 1) 45 (KR P E 2011 4E 12
AR AT 9 5 A 5 e HEHE B TR A [ L] o F S5 TR Ity PR A (4R 2 24 99.9 x 10° i,
U SR SR A P P, AR 7 A 2 44.95 x 10% WA PR S . A0SR A BEAR LT IR PR 7 0 S
K, b iE R I IR IR, BT REIEI E PPR SR TR A R 5 T V2N R
TR IT. SRM R HET R, PR A AT AL TR PR By, & THEPHRF 7 IR TR S B R b 2 b
WOZHIT FORE R PFORPTFFFE T 58 -5 0 B AR TE I3z (1145

IECEAEASRBUEY M H VAR, fAEEZ AR, Wk, 2ot Aaf AN —E NI ES
PE[2]. HEl, OF —EZREEM. 20 REE A A= o IE O R & 7 A0
FUATBREI[3]. LEEAEAIRICIER], CF ZH T ' 2547[4]. 2016 ¢, Toda 55 A\ LA LEEAE NV
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FUREFE TR SR 1245 DUG%45 N BB SRR e — 0 R, L BE RS M [ 14 I 57 ol o i 52 49
HUHiok[6]. HIECHAMLL, ZBEEFEEUmAE & 5 2 1iE YR [7].

g5 LR, AW LN SRR IR EGATR, PRI TR Rk e N R, ASRE = 2 Ay
ISR, JE I B IR 2R S IE AT S ) S B AR EN T2, 8 i #4441 (Thermogravimetric Analysis, TG).
1 FLIH-AR 21 40 15 4% (Fourier Transform Infrared Spectromete, FTIR). $94# 1 1 2 148% (Scanning Electron
Microscope, SEM). 7= R0 (1% (High Performance Liquid Chromatography, HPLC). “SAH (% il (Gas
Chromatography, GC), LS ARAMIT AT A R A A 251 S50 0 & &5 0 Ve BT e R U AT R AE 4y
Bro AN TR A F AL PRI T, AR PHFF 52 52 B RV AE S SR A St s S %, R LB IR T
R P S TRk

2. M5 5%
2.1 M

FIZEPTREARUE i ATZGEFRRAE S SEIE Sigma AF]s P T ARdES : R AR A PR A
A B AL EE(SOD) IR & i A AR (CAT)BURI&E . T B (MDA) IR &’ Rl @ E AR IR
AT BETER. WREREY. Siih. AL E. =Rk KE . PUAMER. 1,1- - AEE-2- =R
JHF(DPPH). 2,2’ - B & - —(3- 2.3 F8 FFMEME-6-F FR) — 4% £h(ABTS). MifCELLL-ZFR(TBA). =& LFR(TCA).
BRIk, 3,5- KRS Y N4 Hirati.

22. UFESERE

UV-5500 %841 - AT Wt 4 Je e FETE: IRAFfinity-1 { B R H AN (FTIR) = HA BEEA A
QUANTA200 ML -FHH# 2B (SEM) : FEI; 7890A SAHE Y ZHEMAIRAF; 1525 & RuliAd (il
{X(HPLC) : WATERS:; Infinite M200 PRO Fgtri: KibZHEAEVHEAAR AR STA449F5 Jupiter®#i
AT R E

23. Bk

231 HmitE

AT (RPN L F R4 PR 58 A F o5 R e il PR AL oA A A BR A = FE I, 4L e B
TEAEGENAE, T, 6] 2 DhRE M LR f B o AR, 0%, H %020, 0°C~4CARIRL T-HRAL IR AF
FE %

2.3.2. HFFFRAVERIN

H4 40.0 g HPHFF 7R 5 — AR QAR & T IR S, [BlREE, — &R A5, 5000 r/min
250 8 min, HUH FIEWR, B T HER AR RA E R NE AT B, ARV PRI, i PEO,
—20 CARIR R AT FH -

¥ PEO HI-H A5 AR B ik B T 00 S EAT2E A, 0 4SBT BEAE , BRZR IR, Frikes
(355> PEO &y, RN PEO WHEME . 74b, RAMLGR RIS, DUA MY
M, e, TEREMRBIMIRIY, fridh SEO.

A4 3% = x100% @
0

A my B E AL SR BB g, m B O IRE P SR II I B
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2.33. PERRIEZEE T

R Z LI 4. LA PEO PR M NAE, 4> BITRTT L BER B (55%. 65%- 75%- 85%. 95%). [E#
L(1:6. 1:8. 1:10. 1:12. 1:14). $2HUGEE(60°C. 70°C. 80°C. 90°C. 100°C)FIFZHLN [E(2 h. 3h. 4h.
5h. 6h)4 AERZEXT PEO P22 IR .

IEACSEEG TSy AR RS e, PEO =3 I RME, R IEAS I BT Lis(4%)%F PEO $2HX
L2, REREAKPRIHINE 1, FFHSERHET =00FT

Table 1. Ly (4°%) orthogonal experiment factors and levels
F 1Ly @) EXZREESKF

o ZmEkE% (@i HLIE B/ C SLR T
wr A B C D
1 80 16 70 2
2 85 18 80 3
3 90 1:10 90 4
4 95 112 100 5

2.3.4. SEM 937753k
JHI- R UL JRORE A i [ 8 AE A i 65 b, ORI, I8 I 49 40 P 7 6 Gl B U b P 7 SRR B i
PRI IR TS o

235.TG 9175 %E
FREX 25~30 mg FEAEAALER IR, DLSHHERIE NI, RURAUR, Tn#GEE M 40°C~800°C, Tt
I Z A 10°C/min, SRR S OISR TAS I

2.3.6. FTIR &5 3%
FREL 2.0 mg # &5 200.0 mg KBr BFBS IR & 6, SRALLAM G TE 500~4000 em i Bl X S il AT
AR Sint iR

237. 8. BARMERMEENE

1) KA - BRER (8RN 2 Bl 7 ==

DA 22 W g b it VR A oA i 2, K80 E Dy 490 nm, T8 BiAi , T |1 09 05 R R H o R B R
W PHRT SEI0AE S (L mo/mL)BOBME, A NENVEGRE, THE SRR AR 1 &

2) KEILPEFF SR S R 9] & &

PR 28 e AR IR FAAF(0.2 mLy 0.4 mL. 0.6 mL. 0.8 mL. 1.0 mL)¥% & Fhs
S (1 mg/mL), TR bR Al FH PR A AR, OO\ PR A 5 A AR R B AR R (L mL) o INARARTY 1.5 mL
H1 Na,CO3(20%) A7 2 mL, VEA1JE, #E 0.5 h, JK e A 765 nm, M HUE, JEHHEHEIE R &
M R H R

BES PR S B ISR A, VRPN BmgimL. 1R SRR AE 2R I Tk, I B A
(AP R SR B AR & TR, WEWOLE, #NEIETRE, T8 S 2 MTEAE PR FE e S s
Ealilfo =

R S B R S AB EE 93:[10]: H 5.0 mL 78 MK R — 5 ot B B0 PR IMRE S, I
0.3 mL FLRYEREN(6%), BA], =iRERE 5min. SRJ5, MO 0.3 mL LR (10%)F1 2.0 mL A AL

=
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A M), FHEE 6 min. fin, MHEEKERSE 10 mL. BKEEN 510 nm. MEEfd, FEitE W EE
JiRE MM BB R, X MR S R S B T e R Y T S B R E R

238 AR HPARAFEASLHESENE

1) B RS RN WE AR RER S RQ mg/mL), R R, SR HPLC Ak
I, Diamonsil S AH C18 {1 4% (4.6 mm x 150 mm, 5 um); FiEIAHNZHE - 287K (0.2%) (30:7, VIV); ik
1.0 mL/min; IR 30°C; #EAEE 10 uL; KDL K 306 nm. HAREE Y 7.9 min, A2 EER [E A5 FE
Y awen = 23861X + 34896 (R® = 0.9994, n = 8). it Hb A H 5 1 2 W v i (R AR B IS TE) B, BELHY B
B REAERE TP S &

2) AJHIF SRR B A TR ERE R mo/mL), FRERAFEIRIIRE, A HPLC 4k,
Diamonsil /2 AH C18 4344 (4.6 mm x 150 mm, 5 um); s N ZHE - 7K(16:84, VIV); JitiE 1 mL/min; #
30°C; HEFEE 10 uL; AR 230 nmo AT EF AR BB )4 13.2 min, ATZGEF I EIETTFEA Y e = 4173.9X
+5245.3 (R*=0.9994, n = 8). Jlid HLE L SAT G H brit S O AR BRI T oG, B0 AT 2 EF AR R b 25

2.3.9. BERIERRL 57 34

FEGATALEE: 1IFE kel —E BIOFES, E&8ZE 25 mL. KRS T FlstL, FIRBHGIER PEO £
mh 2 mL EE I NS SA AL - AR 2 mL(0.5 mol/L). JRAIE, #EE 5 min, [ANRA RN
AN—ERRREEAK, B8, #8E, 7L TRk, LEREABAKRERE, BEEPHANT, 57
ZKE. HT GC 4.

GC %1F: Agilent HP-55% % 5 F L f S0 e BANE 41 (30 m x 0.32 mm, 0.25 pm); < maim < 3
SES7: 025 mpa; ZriidEAE, bt 10:1; AEE: 0.90 mL/ming BEAEE: 1.0 uL; HEFEITRE: 250°C;
K2R . 280°C; THEFEF: WIMRIRE R E N 130°C, LA 4°C/min EETHE 230°C, 7E 230°CIRFF
30 min EL & 47158 il

2.3.10. FIMRELFEES R

1) DPPH H HiZ&iERR: ZMOCERTA[11], FFRERE S H 80% LRFHC B A MW EFEdh, X R T
WIMRR . FHTE/K ZEERCH 25 mg/mL ) DPPH ¥, 75 RE T, A 2 mL BCE LT/ PEO £ Al 2 mL
ff) DPPH ¥R, TR, #EGALHE, 05 h /5, BKWEN 517 nm, ROGE. TERRFL RIS PEO iE
¥k DPPH fJRET. “FAT 3 WK, iFEIEBRR. HAXA:

R /% :%xloo% @)

K. AN DPPH 15 80% L BE MR AR A N DPPH TR SHAE IR INR G A, N 80% LIRS
FE SRR G

2) ABTS [ HIFEiHRR: HI 80% CBFRC B AN R RS, X HRAUAPUR MR . 724V, A 2.0 mL
FEMAN 2.0 mL ABTS [12]¥(7 mmol/L), #EAbEE, 0.5h J5, WK WEN 734 nm, IR LE. HE
KRN PEO R fhilkR ABTS [HRE ST “FAT 3K, IFHAHERE. HAKXN:

3% = Aﬁ#xm% ©®)
X AN ABTS I 5 80% LB ER: AN ABTS I SHE AR E: A, 4 PBS ¥l 5

P A IR IR
3) A A HELIERR: T 80% LREHL BANFR LA &, X AN SR MR . AE AR P, IR
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i 1 mL, Tris-HCI & 4 mL (PH = 8), 482K =By [13]% % 0.4 mL, 5 min J5 1A 1 mL HCI (8 mmol/L),
WK E N 322 nm, FMBOLE . IEBRRRRFE S PEO WERR A H HEMIGE . FAT 3K, THHEAHIE
bR, HARN:

25 /9% = %xm% )

A AT A A CHRRIRE S RO A, NTCARIR =M R S RO

4) BHHEHMETER: H 80% LR B AR AL, MIRAAPUIAMER. E5E P, A 1 mL
i Al 2 mL ¥R FE 9 6 mmol/L [ FeSO, ¥, VRS 1A 6 mmol/L ) H,0, 2 mL, EGALEE, JRA), §HE
8 min, FEMIA 2 mL /K B2[14]% 7 (6 mmol/L), 37°C, /KM 0.5 h, K ¥ E N 510 nm, #6:00%
Hfl. THRFERRFES PEO G H MBS, AT 3K, WEMAHERE. LA :

TR /9% = %xm% ©)

A AATAXNH: A IRERIIBOGE: A IR BRI i RO 1E -

5) Ji B AL EE T R A ARAR L 2 FR(TBARS) [15], ST AiAC L EE2 R s N A 5 4 LK
71 PEO 11 SEO #¥: & it Fig S ik S0 Ak 300 ] (10355 1 (TBARS) 23 BT o K /1N 5L P R i 28 3 6 7K (WY = 1:100),
i F R S A EEAT 512, FESRE RN 1 mL /N IEVA W, A1 1 mL ASFEIREE RS, 0.5 mmol/L
] FeCls, 0.05 mL f¥] H,0, (0.5 mmol/L), J&%51J5 37°C %1 F##E 30 min, FE I 1.5 mL TCA (20%, W/V)
WG 1.5 mL BRAR B L Z R (TBA)(0.8%, WV 1L [ b7, 8%, BT 99°C/KIBEH In# 10 min, A
J&, 4000 r/min &0 10 min, _E3EVRAE 532 nm AbZE TR . AR :

TR /% = %xm% ©6)

s A RTEERTIR: A RRFIRE S IROGAE s A, 70N BRI M R WO B (B0% TG 7K £ B Al /) B
Y MR IR AR -
23.11. RIEFENFHESH

30 Rk H 60~80 g HIMENE Wistar KBS )W SE T o E Fifg SLAC Zhsiiezs, 5 RoA—4H, ¥
HEENL T ANE . AE—E 5T (5 12 h BT IIREIEIR, W 20°C~24 CRIAHRREE 35%~60%) 18 7= 7E A
SR TET, AR E R BLR . SEIGHT 12 AN, EATIOK, 256, (I 3hK - FR H L AR 4E R A £ (99:1, V:V)
il % PEO FE MBI Bz E =R E 2 H, KRS A A& 0.0546~0.8736 mglkg 1)
PEO W, Xt HRZEAE A AH AR B R /K - FR SR LFAE RN ER(99:1, VIVIIITEM . R N8 2 ST
HESEFEES 45 K, BRREE | 24 h, FEEIE A MM FE AR SE, AT FUAKYE (BB IR A8 SEI h ) BE 4451 )
HEAT o K RS W, 3 B IEAE-80°C IRAT . K ERUIMLIE + CAT. SOD. MDA 7K-F [l & &4 #8 CAT.
SOD. MDA F a7 & 5 B B AT 45 E 1

3. GRS 5Hh
31 BERXEER

3.1.1. ZEFREX PEO FEEAF M

]2 BHR LG 1:10 g/mL. $EHGEFE 90°C  JREUAFIA] 4 h Z54F T, - S EEAEAS [V FE (55% - 65%- 75%-
85%. 95%) 7% 1 NXF PEO P22 (Hsg i L] 1(a). WTLAMEEAG H, ZEEIREEXT PEO 7= 2 (5L Al g BH & o
BE 2 BEARFE I IN, PEO =2 tHFFEfn. &im LR EA R TEAIMY BOREIE, IR Z M55k
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PP . ASEIG S5 RS SCBR[B145 1A — 8. RItt, e 95% ) LM I BE A Ny f (4R HUK

3.1.2. BREERT PEO =R RN

5 LB E 95%. FEHGERFE 90°C. $EHUN ] 4 h, IFMAFRNELL(L:6. 1:8. 1:10. 1:12. 1:14)
X PEO =3 (2 W1l 1(b). W LAMIEEASH, fE—E Vel N, fERERNRILIIE K, PEO f=#5eigin,
FERNRLE A 1:10 B, P 3dem, AW RRRNRELE, PR Sa TP, SEMEImENELL, "TRE K
ST RIS HC) 2 (A A AR, e 22 0 00 2 B 0 [ WSV SR AR, 3t RRHA LU AR T PEO B [RI W b
FE, R RN L Y 1:10 g/mL A RS BURNR L o

3.1.3. EBURE X PEO F=EH I

[EFETE ] 2 CBEHR B 95%. R EL 1:10. $2EXAS[H] 4 h, PENASRIFEEGEE(60°C. 70°C. 80°C. 90°C .
100°C)%t PEO PRI LI 1(c). RTLAMIZE/S ), PEO =R 50 R IEM IS, BIEEME, F%
HEK, 90°CHAFIEAE, 100°CH & TRE. iRt NEAR T8, (HERIUR T 2R S
i, RIS, ik, $REUEEIERE N 90T,

3.1.4. {RERE%T PEO KT

[ E A 95%, BHELE 1:10, $#RHUEEE 90°C, PEMAEIFEEU (2. 3. 4. 5. 6 h)Xf PEO F=# )5
Wi LIPS 1(d). ATRAMEEEASH, 7€ 2~4h, PEO F#ER G A L IEAHGHES, 1E 4 h ISk Bl , 4kaihn
PEHURTE], PRRRANLEARERIG N K AR [R], 30 T R S S R, S EOE 28 RV R A
AFIF PEO MIHRER . i HEEUN 18] N 4 ho

B Grimimsy 87 sy

SRR
&%%/ Hiien
55 65 Z@%}ﬁ/% 85 95 1:6 1:8 *iﬁ;i([i[g 1:12 1:14

(@) (b)

d

N
e—_

(=23
(=}

90
FREGEE/ C FREUAE [H)/h

( (d)
Figure 1. (a) The influence of ethanol concentration on the yield of PEO; (b) The influence of material-to-liquid ratio on the
yield of PEO; (c) The influence of extraction temperature on the yield of PEO; (d) Effect of extraction time on the yield of PEO
1. (a) ZEEKEXS PEO FZHRAIEM; (b) RHALLIS PEO FEMFM; (c) IREUREXT PEO FRMFNT; (d) FZEX
AfiE)%T PEO F=ZAYS20

—
(=3
(=}

O
~
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3.2. IE3ZSLIE4ER

AW FERA Lig(4%) IE A SEE0 NS SR S A AT T k. 76 2 NIEACSREREE H . BN [R & X} PEO 7=
MR IUAN ZE (RYE KN, RAAMK/NG PEO (7= RIEAHSHH, RN, RN E X PEO
PRI, SR R Z 6 PEO 7= R W2 M IS B v BRI : A > B >C > Do iRHE(R 3)HE
SR R], DA R R R R I T2 CRERE (R &R A), H AR EIRIL(F R B), H
UORPRHUR (13 C), o NHEHUnta)([K % D). $2HL PEO KISt T2 8: A4, B3, C3 M1 D3 (&
B )y 95%, [N 1:10 g/mb, $REGEE N 90°C, HREUN N 4 h). fEHAHE T, PEO 23 )y 24.68
+1.27% (n = 3), AR G52 72 343 74 5.16 F1 19.52%. PEO H i g #8417 23R 5 SEO JEAHH [
(4.77%). PEO H1Z ¥k, S By FLE B Hd & 55374 8.72. 5.85 #110.19%.

Table 2. PEO L,¢(4°) orthogonal experiment results
3 2. PEO Lo(4°) EXX LR

K CIEIREI% [f] % b/ (g/mL) PRI E/C PRI E]/h PEO = %/%
1 1 1 1 1 15.79 + 0.95
2 1 2 2 2 20.85+1.25
3 1 3 3 3 22.03+1.54
4 1 4 4 4 20.01+1.21
5 2 1 2 3 21.23+1.73
6 2 2 1 4 20.54 +1.03
7 2 3 4 1 21.72+1.95
8 2 4 3 2 22.13+1.77
9 3 1 3 4 23.07 £0.89
10 3 2 4 3 2326 +1.16
1 3 3 1 2 2252 +1.68
12 3 4 2 1 2259 +1.81
13 4 1 4 2 2236 £1.33
14 4 2 3 1 2312 +1.62
15 4 3 2 4 24.37+1.95
16 4 4 1 3 23.68+1.18
K1 19.670 20.612 20.633 20.805
K2 21.405 21.943 22.260 21.965
K3 22.860 22,660 22587 22550
K4 23.383 22.102 21.838 21.997
R 3.713 2.048 1.954 1.745

et A4 B3 C3 D3

Table 3. Orthogonal experiment analysis of variance
=3 EXEHHESH

% P75 AN HdZ F-i Foos nEN
A 33.270 3 18.062 9.280 *
B 9.032 3 4.903 9.280
C 8.771 3 4.762 9.280
D 6.461 3 3.508 9.280
RIE 1.840 3
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3.3. RS

2(a)~(d) AP PAT FE SR, SRBGRRPII S I A AT SEM LB R AEIRTEUE Y, EATT
RIME SN RKZESR, HrpHPPi e R R T IO ORGSR BRI AR Y2 i 23 2 1L
BRI R aitl . X LEMEAT Y, LREE RO AL PR 72 ISR IOCSCRAE F FLEC T &2 .

(b)

(d)

Figure 2. (a) Peony seed husk raw materials; (b) Peony seed husk raw material extraction residue; (c) Electron microscope picture
of peony seed shell raw material (1000x); (d) Electron microscope picture of the residue of peony seed hull extraction (1000x)

2. (a) HFAHFRERL (b) HATFRERHREEIRY; (o) HANFRREAERE R (1000x); (d) HAAFFRIFIR

)8 $5 & 7 (1000x)

34. REHER

] 3(a) F1 4] 3(b)4351 4 SEO 1 PEO HIAE K. DTG &k b HUE A 10 1210 1 7 Bl () f K 2k i 42 [16]
[17]. MEHWEEE], SEO 1 PEO ik F &L 74 ifid 1 HITE 259°CH1 277°C Ak, SEO F1 PEO i T&4H
I35 ARIEALE 367 C F1406°C Ak . FHT PEO FR-&5 5 22 1) 2 MR A5 14 1l 4y, S B PEO /ML K T SEO.

0 100
80

-4 - —
R’ £ - g
S = < 60 =
o £ 3 g
= 1-8 :\D’ = S

E 40 E
-12 20
1(‘)0 2(I)0 B(I)O /l(IJO 5(I)0 6(I)0 700 0 l(I)O 2(‘)0 S(I)O 4(IJO 5(|)0 6(I)O 70612
ﬂfg/(cc) i&g/(OC)
(@ (b)
Figure 3. (a) SEO thermogram; (b) PEO thermogram
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Figure 4. (a) Resveratrol, PEO, SEO liquid chromatogram; (b) PEO, paeoniflorin liquid chromatogram
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Figure 5. Infrared spectra of paeoniflorin, resveratrol, squalene, EPA, SEO, PEO
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Figure 6. Fatty acid composition of PEO and SEO oil
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Figure 7. (a) PEO and SEQ’s ability to scavenge DPPH free radicals; (b) PEO and SEO’s ability to scavenge hydroxy! radi-
cals; (c) PEO and SEQ’s ability to scavenge ABTS free radicals; (d) PEO and SEO Scavenging ability of superoxide anion

free’radicals; (e) PEO and SEO anti-lipid peroxidation ability
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