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Quality evaluation and preliminary antioxidant activity of Paeonia ludlowii seeds
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Abstract: A method for quality evaluation of Paeonia ludlowii seeds was established by combining QAMS and fingerprints,
and its antioxidant activity was preliminarily evaluated. The analyses were performed on Agilent DB-FATWAX column (0. 25
mm x 30 m,0.25 pm) ,the carrier gas was high-purity nitrogen , temperature was programmed ,and hydrogen flame ionization
detector was used. Using methyl oleate as internal reference,the relative correction factor has good reproducibility. The P val-
ues of QAMS and external standard method are both >0.05 by ¢-test. The similarity between the fingerprints of P. ludlowii
samples from different habitats and the control fingerprints was >0.99 ;The results showed that QAMS and fingerprints could
be used for quality evaluation of P. ludlowii seeds. The results of principal component analysis ( PCA) showed that the data
points of P. ludlowii and P. suffruticosa could be divided into two categories. Through the comparative analysis of DPPH and

Fe’* reduction methods it was found that the free radical scavenging rate and Fe’*

reduction capacity of the seed coat of P.
ludlowti were higher than P. suffruticosa ,while the antioxidant capacity of seed oil was not significantly different with P. suf-
Jruticosa. The analytical method established in this study is accurate, simple and feasible. One test and multiple evaluation
combined with fingerprint can effectively evaluate the quality of P. ludlowii seeds from different habitats. The seed coat and
kernel of P. ludlowii have obviously antioxidant effect,and can be used for research and development of new products such as
food and cosmetics.
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FAE T T} ( Paeonia ludlowii ) 235 [F A5 25 R} 2
2y @ P4 (sect. Moutan DC. ) #1 8 A~fhffiz—, N
PERRAS A A, Jo AR v I RE A, UL T PG RS R
MEHIX S KAE A PF RS, (R 4T, 2
W32 e A AP E Sp, HAR S B W] A2, HAy
—EE A MG . BARRAE P AR
B R AL B NE, A0 i 300 A %, iR
Wb, b E R4 ) S0 Sk e AR Y, 2 Ak
TR o PRIk o B 8 A e
HRAR XA A AR, A 1753 £ LR, EA
L 180 Z Mtk E MR Bk, HALF i £
LA BRSSPSR S s RIR S (BT
A0 R R R A 7 el SR T N Ak
FRRIA LT R A SRR o TR A A5 R L A
FAbIIEE, & B AT A W R AR TR . W R BE I
T MLARZKF , BEAR AR [ B, By 13042 77 7F B 5 [ g X
PRIZEHL e A5 0 S5 A ARG iy 7k o 0 aih iR
AT DA o 1058, RAEARR IS 55 1t , fin bR A AT R
A, REA R B 3h Dk B Ak & A=, RE 4 e A AR A i
T R B R R EICI T, R R R B,
M IPRPR S N AR AT NRIVTIR 2 — , REAE A fifk il A , 3BTy
IR I A AT RRRE 1) K A I R A RO
FLRAE ] AN SESRE JTRA 1%

AT AR SR R AL B H P RE5E 32 AR T e A ) O
2 TR U LA KRR B B A A Ak iy
Fe Gk A 04 4 56 31238 45 4, AL Zeng 2517 R
GC-MS 53 RALBALPHRD 7 h BRI R IR 1R
TR SR O RRAR 1 & . Zhang 2512 AR K4k
BOHPH Il S T 20 FPARIIRR , R A QAMS
SE S M RAE B PR Rl TP RS R R L TH R | T
M BRI WK WA IE o AWK — i 237 5458 2L
B AR 255 S R AR PR 7 0 B VAN O v,
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Agilent 6890N A A0 354 (32 [, 2R R
FABRZA ) 5 TSQ 8000 Evo #I = F 10 4% AT /< i ik
AR, B8R A /RBHE 23 7] ) 5 Infinte M200 Pro
AUEHR AL (L b AR T B R R A R A
) 5 BJ-100 U5 v o b 25 by E AL (b PR RN
HLER A IR H]) s VGT-2013QT BB A i BEHL (P,
[ R 7 A T ) s BSA224S-CW LTS 43 2 — 43 K F
(THE[E , FE Z WA H]) s UV-3600i 1Y L8 489356 BE
HOAAR, BHEA ) ; H3-18K A =X o 2 .0 AL
(P R T A AR B A A BR A | ) 5 SG60-1 HY
TMALCrP Sl AL A PR A D) 5 3% A8 pH it
(TE[E, #€ 2 P 2 ) s BHW-09C % 46 I i #4 2%
(P, FfgE s RHCA BRA A s Milli-Q Inte-
gral5 ZI#f/KAY ( 3£ 15, Millipoer 2] ) o
1.2 #R5iH

Xof BE AR R TR (HtE45-: AT2A6L17796, &% &
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=089 ) Kl (1 IR A MRS R 7
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Al IECKE ARG, = AL SRR
EAR T, -T2 - =R R R BRI =S
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Table 1  Information of Peony seed sample

P [EATEAN B

Sample No. Sample name Sample origin
s1 KAETES S P. ludlowii M H X K3 £ Mirui Township, Bayi District
S2 KAEEHFF P. ludlowii PP X K H % Mirui Township, Bayi District
S3 KLY P. ludlowii EL P IX K3 % Mirui Township, Bayi District
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2:5% 1( Continued Tab. 1)

e HE il 2B T
Sample No. Sample name Sample origin
S4 KAETEN S P. ludlowii L X K Hi £ Mirui Township, Bayi District
S5 KA EH ST P. ludlowii KAAEFLIGLEE £ Zaxi raodeng Township , Milin County
S6 KACEH S} P. ludlowii KAAREAL L% £ Zaxi raodeng Township , Milin County
s7 KAEWHSF P. ludlowii KM E RS EL S Nanyiluoba Township, Milin County
S8 KAEESFF P. ludlowii KAk EL R E4 L % Nanyiluoba Township, Milin County
S9 KALHHFF P. ludlowii KAk E FHE £ Danniang Township , Milin County
S10 KAEHH P P. ludlowii TG 5 R B2 B Tibet agriculture and Animal Husbandry College
Si1 P} P. suffruticosa TRAE ST Tongling City, Anhui Province
s12 I} P. suffruticosa R4 % P Luoyang City, Henan Province
S13 HP} P suffruticosa I ZR 4 % T Heze City, Shandong Province
S14 HP} P suffruticosa VLI H TT Changshu City, Jiangsu Province
1.3 Fi& x0.25 pm x30 m) ; 2R m AR A, g
1.3.1 GC-MS s 54 TR 100 1 87 Al R A IR EE 160 C, A {REE,

AR A Agilent DB-1701MS #£(0. 25 mm x
0.25 wm x30 m) ; H S m AT A
TR RIGEE 50 C, 4 +FE 3 min, L 10 °C/min
(T R T 28 280 °C, AR FE 3 min; JEAE IR
250 C s f&hmekiti A 280 °C ;B 18y EI I 85 14
TR 300 °C 5 BTk 44415 40 ~ 500 Da; ¥ 57| g LR
BF ) 4 ming SERERFR 1 Lo SRA R 75 o B g
AAE St AT 3 M O3 A, SRS Y S > o g0 (DL I
1), 5 HA LA B3 AR PL 3, /e i P T %) 06 T
/N NS AR R — N 2 PE Y & A DU 5 o
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104\ |t
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Fig. 1  GC-MS total ion chromatogram

of methyl esterified sample
TE 1. BRHER F G 52 -/ \BeRR HF I 5 3. R MY IR 4. Stk R P 8 5
5. WHRERH S . Note:1. Methyl palmitate;2. Methyl stearate;3.
Methyl oleate ;4. Methyl linoleate ;5. Methyl linolenate.

1.3.2 GC &5
{6384 % ] Agilent DB-FATWAX 4% (0. 25 mm

PL5 C/min fFHEER T 2 250 C, f-4F 2 min; i
FEEREE 270 °C 5 S XA BT ARG 2% , A 25 e
270 C; #FEIARFL 2 L,
1.3.3 SR &mERH &

e 8 R R R % FP R L el T ST 9 R TR
M RTR F AR IR S 18 5T 10 mL 25 ffi v, InACTE
CBEA I E A 2 10 mL ZI P IR AT, BIAS ik
BEAA R 2.01.1.97 .1.99 1. 95 mg/mL (IR A %
W o PR R TR A R S TR DA 2 A AR R 0
ZFTREWE R 0. 13 mg/mL FTREGIEK

1.3.4 PR SBIER &
1.3.4.1  Fra vFEO ARG o s W 28 ik

FEY g A 52 IO 2 AR S AT s i P B —FP s 2R AL T
B, AR AR A R (8 35 R 2 25 lh i s ) o
B Sy SN RS I 4 PR R ) A2 Tk o T LU 1
RIS A SR LT F H 0 B RO, I HoA
AT BAP AR AT

R PRI PR3 A RE G 0. 40 ¢ THEE IR
H RSB AEC BE 50 mL, FRE E i, A FEL(Th
K300 W, 4% 40 kHz) 1 h, FERFRE B, HIEC
B AL K F AR, # A A UE, OB 4 mL T 15
mL HIEFFGCE P B 2 mL U4 AL AT
(2 mol/L) e 1 min, FRRGAE A 1 mL =35
ACHIREA W, 5 5 1 min, @S min, IR W, I
2o
1.3.4.2 PrALIETEPEO OGS R I WO 2507k

FEPIRR B ftr BRI 10 LR AL B I Bz 45
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20.0 g, IRE 5 T2y e by AL ok B A0 K, 2o
80 H i , A R AL B AL PO S AL TS P PF i IR o
PRIBCAN [ 7 4 3 Fift 2 4% 200. 0 g, T H 24 7 R
DL T RN , ok 80 H i , M 4L PH T S8 AL T
TR FIRE S o RSB FREL LR PHRP ) R 0.5 ¢ T
HIEEHIEM P RS %R A 10% £ 20 mL, & &
&, BRI IE 300 W, 45 & 40 kHz)30 min, -
FREHE T, H] 70% CBEAb R H T, 75 5)J5 LA 8
000 r/min Z.0> 5 min, B 10 mL 3SR F2EK LT,
KT, 0 50% LM E R R S mL K,
0.22 pm BN uE , RNAS PR SRR i 1Y OB
FEPRRFIAE il FRIC10 HERORAE BT
100. 0 g, IS G N RAE B A PHT AL TG M-
R o FRIBOR A7 Hub R4 1.000. 0 g, 74
FHIUEAL TR PRI FIRE AT o FF R PR 5 A3
AMEIAL FEM IR BE S 240 C 260 T AT 1
PR A 4T PRI A2 = B0 AL L 8 000 r/min
B30 10 min, KFEFRIBCE R FHEFIR 0. 50 g, A
5 mL B B A0 ( DMSO) ¥, TR 21, B AS 4 )
KA & ) DMSO V39
1.3.5 HREBAMAEHEFNT &
1.3.5.1 DPPH [ fy A5 ERAE 7 & 7k
TR, 3. 4. 27 50 B {3l 7 9 (0. 05 g/
mL)60 wL F13.94 mL DPPH % # (0. 1 mmol/L) F*
10 mL (%) EP & iR A), F iR EOEIE F 30 min J5, B
200 pLiRGWE T 96 LA, 7E 517 nm AR AG I H K%
TCAE (A ) o LAAIIRE S B4R g 23 (0 B [
EARAE R S O B ROGAE (A ) L IR SO L
HEEZR C(V(,0.60 g/mL) fEZ L, 4R AL E A
x2

U0 3 K, dEPHRE S XT DPPH H B BSTE BR R AT
AR TERE = [(AyyAyg )/ Ay ] x 100%
(Asepy 25 AN RREH WO RE s Ay IR ZH IO EE ) o
1.3.5.2  Fe’* iR JFAE AN E )5 1%

FEAEMIC 1. 3.4, 27 T i i (0. 10 g/
mL)5 pL 5 2 mL 0. 20 mol/L (1B & £h 22 vh % W
(pH=6.6) 7 10 mL ¥y EP & rhiE 2], A A 2 mL
0.03 mol/L K,Fe(CN), %W, 1R%5). 7€ 50 C R
% 20 min /5, /i1 A 200 pL 0. 60 mol/L {4 C,HCL0,
WL, IR2T,1 000 r/mim &0 10 min, HX 35 pL |
T 115 pL J 4K T 96 fLAR IR AT, B 100
mL 0. 006 mol/L ] FeCl, &, 1R~ )5, 7 700 nm
SR CRE (A, ) 5 DAAINARE S B A S 25 1
XF R R R 25 (5 B RO (A ), IF
BT mL (T B A ik ( BHA 600 pg/mL) fE2:
o, BRLRE R ARG 3 Uk, LSRR X Fe'* iR
JERE 11 B9 I 2 R’ B R AE 1 = Ay Al
(A, IRITHWOCE ALy 25 FUR BRI RS ) o
2 HBERESW
2.1 QAMS EMEHAMFH4MEISEE
2.1.1 SMFEFEFER

HMPRETT 2R 0 N B 5% T Ak K R
PR S IR R PR A R, 25 R R (D
2 2) WA WSS TE 0. 12 ~2.00 mg/mL ¥R FEYE
BRI N ZRAMEOC R R A5 i 2230EFF 6 U, B A 43 RSD
BINT 1.5%  RUIGERT 2 8 R4 s AR il 48 J5 40
T 0.2.4.8.12 24 h #EHE, Frill i 5 RSD /N T
2.0% ,FWIFE S TE 24 h NERE s SR PRI EICR 1Y)
RSD ¥J/NTF 2.0% , = BIAE il £ 7 VL HEwf AT 5

RS EFERER

Table 2 Methodological investigation results of detected components

S RSD(% ) . ; -
W 4 Linearity EEME R KRR R
; l\ i Py Repeata-  Recovery Limit Limit of
iner:l;;i EEpig iﬂim‘[ﬁ B W bility rate of detection quantification
& Regression R? mear . ﬁ&. -~ (%) (%) (pg/mL)  (pg/mlL)
Al range Stability ~ Precision
equation (mg/ml.)
2 ki its FF TS
Fie R 1 Y=1661X - 18.458  0.9999 0.13~2.01 111 1.47 2.5 101.2 0.06 0.12
Methyl palmitate
i FH G
12 T Y=1330.4X - 15.642  0.9998 0.12~1.97 1.58 114 1450 98.7 1.01 4.79
Methyl oleate
j S i3 EH TG
¥ i Y=794.94X - 6.3708  0.9999 0.12~1.99  1.69 1.43 9.22 99.1 1.01 4.78
Methyl linoleate
o i P i
L JERAR 1 i Y =1367.6X - 9.2583 0.9999 0.12~1.95 1.64 1.34 8.75 98.2 1.01 4.83

Methyl linolenate
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2.1.2 AAxEERFHZ

R 2 1. 3. 37 T AS[A] Joit d vk B2 AR T & %)
HR SRV 2 L, SR 1. 3. 27 T T (a3 4 A, 3T
SN [ Jo o v B 0 FR S g e T R A K S, =
AC./(AC) THEA BT AR IE R 7, o A,
C, NS Wi A RNR E A, C 43 51 R Rl
JI A3 T HE it P 0 T AR IR B o AR LA LA A
Yy, TR R e T RR A K L 0 S R v LSS B A K
5, PR LAV R R S NS, 43 TSR iR

P IV 310 R G STV R R PP R ) R X ARG I IR T, 4
RWF3,
2.1.3 RERFEILEE R

R W1, 3. 37 T R [R) Ji 2 e B (R Ak
PRSI 2 L, ERE AT HT 5 7E 2 NS0 58 % 4 il 5 4%
T Agilent 6890N , Shimadzu GC2010 W F < #H 1%
A, AR HE 521 200 1, R 0. 80 1. 20 mL/min , %t
AR A IE P (52, 25 5 RSD ¥ <2% , B —
2P B R BB 25 R L3R 4,

®3 ENRERFITHEER

Table 3  Results of relative correction factor

ARXIAREIE
EUR Relative correction factor
Investigation concentration
(mg/mL) AR R Y e p MR g P RRER g
Methyl palmitate Methyl linoleate Methyl linolenate

2 1.25 0.60 1.03

1 1.25 0.60 1.04

0.5 1.25 0.60 1.04

0.25 1.25 0.60 1.05

0.125 1.24 0.60 1.04

SEH4{E Average value 1.25 0.60 1.04

RSD(% ) 0.26 0.45 0.65

x4 REEFERMERER

Table 4 Results of reproducibility investigation of correction factors
AHXAE IE K
s Relative correction factor
frvestigation ftem b 2 1 5 1 IR 1
Methyl palmitate Methyl linoleate Methyl linolenate
Agilent 6890N 1.25 0.60 1.03
Shimadzu GC2010 1.23 0.59 1.02
AL Split ratio(5: 1) 1.25 0.60 1.04
437 H Split ratio(20: 1) 1.25 0.61 1.03
#Ei7# Column velocity (0. 8 mL/min) 1.26 0.61 1.03
FEiL# Column velocity (1.2 mL/min) 1.24 0.60 1.02
SEA4{E Average value 1.25 0.60 1.03
RSD(% ) 0.83 1.25 0.73

2.1.4 @R
SRS ERAES 1. 3. 27 U 45 (A PR, LA
R PO 290, 43391 A I L O

i IV JFRTER P P 2EL o0 A 0T O B s i) 9y T B, 45 R 3
WIFE X O B I R] A4 RSD 25 < 1% , AT FY T4 00 e 7
ORISR ERL, 2R ILE S,
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Table 5 Results of relative retention time investigation

HEEI H

AR {4 B i ]

Relative retention time

Investigation item

T H i

Methyl palmitate

Agilent 68390N 0.73
Shimadzu GC2010 0.73
A3 EE Split ratio(5:1) 0.73
I3 L Split ratio(20: 1) 0.73
FEPi i Column velocity (0. 8 mL/min) 0.72
AEiL# Column velocity (1.2 mL/min) 0.74
SEHIE Average value 0.73
RSD(% ) 0.87

RIATHTE . JRR Y i
Methyl linoleate Methyl linolenate
1.06 1.14
1.05 1.12
1.06 1.14
1.06 1.13
1.05 1.13
1.06 1.14
1.06 1.13
0.49 0.72

2.1.5 QAMS kx5 9Mrik 4 R b4

o Nt AL N QAN RGN SE AR v e
FEG AR IR 1. 3.4, 17 TR J7 Bl 45 kil 5, 3 1R
“1.3.27 T 3k S R AR W TR, 43 )R FH A
PR QAMS 58 4 Rl & = 45 R LR 6, 4 10
AP IRAE B AP B I A R AT S AR AR i
MR IR SRR IR 1 % 2 53301 A 2. 40% (13.65%
8.62% 8.10% ;44 4 A~ 2 7= KA FF 75 I 45 51 2
S5 AR R R R L R L T JRR R Y £ A
1.13% .10.85% .16.70% 18.96% . F5Hala Fy it
NEWImR , 75 RAE B PR P A iR R 1) % = 2
A2 45, S i 2 S2 i, 2. 61% , & it
BARA T =Y, o 1.01% o R A B A Al
REWTTR , FAC B PEF - vy R 1) 7 £ B W6 v T

FE, i H A SO HE CRMREFHIR £ ) & 5 8 BT A itk
FE AR, 3K 10.43% 5 41 PR A IR 7 e 1Y R
TR L, R 11, 26% o SR R JRR R 7] 2 2
ARG TR , HPF & B2 0 RAE B P& Ry 2
i, R 75 £ di e (2 LU AR P2 4P, Sl 17, 68%
AR IS SO b, K 6. 81% ;5 T MV R IRR &t dic ey 119 42
WA P4, R 19.37% 5 filt SO 4,8 6.92%
e QAMS HYHER P , B PRy a4

AT ¢ K56 ( Microsoft Excel %14 ; &£ T. TEST F
B, A Array Hr ik h— 4 B0 E, Tails % XU K 5,
Type M XUFEASE 7 2240 150) , PREH A5 R 1Y P {E Y >
0.05 , KWW R 7 A B BT i 0 B4 R 22 7 B4
TR S, AT UL QAMS vk DU 3 R H BB AE S 2 Lok
YR A PHRR R 3 Rl & S AT

FO6 QAMS EEIMREMEBILBER (v +5,n=3)

Table 6 Content comparison results of QAMS method and external standard method(;c +s,n=3)

PR AR WAL
§ A Palmitic acid( % ) Linoleic acid( % ) Linolenic acid( % )
FERHS i
Sample No Oleic acid
' (%) VN AES — i 2Pk VRS —i Z Pk PRGNS —i 2k
ESM QAMS ESM QAMS ESM QAMS
S1 14.54 £0.16 2.53+0.05 2.50+0.04 9.23 +0.10 9.20 +0.08 8.74 £0.09 8.73 +£0.09
S2 14.80 +0.29 2.61 £0.06 2.54 +0.06 9.72 +0.19 9.76 +0. 18 8.16 £0.16 8.10 £0.15
S3 14.23 £0.04 2.50+0.03 2.50 +0.01 8.04 +0.02 8.08 +£0.02 8.07 £0.02 8.02 +£0.02
4 14.07 £0.23 2.44 +0.07 2.44 +0.05 8.12+0.13 8.17 £0.14 8.79 £0.14 8.71 £0.11
S5 14.01 £0.06 2.50 £0.01 2.41 +0.01 9.87 £0.04 9.95 +0.03 8.34 £0.04 8.34 £0.03
S6 14.07 £0.18 2.50 +0.04 2.42 +0.03 8.49 +0.11 8.41 +£0.08 8.03 £0.11 8.11 £0.10
S7 14.61 £0.04 2.53+0.02 2.53+0.01 9.44 +0.03 9.32+0.02 7.97 £0.03 7.97 £0.02
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2:5% 6 ( Continued Tab. 6)

R RIATiH MV IRR R
v e IR Palmitic acid( % ) Linoleic acid( % ) Linolenic acid( % )
R g 5 o
Sample No Oleic acid
S (%) VINGNVS — M 2Tk VINNS L EZIRS AR R LEZIRS
ESM QAMS ESM QAMS ESM QAMS
S8 12.46 £0.19 2.21 £0.04 2.11 £0.04 8.48 0. 14 8.48 £0.13 7.87 +0.12 7.82+0.13
S9 10.43 +0.12 1.91 +£0.02 1.80 +0.03 6.81 +£0.07 6.96 +0.08 6.97 £0.08 6.92 +0.07
S10 13.23 £0.07 2.26 £0.06 2.13+0.05 8.01 £0.04 8.01 £0.02 8.01 £0.04 8.06 £0.04
S11 10.79 +0. 16 1.15+0.05 1.05 £0.05 16.36 +0.09 16.48 +0.06 19.11 £0.09 19.01 +0.06
S12 11.26 £0.09 1.21 £0.07 1.11 £0.05 17.68 £0.05 17.89 +0.04 19.28 +0.05 19.22 +0.04
S13 10.77 £0.07 1.16 £0.03 1.11 £0.04 16.23 +0.12 16.11 +0.08 19.37 £0.06 19.30 +0.06
S14 10.57 0. 11 1.01 £0.05 1.05 +£0.05 16.52 +0.07 16.75 £0.08 18.06 0. 13 18.05 £0.08

2.2 REERPHEYEEHRR
2.2.1 BBk

PP AR A MRS A S DA, H
H R HH R €0 T A NS o3 B8 B -, LTI FRAS R, il
PEHE 3 SIECMBR IR ) 1E W20, FH DI 4s 3E
A U (1) R X A3 B S [) ARV X 0 T L
2.2.2 MEERE

FE PRI PE AR 5 (ST HE) 0. 40 g, >R H
“1.3.4. 17T Jrikdil s il i s v, R 1. 3,27
T 3% A SRR 6 IR i sk s, il
AFT U TR FR 5 A X A% B8 B TR) 9 RSD {2 2y
ok dE o KBS AH DL RS A &R S8 A4 (2004 4R A
B IR R S HURE 5 GC B2 B AR . 4554
AT WEAR X O B B ] ) RSD 34 < 0. 11% , A XTI 1]
TR RSD #4 < 0. 27% , 48 5C 115 /9 A0 AL EE 35 >
0.99, FWUUANE®BE RUF
2.2.3 ABEMAXE

R BRI PF A A FE & (ST L) 0. 40 g, >R H
“L.3.4 17 IR ikl s el s e, R L. 3,27
WA 250 F 0.2 .4 .8.12 24 h i, i85%

859 1 |

647

U W56 i Response strength (mV)

NS I il B =W DO AR (DO 7 el 11 W56
RSD fi, £5545 A7 0 AH X £/ B B[] ) RSD # <
0.14% , X} FLAY RSD ¥ < 1. 17% , ¥5 ot F i
PARLEEY) >0.99  FWIZ I AR ETE R AT
2.2.4 EHEMHRE

KGRI PR AR (ST HIE) 0. 40 g, 2R H
“1.3040 17 TR 7 B AT A 7S O sk s e, R
FHU1. 3. 27 BUR (a3 S5 R A il sk B 1, 430t
SRR X 0 T AR 5 A X (% B 5 ) 9 RSD (B, &5 SR 4%
LA W AR X { B B E] Y RSD $4 <0. 08% , AH XTI T
T RSD ¥ < 0. 51% , $5 SC K15 19 A0 L BE 34 >
0.99., EWZITEREEIERL
2.2.5 R BiEE

W 10 HE A [] 7 M Y K A B 4L PR AR o 4R IR
“L.3.4. 17T R ki A A e 1. 3.2
TR Ak SR A T I R A i ] 3 v 45 A iR
I3JE R ATA B8 S0, IS A 2 €83 F5 2 K]
TEAHLEE PR R S8 ) (2004 4F A JR) , 8@ 2
W Z S KIE A SIPCHEL A o B AR D RE IR AT H Bl
UG A KAE B PR B e S B s (LR 2) o

12 15 18 21

{REEFA] Time (min)

B2 XEEHEAMH GCIRYEE
Fig. 2 GC fingerprints of seed kernel of P. ludlowii
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AT W AR XS D) B I B] £ RSD 1 < 0. 14% , A X e 1T
TR RSD ¥ <1.28% . LAbR#ESR SCUKE R D94 I
X ity [ 3 HEAT ARADURE PRAR, AHALBE S5 2R W3R 7

FHLEEVE I 0. 999 ~ 1, F WA [R] 7 Ml K AL 24 S}
M AU R AF

x7T HEUMETESER

Table 7 Resultsof similarity calculation

R \ ‘ ‘ ‘ X} TR
Sample No. S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 Beferen.(:e
fingerprint
S1 1.000
S2 0.999 1.000
S3 0.999  0.999 1.000
sS4 0.999  0.998  0.999 1.000
S5 0.999  0.999  0.998  0.998 1.000
S6 1.000 1.000 1.000  0.999  0.999 1.000
S7 0.999 1.000  0.999  0.997  0.999 1.000 1.000
S8 1.000  0.998  0.998  0.999 1.000  0.999  0.998 1. 000
S9 0.999  0.996  0.997  0.999 0.998  0.998  0.996 1.000 1.000
S10 1.000  0.999  0.999 1.000  0.999 1.000  0.999  0.999  0.999 1.000
HRRRELA il 1.000  0.999 0.999  0.999  0.999 1.000  0.999 1.000  0.999 1.000 1.000

Reference fingerprint

2.2.6 EAM)IEIRIN

T T AT i S N WAN o G R et
R L. 3. 37 R D7 ikl A R o S R AR
HSTHEAESD 0.40 g SRAH“1. 3.4, 17 TR 5 il &
BER AW . SR FH 1. 3. 27 TR o4 SR HERE i
SEAATE I I GRS 5 o A I Y LR B
B ), X AT WA T A I L 5 SR LR 3

%
3
3

=y
2
3

3
N}
B

Ui M 5% Response strength (mV)
&
&

S

12 15 18 21

3 6 9
{REIAT A Time (min)

E3 g EELAIE
Fig. 3 Fingerprint chromatogram of common peak
TE: 1. ARRE AR H G 52/ \Be R HH B 5 3. TR Y IR 4. SIEih R M
5. WHRERH i . Note:1. Methyl palmitate;2. Methyl stearate;3.
Methyl oleate ;4. Methyl linoleate ;5. Methyl linolenate.

2.2.7 EZRHHH(PCA)
JE P RE A 0 A (RO 5 A SIMCA-P 8¢
H(WiAS:14. 1) , 38 i Score Scatter Plot 434 ( UL,

4) KRB, RACH PR SL (I 28) 54 PR (1
%) 4y BRI, 3R BH VY L 0 K AL B P 32 2
WG SRR RES, X 58 BT g R —
2, RAEBAEFFEE SUAE (S9) AE i A B s 25
bty AT BB S IZARE R FORARELPHIR £ A 0G5 5%
W R, AL B P AR ™ ) VE O 2 b X, {H
P A A S H AR () AR ARATE SR AT LA RS
HAhF b2z s
2.3 HA#MFRENEEIEN
2.3.1 DPPH A & #F ke Hnl

DP & —Fp RGN AHL A 5, & FORITAL
brE Bt SR ETEA VUSRI AR E R, 2
2oy i HAEAN AT — AN ERAE WG, S8 3] [ i ST
BRI, DPPH f PIOG) L~ I Xof 1 HGR €2, 3k
JEAE TR WO AL RG2S /N, PRIE, AT 3E i
D7 RO GAE A2 AL PR AL okt DPPH |3 H 1 7

FEIR“1.3.5. 1701 F ik a4 75055, DPPH SE56
SR LA 8 P4 S AT, R I PR R B R T
It Py R 37.56%  RACE T F1RF il B K ( 30.
14% ) BAREAR T VLI 7= 4k 74, (0 25 T30 B 7= 4t
FH(27.33% ) (AUARFH4EPF(17.27% ) FVZ B 417
(18.27% ) o iR AL PI R0 B 0 %5 B e,
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63.62% , EW R = TR . RRIEEASIA  BCA BRI B d g EREE T, BIpT A Ais vha

11

6 =4 3 D 2 4
1]

B4 EMSHTER
Fig. 4 Results of PCA

F8 KL SHSIERA DPPH BB EERE (x 25,0 =3)
Table 8 DPPH radical scavenging rate of P. ludlowii and P. suffruticosa(x +s,n=3)

b g Rl RE]EER S e Tift B¢ ol B BR AR
a7 . . . .
Sample n: Free radical scavenging Free radical scavenging
ample name rate of seed oil( % ) rate of seed coat( % )
kﬁ?ﬁf#ﬁﬁ 30.14 £1.25 63.62+0.21**
P. ludlowii
PR
P. suffruticosa from Henan 27.33£0.92 47.43 £0.56
HIF(IZR)
P. suffruticosa from Shandong 17.27£0.73 41.53=1.09
HPHTHR)
P, suffruticosa from Jiangsu 37.56 +0.51 45.23 £0.48
HFPFCZRO
P. suffruticosa from Anhui 18.27£1.23 39.13£0.78
fHERC
\EE’#;? 80.42 +1.51 81.15+0.49
C

1 S FHRE B B#E, P <0.01, Note; Comparison with P. suffruticosa samples, * * P <0.01.
2.3.2 Fe''RJRHLAagmE PR 1.3.5. 27 T F ik AT 5L 50, Fe'* A I

ISR E R IR AR T BRI T RE SIS R LR 90 Mg SR AT, MR A T A PR
PRI 3R I 7 5 B O RAF I RN 5 RIE S H PR AR Y Fe’ T IR IR RE X
F L EHR A T ALBENE Fe' iR JFN Fe® i nl 4351195 0.24 Abs Fi11.01 Abs,{HFf 7 ) Fe'* 38 JEfE
PLS H RO . 385 B E SRR PE NPT & BHA XTIRAPIE , MFEm A g BHA X REAG—2F
FTEPERE 7 o T FAC B PERP R (PR A RE T 5 R

£9 KUHEHFEHAERN P FEEEN (x 25,0 =3)
Table 9 Fe’* reduction ability of P. ludlowii and P. suffruticosa(x +s,n=3)

- KRR JE i KB fE

B A ‘*T{FHJ'_FHK_ ‘f‘FEZLEth'J
Samol Seed oil reducing Seed coat reducing
Sample name ability ( Abs) ability ( Abs)

j(ﬁ:‘,ﬁfﬁiﬂ‘ 0.24 £0.02* 1.01 £0.05* *

P. ludlowii

PR

P. suffruticosa from Henan 0.22£0.03 0.45£0.01

HAHOLZR)

P. suffruticosa from Shandong 0.17£0.01 0.350.01

AT 0.22 £0.01 0.43 0.01

P. suffruticosa from Jiangsu
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2:5% 9 ( Continued Tab. 9)

. A 5 RE )y i RR R RE ]
GRS i i i
Sample ne Seed oil reducing Seed coat reducing
Sample name ability (Abs) ability (Abs)
(2B
P. suffruticosa from Anhui 0-16£0.01 0:3520.03
2 - T e
;ﬁﬁg@ﬁ% 0.44 £0.02 0.48 £0.01

T SHPHRE A, T P <0.05; * P <0.01, Note;Comparison with P. suffruticosa samples, * P <0.05; ** P <0.01.

3 ifiREHit

SR 2H S 3 7 R A ] SCHR AT T, R AE B
PO TP ZE T o R SRR SR AT LR
10 A HE YR AE B4 P RE L O AR DL 2 e T
0. 99, LA M DX T 7™ (8 AL B PHAR UBE 45055 o
LA MUEZ SRR VIS S P A 4 vh B S
/i sd PCA 3 A& R n] LU G, RAE S 45 0
MBILA - B AP i X B i . QAMS Bk 4%
RANGMRETH A REEAR —E, Y] QAMS 3k nl LA
T HPIR= R 22 B3 1 52 B0 AT, TR] IR o 4 [
NI EawRpaRi DI et Uk e b b I E Ty
%o mERAURATLIA I IR G CE R
FEPFRRRE AL AR 4 R 5 R T, TR AE B
55 DU A PR AR 4 Bl R 25 SR EOR R
AL AP ity PR R R 25 8 O DU ™ DX PR A
A ) 2 A7 TSI AR I JRIR & (S PR i A —
o MEAMPR ERRIR & T AL AR , 2
PR S A G IS N i Ry e T A NI
JE R 5 A 2 7 U R i 1) o 0 T 4
Al A fr it — 2B L

22 DPPH [ phy 575 BR300 72 A1 Fe' ™ 1 J5LRE 71
MRE , KAE BT TR0 B2 0 BT AT 28 I g 1
M ILAS = M PR R o RAE B P A i Tl
DX, HEER AN PN 3t i, S TR AR B P A T O
REALHIRAH 25 52 AP 2k i ¥ M 0y, T v A 26 BT R
I VRORAE, LR T HAT TR AR T el i
ERAE AP TRR B pr B A TE P A RAE B4
FHRFIMAY A H R BR 3  30. 14% g P45
ZAZAHN 27, 33% , WA P L P AN LR 4 1 3
BR A AL 20. 00% , {75 7 4 P B9 B R
(37.56% ) i FRAETE AL S5 17 Fe'* 3 50 R 7 0 &
SERB], RAEB AP HFF Il AL I RE ) AR IR, A
0.24 Abs , {H-5H A LA 7= Hu bt R4 b 0 5E 25 R AH
FEAK, o AT LR AE B PRl B BT R TG 1E S
HPHRBTF AL .

FPPRF M TE VR I 5 A PRV A 2 R

P, B . L, HPPRFm RS 2 R
SR b AR A BT o SRR IR R A P B R
SR, HP R & SRR , A7) R A K SR 5
HPHFF R 4 A= 3R E R &0 HoA B i A e
JH VTS BE A I T R 55 e 25 356 41 0 ot H A 5 B
TR, L By sl 4 PR i b SR AR T 4
VR o BRI B, PRI 5 % Rl T
N T A ST, B P | B 5 A
2R THRETRE P IAF M A 7 o R R 2
AR il , A0 1 TR 24 5 8 A e A A
FPHEFOE . FRT, S HR I TR A ok A
BRI R IR £ 5 25 o TORFDF v B 25 SRR TR
TR T AP e A 25 oy, o AR
IR BE 25 J5UR . AT R B B B B H R AR
4, A R FH T 24 R A Rt 4T
HIEE T DL 4 AL B PRk — 25 T T K Y
BRI R BT IIELF™ A, 00 7 A R B 22 57 AR
fit FIAE 204
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