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Abstract

In order to optimize the extraction process of antioxidants in Peganum harmala L., different sol-
vent extraction combined uniform design method were employed in this research. With the inhi-
bition rate of DPPH scavenging free radical antioxidant activity as the test index, the experimental
data of uniform design were analyzed by quadratic polynomial stepwise regression. Methanol was
selected to be the optimum extraction solvent with an inhibition of 76.64%. The optimum extrac-
tion conditions are as follows: extract is 3 times; extraction time is 20 min; liquid-solid ratio is
1:14 g/mL. At this time, the inhibition rate of scavenging DPPH free radical antioxidant activity
of methanol extract from Peganum harmala L. was 75.13%, which was the best extraction
process.
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1. 53|

4% ¢ 3% (Peganum harmala L.) 2 %2 FHg e E B HEYI[1], Z@EP VMR N, ASHZ
BE. R ZEySERr[2] [3][4] [5]. 9BEMET, BARERKIER. Wk, (ERZ[6], PUMYE. PUREE. ik
PRI LA M5 55 2 07 25 BAE FI[7] [8] [9] [10] HT M FUHE5E % e AL M Al 22 Bl 4 B AT — & UL
WEPE[LL] [12]. ARTM, X ARBEEA RIS A BT ARSI E R AR IE . ARk, ATRBHAETT &
e AU A SO AR [13] [14], DASREE 950kl @I 2 PR ER I, L A e SR U
IFLAIERR DPPH B HHAE I HT AT vt bR, SRR R M S B HEFAT IR 2L, B 2R
FH— KA Z 4, A 5 2R A0 Fe s it ) SE 3R IO 7 .

2. BRIAFGE
2.1. {LERMAH

KQ-100DE A #4758 75 i Ve g (B L i BB 75 AU 2R A BR A F]); SPECORD 200 %448 4143 6 6 143 (f2 ]
HRZE A T A ER A 22 ) s BSA224S HY 531 R (38 2 M i B A 2347 B A W] ) 2KD-4025 Y 25 T4 (1
YRR A T A I A PR A 7).

DPPH, HiIAIMER, T RBAT: WRIEEREAT 2013 45 9 H 7EHi8 B 5 X R, LBt kK
A fr Rl 2 B 2 I O 4 E VUK E I Peganum harmala L., 4T JE e, Eikbs4A S 20130929,
BUAE T AR ORISR 2 Mt s s KRR s AR bt
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2.2. WFE

PRkl 2 /e . AEFRFREL DPPH 3.9 mg, HIHIREE 2% 50 mL EraS sifir, HBe il o &R N
7.8 x 107 mg/mL FIRRHENE S, B KA DG RAT & HI (U BLRS) . 4> %IWEL 0, 0.4, 0.8, 1.2, 1.6,
2.0 mL Hfifi & H e A3 4 mL, FEREWRESNMN0, 1.7, 35, 7.8, 15.6, 23.4, 31.2, 39.0,
46.8 pg/mL AR{EE FH R F 8850 - AT WAt G FE TN E E IR BRAEVAMRAE 516 nm K AL IO FE , LA DPPH
W PENREALAR . WG REAE A bR il bl 28, [V Z6 1 5 #2: y = 0.0158x, R®=0.9996, 4% H %1
7 DPPH ¥ FE 7 1.7~46.8 pg/ml Zetth: i il il B 5 O FE 22 RAF IO 2RI R, 78 43 Ut W12 7 725wl HER I
SEPUAAMITEPE[15].

BOR SR A DRIETERIREA T B e, 1 40 H . RS S AREUIR DL ZE T8 2 4, &4 100
mg, & 50 mL E.0lE S, AMEA R, Eck. S5 W, 2R OE. BT BEEAE NS EUE
A, [T A AR 3 IR, IR 20 min, 3 WS IEEMA IF, WUEIRYE 2T R ENIR B
dt, PRI B R B 9 1 mo/mL ARV, 18 1.2.3 7 VET GE RE S TSR DPPH [ L A8 7 il %
IR 1.

PUAACTE LM E = W€ 77 | SCER[16]9F m Ackdt . 7E 0.2 mL %) DPPH (WK J¥: 23.4 pg/mL, ¥
FINHE) I 0.2 mL K JEHE 4], Bab#E 30 min. LK FEEAES L ER, 516 nm &bl & Hkok B
18 Aj; FIRHIE 0.2 mL (1) DPPH (W< : 23.4 pg/mL, V&7 HED) IO 0.2 mL J 7K B IR A RO
FEAE Al FRIIE 0.2 mL RS 0.2 mL Jo/K BV G 9 K ROG FEE Ace ad it 2 5 (1) TR X DPPH
A= IR:

IR = (1—(Ai- Aj)/Ac)x100 (1)

A Ac A E AT DPPH TR OGFE

A S T I E A O

Ai il 2 5 DPPH IR %

IR > DPPH 3 2,

KW o d e b il 2R IR B (4 G TE 2 45 R A Microsoft Excel B AN R AR P 7 7 S B 3%
PEZE 40 MR F XS OB S 22533047 J7 Z2 50 B, {81 SPSS Statistics 20.0 3 {56 i B8 4e S L T
SRR B SeEE, W BE 8 2 ot ZIRaE B ENA M U7, 38 A Matlab (2012b) 14458
Fi o
3. KR5S
3.1. ;& DPPH HHEM S L YRR BUEFIRIESRE

PR 100 mg S ARGEZEN R & DI, A FEE. IOk, &7 W, R OB, IET REi
WAEBERGAF, BEK 5 mL, BRI, RUGE A DA 500 W, R FEFEHIAE 25°C, 43K 20 min, &
FFABOR, Wedim T, AENRE . MICKTEERCE GRS 1 mg/mL (1K, NIE DPPH H HIJEiFE kR
REZ1, METTER 2.20 X TAFEMNE TSR HUEAS 211 DPPH 1) 5 (IR) B #EAT 77 Z2 0 B (4
LPOR), RHAXHE S EW k. B BE T, WTDER, 75 5% EMEXEN, p < 0.05 % F A
RIS BUE PO A3 B 4 R 22 3 B 2, Herp IrillAS i pT B A PE(IR 8D Hh s BRI 20350 & e > Ik
Okt > CRRAEE > Wl > &7 > B TR, Wi, ECKM ROl SOTMPEE. BT B A5
ROR 72 R N2 o DR 3R T 22 70 M6 45 SR PT DA A2 9% 5832 A see L3R U 770 R
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Table 1. Result and variance analysis of DPPH antioxidants scavenging free radicals extracted by different extracting solvents
= 1. AEHRBUVATIREUE MR B BE DPPH MEUYRERR A ESR

FE ST PRI P E(IR) %
1 Eokt 29.18 £ 1.6b
2 i 18.96 £ 2.14¢
3 A 20.22 £156¢
4 LR T 28.72+2.35b
5 ETEE 10.97 +2.09d
6 Gl 74.64 +3.85a

e FSIAFE/NG FREOR 4L 22 57 82 (o = 0.05).

3.2. RILERERN T ZHMR

FREL 0.1 g B F I8 JE 2k K & Wty 20 SN H A AR 3R U 71, R FH 3 A1 T HE I R 3K
RINSHOHATIRIL7], UL DPPH H HIEIERRAE I N b, BAERRE 7 KPR S wT
F U (7RI AT VAT, 38R MR R R KSR 2~4 3. 505250 AN R EUA X, &1
HOREL: 1~3 IK; X A B HUNT[A]: 10~70 min; xs 2 M/K R GHEIEL): 8~14 %, A IFREHUR, K465 T 1,
RENZEREM, FEEMBUE . A JE/K R E Ry 1 mg/mL (93X, W2 DPPH [ 2435 bR g
71, WETTER 2.2 KRB E)RERFE LI RS T 2, FH Matlab B A8 R A 734 [18]

Table 2. Level table of conditional factors for extraction of antioxidants

2. mANMRRERFHERKFER

FEES
1 2 3 6 7
X1 (PEELRHUR) 1 1 2 3 3
Xz (FREUE [E]/min) 10 20 30 50 60 70
X3 (EHL) 8 9 10 12 13 14
Table 3. Optimum extraction conditions of antioxidants using U-(7°)
% 3. XA U (OMENIRIZME LA R
B5ES
R 5 R DPPH [ H A % e
X1 X2 X3 Y1 (SEEGE) Y2 (FHME)
1 1(1 %) 2 (20) 3(10) 56.34 57.33 -1.76
2 2(1K) 4 (40) 6 (13) 57.53 60.80 -5.68
3 32 K) 6 (60) 2(9) 64.29 63.68 0.96
4 42 W) 1(10) 5(12) 69.52 67.38 3.07
5 53 K) 3(30) 1(8) 67.18 70.26 -4.59
6 6 (3 1K) 5 (50) 4(11) 72.04 73.73 -2.35
7 7(3K) 7 (70) 7 (14) 74.96 77.20 —2.99
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P 2B, ] Matlab (2012b) 8RR x) Sa6 I 5E 45 R BEAT Ge it i, Il ST 2 o0 —
UBBEIHASHT, 452) 87572 (2):
Y = B, + B X + BoX, + By% =37.9461+7.6590%, —0.0338x%, +1.1795xX, 2)

ot 8] 51 75 R SR FH 3280 [0 A 4 gt AT Ak, 1 3 PG HAG 36 7 v i B R AT R 06 o 13 MR R B R,
EAASC RBURITE 0.8~1 JWRIA, — At AT LA B[] 25 B 2 (A A AR St LU A, MASSZBG T3 3I0H) R =
0.9296, HIHIR| = 0.9641, HHILH] LLKIE & [RI)A38 & 2 (A A BORIZNEAROCE; 20 F Rk s
F>F_, (k.n-k-1) B, JEAEFERBEMER, TETHAARLE vy 5FAMELE x (HEE:
Xy X, oe, Xy ) NAAFAE B AR VEAROCHE, 2 JEok i, AR & y 5 B AR & x Z (R ZR AR G
AU . AGIEHE R F =13.2128> F,_4(3,3)=9.28 (#%), HILA MG HEAR y 5HAR x Z[H
A REMEYERCNE: 3. p ERLIE: B p<a (o NTEEZKT), WHHFERy 5HFE x(H
AR X, Xy, oo, X ) AAFAE R AN M . A [B] 5 3 B 45 R 427 p = 0.0310 < @ = 0.05, 15 AR
&y 5AZE x ZAA REMAMACNE . KL E=F G A R A R s, U R y
HEZE x (AZE: X, X, X ) AFIERZE LA BRI () WK B TR K. 778
% UGS R 1 B3 R EORD t kgl e 4 FioR. B 4 AT, BREURE(Bo), WUEHEL(B)RHHAAAL
YOI RS R R B 2, 8 I g RS T DAAS 3 B O Y R AU M AR B e R AR A A FREGK
o 3k, HEAURTAE 20 min, RHELE 1:14 g/mL @RI fE, Hr iR iR soR R ERE, kL
FECERIZ, T P I ) SRR DR (FE 4).

Table 4. Calculation results of MATLAB program
= 4. MATLAB EFHIITHEER

YA 35 (ZLEBS SHEE X
0 37.9461 17.4764~58.4157
p1 7.6590 3.3229~11.9951
p2 ~0.0338 ~0.04197~0.1520
f3 1.1795 ~0.5055~2.8646

F;:::g ggff F=132128 p =0.0310

A BRI AL B LB 26 R (G B) AN 5 2 5 B iH B ol 58 45 R e R I =5 (7 ) AT X LE
KRR, R EIH ST SPSS Statistics 20.0 Hfx T 75 21 ) S i6 45 R BEAT B RIRTT 200, S5
R 6 Fion, £ a < 0.01 BT, PR FRIRIBCRIE T, SR5EEH BESR HUY) DPPH H HhAbs FREE /1 A
AR ZFNZESR, SRRV, HFENEFRET, RIRBACRI SIS, B m S e b
EAED S T2 3 MR EACTF AT S0, 3 B R I T AR e a2 AT S .

Table 5. Optimized results of extraction conditions

5. IRMFHHMAER

TR S R R AL

75.13 3 20 1:14
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Table 6. Verification test scheme and results
< 6. WIERIE A ERER

SR ks %%
PRIV PR A] R IR

7 3 70 1:14 74.96 B

et & 3 20 1:14 75.13 A

e FFIARFERS TR R R A 22 R AR 2 (o = 0.01).

4, gig

ASCLL DPPH B HJETEERF 4R R, I AN R BV VA R R B v R LA e 5T, AT i
1t AR R BUA R RIS A Bt KRR TT AU SR SEE FL U R TS I L 2. 0 IR A 4 R
2 R &I BT SR IEAZ G R T, L E AR, Sl T R A e T, RER A i
6o HH 9t B 3 P DU AL R S A o AR T 2 2% A2+ SR H 3 UG, 4R MUK [] 20 min, BRI EL 1:14 g/mL.
M BRI E, 133 S50 EHUEAL TSI 20N 75.13%, UL R T ZHG 80017 . Hréafbss
Wa KR, WYEE 6 DA FMPESRBGE ) S A U o, DI FISRPEA R, $RBGR AL+ 1k
AR ESR, TUHEEAER. BENE, WKRI0ET R RIS AAEBCR LS, DPPH iF
B A3y 74.64%, SHEVETIIRIBUMILL, 061N, BAREEER. 2L ZHANH
B, AR, AR, RENE AR5 A AL A B TSR I TSR U5 ik

oM
L ERA BN S s VAR L IIEAT R
E&ME

A EAFR LA H G0 KSR B SRIm G R 1 RIS 27 4 (No. XINUBS1901) s  Hral iz KX
F EIA XA 5070 H (No.2)G2019-06)
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