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Screening and optimization of essential oil extraction process model
of Citrus x aurantium Changshan-huyou pericarp and its
chemical constituents and antioxidant activity

JIANG Li-jie" ,WEN Le-le",SHI Jia-yi,
DENG Ya-hui,LIU Ju-zhao, YUAN Qiang™ ,CUI Qi "

School of Pharmaceutical Sciences ,Zhejiang Chinese Medical University ,Hangzhou 311402 , China

Abstract: This study aims to study the chemical constituent of essential oil from Citrus x aurantium Changshan-huyou peri-
carp (CP) and optimize the extraction conditions. The essential oil constituents in CP were extracted by steam distillation ,and
GC-MS was applied to qualitatively analyze the chemical constituents of essential oil in CP. The single-factor test was used to
investigate the effect of different extraction conditions on the extraction yield of essential oil. Response surface methodology
optimization and artificial neural network were used to screen the optimal extraction process of essential oil. The results
showed that the main constituents in CP essential oil was D-limonene. The optimal technological parameters were as follows ;
particle size of 24 mesh,distilled water soaking for 1 h,liquid-solid ratio 34. 86 mL/g, extraction temperature 300. 00 °C , ex-
traction time 166.21 min,under these conditions,the extraction yield of the essential oil was 0.82% . The combination of re-
sponse surface methodology and artificial neural network can effectively optimize the target by using the existing data. Mean-
while, CP essential oil possessed significant scavenging ability on DPPH free radical (ICs, value = 65.01 mg/mL) ,indica-
ting that CP essential oil had a certain degree of antioxidant activity.
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AR IR VHE, TERE, A TH R BRI EE A IR
R, LB RS JTEARRE DR ZIEE” " U
VLA L AR 3 LA 0 3277 X, B 7 0
LAt B A D B d . T LA PR O
AR W AR R E IR, BRE KR Z5h,
EPORE N T AT RS2 0l ) LA
PN B SR R LSRR B ( Citrus % au-
rantium Changshan-huyou pericarp, CP) , 2 /5 3 A4~ &
LU A B 6 1) 50% , JCER 534 by I i Ak B T oK A+ )
FeArRIAT, BA BTSRRI LS A Y 2R B b S A R
RS RSY 24 R B L 0.5% ~2.0%
IXBEIAE LR o3 BAT 835 LR PUE PR E
FH AT S B S AN AR A AR IR AR 7 S 77 45 )
SR Hk, X CP IR ARG 5T & B

W25 BOT YR K S R 2547k R R R IR SN T .
TAB A5 i 4% e 3 07 1 A H5 K 28 2R Ik |
TP IBOE A LR R A 0 B | Iim 5 CO,
ZEHOE I P AR ZE O AR AF . BT CP
S IBORTIN 22 R 7K 28 28 1k  IZ 4R Uy 2 A
IR AR HICT5 g, 2 CP RS I 3 HH A 32 07
WU MR BT 45 R, & K 28R I HR I
CP RS IR KEBTE 0. 4% ~1.28% , 3% 54 1L
L HRRE NS LR SIE/ e S U S SO & S 35S
W) Z TR RS Ih S I, J2 24 1 W AR W # k
HERY QIO N = Bviy R | A 4 S R i B | T R DA
T AL R AR O R S CO, 2 UL SR H L CP
I, o MR AR VR I | R o3RI A BILIR 5
A RS IORE m  (H A L) SR 4325
SEORHMAEEEAN R, ELA LV R 3 b s A1, fa s
FHHE BRI A CO, R HORAT

ARWFFELL CP A J5ORE, SR K 25 78 M VA $ B
CP K&, 38 1 £ PR 3R 5256, o7 HH o 7 187 72 ( response
surface methodology , RSM ) F1 A\ T 1 28 W 4% ( artificial
neural network , ANN) fEALHG TR HUC T 25, IR A
{0, 7% i 1% ¥ (gas chromatography-mass spectrometry,
GC-MS) X HAb 22 iy A5 534, LI hy CP S i AY 4
B AR BERRSRERY, by CPAFT A PRI BT 9T S 25
BTG R R PR AR .
1 MR57E%E
1.1 Z4%f

W LSRR VA M T L B 0 (e
FHARFR R 118°41751” ~ 118°56'50"E,28°4947" ~29°

11'49'N) - L BR 2 R R VAR S e N5y
BT J& # 1ILsA M Citrus aurantium Changshan-huyou
MIBCASRSE . RIBCR B, BTA0 3R, T Ie 2288,
1.2 5 F

WF-1000A 22 Ly BE # B AL (5 N 17 46 35 A B AX
ST ) s FA2204B 4387 KAV (_IEAARHMU AR
FAIRAT]) ;10 .24 50 H bRl 507 (2442410 b B A
FRENAFABRAA]) ; ZNHW-5 000 mL 8 i 4
E( LS RIFVIES B A BRA 7)) s SHB-IIIA 7
WK ZHEZ R (BN KR TRARAA) ;
GCMS-QP2010 Ultra < AH (4 3%- B i Bk FHAX ( H A 5
HAHE]) o

CEE(rtral, B 258 B i A R A F) 5
TeKBREREA (43 B 46, KT 7K KAk A R
A ) s A AN S E AL ERR (o pr el R AR R I
A BR 2 A &% M AR ) 43 28 |)) s DPPH (268 >
99% t5 : BCBM125V , 5 [ Sigma-Aldrich /3 7)) ;
HARE(LIE = 99% , L5 . T834623-100 mg, BT
MZERA TR AR AT o
1.3 HEHREEEHMRL

FRAE rpr e A R R [ 24 810) (2020 R ) FE 1Y
RN E 7 ik BB MERRFRER 100 g 1 CP f
AT 5000 mL ZE BT, A 2 500 mL 2515 7K
B, R K ZE 2R IE PR B CP oS . #HilK IR
BRCESR] 2 mL (U8 #E S 32 INAGE T
KRR B4 [ R T4, RS MG K CP A I iR . SR
FHUSE PR E 3 WK H 5 S 30 i 4R 1) CP KG9 Jo
i, IR A (D) TR BCR(Y) .

Y =M, + M, x 100% (1)

Ao, M A48 S A T 0 i, g5 M, R 2 Ak
HZJEHBR T, 8.

1.3.1 E#FH&

SR 3 3 1 A I Ry A s B 43 A - % B+ CP
i, 4 5lak 1024 .50 H i, 45 2% i = FpAS [l R 42
(1) CP ¥y A, BB RAF . BEEARADRAE CP B K A
THFRPCR PRI AR 42 CP Ry K 4% 100 g, 76 7R
4250 °C W b 25 mL/g, ZE 4R /KI2 3 60 min [ 4%
R $EH 120 min,

1.3.2 AL Fit

FREL 24 H CP ¥y AR 4 100 g, ¥ HlR AL, 75
W oA 25 mL/g S5 T HRE T b, 50 [R] il sk 2
ZAFXT CP OBy ARG A BCR A Z . 43 51 R FH 7818
KA BRI 1 h 3% AL WA 550
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1 h DAghbf it 5% ) S A AR R 1 h  LLZ5 4
1 5% WEL PRI 1 h 200 W 75 30 min 5% 10
min PR 8 Fof 8 b B 7 1, D)2 SN [ i Ak B Ty
A CP KGR IBCR 52 .
1.3.3 $#RERKE

X CPAF I B A v (%) $ B 1] (30,60 .90
120,150 180 min) . 45 Bk B (150,200,250, 300 .
350 °C) & [ L (15,2025 .30 .35 mL/g) =444
AT R H 5, A AR EA T CP o h i
B i e R A A A PR AR A

1.3.4 »m &k

MR BN 2K AL B0 45 R, R ] Box-Behnken Design
(BBD) X551t 5 RSM AHES & X 7K 78 A i k42
I CP A S B AT R Gk . ARIE ik iR
PRI 2R 10 S92 B 235 SR e SBOR i BBOCRRS2 Wi 35y 1 25 1 = A
PRI R SRS [] (A) B IBGREE (B) A& L (C) i
137 = H R =OKF-H BBD S K Wi 17 T A 73 A, 52
BB R R K AR 1, SEEe a5 R g8
Design-Expert 8. 0. 6 F47 8045 o3 #r Ab B, I HI4/E =
AT S

*& 1 BBD LIZITHWEZEKTE

Factor levels of BBD experimental design

% Factor

B SO

Extraction temperature ( °C)

C: W& Ly
Liquid-solid ratio (mL/g)

Table 1
KF i
Level A BR8]
Extraction time (min)
-1 120
0 150
1 180

250 25
300 30
350 35

1.3.5 ATAP2ZM%

ANN E AR A HLA 2 ] FIZSHE RE ), RE i it
THRETRINAE 5 S 2 ] 1 iR 22, B R B, 2
WEL LR, iR 228 8 /N, FEADF H, ANN
FHRN T CPORG i 4 B0 A v i S 56 e Ak 38 0o
ASZIKE BBD SEGAS 21 17 50 Il %k ANN, LA
S IBURSF T B BOIRLRE VW L 3 A9 sVE Sl ANN 4
ANZBMZTT, UL CP ORIl BCRAE o 2, ]
Matlab #ic 4 (R2016a Jix) #fi 22 9 45 T B4, B &
RSM i 11 B NI ZREEA 3 LB
BEREAS R 3 BB AE AR A, TEAS S5
op i A A 2 B 2o B H B BBD U BT
JE I LA Pl 28 T 1Y B B Ay 2 i A5 RORS Ay 32
1) FZE 3R, PR A X 2 Y R R AT Ak .
Hrh B 70% 55 5 504 Ul 25 % (training set) |
15% WIEE F 56 IF4E (validation set) ,15% BEHE M
DAAE (test set) o B2 A 28 oo 0 AT AR 4 Kol-
mogorov & FLHA % , Bl n, Ky B2 #i 2oT 8 H 0,
A ZT SEH , m SR S H a1~ 10
ZIA) ) B, 2 ik e B BE 2 P 42 e BA B 8
N, P 2 005 B2 il e R, I RIS R A KA
%) Levenberg-Marquardt, i i i /4 58 i % ANN #&
RUPEAT S, B e IR AR B 200, Rl RS 20,
LXAEF0.75,

1.4 GC-MS 4#7

K H GC-MS X CP ¥ i i) A2 i 3 itE 47507 o

GC 414 {34 HP-5MS (30 mm x 0.25 mm
x 0.25 um) , FEHIHE 60 C, £ 2 min 5, L 10
°C/min HZFHEZE 100 C {5 2 min, FELL 50 °C/
min #FRTHEE 150 °C {58 5 min, -4 20 °C/min
FHEZ 200 °C, 5 L4 40 C/min F}{& % 260 C,
HEREFRBE 230 °C 830N, , 200 1. 0 mL/min,
ANy, HEREE 1 pl,

MS Z5fF:E1 B I5, FERETR 70 eV, [
m/z 50 ~500 amu, B FIRIE)E 230 °C, 32 0 1R 280
C,HRLER 3.5 min,
1.5 mELFEENE

fiiF DPPH [ H 334 JF 75 DU 2 CP A Tl BT 4
PRiE P, I 5 4 B B E AL TE PR AT e
¥ 100 WL AR EE R CP A Il O BRI IS 100 L
0.004% [) DPPH ZEIE W INAR] 5 mL EP 45 i
Ho BRAYIEZIR TERREPR 1.5 h, R
RSN R T 517 nm Zh 75 W A WO
SRIGFIRA T (2) 1148 DPPH [ B BRI BRZE(S) .

Ap- A,

==

Arr,4,°7 100 wL 45 100 WL DPPH £ By
MR-G5 WL 5 A,y 100 pl CP AT £ B2 T

S x 100% (2)
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2.1 NEHESHEER

W LA Firzs S CP OB A (Y - kA% o e o0 A
Kl BiEE iR 24 HbRR L, JBR 380k
36.57% ., WK 1B frzs,10.24 150 H CP #y KK
KM ECR A3 518 0. 16% 0. 22% F11 0. 06% , v] L),
KB CP Ry AR R/ g 24 HiE CPAB ISR
g o AR T R AN A0 UKL A A, AR IR
VEFIAR RS 05, R RS AH X S vy, TR A /N
FUCRURL R 10 B K, 2 10 W RE T BE =2 358, M A
FITFRGMARI o RIS SEF 5T PR 24 H CP
AR TS o
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The particle size mass distribution of powder (A) and the extraction yield of essential oil with different particle sizes ( B)

510 HAHH, **P < 0.01,***P < 0.001, Note;Compared with the 10 mesh group, ** P < 0.01,*** P < 0.001.
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Fig. 2 Extraction yield of essential oil in CP under different pretreatment conditions
TE A ZRIBKAN RN B 28I /KIR 5 C 3% SEALENIE AN IRNL ;D 3% EACHNIE IR D B : 8% ZU A AL BAVE WIR 1 5 F:8% R RVE MR ;5 G
#HAT 30 mingH: #8510 min; 5 A kL, ** P < 0.01,"** P < 0.001, Note:A:Distilled water without immersion ; B; Distilled water immersion ;

C:3% NaCl solution without immersion;D:3% NaCl solution immersion;E:8% NaOH solution immersion; F:8% HCI solution immersion;

G ; Ultrasound for 30 min; H; Ultrasound for 10 min. Compared with A, ** P < 0.01, **

“P < 0.001.
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2.2 TREBEGIHELER

WE 2 firs, R WAL B4 CP A I )
PR AR ES . HE P15, RAZERKR
71 h R A E Dy A5 20 R TR PR BCR R, o 0.
37% i HIAL RS CP ARSI 4L BRI AR &, 2R
UL 28. 60 fi5, v] GBS K AR mT i A kA2
BTV 5 T2 AT ER VAR B R B PR A RIS 1Y
PRI ZR IR LIS RS AR BOR /N, SC et 72
ORI A FH R V8 WA B TR BB TR VS R IR U s B R
CP ¥, 8B B rh 45 5 kAR B, vl g2 M R
T F iR J3 J Y 8 P s 728 v 5 s YR8 YR e}
i i B R AR R 4, HAe iR U R A 3L Ak
JE A TR AR ORS M s CP o s & A 1R
IR A MEZE Y, B EG AR p JFURL R R R
IS 7 A RS0 5 A 30 min BGRE AT 10 min 42
ARG T PR ECRAR , o] BB 76 8 75 19 R rPoRS Tl #5 &
SRR R . LA E R, AR HIKZER
ML 1 h VB CP ORIl B B fe A 25 A
2.3 HERIWHER

HR A LR RSB0 25 R 45 R IR CP
RO & SR PN E L

WE 3A 7R, CP OKG  $2 BOR Bl & 3 BT ] i
B2 E T FE 150 min B4R ERIA B i 5 7
180 min Ff P R IF Ui B AR o Vb o 44t BB 1] 7 S22
P I, SRS [ /N T 150 min B, B RS
T B BRIBOR 58 4, $R ORI Y SR AT i)
KT 150 min B K5 PR IR 2 0T B 3, tons
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PRI O A Z 8 ok, 5 A2 5 o 5 K 1Y
Pz, PRI AR B ), T BB 2 S SO i 4 i
S SN AR PR AR PRI R A R HRUA (]
150 min,

WA 3B fros , TEAN AR HUR BE 9 25 F T CP A
THAYRIBCR B Th 5 T B A 2 IR R 300
CHI R & . Y BUR LT 300 C i, 1%
(AL TR AN B3 300 %) i, S B A 3 1 L v (4 0S v
PR, R IBCRARIR 5 2 52 O B 300 C e, i
AP AR I IR, S R AW &, Rl 2
SR BRI, H AR [A) 4 27 A 2 R Tl
WA RaE SRR L P, SRR 300 °C,

WK 3C FroR , 7 [ A 30 mL/ g B4 H A ik
) SR, VI L A /DN B8 R R 187 XM ek 8 3 7 A
K52, AT B A e R 2 CP oy AR WK P 5, Y [t
it DS B0k R WA 56 4, ¥5 & LA AN BE 78 57
FERNES G, A & BRI 5 2 S 20
A A A J5T T ) AT a3 DA e R S i A I 7
S VS B £ s S £ 7 W
Bifi 5 R L 38, PRk 55 K 78 oy ml A, 2 i 1 AR n
R4 B B 4 v, R A B 4 5, 34 3 30 mL/
g BF RV A B2 BRI T e K AR 238 v 151 L, i
SRAT AN FT A3 R B N P 0, 72K Th s
o AR R 4 5, TV AR i R i e, e 2 T A
HUCRREAL, B3N T /K Z8 7818 B i e RE AU K
bR, 1 AR O . PIICAESE T ORI SCgnh, B R
30 mL/g VE R bb 1 e A5

C

0.4

$REUE Extraction yield (%)

o

e
=)

200

250

300
PRI Extraction temperature (°C)

350 15 20 25 30 35

B L Liquid-solid ratio (mL/g)

3 BERIRBER
Fig. 3 Single-factor test results
7 5 30 min 41150 CZ1.15 mL/g 414, * P < 0.05,*** P < 0.001. Note:Compared with the 30 min group,150 C group,and 15 mL/g
sroup, “P < 0.05,"** P < 0.001.
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ALY AT = N3 =JK-F BBD 245,36 17 4

e AR AR 2, 4R 2 S K 19 T 2% o B WL AR
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IR 2 TR R AT, A S i a7 AL Po< 5 YR AFR S 0 N7 AR o e B (R OC R o e
0.05, 2= 5 W2 MR UTT P = 0.2180 ( > 0. X 2 MR AT BRI | B A5 B SR i A2 £ 1Y
05) , Ul BH AR TR I 2, B SBL & R 2y, AR —JclH 5 #2:Y =0.64 - 0. 0104 +0. 17B +0. 15C
JITAR LA 7 AR 0 LS S X S 2 R A T AT [ +0. 0034B + 0. 023AC + 0. 067BC — 0. 024A* +
B AT LAE Y, TR AR A3 B SO RS TR SC PR B8 0. 10B%-0.19C%, Hir | Y 2y CP A M3RER (% ) o
(AR S 2B (R) S 0. 915 2, 33 B T e 57 () 5 750 g

®2 BBD XBER
Table 2 BBD experimental results

e K £ Factor VT &
No. A B C Extraction yield( % )
1 -1 -1 0 0.590
2 1 -1 0 0.451
3 -1 1 0 0.971
4 1 1 0 0. 844
5 -1 0 -1 0.278
6 1 0 -1 0.324
7 -1 0 1 0.474
8 1 0 1 0.613
9 0 -1 -1 0.301
10 0 1 -1 0.451
11 0 -1 1 0.509
12 0 1 1 0.925
13 0 0 0 0.648
14 0 0 0 0. 605
15 0 0 0 0.717
16 0 0 0 0. 682
17 0 0 0 0.532

R3 HHRRENFTESN

Table 3 Analysis of variance of essential oil extraction yield

5 ZERUE F{E PE B
Source F-value P-value Significance
FiZ Model 8.39 0.005 2 .3 Significant
A 0.10 0.758 8 -
B 27.92 0.001 1 -
C 21.17 0.002 5 -
AB 4.48 x107 0.948 5 -
AC 0.27 0.620 0 -

BC 2.20 0.181 6 -
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2:5% 3 ( Continued Tab. 3)

T3 2RI FAE PE e
Source F-value P-value Significance
A2 0.29 0.607 0 -
B? 5.31 0.054 6 -
c* 19. 11 0.003 3 -
HeAIF Lack of fit 2.31 0.218 0 N3 Not significant
R? 0.9152 - -

K4 55 BBD SEB FR IR A =R CP oG A F S SR IBGH B A 58, SR OGRS B e BT
TR IR By e oz 1A 2 P o 7 TR TRRE AR RS R LTI, W I X R UL R R R
WX B P BRXHR U I 8 25 18] 4A 4Bl A AARr B T FEAY RS R . A LN, SR
JEE 5 S MU ) 22 ] ) 5 A PR R Lo B R S T AR P i/, SO AR e -5 i O 7R ) 42 fk
P, PRI A0 — e (B, JRBOCRBEF SR I BUN AFEI, I SRIBCR TR (HR [ ok, 2
T EEAY T B BT (R 4B g He SR FERYE A0 BT RE IR, AT AN RE 1K B e AR RE Y
YUt 8] 22 [ B8 52 A OGRS il B o3 B e N T A $RI
Pl AR EUS 8] O — R (EL I 0 A9 S BBOR B 3 T {i/H Design-Expert 8.0. 6 Xt CP f i $2
FEEsg i B ETHE T RS SRTMITEWRIE WS IS SR AT 20 M, 19 B de R 3 IO A W1 L
it 30 mL/g i, R HOCREL Mg A TR, X 32,82 mL/g, #RHGHEE 350. 00 C & HUm ] 153.75
30 ml/g AW b . [ 4C DI HE SR IBOR. min IR AOSRIBGRAY IS (E Y 0. 96% , K ik 250 45
J& 2 18] B S FATE R RE I Lo B b, T HHZR 1 . B PROM0.72%

Ao B C
. . sy
S g o R ioaan R g
< g S g
= = eSS gut Q\ SO RN =
9 2 o PSS RN R s
2 = S “‘\\Q SRR g
g g Rt g
51 T o4 RRRARRAY g
E g T
2 = - &
g g 02 ”
= B z
30 150
& : B D
g B R
s, /,v{/Wt 257120 !3‘\;\\L R X
Tagy, “;\\\*\
fmg,, o

()

B4 N fh 2k E

Fig. 4 Response surface curve

2.5 ANIHEMKZSH PR
K SA Sy BP 22 W28 I 2R 2R, T LUk AR AR MR ZR SEHR 45 T LB, 0T L |4 B

RN B B, IR B B 46 (AR 38 07 i (8] R IBUREE X = NP3 CP AR i 1Y) $2 RO SR 52
2% (mean-square error, MSE) NG, TEHAEI ] Wi 3 BRI A ANN X3 = AN R SEA TR A6 50 #T o
e iR 2% N TCTA e N Zrad B2 . CP RS VIARH. 78 ANN fiifbad f b, DL Bk = AN b A2 K
R EALIAE ST 2, 2859 MSE 25 0.004 096 Jh3R B N 2, M T ANN B8, 408 5B Xy
6, K ENE BN it/ HARE . W%k 2 G MSE  SZI0 KR 5 45— 54 0 b 20 I 48 B0 0 i e A
M KIFH/NEEAARNLE S 2GS HBOL e Bl HiiE 70% 5 I, 15% H5E R
> A, 58 W BP 2 4 U1 R i b AE R IR GE BRIEEE ,15% BB A AR | i i PR AR BCR (1)
MSE 3338 F— M aE M., Frbl, EARFE T 2 )k ANN BI04 & B0, R4 R4 95 1F 48 S A
AV PEREAF G R ZEsKk , RIIX M A & s R R {43314 0.972 62.,0.992 31.,0.940 16 #il
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0.974 83, WARAR W HEIE 1. WS TR A, AL 1Y
R YI 6 R S 4 4005 R B 4 3K 8 e UK
M, UL SER(E 15 ANN BRI B0 (E B AT R4 A A O
P, F 2 AR 22 R 25 B CP ORI IBCR B I AT

BJJ71R3E MSE

0 05 1 15 2 25 3 35 4 45 5
SR
5 Epochs

SE ARG I 18 1 B A AT 2 B A R R
WA 5T L 34. 86 mL/g, SR HEE 300.00 °C, 42
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Fig. 5 Analysis results of artificial neural network
A J2 BP MZ I ZREE A ; B 2 Sei s 5 — 25 T A0 i 2 I 28 B (M AL L4 Pl Note: A: The training result graph of the BP

neural network ; B:The scatter comparison graph between the experimental data and the neural network data calculated at each step.
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Fig. 6 The result of the predicted and experimental values of the RSM model and the ANN model

2.7 CP f5il GC-MS 3#f

e E CP RS ihZ: GC-MS 734, 443 1) CP
K E B TR ETE RN 7 s, dalEn 5, CP A
WS TR GC-MS TEMEZM AT A CP A il
LRI 27 ML EY (UL 4) S iy b S

(1 99. 64% , LIGHEAN 3, Hoh & i 2 10 —Fp ik
EYUIR I D-FrERS B LU A y-H T s, AR X
SrE A K F) 47.56% (14, 85% F119. 16% , Song
Al VRO R SR B 2 e 53 ARy, &
BN D-Fr5H (82.95% ) y-iki bt M (5.58% )
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Fig. 7 GC-MS total ion chromatogram of CP essential oil

F4 CPHEHA GC-MS iR
Table 4 GC-MS analysis results of CP essential oil

PR F B el

AR

% Retention Relative b4 Compound CAS & REES

No. time ( min) content(% ) CAS number Molecular formula
1 3.690 0.24 a-JEM a-Pinene 80-56-8 CioHyg
2 4.254 0.29 B-TE 4% B-Pinene 127-91-3 CioHyg
3 4.319 1.16 B-H 4 B-Myrcene 123353 CioHye
4 4.908 0.65 4B-5E N HEFE o-Cymene 527-844 CioHyy
5 5.011 47.56 D-F#E)7 D-Limonene 5989-27-5 CyoHyg
6 5.502 9.16 y-tAIH 4 y-Terpinene 99-85-4 CioHie
7 6.075 0.61 i 59147 Terpinolene 586-62-9 CioHyg
8 7.478 0.51 24 Decanal 112-312 CioHyy O
9 9.013 3.02 S-HiFJis 6-Elemene 20307-84-0 CysHy,
10 9.198 0.63 LTRPEAETR Neryl Acetate 141-12-8 C1,Hyy 0,
11 9.470 0.25 ZIRFFNE Geranyl acetate 16409442 Cy2Hy 0,
12 9.621 0.47 W 7 Copaene 3856-25-5 CysHyy
13 9.793 2.63 B-Hi 7 I B-Elemene 515-139 CisHyy
14 10.372 0.38 B-f1 71 ¥ B-Caryophyllene 87-44-5 CysHy,
15 10.451 1.16 BEPE MG Cubebene 13744-15-5 CisHy,
16 10.773 0.85 (E)-B &4 W (E)-B Famesene 18794-84-8 CysHy,
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214% 4 ( Continued Tab. 4)
51 ik =y
i i e, f£44) Compound CAS %5 EEES
No. time( min) content( % ) CAS number Molecular formula
17 11.042 0.45 B4 # a-Caryophyllene 6753986 CysHy,
18 11.567 14.85 Bt L7 B-Copaene 317819-78-6 CysHy,
19 11.889 1. 44 LS Germacrene B 15423-57-1 Cys Hy
20 12.325 1.24 A-FEFME ( + ) -A-Cadinene 483-76-1 CysHyy
21 13.123 3.87 Germacrene D 37839-63-7 CisHyy
22 14.030 0.37 FEih Kl Spathulenol 6750-60-3 Cy5Hy, 0
23 14.230 0.36 2,6,9,11-Dodecatetraenal 2,6 ,10-trimethyl 4955322 CsHy, O
24 14.361 0.77 a-HERE il a-Cadinol 481-34-5 C15Hyg O
25 15.597 5.60 [EI 4 Nootkatone 4674-504 C;sHy,O
26 15.683 0.37 P44 Aristolone 6831-17-0 CisHp, 0
27 15.725 0.75 1E—+—%¢& Heneicosane 629-94-7 C, Hyy
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Fig. 8 Scavenging effect of CP essential oil on DPPH free radical
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