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Abstract: Essential oils were extracted from pepper leaves by microwave-assisted distillation using different types of deep eutectic
solvents as solvents. Different types of eutectic solvents were compared, and the main factors affecting the yield of essential oils (solvent-solid
ratio, microwave power, extraction time) were optimized by single factor test and response surface methodology. The results showed that the
choline chloride-urea deep eutectic solvent was the best extractant, when the conditions was as follow: solvent-solid ratio of 16:1 (mL/g), the
microwave power of 480 W, and the extraction time of 53 min. Under these conditions, the maximum yield of essential oil was 1.42%. The
comparison test indicated that the yield of the essential oil was significantly better than that of steam distillation and microwave-assisted
distillation, which increased by 17.48% and 5.66%, respectively. The chemical constituents of the essential oils were identified by gas
chromatography-mass spectrometry (GC-MS). A total of 34 substances, the main components were isospathulenol (25.47%), J-elemene
(17.52%), caryophyllene (8.27%), a-cubebene (7.07%), a- gurjunene (5.59%), (+)-ledene (5.02%). A method for extracting pepper leaves
essential oil by using choline chloride-urea as deep eutectic solvent could be feasible.
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Table 1 Reagents for preparation of DES

PRy HBA HBD JER B
DES-1 AR Hih 12
DES-2 £ d1=87 LB 1:4
DES-3 AR, JhF 1:2
DES-4 Wiy $LBR 12
DES-5 E iR N EAE 2:1

R 1 FoR, il S PO FIRMERILIE .
SALIEIR S Hh(Z B, JREFLER. HE et —
SERIBE R LTRSS, 76 80 “CHMER A S rF ink
P 0.5~2 h, HZEJERUSSSITCEIE IR
122 #AMethigIR T Z

W TS AR R i 50 B, #ERFRE
30 g FIHIBUHR AR I DES #E47 TiALHE— B fa],
SREIGHET 500 mL BB, ikt imAZE
TRAIAT RO AR B AR, ARG /K ZE SRR AR
K, AR JE TG KBR RN T4, ARE T E
MRS HAT

VR i 5 258 (%) = (ARSI 10 25 B8/ T RO oK
£)x100%

123 TRFI %R DES sH#5diF £ o3k

IR 1 Fn, DOREHEE 15:1 mL/g. uksh®
320 W FEENETE] 50 min VE ARG FEEAC, 4K
TSGR NFRRR, LR F DES 28R SRR &
RV PRI A RE ), HA0 SR B £E Y DES #HT 5 824
Pt Bh AL TR TR I ARU R T ) B PR AR
124 $RHAZEE

K 1.2.2 B EFRBUARU R, $RBUERA:
TREFRLE D)2 480 W $ZHUF ] 50 min ISR HEANE,
EEEAR (S 1 10:1. 15:1. 20:1. 25: )X
RS VAR 2R K2R s CRIFVROREEL 15:1 mL/g, $REU[A]
50 min FIZEAFEAAE, LERCAN R D12£(100+ 200+ 300
400, 500 W)XJEHAUH FE A0 OREFIOEHEL
15:1 mL/g, TRIhE 480 W HIZAEAAS, HLACA [FR
B )30+ 40+ 50+ 60+ 70 min)Rt SIS ISR A
SO o JE I IR 2 SIS PR FU S DR 2 A B AR R
TR .
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Table 2 Independent variables and their levels used in the

response surface design

A&
K ——— —
A RFH/(mL/g) BAOEFHE/W  C 4RIRET A /min
-1 10:1 320 40
0 15:1 480 50
1 20:1 640 60

1 1.2.4 PR ZF I L KRN B, DLREHGA).
TR B) FERU [E(C) N H AR R, DABHRUHA I
FRR(Y) M RAE, AR N ARG e B, St =
BRI 2 = /K- S8 T R PR 25 -5 K155 SRS A T 42
B AT, BRI LR 2 FR.

12.6 GC-MS &5#1

GC %f%: BR-5 ms B4 (30 mx0.25 mmx0.25
um); FHERERF: WIUGEE N 60 °C, LA 1.5 “C/min Ff
%185 °C, {#FF 1 min, 9 ‘C/min J}% 275 C, f#4F2
min; #/<(He), i# 1 mL/min, J&7j2.4 kPa, #EFE
0.5 ul; 4k 40:1.

MS Z&A%: EI HESUR, HEE 70 eV; BT URIRE
230 °C, VUMAFIREE 150 °C, DR 250 'C, FiE
VSR m/z 35~500.
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Fig.1 Effect of the DES type on the extraction rate of essential
oils
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Fig.2 Effect of the solvent-solid ratio on the extraction rate of
essential oils
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Fig.3 Effect of the microwave power on the extraction rate of
essential oils
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essential oils
K 4 (5K, 15 50 min 7T, BEPEEU A8
I, ARSI AR R R T, R R IR
1.36%, {H43RHU R 50 min B, SHARHRE 4
FIERAZ, SITAPTEC  EIX — IR JE I A]
REAS R 873 Hh PP ot BT o R S BB 1) T 49
ZEHK, SEERS SRR, FMSEMA
IR AR A AL O ST R TR AR

R PRI L2 S AR £ B3 70 B ) SEE8G R DA A
AZ AL, 25 RIS R A RE R AVEFE IR 2K, SEHUn
[A])IEREE 50 min /247 HEI @

23w M AR AHACT R R R Z

231 R HFEALR

I3 2 W BB TH SR IR R R 5K, RS
et R b, JEEHE(A) TR EDFR(B) FEHUN TE)(C)
TENE AR, DA RSS20 N A, RS
Box-Behnken it i3, it =HER=KFiRL, B
173 RE SIS, WA BT R B KT A g SRk
3 7R

7 3 MR EIRIE T 54

Table 3 The design and results of response surface experiment

%5 A B C Y A A E/%
1 -1 -1 0 1.04
2 1 0 -1 0.90
3 1 0 1 1.24
4 0 0 0 1.43
5 -1 1 0 1.20
6 1 1 0 1.23
7 0 1 1 1.00
8 1 1 0 0.88
9 0 1 1 1.19
10 0 0 0 1.39
11 0 1 -1 0.72
12 0 0 0 1.37
13 0 0 0 1.42
14 0 1 -1 0.84
15 0 0 0 1.37
16 -1 0 -1 0.89
17 -1 0 1 1.14
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Y=1.40+0.002125A-0.031B+0.15C-0.13AB+0.023AC-0.076
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Table 4 Analysis of variance of regression equation

7 2RI P75 e B wE H7r F 14 Prob>F REM
AR 0.83 9 0.092 59.32 <0.0001 *ox
A 3.612E-005 1 3.612E-005 0.023 0.8831
B 7.875E-003 1 7.875E-003 5.07 0.0421 *
C 0.19 1 0.19 120.49 <0.0001 *
AB 0.066 1 0.066 .17 0.0003 o
AC 2.162E-003 1 2.162E-003 1.39 0.2767
BC 0.023 1 0.023 14.96 0.0061 Ho
A? 0.044 1 0.044 28.10 0.0011 **
B’ 0.18 1 0.18 118.17 <0.0001 *x
c 0.27 1 0.27 171.49 <0.0001 Ho
KRE 0.011 7 1.554E-003
KINR 8.227E-003 3 2.742E-003 4.13 0.1020
®RE 2.653E-003 4 6.632E-004
BoFa 0.84 16
R? 0.9871
R% i 0.9704

iE: *Rp<0.01 AMEE; *p<0.05 HRFE.
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Fig.5 Response surface plot for interactive effect of the Fig.7 Response surface plot for interactive effect of the
solvent-solid ratio and microwave power on extraction rate of microwave power and extraction time on extraction rate of

essential oil essential oil
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Fig.6 Response surface plot for interactive effect of the
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min, FEIMTFREKAAN 1.43%. A T LB ER 78
A7, BRI T2 SEOWREIE 16:1 mL/g,
PN 480 W, HREUT[A] 53 min. ARFEIZ IE 5 AIHHL
FARBAESLIGI AR, EH 3 e, SEhriimut
RN 1.42%, 500 R [R5 R B AE AR XS
WREELIN 0.56%(TE VG 2 V), RSB S
SEBRE LSBT o B 0 EERER (U 5 FrR) K
B TR ARV N OB A Bk 28 AT RS T A5 22 B
BT R GERIMEN R BT, 7l
17.48%- 5.66%, Ut ¥ ASUALIERE-PR R AE 9 RILIE
FUSEE SRR K 7 2R AT AT I o AR AR KTV
NHFFEEARBUCR 5 BAABUHRE il AL 27 B2y 40 A R 5 SR T
R, RSB BUI RS 1.25%, 1A
SR AR U RS RN 1.21%, W2
T =X ) Y S = b 272 e S T N | W B e W % S
THEERIERA K.
5 TRIRE A MIGRAIFNT
Table 5 Effect of the different extraction methods on the
extraction rate of essential oils

I % Hrm A E/%
KA FANG 1.210.02
TR SR B KA R AN 1.34+0.02
FTFARIE A R AU B KRR 1.42+0.02

2.5 WM A R B GC-MS A4 R

EFARU R 3L B AGI 2) 34 PR AL 2
A, AR B S S5 RS ZE NISTOS 43714 246
WG TYIPI R AR S e, B g R

YRR SABUHFSH GC-MS L2 s 3 T
DL 8, HTEE R 6. HHFR 6 TN, BHARUTHRE I
FEMUE ERT 3% B N il dlE (25.47%) J-
WA (17.52%) AT (8.27%) a-BETE I
(7.07%) a-152ZM (5.59%) (H)-MWUE (5.02%)-
pHEEN (3.83%). KIREME D (3.39%). Frfgs]
PG REENEY EERAEE, SRR
64.14%. TKACTEEC IR 7 RS I8 ) 3 B A o
R oM, AR S SR 38.54%, TTEA
WA - M B 1 & BN 19.75%, 1X 1] AE & ER B
IRAREAL . HhERIREE . AbFE 5 3 A RS2 IR
REFFE ARSISHRI SRR R ) o8
ISR RS, AR A S B SCRRICE T R, o-H0 I
A BENBUEERD, b pE R TER -
KA EE IR 258, AR B IR S o AR
FIFME.

=107
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38
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Counts vs, SKAEN} 8] / min
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Fig.8 Total ion current chromatogram of pepper leaves essential
oil

® 6 WIS AR

Table 6 Chemical composition of the pepper leaves essential oil

iy 4 Fk XA EY% ARG F/min REIEHKR] CAS &
1 i 0.52 14.952 1099 78-70-6
2 (S)-(-VEF B T B 0.43 26.831 1256
3 S-MAM 17.52 32.385 1325 20307-84-0
4 BN 0.68 35.340 1361 95910-36-4
5 o- 3R Fa i e 7.07 35.828 1367 17699-14-8
6 PR b 0.28 36.298 1373 5208-59-3
7 S-HEAH 3.83 37.017 1382 515-13-9
8 -+ LM 5.59 38.224 1397 489-40-7
9 T A b 8.27 39.207 1409 87-44-5
10 6,9-RAI AR = 0.17 41.010 1432 36577-33-0
11 7.7,7-1,59,9-v9 ¥ 3 -1,4,7- 5K+ —% = f 2.73 41.922 1443
12 1,1,7,7a-m9 F %-1a,2,6,7,7a,7b-55 7L-1H-FR A2 A [a] B 0.33 42.446 1450 154098-14-3
13 - i 1.32 43332 1461 22567-17-5

TR
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BER

7 WRAAETH 0.75 43516 1463 24703-35-3
15 G g 0.67 43.702 1466 17334-55-3
16 KAREHH D 3.39 44.015 1470 23986-74-5
17 ()-SR 5.02 44.883 1481 21747-46-6
18 O-ALAN M 2.63 47.126 1509 483-76-1
19 *A6EH 2.08 47.571 1515 483-77-2
20 e T 0.69 48.119 1522 29837-12-5
21 KARAH I B 1.45 49.801 1544 15423-57-1
22 AR B 0.34 50.420 1552 5986-49-2
23 A B 1.76 51277 1563 6750-60-3
24 B EA 0.65 51.528 1566 1139-30-6
25 (-)-HEA%EF 0.82 51.904 1571 489-41-8
26 a1 BB 0.43 52.513 1579 552-02-3
27 (1S,8a0)-+ &1 ,4a-—F 2 -75-F F b 2 - 1- 28y 0.40 54.334 1603 5945-72-2
28 FeAz s 25.47 55.600 1621 88395-46-4
29 o-HANER 0.88 57.262 1643 481-34-5
30 1R LB 0.86 58477 1660 41610-69-9
31 bR B 0.61 62.080 1710 4602-84-0
32 e S 0.51 63.511 1730 502-67-0
33 LB R REE S 0.91 70.378 1830 29548-30-9
34 vt 4RBE 0.93 87.316 2106 150-86-7

3 i Pl R
B Lk

ASCESL T — P B IL A 7RI (DES) e B

PO FEIM I 9, WR T AE SRR, AR AR —Hh
AR AL B A, Be A SR s AR RS AR R
T Ik B K] 25 SR AT e . T A AL T B TR I
FURIHCR A Bh/K 28 S AR RGBT R i 12, &
SE TR i D2 RIS (] = AN F B PR Z X A
PO R TMAS 2R I [ AR, AR AR Ab R AR
RS A: R 16:1 mL/g. #E A TR 480 W
PEHL ] 53 min, HEAAAE N SARUH SRR 1.42%,
ST LIS A I, B TR I s Bk 7%
AR LK R S 2R R T AN 4 Bh /K 28 S 2808 4091
Pem 1 17.48%- 5.66%, 3 HEAIRGH-FR 4 & 1K
ARV FIREA RO PE S AR AR 2, VR
BETATEE . SRR @ GC-MS T4 e
3L 34 P EH), H LN N FREIIGEE (25.47%)
SMEEM (17.52%) AV (8.27%) a-EEWE MG
(7.07%)~ a-5 =4 (5.59%) (H)-MIWUE (5.02%)

BHENE (3.83%) KAREMME D (3.39%), Hr -
Wi AR R FANME . AR SRR SEEOR
ITESRAE T — 2 IR 7 8%, [RIA 26 T A
I ZRE R DA R SR FEHIAE & . 290 At
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