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Optimization and GC-MS Analysis of Extracting Pepper
Leaves Essential Oil by Ultrasonic Assisted
Distillation Based on Deep Eutectic Solvents
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Abstract : The optimization of the essential oil extracted from pepper leaves by deep eutectic solvents was carried out using one

—factor— at— a— time method and response surface methodology. Using a Box— Behnken design, a mathematical model was

established to investigate the effects of solvent—solid ratio, ultrasonic power and extraction time on the yield of essential oil,

respectively.The results showed that the most suitable deep eutectic solvent was choline chloride/urea.The optimum conditions

of pepper leaves essential oil were as follows: The solvent—solid ratio was 14: 1 mL/g, the ultrasonic power was 300 W, the

extraction time was 53 min. Under the optimal conditions, the yield of essential oil of pepper leaves was 1.380% =+ 0.018% ,

which was better than steam distillation and ultrasonic—assisted steam distillation.The yield of pepper essential oil increased by

14.33% and 5.18% ,respectively. A total of 34 compounds were identified by GC—MS.The main components of essential oil

were d—elemene(19.75% ) ,a—cubebene(9.17% ) , caryophyllene (8.97% ) ,a—gurjunene (6.12% ) , B—eiemene (5.13% ) .The

method for extracting pepper leaves essential oil by using choline chloride—urea as deep eutectic solvent is feasible.

Key words: pepper leaves; deep eutectic solvents; essential oil; ultrasonic; steam distillation; gas chromatography — mass

spectrometry ( GC—MS) ; complexity analysis
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Table 1 Reagents for preparation of DES
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MRy AR ) x 100
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Table 2 Design factor and levels

of response surface methodology

K
M= -1 0 1
A Bk (mL/g) 5:1 10:1 15:1
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Fig.1 Effect of different DES on extraction rate of essential oils
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Fig.2 Effect of solvent—solid ratio

on the extraction rate of essential oils
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Fig.3 Effect of ultrasonic power on the
extraction rate of essential oils
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131 — % L Table 3 The design and results of response surface experiment
1.2
2 55 A B C Y HREE(%)
S0 1 -1 -1 1 0.887
=09, 2 1 0 -1 1.149
0.8 3 1 0 1 1.283
0.74 4 0 0 0 1.329
0.6 . T T : _
30 40 50 60 70 3 ! ! 0 1122
ZEAR I 8] (min) 6 1 -1 0 1.023
4 ZEARLRPA 120 B oY ! ! 1240
Fig4 Effect of extraction time on the 8 ! ! 0 1308
. . . 9 0 -1 1 0.919
extraction rate of essential oils
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RAE , HR4E BBD & i1 R BLUEA T N 11 43-HT , 25 SR ANk 15 0 0 0 1'321
3 s 16 1 0 1 1.071
F)FH Design—Expert B4 IrA9- 804 547 1 )4 53 7 | 0 . 1'031

M5 07 22558, LT LIS 3] Y (8T A8 %) S5kl
Fe(A) A DR (B) ZEMAtE (C) iy [\l g J5
N

Y =1.32 +0.082A +0.13B +0.034C +0.012AB +
0.044AC +0.036BC-0.07A* —0.17B* -0.12C*,

i 4 AT, [l AR He 5E 2R R® = 0.9973 4%
IE B 5E R B R, = 0.9938, [0] I J7 45 Y B S 35
(P <0.0001) , 2B iZA R 5 52 Ry 45, HoA n] SEE
TSI A (2 35 (P = 0.068 >0.05) , W AR {56 H 3
SF MK I A R A g /)N AR IE R iR 2E A A
FEWRH (A) AT (B) (ZEEAETE] (C) 52ty
B2 (P <0.01) , Wk b 5 2843 i | 22 5 351 (AC) |
T Ty 5 2R B s R 32 5L ( BC) 1938 HAE 520
e dB 35 (P < 0.01) , OB 5 75 ) 3 42 5 101 ( AB)
HY3E HAE R R W2 (P >0.05) o ARYE F K/
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ST SRS A Origin®.0 14 R4t AR 17 £ W 7 1
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H PED S~ 1 7 00 37 45 DR 22 S BV S 9 12 1
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FAFE A (B) L FEM I ] (C) AT 25— A~ P 2 2k
S, 53 B D22 TR £ 5 AR FE % S8 B 9
RO PP 5~ P17 225 5 ] 21, A T 10 7 34
Bk RE AT, Pl 6~ 1 7 [T 5E S BE WY , 156 W0k e A
AR ] R 7 1) 53 12 1) =2 7] 58 T A0 %
GOSN R, N R 2 R e

i=A
52

4 AR KT 22000

Table 4  Analysis of variance of regression equation

7 AR FJ7 H ¥ F{H Prob > F BEE
TR 0.43 9 0.047 288.00 <0.0001 ok
A 0.063 1 0.053 323.04 <0.0001 * %
B 0.13 1 0.13 789.06 <0.0001 %%
C 0.00918 1 0.00918 55.81 0.0001 * %
AB 0.000625 1 0.000625 3.80 0.0923
AC 0.007569 1 0.007569 46.01 0.0003 %
BC 0.005112 1 0.005112 31.08 0.0008 * %
A’ 0.021 1 0.021 126.05 <0.0001 ok
B’ 0.12 1 0.12 726.11 <0.0001 %
c? 0.061 1 0.061 368.14 <0.0001 * %
2z 0.001151 7 0.0001645
iVl 0.0009243 3 0.0003081 5.42 0.068
TR 0.0002272 4 0.0000568
Iyl 0.43 16

TE: o AR P <0.01 23R,
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Fig.5 Response surface plot for interactive effect of
the solvent-solid ratio and ultrasonic power
on extraction rate of pepper leaves essential oil
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Fig.6 Response surface plot for interactive effect of

the solvent—solid ratio and extraction time

on extraction rate of pepper leaves essential oil

24 BREXHERIERE
FH Design expert F4- 43 B 45 2 [0l )9 75 F , 8] )45
FE T IO  ESCH AR T Y B AR O AR S SR - WBORE
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TR (1K) T AR e RIS ) 2 A T I ) 1 P A it 12
I T B0 - ROBHEE 1411 mL/g, #8574 215 300 W,
PRI ] 53 min, MBS IE)S 9 T 2280 iR 3 K
S YA 95 UE W AR $ BORS il 4523,y IHe A5 3 AR
FEIMSZPRIAT K 1.380% +0.018% , 5 W 137 [f A5 754
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Fig.7 Response surface plot for interactive effect of

the ultrasonic power and extraction time on extraction
rate of pepper leaves essential oil
FHAGAAE AR X 1% 22 2920 0.50% (5% 22 76 SRV il =2
PN, BEHASE BRAE AL 5 11 )9 A5E 2 F50 0 475 750 4805 54 o
L FH e 3 TRE 2 Xk BT DES (7988 75 5l B /K 28 < 2R 1R 1
AR RS Tl A T2, s SR MEA T &

FIH] DES ke $i BG5S R4 il -5 42 S8 07 ik AH L
R B PR A SN LA B R DO TR IR
TR (0375 P B IHPIR AAS , P Bl 8 T R B AR Uk
FHER S AT, 57 7 125 BR K 28 U2 1R 12 AR 75 4l B 7K
ZENR 25 MR L AR L, W AR RS T A5 R 4 it T
14.33% 5.18% . &5 MK K26 HF 58 AR 5
WAL R Tl A 22 8 43 53 A 00 25 2R AH DL, U0 B S 06 4
RATE B
2.5 EAHRHHEIH GC-MS B4 54

MCEHARU RS 31 b e 53 2 A I 31 34 Fi 4% K 1Ak
2EINAT , R BT A5 S -5 PR S 4 NISTO8 43551 % 4%
ORI TEL T W) 20 K 3R MAH S SCHRZ 25 5 1k, A 4%
RAER AR, HAT T4 R ILFR 6., fhik 6 nl L, H
PR IEIE 18 A B 11 AN B2 1A, 2 1 A4, B
KA, HAotb &9 2 A, A FE - MR
(1975% ) . o« — BE P& i W 4 (9.17% ) . 1 47T M
(8.97% ) .o~ 505 (6.12% ) .B-Wifr s (5.13% ),
Horpoids 2 264 & W & 1 B oy B R, RS il g
73.0% o SKAKV-ZE (A BIF ST A S ABUTRS S %) 3 B AR
3R S— Wi, Hs i S B 43 Y 38.54% i
TEAWIFEH S— Wi i 5 1 19.75% ,iX vl REJ& iR
WA A S Y | b BB Ak BT X DA R B R SR
PREFII R 28 5 T S B A 52 56 32 MR Ay S AU il v
B &M A A O AH T 5 e, ARl AH SC B SCRIC 29
S— ME AR M FLAT b & PR A T Hoh g— A

AN R BT i XA Tl A 3R A 5

Table 5 Effect of the different extraction methods on the extraction rate of essential oils

FEROT IKZER R P B K 8 SRR FHF DES (Wil i B K 28R K08
DES #b B - — SULIHDR- PR %
Wk (mL/g) 14:1 14:1 14:1
HBHIR(W) - 300 300
75 B[] (min) - 30 30
ZEABA A ( min) 53 53 53
FhmEER(%) 1.207 £0.020 1.312 £0.022 1.380 £0.018
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Table 6 Chemical composition of the pepper leaves essential oil
X‘ PNE=N ﬁHE\ ‘H [2282=%%

P Sk *E(;Eu’)i 1%(13)!1 {%(EERIE).%I CAS &
1 TR RS 0.28 14.952 1099 78-70-6
2 (8) - (=) HFF M 0.27 26.831 1256 -
3 - Wi A 19.75 32.385 1325 20307-84-0
4 SEBY Uz 0.80 35.340 1361 95910-36-4
5 o= BE R it 9.17 35.828 1367 17699-14-8
6 Bk 5 0.36 36.298 1373 5208-59-3
7 B- WA 5.13 37.017 1382 515-13-9
8 - 25 6.12 38.224 1397 489-40-7
9 FaKiE 8.97 39.207 1409 87-44-5
10 6,9- R A — 4 0.59 41.010 1432 36577-33-0
11 7,2,72-1,5,9,9-P0H 31 4, 7-F+—8 = 4.97 41.922 1443 -
12 1,1,7,7a-UF¥-1a,2,6,7,7a,7b-<I- 1H-HPFLEH [a] 2% 030 42.446 1450 154098-14-3
13 v 1.94 43.332 1461 22567-17-5
14 WA AR -4 1.20 43.516 1463 24703-35-3
15 =R 1.97 43702 1466 17334-55-3
16 FHRF M D 2.95 44.015 1470 23986-74-5
17 (+) MU 473 44.883 1481 21747-46-6
18 d— FhAN I 3.10 47.126 1509 483-76-1
19 EEHEE 3.16 47.571 1515 483-77-2
20 BE VN T R 0.55 48.119 1522 29837-12-5
21 KR4 B 1.67 49.801 1544 15423-57-1
2 i T\ 25 s 0.49 50.420 1552 5986-49-2
23 & s T 4.53 51.277 1563 6750-60-3
24 AT E ALY 231 51.528 1566 1139-30-6
25 (=) — WA 2.11 51.904 1571 489-41-8
26 HT)Z0E 1.27 52.513 1579 552-02-3
27 (18,8aq) -4 -1 ,4a8- —H H-7p- F M H-1-Z5 121 54.334 1603 5945-72-2
28 SR T 224 55.600 1621 88395-46-4
29 a—FEAAEE 0.67 57.262 1643 481-34-5
30 R 22 223 58.477 1660 41610-69-9
31 LB 0.71 62.080 1710 4602-84-0
32 &AW 0.40 63.511 1730 502-67-0
33 LR R e 1.46 70.378 1830 29548-30-9
34 IS 2.39 87.316 2106 150-86-7

J& T E R 2 AR 40 i 35 M s 25 4, (S AR B
AR W 2 AR FHAE .
3 it

A5 A FH T 2 1) A SH 5 92 771 of 2 BB AR A
YH, 38 3k PP R 2R S 56 RN S T 49 BT 9 A Ak T A AR
RS FEE A TS, LLWORE HL 8 75 Dy 3 R Z€ 19 Bif
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