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Ultrasonic-assisted extraction essential oil of lemon and

chemical composition analysis
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Abstract: Ultrasonic-assisted hydrodistillation extraction (UAHE)
essential oil from lemon peel was investigated. On the basis of single-
factor test, response surface methodology was applied to optimize the
parameters of extraction, including ultrasonic power, solvent to ma-
terial ratio, ultrasonic time, and distilling time on the yield of essen-
tial oil. Meanwhile, the volatile composition was analyzed by GC-MS.
In addition, the microscopic structures of material before and after
various extraction methods are observed to clarify extraction mecha-
nisms. The optimal extraction conditions were ultrasonic power of
320 W, solvent to material ratio of 15.5 : 1 (mL/g), ultrasonic time

of 36 min, distillation time of 140 min. Under this condition, the oil
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yield was up to 1.97%. Totally 26 compounds were identified ac-
counting for 96.16 % , of which limonene was the major constituent.
Scanning electron microscopy revealed that ultrasonic technique effi-
ciently promoted the release of essential oil by breaking down the cell
structure of lemon peel. Moreover, essential oil extracted by UAHE
was quantitatively (yield) and qualitatively (chemical composition)
similar to those obtained wusing hydrodistillation extraction.
Therefore, UAHE essential oil of lemon would be an effective meth-
od.

Keywords: Essential oil of lemon; ultrasonic-assisted hydrodistillation
extraction; gas chromatography-mass spectrometry; scanning elect-

ron microscopy observation

Frm = B B SR/ TR R RSO IR B NG 2ROK R
VR R B i AN | 4| AN SR EE R A S B i D I P
AL AR R o R A b AL T RAS BT 00 B B R e R
b R BN T i B 2 B R A R AT R SR T T AR
S5 W TR A TE N A S A R Y B B SR
TR A5 B o 5 0 A R R i R R Y T A
0B By T PO R BE L 2 N T TR A A H L A R R LA
BB 25 AE U o PR 4R R RN T B 3R 1 4 R R
JH X6 B o A A T ™ it BRSBTS

FRT A AT BORT il 19 42 HOT 3% B A IEME L A HLIE 5
PRI HIG S R A RO K R AR IR A S E Y.
g T AR 15 AR BB 5 A7 DL R SR BT 45 B 3 AT HIL I 571 5%
B 5 6 SR L A T B R R AL A 3 R A 7 A
5 o A LLTE A 77 o T2 N 5 K ZE AR I R P [ 2 i)
P S & B R P AR 7k (AR B . DI SRR R
PRI oo SR IR AR 9% T A R3O T 4R IO ¥« ARAR AT A
TN 255 M) A 5% B T SR TR P 380 Al By 7K 28 U7 1 4R IR
PR IO T2 08 R WA T . T R B R R R R — b



RIS E M

2018 % 9

T R I A3 s R R, ELAT B ) TR AIG  HR ERRIOR A AR
So BRUG AR R E B0 L U 1] 22 6 14 8 e A R B O DR
S 2oL B PR 3R 36 R ) R T 3 36 B 9 R R R B K 2 R R AR
PRI AR 1l 1 Joc Ak 2 S8 R AR 1 — TS 1 (GC-
MS) X Ho Ak 2 J80 43 HEAT 434 B SR I 41 i r B0 00 28 47 1 % 1
LS5 R 1 A5 6, LA S R R il 19 256 FF R R TR E 5%
L Mk STk
1.1 R Ie

PR AGE R < 4 DU 1 A8 22 T 1 56 T ) s A A AR K V) L &
HAETHREREEEEFA.
1.2 FENFEHEE

HLF RO TE412-L AL, 78 W 38 2 17 0 W] 5

H 25 F AR . DZF-6020 WY, | iff 5% ik Bl 22 A 88 A IR
NG

i  SXKW AL, Jb 5t vt XAl A 38 45 FR A #D 5

HCES R 75 U 0 VE A% - KQ-400DB #1, B 1L 1 18 75 i AX 2%
AT

AR B I R AX : 7890A-5975C B, 2 HE AL Bl 4
(P EDHRAF

A T s . TSM-7500F #, H AL T RE 0 & 4t
1.3 HEHREA &
1.3.1 KZESAEMARIE  HIRCP E 25 M) T (2010 45
Bt s XD o B AT HR IR . R 50 g Z8 BL2S T B AT A5 R
BB I BOR: B RS BE 57 1k 206 . KBRS 4 & T g
i R [0V B A T, bl VR R i n K R T I A e 1
ZV B4 OF B TR B Ik . PR B CE T R R
IR B G PRERRGHE 5 b X R S A b Y I R PR
Tt 455 1k A R — 5 B RS T T S 96 2 R K 2218
BRI T 42 20 D TSR vl R TR b A RS il A
X 2 BE I A8 # GB/T 11540—2008¢ 7L A8 X %% B (1 0 2 )
HEAT .

e =20 100% . D

IQEP:

c

B, %
my— KGR, mL;
oKl # . g/mL;
PR R T . 2
1.3.2 #FEWNBKESEBBRT Y BirEREHES
T 2 BRI — S AT R R (B R B L 4 L
T GE B ZE AR K, 4 M8 7 Ak T — i B I T E
PRIBURE TR R L T Pl P T A s L R AT OK R R R
FEHL,
1.3.3 HHFEER

(D M G ERor b 10 0 1 (mL/g) 875 P
[a] 25 min. 3% % 0[] 120 min, #f 53 A [6) #8 75 9% o) % (160,
200,240,280,320,360,400 W) it £ B [ 5 1 ,

(2) W R B8 B A T 2280 W R A I [R]

m,

25 min, ZE /8 B ] 120 min, PFSEARIWORHLL7 @ 1,10 0 1,
13:1,16 21,19 : 1,22 0 1 (mL/g) X 42 B 0,

(3) BB I R] - 5 M S U B 280 WOMRHEE 13 1 1
(mL/g) ZEW B[] 120 min, B 5% A [a] 88 75 % B |] (15, 20,
25,30,35,40,45 min) Xf 42 B 150

(4) ZEAB I IA] . 5 M P T 26 280 WL i kbIk 13 1 1
(mL/g) 7 P B[] 30 min, BF 58 A [ 2% 1 B 8] (60, 90,
120,150,180,210 min) XF 45 B2 1y 52 M) ,

1.3.4 Box-Behnken Design i 5 % i  7F 80 K & i 56 FL 1l
by DB A I T R IRORE L | P Y B ] R 28 AR ) ) S B AR
B $E B 0 R {E 3% 18 Box-Behnken Design(BBD) 1% i1 it
A7 57 17 (RSMD IR B8

L4 HEBRALERS G

R GC-MS 3,

(1) GC &4 : HP-5MS 3Pk 7 38 B 4145 A (B4 30 m,
JEER:0.25 pm N A8:0.25 mm); AN AR, ME N
1 mL/min, #EFERE 0.5 pl, FERE IR E 250 °C L A I ik
FE AT IR 5 mins THERR PP 2 46 1 B 50 °C L, BL 3 °C/min
FHEE 220 °C4£HF 2 min',

(2) MS & fF e F R B FIW(ED, B FHg & 70 eV,
GC 5 MS 4 FREE 280 C s B FIRIRE 230 °C s 742 U 2%
K HEL R 350 Vs B HFTE I 10~450 amu,

1.5 HFAHBEENR

K R 2R Ab B K FE AR AR N RS U B K 2R R A I AR
Jo AT B DL S 28 ¥ VR T )5 P B 4 A 2 5 o 4 R B
W58 H A5 4 A5 1k
2 HREAH
2.1 BRFRRAR
2.1.1 SR RICGR A B 1 R, 2 T A
160~280 W I, [ & 8 75 I 2 R A9 3 K R ORI | B 7t
yAAE 280~360 W, $5 H 4 Fif 2y 24 (1% 484 Jonn vy 484 o 48 34
WG V) ARTE 360 W LU AR IR T RE. XTI RE & R A B
Ty 0BG 0 JI0BR T A0 MR A AR L R R T L OB
R T 5 A — 5 R I ) B R A R R o R R T
[ TGk e 0 1 R W e 1 1 o e o O 4]
PP AR At K, R NT RE 2 6 RS T AL 4 0 &5 A B IR T .

201

181
1.6//*—\‘
1.49

1.0 L I | I | |
160 200 240 280 320 360 400
L
Ultrasonic power/W
B 1A ook R AR IR 8

Effect of ultrasonic power on extraction rate

173

PR
Extraction rate/%

Figure 1



E3MEFEIH

MU A IR B K 28 TR O ORI AR B 23 B

Karim %0 70 5 55 25 15 Il 10 42 B TE 52 KG 0l 42 HSR B
A 7 U T R B R o R E R — T RS IR ECE
TR, AU 3 R R B Ol 280 W,

2.1.2 VCRHEEXTHRECRAGE A 2 A ROR G AE 7
1~13 1 1 (mL/g) i SR B G OR824 8 2ot
16 1 1 (mL/g) )5 SRR I TV 58, 88 55 00k L AT
i JEORHIEE L FE 43 3 B BT LT 1Y R S B R s Y R s )
— e FRE T S YRS ¥ 0 2 ) R B RS T A T 4k S
VAR A AE B R SR B . Sandrine 557 75 $2 B A L
WA T M. BB EE RN 13 11
(mL/g),

HPEHUR
Extraction rate/%
N

1 1 1 1 |
7:1 10:1 13:1 16:1 19:1 22:1
TR
Solvent to material(mL/g)

A2 A RREE N Y a

Figure 2 Effect of the solvent to material ratio on

extraction rate
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Figure 4 Effect of distilling time on extraction rate
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Table 2 Experiment design and results of response
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Response surface of mutual-influence of two factors on extraction rate
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Figure 6 Total ion current of essential oil of lemon from hydrodistillation and ultrasonic-assisted extraction
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Table 4 Analyses of chemical components oil of lemon

extracted by two extraction methods

KR 7 U DK 2R R R
75 [a<x?]
PEBEE/min - FE/% EEEE/min FE/%
1 a-JE M 10.96 3.23 10.93 3.51
2 i i 11.68 0.10 11.66 0.12
3 PR N 12.97 9.25 12.95 9.54
4 R 13.95 5.22 13.92 4.94
5 FrE M 16.15 61.81 16.17 64.66
6 bE L 16.93 0.19 16.79 0.20
7 i & s 17.35 3.31 17.21 2.94
8 SERA T I 18.52 0.55 18.45 0.36
9 5 19.32 1.09 19.25 0.84
10 1% fikg F M 20.21 0.10
11 (R)-SA Ay 1 s R 20.91 0.80
12 FF 21.67 0.22 21.63 0.14
13 a-#3 Yl E vt 23.52 0.75
14 BAY 24.16 0.62 24.12 0.42
15 (Z)-3,T-Z W 3-2,6-F il 25.84 1.86 25.78 1.42
16 P T 27.23 1.83 27.18 1.48
17 3. 7- W -1, 6-97 -3 R T 25.57 0.10 A
18 + i 28.73 0.12 28.74 0.10
19 a~BE 0 T 94 30.46 0.11 30.47 0.11
20 2R P A6 g 31.26 0.94 31.29 0.92
21 2-H M 31.87 0.10 31.86 0.10
22 Z. B 7 g 32.09 0.64 32.12 0.52
23 -7 W 33.43 0.54 33.45 0.50
24 a-¥E RS 34.16 1.28 34.18 0.89
25 (E)-B-4 4 WM 35.87 0.12 36.15 0.21
26 B A8 7Y A W 36.45 0.58 36.49 0.42
27 AAL AT 40.02 0.27 40.03 0.17
Cmr ot08 96.16
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Table 5 Comparisons of extraction rate of two

extraction methods
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Figure 7

Scanning electron micrographs of lemon peel:
lemon peel without treatment, lemon peel by
hydrodistillation, lemon peel by ultrasonic-assis-

ted extraction
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