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Abstract: In order to improve the utilization of lemon peel, the opti-
mal processes for essential oil extraction of lemon peel were studied
by Cellulase-Assisted Hydrodistillation(CAHE). Based on the single-
factor test, taking the enzyme dosage, solvent to material ratio, enz-
ymolysis time, and distillation time as the influce factors, the re-
sponse surface methodology was applied to optimize the parameters
of extraction. Meanwhile, the volatile composition were determined
by GC-MS. Additionally, the microscopic structural changes of
sample before and after extraction are observed to understand the
characteristics of different extraction methods. The optiaml
extracting conditions were as followed: enzymolysis temperature
50 “C, pH 5.0, enzyme dosage 1.1%, ratio of solvent to material

16 : 1 (mL/g), enzymolysis time 63 min, distillation time 140 min.
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Under the conditions, the yield of essential oil reached 2.12%. A
total of 27 compounds were identified, in which the limonene was the
major constituent. Scanning electron microscopy demonstrated that
cellulase effectively destroyed the cell structure of lemon peel, which
accelerated the release of essential oil. Furthermore, the extraction
efficiency of essential oil extracted by CAHE was similar in quantity
(yield) and quality (chemical composition) to hydrodistillation, but
less time comsuming.

Keywords: essential oil of lemon peel; cellulase-assisted; hydrodistil-
lation extraction; gas chromatography-mass spectrometry; scanning

electron microscopy observation
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£F 2 G AR T A 2 2F 4 2 0 dcin W A A5 1 4 0 AR
X SRR R o HAREE R 5% 03 0 O - 4T 4E R B VS A
1% CRARPHE 5 By 4 31) . pH 5.0, IR BE 45 °CL i kbE 13 1 1
(mL/g) . i isf (B8] 60 min, ZE 18 B 7] 180 min s 5 B2 M 4% i i
1% ,pH 4.0, 6 B 50 C i@ kHLL 13 0 1 (mL/g) . fff fif i ]
60 min, ZE R[] 180 min; R LF A ZTmE 1%, pH 4.5, 18
B 40 CL Rk 13 01 (mL/g) , Bigff B () 60 min, 7518 B [H]
180 min,

(2) FHRFGHRM & KRB KR E R pH 5.0, 1
B 45 °CLukk L 13 0 1 (mL/g) . A I B 60 min, 248 1) [A]
180 min, LL## & 3& G U N1

(3) i A 0 32 M R B S MR R B MR & 1.2,
pH 5.0, 7Kk EE 13 0 1 (mL/g) , B fi# A 6] 60 min, 7% {8 A 7]
180 min, LA A2 38 FL 1 86 A 1 32

(4) pH {H: 453K 56 2 PRI B W VR it 1,200, 8 B
50 CLM R 13 1 1 (mL/g) . B fif% B [A] 60 min, 25 18 0 [A]
180 min, LLBA & 3& B 19 pH fH.

(5) VBRHEG : 5 00 A 0 U B O B N 1,206, R
50 °C »pH 5.0, fiff fif B (8] 60 min, Z£ 48 BF[A] 180 min, DL &2
SEINEIORE N

(6) Bt A B ) B a0 2% 1 3R B O BN o 1206 TRLBE
50 °C.pH 5.0, LR 16 0 1 (mL/g) . Z£ 48 i [A] 180 min,
VL 7 38 B 1% ol A 1)

(7) ZEABETR) R0 2% 1 38 8 W BTN I 1,206, JRLBE
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Bff 5 38 B Y 25 TR A 1]
1.3.4  ma RS 7R SRR R I A b R R SR MR
W) 45 DR ) TR 4 000 A YO L R R I ) R 2 ORI ) 4 PR
Sy B AR DUSR B Sy o 7 4 4 B 7 1T (Response surface
methodology, RSM) iR 36 #7 f1) Box-Behnken Design (BBD) Ji
PR T . AR R 45 A AT O AL 43 BT, LS 3 dee A B K
TAHM.
L4 HEBHRHLERS RN

K0 GC-MS X #7 BRI i A 4 i3 #4743 . Hirp
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Figure 1
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2.1.3  FR R X SR ECRAG SR p B 3 R, A R
M40 C EFHF) 50 °C i, 42 BRI B3 s 78 50~55 CHY,
PRI G AN B s 5T 55 CUE L BRI E L. X Rl TFE
it A1 2 3 s R i B B B 0 O RN AT . (E IR
S BOET Yl WIS AT A1 il 0 SR B .1 AE 50 ~
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Figure 2 Effect of enzyme dosage on extraction rate
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Figure 3 Effect of enzyme temperature on extraction rate
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i pH YU pH (B e 535 K35 5 e B 1 1 M S BORE A2 I
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Figure 4 Effect of enzyme pH on extraction rate
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2.1.5  WORHEXTRBCGR G S AT OB LT 7
1~16 0 1 (mL/g) W, 38 A B2 BORE G L T3 0 5 249808k
Lt 16 0 1 (mL/@) i, SR R BEH TR, X2 — 2
MR AR AE SRy S A BT %o Al 2 1 B A AR A T . 4 Bkt
PR ARG » il 00 00 285 8 O L SR T ) O 2l L O R T T A
SRS SEAT 3 TV U 3 A 6 e J38 0 JE ) o 88 34 e R AIR T
ilg 5 Y 40 1 e L, S SO 004 P RICR A SR IR R
Vo TR A S AR BT S I 15 i IO R T 6K i B E S R
TR AR B A WO LR T L T O LR — e AR
JG BRI BEE WORE LI T R PRI AR 0 0 4 5
WA 16 11 (mL/g).
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Figure 5 Effect of solvent to material on extraction rate

2.1.6 ik I E) XT R HCR ARy 6 TR . 24 T A IR
MK 25 min ZEKCE] 70 min W, 52 ECE B8 0 5 24 1t g I i)
1 70 min J5 L BRPOCRA BN, X R T RE R B A ] Y
SEAC S R S5 5 T FE 4 BEAT BN L 4R A AR N3 . (H
o TR S DL HE AT — R W IR 5 phy R 4 L i 2 o T Sk S B
O R HATE I JE R AR B — 2P0 . g oh . 2R il A S
P[] o R TR S BB RE . T L0 4 A R £ 2 R
i 1y 4 B AT S i A R T R 538 . NI AR K
06 1 45 305 B 1Y) B AR IF 1] 5 70 min,

2.1.7  ZEURO DX SR IBCR AR by 7 BTN 2 28 1R )
M 60 min FERKF] 150 min B, $RICE W] 8 T 25 2848 o )
I 150 min J5 , 4@ BN FE 3G 0 L X AT RE S B A 25 1R I 1)
201
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Figure 6 Effect of enzymolysis time on extraction rate

148

1.8

= 161

= 1.4

£
Extraction rate/%

1.2+

60 90 120 150 180 210
ZEAR B ]

Distillation time/min
BT A I AR

Figure 7 Effect of distillation time on extraction rate

FEA  FP AR AR B 4 A v (RS S W o L A AR R 1 T
MZERHT AL 150 min 5 R O &3 AR R L R IRR
T8I0 o 4 25 S0E < 2 1 e ) %ot B BSR4 e
)3 K 2 BN RERE . 3 5 4 4R 20 ST B o 2 AR i ) ) 3
IR A RS ] ) 45 R — B, TR AR 6 5 R 2R A
[B] 24 150 min,

2.2 WgR @ik Ee

2.2.1 maR; AL Ny PR R I A R R O I A IR
A pH {E 43 AR FFAE 50~55 C M 5.0~5.5 B, % $2& I % 5%
WA S . PRI R T 6 0 5 Xt A T B B B A
Vo T S o0 VBORE B | T A B D) R R AR A IR 4 SRR O B AR
it DUHRE IR g e B, 4% I Design-expert 11.0 {4t Box-
Behnken Design ( BBD) % i} i 5 T i 36 ( response surface
methodology, RSM) . 4 P 2 ) ELAIRE WL 3% 1.RSM Hy 45
2,

K F Design-expert 11.0 8 x5 3= 2 130 55 45 SR 3E 17 1A
A3 AT A% T SR 5 R 0 L RORE B 8 A A (N AR AR
] 4 = [ )9 J R AR A

Y=1.8240.14A +0.08B+0.14C+0.06 D +0.04AB +
0.08AC+0.05AD+0.03BC+0.06BD+0.02CD —0.13A* —
0.08B*—0.09C*—0.09D", (2)
2.2.2 WAL TARLEY () B PE AT S o R Il A O R A R
ATT7 25301 X BT R BOHEAT 3 PR 06 45 SR L 3% 3,

F (8 2 4600 181 05 Jy R A4S Y e 45 AR g % i) 7 {EL 1) 5%
Wi it AR PR /N | DU R 7R R Y R A R 5 K 4RI
Je T R 5 7 R S S bR i LS ek 2z DT,
23 AN Z Ok Bl Ay FRAR AL 2% S A B 2 (P<C0.01) L, K4
W 2% 52 R & (P>0.05) , I IZ A 5 PRk 2% /N R

#&1 BBDEItEZEKEHBR

Table 1 Factors and levels of BBD
- A R Bk C it At tf D Z& 18 it
/% (mL/g) ] /min ] /min
—1 0.6 1001 40 90
0 0.9 1311 55 120
1 1.2 16 : 1 70 150
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Table 2 Experiment design and results of BBD Table 3 Variance analysis of regression equation
7 A B C D Y $2HLE Y SRR M qmE B FfH PfH BERE
1 —1 0 —1 0 1.41 AR 0.820 3 14 0.058 6 144.460 0 <C0.000 1 * %
2 1 0 1 0 1.95 A 0.235 2 1 0.235 2 579.890 0 <C0.000 1 * %
3 0 —1 —1 0 1.46 B 0.073 6 1 0.073 6 181.540 0 <C0.004 1 * %
4 0 —1 0 1 1.56 C 0.226 9 1 0.226 9 559.360 0 <C0.000 1 % %
5 0 1 —1 0 1.53 D 0.044 4 1 0.044 4 109.490 0 <C0.000 1 * %
6 0 0 1 1 1.87 AB 0.005 6 1 0.005 6 13.870 0 0.002 3 * %
7 0 —1 0 —1 1.58 AC 0.025 6 1 0.025 6 63.120 0 <C0.000 1 * %
8 0 1 0 1 1.86 AD 0.011 0 1 0.011 0 27.180 0 0.000 1 * %
9 0 0 0 0 1.83 BC 0.002 5 1 0.002 5 6.160 0 0.026 3 *
10 0 0 —1 1 1.56 BD 0.015 6 1 0.015 6 38.520 0 <C0.000 1 *
11 1 0 —1 0 1.53 CD 0.002 0 1 0.002 0 4.990 0 0.042 3 *
12 —1 —1 0 0 1.43 A? 0.117 3 1 0.117 3 289.310 0 <C0.000 1 * %
13 0 1 0 —1 1.63 B? 0.041 0 1 0.041 0 101.080 0 <Z0.000 1 * %
14 0 —1 1 0 1.71 C? 0.056 4 1 0.056 4 139.060 0 <Z0.000 1 * %
15 1 0 0 1 1.85 D? 0.053 4 1 0.053 4 131.710 0 <Z0.000 1 * %
16 —1 0 1 0 151 CFA& 00057 14 00004
17 0 0 0 0 1.83 U 0.004 8 10 0.000 5 2.070 0 0.2521 AEE
18 1 —1 0 0 1.62 fiiR2E 0.000 9 4 0.000 2
19 —1 0 0 1 1.45 BiRZE 08260 28
20 - 0 o 144 Tk FRESFEE . P<0.05: ¢ * FoR % B P<0.01,
21 0 1 1 0 1.88
" L. O 139,67 min. BB 2,235 . % i 5052 bR A B A 1
v o L s AR TR TS E R AR L1 R B 16 ¢ 1
24 1 1 0 0 1.87 (mL/g) , B BT 8] 63 min, ZE 1M BT[] 140 min, #% M ER &
. o e 4 FFF AT 3 U0 E 95 5 5 B R TCK 07 B 0
. L o o 2,120 . 55 BN A W & . 291 V2 BLR T LB R 0
o N s e AT BT 09 5 P
’s . . el 2.5 AR RIS 5 4 T
29 1 0 0 —1 1.63 TR ZE S ZE R RN AT 2 3 B 7K 78 2R T AR BURT BORS b

0.993 1,R%4°0 0.986 3,R?Fl R4, #BHET 1,35 W 45 700 e 4%
fife A . (B h 98.63 %0 i As Ak . HLAM fF R R 38.318. 5 K
F 4, HAES RBON 1.21 06, 39 3R WZ A 04w 5 B A0 45 B
AR H — W W (AB.C.D). 3¢ B (AB, AC, AD, BC,
BD.CD), %I (A* B2, C* . D%) ik B &% 48 19 5% i B 3%
(P<C0.05) B 8.3 (P<C0.01) , 15 W 12X 58 4% PR 3R X i 1o {1 119
S SR AR R LT e IR 5 R TR R .
PRI, DA 1 35 58 2% W1 58 700 R P T 0000 A A i 17 4 B
2.2.3 £ F R H AR MmN E AT A BT R S EAR
JFH B w7 T8 434 UL 8

P L8 T e T A I VRORL EL T A B ) 0 2 1R )
HAT 22 A TR 2 A PO SO 2 R 3 R B
RIAAAE W B WE AR .
2.2.4 IGIFLE: R Design-expert 11.0 FAf X} o] 59 )5 72
R HEAT IO L A5 BAR A PR T BEVR N 1,130,
R 15.78 1 1 (mL/g) , filf fi# B} 18] 62.47 min . 2% {8 W [A]

BB F R L E 9,

SR GC-MS 48 B 488 K5 1 30 47 5 1 o 1 43 #r »
FA NISTLL J i B 1 o 47 % W8 A 4 » BRODC IiE B 85 %0 L b ik
i MG A AR BOE 0.1 %0 DL BRIk &8 27 FhB T 4.

26 4 RN, 2 FOR [B] D7 2 312 U0 A9 450G Tl Ak 28 K Jr 3k
A AHR] 22 W £F 4t 3% 6 76 4 Bl 38 BOR BORG Tih i o AR o
X AT AG NG T Ak 2 2 B AR s L (R B T R LY . A 4
3T D) AR WO A AR il e e i 27 FiAk A LAY o5 B R
SR 97.05% ., Ho R AL G 15 R B2k A 5 Fh R
FAE 3 ML R G 2 BB A 2 Bl LAY
B R . Al-Jabri 0 R GC-MS XK 7 A 7% 10
A A A A B RS T R AT R I UE S A M BT U L BRI S
REH R A4y . Vaio 2807 R 8 200 43 B L 2 B ER
R AR B BOAS B A A7 A R B T, 4 GC-MS g B 45 2] T
EKPILie.
2.4 2 MIRENAELLE

PR T 2 B IO o I s 5 R L 5
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Figure 8 Response surface of mutual-influence of two factors on extraction rate
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Figure 9 Total ion current of essential oil of lemon fromhydrodistillation and cellulase-assisted hydrodistillation extraction
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Table 4 Analyses of chemical components oil of lemon extracted by different methods

KR AR 2T 2 2 it Al B K 2R PRI SR

=2 (AT /EX N

PR R /min AHRUE/ % & a/% REEHE/min MRUE/ % &R/ %
1 o RS 10.96 94 3.23 10.96 95 2.49
2 FEmTE 11.68 90 0.10 11.68 89 0.12
3 BERE 12.97 98 9.25 12.97 97 10.13
4 HHEM 13.95 95 5.22 13.96 93 4.78
5 KB 16.15 98 61.81 16.15 98 63.52
6 T 16.93 89 0.19 16.93 90 0.16
A Y 17.35 90 3.31 17.36 92 3.42
8 MMM 18.52 88 0.55 18.53 87 0.41
9 R 19.32 89 1.09 19.33 90 0.95
10 KK Foh 20.23 89 0.18
11 (R)-% AL 4 A H 20.92 87 0.45
12 HFERE 21.67 87 0.22 21.68 85 0.31
13 a-FAMEE 90 A H 23.53 88 0.52
14 B 24.16 93 0.62 24,17 92 0.71
15 (Z2)-3,7-Z W H-2,6-F 25.84 94 1.86 25.85 93 1.67
16 KR 27.23 92 1.83 27.24 92 1.91
17 3,7-HI -1, 6-3F M- 3-8 H R TG 25.57 85 0.10 25.58 87 0.11
18 +— 28.73 86 0.12 28.74 86 0.13
19 o« BEE M 30.46 85 0.11 30.47 87 0.13
20 VN L AL 31.26 92 0.94 31.27 90 1.05
21 2-I% M 31.87 87 0.10 31.88 86 0.10
22 2R A M- g 32.09 90 0.64 32.10 89 0.73
23 14 33.43 93 0.54 33.44 95 0.59
24 o E M 34.16 94 1.28 34.17 92 1.32
25 (E)-B-& 5 Wi 35.87 87 0.12 38.88 90 0.19
26 A8 75 AR 4 36.45 88 0.58 36.46 93 0.62
27 AT 40.02 92 0.27 40.03 93 0.35
S 97.05

F5 2HMRERRAERNEMNLEER
Table 5 Comparisons of extraction rate of two

extraction methods

Iy ik i ] /min IR/ %
TKZE RN IR 300 1.98
21 24 FR Wl B K 28 AR IR AR IR 203 2.12

FT 5 AT L 2T 2k R A I K 2R AR SR IR A BORG dih
e Y NI Y & S Y SN ERA R 2T PN
AR BOE W Bk D T BRI A X2 i TR R
ZEAB T R T T 2k 28 ) A 2R B A AR R O AR A AR, B
4D 40 Y 5 A A K A o R R TR IS RE A TE UK 2R AR
P PR I o DA TRT 45 R T 4R O ] . Sowbhagya 1Y 7E 42
TP 0 i P TIE 5 SR Y Tl 1A 2R S MR AT K 2R AR IR B IR
AT HRE fog 2R 3 W I 45 4 K 25 AR T I 1E] . Hosni 450
TSR B0 R 1R A K 78 A B AR IO AR b A 2k
FRE M A I T 2RI . R e R L 2T 4 A I K
ZAHE PR IOE B SRR AL 5 K 28 AR AR A AR 2L

T L3 AE 48 J6 $2 I 8] T 96k /L BEAE
2.5 2 FRBAENITEREBREMBRME

SR A il v B8 00 2R 20 Ak B LK 2 AR 28 0 L 2T 4 3R G A B
FE IS BFT IR B MR IO H AT AR 5 R LI 10,

i 10 AT LSS B ok 28 Ak J i AT R I R 45 4 S
TR 7S AE R R 2T A Rl DK 2R TR IR R B AT AR R B
WIS 22 5 R A B A R B 3 T 45 4 S 9 AN e B 5 K
ZEZR IR PR UG AT AR R B 2 TR 23 25 0 0l B UK L i B
TH 53 2 3R R 5 2T 2 AR A D K 28 2R R SR S AT
T e SR T 5 A R T B T RN B B R R
AT BR o 38 5 A JSURE s A 0B o3 19 42 M L5 J50R) 40 i 45
) P R R 2 D) A DG L 7 A 3R G B K 2R AR R
P B T T 2 2 2% T X A R Bz A M BE AT T K A A 2
i 3% T 245 4 B T A5 A (ELR X A T AN L RORS ik 0 1
PRE . Baby 45 78 $ BT R T R 7 RS Tl I E S
22 TUAL PR S 0 JrURE 22 T 25 R BN L A TR i A B
BRI, A% WY AR A R Y A B 4R IO RS Dl L B AR
T pIE .
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Figure 10 Scanning electron micrographs of lemon peel:

lemon peel without treatment, lemon peel by-
hydrodistillation, lemon peel by cellulase-assisted

hydrodistillation extraction
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