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Abstract: In this study, cellulase-assisted steam distillation was used to extract essential oil from bergamot peel. Based on
the single factor analysis of enzymatic hydrolysis pH, enzymatic addition amount, enzymatic hydrolysis temperature and
enzymatic hydrolysis time, the extraction process was optimized by using Box-Behnken response surface design method.
Moreover, the chemical compositions of the extracted essential oil were analyzed by Gas chromatography-mass
Spectrometry (GC-MS). Finally, the antioxidant activities of the essential oil was evaluated by the scavenging rates of
ABTS™ and DPPH'. According to the research results, 3.11% yield of essential oil was achieved under the optimal
extraction conditions: enzymatic hydrolysis of pH5.2, enzymatic dosage of 0.7%, enzymatic hydrolysis temperature of 52 °C,
and enzymatic hydrolysis time of 2.1 h. A total of 42 compounds were identified from the extracted peel essential oils.

Among them, linalool acetate had the highest (14.72%) relative content, followed by d-limonene (14.58%) and linalool
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(8.89%). Besides, according to the results of antioxidant activity study, the essential oil extracted by this method presented

good antioxidant activity in the experimental concentration range, and showed an obvious dose-effect relationship. The

scavenging rate of ABTS"- reached 91.20% when the concentration of essential oil was 40 mg/mL; and the scavenging rate

of DPPH" reached 93.19% when the concentration of essential oil was 70 mg/mL. Therefore, this optimized process has

high yield of essential oil and can be developed as a natural antioxidant.

Key words: bergamot peel; essential oil extraction; response surface optimization; gas chromatography-mass spectrometry

(GC-MS); antioxidant activity

W F(Citrus medica L. var. sarcodactylis Swingle)
HZEEPHIAG IR ALY, X AP TA ARt 55, PR
TEARMINTHE P SR miAT 240N, =TI, W, [
SERC b AN TE BT, PR T
T TR B b I A 25 BRSPS 2P
AR Z T FEF WA TRG il B s fe™ | It 5%
H OB T AIHTAARS SRR, I HAR )2 T
KRR ST,

FI AT RS T A P B 22 R VK 28 UZRIR T, 78
SH A 1 R RS R | AR N ik T B B R
JE YT T AT a0 R o g B SR IR A FH
PR e, SRR AE 10 K fi A ) A Y B 544, A el
WA AR AN D TS BT 22 Y, LA S R0
7L ST BB R ) IZ N T A AR A Tl Y
PR B SR ATk R A B K 28 AR
SR A T, 38 S PR SR R . DA o A5
BALGERKZENRIEIRT T 180%. SEFHAEN) LT
B AL G T AR BRSNS A8 1 52, 25
SRR B PR IBCSCR iy o A i A e F
PR ZR S S L v AR RS TSR IO 25, R BIR
G TRAL BRZE R TS LU AR AR BRZH S5 T 38.2%
PRIk, P B BCEAT B4 i N RS o

AT WEFE v, A TR Tl P2 B 2 L RAE S st
BT, PECGTIIHFE, AR, PRIk, ASHIFSYE
FIUS T IRIAEIFERT SR, RIET 4R M Bk 7%
PRI, JE I e I TR R SR RS T iR AR T
25, DR AR R Y W] B SRR Y A O, BRI AR
Ao Ffil GC-MS B A e 3 HEA 10 S AT,
[F]A LA DPPH-FI ABTS" (97 B iS5 PP 2 Bk i
HOTTAEARTS VR, TR B st — 2P T e s fit
LA
1 HRSE®
1.1 #MRISEE

BT\ JLorR W A AR LT O XA
TGl G VA 2T 4E R B (BTG = 10000 U/g) .
2.2-BRA-—(3- L BE-AR T Eml -6 2 ) — 4tk (2,2'-
Azinobis-(3-ethylbenzothiazoline-6-sulphonate),
ABTS) . 1,1-Z 2R F-2- =i FE 2R WE(1,1-diphenyl-2-
picrylhydrazyl, DPPH) LG22 sa mRAE AR A BR
Al R e (EIEal) | R IRER . SAREN . oK
FREN . it JoK ZBE (AT al) R iRk
fe2E i A RS 7] 3 K ek,

Multiskan SkyHigh B MR FEBR K HH:
SRBHEE (R ED A PR Tl ; DZKW-4 U 5, BUE 1K 7
By dbE H %A 2B A R A ] s ZNHW-
2000ML ZUHL#E g A YR A R A
PSH-3G %I pH it GBS e A R
Al; FW-200 BUEd T RER AL dbatrh 24
AR F]; DHG-9245A B GE XT84  Lig—
[EREAU RS BRAN F]; WP-UPT-20 BB LKL pU
JIRRARFIR K A PRI 2545 BR 2N F] 5 SQP AU HEL 43T R
S FEEFIHTRLAGS (LD A RAHE .

1.2 EWHE

1.2.1 hFRERTMERE  UITHEhTFIRIL, TR e
of 60 Hf, 152 TR A AR . FREU TR EBR
45.00 g T 1000 mL [&JiE BN 1, I A 7.2 g NaCl,
360 mL FB 47K, BN A —x & iy 25 4E 2= i, 87y
pH JE BRI A), S0 B TR, iR
JEFNR] S A T . IR AL FRSE S, 7R
L SR R IR R AR, K282 E 2 h,
FHA WISV BRI, T 24 h /Kl =S, 153
LR . IAGE B /KRR AN 25 B Bk 43, B
&, AR TSR

1.2.2 HAKRZRIE

1.2.2.1 [ pH XD AR50 3 & Bf# pH
S35 4.5, 5.0, 5.5, 6.0, 6.5, BEARNIER 0.7% (w HF/
w AR, BEHRIEE 50 °C, BEEFRETE] 1.5 h, 3508
1.2.1 SRR b A 706 TSR MRS T HE B, R
IR 2298

1.2.2.2 FEARINEXPREIMAARARNE S RSN
535910 0.4%. 0.5%. 0.6%. 0.7%. 0.8%, fifFi# pHS.0,
T VR RE 50 °C, Mg Bt Ma] 1.5 h, #2868 1.2.1 B prik
I TR TS RS TR, F T ORI AR
1.2.2.3 BHEIEESTRE SRR 5 IR
FESY5IR 40, 45, 50, 55, 60 °C, B#i# pHS.0, BEZIN0
& 0.7%, FgfEntTa] 1.5 h, #3288 1.2.1 hrd kit s
TR EORTHEREL, FET A AT,

1.2.2.4 [ Et R XS AR SR REm T AR AT
@434 0.5, 1.0, 1.5, 2.0, 2.5 h, F§fi# pHS.0, B
IniE 0.7%, MEARTREE 50 °C, $%08 1.2.1 HETR 71k
AT TSR BRI, IR R

1.2.3 RN ENRES AR EIER S g R n Bl -, DL
AR Ry W B, $4 P& )37 1 (Response surface metho-
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Table 1 Factors and levels of Box-Behnken experimental design
K-
EEN
-1 0 1
A(HEffpH) 4.5 5.0 5.5
B(BEA /%) 0.6 0.7 0.8
C(REfHELE/C) 45 50 55
D (Pt ) /) 1.5 2.0 2.5

1.2.4 BFREE AR

SRR (%) = % % 100

A m FOREEEEDE A TR, g3 M FRoRITA
PRI T R, g0
1.2.5 GC-MS ST 5ok ey
1.2.5.1 @igsM  Aifld: HP-5SMS AL B41EHE
(30 mx0.25 mmx0.25 pum); FHEFRT: FILGIRE 40 °C,
{23F 5 min, LA 8 C/min FHEZE 160 °C, {£FF 2 min,
LA 5 °C/min THEZE 240 °C 4543 2 min, B 10 °C/min
FHEZE 270 °C, {54F 5 min. PEEEDIEEE 270 °C, 2%
SRES, Wi 1.21 mL/min, #FEEE 1 pL; 430 Lk
10:1,
1.2.5.2 s BTSN BTRER 70 Vs
B YRR 200 °C; IR E 260 °C, & FI4ER .
2.30 min; FAHEE F R EVER: 35~500 amu, X HE 5
P52 NIST17 456275 SCRRaEA T s P, A AR
VA — A TS B 45 2 A3 AR &
1.2.6 TS ABTS™- W ERFE ME =
BRSO AEDS (s Bicddill 7 mmol/L ABTS WK, 5
2.55 mmol/L K,S,04 FFABURG )5, B TR 12 h
BIACHI AL ABTS fifiss i . SR)5 FHIC/K 2l B B TE
734 nm A SGE S 0.7+0.02 [ ABTS TAEWR, 45
FHIG/K £ R 962 B RS iR e e e B2 > 15, 20,
25. 30. 35, 40 mg/mL APRGTHEETE, 5 BB NS
VR 100 pL T 96 Bpnfla, SRS 3R ABTS
TAEM 2 mL INAASFL. T HRERFANEE 30 min, fFPR
A 52 HAE 734 nm AR GAE, FRAH A 3 AT
5, BOFME Ace JHIG/K Z ARG I A E s
FA T RE I 2 L 6l As. oK ZBEEACER ABTS T
VERMASOGIE Ax. PASEHRIERRER Ve IEE N

As—(Ac—-A
R:MXIO
S

0

P R RRIEERTR, %; As Fonas FEHNOGIE;
Ac FARFEMMEHIBOGIE; Ax FoRIK LB U ABTS
TARRITFROGIE

1.2.7 BhF5RAokEuh%T DPPH- W ERAE T E =R
ZEEIFRAEU) (7 e FHIGIK 20 Bl - 5 B RS i A
B Bl 45, 50, 55, 60, 65, 70 mg/mL K5 %
W, WAL HUAS R PRSI 100 L T 2048,
TR BN 41 459 1 mmol/L DPPH Z EEVA WK 2 mL,
FHEAL YR IV 30 min, BEARIINE HAE 517 nm
AU SCAE, FRLEA 3 P TIREE, BOFE Aj. TG
IK AR T I WA S 2 P ket BRI s L G (E
Ak, Jo/K ZEEACFEE DPPH 2 B % w45 W 568

Al DISFURFERRIERY Vo A BHPEXT IR, 1 BRE
_ Ak—(Aj-Ai)
R= Ak x 100

o R FORIEIRR, %; Ak FRnas FILOGIE;
Aj FORFESREH WA Al FoRTo/K 2B DPPH
R TS G
1.3 IR

i 57 T 43 A1 5% FH 2F Design-Expert 10 25014
B K S 25 Sy MR A Excel, SPSS 25.0 4, LA
P<0.01 FoRtl B 5225, 0.01<P<0.05 Fos B E M
25 VEEISRH Origin 2018 %5/,
2 BR5SH
2.1 BERIWER
2.1.1 [ pH XPREIMAS RS S [F A pH
KBRS 35 TSR RS AR A AN & 1 UiR. 24 pH
M 4.5 EFAE] 5.0 B, RS R RS 2 2.75%(P<
0.05) . H 43— L4 =% pH B, K75 2 5D B
K%, 22 pH N 6.0 BT 4R, 24 pH i52] 6.5 B, K&
FRRAAR, A 2.26% S3HT AT HERY R 2 pH ik
B 5.0 B, £F4E RGP R, 2 pH BRI, 2743
Bz HTAL T ANIE B T, HaG sz Bse i EL 22 8
I, T S E0RS TS SR R R, T RAAS IS it
fi#t pH JLBIERAAE 5.0 Ze47 it Es

301
28T
26

24r1

HEE %)

221

4.0 45 5.0 55 6.0 6.5 7.0
i pH
&1 R pH XPRS AT 3R A0
Fig.1 Effect of enzymatic hydrolysis pH on essential oil
extraction rate

i BRAE/NG F R 225 B3 P<0.05, K] 2~K 4 [F,

2.1.2 FEASINEXTRE TR AR SRS 0 a:
Kb FEXT 3T ER B2 AT VAT SR A2 A& 2 B, BER
INEAE 0.4%~0.6% J5 BN, KA REkIE AT, 7T HE
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L BN A B LT HE AN REFE 40 S5 IR N o Bl
BEFAS IR a3 in 2] 0.7% B, 153k Eem - 2.72%,
2 E T HAK S (P<0.05) o 7E 0.4%~0.7% FYBEER
IV BT P, PR TS 4 i AR X s v, TR S5 by 3
SFAS 2 AE B, 2 h N RS A SR LB 2 T
MEFASITEAE 0.7%~0.8% YL, 1R 04T R [, 7]
AESE FH T RS N i R, S BE AR X /)N, 474
EN ORISRk e i) | S IVAL 5 R e |
P, AL RS TR IS, [RIBTHG S T AN LB A==
AN A ik, ARG H AR IR Y R 0.7% A2
FEP M=

301

N
o0

g
=)
T

R (%)
N
~

N
(S
T

2.0 T T .
0.4 0.5 0.6 0.7 0.8 0.9

TR (%)
P2 WS XK T A5 5 )
Fig.2 Effect of enzyme addition on essential
oil extraction rate

2.1.3 PR X RS IMAS SR A RE IR A [ A
AbFRXH TS BRE WA R AR an &l 3 Fras . 7Eik
IO BEFE R P, K VAR fe R, R A R R R
F] 50 °C B}, 3R FNEIAH 2.86% ., HildEiE—2E
Fhrp i, R AR SRIE T T [, X T RS i TR
151, T YRS R T%, I S ES FREP, rLA
AR GE B IR BEYE N 50 °C A

30

g N
o %

HiiE% (%)
N
EN

N
o

2.0 : * ! : ; !
35 40 45 50 55 60 65
FEEHIRLEE (°C)
3 WA XA A 5 R
Fig.3 Effect of enzymatic temperature on extraction rate
of essential oil

2.1.4 B A XS IMAS RS20 AN [ kA ) )
Ak BRSO3k TSR P AG THAR FR A S AN B 4 TS . AE
0.5~2.0 h BH[AIYE R P, R A3 B 25 B[R] HE L 1T %
WETh s, YA TE] A 2 h i), KSR T
F 2.76%(P<0.05) ., {H >4 40k 22 1% Jin filg i AF 18] 3k %)
2.5 h Jio, RBKE AR REEA R R, 0] ARG SN 58 hk,

Jei T A A R, R D B VR U, PRt AS
IS A BREAFF T TRIAE 2 h 22478 HL.

28 ¢ a
b

_26¢ ¢
S
=
&

221

2.0 T

0.0 05 1.0 15 20 25 3.0
Ffge I ] ()

4 R DR I A
Fig.4 Effect of enzymatic hydrolysis time on essential
oil extraction rate

2.2 MEEREIRIEESR
2.2.1 W)W EARIG BT 545 ERT e as B
FLal |, A8 4E Box-Behnken U643 H, #E4 704
FE RGBT, TR SRR 2,

2 MR EHAER T KAk

Table 2 Response surface test design and results

. Y Cith
RIS A B C D 82 (%))
1 -1 0 0 1 252
2 -1 -1 0 0 233
3 0 0 1 1 2.85
4 -1 1 0 0 2.65
5 0 0 1 -1 2.49
6 0 0 0 0 3.05
7 0 0 0 0 3.06
8 1 -1 0 2.78
9 0 0 -1 -1 222
10 0 0 -1 2.40
11 1 0 1 2.74
12 0 -1 0 -1 2.53
13 1 0 0 -1 251
14 -1 0 1 0 2.61
15 1 0 -1 0 2.44
16 0 0 0 0 3.02
17 1 0 0 1 2.85
18 0 0 0 0 3.06
19 -1 0 0 -1 2.4
20 0 1 0 1 2.92
21 0 0 0 0 3.04
22 0 -1 -1 0 233
23 -1 0 -1 0 2.26
24 0 1 0 -1 235
25 1 1 0 0 2.65
26 0 1 1 0 2.80
27 0 1 -1 0 238
28 0 -1 1 0 2.72
29 0 -1 0 1 2.63

2.2.2 BEIRIFEST 72545787 35 Design Expert
AP E S A T Z2 0 LG, PR IR %
() 5l pH(A) | BEASINEE(B) | BEARHREE (C) S
Bt A Ta] (D) Z Ta] 19 — R B HELE T
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Y=3.05+0.10A+0.036B+0.18C+0.14D—0.11 AB—
0.012AC+0.055AD+7.500E—003BC+0.12BD+
0.045CD—0.24A>—0.20B*—0.30C*—0.25D?

FIH Design Expert 10.0 A4 5T 56 &5 R 4T
S3HT o M TETESS Ty 280 BT ah AR ULER 3.

3 WA I K A H Oy By 25 53 Hr
Table 3 Response surface quadratic regression equation model
variance analysis

FERIE PO AR ¥y FH  PE WEH
T 1.93 14 0.14 12642 <0.0001  **
A 0.12 1 0.12 11032 <0.0001  **
B 0.015 1 0.015 14.17  0.0021 ok
c 0.40 1 0.40 364.09 <0.0001  **
D 0.23 1 0.23 213.66 <0.0001  **
AB 0.051 1 0.051 46.54 <0.0001  **
AC  6250E-004 1  6250E-004 0.57 0.4610 NS
AD 0.012 1 0.012 11.12 0.0049  **
BC  2.250E-003 1 2250E-003 021 06562 NS
BD 0.055 1 0.055 50.77 <0.0001  **
CD  8.100E-003 1 8.100E-003 7.45 0.0163 *
A? 0.36 1 0.36 33542 <0.0001  **
B’ 0.25 1 0.25 228.89 <0.0001  **
c? 0.58 1 0.58 53550 <0.0001  **
D? 0.39 1 0.39 360.63 <0.0001  **
R 2E 0.015 14 1.088E-003

RUKE 0014 10  1.411E-004 5.04 0.0665 NS
4iiR%  1.120E-003 4  2.800E-004

SR 1.94 28

e 22 A 3 (P<0.01); “*7 2257 B35 ((0.01<P<0.05); “NS” A
Z(P>0.05) .

FH 7 22408 45, AR P<0.0001, i —
YR FRASS R 2 55, JSHUTH P>0.05 AN w38, Ui iZ
TR T RN B L IR 25N, e E R R=
0.9572, Ui B2 B AR g FL51 O B4, )= 7 2
ARFMELS, 95.72% MR IMAS 3R 5 45 R ZR AR i 22 [A] ¢
F 0T LU AR g e . ARRUAS TE AR AU R, 4°=0.9843,
55 R? kT, R SIS AASL IR T B AT 35 i AH
M, AR AT AE B, i A Dy BRI R v LU P
AT O IhER I T 2.

M (%)

0.80

I
Q9
G

0.70

B: FEEA I (%)

0.65

0.60 T T T
. 4.70 4.90 5.10 5.30 5.50
A: i fi#pH
K5

2 3 FAERV/IMR IR A B 2 PR AR SR 52 1
RS, FAEMOC, Hsgmpikom . 26 b8 I Z b 2R
2K T AT 52 10 5 i) B 22 R/ INHE T A I Ay it i Uit
(C)>Plpfeasta] (D) >t pH(A)>EEZINE(B) . H
1 A, B.C.D. AB. AD. BD. A%, B>, C*, D* X}
WASSR AT B FE M (P<0.01); CD XPKH IS %4 %
ERM(P<0.05) 6
2.2.3 WA S HT A I0E AR A Y [m]
VAR 1 T 1, 25 S TR RO T A SR R A
() 22 H AR FH S50 il AS- 3 2 18] (g ) 17 il e 1, 285 SR 4
&l 5~ 8 P, SV El b, S mekndy bt X
IR A IR R AR R AR, O I S I .
SF R L IR UL P R 2R 2[RI 38 B AR FH AR, 215
TENLEAAE B AEFHAES . 7 3D M [ Hp, i ek B
U & s i A A Ak bR, BP9 A1 22 A A FH e 5
M 5~F] 8 HhaT LUIASH, (& 5 FIE 7 i) A5 i 2R E
EMGEIE, H 3D i [ A ek 5E I, 158 B T
pH ARSI 4 P51 22 RIS A A s (] P S 26
Z A BARGR A HAE I, XPFE AT 2R A 52 M .
Fo AN, BREETR R R TR 22 (Al 64 3D mi ] Hp
(%) TR R B, eI LLH PR 2R 2Z Rl 5SS/ E X
ARG VARSI S

XN 7 R TSR A, FRAS TS RORS vl e 2
PEEUT 25 Bt pHS.215 ., BEASIIE 0.701% . B
JE 52.327 °C . BEMARETE] 2.108 ho AT 5 K ki
HENE N, 7 3.091% A T I EIRISHRE, Ko
BT 2B IE ] B pHS.2. BEGSINE: 0.7%. MR
B 52 °C.| BEf#RTE] 2.1 ho Zead = REGUESS, T
SRR W55 3.11%, LIS A BRI T 5
IZ T B ERIE, RO, LR 4ER =Mk Rfa e,
5y FAREHSAARRR, AT SCRik [22—-23] B AT
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Fig.5 Effect of the interaction between enzymatic hydrolysis pH and enzyme addition on the extraction rate
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Fig.8 Effect of the interaction between temperature and time of enzymatic hydrolysis on the extraction rate
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Table 4 GC-MS analysis of essential oil components of bergamot peel
5 F Bsf ] (min) L& mBHR eSSl s F CAS AR B (%)

1 9.454 (+)-0-JEN [ CioHys 7785-70-8 0.29
2 10.516 LKW [ CoHy6 555-10-2 0.28
3 10.624 L TiE-p- kN [ CioHy6 18172-67-3 1.04
4 10.959 B-H N [ CoHyg 123-35-3 0.91
5 11.830 SB-SEPFEA TER CioHyy 527-84-4 0.26
6 12.018 d-FriEls (i CioHys 5989-27-5 14.58
7 12.083 R -p-5 i [T CioHys 3779-61-1 0.92
8 12.619 - BTG [ CioHys 99-85-4 5.18
9 13.608 J5 i C,oH,z0 78-70-6 8.89
10 14.249 1,2- 5 RRE i C,oH,0 18479-51-1 0.18
11 15.201 (=) -4-1f i i3 C,oH,;s0 20126-76-5 0.50
12 15.515 a-FATHEE i3 CoH,50 10482-56-1 0.85
13 15.626 IEBEE i3 C,oH500 112-31-2 0.30
14 16.105 AL i C,H,;s0 106-25-2 0.13
15 16.291 REAETE [ C,oH,0 106-26-3 0.79
16 16.532 LRI 5 C,,H,,0, 115-95-7 14.72
17 16.817 A JLRE 3 C,oH,0 141-27-5 0.96
18 17.935 - i CyoH,0 150-86-7 0.15
19 18.104 9- L i3 C,;H;,0 624-08-8 1.17
20 18.338 LRI ALTR 5 C,,H,,0, 141-12-8 1.46
21 18.434 9- L HE-6- R = it C,;H;,0 123-24-0 0.65
22 18.495 10-35 B [ C,oHyeO 16840-84-9 0.46
23 18.673 RN R fig C,,H,00, 105-87-3 2.70
24 18.845 W=7 74 NE M CiHs, 35507-09-6 1.94
25 19.279 BT TR | D i C,gH3,0, 2549-53-3 3.83
26 19.540 8-\l i C6H;,0 19781-83-0 2.78
27 19.724 O A2 i3 CH;,0 2425-77-6 5.63
28 19.910 REAE AU i C,sH,0 7212-44-4 3.19
29 19.995 1,2- P75 st C,H3,0, 6920-24-7 3.04
30 20.125 5- ZhelE [ C,H,,0 10203-33-5 2.24
31 20.265 2- S HE-5- P Bk 1 - P i3 C,H,,0 91337-07-4 2.66
32 20.415 1= e i3 C5H,0 85763-57-1 2.68
33 20.810 2,6- RUT Sk-4-H SR R %] CsH,,0 128-37-0 1.76
34 20.928 7-F- ARG i C,5H,0 58319-05-4 1.24
35 21.145 3,7,11-= H Bk 1 i i CsH3,0 6750-34-1 0.26
36 21.508 (B)-o-B 2545 (i CysH,, 25532-79-0 0.63
37 21.761 23 TR i C,y,H,y0, 40596-46-1 0.36
38 22.380 Bty e 4 S i C,5Hs0, 26718-94-5 0.17
39 22.685 KARTF At Ttde CsHy, 645-10-3 0.18
40 30.501 BRI AR — At R R fis CyHOg 28474-90-0 0.21
41 33.778 JLHE(9E, 11E)- ¥ iR [id CyH3,0, 544-71-8 1.33
42 33.877 S -9+ /B R fig: C,sH3,0, 112-79-8 1.05
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