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Optimization of the extraction process of citronella volatile oil and

its antioxidant and antifungal activities
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FFBEL B REARTRAAZIHAER, L&D
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Abstract: Objective: This study aimed to optimize the microwave-
assisted water distillation extraction process of citronella volatile

oil, and to evaluate the antioxidant properties and antifungal abil-
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ity of citronella volatile oil. Methods: The Box-Behnken response
surface method was used to analyze the influence of liquid-to-ma-
terial ratio, microwave power and microwave time on the yield of
volatile oil. Gas chromatography-mass spectrometry (GC-MS)
analysis was used to identify the composition of the volatile oil.
Thereafter, DPPH + and ABTS -+ scavenging methods and
p-carotene bleaching experiment were utilized to evaluate the
anti-oxidation ability of volatile oil. Perforation method and broth
dilution method were used to analyze the anti-fungal ability of volatile
oil. Results: The best process parameters of microwave extraction
were liquid-to-material ratio 7.185 : 1,000 (mL/g), power 700 W,
time 21.707 min, and the essential oil yield was 15.965 mL./kg « DW,
The citronella volatile oil was found showing good inhibition activity,
on the free radicals DPPH « , ABTS + and p-carotene/linolenic oil
produced by the acid system. and the 50% inhibitory concentra-
tion (ICs0) values were (0.546 £0.002), (1.694 £ 0.001) and
(0.14540.003) pg/mL, respectively. Citronella volatile oil also
showed a relatively obvious inhibitory effect on Pseudocercosis, and
its minimum inhibitory concentration (MIC) was 2.5 pg/mlL, with
the minimum bactericidal concentration (MBC) of 3 pg/mL. Con-
clusion: Compared with the traditional water distillation method
for extracting volatile oil, the microwave-assisted water
distillation method is more efficient, and the extracted volatile oil
components are more abundant. The excellent biological activity
of citronella volatile oil also provides a theoretical basis for the de-
velopment of antibacterial agents and antioxidants.

Keywords: citronella; volatile oil; microwave-assisted; water dis-

tillation; anti-oxidation; anti-fungal
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121 FFERMOE L K50 g W TEHEFLEM—ER
MRBETKREGFRET RN PRIEE N 25 C. R4
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5 R GC-MS I 7 I 56 112 & A6 2 B4
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Table 1 Factor and levels in response surface analysis
A XOWE I (mL/g) X WO TI% /W Xs SIS ] /min
—1 41 385 15
0 6:1 540 20
1 8§:1 700 25

1.2.3 BHFEERMBA 40T R AHE R — Bis 5
(GC-MS) LIS R MRy, # %  F IE C e 76 B 50 f5 . R
H Agilent 7890 A S AH (3 Agilent MSD5975C J5t 1 46 1
L HP-5MS %45 (30 m < 0.25 mm,0.25 pm) B
ERTEAE 1 pL, WES IR B 250 °C L B FHLESRE 70 eV, R
B 40~400Gn/z), M60 °C LA 3 °C/min [ % I+
HE 250 °C L, #5410 min, RAIOIELE A KGR T8
M2 (GC-FID) , HA A AR (JHE W& 1 mL/min, 40 &
99.999 %0 ) , #EFE &5 FIAS I 2% 05 L 35y 250 °C 3R JH BN I
T AR LA A 08 T BR 280 AR X L 481, S 5 1 el 7 R 1
Nt 0. 1% &%, /DT 0.1% /b fE & 3155
N,
L.2.4 P ks oo

(1) DPPH A B 37 BRAE J) Bl 0.05 mg/mL HJ %€
6, DPPH JE7K £ B W, AR 4l 48 €0 48 €0 72 3 1) 5 47 % T
TSR B L T A5 2K B8 ), W ¥ & X DPPH H i 5k
BISZ I, AR EREFIA S DPPH SR 1 1R
A 195), 2R REEFE 30 min, 7E 517 nm AW E WG BE,
R AT 3 IR 5 A R O TR e R S i R
VAR SN 23 F 6] BB 5 A5 R0 VL I B M B Ve T AR
B4 X HECT 3 (DS DPPH [ B 2L BR R

Ay — (A — A,
o= DA AD 00y P

Ay
A
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C—DPPH A HHEFERZE. %

A,——DPPH 5 Z iR & W WOLBEH 5

A,——DPPH 5 518 A ¥ WO B 18

A, — LB FERIR A RO .

(2) ABTS H M35 FRAE 1. ABTS TK ZBEH W 2
R o, FL AR 0 R T ) T il 9 AR AL B L B AL Ak
file 7 7 0 5 R TR A I K 734 nom A A5 A T S B {1 A
AN, BB S ABTSIEWRLL 1+ 9 IBRG #OEHE 10 min
HEATISE ARSI CEAE I AXT ALY
VA VL IR e BE B B VOV R R P IR, He () 3B
ABTS HHHEIFRE,
_A—A

Az

C:(l )xloo%, 2

K.

C——ABTS A &G BRR, Y5

Ao LSRR AV IRWOE B

A ——ABTS 5 F¢ 5 1E G W 6 B 8

A,——ABTS 5 ZBEIR A % WO B {E .

(3) B-WE P RFEDAE K 0.2 mg Y B MR,
20 pL WAMBER A 200 pL M iR-20 KK T 200 pL 45
WRH IR A5 FF 40 CRERE 25 kLB 0. HimA
50 mL Jo7K £ BEV i B AS ) g & b R — Wil MR 1A &
MG S B-TAY PR WIMBREWIE 1 1 IREG S, KB
— s IF ], 7E 470 nm A0 52 BT A AL T P 5 DL e R B
9 BHT ¥ W AC 8 B & 5 8000 45 BH o o R 45 R0V, iz
R THE H I HEE B,

(A Ao

K.

C— W alim A bl 2, % ;

Ao Aspmao—1 =0 W FE LI IR0 BE 20 10 W
HeBEE 5

Apaon A o2 =2 h B 5% I3 B2
A BE 1
1.2.5 REMEE RS E LI BEd R T AR
B BT A R AR G ETE T 75 V0 RS AR K AR
G I FEAMNT BB 30 min, A RS AT IR 80 B K
BRA S TAES N, KRk m & A8 LR i a g
E R HLIR (10 mm X 10 mm) BFEE , In A 242 BLEL K HE %
30 s, BEEM B R 10°~10" CFU/mL, BURE & 100 pL #4745
PR B E AR RE IR, % B 26 C IR B R4 b s 3R
48 h, WA T W B HIE A,
1.2.6 MIC #l MBC il & R4 ScHk[21]. B8 F .
VTR [l BB 00 42 Tk ol s T A B s 3 ik 1 S Al
535 35 e v BT O ¥ T d A G MR 4 R 3.0, 2.5,
2.0,1.5,1.0,0.5 pg/mL, IR 51 AR 35 ML, 75 B 5% I 5

BE 2508 | 2022 F 8 A | RSG5V

W5 o fd AT FL A 3 3R A M s D D) H R AR 4 mm (1
BIYF B AR R SR P B L 26 C TFH SR 1~5 d, W%
DR AR AE B . X #E K i 1 B — ok B B B AN 3 4P AT L
B I TC A 2B 1 1 15 37 36 b 6 B KR SR/ Y 3 R
HE s BV iz R il v SR AR T e B2 L LA 0.1 06 Ak TR-80 UK
FEWAE XTI, 22 AR B8 VR B IR 06 4 L VR B
KT MIC & lin A B R8s 57 He b, 26 “CH5 9% 3 d,
Xof P Vi RV Ay 9 AR AT IR AR, 26 CCRE R 2~5 dL LU
TC 1A 78 HE K R R vk BE O R AT R B
2 R E0r
2.1 BEMRERRIZML

YR Z KT Ly (3D B WL FE 2. FJH Box
Behnken 31 5 3 3 5% JT] Design-Expert 8.0 {1 %f % 2
IR ER AT Z T MR LA, 15 3145 B X w1 {8 1) —
UK 22 35 [m] A A

Y=14.724+0.13X, +1.18X, +1.00X, +0.005X, X, +
0.93X,X3—0.45X,X,—0.38X7—0.061X5 —1.61X75,

4

H 2 3 A0 AR P <<0.000 1, B W 35 5 2 8 300
ANEE(P=0.110 1>>0.05) , F& B A 0 M 2 X i 50 25 R+
P/, IR 22 /] DLW s BEAL Y R* = 0.998 8,
R34 =0.997 3, R MBI BRI 5& F2 B R AT, BB A% o 1) b iz ot
2 A B X R B B S
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Table 2 Response surface methodology tests and results
e X, X, N Y R MR/
(mL » kg™ ! - DW)
1 1 0 1 14.74
2 0 0 0 14.70
3 —1 0 —1 12.58
4 0 1 —1 13.60
5 1 —1 0 13.18
6 0 1 1 14.80
7 0 0 0 14.78
8 —1 1 0 15.36
9 1 0 —1 11.00
10 0 —1 1 13.40
11 0 0 0 14.72
12 0 —1 —1 10.40
13 1 1 0 15.60
14 0 0 0 14.74
15 —1 0 1 12.60
16 0 0 0 14.64
17 —1 —1 0 12.96
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Table 3 Analysis of variance for each factor

5 25 K R FI B ¥o7 F 14 P {H i
A 35.30 9 3.92 650.33  <C0.000 1 * %
X, 0.13 1 0.13 21.56 0.002 4 * %
X» 11.09 1 11.09 1.839.04  <€0.000 1 * %
X3 7.92 1 7.92 1313.15  <€0.000 1 * %
X? 0.61 1 0.61 101.07 <£0.000 1 x %
X3 1.50X 1072 1 1.50 X102 2.56 0.154 0

X3 10.85 1 10.85 1799.44  <€0.000 1 * %
X, X 1.00X 1071 1 1.00X 1071 0.02 0.901 2

X1 X 3.46 1 3.46 573.60 <<0.000 1 * %
X2 X3 0.81 1 0.81 134.30  <<0.000 1 * %
T 420102 7 6.00<10 %
I AU 3.20X 102 3 1.10X 1072 3.92 0.110 1 AN
afi iR % 1.10X 1072 4 3.00X 1073

B A 35.34 16

Tox o« RRWEE(P<<0.0D) s ML REB(R?) N 0.998 8 M IEJE R (RAG) M 0.997 3,

— I R XX RIS B X, X, X X Xt
FE R AR B 052 AR B 3 (P <C0.01), IR IR X3 A
AEHIG Xy Xo X HE K R IR N B (P>
0.05). 4% F A K /N X5 W45 K 42 B3R 0 45 A B &
HEATHERF W08} E (XD > Bk D 3R (X)) R IR ] (X
Tt B VRORE LU G 42 T il 2 B3R 1) 5% i) 5 R, ARl B s i) AN T
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T2, AT RE R 1 T MK 0 WA AR e K, 9 K ol Vs i A
TR By ¥ 0 0O L P S 4 IO [1) I AN B8 38 I A5 8
Lo i, B 20 18 R I A A5 R o J2 W6 2 008 20 2% Bl |

81 g1
6:1 ! L f: /o E e
My, P PR . Cagpin 19 5:1 pave - O 19 SIT vk
icns L o Moy, M0 17595 ¢ VR o Wiy e 1775 g xﬁfiedq
Weyy, I LA 0 mat® ¢ t”he/m ’ LA 10 wal \ N [I’Ue/np . owdVe w
Bt (1o Gt (Ve e

25

= £
£ 637 &
# £ £
R & 574 £ £
X e
= £ 511 X E
== I © =
= S
= =

%
O

Liquid to material ratio(mL/g)
(a) PSRRI X2 K T
oo

A1
Figure 1

Liquid to material ratio(mL/g)
(b)) T A ) B E X 45 % i
EESpAT

25

ity
]

C fe ]
Microwave time/min

15
8:1 385

448 511 574 637
B A
Microwave power/W
(e ) TR fa) R D Fe % 4 % i
(EELPA

700

B A AR A b R Yok 600 B R B

Response surface diagram of the influence of various factors on the yield of essential oil
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V] P4 385 J00 T 384 o AL 5 4 Bt T S B8 19 44 A i A5 %
LK 600 W /A ¥ K R T %, i KR
RO FHRRFE N . 28w N T 43 AT AR A D 4 O A 1
RN 7.185 = 1 (mL/g) , H1# 700 W, I 7] 21.707 min,
I 2 45 38 R 15,965 mL/kg « DW, 78 A 2 R 4%
PEF O ATHE I i SR BRI SE 50 B AT 3 Wk, 4 &
I M 16.000 mL/kg « DW , 3% 4 75 R K T
O TR A M B B R A PR O A R T 4R U
&,
2.2 EBEERBMESHH
TR il B R B3 AR A et Bk P A 7 58 4 R T Y
BT B 43 0 0L T 2 R 3 B i el B B U b A
F) A6 A~ 0, FhA 39 B R 4, b B B R T R Y
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Figure 2 Total ion flow diagram of citronella volatile oil ob-

tained by microwave-assisted extraction method
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Figure 3 Total ion flow diagram of citronella volatile oil

obtained by heating mantle extraction method
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Gas chromatography-mass spectrometry results for the chemical compositions of citronella essential oil

FHX B/ 00

) Wix R CAS 5
T e B PR O AR B
ER:R 990 000123-35-3 0.11 -
6-Ff1 -5 B I -2- Tt 996 001569-60-4 0.21 0.12
U s 1079 005989-27-5 2.56 1.69
2,6~ H Jk-5- B 1090 000106-72-9 0.19 0.14
5 F 1098 000078-70-6 0.80 0.56
T 1143 000089-79-2 1.48 1.03
HA W 1150 000106-23-0 21.64 16.80
.alpha.-Terpin 1190 000098-55-5 0.10 —
B 1226 000106-22-9 14.71 10.52
(Z)-3,7-dimethylocta-2, 6-dienal 1237 000106-26-3 0.15 0.11
7 1249 000106-24-1 25.19 18.60
(E)-3,7- " H %-2,6-% I 1250 000141-27-5 0.25 0.15
R A F R 1289 000105-85-1 0.26 0.20
[ 1305 000104-46-1 0.22 0.21
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A
‘ . o AHXF A/ %
%y 1 B 8 4 CAS & — - - -
RO ol BB IO 3 AR I
2-(1-Hydroxy-1-methylethyl)-5-methylcyclohexanol 1352 138663-70-4 0.20 —
B LR R 1360 000150-84-5 2.18 —
T % 1379 000097-53-0 2.21 1.93
5T & 1380 000097-54-1 0.33 —
27 R 1382 000105-87-3 2.58 2.22
B E W 1392 000515-13-9 0.72 2.28
T & 1411 000093-15-2 0.11 0.08
germacreneD, 1-methyl-5-methylene-8-(1-methylethyl)-
1416 023986-74-5 0.55 1.73
1.6-cyclodecadiene
ST 1419 017334-55-3 0.22 0.33
.gamma.-Muurolene 1449 030021-74-0 0.13 0.23
.alpha.-Muurolene 1452 031983-22-9 0.18 0.46
1,2,4a,5,6,8a-hexahydro-4, 7-dimethyl-1-(1-methyle-
1477 000483-75-0 0.50 0.90
thyD-Naphthalene
3, 7- -1, 6-9F - 3- T TR e 1497 000115-99-1 0.53 0.37
AR/ i 1522 000483-76-1 0.90 2.19
RS T 7 1 e 1529 000093-29-8 0.41 -
4-ethenyl-a, a, 4-trimethyl-3-( 1-methylethenyl)-, (1R,
1542 000639-99-6 10.09 14.49
3S,4S)-Cyclohexanemethanol
1,7-dimethyl-4-(1-methylethyD) -2, 7-Cyclodecadien-1-ol 1554 072120-50-4 2.42 2.12
1.2.3,4.,4a,5,6, 7-octahydro-a, a, 4a, 8-tetramethyl-,
1592 001209-71-8 0.80 1.61
(2R,4aR)-2-Naphthalenemethanol
(—)-T-Muurolol 1636 019912-62-0 1.00 2.05
AR AR K By — Rk 1640 013620-82-1 0.33 -
B-F i e 1643 000473-15-4 1.45 2.51
A-EE R 5 1650 000481-34-5 0.99 2.04
a-Eudesmol 1652 000473-16-5 1.26 2.70
(2Z,6E)-3,7,11-=H 3+ —fk-2,6, 10- = Jfi-1-FE 1664 003790-71-4 0.38 0.15
2,23 B 3 - (4- B -6 B0 T IR B 1688 000119-47-1 0.29 —
H L ik 1699 016409-43-1 — 0.09
3, 7- W H-6-F R 1710 000502-47-6 — 1.63
2,6-dimethylocta-2, 6-diene 1731 002792-39-4 — 2.05
) -F e 1744 000489-39-4 — 0.06
a- R 1746 000087-44-5 — 0.16
Humulene 1754 006753-98-6 — 0.15
1,2,3,4, 4a, 5, 6, 8a-octahydro-4a, 8-dimethyl-2-( 1-
1758 000473-13-2 — 0.17
methylethenyl)-Naphthalene
1-ethenyl-1-methyl-2, 4-bis ( 1-methylethenyl )-Cyclo-
1762 110823-68-2 — 0.19
hexane
A-FERA 1790 024406-05-1 — 0.12
A-Ee RS B 1857 133645-25-7 — 0.38
e EE 1831 004602-84-0 — 1.14
A-Hi H W 1872 003691-11-0 — 0.24
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2.3 mMELEHE

T 1E K xt DPPH H i 2 f1 ABTS A & 1
ICs 1 43 514 0.546,1.694 mg/mL, ¥ & T BHT(0.017,
0.081 mg/mL) , & B 3 ¥ & il B A5 AR 4 (9 B Al 56 335 B
AEF1 (K 5. MAEFE 5 hBIEBIR, FF K DPPH
H % ABTS H B &M RBCEHE T Vo5 BHT, 1fi
B AL BE 1 1 /N B P T B AR AR i R H I g
F1 A R R R KRR AL TG M) T, th 2 R & W
B B-EA B D F B IR R S R B AL 1G5 fE
4 0.145 mg/mL. & F BHT a0t &AL EE /7 0.02 mg/mL,
5 DPPH H M 3£ 1 ABTS H i3 E ik i 45 R —5k. L
LHEWERAEFERME FRAE Y, A%,
T B RIAE MR T A 2B E L = RIF 22 % 4R
PR B i AL, BRI B R R R R

x5 BFERMHAENLES

Table 5 Antioxidant capacity of the essential oil from
the leaves of citronella mg/mL
. 1Cs0 16
FE i —
DPPH HHi%t ABTS A3 MR AL
15K 0.54640.002 1.69440.001 0.14540.003
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Figure 4 Pseudotail bacteria 200 times under the micro-

scope after gram staining
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