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Microwave-Assisted Extraction of Essential Oil from Calendula
officinalis L. and Its Components and Antioxidant Activity

LIU Huan', ZHAO Jutang', HE Li’, LUO Haitao’, XIONG Wenjun', ZOU Enkai*’

(1.State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China;
2.Tobacco Jiangxi Industrial Co., Ltd., Nanchang 330096, China)

Abstract: The essential oil from Calendula officinalis L. was extracted by microwave-assisted steam distillation. Taking the
yield as the evaluation index, the extraction process of essential oil was optimized by orthogonal experiment on the basis of
single factor test. The chemical composition of the essential oil was analyzed by gas chromatography-mass spectrometry
(GC-MS). The antioxidant effect of the essential oil was evaluated by the scavenging activity of DPPH free radical,
hydroxyl radical and ABTS" free radical. The results showed that the optimum conditions for extracting the essential oil by
microwave-assisted steam distillation were as follows: NaCl content 3%, ratio of material to liquid 1:30 g/mL, microwave
power 240 W. Under these conditions, the yield of the essential oil was 0.156%. By GC-MS analysis, a total of 25
components were identified in the essential oil, accounting for 97.94% of the total components, mainly alcohols and
terpenes. In the antioxidant test, the scavenging ability of the essential oil to DPPH free radical was weak. It had strong
scavenging ability to hydroxyl radical and ABTS" radical. In general, it had obvious antioxidant activity and a good dose-
effect relationship. This study would provide more reliable technological parameters for large-scale production of
Calendula officinalis L. essential oil, and provide basic data and reference for the evaluation of its antioxidant activity.
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Table 1 Factors and levels of orthogonal test
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Fig.1 Effect of extract time on the yield of essential oil from
Calendula officinalis L.
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Fig.2 Effect of NaCl content on the yield of essential oil from
Calendula officinalis L.
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Fig.3 Effect of material to liquid on the yield of essential oil
from Calendula officinalis L.
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Fig.4 Effect of microwave power on the yield of essential oil
from Calendula officinalis L.
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0.13 F Table 3  Analysis of variance results of orthogonal test
_on2f //\ FEAW RETIA [ B Pl B
;ljr T EIEAERY 0.004° 6 0.001 74632 0.013
b i 0.122 1 0.122 14451.368  0.000
0.10 A 0.003 2 0.001 172355 0.006"
0.09 - B 5.589 2 2.844x10° 3368 0.229
C 0.001 2 0.000 48171 0.020°
0.08 2 4 6 g 10 RE 1.689x107 2 8.444x107
P I TE] (min) Bt 0.126 9
5 Tt D0 5 SR AL RIS 2 A 2 HEHE A 0.004 8

Fig.5 Effect of microwave time on the yield of essential oil
from Calendula officinalis L.
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22 EXRIGLER

IEASIIGEE HE UL 2, N 2 M 2E b T LA
A5 52 i A s e T B 1 TS A>C>B, B
NaCl ¥ JE R T e Rl tb . = 3 nJ,
NaCl ¥ J3 %] 4 3 AERE T AT R 5E b i 25 (P<0.01),
TR DR XA R A SE R i 35 (P<0.05), R b F45
SRS A FEIH S 25k, SXCUEHA 5 2200 S 22 4y
Wreti—2, RPaZE R, s O AR
1208 ABLC,, BRIV NaCl ¥R 3%, BR& L 1:30 g/mL,
I 240 W PR G AEIESC G R A E
TE, T LATE Gt =R EIER IS 5, 7R AR~ & 554b
Ko B R 0.156%+0.002%, 12245 5 L IE A2 g (19
2 AR vy, FS S5 LBRAH) -G, Btk T D 3R
I ISPEAAT BN I O T 2 S S Ay 5 M e T
St AHELFLAAESCHERE? rh s pE T E2%2(0.02%~
0.06%) A T M K.

#2 ERREE R 500
Table 2 Results and analysis of orthogonal test

ST ANaCIERE  BRENEEL — CROEIIR 53R (%)
1 1 1 1 0.103
2 1 2 2 0.121
3 1 3 3 0.096
4 2 2 3 0.154
5 2 3 1 0.135
6 2 1 2 0.136
7 3 3 2 0.087
8 3 1 3 0.104
9 3 2 1 0.112
K, 0.320 0.344 0.343
K, 0.425 0.360 0.387
K, 0.303 0.344 0.318
k, 0.107 0.115 0.114
k, 0.142 0.12 0.129
k, 0.101 0.115 0.106
R 0.041 0.005 0.023
FWIF A>C>B
HokF A,B,C,
A A A,B.C,

s R*=0.996 (144 J5 R=0.982 ) ; *F/RP<0.05, 2557¢ . 3 **F/RP<0.01,
ZRWEE.

2.3 GC-MS Z&Roh

L AT GC-MS 53R AE 6 Fisk 4 R,
BB 25 PR Sy, RS BRI 97.74%, o
A 11 MG, 5 RS 67.42%; 6 Fiikfa
ALEWY), GRS 22.53%; 3 MR SISEALY), &
BVST 3.75%; 2 FIERZAEEY, SRS 2.24%;
2 FhBERRIL G, RS 1.31%; 1 FiEs 2tk
W), RIS 0.49%

1.2x107}
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Bl 6 aasfbasimng S8 i sk &l
Fig.6 Total ion flow chromatography of essential oil from
Calendula officinalis L.

38 I R FH T ARA — A T A SR AR T A5 2 45
FEXTE BT LG Y, A2 OV i R Al s b & Bk
o 1% W AST 3R 15 4, S 2 000E o-FERA B
(37.27%), &—FpfE s u2s b 649, HATRIRAY A
W P, 35 b FA AEPY T Petrovic S50 (194317
ZEIAAMRL; HUOR: - (13.59% ), J&—FP 1k
s, BAA E BEFAMEFY, ARG TR 22
(13.08%) . AIEIEE(6.22%) . y-FEFME (3.34%) . HEIWL
Wi (2.15%) 55, X 88 =B 45 B 85319 90.67%
Khalid 2527 15T 1 AR RIFE SRS T 350 A0 AL
IEIN, RIRHTEEIRST N o-FAAEE(32.01%~65.99% ).
O-FANA(17.79%~23.14% ). o-FH185(0.26%~9.77% )
Okoh 5% S341 T &35 10t it L ARSI Y
A2E 3, R BRAE X = AN H AR B B2 Y o=
A (17.8%~26.9%) . T-HK %71 (13.1%~40.9%) LA
e S-FEAM G (9.0%~13.1%), B A1, ZEft Akl
A ELZ BRI (2.8%) « a- 1] VIR (2.7% ) 251281,
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Table 4 GC-MS analysis of essential oil from Calendula officinalis L.

FFs 8 B[] (min) 3k 737 CAS% AR 8 (%)
1 13.967 CoH;s0 a-Fir i (a-terpineol ) 98-55-5 0.62
2 23.981 C,sH,, =Mk 2% 11445 (p-muurolene ) 30021-74-0 0.71
3 24257 C3H,0 -4 24Tl (B-lonone ) 14901-07-6 0.72
4 24.603 CsH,, WU (ledene) 21747-46-6 2.15
5 24.79 CsHy, a-IK 2% 7Hf (a-muurolene) 31983-22-9 1.95
6 25.281 CysHy, 7-FEHMA (y-Cadinene) 39029-41-9 3.34
7 25.592 CysHy, B-HEA (p-Cadinene) 523-47-7 13.59
8 26.042 CsHy, a-Ft# ¥ (a-Cadinene) 24406-05-1 0.79
9 27.902 C,sH,0 QA (guaiol) 489-86-1 6.22
10 28.172 C,sH,0 B\ EE (ledol) 577-27-5 1.38
11 28.78 C,sH,0 WSS B (Palustrol ) 5986-49-2 0.62
12 28.912 C,sH,0 EEPEHHTHREE (Cubenol) 21284-22-0 1.74
13 29.417 C,sH,0 T-f £ il (T-muurolol) 19912-62-0 13.08
14 29.52 C,sH,0 S-FtHATE (5-Cadinol ) 19435-97-3 0.90
15 29.659 C,sH,0 SHEME(S-Eudesmol) 473-15-4 2.13
16 29.852 C,sH,0 o-FEAEE (a-Cadinol ) 481-34-5 37.27
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