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A study on extraction of volatile oil from green orange peel by

reduced-pressure steam distillation and in vitro antioxidant activity
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Abstract: [ Objective] This study aimed to develop a method for
extracting volatile oil from green-orange peel by reduced-pressure
steam distillation. [ Methods] A volatile oil tester was combined
with a vacuum device for the extraction of volatile oil from green-
orange peel, and a regulating valve in the device controlled the

vacuum level. The composition and content of volatile oil under
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reduced pressure and atmospheric pressure were determined by
gas chromatography-mass spectrometry (GC-MS), and the in
vitro antioxidant activity was evaluated. [ Results] The optimum
process for the extraction of volatile oil by reduced-pressure
steam distillation was: particle size of 8 mesh, solid-liquid ratio
of 1:7 (g/mL), vacuum of 0.082 MPa, time of 40 min, yield of
1.769 mL/100 g. 163 kinds of components were identified in the
volatile oil of green orange peel extracted by reduced-pressure
steam distillation, which was 33 kinds more than that by
atmospheric pressure steam distillation, and the content of major
components was increased. The scavenging ability of the volatile
oil extracted under vacuum to superoxide anion free radical and
hydroxyl free radical was significantly higher than that extracted
by atmospheric steam distillation. [ Conclusion ] The reduced-
pressure steam distillation volatile oil extraction has the
characteristics of low temperature, short time, high yield, simple
operation, and high operability. The obtained volatile oil has a
good antioxidant effect, and the method is suitable for the
extraction and separation of heat-sensitive substances.

Keywords: volatile oils; green-orange; reduced-pressure steam

distillation; antioxidant activity
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Figure 2 Relationship curve between solid-liquid ratio

and volatile oils yield
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Figure 1 Granularity versus volatile oils yield curve
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Table 1  Factors and levels of orthogonal test

e ARBW I  BE=ZEE/ CIRBUNE/ D YkbkL
(g/mL) MPa min B/ H

1 1:5 0.071 20 4

2 1:7 0.082 30 6

3 1:9 0.089 40 8

T2 EXHWHER
Table 2 Results of orthogonal test
S A 5 c Yl XY
(10 ?mL g D)

1 1 1 1 1 1.592

2 1 2 2 2 1.761

3 1 3 3 3 1.750

4 2 1 2 3 1.687

5 2 2 3 1 1.745

6 2 3 1 2 1.725

7 3 1 3 2 1.668

8 3 2 1 3 1.738

9 3 3 2 1 1.728

b 1700 1.649 1.685 1702

ko 1.732 1.753 1.717 1.710
k3 1.711 1.750 1.750 1.741
R 0.023 0.104 0.065 0.039

BE228 | 2024 F£6 B | RSG5V

J AT AR X e L X OLER 3. BER 3 RTAL 12 R LA
E L EUE R R AT S R S AT 7 Al 4, B
PRAR v R AR e i A [2R-(2a. 4aa, 8ad) -+ &-a, a, da-
PP -8 301 F -2 28 R, A 0,04 %0 #E W F 3.19%, W R
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Figure 5 Total ion flow diagram of green orange volatile

oil sample refluxed by vacuum steam
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2.4 FRBELZBREKE

2.4.1 BEMEFAMLERES BB 7 AHA, T8
R U A O R B B A S R R 4 i, X A AT R
TFHHIESEA —ENEREE T, g5 K
M RN & . BRI R BR A E 50%
AF 90 Hs B8 4% & Tl 04 o Uk BE T %2 3K %1 5.05 mg/mL,
T PR 4 BRLAY o ok 2 0 235 #106.87 mg/mL, AT 0L, K
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e i A R it 5 53k AR A B 5 1R 1 RE T 5 080 R
A EL T B BE 7 A X Ut 5
2,42 FRAMAETEEREES &8 W, PR R IO ik
il A A 2 R HE I X R B Ry B W BRAE T, 5
W S B T 11 2R RE T ML A () L 3 B R 5 4 A
BERGIE . HIEBRAE ST IR T L-PUIRMAR

U 4 TCAE il S5 RE WK B 2,56 mg/mL B,

®3 BEMEEKRZESERFERIEERBBS GCMS &R

Table 3 GC-MS analysis results of main volatile oil components of green orange under vacuum and

atmospheric steam reflux

B IS 7K 7 AT A U 4 L TR K A AR IR AR L

L& 94 % - -
REZI ] /min AR &4/ 00 PREGETE]/min AHXS S/ Y

(R)-1-F JE-5-(1-F 3L 25 3O IR O M 8.83 75.61

a-JR M 7.47 4.98 7.44 4.41
[2R-(2a.4aa.8ad) -+ & -a.a,4a = H F-8- 3V F Jt-2-Z5 H it 27.62 3.19

3.7- -1, 69 03B 10.66 2.41 10.61 1.13
437 F HE-1-(1-F R 2 ) WA [3.1.0 ] T 4 7.17 2.23 7.15 1.31
a-JR M 6.41 1.62 6.39 0.43
(E)-3,7- =W 5E-2,6-9¢ Ml 16.36 1.48

BN 27.26 0.71

B 8.11 0.67

(Z)-3,7-Z B 3k-2,6-3¢ I HE 15.40 0.65 15.40 0.23
a-# I 13.83 0.64 13.82 0.17
F 7.70 0.58

AT RE-1-(1- TP ) -3-3F O - 11 13.40 0.41

T HE PR TN 458 9.61 0.36 9.45 0.29
(Z2)-3.7- W H-2,6-3 —4f5-3- 15.01 0.27

oy 15.84 0.27

=tk 36.00 0.22

- B-4-(1-F W 28 e B O 9.46 0.21

T 14.14 0.19 14.14 0.40
1-FB-4-(1-F W 2 B O 10.38 0.14 10.37 0.15
A-(1-F 3 2R ) -1 36 2 - 1- 1 E 16.62 0.14

JBUT 23.51 0.12

D-Fr i 8.83 86.94
1- 8 0 8.05 0.57
e 16.36 0.37
(ZE)-3,7,11-=H1 H-1,3,6, 10~ 4k U4 23.52 0.22
[3aS(3aa,3bd.4d,7a, 7aS * ) |-\ &(-7-F $£-3-T H F-4-(1-F 5 20.32 0.15
LHD-TH-3 e[ 1.3 TR N fe[ 1.2 1%

(Z)-3,7-Z B -2, 6-3¢ Jf-1-F% 15.07 0.14
a-ly B 21.54 0.14
3-E 9.06 0.12
- 3-4.7- 2 3-1,2,3,5,6,8a- /N AL 24.11 0.11
a- T B 19.93 0.10
[3aS(3aa,3bd,4d,7a, 7aS * ) J-/\ G-7-H H-3-T H He-4-(1-F 3 23.04 0.10

CHH-TH-HR 13 AN H[ 1,215
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