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Optimization of extraction process and composition analysis of
essential oil from small yellow ginger in Yuexi

MA Zhuo-yun, WANG Hong-xin *

School of Food Science and Technology, Jiangnan University , Wuxi 214000 , China

Abstract : In order to determine the optimal extraction process for the essential oil of Yuexi small yellow ginger, investigate the
effects of different extraction methods on the yield and microstructure of small yellow ginger essential oil ,and establish a GC-
MS detection method for the volatile substances of Yuexi small yellow ginger. In this study,steam distillation , ultrasonic-assis-
ted steam distillation, ultrasonic-microwave synergistic assisted steam distillation and ultrasound-enzyme synergistic assisted
steam distillation were used to extract the essential oil. The essential oil yields of each method were compared ,and the method
with the highest yield was selected to determine the optimal extraction process by one-way test and orthogonal optimization.
The results showed that the highest yield of essential oils was obtained by ultrasound-enzyme synergistic assisted steam distil-
lation and the optimal extraction process was as follows ; soild-liquid ratio of 1:3.5 (g/mL) ,ultrasonic temperature of 50 °C ,
ultrasonic power of 400 W, ultrasonic time of 20 min,compound enzyme dosage (hemicellulase: 8-glucosidase =1:1) 40 U/
g, the enzymolysis temperature is 40 °C ,the pH of the enzyme is 5.5 ,the enzymolysis time is 2 h,and the extraction time is
45 min. Under these conditions,the yield of essential oil is 3.28% . Scanning electron microscopy of ginger pomace after es-
sential oil extraction revealed that the cellular integrity of ginger pomace obtained by ultrasound-enzyme synergistic assisted
steam distillation was the most severely disrupted, This indicates that the method is more thorough in the extraction of essen-
tial oils. A total of 75 volatile substances were extracted and identified from fresh ginger by headspace solid-phase microex-
traction ( HS-SPME) extraction and ultrasound-enzyme synergistic assisted steam distillation, Among them ,49 species were i-

dentified by HS-SPME extraction,and 60 species were identified by ultrasound-enzyme synergistic assisted steam distillation.
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This study provides a new idea for the extraction of essential oils from small yellow ginger,and provides a reference basis for

the deep processing and utilization of ginger.

Key words :small yellow ginger essential oil ; ultrasound-enzyme synergistic assisted steam distillation ; scanning electron mi-

croscope ; GC-MS
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Table 2 Basic ingredients and active ingredients of

4
&

small yellow ginger( xts,n=3)

s it
Ingredient Content( % )
7K 43 Moisture 93.00 £1.01
#H H i Protein 0.69 £0.02
HLET4E Fiber 0.75+0.03
HURIS Crude fat 0.37 £0.01
JEM; Starch 3.67 £0.22
£ Polyphenols 1.96 +0. 14
# [ Flavone 1.02 £0.09
Z 4% Polysaccharide 19.75 +0.31

P Gingerol 2.37 £0.002 9
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Table 3 Yield of ginger essential oil extracted by different

extraction methods(x +s,n=3)

BRI Hil K
Extraction method Essential oil yield( % )
SD 2.18+0.18
UASD 2.54 +£0.12
MUASD 2.47 £0.24
UEASD 3.28 +0.11
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Fig. 1 Scanning electron micrographs of small yellow ginger pomace( x1 000)
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synergy ; E : Ultrasonic-enzymatic hydrolysis synergy.
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X & Factor

e Hfih %
Test number A B c D Essential oil yield( % )
1 1 1 1 1 2.08
2 1 2 2 2 2.76
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214% 4 ( Continued Tab. 4)

B B Factor Ko
Test number | 5 c b Essential oil yield(% )
3 1 3 3 3 2.43
4 2 1 2 3 2.59
5 2 2 3 1 2.78
6 2 3 1 2 3.26
7 3 1 3 2 2.67
8 3 2 1 3 2.71
9 3 3 2 1 2.48
K1 7.27 7.34 8.05 7.34 -
K2 8.63 8.25 7.83 8.69 -
K3 7.86 8.17 7.88 7.73 -
k1 2.42 2.45 2.68 2.45 -
k2 2.88 2.75 2.61 2.90 -
k3 2.62 2.72 2.63 2.58 -
R 0.45 0.30 0.07 0.45 -
RS EXREAESN
Table 5 The analysis of variance of orthogonal test
PRI T Frihg ; , BHHAT
Source of variance Sum of squares of deviations Degree of freedom Significance level
A 0.31 2 34.97 0.028 *
B 0.17 2 19.10 0.049 *
c 0.01 2 1 0.5 -
D 0.32 2 36.29 0.027 *
%% Error 0.01 2 - - -

TE: " mEE, P <0.05,
Note: * Significant impact, * P < 0.05.
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Fig. 7 GC-MS chromatogram of volatile compounds
of fresh ginger extracted by HS-SPME
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Table 6 Relative content of volatile components from small yellow ginger

B2 1 1 B AF X i T Y
time (‘min ) index HS-SPME  MUASD
1 543-49-7 2-BfiE 2-Heptanol C,H,s0 5.948 1316.3 0.055 0.059
2 80-56-8 o-JEM o-Pinene CioHyg 6.609 1023.4 0.381 1.58
3 508-32-7 =31 Cyclene CioHus 6.379 1011.2 - 0.085
4 79-92-5 #Jdi ( + ) -Camphene CioHyg 6.976 1062.5 1.408 4.528
5 460-01-5 Wi 4451 Cosmene CioHyy 7.194 1396.8 - 0.012
6 3387415 ¥#% Sabinene CioHus 7.442 1117.4 - 0.054
7 127913 B-VES B-Pinene CioHys 7.564 1100.7 - 0.224
8 110930 FH 5 PéJ7 i 6-Methyl-5-hepten-2-one CgH,,0 7.69 1340.0 0.214 0.043
9 123353 A AL Myrcene CioHus 7.793 1167.3 0.299 0.779
10 499-97-8 k4% Pseudo-Limonene CioHys 8. 144 1223.2 - 0.029
11 99-83-2 JK 4 a-Phellandrene CioHyg 8.212 1167.0 0.059 0.28
12 99-86-5 FA T a-Terpinene CioHys 8.455 1181.0 - 0.02
13 25155-15-1 m-A:{E 4z m-Cymene CioHy, 8.641 1236.8 - 0.067
14 535-77-3 p-AAERE p-Cymene CioHy 8.651 1272.0 0.074 -
15 555-10-2 B-7KJi4i B-Phellandrene CioHyg 8.819 1207.9 - 7.553
16 3387415 ¥4 Sabinene CioHus 8.839 1117.3 2.131 -
17 470-82-6 Fiei- M Cineole CoHi0 8. 867 1206.9 1.569 -
18 106-72-9 KA Melonal CoH,60 9.308 1355.9 - 0.014
19 586-62-9 i & 1475 Terpinolene CioHus 10.132 1283.1 0.096 0.174
20 78-70-6 FAEE Linalool CioH;O 10.499 1542.9 0.676 0.355
21 1632-73-1 #F Fenchol CyoH;s0 11.046 1445.6 0.034 0.014
22 76222 2-3H( + ) -Camphor CyoHy0 11.795 1423.3 0.102 0.055
23 106-23-0 2B Citronellal CyoHsO 11.851 1481.4 0.113 0.12
24 507-70-0 2-P% Borneol CyoH;s0 12.212 1523.0 - 0.021
25 124-76-5 S B Tsoborneol CoH;0 12.224 1669.9 0.03 -
26 464459 & I8 AT WEIE MG (-) -Borneol CyoH;s0 12.493 1703.6 1.518 0.969
27 21391980 7K 15i F % Phellandral CioH,;60 12.56 1188.2 0.026 -
28 562-74-3 4-if§ 45T Terpinine-4-ol CyoH;sO 12.67 1602.7 0.337 0.173
29 470-08-6 B2 ( -) -B-Fenchol CoH;O 13.088 1657.4 1.463 -
30 106229 I Citronellol CioHy0 13.916 1762.2 4.809 0.141
31 106-26-3 (Z) -FPBEE ( Z) -Citral CyoH;0 14.164 1687.8 1.81 2.188
32 106-24-1 i Geraniol CyoH;sO 14.713 1842.9 10. 164 -
33 3913-81-3 2 22-54 47 (2E) 2-Decenal CioH;O 14. 806 1.849.1 - 0.031
34 141275 (E) -FrEEE (E) -Citral CyoH;0 15.068 1740.8 2.983 7.482

35 76493 2Rk A EE ( +)-Bornyl acetate C,Hy0, 15.436 1766.3 0.097 -
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2:5% 6 ( Continued Tab. 6)

oL ki oL 77 B R XTI TR
time(min) index HS-SPME ~ MUASD
36 112-129 2--}-—iii 2-Undecanone C; H,,0 15.615 1598.3 0.249 0.115
37 1653-30-1 2} i 2-Undecanol Cy H,,0 15.849 1716.7 - 0.016
38 20307-84-0 S-M5 & Js 5-Elemene CysH,, 16.717 1465.8 - 0.07
39 22469-52-9  ( +)-HREMIKET5H ( + ) -Cycloisosativene CisHyy 17.632 1484.7 0.16 0.201
40 3856-25-5 (-) -a-J§ M a-Copaene CysHyy 17.811 1494.2 0.527 0.396
41 515-139 B F 45 B-Elemene CysH,, 18.152 1592.1 0.346 0.612
42 13474-594 (E) -~ TRl (E) -a-Bergamotene CysHyy 18.458 1585.7 0.556 0.102
43 20479-06-5 BK 22 M B-Ylangene CysHyy 18.889 1577.6 - 0.034
44 8744-5 B-111 ¥ B-Caryophyllene Cys Hyy 18.928 1601.7 - 0.05
45 29873-99-2 y- i y-Elemene CysHyy 19.159 1641.1 0.101 0.239
46 22567-17-5 ( +)-y-1254% y-Gurjunene CysH,, 19.62 1710.8 0.18 0.087
47 18794-84-8 (E)-B-4= ¥4 (E) -B-Farnesene CysHyy 19.753 1732.8 1.195 0.602
48 29837-07-8 (Z) -a-LL % 2545 ( Z) -a-Bisabolene CysHyy 19.857 1.809.4 - 0.022
49 25246279 TR Alloaromadendrene CysHyy 19.968 1652.0 0.432 0.21
50 20407-84-5 T2- i T-2-Dodecenal C,H,,0 20.109 1.865.4 - 0.012
51 30021-74-0 y-HR 2% 147 y-Muurolene CysHyy 20.301 1694.2 2.615 0.397
52 4630-7-3 LA 4 Valencene CysHyy 20.328 1710.4 0.717 -
53 644304 a-FEH M a-Curcumene CisHy, 20. 685 1780.7 19.967  6.336
54 4731322 o-FEF N a-Selinene CysH,, 20. 689 1693.0 - 0.046
55 26560-14-5 (Z,E)-a-15 )R (Z ,E) -a-Famesene Cys Hay 20.778 1569. 1 1.378 -
56 495-60-3 %47 Zingiberene CysHyy 20.934 1731.1 2.484  28.873
57 502-614 B-¥:JE M B-Farnesene Cys Hyy 21.06 1751.7 - 4.857
58 4602-84-0 7 JE B Farnesol Cy5Hy 0 21.233 1713.4 7.541 -
59 18252-55-3 B-H MG B-Copaene CisHy 21.291 1759.1 - 0.227
60 495-614 B-£1 %250 B-Bisabolene CysH,, 21.343 1735.3 9.591 4.882
61 483-76-1 S-FL#M ( + ) -6-Cadinene CysHy, 21.503 1658.3 0.687 0.125
62 20307-83-9 B2 K 4% B-Sesquiphellandrene CysHyy 21.693 1776.8 8.873  10.132
63 17627-44-0 415 2405 a-Bisabolene CysHy, 21.911 1925.0 0.033 -
64 639-99-6 oM F B a-Elemol Cy5Hy O 22.057 2081.9 - 0.286
65 142-50-7 cis-( + ) -FEAERUTE cis-( + ) -Nerolidol CsHyO 22.292 2189.3 - 0.847
66 40716-66-3 22 -REFEANE ( + ) -trans-Nerolidol Cy5Hy O 22.307 2125.7 0.422 -
67 1209-71-8 y-RE 3 y-Eudesmol Cy5Hy O 23.391 2174.8 - 0.342
68 15051817 (-)-10-F-y-FigIH- B 10-epi-y-Eudesmol Cy5H,0 23.396 2209.5 0.114 -
60 58319054 THOFFERIIKEH(Z) Sesquisabinene hydrate o 23.468 200.8  0.123  1.43
70 19912620 T-2% 3} T-Muurolol Cy5H,, 0 23.663 2192.6 - 0.135
71 473-154 B-Fier iz B-Eudesmol Cy5H,, 0 23.853 2239.9 0.188 0.656
72 19317-114 e R Farnesal CysH,, 0 24.472 2224.8 0.01 -
NN _ -
73 502-67-0 Tsmiiﬁi f]ii '_3’?6)’?61;;6'“31 Cy5H,,0 24.78 2271.7 0.019 0.283
74 28973979 (Z)-p-1: )85 (Z) -B-Famesene CysHy, 26.541 1665. 1 - 0.035
75 99-86-5 FA T a-Terpinene CooHyy 26.959 1181.0 - 0.136
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XA [ JERE, >k A HS-SPME 4 Bt #il UEA-
SD 2 Uk 4 B /1N 18 22 45 1 40) Joit o 24 250 i R A
eI S, 4 GC-MS %5 H i ¥ &Y i
FEONIGIE RS EEEAE X P AR 5 VA AR B K
PEY AN SARRT & e AT 50 R G R 7, PIFD
D7 ik LA I %5 75 AR & MW i, HS-SPME 42
Bk % 49 Ak &, R R S B0
88.956% , H.h I Kbk G WM X & & K2
(54.413% ) , FLUR M (28.93% ) IS (4.951% ) ,

i 2E ARG W 2 53 /b s UEASD 42 B4 4 e 1
60 Fhf G, o BT R SR R 89. 844% IR K AL A
Yrd xb & & e £ (75, 486% ), HwR O B K
(10. 131% ) FIEFE2E (4. 014% ), BZEAL-E WA I3/,
REBEAAY . PR AR (/N o 2 5 4
JA3 R X B SR o2 B B-LLIR 2 M
HS-SPME 4 J i I 45 04 ¢ A A 43 32 22 8 7 i
(10.164% ) ; UEASD $#2BOEMAT R A 1ior FEh
B-7K N (7.553% ) ks (28.873% )

xRT NEZERUYEHTESR
Table 7  Differences in the volatile components of small yellow ginger
- T AT i
2 Number of compound Relative content( % )
Category
HS-SPME UEASD HS-SPME UEASD

525 Alkenes 25 37 54.413 75.486
2 Alcohols 15 13 28.930 4.014
525 Aldehydes 5 7 4.951 10. 131
2% Ketones 3 3 0.565 0.213
fiE2k Esters 1 0 0.097 -

3 &g

AN VU /N 22 B AT T I,
TR B A 2 A el B ) o ER R E T S %, R
SD #: \UASD 7 UMASD #: \UEASD %} /N5 32 3
ARG T B2 B, G Th A5 2 50 0 R 2. 18% (2. 54% |
2.47% 3.28% ., B EOWNES, S0 LA T A
() BT ¥ X/ IN B 2 IO S A I B2 T, RPRG TSR
e i UEASD kit i T T2k, FE e T2
KT A5 2885 Fofh =P Oy ik 4 4R & T 50. 46% |
29.13% 32.79% . ¥ Jf} HS-SPME #& 3 1 UEA-
SD & Bk v /N 88 22 3547 GC-MS 43 #r, 45 R K W]
UEASD $& H32:45 21| 1 45 & M 1 53 Fh 25 8¢ HS-SPME
ek, A — o e L WAEfE 2R . At
FER/INE R T ) e R R AL T S L B RN =
B Rtk — 2D AT /N 22 A TG R 5T RO gy B
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