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R N7 T SIS Ak T TUAL SRR 55 14 SR SEM ZRAE T SO; SARTIAL 3 22 3 TR 7 oW S s i, 1
GC-MS 437 T 22 B0y, MH 7 HR 1,1- T8 5L 2- =il ( DPPH ). 2,2-BX-—(3- a%ztxaﬁcn%u%ﬂﬂt 6-
TFR) B BT (ABTS™) A ARG, PPN TRIMPTE LT, 255%W, 78 SO, il (LIEH;
FEREIT, R 2.0%., WighBIRRE 52 °C. WikbEERTE] 50 min Al NaCl Ji 040 3. 3% A AERIE T, %E*ﬁ
THERIGEN 8.08%+0.23%, L HIKIEIMIEI (HD ) EZEEEMIZIOR (5.73%+0.11% ) & 41.0%. FH—MH
B R RIA SSHD BB FHHR IR Hy 8.94%+0.345%, H HD ¥ (6.48%+0.278% ) #2151 38.0%, {&F# %
PET 75.0%, FEEU AN HD 34 5 h FEE 3 h, HUCHEG ZE W00 ar- 22 B8R p-Z2 S EAAR ST SR A, ind
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SO; gas pre-treatment and salting-out synergistically assisted hydrodistillation
method for extraction of turmeric rhizome essential oil

YU Mingjun', LI Ya'nan', YANG Youliang', CAO Ganggang®, MA Biao”, ZHANG Xiaogian'
(1. Department of Traditional Chinese Medicine College, Bozhou University, Bozhou 236800, Anhui, China; 2. Anhui
Gujing Health Technology Co., Ltd., Bozhou 236821, Anhui, China )

Abstract: SO; gas pre-treatment and salting out-synergistic assisted hydrodistillation (SSHD) method was
used to extract turmeric rhizome essential oil, which were optimized by single factor experiments and
response surface methodology. The effect of pre-treatment on the turmeric microstructure was characterized
by SEM, and the essential oil components were analyzed with GC-MS. The scavenging efficiency of the
turmeric for 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) and 2,2-diazo-bis(3-ethylbenzothiazolin-6-sulfonic
acid) diamiammonium cation (ABTS") free radicals was analyzed, with its antioxidant activity further
evaluated. The results showed that under the optimal conditions of SO; dosage (based on the mass of
turmeric decoction pieces, the same below) 2.0%, pre-treatment temperature 52 °C, pre-treatment time 50 min,
and NaCl mass fraction 3.3%, the extraction yield of turmeric rhizome essential oil reached 8.08%+0.23%,
which was 41.0% higher than that by direct hydrodistillation extraction (HD) method (5.73%=0.11%). The
extraction yield of SSHD method was 8.94%+0.345%, 38.0% higher than HD (6.48%+0.278%), the mass
transfer rate increased by 75.0%, and the extraction time decreased to 3 h from 5 h in HD. The relative
contents of ar-turmerone and p-turmerone were decreased, but a-curcumene, zingiberene, and
f-sesquiphellandrene were increased after pre-treatment. The DPPH free radical scavenging ability of
turmeric rhizome essential oil extracted by SSHD method was significantly higher than that by HD method,
and the half inhibition mass concentration was decreased to (7.89+0.72) g/L from (3.66+0.18) g/L, but there
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was no significant difference in the scavenging effect on ABTS" free radicals.

Key words. SO; gas; salting out-assisted hydrodistillation; turmeric rhizome essential oil; GC-MS;

antioxidant activities; modernization technology of traditional Chinese medicines
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98% ). 2,2-HR (- (3- L HE AR IT WE MR- 6- B 1R ) —
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AFE C (Ve), AR, HEZEREEAFIARA A ;
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Table 1 Response surface factors and levels
K- - Gks .
SO; H/%  WALHEEE/C NaCl Fiisr40%
-1 1.0 40 1.0
0 2.0 50 3.0
1 3.0 60 5.0

14 HmEERENK
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FHICIK &Pl 22 VRS WA Bl 7 A0 B o i Uk
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JH% 110 °C, FLL 2 °C/min B#EFETFE 155 °C,
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hns e 5.0 kV, TAEFEE 6.2~7.9 mm.,
1.6 #HiEaIE

B SCE TR 3 K, H Design-Expert 12 843
AT 7 T AN AL EE, ] SPSS 21.0 #EfT R
AT P <0.05 fRF2 57 W3 ); fiH] Original 2021
B R 22 BORS TR B2 LBl ) 2 07

2 GRS
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55+
5.0 1
0 1

2 3
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Bl 1 SOs T 22 O i 42 R 12 R
Fig. 1 Effect of SO; dosage on extraction yield of essential oil
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Fig. 2 Effect of pre-treatment temperature on extraction
yield of essential oil
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BB, 22 HEORS T $2 B S IS T 5 ) PR AR A 34,
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KR, BERZE AR, PR ERs PR R, R
b R T 2 v A K I i e, REARER
WO L T A T A R 22 ORI B gk . YT
SEPRIRE S 55 °CHY, ZBOR MR HUR R &,
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2.1.3  FRAFE AT R xF & FH AT R IR E 0 a
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Fig. 3 Effect of pre-treatment time on extraction yield of
essential oil
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2.1.4  NaCl i & 5 3ot £ 5ok b 3 IR R 0 %ol

&l 4 2k NaCl Ji i 434506 22 SORTIM SR BCRIM 52 1
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Fig. 4 Effect of NaCl mass fraction on extraction yield of
essential oil
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BN, 22 FEORS T HE BOR BT i S PR AR A R 3
DR R, Na™fl CUSHU A NING B, BER
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BV F T B AR 22 ORGPV i B, (TR 2 1 22 80KS
Bt 7K 28 SR R ET, SR, NaCl 4 B0
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I 22 B T A SRR Y24 NaCl 0500 3%HT,
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22 MM ESLILE RS
22,1 vAp@EERLR
¥ 1 Design expert 12 3% 3% 2 rh i 50 dli i 4 7
ARG, XA T O 22500, 153 0
PEHEN
Y=28.05+0.03624 + 0.0513B + 0.1175C — 0.0754B—
0.08754C + 0.0475BC — 0.784>— 0.195B* —

0.3375C* ( P<0.0001, R*=0.9969 )

F 2 WA N S B AR

Table 2 Design and results of response surface experiments

ETi) SEPRAE
75 4 B c ASO; BTiAH CNaClJE  Y/%
HE/% JREEPC BEU%
1 0 0 0 2.0 50 3.0 8.03
2 -1 1 0 1.0 60 3.0 7.14
30 -1 0 -1 1.0 50 1.0 6.67
4 0 -1 -1 2.0 40 1.0 7.36
5 0 0 0 2.0 50 3.0 8.10
6 -1 1 1.0 50 5.0 7.09
7 0 0 2.0 50 3.0 7.99
8 1 1 0 3.0 60 3.0 7.11
9 -1 -1 0 1.0 40 3.0 6.89
0 0 -1 1 2.0 40 5.0 7.49
110 1 -1 2.0 60 1.0 737
2 1 -1 0 3.0 40 3.0 7.16
13 0 0 0 2.0 50 3.0 8.06
14 1 0 -1 3.0 50 1.0 6.87
15 1 0 1 3.0 50 5.0 6.94
16 0 11 2.0 60 5.0 7.69
17 0 0 0 2.0 50 3.0 8.07

222 BRMELTGEHH

T3 NTT AR, WNERITTLIED, ¥
AR BOR AR 22 R B2 (F AN 251.43,
P<0.0001 ), % BH X 52 56 B8 1 480 R T 0 24 SR
U, HARAY ep GBI 8 2 F (B} 0.90,P=0.5151 ),
T LB A AP, 5 E B P R
C>B>A4, Bl NaCl [543 5> kb BRI BE>S 05 4

B A 56 28 (R?) BN 0.9969, HA
SRS (0.0031) AHEHBIER R, i, FAl
PIARCRRG, BERURATAT) . Rag (4 0.9930 5
T R (0.9772) AL, FHHBMLE AT, BLAh,

AR ZH (CV) H 0.5521% (<10% ), F<BAREAI
PRIE K60

# 3 ARy 2200 A

Table 3  Analysis of variance of regression model

FrzkWE CER AME ¥y F1H P1H
LR 3.7900 9 0.4211 25143  <0.0001
A 0.0105 1 0.0105 6.28 0.0407
B 0.0210 1 0.0210  12.54 0.0094
C 0.1104 1 0.1104 6594  <0.0001
AB 0.0225 1 0.0225  13.43 0.0080
AC 0.0306 1 0.0306  18.28 0.0037
BC 0.0090 1 0.0090 5.39 0.0533
A 2.5600 1 2.5600 1529.36 < 0.0001
B? 0.1601 1 0.1601  95.59  <0.0001
c 0.6000 1 0.6000 35822  <0.0001
B2 0.0117 7 0.0017
AT 0.0047 3 0.0016 0.90 0.5151
a2 0.0070 4 0.0017
B2 3.8000 16
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Fig. 5 Response surfaces (a~c) and contour plots (d~f) of

different factors influencing extraction yield of
turmeric essential oil

ME 5 AT LLAE N, AB Fl AC W32 HAR 45
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R, 53 3 hr 22545 —20( P=0.0080
1 0.0037, ¥<0.01), 1 BC B 38 HAE 4 e 42 &
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Hom, AR R EE R AR, ER S
BAR B IR 2 R — B,

F e 7 T T T AR B OEA AR - SO5 R R 2.01%,
FHRALBIIEE K 51.51 °CHI NaCl i o380k 3.33%.
224 FHAEEAFIE

e M 1 T EC A B Al |, AR4E Design-Expert
12 A4S B AR U R . SO; & 2.0%, Til
AbFHIEFE R 52 °CHI NaCl g%k 3.3%, fElL
ZMF T HEE 3 h, ZEEORGIAEECE N 8.08%+0.23%,
ET{E 8.064%45: M HET, H HD 28 BRIl R HL
R (5.73%+0.11% ) $275 41.0%,

PRI 2 kg )SEEe P, 3 AR EUE N 8.23%+
0.78%, S/MAZEEAMIE, (AT ZREMA .
2.3 SEM &#f

&l 6 S il b BT f5 22 8k 1Y SEM &,

Z(lﬁm

F6 FAMAE (a, b) 5 (c. d) BERALEARK
15N i SEM

SEM images of turmeric rhizome slices before
pretreatment (a, b) and after pretreatment (c, d) at
different magnifications

Fig. 6
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H& iz, % HD LA BEAL TR, X (4)
S T LE HD BARBOK A — B sh 2 el =2,

Y, =Y [l-exp(—K,1)] (4)

Kb Y P Ar I L EOR MR CR, %; Y, b e (h) B

LHAFIIZICR, %; Ka h—MWah ¥ rfs s, n's

€ 7 3 HD. SHD Hl SSHD L7Ef i 51 T 12

W HRG I 2h S50 s il A2k . FIA Origin2021

A AEL A DI REH Y BoxLucasl pREL, 14
LHOE IR 12 R ARSI Y, M K 5 TR 4.

o 1 2 3 4 5 6
At E]/h
K17 HD. SHD FI SSHD &4 B0 i 3l 240l 5 24
Fig. 7 Extraction kinetics curve of turmeric rhizome essential
oil extracted by HD, SHD and SSHD methods
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Tabel 4 Extraction kinetic model parameters
) Y/% Ky/h! .
POk R
FEE Ji 2% - E=
HD 6.48 0.278 0.436 0.043 0.998 HD
SHD 8.74 0.450 0.673 0.083 0.998 I SHD
SSHD 8.94 0.345 0.763 0.113 0.998 N| SSHD
M 7 FiZ 4 "I H, HD. SHD Fil SSHD % e

B RS sl T2 A T RRAASE RS (RY) ¥R
0.998, KB IIZAUAG T RRAF A Z H0OR T EE G A
SSHD :HREHUEFRE MY Ky (M HD 32:11(0.436+
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Fig. 8 GC-MS ion diagram of turmeric rhizome essential oil
extracted by HD, SHD and SSHD methods
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Table 5 Chemical components of turmeric rhizome essential oil
F5 AR /min fer st CAS 2 HBLE % UL

SHD SHD HD
1 13.883 oM T i 512-61-8 94 0.80 0.40 0.42
2 13.982 A A 87-44-5 93 0.32 0.47 0.31
3 14.455 o- TR I 18252-46-5 96 0.14 — 0.07
4 14.955 o= 2 20016-73-3 95 0.25 0.39 0.36
5 15.224 B4 W 18794-84-8 96 0.28 0.24 0.13
6 15.315 P- R 26259-79-0 85 0.06 — —
7 16.401 K4 LM D 37839-63-7 92 — — 0.13
8 16.534 o-FHI 644-30-4 95 2.74 4.20 2.35
9 16.705 - M 17066-67-0 91 0.17 0.12 0.09
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Ak S
FFE R min ferm st CAS 5 HIAEE /% HXT ot %
SHD SHD HD
10 17.183 E3 495-60-3 97 2.96 3.97 1.99
11 17.550 O A 28387-44-2 90 0.08 0.14 0.13
12 17.788 RN E ST 495-61-4 91 1.03 1.11 0.80
13 18.295 S-Mi I 20307-84-0 84 0.46 0.30 0.23
14 18.544 A2k A 20307-83-9 95 3.67 4.96 2.91
15 18.704 IR ARLE5p ] 13062-00-5 87 0.22 0.23 0.18
16 19.862 KR 3242-08-8 86 0.07 0.15 0.11
17 20.011 A AR pRA 1T 19888-34-7 86 0.18 0.20 0.13
18 20.267 &N A 7212-44-4 85 0.21 0.15 —
19 20.903 R 88728-58-9 90 0.16 0.22 0.17
20 21.115 2-F J-6- Ok R 2R3 ) B -2 -4 -4 - It 38142-57-3 93 1.60 1.51 1.69
21 21.340 VEKUE 1139-30-6 89 — 0.14 —
22 22.275 15T Hk-2,5-  F 3L 55669-88-0 86 1.41 1.81 1.29
23 22.524 a- T8 i 115-71-9 87 0.57 0.54 0.31
24 22.655 ()~ ity s 77171-55-2 85 0.26 0.26 0.35
25 22.990 F 58334-55-7 93 0.43 0.41 —
26 23.495 pagiis 489-86-1 89 — — 0.18
27 24.115 y-FE - B 1209-71-8 90 0.58 0.64 0.61
28 25.134 Kt 473-15-4 93 0.19 0.19 —
29 25.582 ar-Z% Wi 532-65-0 95 31.40 29.17 33.73
30 25.898 -2 15 i 180315-67-7 95 21.46 2193  21.50
31 27.138 i I i 6902-91-6 91 1.06 1.34 0.55
32 27.849 -2 H T 82508-14-3 96 18.46 16.92 19.79
33 30.420 (6S,7R)-1 24T 72441-71-5 93 0.88 1.09 0.86
34 31.535 FAR W 13657-68-6 93 1.64 0.75 1.99
35 32.090 (E)-0- K P B 108645-54-1 95 2.24 3.03 2.40
36 33.792 (Z)-y- KV T 108549-48-0 87 0.76 0.48 0.88
A1t 96.74 97.46  96.64
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Fig. 9 Scavenging ability of turmeric rhizome essential oil on
DPPH (a) and ABTS" (b) free radicals
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