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Optimization of Extraction Process for Epicatechin in Catechu
SUN Li', ZHOU Juan*, XU Zi-ao*, LI Xiao-xiang*

(1. School of Pharmacy, Anhui University of Chinese Medicine, Anhui Hefei
2. Hefei Microbiological Engineering Co. , Ltd. , Anhui Hefei 230071, China)

[ Abstract | Objective To optimize the extraction process for epicatechin, which is an effective component of Aca-
cia catechu (1..) Wild. Methods With methanol as mobile phase A and 0. 04 mol/L citric acid solution-N, N-dim-

ethylformamide (V/V=45:8) as mobile phase B, isocratic elution was performed on the phenomenex Cy; column

230012, China;

(4.6 mm X 250 mm, 5 um) at a volume ratio of 15:85, a column temperature of 35 C, a flow rate of 1. 0
mL/min, a detection wavelength of 280 nm, and a sample volume of 20 pl.. Dry extract yield and the extraction
rate of epicatechin were selected as the assessment indices to determine the optimized process (extraction solvent,
In the

optimized process, catechu was mixed with methyl tertiary butyl ether (10 times), and reflux extraction

extraction temperature, times of extraction, and extraction duration) by an orthogonal test. Results

was performed at 70 C twice (1 h each time). Conclusion The optimized process is stable and feasible and
can be used as the extraction process for epicatechin in Acacia catechu (L..) Wild.

[ Key words | Acacia catechu (L..) Wild; Epicatechin; Extraction process; Optimization
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2,11 [BLAEAREC FRE=-EZ5 44 20. 0 g. 2B v AL

Mg e 180 Hifi . WM ER = LZiM 2.0 g F
100 mL P B BE I H . I A IE © %6 50 mL, 45 %
FRAE MR I EE 1.0 ho 5 I infogfF e 3 &2 %
Tk R E T B, FHOE O e kb A2 I8 1Y o i L 5 5 AR
A 0. 45 pm A HLIERE.

2.1.2 MR REERB SR =LA R
K 2.0 g T 100 mL HIEHIE P, m A IEC % 50
mL K% PR E BB A B AR L. 0 h e A R E i
FEFRE BT FHIE C e b /2 02K B i &L 48 ), 0o
0.45 pm A HLIEME WS UEWE 1. 0 L HEREIM BT
2.1.3 WrATIARE 20 mL T #FHH 1
SCf ERBTEIE R 2.0 g =R 2GR B R AR .
MR % H e E T I geae s L. R SR 0 B8k B
90 C L fn#AER] R 20 min, FF o 7E I #R G #R o
RS G E R IR 115 C g/ H AR
0. 25 mLfER IR E R 130 C,
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A b B = W = - W W - S N
99.999% (i 5t ot Tolk A& ) s R A BR-17 # 4
e B A A5 FE (0. 25 pm X 250 pm X 30 m) FEFT 4>
BroHE S 1.0 mL/min, 5K FAN 43 0 0 4F i FE &
1.0 pL. SR 34 BERE LR EE R 260 C 5 ik
G 5 700 XoF KT 22 75 i V49 2 TR o 5 7 A28 B BT ] 3% 4. 0
min, FE AT TR S 0 G R EE S 40 CL L
20 C/min B3 EF FE ZE 100 C I {% ¥ 3 min, £
49,0 min Bt FAIEE 220 CIHA44F 3 min, & )5 FHiE
% 280 C,Hrit K33t 61. 0 min,
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2.2.1 SAHEIGRM SO AIEACR TS JEFE &
x1 =t 8l MERENSSHERIE-FIESTHER
LB e Xt/ Y%
o PR s prk e SR
1 4,107  J-2-3%s 3-Octene Cs Hys 112 / / 0.27
2 4.125 +—4%¢& Undecane Cy Hyy 156 1. 46 1. 61 /
3 4.416  1F .1 Hexanal CsHy, O 100 / / 8. 54
4 4.549  (BE)-3-TN-2- W3 3R T M 3-(2-Propenyli- C; Hq 92 / 0.53 /
dene)-1-cyclobutene

5 4.902  B-YEMi B-Pinene CioHis 136 0.56 / 1. 87
6 4.941  1-J% % 1-Pentanol C;H, O 88 / / 1. 16
7 5.452 BRI Z i Bioxirane C,H;0, 86 0.21 / /
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8 5.982 T Nonanal C,H;sO 142 1.07 0.08 /
9 6.153 o JR M «-Pinene Cio His 136 / / 1. 06
10 6.541 X} —HZE Pxylene CsHyo 106 0.11 / /
11 6.711  3-H H+ — & 3-Methyldodecane Cys Hyg 184 0.61 1.09 /
12 7.322  1-F-¥5-3-f5 1-Nonen-3-ol CyHisO 142 0. 87 0. 86 /
13 7.593  JEMEE Heptanal C,H,,0 114 / / 1. 14
14 7.629 27 Ethylbenzene CsHuo 106 0. 24 0. 31 /
15 7.845  2-F-¥5M# 2-Nonenal CyHis 0O 140 0.31 2.33 /
16 8.22 32 U Cyclooctatetraene Cs Hy 104 0.63 0.51 /
17 8.457 FHA&M Sabinene CioHys 136 / / 24.97
18 8.795 MM Furfural C:H, 0, 96 4,47 / /
19 9.135 {ZBEMNAE Pantolactone Cs Hy Oy 130 / 0.73 /
20 10.095  2-J%FLnkmg 2-Pentylfuran CoH,, O 138 / / 5.49
21 10.826 4% Nonane Cy Hyp 128 0. 27 0. 24 /
22 11311 1-FI3E-6-(1-W H1 3£ 2 3) WA 3 ke CoHyg 136 0.85 2.13 /
1-Methyl-6-( 1-methylethylidene ) bicycle! %)
hexane
23 11.776 [ Octanal CsHis O 128 / 0.53 1. 61
24 12.304  2,6,10-=H F+ %t Famesane Cis Hs, 212 0.98 2.22 1.11
25 12.431 4-3F )% 4-1,3 i 4-Cyclopentene-1, 3-di- C;H, 0, 96 1.10 / /
one
26 14.115  2-7 -3 j-2-4-1-F 2-Hydroxycyclopent-  C; Hy O, 98 0.18 / /
2-en-1-one
27 14.230  +PUfkk: Tetradecane Cy Hso 198 0.57 0.92 /
28 15.736  6-H I+ /\bE 6-Methyloctadecane Ci Hy 268 0.07 0.16 /
29  16.242 2,6,10,14-PH FE+-E4E 2,6,10,14-Tetra- Gy Huyy 296 0.08 0. 81 /
methylheptadecane
30 16.423  5-H HHEEE 2-Methyl-5-formylfuran Cs Hg O, 110 2.14 / /
31  16.521 H%¥ Azulene Cys Hyy 204 1.27 / /
32 16.543 FHHI% Aromandendrene Cys Hyy 204 1.13 2.35 2.23
33 17.399 T K2 N Butenolide C,H,0, 84 0.13 / /
34 17.792  AKJERRMEF Itaconic anhydride Cs H, O 112 0. 26 / /
35 18.870 2,6-—H 4 —4%¢ 2,6-Dimethylundecane Cys Hys 184 2. 04 2.23 /
36 19.678 4-HFE: A4 N¥4E 4-Methylhexadecane Cy; Hys 240 0. 66 0.14 /
37 19.833  2.6- " HHE:AE%E 2,6-Dimethylheptadecane Cio Hyo 268 0.73 0.48 /
38 20.941 IF+ = n-Tridecanol Ci3 Hys O 200 0.57 1. 29 /
39 21.123  2-# A+ % 2-Cyclohexyl-dodecane Cis Hys 252 0.25 0. 84 /
40 21.367 + 5kt Hexadecane Cys Hsy 226 1.97 1. 69 /
41 23.733  2-H 4 JL%E 2-Methylnonadecane Cyo Hy 282 1.18 0. 34 /
42 23.847 H WK HES Allyl formate C,H; 0, 86 2.11 / /
43 25.906 W] 5 Copaene Cys Hyy 204 / / 2.42
44* 26.168  10,12-+/\ g 10,12-Octadecadiynoic acid Cis Hys O, 276 1.51 3.19 /
45  26.626 oI 3Z M «Bourbonene Cys Hyy 204 / / 1. 29
46 27.048  B-EEEIMM B-Cubebene Cis Ha 204 / 0.32 1.12
47 27.25 2,4 CHRWNEE-IHFR-I-MERCK 2.4 CiHy 204 / / 1.27
Diisopropenyl-1-methyl-1-vinylcyclohexane
48  27.644 o ZEH a-Gurjunene Cys Hyy 204 / 1.11 2. 14
49  27.84 1,3- %W 1,3-Diisopropylbenzene Cy, Hyg 162 / / 1.81
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50 28.543 BAK i B-Ylangene Cis Hy 204 4.14 2.21 1.48
51 30.030 MENAEMER Allyl propionate CeH,, O, 114 1.25 / /
52 30.575 IgERR Humulene Cs Hyy 204 / / 8. 66
53 31.668 y-A&K 22yl # v-Muurolene Cis Hyy 204 / / 0.48
54 31.859 44 WM Famesol Cis Hy O 222 0.92 1. 20 /
55 32.045 KEFM4 D-Gemacrene Cys Hay 204 / / 15. 84
56 33.18  HiF M y-Elemene Cis Hy 204 2.19 1.26 7.14
57 34.456 - H:A#AME 8-Cadinene Cis H, 204 / 0.65 0.57
58  34.525 + Juk% Nonadecane Cio Hyo 268 0. 31 / /
59 34. 654 FEME R Palmittic acid Ci6 Hs2 O, 256 1. 20 1. 00 /
60  35.521 4-H3-1-+—mrHs 4-Methyl-1-undecene Cy, Hyy 168 / 0. 45 /
61  38.535 JliFR FH fiE Methyl oleate CiyHy 0O, 296 1.15 1.19 /
62 38.876 5-#2H F:HEEF 5-Hydroxymethylfurfural Cs Hg Oy 126 1. 30 1.58 /
63 38.978 (11E, 4E)-11, 14-— + & — M B H s C, Hy O, 322 1. 31 2.51 /
Methy(11E,14E)-11, 14-icosadienoate
64 39.453 L EE Spathulenol Ci; Hy O 220 0.47 0.67 2.78
65 40.405 A ZHEE Panaxynol Ciy Hy, O 244 9.41 12.22 /
66  40.705 HFE S AR F g Methyl linolelaidate Cy, H;, O, 294 0.33 0.48 /
67  43.114 1F —+—%¢ Heneicosane Co Hyy 296 0.55 / /
68 45.291  JhEERE Oleamide Cis H3s NO 281 0. 69 2.43 /
69  45.365 NI HE Methy hexadecanoate Cy; Hy, O, 270 1. 80 1.42 /
70°  45.683 2,5-F N\ JE R B fiE Methyl 2, 5-octa-  Cy Hy O, 290 0.74 1.79 /
decadiynoate
717 46.127 MWE + = ki-4,11-— 4 Oxacyclotetradeca- C;3HisO 190 9.97 14. 75 /
4,11-diyne
72 46.466 NEEHE Levoglucosan Cs Hy, Os 162 0.25 / /
73" 48.111 2-W W BE-3-32 5 “ FJIH[A 2-Methylenechol-  Cys HyisO 400 0.71 1.46 /
estan-3-ol
74 49.183 (7E,11E)-7,11-+ /N 4B (7TE, 11E)-7, Cis H30 O 238 0.22 / /
11-Hexadecadien-1-ol
75  51.283 EifZ Linoleic acid Cis Hy O, 280 2.30 1.24 /
76 53.314  5,7-F /5 B R iR Methyl 5, 7-hexadec-  Cy; Hys O, 262 1.58 0.74 /
adiynoate
77 53.921 . -}#%¢ Eicosane Cy Hys 282 0.58 / /
78  55.742 HAEHEER H M Glycerol 1-palmitate Cyy Hy5 O, 330 0.14 0.11 /
79 55.887 -t % Heptacosane Cy Hsg 380 0.21 0. 35 /
80  57.014 fA¥ M Squalene Cso Hso 410 3.36 7.68 /
81* 58.123 MERS ¥ — B Androstenediol Cy Hs0 O, 290 0.18 0.91 /

T R = R S A .

NS TR 25 3k $ A = B 4 & P oy rp 3 % e
W24 FEA Y. o B0 S IO 25 1k 1 B 5 % P 43 1
96.45% . HHH 6 Fpalt o r A E T 500 . A
KR R R (24 97%) . K B M
(15. 84 %) Mg B4 (8. 66 %) » IF L (8. 54 %0) , v 7
s (7. 14 %6) A1 2-13 g (5. 49%6) . DA [l 37 $82 Bi ik
PR = EHE R s i g i 60 Ak AL b
RO 1 77,8500 Mo B AR = b4, 11-T B

(9.9700) s NS B (9. 4100) HERE (4. 4700) . i B 0o
(3.36%0) Wi R (2. 30%0) » v-Hi & M5 (2. 19%0) , 2-H
BRI (2. 14%0) , RGN R (2. 1120) ,2,6- —H 561
FNHBEC2.04%0) s TSR H R (1. 8%6) .10, 12- /N —pk
PR (1. 5100) S i . AR S SR IO SR iy = L 9%
RN RS T 50 Rk & 4, Forb A 4 B
AR X 5 f A 304 DA BRI R R 4T =4
-k (14, 7500) . N2 R B8 (12, 2200) . ff e 0
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[ Y78 41 BT R P i B 1 BB 42 Tl A 1 53
2RI ARG B 22 A K. AR LA
B LB E LS —HE N2 S e K., fEif
AT 3k v AR XI5 6 3 B30 1o A R A A 0 o o
JLAT B 24. 97 Yo o 11 I B 43 7 [] 9 £ Ui R RE A 4
LRI R B i fE 5 P fe ik b 5 =
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14,7500 BRAb, 25 T00 23 vk B8 B 45 2 M 43 1 o
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AR 2205 1 1] 358 44 BT LR 7 i Bk £ B #E &
3 s SO X A R, — SO B 5 R 1) SR B2y o R
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TR MOOE R AR TS 1 T R R 4 R IR RS  AA
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FESUR BT R R 10 R T B R S Bl R A
AT AT o DT S B0 53 1 S 5

WA, 0] 3 B R P 4R Ik B R #E R
MR T 3 A RREAEGY 2.5 /e
THRBR AR 10, 12-F N AR PR AR T = B4, 11-
TR, DK 2 A RS W 2 P -3 A
I R S M
3 #it

R WL LB -2 ¢ W o SR S o S e 3
RIS VBRI S R R A R Y

FE WS Y A TR R R A
RERTH AR St s B i S b LA B
BRI 28 AR B S VR T 5 55 A 2 0 o I 55 0 —
FLA 2 Rk WU B ik &2 SRR

23 E OO AN [R5 O 5 P A =B R M A
ATy B M P R Y B R A+ =4, 11-
TR 2,5 Nk OB R F R A 10, 12— N R R
DL RS UR2 p Jot 2- I FR -3 ik IR e e R
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Analysis of Volatile Components in Panax notoginseng Extracted with Three Ex-

traction Methods by Gas Chromatography-Mass Spectrometry
XIE Lin-bo' , DAI Wei-guo' , SUN Yi' ,CHENG Gang' . HU Rong- feng'** ,\WANG Bin'*

(1. Experimental Research Center , Anhui University of Chinese Medicine , Anhui He fei
na; 2. Key Laboratory of Xin'an Medicine, Ministry of Education, Anhui Hefei
3. Anhui Province Key Laboratory of R&D of Chinese Medicine , Anhui He fei

[ Abstract ] Objective

230038, Chi-
230038, China;
230038, China)

To comparatively analyze the volatile components in Panax notoginseng extracted

with different methods by gas chromatography-mass spectrometry (GC-MS). Methods The volatile compo-

nents in Panax notoginseng were extracted by reflux extraction, ultrasonic extraction, and static headspace extrac-

tion. The volatile components were identified by GC-MS and NIST mass spectral database (11.0), and the relative
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285 1 2 BE R W 1L 28 85 (Cornus o f fici-
nalis Sieb. et Zuce. ) iy T L AGR A & 40 FhH
ERRAESPAMZ —. BCUFREH, L5
FE A P RS T B AT LR S LR
VR TR AN R NE LA A AT R IS HE 2% 0
IR &8 R P LY () E RN

rh 2 1 7 OB S DA P 255K R Oy SRR, SR T BAR
FARAR B e 4 g L R P 2 e B R
S5 h 250 R Al B BT i Fe e T AT EE
(GO RSV S TR G = S o s 71| P P 9~
5 R ORAE 3 1 X6 L AR B Iy URL 2 AT
P 5 ) R o U A 5 DA AT A o Ll 2 B R
A ) o
1w
L1 A% JJ200B #5341 KA« 56 B XU S o VL5

HEETH LR RHE e H (15011d04005)
TEB BN B (1970-) , 4, SEy I
BIEVEE WP, guishy0520@126. com

WA BR A s DZF-6050 % L 25 T4 4 . b 1
S A BR 2 A B LC-20 A 5 % W AH (5 3% 41X
(46 SPD-M20A 4540 K I #% . LC-20AB %€ . LC-
solution 3% T AE#) . H A B ; KQ2200 # 75 ¥
T Ve & VL0 48 B Ll v R A A 2 A BR A W) 5 B B
KAV Wi VL 48 2R T AR R A AR S A R A A
YP1002 B+ K. B BH AL R A R 2 A
SHB-3 1§ ¥ 7K 2 22 Y 25 22 < VA1 B 44 40 M 1< 38 B
TRA R F ;s HH-S2 R 546 i KI5 VLR A
ST TR AT WEH-203 = A & 4h 5
BrA s b A B 52k A BRA A .

L2 X2y DRty B . iR G 2R B A R A
RN, 4 99. 9%, it5 M-010-110311; AE iR
XiF BRI R AR R A IR W] 4 EE99. 900,
fit5 MUST-13020602; KEfi G )24 . 5 B vE 4L T
J743 ) A% 100 mm X 100 mm; sSAE B A4 . LK
BB AR BN 5 10 b 1L A B I J7 0RL - 2 BTk N 24
A BRZA R LS 1310081 ~1310090,

content of these compounds was determined by peak area normalization. Results

Sixty, fifty, and twenty-

four constituents were identified from the volatile compounds extracted through reflux extraction, ultra-
sonic extraction, and static headspace extraction, respectively. Among all the volatile components extrac-
ted by static headspace extraction, sabinene was the most predominant component, accounting for 24. 97 %
of the total. Among all the volatile components extracted by reflux extraction and ultrasonic extraction,
oxacyclotetradeca-4,11-diyne was the most predominant component, accounting for 9. 97% and 14. 75%,
respectively, of the total. Three polyacetylenes and two steroids were identified from the volatile components of
Panax notoginseng for the first time. Conclusion The main components of volatile components include alkanes, o-
lefins, aldehydes, acids, esters, terpenes, polyacetylenes, steroids, and heterocyclic compounds. The volatile
components in Panax notoginseng can be extracted fully by taking advantage of three different methods.
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