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W OE. RAME B AR ERL FPOE R RARIE LM RS, IR GC-MS #AT 547, 3 A F Bt 4
kLB 49 Ao, Sk 42 A k4. 48 DVB/CAR/PDMS Z BR4F 4 5k i 346 i 36 APk,
o AT R & R 99. 834% 9 35 AR, 2B RS H B-B AN (17.933% )  B-H-7 v b
(15.892% ) .+ & )% (8.285% ) -7 F ¥4 (6. 673% ) F= B-B. X F ¥4 (6. 166% ) % ;4£ A CW/DVB
BB R B B4R R 40 AR S, AT T R & BOR 4 99. 622% 89 36 Frms, EE R4 A B-RRE
Fa i M (26.241% ) . B-& 45 Hi (19.650% ) . + Z 4% (8.523% ) . B-F F % (6.572% ) Fo + = k%
(5.037% ) % ;42 A CAR/PPMS £ B £F 4 3k i 46 th 38 A Ak o, AT h b ¥ 2~ 99. 515% 9 35 FF a%,
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1.1 MREMNEE

EEZENWEIRETTE , o= . T30 SPME i#
FERS, 3 Fh A B 4T 4 3k . CAR/PDMS ( Carboxen/
Polydimethylsiloxane) (1 e¢m, 75 pm), DVB/CAR/
PDMS ( Divinylbenzene/ Carboxen/Polydimethylsilox-
ane) (2 em, 50/30 wm) ,CW/DVB ( Carbowax/Divi-
nylbenzen) (1 c¢m, 65 pm), 3 [E Supelco 2% Fl;
HP6890GC/5973MS U Bk FH X % . (3l Ay HP
~5ms (60 m x0.25 mm x 0. 25 um) , F[E Agilent 2
Al s DFY =500 BUEEAE b 258 HEAL, IR0 T AR L
BCAT BR 2> 7.

X AE I SR B 8 R e o P R A T T R R
NISTO8 17 VE X HE A A , 56 X 85% LA b DT P JEE 4%
S SR T AU — AR TSR AR X B 43 5
1.2 SEWHE
1.2.1 HS-SPME #:4F

W TR BT R AR TR B R L B B B
W A TP B IR AR, W, K DVB/CAR/
PDMS ZEHk 78 GC #ERE T ,250 °C T % 4L 30 min
Jo ABAZEA 20 g M A4 B SR AT il 1 285 B 2R
RS IR T A 30 min. SRV, 7F GC-MS HERE [
fif 3 min FEAT GC-MS Z3#r , HERE ST EE D 300: 1.

YK FH CAR/PDMS .CW/DVB ## DVB/CAR/
PDMS Ik JEAT [RIRE 454, 35 A T B2 | I ) 1
W oA e ) E
1.2.2  GC-MS &4 &4+

GC At ERE TR B 250 °C, FEIR IR 60 °C
10 °C/min JHEZ 240 °C, &8 12 min, S AS
# 1 mL/min.

MS Z&AF BT ES T8 B RETR 70 ev; HHVE F
45 ~550 amu ; PUHZFT (MS Quard ) ¥ 150 °C , & T
PRUEE (MS Source)230 C.

FEVBRE T B0 22 NISTO8 3447 DT Fie % RE A AT
VEFIVERCRE 85% LA b 455 ; SR w1 AU —fb ik 11
CRIPONER sy o

2 HRS5WiL

SPME 1| FHIUSE B A 322 5 P G B o 380 i 2
RERET YRS L, SRR AR = A GC-MS Hh a3 #r.

22 R, — PTGt Sk AT REWE 4 & 1 i 40 43
W A T 2 AR Bl A BT 2 Sk A 7 0 428 P b W B, T
DL, i FH—F oA BUEF 4 Sl AN R Rl 41 T Mk e ok
WAy, A, A58 48 1] DVB/CAR/PDMS ,CW/DVB
CAR/PPMS =PRI AR BRET A Sk A TSR

4 B BE T R R S IR SR B o R
B 3 PR 4 L A BUR B GC-MS S it 1k
TLE T £H 3.
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Fig. 1 Total ion current chromatogram of volatile components

from long pepper by GC-MS (DVB/CAR/PDMS)
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Fig.2 Total ion current chromatogram of volatile components

from long pepper by GC-MS (CW/DVB)

M 1 & 3 F 3 P A HUAR 4t Sk A IO
PERAT I GC-MS BB Uik [ B AT AR LA R, 3
FhAEELT 4 Sk SE RSB 49 S Ry, b 4 2 42
AT, AHJE 3 Fh AL LT 2 S AS I ) B 2 BT
AE(Z 0K 1), H kA CW/DVB #HUEF 4 3k
At L AS 0 M B 43 e 22 A 40 S, HiKJE CAR/PPMS
(38 1) , 4R J5 & DVB/CAR/PDMS (36 ~). HailE T
RV ] — A, AT FH A AE LT 4 S AN A5 3 045 %
PER B & AR, AR o 3 B0 2 NISTO8



JUBT TR0 ( EARBLEIR) 2011 4F5 H

10

e
10
()7
8_
5 r
= 6r
o5t
#o4k
3_
27
17

0 1 J” (1T ILllJ 1 ]

2 6 10 14 18 22 26

t/min
K3 BERHER VST GC-MS BB T

W% E (CAR/PDMS)

Fig.3 Total ion current chromatogram of volatile components

from long pepper by GC-MS ( CAR/PDMS)
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Tab. 1

H1# 1 A[ %0, H DVB/CAR/PDMS A U EF 4 3k
BFSEE Y 35 AN By, i 28 26 A (AR 5
77.896% , LR IA])  FHorpiif o 23 4~ (75.514% ) , 42
FEAELE 15 A4S (60. 735% ) 5 mEEEABE A A 1 %
O3, 53k BT AERE 1. 757 % B 0. 226% .

FH CW/DVB #EBUEF 4 S B 55 H 9 36 A oy
Hh A B 2RO A 26 B, RV R 76. 967 %
Hohmb s 24659 21 F(73.817% ) , Hoh & %2
W4 13 B &M 63. 580% . T FEEFINTHG it 2 45 A
1A, 2 9k B-OY RE EEO(0.553% ) KR Bk
(0.239% ).

FH CAR/PPMS # BUZF 4 S 146 HY 1 2 B 43 2
Filv, o5 B B 76.965% , H: Rk s 2K ik & W 23
P, o5 75.988% , G 45 A% E il M 13 B, S E ol
56. 213% , il Pt A Wi 8 45 1 A, 53 51k B-05

BEJE HS-SPME M4 GC-MS 4374 5t

Analysis results of long pepper by HS-SPME-GC-MS

{4 B4 BHE] ¢/ min

XS/ % (VERCRE/ % )

I\

DVB/CAR/PDMS  CW/DVB  CAR/PDMS e DVB/CAR/PDMS  CW/DVB CAR/PDMS
9. 864 9. 859 9. 859 a-Pinene  o-JEHME* 1.575 (96) 2.364 (97) 1.205 (96)
10. 141 10. 136 10. 130 Camphene ¥4 * 1.716 (96) 2.728 (96) 1.289 (97)

— 10. 418 — B-Thujene  B-MH14 * — 0.127 (86) —
10. 430 — 10. 424 Sabinene 124 * 0. 160 (90) — 0.133 (90)
10. 551 10. 551 10.522 B-Pinene B-TRM* 1.229 (97) 1.255 (93) 1.542 (87)
10. 891 10. 886 10. 886 a-Phellandrene  a-7K /7 * 0.121 (91) 0.061 (86) 0. 149 (91)
10. 995 10. 989 10. 989 3-Carene 3-BEJi™* 0.296 (94) 0.243 (95)  0.294 (91)
11.203 11.197 11.197 B-trans-Ocimene  B-trans-% ¥4 * 6. 166 (95) 3.118 (95)  9.538 (95)
— 11.370 — Eucalyptol #2H ij * — 2.385 (85) —
11.382 — 11.382 a-Ocimene o~ 47 * 3.264 (96) — 4.639 (95)
— — 11. 676 Unknown A4l — — 0. 149
11.878 11. 866 11.872 Acetophenone Z, B 0.674 (91) 0.142 (89)  0.846 (87)
— 12. 114 12. 120 Undecane +— — 0.274 (94)  0.550 (86)
12. 189 12. 184 12. 184 Linalool ~ J5 il * 1.757 (97) 0.553 (90)  0.808 (86)
12. 628 12. 628 12. 628 Allo-ociene 1|2 ik * 0.252 (96) 0.102 (90)  0.673 (96)
— — 12.720 Cosmene Y3255 * — — 0.313 (96)
- - 12,850 2,4,6-Octatriene 3 ,4-dimethyl- - - 0.911 (96)
3,4-"HH2 4,6 IR
13. 205 13. 205 13. 205 Camphor [l * 0.226 (96) 0.239 (97)  0.169 (86)
— 13.366 — Unknown A4 — 0.078 —
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53R
{4 B3 Bt ] 2/ min MRS/ % (VERERE/ % )
EY
DVB/CAR/PDMS CW/DVB  CAR/PDMS DVB/CAR/PDMS  CW/DVB CAR/PDMS
14. 895 14. 895 14. 895 6-Tridecene, (E)- 6-1 =/ 1.005 (95) 0.989 (94)  0.804 (90)
15. 022 15.016 15.016 Tridecane =4 4.881 (97) 5.037 (97)  5.940 (97)
15. 120 15.120 — Bornyl acetate Z. B e i * 0.399 (98) 0.212 (94) —
15. 864 15. 864 15. 864 8-Elemened-HE 7 * 0.917 (97) 0.871 (95)  0.712 (98)
16. 037 16. 037 16. 037 a-Cubebene  a-BETB MM * 0.450 (98) 0. 114 (94) 0.486 (95)
— 16. 181 — Unknown A1 — 0. 069 —
16. 476 16. 476 16. 476 Copaene 7 U * 1.916 (96) 1.688 (99)  1.797 (99)
16. 620 16. 620 16. 620 B-Gurjunene B-ly 254 * 1.717 (96) 1.769 (90) 1.824 (94)
16. 868 16. 868 16. 868 a-Bergamotene  FFFEM* 0.871 (98) 0.814 (98)  0.749 (97)
16.972 16.972 16.972 a-Santalene oM A4 * 0.453 (98) 0.367 (98)  0.440 (95)
17.162 17.156 17.156 Caryophyllene 717 * 17.933 (99)  19.650 (99)  17.858 (99)
17. 341 17. 341 17. 341 Unknown A1 0. 164 0. 160 0.119
17. 451 17. 451 17. 451 E-2-Hexadecacen-1-ol JIii-2-4 17 2.682 (87) 2.768 (90)  2.349 (88)
17.520 17.514 17.514 1-Pentadecene  1-+ ik 2.351 (89) 2.460 (91)  1.987 (86)
17.635 17. 629 17.929 Pentadecane - Fi45% 8.285 (97) 8.523 (98)  8.409 (97)
17. 820 — — Cedrene TN * 6.336 (89) — —
17.912 17. 906 17. 906 B-Cubebene B-ER7Eifi iM% * 15.892 (98) 26.241 (98)  17.804 (98)
18. 004 17. 999 18. 004 B-Eudesmene B-fiFJi* 6. 673 (98) 6.572 (96)  6.485 (99)
18.097 18.097 18. 091 a-Eudesmene  a-FE T4 * 2.181 (98) 1.895 (93)  2.367 (90)
— 18.212 — B-Sesquiphellandrene B-f5 27K F4f * — 0.481 (97) —
18.293 — 18.293 Cadinene LA * 2.445 (89) — 2.699 (93)
— 18.310 — a-Patchoulene  a-ZR I * — 0.534 (85) —
18. 408 18. 408 18. 408 (-)-a-Panasinsen - NS * 2.719 (94) 2.584 (97) 2.686 (94)
18.524 — 18.529 a-Muurolene - % Hi * 0.232 98) — 0.306 (94)
— 19. 302 — Unknown A4l — 0.075 —
19. 891 19. 897 19. 897 8-Heptadecene  8-1-L B 0.618 (91) 0.686 (97)  0.281 (85)
19.983 19.989 19.989 3-Heptadecene, (Z)-3-+-Lik 0.945 (91) 1.109 (90)  0.473 (93)
20. 093 20. 098 — Heptadecane 1L %% 0.497 (97) 0.589 (97) —
— — 20. 009 Unknown A1 — — 0.217
— 21.270 — Unknown A1 — 0.075 —

WX NERA G =" RII Y ;< AR R IE R AR T 85% 143

fii 0. 808% , A5 fiNi 0. 169% .

CAR/PDMS(17. 858% ) W} i J1 A3 , 1l CW/DVB

Xop T B — A A, 3 R AL BT 4 Sk W B e (19. 650% ) W MHfE K. XF B-RETE MiihMs , =&
B o TR R R ) an, X -1 47 4, W2 B RE S1AH 2288 K, CW/DVB (1) W% [ g 7 2 Hofth —
DVB/CAR/PDMS ( #1 %t % & 17.933% , UL F [A] ) A0 B2 A5 X TBER B T o T RE 1 LT
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FHAE. A AR o3 A A AL 45 2R
P R, R SR EA .

Supinya'* $}18 (4 B[ BE JE PG W0 77 BE RKE Th S AT
10. 2% £ 77445, Shankaracharya> 238 () B[ B P BE %
KA 17. 0% AP, A6 Lin 25 368 poas
APTI E 33. 44% . T 28 BRI S A H A 1Y 1 e
PR R o UK 8. 25% . 2R HE R
BRI AT SR 15.97% . IE SPME 3k
A5 B 55— K FORG TH SE — R o3 AH [F].

B KIS B-EEVE A . 3 b AE HULE 4k 3k
iy A X & 4> W N 15.582% ( DVB/CAR/
PDMS ) . 26.241% ( CW/DVB) #1 17.804%
( CAR/PPMS) , 22 54 K. i SCHk 1% 38 A4 K 8
WA Liv N80 W 7T % % 4, & &R IK
(1.78% ) , A5 W LA K F 90% LA I 19 DT it B2
Rl iz Ak 5, X 5 AR O JEORE A G
VRN, S REENERA XK.

55 = AU ke, 3 Fh AL 4 Sk 1 A X
SE N 8.285% ( DVB/CAR/PDMS) . 8. 523%
(CW/DVB) .8.409% ( CAR/PPMS) , =# & & AHIT,
UEIIZAL S WITE 3 A [RIA P 2 AT 4t 3k 1 % W T
Be JIAH . Shankaracharyam B BT 5 4 T
N 17.778% ;Supinya'*! $238 [ D JE V4 1 7= B 20 K
MEH 6.6%. 22 I hifg g r= BEZE R b %
N 1.74% =R K.

S0 E AT BT T M ) & i (DVB/CAR/
PDMS: 6.673% .CW/DVB: 6.572% ., CAR/PDMS:
6.485% ). i SCHRIA oA,

89 A E BN 4+ = % ( DVB/CAR/PDMS:
4.881% , CW/DVB: 5.037%, CAR/PDMS;
5.940% ) 1) % &= L Shankaracharyam EiVIERIOR T
6. 78% Rk, =) 43 AV A 77 BE 4 1 LA Y
FEAUN 0. 861% . HARL A R

HRAE bR B 5353 BT 245 SAT AT, X BE 2 SR )
FA B TR I o B e W, Kb
Vi BEV i B~ M L AE RS LA Wi+
BE R = Be X TR K. I A, LG AR R AR
g7 A 20 AR LS. B, g A
R | oo- % B0 0T A i | b —HE 3, 4- P -
2,4,6-F =M LRRIEITR \HAME B AT
FERAE M2 0 | o2 4 T e, X R AN ] 2
PR 22 5 ATER] T fiff F— B A BUAF 4t Sk 2 AN R
ST TR A EARAE W R B R T AR A

X R ZE AT 4 A

F A B B b SR P W Al 2 Il LA 28 BT A S

TR
3 &

AHEFE 3 A R AR P A AR 4 Sk, R
HS-SPME 2 %8 HURY % BE 26 SRR 4% % M i 43, O
GC-MS HEAT/ AT, FEEE B 49 Ay, S5 H 42 A4~
Wy, EES R B-ATTI(17% ~20% ) B-HE 7
T (15% ~27% ) T HKE (29 8% ) B-F+ Fli
(Z436% ) M+ =K (4% ~6% )%, W T 3 FhAH
LR 0 25 5 R IR AN [R) 2 AT A S R B4 R
SRR SN A TS ] X [l — 3 al gy, HAR L
RETIARIR], FR AL G R H L 5Y, 3 FhAE AT 4k
20 RS WLy, BT —Fh 22 BCAF 4 Sk AN g
T T A AR O M By, 7 2 feft A ] 4 2 TR
RS AT AR, AT R R LS T, iR E)
AR FNAT ROR FHEE 1 H .
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ultrafiltration, respectively. The effect of each fraction on the proliferation of murine splenocytes was de-
tected by WST-8. The non-protein components were preliminary identified by high resolution mass spec-
trometry. The results suggested that the stimulated effect of AEVA-S on the proliferation of resting murine
splenocytes was more effective than its fractions. Fr. III and IV inhibited ConA-stimulated splenocyte
proliferation significantly, and they were preliminary identified as a mixture of bases and nucleotides.
Peptide fractions of MW > 10 kDa stimulated the proliferation of resting murine splenocytes and inhibited
ConA -stimulated splenocyte proliferation. MW of peptides showed a greater impact on its immunomodulat-
ing activity, but did not show a direct correlation. Amino acid composition, sequence and structure of

peptides were also important factors affecting its activity.

Key words: aqueous extract of velvet antler; non-protein components; crude protein; enzymatic hydroly-

sates; murine splenocyte
(TG L0
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Extraction of Volatile Compositions From Long Pepper
by HS-SPME With Three Kinds of Fiber

LU Zhan-guo, LI Xiu-hui, LI Wei
(School of Food Engineering, Key Laboratory of Food Science and Engineering ,
Harbin University of Commerce, Harbin 150076, China)

Abstract; Three kinds of HS-SPME fiber were used to extract the volatile compositions of long pepper in
this paper, which were analyzed by GC-MS. Fourty-nine constituents were extracted by the three kinds of
fiber in total, and 42 compounds were identified. Thirty-six compounds were separated by using DVB/
CAR/PDMS fiber, and 35 constituents ( 99. 834% of the total) were identified. The major compositions
were B-Caryophyllene (17.933% ), B-Cubebene (15.892% ), Pentadecane (8.285% ), B-Eudesmene
(6.673% ) and B-trans-Ocimene (6. 166% ). Fourty compounds were separated by using CW/DVB fi-
ber, and 36 constituents (99. 622% of the total) were identified. The major compositions were 3-Cube-
bene (26.241% ), B-Caryophyllene (19.650% ), Pentadecane (8.523% ), B-Eudesmene (6.572% )
and Tridecane (5.037% ). Thiry-eight compounds were separated by using CAR/PDMS fiber, and 35
constituents (99.515% of the total) were identified. The major compositions were B-Caryophyllene
(17.858% ), B-Cubebene (17.804% ), Pentadecane (8.409% ), B-Eudesmene (6.485% ) and
Tridecane (5.940% ).

Key words: long pepper; HS-SPME; GC-MS
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