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Analysis of the Volatile Composition from the Rhodiola rosea
and Anti—oxidation Activities and Antimicrobial Effectiveness

LIU Cun-fang,SHI Juan,LIU Jun-hai,ZHANG Qiang, DU Quan—chao, WANG Wei, TIAN Guang—hui~

(Shaanxi Key Laboratory for Catalysis,Shaanxi University of Technology , Hanzhong 723000, China)

Abstract ; Objective ;: The volatile compound from the rhizome of Rhodiola rosea was investigated by anti— oxidation activities
and antimicrobial activities to provide scientific basis for the comprehensive utilization of this natural resource. Methods: The
volatile compound from the rhizome of Rhodiola rosea was extracted by steam distillation method, these components in the
volatile compound were separated and structurally identified by gas chromatography—mass spectrometry ( GC—MS) , moreover,
the relative contents of these components by the peak—area normalization method adopted in gas chromatography ( GC) ,and all
components of the volatile compound was calibrated with a standard mixture of homologous n—alkane series.The scavenging
effect of the volatile compounds on + OH produced by H,0,/Fe’" system was investigated , the antimicrobial activities were
evaluated with the minimum inhibitory concentration ( MIC) by broth microdilution method and the minimum bactericidal
concentration( MBC) by flat plate conversion method. Results: A total of 53 compounds were identified, the components with
higher contents in the volatile compound were 1—octanol (42.72% ), (Z) -3 ,7-dimethyl-2,6—octadien — 1-01(29.85% ) ,
phenylethyl alcohol (9.67% ) , (—) —myrtenol (2.69% ) , linalool (1.89% ) .The volatile compound had obvious action to anti—
oxidation activities of scavenging effect for -OH,its half maximal inhibitory concentration value(1Cy,) was 0.0073 mg/mL.The
volatile compound showed inhibitory effect on the 7 strains tested, especially showed the best antimicrobial activities against
S.aureus ATCC 25925 with MIC =0.12 mg-mL™" and MBC =0.36 mg-mL™" and against E.coli ATCC 25922 with MIC =
0.58 mg-mL ™" and MBC =1.90 mg-mL~'.Conclusin; These volatile compounds from the rhizome of Rhodiola rosea by steam
distillation method were various,which was a kind of natural anti—oxidant and antimicrobial substance.
Key words: Rhodiola rosea L.; volatile component; gas chromatography — mass spectrometry; anti — oxidation activity;
antimicrobial activity
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( Crassulaceae) 21 5t K J& ( Rhodiola 1.) ) —Fh 24544
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1 #MRl57HE
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HBRLT 5K ( Rhodiola rosea 1.) 2017 45 11 H
AR TP AR L X, R B P B TR AR A
RARY2ERL 0 57 N ME 2P 8 5 AN A, 52 56 Y JHC
BB R ES s R IEM ISR (Co~Cy ) a3
ali, W A A2 2\ (R 4325 5 956 By ] HG
Z1oNZ v o b J S s o V2 IO Kt =3 7 W PR P RV 78 -3
IR KA AR R (MH) Y% 3538 B IR S Hr 35 5%
FAE JERTREFERECA BR A A 5 32 50 A5 ME R BR R
T B 24 R BT ST B T [ R e A TR R e
LG s pH7.4 (¥ 150 mmoL/L PBS £8 phifs ik (U<
A1 1.5 mmol/L 4 — A& JEE WK 1.5 mmol/ L & % V. 42k
W 0.02% SUEKIE W IAHBES; K Rk
TRK .

Finnigan — Trace DSQ = AH & % — 57 ii% B¢ FH AL
(GC-MS) EEH AF, BiA DB-5 A 3% i
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capillary: 30.0 m x 320 pm x 0.25 pwm) ;96 fL &5 &
M EE BT A F L UV -6300PC 284k 7T ILOG G B2
it BWEIRRAUES AR AR S E G R e
R S 56 T 25 A6 BR 4 &) HH -2 7Y rf $001E J5 K 1%
By LIRS R 4N RR A FR A F] s BSA224S - CW iy,
TRV SRR A0SR A A 75 v 250 0y i
HL T IHFESEHLBRAE FR A Fl 5 K 28 AR o B 5
ML R BERHCA R o
1.2 XLWH*E
121 HEAFRERZEY IR BRI LT 5
REYHRZEA T, - LR i, 1k 50 3 0, 8y R 9% =
PRAF o FREX 100.0 g #3oR T 2818 v i A 85 BT 5 7K
IR R T B K FEAR IR A, PR B R e TR
8 h, 15 H WO A SR A AN T i N P R 2 Tk R IR
IR, B I FEBCBE A TG /K BR R AN T 1t 77, 7840 °C
TR 2N U 2 B A5 B9k iR A T R G
R 1.98 g, 1554 1.98 ¢/100 g, K H#2HL
=R, B E 0~5 C FR1EE .
1.2.2 SAHERE- PR A TAESM  mig 4t
A He <, A1 50~280 °C , WIdRiEE & 50 C,£1
£ 3 min 5, FHFEFFHE 10 °C/min , JREZE 180 °C {4
5 4 min, F-LL 10 °C/min JHEZE 250 C %455 3 min;
€4, 5T A IR 250 °C M, EFE L 0.5 wL, i
I mL/min, 533 b 50 1, BT S50 88 IR B B
250 °C, L ESHEIE N 70 eV (FIG AR R 978 V, BT
WA EL, 35576 B 45~500 m/z,
1.23 @A FEHWTE  Eid GC H RIIEM ki kE
PR AITR AW (Co~ Cyy ) ST 2 35 2 MW i vp 45141
439 Kovats 18 B35 % RI ™, GC TVE&1E] 1.2.2
H A S5
124 XrFEEE B EERRNNE @S H,0,/
Fe’ " 1 22 I 5 775 [ ek 1l 36 - OHL 3SR ™, o B
ML SRR PEY B IC ] A 0.1 mg/mL B, HL 8
32 10 mL RS B ZE L (A, B DA 1 mL 28 45
JEFFWE 3.0 mL PBS ¥k, R % IR &), #E43 HlJm A
2 mLBRER WARIER , R IR AT, 78 6 37 Fb (@4 dh 4351l
A 0.2.0.4 0.6 0.8 .1.0.1.2 mL A [G]46 B (9 B BR 2T
FRIERMEY G, JRZGIRS, di'sh 1~6 55 55
Ah 2 ST AE bR IR S R0 A R R B 405, AN D BoE
Ll RIERPEY R W, 1 ~6 S R4 & T 75331
IIA T mL SRR R, A 0403 48 AN I R A 7K 35 VR
e 8 XA i /K EAR E 10 mL, JRFGIR ST, JLid
1~6 S48 v B0 3 21 56 K8 - ) JoT |0 e B 53 33 Sl
0.002 .0.004 .0.006 .0.008 .0.010 ,0.012 mg/mL, JiX &
T B SR AR TR BOE IRBE A 37 CARIR Y 60 min,
BUB R B =R, A6 EETHE 510 nm P
E 8 ST LU EAAE IR B ROGRE A LUAH R B2 i 4
A CHERSIR, EEMNE =K, BOFIE.

-OH MIEBR R (%) = (A, —A)/(A, —A)
x 100
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1.2.5 BB MRS ARSMYUR U6 M A 6 B AR A
4 B {0 M A BR B ATTCC25925 #k. K B 41 B
ATCC25922 ¥k JH R VT TEREE 50040 # BRIV 1]
IR 50013 kIR A BT G CMCC51105 4 g R
FG B CMCC51572 FlP (o Kk ATCC10231 #,7 4~
PRUEDE MR o TRV A8 R 150 TR MR AE MH (R v v 2
P S HCE T B IR A N, IR 37 CHE3% 24 h, ok
R BRI E AN B P B0 . FH MH PG5 3R
PHHI AL 10° CFU/mL 5 BB 21 52 R AW RE T
5% Tween—80 ¥RV T, 3% S 586 BEF B Jo £E
96 FLIFHFRMR L 0.2 mL/FL 7 A [F] 46 )& i) BB 41 5
KA T M TRV, 43 S A e 9 10° CFU/mL 1)
SLEGTATR 50 pL/FL, I E A X IR TR A N BCE K
S AE YRR SR AR Th P IR 37 C TR BR324 h, W
M, BEA 2 BA A= ALY e /N BB 2T 5 R ¥ R T
VWU Ry B /NP TR e 2 MG 5 o 357 38 BB - A
¥raw B b R P AR B Pk i B /D AS TR Ok E
(MBC)
1.3 ZEiEAIE

£ W Y 5T % 1E & TS ML S NIST 3% )28 il
WILEY %28 i A i B 347 %0 b, ARALBE K F 85%
TLLIARE , Kovats £/ B #6850 RI {H UL R Y IEM Bk
ol P €233 Pl w9 0 R U 114 T A s s R AT b sz
ZE G SCHR B HEA T o AT ol e e e . R RV TR E
P2 TR LA W T AR S — A i A 8 OB AT SRR
PEY B TP A AR T S

A Ab B RN B FE 22 6] FH OriginLab Origin V 8.0
A,
2 HRE5FE
21 HBOA=XKEZUWRBPHAS SH

JH GC—MS X BB 21 5% R4 & W) BT 43 85 19 A
BT EIE 1, K 55 A4 58, 4540 4 2 s
JITAS Y T IR 5 L TR AL B sh A R RS R, N LA
AT P44 45 20 43 14 JB 3 o R R ST R X B, &5 & AR GE

WR SRt

B SNl BT W GRS B e S 11 R NN
BB LT KA LY R rh S 2 53 Fiib 54, %
A MBI AR XS & B o B B Y 98.35% , 4% 4H 4y 45 44
g e R 1, R 1 PLEEFEE RLMEZ DL R D)
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W J H ) S 2H 43 1) HE g ) TR AT R 633 [ PR 0 A
TP IEAG BE SR FEATAR R , P B (B4 3, I 1 PR
B 8 BOR 0 BE 3 S AH AR 22 7E 0.1% ~0.2% 1N, 2R
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Fig.1 TIC chromatograms of the
volatile compound from Rhodiola rosea L.

IR LIS RAE R VEY B ) L] 0 |-
(1-Octanol ,42.72% ) . FMEE( (Z) -3 ,7 — dimethyl —
2,6 — Octadien—1—01,29.85% ) . 7k Z, I ( Phenylethyl
alcohol, 9.67% ) . ¥k 4= IR 4% B (( —) — Myrtenol,
2.69% ) . F51&E L ( Linalool , 1.89% ) , X 5 ffb-& W HE
W LL 5 R W) B b iy & il B T R
86.82% ,Hir 1 - F LA F B &t &3 T

# 1 BORL R KA LY B 403

Table 1 Chemical components of the volatile compound form Rhodiola rosea 1.
e et Hrt e TOEE gy
('min) (%)
1 5.65 5— I -2 -} (5—methyl-2 - Furancarboxaldehyde ) CeH 0, 110 0.18 683
2 5.83 2,3- " H -2 3-T % (2,3-dimethyl-2 ,3- Butanediol ) C¢H,,0, 118 0.03 704
3 591 1-T-4%5-3-F%(1-Nonen—3-ol) CyH 0 142 0.06 714
4 599 M ( Phenol ) C,H,0 94 058 724
5 6.13 2— F 3—6- M5 —1- % (2—methyl-6—Hepten—1-ol ) CgH,,O 128 0.55 740
6 630 S ( Octanal) C,H,.0 128 002 761
7 6.89 4— 2T T N ( dihydro—4-hydroxy-2 (3H) — Furanone ) C,H, 0, 102 0.09 832
8 744 1= 5 (1= Octanol) CH, 0 130 272 900
9 7.54 St B 28 3 (p— Cresol ) C,H,0 108 0.53 911
10 7.70 Jz— 48 Ak 548 ( trans— Linalool oxide ( furanoid) ) C,0H;s0, 170 1.01 930
11 788 44 Linalool ) C,oH, 0 154 189 952
12 8.18 2% Z, I ( Phenylethyl alcohol ) CgH, O 122 9.67 988

13 83l FA-1-TH-2-REARL CH,g 112 0.04 1004
(trans—1-Butyl-2—methyl cyclopropane)
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RT . XY F
e a4k ATFR HTR " ORI
(min) (%)
14 8.55 3,3- ZHI H B (3,3 dimethyl— Heptane) CyH,, 128 0.11 1033
6,6- “HFL-2- W H - —IR[3.1.1] Bek-3-1%
15 8.62 ’ C,,H,,0 152 0.25 1042
(6 ,6—dimethyl—-2—methylene—Bicyclo[ 3.1.1 Theptan—3—ol ) 107
16 8.96 4- 2 HEIK I (4-ethyl—Phenol ) C.H,,0 122 0.64 1083
17 9.09 37 1% ( Octanoic acid) CsH,0, 144 0.37 1098
18 9.18 2—T-47% -4~ (2— Nonen—4—one ) CyH,40 140 0.18 1109
19 932 PP ( photocitral A) C,H,0 152 0.05 1126
20 9.45 Bk M ( (- ) —Myrtenol ) C,H,0 152 2.69 1142
21 9.53 BT (Acetic acid octyl ester) C,oHy 0, 172 0.21 1151
7)-2,6- "H}H-2 7-% " -1,6- =
2 965 (2)-2,6-_1f B R CoH0, 170 003 1166

((Z)-2,6—dimethyl-2 ,7—Octadiene—1,6—diol )
23 9381 % ( Citronellol) CoHyO 156 072 1185
2,6- ZHIEE-T-F45-2,6- —fE

2 089 (2,6—dimethyl-7—-Octene—2 ,6—diol ) €10l 172 0.12 195
25 9.96 3—ZK A I (3- Phenylpropanol ) CyH,,0 136 0.05 1203
2,7, 7- = H-3- A I[4.1.1.0(2,4) ] 5k
26 1002 (2,7,7—trimet$%3—02i%l[o[4.l.I.E)(Z,zlJ)i(fane) CuoHic0 152 0.03 1211
27 10.18 FNHE( () =3, 7—dimethyl=2 6~ Octadien—1-ol ) CoH, 0 154 2085 1230
28 10.26 2,6— —HIILIKHEE (2 ,6—Dimethylbenzaldehyde) CyH,,0 134 0.43 1240
29 10.47 1-2& % ( 1-Decanol ) C,oH, 0 158 0.97 1265
30 10.56 2— Z Pk BE[R] 2% 1} (2 - acetyl— Resorcinol ) CyH, 0, 152 0.28 1276
6.,6— — 3L —FF[3.1.1] Pim2—Hs—2— I i
31 1066 (6 ,6—dimelhqu—]Bicy(:l(ng. 1.1 ]]hil—Z—kfne—Z?f:lhanol) CioHie0 152 016 1288
32 10.83 Xt 46 —7 -5 (p— Cymen—7-ol ) C,H,,0 150 0.25 1309
33 10.95 LI (p—Mentha—1,8-dien—7-ol) C,oH;,sO 152 0.42 1323
34 11.09 4— 207 -2 B A LR 1) ( 2— Methoxy—4— vinylphenol ) CyH,,0, 150 0.03 1340
35 1117 (E,E)=2 4-%5 ~ 5t ((E,E) =2 4-Decadienal ) C,H O 152 0.02 1350
36 1135 3_Eﬁ%_3_(4'$%'3'Bz%)_,%§W%(3'methyl‘3‘ €, H,s0, 168 127 1371
(4-methyl-3-pentenyl ) - Oxiranecarboxaldehyde )

37 11.58 3,7- "W H-2 6-2F K (Neric acid) C,oH; O, 168 0.20 1399
38 11.72 ZE M K 58 ( Unidentified ) - - 0.49 -

39 11.89 2 TR T TS (3, 7—dimethyl -2 ,6— Octadien—1 ol , acetate ) C,,Hy0, 196 0.09 1437
40 12.54 2— & FFF O i (2 - ethyl- Cyclohexanone ) CsH,,0 126 0.06 1515
41 14.20 (E)-4-P&if# ( (E) -4—Heptenal ) C,H,0 112 0.03 1603
42 17.88 + £ %¢ (Heptadecane ) C,,Hy 240 0.01 1700
43 18.52 n— 1 5% ( n— Hexadecanoic acid) CH,, 0, 256 0.21 1870
44 19.81 —+%&(Eicosane) CyHyy 282 0.34 2000
45 20.15 1- -4 (1-heptadecene) C,,Hs, 236 0.02 1916
46 20.20 1-+-E %k (1-Heptadecyne) C,Hy, 236 0.01 2040
47 21.56 DUk (Tetracosane ) Cy Hyy 338 0.32 2400
48 22.16 (2)=9-+ /IR ( (Z) -9-Octadecenamide) CsHxNO 281 0.11 2466
49 22.67 1 DU ( Tetracosanal ) C,H,0 352 0.08 2523
50 23.17 Wfﬁil%@%@ai“&@@ﬁ Cy;H, 0, 368 0.10 2579

(Carbonic acid,eicosyl vinyl ester)
51 24.08 fiE iz — +—M50E ( Heneicosyl acetate) C;H,O0, 354 0.12 2680
52 24.33 A& ( Phytol ) C,,H, 0 296 0.04 2708
53 2581 4R 4 (Unidentified ) - - 0.01 -
3',4',5,6,7,8- 75 H A L E T

4 2621 (3',4",5,6,7, S—Hexafeﬁ:;yiﬁzne) Car Han O 402 0.03 218
55 26.61 (Z)-17- =+ H 4 ( (Z)-17-Pentatriacontene ) CysHy 490 0.08 2962
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72.57% o 1—FFEAE O B9 8 7 bk & GB2760-86
FOVEHE 9 Ak, 2 T B ARk R e bk
AR —Fh ISR TR 5 A A B R,
AP PAe PR PO WA 1 25 BRR
PR 2 2 A W EH IO BCEE AR TR, tu 2 A T 1Y
—Fp KR AR, AT B LB AW 5 WL A
i A0 ST LI 4 L 92 RN S IR L S AR S T LR
LA T 5 Bk < HRLS TS A T T AR T A T, A BT
S PUEALIE L, fRiRIT A B TR R B LK
L MR VESUAT RN AT R A O R LS 2 TR,
HYORTE PR PR UL By L U DL R e A
VEFT, 732 W T Tl 2594 ik b 1) 44 g 21
A T S4TGB i B AL S I A R,
P2 L PERL T (4L B A B M S T A e B
B B A B P, T3S 25 BB AT B K MW A T
TERAE WG VE . BB AT 5L R 3 R T b i e
A3 IR ALLT 5 KA LI BB AR 25 4y 1 -l
B AR AL P LT K i T B
R 1 SR | PP R S TR Bk G R I A AR —
5 FISCHRARIE 19 S AR 12 A4S TH AT 5 AL
ST RS S A AR R (L 32 Ak 2 4y K G B
WHRAFAE R 225, 3K 5 A CSRAEZE 5 A7 Ho A 6 .
22 EREEBHENHR

P P 2 W2, BB AL R PR ) TR E A TR vk
BE R f4eA: 22 C AH L, X H,0,/Fe’ R R (5 3L [
P T I 3R 1 B 3, 106 D 0 5 i 1 e e A )
BRI IR S0 . BACBRLAT 5% TR 4 2 P 0 5 140 e 3 R I
FAFAEL TR B, W 3G BOBR 2T 5% K 3% e VW) T vk
JEE B I 55 i ) p ) 9 A R AN BT B, 24 T
AH R 8 4 A2 28 C RF ¥R [ i L W B 5, B B4t
BT S M SR K A 2 C 2 T B 1C, 43 )
>4 0.0073 mg/mL F1 0.0092 mg/mL., 15t B B BE 4T 5t R
7 RN T AT W S A0 40 S AR S 2, S — il R SR Bt
AL

70 )
o Y %C
604 LI ECRIE R YR
< 50
;—E 40
30
20-

0.002  0.004 0006 0.008 0010 0012
W JE (mg/mL)
K2 B R RN B4R A th ZER T ERAVEH]
Fig.2 Scavenging activity of the
volatile compound form Rhodiola rosea L. on +OH

2.3 HEEH

BB LTS RAE RN B 7 AR ERE R B9 MIC
AN MBC 4052 2, NFR 2 g 21T LIE ), BUR AL 5Kk
R AW X T e 1Y 7 A Rk A W I g 4 )
BOR, BEARPTIX 7 D BUR T R G BB L5 K%
R VEY) BTXT 4 B (A A 45 BRI ATTCC25925 F1K iz #+
Bl ATCC25922 (1) MIC {H 435142 0.12 F1 0.58 mg/ml.,
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WR SRt

T8 B X 33 9 1~ 4 1 A 5 2 g R AR T s BB 40 R R
R NEW) B XS B 28 vP 1) LG T 50040 | 5 95 75 B LG I
CMCC51105 f& KR R CMCC51572 11 4,88k
B ATCC10231 (1) MIC {H ¥E 2.02~9.02 mg/mL Z[d],
2 W B AT 55 AT M JB0) 3 S 4 B A B B 1Y
TIHIVER o BrRET 5 R S PR ot X < e €0, 78 4 R
Bl ATTCC25925 1) MBC {H /2 0.36 mg/mlL., & B $ B
Z1 e KA M JoT %122 21 TR A 5 2 B0 A% KA 5 %
HiAth 6 A ) MBC {E7E 1.90~11.34 mg/mL 2 [d],
DLW XTIX 6 A2 PR A W W i A KAE . B AT 5
KA R AW J5T X <2 B (041 2 BR AT ATTCC25925 Flk
JIAT B ATCC25922 Bl A/ FH 2R BIAS T g 3 21
F2 B SREEMYIR
5 s Ak AY MIC {EA1 MBC {E ( mg/mlL)
Table 2 MIC( mg/mL)and MBC( mg/mL) of the volatile

compound form Rhodiola rosea L. on tested strains

S b BOLT G R A S I
MIC MBC
SO ERE ATTCC25925 0.12 0.36
KIGFFH ATCC25922 0.58 1.90
i 4 b1 EG B 50040 2.02 3.46
B ZE VD1 T 50013 5.16 7.38
FIP BB G CMCCS1105 6.44 8.26
@ FB B G B CMCCS1572 8.58 10.12
[ {0 bk ATCC10231 9.02 11.34

3 it

WL LD RAR R A R i E B A 1 -l
T R L Wb < R A | D5 AR A, IS 19 b
P 8 Filv, W (R FIGERE 25 S b, M S FIRZ PR A% 3 A (I
2 Bl B BRI 2 45 1 AP Ao B 2, 5
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