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Abstract: The essential oils from Thymus vulgaris L. were extracted by using different methods of stream distillation (SD),
simultaneous distillation extraction (SDE), and cold plasma assisted extraction (CPAE) separately, then the volatile
components in the essential oils were identified by GC-MS. The contents of total phenols, flavonoids and anthocyanins in
essential oil were determined. Its antioxidant activity in vitro was evaluated by three antioxidant indexes: DPPHe, ABTS"*
and total antioxidant capacity, and the correlation between the main active components in essential oil and antioxidant
capacity was analyzed. Therefore, the extraction method with higher rate and better antioxidant capacity was obtained. The
results showed that different extraction methods had significant difference in yield (P<0.05). And the SDE method had the
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highest yield, reaching 1.30%. By GC-MS analysis, 36 components of the three essential oils were detected. The main
volatile components were borneol (32.194%~32.515%), carvacrol (17.265%~19.998%), thymol (13.031%%~15.202%), a-
terpinol (11.296%~12.012%). The SDE and CPAE methods had higher contents of main active ingredients than SD method.
In the determination results of total phenols, total flavonoids and anthocyanins, the contents of total phenols and
anthocyanins in the essential oil prepared by SDE method were 133.67+0.20 mg GA/g EO and 0.32+0.02 mg/g EO,
respectively. The contents of total flavonoids in the essential oil prepared by CPAE method were the highest, reaching

54.82 mg Rutin/g EO. In vitro antioxidant experiments, the three essential oils showed strong antioxidant activity and

obvious dose-effect relationship to various antioxidant indexes within the experimental concentration range. Among them,

the essential oil obtained by SDE method had better scavenging effect on free radicals, and the scavenging rate was above

96% at the highest experimental concentration. Correlation analysis showed that the antioxidant activity of the essential oils

were closely related to the content of phenols and other main substances. In conclusion, according to the experimental

results, the SDE method is a more desirable method for the extraction of essential oils from Thymus vulgaris L..
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1.2.3 REEETAEEIEE(CPAE) B AR FR
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TR7K DA K2 1% NaCl, 2125 U442 K I B s S8 e
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st e oy 1R TR BT ()
HHEAREMAAE%) = AR %100

1.2.5 GC-MS 43hr &tk

1.2.5.1 @AiEEM ik HP-5MS A2 BYnEt:
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JE NISTO8 &5 bt fi b A 7l oz v, (A= —
AR B LA A 2 S AR B
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A, #OCIRAE 16 h J5 BRI ABTS il W&, SR S5 FHIC
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Fig.1 Effect of different extraction methods on yield of
essential oil from Thymus vulgaris L.

TE: AF/NG PR 25 5 35 (P<0.05)
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GC-MS X = Fp O i3 B & Rt T T4
PERGST AT, G5 R AN 1 iR, St sEE H 36 fik
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BWyE e BRI 6.368%~9.976%, BEALG )
Eri i BRSO 50.348%~51.575%, MRZSAb-E &
T MUY 1.448%~1.744%, By 254b-&W 5 ok
4318 30.296%~35.200%, H Atk & ¥ 5 B 43 19
4.395%~7.681%.,

H ARG P FE A (E i 10%) A
440, EE R e IR 2-2R 1 (32.194%~32.515%) ,, X
FRoRIems . VKA, BB — e S B Dol
TR FITEH AR A SRR R A T (17.265%~
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Table 1 GC-MS analysis of essential oil from Thymus vulgaris L.

Jeh) PRE IS E (min) - 437l iazy7/] M)
SD SDE CPAE
10.105 CoHyg o-TiEH (a-Pinene) 0.982+0.052*  0.428+0.023°  0.138+0.071°
10.518 CioHy6 Pk (Camphene) 2.084+0.151°  1.025+0.134°  0.388+0.117°
11.234 CioHy4 B-TEH (B-Pinene) 0.221£0.092° - -
11.447 CioHy4 B-HEEM (B-Myrcene) 0.1990.051° - -
12.216 CioHig o-#15 1 (a-Terpinene) 0.230+0.043*  0.168+0.080° -
12.544 CyoHyg FgEH (1-Limonene) 0.42440.053*  0.303£0.021°  0.211+0.074°
13.318 CioHy6 y-FATHIH (p-Terpinene) 0.953£0.095*  0.596+0.054°  0.395+0.088°
. 14.103 CioHy4 % A7 ( Terpinolene) 0.193+0.022° - -
il 21.196 CisHyy a-1] B (a-Copaene) 0.205+0.051*  0.209+0.028*  0.181+0.034°
22.242 CisH,, B-1 11 ¥ (p-Caryophyllene) 3.615£0.021*  3.507+0.033°  3.61+0.028°
22.968 CysHyy o-H50H% (a-Caryophyllene) 0.024+£0.005°  0.183+0.004" 0.187+0.011°
23.353 CsHy, o % Ih)fi (a-Muurolene) - - 0.166+0.056"
23.825 CysHy, 4,944 2% 3 —J (4,9-Muuroladiene) - - 0.187+0.031°
24.163 CysH,, y-H1AA S (y-Cadinene) 0.410+0.022°  0.407+£0.019"  0.439+0.031°
24.29 CysH,, J-FEHA N (5-Cadinene) 0.436+0.043°  0.425£0.021°  0.466+0.018"
A S 9.976 7.251 6.368
14.113 C,oH;s0 4% W (Cyclohexanol ) - 0.165£0.085*  0.154+0.089"
14.322 C,oH, O F5 i (Linolool) 2.507£0.031°  2.566+0.022°  2.491+0.046°
16.259 C,H;s0 2-7X % (Borneol ) 32.194+0.014° 32.515+0.029" 32.465+0.021°
16.458 C,H; 0 4-1H; i B (4-Terpineol ) 2.058+0.017° 1.799+0.013°  1.846+0.020°
16.618 C,oH,{0 WA (Thujyl alcohol) 0.444+0.023°  0.513+£0.025"  0.636+0.013*
(S 16.787 C,oH,{0 o- ¥ (a-Terpineol ) 11.296+0.011° 12.012+0.007* 11.862+0.020"
25.546 CsH,,0 7 EUE (Spathulenol ) - - 0.19+0.025°
26.228 C,5H,,0 J DUEE(Cubenol ) - - 0.2210.061°
26.7 C,5H,,0 T-kEFARE(T-Cadinol) 1.651+0.046°  0.643+0.033"  1.448+0.029°
26.986 CsH,0 o-FEFAEE (a-Cadinol) 0.198+0.031°  0.163+0.022°  0.262+0.017*
Pk B i 50.348 50.376 51.575
15.699 C,oH,cO 1% (Camphor) 1.473+0.016°  1.448+0.012° 1.476+0.018°
[{iES 16.947 C,H,,0 &7 (Cyclohexanone) - - 0.268+0.013*
T2 S 1.473 1.448 1.744
19.05 C,H,,0 A EAFH (Thymol) 13.031+0.081° 15.202+0.098* 15.159+0.052°
[iES 19.321 C,H,,0 F -l (Carvacrol) 17.265+0.241° 19.998+0.132° 19.914+0.097"
[[iES5Ses s 30.296 35.200 35.073
12.434 CioHyy X B AESR (p-Cymene) 2.735+0.048*  1.590+0.079°  0.982+0.076°
17.729 C,H,50, % 52X i (Sobornyl formate) 0.275+0.024*  0.292+0.021*  0.306+0.027"
17.958 C H,O 2-5HFE-1-H A IEL-4-F FLTE (2-Isopropyl-1-methoxy-4-methylbenzene)  1.166+£0.011°  1.127£0.014°  1.127+0.019°
- 25.702 C,sH,,0 471 % (Caryophyllene oxide) 1.29+0.021°  1.386+0.026"  1.621=0.028"
26.15 C,sH,0 Tl L2 (Aromadendrene oxide-2) - - 0.174+0.029"
27.083 C,sH,,0 FERIEIAE LY (Isoaromadendrene epoxide) - - 0.348+0.036"
39.866 Cy,Hs, 1E— 1t % (Heptacosane ) 2.215+0.041° - -
oAl 7.681 4.395 4.558
it 99.774 98.670 99.318

T =" FORARKE G R T A Rl TR 22 5 .25 (P<0.05)

S AL S IR RO . 5 B R ERAYHGE FIARIRMAY] | SRAEH AT T LRI A 2- 2005 1
AHLE, WS ARSI A48 Ao h, 2- R EEA TE 10.7%~30.8% U [EI N, Borges 55 R I L
A AR ORI RS i i s B2 Y, X R 2R AT CBORE ™ Hls 2y T P8 5 A PRl R L 2- 2K
FE o T RO RN A A SR A A TR TS O EEAEW, i Z S0 R FZ AR B A TR
Miguel 2522 fUWFFELET T BRI 9452, W ARSI B O BETE 39.5%~71.29% Z[1], i
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TS HIA, 2-IREE S IIAE 1.19%~2.14% Z[a]ih24]]
TEHAMBLH S35, p-SRPACIEFN p-Tif S A T A B B
P ER AT 1 RS, AT WIS R p-hi ks T L
3R] p-ERAARIER A  E BLA I0
IR, RIS IF 2 R R, WREE | B
[E] . i ERE A ) 2 A DU R R HE 1 b e . R
Gy WREE MR AV 2 HA IR B R ZR AR S mkE v
TrE A SR TR AT TR B 2
AT AYA T SDE ki 28R SRR ZEIR T LA T
TR A TN AEEL, TR B 245 3508475 e
CPAE 1 &E B8 IR N 2 = 2B i M s H i
L, T RE R BRI G AR R A AR T
BRI, S1£5H SD A HL, SDE #2411 CPAE
PASBI S 2-2KEE . A N T AL, ST
T
222 EHHEFRIEE ., BEEE ., A RSO
F R 1R T BOBFSE B 20UE S, B A AN
Py 2AS RIS ] ) B A TR, 1T ELR HAT VA RAR PR
teF pRT U, By, BT R SRR
JHTFPEAR AR &L TP HU R AT R A EE 26 bR . AS[FIFRER
JrAS B0 E AR P AT R S i ANk 2 T
7N, IKZES RN L HA 7 75 B S i IS, A
129.51 mg P THR 241, SDE EMRS TS i & B
=1, Al3K 133.67 mg & TR Y&, (HNE o %
22572 (P>0.05) . X5 GC-MS G55 HT B =FhAL 5
B Fr A LA A A58 BB 7 e 47.53~
54.82 mg Rutin/g EO Z [f], SDE 745 CPAE 152
FRSTIMTE BB & B A B2 R (P<0.05) . 6T
IS EAE 0.08~0.32 mg/g EO, H:i, SDE & H#2HX

A B BELARS T B i h s, HORJE: CPAE 541 SD 7%,

1 H. SDE {55 HAB T AH AT W 2B 25 55 (P<0.05) .
K2 ARARHHTT S, B, R

Table 2 Contents of total phenols, flavonoids and anthocyanins
in Thymus vulgaris L. essential oil

PO B (mg GA/g EO) BB (mg Rutin/g EO) 167 & (mg/g EO)

SD 129.51£1.47° 51.49+5.28" 0.08+0.02°
SDE 133.67+0.20° 47.53+4.75° 0.32+0.02*
CPAE 130.50+0.99° 54.82+4.96" 0.11£0.01°

¥ [Fl—FIAN R 7R R R 22 5 2 (P<0.05) .

23 REUGEIE RIS AR

2.3.1 @ HBFERX DPPH H f L9 W5 5 BE
DPPH [ 398 BRI PR B i T BT e i vk
PP P, B IE 2 ATLUE H, 78 0.5~5 mg/mL ¥«
BEJE BN, BRI, — Rk %t DPPH A H
FHA 2 RAFIITEBREE T, 2B U R A RO &R .
SDE % #2 BUPRS TE 2 mg/mL Fsf V7 5% 506 ] 3k 5]
95% LU L, DU EL 30T IR Ve IO R IETE, [EEL
e EPTEALTETEEISS T Vo SDE 7%, CPAE ¥, SD
BRI 1C, 435k 0.57. 0.86. 1.28 mg/mL, LA
DPPH PiéfbidEHEHET A : SDE>CPAE>SD.

100 |
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TR (%)
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40 +

30

W (mg/mL)
E 2 HEFRMXT DPPH A AT IREE S
Fig.2 Scavenging activity of Thymus vulgaris L. essential oil
on DPPH free radicals

ENEIE IR R A e S B s = B (PSS 7 e
BYEERARFERPD, K, BRSSP UEAG TR
AE TS SR AT RE T =y, T4k, B AR T
FALRE I OB BNRAMIR . A EAREHEE 51
H R E A S A 1S 1 E R R TR
ISP, B2 G bt A AL IR B AT LU R E
THARSEL R Fe /P e T B E AR, il 3 e A
W s, HeAh, B A A i 4 R T E A
S EAA T EhUE R 1P
232 THEFRMXT ABTS @ B EMEREES
&l 3 AJ, 7E 0.02~1 mg/mL ¥R EE N Bl PN, B e
RO, =Rt ABTS A i 3LHiA 5 BRI a3
BrEe)T, 2 BRI R . SDE RHEEHRS
YHAE 1| mg/mL B O 32308 R BE Ve 135 BRIE T,
CPAE 54 LE SD i S AR B AT $2 51, (H220E I
B . SDE 7. CPAE . SD BokE MY 1Cs, 43571
7 0.018. 0.022. 0.028 mg/mL, flf L ABTS #i%A 1k
WEPEHEF . SDE>CPAE>SD, Mayara 250" qi 438
T A BT MARRA ABTS [ B L7 RRIE M, Bt
ZAMASE T E ARG T R R T B I BT
AP, R H AR A B S RaE R

100
80 [
S
¥ el
&
pud
+Vc
40 1 —e—SD
—a—SDE
—v— CPAE
20 i 1 1 1 1 1 1
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3 HEEEIM ABTS H h3AERAE
Fig.3 Scavenging activity of Thymus vulgaris L. essential oil
on ABTS free radicals
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FH LAY DI HE (ICs, 43512~ 3.7 pg/mL F1 3.4 pg/mL),
T BAAARRA TS RN D5 AR B 38 R B b A Ts 7

WA IRIEFR a-tAMEEXTT ABTS A 3t BAa W
FIVE BRBCRPY . SRS, | AKX ABTS A

FH 3L ATE BTG P SR 2ok B H sy

233 HIEFSEHEPUEALEET)  &EE T 0AE
2 I P S A A B T A R B R AR A R N )

A K AR B R E AT LABH 1k X — s IR AR
TR, BRI, AR SEEG R FHER S T34 i 2 e B
FARE MR IRAE ST, HIE 4 FTHL, 7E 0.2~1.2 mg/mL
WL, Ve e AR i S E fbae o S 01

4 R AR B RN, Ve 9 FRAP {H £ 2.795~
5.593 mmol/L Z[a], =P J5 ik I i34 i 14 S i Ak
BE A B 25 5, o, SDE A IS TH FRAP {H
£ 0.275~1.053 mmol/L & [FE N, #H Lt SD 7% (0.244~
1.022 mmol/L) F1 CPAE % (0.283~0.998 mmol/L ) ¥
7 1Y) FRAP (B I = o BPLAfL 88 ST A : SDE
>SD>CPAE. HHEFWEIFE 5T B
TS EAERVICR, FEEHR THER LR
FHAIRE A RE J10Y,

FRAP (mmol/L)
W
(=)

0.2 0.4 0.6 0.8 1.0 1.2
W (mg/mL)
K4 AR ESUERE
Fig.4 Total antioxidant capacity of Thymus vulgaris L.
essential oil

2.3.4 @ ARG b o ST A A AR e S
Br o K a9 AP P2 o5 H a2 Ta) A 35 1]

I AIARSETERS, UnER 3 B, DPPH H 21 BRAE
5 R W EIE AR (P<0.05), 5 2-2kEE ., 3BT
W5 BT . o-FA TIPS 5 e SR 2 I AR DG (P<0.01),
FHHZR BS54 0.838., 0.818. 0.820., 0.843, A JLix
JUFI o2 B AR Tl v R DPPH [ F i) 5G4
Y1, ABTS HHIEERGES S 2-IR0E% . a- A TH B
TR B IEAE(P<0.05), SIEH E o E R
TEAHSG(P<0.01), FHE R HGEF] T 0.990, AI A0 2-2%
B o-FATHIRE AL TS ZEAETE R ABTS [ H JEA e 3
HEEAEH . BPUELEE TS R B R A S TR A
F(P<0.01), MIEFEHCH 0.821, Btk =4k, nTLIE
HE A AR 1 00 S R B AR AU AR S, T
HA A b RS T, B A R, X T
RESE R A BT E B A A Y& i< 2, Thompson
LI R AR T S ARSI S R . &t
Pearson AHEPESMHT L E—2EUESE, B B AR APT
SALTE M S 2 R ) & R UG
3 ZEip

AWFERA SD 1. SDE B i) CPAE
AR T R E ARG, MBS L E, CPAE kLk
SD ¥4 T —E L5, {2 SDE k1] LUFE [FAE i At
[a] FL3RAS- A 22 i T B G 35 25 5+ (P<0.05) - il
id GC-MS 437 1 —Fh & B EAGIM A0 & R4, 36
SR T 36 FhEH ST, AHAT AT E = b =AM IE A —
FEZES, EEEWEMEALS . SDE 3551 CPAE E#R
B EE SD EEH R A S it . W E AR T T TR
1y, BRI AIAE T 2 S A9 E, SDE TABRTIIE =
Fhih e L B R A, XS AR TS
GC-MS 431 &5 5 vh 9y 254 Joi 14 & e /K S A — 20
=k Xt T DPPH. ABTS [ H 2884 1R 58 0 v
BREEST, thHA —E ) BPTE e 1. B ok,
=AU EA L EE 1T SDE>CPAE>SD,, i#
T PR A AL BE T AR S BT 2R, LA
Ay A il EE R RE 1 S W 2 R B i SR AR 5
BIIEARSCME . Z5/ KT, SDE AN IS JEAE i T FIRK

3 ARETESRIU A AR TR S ER A A B A G R L
Table 3 Correlation coefficients between antioxidant activity and main chemical components of essential oil
extracted by different methods

Sy B HHE 2-R I EEES 7T a-FA T DPPH ABTS JsXik=N il
eyl 1

SLH T -0.018 1
WHH 0.487 —0.749" 1
2- R 0.410 -0.171 0.695" 1

HRAED 0.369 —0.058 0.598 0.992"
L 0.373 —0.067 0.606 0.993" 1.000” 1

a-FA T 0.425 -0.218 0.733" 0.999™ 0.983" 0.985™ 1
DPPH 0.698" —0.145 0.665 0.838™ 0.818" 0.820™ 0.843" 1
ABTS 0.496 -0.702" 0.990™ 0.737" 0.645 0.653 0.773" 0.679" 1

By 0.821 —-0.425 0.603 0.153 0.061 0.068 0.191 0.471 0.59 1

TE: #1E0.057KF- 1 CBUR ), SR *#1E0.0 K- 1 (BUR) , i i B A
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