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Abstract

In this study, essential oil of Cinnamomum longepaniculatum was obtained by microwave assisted
distillation with deep eutectic solvent (DES). Eutectic salt made by melting 1,4-butanediol and
choline chloride was added into the solvent water of traditional steam distillation. The molar ratio
of hydrogen bond acceptor and hydrogen bond donor was optimized; the optimum proportion of
eutectic salt was obtained (the molar ratio of choline chloride to 1,4-butanediol is 1:5); the volume
ratio of eutectic salt to water was optimized (the volume ratio of eutectic solvent to water is 5:5),
the best solvent was obtained by steam distillation. The process parameters of microwave assisted
distillation were optimized by single factor test and response surface. The results showed that
microwave power is 700 W; the operating temperature is 120°C; microwave time is 20 min. The
extraction yield of essential oil from Cinnamomum longepaniculatum is 25.0 mL/Kg. Under the
same microwave-assisted extraction conditions, the amount of essential oil extracted by steam
distillation is 21.3 mL/Kg. The response surface optimization experiment was carried out for the
solid-liquid ratio at microwave time, microwave power and microwave temperature, in which
multi linearity regress mechanic to analyze data is used. It is known that microwave time and mi-
crowave power have a strong interaction. GC-MS was used to analyze the components of essential
oils, and the results were compared with that of microwave steam distillation. The DPPH and ABTS
free radical scavenging experiments showed that the DPPH anion scavenging rate of 50% essential
oil was 55.47% and the ABTS cation scavenging rate was 98.78%. As a result, Camphor oil has high
scavenging rate of two free radicals, and the clearance ability of ABTS is much higher than that of
DPPH.

Keywords

Cinnamomum longipaniculatum, Essential Oil, Deep Eutectic Solvents, Microwave-Assisted
Extraction, Free Radical Scavenging Experiment, Response Surface, GC-MS

EIREE .

CESIH: LR, ZEE, REFE, SEE, SER. RIS AR B RO RS K TR T ). B
YI%HE9E, 2019, 8(3): 307-318. DOI: 10.12677/br.2019.83039


http://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2019.83039
https://doi.org/10.12677/br.2019.83039
http://www.hanspub.org

LR 4%

(R L Ja 7R B i B Z= B AR S S R E L
TR AT

K4, FAERE, RFH, £Mf, LELE
HRACHAL R SRR RN 5 TR, ST WA /R

Email: ‘'mchmchmchmch@163.com

WekE HEA: 201945 H10H; A HEB: 20194F5H22H; KA HH: 201945 H29H

HE

AT FE SR AR R0 1 77 B 4 B AR VA IR AR W, TEARGUK RS AR BB FIK RN T B &AL ISR
M1,4-T ZEEIBRLH R ARILE L, AR ERZ A SER AN E/KRE, BARBHNRERE
(FALHE 5 1,4- T B/ BE/R BN 1:5)s B ARAWIE LI £ 5 /K B4R e (R 3L £ 5 K AR H A 5:5),
BRKESEEOBAEER. R85 8 8RR & S AR s i B R B RS BN Mh®R
700 W, #AEEE120°C, HBEHTH20 min. FramiefE MR EN25.0 mL/Kg, 7E R+ H)5 A
BT, KESHBEEREMZERNEN21.3 mL/Kg. SHBRTHE . METhE. SR B kT
me LR AL SE S, R F % Juk o 5] 3 7 PR AT S8 44T » W AR B TR SR S R A A BRI R HAEH .
FIFHGC-MSAHHTRE MR 2> FE5KEBSEME. MBUKEREWEWB R BT . ZEDPPHRAE
F. ABTSHHE T HHZEBRLE T, 50%IKE RS DPPHI S FEREN55.47%, 5%IRE RS
XTABTSPHE TR % ~498.78%. I, WM M A HERAREBERE, BEXABTSHE T
ERREE 1" FDPPHRHE F .

XK ia
WA, R, RICEER, BB, HEREBE, WA, SRBRAE(GC-MS)
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1. 5|8

AR T 4 Cinnamomum longipaniculatum (Gamble)) @45, BB WA, BB EKELHR., B
BEOR. B Z . D, BEEM. BAMES. KRRV, SOESUESR A, HEE M TEHE. )IE
PAR G S, IR VLVOEEAE, XOPR “ R [1]. mEA, DNTEEEETE, ST 2k R,
HEGHER, W&, MR, LmEst, o, MRS, e, WiLE, PRIk, ik
— PRI R IRTE T, B PUEATE I, TR B, B AEREIER D BN A4
M 258, X e UK EE ) R AR P A ) SAEIE FH ) R SR T 2 35 PR B 23 (R I A B (2]

YRR VEZ T 20, BRI R I8 BORS I 55 AN A 42 U7 ok AR 77 . H Al 32 R X
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R T B2 AR K 28R 2802 (3], RIS Z8 I IR E R (4], I SRR ZE OS], WG FUKFERGE[S], o
T TR 2 B [6) 0 S I 4 | [ R A HUVE 5] AB G IK AR ZARE R G W& TR B HEE. B,
X PRI R S5 R AR TR RIS TR A A T e T, AT R A 35 (R BB 1 o A A0 fide
Gy KRGy I AR K il S R EEAGAE SRR T il B R AN [ 7] R IR SV R ZE AR A L
B B DA B [T AT Fl AN et 25 46 1) R 8] 9]« kil i Bh 42 B2 2 R T AL AR oot LE Sl 3 Hh W WSO OK 2 11 P o s S
R, 0 P 38 2 7K B S HAd R A P o PRI A, BB A e MR SR e, T 0 R =0 e A 1) D i
A, MTTAELH BN BB A $N J5( 7], sidl 74U AR s 8 75 Il B B A B B A (I b R VR AH 2 TR AN VR
T AH Z 18] (R 4% 5 AU RRE[10]

ARSI DA AH B I3 T7 2 SR 7K ZE R TBE SR ORI, 78K oo\ e SR 52 4 2z 26 (AL
) AN A B AR (22 JUlE) B 2 I R LB S (8.5 577 (Deep Eutectic Solvents, DES). DES EH 5& 45 7K
PRABAL DR AN R (AR A R ZERUA I s 8RS, T N FEE 5 o B A B0k 46 0 B4 -
DES —ft H A B2 A A SR 4 Bl . R, DES & —Fh RG], X FR-E YT U S i
R KT RN 11 ENTRAHAERRHME. Ko, et thly, MEERE, SEERMEDN,
il R 12]0 MEEN TR M AR Y R A MR G ISy, ToReiE—Paifl, B 100%1 5125
[13]. SESEMAEVERME, DES MUBEAHR. TLER . ol AR v i B A AR, 5
THESRE = A R R 14].

A SIS R SR Rt b, SR AR I A s Al B HE B vk o DL BEAN 1,4- 7T R4 L 3]
B R AR LI R T A ARSI VA TR P2 EORS i o 38 B (R BB R 7T 1 AR A v 791 s A T L 2% 1 R s
ARGER A A FRIUS S IIER DPPH BIE . ABTS FHE - H HESLIAR T 1 ARG Il B P
TiE .

2. S
2.1. HR5{E

AR JEOR 2018 4 9 HRAWNIEE, MR 40~60 HAFH.
LM ETHR A T6 RIVEIN e AL S Al FHAGER A TR ST A R, ik & A EX
(XH300A, JbmtEisRisRBARAR), Agilent BB

2.2. SEWFE

2.2.1. {RIIEEFIMEH

16 B U 52 A S IR AN S B A 22 OB DL — 58 1 BER LI A i, O RISt a 2, g 5Ky
A A — & AR AR L TR A 35 ST BC ] UL VA 1), AR RS A BRI, 1 s AR A A 7 e AR R 2R
2.2.2. WUBFBNZERUERBUHEE ]

FEERREL 8.00 g (aT)XAHE S, HRZEFRRFRS, A SomL RIA AR, iR H 12h, ffJ5
BEEE R MR, SR RN B, B2 R B A AL 28 TR S A I

2.2.3. BB EHERE R

7% DPPH (S FE BiZEae JME. DPPH B 1,1- - FIE 3R, = MR EmaE O A
H1 2% . DPPH Al v2: (1) J5 #1281k DPPH 73 7+ —AMaE I B B 2 S5 5T At — AN T o xT 45 4
A RTC =), AT VAR S S AR VR 3]0 F 95% SERC IR BN 0.0%- 10.0%+ 20.0%- 30.0%-
40.0%- 50.0% A AFE A A1 150 mg/L ) DPPH B 1, HX 0.1 mL AFRKEFE S5 3.9 mL DPPH []
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BTHIRS, {EREEALCE 30 min f5, 7E 517 nm AAMEROGIE, REEA 0.0%KIFE TG A Xt
W, BT OBE YN E =k, BCPEME. DPPH BB IR MROGE S EA R HILE R, Wob{Ear
LS AN [ R 2 f ks o vt B R A TE BR K [3]. SC% = (1 — A FESL/A FHIE) x 100%, o A BES RS E
TRAE I KT IO BB, A K IR AN IIRE i BV RAE t= 0 AL MIMROBAAL15].

TEBR ABTS PFHES FH HHEREIWIE . ABTS £l SR b5 A2 ks e I i SR (L BH 25 7 1 i 2% ABTS
FHES 7, Wi NI AR SIS CE L iy, I Az i ABTS FHES 7 H 2 KA R B
RRARE[16]. FEFRIL ABTS FHE T 0.0406 g FIEHRERET 0.0070 g, A H & FKEEH 10 mL, %
EIRAPAER, EEIEBREAME TN 12 he BU1.0 mL &, 7 744 nm 43R PR 10 1500
ABTS FHE TSR OGE . 433 0.150 mL #KEH 0.0% 1.0%. 2.0%- 3.0%- 4.0%F1 5.0% 1A% A
A5 2.850 mL (1) ABTS PHES TV IR A, (EZIR B AR TCE 2 h, WEROGE, FraWosES e
=W, BUFEIME . SC% = (1 — A FESL/A XFIE) x 100%, Hodt A BE S RE SIS R [ 58 K R IOGAE,
A S HEOAN IR S RV VRAE €= 0 AL B[ 15].

2.2.4. HEFMCFER IS E

8 Agilent B IBE FH AR =P 77 V52 BT 43 (10 I ARAR i g AT A0 2 A T B A 2% . B4 Aok
B RE(0.25 mm x 0.25 um, £ 30 m), A0 EFIEREIREE 40 B8 o 230°CH 280°C s FHEFEST: 4601 60°C
YE4F 5 min, #E3LL 10°C/min BITHREEE A 60°C T H) 120°COR4F 5 min, ZRJ5 LA 10°C/min B THIRHE
M 120°CH 2] 200°CH-4EHF 5 min, FLL 10°C/min (TR E M 200°C = E] 280°C H-4ERF 15 min;
SONEAERA, WK 1.0 mL/min; ASFBEEICEEF, O 1:100 (viv), BEFERE 1 pLs el 1:2.
JRPESAE RN T RBEDE T BFEEEN 70eV; T ETEEN 15~500 amu; IR % b4
F5 NIST11 53 v PEAE B AT HEX A
3. ZBREH
3.1. RSB FRIEVER

eSS AR S AL A S B A 22 JTlE(1,4- T A Z B HIBL 1:14 1:24 1:34 1:4. 1:5. 1:64
1.7+ 1:8. 1:9 BBE/R LG A, FCHI I, 0 40 mL AR3L4E 265 40 mL Z&MR/KIR &35,
TN 8g AR I JEURE AT SR 2 R, 3R A 2 IO It () AR AR B C LU AN 8] R A2 A 88 an 1] 1(a) Bl e 50K
AL 9:1. 8:2y 7:34 6:4. 5:5. 4:6. 3:7 2:8. 1:9 FIMARFRLL LLVR A 3 ST ] AR LIS 7, 2L 80
mL FIRVAEFR, N 8g AR I JFURLEAT RO AR, SRAT IO It A A2 AR A L 0 8 77 5 7K ) B U AR TR 7
ARG 1) . RIS T ORI, B IR VA R B A I 4L R

3.2. BEARSE S

3.2.1. WUBRBUE MBI NE

R 8.00 g (A8 T)XMFHEM, HBEFEREES, A 80 mL KILIEAER, =EIRH 12 h, ff
JERHS IR R0, ARG OGRS Bh AR, #2 PR TSR EAR S 2R P kS . BB 1 min SRR
— USRI AR, W 2R, 78 5 min J5, $EECRMARBUR L RFEARAS .,

3.2.2. RURThEIEHRNENR I

FEEFREL 8.00 g (A TF)ATHEM, B EFKF, A 8omL IIFE ], HEERH 12h, fIE
BHEERIFE R, SR BN SR BhRE I, B2 TR vl B A WO B8 28 00t PR R T, W Bl s I I i) 8%
BN 5 min, INPEEEN 120°C, WIS 500 W, 600 W. 700 W, 800 W. 900 W, iC33kfaHE
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HEAEF, il 2(b). 7E S00W. 600W B}, HEEUEMAAFI Y 12.5 mL/Kg; 7E 700 W B, F2EUEHAARL
25 mL/Kg; 7E 800 W It}, HREUKSIMAAF Ny 11.25 mL/Kg: 7£ 900 W i, FEHURSHAAFIN 13.75 mL/Kg.
RN TE R T WM AR RS T, —20 CARIRAT -
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Figure 1. Effect of DES composition on the extraction yield of essential oil. (a) Effect of the mole ratio of choline chloride
to 1,4-butanediol on the extraction yield of essential oil; (b) Effect of the volume ratio of deep eutectic salt to water on the
extraction yield of essential oil
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B SIKB TR X R LR HY R0

16.0 30+
140 25
Vi ob
§ 12.0 % 20
£100 E
‘Bﬂ- 15 4
= 8.0 @
% 6.0 %10‘
= 1 £ 5
2.0
0.0 0
1 2 3 45 6 7 8 9 1011 12 13 700
o3 F 17] (min) #ﬂv&lﬂﬁ(W)
@ 30 < ®)
30 |
S 25 o 25
= 25 .
] 4
'é 20 | El 20 -
’; 15 | ’gg 15
Iié 10 | g 10 -
= =
5 1 . 5
0 105 115 0" L6 "
it @

Figure 2. Single factor analysis of microwave extraction of essential oil. (a) Kinetic curve of microwave extraction of essen-
tial oil; (b) Effect of microwave power on the extraction yield of essential oil; (c) Effect of microwave temperature on the
extraction yield of essential oil; (d) Effect of solid-liquid ratio on the extraction yield of essential oil

E 2. BURIREUE R ERSI. () BURRBUEHEINFHLZL; (b) MURNERIEHRIENFNE; (o) MKRES
FEHEREURAIFINT; (d) RHRELXTHE IR AN FZ M0
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3.2.3. RUBIREEHENENRI

FEEFEL 8.00 g (M) XMFHEM, HBEFERFEES, A 80 mL IKILIEAER, =EIRH 12 h, ff
JERHS TR, SRR NS A B RE A, B2 TR Vil SRR B SO 2R H AR i, Rk S I )
WHEN S min, FPEThEN 700 W, IHGERE 5N 105°C 110°C. 115C. 120°C, 125°C, id IR
AR, 0l 2(c). ZEBUERUG IR MBS, —20CAHRT. M 105CE 120°C, FEEUFMARFE
B, 120°CH 125 CHEHUR A F135°8 25.0 mL/Kg.

3.2.4. B HR RN

R PR 8.00 g (48T )R THFEM, FHREREHEMT, 700k 1:61 1:8. 1:10. 1:12. 1:14 FIEHELL
IIAACILIE R, FIRIEET 12 h, fEERHSER AR, RGBS BRI, 8 EAS MR IS
WO B ZE 08 HH R W, BB RSN (R A S min, BRI ZIZEN 700 W, INAEFE R 120°C, idIR1IHA
AR, il 2(d). REEUSE RGN, 20 CA R, 1:6 & 1:10, RMAEIEIN, 7F 1:10
I BORS A AR 25.0 mL/Kg, (H B RS AR RRZ TN o R RS2 B BN I, JE IR 2 K B A1) 14
I, YRS KEE TR BOK M, FEEERIMEREIR[17].

3.3. MR SER

3.3.1. MM ERERITSER T
AR R R EAE E, RIS Box-Behnken i3 1T EFE, DR IMERECR(Y) Wi NAE, EHLA (L
WA B (s Th ) C (IR ). D GROEHEL) U AN R R, BEAT 0 S AL SR8, Seah 45 B 2% 1.

3.3.2. EAAERRENRISRELESH

12 Design-Expert X% 1 #ETZ o HEIA, 15 20K IR (Y)X B AR B ET E(A) Sk Th 2
(B). IR FEE(B). WEHL(D)MZ TTRIAGFE: Y =25.05 + 2.32A + 0.77B + 1.01C + 1.74D + 1.09AB —
0.32AC + 1.32AD + 0.78BC + 0.53BD + 0.51CD — 1.93A% — 3.05B* — 1.48C* — 1.26D%. X} [m] AR Y 3047 T 22
3N, R 2.

NS R R A EAE A, AT D3 SRR (A Ao} L kAT e . £ 2
W, FAE 5.89 R AAG BEM, (HXMEEE F (BRI 0.08%, wTLMENMEFS AFE.,  “w]
BEPE > F” /T 0.0500 RIABALAA BEME, EREF, A, B, C, D, A>, B>, C7, D #i2 B EHiA,
KT 0.1000 FIEERABRUAEA B2, WRGRZ BEFEM ORI T B SRR E IR RI1), B
R (B 4l) 2 L) . AT 1036.19 R RIUE BE W), FERMIURAENMERE 0.01%,
PR RS AL B . R E LA AN RAFIN), AR BRI G . /£ 3, e REGE 0.8461,
TESE 7 AL 0.7024, P8 ZIRAFEG B — 20k K%M E 7ML, B KT 4 BrTHUY. HATHL
fHN 7.924, RPFAE—NMERE S WEAATH T SHBT S0 SEEREREY) RN Y =25.05 +
2.32A + 0.77B + 1.01C + 1.74D + 1.09AB — 0.32AC + 1.32AD + 0.78BC + 0.53BD + 0.51CD — 1.93A% -
3.05B> — 1.48C° — 1.26D%, I FER A, BATFEMTAEB. A5C. A5S5D.B5C.B5D. CH
D AH ELAE FH R ZE SRR 52 00 o iR R T R R 2 AR AT T T, A (1 BRI FE L N 26.87 mL/Kg;
R BRI = A AR i ok K 8.00 g FEATIGAIEES, IR TN Ty 700 W, Tl BURIE v 120°C, BHK
Lt 1:10 g/mL, S N4 5.0 min, ¥ I FEHCER 43518 25.82.25.64.26.10 mL/Kg, 5FR{H IR Z N 3.78%.

MFE 3 A5, FRICFTS 0.1136 SiREETJ7 0.7024 2 AR,  “FEHEE” MIEREEMEEL, HE K
T A WAL, HATHILLE AR 7.924, RAHEES . WK 3 FEH, ANAKE I Hmmas iy, PR
PR (] R . B ThE . RN LU R BUSURER A B R R . S Ah, TR AR (] AR
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FE TR T EE . BB EGAE BTt i) 7K TV Bl A 5 s, U0 B e AR EAE T e PR Y TR P o e S T P T 3
FEERRGE U | 45 o 28 bk 2 B RSO 52 2 26 7~ 9 T 8] 3% 58 B s i K 1 JE I 18] [19] [20], BRI Ak vt [)) 5
D]~ DTl Ty ) 22 T8 e TR 5 o S T ok T 49 P52 A D] 3 58 LA P o 2 T e g O, RIDARACIBG I T 5l 8t
Th#e 2z ) AT S a2 BAEH .

Table 1. Response surface test design and results

=1L MRS RRER

} K% A W% B W% C K% D 45 R
N T 1) (min) BT (W) BOIREECC) Wkmle) R LK)
1 5.00 700.00 130.00 10.00 2522
2 4.00 800.00 125.00 9.00 17.42
3 5.00 900.00 120.00 10.00 14.27
4 3.00 700.00 120.00 10.00 10.93
5 4.00 600.00 115.00 9.00 16.67
6 5.00 700.00 120.00 8.00 14.44
7 5.00 500.00 120.00 10.00 12.65
8 7.00 700.00 120.00 10.00 24.96
9 6.00 600.00 125.00 9.00 10.88
10 6.00 800.00 125.00 11.00 24.55
11 6.00 800.00 115.00 11.00 22.96
12 6.00 800.00 125.00 9.00 18.43
13 6.00 600.00 115.00 11.00 16.57
14 6.00 800.00 115.00 9.00 17.22
15 4.00 600.00 125.00 9.00 15.65
16 4.00 800.00 115.00 11.00 15.51
17 5.00 700.00 120.00 10.00 24.89
18 5.00 700.00 120.00 10.00 25.10
19 4.00 800.00 125.00 11.00 15.23
20 4.00 600.00 125.00 11.00 14.77
21 4.00 600.00 115.00 11.00 14.62
22 6.00 600.00 125.00 11.00 20.41
23 5.00 700.00 120.00 12.00 26.87
24 5.00 700.00 120.00 10.00 24.94
25 5.00 700.00 110.00 10.00 14.33
26 5.00 700.00 120.0 10.00 25.16
27 5.00 700.00 120.00 10.00 25.07
28 5.00 700.00 120.00 10.00 25.12
29 6.00 600.00 115.00 9.00 18.89
30 4.00 800.00 115.00 9.00 12.45
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Figure 3. Response surfaces diagram of the interaction of two factors

& 3. 7 E 232 B 1E F e R i &

Table 2. Regression coefficient test

2. EVARKIEK

J5 ZEHRVR F R A E By F1{ p 18 B
it 655.56 14 46.83 5.89 0.0008 *

AT I [A] 129.04 1 129.04 16.23 0.0011

B-fHi o 14.34 1 14.34 1.80 0.1993

C- IR 24.46 1 24.46 3.08 0.0999

D-ikHEE 73.05 1 73.05 9.19 0.0084

AB 19.49 1 19.16 241 0.1414

AC 1.68 1 1.68 0.21 0.6520

AD 27.90 1 27.90 3.51 0.0807

BC 9.81 1 9.81 123 0.2841

BD 4.46 1 4.46 0.56 0.4654

CD 4.15 1 4.15 0.52 0.4811

A? 102.47 1 102.47 12.88 0.0027

B’ 255.83 1 255.83 32.17 <0.0001

C? 59.70 1 59.70 7.51 0.0152

D’ 43.22 1 4322 5.44 0.0341
Bk 7= 119.29 15 7.95 - -

AT 119.23 10 11.92 1036.19 <0.0001 *

gl 0.058 5 0.012 - -
M 774.85 29 - - -
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Table 3. Reliability analysis of regression equation

= 3. mEABENTEES R

Febr ] 7 A
FrifE w22 2.82
SEIE 18.87
C.V.% 14.94
PRESS 686.85
W R 0.8461
W R 0.7024
T R 0.1136
FEE L 7.924

3.4. HERBRE AN

TENEN, MEFRA AR A (IR B I st =248 B iR FE[21], B RS A E 5 W EH
W, fEAEMRGETIEENEME[T]. EEHLT, VUEE B ESHRL T FERRES[22]. £
A H HIEE R SC%RIR, SC% = (1 — A FEAi/A XFHE) x 100%, i A B G 9 FE it e B e
BT RIBOGAE, A KRN AS RS S IR ALE = 0 AR BT 15].

FEMTERR DPPH FIE T H BHEREH

I 5 3 IE AN A SR B ) DPPHL B B8 IR VRAE 517 nm AbFIWREAE, IR 6 P38 {f et e KR P A
N 1.244, FRASIMEES S DPPH BHES VAU N 30 min &, 7F 517 nm ALIIAS&FE 5 BIOG B, AR
JE (A5l 6T DPPH & 7 (05 R a0 14 4(a) i~ . DPPH BHES FVEWIKEE N 0.0015 g/100 mL, %5 (AXFIE
W IEAE 0.4200 HIEITTAL, 10%HKEE (A5 % DPPH B T IITERRE N 7.4%, 50%FE kS it DPPH
BH S F B BN 55.47%, BEERGMIREERIIE S, X DPPH B & 7 IiE BR R B WL . vl WA i
X DPPH Bl & 7 IS ATE PEAR iRy o 0 P /K 28 S AR TR AL G /K 78 S 7808, Tl /K Z8 R Z8 18R 50%9K
FE [FRG h %F DPPH F1 5 F 135 FR 28 45.68%, &Gt /K7Z& S 8T8 50%K B2 1R i DPPH BH 251 % B
29 33.45% 0 B WLGYCHE AR LI 770 75 18 HH PR RS el BL e K 78 RO B AN A% G /K 78 R Z8 8% DPPH 1B 11
TERRFRE .

FEMER ABTS FHEF B HERR )

HICE ) ABTS PHE IS RAE 744 nm AHAS I KOG R A 1.095, 725 UM BRSO E{E Y 1.812,
ANTRIA FE RS IO ABTS FH ST A3 ok 26 RS v R 82 ) A8 AE 2R ] 4(0) BT o 1% BE RS Sl % ABTS
FHES 7B 3N 56.34%, S%IKIZRIFE N ABTS BH B TFHITEBRF AN 98.78%, AT WLAAR A B o i ot
ABTS FHEFHBEIERE. 17 HBEERMIRERSE S, % ABTS BHE T ISR R METiEmm. S
T K 28 AR R AIL e /K 28 SRR, TIOR8 2R TR TP 5% 2 (RAR I 0 ABTS FHES 1 HIIE FR % N 95.24%,
FRGUKZE SR S%IRIEIREIAT ABTS BHES F ISR EN 85.11%. AT WA IR ARV 75 25 18 Hh 0k
T EETOB K 28 SR TR A G /K 28 S 28 TBAT ABTS BHES T RIS BR R 2

3.5. S B E AR ST

i Agilent SUFIBCH] OO =Fh 5 SR BUITAS ARG T AT A 22 L o i, £ ZE R AL R L
4 Prom. HE 4 ATED, MR AV RO T R e MR RA S AR ARILIE IR IR K 2SRl
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LR 4%

IKEENRE . AR GUKZTBVESRAF IR P S R R R B ], A8 EREE 257 RSBV Rk & 18E
AR, A BRI HEE, A S RN 63.43%; HUURME, MHXTE RN 12.54%; a-FATH
BER) S R, XA RN 10.28%. TR /KZRMVEIRB kG, & R m ke mHmEE, A
BN 62.81%; HIERM, MY EEN12.23%; oA S 2R S, HMEERN 9.45%. E5KE
TR SRAT IR i b 8 B e v R A R I T, RELKT B B0 54.55% s LUK oA T B, A & 80N 19.87%:
Tl ) Er et s, MRS RN 10.22%.  HH T AEAR AR I R TR K Z8 TRVE RAS IR RS il R AN T AT e A 2
Bt i iR, BT DAY B 1 R SR S O . T TR A BE K R IR AR R I b, BRSO BT BRI

Table 4. Volatile compounds in C. longepaniculatum essential oil

T 4. IR RS AT

XA EE (%)

FE O Lemak O = |
RSBV B K R 8k WBOKZEE  ARGUKEME

1 a-MUAa A 46 CioHs 0.74 0.68 0.47
2 o- RN 5.5 CioHis 1.93 1.89 0.69
3 Bl 5.6 CioHus 0.35 027 0.11
4 Fx i 6.2 CioHis 12.54 12.23 10.22
5 a-7K I W 7.1 CioHis 0.56 0.45 0.24
6 a-FA T M 7.4 CioHis 0.83 0.73 0.13
7 Kz vt 7.8 CioH 10 63.43 62.81 54.55
8 iy 8.2 CioHs 1.57 1.24 0.04
9 o Siip e 8.6 CioHus 1.52 1.31 0.83
10 a- SR T 8.9 CioHis 0.86 0.71 0.59
11 Al 10.0 CioH;60 1.05 1.82 2.15
12 4-FA T B 10.9 CioH;50 1.04 3.44 6.67
13 a-Fa i B 11.4 CioH;50 10.28 9.45 19.87
14 Wil 16.4 CisHaq 0.19 0.15 0.02
15 B-UE 5 N 16.6 CisHas 0.4 0.3 -
16 BME N 16.8 CysHaq 0.35 0.27 -
17 S 18.0 CisHas 0.3 0.22 0.14
18 a-H R 18.4 CisHa 0.11 0.41 0.95
19 B-E R 19.0 CysHaq 0.26 0.17 0.08
20 e 193 CisHas 0.92 0.72 0.16
21 a- XL 19.4 C1sHaq 0.16 0.09 -
22 Hilks 19.7 CisHas 0.09 0.05 0.03
23 o-VEJR M 20.5 CisHas 0.39 0.28 0.07
24 9,10-Mi A T B ) 20.8 CysHx 0.09 0.07 0.05

A (%) 99.96 99.76 98.06

e 7 BRI
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Figure 4. Free radical scavenging ratio of essential oil. (a) DPPH anion free radical scavenging ratio of essential oil with
different concentration; (b) ABTS cation free radical scavenging ratio of essential oil with different concentration

4. BREBERDMRER. () FEIRE IS BT DPPH [AEFBEHBREMNBRE; (b) TRIKERFE R ABTS
PHES T B REMBRER

4. g

AR5 R AR A V8 70 i i B 2 R SR U AR T, FEAE /K Z8 SRR IMA K A 1 e &k
RGN 1,4- T i 20 BRI LA Vs 771, Sl aed i e IR L v 700 ) SR A AR A S IR S5 1,4-T R BE /R EE N
1:5, RILIEVE RIS KRRy 5:5, i B PR 22 e A e 32 T AR VARG T s BRI R S 50
R TE] 20 min, FAIEIIE 700 W, HAEIRE 120°C, ] 20 min, HAERNRELHN 1:10. FrisimsE
FrMZEIE N 25.0 mL/Kg, ERFERITBERBIZERORAT T, /KA AR ZE IR E N 21.3 mL/Kg.
DOKT &4 N 1IN /)-8 AN 673 8% B SN & e il AT TN e s i S E v e e A EI N2 o 0 e V€l
A3 SR8 B 1) 55 e Th 2 B e (128 HAE FH - R GC-MS X kg 1 (1 5 20 53047 90 A, Rt K 28 <7818
TR K ZEVR ARG T oy, 1980 =P 7 VESRARE R AR R R AN ) AR ARV TR e /K 28 1823k
Bk, SERECAMHHEE, MRS EN 63.43%; HUUEAH, MXTEEN 12.54%; a-FATHEE
Ve EEE, MXTE RN 10.28%. U KZTEESAF IR, s i R, R
H62.81%; HUGERME, XS ERN 12.23%: o-IAMBER & &0, XN EEN 9.45%. E9KZERE
RARAT BRI, R A A R T, ARG R 54.55%: LRI oA THEE, AHXT S RN 19.87%:
ER S RS, M-S EN 10.22%. /£ DPPH P21 ABTS BH & 7 H HIEEREK, 50%IKE K
it DPPH BB FIERRZN 55.47%, SY%kFERIFE X ABTS [HEFIEFRZE N 98.78%. T UL, A
WA E R AR TERR 2, HXT ABTS HIIERREE 1IZ T DPPH. (SR SLIEVA 77 Z8 10T ABTS
H DPPH 1937 b 26 1 Tl i /K 28 VR 28 A% GL K 28 VR 7518

B W

1 3 BT AR B ARk R 2 K22 A2 G0 B I 2k (CL20180 ) i H , AR Ib Rk K= W —m#E W A 3 &
(YQ2015-02)F1 IwyT 4 19+ J5 )5 31 4:(LBH-Q16001) ¥ 5% B .
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