5540 5511 w = it £ 5 I W Vol. 40 No. 1

2020 42 f Chemistry and Industry of Forest Products Feb. 2020

doi:10.3969/j. issn. 0253-2417.2020. 01. 012
ER AT AR AR ST T R LR EER R

FER FERR koot

(L. FAHLRF LF TR, LA dR 210037; 2. m kb K5 T Bkl
F R % 2 e TA) A BB P s T R 210037)

W OE. R A G- R AT R B AL S A AR R et oM i 4 R AT AT, I 4 FR AR e AR i 6
A %5 % A DPPH ABTS FRAP i Akt vt dh ib 64 4k S B AL E B AT 3RO, SH e A T A £ £
LI Jiaxin # A (BHA) AE A A bt B AR 024 RE U 4 AP R RS eb My il 2o A0 o 46 FF £ 2405 R4, &
AR R A 35 A RS, £ R AR IEAREE Ay 29. 48% ; S AE T A kA sk 33 AR S, B RS AR AR
A 71.91% ; FaAE et b i A B 33 FhAL 2 s 5, £ 2 AE TG A 46. 28% 5 il AE e bk il b 3h 46 R 33 AL R, B R
21,84t & 4 30.31% , 4 FrAEstet kb 34 B — & eh R BALE M L &4 b ik B 38 m 3L AL AR A3 5% (2 it
AALEE A 3AKT BHA, R4, JaAEetHibed DPPH A B A ARG A R F' BRI RIB, S R BREH 8 o/L 0, A%
vhHd 69 DPPH B WA AR % 4 30.34% +1.25% ,FRAP A8 % (1.44 £0. 13) mmol/L; M 54 et id 69 ABTS B w2 Ak
Bl RIR, B A BREA 8 o/L B, ATk eg ABTS A A FTR %A 14.93% +£2.32% ,
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Components and Antioxidant Activity of Camphor Leaves Essential Oil
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Abstract: Four different chemical types of camphor leaves essential oils were extracted by steam distillation and analyzed by gas
chromatography-mass spectrometry to compare their compositional differences . The antioxidant activity of camphora leaves essential
oil was evaluated by DPPH, ABTS and FRAP, and butylated hydroxyl anisole (BHA) was used as positive control. The results
showed that 46 kinds of main chemical components were detected in four chemical types of camphor oils. Among them, 35 kinds of
chemical components were detected in the isonerolidol type oil, and the main component was isonerolidol, which was 29.48% . A
total of 33 chemical components were detected in linalool type oil, and the main component was linalool, which was 71.91%. A
total of 33 chemical components were detected in camphor type oil, and the main component was camphor, which was 46.28% . A
total of 33 chemical components were detected in cineol type oil, and the main components was 1,8-cineole, which was 30.31%.
The four chemical types of camphora oils all exhibited a certain scavenging effects on DPPH radical, ABTS radical and reducing
power in a concentration-dependent manner. But their antioxidant capacity was lower than BHA. Among them, camphor type oil
exhibited the strongest of DPPH and scavenging ability and Fe’* reducing power. When the concentration was 8 g/L, the DPPH
radical scavenging rate of camphor type oil was 30.34% +1.25% , FRAP value was (1.44 £0.13) mmol/L. isonerolidol type oil
showed the strongest ABTS radical scavenging ability. When the concentration was 8 g/L, the ABTS radical scavenging rate of
isonerolidol type oil was 14.93% +2.32%.
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PRI AT B S A | 1, 8- N SRR AR AR I S R RAR L LA 5
7 ANGK R A MO B2 TR AT Rl PRI T B E0RE, Bedh A ik n] A B, FL i
SR AR R R b T SRR, PR 43 A i (B AR ) SRR (5 RREE) |
TR (RN R ) S0 (- REAE AU ) RV (A7 e ) 55 5 FLi2e il AR RAE A AR AR R e
HygerrE B s, B AR RS DR ISR, 2R i Al s A e R 1T g i — R 5]
PN, WVRRAE DRI AR 2R THESERS O AR AIIAE ) DR, 3B X AR A 1 R 00T B, BB
AL BN FE R E R PR AERNMAREE I BRI E I . R TR | BR2 SESUR 2 A it Al
FL 0 Ve | TIFEFEHFRE(BHA) MR TRRNER (PG) %1 . X4 & ot SIS — & 1Y 55 AIAE
I, 233 sl 22 s/ R A IR, 7T R 2%t B A et A 357 . IEAE R, BRI TR I
fRERE AN . 2 POBOR M A ASGTE , AT A B S sk 0 IR AR B T AL R R AU & MU B4
AR Ye Ak AR A ORI S & A o 2R T AU T MRSy DRI i R Y
PrIEORHN A H AT IR ERT, X TR A2 SRR AR T ) 14343 HT B Bt 4 A e T
WFFEAR D BT, AWFFER ] GC-MS X Sfi it s RS54 4 MR KRG 19 1 2 20 altt 47 70
IFTFE IR I 22 S AR IR AT A | U D AR By 8 s 20 o 9 T 4 ) PR BEERE AR

1 bR i

1.1 FERENE

BRI R T 2019 4F 2 H R A m ML R AR Bl AR 43 4 E 4 FR R (5 R AR 5
REFNMAR ) | FHARRT B, & H

TRACE 1300-1SQ %I AH- 1% 5¢ FX ( 3% [ Thermo Fisher Scientific 23 &) ; TU-1900 XU 48 4 Af
LA E T (AR b @ AL A R T A A |
1.2 EMEHARN

I3 HIFREL 100 g 2By HERY 4 FhAER iE A 25 A 1 000 mL DY RS, 280K BRI L 1 : 8
(gimL) , /KZERZEME 5 h, FRRHUE FH QAR 5y B 1 20K, BT 4 C FRER .
1.3 GC-MS ##7

ORESAT (4 3% 4 DB-SMS; %)% 68 °C, LA 15 °C/min JHE & 150 °C, A5 5 C/min FHiRE
200 °C,FFLA 15 °C/min FHEZE 280 °C, JEFE DR EE N 250 °C . FID #5000 2576 & 280 °C ;0. 1 wL #EFE
HARENER, SRR — TR0 2 45 T2 4 B AR o A R

JF i 4 . BT B TR 250 °C, PUZLHT 150 °C 5 FABHE 70eV 5 L FRAIMAE HUE 1 347 V, R Y
Fil 45 ~450 u,
1.4 EMEHRENEENE
1.4.1 DPPH g wiki#Fmkae Amle DPPH A H%E(DPPH- ) fEAMUAFI A NFAE  IE T OB 50 1E
517 nm BHEA BRI, M) DPPH % H AT A AL IS, DPPH ) 5Ll F 9 L X, #F 517 nm &b A IS
JEREAS /N B AR, Lo B W BN A BT S8R0 % DPPH - (35 BRBE Syl ) 0 BRIk, vl 3 st )
FERAEFE 517 nm &b BT B (B R ot A AL fg

FREL 3. 94 mg(0.01 mmol) DPPH , HIJE/K LB , BL il i 0. 1 mmol/L 1) DPPH L BEHS I, A7 T
PRI, TR . ¥ 4 P Abf SRR RS TIRE 5 20 BV T 0K Z b T o o Ik
JE70.5.1.0.2.0.4.0 F18.0 g/L FAGTHEEIE . 43 0l BUAS [m] JoT V4 B RS VA 2 mL, A 2 mL L&
) DPPH ¥, $2 2505 , B THEAL S0 30 min, I HAE P 517 nm AEBYROCEEAE ,idh A, s H 2 mL JE
K AR RE SR E %o BRZH I HAE DR K 517 nm AE ARG REE 10K A, BEHTE R 3 R, BUEH
{8, 4% LA T A543 DPPH - W5 FR %

y = (A, —A,)/A, x 100%

KA, y—DPPH H FHIETHFRE, % ; A,— A DPPH FAE MR OCEE(E ; A,— A DPPH Ay TC/K £, 1
W
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1.4.2 ABTS g Wk Frrse Aml 2 BLEF ABTS RS SBat @, ) Hh in A$t &L 75, ABTS H i
Fe(-ABTS ) B 7= A 23] i 7 R R Wi 1 734 nm A2 0045 149 82 ' B {1 Bt 480 Ak 79 4Lk e iy 4 i
g/ N T R A PR A R

A3 HIERE 7 mmol/L () ABTS AW 5 2. 45 mmol/L i BB IA T , BC i I VS IR Y A e 101
RE A Z e N, & TR 12 ~ 16 h TR - ABTS * ¥ W, bl J5 FH JC /K  Bf B 2 HAe P K
734 nm ARFYI AR R 0.70 £0.02, 43l 0.2 mL REKE N 0.5.1.0.2.0 4.0 F1 8.0 ¢/L HIKG M
WT 5 mL BELE T INA 3.8 mL- ABTS "I, #2505 T2 IR N ACE 10 min, W@ HAEP K 734 nm At
MW GREAE, IC A A s R RRZEH 0. 2 mL Jo/K SEEARERG A, D HAE K 734 nm AR RO EEAEC
KA, FHER 3R BCEE, T ARITE ABTS H AR

y = (A= A")/ A"y x 100%

. y—ABTS A HIEEHERR, % ; A'—NA - ABTS * BRSO ; A)—A - ABTS * (907K
CBEW IR,
1.4.3 FRAAMARAME  FRAP & LUE LIS IR B ok iy, FERRYE S5 F T, Fe' T 5 = mE Ik — ik
(TPTZ) BB G (Fe’ T -TPTZ) , M ASUAALTIET T W & G Pk 5o — A gkim A8 i, B
FE H A R E 1 593 nm AR AW G RE(E /NS0 DRI, AT DORE e vk 78 A T B A BT R AL R T
— B, KA PR BE JT L FRAP {55718 : 1FRAP = 1 mmol/L FeSO, , BIRE b 13 S AL fiE 1 4
T FeSO, FUHEE

53 BN [R) JoT B VR BE 1) FeSO, A 0. 1 mL, %A 2.9 mL TPTZ TAE#,37 °C FRAL10 min, Ul E
HAEWA ] 593 nm AEARIROCEE . DA AL TR, FeSO, BTt v A R AR FRs il bRt 2k, th &7 2
Y =0.350 2 +0.906 6X,R* =0.994 9,

B0 2 mL FREWEHN0.5.1.0.2.0.4.0 A 8.0 g/LAKE AR T 5 mL .08 %, A
3.8 mL TPTZ TAE# (0.3 mol/L BERRERZE M ,10 mmol/L TPTZ ¥ ,20 mmol/L FeCL W LA V( BlH2
R V(TPTZ Y ) : V(FeCLIAER) =10:1:1 384, BUHPLAL) ,37 °C F I 10 min, il G HAE I
K H593 nm AL, RAERE 3 R BCOFE, il FeSO, brifEZR, 7 515 2 4 oA [F] {2525 7
FEA IR M FRAP A,

2 R 55

2.1 ERHEHESHTER
K GC-MS XA Al 7 BB MR il A~ AT 38T, GC-MS 2387 B 7 U (i TR LI 1

a b
ST T | . [.AIA ) \ L l“l:l Ju ul L. AI” s
0 5 10 15 20 0 5 10 15 20
I [8] /min I (8] /min
c d
L . lllul l\ | . I ||‘ IJJL L . ]\A‘»\ ‘U‘\ L ‘\,‘].‘L 1 l ‘\\\
0 5 10 15 20 0 5 10 15 20
A ] /min It E] /min

a. 5 linalool; b. fififs camphor; c. 54 isonerolidol; d. JH## cineol
1 FEERMHEHE GC-MS BB FiRE

Fig 1 Total ion flow diagram of camphor leaves essential oil
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Table 1 Chemical groups of different camphor leaves essential oil

GC & & GC content/%

T &Y Z K PR B[]/ min
No. compounds name retention time it e S A
linalool camphor isonerolidol cineol
1 4-F 32 4-methyl-2-pentanone 3.80 0.70 — — —
2 1ECL# hexanal 4.58 0.05 0.05 0.10 0.04
3 " TAMAEE diacetone alcohol 5.21 0.05 0.05 — 0.03
4 JRA3-TMi-1-B cis-3-hexen-1 -0l 5.43 0.36 0.36 — 0.14
5 B Teaf alcohol 5.44 — — 0.23 —
6 a-JEH a-pinene 6.68 1.11 7.19 2.34 6.09
7 HJfs camphene 6.95 0.59 4.07 1.30 0.36
8 7/ sabinene 7.34 0.35 1.29 0.15 15.52
9  B-URMs B-pinene 7.43 0.43 2.26 1.15 4.33
10 A#EM myrcene 7.57 0.29 2.59 0.64 1.88
11 JKA% a-phellandrene 7.88 — 0.62 0.58 0.08
12 XAERE p-cymene 8.26 — — — 0.14
13 (+)-#BHMi( +)-dipentene 8.33 — 5.18 0.77 —
14 1,843 ZE 1,8-cineole 8.40 1.48 4.61 0.63 30.31
15 P a-ocimene 8.62 0.37 0.10 0.21 0.15
16 FA¥H/E a-terpinene 8.89 0.08 0.35 — 1.65
by a5 RS- A k2 o 16 070 B B B
cis-a, o, 5-trimethyl-5 -vinyltetrahydrofuran-2-methanol
18 il il terpinolene 9.49 — 0.52 — 1.45
19 J7HEE linalool 9.70 71.91 3.04 10.97 1.42
20 3--2-FE 3-octen-2-ol 10.72 4.22 — — —
21 1Ml camphor 10.81 — 46.28 2.80 5.57
22 S5#Julii isoborneol 11.21 0.16 0.96 0.23 1.28
23 (—)-4- §i () -terpinen-4-ol 11.44 0.22 0.98 0.11 3.43
24 a-FATHEE a-terpineol 11.72 0.60 1.25 0.70 11.27
25  (R)3,7-"HH-6-2EMEE(R) -( + ) -B-citronellol 12.44 — — 0.55 —
26 ZEBELIRVKF TR L-bornyl acetate 13.86 0.40 1.67 — 0.06
27 (-)-a-BEWTIE (—) -a-cubebene 15.39 0.12 — — —
28 B-I 554 B-bourbonene 16.26 — 0.14 0.15 —
29 B-HiF i B-elemene 16.33 0.38 0.51 0.30 0.81
30 A H caryophyllene 16.90 2.79 2.55 5.48 2.46
31 ( +)-F1BH( + ) -aromandendrene 17.21 0.19 0.19 0.44 0.12
32 a-FR B a-caryophyllene 17.26 0.69 3.48 2.22 0.82
33 F# s aromadendrene 17.53 0.05 0.05 0.11 0.03
34 T T -4 germacrene D 17.79 0.73 1.82 2.32 1.26
35  B-EMIE B-selinene 17.87 1.30 0.18 0.15 2.16
36 L% bicyclogermacrene 17.99 4.24 4.07 6.49 3.53
37 FARM cadinene 18.26 0.17 0.22 0.25 0.20
38 KM salicylic acid 18.49 — — 0.15 —
39 HIEBE elemol 18.58 — — — 0.28
40 B ALAEE isonerolidol 18.67 1.01 — 29.48 —
41 FEIMETE spathulenol 18.93 1.17 0.42 11.42 0.22
42 HF1E caryophyllene oxide 19.00 0.49 0.20 0.25 0.18
43 HEALIEMKSA humulene epoxide 19.25 0.07 0.08 0.68 0.03
44 FEMEE(-) -globulol 19.59 — — 0.41 —
45 SHFEIEIEALY) isoaromadendrene epoxide 19. 64 — — 0.73 —
46 i 3,3 ,6-trimethylhepta-1,5-dien-4-one 20.11 — — 9.70 —
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F 1 RIASFREA HRE T 1 GC-MS 2 AT 45 3L 4 R RS RS Tt 46 Fh 2 24k~ mi oy, Hop 4t
A FEZAZE A 24 Bl ALFEBE SIS 15 Fh BESE 5 B, JiAh, A 10 RSy HAE 2 Ao il b g s il
B A 12 Fdisr BRAE 1 Rk i ks 2],

FTRERE I LS e 33 Rk A, BB RTEYI R 97. 47% , Horb iE RS 17 FP(13.88% ),
2 10 P (80.40% ) AF I B R ISR (71.91% ) A4+ )UK (4. 24% ) 3-F 45215 (4. 22% ) %5
Ji s ok i b S 33 MBS, R R MY 97.33% o 2 20 Fl(37.38% )  BES 8
Pl (53.34% ) K0 £ B AL AR (46.28% ) \a-TR M (7.19% ) (( + ) -F7HEH (5. 18% ) 3 S5 RE 4 i
HdbseE Y 35 Rk S, O RIE R YEY TR0 94, 19% , Hovh WG M 25 18 Fh (25. 05% ), BE2 10 F
(56.90% ) , K& it = 2 G o3 oy S 46 AL RUIE (29. 48% ) K M 445 B (11, 429% ) \ 5 W I (10. 97% ) | 5 il
(9.70% ) , HorbE5 T by S A5 R Tl R UA (4 8, EL A T e i 5 TR RS vl R R M 33 Rk A,
H SR VEYI Y 97.30% il fa2E 18 T (42.9% ) 225 9 Fi(23. 64% ) Rl FZ M4 .1, 8-4%
M2 (30.31% ) Fks (15.52% ) o AR (11.27% ) -85 (6. 09% ) , Forh kIS Fl - TR A
UL T LRI, AT UL, SR R v b B 21 1) 32 B4 i PP 2 B 22 D5 R G il R
Yo B i dc e, TR RS T w2 B e e
2.2 ERMEENRELEE
2.2.1 DPPH A W FRAEA 4 FEHIRE MY DPPH B 535 BRAE 1 LB W% 2 s 4 Rk
DPPH H H LW BRiE 138 S 2 90 IE ARG G &R

=2 A REER#SHA DPPH-F0-ABTS * iS5 BE
Table 2 Ability of four essential oils on scavenging DPPH and ABTS free radical

Ui B/ (g L") DPPH - {5 B3/ % -ABTS * iR %/ %
kinds concentration DPPH - scavenging rate +ABTS * scavenging rate
0.5 0.27 3.79
1.0 3.36 4.35
F5# linalool 2.0 4.03 5.44
4.0 12.48 6.69
8.0 23.09 9.49
0.5 0.40 3.92
1.0 2.82 4.67
Jiki#% camphor 2.0 11.68 5.44
4.0 18.79 7.86
8.0 30.34 14.15
0.5 2.15 3.68
1.0 2.42 5.29
4% isonerolidol 2.0 3.36 7.00
4.0 9.53 9.43
8.0 16.24 14.93
0.5 1.61 3.20
1.0 3.09 4.04
IHA% cineol 2.0 5.23 4.82
4.0 17.05 5.29
8.0 19.87 7.15
0.5 75.34 21.22
1.0 81.20 31.26
BHA 2.0 83.09 58.95
4.0 84.29 90.02

8.0 85.44 96.31
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MR EAE T LA 4 B kG i AR A — 2 0 DPPH H i S5 BRAE 11, JF LI 25 RS il o 2k
FERUEG I A A DPPH H H BRIE BR R WG N, 4 Fokiulieh, B itkG ol i) DPPH H i SR 1E BR AE ) 5
Y BTE R R 8 o/ L B, IRERRS T Y DPPH [ H ZEIE BRI 2] 30. 34% +1.25% 5 H5 1 T B vk &
H70.5 ~4 o/L I, 4 FokE g Bk DPPH [ H & 88 1 K/ A < B % A5 T > I s iR 5 > 55+
K > SRR I (0 YD B VR R 8 o/ L B MRS IMIE Bk DPPH [t 3L R 1A T 05 Rk T
BHA 7EEAR TR E (1 ¢/L) T A B ETEBR A 81.20% +0.75% , W R 4F TR
2.2.2 ABTS A WA F kst s 4 PRSI ABTS [ 3L (- ABTS * ) WG B RE IR W3 2, th Bl
AT 4 FIRE AT - ABTS * W BRBE 134 S5V 2 I IEAHOCHI G R

INEHE AT DL H 4 R ORI AR B — E 1Y - ABTS " JEBRAE 1, 1 L Bt 25645 T v B (R 186 00, 4 3
() ABTS * B BRR B W8N, 4 Fokiimh SRS A - ABTS * 15 BRAE 1 e, MWk g R 8 o/ L I,
SEREMRE T AY - ABTS " {5 BR2IAF] 14.93% +2.32% , 4 FPEEA MRG0 BR - ABTS * 81074 . At
KT > IR I > F5EEAE 0 > ARG, EAh B R T 3G N, SR A Sl A RS Y
(1)« ABTS * 375 b 38 1 5l J32 O 58 G 5 R A i AL S A 9l X+ ABTS * ,BHA 7E 4 o/L BRI T,
H HEEBREE N 90.02% +£0.06% ,AH[ERREE T , Sl iIE BR38 9.43% £0.43% .,

2.2.3 EHREAAL S (FRAP) HHE FeSO,AREIZE (K 1) 155 4 FhRaf -8 bt AL BE 11 5K h ik
JEXRZRWNE 2 Fis
L2 HRT LA 4 PP ok v 34 B —E 1 sr

Fe’* IBJERE ST I H., BEE G I BE RIS I, X Fe’* A58
JERE WA IN . 4 FiREIh D IRE G Fe' iR IRAET T
FAXTECE , RAEMRE N 4 o/ LI Fe’ SR IHRE IR T3¢ - 5|

FEREIH , 250 R 8 o/ L i), FRAP {HiAH](1.44 £0.13)
mmol/L, KILH B uk Y HT B AL BE T, YHGh R 0.5 ~
4 g/L I}, SRR MY FRAP {85 IR K 3 i) FRAP
HAHE ; 2450 8 o/L B, S A% A5 Y FRAP {H K
(1.18 0. 11) mmol/L, th B4 338 I HT A AL BE 71, G > - 3 :
R A I 5 95 B AR T A FRAP (B AT | 240K5 o 2 vk A/ - L)
RN 8 o/L i ,FRAP {E%%Uj’? (0.51 +0.31) mmol/L F —l—%*ﬁlinalool;;.—Mﬁécamphor; —a—Jiifcineol;
(0-52.20.24) mmal/ L SURILRE IR, B4R g, (T CLC s
},%EYEH Ejﬂ/ﬁ{hﬁgﬁ}m?ﬁ : HMI*$HT%YEE > j@rﬂg ﬂf)}dﬁ:‘(m > Fig.2 Fe** reduction ability of four essential oils
7 R RS T/ TR RS T

5 BHA L 4 FIASFEZE ARG T 25 G DU A A 2N 40 BHA {EAEPIRS T KR Y T, HLA 4
6, IE IR BB T LA G T AR G FH A

BT, AR AT T RO T O A E IO AT 58 30 AR i i b b s e 2 S A E 1Y
P2 Kl 2 A 50 iR RS St P B L R S A B 2K (R A s A, R B
RAFABTEARTEYE . B TR RS T b A2 il 20 R 2, DR e A/ LA A R e — 2D A 5T

3 458

3.1 RJH GC-MS F3H7 % 28 R A Tl o0 4 FRmy ks i LA It 46 Fh =2 Ak 22 oy, i S o 3
TR, FFERMAE I L% 33 Ak AW, 5 BAE R MY R 97. 47% |, Hod | S A5 R RN
71.91% W42 17 PP (13.88% ) , B2 10 Fh (80. 40% ) 5 i oK yh vh A e 2 1 33 Fhib &4, o5 B%E
RAEWIF) 97.33% , Horh | T B AR K Ky 46. 28% |, ks 20 Ff(37.38% ) , 525 8 Fh(53.34% ) ; 5+
R RGP LS 35 LA, 5 EIE R TED Y 94.19% , Hoh | EZ N0 S AL AU EE A 29. 48%
725 18 F1(25.05% ), FE25 10 F1(56.90% ) ; IR R I b AL S 58 ) 33 AL &4, o B R M

o +~

FRAP{E/(mmol - L)
[\S)

\
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19 97.30% ,Hrp | FE KA 1,8- KM ZE R 30.31% , TEME25 18 F(42.9% ) [ 9 F#1(23.64% )
3.2 4 FPEERIERETIXT DPPH H B 2L ABTS [ B AR BRE 1 M ST E AR T 25 R R W .4 PP i
VIEA — @ BT EALRE T, H KGR BE i3 n , b stk e oo, b iR RS vk 9 DPPH A
FLVERRAE S I ke’ T iR JERE J) ek, Y s R O 8 o/ L B, B A RS Il A DPPH H 3L BR RN
30.34% +1.25% ,FRAP {H 5 (1.44 +0. 13) mmol/L; i A& MKE M AY ABTS [ Hi JE 75 BREE 1 fcil , 24
AN 8 o/L i, SIS A ABTS [ HI BEHEBR N 14.93% +£2.32%

S % 3Lk
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