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Abstract; In order to comprehensively analyze the essential oil components, antioxidant and antibacterial activities of
the whole plant of Citrus aurantium var. amara, the essential oils from leaves, flowers and young fruits were extracted

respectively by steam distillation (SD) and their chemical compositions were identified by GC-MS. Moreover, their
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antioxidant and antibacterial activities were evaluated and compared using in vitro methods. The results were as follows
(1) A total of 94 volatile components were isolated and identified from the essential oils of leaves, flowers and young
fruits, there were some differences between three parts, of which 13 were common components. A total of 34 components
were identified from leaves, and the major compounds were linalool (30.51%) and a-terpineol (14.78%) ; a total of 32
components were identified from flowers, the main components were linalool (57.59%) and d-limonene (16.15%) ; a
total of 69 components were identified from young fruits, mainly containing d-limonene (25.55%) and y-terpene
(10.48%). (2) The essential oils from different parts showed different antioxidant activities. The ICy, values of essential
oils from young fruits, leaves and flowers to ABTS free radicals were 2.6, 5.1 and 8.2 mg - mL™, respectively, and the
IC., values to DPPH free radicals were 2.7, 4.3 and 5.0 mg - mL™" | respectively. The antioxidant activity of young fruits
was better than that of leaves and flowers. (3) The essential oil from young fruits showed certain antibacterial activity
against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa, which was better than the leaves and

flowers. The results can provide a theoretical basis for the extraction and utilization of the essential oils from different

43 %

parts of Citrus aurantium var. amara.
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A& ( Citrus aurantium var. amara) N 72 7% £F
( Rutaceae ) HHA% J& & 2847 J /N K, R RS ( Citrus
aurantium ) W — ARG LT 72 B T EA YL
DL M X (B AN S 2016) , VE R 25 s 51
FCH— A EOR I, w8 B I AT A
MK BOH AR AR B 2 sk, BT R
v BT T A ECRE | il g AR 2 B A 22 M e
BIIEYT (Suntar et al., 2018; H—FF4¢ 2019) , %=
T RHE Y & A 45 A, EE R WIS O
G 7R N A RS W (o Ak
B ,2005 ; PRI HE R A AR HE, 2006) | T w48 4 K T
TS A BRI AR | PR D AR | - TR
FEAERE 3-8 45 AT (Ali et al., 2015) , HAT HeAil
(RS 22 AR IR T T A AT A DR AR AT A, 32 I ]
TR AR % 7T (Stohs, 2017) , £ 3 A
5 ) i A RN A O ] 3 P23 (FEMA) 19 &
FHA R 5% [R] Il 2 5 R0 el ) T A
WY WA RVFE AR, O E R, i
P2 IR B B A R SR 07 O B9 B AR I (LA
Neroli) , # FDA 1A %€ & GRAS ( generally regarded
as safe) 7RI 2R JEHT BT /R S IG5 B IR
Lo V5 1 A5 b e P O 5% ik 22 TP 0 AR L R 28 4
JiE ( Haj Ammar et al., 2012;Choi et al., 2014)

Y GE IR TE R IR T 0 4 B (AR (25
MR RS BT SO Y etk R AR, A D
WFFEE I i O T 2 HIAE W 0% A 24 T BB A7 5l 42 bk
0 L B 43 RN 22 7, DA SIS IR A 4 1T R
HI AR & AE ) SR S 7R A R B 1Y R 2 A KA Kl

%, B U EAT MR 5 R, T2
BT 57 B I6 9T 6 A T Akt o i A% S 4 sk
(B2 ,2011) , SR, 25 R 245 FH A A7 32 28 2 LR A
YIS, O A W58 X w48 ik AR 34 & T R oy
PEAT T 08T, R4 T o R R e T M b A (R H
A R 4 R Ay B 2 AE T B i R AR AR T
i AN WA T4 4y SRR SRy 4 DR i 4 B} o
QR 31y B o 11 P A0 e o L 7/ S i S = A
TR, N B B L5 AT R o BB, A
WFGE R FH 7K 78 28 18 1% 43 3 o) 6 ik 6 I HL4))
TR AT SR, 0 GC-MS 43 B Ho Ak 2
B4 ;A DPPH ¥EFT ABTS ¥ % 1545 A ] 345 457 5
5 I BT A T M R AT BF 5T, I 0 L R 9 v
TFVEAY, DA R 6 B L&) B v 2 0 vl 1 42
5 ) SR S R

1 #HEF®

1.1 ##F0R 7

BPEY A 260090 K I WV 1 T
AN NG RPN 7 N TR/ O S o e S B K = N Ve o
T B B2 Y8 TR ( Citrus aurantium var. amara)
U1 ARSI P S

. ABTS (4 ¥ = 98%) . DPPH (4 &
99% ) BHT( 4LJE } 99% ) #J H Sigma-Aldrich 2%
Al BRI A BCER R Ak 27 iR A R 2 | 5 Tk
BN R T PR AL A RS
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Aglient7890B-5977B 1 AH 233 — 5 33 1 FH AX
(EHEZHEAE A F) ; UV-PCI800 4 4h — 1] Il 73
HOGEE T ( B S AR 2= AU 8 A BR A F] )  DLSB-
5L/30 Gl v& 2008 25 22 (IL T T AR A AT PR 58
B2 d]) 3 BT224S B 730 B KA (A6 5T Satorius
FABRS 7)) 3 KQ-500DE %45 8 75 I 185 vk 7%
(R A s A RAE) .
1.3 Fik
1.3.1 &4 R B BF 4L 48 & i 09 32 B
13011 A 44 Ay A R L AR R 2020 4F ¢
] 245 L) U D) 2204 45 & Jih 0 5 ok B2 B 4
MHERIM(L.0) . BT HE R 80 ¢ T 1 000 mL
BB A, Fe R L 1 10(g - mL™) JiILA 800
mL ZEARK, BT L b AR A i S PR S
h, A3 s R Y, B 25 1S 0.780 2 ¢ 4%
KM, ESLHRILS WA 15 B0 R i R T R
3.804 g, B E, T 4 CUKFE b G IRAE, 75 & I R
WHEEE R 0.95%
1.3.1.2 SR AL R i 2 BUER 12 9516 4K 280
g 71 000 mL [BJiE B b, #2BH L 12 3 (g -
mL ) JA 840 mL ZE 4 /K, 4% 1.3.1.17 )y k41
B R AEFE M (F.O) [ ESLAR I 4 IR, R A S
AR TR AR R A A 3.056 ¢, B, BT 4 C
DRKAE v e DR A, 37 18 A6 4 T PR AR IR
0.27%.
1.3.1.3 Wi g R4 A HREL BT B i 4l 2R
A 200 ¢ T 1 000 mL B JRFER , #RHR L 1
4(g - mL") A 800 mL Z&IH/K ,#%“1.3.1.1" )y
AR B A R AR 2 (YF.O) | #2232l 4 K15
B ERY) R HE IS 2.708 ¢ wiiE 4 RAE
KM AL, # B, T 4 C VKA TR IR AT,
YRR SO PRI B HE N 0.34%
1.3.2 GC-MS 2 #7 &4
1.3.2.1 GC Z&MF A AMHAIE &M HP-5MS A 95 E
HFE (30 m % 0.25 mm X 0.25 pm) ; FEIR 45 ~200
°C,45 C 44 3 min, 20 C - min” FHR Z 200 C,
245 10 min; R E N 1.2 mL - min™ ; JEEE IR B
9250 °C;FERTIE 9.466 7 psi, HEFERE 1 pL; A2
DR - AR =R kA R
1.3.2.2 MS &AM Bl 26k i )y X EL; W 1 RE
i 70 eV BRI 2R 250 °C 5 B F IR 230 °C;
DU AT EE 150 °C ; itz J Fl 50~ 550 amu,

1.3.3 RSN B E AT T

1.3.3.1 ABTS H H WG BREGME R fLEE
BEAE (2021) 515 MG B PRI 6.62 mg K,S,0, T
10 mL AR 28 B, 2R KR It e 5 2 20
AR 1S 2.45 mmol - L' K,S, 0,8, 5K
HHRE 38.41 mg ABTS T 10 mL i (aw E,
HZERKE It e B EZ 2% 215 7 mmol -
L' ABTS i, # LA PR W 1 1 AREUR
BREARR 25 mLAFAS R D, & T 5 AL N
13 h J&, HIC/K & BEM B 2 HAE 734 nm Kb WOE
JE40.70£0.02, 7EHFEXE T IMA 1 mL A
WP I S WA S mL ABTS T AR, 4 e
B2 JETZEIE T RGN 6 min J5TF 734 nm 4b
DU S RO BE (A, 5 TG K & AR B A il 5 TR
e b R T I ) BRI RO G (A,) s FHTEOK
AR ABTS TAEW L 1R Iy vk e 25 ok
JE(A,) ; LA BHT N BHPEXT B S4T30 58 3 v B
BE =X (1) 58,

A,
ABTS H HIEETERF (%)= (1- lA ©) 100

(1)
1.3.3.2 DPPH H HEEBRR MM E R4 e L
25(2021) 7L RS B FREL DPPH AR5 4 mg T
50 mL A# AR, FH 0K ZBER R IF 2 X 2 2
B A E155] 0.2 mmol - L' DPPH B, & T 0K
R AR A7, MERA I B DPPH £ 10 mL T
100 mL BR 25w, K O BERf BT 2 45, 4%
51545 %) 0.02 mmol - L' DPPH TAEW, 7£ 5
FERAE P R RO AR [R) VR JE 1 4 I £ T T T
2.0 mL il DPPH TAEW# 4.0 mL, IR EIR2), T 54k
JZJ%E 30 min J5AE 517 nm AN GERE S IROETE (A,) 5
FHTEK & B AR B it VA W 4 38 D ol o HEL
W IERE (A,) s HIEK L BEARER ABTS TAEW %
IR TTEDE ZS OB (A,) 5 B BHT S BHAMEXT
B SPATIREE 3 Wk, #ea (2) 5

DPPH H HHHFHBRR (%)= (1-

A-A,
) %100
AL‘
(2)
1.3.4 W E £
1.3.4.1 PUEE G PEPEAL 8 F AR A B2 2 B FE Ak =
PG W) e = R AR 3 AP O I, BRI AT
B ( ATCC 25922) . 4 ¥ {0 45 4§ Bk & ( ATCC
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25923) FI4 4 AR ( ATCC 27853) , fli it
RE W (1x10° CFU - mL™")200 pL & T LB 3
b, 2 22 B B Y H0OR B0 TEAR 3 FRORS Tl Y
PR U (Rota et al., 2008) . 4% & DMSO
il 5 BT BE TR KRB ZAE XS B, 37 CF
W 24 h 5, 38 2 I T P RN R DA 1 B
Wk
1.3.4.2 SR (MIC) e R TR i
A PR I A RS T X 6 R A9 MIC ( Zhang et al.
2017) . R 50 B B VB JC B 2R R UK R & 1% 107
CFU « mL", AS[FEIFR AR i 76 DMSO HR ] 2 %
BRI Hl, A LB g R, 38 (1 ~
32) g - mL AR AR E . ¥ 20 wL R
2] 96 FLKFFE M L, BH A X BE &, A B R X B 5
591 FE AR I) 44 B 10 DG K 8 38 T TR AN 4 1 I TR o %
AR, 37 CTFIFE 24 h, MIC & NN
R T AL T A K R R i A e I R B
1.4 #HELIE

1) Y T AR — A 1 ot G Sk A AT
T (B 5F,2022)  ITABIEHLL 3 IRER
T (9 7 S £ R 22 R0R

2 HEREHAH

2.1 WERD S

TR A R R 5 & 4 GC-MS 43 ¥ )5, 15 5
B R RE I R X B A R
K NIST17. L bR 335 2 11 55 ML 26 2E 47 2 1 43
Mr, 2 S AT, i 3 AN P L5 5 1 94 Fif
RNy bt 34 B A6 32 B 412R 69 Fi

TR AN TR HA7 48 AT Ak 2F B — R 25 52
WA B e B SRR S R 3 R 30.51%
57.59% ; @ R E R A d-FT AR (25.55%)
HL -1l 5075 (10.48% ) i 6 I H5 %  h B2Ab &
e a2, b R R o 1 55.37%, R 2SN
22.71% &2 20.25% ; £ B AL R A T R R
(30.51% ) . a-Fi 3 B (14.78% ) . W TR 77 i P
(11.60%) FEAERE(8.56% ) \3- 8545 (7.39%) . B-Tk
15 (4.45%) 55, WRACHE R BB Y B B
% 5 BALEE Y 65.70% , UG5 1530.81%
B2 7 2.02% 5 F 24022 o3 A 05 R BE (57.59% ) |
d-FPEHE (16.15%) \3- 8545 (5.35% ) A& (4.36%) |
a-FATHEE (3.32%) B-TE M (3.26% ) %5, ¥ 4 4%
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Fig. 1 GC-MS total ion current chromatograms of the
essential oils from leaves (A) , flowers (B) and

young fruits in Citrus aurantium var. amava (C)

KIMFGEEN %, b 75.43% , 852K 17.31%,

BN 1.31%; FEA A d-FrB (25.55%) |
y-T A (10.48%) y-2045 (4.05%) F2 45 (3.66% ) |
3-BEI(3.25%) %, 1 GRFRIRI BT
R X T B R SR Y



6 1 N5 %6 . 5 I 4 42 085 L 5 0 4 167
x1 BEAEMBUIHERERSRENTE
Table 1  Chemical compositions of essential oils from different parts of Citrus aurantium var. amara
{558 B 1) y y AHXS B B
%5 Retention ey 25 ARIEN Relative content (% )
. Molecular
Number time Compound Category formula
(min) L.0O F.O YF.O
1 6.18 3-¥4Jf 3-carene J#2% Alkenes CoH, 7.39 5.35 3.25
2 6.35 2-H XA [4.3.0]9E-1(6) M5 Jekede Alkanes CoHy - — 0.07
2-methylbicyclo [ 4.3.0 non-1(6) -ene
3 6.53 B Pseudocumene K525 Alkenes C,H, 0.05 0.08 —
4 6.60 f& 4 Sabinene 52 Alkenes CoHy 2.61 4.36 3.66
5 6.76 B—ﬁﬁdﬁ B-pinene 52 Alkenes CoHy 4.45 3.26 1.01
6 6.77 (2R,58) -2-H 3-5-( T - 1M -2-Fk ) -2- 2 s Fik DY 0k T WENZE Furan C,H,0 — 0.06 —
(2R,5S) -2-methyl-5-( prop-1-en-2-yl ) -2-vinyltetrahydrofuran
7 6.90 a-7K s a-phellandrene J&2% Alkenes CoH, — — 0.15
8 6.90 ¥ Pseudolimonene J&2% Alkenes CoH, 0.06 — —
9 6.90 LIRBE Perilla alcohol fE2% Alcohols C,H,O — 0.16 —
10 7.08 4-Z B4R 2K 4-ethyl-1,2-dimethylbenzene PR e CpH, 006 — —
Aromatic hydrocarbons
11 7.13 d-Fr#E%%5 d-limonene 525 Alkenes CoHy 2.06 16.15 25.55
12 7.40 y-iili s y-terpinene J#2% Alkenes CoHy 0.17 0.25 10.48
13 7.52 A-NAAEE 4-thujanol B2 Alcohols C,H,;0 — — 0.06
14 7.53 2-(5-FHE-5- £ 0 H DU S0 IR -2- 55 ) TH 2 R Bk IR £ 1B &2 Esters C,H,0 0.30 1.28 1.00
2-( 5-methyl-5-vinyltetrahydrofuran-2-yl )  propan-2-yl
carbonate ethyl
15 7.67 a-iifi i a-terpinene J&2% Alkenes CoH, 1.57 0.85 2.81
16 7.77 ST EIEE Tsopulegol 25 Alcohols C,H 0 — — 0.09
17 7.80 5 FilE Linalool fE25 Alcohols C,H;0 30.51 57.59 0.47
18 7.88 B Carveol f£2% Alcohols C,H,,O0 — 0.07 0.04
19 7.95 S - 3 -2, 8- M- 1 - 2% Alcohols C,H, 0 — — 0.05
trans-mentha-2 , 8-dien-1-ol
20 7.96 JZR-1-H He-4-(1-H L 2388 ) 2- 3 2 M- 11 B2 Alcohols C,H,0 — — 0.07
trans-1-methyl-4-( 1-methylethyl) - 2-cyclohexen-1-ol
21 8.01 2,4,6-3¢ =Jf-2,6- 3 JiiZe Alkenes C,oH 0.41 0.19 —
2,4, 6-octatriene-2 , 6-dimethyl
22 8.06 (1S,48)-1-F 5-4-(1-H R M JE ) -3 O He-2-0 -1 -1 2 Alcohols C,H, 0 — — 0.15
(18, 4S) -1-methyl-4-( 1-methylvinyl) - cyclohex-2-en-1-ol
23 8.14 K WL trans-verbenol iz Alcohols C,,H,O — — 0.34
24 8.20 SV Isopropanol 2 Alcohols C,H;O0 0.06 — 0.09
25 8.20 (3,3-Z“HIEIHCHE) -2 2 Aldehyde CoHO0 — — 0.07
(3,3-dimethylcyclohexyl ) -acetaldehyde
26 8.35 (+)-¥EE (+) -borneol fE2E Alcohols C,,H;0 — — 0.16
27 8.46 410 R i 4-terpinenol 2 Alcohols C,H;O0 0.28 0.41 1.30
28 8.48 Fapiisiy Thymol 2% Phenols C,,H,0 — — 0.61
29 8.53 - T a-terpineol Bz Alcohols CoH,O0 14.78 3.32 0.89
30 8.61 i S 45 e cis-isocaryl alcohol 25 Alcohols C,,H,O — — 0.08
31 8.65 Pl ¥y LA Piperitol 25 Alcohols C,,H0 — — 0.04
32 8.75 l—p—ﬁﬁﬂﬂf 1-p-menthol [ Aldehyde C,,H,O — 0.07 —
33 8.79 P& A i Neryl alcohol 52 Alcohols C,H;0 8.56 2.56 —
34 8.94 I ER A D-carvone 2 Ketones C,,H,0 — — 0.13
35 9.00 F 2 5138 Linalyl formate fi5 2% Esters C,H,0 11.60 — —
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k52 Retention EY 25
Number  time Compound Category Moleeular
(min) L.O F.O0 YF.0
36 9.12 FEEERE Citral 52 Aldehyde C,H,0 0.10 0.08 —
37 9.23 FIE W Carvacrol 52 Phenols C,H,0 — — 0.39
38 9.27 3-H 3-4- 5 N EE ) 3-methyl-4-isopropylphenol 2% Phenols Co,H,0 — — 1.02
39 9.31 M5]% Indole 15|12 Indoles CH,N  — 038 —
40 9.44 2-F 4 F-4- 2475 3 2K B 2-methoxy-4-vinylphenol f#32% Phenols C,H,0, 0.13 0.16 0.19
41 9.46 4-2,3-1,2- " BB 4-ethyl-1,2-dimethoxy benzene J&Z Alkanes CoH, 0 — — 0.11
42 9.56  T-WHIHE-2, 4, 4-=HIRE-2- 2R HE-UOR [4.3.0] bt $22¢ Alkanes CsH,  —  — 0.06
7-methylene-2 4, 4-trimethyl-2-vinyl-bicyclo [ 4.3.0] nonane
43 9.64 S-MWiF M S-elemene JJE Alkenes CsH,, - — 1.13
44 9.64 4-F Y HE-1- 2 W 5E-0-H 5684 525 Alkenes sHy, 019 — —
4-isopropylidene-1-vinyl-O-menthyl-8-ene
45 9.66 Z i BE Methyl anthranilate fi5 2 Esters C,H,NO, — 0.25 —
46 9.68 a-L TRl TR a-terpinyl acetate fif 2 Esters C,H,0 0.19 — —
47 9.72 Al EL Copaene Ji525 Alkenes C,H,, - — 0.45
48 9.75 IR M BERE Geranyl propionate fif 2 Esters C,H,0 11.62 0.36 —
49 9.90 2206 Ylangene Ji525 Alkenes C,H,, - — 0.11
50 9.97 R [5.3.0] 588, 2-W FF 2E-5-(1-H 2 2 5 ) -8-F 3% W2 Alkenes C,H,, - - 1.70
Bicyclo [ 5.3.0] decane, 2-methylene-5-( 1-methylvinyl ) -
8-methyl
51 10.03 FAM Jasmone [l 2 Ketones c,H,0 — 0.09 —
52 10.05 (-)-a- LN (-) -a-cedrene Ji2e Alkenes CsH,, - = 0.09
53 10.23 y-224 y-muurolene 525 Alkenes C,H,, - — 4.05
54 10.25 £i71Hs Caryophyllene J#2 Alkenes CsH, 074 0.09 2.38
55 10.35 FER 25 VP 5 Sesquisabinen Liki2s Alkanes C,H,, — 0.07 —
56 10.47 1,5,9,9-UH 3-1,4,7- M JiiZe Alkenes CsH, 015 — —
1,5,9,9- tetramethyl-1,4,7-cycloundecatriene
57 10.60 (EZ)B-2% 2 (EZ)-B-ionone fifi 2% Ketones C,H,0 0.05 — —
58 10.66  a-JE# a-copaene Ji2E Alkenes CsH,, - = 6.70
59 10.73 (15,3E;6E,10R)-3,7,11,11-IE|EP%XX% [8.1.0]F JiiZe Alkenes sHy,  0.38 0.08 3.74
( l??ﬁ%b‘, 10R)-3,7,11, 11-tetramethylbicyclo [ 8.1.0]
undeca-2, 6-diene
60 10.86 8- RIEMf 5-cadinene 525 Alkenes C,H,, 0.08 — 2.49
61 10.94 (+)-a- KM JER (+) -a-longipinene #52 Alkenes CsH,, - = 0.25
62 10.97 W FE M Cyclosativene i Alkenes CsH,, - — 1.54
63 10.99  Selina-3,7(11) -4 Selina-3,7( 11) -diene Ji2E Alkenes CsH,, - = 0.16
64 11.04 WA Varidiflorene 52 Alkenes C, H,, - — 0.92
65 11.04 J2 AL BB trans-nerolidol FE25 Alcohols C,H, 0 0.21 0.69 —
66 11.16  KRFMHH B Germacrene B 2 Alkenes CysH,, - = 1.26
67 11.23  B-A&MHEE B-eucalyptol B2 Alcohols CH,0 025 — 1.67
68 11.28 H Il B Spathulimol 24 Alcohols CsH,,0 0.19 — 1.99
69 11.35 WEHZEE Globulol 524 Alcohols CsH,0 — — 0.74
70 11.38 TAIAEE Guaiol 25 Alcohols C,H, 0 — — 0.25
71 11.40 B T 2B Viridiflorol 2% Alcohols CH,0 0.05 — —
72 11.51 4,5,10- KR EF M =4fi-1-FE 4,5, 10-germacratrien-1-ol fE2S Alcohols CsH,0 — — 1.02
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“gx1
ery AR 5
. %mﬁilﬂ . TR Relative o (%)
%5 Retention el 25 elative content ( %
i Molecular
Number time Compound Category formula
('min) L.O F.0 YF.O
73 11.54 6-1F T Ifi-da-lE 6-selina-en-4a-ol 524 Alcohols CsH, 0 — — 1.09
74 11.63 F S EE Junenol 524 Alcohols C H,0 — — 2.81
75 11.67 10S,11S-FH-3(12), 4 - J#2% Alkenes CsH,, —_ - 0.31
10S, 11S-himachala-3( 12) ,4-diene
76 11.70 T-FEAAEE 7-cadinol 524 Alcohols CsH,,0 0.19 — 1.39
77 11.80 H & E Shyobunol fE2E Alcohols CsH, 0 — 0.09 —
78 11.84 T-ABEEE 7-muurolol fE25 Alcohols CsH,,O 0.12 — 2.21
79 11.89 T AR O HE 2% Phenols C,H,,0 — — 1.89
Decahydrodimethyl methyl vinyl naphthol
80 11.95 y-E 8 y-himachalene i Alkenes C,sHy, - = 0.42
81 12.22 e Farnesyl alcohol =2 Alcohols CsH, 0 — 0.81 —
82 12.22 Kt Fn AR AR Juniper camphor 524 Terpenoids CsH, 0 — — 0.45
83 1237 6-FNMiHE-4,80-" W1 H-1,2,3,5,6,7,8,8a- /N A %E- B2 Alcohols CisH, 0 —  — 0.09
2-fi
6-isopropenyl-4, 8a-dimethyl-1, 2, 3, 5, 6, 7, 8, 8a-
octahydro-naphthalen-2-ol
84 12.55 (1aR, 4aS, 8aS)-4a,8,8-=H %k-1,1a,4,4a,5,6,7,8- 2% Aldehyde C,sH,,0 - — 0.04
NAFPE [ d]ZE-2-BkiE
(1aR,4aS,8aS) -4a,8,8-trimethyl-1,1a,4,4a,5,6,7,8-
octahydrocyclopropa [ d]naphthalene-2-carbaldehyde
85 12.69 K 2= Ylangenol 2 Alcohols C;H,,0 — — 0.05
86 12.84 TR ,8R-8-F%FE-4-T7 5 N FE-7-H FEXLFF [5.3.1] +— J#2% Alkenes CsH,,0 — — 0.20
- 105
7R ,8R-8-hydroxy-4-isopropylidene-7-methylbicyclo [ 5.3.1]
undec-1-ene
87 13.13 14-32 55K T 14-hydroxy-6-cadinene 525 Alkenes CsH,,0 — — 0.10
88 14.47 7SR R Methyl palmitate fig2% Esters C,H,0 — 007 0.10
89 15.21 &B%E W — T I Dibutyl phthalate fif 2% Esters C,H,,0 - — 0.04
90 15.87 iy el Thunbergen 52 Alkenes C,H,, — 0.08 —
91 17.97 W iH TR FF iR Methyl linoleate figJS Esters C,,H,,0 - — 0.09
92 18.15 W R H i Methyl linolenate fif 2% Esters C,H,0 — — 0.08
93 18.45 2% Phytol fE2S Alcohols CpH,O0 017 — 0.07
94 19.96 3R 2,1 Ethyl linoleate fi52& Esters C,H,,0 — 0.06 —

T L0, F.0 L YF.O 205 g d B - FERZ SR04 K. T IR,

Note: L.O, F.O and YF.O are the essential oils from leaves, flowers and young fruits of Citrus aurantium var. amara. The same below.

2.2 fERSMR AN E S

2.2.1 ABTS A WA A kR  ABTS £ 734 nm JE K
SAT S S Y S HU ARG B, E R
N BEA ABTS ¥ 1A B 1) i 2 (ol 25 | AR (0 7R i
Hhra R e X &R, HE 2 A7, BHT Fl#
PR [R) R AL 45 A i %F ABTS [ Fh 255 04 7 [ 68 11 34
Wil 5 e ()38 RN 8 A0 i Y R I 9 R R
JE A 30 mg - mL”' B, XF ABTS #3i 4 % o] #
99.00% , = H 3R BT ALBE J1 ., Y AL

KIMHEE A 20 mg - mL' B, X ABTS A9 bR R 0]
K 99.52% , MR A PRI BN 15 mg -
mL B X ABTS 93 BR 3 11 35100.0% , 1M 4l 4 |
FE I 1C 43 518 2.6 ,5.1 8.2 mg - mL', BHT
0.1 mg - mL", AT UL, 4 SR A HE R T BR ABTS
F SRR )R FAE RN

2.2.2 DPPH A A #A k% DPPH HHEAR G
FERLHL A FE 517 nm P K AN AT B R W, 2 H
Vo5 Bt AU AR R R B Bt 4R AR SR T DL RTIOG
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L.O, F.O and YF.O are the essential oils from leaves, flowers and

young fruits of Citrus aurantium var. amara. The same below.

B2 AREHLIFELBXT ABTS HHENFRE
Fig. 2 Free radical scavenging rate of the essential
oils from different parts on ABTS
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Fig. 3 Free radical scavenging rate of the essential
oils from different parts on DPPH

FHC X A5 I WSCZ T R, R AR R Ok
ETFHBESHEZNHE ARSI ER LR, |
[ 3 TN Bl BHT S 6 44 % vk B g 3 oK,
XF DPPH F H A3 BR A 0 AN WG g . > 39 6 0t
P2 R M 4 30 mg - mLBF, Hoxt DPPH A i %
HIE BRI IK 92.8% , 5 FHE 4L BHT 135 B R 3
AR A R KT, I HLAR SR 3 KUK 1 BRI A
RS YW B LR AR /N T 20 mg -
mL B, X DPPH [ H 5L 09 BrBE 135/ F FH %

20 BHT, Ifi 24 ¥ & K F 20 mg - mL' B, 9548 16 1
R X DPPH H HHZE 135 Br % KT BHT X DPPH
H I B 5 I S IE BR 3 IX 95.24% , K4
JHE R X DPPH F H 25 (9 0 Br R R 4R T
BHT, 2k &R 10 mg - mL" i, 3548 40 SR 4% & 3 %
DPPH 5 %1k 86.92% , Ak L1t ik i | T5 R %
FEAMRFEARAE W4 R AL T 1C, 18 53 0 R
2.7.4.3.5.0 mg - mL",BHT 5 0.1 mg - mL", 7]
UL, S0 ¥ % s B DPPH H i 3L 6E 1 T 4
Y,
23 MEEN

P2 2 W], 3 A R T G T A 0 A0 B 34
U — 8 B P BA I M R IR X TR B AR
(15.2 ~ 22.7) mm [ RIGFFHEEA —E NPT G
PR AL, R 2K TN &) 508 Bl TR A A R Y T
GRS X AT R T d-Fr g s A7 A, JLAR N 5 1
SRR 16.15% F1 25.55% , 3 Fl #8  il X 3k e
() MIC {EAS 7], K7 FT B ) 2 % i O sk, v
R MIC fH 4 1~32 pg - mL!, 35 4 R 5 MIC
HHN 8~16 pg « mL", 548 1635 K Il A0 BL AT 6 1
5 2R TR RS —2

3 W5 &%

B UL HE R I A B A K R R
I S5 37 R 2 L | 7 I B A IOk A I B
TRARAE I B 4R BB % 12 T 43 K il 9 S JBC% {HL R
SRR R EREZ ML H I, KIERHE
PR B T Tl AR 7 (PN RAE SR, 2022) o AT
FER K28 R ZE R L A B f b e S L4l SR
FE, S 835 - B (GC-MS) Bk I AR Xt
HA SR 047 s M e M . AR 45 S e B
TR I A8 RN &l R0 HE R R R R 4 I
0.95% .0.27% M 0.34% , WIFHERKFE , ik
MR, 2 TR, T R g SR, i
B 3 NI HE & T A2 A RN S S R AR A
—EES  WIE X EH S KRR,
MERL T 45 H A REPE . 5 04 2 h B O 4 6
AR W AR, R A 5 R (30.51%) L a-
FATHEE(14.78%) W R 75 1R (11.60% ) A 4L BE
(8.56%) 3-E5Mf (7.39% ) 45 ; & B AL 45 & I 52 TG
i B R, 28 S S, J B A DY R B
(57.59%) d-FrEEM (16.15%) 3-E547(5.35%) .
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Table 2 Antimicrobial activities of three essential oils

P 5 1] ¥
i o BUNMWRIRE
o ; Minimum inhibition concentration
) Inhibition zone diameter ( mm) 1
[CERIT 17 (pg - mL7)
Microbial strain
o e e
L.0 F.0 YF.O IR L.O F.0 yro W JREER
Gentamicin Gentamicin
KIAATF 15.2+0.4 22.7+0.3 19.5+0.6 22.6+0.8 16 1 8 0.25
Escherichia coli
& v O A BR TR 8.5+0.2 10.1+0.4 13.2+0.4 40.5+0.9 >32 >32 16 0.5
Staphylococcus aureus
] 231 B L TR 12.020.5 15.6+0.7 16.4+0.3 31.3+0.2 >32 16 16 0.5

Pseudomonas aeruginosa

- WM (3.32%) B-TE M (3.26% ) 45 ; 145 &) R
FER N2 8 S R W, A RV AR, R B R A
d-FrBEH (25.55% ) (y- b i (10.48% ) y-Z
(4.05%) F&k5(3.66%) 3-E5M5(3.25% ) %,

O 5F (2022) X R AL K I AL 2E 85 o B
R FZ A W o B 2SR I 28, it — P4
(2019) XF 38 5 K T Ak 2% 1o AF 92 kB HL 5 g
KMBERY TN E, BN S AHRGE R -5, 5
HMABEE K L R g R il s Rl ik &, X2
BRFHMAEN T, TRE AR EERK ZE L
R AR P i A T 8

25 I RE ) AS [) 38 67 1) A 0 2 06 0k LA B
PE2E 5 B B4 B 1 N A B 5% 45 A9 B E . 22
EARAE (2022) BFSYE & BLAL 5850 AS (6] 3 A B
i S50 T S B A o AR > 2R >
HR 5 25 T 4% 4 (2022) BT 5% 3 B = -E MR 4R e X 2l
AL AL T2 v AR SRR ; it A
ABFFEXS VA T R W) %) AN [m] A7 i AT
A5 BB (A e R K, 20185 2 B i
A5 2022, B 2022) TR HOm o 5 G
25 58 BT B0 W) S5 AE R A b A a2 AR B AL T
AT 53 25 5 3 W0 R A [ 060 7 & T X ABTS H
HI LA DPPH [ 3178 5000 10 1 BR 68 1, 4h 31
FER M N5 B Rk 20 A, bt A A T
T 525 B B & T % 3 45 BR B
KA FF A A5 FE T TR ARG B 25 AT 1 0 AR K 3R
PR AS [ 2 B2 (0 0 361 95 P (XI5 %6 ,2019) , A
5T P Al SR i R B A T S PR AR T, T
Al AR by 548 45 T A ORI T T A0 L F

K IR T e BB E R B
A AR S o A 4 R i B IO LS B e
FIRMLR G I LM,

SE .

ALI B, AL-WABEL NA, SHAMS S, et al., 2015. Essential oils
used in aromatherapy: A systemic review [ J]. Asian Pac J
Trop Biomed, 5(8) : 601-611.

CHEN LY, CUI ZH, 2006. Research progress on antibacterial
activity of plant essential oils [ J]. Heilongjiang Med J,
19(3) : 197-198. [ PR, 1, 2006. HIYARE TR
IEVERBEFTIERE [J]. RIETTERZY, 19(3) : 197-198.]

CHOI SY, KANG P, LEE HS, et al., 2014. Effects of
inhalation of essential oil of Citrus aurantium L. var. amara
on menopausal symptoms, stress, and estrogen in
postmenopausal women: a randomized controlled trial
[J]. Evid Based Complement Alternat Med, 2014 796518.

DONG X, LIU X, XIAO RX, et al., 2022. Chemical
constituents of essential oil from Citrus aurantium L. flowers
and its in wvitro activities [ J]. J Qingdao Univ Sci Technol
(Nat Sci Ed), 43(3): 40-46. [ #%, XI@E, MK, &,
2022. WAL o o3 A BRSNS TE (1], B
FHER E2 4l ( ASARIEIR) |, 43(3) : 40-46. ]

FAN R, 2011. Composition and antioxidant activity of the Citrus
maxima peel essential oils obtained by three different
extraction methods [ D]. Guangzhou: South China University
of Technology: 14-22. [ #5¢, 2011. fh KRS IS HT
SAEEDESE [D]. TN SR BT R 14-22. ]

HAJ AMMAR A, BOUAJILA J, LEBRIHI A, et al., 2012.
Chemical composition and in wvitro antimicrobial and

antioxidant activities of Citrus aurantium L. flowers essential



1172 |1 I G/

43 %

oil (neroli oil) [J]. Pak J Biol Sci, 15(21); 1034-1040.

HUANG SS, HOU PJ, LI XL, et al., 2016. Analysis of volatile
oil compounds of Citrus bigarradia V. by supercritical fluid
[J]. Hubei Agric Sci, 55(12): 3182-3184. [ T3y, 2%
M8aH, /=, S, 2016, I PP I HERT I ) he o320
B [T]. Wdbgelb B4, 55(12) ; 3182-3184.]

JING H, ZUO JF, 2005. Pharmacological research progress of
volatile oil [J]. NW Pharmaceutical J, 20(2): 97-98. [ ¥4
o, e, 2005, A LG IPETE LR [T]. PEdLZy
ki, 20(2) : 97-98.]

KONG YT, HE H, AN FP, et al., 2021. Comparative study on
antioxidant capacity of Radix pseudostellariae extracts
[J]. Food Res Dev, 42(19): 28-35. [ fL4E s, ik, 42
R, 4, 2021 KT-Z4E BB ALRE T 19 L ELRIF S
[J]. BT ST %, 42(19) : 28-35.]

LI HM, GAO Y, SHAO XF, et al., 2022. Study on total
flavonoids content and comparison of antioxidant activity in
different parts of Bupleurum chinense DC. from different
provenances [ J]. Chin Food Add, 33(4): 211-217. [ &%
g, mA, BRE K, &, 2022, SEERIRIES AL ST A
Ryt A m e sE (1], R EE MR, 33(4):
211-217.]

LIU Q, ZHONG LY, ZENG JH, et al., 2020. Study on the
antibacterial activity of essential oils from seven species in
the Rutaceae family [ J]. Chin Food Add, 31(5). 37—
41 [0, BhR A, WA, 55, 2020, 7 RS ERHEY)
KB E M sE (], P EES BRI, 31(5).
37-41.]

ROTA MC, HERRERA A, MARTINEZ RM, et al., 2008.
Antimicrobial activity and chemical composition of Thymus
vulgaris, Thymus zygis and Thymus hyemalis essential oils
[J]. Food Control, 19(7) . 681-687.

STOHS SJ, 2017. Safety, efficacy, and mechanistic studies
regarding Citrus aurantium ( bitter orange ) extract and p-
synephrine [ J]. Phytother Res, 31(10); 1463—-1474.

SUN WQ, ZHANG XF, XIN XD, et al., 2022. Comparative
study on extraction of volatile oil from Artemisiae argyi
Folium by steam distillation and water extraction coupling
rectification [ J]. Acad J Shanghai Univ Trad Chin Med,
36(1): 27-32. [FhRAE, 5KFET7, EZR, &5, 2022. K
FRAARIR AN B I~ ol R 1R A 5 BOR BRI -2 %
FEEEOESE [J]. bR Reesadk, 36(1) : 27-32.]

SUNTAR I, KHAN H, PATEL S, et al., 2018. An overview on

Citrus aurantium L. its functions as food ingredient and

therapeutic agent [ J ]. Oxid Med Cell Long,
2018 7864269.

WANG DM, CHEN XF, MAI LW, et al., 2021. Study on the
relationship between antioxidant capacity and total flavonoids
contents of cassava leaves [ J]. Food Res Dev, 42(2) :37-
43. [ FRESR, BB, £ 53¢, 48, 2021 AREHTHE L
AE) 5 BB & B HOC RS [T]. 'R ST R,
42(2): 37-43.]

WEI Q, TANG LJ, LOU XY, et al., 2022. GC-MS analysis of
constituents of volatile oil in different parts of Vitex negundo
var. heterophylla [J]. Sci Technol Food Ind, 43(12): 310-
316. [ BN, JEWRAS, ZEWeH , A%, 2022, A R4
S s ) GC-MS 34 [J]. B Tl BH, 43(12)
310-316. ]

YANG Y, GAO JF, 2018. Volatile components and their
antioxidant activities in different parts of Kadsura coccinea
[J]. Guihaia, 38(7): 943-952. [ ¥, miiffi &, 2018. ¥
AT R 3% KMoy BT A A T P b [T]. )74
Y, 38(7) : 943-952.]

YE YD, ZHANG N, LI YH, et al., 2019. Chemical
composition and anti-inflammatory effect of essential oil from
leaves of Citrus aurantium L. [ J]. Nat Prod Res Dev,
31(5): 760-765. [—FF, 5K, FEL, 45, 2019, ¥
R ImAL A O AT RAEIESE (1], KRR P05
5Pk, 31(5) : 760-765.]

ZHA YF, ZHAN Y, LI T, et al., 2022. Study on antioxidant
effect of extracts from different parts of Sanqi ( Radix
Notoginseng) in vitro [ J]. Acta Chin Med, 37(1); 142-
148. [ £, f&5, 28, 5, 2022. —LARRERAE
Ptk byt B AL Tt g [J]. R AR, 37 (1)
142-148. ]

ZHANG HY, GAO Y, LAI PX, 2017. Chemical composition,
antioxidant, antimicrobial and cytotoxic activities of essential
oil from Premna microphylla Turczaninow [ J]. Molecules,
22(3) . 381.

ZUO AX, LIU JG, GAO YM, et al., 2022. GC-MS analysis and
comparison of antioxidant activities of volatile oils from
different parts of Eugenia caryophyllata Thunb [ J]. Food Res
Dev, 43(8): 146-151. [ Z238 8, XIBUG, @& EMf, 55,
2022. T HARIFALAE A GC-MS JR 773 M A4 ik
PR [J]. B STT A, 43(8) : 146-151. ]

(REHE WPHW  HITE)



