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Abstract: To clarify the volatile organic compounds in the essential oil of Citri grandis exocarpium, explore the key
aroma components of the essential oil and establish the associated quality control standards, vapour distillation was used to
extract the essential oil of Citri grandis exocarpium. Sensory evaluation, combined with electronic nose, gas chromatography-
mass spectrometry (GC-MS) and gas chromatography-mass spectrometry (GC-MS/O) analyses, was performed to clarify the
key aroma components in Citri grandis exocarpium while assessing the pesticide residues. The results revealed that the main
representative volatile flavors of Citri grandis exocarpium were found to be citrusy, sweet, medicinal, woody, and pungent, as
determined via sensory evaluation. A total of 68 volatile organic compounds (VOCs) were detected in the essential oil of Citri
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grandis exocarpium by GC-MS, among which, the main VOCs, olefins, alcohols, and esters, accounted for 84.48%, 6.67%,
and 6.05% of the total, respectively, with limonene, lauroylene and y-pineole as the main VOCs. In combination with GC-MS/O,
15 key volatile characteristic aroma components were confirmed. In combination with the analysis of pesticide residues,
it was clarified that the organochlorine pesticide residues in Citri grandis exocarpium essential oil under hydrodistillation
extraction conformed to the standards specified in the Pharmacopoeia. The present study clearly elucidated the volatile
organic composition and quality safety of the essential oil from Citri grandis exocarpium, which provides a reference for
Citri grandis exocarpium product development and quality control.

Key words: Citri grandis exocarpium; essential oil; gas chromatography-mass spectrometry (GC-MS); gas

chromatography olfactometer (GC-MS/O); pesticide residues

WHELL N 4 “BAELA”, 257 BUE WAL N A%
il P A P B BT AR S R T AR AN R R . AAR AT A
HIEAMPTI S, RFICET (REHNE), HHT
TRIT RFERZ I, MKBSER s HEASMEE. BENHE
o BUAR 20 B A0 7T 1) A 40 S EE R T
BRAY AT LAy A 3 2%, BB R A, ZhE. R
YIRS s HRIE P AR 404 Ve BRI 32 BRI
KR FEIBIEDIR CO, B IR FAEBUEY, KES
RN il . AN G IR B4 R M DL AT
L ; CO, I 5 A€ By M 0 B 5 22 1 R 37,
BN — 5 BRI Ay, MR R 1 XA R 43 F
K, — N T SRBUE In gt i R A LA, A
TG T G B2 Hn PR 8,
IH AR 3 e A AT B 22 4 PR K 2R AR A E AT R
T EIHEEL

T4 4" % A 2135 Mk 7E 1% A8 T 2%
EECNEE, B AR K R P A
BEAER . BFFER I, WARL PRI B RIFH
TR E BRENRE AT T E AR 20RO ) 3 B
KBNS p- 05 IE S p- TG R
WL, a- JRIG p- IRIGE AT, BAKG MM E T
2R IER, B LR SR E
WL R IEREARL DR AR BOBED . W 40 A
P DR RRA R AR R ORI R
F, B DA LR O IRER AR S i, R R
B H RS T O S . ASHIE ST AR A 2L BT
MR SRAK RS ZESARBOE W, 458 BRE.
BT SRS - BRGSO i na i e

A ZLRS I B AE A U MR 22 4, A
ZLRE I R LA L SR A B SR T -

1 MR5REE
L1 Aok 5 s

A AL 2022 4F AL AR 2L 258 R SR A FR A
ARG, U B TR
12 U&E5%4%

Agilent 6890A-5975B A AH (I - it C FHAX,

FH Agilent A7) oy —srH R, K EMERE)
N]; PEN3 HLF £, f#[E AIRSENSE Portable 24 ) o

1.3 (LA 2o A 3R B

B 100 g (AL FE . M Ja i 80 H i,
BN 10 f5 T E4liif K, RHKZESZEMERR 4 h,
F 0 R W S K 28 S 28 TR, WCER R i F e K
BRI /K, 1 0.22 pm JEAE™.
1.4 REIFH

B VRN 7 3 A SR LR T AT R T
e, BRI N (5B, 54 Hk, FEEYE
20~40 % 2 0], Gi— KM E 'R H ik iz 4
R M SR AT T VP . O VTAR 4 AR L B A
ARG L SRA SN o B 2 AT A0 WK ) 5 3R 31V
TN MG, ARFIK, SEBR, BHE, 2%
JERE VPN /N IR Gt — 2 R T RURR BE R A 20K
BTV, BARIER 1.

F 1 +RREX R FSTIEX

Table 1 The Chinese semantics corresponding to the ten-point standard degree

A 1 2 3 4

6 7 8 9 10

EX AW OREH B M

TE O OME KRB ORZ OEFE HAE

204



MR BB

Modern Food Science and Technology

2024, Vol.40, No.7

15 BT BAH

B 1 mL RS i FE & BN 50 mL T 25 i A, £F
FOP1 30 min J5, #EATECM, PEN3 HL ¥ 84
WEZSH . LEIEPER A 100 s, WERTE 300 s,
Ji 4 It 3% 300 mL/min, 3 £ 3 # 300 mL/min,
WCPRM 150 s A BEIREBEAT 504l b R 2 NHT
B AR RIRERE IR K

® 2 fERLERMEREHIA

Table 2 Performance description of electronic nose sensors
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Fig.1 Sensory evaluation results of Citri grandis

exocarpium essential oil
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Fig.2 Results of electronic nose analysis of Citri grandis

exocarpium essential oil
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Fig.3 Total ion flow diagram of GC-MS of essential oil from

Citri grandis exocarpium
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Table 3 Analysis of volatile organic composition in essential oil from Citri grandis exocarpium

No, REH 5% XS REX AREE/%
18] /min

1 6.16 R =M 1,3-Butadiene, 2-methyl- C,H, 0.063 £ 0.004
2 6.67 AR Silane,dimethoxydimethyl- CH,,0,Si  0.029 £0.009
3 6.82 v B Acetone C;HO 0.008 £0.001
4 7.16 3- ¥k Furan, 3-methyl- CH,O 0.016 £ 0.004
5 7.34 F23:3 Hydroxylamine H;NO 0.063 £0.022
6 7.63 SRR Isopropyl Alcohol C;H,O 4.412+0.023
7 7.89 FY ¥ BB Nitrosothymol C,H5NO, 0.012£0.002
8 8.19 I-¥X-13%T M 1-Methylcyclohexa-1,3-diene CH,, 0.008 £0.001
9 8.77 i Acetonitrile C,H;N 0.689 £0.018
10 921 T IR-.alpha.-Pinene CH 1.587+0.0
11 9.95 12- —/A.k% 1,2-Difluoroethane C,H,F, 0.006 +0.002
12 10.14 F Camphene CioH¢ 0.015+0.017
13 11.04 B- R .beta.-Pinene CioH6 0.798 £0.070
14 11.23 AR Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)-  C,,H;, 0.031 £0.008
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Zk3
No. [ x5 FT e WEX ABAE/%
15 12.07 A AN beta.-Myrcene CoH,  16.543 +1.895
16 1234 a- 7K W .alpha.-Phellandrene CoHy6 0.285+0.145
17 1272 5 o M Cyclohexene, 1-methyl-4-(1-methylethylidene)- CioHys 0.423 £0.024
18 13.40 ATAR M Limonene CoHye 52.896 £2.187
19 13.64 B- 7K M .beta.-Phellandrene C,oHy 1.120 +0.247
20 1434 D- AFHL b D-Limonene CIOH,,  0.048 +0.024
21 14.55 - AN M 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- CioHye 9.539+£1.872
22 15.22 AR - F AR Benzene, 1-methyl-2-(1-methylethyl)- C, Hy 1.229 £0.245
23 15.60 a- FAN 0 I Cyclohexene, 1-methyl-4-(1-methylethylidene)- CoHyg 0.755 £ 0.021
24 1600 = W}E_&ff ’;%; -L.7- 1,7-Octadien-3-one, 2-methyl-6-methylene- C,H,0  0.018+£0.001
25 1699 otk (+)-Camphene CoH,  0.047£0002
26  17.04 oS 3-Cyclopentene-1-acetaldehyde, 2,2,3-trimethyl- CoH, O  0.026 £0.024
27 19.30 2- ATk 2-Chloroethylamine C,H,C,N  0.008 +0.003
28 2022 © W%%;(lflg o Benzene, 1-methyl-4-(1-methylethenyl)- C,H,, 0.067 +0.001
______________________ ) A
29 20390 & ; ;;i z?;;\%@g ) 'alph;gi‘i:%igﬁ‘;z’m[:ﬁﬁ}yl'3 ) CHi0,  0.274+0.025
30 ------ 2 072 IR X BACATA M Limonene oxide, cis- C;;.HI(,O 0011 + 0002
31 20.89 i Furfural C;H,0, 0.021 £0.003
32 2111 B R EAATA Limonene oxide, trans- CH,O 0.016+0.014
33 21.26 AALFAEEE cis-Linaloloxide C,H;s0,  0.133£0.064
34 2146 EFE Citronellal C,HO  0.018 +0.004
35  23.16 S AEER 1,6-Octadien-3-ol, 3,7-dimethyl- C;H»0,  0.302+0.105
36 2434 CER 3B Fenchyl acetate C,H,,0,  0.011 £0.003
37 25.07 A At S 7-Octen-2-ol, 2-methyl-6-methylene- CoH O  0.025+0.007
38 25.28 (-)-4- 6 BT 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)-  C,,H,;O 0.335+£0.102
39 25.50 B- B A b Caryophyllene C,sH,, 0.058 £ 0.005
40 2572 AR T Thietane, 1-oxide C,HOS  0.004 +0.02
41 2597 I- ig’g?&iﬁf o Cyclohexanol, 1-methyl-4-(1-methylethenyl)- C,H;sO0 0.082 = 0.002
n 2 613 RBR B Decanoic acid, ethyl ester Cl;-l.{2402 5917 + 0578
83 2673 BT ‘?‘;ﬁ'gé FHE Butanoic acid, 3,7-dimethyl-6-octenyl ester C.H,0, 0.013%0.015
44 ------ 2 689 T ¥ AR Cyclohexane, methylene- 6;H12 0006 E= 0002
45  27.14 — unknownl — 0.006 +0.002
46 2747 — unknown2 — 0.010 £0.015
47 2759 TS 2,6-Octadienal, 3,7-dimethyl-, (Z)- CoH, O 0.196 +0.006
48 2792 a- b BE 3-Cyclohexene-1-methanol, .alpha.,.alpha.4-trimethyl-  C,H,;;O 0.979 £0.107
49  28.10 (-) - RAMAHRBE (-)-trans-Myrtanyl acatate C,H,0,  0.009 +0.002
50  28.25 A AR M .beta.-Myrcene C,oHy 0.014 +0.002
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4k 3
No. R 58 Fe Y REX A%
51  28.55 BN — LBt ES 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (E)- C,H,,0, 0.017 +0.005
52 28.70 - ZEFE e f-cubebene CsHy, 0.072 £ 0.009
53 28.97 AT 2,6-Octadienal, 3,7-dimethyl- C,H,sO 0.313+£0.015
54 29.17 a- % et .alpha.-Farnesene C,H,, 0.029 £ 0.020
55 2939 AKX - TEAHES 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (Z)- C,H,0, 0.090£0.016
56 29.64 3- A - R 2-Pentene, 3-methyl- C¢H,, 0.019 £ 0.006
57 29.83 A HAM Naphthalene’(ll’%iifg’lge et‘}'l};‘g‘_i‘lg‘sh_‘;:)’?'dimethyl'1' CiHy  0.039%0.003
S8 3027 kARECHE Germacrene D CiHy 00110004
59 30.65 VP -7 N, B Cyclopentane, nitro- C,H,NO,  0.012+0.015
60 3080 3-LFik-1, 7-F I 1,7-Octadiene, 3-methylene- CH,,0, 0.016 £0.025
61  31.69 i 2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, cis-  C,;H;;O  0.030 £0.017
62 31.84 B 2,6-Octadien-1-ol, 3,7-dimethyl-, (E)- C,H,sO 0.017 £0.004
63 3195 — unknown 3 — 0.014 £0.00
64 32.50 — unknown 4 — 0.013 £0.007
65 3664  RX - LB 1,6,10-Dodecatrien-3-ol, 3,7, 1 1-trimethyl-, (E)-  CysHyO,  0.07 % 0.006
66 4124 10 x}j j }f‘;{;;ﬂ** 5,9-Undecadien-1-yne, 6,10-dimethyl- CoHyn  0.03%0.002
67 4276 po p-Bisabolene CiH, 00140012
68 43.34 1,3- — &AM 1,3-Diaminoguanidine CHCIN; 0.013 £0.001

E —RE RS,

& 4 LIBLIHERMGC-MS/O

Table 4 GC-MS/O analysis of Citri Grandis Exocarpium essential oil

5 ARG A /min P4 HAER A ‘mg/kg  IRAASL
1 9.21 o- M RSk 0.014 4
2 11.04 B- I F ARk 38.7 4
3 12.07 B- A AN Fik, Kk 0.001 2 5
4 12.34 o- KM MAG, FHAR 0.04 4
5 12.72 o- ¥k e M MAG, AR 0.08 4
6 13.40 At A A 0.034 5
7 13.64 B- KM H ATk 0.036 5
8 14.55 7- 6 u by HAFR . TRIER 1 4
9 15.22 x4 R Rk, Fikok 0.005 4
10 20.89 AR & Lok 45 4
11 23.16 AR B F) ek 0.000 22 5
12 25.50 B- T At F ok 0.064 4
13 28.97 AR B FAR. BATR 0.027 5
14 29.39 IRX, - LBt B AR 0.15 5
15 31.84 FEAL B AR 225 4

E: a REBF AR BMERIR (eadh 5t BALIL S ).
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*® 5 WBLHBMRERNER
Table 5 Detection results of pesticide residues in essential oil
from Citri Grandis Exocarpium

SF PR
0.057 £ 0.005 mg/kg

0.005 +0.000 mg/kg ZHHLFREH 1 kg F
BB TP A

s s s
A G INIIoN

Af- 535555 0.052 £ 0.005 mg/kg A B
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Ao.p’ Wi — HBREH T kg F

s s o o _ B RS 2
App’ HHIAR N1
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Ap.p’ A iEAFE -

AEFAAE 0013 +0.002 mgkg < 0.1 mg/kg
A SEK — < 0.1 mg/kg
CE -
A ,b% — 'B?%:L’ }']ﬁi\i;f:i’b
. L RAFALR
MR XA RA R - Z #m < 0.05 mg/kg
R ARIFEAAR -
A RF — < 0.05 mg/kg

s -

WA X EFF — IRXAS, BXA

L . RS ZA
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LA -

E —REAK .
24 UAE 2K I GC-MS/ O

Ht— i GC-MS/O #AT 41, 1k 4 Fiow,
AW TR B YA N A GC-MS/O 5256 R
HH LRSI KT 4 IR DL b B o HER s, LA
RGP E R 15 ERMEE R ik
TR R E S AR R R s R,
B2, e LR A, o B A SRR L
B AT, MHER. 1EF AR M KR RFE,
WA B R, 2 B SR RIS 2 5 2 BT i 4L
FEIR I R A S

HAORR, EERNESHABREZED a- IR
B- VM B- AAEMG S a- s SR AT R, X -
LA S MR E L a- KT M, o TG
FEREM, - s SIBOOR RN 3 BRR 32 B DL B- B
Wiy SHAERE. SRR, AT ANEH fE
FEEAEE MK, BT GC-MS/O #43 i v 5

AT T ACRR LIRS W b R R A Ry, R
PRRIPE ST R SR B T IR R R R RS .
2.5 AUAG LT AR I R Bk AT

25 AN F WAL A S QR , 2
DS Y R S G S B Rt et 8oL RV AVAVAY. |
DDT KA HEKZ, HANEG, BHPHIEER
FENGWT N, ARMEFEH ARAL, R B T A A
BROHWAEYES, MW iE R EEE, W
SR IRET T KA L, IR 75 A7 £ il 11
ARG BAT b, RTCHBH B B R  E

Nz s s, 20 ChEZ ) KBk, Mo
FRLURSIAE S PR Aa- 7N75754 0.005 mg/kg 5 Ap-
NSNS N 0.052 mg/kg, A KN 7S 7SN 0.057 mglkg,
HpEANNANEENTHUER 0.2 mgkg s A
HAMERSEN0.013 mg/ke, /DNT2HHMER
0.1 mg/kg. MARTIIARER I AR, R E K282
MAGLLAIARE S 5 5 24 B E .

3 #Zip

AL 5 ) W AR 20K T 15 R P P I
fER Y, Bt GC-MS 4 T B B b A7 21 K o 4 36 4
FER MR NIE IR BESSAEE S Hhmie bt
84.475%, T35 6.671%, HE3E 5 6.057%, ik
—3Bil it GC-MS/O #i5E 15 FhoksEHF< Wy, B
& a- IR -IRIG - HREMG . o-7KIT M. a- T il
Wis KB B-KTT My p-E L X, HR
M. HREEE . -V AT R I - LR A T
PEACEE . BARIEE R TR T, KA RN
WEEAE I T B 22 A hnife . A TG I 1 B T ARAd 20
K 1 AR REAE A SR o) 2H ORI i R 2 4y, AR AL
dn T RRR b TR R AR S

(1] P, R0 O, 25 32, 5 1 30 AR 1 A J5 ) 45 78 T A (0] 34
HAEY291,2023,44(2):289-301.

[21 ZHIS X,QUN DL, ZHI K L, et al. The GC/MS analysis
of volatile components extracted by different methods from
exocarpium Citri grandis [J]. Journal of Analytical Methods in
Chemistry, 2013, 6: 918406.

3] BZZ MELACMIMIR . 6. WA RO 1 BT
FEI 23245 5 IR 25 #E, 2008,3:213-215.

(4] B i i AR AR I 7 25 AR S L I 7 (0] B &
mRHE, 2006,1:199-202.
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BIFSE 0] [ 3, 2022,42(10):11-16.

T3 ARG L0 BEB A7 24 & U 24 30t 7L (D)) -
I R R 2K 42,2008.

BETT P2 AR, S ARG A S B T A A
FAE 72 (9] H A R N 771,20211,32(1):13-17.
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