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Abstract: To clarify the impact of oil extraction processes on the overall quality and flavor of Hainan camellia oil, the
quality and flavor characteristics of oils extracted by pressing (NT-P, HT-P), subcritical butane extraction (NT-SBE, HT-
SBE), and supercritical CO, extraction (NT-SCE, HT-SCE) under ambient and high temperatures were compared in this
study, with the aim of exploring the optimal processing technology. The impact of six different processes on the oil yield,
oil quality indicators, and volatile substances of Hainan camellia oil was subjected to in-depth analysis in this study.
Volatile compounds were identified using a comprehensive range of techniques, including electronic nose, headspace-solid
phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS), and headspace-gas chromatography-
ion mobility spectrometry (HS-GC-IMS). Moreover, the differences between oils treated by different processes were
comprehensively and thoroughly assessed using multivariate statistical analysis. The results demonstrated that the oil yield
and quality indicators of camellia oil were significantly affected by different processes (P<0.05), with HT-SCE having the
highest oil yield (32.22%). The oil samples from NT-SBE, NT-SBE, HT-SBE and HT-P, HT-P were found to have the
lowest acid value (0.66 mg/g), iodine value (77 g/100 g), peroxide value (0.02 g/100 g), and water content (0.03 g/100 g),
respectively. The content of unsaturated fatty acids in the oil sample from NT-SCE was determined to be the highest
(86.606%). A total of 160 volatile substances were detected in the six oil samples, among which aldehydes, ketones,
alcohols, and some terpenoid compounds were found to make a greater contribution to the formation of the flavor of Hainan
camellia oil. Camellia oil subjected to high-temperature treatment was found to contain a higher amount of aldehydes,
ketones, and esters. Among the six oil samples, HT-PO was found to have the highest content of volatile substances,
followed by HT-SCEO. Finally, 29 volatile compounds that made a greater contribution to the flavor of Hainan camellia oil
were screened out using orthogonal partial least squares discriminant analysis (OPLS-DA), and it was found that there was
a significant difference in the characteristic flavors of the oil samples from different processes (P<0.05). By comparing the
quality indicators and flavor characteristics, it was found that the supercritical CO, process is more suitable for the
processing of Hainan camellia oil, providing a theoretical reference for the selection of processing technology for Hainan

camellia oil.

Key words: Hainan camellia oil; oil extraction methods; quality indicators; volatile compounds; flavor
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B B0 B4 R ROERYS P, SPII S T e AR H
ARG R CO, ABUEIE g LSS Al - B 7
PEo BRI, BAT MRS LIS O o Z 45 h TR
ST P RN DL R AL G T & AR
PSR AT Y, XS R T2 BT e L 25 R
RURARHE Y s I 845 V0 22

AL, A9 SC6F b TR R A0 e TR A B 25 A R R
W WIEAS T B ZE BRI A CO, FEBEEAS[RIN T,
X g LA T A BT AR AR s . SEaT
SYAIT 6 Fhl I T2 AE S TS A XU R AE 25 7 1 1
255, BRI RERE s B BE A UETEFE LI 25 vl
AR5 SR AN 125, AN At LUyl i 1128
PR AL I S A BRI SER AR A R
1 MREREE
1.1 MRS

WA KF 01 w4 BV T BH VAL A T ik
(30~60 °C BhFE) . LBk, Ehie . fbdr . =& ke,
FARCKL R AN . SUEA LR . oK lE ¥ iral, 1
W FPERE L T A RRA ] .

DO3S ANRIEMIMAL WiV T 2 AR
F A B F]; CBE-20L AUV Il 5 25 URHMF SI2 ke 1

WA A8 Wl FLAE AT FRAA 7] HA220-50-C #l
I TR A T AR LR I AR A BR A
L550 il B0HL TR M S = AT A PR
)3 7890A S AH 15X 35 [E Agilent 2> F; cNose-
18 UL T4 LRI KR A R F]; 7890A-
5975C RIS AHAFE TTRE I 32 E Agilent 22 F];
DB-WAX #IE 44 +E (30 mx0.25 mmx>0.25 pum)
ZE[E J& W ATl ; FlavourSpec® IS AH B T 1AL 1Y
E G.A.S AFEl.

1.2 LWHE
1.2.1 Mg LI Z5AF AL 5 #E (Normal Tempera-
tures, NT) : AR £ AT o] 40 FE {4 1L Z5 Ko =1 7R (High
Temperature, HT) : B LU ZSAFTE 140 °C %P 15 min,
1.2.2 R IS AEO
1.2.2.1 JEMEZ (Press, P)  FREGAEE LLUZSKF 3 kg A
AMEIHLA, FEFEE IR (45 °C) F 7R, Wz fLl
Fr B RS RR P U ABf e R TR, BRI
Y EKEI (Pressed Oil, PO) B T &5.0>HLLL 10000 r/
min B5.0> 25 min, BTG HRE SEAR O3, IF
TE 4 °C 5 FRDGLRAFH
1.2.2.2 WIEH T kXL (Subcritical Butane Extrac-
tion, SBE) ¥ 1.8 kg Vg pg LUK HCE T 2EBURE N,
B R TR SR I A B R AT, SR B A I RS,
PEAEHURE . 5y B HE LA B RE I PR R 133 A5 R AR
% 0.46 MPa 143155 B Ko f-¢ 26 BCRE Hh i B 3k 3]
45 °C B}, A 3.6 L T RHeEE ZH 5 IR, BRRZHUAT
(6] & 40 min; f% Ji5 BUAS 43 &5 HE v 1% 7 ( Suberitical
Butane Extraction Oil, SBEO) & T & .0» #L v LA

10000 r/min &.0> 25 min, L EIE TR EAR (D5 35
A, IHAE 4 C 54 R o

1.2.2.3 @il %A CO, ZXHL (Supercritical CO, Extrac-
tion, SCE)  FRHX 1.8 kg Mg LLIZSAF & T2 o,
ZEWUE 12 30 MPa, il 45 C, 53 B 1 H
9~10 MPa, IRFEER 55 °C, ZHUAE] 2 2 h, ZEHNES
Ja, W 4B A REISEBAS B 0 A, B i IR
(Supercritical CO, Extraction Oil, SCEO) £ & 5 {7,
B, ITHE 4 °C S TR GERAERE .

1.2.3 g LLESTM Y S BT Febnill e

1.2.3.1 HsRiA

Hj?EHK(g/IOOgF% % (D

2wy SIS A w, S ILSOFF R
1.2.3.2 HfkFEPr MM GB 5009. 229-2016E&
a4 E SRR UE B T R I ) R T R E s
SRV B LI A s LS IR GB/T 5532-2022Shti 4
RE WE 09I 2 DBEAT; i EALfE 2= GB 5009.227-
2023 (R e A [ SRR i Tl S B A e
173 /K428 GB 5009.236-2016 B4 ShniE
SIAE NG 7K 53 B FE 22 W 0 e )b e TR AR TR
M, DAY —gA A — ST PRE R T = UCOPA T
S
1.2.3.3 JEWifR e nl B Ho & AvAab 3. FREGH IE
0.2 g, INA 2 mL A iHEE-ZEE(1: 1) F 1 mL & & b
H-F (0.4 mol/L), IR JE 30 s, #E 1~2 h JFIRAT,
I 2 mL 7K, & 2 h s X 200 pL 2 EEZE N
A 800 pL A7iMBEEFI . GC £524-R 1 GB 5009.168-
2016 CE A e A I SR Bk T ARIDTIER i e Yy
VA — Ak A TN, A O cs vl S, e kRS —
AT RS AT =IO 7256
1.2.3.4 HF& SREASCHR [12] bk, Fhit
FTIE S MERMFRE 15 ¢ WG ILZE T 30 mL
FYTRZS I, R T TE 60 °C T In#k 20 min, LLIAF]

FREAIRASIE, TR S T S BIRER RS
BATIEGE, R RREHE SR 8H—IRZE . 75
SRS R b, SEORE AR SRR ] 60 s, 1%
TR DR TE] 100 s, BRI AR EE S 200 pL.
SRR REE T S, AR UES = AT RE S T =
UCPAT SR, IS B 7 55 5 AR IR AR (56~58 5)
AR ME T IR E200 2ot . H T S L s
M EARSENGR 1 s

1.2.4 Toias - [ AHCE - (B0 -3l S
Bk [13] Fri Jr s, JF gk A7 e e MERPREL 4 g
FE BT 20 mL B9 0230, Bl S )R e oim A
4 pL PIFR(0.816x107 g/mL — F 3 = Bl ), FF7. B
InaRss IR SE . B GC-MS H 337
SR E NTE 40 C T AT O A0 3, RFZ2 A (]
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Table 1 Parameters of cNose-18 electronic nose sensor
S5 FRat T BT

1 S1 FEEbE

2 S2 TR

3 S3 [ikia]

4 S4 BRI

5 S5 P

6 S6 FE, AE

7 S7 Beke, — AR

8 S8 B, S, TR, R

9 S9 Bk, Jike, o7k

10 S10 Ay, B, Ak, RSk a

>k 20 min, Fi 1 cm 50/30 pm DVB/CAR/PDMS 74 [#
FHZE ISk XA o v g XUBR B 431547 A B, ZE ) (1]
2 30 min. FESE RS Il A SAE OIS SERE O, £
250 °C WS T HATIEPTALEE, 5722 5 min, AR
BRI HER AP ERT AT Sk, £ AR RS =l
SRR SR T = UREATEE S
1.2.4.1 GC &1 43 £ v DB-WAX( 30 mx
0.25 mmx0.25 um); AL OIEE R 250 °C; DARILHTE
FE°M 40 °C 3217 2 min J&, A 4 °C/min FHEZE 200 °C
IBEAT 2 min, RIS LA 5 °C/min THEZE 230 C JFAZE,
1.2.42 MS 44 ALHIZIREE 250 °C; & F IR
230 °C; PUMATIRE 150 °C; R HFEVE R m/z 40~
350,
1.2.43 ¥ERMWYIBEMEE RSP RRE DR
5 INST A9%R 2381 7 Eb X, G5 DE e B2 R 80(i
KAE 100) W1k &9, I+ 45 & 1= B 75 2L (Retention
Index, RDIATENM: . #E &AM 5T 0 E R FHNARTE
AL, AR () .
L, xCxV
T TLxM

Kb x FoRFES PRGNS &, A
A mg/kg; C =7 T 0 PN AR e 5, B2 o8 mg/mL;
V RN A NARIATR, B4 pls M 3R T
FERY BT, A 2R g; |, oA P AR E RS
WU TG s 1, 08 ORI TATERGR R
1.2.5 Tizs-SAHOGE-B TRy S RS0k [12]
PRI, I TS BEAE I . HERAFREL 5 g mURE B
F 20 mL pIREE e . ANERSEOR SN iRk

&

R | WA RN 345 60 °C, 10 min, 500 r/min.,
PREEHRIE A 80 °C, HFFEMAFN 500 L. Ml
PUERRPERT AT SEME, EFXT AR TR UE S — 2l
FORE SR T = IR T2 56
1251 GC %M 3% # 2 DB-WAX( 30 mx
0.25 mmx0.25 pm) ; IR IR BE I & S 40 C, i 17
4 min J5 LA 5 °C/min THEHCRETHE E 110 °C, 25
LA 4 °C/min MFHRFEREFHEZ 150 °C, &/5LL 10 °C/
min FIFHEEERTHE S 200 °C, 35 5 min,
1.2.52 IMS %5 ISR 53 mm, TEETE
SR 45 °C, EESIR IR CH), F758 % 500 V/em,
BN, 4l =99.999%), i 150.0 mL/min, iE
B
1.2.5.3 GC-IMS F#R4rPr @3 AN Y NIST
BARFERN IMS 3B A B FE AT Le T, A I B
FEEG AL TR], S HR DG Fe B 4 i R R e 59 o
1.3 #iEAIE

>R SIMCA14.1 A4 347 1E 38 M e /)y —3fe )
51 43 #1 ( Orthogonal Partial Least Squares Discri-
minant Analysis, OPLS-DA ) Fli1-5 Tl 25 & 51 224
#5218 (Variable Importance in Projection, VIP); &
JH Origin2021 £l FR ik &l . SRASTIEIFN F 55504
(Principal Component Analysis, PCA) [&l; il i SPSS
26.0 FATHEATEANZE ANOVA 2307, K T-test #6
5, a=0.05 7K b XTS5 50 B Pa $EA T W E e, P<
0.05 FIRFAEAEAE W FTE2E R
2 HBRESH
2.1 ARIILZHEA SRS HRRIER
2.1.1 R MERfbFE bR AR TR L
T H T 238 DA A AR BRALFE AR a2 25 SR an 2 2 Fr
Ro MR FF, HT-SCEO T A MR R =T
NT-PO. HT-PO HI NT-SBEO T.2.(P<0.05), X & H
T CO, e XM ARHEA T fre A T (& Il 5 Co, T
A BB SRR BCRM, N M A, NT-PO Fl
HT-PO IR B35 & T 55 4 4 FiitiFE (P<0.05), H
JE A AT BESE R G AR T iR 5 s A, 7RI
T R R RS R A2 A T RS K A AT S BRI 1Y)
FhEtL i SCE T 2SR H 5.t m] UL, 2B 7
JIi it 7% B AT LA G 3o 2% DA P AR A BE S . NT-
SCEO #1 HT-SCEO M ML{EF /=, X 5 R W45 19

2 AT Z e R L Il R A B R b

Table 2 Oil yield and fundamental physicochemical indices of Hainan camellia oil extracted through different processing techniques

1545 NT-PO HT-PO NT-SBEO HT-SBEO NT-SCEO HT-SCEO
HH#(2/100 g) 24.56+0.88¢ 26.14+0.32° 30.63+0.43° 31.46+0.20" 31.25+0.04% 32.22+0.43°
M (mg/g) 0.80+0.07° 0.80+0.03" 0.66+0.22" 0.68+0.02° 0.68+0.02° 0.69+0.03"
il (2/100 g) 79.00+1.53% 81.00+1.73% 77.00+1.53° 79.00+1.53% 82.00+2.65° 84.00+2.08°
i AR ME (g/100 g) 0.03£0.01® 0.02+0.01° 0.05+0.01° 0.03+£0.01® 0.04£0.01® 0.02+0.01°
K53 (%) 0.06+0.01¢ 0.03+0.01¢ 0.35+0.01° 0.3140.01¢ 0.43+0.01° 0.41+0.01*

T e 2O P AR 22, —0COVAT; RAT A R by ik Rom 22 5 1.3 (P<0.05), 3R3~K4.



%465 5 17

22 8,45 AT E-nose. GC-MS 1 GC-IMS M ARl il T2 % R LA & B B RURERAE B 52 ) - 67 -

WFFREE R —3 . Mad S E A, fUAAERFANAR T2
X if S AR B AT B2 . K53 A, SBE Fl
SCE T.ZHIB MK S EEES T P T.2(P<
0.05), X n] B 5 Hohn T b 2 vh gk 8 /b R0 T e sk
CO, EG ¥R BATA K, I IMZFRFNILAS T L TR
trgrG K%, SCE T 2003 A T RS LUy AN 1.
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Fig.1 Electronic nose radar map and principal component

analysis (PCA) two-dimensional plots of Hainan camellia
oil prepared by different processes
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Table 3 Fatty acid content of Hainan camellia oil produced by different oil extraction processes
RRIDTR & 1 (%)
NETRR RN
NT-PO HT-PO NT-SBEO HT-SBEO NT-SCEO HT-SCEO
Cl14:0 ER 0.050+0.001" 0.050+0.001° 0.050+0.001° 0.049+0.001° 0.054+0.001° 0.051+0.001°
C16:0 i 10.372+0.026° 10.612+0.062° 10.304+0.029" 10.315+0.007° 10.716+0.060° 10.353+0.025"
Cl6:1 T — I R 0.068+0.001¢ 0.071£0.001% 0.071£0.001% 0.069+0.001% 0.073+0.001° 0.071£0.001%
C17:0 TR 0.068+0.001* 0.063+0.002° 0.066+0.004 0.068+0.001% 0.067+0.001% 0.067+0.001%
Cl17:1 TEk—IRR 0.0510.001* 0.051:£0.003" 0.0490.003" 0.0510.001* 0.0510.001* 0.0510.001°
C18:0 ERRTR 3.043+0.005" 2.955+0.008° 3.039+0.015° 3.209:+0.260° 3.007:0.006* 3.032+0.005*
C18:1 THIER 78.640+0.092° 77.780+0.049¢ 78.774+0.114® 78.328+0.050° 78.910+0.035° 78.759+0.051%®
C18:2 IR 6.8030.001° 7.503+0.019° 6.716+0.043° 6.618+0.009¢ 6.817+0.022° 6.778+0.013°
C18:3 AP RRR 0.206+0.005" 0.214+0.002° 0.207+0.007% 0.199+0.001° 0.210:£0.003" 0.205+0.001%
C20:0 AR 0.047+0.005" 0.0530.003" 0.066+0.014° 0.0530.008" 0.0480.003" 0.056:£0.004°
C20:1 A — IR 0.460:£0.05% 0.466+0.002° 0.464+0.021% 0.456+0.002% 0.433+0.004° 0.445+0.018
€22:0 LhsT iR 0.020+0.001° 0.034+0.008" 0.074+0.003" 0.023+0.011° 0.033+0.009° 0.026:0.006"
22:1 TR 0.023+0.002 0.042+0.007° 0.030+0.006" 0.018+0.003¢ 0.061:£0.008" 0.038+0.010"
C24:0 By 11572 0 0.027+0.006" 0.058+0.010° 0.0440.007® 0.025+0.014° 0.0580.005" 0.028+0.008"
C24:1 U 0.063+0.002* 0.056:+0.003" 0.062+0.021° 0.049:£0.005 0.051:0.008" 0.047:0.001°
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Table 4 GC-MS analysis of Hainan camellia oil prepared by different processes

i (mg/kg)

FFg RS RIRKE CAS% ez P VIP

NT-PO HT-PO NT-SBEO  HT-SBEO  NT-SCEO  HT-SCEO
1 o #ﬂzﬁ*iﬁ 66-25-1  CgH;,0  0.061£0.014* 0.008+0.001° 0.005%0.002° 0.005 0.999
2 HRHEE W ERE 100527 CHQO  0.006+0.002° 0.136+0.059° 0.019+£0.005° 0.01120.004° 0.153£0.032* 0.007 1.027
3 i %Eﬂmﬁr 98-01-1  CsH,0, 0.999+0.095° 0.006£0.001¢ 0.236+0.123° 0.005 0.907
4 S KREMEUREE  590-86-3  CsHygO o 0.021:0.005" 0.658+0.059° 0.050£0.003° 0.005 0.912
5 2’5:?§%qu A AR 1194985 C;HO;  0.006+0.001° 0.017+0.004" 0.061%0.003* 0.003£0.001° 0.005£0.002° 0.005 0.959
6 ERE &M HREER 122032 CH,,0 0.01120.002° 0.064+0.013* 0.007 1.140
7 T A ﬁ‘@%f‘m 110-62-3  CsH,,0 0.0030.002 0.005 0.743
8 2RIECE TR EER 122-78-1  CgHO 0.030+0.032° 0.002%0.001" 0.005 0.723
9 S5-EE-2- MR 12@@@:& 620-02-0  C¢HO, 0.161£0.065° 0.018+0.003° 0.005 0.882
1 2'%%%?%% 698-27-1  CgHgO, 0.003+0.001 0.005 0.846
11 T ﬂﬁﬁfﬁmﬁ 124-19-6  CoH,0 0.023+0.004 0.005 1.300
. 3,4-:?&%%% Ak 5973717 CoH,,0 0.019+0.002 0.005 1.308
13 23k 2-TIRmE %ﬁf\ﬁﬁf\ 4411-89-6  CyoH, 0 0.007£0.001° 0.01940.002° 0.005 0.942

A (13F) A1 0.093£0.02°  1.997+0.28"  0.086£0.01°  0.081£0.00°  0.088+0.01°  0.4760.17°
14 FRIED I it A 116-09-6  C;HO, 0.935+0.053 0.005 0.911
15 VR TR jﬁ‘g‘iﬁﬂk 4674-50-4  C;sH,,0 0.011+0.001 0.005 1.025
16 23-TZF  #ih, Fiek, 265 431-03-8  C,HO, 0.063£0.030 0.005 0.876
17 2,358 i w%ﬂ%’mﬁvﬁ%ﬁ 600-14-6  CsHgO, 0.169+0.008 0.005 0.907
18 2(5H)-WkiHR HER 497-23-4  C,H,0, 0.077£0.033° 0.013+0.003° 0.005 0.877
19 3-C Eﬂﬁ‘iﬁ‘% 589-38-8  C,H,,0 0.069+0.006 0.005 0.902
20 LM?‘%%‘@‘E'Z'W %@%ﬁﬁc&% 592-20-1  CsHgO; 0.10940.050 0.005 0.876
21 2-ME N S - 616-45-5  C,H,NO 0.021+0.016 0.005 0.800
22 3-%%51@3-%& B BRE 765-70-8  CHgO, 0.013%0.005 0.005 0.889
23 4'%&?@1’3; - 930-60-9  CsH,0, 0.134+0.015 0.005 0.903
24 2,5-WRIZE - 22160-42-5 C,HN,0, 0.009+0.001 0.005 0.912
’s :gig%;%”w WHE 28564832 CHLO, 0.302£0.023° 0.0500.002° 0.005 0.906
26 3-FEEF N P 1757-42-2  C¢H,,0 0.011%0.002 0.005 0.895
27 z'q;ffﬁuk Eﬁ%’%ﬁiﬁ 3188-00-9  CsHgO, 0.002+0.001 0.005 1.241

WA (1470) it 0.00£0.00°  1.91120.16*  0.00+£0.00°  0.011£0.00° 0.002£0.00° 0.063=0.01°
28 KB F, THEE  60-12-8  CgH 0O 0.004+0.002¢ 0.0120.005™ 0.0170.002° 0.006+0.002% 0.092+0.006" 0.007 1.187
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_ it (mg/kg)
P ERMAEY SIRKHE CAS% =y VIP
NT-PO HT-PO NT-SBEO  HT-SBEO  NT-SCEO  HT-SCEO
29 ECE =26 R 111-27-3 CH L0 0.006+0.005 0.005 0.810
30 SR @%ﬁ;&i 123-51-3  CsH;,0  0.030+0.002 0.005 1.011
31 23-T % - 513-85-9  C,H;j0, 0.044+0.008" 0.029+0.002° 0.033£0.012* 0.036£0.012* 0.021 0.966
32 2- B SR R 543-49-7  CH O 0.033+0.001 0.005 1.011
33 N FE - 5117-19-1  C,¢H3,0,  0.00120.001 0.005 0.965
3,6,9,12-PU% 1+
34 I -t - 5650-20-4  C,gHp,05  0.004+0.002 0.005 0.964
35 ST A 78-83-1 C,H,,0 0.0060.002 0.005 0.886
36 e Aok, fEMER 98-00-0  CsHGO, 0.950+0.117° 0.005£0.001¢ 0.171+0.058> 0.005 0.906
37 S ik, R 100-51-6  C,H,O 0.009+0.003* 0.0030.002° 0.005 0.929
38 4-ZEHE-1-THE - 111-73-9  CH,,0, 0.003+0.002 0.005 0.846
34 2E-1,2-
39 Fﬁ*ﬁ@’ < 623-39-2  C,H 00, 0.004+0.001 0.005 0.811
40 B-2-U- 1B RS 1576-96-1  CsH,,0 0.029+0.003 0.005 0.914
5- - R
41 Eﬁ%@)‘ﬁw oK, FEMEDR  3857-25-8  CgHgO, 0.034+0.005 0.005 0.910
42 PR - 2919-23-5  C,H O 0.005+0.001° 0.035+0.007* 0.005 1.186
43 Eg/N I PN 77-53-2  CysH,0 0.016+£0.003* 0.021£0.001° 0.005 0.955
44 2-LHEC BT itk 168 104-76-7  CgH,40 0.055+0.006 0.005 1.035
5-FILIEIE-4,6-
45 $%:&‘/‘I - 18337-63-8 CsHN,0, 0.060-:0.002 0.005 1.035
46 4-HOIE-2-THE - 10528-67-3  C,oHy 0 0.0080.002 0.005 1.028
2-7. 32 k-
47 Z‘%ﬂ[’%l% - 54461-00-6 CH,,0 0.015+0.003 0.005 1.014
48 2-E2-THE RTH.BI 1565-75-9  CpH 0 0.012:£0.003 0.005 1.024
49 2-T -1 SRR 3913-02-8  C,H,0 0.017+0.002 0.005 1.029
50 2-LJRAAIEEE - 764-48-7  C,H;0, 0.004+0.001 0.005 1.267
51 L-J3 T B - 2319-57-5 C,4H,,0, 0.0030.002 0.005 1.128
B A1 (24F) A3 0.12240.01¢  1.080£0.13*  0.016£0.00° 0.205+0.01™ 0.053£0.01% 0.334+0.07°
52 2% [IELN 64-197  CH,0, 0.560+0.157° 3.575+0.338" 1.152+0.208° 2.196+0.328" 0.005 0.917
53 B-FABEEETI MR - 22418-77-5  C,H,0;  0.002+0.001 0.005 1.001
54 NI S 625-38-7  C,HO, 0.009::0.002 0.005 0.901
55 Tz [N S 112-05-0  C4H,50, 0.020+0.002 0.005 1.306
TR AT (4F) A 0.562+0.16%  3.584+0.34°  0.020£0.00°  0.00£0.00!  1.152+0.21° 2.196+0.33"
56 - TABE  EAIR, AEHER 96-48-0  C,HO, 0.056:£0.008° 0.372:0.036" 0.060+0.029° 0.181=0.020° 0.006 0.911
57 LR LT R W 141-78-6  C,HO, 0.022+0.003° 0.004:£0.002° 0.005 1.002
4 EIETRRS .
58 E%gﬁﬁ“ m £ LS 591-81-1  C,HgO;  0.004+0.002 0.005 0.964
59 LRSI SRk 123-92-2  C;H,0,  0.003+0.001 0.005 0.969
60 LMRIEHAF[H]NE - 528-79-0  C;,H;¢O, 0.078+0.004* 0.045:0.003° 0.005 1.130
61 WEERR AR ARk, WA 1754-62-7  C0H,00, 0.04120.002° 0.095+0.003" 0.005 0.938
3-FpHE224-=
62 tﬁ%r‘z%ﬁTﬁﬁ - 77-68-9  C,H,,0; 0.033+0.002 0.005 1.036
g
63 LIRS i R 103-09-3  C,oH,,0, 0.015+0.003 0.005 1.029
64 iR Y g NeRT. e 112-62-9  CjgH;0, 0.033+0.002 0.005 1.035
AT (9F) A1 0.084£0.01°  0.372£0.04°  0.119£0.01°  0.222+£0.01°  0.064+0.03°  0.181:£0.02°
65 Tk - 106-97-8  C,H,,  0.028+0.003 0.04120.002* 0.006=0.001° 0.005 1.224
66 ok PRRt: 107-83-5  CgH,;  0.019£0.003" 0.007+0.001" 0.005 1.014
67 IEC % - 110-54-3  CgH,;  0.017+0.006" 0.037+0.002° 0.005 0.919
68 IEEE VI 111-65-9  CgH;y  0.068+0.008" 0.040+0.016" 0.010£0.002% 0.059+0.023* 0.007 1.035
69 EThE - 111-84-2  CoHy,  0.016+0.002° 0.006:0.002° 0.005 1.011
70 Z LISy 112-95-8  ChH,,  0.017£0.002° 0.013:£0.002° 0.031£0.022* 0.009 1.055
71 IEBEE PRt 142-82-5 C;Hys  0.115£0.012° 0.021+0.003° 0.005 1.016
72 EZ$ b - 124-18-5  Cyl,,  0.007+0.002° 0.01120.003" 0.007+0.002° 0.009+0.001° 0.029+0.002* 0.010 1.244
73 2- k- Pk - 592-27-8 CgHyg  0.076£0.008" 0.049+0.007° 0.005 1.002
74 IE—kt bt 1120-21-4  C;Hy,  0.017+0.002 0.005 1.013
75 24- WP - 2213-23-2  CyH,,  0.028+0.004° 0.190+0.015 0.017£0.002¢ 0.138+0.015* 0.005 0.969
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it (mg/kg)
5 BERMAASY  RREHE CASS  fkst VIP
NT-PO HT-PO NT-SBEO  HT-SBEO  NT-SCEO  HT-SCEO
76 2-FIHEEdE - 6975-98-0  C,Hy,  0.043£0.003* 0.012:0.003° 0.005 1.017
77 3.5-ZHIEEE - 15869-93-9  CyoH,,  0.033+0.004 0.005 1.011
2,2,6- = F3L:
78 7 ,k;%ﬂ'& - 62016-28-8  C;H,,  0.014+0.002 0.005 1.004
e i ﬂ‘, ﬂ:u +v
79 LI AR g‘ﬁﬁ# 100-42-5 CgHy 0.019+0.002° 0.025+0.002° 0.005 0.962
80 oK HitE | A7 99-86-5 CyoHyg 0.0050.001° 0.280+0.038° 0.005 0.928
81 LRk - 527-84-4  C,oH,, 0.019+0.002° 0.040:£0.002° 0.005+0.003° 0.005 0.925
82 BV - 535-77-3  CjoHy4 0.006+0.002" 1.111+0.464" 0.005 1.160
83 7R MG A7H5 99-85-4  CHyg 0.03420.003" 0.010+0.002° 1.619+0.491° 0.005 1.119
84 PREEM FHIRHIE 515-13-9  CpsHy, 0.0230.002° 0.052+0.005" 0.005 0.935
85 IE+ ke LATUL I 629-59-4  CHy, 0.017£0.002° 0.045+0.004* 0.005 0.938
86 fif‘akf*?% ﬁ*ﬁﬁfg¥ 13474-59-4  CsH,, 0.021+0.002* 0.014+0.004° 0.005 1.082
87 o- TR A 469-61-4  CsHy, 0.008+0.002° 0.016:0.002° 0.005 0.924
= e 2 i N A
88 AT ”Héﬁié 87-44-5  CysHy, 0.021£0.003" 0.032:£0.004° 0.005 0.945
89  (+)-beta-MIAM HIA MEHE  546-28-1  CsHy, 0.005£0.001° 0.014:£0.002° 0.005 0.934
90 LR B 470-40-6  CsHy, 0.008£0.001° 0.011:£0.002° 0.005 0.953
91 o-PRME BEEREAG . AT 80-56-8 C o6 0.153£0.031° 0.205£0.073* 0.006 1.061
SRR A4y
92 ks A, {TWHJ{E 3387-41-5  CjoHyq 0.070£0.018" 0.265:0.071° 0.005 1.121
93 (+)-Frieehs fiths BT 5989-27-5  CjHy4 0.490+0.068 0.005 1.284
94 TR R TRBR 7785-70-8  CyoHg 0.0160.002* 0.006+0.001° 0.005 1.208
95 3N AR 13466-78-9  C,oHq 0.912+0.164 0.005 1.278
e L% 3 u A\ ¥
96 a-sKIEkS *’é*ui T 99830 CoHy 0.026£0.002° 0.089:0.043 0.005 0.966
BHATH(32F) A1 0.500£0.04°  0.381x0.00°  0.226£0.02° 0.275£0.01°  1.991+0.26"  3.552+1.03°
55 k- S g -
97 ﬁ%?ﬁ e - 822-63-9  C3H,N,0, 0.002+0.001 0.005 0.903
98 2,6-_FJLNLWE WIE], IRAL BN 108-50-9  CeHgN, 0.116+0.020 0.005 0.891
99 2-HH Bk gg HEREDR 109-08-0  CsH(N, 1.245+0.097 0.005 0.911
100 2,5-"HIZEMEGE  AEAE IR 123-32-0  CgHgN, 1.058+0.103 0.005 0.911
101 2-ZEng W%ﬁ%ﬁ]@‘ 1072-83-9  CH,NO 0.038+0.003* 0.013£0.004° 0.005 0.917
102 2-ZBRHEkm IR 1192-62-7  C¢HO, 0.047+0.003" 0.006+0.001" 0.005 0.903
2-Z3E-5- WPk AR Ak
103 airgﬁg& Jﬁ‘%ﬂ‘% 13360-64-0  C,HyoN, 0.2800.026 0.005 0.907
104 2-ZFHRIEkmg R, BRF 3131-63-3  CjH,00 0.022:£0.003 0.005 1.027
105 BEIEER - 1200-93-7  C;oH,(05 0.032:£0.004 0.005 1.027
LA TH(9F) A1 0.002+0.00°  2.784+0.24°  0.00£0.00°  0.054+£0.01°  0.00+0.00°  0.019+0.00°
J3H(10550) B 1.36330.17¢ 12.109£0.90° 0.466+0.01¢ 0.847+0.02° 3.350£0.40° 6.823+0.80
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Table 5 GC-IMS analysis of Hainan camellia oil prepared by different processes
F5 YR M) I CAS% 437 RURT RI Rt(s) Dt(a.u.)
1 2 -2- 25 3913-71-1 CoH,50 BT 1245.9 783.200 1.490
2 JJ-2,6-T- )i 557-48-2 CyH,,0 E VN7 1138.3 577.733 1.366
3 SR M 590-86-3 CH,,0 IR 910.7 303.482 1.188
4 SR EE D 590-86-3 CH,,0 IR 908.0 301.211 1.400
5 RN — B4 61683-99-6 C, H,,0, R FH 788.7 214.916 1.117
6 B -d4 1219803-80-1 C,H,0, - 1449.6 1393.624 1.086
7 HEE M 98-01-1 C,H,0, JETH, AR 1397.1 1201.405 1.087
8 HERE D 98-01-1 C;H,0, AN 7S 1396.5 1199.458 1.332
9 ST 78-84-2 C,H ;0 TRRIREHR . ) 784.9 212.645 1.276
10 R-2-C Al 6728-26-3 C¢H,,0 W R 1191.5 671.627 1.182
11 (-)- T 5949-05-3 C,oH,;s0 P i 1448.4 1388.735 1.358
12 REN i 103-95-7 Cy;H,40 A WA AT 1432.6 1328.226 1.360
AT (12F0)
13 N-Z SN ot T 2687-91-4 CeH; N, - 1120.8 549.840 1.555
14 S SR 141-79-7 C¢H,,0 AR | 1085.5 497.638 1.112
15 2- PP B D S0 i -3 - 3188-00-9 CsH0, IR W& 1310.9 941.271 1.074
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&S
¥ YR I CAS% 43 Fa U RI Ri(s) Dt(a.u.)
16 32 HE2-THI M 513-86-0 C,H,0, Wyim . BRI 1299.5 911.495 1.071
17 3-F3E-2-THA D 513-86-0 C,H,0, Wi BEW; 1298.7 909.340 1.327
18 5 T LR 108-10-1 CeH,,0 - 997.3 387.778 1.178
19 L-75 i 99-49-0 C,H,,0 =T 1342.3 1028.802 1.322
20 SR 123-19-3 C,H,,0 R FLIRA 1157.2 609.555 1212
21 3-Bi 106-35-4 C,H,,0 RE. & HE 1140.0 580.483 1.210
22 FH 5L i 110-93-0 C.H,,0 HE R 1307.9 933.548 1.162
FZE A1 (1050
23 5T HE 78-83-1 C,H,,0 HA 1142.8 585.197 1.171
24 1B 71-41-0 CH,,0 M A R 12773 856.171 1.255
25 33 3191-86-4 C.H,,0 IR, B 1448.1 1387.920 1.158
FERA T (3F)
26 LR M 64-19-7 C,H,0, PRI 1394.2 1191.672 1.055
27 LR D 64-19-7 C,H,0, PRI 1391.7 1183.236 1.159
28 IEGR 109-52-4 C,H,,0, e ek 906.7 300.076 1.235
29 WA LR 520-45-6 C4H0, - 1467.1 1464.452 1.299
AT (4F)
30 AR LR 539-82-2 C,H,,0, - 1123.3 553.768 1.271
31 [l 105-37-3 C,H,,0, R RS 954.6 343.619 1.143
32 LIRLTEM 141-78-6 C,H,0, B SN 876.0 275.096 1.095
33 LIRCTE D 141-78-6 C,H,0, A W 869.3 269.986 1.332
34 (-)-FLFR L g 687-47-8 C4H,,0,4 A W 809.5 227.974 1.151
35 LR R 79-20-9 C,H,0, WA R 795.2 218.890 1.195
36 LR 103-54-8 C,,H,,0, LN = SN s 1468.0 1467.907 1.080
37 CR TR 626-82-4 CoHy0, WA AT A 1444.7 1374.474 1.471
38 SR R DI g 57-06-7 C,H,NS Rk Bk 1369.7 1111.859 1.095
39 LR AT TR 20777-49-5 C,,H,,0, BOLA . MR 1309.0 936.257 1.229
40 SR T e 109-19-3 CyH 0, HFHEE, ETRE 1286.7 879.163 1.385
41 iR R 109-94-4 C3H,0, B2 U N Gl 799.7 221.729 1.071
42 RS T R 540-42-1 C,H,,0, W IR 881.0 279.070 1.284
43 2 -2-CL IR LT 27829-72-7 CgH,,0, B R 1062.6 466.404 1.323
44 EJ34Tg 39255-32-8 C¢H,40, - 1168.0 628.412 1.300
EXEATH(1I5F)
45 TR 104-51-8 CioHys - 1298.1 907.903 1.210
46 K 99-83-2 CoHyg FHROR . WATIR 1169.3 630.769 1.221
47 E+—ht 1120-21-4 C, H,, banlii 1097.6 514.871 1.238
48 p-RNE 127-91-3 CoHyg AT, BIET 1139.0 578911 1.297
49 THACEE 1678-93-9 CyoHy - 1080.1 490.099 1.255
50 y AR 99-85-4 CoHys A At 1270.5 839.772 1213
51 14-Z5R 73513-56-1 CH,CL, - 1445.1 1375.900 1.132
KA (TR
52 [V 123-75-1 C,HN - 1030.1 425.475 1.046
53 2-Z HIE G 3208-16-0 C(H0 A HIE . R 964.5 353.443 1.042
54 2-FRA( B3-S T Ak 24683-00-9 C,H,,N,0 TR S 1480.6 1521.464 1.308
55 2,4,5-= F JLIGEmS 13623-11-5 C4H NS ATA Ay, IR 1423.8 1295.426 1.148
56 2- PP -3 P ki 63012-97-5 C4H;0S T R 1351.4 1055.759 1.104
57 2-Z ML IE 100-71-0 C,HN AR R 1334.1 1005.166 1.106
58 2- TP kit 109-08-0 C,HN, BTk 1288.2 882.756 1.087
59 SR 119-65-3 CoH,N [T 1286.4 878.445 1.196
60 2,4~ F JLigEIg 541-58-2 C,H,NS A, A 1281.2 865.512 1.093
61 VY A e 109-99-9 C,H O - 648.4 144.518 1.082
62 4,5-— I Jkggmg 3581-91-7 CsH,NS HE. BRRAF 1362.0 1087.850 1.480
63 T T L ik 3033-23-6 C,oH,;s0 HOLA 1121.8 551.491 1.365

AIEATT(12F)
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