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Abstract: An analysis method for the volatile components of squeezed Camellia oleifera seed oil was
established by using automatic sample preparation-headspace solid phase microextraction (HS-SPME)
combined with gas chromatography-mass spectrometry (GC/MS) technology. The optimum extraction
conditions are: Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) solid-phase micro-
extraction column, extraction temperature 60 °C, extraction time 50 min, resolution time 5 min, compared
with traditional manual water bath extraction method, it has higher total peak area and main peak area; A
total of 47 volatile components in pressed camellia seed oil were identified and quantified using this method,
of which aldehydes are the main volatile components in camellia seed oil; The characteristic flavor compounds
of pressed camellia seed oil obtained by relative odor activity value (ROAV) analysis are 2-hydro-3-hydroxy-
4,4-dimethyl-2(3H)furanone, dihydroxy-2(3H)furanone, 2-methyl Propionaldehyde, phenylacetaldehyde,

nonanal, n-hexanal, trans-2-nonenal, decanal, 1-heptanol, 3-ethyl-3,5-dimethyl-pyrazine.
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3

[ AH A< B ( Solid Phase Micro-Extraction,
SPME ) J&:— Fupi BURE f TAL B & SRR, iZ A
A TOW N . RO A5 A 17 (58 RS BR AR
(ng/g~pg/g) SFMLA, IFnT SCBLAE Z i 5 i v i
A AT, 5 S0 €% (HPLC ).
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SPME-GC/MS X 4 Fift [&] FH s 2% BURE I B AICR 47
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B i A B - T90 2 [ AH L #E B ( HS-SPME ) 4%
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PE UK AT AT

1 #RlER=E
1.1 EIedrd

FEMETMAS A, N T T2 8 FF Rk, B
M BARDIRE RIS . AL iT gz h RARMOE SR A
PR F
12 UHF5EE

COMBI-xt PAL SAH (35 Z DI fig H shilf AL 288
FESLATALBR R4« Fii+ CTC 2\ #) ; Agilent 7890A-
5975 ST BTG HC AL . 3 E ZEERFHOA R
ZvF]; 100 pm R H 3ERESALE (PDMS ), 75 pm
F I/ — W LR BE ( CAR/PDMS ), 65 um —H!
HAE RS/ — IR EEA (PDMS/DVB ) #1 50/30 pm
T OIRFEIR R IE /R W e A% ( DVB/CAR/
PDMS ) [EIAHAEE L : S [E Supelco 24w ; T0Zs i
FE Rl SR R A R A A s SR BT
o LR R i gl . 254 Bk 50 A B
A
1.3 EWHE
1.3.1  XUBRY) 2 26 UL 3R

S RN 00k o o M AR Bk 58
Jatfi A GC #bkE bt ZAkiRIE 250 °C,
ZALBTE] 30 min, A 2 mL/min, 5L
20 : 1, FRHL 4.00 g AE 5L E T 20 mL s Hfirh, 7
CTC #H RS 60 °CORIEAR TP H A HE 20 min,
T RV A R 5 K 26 UK 22 8% TR TS 1.0 em
AbS#EDT 20 min, Fefa U ZEBCRFERERE 250 °C
fEHT L R IS SR A
1.3.2  [FEAHAE BRI

S LIU %53, ik 4 ff SPME # Bk
100 pm PDMS ., 75 um CAR/PDMS . 65 pum PDMS/
DVB #1 50/30 um DVB/CAR/PDMS, 43855 T
PR (40, 50, 60, 70, 80 °C). AEHHT[A]
(20, 30, 40, 50, 60 min ) FIfFEMHIE (3. 4.
5. 6. 7 min ) XFALHUBICR 15 e I o R AR 2R R
Z U
1.3.3 GC-MS Zr#r

S% LIU 058,

GC: {iF:E, HP-5MS B4 M (30 mx
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0.25 pmx0.25 pm ); FFFHR: EIHEE 35 °C,
Pl 4 °C/min F+8] 160 °C, f£4F 1 min, FLI
10 °C/min F+%| 220 °C, F£FF 0.1 min, )5
15 °C/min F+%] 250 °C, f#¥F 1 min, A N4k
AR, WH 0.9 mL/min, PEFEDEIE 250 °C, A
G aliiisi g = 8

MS A BEFIR, BT RIS
70 Ev, fEHiZRIRIE 250 °C, B FIEEE 250 °C,
VUM AT 150 °C, B HH# R 50~500 u.
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YERIbR, R 50 & A Y T R
FAXTHR RS, AT

L EYIRE (mg/Kg WAKFHH) = LAYk
TR/ P s 0 e T R < LB P VR B
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SR ED Dk R AR X SR A
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SRR
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Fig. 1 Theinfluence of the extraction head
on the extraction effect
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Fig. 2 The effect of extraction temperature
on the extraction effect
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Fig. 3 The effect of extraction time on the extraction effect
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Fig.5 Total ion current diagram of volatile flavor
compoundsin camellia seed oil

M1 1 Al SOt dese Hm Akl XUk 4
Jidt 60 Z 8, P VCELE RF 80 AL 47 F, 41
PR 11 FEEZE | 7 RIS L S ROk, 5 R
4 FhmbiE . 3 FRERIS . 2 Fhoikie . 2 FRERZE . 2 Fb
P2 FT 1 APk

Y I T B, SR IR
KRS 56.28%, WeEE R 140.29 mg/kg AT
¥R, EZ AR RS, — MR AR Bk
MR O, I O R W R A AR
Z—, S2-BRIWE 2 — BRI R 28 [ R
ot Skt RO 7 S, K AR
LAY 55 1R 0 R 6 4 AN [ I KUBRARRAIE - 43341

F1 HBEFHELZEXKYE GC-MSHHER
Tablel GC-MSanalysisresultsof volatile flavor substancesin camellia seed oil
a5 4B tE/min HEY ARXSE 5 5 /% W /(mg/Kg M2k U IE B /%
1 1.999 2-H L IR 1.17 2.92 86
2 2.709 3-FHE TR 6.13 15.28 91
3 3.207 e 3.50 8.72 87
4 3.805 3-HE-1-THE 0.43 1.07 82
5 3.874 2-FBE-1- TR 1.24 3.09 91
6 4.419 1-78 e 0.27 0.67 80
7 5.002 2,3-BREds e 0.22 0.56 86
8 5.166 IE O 12.36 30.80 90
9 5.759 2-H Sk 1.12 2.80 87
10 5.965 e 5.31 13.23 91
11 6.606 T 3.57 8.89 95
12 7.083 1EC R 1.72 4.28 80
13 7.745 K 1.47 3.66 96
14 8.115 P 1.89 4.71 96
15 8.417 TFH-2 (3H) RIRER 3.90 9.72 87
16 8.454 2,5- H FE s 5.26 13.10 80
17 9.360 2-WH-2- TR - 2 B 0.97 2.42 91
18 10.022 J2 -2- B 0.20 0.51 82
19 10.170 % 5.67 14.14 96
20 10.519 1- B 2.04 5.09 90
21 10.869 12745 -3- 1% 0.45 1.12 47°
22 11.208 213G LK 2.48 6.17 93
23 11.631 2-,F-5-F Sk 0.30 0.75 94
24 11.721 T 4.40 10.95 83
25 13.040 2-FA-3-FE-4,4- " H -2 (3H) WER 0.80 1.98 81
26 13.215 RO 18.70 46.61 91
27 13.760 2 -2-2F Ji 1.14 2.85 94
28 13.988 TH- ML -2-FE- 2, T 0.32 0.81 90
29 14.253 - 1.05 2.61 80
30 14.364 3-2.3-3,5- T P ot 0.90 2.25 87
31 14.724 PR 0.86 2.14 80
32 14.952 2- T 0.34 0.84 43°

—
—
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gxR1
H5 PREETE/min sty AHXSE 5 /% W /(mg/Kg 2K U e B /%
33 15.492 T 3.88 9.67 91
34 15.598 E a0 0.36 0.91 91
35 15.735 R 0.72 1.80 92
36 16.805 2,3- T BE-3,5- - 6- T -4 H -l g -4 - 1.13 2.81 87
37 17.165 3-WBE-2- TR -2- 1 e 0.36 0.89 43°
38 17.515 -2- T 0.25 0.61 58°
39 18.182 IR 1.82 4.54 91
40 18.743 1-T- 45 -4- i 0.29 0.72 50
41 19.188 A3 0.19 0.48 90
42 21.311 o 23K 2 0.04 0.09 95
43 21.422 TR 0.29 0.72 80
44 22.482 T+ =k 0.06 0.16 95
45 24.605 2-+— S 0.30 0.76 64
46 25.802 P 0.07 0.16 93
47 28.947 FF ke 0.06 0.15 94

B b RUNZAG Y BHER R SRR LA . Hrh AR 6.94 me/kg HASH -

Note: b indicates that the compound is confirmed by mass search and sample comparison. The internal standard concentration is

6.94 mg/kg of Camellia seed oil.

HATIA kA2 e k) kg Ab A W i
ZAFIME RSB KRB, HESEN
16.06%, N 39.99 mg/kg MMk, TN
IV RGP LIk R D S , AOBR M AR, — Ak T
mg/kg 7K, PEMESEAL G W) HA SRR . IR
IR T SR e 2 JRUR AR A A e
FHFMAE MR I = KAk BY, RS ER
8.43%, WK 21.01 mg/kg WAk, — MK
B(E R, R AN R R B R B, Horp
OB BEEAR, BA B AL FIk £
R RS A W I ORI R £
WRAEY, HESTED 7.58%, WEH 18.90
mg/kg JMAKFIN, — M LML . T H LR
SR B EAR R g, T SR Bl 2 B R R Y 1
EAAR AR, — B2 ng/kg 900, MRS
WFFE R 53 T g i Sk | ptRs sk . e+
UNIEELNTE ¥ PN ST R S TE 1
BV 2-TFH, 38 AR Sy BUOR AL PR AN S IR
— M SRR AR A X, — e
A B KUK I3

B AR HS-GC WFFE AN [FI b 4140 F
AT A K00 PR 2 R M B A3 AL B R B2 18
FEIE R ST, ERHNRE 140 °CHY, EEZRY)
T2 R 46.84%, VKMGIEZY 11.91%, BEIZyN

10.92%%, HHXTEE SR ZERECR, "JiES
KRR ARA K, NBEISRH GC-MS
Xof BB A 0 o 8 10 T AR Il XU 20 43 43 B
B, BRI R 57 B, b EEEY R
59.23%, BREWIT 16.89%, MY 9.16%, &
KR 5.62%, Z4HIE 0.48%, Bk T RRZEFIZRIR
%5, HAbSHATHZERIEA—FL,

2.3 MZFFFHXRY R ROAV S 47

AU T3 6T T 18 B R A XUBR I DT R B T 5
A KU, &5 XERY BT B w A,
WP 3 L 2 PRI 9 S5 A A A T (T LA ST
Fi AR KR TTRREE . — Ay ROAV=1 19
SRR S R OGRS K 2H 43, T 0.1<<ROAV<1
(8 BN RE v B A ) S A TR
TR LA S WA XS E 43 & i (4.40% ) FIIRE
BI{E (0.7 pg/kg), B A AE R BE R
ROAV 1,0x=100 A FF 5 & P XK 4 5 AH X <
MRG0 2 B .

MFE 2 HAfLIF H, ROAV>100 Fi XU H) 5
Hh2-E(-3-FRHk-4,4- " B2 (3H) WRIR R AT ¥R
552 (3H) PEMGHR , ZRAE Y EEAER RIS
PR, — M RIERER ;. HICH ROAV=100 1Y
FRE, —MEAA R . AR R B R FRK
1 0.1<ROAV<1, 2-HIFENEE, KO, T
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Table2 Relativeodor activity value of volatile flavor substancesin camellia seed oil
i EW AERT /% {8/ (ng/kg)!"™ AHRT SR B2 (ROAV)

1 2- Py g 1.17 0.10~2.30 0.08~1.86

2 IEC 12.36 4.50~5.00 0.39~0.44

3 P 1.89 3.00 0.10

4 T2 (3H) nRmER 3.90 0.03~0.04 15.51~20.68

5 1-BE 2.04 3.00 0.11

6 13475 -3 0.45 1.00 0.07

7 2- PR BE W 2.48 6.00 0.07

8 FiE 4.40 0.70 100.00

9 2-F-3-F5E-4,4- T -2 (3H) MR 0.80 0.00 127.27

10 R 18.70 4.00 0.73

11 3-Z.%-3,5- T Lo 0.90 1.00 0.14

12 T 3.88 1.00 0.62

13 S -2-TF- M 0.25 0.08~0.10 0.40~0.50

14 S 0.19 0.10~2.00 0.02~0.30

%0 HE/R ROAV=0.1 A XURY) IR,
Note: It only displays flavor substances with ROAV =0.1.

ECE . R-2-TMlE . S50 1-BEBE . 3-£45-3,5-
THSE-NEE  EEOREERYIT, — RO BRI
TR AR R A, 4 L IR A B SR R I R
5 JE ROAV=0.1 [ 1-475-3-BE A1 2- 5 HE kg
— WA FERIOR . B . B R AR IR
SEo bR 14 FhOXUSR A A ELRE AT, JE A L ]
WP EIVE TR R4 B T 3 55K T AR AE XU
it . 25450 i 1 HS-SPME-GC-MS X ¥y 3T
M ASHT 5 2 M 03 AT A0 AT 485 A <k
WGREEE R, A FF il T AR e XUk o (17
Pl ) FEHMEEEY (10 Fh) A, FIRRATRBF
FEAETB AR —30, (AFRATHIF T v OB XUk o2
KRS BT, WSS AR XRIE i L 5) . TS
B AR R O KR I3, 430 SR . T
JR-2-ZE M WE . 2-PHIETE . R IE . RS, BRRE .
R BEE T 28 FEE TG

3 #ig

AR SR T4 B SRR A 3 - T S AR R AR
B ( HS-SPME ) 255 M 83 - B 1% 3K ( GC/MS )
FORHEN T M 28 K 45 S 1k 53 19 4 B
B, AEMAERSR R : DVB/CAR/PDMS [
TAEEURE , ABUEE 60 °C, Z<HUAT[E] 50 min,
fi# I E] 5 min, A0 EEAL S T2k i 22 BUL R A
T e ) e T RRUR R A SR AR AR SR S e

FE fE R ME SR P & 1 oy 47 i, b
FALA YR AAF I B R Sy T
ROAV 73 H7 45 21| F AT S FF i 04 R ik XU 4 [ty
2-H-3-F5E-4,4- T W2 (3H) WEMER . 8-
2 (3H) WRmgle , 2-F LR . RO, T/, IE
O R-2-THmE . 28/ . 1-JREE. 3-245E-3,5-
U iE - N

SE WK

[1]  ZHANG W, CAO X, LIU S Q. Aroma modulation of vegetable
oils-A review[J]. Critical Reviews in Food Science and Nutrition,
2020, 60(9): 1538-1551.

[2] CAO W, LINL,NIUY, et al. Characterization of aroma volatiles
in camellia seed oils (Camellia oleifera Abel.) by HS-SPME/GC/
MS and electronic nose combined with multivariate analysis[J].
Food Science and Technology Research, 2016, 22(4): 497-505.

[31  YUAN, SUN B G TIAN D T, et al. Analysis of volatile compounds
in traditional smoke-cured bacon (CSCB) with different fiber
coatings using SPME[J]. Food Chemistry, 2008 (110): 233-238.

[4]  AfRdE, XIEF, ERUE, %, SPME-GC/MS il &

PRI [I]. P EARTEAA, 2015, 30(10): 127-134.
YANG C Y, LIU X M, WANG S Y. et al. Volatile flavor
compounds in vegetable oils using gc chromatography-mass
spectrometry combined with solid-phase microextract[J]. Journal
of The Chinese Cereals and Oils Association, 2015, 30(10):
127-134.

[5] Bk, B, Bk, 5. EFRARMFFmmn T T 25
[7]. £ SHLE, 2015, 31(2): 232-237.

114



295 2021 & £ 4 H

@ ismasEEE

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

BAENIT

(6]

(71

(8]

(9]

[10]

[11]

CHEN Z X, ZHOU B, LIANG Y M. et al. Technology of

flavorful and nutritional camellia oil[J]. Food & Machinery,

2015, 31(2): 232-237.

LIU G, XU S, WANG X, et al. Analysis of the volatile components

of tea seed oil (Camellia sinensis O. Ktze) from China using

HS-SPME-GC/MSJJ]. International Journal of Food Science &

Technology, 2016, 51(12): 2591-2602.

RUE, BHE, 20 5. AR MEIm O XU
SEWFFE. P ERIAR, 2020, 45(11): 14-20.

WU S X, HUANG Y H, WU Y, et al. Flavor differences of

pressed oil-tea camellia seed oils with different heat treatments

[J]. China Oils and Fats, 2020, 45(11): 14-20.

X, 4#H, £, 55 HS-SPME-GC/MS 43HriEA:il

FERANE I AR LA 0], & i 5 HOR 224, 2010,

29(4): 500-507.

LIU X J, JIN Q Z, WANG S S, et al. Optimization of solid-phase

microextraction conditions combined with gc-ms for analysis of

volatiles[J]. Journal of Food Science and Biotechnology, 2010,

29(4): 500-507.

INVERE. EHEEAR: HERRM]. A2E Tk H ke, 2015,

SUN B G. The technology of food flavoring: third edition[M].

Chemical Industry Press, 2015.

B, PhER, XET, 5 EAHBEERIE R ST

FIRLAI[T]. BERRLE, 2003(8): 229-233.

XIE J C, SUN B G, LIU Y P, et al. Applicantion of solid-phase

microextraction in food flavor analysis[J]. Food Science, 2003(8):

229-233.

HIR, Wk, B, & PIRNIAORmXUR Y BT 204 5 LA

[J]. T E AR, 2016, 16(4): 252-256.

[12]

[13]

[14]

[15]

[16]

[17]

XIA X, YAO L, CAO J, et al. The volatile compounds and
quality analysis of two different camellia seed oils[J]. Journal of
Chinese Institute of Food Science and Technology, 2016, 16(4):
252-256.

ULLRICH F, GROSCH W. Identification of the most intense
volatile flavour compounds formed during autoxidation of
linoleic acid[J]. Zeitschrift fiir Lebensmittel-Untersuchung und
Forschung, 1987, 184(4): 277-282.

FENAROLI. Fenaroli’s Handbook of Flavor Ingredients[M].
CRC press, 2009.

JOSEPH A M, CHARLES E S. Pyrazine in foods: A review[J].
Journal of Agricultural and Food Chemistry, 1973, 21(1): 22-30.
BN, A, ek SF. AR AAF TR R
o B R ]. H ERH R, 2015, 30(4): 61-66.

LUO F, GUO S H, FEI X Q, et al. The effects of pressing
conditions on volatile organic compounds and the quality of
crude camellia oil[J]. Journal of The Chinese Cereals and Oils
Association, 2015, 30(4): 61-66.

BUNEe, AR, SRELHG. S [RIIN T 200 il 2 A KUk ) Bt
RysZmAI]. HERRINAAR, 2012, 27(6): 89-93.

KUANG X L, XU L, ZHANG H M, et al. Different processes
impact on flavor of camellia seed oil[J]. Journal of The Chinese
Cereals and Oils Association, 2012, 27(6): 89-93.

RS, BUS L, B, S RN A0k R Xk
WP BRZESIHT). b Tl R, 2019, 40(17): 276-279+284.
LI Z M, YU L S, HUANG J, et al. Cluster analysis of volatile
flavor components of camellia seed oil in different processed
methods[J]. Science and Technology of Food Industry, 2019,
40(17): 276-279+284. &




