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Identification of Camellia oil adulteration by attenuated total
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ABSTRACT: Objective To establish a rapid identification model for 5 different types of vegetable oils (Camellia

oil, soybean oil, corn oil, sunflower seed oil and peanut oil) and adulterated Camellia oil, using attenuated total
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reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) and chemometrics methods such as cluster
discriminant analysis. Methods The 99 samples of 5 different types of vegetable oils, including Camellia oil, soybean
oil, corn oil, sunflower seed oil, and peanut oil were collected. According to the mass percentage of 5%—-95%, soybean
oil, sunflower seed oil, corn oil, 1:1 corn soybean oil, and palm oil was mixed into the Camellia oil, and 196 samples of
the adulterated Camellia oil were obtained. Their infrared spectrum were collected in 600-4000 cm™ region. The models
for partial least squares discriminant analysis (PLS-DA), principal component analysis discriminant analysis
(PCA-LDA), K-nearest neighbor (KNN), and data driven soft independent modeling of class analogy (DD-SIMCA)
were established and compared to determine the optimal recognition model. Results The infrared spectra of each
sample group had similar characteristic peaks, peak positions, and peak shapeswere with slight differences. The
discriminant model established by DD-SIMCA could completely separate Camellia oil samples from those of other
types of vegetable oil. By comparison of PLS-DA, PCA-LDA, and KNN models, it was found that the predicted
values of each sample in the training and testing sets of the classification of 5 types of edible vegetable oils samples
using PLS-DA and PCA-LDA models were accurate and reliable. Except for peanut oil, the recognition and prediction
accuracy of the training and testing sets of other edible vegetable oils were both 100.0%. The quantitative analysis of
Camellia oil adulteration using ATR-FTIR combined with PLS could be accurately carried out, which could be used for
qualitative and quantitative analysis of adulterated soybean oil, corn oil, sunflower seed oil, etc. The results were
reliable, and the lowest limit of detection could reach 5%. Conclusion Adulterated Camellia oil can be determined
accurately and efficiently based on ATR-FTIR combined with chemometric methods.

KEY WORDS: attenuated total reflectance-Fourier transform infrared spectroscopy; Camellia oil; adulteration;

discriminant analysis
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Table 1 Statistics of plant oil samples used in the experiments

HES FEARL £33 Iz oyl ##% (500 mL)/IC
Solpta . 2508 TR INZS, BT, 4. R, 1
B3 —Y R . N - o 0~112.
i v " FpE IR TR . PR TE0 ) 520-112.0
FOKIH 22 —%% JEME VWE., &, KAFML, filET]. knife. B0, B, 20 7.5~20.0
KE I 8 —5 FEAEIBH S JuE . BB & deta . BONS . R BAEDT . MR, HE 6.0~32.0
AEE 40 —% JEE Slfa, BIE. knife. ZH. WG], BN, SIEEIE. RYEK 9.3~46.0
LR, Y i St WG 0. Gl 0k §.8-15.0
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Fig.1 ATR-FTIR spectra of 99 edible oil samples
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Fig.2 Acceptance chart of the model for the prediction set (a) and verification chart for outliers in the correction set (b)
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Table 2 Classification recognition accuracy of samples by KNN model
R — ‘ e \ _ ‘
K AEE ZEACKT I LT T KT HER /%
KE I 3 0 0 0 0 100.0
A6E T 0 28 0 0 1 96.6
T FEACNFI 1 0 7 0 2 70.0
R IESE 15 0 0 0 11 0 100.0
K 1 0 1 0 12 85.7
R % 60.0 100.0 87.5 100.0 80.0
HEW /% 91.0
KE 0 0 0 0 0 0.0
AT 2 12 1 1 1 70.6
TE FEACKAIM 1 0 2 0 1 50.0
T £ 25 0 0 0 5 0 100.0
FOKIH 0 0 1 0 5 83.3
TR/ % 0 100.0 50.0 83.3 71.4
HEWE /% 75.0
%3 PLS-DA {REISHEAN 2 IR A ERE
Table 3 Classification recognition accuracy of samples by PLS-DA model
R _ \ Ly ‘ _ _
Kl AEAE FEAEAT I 1 F ok HER /%
K 5 0 0 0 0 100.0
AELE 0 28 0 0 0 100.0
T FEACHFI 0 0 8 0 0 100.0
KIESE LIS 0 0 0 11 0 100.0
K 0 0 0 0 15 100.0
RIEIE % 100.0 100.0 100.0 100.0 100.0
HERIE /% 100.0
K 3 0 0 0 0 100.0
A6 0 12 0 0 0 100.0
TUMAE ZEACKFIH 0 0 4 0 0 100.0
SUIIES 1157 0 0 0 6 0 100.0
FK 0 0 0 0 7 100.0
RIE% 100.0 100.0 100.0 100.0 100.0
W /% 100.0
#F 4 PCA-LDA #REI AN S LIRARERE
Table 4 Classification recognition accuracy of samples by PCA-LDA model
R _ \ P _ _ ‘
K e SEACFFI 25 T K HER /%
KE I 5 1 0 0 0 83.3
A 0 27 0 0 0 100.0
THOE FEACHFIN 0 0 8 0 0 100.0
BIESE 2% 0 0 0 11 0 100.0
T oK 0 0 0 0 15 100.0
RAGIE % 100.0 96.4 100.0 100.0 100.0
HEW /% 98.5
KE M 3 0 0 0 0 100.0
A 0 12 0 0 0 100.0
T E ZEACHFI 0 0 4 0 0 100.0
T4 LIz 0 0 0 6 0 100.0
oK 0 0 0 0 7 100.0
REIE % RIYE 100.0 100.0 100.0 100.0 100.0
HEHARE /% HER 100.0
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BEHC 2 A ILZRIMAEA S B AR F HBI(5% . 10% .
15%. 20%. 35%. 40%. 45%. 50%. 55%. 60%. 65%.
70%. 75%. 80%. 85%. 90%. 95%)AK il . ZELEAF
FRIMPA R 1:1 B ERKE M, T4 AT DL
ARHEN R, B LD A B A A T I B R LB 60%;
TFRHR I B T AR, — R T MR, BREs
Bt T LB Ok, ERL O L 2 Tk 4B A e S B v
50%, MEYMFEASINER 5 F1ZE 6 PR,

FEASE B 8 ALl R I FEACT 196 PMBIRFEAR,
SIAIRAE EATHY FTIR {58, R Hy i ae A< Bodl 46 23 ) 1%
3:1 BEALA R A IE AR AT A o A I T I 2R A AL s
Y, TR A P A W AR H 477 Ak B 7 (B 100 BE ) PEA -
FIH MATLAB R2018a %k {4, i1l PLS, ¥ AFEB LM
A 5 T A B B EA T AT o LSS R Y B
SCE AT AR SCE UL 4 Fi, FIH PLS XHBZ TR
[N | TR] A L S TR AR AT 2 i b, HLAT R4
B

F=5 SEWHERMERRS
Table 5 Types and numbers of pure vegetable oil samples
ETRE2 1 2 3 4 5 6 7 8
S MESTH TESTE okl R BRI okabekmah SRR ARG
S Y N S I e () Gl Rt

Fo WIFMBRER
Table 6 Camellia oil adulterated samples

AMB E KT ZmBE R MBI A AMB E R K T ZRIMABZEIERF I AR HRIH T
1-3-5% 1-4-5% 1-5-5% 1-6-5% 1-7-5% 1-8-5%
1-3-10% 1-4-10% 1-5-10% 1-6-10% 1-7-10% 1-8-10%
1-3-15% 1-4-15% 1-5-15% 1-6-15% 1-7-15% 1-8-15%
1-3-20% 1-4-20% 1-5-20% 1-6-20% 1-7-20% 1-8-20%
1-3-25% 1-4-25% 1-5-25% 1-6-25% 1-7-25% 1-8-25%
1-3-30% 1-4-30% 1-5-30% 1-6-30% 1-7-30% 1-8-30%
1-3-35% 1-4-35% 1-5-35% 1-6-35% 1-7-35% 1-8-35%
1-3-40% 1-4-40% 1-5-40% 1-6-40% 1-7-40% 1-8-40%
1-3-45% 1-4-45% 1-5-45% 1-6-45% 1-7-45% 1-8-45%
1-3-50% 1-4-50% 1-5-50% 1-6-50% 1-7-50% 1-8-50%
1-3-55% 1-4-55% 1-5-55% 1-6-55% 1-7-55% 2-8-5%
1-3-60% 1-4-60% 1-5-60% 1-6-60% 1-7-60% 2-8-10%
1-3-65% 1-4-65% 2-5-5% 1-6-65% 1-7-65% 2-8-15%
1-3-70% 1-4-70% 2-5-10% 1-6-70% 1-7-70% 2-8-20%
1-3-75% 1-4-75% 2-5-15% 1-6-75% 1-7-75% 2-8-25%
1-3-80% 1-4-80% 2-5-20% 1-6-80% 1-7-80% 2-8-30%
1-3-85% 1-4-85% 2-5-25% 1-6-85% 1-7-85% 2-8-35%
1-3-90% 1-4-90% 2-5-30% 1-6-90% 1-7-90% 2-8-40%
1-3-95% 1-4-95% 2-5-35% 1-6-95% 1-7-95% 2-8-45%
2-3-5% 2-4-5% 2-5-40% 2-6-5% 2-7-5% 2-8-50%
2-3-10% 2-4-10% 2-5-45% 2-6-10% 2-7-10%
2-3-15% 2-4-15% 2-5-50% 2-6-15% 2-7-15%
2-3-20% 2-4-20% 2-5-55% 2-6-20% 2-7-20%
2-3-25% 2-4-25% 2-5-60% 2-6-25% 2-7-25%
2-3-30% 2-4-30% 2-6-30% 2-7-30%
2-3-35% 2-4-35% 2-6-35% 2-7-35%
2-3-40% 2-4-40% 2-6-40% 2-7-40%
2-3-45% 2-4-45% 2-6-45% 2-7-45%
2-3-50% 2-4-50% 2-6-50% 2-7-50%
2-3-55% 2-4-55% 2-6-55% 2-7-55%
2-3-60% 2-4-60% 2-6-60% 2-7-60%
2-3-65% 2-4-65% 2-6-65% 2-7-65%
2-3-70% 2-4-70% 2-6-70% 2-7-70%
2-3-75% 2-4-75% 2-6-75% 2-7-75%
2-3-80% 2-4-80% 2-6-80% 2-7-80%
2-3-85% 2-4-85% 2-6-85% 2-7-85%
2-3-90% 2-4-90% 2-6-90% 2-7-90%
2-3-95% 2-4-95% 2-6-95% 2-7-95%
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Fig.4 Correlation between the true and predicted values of Camellia oil adulteration calculated by PLS
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Table 7 Comparison of quantitative analysis results of Camellia oil adulteration based on PLS method

BREH BACE BIEALF B K BRI BEARKEZIH
R? 0.9832 0.9868 0.9999 0.9489 0.8413 0.9980
R 0.9915 0.9934 1.0000 0.9741 09172 0.9990
RMSECV 3.7404 2.0953 0.2413 6.5127 6.0984 1.2874
RMSEP 3.8705 3.3625 8.4564 3.9204 10.3908 1.4246
3 7 B PCA-LDA i e A /- Hr 48 & b A 3, T HF SR

AWFE R ATR-FTIR 45 &4t 2k, &
ST AN Tv) Bl 28 A P 00 K 1 A% i B A R R ) A R
DD-SIMCA % 37 % % 5 A5 T80 B L1 2% vily AR G fth 255 50 A
Y sE & Jr; BT S R I FE A (W PLS-DA |
PCA-LDA F1 KNN R85 5] 2 43 #7 L3¢, PLS-DA Fl

T 285 %5 %F ; ATR-FTIR 454 PLS (Y315 2 Jr ¥& BB Ui
AT IS MBI 80T AT THRAeR . £k
M ZEACRF I Y 8 M A BT, B AR A FR AT A 5%
R FW, ATR-FTIR 45 &b 2% 5 ik ml DL SE gl v
L2V B N I = RGN, Sy B Ll 2 vt ™ T 3 4
HERE AR S H¢



2

LR Re O R LS L) RS SR R I EAR i £ AL NPT E 3

223

SE 3

(1

[2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

TANG C, SHEN Q, SHAO S, et al. Quality authentication of Camellia
(Camellia oleifera Abel.) oil based on fluorescence spectroscopy [J].
Journal of Food Composition and Analysis, 2024, 136: 106690.
SHI T, WU GC, JIN QZ, et al. Camellia oil adulteration detection using
fatty acid ratios and tocopherol compositions with chemometrics [J]. Food
Control, 2022, 133: 108565-108567.
XIERE, WEDSAE. LA BRIy PR BURBIF 7S )], £ Toll, 2016,
37(6): 253-257.
LIU YD, XIE QH. Research on the current status of quality testing
methods for Camellia oil [J]. The Food Industry, 2016, 37(6): 253-257.
Bh/NGE . 2RI SR LN R RS [0 A Tk, 2021(22):
72-75.
ZHONG XR. Research on the nutritional value and development of
Camellia oil [J]. China Food Industry, 2021(22): 72-75.
B, LA, XIRFE, . JETITLLAMEEOR R TR Al
AAERE A HTISE[T]. B Ah 2 A BRI ~#41t, 2023, 14(5): 68-76.
YIN YQ, WANG SM, LIU CL, et al. Quantitative analysis of acid value
and peroxide value of edible oil based on near-infrared spectroscopy [J].
Journal of Food Safety & Quality, 2023, 14(5): 68-76.
FLORES G, CASTILLO MLRD, PLANCH G et al. Detection of the
adulteration of olive oils by solid phase microextraction and multidimensional
gas chromatography [J]. Food Chemistry, 2006, 97: 336-342.
CERCACI L, ESTRADA MTR, LERCKER G  Solid-phase
extraction-thin-layer chromatography-gas chromatography method for the
detection of hazelnut oil in olive oils by determination of esterified sterols [J].
Journal of Chromatography A, 2003, 985: 211-220.
FAKJR, AN, AR SR R OB € R R R R i v A
] TR B SCHRAE B, 2002, 2(8): 48—49.
LU YX, LI YH, CUI ZP. Determination of tung oil in edible vegetable oil
by high performance liquid chromatography [J]. Liferatue and Information
on Preventine Medicine, 2002, 2(8): 48—49.

T, ML, WA, & i 6 MORAAEYMAR VTR AR BT KR
FUAL[I]. T, 2024, 49(12): 52-57.
YU XL, YANG PY, GUO J, et al. Fatty acid composition analysis and
blending optimization of six woody palnt oils in Yunnan Province [J].
China Oils and Fats, 2024, 49(12): 52-57.
TR, £ A I RS ER S [D]. BUM: WIRAE, 2012.
ZHANG YQ. Research on rapid detection method for edible vegetable
oil [D]. Hangzhou: Zhejiang University, 2012.
INED, B, TIERE, S5 WIS A AR T R 4L
RGO 55 A L AR D). AR, 2024, 49(3): 27-31.
SUN YP, YANG Y, HUANG GD, et al. Comparison of olive oil market
trends and fatty acid composition and trace nutrients of other vegetable
oils [J]. China Oils and Fats, 2024, 49(3): 27-31
RUIZ MV, DOBARGANES MC. Combination of chromatographic
techniques for the analysis of complex deodoriser distillates from an
edible oil refining process [J]. Food Chemistry, 2007, 103: 1502-1507.
ZHANG YL, CHEN JB, LEI Y, et al. Evaluation of different grades of
ginseng using Fourier-transform infrared and two-dimensional infrared
correlation spectroscopy [J]. Journal of Molecular Structure, 2010, 974:
94-102.
LIU HX, SUN SQ, LV GH, et al. Study on Angelica and its different
extracts by Fourier transform infrared spectroscopy and two-dimensional
correlation IR spectroscopy [J]. Spectrochimica Acta Part A, 2006, 64:
321-326.
X, A, PRoRIE, 55, ELLAMEISEORTEM IR o Y N [T].
RN TS B S AILBK, 2000, 2: 37-39.
LIU Y, ZHAO GH, CHEN ZD, et al. Application of near infrared

spectroscopy technology in oil and fat detection [J]. Cereals and Oils

[16]

[25]

Processing, 2000, 2: 37-39.

BAETEN V, MEURENS M, MORALES MT, ef al. Detection of virgin
olive oil adulteration by Fourier transform raman spectroscopy [J]. Journal
of Agricultural and Food Chemistry, 1996, 44(8): 2225-2230.

YANG H, IRUDAYARAJ J. Comparison of near-infrared, Fourier
transform-infrared, and Fourier transform-Raman methods for determining
olive pomace oil adulteration in extra virgin olive oil [J]. Journal of the
American Oil Chemists Society, 2001, 78(9): 889-895.

ERZE, By, Mo, 4 BTN m L2 iE R
HORBEFE[T]. B BT RSA2A R H AR, 2022, 36(3): 104-110.
KUANG JH, LUO NN, HAO ZQ, et al. Research on the detection
technology of Camellia oil adulteration based on near infrared Raman
spectroscopy [J]. Journal of Nanchang University of Aeronautics and
Astronautics (Natural Science Edition), 2022, 36(3): 104-110.

HE YX, LIANG QF. Quality analysis of cooking oils by Fourier transform
infrared spectroscopy [J]. Technology & Development of Chemical
Industry, 2011, 40(6): 32-34.

WU JZ, LIU CL, LI H, et al. Application of NIR technology on identifing
types and determining main fatty acid content of edible vegetable oil [J].
Journal of Beijing Technology and Business University (Natural Science
Edition), 2010, 28(5): 56-59.

WANG L, HU JH. Advance in discrimination method of edible on
adulterated waste cooking oil [J]. China Oils and Fats, 2007, 32(9): 75-77.
BRENDEL R, SCHWOLOW S, GERHARDT N, ef al. MIR spectroscopy
versus MALDI-ToF-MS for authenticity control of honeys from different
botanical origins based on soft independent modelling by class analogy
(SIMCA)-A clash of techniques [J]. Spectrochimica Acta Part a-Molecular
and Biomolecular Spectroscopy, 2021, 263: 120225.

AKIN, GONOL KE, SUKRIYE NA, et al. Chemometric classification and
quantification of cold pressed grape seed oil in blends with refined
soybean oils using attenuated total reflectance-mid infrared (ATR-MIR)
spectroscopy [J]. Food Science and Technology, 2019, 100: 126-137.

ALI H, MUHAMMAD S, ANSER MR, et al. Validation of fluorescence
spectroscopy to detect adulteration of edible oil in extra virgin olive oil by
applying chemometrics [J]. 2018, 72(9):
1371-1379.

KIEFER J, LAMPE AI, NICOLI SF, ef al. Identification of passion fruit
oil adulteration by chemometric analysis of FTIR spectra [J]. Molecules,
2019, 24(18): 3219.

DUCA D, MANCINI M, ROSSINI G, et al. Soft Independent Modelling
of class analogy applied to infrared spectroscopy for rapid discrimination
between hardwood and softwood [J]. Energy, 2016, 117: 251-258.
MAGDAS DA, GUYON F, BERGHIAN GC, ef al. Challenges and a step
forward in honey classification based on Raman spectroscopy [J]. Food
Control, 2021, 123: 107769.

GERONIMO DM, OLIVEIRA SCD, SOARES FLF, et al. Determination

of main raw material source in bar soaps using mid-infrared spectroscopy

Applied  Spectroscopy,

combined with classification tools [J]. Microchemical Journal, 2021, 164:
106029.

PINTO FG, MAHMUD I, RUBIO VY, et al. Data-driven soft independent
modeling spray
spectrometry-based metabolomics for rapid detection of prostate cancer [J].
Analytical Chemistry, 2022, 94(4): 1925-1931.

SALIH MAM. BB AT LM GG S AT ARBFSE[D]. Jbat:
el BB, 2018.

SALIH MAM. Research on near
technology for milk adulteration [D].

of class analogy in paper ionization mass

T

infrared spectroscopy analysis
Beijing: Chinese Academy of

Agricultural Sciences, 2018.

(st %5 % )





