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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%

H:1-3-5%0K 1 SIIAHBA 5% 3 5 1 KW, LUT 2k,



222 B 24 iR AR I 2 4l

%16 &

— PR AR () 4 3R B R OE Y9 7 R 22 (root mean
square error of cross validation, RMSECV), Wil AR iR
(root mean square error of prediction, RMSEP)LA M Ht5E 2R
(coefficient of determination, R*)ZL:A1EH, —MIHH T,
RMSECV Fl RMSEP AU Ak, R* BB IT 1, BIALEAT .

R 7 AL, Ll 2SS ZR A D A 4 i 1Y AL OE
RMSECV 7£ 0.2413~6.5127 Z [a], % IE RMSEP 7

1.4246~10.3908, R27E 0.8413~0.9999 2 [u], JuHE4BZu3
FERFI A AR TR K Gl AR A e i . WA PLS Xt
BRAFRZE . ANE O LB IMPEA I T2 B0, 45
SRR T4 RIBLAST 55 BT 22211 PLS HE R BB RS 2 111 4%
T P45 2 A FP IS AE 0 10 1) 5 = RN R, AR ARG I R AT
K 5%, A ILIASIN ST AE S A R T — b e
fai o MERRA Tk, FESEBRIN P A —E S .

a 100 ., b 70 C 100 [
90 + OB‘E—T—E% » 60l @ &IE% 90+F °© B‘EE%
80 F *ﬁi@u% . }ﬁ{ﬂ]ﬂ% 4 80 + ?ﬁ{ﬂﬂ%
70} 50 5 70
60 1 ; 40} o/ 60 t
50 i i sl 4 50
=l = = 40
= 30t = 20r o A = 30f
= 20l B ol ) = 20t
10} ’ | % 10}
ot s 0 ot
~10 L ! L L L ! L L L L J ~10 L L L L ! L L ) ~10 L 1 ! f L L L L 1 1 J
~10 0 10 20 30 40 50 60 70 80 90100 ~10 0 10 20 30 40 50 60 70 ~10 0 10 20 30 40 50 60 70 80 90 100
SEBRE SEPRE SEPRE
d 100 ° e 60r f 100
9F ° BEIE% ‘”BEIE% 90 | © B‘EIE%
80 * o4 > 501« N4 80 * SURIIES °
70 b o 40 F 70 +
60 | ¢ 60
50 N A 307¢ 50
£ 4 g ! g 40t
= 30t Y ¢ = = 30t
B 20l o = 10} = 20l
of 104
° 0t
ol 4 ol s
~10 L L L | L L L L | | ) ~10 | | | | y ~10 L L L L | L L L L L y
—10 0 10 20 30 40 50 60 70 80 90100 —-10 0 10 20 30 40 50 60 =10 0 10 20 30 40 50 60 70 80 90 100
SEBRE SERRE SEBRE

T a IZRIBIEN; b, INZIHB AR, . WWZIMBZEERAN; . LZRImB I KN e WZRIMBARAEI; £ D2 FoRR .
4 PLS TR LM R A B SR A T30 (ELAH 5G]

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
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