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Abstract: In this paper, multiple spectroscopy techniques were used to distinguish different brands of fish oil in a rapid and non-invasive
manner. Spectral characteristics of seven brands of fish oil, collected by visible spectroscopy, short wave near infrared spectroscopy (SNIR),
long-wave near infrared spectroscopy (LNIR), mid-infrared spectroscopy (MIR), and nuclear magnetic resonance (NMR) spectroscopy, were set
as inputs in partial least squares discrimination analysis (PLS-DA) and a' least-squares support vector machine (LS-SVM) to establish the
discrimination models. The discrimination results of the PLS-DA and LS-SVM maodels were subsequently compared. The results showed that
LNIR achieved the highest discriminant accuracy, and the accuracies of modeling set and prediction set were up to 100%. The LS-SVM model
usingM IR and NMR spectroscopy also yielded a discriminant accuracy of 100%. On the other hand, the discriminant accuracies of those based
on visible spectroscopy and SNIR were poor. In-addition, LS-SVM was more suitable than PLS-DA to build identification models for fish oil
brands using spectroscopic data. The results indicated that LNIR spectroscopy technique could effectively distinguished fish oil brands,
providingthe technical support and theoretical basis for developing portable instruments for the analysis of fish oil quality in the future.
Key words: fish oil; brand discrimination; visible and near infrared spectroscopy; nuclear magnetic resonance; partial least squares
discriminant analysis; least-squaressupport vector machines
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Table 2 Identification results of fish oil brands using PLS-DA
andLS-SVM modelsbased on the Vis, SWNIR, LWNIR, MIR
and NMR spectra

Hk ER Vis  SWNIR LWNIR MIR NMR

PLS-DA Calibration82.14% 85.71% 100.00% 100.00% 80.95%
Prediction 71.43% 71.43% 100.00% 85.71% 57.14%

LS-SVI

M Calibration100.00%100.00% 100.00% 100.00% 100.00%
Prediction 85.71% 71.43% 100.00% 100.00% 100.00%

23 BN RLHHEN (LS-SVM)- 4

LS-SVM EE# IR 123 il ar 7 n] otk |
TN SUTAN it S SLx AR it NI AW | S gsio 1Y 2
WEFLARCIERL R, S5 R UK L. A Kyar 4k
Jeith . AN R IR T SRS T A
TGS R, Toib R AL SR T AR AR 5 1
WL 100%. 75— 7, v WICHE AT 4t
Je T R Gk SR 2 . ER AR A A ) A IE
FAILEF] 7100%, HIPEE S5 RA 85.71%F!
71.43%.

LRGN 2, B PLS-DA BV AT LS-SVM £
VAT AEERASR] YETE AT BEA A f SR Re . HE
H PLS-DA & —Fh gl ik, metpH 4 &R
FE T Y S A A T R S A AR
LS-SVM & —FplE et b s, L iy f il
I R TA) R AR LR 08 R KA.
2 fur, LS-SVM By%%: PLS-DA 5321 & Al LUK
AR AR . Hrpr A S B R TRUIIAR 24
HIE AR M PLS-DABLHY 1) 85.71%F¢m 2 T LS-SVM
FEA[E) 100%, 1A IR 21 AN T AR frse A g )
IEH M PLS-DAFRT 1) 85.71% = % | LS-SVM #5
R 100%.  F34b,  ERBEARFITIIN AL 400 1E i A

266

I $ R ) e B W] LG A R R . AT
W TS AR B IE R M PLS-DARE L) 82.14%
PEEE] T LS-SVM HEA ) 100%, i HFilAE H#15 1E
WM PLS-DA 7 71.43% 53] LS-SVM #i
BUTY) 85.71%. A%HE AR G (19200 J31 1 fiff e JU e 3R
LS-SVM 5353545 17 #: PLS-DA Bkl & KNIEFEI IR
T, AR AR AT AR 5 IE A 2R 4> A 80.95% Al
57.14%3 =% T 100%F1 100% . itk Al LLAERT HiA% hk
FEPR VL ROyl 5 R 18] BAF R G R, R
MK H PLS-DA Sy ok 3R 15 AR 1) i R 0 ) 45
B, MK LS-SVM B IR 74 A3 e ft 4051 1F
WE o LLIRFT A AT TR A BIIG ii Bofi g Bk ity
gE R ia RIL, A DU (1 B A AR FITTUIAE
AL R3S 100% I FIRIERR, B0 502
BT LS-SVM SV 24 G iR A BT LS-SVM
BRI SE R v A, DL JeBE T PLS-DA A
LS-SVM [ S 4T AN JETE RS S ) e B E R A2
T ALK PLS-DAIE S LS-SVM 5k, Kipilrar sk
FETERIRE S 3T 100% M ALt B, i Bz B i
e FAE S yh A R 0. 7T, K gt
FERE 1) SR AP 4T A RAZ R L 4R e 1 1 5 R
W G T EE, AR

3 45ip

AT TG EE T 5 FIA RISl AT B s
T PLS-DA AT LS-SVM % 46 . K iir4r o
DTS A R S TS T BRI, ok
K F PLS-DA B8/ LS-SVM Hyg:, H i gERe A
FITUEERE AR REOEIRIT 1000% [ A0 IERf 2 . H4L
A CTEFIAZ I SR G ) R B I AL G
W2, KM LS-SVM SR [FIFE AT LAZRAS 100%(7)
BRI, 24K H PLS-DASVERT, AR 455 A H
HHAR 0 0] W FIET T 2L TGV 454 N
TR S A S SR Ak, LS-SVM Bk i Tr] A
ST GRE (B AN L R R 2P R, BRIHIRTS T4
PLS-DA FE4FHIHIBIERR . FkBFiss RN, F]
R 2T 40 s b BRI 2 S ] LASE I
FIH i A S B R
B Lk
[1] P38, 0 0 2 AN 24 P A B LB B T 2 e

HERE[I]. 7K KA 5741, 2005,14(2):197-201

TAO Ningping, BAO Dan. Nutritive value and development

of extraction technique on fish oil [J]. Joumalof Shanghai
Fisheries University, 2005, 14(2): 197-201



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.10

(2]

(3]

[4]

[5]

[6]

[7]

4 B, W i R £ i e R I T R (EPA NI DH A) F 2=
T R AVER R et RELD). 2 A4 2005,26(8):522-526
XIAO Mei, OU Zhi-giang. Research progress of the
physiological function and mechanism of two kinds of fatty
acid (EPA and DHA) in the fish oil of deep sea [J]. Food
Science, 2005, 26(8): 522-526

KIMIYA T, SIVERTSEN, A H, HEIA K, ¢ al. VIS/NIR
spectroscopy for non-destructive freshness assessment of
atlantic salmon (Salmosalar L.) fillets [J]. Journal of Food
Engineering, 2013, 116(3): 758-764

LUNA A S, da SILVA A P, PINHO J S, & al Rapid
characterization of transgenic and non-transgenic soybean
oils by chemometric methods using NIR spedroscopy [J].
Specro chimica Ada Part A: Molecular and Biomolecular
Spectroscopy, 2013, 100: 115-119

AOUIDI F,DUPUY N, ARTAUD J, et al. Rapid quantitative
determination of oleuropein in olive leaves (oleaeuropaea)
using mid-infrared spectroscopy combined with chemometric
analyses [J]. Industrial Crops and Produds, 2012, 37(1):
292-297

G X5 BT IR AL A G I AL B2y e 0
[3]. B4 & i RH,2013,29(9):2306-2310

TANG Li-hua, LIU Dun-hua. Quantitative analysis of
lyciumbarbarum L. composition based on near infrared
spectrum [J]. Modem Food Science & Technology, 2013,
29(9): 2306-2310

VEh B RO, T ARG, 55 A AL AR 0 21 A 5 S 1 v
T FE[3]. 9K & R 2012,28(6):707-708,719

XU Hongyong, CHENG Lian, WANG Dong-feng, et al.
Identification of recycled cooking oil by FT-IR-[J]. Modern

(8]

(9]

(10]

[11]

[12]

[13]

Food Science & Technology, 2012, 28(6): 707-708, 719

Wk TLVT WK ) B B 2 45 A SR B AR TR O v
i /K73 BB FE[3). B WL 57T %, 2006,27(4):125-127
CHENG Weki-jiang, LIN Xiang-yang, RUAN Rong-sheng, et
al. Study on quickly and non-destructive estimate the
moisture content of food using NMR [J]. Food Research and
Development, 2006, 27(4): 125-127

AR, AR SR ARNE, A8 R I AL R AR I sE LR 1
o B 1 R VAR KM B K o B & R
2013,29(11):2777-2781

LI Yin, LI Xia, ZHANG Chun-hui, et al. Water-holding
capacity and water content of myofibrillar-protein-gel by
low-field nuclear-agneticresonance[J]. Modern Food Science
& Technology, 2013, 29(11): 2777-2781

LIU F, YUSUF B L, ZHONG J L, et al. Variety identification
of rice vinegars using visible and near infrared spectroscopy
and multivariate calibrations [J]. International Journal of
Food Properties, 2011, 14(6): 1264-1276

BEVILACQUA M, BUCCI R, MAGRI AD, ¢ al. Tracing
the origin of extra virgin olive oils by infrared spectroscopy
and chemometrics: acase study [J]. Analytica Chimica Acta,
2012, 717:39-51

JIANG L L, LIUF, HEY, et al. A non-destructive distinctive
method for discrimination of automobile lubricant variety by
visible and short-wave infrared spectroscopy [J]. Sensors
(Basel), 2012, 12(3): 3498-2511

LIU F, HE Y. Discriminaion of producing areas of
auricularia auricula using visible/near infrared spectroscopy
[J]. Food and Bioprocess Technology, 2009, 4(3): 387-394

267



