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Integrated Elemental Profiling and Fourier Transform Infrared
Spectroscopy (FTIR) Fingerprinting for Geographical Origin
Discrimination of Larimichthys crocea with Chemometrics

QIU Jishan, LU Ting, ZHOU Jun, LIN Gangjian, XIA Huili’

(Taizhou Institute for Food and Drug Control, Taizhou Key Laboratory for Safety and Quality Enhancement
of Characteristic Agricultural Products, Taizhou 318000, China)

Abstract: This study established an integrated analytical strategy combining elemental profiling via inductively coupled
plasma mass spectrometry (ICP-MS) and spectral fingerprinting via Fourier transform infrared spectroscopy (FTIR) to
discriminate geographical origins of Larimichthys crocea (L. crocea) from five coastal Chinese cities: Zhoushan, Taizhou,
Wenzhou, Ningde, and Zhanjiang. Significant inter-origin variations (P<0.05) were observed in the mass fractions of 13 key
elements: aluminium (Al), titanium (Ti), chromium (Cr), manganese (Mn), arsenic (As), selenium (Se), strontium (Sr),
barium (Ba), mercury (Hg), lead (Pb), iron (Fe), nickel (Ni), and tin (Sn). Region-specific elemental signatures were
identified: Taizhou samples demonstrated maximal Al, Se, and Hg content with minimal As levels; Zhoushan samples
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contained peak Ni concentrations; Wenzhou samples exhibited significantly elevated Ti, Cr, Mn, and Sr alongside minimal

Se; whereas Zhanjiang samples showed maximal As levels with suppressed Al, Ti, Cr, Mn, Fe, Ni, Ba, and Pb. Multivariate

chemometric analysis of the integrated ICP-MS/FTIR dataset, incorporating principal component analysis (PCA), cluster

analysis (CA), and linear discriminant analysis (LDA), achieved precise discrimination among the five geographical origins.

PCA revealed five distinct, non-overlapping clusters in the score plot (PC1/PC2 cumulative variance=74.7%). CA further

confirmed independent clustering by origin. The LDA model achieved 100% accuracy in re-substitution validation and

97.3% in cross-validation. This work demonstrates that ICP-MS/FTIR integration augmented by chemometrics establishes a

rapid, highly accurate platform for authenticating L. crocea geographical origin, providing a robust framework for

safeguarding aquatic geographical indications.

Key words: Larimichthys crocea; geographical origin discrimination; elements; Fourier transform infrared spectroscopy

(FTIR); principal component analysis (PCA); cluster analysis (CA); linear discriminant analysis (LDA)
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Table 1 Mass fractions of 19th mineral elements in Larimichthys crocea from different breeding areas

o Bl (ngkg ™)

e WL WAL W LT PR
Al 1059.16+170.57¢ 980.91+116.47% 898.26+75.33¢ 737.39£126.71° 67.96+£51.72%
Ti 323.85+200.96° 596.33+591.73° 2213.83+305.62° 295.92+51.34° 190.32+46.18"
Cr 31.16£16.09® 62.46+£20.89° 140.41+118.26° 25.1£16.02° 1.89+1.03°
Mn 111.16+£39.31* 130.79+42.5° 403.31+87.25° 102.5+15.94° 84.45+11.88°
Fe 2803.45+881.55° 2883.74+753.65° 2990.18+774.69° 2055.96£468.74° 988.054+233.34°
Co 2.1440.5° 3.44+0.98¢ 3.210.74 2.57+0.52 1.37+0.35%
Ni 30.74+10.85™ 41.33+£21.16° 38.82+11.06° 19.04+8.02° 0.98+0.68*
Cu 176.66+63.76" 218.01+112° 205.92+71.18° 163.69+36.96" 123.02+39.53%
Zn 4449.45+213.62° 4793.51+474.67° 4501.25+266.06" 4765.6+421.81* 4733.01+£547.34°
Ga 0.38+0.06° 0.39+0.09° 0.40+0.10° 0.24+0.06° 0.03+0.03*
As 315.37+120.94° 830.67+407.91° 318.43+121.86° 884.03+157.35° 1073.11+266.24°
Se 287.66+27.38¢ 256.85+21.53° 217.49+11.02° 263.84+9.74" 280.18+15.5%
Sr 546.22+521.42° 825.84+719.45° 5900.07+1270.16° 577.88+212.2% 258.11+114.55*
Cd 0.69+0.28% 1.13+0.86° 0.85+0.31%° 0.80+0.50% 0.224+0.11*
Sn 37.62+3.52¢ 38.64+3.28° 30.51+4.5° 21.8+4.75% 19.26+1.49*
Sb 1.37+0.6" 1.4+0.19® 1.5+0.38%® 2.89+2.63° 0.08+0.06*
Ba 40.94+16.97° 61.21+£20.35° 108.55+25.92¢ 25.26+9.38" 6.024+2.64°
Hg 49.84+6.08° 30.72+7.9° 32.05+4.3° 22.24+1.16* 32.4+4.97°
Pb 16.15+4.02° 20.39+13.29° 17.2449.58° 13.89+6.24° 1.12+0.39*
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Fig.1 Scatter plots of PC1 and PC2 in PCA of Larimichthys
crocea in different breeding areas
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Fig.2 Infrared fingerprints of Larimichthys crocea in different
breeding areas
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Table 2 Infrared spectrum similarity of Larimichthys crocea
in Taizhou

Femgis  AERUE  FESERS MRUE FERES AARUE
1 0.9957 6 0.9912 11 0.9976
2 0.9962 7 0.9618 12 0.9662
3 0.9984 8 0.9775 13 0.9937
4 0.9911 9 0.9939 14 0.9954
5 0.9899 10 0.9907 15 0.9853

IHENX 1.0000
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Table 3 Infrared absorption common peaks and relative peak
heights of Larimichthys crocea in 5 kinds of habitats

HATIE FHXT 0 T
G (em™) g PRNHT WRTSHL BRTIRM HRTAM

I 2926 34313 40241 32147 21781 32117
22855 22742 23107 1.8486  1.5384  2.2970
301745 35712 3.0497 25212 21101 3.0516
4 1656 50048 67885  7.7753 47669 42075
5 1545 33856 43018 52863 32123 28159
6 1453 1.0000  1.0000  1.0000  1.0000  1.0000
71390 09620  1.6424 18668  1.0032  1.0990
§ 1304 04453 05491 04417 04238 04313
9 1238 07083 07385  0.8209  0.6146  0.6800
10 1165 07532 0.6642 05433 05024  0.7548
Il 1094 08723 08541 10217  0.7808  0.7524
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Fig.3 Second derivative infrared spectra of Larimichthys
crocea in 5 kinds of habitats
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