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Fig. 1 Schematic diagram of the confusion matrix
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Tab. 1 Fatty acid composition of muscle tissue of Yangtze and
non-Yangtze crucian carp (mean+SD)

HE Wi Fatty acid T Yangtze River JEHK T Non-Yangtze River

C14:0 1.26+0.44° 0.4740.16"
C16:0 19.08+2.84° 26.76£5.99"
Cl16:1 2.83+1.28" 1.65+0.90"
C17:0 0.79+0.57" 0.29+0.06"
C17:1 4.09+5 30" 0.08+0.14"
C18:0 10.83+5.84" 21.1246.80"
C18:1n9¢ 12.66+9.53" 18.76+5.83"
C18:1n9t 6.60+5.68" 2.06+0.58"
C18:2n6c 10.85+8.43 14.13+4.82
C18:3n6 0.65+0.31 0.16+0.30
C18:3n3 1.8440.92" 1.36+£0.94°
C20:0 1.36+0.74" 0.28+0.08"
C20:1 3214634 1.63+0.75
€202 1.64+1.19° 0.73+0.30"
C20:3n3 4.43+3.96" 2.13+0.86"
C20:4n6 5.8743.59 4474132
C20:5n3 2.55+2.58" 0.48+0.22"
C22:6n3 9.4845.50° 3.46£1.02°
SFA 33.3247.42° 48.92+12.35"
MUFA 29.38+10.49" 24.17+7.89"
PUFA 37.30+10.35° 26.8445.52"

o RBHER -THALLAFHARREKEREE
(P<0.05); R A

Note: Different letters in the upper right corner indicate statis-
tically significant differences (P<0.05); The same applies below
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Fig.2 Heat map of fatty acid clustering in muscle tissue of Yangtze and non-Yangtze crucian carp
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Tab. 2 Fatty acid composition of muscle tissue of crucian carp in different river sections of the Yangtze River (mean+SD)

fe ViR Fatty acid % JK—4ifZ Anging-Tongling 7 51— [:¥Nangjing-Shanghai  3f|/{—{J¥Jingzhou-Wuhan i KChonggqing

Cl14:0 1.49+0.26" 1.29+0.55" 0.95+0.32° 1.34+0.38"
C16:0 21.5142.01° 19.20+1.48" 16.50+2.63¢ 19.09+2.96"
Cl16:1 2.5140.63 2.95+1.81 2.60+1.30 3.33+0.76

C17:0 1.44+0.56" 0.95+0.34" 0.30+0.09° 0.35+0.15°
C17:1 2.71+4.06° 3.80+4.80° 0.28+0.06" 11.01+4.42°
C18:0 8.88+1.48" 10.10+4.03" 6.24+1.27° 20.09 +4.96"
C18:1n9¢ 9.65+3.66" 10.15+5.18" 26.56+5.32° 2.80+0.58°
C18:1n9t 3.7240.47° 5.07+2.86° 2.96+0.58° 17.0442.27°
C18:2n6c¢ 6.77+4.31° 13.8148.27° 19.23+3.24° 1.02+0.30°
C18:3n6 0.45+0.34° 0.74+0.18" 0.54+0.18" 0.88+0.39"
C18:3n3 2.12+0.80 2.00+1.19 1.89+0.61 1.21£0.72

C20:0 1.58+0.53" 1.36£0.47° 0.49+0.42° 2.1540.53"
C20:1 1.04+0.32° 0.90+0.21° 9.89+10.27" 1.04+0.23°
C20:2 1.01£0.19° 1.0140.30° 1.70£1.27° 3.30£1.07°
C20:3n3 3.25+4.08" 5.03+4.31° 1.83+0.57° 8.24+2.48"
C20:4n6 9.68+1.08" 7.75%1.56" 3.93+1.63° 0.69+0.72°
€20:5n3 5.41+2.41° 2.90+2.28" 0.530.24° 0.990.84°
C22:6n3 16.79+2.06" 10.9842.17° 3.58+1.72° 5.43+1.88°
SFA 34.90+3.27° 32.90+4.40° 24.48+4.44° 43.0243.67°
MUFA 19.63+3.62° 22.87+4.85° 42284727 35.2242.54°
PUFA 45.48+2.61° 44.23+6.39" 33.2343.48" 21.76+5.62°
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Fig. 3 Heat map of fatty acid clustering in muscle tissue of crucian carp in different sections of the Yangtze River
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In the PCA score plot (A) of Yangtze River crucian carp and non-Yangtze River crucian carp, triangles and squares represent the Yangtze

River and non-Yangtze River populations, respectively; In the PCA loading plot (B), circles represent the projections of each fatty acid varia-

ble onto the first principal component (p[1]) and the second principal component (p[2])
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In the PCA score plot (A) of crucian carp from different sections of the Yangtze River, triangles, squares, diamonds, and pentagons repre-

sent samples from the Nanjing-Shanghai section, Anqing-Tongling section, Jingzhou-Wuhan section, and Chongging section, respectively.
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In the PCA loading plot (B), circles represent the projections of each fatty acid variable onto the first principal component (p[1]) and the

second principal component (p[2])
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In the OPLS-DA score plot (A) of Yangtze River and non-Yangtze River crucian carp, triangles and squares represent the Yangtze River and

non-Yangtze River populations, respectively. The results of the 200-permutation test for the OPLS-DA model of Yangtze River crucian carp
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Fig. 8 Two-dimensional (A) and three-dimensional (B) OPLS-DA scores of crucian carp in different sections of the Yangtze River, and the
results of 200 replacement tests in the Anqing—Tongling, Nanjing—Shanghai, Jingzhou—Wuhan, and Chongqing crucian carp sections of the
Yangtze and non-Yangtze River (C—F)
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A. In the OPLS-DA score plots of crucian carp from different sections of the Yangtze River, triangles, squares, diamonds, and pentagons
represent samples from the Nanjing-Shanghai, Anging-Tongling, Jingzhou-Wuhan, and Chongqing sections, respectively; B. the three-
dimensional OPLS-DA score plot displays the following axes: X: 1.00021 * #[1]; Y: 1.00016 * #[2]; Z: 1.0078 * ¢[3]; C—F. The results of the
200-permutation test for the OPLS-DA model of crucian carp from different river sections are shown in panels, where circles and squares
represent R (model explained variance) and Q2 (model predictive ability), respectively
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Tab. 3 Discrimination results between Yangtze River and non-Yangtze River crucian carp
KT 5 AT Al ) 1) 25 e e
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KT KT accuracy (%) accuracy (%)
e KT 60 0 100 96,4
Fitting KT 3 20 86.9 '
2 SCHIE AT 59 1 98.3
Cross validation KT 4 19 82.6 94.0




2 1 7z

A FE TR 5 AL 2 B A B R BRI 10

D HE— 35 VFAG I 7 R % A2 7 R ) o B 2 36
ROR, R HTR 70 M0 AN [ 7 s A A 84T 932K
TS I3 Wi i x40 AR W R K e EAT TR U . AR
PRI 2 A 2, HA A A TR £ I A PR 2L AR AL
Hor NAFRZEN . SR b, KIT SRR L%
REBF (B 2), JLT-SEBL T AR P MR AR 1) 52 4 X
gy, MAEAN R BUWAE A K SRR 70, F m— Ll
Bt 5 % PR B B RE AR W A7 AE — 5E 1 58 o A B
Fo BARIFPRN, WAL A Bl LB S 2R
TP B SIPUF A2 585 ey AT mp i R QoL B il

F4 ETHES5RXEIERKCTSIFOGTEIFIAIEER

Tab. 4 Discrimination results between Yangtze River and non-

Yangtze River crucian carp based on fitting and cross-validation
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Tab. 5 Heart-of-mass function of the crucian carp group in diffe-
rent sections of the Yangtze River
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Tab. 6 Discrimination results among crucian carp from different sections of the Yangtze River
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LA MR- Rl RN K accuracy (%) accuracy (%)
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38 X HHIE R4 15 0 0 100 96.7
Cross validation B Rl [ | 16 1 0 38.9
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Tab. 7 Discrimination results among crucian carp from different sections of the Yangtze River based on fitting and cross-validation
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) ) ) () (%) (%) (%) (%) (%) (%) (%) (%) rate (%)
&
Fitting 100 100 100 100 100 100 100 100 100 100 100 100 100
A X HHIE
Cross 93.8 100 98.3 100 95.5 96.7 93.8 100 98.3 100 100 100 96.7
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TRACEABILITY OF CARASSIUS AURATUS ORIGIN BASED ON FATTY
ACID PROFILING AND CHEMOMETRICS

QIN Lei', NIU Bing', LU Ji-Zhou” and CHEN Qin'

(1. School of Life Science, Shanghai University, Shanghai 200444, China; 2. Chinese Academy of Quality and
Inspection & Testing, Beijing 100176, China)

Abstract: Geographic traceability technology for aquatic products serves as a crucial tool for supporting the implemen-
tation of the “Ten-Year Fishing Ban” policy in the Yangtze River. To enhance the enforcement capabilities of regula-
tory authorities, this study utilized crucian carp (Carassius auratus) as the subject. Based on regional differences in
muscle fatty acid profiles, chemometric techniques including principal component analysis (PCA), orthogonal partial
least squares discriminant analysis (OPLS-DA), and linear discriminant analysis (LDA) were employed to construct
geographic origin discrimination models. The model distinguishing Yangtze River and non-Yangtze River samples
achieved an overall classification accuracy of 96.4%, with a cross-validation accuracy of 94.0%. The model further
developed for distinguishing samples from different sections of the Yangtze River demonstrated even higher perfor-
mance, reaching 100% total classification accuracy and 96.7% cross-validation accuracy. These findings indicate that
fatty acid profiling combined with multivariate statistical analysis provides an effective approach for geographic origin
identification of crucian carp. This method holds strong practical applicability and potential for wider adoption, offer-
ing valuable technical support for the implementation of the fishing ban policy, aquatic product market supervision, and
ecological conservation in the Yangtze River basin.

Key words: Fatty acid detection; Chemometrics; Origin traceability; Carassius auratus
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