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ABSTRACT: Objective To utilize the nutritional composition of the meat and the mineral element composition of
the shells of the Sinonovacula constricta to construct a reliable model for discriminating the origin and farming mode
of the species. Methods The 4 major production areas in Zhejiang Province, namely Linhai, Sanmen, Ninghai
(pond farming) and Xiangshan (mudflat farming), were selected as the research subjects. The quality indicators of the
Sinonovacula constricta, including appearance traits, nutritional composition, amino acid composition, fatty acid
composition and mineral element content, were systematically analyzed. Principal component analysis (PCA), partial
least squares discriminant analysis (PLS-DA) and variable importance in the projection (VIP) were used to screen out
the key characteristic parameters that affect the discrimination of the origin of the Sinonovacula constricta, and a
discrimination model for different origins of the Sinonovacula constricta was constructed. Results The quality
analysis indicated that there were significant differences in the characteristics of the Sinonovacula constricta from
different production areas and farming modes: The amino acid content (49.88 g/100 g) and the proportion of
polyunsaturated fatty acids (41.46%) of the Sanmen (pond farming) Sinonovacula constricta were the highest; the
content of trace elements in the Ninghai (pond farming) Sinonovacula constricta was relatively high; and the content
of multiple nutritional indicators in the Xiangshan (mudflat farming) Sinonovacula constricta was relatively low.
PCA, PLS-DA and VIP screened out 19 key characteristic parameters, including 5 kinds of minerals (iron,
manganese, copper, calcium and zinc) in the soft tissue of the Sinonovacula constricta, 8 kinds of fatty acids
(eicosapentaenoic acid, docosahexaenoic acid, efc.), and alanine; and 5 kinds of minerals (sodium, manganese,
selenium, magnesium and calcium) in the shell. The constructed PLS-DA model had a good fit. The samples from
pond farming and mudflat farming were clearly distinguished in the latent variable space; at the same time, the
samples from the 3 adjacent pond farming production areas (Linhai, Sanmen and Ninghai) also showed independent
clustering trends, indicating that the model could effectively capture the chemical fingerprint differences shaped by
both the origin and the farming mode. Conclusion This study screens out 19 key characteristic parameters for the
discrimination of the origin of the Sinonovacula constricta and constructed a discrimination model that can
effectively distinguish the Sinonovacula constricta from different origins and farming modes (pond and mudflat)
within Zhejiang Province. The model not only overcame the interference caused by the difference in farming modes
but also accurately discriminate the Xiangshan (mudflat) production area, and shows good discrimination ability for
the 3 adjacent pond farming production areas (Linhai, Sanmen and Ninghai). This provides a reliable technical means
for the origin traceability of the Sinonovacula constricta under complex farming backgrounds.
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Fig.1 Sample informations of the Sinonovacula constricta
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Table 2 Amino acid composition and content of Sinonovacula constricta in different regions (dried weight)

IR Il Vi =7 T %10

BEELR/(2/100 g) 42.90+0.97* 49.88+3.63° 46.75+2.23° 42 43+2.97°
e = H R/ (g/100 g) 25.8240.58" 29.55+1.74° 27.35+1.47° 25.62+1.69*
FE&ER/(2/100 g) 3.53+0.07° 3.93+0.54° 3.45+0.06° 3.29+0.18°
& 2/(2/100 g) 1.59+0.03° 1.88+0.15" 1.85+0.08" 1.62+0.14°
N2 PR /(g/100 g) 1.01£0.07* 1.20+0.01° 1.18+0.02° 1.02+0.07*

L ea R /(2/100 g) 0.24620.180° 0.366+0.270% 0.565%0.140° 0.456+0.120%
N R IR/ (g/100 g) 17.08+0.49* 20.33+1.98° 19.40+0.77° 16.81+1.30°
(T TR 0 A IR ) Yo 39.81+0.54 40.70+1.19% 41.52+0.33¢ 39.61+0.51°
4 B2/ (g/100 g) 3.30+0.07* 4.06+0.48° 3.73+0.06° 3.21+0.17°
SRR /(2/100 g) 3.08+0.08" 3.69+0.44° 3.50+0.17° 3.08+0.28°
TEBR/(g/100 g) 2.12+0.12° 2.44+0.18° 2.37+0.13° 2.07+0.16°
iR /(2/100 g) 2.000.06° 2.40+0.24° 2.28+0.10° 1.97+0.15°
FRE (/100 g) 1.90+0.10% 2.25+0.23° 2.13+0.11% 1.85+0.17*
KRR R/(2/100 g) 1.85+0.05° 2.25+0.19° 2.23+0.10° 1.88+0.15°
fi% 2 2/(g/100 g) 1.65+0.06" 1.92+0.14° 1.89+0.09° 1.65+0.16*
AR A R/(2/100 g) 1.18+0.11% 1.3240.15° 1.34+0.12° 1.10+0.09*
SR SER/(g/100 g) 19.45+0.67° 22.19+1.42° 20.33+1.30" 19.23+1.36°
(R A IR S E IR/ % 45.34+0.86" 44.52+1.20% 43.46+0.68" 45.33+0.71°
HHER*/(g/100 g) 6.20+0.38" 7.15+0.72° 6.87+0.25° 6.08+0.47°
KL HR*/(2/100 g) 4.39+0.19* 5.13+0.57¢ 4.77+0.10* 4.20+0.31°
N */(g/100 g) 4.07+0.49" 4.58+0.51° 3.58+0.59" 4.17+0.52%
H&mR*/(g/100 g) 2.61+0.07° 2.86+0.20" 2.76+0.31% 2.71£0.22°
2 FJFR*/(g/100 g) 2.19+0.21% 2.46+0.15¢ 2.36+0.10 2.08+0.13"

T * 2 F0H SRR R 1P,

[RIF AR AR Rk 2R 4 ) 22 5 B 3 (P<0.05); [l
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Fig.4 PCA results of Sinonovacula constricta in different regions
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Table 3 Fatty acid percentage content composition of Sinonovacula constricta in different regions (%, dried weight)

I ¥ =17 Tl 31N

= TR R 35.17+2.76" 35.4442.95° 37.27+1.55% 39.57+2.57°
C16:0 15.41£1.91° 15.98+1.11° 17.960.74° 15.58+1.67"
Cl18:0 8.72+1.11° 7.50+0.22° 7.54+0.80° 10.37+0.92°
C14:0 4.33+0.63" 4.79+1.14" 5.36+0.32° 5.80+0.58"
C17:0 2.35+0.58° 2.20+0.19° 2.25£0.25° 2.32+0.49°
C23:0 1.20+0.33%® 1.9440.78¢ 0.80+0.06" 1.81£0.55%
C15:0 1.43+0.27% 1.26£0.21° 1.58+0.07° 1.39+0.10%

S BRI RR TR 22.58+2.17% 23.39+1.01° 24.54+1.07" 23.22+0.66"
Clé6:1 11.32£2.31% 10.34+1.13° 9.89+2.13° 13.35+0.91°
C20:1 5.02+1.61% 5.98+0.32% 7.05+0.96¢ 4.23+0.42*
C18:1n9¢ 3.23+0.69® 3.36+0.79"® 3.99+0.53° 2.65+0.27°
C18:1n9t 1.34+0.19® 1.76+0.38"® 1.50+0.13° 1.66+0.33"

T Z AR TR 41.27+0.89% 41.46+2.08° 38.85+2.17° 34.70+1.86
C20:5n3 (EPA) 20.03+2.30° 20.17+3.72° 14.66+1.60" 18.73+1.38°
(22:6n3 (DHA) 12.21+1.49° 11.69£2.99° 13.75+1.36" 7.84+0.84°
C20:3n3 3.19+0.76° 2.97+0.63" 2.99+£0.47° 2.71£0.12°
C18:3n3 1.71+0.28" 1.52+0.36° 1.66+0.24° 1.74+0.28°
C20:2 1.70+0.53%® 2.22+0.43" 2.58+0.84¢ 1.360.12°
C18:2n6¢ 1.28+0.51% 1.82+0.40° 2.13+0.43° 1.02+0.18*

E:

{XH & R AE 1%L ERYARIIRR -

I FURR R TR AL o JR R AE ORI R U AR TR AT =, 4 AR il R TR UR A ME R IR 4008, A RHE BUAI R 2
SREAE DL MR B B TR S MR DR R , XA 519 2 AL A Pl b, FRIYEIR G ACHE DR SRS 4

P& WimR S RN S350, Nl S SRR G, KREEZAME "

FRRMTRRAE R b FREE T A BURER, 74 kgt =2

24 @EPCAARBERRYTITRSH

S AE—E R LR T = RG0S 5 G RAE A NIV KA RS I 4 DRI ke
B LS ARTISCRAE = 180y B esy,  WEUCREN. B B A5 SRR R B R M.
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Table 4 Content of mineral composition in soft tissues of Sinonovacula constricta from different regions (dried weight)

453 =] T %1l
il 27.3142.35° 14.69+3.70° 20.89+5.11%® 23.17+5.25"
i 10.2120.50° 9.5342.01° 9.37+0.94° 11.2242.41°
W ERICHR/(g/ke) 173 6.30£0.29° 7.21£0.77% 7.78+0.24° 7.04£1.60®
5 3.95+1.19° 7.06£0.97% 10.84+1.17° 18.32+5.01°
BE 3.27+0.13° 2.06£0.50° 2.57+0.31" 3.62£1.02"
B 827.26+35.46° 624.46+146.47* 1358.36=34.99° 918.23+188.15"
B 140.68+8.25" 109.69+35.05° 119.64+4.97% 98.28+14.58"
UL R (mg/kg) il 2521£1.71° 13.76+6.62° 46.79+8.85¢ 35.7744.83°
i 31.61+£2.53° 16.46+5.84° 34.00+3.01° 25.47+4.72°
i 7.46x1 47 6.74+1.38" 9.03+1.63" 9.57+1.16°

#5 TRERAERTTHTESEFE)

Table 5 Content of mineral composition in Sinonovacula constricta shells from different regions (dried weight)

I =1 T Zili
B 4.70+0.38° 6.96+1.30 8.03+0.19% 8.39+0.40°
By 0.44+0.16" 0.53+0.16* 0.52+0.17" 0.59+0.20°
WHIGE (g/ke) o 0.10£0.03° 0.18+0.08° 0.19£0.05° 0.18+0.07°
5 0.24+0.05° 0.31£0.02° 0.32+0.04° 0.40+0.07°
B 265.86+18.56" 329.18+39.26 360.11£5.92° 332.97+29.74°
B 288.01+49.83° 434.34+98.24° 455.03+£38.15° 396.84+44.93
B 1.7140.12° 2.10£0.57® 2.42+0.28° 2.11£0.23®
H EIT R/ (mg/ke) i 26.89+1.08" 33.88+8.28" 32.64+3.37% 39.45+3.22°
| 1.96+0.10° 2.23+0.21%" 1.86+0.04° 2.47+0.60°
i 10.95+1.32° 18.38+1.82° 17.38+1.15° 19.47+2.60°
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