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Abstract: [Objective] To analyze and evaluate the nutritional and flavor components of three shellfish species, namely Ostrea rivularis,

Meretrix meretrix, and Scapharca subcrenata, naturally growing by seabed seeding along the Binzhou coast. [ Methods] The conventional
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nutritional components, amino acids, fatty acids, major mineral elements, bioactive substances, free amino acids, nucleotides, quaternary
ammonium compounds, organic acids, and volatile flavor compounds of the three shellfish species were analyzed, and their nutritional
quality was evaluated. [ Results] O. rivularis, M. meretrix, and S. subcrenata all exhibited high protein, low fat, and high ash contents, and
were rich in glycogen and taurine. Among them, O. rivularis and M. meretrix had higher glycogen contents, while S. subcrenata had higher
crude protein and taurine contents. The amino acid composition of S. subcrenata exceeded the FAO/WHO reference pattern, indicating a
well-balanced amino acid profile. The degree of fatty acid unsaturation in all three species was high, with EPA and DHA accounting for
30.94%~40.90% of total fatty acids. All three species were rich in mineral elements such as Ca, Mg, Fe, and Se, and their heavy metal
contents were lower than the limits specified in GB 276—2022, indicating high food safety. In terms of flavor components, the taste activity
values (TAVs) of free amino acids (such as glutamic acid, alanine, and arginine), inorganic ions, reducing sugars, betaine, and organic acids
(malic, lactic, citric, and succinic acids) were all greater than 1, indicating significant contributions to flavor. In addition, free nucleotide
GMP in M. meretrix and AMP in S. subcrenata were also major contributors to umami flavor. The equivalent umami concentration (EUC)
TAVs of the three shellfish were as high as 59.33, 179.00, and 95.33, respectively, resulting in a strong umami flavor. Regarding volatile
flavor compounds, aldehydes, alcohols, and ketones were the predominant contributors. The main flavor compounds of O. rivularis included
2-nonanal, 2,4-decadienal, and 1-octen-3-0l; Those of M. meretrix included 3,6-nonadienal and 1-octen-3-ol; And those of S. subcrenata
included 2-nonanal, 3, 6-nonadienal, n-octanal, and 1-octen-3-ol. The coordination of these compounds contributes to the unique and
characteristic flavor of the three shellfish species. [ Conclusion] O. rivularis, M. meretrix, and S. subcrenata from the Binzhou coastal area
are high-protein, low-fat shellfish with a fresh and sweet taste, and are rich in mineral elements, glycogen, and taurine, indicating high
potential for development and utilization.
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Table 1 Morphological traits of three economic shellfish

species along the coast of Binzhou City
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Table 2 Nutritional composition of three economic shellfish species along the coast of Binzhou City (n=3) %
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Table 3 Bioactive components of three economic shellfish species along the coast of Binzhou City (n=3)
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Table 4 Amino acid composition in three economic shellfish

species along the coast of Binzhou City (n=3)

AR SIRaR AN} G EELii]
PNRES 178 3.2740.12°  3.64+0.14"  5.5840.19°
AR 1.4940.04°  1.5940.04* 2.3840.12°
22 R 1.44+0.03* 1.3840.03" 2.2940.09
BRI 5.774£0.25"  6.1040.16* 9.2540.35"
HaEm 2.02+0.07°  1.9040.08" 2.88+0.11°
178 1.9240.08°  3.280.22° 3.214+022°
HAR” 1.3940.03*  1.54+0.04* 2.2940.13"
SR 1.2040.03*  1.3840.06° 2.21+0.15°
SEAR Y 2214+0.12°  2.3640.14°  4.08+0.35°
ik S R 0.43+0.02" 0.8240.05" 1.54£0.17°
RN R 1.2040.03*  1.1840.04* 2.1740.16"
AR ¢ 2.36+0.06° 2.4640.12°  3.63+0.24°
" 0.77+0.02*  0.87+0.05"  1.00+0.09"
K ms 2.1240.04°  2.5640.13*  3.924+0.31°
it 22 72 1.63+0.07°  1.594+0.11°  2.04+0.18"
ot = R 0.10£0.00*  0.364:0.02"  0.13+0.02°
mER" 0.0540.00"  0.56£0.02°  0.4240.04°
(RN 0.3440.02*  0.31+0.00° 0.58+0.03"
AR (TAA)  29.71+£0.78" 33.9040.84" 49.58+0.94°
DT REIERR (EAA)  10.244+0.42° 11.3840.36" 17.7540.44°
EIRE MR (DAA) 12.9840.37" 14.92+0.45" 20.9240.46°
EAA/TAA/% 34.47 33.59 35.80
DAA/TAA/% 43.69 44.02 42.18

TR R s SRR A A LR 5 77
INE BRI 4R % 5 1 (P<0.05) .
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Table 5 Amino acid scores of three economic shellfish

species along the coast of Binzhou City

B 2998 | 2026 F 9 A | RGBS

2.4 BERRER X 43 4
i 2% 6 T A, 3 0 DL 2R A N LA 25 Bl il i 2, v
LN TR 10 b, B0 N i T IR 6 R, 22 AN 1 TR 7 IR
3 D28 4R R B TR S A AR e R A A Y
40.55%~42.65% , Fo PRz iR R B A R £ B A 5 SRR A A
Jg T 2 2 e ¢ e 1) R A — R TR A R L 3 DL 2 2 )
FEFE R 35 2 5% B ol P SR 1 A0 AR 07 2 R U 1R Y
B 17.57% , 5 35 5 1 SCUE AT VT AW A9 5 3 Fh L2 2 R 1y
FURG 5 2 o e 0 R 5 2 1 39.47%~47.00% , He i 75 e
15 19 Sy e LM 2 (EPA) A ik 75 4 2 (DHA) |
R R T R S B 1K) 30.94%~40.90% . EPA Fll DHA H.7A 4
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W IR - RN EBR 64.83  81.14 102.23 4523 56.61 71.32 % 3 690.00 mg&g,mﬂﬁi‘ﬂ@%l‘%ﬁ%;%EHEQMg\Fe
Ty 69.80 8339 86.89 57.87 68.80 7154 Qe r . iFLAHWFAY Ca ik, SCHA Y Ca Mg Fe & &t
EAAL 4834 6659 6523 BB K Fe & 840 5 T30 VOHRIE M. Ca A
Fo EMWTHBIMEFNENEHEBES'
Table 6 Fatty acid composition of three economic shellfish species along the coast of Binzhou City %
Jig i 72 SliRAR R 7] SR B it Jig i 72 bliRAR: s} P Bt
AR 0.094+0.01*  0.21+0.03"  0.10+0.00° || &% =Mk 0.474+0.03" 1.26+0.24° 0.31+0.00°
| = 0.09+0.01*  0.214+0.03° 0.104+0.01° | & 1.31+£0.22°  3.57+0.76° 1.95+0.48"
TR 4.69+0.33"  2.5200.11°  5.0440.12° || 1648 DU I 2 1.69+0.17°  4.20+0.51° 2.47+0.32°
I HR 0.56-0.03°  0.42-0.03"  0.3140.06" | A =il AR 0.28+0.03°  0.42+0.02° 0.31+0.03"
R AR R 28.0540.89 26.2670.68 24.250.50 ||[EPA 18.014-1.08" 14.294-0.83" 14.180.75"
R — I R 4.13+0.08°  4.830.29°  6.99+0.17° | =+ PURK— K 2 0.09+0.00°  0.21+0.03°  0.104+0.01*
+Lm 1.59+0.17  1.68+0.21°  1.9540.14" || —+ 5k )05 82 1.31£0.21°  4.20+0.44° 2.16+0.26
T i3 1R 5.534+0.62"  6.93+0.73"  9.46+0.29°|| DHA 22.89+2.10° 16.39+1.07* 16.75+1.17°
1EE R 0.47+0.03"  1.26+0.16°  0.8240.14" || 415 17 % 41.56+1.98 40.55+1.25 42.65+1.84
SR 1.41+0.14°  0.424+0.00°  0.31£0.01° || A 5K 1 ARG 15 52 10.98+0.81" 14.504+0.76" 17.57+0.79¢
R 3.28£0.26" 3.36+0.20"  6.06+0.62" || i Z A1 Fl G i @R 47.00+2.78° 43.70+2.01° 39.47-+1.72°
R 1.88+0.19°  0.84+0.06" 1.854+0.15" | w-3 J5 iR 42.96+2.89° 35924+1.22" 34.64+1.64°
PRIAN 0.28-0.04  0.42+0.05  0.31+0.03 |w-6 /151 3.8540.21"  5.46+0.42° 4.6240.46°
a VL JRTR 0.75+0.04* 1.05+0.12°  1.5440.11° | 0-9 J§ TR 3.28+0.26° 3.36+0.20" 6.06+0.62"
1B — IR R 0.754+0.04* 2.10+0.27° 2.16+0.34"|[EPA-+ DHA 40.90+2.84° 30.67+1.53* 30.94-+1.37°
TRk s R 0.194+0.00*  2.31+0.35"  0.2140.00" || 3 fik 543 Bf 8 1k 45 B 1A 0.48 0.45 0.43
L #r iz 0.194+0.03*  0.63+0.08° 0.31+0.03"|| L #4 & 16 2L 1T 0.03 0.02 0.04

bR NG SRR R 2 5

B3 (P<0.05).
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Table 7 Main mineral contents of three economic shellfish species along the coast of Binzhou City mg/kg
LTS SRR S i SIRIEE Vi g Euft
Na 4060.004158.00° 4580.00+232.00° 3570.00£106.00° 5827.86£111.07 3380.00 5170.80
K 2310.00+110.00° 2 280.00+98.00" 2 830.00+125.00° 2161.22+33.98 2210.00 1 689.62
P 1 840.004149.90° 1 980.00+133.26 2200.00+78.25¢ — 1100.00 —
Cl 5700.00-£220.00° 6 100.00+240.00° 4 400.00+100.00* — 6010.00 —
Mg 658.00+51.00° 858.00+36.00° 819.00+63.00° 866.62+12.11 622.00 871.22
Ca 1 740.00+98.00" 3 690.00+126.00° 978.00449.00° 98.634+1.29 1310.00 1163.05
Fe 94.00+7.00° 305.00+18.00° 217.00=+14.00 75.4146.35 211.00 71.06
Zn 70.00+£5.00° 20.00+3.00° 11.00£0.00° 332.2649.22 21.80 14.02
Se 0.6140.08° 0.42+0.04° 0.6540.05" 0.43+0.03 628.00 —
JEHL As ND ND ND — — —
Cd 1.2140.08° 0.3440.03° 0.01+0.00° — — —
Pb 0.14-+0.00° 0.1940.02° 0.13+0.01° — — —
2ok ND ND ND — — —

T A T/NG FREAN R R 22 5 B 3 (P<<0.05) ;s ND K K

P2 HE Q0 0 1 R FEAE PR B ORI S ) VR T s Mg BT
P B AT, 8 Y R A Re e A SRR s Fe BAT (2
MLLER AR, EM AT M ET R Zn B AR EE A RS
B, S5 R SR W R B 7 AR A5 A Se B B A
b AR AR R E O e MR IR DI RESEE T . 3D
DU B o0 3 & & 6t A AT Rb 50 45 5 R &2 Fho
JLE

3L 4R & s KT CXS 193—1995(Cd<<
2.0 mg/kg) 1 GB 2762—2022 (A FL5E (JEHL As<<0.5 mg/kg,
Pb<{1.5 mg/kg,Cd<<2.0 mg/kg, H 3R <C0.5 mg/kg) , &
GV
26 HFEIERAR

i B A B TR 2 K™ i 1 3 S 5 R JO R AU i A
R AN TR S A R LA R [ B L R AE B e
B R 5 U B A% E R L T L AR AF AE — 1Y P IR AL
BB Hg R 8 LA AT YA | SCA AR A R R R A
FER 43 W) 4 920.04,1 174.87, 544.72 mg/100 g, ¥t V1.4 5
TN S AR L s R A R N SR R SR
AEMANIEENEAR SEAR BEARTRE . T
iR A A Nt P ry H 5ok s 8 2 i BA Tk, ek 5 o &
i 1 B S A R 7 A B R R TR A 7Y 5 4 TR B W 114
FEITEE AR BEREWIREAER . On G E sy
PR ™ A — o 09 B RLE T 39 7™ & R A 0 3 R R
BEPS S GEVTH A T A AR N AR R AR H 'E R
TAV>1; ST A A TR TN 2R 4 2 R A 24 R 41 2 T
1 TAVZ>>1; B i 09 75 2012 N 20 FIRS & 2 1 TAV>1,
Sy R 1) T BTERE

s— ARG

27 ENBF . ERUEH. FIR.ERZETBRSAR

TCHL B A B 32 B4R A IR A R (BT K R
WA 1 T8 B A A B A T JHG i G A A X R L S ik Y B A
T 30 SR A L S K™ v R T R Y S R Al B A A
foE A AR A0 R 9 M, 3 AL LK R A5 BRI
TAV {3 >1,Na” # CI” i TAV #3530 BL -, 2 H LR 1
HE TR

AL = L 3 AR IR B R A T TR 2 AR
IR b R R R T TSRO LA A A HR
A — 7 B e R [ BT LA B8 o e R L ARk = R AL
R (I A, K PO R A R R PR, 3 F
U2 rp S Ak = B e & A b ISR R B A e H TAV >
LR H R STk . 3R DL b R R A i
P47 A AT B L I R ) T R

A HLER b 7K i v A SR T, 3 BRI
AR A SR FTR N o b B fef ok OF 5 48 "R AFAE —
S DI 7] 396 S 46 A (0 R R 7 FR 2 O T BRI A R AR A
Hh L3N DU SRR LR AT R RN B AR 1Y TAV {H
P> 1, T DU R R IR , T 1 A A U 5 v 3
WA BEFARR AU TAV ik 16.00, J2: H e gk vk 19 & 2 5wk .

Ui 8 A2 TR SR 7K™ i () R A 0 R W T3, S A A B oy
FEN % DR S AN o | e e ) N B
3Fh D1 25 o IR R A R (AMP) & B A UK B IS
P2 (IMP) A 55 SCIRT b i ™45 B0 46 I 235 S A [] T
BB R A T v A R b R SR A 2 T BRSBTS i R
JEAERF S EAY . B AMP AT SCHA b S I A T R
(GMP) I TAV ¥1>1, g JL45 [ S 0K (1 15 42 DTik# o RS
2 T LA O b s i R A R R R A R = 1) A B
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Table 8 Free amino acid composition and TAVs in three economic shellfish species along the coast of Binzhou City
o ok EEAE AHIO mee ) —

(10 *mg-g ") SRR i} i Bl JCVCALEE  SCky B
KITA AR fif /() 100 35.0040.24 3526+0.28"  22.0840.19° 0.35 035  0.22
i AN #t(+) 260 124.1940.45¢ 86.144-0.35"  25.020.10° 0.48 033 0.10
22 5 R A+ 150 47.9540.24° 13.010.04° 11.0340.02° 0.32 0.09  0.07
wEm fif (+) 30 126.89+0.43° 179.114+0.54°  103.134+0.28° 4.23 597  3.44
Ham Ft(+) 130 132.160.37° 81.1540.25"°  41.2140.07" 1.02 0.62 032
K17 #tC+) 60 118.31+0.51° 327.66+0.67°  100.13+0.16* 1.97 546 167
ok 2 2 — — 8.0140.00° 12.18+0.04¢ 3.0640.02° ND ND ND
RN AN ) 40 33.03+0.12° 48.27+0.06°  12.12-+0.02° 0.83 121 0.30
EE R fr A=) 300 21.1540.03" 34.1040.04°  18.0740.06 0.07 0.11  0.06
S AR Fr(—) 90 18.0540.05° 36.260.09° 8.0140.07 0.20 0.40  0.09
5L R (=) 190 28.1440.04° 52.87+0.23°  13.0440.02° 0.15 0.28  0.07
ik 12 w(—) 90 11.14+0.02° 18.25+0.07° 9.0740.02° 0.12 020  0.10
RN R (=) 90 17.0140.10" 34.7940.25°  55.8440.41° 0.19 039  0.62
i 2 R (=) 50 36.9740.07° 59.8340.08°  19.140.04" 0.74 120 038
24 = R (=) 20 15.1240.04° 18.13+0.02¢ 6.0540.03" 0.76 091 030
Tk R+ 50 66.65+0.66" 109.6940.68°  80.5540.36" 1.33 219 1.61
il R At () 300 80.2740.43° 28.1740.13°  17.1740.02° 0.27 0.09  0.06
U 28 54 HL R A it 920.040.89" 1 174.87+20.56° 544.7240.64"
ERESETR & H /% 44.82 53.04 48.93

T EWEER RTINS FRERE R 22 5 83 (P<<0.05) sND A AR K .

Ivi) 384 66 £ T, 90 92 I FH T 6 R AR AT TR YL YT
Wi .3 mE R0 B MR Bk O 4 = 43 0 b 0.13, 0.19,
0.11 MSG/100 g, B & 100 g A7 h ) U1 A (8 ) BT LA 1)
i R O B R A0 AH 24 T 0.13,0.19,0.11 g WK HS FIF 77 A= 14 £
W o RS Y R 18 5 0.03 /100 mL, [K s, 3T V14 05
ey 1 2R Y RS 24 B TAV (B 23 %0 4.33,6.33,3.67, 4
3 Ff D12 R 3H £ 58 A9 A
2.8 HEE XK A K

Hi 22 10 W, 0 VLA 0 b A 70 Fib 44 R R LS
Ho w2 Ew 16 f BELEGWORM BRELEY
3P EESAL AW 9 Fh s SCUE v LA 33 R & 1 LAY,
PG 4 B0 B ALG Y TR TR 2SS W 3 B,
B AW 9 Bl s B E b LG 55 R R K M sk a, Hoh
REAL S W) 17 Fh B 24L& 4 9 B e 2K 1k & 4 3 Rl
FALG W SR BESS TR 2SR BE S AL A S T VT AL g
FEA R Y R RS R R 2 A A 2 S G
FEOE LY B RIMEA RS B b EE W
R . BRAAY ETRIE TR MEMG . £
AN ARG U5 2 1) A e VR T, e T —

BEEAR , Xk KUK B BETR L R L 3 i L 2 ep 2
Yoo R R R CORE PR R VBN (Z,2)-3, 6-
TG R MR AT T R TR A R R
WY R — , B FUGTES (2-C e 2- VI T L 4-
T 2, 4-B8 TR 3, 6-F TR ) 58 IR IR 19 TE W
A B T — R R M A IR U7 R A i BT 4 Al
it 0 A T 40 20 it 7 2 A R I LA e o B, X
DU AU BTHR AN I 5 (5 S 1 e ) B0 50 A1, 0 RUBR: 7T
FEAE R 3 DL 2 R e A I R T 1-
-3 LB E B, J2 L R ORI 2l Ok 2 ok A
TE T U 7 i

TR A A W W I iR IR AT AR AN IS 2 S T
R, R 2 FLAT UG T FIVEH A 09 XU X o 7 DU 2K ) IR 7 A
R E —EME, 3,5, 5- = - 2-C R 2 3 Fh I b &
AR B KRS BT (H TR 2 A 0 %) B — PR X
e, X DU 2 XU (1 BRI ) I — R RS
JIE: 5 TR A S e e R TR R A R A 1 T 7= AR R
A7 IR IR A R A R L 3 Rl DL 3 rhoR s R 2R ) R 2
B & i BUIR, X XU B3 a5
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Table 9 Contents and TAVs of inorganic ions, quaternary ammonium compounds, organic acids, nucleotides, and related
components in three economic shellfish species along the coast of Binzhou City

KBRS RBRASE Frlit(meke ok L
HE VT A4 15 S B (mg-kg PV ETb; ey Bl
JCHL  Na' A (=) 4060.004158.00" 4 580.00+232.00° 3 570.00-106.00° 89.70 4526 51.06 39.80
BF K’ R (+) 2310.004=110.00° 2 280.00-98.00° 2 830.00=4125.00" 508.29 454 449 557
PO} I KUK 5638.71259.36° 6 067.74208.39" 6 741.94+139.81° 1424.85 3.96 426 4.73
cl P AU 5700.00220.00 6 100.004=240.00° 4 400.00=100.00° 138.45 41.17 44.06 31.78
Mg 658.00451.00" 858.0036.00° 819.0063.00° 155.55 423 552 527
ca’’ 1740.004-98.00° 3 690.00=126.00°  978.00+-49.00° 248.48 7.00 14.85 3.94
Bl Ak = R T R/ R 0.2140.00 0.2840.03 0.300.04 488215  <C0.01 <C0.01<C0.01
&Y HEE WE/ET(+)  3480.00259.00° 3 200.00468.00° 4 540.00=63.00° 2343.00 1.49 137 1.94
JIR 1 060.00436.00° 876.00224.00°  1020.004=43.00°  >>5000.00 <<0.21 <0.18<C0.20
RO A G 4.4500.00+208.00° 3 9700.00+180.00° 2 4200.00+210.00* 16 214.40 274 245 1.49
EER N 7 B ) % /5 (—) 1.800.00445.00" 2 300.00£79.00° 2 600.00+57.00° 496.13 3.63  4.64 5.4
WA TR ity ND ND ND 15.00 ND ND ND
BN % /5 (—) 1 100.00446.00"  1200.0086.00° 1 900.00=+72.00° 675.60 1.63 1.78 2.81
R 1% 18K 3300.004149.00" 1 700.00-94.00° 2 200.00=+104.00° 499.54 6.61  3.40 4.40
B 1% /65 (+) 500.00=48.00° 1 700.00%=69.00 500.00236.00° 106.28 470 16.00 4.70
AR GMP fiE(+) 18.80+0.75" 82.7043.27° ND 81.44 0.23  1.02 ND
IMP fif (+) ND ND ND 235.30 ND ND ND
AMP fif /i (+) 340.00+18.00° 244.00416.00°  1200.00+48.00° 868.05 039 028 1.38
CMP 79.1043.20° 135.0045.80° 221.0046.90° 1 835.80 0.04  0.07 0.12
UMP 128.00+7.10° 61.60+2.30° 135.00+7.80° 2 009.92 0.06  0.03 0.07
b OKE M /(1077 g 0.13 0.19 0.11 300.00 433 633 3.67
MSG-g ")
T OND AR FAT/INE TR R 378 22 5 B3 (P<<0.05) o
F10 EMTEBIMAEFNENELZ SRS AR
Table 10  Volatile flavor compounds of three economic shellfish species along the coast of Binzhou City
[AE/ AR 5 15 /%
fes IR (pgekg DU v AbaE Sciy E TURAFE
B E2- 55 395 ND ND
iE U 5 1.97 ND  4.73 HFHEB KK
2-C Ml 19.2 2.17 ND 295
PR 2.8 220 ND  5.02 EEJEMR BRIk
AR 41.7 2.68 ND 094 A HF REFHAKREE
1SR 0.59 ND ND 543 KRF BF
(E,E)-2,4-BF "I 15.4 10.02 ND  1.87
E-2-2( I % 3 ND ND 195 35 HBR PAHIBR
T 1.1 1.83 ND 382 J§& .FFEIE
(E,E)-2,4-% IEE NA 048 ND ND
E-2-T8 0.07 283 ND 1.06
4- KR TR 123.23 032 ND 040 A FHEE
E-4-T- I NA 0.13 ND ND
(Z,7)-3,6-T "I 0.05 ND 411  3.81 FJNHE
- 1.07 128 ND 157 {#&F MEGE
E-2-5 Wy NA 179  ND 093 B5F EF kK
2,4-%% TR 0.2 070 ND ND HEEF J5EF
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22410
I8 {5/ AAXT 55 1t /%
(a2 VRN (ngekg ) AL er 8 Bl SIRRHE
B (25,2'R,5'S)-T & NA ND 3.96 ND AR HEBR
+ 60 ND ND 067 JEF
1E R 1.48 040  0.81 1.82 MEBER
RVaY 3 0.91 0.12 038 0.70
9,12, 15- /Nl = M i NA ND ND  0.64
Rk 333N NA ND ND 457
3-SR U NA ND 042 ND
1, 4-FF A C % NA ND 0.94 ND
- HEACT K NA 0.86 ND ND
AL I NA 023 ND ND
3,5,5-=H3k-1-C 0 NA ND ND  0.27
3,5,5,-=HE2-O NA 1320 3570 12.30
1-(2-P9 M 38 ) 78 30 NA 0.15 ND ND
1, 2-WR % -7-2E 4 NA 0.92 ND 051
3-Z32-H -1, 3-0 M NA 0.66 ND 1.08
1, 1- R -2-(2- P BE -2 - 0 ) PR TR 458 NA 034 ND ND
Z-5-7 DU s -3 -k NA 6.01 ND ND
(32,52)-2,7- "W -3, 5-3 — 0 NA 008 ND 0.14
-0 S 20 O e NA 0.31 ND ND
2-F BE- 1034k NA ND ND  0.38
-3 T4 -2 e NA 027 ND ND
2 NA ND ND  0.23
3-F bk NA 158 ND ND
(3E)-3-1 ZH-1-4k NA 414 ND ND
1,5-Z i dk-3-F -2 -4 O e NA 072 ND ND
5-CL3E-3,3- L 1R NA ND ND  0.40
(Z)-4-1 = WM -6-4k NA 0.17 ND ND
1-(C L) -2-H 3 2 e NA ND ND  1.56
+ 1000 ND ND 0.24 IH#
2- DU J NA ND ND 030
(Z) -3~ DU RS -5 -4k NA 0.76 ND ND
(Z)2- TRk A -4~k NA ND ND  0.78
2,6,10, 14-PY H 3L F NA ND ND  0.45
EZ b NA 0.08 ND ND W
10-H1 3%+ Jude NA ND ND  0.37
2- bR -A-(h AN ke AR ) -1, 3- T b NA ND ND 0.18
e (2)-2-TH#-1-B% NA ND 041 ND
1-7% 150.2 ND 320 ND CSEREEHAE EHK
IRT -1 5 R NA ND ND  4.77
2-L O 13 ND 9.12 ND fitek
1-3 05 -3- B 1.5 535 9.60 7.57 BEGERR RO
2-3F - 1-BE NA 778 ND ND
E-2-3 ) -1- B 50 0.19 ND ND
2-TH - 1- 3G T NA ND 0.52 ND
1-T-m 2 ND 0.52  0.12 HBMHEE 5 &
2,72 -1 - NA 190 ND 029
2-3F 1 35 — 34 1% e T e NA 0.11 ND  0.55
AT -1 - NA 1.06 ND ND
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224210
I/ AAXT 55 1t /%
(a2 VRN (ngekg ) AL er 8 Bl SIRRHE
fE 3,6-0F -1 NA 081 ND ND #JK PNk
s PN 35 T I3 6 Y NA ND 0.95 ND
3-28 Pe-2- NA ND 220 ND
2,7- W HE2, 6-9 - 1-BE NA 1.52  ND ND
| NA 0.16 ND ND
AR NA ND ND ND sk
i NA ND 029 ND W& JEF
B2 4P A -4 R -2- NA ND 123 ND
1-(2-WK M 5 ) -2- T 1 NA 0.85 ND 0.44
7-HSEXUFR[3.2.0 ] B -3 -4 -2- NA 059 ND ND
3-FH Jk-4- W T -2-C i NA ND ND 035
2,5-3¢ i NA ND 0.49  3.19
E,E-3,5-%% —4%-2-1 150 263 ND 755 R&F FEE
WIR[3.3.1] -2, 6- T NA 0.19 ND ND
2-T-i 38.9 0.69 070 077 RF.FH
I 2 S5 A - G A NA 0.07 ND ND ifiidF
2-HKE-5-(1-H 5k 2 58 ) B L 1 NA ND 0.17 ND RXH FHAAK
JUGE - 1 - FHY 2 U 5% 056 -2, 10- [ NA 0.13 ND ND
P 2 - B T 7R NA ND ND  0.62 #iHEZEumig 22/ Ak
2-+ =1 500 ND 022 ND M M HURZG R R
a-5% % 1.64 ND 042 ND BBAE K¥2H
-5 % 4T 474 0.18  0.80 036 %(¥2FHF KREEFE AFEF
L-FR 4 e - 2, i NA 6.21 ND 7.4
2-F 7S e Pl NA ND ND  0.70
fiede  FVRR BER NA 041 1.10 ND SREMBHIEFHRE
1E R 20 TR NA 0.54 786 ND ®RHEE
(2E)-2,7-3¢ 05 -1-BE L R B NA ND ND  0.56
LW AR TR NA ND ND  0.25 EBAET MR, R
Z(2-ZIET )1, 2, 3-H I = EEfig NA ND ND  0.35
Hl = 2 B B R B AR TR NA 0.56 ND ND
T R R A e LR NA ND 093 ND
FFEWE 2-E -5 H LR R NA 1.13 216 ND
4- LKW 10 034 ND ND GSRIUKFE MHER
2-Z B K Wy 30 ND 0.76  ND
9-2,%£-9,10- " &-9, 10-— I KL & NA 0.18 ND ND
5-JR 3 -7-F A JE -2 3L -3 2R B A - 1R S I -4- NA 026 ND ND
HAl UK NA 0.73 558 ND
2-Z KT NA ND 1.17  ND IR TEMW, RHERE
3-2-W k-1, 3- AU IR -2- S T R NA ND 029 ND
2-F - 1-(4-filf B DR 56 ) -1 H -k NA ND ND  0.52
2-5E N AE-5-H L CUlE O TR NA 0.07 ND ND
RIPAYE SR i NA 058 ND ND
2-Z Pk -9, 12, 15-F )\ Bk = M5 1R NA 1.02 ND ND
2-C 31, 1-BUR N Bt -2-2F T2 NA 021 ND ND
Z-4,7,10,13,16,19- "+ "R MR NA 021 ND ND
1, 4-80[2-(3-G R AL ) 2 IR 1% NA ND 3.03  1.73

T NA NI IRTS ;ND MK .
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— I ROAVZ=1 hy e Mk k& 4, 0.1<<ROAV
<X AR RR A B IE R . R 1A VAR &
PR W J5 o BRI (2, 4-BF M IE B 2-TEE L+ R
2,428 T E R 12 U 3-8 5 SIS Y AR KR W BT 3,
6-TF I | 120 0 -3 5 T 0 TR XU A R OR OE L
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PEE EERE  TEE 2-TBE 3,6-T 0l .+ 8+
BRI TS TERT 1-2F 05 -3-1 o VSR ARAE R |, ST VT4 15
BT MR R TR R N A BRSO R U I
BRI 0 B 0 R A R 5 B T 1Y 75 B IBR 35 B
KR BT IR

FR11 EMTIEEIMEF NLEZELEH 5B ROAV'
Table 11  ROAVs of volatile compounds of three economic shellfish species along the coast of Binzhou City
ROAV ROAV

ey URFFAE W (tg?] ARFRAE L
b i Ll B i1 45 B TIEEY )
E-2-30 045 1% 0.18 ND ND |2,4-% "M MG & e & 8.66 ND ND
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