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155 MRAT K PEZR BN K 745 B8 B[] S, 9 3 48
PR ) 0 2 s AR KB g 2 5 DA TR O 3
A KT R NG UK FORK A 4%, 3
FB AR o K EBR MK HEK A 2k
HAh 38 23 MR K PR AR A B — S R R Y
B SIEATRE BEAROK . ARSI E T
BRAT 405 30 K P A DL S5 i L A 1) A Ak A
PR I AN R K 2 6 LR e 22 5 o 22
S A B SRR HEAT A0, LA A 7K P K A PR
BEILR 2SS SR B 7 DR UE S 42 7K 1 [R] B i
[E i Dk
1 MRS
1.1 HEARRE

2021 4F 1 H—20224F 1 A 205 F FifgETis &
IR (5 “QCS”,31°48'60"N , 121°55'29"E) |
WRAT/K e (RIS “CH”,31°49797"N ,121°36"10"E) .
S OKIE (5 “J27,31°03'73"N, 120°94'24"E )

L HEVDHE; 2. BMRATHE ;3. SR,
1. QCS;2. CH;3.JZ.

PEATAE A RAE RN 300 52, MR 48 7K 2 T R R /NGy
FIE T 7.4 5L MRAES . B KERANZFE
FERAE 2R O B, WRAT /K 4 20 A7 SR A 5]
BEREAS . M AEAR K IR R i (3 1 A
1) 2021—2022 4F G B/ TR IS Y & 2
FH b R K 2 R S G S = it

R1 20212022 EFED FRIT.&F
TR EE BB AR L W A AR
Tab.1 2021—2022 environmental indicators of
Qingcaosha, Chenhang and Jinze reservoirs

ER7E= TN HE D X5} A%

Biological index QCS CH JZ
4K

TR

Overall length/cm 50.99+5.47 54.45+4.67 60.38+5.59
K 40.46+4.77 43.61+3.69 48.42+5.03
Body length/cm
LD 1 540.83= 1683.18+ 1 690.29+
Body mass/g 187.65 171.84 198.31
Kokt

3
Quantity/ & 6 27 36

1 BED BT &FKEEEAER

Fig.1 Pictures of bighead samples from three reservoirs

1.2 KEHE

FE S IR 2 SR E A 9 B fa
AT AT o Fo i | 2% K5 T 5 A 9 00 B
HAF LA 2 500 g, YEv 25 1, A —20 C&
PRAF T ATR AR o B REAR B LA 43 A%
K/N2 emx2 emx1 em FLA% 3 43, 2% H SMS TA.XT
Plus JSURASCHEAT WL PR JB 44 00 2 5 0 FH 4 05 10 7
H.E JL (036 047 20 U2 e M 20 BT 5 53 5 5 ] GB
5009.3—2016(105 ‘CE#T4#1L) . GB 5009.237—
2016 (A5 A 1 & pH I 22 ) . GB 5009.5—2016
(HLIGE A L) . GB 5009.6—2016( % LA ) |
GB 5009.4—2016 (5 Jr (B FRE 1) 477K 43
pH HLEE L CKLIE 7 K 3 B o 2 B 2 R
GB T5009.124—2016 ( i 7K i 1) M 72, 4 28
6 mol/L I EL R WE 110 ‘C/K A% 24 h 5, ffi FH H ~7
LA-8080 i /= L 2 L 2 I 243 A 2 Z 3 R 2
B B e, HL R R K i B P R IR, ik

AR 5E 5 B iR 2 I8 GB 5009.168—2016 {5 , {ifi
FH Agilent 5977A S5 ASCIN 5 45 1 175 182 AH XoF
i, MR A AR 7 R B o A 1 U I (1) 4 S i I R A
2 R T BUH — AL SRR DR & £
1.3 EFmBRITENTE
MR A AR DA USRS B A
Rl 412U (WHO/FAO) 1973 4 g 1 (1) 54 3k 12 17
SR ERL R [ W B R S R S B
an TLABIF 9T BT 2004 454 1 A4 X8 3 28 LA 0%
FEan L SR I E AT IR AL 23] LA
Z FE TR VT 43 (Amino acid score, AAS) | Tk 2% PF 43
(Chemical score, CS) 1 & 75 2 & MR 15 %
(Essential aamino acid index , EAAT) K32 3 /~7K
VRS B AR E TR E . AT A A AT
X
Liss = X/ Xox waomno) (1)
s = X/ X or (2)
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Lo = [(100X /X, )X(100X /X 1) ... X(100X,/X )]
(3)

21, o WERBERVE T 5 [P 5 1 DT
FILTRAGE; X, RSB S i 3R 1 R 7
ma/gs X oy eronmo  FAO/WHO PR szt vy [
IR mglg; Xy o N XS TR LT P R FR AL
et mg/g;n N HUAS TR R G X, ~ X,
SHAFIRE LA 2R 5 P (R A 7 R LR 75 B, me/ g
Xg ~ Xep WG AR T 2 LR & i me/g.
1.4 HELIE

fdi Fil Excel 2020 1 SPSS 19.0 4t 34k 14 #E 47
BT R R 7 220 ik ke 49 3 1K
B85 JIL PR 5 35 J 4048 b RN AL S R P 3 b 1 25 5
i, P<0.05 2 W . SRR Y R A
YIE +F51EZE (MeanSD) T TR .

2 4k

2.1 HEHFESH

H1& 2 0] R0, 3N /K PRSI JILIA) b ML 1 K
S RBIIC A2 R (P>0.05) . T HEVPIK RS
PR pH K05 B 2 1 35 i TR T K A K
JE (P<0.05) 5 43 /K PRSI ULIA) RO RLAR 195 5 f2 45 s
B R TR E BRITKIE(P<0.05) , 175 HEvb Al
WRAT 7K 2R Z TR) U St 24 22 57 (P>0.05)

®2 BEDRT &FKERIAL
AR SE(RRE)
Tab.2 Contents of biochemical characteristic

components A. rnobilis muscle in Qingcaosha, Chenhang
and Jinze reservoirs(wet mass)

g o T 4 FE 1% (Non-essential amino acids, NEAA)
O3 7.2 8 Fh . AT 6 R SERR Y B AE 3K
JEBJILIA) F 2 T W 25 P 25 S 5 BARATT /K R SRR JUL I B
TNRTRIN , WA b AL R & B3 O de vy, HLEE
RESEMRHER S REES THED &EK
JE o FE VDK RS L DA A8 b 5 SRR IR
it (EAA/TAA , 40.59% ) Fl b i 28 K& R AR 0 5
IR (EAA/NEAA , 84.62% ) Y HAH 2 &5 T WRAT
KPR K P, A K A L (R AT
R3 BEDBRIT.&FKEFIAK
SEBMERESE
Tab.3 Types and contents of amino acids in muscle of
A. nobilis from Qingcaosha, Chenhang and Jinze

i Item HHEY QCS W47 CH V7

pH 6.45+0.41° 6.27+0.34"  6.24+0.37"

4
K ”\ 80.69+1.69"  78.43+2.69"  79.28+0.88"
Moisture/%
HLUIR . . b
Crudo fat/% 0.93+0.61 0.91+0.26 1.3120.58
HLEH . 18.11+0.57 19.38+0.32  18.63+0.70
Crude protein/%
HK
Crude ash/% 1.27+0.12 1.3420.10 1.28+0.23

T (A TR B A RN P RER R 22 5 9. 35 (P<0.05)
Notes: Different lower case letters indicate significant differences

(P<0.05).

2.2 SEBREESEBSHRITM

3 AN TK P 8 JUUPA) B ARG 17 ol R (R
3), W75 2 % (Essential amino acids, EAA) \2f
a5 IR (Semi-essential amino acids, HEAA) .

http://www.shhydxxb.com

reservoirs %
AR HHU 5 EREs
Amino acid QCS CH JZ
REE R Asp™ 1.96+0.54 2.00+£0.37  1.91+0.59
IR The® 0.79+0.28" 0.82+0.13" 0.85+0.13
225 R Ser”™ 0.81+0.29* 0.82+0.11" 0.86+0.11"
BHR Glu™ 2.77+0.80 2.84+0.40  2.70+0.80
H&ER Gly™ 0.83+0.18" 0.94+0.35" 0.82+0.11°
AR Ala™® 1.07£0.31 1.12+0.15  1.14+0.18
R Cys® 0.11+0.06* 0.1120.03" 0.13+0.02"
AR Val® 0.65+0.24" 0.660.14" 0.64+0.10"

HAR Met®
S EIR et

I, '
SEETR Leu®

0.56+0.13  0.57+0.08 0.55+0.11
0.63+0.16" 0.66+0.25" 0.62+0.09"
1.68+0.23* 1.75+0.53" 1.63+0.22"

it 2R Tyr® 0.78+0.18" 1.00+0.54" 0.77+0.12"
AN Phe® 1.02+0.18" 1.44+0.72" 0.88+0.13"
AR Lys® 2.34+0.86 2.59+0.77  2.20+0.59
41 His® 1.01£0.39" 1.32+0.38" 0.86+0.40"
K2R Arg® 1.15¢0.25 1.12+0.19  1.14+0.15

0.74+0.18" 1.26+0.32" 0.72+0.12°
18.90+0.67 21.02+0.71 18.44+0.65

IR Pro®
FIEIR L TAA

RER 2 L2 DAA 6.62+0.88 6.90+0.87  6.57+0.83
T RIER EAA 7.67+0.67 8.49+0.75 7.36+0.62
LT E IR HEAA 2.1620.10 2.44+0.14 2.01x0.20
JENT LR NEAA 9.06+0.83 10.08+0.82  9.07+0.80
EAA/TAA 40.59 40.41 39.92
AT R IE R AR T S TR R

EAA/NEAA 84.62 84.24 81.16

T BRGNS s & DT AEER ; O P AR ; A AELT
R ; TR B EAR R NG TR 22 57 i 3 (P<0.05)

Notes: *.Umami amino acids; &.Essential amino acids; O .Semi—
essential amino acids; A . Non—essential amino acids; Different

lower case letters indicate significant differences (P<0.05).

4.5, 5V RAT 4 PR KR L
TR R A T 8 FE R A & 4391 oM 2 958.08 .3 098.21
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2 772.59 mg/g, ¥ T FAO/WHO FriE 2 190 mg/g,
R &K PEAN , 75 U0 RN BARA T /K S LI 0 6 55
GRS T AN EHE M 2 960 mg/g. 7E3
ASTKPERY AAS B — S — BRI E I R 43 )
5 2 (Val) AR 58 2R (1e) , Hox EAA 1Y
AASHIR T 1| VP 3 fe i i Wi R (Lys ) o 34>

K PE R CS B — BR 1k AR 3 R Dy 4 TR
(Val) , 5% — PR il 4 &2 i R by 2 20 2 + bk & R
(Met+Cys ) , B EERR V73 4 KT 0.5 Hi¥orfie =1
i 2R (Lys) o 3 /K ESENLA i) EAAT YA
£ 80 LA b, For BRAT /K FESH LA 1 EAAT S5 51,
95.01,

x4 BED BT EFKEFNAPAGCLERERSES FAO/WHO frERBERB ALK

Tab.4 Comparison of the content of essential amino acids in the muscle of A. robilis in Qingcaosha, Chenhang and

Jinze reservoirs with FAO / WHO standard and egg protein mg/g
TR IR EAA HHEVQCS  BRirCH B FAO/WHO FrifE FAO/WHO pattern XS ZEHE 45 Egg protein
Sos AR Tle 218.83 212.82 203.31 250 331
TR Leu 577.59 595.70 546.52 440 534
PR Thr 272.76 263.42 286.53 250 292
SR Val 222.86 211.44 214.36 310 411
TR A% + M2 R (Met+Cys) 232.82 220.32 228.59 220 386
KNSR + W5 %R (Phe+Tyr) 623.28 787.73 554.60 380 565
W5 Lys 809.94 836.76 738.69 340 441
A1 Total 2958.08 312819  2772.60 2 190 2 960

x5 BEDBRIT.®FKEHINA
AAS.CS 71 EAAI Lk
Tab.5 Comparison of AAS, CS and EAAI in

muscle of A. nobilis in Qingcaosha,
Chenhang and Jinze reservoirs

P

Evalustion HIERR HRY BT ERES
Amino acid QCS CH JZ
model
SR e 0.88 0.85 0.81
SR Leu 1.31 1.29 1.24
IR Thr 1.09 1.05 1.15
AN AR Val 0.72 0.68 0.69
BAEmMES
AAS R AR o 1.00 1.04
(Met+Cys)
KN + 2R
(Phe+Tyr) 1.64 2.07 1.46
iR Lys 238 2.46 2.17
FRAR e 0.66 0.64 0.61
LR Leu 1.08 1.06 1.02
AR Thr 0.93 0.90 0.98
HAIR Val 0.54 0.51 0.52
Tb2EPE5r CS P Ty,
BRM+MER o6 057 059
(Met+Cys)
KN + 2R
(Phe+Tyr) 1.10 1.39 0.98
WL Lys 1.84 1.90 1.68
b A B R
S EAAL 89.00  95.01 84.71

2.3 fERREESAMS T
3AIK PSR ILA FEAGI Y 17 Fp AR ITAR (£ 6)

43,35 18 FI G 5 iR (Saturated fatty acids, SFA)6 Filt
PR M0 RN B W R (Monounsaturated fatty acids,
MUFA) 5 Ff, 2 1 F1 i 115 B2 (Polyunsaturated
fatty acids, PUFA)6Ff,{ C14:0 —F AR 7E 3 1
IKBER AR B EVE 2 . S SFA Y MUFA
SRS R, S PUFA AT /K R & ik dies
TE PUFA 7, C20: 4n—6 (ARA) .C22: 6n-3 (DHA)
TR 3K Z (B AAAE W 3 25 5 , HLARSEWRAT
KB i e, A KB % X6 F €20t 5n-3
(EPA) , MEE FUSIK B fRey , Ak PRSI
2.4 YEBYFMEST

HH 2R 7 R, AN TR K P 1 5 JUL PR ASLeE B2 i
PR 25 5 . T S VDK G LA i R )
e T BRAT K RN K 5 75 HE VD K R R A 77K
JE G LA 3P LR e T A KR . X
W 35 7K PP S JUL PR) J5 b e A2

h T HE— A R 3K RS WL DA (%) JSAL) 5 A
FEME , ASBIF 5 38 6 B T AR 0.1 mm? 5 HE 1 0 AH
[ 5 457 UL PR 240 ML i AR AR EAT T X L
H P 2 T 8 M, B A7 T AR A S UL PA) 40 i
N AR OK R R IR R D MR T K
J 5 B T RLT B VL PR A Y K AR AR K R
T HVPIK I > BRATIK I > K I 5 413 7K PR
JULPR 20 B A AR o IR T3 B VD IR T K 5 B
PN AR T8 UK, i — PR SE T 420K
J2E 5 UL PR 1) R AN B YD R TR

http://www.shhydxxb.com
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®6 FED T €FKERIANEHRMHERSE

Tab. 6 Types and contents of fatty acids in muscle of A. nobilis in Qingcaosha, Chenhang and Jinze reservoirs %
KR Fatty acid FHHU QCS W4T CH &FEIZ
C14:0 0.66+0.15 0.60+0.17 0.55+0.06
C16:0 4.07£1.35° 2.28+0.44" 1.58+0.14°
C17:0 4.17+1.09* 1.48+0.33" 3.20+0.86"
C18:0 1.40+0.30" 1.12+0.08" 4.17+1.03"
€20:0 2.04+0.66" 4.76+0.68" 3.08+0.81°
€22:0 0.59+0.04* 0.94+0.07" 1.57+0.21"
S SFA 12.93+1.61° 11.18+1.53" 14.15+1.34
C16:1 10.561.90° 12.51+2.33" 9.31+1.83"
C17:1 1.81+0.36" 1.56+0.19" 5.70+1.53"
C18:1n9t 7.63+1.38" 7.13+1.83" 6.02+1.04"
C18:1n9¢ 9.38+1.74" 7.75+1.47" 13.71+2.50"
€22:1n9 0.91+0.05" 0.69+0.08" 6.12+1.70"
S MUFA 30.29+4.43" 29.64+4.86" 40.87+3.42"
C18:2n6 2.37+0.86" 3.43+0.52" 3.92+0.92"
C18:3n3 1.34+0.22° 2.18+0.68" 1.84+0.43"
€20:2 1.49+0.39" 0.82+0.07" 2.40+0.45°
€20:4n-6(ARA) 11.57+1.84* 14.35+2.28" 10.31+1.64°
(20:5n-3 (EPA) 20.6122.73" 17.63+2.69" 13.44+1.44"
(22:6n-3(DHA) 19.402.24* 20.832.07* 12.97+1.21°
S PUFA 56.79+6.02 59.24+6.75" 44.88+5.36"

TE : SFA AR IR s MUFA. FAGERR TR s PUFA. Z2 A RUIR R ; [ AT Bc I8 1A RN PR 2259 035 (P<0.05)
Notes: SAF.Saturated fatty acid; MUFA.Monounsaturated fatty acid; PUFA.Polyunsaturated fatty acids; Different lower case letters indicate
significant differences (P<0.05).

RT BEIDBRT.EFKEGEIA KRR

Tab.7 Texture indexes of A. nobilis muscle in Qingcaosha, Chenhang and Jinze reservoirs

JFHE R Index HHI QCS 47 CH & 17
ffi i Hardness/g 4933.96+231.91° 4691.30+382.38" 4 387.36+357.48°
HibHE Adhesiveness/(g®s) -42.01+8.65 -41.93+6.72 -41.25+7.68
P Springiness 0.48+0.09° 0.49+0.08" 0.46+0.09"
BT Cohesiveness 0.31+0.07° 0.36+0.10" 0.35+0.08"
JEZi M Gumminess/g 1 582.76+349.62° 1.822.52+281.37" 1 619.46+284.81"
NLIEE Chewiness/g 842.09+95.46" 822.91491.48" 763.29+93.79"
8] 5 P Resilience 0.13+0.04° 0.12+0.03" 0.1420.04"

T - R B 8 AN RN PR 3R 28 5 B (P<0.05)

Notes: Different lower case letters indicate significant differences (P<0.05).

MC. WL CT. 458541415 N. 4iffiA% . 1. QCSx40; 2. CHx40; 3. JZx40,
MC. Myoepithelial cell; CT. Connective tissue; N. Nucleus. 1. QCSx40; 2. CHx40; 3. JZX40.
2 3NKESHEARYIFH ELRE

Fig. 2 H. E staining of A. nobilis tissue sections from three reservoirs

http://www.shhydxxb.com
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*=8 BED BRIT.&FKEGHAMEMEEE . BEE
Tab.8 Number and diameter of A. nobilis muscle cells in Qingcaosha,
Chenhang and Jinze reservoirs

P liems 1T QCs Bits cH Py
WL4nff % Cells/(pes/0.1 mm?) 12.50+2.88" 11.70+3.36" 6.76+2.08"
K42 Length diameter/wm 44.21+8.63" 42.11+11.78" 40.82+6.53"
5% Short diameter/pm 25.19+6.21° 23.76+6.12" 22.53+4.22"

T« AT i I8 TR )NS5 B3R 22 53 135 (P<0.05)

Notes: Different lower case letters indicate significant differences (P<0.05).

3 it

3.1 EHiERERSWR

ARG, B E VIR EG LR pH 505647 4
VR R AR 8 35 25 5 5 G VR /K R i UL IA) A REL A
T 5HE R BATKEAE D E R pHIAE
b2 50728 JIL PR ) BORE ,  RCIL PR B 1) A A, %
0 IR 9 DR A7 T PR AL 25 3 Bl — 2 A5 e . Bl B
TEIF AL 38 I, WLPA Y pHL R R i 45 £ P4 o
TR AR A AR R, S LR T
5K FREE ) U B i S AR E AR OC HLTR
05 i it SR o B U B U . 2021—2022 4F
S ROK R AR LR RV BRIT K E R
Wl i v (329, RIS 0 114 A b 2 4 3 KR 1)

(1) NIRRT & &2 AR RN
K HCRA R, A& SRR & 2 2 EA
S T A g B 2R R R R TR Y, &
K E R S i S BRI I A W () A
FrE BN, 3K R K B R AR AL TR A R AR
Bh A K I, LA BRI & T 5 R
. J3oh, LA T BRI & i AN S B
AR Hisah A XK WSO SEE oY R
B, mKRAEE T LA NR 7 & 3% . AT
FEHIY 3 AN OK R, 2855 2021 AE AR KGN, 42 737K
V- Sy AR, R R (R 9) . U4
INER T i Rewn) K N =) R R B Y (AR R
PG S, DT R B I e, St rT e R
SR EESH LR BRI & o fe s I R 22—

R 20212022 FE FRIT. & FKEREIBR

Tab. 9 2021—2022 environmental indicators of Qingcaosha, Chenhang and Jinze reservoirs

ZH Type BRI QCS FiA7 CH B 7
S Total Phosphoru/(mg/L) 0.57+0.04 0.08+0.03 0.8120.05
S Total Nitrogen/(mg/L) 1.93+0.13 1.89+0.48 2.02+0.71
TFUFHEY) Phytoplankton/(mg/1) 0.48+0.02 0.35+0.02 0.69+0.04
TR Zooplankton/(mg/L) 0.94+0.04 0.32+0.02 1.18+0.07
% Water temperature/C 19.78+7.21 21.33+8.21 20.33+8.01
JiLi# Current spee/(m/s) 0.72+0.19 0.37+0.03 0.26+0.02

3.2 RER.EMHBRESRSTRITM

3K PSR AT 17 P& IR, & i Y
4 P R 1 AL % 2 Fof i R 2 R R A1 2 ol i S B
W&, i i BRI A E R TR KA
MR e &R , 1X 55 XRS5 F 50 ) B 2 BE 1R 5
S HERP AR AR o B R R A 0 7 A R R A £
R LT T fr UL PR P ) FE 2 A, AR
R i T ) B DR R IR B s AT ST R R AT
IK BRI B R A AR i 5 B RE TR 5 i P B IR
B AR S Y RS A AR SRR E ST
RV R AP KIE . KRB YA HLA LLE H

T IR ALY AR AN [ B K )
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Comparison of muscle characteristics of Aristichthys nobilis in three
drinking water sources in Shanghai

ZHANG Yu'?, LI Chenyu'?, WANG Tao'*, CHEN Lijing'*, GONG Xiaoling"?
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to explore the differences of biochemical and physical properties of Aristichthys nobilis
muscle in different operation and management modes and different reservoirs, the biochemical characteristics
such as fat, protein, amino acid, fatty acid and physical properties such as texture of two-year-old bighead
carp muscle in Qingcaosha Reservoir, Chenhang Reservoir and Jinze Reservoir were analyzed by conventional
biochemical analysis and histological characteristics analysis. The results showed that the crude protein
content of bighead carp muscle was between 18. 11% and 19. 38%, and the crude ash content was between
1.27% and 1. 34%, without significant difference among the three reservoirs. The pH value (6.45%) and
moisture content (80.69%) of bighead carp muscle in Qingcaosha Reservoir were significantly higher than
those in Chenhang Reservoir (6.27%, 78. 43%) and Jinze Reservoir (6.24%,79.28%). The crude fat
content of bighead carp in Jinze Reservoir (1.31%) was significantly higher than that in Qingcaosha
Reservoir (0.93%) and Chenhang Reservoir (0.91%). There were 17 kinds of amino acids and fatty acids
detected in the muscle of bighead carp in the three reservoirs. The contents of total SFA (14. 15%) and
MUFA (40.87%) in the muscle of bighead carp in Jinze Reservoir were significantly higher than those in
Qingcaosha Reservoir (12.93%, 30.29%) and Chenhang Reservoir (11.18%,29.64%). The contents of
total PUFA in Qingcaosha Reservoir(56. 79%) and Chenhang Reservoir (59. 24%) were significantly higher
than those in Jinze Reservoir (44. 88%). The texture indexes such as hardness, elasticity and cohesiveness
were significantly different, except for adhesion. The number and length of muscle cells of bighead carp in
Jinze Reservoir were significantly lower than those in Qingcaosha Reservoir and Chenhang Reservoir. The
results showed that different reservoir environments had no significant difference in crude protein and crude
ash content of bighead carp muscle, but had significant difference in fat content and histological
characteristics of muscle fiber. The muscle of bighead carp in the three reservoirs was a high-quality protein
source, and the nutritional value of bighead carp muscle in Chenhang Reservoir was higher.

Key words: Aristichthys nobilis; muscle characteristics; nutritional components; texture; amino acids; fatty

acids
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