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(1. R AR BRI BIdL R 4302075 2. P EZKZEREABFTE Be K TTK PR BT Al AR A
K= R e X sL e #idt R 4302235 3. RIUEEASREARAR gt R 430207)

HE DL R s bl e 1 BT OAXE, RAEBMRAKLIE, FHRAEREO. 4. 8
12 dyxtdexc s B 15" GF ., NFEER. ILARMEE. FAEFRKS . LRI
BAENYE, WM ER Mo KAE s LB 1T BRMEAMER. FR IR, R
KEMHT,8d A0 12d K iy A (b*) B 35 FH g, & 52 30 4 LA By 21 /2 1. (a*) B % P& 1R (P<0.05, T ).
AP 8d B, MAFETE NAREL HEEmBEELERA, 2 AR EARAT 70.96%.92.04%
198.99%f1 35.71%, M EA R MWK, HEOFMHMEH S ERZRK, K2 EALEIRFLE
xR (P>0.05, TH); s %15 ELE4dHNERATIREEDANEEFT 8 d
112 d; B L E(TAAFLEAER L EEAAT LT B E, &4 0F 8 5% 355 (EAAD S 7
K 77.33%. 74.91%. 76.56%71 76.75%. % 8 K&, LA FI-15-—+ 48k — B (C24:1), b4 =
Wi B2 (C20:3n6) 1 4% A T ¥ B2 (C20:4n6) & & 2|  6.85., 41.05 7 53.84 mg/100 g 2 ¥ & T H & 41,
M o-TLRRER &8, A0 i B B &4 n-6 % 11870 fig Bl B2 (n-6PUFAs) & & 77|  48.05. 1336.43
152443 mg/100 g B EH T 4d f 12d, FEEXYW, BT ALIE 8d B, ARIEAAE &
BB, P A R A &R e G, 8L 0 R, O o3 IR 78 3R OK = o o B3R AHER (T o B
KR ks “RE BT BmKAIE; FUMREE; LA &R

FESES S965.1 XHEARIREE A XEHRS  2095-9869(2024)02-0245-12

Zeachin “eiE 1 57 & LUEBE if (Erythroculter
ilishaeformis) >y BE:A% | & J& it 21 fifl (Ancherythroculter
nigrocauda) h AT, EITIRGEBEEM . 2L F .
g3 bR i B B R SE HOR T B &R A0 £808 A A
(E&ES, 2021), Jeschn e 15" HAERTER.

AR A ORGP RE IR . FRAH AL R
L MR R A B S i
(EMEHDE, 2019), T 2015 gl 5B A FE K il
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HEATR R IA 20 14, W2 F5H P 5IH A 1 bk

FRIAIREE 2 0 28 T LA B e, (L Gt
HEFRRA R IR . PR KK R 22,
B YR = W e R BB, S A TR Y TR
A Al $EZ PERER (Zhang et al, 2019), HAT, 2438
fif] “SeEE 157 DiiEgeyEsRah &, BANIIAE
TR A HLRCE 0 AR, (F L fef e 2 S i 7 11K
ToRA, LR SR R R T AOAR (E 51948, 2021),
Bl NATT A TG KT B s, T 2 3 T 0 S T SR A K ™
d LR B, An el e PR AR IR IR T, AR AR AC
iR Sk 157 AR AL PR i sk iR R A DR )
[P

FE T RS R A AT R ] GO K A B
T 25 5 B H FE R 2 —(Palmeri et al, 2008). fif
T 7K A 32 8 £ 2 B B 2 T RO B0 1 K AR b
RS B B R, AL TR o 5%
RIL, TKALER 6 d AT LARE IS 25 8 firi £ (Morone saxatilis)
A R, 45 v A 1% £2 (Piar actus mesopotamicus) fit X1
I i 5 (Pullela et al, 2000); i /KALHE 10~15 d AEME7E
PRV it (Salmo  salan) LA €6 B A ) st i 2 AL A
AN KRS BR(Burr et al, 2012); i (Aristichthys nobilis)Z:
K AL B 6 d w25 B WL IR I8% A I (R 3R 45
2021), fliit K AL BRIA AT DL = WL IR Y S0 e
AR Q01958 2 B, Zefdiifi Kb BE, S A LA
TR RE | SR I NELOR 4 450 2 R4 T s BEAR(2020)AF 5%
KL, W 7K £H %540 (Ctenopharyngodon idellus) i filL
RYESE R o T ROKAL, ELBEE AL R[] 1) FE K
JULPRRE BRI ILET 4 2 B 24 5t T3 BRI ZR(2019)
W B9, Tk ab 3R 8 d 1 sk #5(Megal obrama
amblycephala) LA 9 5EE SR 1 . 101 52 1 R A8k o 38 e R
{E, FURE T AR WIP o B[R] G K b 2
AR A, AN [ B 288 1) £ 78 Bl L 7K AL BB 250 1) i I
SR A BT TR . H I, 6Tl K 6 2228 0 5
B 157 TR IR A DLARGE | AT DA AR SE 0 e
B 157 RIFFERT S, b o K Ak B S LY
{14 JSAL) R 7 3 B B AR A, BRI 7K A B GS 2%
LM SR 1457 LIRS AR T RICR B K
Ab PRI AR E], Ry th I R A4 5Bl SekE 1R SR
PET LR AR S

1 #MR5FE
1.1 SCIgHed
2021 4% 7 A 180 B =T ibdu sl if fi B Fh i1

WIEFRFE A2 “See 1 57 [PPRKREH(212.07+
14.37) gBEALIERE, 510040 (N=30) KL # 207 F
K = BRI BE K TT K A BFSE TR 6 4~ 1500 L
BB R FR [pH 7.4+0.3; ##4%(DO)>7.0 mg/L; i
JEH(21.5+1.0) C; HARJGRIN], B 57 2 JiE N b
J& FF AR IO K S o S g0 A B v I I 7 SRt v K
B, PLL2 RK /AP BL/s) B TS AT RO A AL B, 52
I HIRIAEAE, DIt IS A 1 SR AR R
IKATFIAETR 0 (WFHRA) . 4. 8 Fl 12d J5, AN [E] A5
AT 6 B, HT &M, 765
g, BCHATHR LA T 5 B e bn I

1.2 FEIHE

121 &EaE MK 98, B2 3.0 cmx3.0 cmx
0.5 cm AYRLAE, HUAFFFENLA . fH 1] CR-400 42:4Y
(FJe RERBCTENRFEARAF), % 5HES
(019 5 xf 225ty “Jeig 1 57 R MMLA SR
{EL(L*) . ZLRE{H (a%) R BE (B (b* (B4 70 5 I i 5% o
1.2.2 UL 445 bl & S 2% ¥ T 5 (2021) 1)
Tk, BRSO 15T ML SR T
RIULIA, YIRUARFRZS R 0.5 cm=0.5 cm*0.5 cm HJ/NFF
Yo, AW EEEE R B, SIERARY . HIE
B T B ST e S5 R AE , A RE I R 5 30E
7508 oA Caseviewer 34X ILET 4k G 1T HLEE
Y ELAR T RN RS D) R BEAILER 29 100 SR AILET 4
HEAT WILET 4 AR I, B ALIRC 10 A B T AR A0

B, 0SB T AR LET 4B, LT 4E R
1.2.3  PLAF A4 e S PSP (2023)

M7, W Zess il ek 1 57 WLARES Y RZ K
0.5 cmx0.5 cmx0.5 cm B/, Al TVT-300XP ¥4
D E AL (B M ZR IR A WD), 3RSk P-cySs (14 [B HE 7Y
£/ O = 7B o N5 W 1723 C S 53 W 5
K5 mm/s, MHELEERN 1 movs, ML) EERN
Smm/s, JEAEFERE N 30%, filk Sk 10 g, (=53]
558,

1.2.4 AR FIRAR M E K3 1R ) 2 2R
105 “CHERS T4 (S M GB 5009.3-20164 £ & 7K 43
R 5E D), LR 7 R FH LG RE I E (S 16 GB
5009.5-2016 { B E AW E ) ), KA & &
K2R AR LI 2 (2 18 GB 5009.6-2016 { & g
FERII SE ) ), KB A R 3l K el o (SR
GB 5009.4-2016 Bt R IIRE ) )o

125 #AmaE  ZIERHNES K GB 5009.124-
2016 (B LM IE Yo FRELZ) 0.02 g T4
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FAREF, A 6 mol/L R 10 mL, fHE 54,
F 110 C/KME 22 he WHFRBAIKELZE 25 mL,
5 mL TR 80 CARIBET, JFHIMA 1 mL
w2k, T80 CARZL/KIZET, EH 3K, H 5mL
AR AR R A YT, B B0 AR,
B 1 mL if 022 pm KAV FHEREE, {34 H Sz
L-8900 24 £ H 2 7 Hr A4 7 € .

LRI . H4E FAO/WHO E 1Y 2 R 1745
P AR 2R v ] 0 7 2 2 Bk 2 e 7 3R S T AR
FERTHRE XS B A Y SRR AR X, o R A ST
%, 3 2 PF 4> (amino acid score, AAS). fk2 i)
(chemical score, CS)Fl & 75 % 3 R $8 %X (essential
amino acid index, EAADETEMN WLIA & B /R 1) & 37
MAE(RLAHMFEE, 2020),

FIEMR T (mg/g N)=(JLA MR & & /100 ¢/
WL 2 S 1 g/100 g)x6.25x1 000

AAS = aa /AA (FAO/WHO)
CS =aa /AA (Egg)

EAA = [(100A/AE) x (100B/BE) x --- (100l/IE)]'"
K, aa MRS IERN LR & i (mg/g N); AA
(FAO/WHO)F /R FAO/WHO 43 ik =, b [7] 4
MR 7 (mg/g N); AA(Egg)FRn 208 8 8 i [
Pl AR % i (mg/g N); n R FUER Y 06 75 6 R 1405
A, B. - | RTEIE R S A T 2 SRR i (mg/g

N); AE. BE. ---. IE 43888 [ 00 AH X L 19 075
HFERR & ar(mg/g N)o

1.2.6 fgHEe4s sz JIg 107 T 5 1) I 5 2 B
GB 5009.168-2016 & it "P IR B BRI 52 Do FRELT
FE1.00 g KE#f % 0.01 @) T IS, KK A 10 mL
8.3 mol/L FhR/Kf#, 1.0 mL +—BxMR H b =HE N bx,

1.0 mL 10% &% & T2, 2 mL 95%BEM 4 mL #
4li7k, F 80 C/KA 40 min, B H G 20w,
M 25 mL CBEAMBHE SRS« AllE=1 : Db
YE, BESZ, W EEWR T, U B
PR 3R, MR RIORAE R T, FREB Y MR
B 4 B w8 mL &AL AR Y VA
7 mL = HAGHN B, R BRI B O e B B To S
Y, 7KV 2 HE T 2K o ) TS o 10 mL GE G ke,
EE YRR E TS 5 mL, hn 5 g TOKBRRSN, PRiE
1 min, H& 5 min, W FEHER | mL 230,
fifi Fil Agilent 7890A “SAH (L ik A A7 2 -

1.2.7 HKEHnH FJH Microsoft Excel 2003 {4
HEAT BCHE o3t S 45 R X DLF- S ME £ 1 22
(mean+SDYE U FIR, i SPSS 26.0 BAK ZE 7 22 50Hr
(one-way ANOVA)HAT I ZVER B, P<0.05 FnER
W%, K Origin 2022 1 .

2 HERE5H5H

21 fimAKAENRZE “EE 1S BENZM

L. a*fil b (a2 iR R ) A 88 bR, L*
FORGEEE, LMEBRRVGI OISR, a*RoRa s
PP (—a* TR Lk, +a*FIRLL); b*n B W L (—b*
TR, +o* R (R, 2022), TR K b FHNT
FeAEHA e 1S BRI WL 1, BEALBER ]
MIELS , B FULA Y L2240 135 A BRES 12 R,
R B LT R T4 R4, 8 d Al 12 d S22 ny i
JEAH 0 2 v TO0F R o 2% S S A LA A £ B 541K
FXFHRLL, Ho e 8 KT ar B A, 1 LA A9 B
HAREAS 35

R1 RRAKSEXRLZE “KE 1S BENIME

Tab.1 Effects of micro-flow water on color of juvenile hybrid F,
ZH 4 Tissue £4% Index 0d 4d 8d 12d
J Skin LR L* 63.83+1.50 60.56+13.14 63.00+13.69 63.69+7.42
L1 JF a* ~1.11+0.13° ~1.3440.37% ~0.90+0.08° ~2.00+0.69"
R b* 4.31£0.29° 4.51£0.12 6.84+0.97° 5.63+0.50°
WL Muscle SEJE L* 45.17+3.76 42.07+1.17 44.07+1.14 45.05+1.74
L1 a* ~0.29+0.06° ~0.9240.16° ~1.1940.20° ~1.04+0.31°
Y b* 2.28+0.79 1.10+0.14 1.93+0.32 1.02+0.39

T AT EARA R TR R R 2571 1 35 (P<0.05), T IF.

Note: Different superscript letters of the same line indicate significant difference (P<0.05), the same below.

22 UmKAMEEIIRITER “SEE 1 S LA
Al

TP 1 R, ARG K AL B R A SS B S

157 WALEFdE AR, Ab3E 8 d I 2Rt “Seke 157
WLEF 4k A2 A%, M 90.54 um, BEETAI 0, 4
12 d W ALET4E B AR . IR K A B2 i 4 52 i
ST BNIE R, LB 8 d I LET A
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Hy 275.25 n/mm?, 5 E T B4 A HA 45 S G4 RORZMANER 2 Fis, /KA H G Z43c il “Jes 1 57
BT T 70.96% M 45 A R PR AR B0 L THE TR s, b3
‘ N 8 d IFLAIRERE | ELOEME [ P A B A A 5
2.3 GUmAKASIERFFITER “HEiE 1 B R X e
fﬁ*iEﬁT*H A 1S MR ST R AR BT T 92.04% . 198.99% . 35.71%., 8037
2

JKALEE 8 d LGRS K 123736 g, &R T 4d,
O KA BT e 3l “SekE 157 WLABTMARTE iS5 12d 2R ARBE,

140 - a 300 L c
1 ab b T b
g 120 - [ 1 i ‘gzso | T I
B 100 | . ¢ I £ b
g I i S 200 |- 1
e sl I e a
& © S 2150 [t
§ 5 60t W
=5 =8100l
S 40 L 2
) g
20 + $ 501
0 s - : - 0 -
0 4 8 12 0 4 8 12
ifE] Time/d fifjE] Time/d

K1 BOK A B e sc B 5B 1557 JILER 4k BLAR I LET 4k 5 BE 1R 0

Fig.1 Effects of micro-flow water on muscle myofiber diameter and myofiber density of juvenile hybrid F,

AR FRIR 25 50 13 (P<0.05),
Different letters indicate significant difference (P<0.05).

®2 HmAKAEIRZE “KEE 1S IAKRKHEE

Tab.2 Effects of micro-flow water on muscle texture of juvenile hybrid F,

$84% Index 0d 4d 8d 12d
fifl ¥ Hardness/g 644.33+111.60° 1 048.71£100.98° 1237.36£104.11° 1222.92497.07°
NI Chewiness/g 97.37435.50° 228.96+23.59° 291.13+68.94° 254.46+76.10°
] 52 14 Resilience 0.16£0.03° 0.22+0.03" 0.25+0.07° 0.22+0.03°
#pE Springiness 0.42+0.06° 0.55+0.05% 0.57+0.06" 0.49+0.09°

7 FoTE e 1 BY a0 S IR, BIESTXMALN 4 d 4l XA

2 fzﬁﬁﬁ** AR LST RRRERI e e o 0 5 A 412 d MR F

i, BEAG B [] A SE R R A R AIR, AE 12d

TR K AL BN A28 “ e 157 WL & HLE 57 kA, A 18.74 g/100 g, TEMUAR KAL B FE

AT B WL 3 R o SR, K b B2y ZeAZ N “HekE 1B LA LIS I A R, Ab

WE LA Ky ML MRS BEAATE B 12 d i A LIS A B R R 36.5% 45 4L LIA
BRI HE K, AL K 43 & B S e T s e BRI R R 2 KOS EEF AN E,

R 3 MmAKSEIRLZE “EE 1S IIAERERESHIZM(Y100 g, {THE)

Tab.3 Effects of micro-flow water on muscle essential nutrients of juvenile hybrid F, (g/100g, wet weight)

$84% Index 0d 4d 8d 12d
7K 4> Moisture 76.10£0.10° 76.46+0.21° 77.24+0.14° 76.69+0.32%
KL% H Crude protein 19.67+0.10° 19.15+0.21% 18.95+0.03° 18.74+0.39°
HLAB T Crude fat 2.73+0.01° 2.68+0.01° 2.42+0.01° 2.00+0.02°
JK43 Ash 1.28+0.02 1.25+0.03 1.24+0.02 1.28+0.01

JUE 32 b FIL S5l “iEZ 1 B2 S BS e » e 2y
25 GRUR/KAIEXTZAEN “SEiE 1S SEREBERN ZuBshif] ek 1B L Th B 17 ﬁ%%%(% 4),
251 ZRABRZAKR  URKAEFE 0. 4. 8 K1 12 d  FEGRR KA BRI R H A 3 R AT R R R R



WA I T 45 - L TR A A B X b SR A S e 15 LA S R 249

ETREEE . 8 dBTEIEIR SR BRI IEIR LA
Whis @ R B LT X R, (B EEE . &b
FH 4 d LA BER S B R S (DAA) R E = T 8 d Al 12
d AYEERR Z IR S, AT A TR B (EAA)FI

IR B E(TAAZE S AR . S£HAIA T EAA/
TAA H 40%7:47, EAA/NEAA 7E 60%L) |, B84
I FAO/WHO X} 25 14 Ji i) FRAS B X R | 348 TR
JEER TR

R4 HmAKSENRZE “EE 1S [EBREAMMESEMNRHN (Y100 g, fH)
Tab.4 Effects of micro-flow water on amino acid composition and contents in
muscle of juvenile hybrid F; (g/100 g, wet weight)

Z IR Amino acid 0d 4d 8d 12d
KA F R Asp* 1.68+0.05% 1.7540.02° 1.61+0.05° 1.61+0.05°
FE R Thr™ 0.85+0.02 0.87+0.01 0.85+0.03 0.84+0.05
2 Z R Ser 0.77+0.01 0.77+0.01 0.76+0.03 0.75+0.03
BEWE Glu* 2.26+0.05° 2.37+0.04° 2.18+0.05° 2.18+0.07°
HZmR Gly* 0.91+0.03 0.93+0.08 0.95+0.05 0.88+0.03
NEMR Ala* 1.09+0.02 1.11+0.03 1.07+0.06 1.05+0.03
BEEFR Cys 0.12+0.01 0.11£0.01 0.11+0.01 0.10+0.03
AR Val™ 0.94+0.02 0.93+0.03 0.92+0.04 0.90+0.03
HE R Met™ 0.33+0.10 0.24+0.02 0.27+0.06 0.27+0.05
IR BR 1le™ 0.79+0.01 0.73+0.06 0.810.05 0.80+0.07
=R Leu™ 1.51+0.04% 1.52+0.03° 1.44+0.04° 1.45+0.05°
BEZ R Tyr 0.55+0.03 0.47+0.03 0.52+0.03 0.52+0.08
KN E R Phe™ 0.89+0.017 0.79+0.07° 0.85+0.02%° 0.85+0.05%
HE R Lys™ 1.6740.05° 1.73+0.05° 1.56+0.05° 1.57+0.04°
#H & W2 His 0.48+0.01%° 0.46+0.01° 0.55+0.03° 0.49+0.07%°
AR Arg 1.01+0.02%° 0.91+0.10° 1.10+0.06° 1.00+0.12%°
il & /2 Pro 2.22+40.11 2.19+0.14 2.08+0.06 2.13+0.19
TAA 18.09+0.48 17.87+0.48 17.63+0.36 17.43+0.89
DAA 5.94:+0.14% 6.16+0.09* 5.81+0.13° 5.73+0.06°
EAA 6.98+0.21 6.8120.13 6.70+0.12 6.69+0.30
NEAA 9.61+0.28 9.70+0.27 9.28+0.20 9.24+0.18
DAA/TAA 0.33+£0.01° 0.35+0.01° 0.33+0.01° 0.33+0.01°
EAA/TAA 0.39+0.01 0.38+0.01 0.38+0.01 0.38+0.01
EAA/NEAA 0.73+0.01% 0.70+0.01° 0.72+0.01° 0.72+0.01°

. WOyLT 2R ; A NEEIREIERR; EAA N E LR A ; DAA IR B 5 NEAA AR 2 LR

S TAA MR G

Note: B: Essential amino acids; A: Delicious amino acids; EAA: Total essential amino acids; DAA: Total delicious amino
acids; NEAA: Total non-essential amino acids; TAA: Total amino acids.

252 REBRIFN R 5 FoR, AEoE 4% 2 4%
ek 1 ST MRS AR S s T
FAO/WHO F2 F Y 2 190 mg/g N, {H{E T XS5 Hbn
7Ef) 2 960 mg/g No NN IR AR . 522 R . i
KR . RN E R+ =R 135 T FAO/WHO Frife
B, [FIE, Zescfif “SedE 157 WLAH Lys (95
Yt T EE A S, Hp, A 4 d ik
ZEHfl Lys & i, g EEEBER 1.28 £,

e 6 Win, DL AAS Fil CS VEATPEFrifERT,
AR AKALER 0, 4. 8 A1 12 d L35 — R i1 2
HMR—2, ¥ Met+Cys; 0. 8 A1 12 d %5 Rk
IR N Val, 4 d K e, LR IEMTEE(EAAD
AT DL RAE 1) 0 75 2 618 21 BV 5 s o 2 1 5 ) AR
PIFREE, AR F 0 d BIZCE] BAAL &, A
77.33%; 4 d &fK, N 74.91%; 8 d F1 12 d i) EAAI
24, 4350k 76.56%F1 76.75%.
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R5 MmAKAEIFE “KE 1S

AP SERERSENHM(mg/g N, {BH)

Tab.5 Effect of micro-flow water on essential amino acid content in muscle of juvenile hybrid F, (mg/g N, wet weight)

s IR 0d 4d 8d 12d FaO/WHO ~TEEF
EAA Egg protein
INE AR Thr 270 284 280 280 250 292
R Val 299 304 303 300 310 411
SESE AR Tle 251 238 267 267 250 331
SE R IR Leu 480 496 475 484 440 534
R Lys 531 565 515 524 340 441
HAR+EEIR Met+Cys 143 114 125 123 220 386
KRB+ Z R PhetTry 458 411 452 457 380 565
B Total content 2431 2412 2418 2 435 2 190 2 960

R6 RUmAKLEIMAEZE “EE 1S NAKERTSHZME

Tab.6 Effect of micro-flow water on evaluation of essential amino acids composition of Juvenile Hybrid F,

T LR BAA 0d 4d 8d 12d
AAS CS AAS CS AAS CS AAS CS

INE R Thr 1.08 0.92 1.14 0.97 1.12 0.96 1.12 0.96
AR Val 0.96%* 0.73%* 0.98 0.74 0.98%** 0.74%* 0.97%* 0.73%*
SR ER e 1.00 0.76 0.95%%* 0.72%* 1.07 0.81 1.07 0.81
SEH IR Leu 1.09 0.90 1.13 0.93 1.08 0.89 1.10 0.91
MR Lys 1.56 1.20 1.66 1.28 1.51 1.17 1.54 1.19
HAMR+IEANR Met+Cys 0.65% 0.37* 0.52%* 0.30%* 0.57* 0.32% 0.56* 0.32%
KNG IR+ E R Phe+Try  1.20 0.81 1.08 0.73 1.19 0.80 1.20 0.81
TR IETRHE S EAAL 77.33 74.91 76.56 76.75

T U — BRI PR IERR; * U5 BRI M SR

Note: *: The first limiting amino acid; **: The second limiting amino acid.

26 IRAKAIEXTRIE “SEiE 1S BERAERKIRNT

Wk 7 FiR, FEZR5CH ek 15" LAY H
19 FPREWTRR , WU A A A ) £ 25 5% Wi i I R 1)
S, fEMORKIERTE, LLSE 8 R HILPY AR AR AR |
AR . M-15-—+ ik —R . A64E =R Ae
DU KSR & B> ok 498.88 . 8.47. 6.85. 41.05 Fl
53.84 mg/100 g, ‘& THALSA, FAF, 5 8 X
WFLA P AEIRER . TR . oW RRRR & &, BARFIG
iR B il n-6PUFAs BB Em T 4dM12d, 5
IR 22 AR

3 it
31 RUAiKSIEIRIER T 1S KBRIZIT

PTG H RIS RO 0 2R (B SME N 3R (R0 186,
2022). FRMRERE I R EENRZ —,
ELIES A IR 0 I A A 2 3 BB R, TRE T 7

T34 J1(An et al, 2021), ZR1, ANEFE A
B LA ) B AN — 20y . a0, T2 & T E kA

i 11 (%) b 42 48] )i (Spinibar bus sinensis)(Li et al, 2016),
1M R 7 fif: £ ) s 45 F PR €8 0 £1 (Johnston et al,
2000), g, WA E . K2 R
BHARY) B = 55 5 3 3R R 6 R AR B,
REIHIR . RSP WEOH RS, fE—E B B T
IK 7= A BN (L (R 55 /55, 2022) 0 XI5 F45(2020)
WFFE RN, B IR A0 PR (40T % R €0 A B G 1) el 3
A WFFERIT, WL B 8 R DTS FLLL R
o i e, JLET 2 A2 R0 I S8 5 00 ' P 30 A s i
2 FHOK ™ 5 1 (4 22 5 (Hughes et al, 2020), 4
WFgEr, BHALPEAT A E, ABLAR L2 T
R#J5 B TFRORES, 45500 AL LA B 2T 3 1K T X IR
4, FWRRAKAE RN 2228 80565 1 5 A A5
B, WA TN EES, BFR B, WKMER T
el koot AR I I BE(Li et al, 2016)F16% i (Gadus
morhua L)(Bjernevik et al, 2003) LA (4, JC . 25 50
BN K P e AL (Johnston et al, 2000) (44 i 25
i) o PRI, SR /KPR oA T3k 3 R A A R R PR (IR
A VB AFE AR REIFREA AT — 25T
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RT7 WRAKAEX R “EE 1S NARBHERAMMSENRIN(mg/100 g, {EE)

Tab.7 Effects of micro-flow water on composition and content of fatty acids in Juvenile Hybrid F, (mg/100 g, wet weight)

g 52 Fatty acid 0d 4d 8d 12d
TREMR C14:0 36.94+0.91° 25.85+2.41° 35.2140.79° 32.49+3.05°
T HERZ C15:0 4.78+0.38 4.7940.93 5.34%0.77 4.29+0.18
FEREER C16:0 441.85+7.07° 333.50+2.58" 498.88+0.55° 401.45+9.28¢
fif JE AR C18:0 169.93+3.57° 99.91+7.87° 172.06+9.77° 115.70£15.41°
AR C20:0 7.26+0.01° 4.55+0.16° 8.47+0.30° 5.2840.46°
M FE iR SFA 660.76+2.21° 468.6142.11° 719.98+10.63¢ 559.22+3.37¢
-9-~ 75 ik —Jfi iR C16:1n7 117.25+0.21° 79.42+4.80° 112.60+2.63% 115.1346.21*
J2-9-+ \Bk—H R C18:1n9t 6.04:£0.40 4.70+0.79 6.27+0.07 4.87+0.98
iR C18:1n9¢ 1 156.87+9.17° 772.69+11.79° 1 170.35+12.98° 938.69+8.46°
JE-11-Z s — 4 2 C20:1 33.16+1.04° 19.76+2.23° 30.60+3.28° 26.97+3.24%
FFR C22:1n9 10.07+0.18" 8.93+0.59° 9.77+0.12%° 9.77+0.12%
-15- = DU Rk — Iz C24:1 4.75+0.11° 4.27+0.07° 6.85+0.98° 4.630.90°

AR AR D R MUFA
MR C18:2n6¢
y-JEJFRAZ C18:3n6
o- P RZ C18:3n3

G G-11,14-— k% —HER C20:2

T6E = 4R C20:3n6

6L VU4 TR C20:4n6
BRI R (EPA)C20:5n3

T TRRA R (DHA)C22:6n3
n-3 PUFAs

n-6 PUFAs

ZAM B IR PUFA

fig Wi TR B & TFA

1 328.13+9.93%

433.85+2.71°
7.66£0.52°
47.55+0.33°
16.31+0.72
32.41+1.37%
43.56+2.14°
12.50+0.65
80.78+0.36%
140.83+0.62°
517.48+2.95°
679.89+4.49°

2 668.78+12.22°

889.77+7.91°
297.20+1.68°

1336.43+£12.61"

418.32+1.57¢

1 100.07+17.94¢

330.38+6.549

9.13£1.18% 11.21+1.172 8.59+0.06"
33.64+1.05° 48.05+1.24% 36.05+1.82°
15.8842.51 18.42+1.58 15.58+0.64
27.09+0.47° 41.05+2.48° 33.45+2.76"
43.05+0.02° 53.84+0.11° 44.23+4.99"
13.29+1.39 14.27+0.42 14.00+0.81
70.59+0.63° 78.30+6.47% 87.20+4.92°

117.53+0.29°
376.47+3.30°
509.88+1.08"

1 868.26+8.93"

140.61+4.81°
524.43+5.13%
683.45+1.90°

2 739.86+21.34°

137.24+2.29°
416.64+4.25°
575.13+0.52°¢

2234.42+15.10¢

32 fim/AKAENTRITE “EE 1 57 AFLESA
M BT 1 B 22 0

AT, AT LES 1Y 2 8 A 2R TR
Sl b= A K 22 S B R, 91 a0 R P I
(0.45 BL/s, 56 d)(Totland et al, 1987). 4T f%(Oncorhynchus
mykiss)(0.8. 1.6 BL/s, 28 d)(Martin et al, 2005), 43k
fif(Sparus aurata)(1.5 BL/s, 28 d)(Ibarz et al, 2011)%
0 34t BRAE iz 2l A e A SR ILER 4 A 25 0
MIIRG o 3X F B2 B T 0 250 Bl i 3 0 (45 AL 1A 48
ML 256 3ok, WLEF 4 HAR 285/ N HED B %
WLET 425 FE 3. Martin Z5(2006)#F58 & B, @idia
Bl 265471 (Cyprinus carpio L)L 4E A, {H
ARG, 4 fi(Carassius auratus)Z: 28 d I
HRFET 15.7%, WA ERRMT 22.4%(Davison
etal, 1978); ALl il 76 4[] g 2 T WLEAF 4k AR b 52
PR R HLA(Li et al, 2016). a] W KVE T i3z shill
ZEX I LA 4 B AR R R — 35, X 0] B 5 575

mn R K R IR A X ARG, 243
fify “ ol 15 LTS AR ML g P R LR R,
Wi 25 A TR ] £ 92 < LET 24 1 7 5 SR THAN B 3,
JLET 2 %% B2 W e T e B 78 8 d I LA 4 2% B Tk i i
JULEF 2 BLAR fe /I o WLET 42 B A — o P b Al 2 Al i
JULPR & S A, 388 JULET i 2 A, L A T ik
Ko B, #S K IER, T2t ek
157 lerdess e, Momisess H H &,

WFoE B, WLEF 4 42 5 WUR Bk 2 80 b i i
BE TSR REEE BORG REAR T OG, WLER 4
RN f IR FE 0 G 3R 9%, AR R 4 B
A 0 /N L R e R, 5 A 9 2 SR A A
(ZE304545, 2010; Hurling et al, 1996), TPA $545H1)
B R R 5 B A BT R bR B W AR OCPE, H S
WP S N AR A OG, BERERCK, MUEECRMMA,
PR A (A AR, 2021; BFE5%, 2020), HiKigfk
20 d B fa R EERG N 31.52%, PHIEPERS N 84.59% (Li
etal, 2018); A3 20 d {1 ffi (Aristichthys nobilis)sfi4:
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BN 73.68%, MEMEMERE N 72.73% (WAE1ESE, 2019);
AHWFFEH R K AL 8 d B, LA RS 384 i1 92.04% ,
NEL B P 84 T 198.99% , 31X S A Ry f AR AE Sl i K Hh i AT
Feglipvkiz gy, [ NLEF4e BERG I, eI A o 3
. SFEUILPYBE B4 i (Shi et al, 2019), 156 B8 i 1%
/K A B RS 5 0 R LA B R R, AT 2
FhH R

33 Mim/AKAENTRIE “FE 1 ST BEAEFH
STEI R

WLRIE Ry a2 iy B ] BB A7, FLAE FR Lo 1 7
SO0 PR RS T A o 7RO K A B e R v £
— H A TR ICIRAS, BRIk A B AR AR
b, FENNEFR &2 (Zhu et al, 2016), A
B, AT R R KR, SR LA A SR L 1 B
SERNECA, DT AR o P A TR o AR K Ak B £ 2K
TR, Sl VLR GERE R 4R L an s B, 1F
S EEAHRE Y ARSI L IR AR (S A DU T R
RO [ bk T FE (R A %4, 2006) FEASHFSE T,
B SO KPR B B, LA 7 7% £ 35 T R, iR
FEH RS 8 KPR % T, MLl “J
B15” EMRKIERTT, JeLAWEFERRIT . SR IHAER
PR AR A a6 ) o IXEE R SRR Kb BRG] 4 d 25
R—(FRFAE, 2020),

34 HmAKLEXRZE “EiE 1S7 REBRHFIT

RAIERAL NS Fradee T a2 & A RN b
J, Wb SR R N PR E SR, T A R S S
1% BE 3G 0 £ PR A IXUBR i o o 0 2 I e A AR B 2 1
AEMRZ —, FLAAETIHYEEY MG Y, BR
RFNEAERKET . USR] PUmeE . fedk
JE WG 8 AL . 2% fi B R 4 4 A PE O R R 0 O 45
2016), A5, MR AKALEE 4 d B, Z3Z AL IR 55
GRS w Ik B e, TR B = A AR 1 T
WORAI AL s 25t “ ek 157 NI IR it
LR IR S B K B i 2 TR, 5
S LR A% £0 (Miichthysmiiuy - basilewsky) (Wl 480 it
25, 2009) 150 JE 85 5 (Trachinotus ovatus)(4f 4 7 45,
2018) %M FX 45 HAHML, X AT B S K VE T 2438
fif] “JeE 157 ERHERREERRA .

EAAI 7] ARIEEY h TR @R A S FAO/
WHO 3T bR 8 0 AL RR B, kT3 AAS
1 CS ATLIXT & v b 55 2 LR 10 R M B T 0F
., EAAL BRK, UiRH2FEMR 4 -, & A i
A T3 5 (Adeyeye, 2012), 75 542 (2017)0F5%

R, e KR 55 1 240 £6.(Schizothorax prenanti)
R B IR 2 B TR 1 S 1 0, SRR RR VY 3 T o AR SR
T K AL BE R LA o EAAT 2256 TR BT S,
PR AL FEAE T 8 d AT 12 d 19 EAAT SARiERE (15
FORHEEE, AT AR B I, BA RS E
FHE.

35 fum/kARENRIE “SEE 1S BEATERKIRIT

22 AN F G 07 2 A2 DA JUL PRI B D7 IR Jo i 17%) o 22
6%, BL46 n-3 Fl n-6 RIURILRAARIIR, &0 LAME
HEARAE SN A, 3 BT RN A i 1l 5
PR i e A RR A 0 e B R (B S, 2018)
n-3PUFAs/n-6PUFAs & 1T Ht WL IR i I 1R 35 75 1 — 4>
PR, FAO/WHO 4 4UEZERY) n-3PUFAs/n-6PUFAs
HBRARH 0.1~0.2 2247, il & (>0.2) R A H
I E SRANE, X AR A R (EEE, 2017)
AT, S KA B 2238 SA LA n-3PUFAs/
n-6PUFAs ¥J7E 0.25 Ui I, FIERPLBAR IR . 0
K Kb P v f AR ) RS2 UK 2 BT AR — e R EE L
EW LA h PUFA. EPA #il DHA & &, Hff
PRAE S DUk s 1T G 2 i B oy 1 A a0 B e A R
A5 B A 3B AT ) T 5 1) AT AAR v 1 1 R 7 7R A
BRI ARG W R , AR A7 5 A= A AR T A ) 2R
Hu ARG i B2 (Huang et al, 2021; Zajic et al, 2013), A
W45 R o, K PE 8 d i PUFA & i
FET4dM12d, SHBEATEREFARE, 55
i (BRIH A5, 2020; BLABKXEE, 2021)40b B A8 5 0F 5 25
SFELAEARL , T 5 00 (7B 345, 2021) 1% PUFA 5 2 U 7E &b 3t
TE R R AT X R AL, 3K 0] BB R 25 5 AN AL
T U AN [ 8 17 (Huang et al, 2021),

Ak, AR R, BT R 0 AR5 R 2 XUBR A
XK, QI AR BEAE AT AT 5 A6 AE DU R R s =X IE
PR () S K i BB 3 13- i & i, il
sty R 4 A R B A R (OISR, 2019; L et al,
2018). TRURAKIFLRENS 3 = 24 sC AL T PUFA 11
i, WY R 2otk A A B
{1 [ B A B g XU o J

4 g

I KA B SS , Zesctin Sk 1 5 (ke
TOMIASE, AL 8 d W LAF 4k e, AR NS
PEFN S 2 T R, BB AZ T SR T R R
SR RA 5 o B ARTIOR K AL BT 8 d IHALIA PR R
FURE G DG 7 3 TR, (HESLR A bR B3,
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HI BAAL KF 75%; SR AG 5 R 6 Fl n-6 2
T’f@%ﬂﬂaﬂﬁﬁﬁ(n 6PUFAs) B E =T 4 d fil 12 d
20, NI, e WA /K A BEYE ARSI L A 37 I R Y [R)
BF, WA SONGE AR AR LA B, $RE R,
T AL BT R 8 ds
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Quality Improvement of Short-Time Micro-Flow Water Treatment on the
Flesh of Juvenile Hybrid F; Fish Cultured in Ponds
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Abstract Hybrid F, is a novel hybrid of Erythroculter ilishaeformis () and Ancherythroculter
nigrocauda (). Current studies have focused on the genetic features, evaluation of fillet quality, farming
techniques, and so on. Meanwhile, few studies have addressed enhancing fillet quality. Traditional
intensive pond aquaculture is the major culture method in China. A large amount of excreta and feed
residuals remaining in the aquaculture water bodies restricts the critical nutrients, flesh texture, and taste
of the fillet. In this study, juvenile hybrid F; cultured in ponds was obtained from the seed farm (Wuhan
Xianfeng Aquaculture Technology Company Limited, Wuhan, Hubei) as the study subject. The fish was
treated with short-term micro-flow water (1.2 BL/s) to improve muscle quality. The effects of treatment
time (0, 4, 8, and 12 d) on muscle quality in juvenile hybrid F; flesh were investigated following
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short-term micro-flow water treatment by assessing the color, muscle fiber, texture, nutrient composition,
and the contents of amino acid and fatty acid. The color of the samples was determined by a CR-400
automatic chromaticity meter (Konica Minolta, Japan), wherein the color was expressed by L, @', and b .
The skin yellowness values were significantly higher at treated 8 d and 12 d, while the short-term
micro-flow water treatment significantly influenced muscle redness (P<0.05). The texture property of fish
is one of the keys to its quality. The juvenile hybrid F; flesh showed a significant improvement in fiber
density, hardness, chewiness, and springiness by 70.96%, 92.04%, 198.99%, and 35.71% compared with
the control group, respectively after 8 d treatment. Frozen fresh samples were lyophilized for the
following analysis. Kjeldahl and Soxhlet-Henkel methods were used for the determination of total, crude
protein (N=6.25) and fat content respectively. The protein and fat content significantly decreased in the
flesh following the extension of micro-flow water treatment time, while the ash content did not
significantly change (P>0.05, the same below). The amino acid content presented the highest values of
glutamic acid, followed by proline, and the lowest values in cystine among the 17 amino acids detected in
the fillet of juvenile hybrid F;. The amino acid composition was assayed by a Hitachi L-8900 automatic
amino acid analyzer. The amino acids EAA/TAA of all groups were about 40%, and the amino acids
EAA/NEAA was over 60%, which were high-quality proteins complied with the Food and Agriculture
Organization of the United Nations and the World Health Organization (FAO/WHO) standards. Umami
flavors are closely related to the composition and ratio of umami amino acid. The content of total amino
acids and essential amino acids showed a decreasing trend under the influence of micro-flow water. The
total of delicious amino acid treated at 4 d were significantly higher than those of juvenile hybrid F,
treated at 8 d and 12 d. The TAA content and total EAA content did not dramatically change. The essential
amino acid index (EAAI) is used to indicate how close the essential amino acid content is to the standard
protein. EAAI were 77.33%, 74.91%, 76.56% and 76.75%, respectively. The fatty acid composition was
assayed using gas chromatography (Agilent 7890A, USA). Nineteen kinds of fatty acids were detected in
the muscle of juvenile hybrid F;, including 5 kinds of saturated fatty acids, 6 kinds of monounsaturated
fatty acids, and 8 kinds of polyunsaturated fatty acids, respectively. The micro-flow water significantly
affected the fatty acid content in muscle. The content of Cis-15-tetracosenoic acid (6.85 mg/100 g),
eicosatrienoic acid (41.05 mg/100 g), and arachidonate (53.84 mg/100 g) was significantly higher than
that in the other groups after treatment for 8 d. Meanwhile, the content of o-linolenic acid
(48.05 mg/100 g), monounsaturated fatty acid (MUFA) (1 336.43 mg/100 g), and n-6 polyunsaturated
fatty acids (524.43 mg/100 g) were higher than that in the other groups at 4 d and 12 d. This study
indicated that short-term micro-flow water treatment improves the color of skin and meat, and the meat
texture at 8 d while ensuring the quality of the flesh. The short-term micro-flow water treatment can help
to provide new ideas to improve the quality of aquatic products cultured in ponds.
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