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Fig. 1 Indoor micro-flow water depuration pool

The direction of the arrow indicates the direction of water flow
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Tab.1 Sensory evaluation criteria

bR PPN ARAERIIE > evaluation criteria and ratings
sensory index 100~81 80~61 60~41 40-21 20~1
Bk odour 10 A S AAR MRESE, LA ARESRK, AEKRE AREFREL, AR @EREEZ
MR Wik

AR taste 0 Y [ R EEvRIK, [\ oA R EERE:  EERE, B LIERR, TofEnk, RESFURIKE, Toffsk, JESRfEE
U NERi) W, ARk TG 2 [m ]k FMELS %, JolEnk

&% colour bR EEASGER, B MREEN, Wil AROERNR, BH ARERO. KOG ARERKOG, EE
Y65 A A HBER TotEE R 3ANE) [SFAREN

Jfi  texture R . AYEREL 10 PR £ 4 KB, R YERIRE AN L, AR E, B AR e R Rk
mpe) e S C Bt 55 PP

®2 MRKAERENESSAETEEFKTNFE

Tab. 2 Effect of micro-flow water treatment time on nutrition composition in C. idella flesh

Kb PRI ] /d K53 1% A E/% FHRE T /% K3 1% S KE/(g/100 g)
treatment time moisture crude protein crude lipid ash total sugar
0 79.03+0.38" 17.77+0.86" 1.03+0.06" 1.01+0.06° 0.41+0.01°
1 78.82+0.20™ 18.22+1.37° 0.67+0.05° 1.16+0.02° 0.38+0.02
4 79.1340.16" 17.21£0.93° 0.63+0.04™ 1.11£0.06" 0.37+0.02°
7 78.65+0.22° 17.80+1.23° 0.57+0.06° 1.13£0.07° 0.40:£0.02%
10 79.02+0.17* 17.53+0.62° 0.42+0.03¢ 1.12+0.06° 0.41+0.02°

Vs [FFRAN R ) R R A 3 1 2 R (P<0.05)

Notes: different letters in the same column represent significant differences (P<0.05)
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Tab. 3 Effect of micro-flow water treatment time on fatty acid composition in C. idella flesh %
% content
fEIATR  fatty acid
0d 1d 4d 7d 10d
TR Cl14:0 1.01+0.09° 0.98+0.02° 0.93+0.14 1.12+£0.11° 1.11+0.08"
KRR/ IRTR  C16:0 18.20+0.80" 18.24+0.63" 18.10+0.28" 18.47+0.42" 18.07+0.32°
ik C17:0 0.47+0.06° 0.13+0.23" - 0.11£0.19° -
WgER C18:0 4.69+0.29° 4.04+0.31° 4.35+0.58" 4224025 4.13+0.25
AR C20:0 - 0.12+0.21° 0.25+0.22° 0.1240.21° -
TR C22:0 0.20+0.34° - 0.11£0.19° - -
Ji-9--F758k—I&ER  C16:1-9¢ 3.97+0.18" 4.25+0.49° 3.87+0.94° 4.02+0.28" 3.93+0.35°
HEZ  C18:1-9¢ 32.76+1.65° 34.44+1.20° 34.6142.54° 35.08+1.42° 33.68+0.13"
JR-11-Z B IEER C20:1-11c 1.18+0.17" 1.2+0.13* 1.15+0.05 1.28+0.05" 1.37+0.07*
WihER C18:2 -9c,12¢ 21.68+1.62° 20.33+1.10° 20.75+0.64° 19.85+0.85" 19.65+0.66"
a-WHRER  C18:3(ALA)-9c,12¢,15¢ 2.06+0.23" 1.84+0.14° 1.88+0.05" 1.90+0.23° 1.74+0.10°
JR-11,14- 18 —J%EEE  C20:2-11c,14c 1.95+0.32° 1.96+0.32° 1.65+0.33" 1.86+0.37* 2.16+0.16"
JIRi-8,11,14- — Bk =J&HR  C20:3-8c,11¢,14¢ 1.24+0.13° 1.38+0.02° 1.39+0.07* 1.28+0.04° 1.37+0.10°
AENERE  C20:4-5¢,8¢,11¢,14¢ 3.3740.67° 3.67+0.14" 3.91+0.57" 3.4440.25" 3.98+0.53"
Ji-13,16- =+ Wk —HGRe  C22:2-13c,16¢c 3.21£0.71° 3.47+1.25° 2.92+1.67" 3.59+1.68" 4.65+0.92°
I5-4,7,10,13,16,19- 4 B IR 1.94+0.28" 1.03+0.04° 1.16+0.24" 1.000.12" 1.14+0.20°
C22:6-4¢,7¢,10c,13c,16¢,19
A \B— g Cl8:1t 0.40+0.35" 0.55+0.10° 0.52+0.20° 0.5240.15° 0.55+0.11°
A \B Mg Cl18:2t 0.39:£0.34" 0.65+0.12° 0.56+0.16" 0.45+0.04° 0.63+0.15
JI5i-4,7,10,13,16- — -+ "Bk TLI# R 1.28+0.31° 1.73£0.10" 1.88+0.49° 1.69+0.11°" 1.82+0.17"
C22:5-4¢,7¢,10¢,13c,16¢
-3 R ©-3FA 4.00+£0.17* 2.87+0.18" 3.04£0.24° 2.90+0.35 2.88+0.28"
HIFAERNIEE  SFA 24.57£1.45" 23.52+0.58" 23.75+0.42° 24.04+0.48" 23.324+0.57°
AHFIFRIIEE  UFA 75.43+1.45° 76.48+0.58" 76.25+0.42° 75.96+0.48" 76.68+0.57"
PRI NIER  MUFA 38.31+1.90° 40.43+1.70° 40.15+3.26" 40.91+1.32° 39.54:+0.42°
ZAMANENIE  PUFA 37.12+1.41° 36.06+1.37° 36.1+2.86 35.05+0.85" 37.14+0.40°

e ORI RAGIEZ B FAT R AR T RN A R 1 R (P<0.05)

Notes: “-"represents not detected in the samples, different letters in the same row represent significant differences (P< 0.05)
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Fig. 2 Discriminant factor analysis of e-tongue
signal of C. idella flesh
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K, mamRTOREEER. AMP S R2ET
W5 bt As fta B, JHAE 2 I AE AL 3] 4 dF 1
d B fie /)N, T IMP A HxR &5 & 0 580 % F TS
TRER AL, HAR S BIAEAL B 4 d AT d B
R, IMP 2 f A v B 22 0 2 R ™Y, JF
REPE LM = 5 L hr i i Ny, o 2 B KUK

B RP B O Kk Ak PR B f P IMP R
WE LTE, AR TG A AR

25 AEMRKLERENESSEARER
AR E

Shy A 2 BRI 7K Ak B GE A e ) i S A 3
R o s, SR & IR A 3h o B A E T
AEFR O, 1. 4. 7 F1 10 d FY B £a £0 Y vh i B a1
MR, ZRWES,

TE A R AW it 7K A 3L B ] Y 2 £ £ PR o o A
B O ER (R 5), AR, mmdy
M R&E R, 28R, &K, HER. N
R, HAMR . FuEm. w24 . AR .
RN . BT . R . I RS
FEMR & A B AR (P<0.05), MHER. FE
2. AR . AR SRS (P>0.05),
THOUR 7K A B8R A ) o 8 £ e PR i 2 G RL R v B
BELR LR . AR AR . IR AR . R
IR & B W E R (P<0.05). Bl S K Ab
PR R P RE, TN LER . N
KR, BAR ., &R . AR, RNAR .
WER . MARS & EE LT (P<0.05), HiHE
QIR . WA . RNEARS B ELHE 1 di 5
FLF (P<0.05), 227 . AWM. HAR.
AR EIELTE 4 d B E FF (P<0.05), N
RS AEALBE 10 d B 2 BT (P<0.05), Eifn
MRATIGEE N RARR ., AER. HEARS &
D) ot o 38 7K Ak R s ] SE K 55 B 5 T R Y AR Ak
HH (P<0.05), HAEBIGEALER 7, 1 F1 4 d R
Ko A PR i S Y I R B O K A
P ] 4 K32 W T [ (P<0.05), HAE7EALHE 10d
IF 3k ) B A . Bl 25 A0 K A R [ 0 2B,
i P i S SR IR A B EIPR AR L

R4 BRKLEREMNESERKAEESNATP REER~NSENZM
Tab. 4 Effect of micro-flow water treatment time on water soluble protein content and
ATP-related compounds in C. idella flesh

- ey .
trﬁfli:ﬁiﬁe v:J:tfr rif;gi:iﬁl IMP/(umol/g) ADP/(umol/g) AMP/(umol/g) HxR/(umol/g)
0 56.9442.34° 6.060.12° 0.48+0.20° 0.44+0.17° 0.29+0.04™
1 52.58+3.27° 6.58+0.07" 0.23+0.01° 0.09+0.01° 0.5140.03"
4 50.362.56° 6.60+0.10° 0.23+0.00° 0.21+0.05" 0.29+0.03"
7 51.344+2.03° 6.55+0.12" 0.23+0.00° 0.16+0.01" 0.26£0.01¢
10 50.6242.91° 5.96+0.33° 0.45+0.20° 0.32+0.09" 0.33+0.02°

Vs [FFRAN R ) R R A 3 1 2 R (P<0.05)

Notes: different letters in the same column represent significant differences (P<0.05)
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x5 WRKLEMELEERAFEEERSENIM
Tab.5  Effect of micro-flow water treatment time on content of free amino acids in C. idella flesh mg/100 g
4 content
M amino acid
0d 1d 4d 7d 10d

REHR Asp 1.32+0.43" 3.12+0.65" 3.91+2.33° 4.56x0.77° 2.21+0.98"
JrE [ Thr 12.82+1.11° 14.46+1.05" 13.85+0.77° 13.61+0.74° 13.36£0.67*
225  Ser 7.81x0.65 7.43£1.27° 11.55+1.28" 11.36x1.74 13.31£1.93°
HEE  Glu 1.24£0.11° 5.43+1.72° 3.10+0.78° 3.57£0.04° 2.38:+0.44%
HZ® Gly 117.07+5.87% 125.11+8.73"™ 130.50+8.37° 127.79+7.90® 114.24+6.03°
WER Ala 33.5343.64° 36.98+1.55" 35.02+1.56° 38.79+5.00 45.82+2.55
MEER Cys 1.46+0.06" 1.37+0.19° 1.41£0.19° 1.28+0.11° 1.50+0.13°
HWEM  Val 12.25+1.98" 13.62+5.85" 16.02+0.78" 14.7422.04° 16.12+5.96"
EEE Met 2.7240.49" 4.51+0.16" 5.63+0.85" 5.1740.66" 5.74+1.16°
oA e 5.41£0.57" 4.29+0.41° 7.59+1.04" 5.30+0.92* 7.65+2.23
HEM  Leu 11.56+£0.94° 13.51+0.91% 18.27+3.10° 15.28+1.42% 18.64+4.66"
B Tyr 10.76+1.22° 16.10+1.26° 19.30£1.17° 18.86+0.56" 20.56+1.47°
RN Phe 3.65+0.36° 12.000.66° 14.01+1.49® 14.77+0.95° 15.23+1.89"
AR Lys 17.08+2.62¢ 16.51+2.53¢ 24.00+1.32° 23.78+1.35° 31.50+3.46"
AR His 189.87+45.73" 240.01+13.23" 238.54+12.61° 229.12+5.53" 226.82+33.10°
BEEE  Trp - - - . .
BRR Arg 4.37+0.27° 4.56+0.33¢ 7.58+0.56" 7.26+1.75° 10.49+2.64°
H=f Pro 20.94+3.54° 17.42+1.56" 17.95+3.49® 16.86+4.00" 12.4042.55°
HAEMEE TFAA 453.85457.27° 536.42+6.12° 568.24+17.38" 552.11+12.96" 557.96+12.49"
fFRE LR UMAA 2.56+0.53¢ 8.55+1.54" 7.01£2.54% 8.13+0.81° 4.59+1.41%
TR LR SWAA 209.25+10.35° 217.90+7.33* 232.87+6.31° 232.19+12.10° 230.62+6.14°
HIRESEER BIAA 240.57+46.98" 308.60+8.67° 326.94+21.07" 310.50+9.77° 321.25+19.74°
TRk IR SOAA 192.43+46.12° 248.56+14.07" 245.55+15.12° 237.26+4.77° 231.40+31.70®
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R TIREAER AR ERR. SRR,
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ZM BRI B R AR
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TER. BER. R
RO/ RLER. BE

Notes: “-”represents not detected in the samples. Umami amino acids are Asp and Glu; sweetness amino acids are Gly, Ala, Ser, Thr, Lys and Pro;
bitterness amino acids are Met, Val, Leu, Ile, Phe, Tyr, His, Arg and Trp; sourness amino acids are Asp , Glu and His™?"?; different letters in the same
row represent significant differences (P<0.05)

PRAJEME . MR AR &2 0¥ BT (P<0.05), I, UEHTHZE SR XK TR ™. K 6 45
Horpiip g G AR A M L SRR EEIR . BRBRAE RATLIE I, A Py OO R MR R SRR
ﬁm~gﬁﬁhﬁmﬁﬁziﬂ@m%)ﬁ‘ dir B W BRI A R A A M. AR HEmR .

BRI R & i AR AL B 4 d BT R LT (P<0.05). R R AR E IR o S /K Ab BRI B A0 4 E R
F Al R P S A B OR IR S I BE R A RN B3 (P>0.05), {H SR K K& E R
Ab 3B (] B K 52 0 5E TH IS B AR f B B (P<0.05), MARAR ST ' NS 4 1d)58E LT
HASAEALBE 1 d Bk &k, (P<0.05), AR H AR & EELI 4451k

R I8 58 & (A (taste active value, TAV) Ay &I Bl K, MR E AR ERR & E H AP 10d
Y & i S HRGE BEZ e, S ILR TAV=1 AR F R e B, RS 2 W X fa PR kA
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FRM S w0 25 b, (o K Ak B E] S 4 d
T 5 B 5 e 0 R R

e, E ST YA LR T

R6 WURKAIENE S G AR REARKEREE (TAV) R0

Tab. 6 Effect of micro-flow water treatment time on TAV of free amino acids in C. idella flesh

WRIEMEEE(E  taste active value

SRR BI{E/(mg/100 g)

amino acid threshold™” 0d 4d 74 104
REHR  Asp 3.00 0.44+0.14° 1.04+0.22" 1.30+0.78° 1.52+0.26° 0.74+0.33®
BEE Glu 5.00 0.25+0.02° 1.09+0.34° 0.62+0.16° 0.71+0.01° 0.48+0.09"
H&E® Gly 110.00 1.06+0.05® 1.14+0.08® 1.19+0.08" 1.16+0.07® 1.04+0.05"
B His 20.00 9.49+2 29 12.00+0.66° 11.93+0.63" 11.46+0.28° 11.34+1.65*
AR Arg 10.00 0.44+0.03° 0.46+0.03° 0.76+0.06" 0.73+0.18" 1.05+0.26°

Vs AT AR R R A 3 1 2 R (P<0.05)

Notes: different letters in the same row represent significant differences (P<0.05)

2.6 WRKLETES®RSKEE

AT BIRREBCLEE 0, 1, 4. 7 F1 10 d A fh
T TR, SR AR 2 B A 2 18 A4~ 15 Jk
i B IE N AE PGS O R A b O R A £
R SR ARAE . 10 T DF1 STk ok 72.64%,
DF2 BTk % N 24.99%, M 5THRFE N 97.63%, fE
AR e b sz e £ TR P RSO R (B 3)

DF2 (24.99%)

DF1 (72.64%)

3 FRMRKLGIERE TE S & AHSK
FHERFI R B F 547

Fig. 3 Discriminant factor analysis of e-nose
signal of C. idella flesh

5 Qb FHAH 1) B R AR FL T A B )
EL A 50 90 TR = 43 B T v A AR A A X 3 B, 1
N Ti) Ak LB (7] £ £ PR AR AR R A A A o 2
S, HLARER 1 d AR f0 R SR RR AR 5 A A BB
iAT A T 22 5, AT 4 F 7 d )5 i At A
SRFFAE 25 T AHXT 80N, MTARHE 10 d B 5 £l £
AR AFAE S AR B 1, 4 R 7 d B9 A RE AL A
2R (K 3), AR50 W5 f 8 A Ak 2
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X P XU B 5 0 5 R B, AN ] A B ] 3
U A Y SURERAE . BRI AR (R T R
B, OO K Ak B [ A S 4, AR £ P R
WOy 1 Th, AR 10 d (5 A0 fh AR IT A i
w, HARES SR T RRATR B i
JK Ak BB S AR A A B OR AR AR

27 ARIMFRALNERENESEAHRES
EMELMRERESE

FE R Ve BB A (TVB-N) S48 B ¥ K 1%
ME . AR SORE RS P S, TVB-N
TEEE, ARG . A SR . SR
TR RSN EE S Bm A AR TR LT,
e BE A Sl T M AR AR R, B
FREE . W HIsSEN R D B RE ALY,

AU 7K Ak B B el AR (TP E S R R
F R (P>0.05)(F 8), H i A TVB-N & i
Wi e A 7K Ak BRI ] SiE 4 T B 3R [ (P<0.05), FE
AT 7 A, HEAA A T TVB-N & i 2 AR,
HAE M 3.22 mg/100 g, 5K Ab #H &4 A PRURE &L AR
P T R T 48.23 %, i W sl 7K Ak B AT i 2 £ £
PR P S B HE R B DT 8 £ R 2 R B AR

2.8 BEWM

P MR RE PEAT bR o (3 1) X 45 4b BEL2H £ £
RN SN SN GRS o | D B o =, =12 a1
ZERWOR, BUOTK AL FERE AR R A Y
AR R EPETE S (P<0.05)(GR 7). BEAE O
7K A BB ) 4 E K, PR AR € T
I3 LT (P<0.05), HAGHE 4 d B s fa £ A
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®7 HEaBRETEBRKLERNETHERE TN

Tab.7 Sensory evaluation of C. idella flesh at different micro-flow water treatment time

AbFRR [E)/d Ak JEERES JFiHh
treatment time odour colour texture
0 63.00+4.47° 74.00+3.69° 73.83+7.36° 72.00+13.21*
1 72.00+7.62" 77.00+8.63" 79.50+8.09® 65.40+9.37°
4 75.00£10.56™ 87.50+5.24° 84.20+3.96° 74.80+3.56™
7 77.83+8.84® 83.00+4.47" 88.33+2.58° 70.20+£9.23*
10 83.50+7.58" 80.00+3.54™ 84.17+9.70° 79.00+7.42°

e FSIPOARER T REOR A 3 2 5 (P<0.05)

Notes: different letters in the same column represent significant differences (P<0.05)

SRR 4 B TR AL BRFE A (P<0.05),
B 540 7 F1 10 d 57 fo £8P Y AS0E 00 B TE 20
TG W % 25 5 (P>0.05), B0 0 PR 1 R P 43 B T
T 7K A S ) ) FE K S B S T R R AR R B
HAEEAIE 4 d JEik Bk, 4R 1K Ah BRI ]

LR R ARy 7 S A ol N O R D IR A
TEAL B e i B s, HEMORE, Sl
DAL B Jo 3t o Bt Gl K Ak B IR ] ) S 5 |
THES . ik, KAREE 4 d AT AR TR AR
N B E T

xS MAKLEMESEATHRELSUMELERERSENTN

Tab.8 Effect of micro-flow water treatment time on content of carbonyl and total volatile base nitrogen in C. idella flesh

ALBLRFE]/d  treatment time

KWK odor components

0 1 4 7 10
Fk2E S H/(mmol/mg prot)  content of carbonyl 2.41+0.33" 2.70+0.29° 2.52+0.62° 2.15+0.33" 2.28+0.28"
PR M FE%U/(mg/100 g)  total volatile base nitrogen 6.22+2.21° 4.74+2.18™ 4.64+0.87™ 3.2240.66° 4.29+0.45™

e AT T BER R A 35 1 2 7:(P<0.05)

Notes: different letters in the same row represent significant differences (P<0.05)

3 iR
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Quality improvement of short-time micro-flow water treatment on the flesh of
grass carp (Ctenopharyngodon idella) cultured in a pond

CHEN Zhou', HU Yang', AN Yueqgi', LUHao',
GUO Xiaodong ', YOU Juan', XIONG Shanbai ">’

(1. National R &D Branch Center For Conventional Freshwater Fish Processing,
College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2. Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in
the Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China)

Abstract: In order to improve the quality of grass carp (Ctenopharyngodon idella) flesh, C. idella cultured in a
pond was treated by a micro-flow water system. The effects of treatment time (0, 1, 4, 7 and 10 d) on the nutrient
composition, flavor and sensory quality of C. idella flesh were investigated. The results showed that micro-flow
water treatment could significantly influence the nutrient composition, taste compounds, volatile odor compounds
and sensory quality of C. idella flesh. With the prolonged micro-flow water treatment time, the content of fat and
total sugar in the C. idella flesh decreased significantly, and the content of ash increased significantly, but the con-
tent of protein showed no significant difference. Taste and odor characteristics of C. idella flesh were obviously
changed by micro-flow water treatment according to the results of electronic tongue (e-tongue) and electronic nose
(e-nose). In addition, micro-flow water treatment significantly increased the content of IMP (inosine monophos-
phate), umami amino acids (Asp and Glu), sweet amino acids (Ser and Ala) and bitter amino acids (Leu and Ile) in
C. idella flesh, but significantly decreased the content of total volatile base nitrogen (TVB-N) and docosahexaen-
oic acid (DHA). The odor score, taste score and color score of C. idella flesh at treated 4 d were significantly
higher than those of C. idella samples treated at 0 d and 1 d, but had no significant difference with C. idella
samples treated at 7 and 10 d. Short-term micro-flow water treatment can effectively improve the flesh quality of
C. idella. The suitable treatment time is 4 days. The treated C. idella flesh not only has no fishy odor, but also has

higher umami taste.
Key words: Ctenopharyngodon idella; flesh quality; nutrient composition; flavor; micro-flow water treatment
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