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Table I Sensory evaluation criteria
AR M FRIEAIIES) Evaluation criteria and ratings
Sensory 10~94% 8~74% 6~5%> 4~34y 2~04%
index 10-9 scores 8-7 scores 6-5 scores 4-3 scores 2-0 scores
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Table 2 The basic components of fresh silver carp fillets after different bleeding treatments

. O LT 2 Ko i/ /4 %
Bleeding treatment temperature Bleeding time ~ Moisture content Crude ash Crude fat Crude protein
A Ak I No bleeding - CK 80.71+£0.09C 1.104+0.10AB 1.76 +0.22A 18.77+0.05A

0.0 80.61£0.33CDa 1.024+0.11ABa 1.8740.24Aa 16.7740.10Aa

. 0.5 80.67+0.08CDa 1.154+0.03ABa 1.8740.10Aa 16.67+0.17Aa

1.0 80.680.36CDa 0.95+0.27Ba 1.684-0.10ABa 16.66+0.09Aa

E;j]nfk 1.5 80.76+0.49Ca 1.124+0.36ABa 1.5540.04ABa 16.67+0.65Aa

Tail mzry bleeding 0.0 80.45+0.49CDa 1.14--0.07ABab 1.5240.13ABa 16.94--0.16Aa
10 0.5 80.94+0.41BCa 1.3540.14Aa 1.374+0.15ABa 16.6740.69Aa

1.0 80.6440.09CDa 1.102=0.06ABb 1.37£0.37ABa 16.62+0.50Aa

1.5 80.65+0.45CDa 1.264+0.16ABab 1.324+0.59ABa 16.59+1.51Aa

0.0 81.41+0.01Aa 1.0440.06 ABab 1.384+0.05ABa 17.1240.06Aa

4 0.5 81.57+0.19Aa 0.96+0.15Bb 1.35+0.26ABa 16.71+0.76Aa

1.0 81.0040.03ABb 1.160.08ABab 1.09-+0.06Bab 16.524-0.08Aa

éjﬁ;jjmiﬁ( 1.5 81.06+0.28ABa 1.214+0.02ABa 1.0340.10Bb 16.49+0.20Aa

Neck artﬁery bleeding 0.0 80.090.04Db 1.3540.16Aa 1.4140.17ABa 17.89--0.80Aa
10 0.5 80.67+0.10CDa 1.12+0.03ABb 1.60+0.16ABa 17.784+0.24Aa

1.0 81.0940.39ABa 1.22+0.11ABab 1.28+£0.60ABa 17.714+1.56Aa

1.5 80.99+0.43BCa 1.11+0.03ABb 1.30+0.06ABa 17.6340.85Aa

TE - BIARRS PR [ — 9 B35 22 5, ANEVNG 5B R ) — i 752X [ — i /K AN Te) A o i il Ay S 354 22 5% (P<<0.05)

TR, Note: Distinct uppercase letters in each column indicate significant differences in the same column. Distinct lowercase letters in each col-

umn indicate that there are significant distinctions in the same bloodletting method and the same bloodletting water temperature and different

bloodletting time(P<0.05). The same as below.

FH 2% 2 AT iy X0t Az fif % 0 R 7K 43 L
e WG 2 AT 5 50 (P<<0.05) , fH X HOK 43 FopL 2
12 0 5 B S0 (P=>0.05) 5 111 B I K T 6] A= 6 fi
R K 4 K5 & A 3 52 (P<<0.05) , {H X
FELIR i FHORL R (9 25 42 10 3 52 i (P=>0.05) 5 B Ifi B
(i) X £ i B8 £0 - BEAS Bl 43 TG W 35 52 ) (P=>0.05) o

5%t BATA L, A R RE SR T S 2R R
AN (R RR D7 55t S R . A A TRt K T
T, BB DK CRRE S R AR S TR S K i
FE S MUHLAE 7 & KT R sh DK A & o 7E R —
I 2R KR 10 CH K EH R B EE T
4 °CHi i 7K 4 (P<<0.05) .



%5 Aok R S INAL T A e a5 R 5 ) 221
x3 AEMMAERM RS R EAREAR
Table 3 The protein composition of fresh silver carp fillets after different bleeding treatments
iy = Bﬁiﬂ;{:ﬁ:& LA ) /b WUERER/ % WUR LA/ % SERA/ %
Bleeding treatment temperature Bleeding time Sarcoplasmic protein Myofibrillar protein Matrix protein
Al No bleeding — - 4.3940.70A 8.2440.22B 3.3940.02Aa
0 4.99+0.16Aa 8.98+0.02ABa 2.920.20Aa
. 0.5 4.71+1.10Aa 9.06+0.87ABa 2.95+0.24Aa
1.0 5.69+0.05Aa 10.1540.00Aa 3.09£0.04Aa
& B ik . 1.5 4.98+0.19Aa 9.05+0.68ABa 3.284£0.10Aa
Tail artery bleeding 0 4.76--0.07Aa 8.25-£0.06Ba 2.46+0.31Aa
10 0.5 5.00+0.70Aa 8.54+0.87ABa 2.47+0.97Aa
1.0 5.00£0.25Aa 9.94+0.53Aa 2.17+£0.62Aa
1.5 5.08+1.05Aa 9.30+0.18ABa 2.48+0.12Aa
0 5.00+0.23Ab 9.80+0.19ABa 2.38£0.14Aa
4 0.5 5.03+0.24Ab 9.91+0.12Aa 2.39£0.19Aa
1.0 4.97+0.05Aa 10.124-0.08 Aa 2.11£0.56Aa
@;;djm?( 1.5 4.934+0.10Ab 9.93+0.17Aa 2.40+0.23Aa
Neck artery bleeding 0 5.12+0.19Aa 9.40+0.24ABa 3.164+0.29Aa
10 0.5 4.534+0.09Ab 9.79+0.08ABa 3.38£0.08Aa
1.0 4.464+0.03Ab 9.914+0.40Aa 3.20£0.42Aa
1.5 4.684+0.47Aab 10.104+0.27Aa 3.25+0.20Aa
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Table 4 The hardness, springiness, chewiness, resilience, and adhesiveness
of fresh silver carp fillets after different bleeding treatments
MK/ C N
A 7y = . LI ] /B .
Bleedin Bleeding Bleedin WHRE /g [ e A/ g [] 42 ZhBHE/ (gos)
ireat gl water i & Hardness Springiness Chewiness Resilience Adhesiveness
reatmen me
temperature
A . - o on . . - .
No bleed — — 2629.60+182.22DE 0.572+0.05B 433.25+51.52E 0.223+0.02F —65.18+13.77B
o bleeding
0 3501.7934+197.96Aa 0.8494+0.08Aa 1286.124+147.44Aa  0.389+0.04Aa —70.22+6.98Bc
. 0.5 3258.650+135.43ABCab  0.83040.02Aa 1376.795+14.94Aa  0.380+0.02ABa —33.65+11.57Ab
Fe ik 1.0 3066.1314+225.93ABCab  0.806+0.09Aab  1266.944+31.64Aa  0.3664+0.02ABa  —30.18+8.77Aab
Hi
T I 1.5 2937.390+146.79ABCb  0.760+0.05Ab  982.174+64.88CDb 0.343+0.02BCa  —18.42+5.11Aa
T;‘l‘] ‘“;T_e‘y 0 3632.2874+100.81Aa  0.83140.05Aa  1336.216111.54Aa  0.303+0.00DEa  —74.1043.17Bb
eeding
" 0.5 3480.762+152.30ABab  0.804+0.05Aa  1299.526+154.15Aa  0.274+0.01EFa  —23.8249.83Aa
1.0 3245.427420.34ABCh  0.78740.03Aa  899.860--44.72Db 0.2660.00Fa  —23.73+4.53Aa
15 2692.975+193.55DEc  0.7534-0.03Aa  851.841+96.03Db 0.264+0.02Fa  —21.22+7.43Aa
0 3558.461+118.82ABa  0.835+0.02Aa  1339.512+40.58Aa  0.36320.01ABa  —73.94+2.37Bb
) 0.5 3382.427+186.52ABCa  0.800%0.02Aa  1214.459+27.31ABa  0.297+0.01DEc ~ —33.69+8.86Aa
S 1.0 3293.0414+108.99ABCa  0.781%0.00Aa  963.663-103.61CDb  0.333+0.01BCh ~ —25.484-9.74Aa
U BT 1)
Wit 15 2861.024+39.58CDEb  0.782+0.01Aa  899.504+63.77Db  0.32240.01CDb ~ —23.35+5.25Aa
N:k alftery 0 3559.776+91.84ABa  0.850+0.02Aa  1301.335+149.94Aa  0.363+0.01ABa  —73.17+4.52Bc
eeding
" 0.5 3499.415469.67ABb  0.839=20.00Aab 1162.0974-128.31ABab 0.333+0.01BCb ~ —35.9740.68Ab
1.0 3020.75494.52BCDa  0.7934-0.00Aab  895.5444-57.31Db  0.328+0.01BChe  —22.55--3.65Aa
15 2336.334112.29Eb 0.77440.01Ab  852.399+27.84Db  0.306-0.01DEc ~ —22.54+1.35Aa
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Table 5 The color and water holding capacity of fresh silver carp fillets after different bleeding treatments
, i P aking MELLEE %/
i = e N ekt %
Bleedin K/ i/ L ; b w (pmol/g) Water holdin
. . L a .
& Bleeding wa- Bleeding Hemoglobin . &
treatment . capacity
ter temperature  time content
A . - . .
. - — 44.94+0.19D 0.784+0.09A —1.274+0.35D 44.914+0.18D 0.085+0.06A 82.34+1.08BC
No bleeding
0 48.34+0.59ABa  —0.1140.04Ba  —1.524-0.06ABa  48.34+0.59ABa  0.078+0.01Aa  82.8241.00ABa
i 0.5  48.2740.36ABa  —0.0840.14Ba  —1.58+0.13ABbc  48.064-0.70ABa  0.02240.00CDb  82.60+0.01BCa
1.0 47.64+0.66BCb  —0.0840.01Ba —1.79+0.21ABb  47.63+0.66BCa 0.02140.00Db 82.25+0.98BCa
JEsh ki 15 47.00+0.52BCb —0.1640.07BCa —1.84+0.15BCc  46.96+051BCa  0.01840.00Db  81.7840.31BCa
Tail artery
bleeding 0 48.86+£0.29Aa —0.16+0.15BCa  —1.43+0.10Aa 48.82+0.29Aa 0.084+0.00Aa 82.94+0.04Aa
" 0.5  4840+0.23ABb —0.1740.11BCa —1.82-0.18BCb  48.35-0.20ABa  0.058-0.00Bb  82.08=-0.17BCa
1.0 47.68+0.16BCb  —1.66+0.20Fb —1.704-0.12ABab 47.65+0.15BCb  0.025+0.00CDc  80.58+0.86BCh
1.5 47.48+0.37BCb  —1.674+0.10Fb  —1.894+0.17BCb  47.47+0.36BCb 0.01540.00Dc 80.344+0.21Db
0 48.13+0.29ABa  —0.11+0.10Ba  —1.56+0.05ABb  47.954+0.20BCa 0.073+0.00Aa 82.38+0.18BCa
. 0.5 48.184+0.86ABa  —0.18+0.03BCa —1.664+-0.09ABa  48.13+0.86ABa 0.035+0.01Cb 82.03+0.11BCa
—_— 1.0 47.44+047BCab —0.4940.13CDb —1.8240.11BCh  47.1740.32BCa  0.0140.00Dc  81.5140.01BCb
N
JCfiL 15 46.57+0.63Ch  —0.51+0.12CDb  —1.85+0.04BCb ~ 46.48+0.66Ca  0.01340.00Dc  80.55+0.18BCc
Nf:‘ thery 0 48.440.28ABa —0.3340.13BCa —1.554-0.20ABa  48.34+0.23ABa  0.073+0.00Aa  82.67+1.03ABa
eeding
10 0.5 48.02+0.83BCb  —0.40+0.06CDa  —1.624+0.13ABa  47.99+0.82BCa 0.036+0.01Cb ~ 82.57+0.01BCab
1.0 47.90£0.35BCb —0.62£0.12DEab —1.8620.15BCa  47.81£0.29BCa  0.02520.01CDb  80.864-0.62BChc
1.5 47.2740.14BCb  —0.73+0.23Eb  —1.9240.08Ca  47.49+1.08BCa  0.01440.00Db  80.40%0.51CDc
F6 AEMMALERE S FERERSE
Table 6 The rigidity characteristic of fresh silver carp fillets after different bleeding treatments
st UMK /C Bl KRR ROAEEYE Ca¥T-ATP AR TS ASVE A LIS TCA RN B s ki
XA . N o 5 Ly [=} (=)
Bleedin Bleeding  f]/h [&]/h B/ % fEEPE/(U/g)  H/(U/g) H/(U/g)  fr/(pmol/g) i/ (mg/g)
1 . . . . . .
reat gt water Bleeding Maximum  Maximum Ca’"-atpase Calpain Cathepsin .~ TCA soluble  Total free ami-
reatment . . . . . .. . .
temperature  time  rigidity time rigidity index activity activity activity peptides content no acids content
AR ) -
. — — 10 10.684+0.92B  0.03+0.01F  0.58+0.14B  0.15+0.01B  046+0.05A  5.2240.14A
No bleeding
0 10 11.33+0.46A  0.05+0.00Fc  1.0540.07Ab  0.17#0.00Bb  0.1740.00Fc  3.8040.03DEd
4 0.5 8 11.77+0.37A  0.08+0.01DEb 1.12+0.03Aab 0.284+0.05ABab 0.214+0.00Eb  4.1740.06CDc
1.0 8 12.42+0.12A  0.08£0.00DEb  1.15+0.04Aab 0.254+0.07ABab 0.22+0.01CDa 4.50+0.19BCb
Fe B RALL 15 8 12.9740.91A  0.13£0.01Aa  1.20£0.04Aa  0.36:0.04Aa 0.23-0.01BCa  4.82-:0.09Aa
Tail artery
bleeding 0 8 11.29+1.47A  0.05+0.00Fc  1.0240.02Ac  0.18+0.05Bb  0.1840.00Fc  3.414-0.37Fb
10 0.5 8 11.24+0.47A  0.08+0.00DEb  1.07+0.00Abc 0.2440.03ABab 0.21+0.00DEb  3.714+0.03EFb
1.0 8 11.29+0.40A  0.09+0.01CDb 1.10+0.03Aab 0.29+0.03ABa  0.214+0.00Eb  4.03+0.01CDab
15 8 11.61+0.11A  0.1140.01Ba  1.1540.01Aa  0.2940.03ABa  0.244-0.00BCa  4.544-0.02ABa
0 6 11.66%+0.28A  0.054+0.00Fc  1.03#0.03Aa 0.2040.05ABa  0.1740.01Fc ~ 3.894-0.01DEc
. 0.5 6 11.75+0.11A  0.07+0.01Eb  1.0940.22Aa 0.23+0.13ABa  0.22+0.01CDb  3.934-0.05DEc
1.0 6 11.94+0.42A  0.07+0.01DEb  1.12+0.07Aa 0.264+0.05ABa 0.234+0.00CDab 4.184+0.04CDb
SRS BRI 15 6 1203£151A  0.1040.00BCa  1.1740.01Aa 0.26=0.07ABa  0.25+0.01Ba  4.91-£0.03Aa
Neck artery
bleeding 0 8 11.47+0.34A  0.04%0.00Fd  1.024£0.04Ab  0.190.03Bb  0.1840.01Fc  3.4340.02Fd
" 0.5 8 11.74+043A  0.0740.00Ec  1.0240.02Ab 0.25+0.04ABab  0.20=0.00Eb ~ 4.084-0.03CDc
1.0 8 12.36+0.33A  0.094+0.00CDb  1.14+0.04Aa 0.274+0.01ABa  0.22+0.00Deb  4.254+0.08CDb
1.5 8 12.684+0.86A  0.10£0.00BCa 1.194+0.01Aa 0.274+0.04ABa 0.24+0.00BCa 4.45+0.01BCa
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Table 7 The oxidation characteristics of fresh silver carp fillets after different bleeding treatments

. . L ) .
175 = e . N i A/ 4 0T I 1/ /(U/g)
iy i/ B/ s /e P IRATEL (0
& Bleeding water Bleeding time " . & Acid value . g‘ . P )fg.
treatment Peroxide value Lipase activity activity
temperature
ﬂemﬂ - 0.1840.02A 1.104+0.17A 7.68£1.04A 44.0421.99A
No bleeding
0 0.0440.00CDa 0.994+0.19Aa 7.384+0.50Aa 41.04+1.38Aa
1 0.5 0.0340.02CDa 0.9040.16Aa 7.37+1.24Aa 37.45+1.95ABbc
1.0 0.03%0.01CDa 0.902=0.14Aa 6.8240.40Aa 36.951.31ABbc
PRI
)%ijﬂﬂ(ﬁ)([ﬂl 1.5 0.01=£0.01Da 0.90£0.02Aa 6.83+0.39Aa 31.984+2.91Bc
Tail artery
bleeding 0 0.0740.02Ba 0.914-0.25Aa 7.4740.85Aa 42.70+1.17Aa
10 0.5 0.0720.01Ba 0.852=0.09Aa 6.944-0.89Aa 42.0441.99Aa
1.0 0.0240.00CDb 0.85-£0.03Aa 6.83+0.75Aa 35.93+2.00ABb
1.5 0.0240.00CDb 0.8140.20Aa 6.8140.33Aa 31.97£1.97Bc
0 0.0420.00BCa 1.04=0.03Aa 7.4040.62Aa 42.9443.49Aa
1 0.5 0.04£0.00CDa 0.96£0.04Aa 7.254+1.17Aa 37.314+4.14ABab
1.0 0.0340.02CDa 0.944+0.02Aa 6.80+0.78Aa 33.04+1.43Bb
St p3
SR 1.5 0.0240.01CDa 0.8520.02Aa 6.6840.17Aa 31.02+1.47Bb
Neck artery
bleeding 0 0.0540.00BCa 1.0740.05Aa 7.404+0.51Aa 42.46+1.89Aa
10 0.5 0.0540.00BCa 0.9040.10Aa 7.1940.36Aa 37.99+1.68ABab
1.0 0.0440.00CDb 0.862=0.04Aa 7.1940.81Aa 36.6812.30ABb
1.5 0.0340.00CDb 0.8520.01Aa 7.0441.30Aa 33.3543.06Bb
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Table 8 The sensory score of fresh silver carp fillets after different bleeding treatments

Hogys  PRIVKIRC IR i @i o AT
Bleeding treatment Bleeding water Ble.edmg Odor Taste Color Texture Total score
temperature time

A H i No bleeding - - 3.254-0.96D 5.004-0.82D 4.00#1.15F 5.33-20.58D 4.2540.71C
0.0 7.0040.63ABa  6.754+0.96BCh  6.17+0.75DEc  7.25-0.88BCa  6.904-0.65ABa
0.5 7.0040.71ABa  7.004+0.41BCh  8.20+0.45ABab  7.50+0.84BCa  7.1740.74ABa

: 1.0 7.2540.96ABa  8.404-0.55ABa  8.800.45Aa  7.204:0.45BCa  7.4740.75Aa
%iﬂﬂ:k 15 7.5040.58Aa  7.2040.27BCh  7.5040.71BCb  6.75+0.96BCa  6.88+0.79ABa

Tail mzﬁrzyrrrtﬂ%dmg 0.0 4.004£0.71CDe  6.2040.84Cc 5.6040.55Eb  6.00£0.71Cb  5.6740.85Bb
" 0.5 6.004-0.89ABb  6.7140.76BChe ~ 7.50+0.58BCa  8.004-0.63ABa  7.35+-0.73ABab
1.0 6.8840.85ABb  8.1740.76ABa  7.3340.58BCa  7.40+0.82BCa 7.18£0.83ABab

15 7.7540.96Aa  7.5040.50ABab  8.00+0.71ABa  7.30+0.84BCa  7.504-0.66Aa
0.0 5.3340.58BCc  6.2540.50Ca  6.2540.50DEa  6.50+0.71BCb  6.1020.90ABa
s 0.5 6.25+0.50ABbc  6.50+0.96Ca  7.754+0.50ABa  6.504-0.71BCab  6.4440.52ABa
Sk 1.0 7.504:0.71Aab  7.3340.58BCa  7.0040.00BCa  8.0040.00ABa  6.8240.58ABa
el 1.5 7.3340.58Aa  7.00-1.00BCa  8.00-0.82ABa  4.0040.00Dc  6.89+1.12ABa
Neck artery 0.0 6.7540.96ABa  7.434+044ABa  7.60+0.55ABb  7.674-0.82BCab  6.914-0.59ABa
bleeding " 0.5 7.004£0.89ABa  7.6741.00ABa  7.6040.55ABb  6.174£0.75BCb  6.964-0.63ABa

1.0 7.2840.95ABa  7.2940.95BCa  8.861:0.82Aa  7.50-£0.77BCab  7.64-0.70Aa
1.5 7.004£0.90ABa  8.75+£0.96Aa  6.5740.79CDb  8.254-0.50Aa  7.204-0.81ABa
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Effects of bleeding treatment on quality of fresh silver carp fillets

NIU Yongxin, XIONG Qing, YANG Qin, AN Yueqi, HU Yang, LIU Ru, XIONG Shanbai

College of Food Science and Technology, Huazhong Agricultural University; National R&D Branch
Center for Conventional Freshwater Fish Processing ( Wuhan) , Wuhan 430070, China

Abstract To develop high-quality prefabricated conditioned fish products, silver carp was selected as
the research subject. The basic chemical composition, texture features, color, rigor properties, and senso-
ry scores of silver carp fillets were measured under different bleeding methods (neck artery, tail artery) ,
bleeding water temperatures (4,10 °C), and bleeding durations (0,0.5,1.0, 1.5 h), so as to investigate
the influence of different bleeding treatments on the quality of fresh carp fillets. The bleeding treatment sig-
nificantly reduced the fat content, peroxide value, and lipoxygenase activity of the fillets (P<Z0.05), while
significantly increased the whiteness (P<C0.05). There was no significant difference in acid value and lipase
activity between the artery bleeding group and the neck artery group; however, the peroxide value and li-
poxygenase activity in the tail artery bleeding group were lower than those in the neck artery bleeding
group. Compared with the hit slaughter group, bleeding slaughter significantly increased the hardness, elas-
ticity, and chewiness of fresh silver carp fillets. The tail artery bleeding slaughter group exhibited higher
levels of hardness, elasticity, and chewiness than those in the neck artery bleeding slaughter group. In com-
parison to bleeding water at a temperature of 10 “C, bleeding water temperature at 4 ‘C from the tail artery
resulted in increased elasticity, chewiness, muscle water-holding capacity, and total free amino acid con-
tent in fresh silver carp fillets, as well as a lower peroxide value. Additionally, as the duration of bleeding
increased, there was an initial improvement in the sensory quality of fresh silver carp fillets, followed by a
decline. The sensory comprehensive score of the fillets peaked at a bleeding time of 1 hour. The above re-
sults indicated that the bleeding methods, water temperatures during bleeding, and bleeding durations sig-
nificantly affected the quality of fresh silver carp fillets. Tail artery bleeding at a water temperature of 4 °C
for 1 hour significantly improved the edible quality of fresh carp.

Keywords carp; bleeding treatment; fresh fish fillet; texture; flavor; quality
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