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Effect of Partial Substitution of NaCl by Non-Sodium Salts
on the Quality of Low-Salt Black Carp
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Abstract: The author compared the salt-reduction effect of different non-sodium substitute salts in the process of
low-salt black carp (Mylopharyngodon piceus) curing, and selected the suitable types and substitution ratios of
these salts. Using fresh black carp as raw materials, the effects of potassium chloride (KCl1), potassium lactate (KL),
salty peptide, and the combination of KCl and KL on the indicators of fat oxidation, protein degradation and sensory
scores of black carp curing were studied at substitution ratios of 20% and 50%. The results indicated that: in KCI
replacement group, the moisture mass fraction and pH of black carp decreased, and the hardness of the fish meat
increased, but the colour was not significantly different from the control group (P>0.05). The fat oxidation effect in
the 50% KCI replacement group was significant, but the total salt mass fraction was relatively high. In the 20% KCl
replacement group, the biogenic amine mass fraction and TVB-N value of fish meat were reduced, and the highest
sensory score was achieved. In the KL replacement group, the moisture mass fraction, pH, and fat mass fraction of
black carp decreased. In the 20% KL replacement group, the fat oxidation of the fish meat was more pronounced,
but the total salt mass fraction was higher. There were no significant differences between TVB-N value, colour and
biogenic amine mass fraction compared to the control group (P>0.05). In the salty peptide replacement group, the

fat mass fraction of black carp was higher, the safety of the fish meat was lower, and its flavor, odor and
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acceptability were poorer. The KCl and KL replacement group exhibited the best effect of inhibiting fat oxidation of

the fish meat, but tyramine mass fraction was higher. The addition of citric acid in the KCI and KL replacement

group decreased the pH of the fish meat, making it more acidic. Based on the overall analysis, KCI was identified as

the best alternative salt for black carp, with the optimal substitution ratio being 20%.

Keywords: low-salt; black carp; fat oxidation; protein degradation; sensory quality
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Table 1  Substitute salt addition amount
s /g
41531 TiC B e
NaCl KCl KL JR B A5 R

cl14 NaCl 100 150 0 0 0 0
Al NaCI/KCl 80:20 120 30.0 0 0 0
A2 41 NaCl/KCl 50:50 75 75.0 0 0 0
B14l NaCI/KL 80:20 120 0 30.0 0 0
B2 4 NaCI/KL 50:50 75 0 75.0 0 0
D14l NaCl/jak b fik 80:20 120 0 0 30 0
D241 NaCl/Jg i ik 50:50 75 0 0 75 0
E14 NaCI/KCI/KL 80:10:10 120 15.0 15.0 0 0
E24H NaCI/KCI/KL 50:25:25 75 37.5 37.5 0 0
E3 4 NaCUKCUKL/F 5 FR 50:20:20:10 75 30.0 30.0 0 15

B AT E o pH I E  ARECE S 2 g, A %
5T 7/K 20 mL, #5 J5 F pH iH I & o A8 W & 4y
B 52 : 2 1B GB 5009.6—2016( £ /i % 4 H K b5
B AR R I ) IR 2R IR e B v AT I R
133 B #% Na K REr&M2

MR E B S SC/T 3011—2001¢ K 77 &
R I YREAT I E . Na™ KR &0 S 1R
GB 5009.91—2017¢ & i %2 4> [H SR £ i A 8
IR 5 ) HEAT I 5E .
134 &FENE
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12 % T, B AL Pk I e A B A& e A B3 A
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TVB-N {i 2 i GB 5009.228—2016( £ § % 4=
Bl % b £ HR A R R R SR e ) R i
O FIE AT I E .
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% [/ GB 5009.208—2016¢ & f % 4 EH XK br

B AR I I E ) I VAR i AT
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Table 2 Sensory evaluation criteria for black carp
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To R At AR, AR W AT AR B, AT R 3~5

P 32 K I AR AR 0~2

HA a5 &% AT 570k 8~10
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DA 25 5, A AL 1 L R 1 R 4 8~10
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Fig. 1 Effect of different substitute salts and substitution ratios on the basic nutrient composition of black carp
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Table 3 Mass fractions of total salt, Na" and K" in black carp under different substitute salts and substitution ratios

415 SR = 0% KJi & 40 #0/(mg/100 g) Na'Jii & 4> $0/(mg/100 g)
Cl4 3.80 502 2533
INE! 3.57 847 2011
A241 6.31 2075 1113
B14 4.92 1127 2129
B2 41 3.57 1419 836
D14l 3.48 506 1044
D24 6.72 510 2056
E14 3.85 835 1305
E24 3.54 1332 812
E3 4 3.81 1146 512

N FEBEH KA - EARR B AT, RO Ik = AR
Y KO B8 KCL B ARA R KL &
AR D1 AL R Bk 5 s 3 B R 2 B T D2 4
e R Ry A s, R . E1 A RTE3 A1
ME BB CLA . &K Na i
BB EFEMT CLA, L3 7 18 PR £ 1 ) o
AN H
23 ARIBRIBREREOTEFENEESF
07 2 BV 4 P A 5 0 R AR s L B T
FHHEBRAERERSEZS L KA
W KCL R KL x5 L & o % W&
2 (P>0.05) 3 J3l WK Ik B A 4H f1 PR  BE AI , 37 B
BEMNED., L' MEk5aRPEA LM
M2 & A &L E A 8RB S
Armenteros 25 5T K B, KR Na' 76 28 [ i B¢
fif v B ARACLE L IR R 5 in KCLAT KL B % 1% £F

R4 TEBRERBREGATERGFEL
Table 4 Changes in coloration of black carp under different

substitute salts and substitution ratios

AN EERTE. PR AE R AT, A
PAL R A R T O IR Ak A R o SR AR B ek
L4784 &, AR ORI 20 8 1 e, A
R, E R B2A D2 bR E R
T C1H (P<0.05),1X Al f& J2 tH T = W & 19 KL 7]
JE 2% 0 A pH [ T B, A 15 £ PR AE I 1) B 5 4
AR R o R R B AR T B P Rl R R B
FhE, MR G A, R R . TETE R4
W BE A B ARG B RN, b B BT
24 AEBREBRBREGITEENREEFE S
KC1 KL A2 Jalt ok ik 5 AX 4 1 £ Pl T 6 2% v
F C1A(P<0.05) (W3 5), n] 8 & B Q4L i A K
Pl S (A 7 A N NPT s o SR
Bo BEAN KURETE m Eh VA T AR R I U R O, 1Y
Tn fa PR ) R T, B4 CE3 4 Y A R
i, KCI KL AR & AR b6 7 A ) 1 R 55 2 9 R K1

RS TRBREREREHATSENRWHFEETN
Table 5 Changes in the texture qualities of black carp under

different substitute salts and substitution ratios

253 L a b 24153 fifi JE /N B
C14l 44.61+0.91° 0.94+0.20° 2.77+0.25° Cl14l 2.517+0.174°" 1.1714£0.102%
A1 44.58+1.71* 0.95+0.26" 2.79+0.33¢ AT 2.797+0.194% 1.329+0.162%
A2 4 44.51+1.87" 0.96+0.45" 3.01+0.70% A2 4 3.542+0.526% 1.462+0.123¢
B14l 43.74%1.20° 1.25+0.38" 2.87+0.25° B14l 3.807+0.532° 1.598+0.133
B2 4 42.29+1.21%¢ 0.87+0.36" 3.99+0.13* B2 2.991+0.073% 1.252+0.112°%
D14 40.58+0.74% 0.86+0.23" 2.96+0.25% D14 3.274+0.142% 1.591+0.157%
D24 40.13+1.68° 0.88+0.13° 3.69+0.24 D24 3.466+0.210" 1.583+0.103®
El14 43.354+2.08% 1.08+0.39" 2.51+0.24° El14 2.040+0.162¢ 1.220+0.177%
E2 41 42.90+1.18% 0.93+0.32" 3.09+0.17% E2 4 3.267+0.064" 1.692+0.093"
E3 41 43.22+2.12% 1.09+0.27° 3.09+0.34" E3 41 2.124+0.194% 1.072+0.160°

FFSIARNG FRRORZ R B E(P<0.5),

VE AR NG R % R BB (P<0.5),
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Fig. 2 Effect of different substitute salts and substitution

ratios on TBA value of black carp
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Fig. 3 Effect of different substitute salts and substitution

ratios on POV of black carp
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Table 6 Mass fraction of biogenic amines of black carp under

different substitute salts and substitution ratios

5 AW I 5 4y B/ (mg/kg)

JE J i H % = i W% fiz
Cl# 6.80 0.76 3.85 — 21.32
Al — — — — 20.13
A2 — — — — 28.95
Bl 4 — — — — 28.60
B2 — — — — 23.78
DI — — — — 44.30
D24 3.05 1.21 3.81 2.35 74.77
E14 — — — — 64.56
E2 41 — — — — 49.72
E34 — — — — 49.86
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