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Abstract: In this study, fish balls with a 30% salt reduction were prepared by using octenyl succinic anhydride modified
starches (OSAS) and x-carrageenan (KCG) with different compounding ratios (6:0, 4:2, 2:4 and 0:6). Using the high-salt
fish ball group (HC) and the 30% salt-reduced fish ball group (LC) as controls, the quality characteristics of reduced salt
fish balls stored at —18 °C for 180 days were determined. The results showed that the physical and sensory properties of fish
balls in LC group showed an overall downward trend compared to those in the HC group. The whiteness of the reduced-salt
fish balls was improved and their water-holding capacity and texture properties were significantly enhanced with the
addition of OSAS/KCG (P<0.05). With the increase of storage time, the total volatile basic nitrogen and thiobarbituric acid
value of fish balls were increased significantly (P<0.05). At the end of storage time (at 150~180 d), the total volatile basic
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nitrogen of fish balls in the LC group were exceeded the national standard requirement value of 30 mg/100 g, while the

addition of OSAS/KCG was effectively reduced the total volatile basic nitrogen of salt-reduced fish balls, which was lower

than 30 mg/100 g, and it extended their shelf life more. In addition, with the extension of storage time, the saltiness and

umami of fish balls were significantly weakened (P<0.05), and their sourness was significantly increased (P<0.05).
Moreover, there was no significant difference (P>0.05) in flavor between the fish balls of the 2:4 (w/w) of OSAS/KCG (L-
2-4) and the HC group. The fish balls in the L-2-4 group had a moderate saltiness and umami, and displayed the highest

overall acceptability score. These research result demonstrated that a 2:4 complex of OSAS/KCG could improve the quality

characteristics of salt-reduced fish balls during storage.

Key words: reduced-salt fish balls; octenyl succinic anhydride modified starches; x-carrageenan; storage characteristics;
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Table 2  Effect of different compounding ratio on color difference of fish balls during storage
FabR 2159 0d 30d 60d 90d 120d 150d 180 d

HC 86.42+0.62"" 86.17+0.80" 85.370.095" 85.08+0.175 84.68+0.185¢ 84.29:0.10P 83.84+0.18®

LC 82.38+1.80"° 81.27+1.224P 80.14+0.60° 79.44+0.32P¢ 78.60+0.30°PH 78.24+0.23PF 77.53+0.28"

= L-6-0 87.21£1.19 85.99£0.56" 85.58+0.355% 84.43+0.39 83.93+0.41<° 83.66+0.58" 83.22+0.65"
L-4-2 87.11+0.32% 86.33+0.205 85.89+0.06 85.25+0.20™ 85.02+0.18™ 84.62+0.30% 84.21+0.24™

L-2-4 85.44+0.13"° 84.80+:0.46° 84.40+0.40% 83.82+0.23% 83.31+0.24" 83.02+0.18™ 82.83+0.16™

L-0-6 85.81+0.95 85.19+£0.115® 85.01+0.05% 84.61+0.385 84.18+0.23" 83.46+0.49% 82.82+0.33™

HC ~9.13+1.879¢ ~8.65+1.09™ —8.110.89" ~7.68+0.77™ —6.96+0.72¢ —6.41+0.643 —5.86+0.82"¢

LC 7.66+2.78" 8.17+2.874% 8.70+3.354 9.09+4.09"* 9.58+4.04" 10.16+4.33% 10.66+3.73*

. L-6-0 —4.8242.79%¢ —4.10+2.23%¢ —3.4542.60"° —2.8242.53%¢ —2.86+2.04"¢ —2.3742.024 —2.21£1.91%¢

¢ L-4-2 —1.90+3.39%¢ —1.3943.42%¢ —1.03+3.35%¢ —0.57+3.02%¢ —0.1342.56"¢ 0.09+2.39¢ 0.38+2.32¢
L-2-4 3.20+0.62% 3.41+0.61°% 3.93+0.43P° 4.33+0.465° 4.73+0.555° 5.14+0.7248° 5.56+0.714°

L-0-6 2.81+0.73° 3.15+0.765 3.35+0.715 3.67+0.6545 4.08+0.87°B¢ 4.60£0.77"%° 4.90+0.86""

HC 8.69+1.32"° 9.24+1.19%° 9.38+1.18"° 9.83+1.29%° 10.31+1.26*° 10.61+1.28% 10.82+1.30%

LC 12.65+0.35™ 13.00+:0.25" 13.43+0.35P% 13.960.30* 14.46+0.49°C 14.80+0.54P2 15.28+0.55
b L-6-0 10.98+1.535® 11.47+1.51A8® 11.95+1.39A8® 12.541.0148 12.95+1.08A85® 13.43+0.90® 13.78+0.78®
L-4-2 10.09+2.13%® 10.48+1.90%® 11.04+1.86*® 11.3241.74%® 11.86£1.66*™ 12.13+1.60%™ 12.46+1.497%

L-2-4 8.99+1.397° 9.32+1.424° 9.48+1.314° 10.18+1.224° 10.43+1.28%° 10.811.50%% 11.3341.45%%

L-0-6 8.84+2.06° 9.43+1.824° 9.73+1.95"° 10.20+2.06*° 10.67+2.09*° 10.96£1.974% 11.40+1.85%

HC 81.37+0.28" 81.19£0.31 80.79£0.524B 80.520.655¢ 80.23+0.515¢ 79.9620.45 79.65+0.59™

LC 76.93+2.51 75.70+1.9748° 74.36:+1.335¢° 73.36+1.61°P° 72.28+1.46"> 71.60+1.66™ 70.67+1.39"

- L-6-0 82.28+1.21" 81.32+0.9248 80.83+1.324B 79.72+0.825¢ 79.09+0.71¢ 78.63+0.53% 78.11£0.45%
- L-4-2 83.22+1.19" 82.44+1.034 81.81+1.135¢ 81.20+0.94P 80.74+0.81P 80.27+0.67°% 79.77+0.65™
L-2-4 82.57+0.94" 81.83+1.1948 81.30+£0.78"5 80.38+0.67" 79.73+0.59P 79.20+0.81 78.66+0.81™

L-0-6 83.00£1.76" 82.12+1.1448 81.77+1.165 81.12+1.228¢ 80.43+1.33P 79.57+0.87°% 78.76+0.92"
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Fig.2 Effect of different compounding ratio on MRI imaging
of fish balls during storage
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R IS B A28, 25 AL PRZFLAEEE | 5P FINELG-E
Yy S BRI I A 34 (P<0.05 ), FaRUIE Y [R] BTk 4
PERAE B AT BE S 7K I3 BB B DA OGP . HC 26
AU RS RE RIS AR XS %52 7, J SR AR PR, A AL i

BE R R R R 2 B AR (P<0.05) o 3X il R
LM P SE S SR — 3K, BRI ER vt A5 1 M IR TR AT,
g HLAH B B AR X 825 . X AT REZ th T IEH 1Y
FRS IS RN A5 5T i Aar, RIS i
FEHEFRAH B AE RN, 25 A S B 0, P BE 47
HJE B 4 244200, 3R 3 m AR 2, FE I AR
(180 ), ThNT OSAS/KCG Fryfa ALFRH & | Jifp:
FINEANEER BT LC 4H(P<0.05), 24 ¥ & FtH
B Ry 2:4 B}, AL A R Bl . X ] RS2 T
OSAS & /KR AL, A FIF A AUURET i 11 i
T, PR3 T 8 -/K SR AR, DA A il o 2 5
KA L5, T KCG £S5 MP JE il ik %5 42
ZZER A NI 245, 3% 5 Wasinnitiwong 56 (i AfF
FELERAEL, B re-RPLIEE 5 2R My 52 B AT 42 v A 4k
fh 0 BEEE IR (eI HAA U HIE o
2.5 FhEEE oM

% J PE &R 3k % ( Total volatile basic nitrogen,
TVB-N) & sh ¥ 6 & vl ok il Fn e 2= 2145 fif B A
JoR e A SRS S B B B, e T DA e R,
FA SR AR5 S WL A3, anl&] 3A T, £5FR A
A 3L TVB-N HIIAR{E N 5.30+0.22 mg/100 g BB
JECHS TR] Y RE S, £5-2H [R] 22 St il R . mTLAA HY
TEN S #H (150~180 d), #AH%E HC 4H, LC 4L
TVB-N B 2 Z 1 (P<0.05), #id NY/T 1327-2018
et B BE ] S P X EEd S TVB-N iR
FE{H (30 mg/100 g) o IXULHH T IiEh A F I T AL
TVB-N {H I, X AT RE 2 i TISER IR M55 T4
PR R B AsE E, AERA T S N TR 17
PEARXT R, TR 3E T 88 PSR ) o S m R
P R . AR RIER N T OSAS/
KCG 35020 KT Bl 7K~ (30 mg/100 g), H. 4
OSAS/KCG E B bW N 2:4 B, H TVB-N {4 ik 3
K. XnlER T KCG BIHE T4t S OSAS
TEM 1P SIS TR S SS0R TR g o B, U0 o) 5 DL BT 14 4=
A, PN SR £ AU JEE AR vy R AR Il 1) ey BR BT

i 1C B b 22 18 ( Thiobarbituric acid reactive
substances, TBARS ) {H & 5z WA AU jec 30 6] Jig 51 460
AERREEROFE bR, RV SEAL 5 RIS A 2 R RUBR 2
VIS, BRI R R 25 [ PR it AU LA it S
M4 45 AR an & 3B TN, 7E I R 1A A5 Ab B 2
TBARS {H B AKX, 98 0.5 mg/kg A& 45, iX 5 511k
SEBT IR TE B A A LRI AR (0.5~1.0 mg/kg) —3K, £
BHUC B SR AP AE R BB T, F R R AR A
TIFNRRIIR, 1F (O BETR T FE A A SG f rh 525 %,
AR A . R 3B AT NTEI R B (180 d),
LC 4019 TBARS {HH B & T HC 41, X Ui &£ H
InELAIL, Sl ea R R B REAIR . X T B
T BE AR P AR ES T R TR A S A TS A e R
AR AS R IETRES P 120~180 d, 45 4H 10 kL2 I
i) TBARS {HZ= 553 i 3 (P<0.05), 23K LC 4>
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Table 3 Effects of different compounding ratios on the texture characteristics of fish balls during storage
fihr b1l 0d 30d 60 d 90 d 120d 150d 180d
HC 18.190.14% 17.490.34% 17.30+0.21% 16.92+0.10 16.28+0.15> 15.82:£0.08" 15.28+0.14"™
LC 9.42+0.114 9.00+0.15"" 8.77+0.13¢ 8.24+0.16"" 8.0120.17% 7.41%0.11% 6.77+0.05
) L-6-0  12.64+0.08" 12.30+0.20" 11.76+0.08 11.27+0.06™ 10.9240.10  10.65+0.08"  10.45+0.18™
6/@&;(]\1) A B Co CDx Do E Fo
L-42 1448028 13.730.11% 13.14+0.10% 12.920.08"° 12.56+0.18™ 12.140.14" 11.57+0.39
L-2-4  15.75£0.21M 14.83+0.10% 14.41£0.16%® 14.13£0.11™ 13.820.14™ 13.27+0.02™  12.81x0.12%"
L-0-6  13.55£0.26" 13.070.05™ 12.85+£0.07°°  12.53£0.15  12.2540.14™  12.25£0.59™ 11.60+0.11%
HC 5.25+0.10" 5.0120.09"® 4.75+0.06° 4.63£0.06 4.27+0.06"" 3.8620.13™ 3.53+0.10™
LC 3.42+0.12% 3.16£0.05™ 2.91+0.11° 2.54+0.12™ 2.23+0.08"™ 2.000.11™ 1.76+0.06%
S (enim) L-6-0 4.74+0.08"° 4.43+0.08" 4.19+0.01¢ 3.94+0.07™ 3.60+0.19™ 3.14+0.14" 2.79+0.09%
PE(mm )
’ L-4-2 4.82+0.09* 4.53+0.07" 4.34+0.06° 4.120.09" 3.84+0.10™ 3.5940.05™ 3.36£0.07°
L-2-4 5.28+0.07" 5.0620.05" 4.83+0.12¢ 4.54+0.07™ 4.310.05™ 4.00£0.11™ 3.75£0.06%
L-0-6 5.130.04" 4.90+0.12% 4.60£0.08 4.35+0.08™ 4.10£0.05™ 3.85+0.04™ 3.65+0.04%%°
HC 43.37£0.57% 41.760.88% 39.91+0.38%® 37.78+0.59 36.55+0.44" 35.53£0.34"™  33.73+0.16"
LC 26.15+0.58 25.60+0.69* 23.80+0.35™ 23.03+0.21°%" 21.76+0.54% 19.79+0.60°" 18.7240.51%
I () L-6-0  35.18£0.33" 33.68+0.44% 32.34+0.76% 30.52+0.43™ 29.20+0.35"  28.58+0.28%  27.75+0.26"
L-42  41.42£0.61* 39.48+0.93% 37.27+0.47 36.21+0.21™ 35.71+0.22"  33.84+0.78%  32.54x1.01
L-2-4  44.75£0.59" 43.35+0.45™ 42.22:+0.44% 40.67+0.37™ 39.52+0.65%  38.39+0.16™  37.66+0.30"™
L-0-6  37.97£0.35*  37.27+0.86"™ 36.54+0.46" 35.42+0.17% 34.15+0.71°  32.80£0.43%  32.06+0.36"
) A= PR BT A g SELEE R RIS , e Il e B A 1784
N R, AR [ A B A0 g s AL TR T % o A
S 2 TEHLANE 4 FR, W 0 d B, LC ZH )ik 5 e ik ik
2 201 s ZAIL T HC 41(P<0.05) . #shll T OSAS/KCG i ff1
i 0 0-L-6-0 FUAHEL LC 21, JalR- S EERAE A T, Bl 1 osiEhR
T o L-4-2 . N = .
Z - L-2-4 AR PRIGEAR T £0 LAY BRI EL, 3 AT BEJE: th TRk
ol L0 R IRAE IR S A EAKONE, Jal B B RAAP S £ Lo
0N 0 (2221, T OSAS/KCG FA AT 1 sk 1 AL
® 4 FRJREEIAR o B T RGN TR A SE I, AN [R) AR BREZH £ LAY
7 --HC . SN N . s
T2 AR . 25 B 5 (P<<0.05) , ff IR 5 JR R i 25 0 555 (P<
53 0.05), HAERFFIEZER SR Rl A5 s B/, f
£ , HUBH R P22 5 (P>0.05) . A&l 4F B, 7645 0 d
g B, A% AL FEL 35 B4 A 4E PC1 IE R4l & PC2 12k
B 11 Bl b, SRR AN ELRAR OC, BERHIX LA IRIETESS 0 d
IR et o AR RN (180 d) A ALBHZH F2 2253
0 T T

0 30 6IO 9I0 12IO 15I0 1520
I R] (d)
K3 NIRISZ I LG 50Tt R3S ) 35 e 32 0 52
Fig.3 Effects of different compounding ratios on freshness
of fish balls during storage
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42 B AR Ao (e FH S s HE TR . s T HE SR
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T 1R 35 P 9 B4 [ bh 38090, —3H PR [R] B AR T TBARS
B, $EZ% T i Eh AL AR IR I . 275G TVB-
N 5 TBARS {H XT £ AL ff BE 09 PEHr 45 SR R BH
OSAS/KCG E B by 2:4 B, o L R 65 5 i
EFETE, AR LC PR AT 2=/ 30 d.
2.6 RS

FEL VR S 24 i 5 A A%, T LAAS 250k S

AFE PC2 IEP5h I, SEesk . ¥k . F25 BEA G, 16
A ik 3 1] AL 5 R A A= AR Ak . BBAR, FEI i A 1
(180 d) A, L-2-4 £ 5 HC £H /M B B it , X 1
OSAS/KCG BB 2:4 B, 5 1E 3 1 ALXT FELH (19
TG e AR
2.7 KBRS

AN[E) b FHLH (9 AR AT (0 d) ANt 5E AR ]
(180 d) HL F B AL RAF W BN E 5 s, A4k
FH 2 45 A% JE A 17 i) R AF AR A R A AE AL . AR R AR
WIW., WIS, W2S, W2W ., W5C Fil W6S F i i/ {E
B, Hirp WIW, WIS, W2S Fll W2W eI 588 6]
i) 37 A 2 25 AR (P<0.05), 1if WSC F1 W6S A3 Fir i
fin. il 5B AN, A AR A — A4 (PCL) FI5E
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Fig.4 Effects of different compounding ratios on the taste of fish balls during storage
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Fig.5 Effects of different compounding ratios on the flavor of fish balls during storage

68.1% FYFFIEMSEL, 25 0 d 45 4bFHLH ¥ AR A sl —
AT IE 4, 45 180 d 45 AbFHLH ¥4 3 AR A4S — E Sy
B, e AT IR A )Xo £ AL XU A A7 255
M) (P<0.05) o [FIA 7ERE AN ], %5 T OSAS/
KCG 4b¥PZH 5 HC H I B ER, Ul AR SIRTE
FHALL

K4 R[EISTC LA IR 8] AU R PR Y

BRETEMN

TR VP RAE N . MG b R E FITUT B
RN 2 B P= A B E R ERS . anEk 4 FoR, i Ak
HZH AL AE—18 C Z5F FIFE 180 d, Bifi s I 7k
() A S, A5 A FRZH fo AR Sl i 11 8% . XU FILEVAC AT
T PEYA T NI TDSRIEA 227 (P>0.05),
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Table 4 Effects of different compounding ratios on sensory evaluation of fish balls during storage

EiztaN 2135 0d 30d 60d 90d 120d 150d 180d
HC 6.27+0.21"* 6.00+0.18™ 5.72+0.19 5.49£0.25™ 5.31+0.31°% 5.08+0.34% 4.84+0.33"™
171 J& LC 5.19+0.13% 5.000.19"% 4.71+0.25% 4.38+0.16™ 4.15£0.18" 3.95+0.18™ 3.76£0.17%
L-6-0 5.54+0.20* 5.32+0.21% 5.06+0.18% 4.854+0.20™ 4.60+0.16" 4.43+0.16" 4.2440.13%
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e 21531 0d 30d 90d 120d 150 d 180 d

L-4-2 5.73+0.15% 5.49+0.12"% 5.28+0.15 5.04+0.14™ 4.84+0.17% 4.64+0.20™ 4.540.16™

F% L-2-4 6.03+0.124° 5.79+0.14% 5.60+£0.18% 5.42+0.15™ 5.22+0.14%° 5.07+0.13" 4.95+0.11%

L-0-6 5.73+0.16™ 5.54+0.16™ 5.37+0.185° 5.20+0.21<"° 5.06+0.22°"  4.93+0.22" 4.78+0.18™

HC 6.42+0.13% 6.26£0.16™ 6.35+£0.074% 6.30+£0.18"% 6.31+£0.10%% 6.39+0.07"° 6.40+0.114

LC 3.58+0.19%° 3.57£0.21% 3.69+0.23* 3.57+0.27% 3.48+0.15% 3.64+0.27"° 3.58+0.28

ok L-6-0 4.07+0.22°% 4,03+0.234% 4.17£0.19" 4.1240.19"% 3.99+£0.194%  4.03+0.22*%  3.95+0.15™

L-4-2 5.02+0.19% 4.930.19" 5.042£0.21%¢ 5.10£0.16" 5.00+£0.19% 5.03£0.16* 5.00+£0.19%

L-2-4 5.60+0.24"° 5.71£0.16"° 5.61£0.214° 5.77+0.184° 5.69+0.26*° 5.73+0.204° 5.65+£0.214°

L-0-6 5.63£0.19%° 5.62+0.20%° 5.52+£0.14%° 5.63+0.16"° 5.52+0.14% 5.64+0.24"° 5.60+0.12"°

HC 6.76£0.13% 6.62+0.10% 6.46:0.08% 6.34+0.10™ 6.24+0.10% 6.15£0.11% 6.02+0.09™

LC 5.26+0.14% 5.13+0.14% 4.97+0.135 4.83+0.175¢ 4.7120.19>  4.59+0.18F 4.47+0.21%

Uk L-6-0 5.69+0.09* 5.51+0.09" 5.40+0.12% 5.20+0.145¢ 5.19+0.14>  5.07+0.15°* 4.96+0.13%

L-4-2 6.05£0.11%¢ 5.89+0.13% 5.78+0.11< 5.65+0.08™ 5.5420.05% 5.42+0.09™ 5.33+0.08™

L-2-4 6.40+0.08"° 6.29+0.09™ 6.16£0.10° 6.00+£0.09™ 5.89+0.11% 5.77+0.14" 5.67£0.13™

L-0-6 6.10£0.09"° 5.96+0.11% 5.84+0.14% 5.72+0.13™ 5.65+0.14°%  5.58+0.13" 5.50+0.12"

HC 6.60+0.12° 6.47+0.12% 6.34+0.13 6.24+0.13> 6.16+0.14"  6.05+0.16"™ 5.97+0.18™

LC 5.09+0.14 4.96+0.134% 4.84+0.175¢ 4.75+0.21¢> 4.62£0.18”  4.52+0.20"" 4.44+0.22F"

KT L-6-0 5.44+0.07% 5.300.09" 5.1 9i0.13fd 5.09+0.12" 4.99+0.12% 4.88+0.11" 4.79i0‘12F‘e

L-4-2 5.83+0.11% 5.66+0.07% 5.54+0.07% 5.41+0.07™ 5.29+0.06™ 5.15+0.08" 5.04+0.08%

L-2-4 6.30+£0.16™° 6.12+0.13% 6.01+£0.125® 5.89+0.12°> 5.77+0.15°®  570+0.14°™ 5.64+0.14™

L-0-6 5.85+0.14% 5.69+0.15% 5.58+0.155¢ 5.53£0.13%  5.47+£0.13P%  5.41+0.15" 5.34+0.14%

X5 P B L SRS A, 3 AT e i A L35
55N A AR AR P X AT SR R B i r e A
TR W, 2 0 diBf, LC A EVE & B E LT
HC £H(P<0.05), H#% T OSAS/KCG o dLAH S
T LC 2 HJBE S S A it =, fH IS HC 4.
I e A H (180 d) A, #IIN T OSAS/KCG B I s A
A 2 IR B o 24 OSAS/KCG & e H 61 R
2:4 B EAMES N KCG B, Ly H8S HC Aok
250 (P>0.05), FE W H AT A Rppai kL 8
S, Horp, LRk 204 B, fa Ul AR T s
BT TE X BRZH o
3 iR

WFFEAS[RINE FE B OSAS/KCG %o vl ik £ LI st
O3 ) & SRR R R S o &5 R R, AH A HC 4,
LC Bty . Rk J15e2s, B sx, B MeE e e
REWi FALRR T &5 . TER DT OSAS/KCG Wik
10 FUFEER B A R L FRAK T SR REE, SRR
TVB-N {H5 TBARS 1H, @K IHARTTHA, LAk, B
T A TR A4 JE G, £ LAY R R 2 TR i, 11T Jal i i fef
BRI HTESS . 5 LC AR, W T OSAS/KCG
VR ER fa AUXURARAE 5 HC ZHJC B3 25 5% . Jamm
H 22, 24 OSAS/KCG LJ 2:4 14 Futs 52 e st , Refis i
Gy YRR o ALAE I RCEA R 4 P BE L ek L A
REE R E T
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