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Abstract 

Holding of Japanese threadfin bream (Nemipterus japonicus) on ice before mincing and 
freezing resulted in significant changes in peroxide value (PV), free fatty acids (FFA), 
thiobarbituric acid (TBA) number, salt-soluble proteins (SSP) and flavor scores. 

During frozen storage, the increase in PV, TBA and FFA correlated significantly (P <0.05) 
with the decrease in SSP. Further, lipid parameters and SSP influenced the quality of the mince 
with respect to flavor score (P<0.05) indicating that these parameters are useful for determining 
the stability of the mince during frozen storage. The quality of frozen stored mince (-l 8°C) ob
tained from 0, 3, 5, 11 and 14 d ice-stored Japanese threadfin bream was 'acceptable' up to 
138, 120, 86, 62 and 7 d, respectively. 
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Data from the chemical analysis were subjected to two-way ANOVA to 
determine differences between holding time on ice and frozen storage. Least 

significant difference (based on Duncan's 't' test) was found between frozen 
storage period for each sample and between samples at a given frozen storage 
period. Correlation coefficients between the SSPs, with hydrolyzed and oxida
tive products of lipids and their relationship with organoleptic quality (flavor) 

were established. The shelf-life of the product was determined using a linear 
regression between the mean sensory scores for flavor and storage period. 

Results and Discussion 

The effect of preprocess holding of fish on ice prior to deboning and 

freezing, revealed no significant variation (P>0.05) in total lipid. content of the 
mince (0.62 ± 0.07%) between the treatments and during frozen storage. 

?reprocess holding of pink perch on ice prior to freezing exerted a pro

found influence on the formation of peroxides through oxidative deterioration 
(Fig. la). A significant increase (P<0.05) in PV was noticed during the first 
120 d storage in samples F 1 and F2 , 90 d in F3 

and F4, and 60 d in F5• A
slight decrease (P>0.05) in PV was observed during the later part of the stor
age. The decrease may be due to the secondary reactions of the carbonyl 
compounds and volatilization. Hydroperoxides are useful indicators of oxygen 
uptake only in the early state of oxidation (Perez-Villareal and Howgate 1991), 
hence a significant (P<0.05) increase was observed during the initial storage 

period. 
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Fig. 1. Changes in the peroxide value 
(PV) (I a) and thiobarbituric acid (TBA) 
(1 b) number of frozen-stored pink perch 
mince. Fresh (O d) [....,I , 3 d [o--0), 5 d 
[.l--41, 11 d ["7'.I, 14 d [>-<I. 
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Fig. 2. Sensory evaluation of pink 
perch mince stored at • 18°C based 
on flavor scores. Plot of linear 
regression with time. Fresh (O d) 
[.._.], 3 d [D--0), 5 d [�, 11 d [,h\J, 
14 d I J<---il). 

A significant increase in TBA number was observed during frozen storage 
of all the samples (F

1 
- F

5
), and delay in processing of fish prior to freezing 

led to increased TBA values during subsequent frozen storage (Fig. lb). Me
chanical deboning and mincing accelerate oxidative change via the separation 
of fat from tissue and skin (Webb et al. 1976) and via physical surface effects 
(Mai and Kinsella 1980). 

FFA levels were lowest in fresh fish mince (F 1 ) and increased with hold
ing time on ice prior to mincing. An increase (P <0.05) in FFA among all the 
samples (F 1 - F5) during storage indicates hydrolysis of lipids (Table 1). Prepro
cess holding of fish on ice prior to freezing significantly reduced SSP (Table 1). 

Significant reduction of myofibrillar proteins occurred during the first 120, 90, 
90, 60 and 30 din F 1 , F2 , F3, F4 and F5 samples. It is evident that myofibrillar
protein denaturation during frozen storage depended upon the initial condition 
of the raw material. Lipid oxidation products and FFAs formed during frozen 
storage of fishery products are known to influence the solubility of proteins 
(Srikar et al. 1989). Interaction of oxidized lipids with fish proteins such as cys

teine SH, the L - NH2 group of lysine and the N - terminal group of aspartic
acid, tyrosine, methionine and arginine (Kussi et al. 1975) are also known to 
influence the solubility of SSP. In the present study, a significant inverse rela
tionship existed between SSP and PV (P<0.001 for samples F 1 and F5, P<0.05
for F2 , F3 and F4) and between TBA and SSP in all the samples (P<0.05) dur
ing their respective frozen storage periods. According to Sikorski et al. (1976), 
FFA may react hydrophobically or hydrophillically at appropriate sites on pro-
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Table I. Free fatty acid (FFA) and salt-soluble protein (SSP) contents of pink perch mince 
during frozen storage. 

Parameter FF A• (% of total lipid as oleic acid) SSP* (%) 

Storage at Treatments 
-18°c (d) F1 F2 F3 F4 Fs F1 F2 F3 F4 Fs 

0 3.73f 5.66! 6.91! 12.65l 13.3n 9.3lf 8.951 8.71! 7.40! 7.02! 
(0.01) (0.28) (0.27) (0.0) (0.27) (0.56) (0.43) (0.02) (0.15) (0.14) 

30 5.991 854i 11.10i 1328l 12.681 6.061 7511 5.89l 4.95l 42oi 
(0.24) (0.53) (0.63) (0.0) (0.16) (0.17) (0.21) (0.18) (0.36) (0.13) 

60 957f 11.631 13571 1155! 15.62i 6.06r 5.091, 4.86!, 4.J()j 3.871"
(0.0) (0.0) (0.25) (0.0) (0.01) (0.21) (0.29) (0.06) (0.09) (0.07) 

90 11371 13.99/ 15201 15.95i 18.791 4.71f 4.10/, 5.00f 4171, 3.62� 
(0.22) (0.0) (0.10) (0.0) (0.21) ·,(0.06) (0.07) (0.08) (0.25) (0.06)

120 14.921 18.75! 19.09) 28.8()j 3.67f 4.07f 4.Isl 4.101 
(0.01) (0.0) (1.71) (0.61) (0.20) (0.20) (0.04) (0.07) 

150 1s.13f 20501 22.841 27531 4.00f 3,9jf 3.88/ 3.821 
(0.0) (0.0) (0.31) (0.0) (0.02) (0.20) (0.09) (0.30) 

180 20.1 le 3.92c 

(0.0) (0.05) 

• Values are the mean of minimum three estimates; - : Not determined, spoiled; standard deviations are indicated in
parentheses; Means followed by the same superscript within a column do not differ significantly (P>0.05); Means
followed by the same subscript within a row do not differ significantly (P>0.05).

tein surfaces to create a hydrophobic environment, thus resulting in lower ex
tractability. The existence of a significant (P<0.01) negative correlation be
tween FFA and SSP in F 1 , F 2 and F 3 further explains this phenomenom.

The sensory attribute 'flavor' of fish mince deteriorated during storage 
(Fig. 2). The decrease in flavor scores was more prominent in fish held on ice 
prior to mincing and freezing than in mince prepared from fresh fish. The de
crease in solubility of myofibrillar proteins might have caused the low flavor 
scores, and the product also had a tough, rubbery texture. Typical off-flavor 
characteristics (bitter) were substantiated by the significant negative correlation 
between FFA and flavor scores (F

1 
- F

5 
, P<0.001). Accumulation of FFA is 

said to contribute to the off-flavor of the product and damage texture by 
complexing with muscle proteins (Mai and Kinsella 1980). Significant negative 
correlations between TBA number and flavor scores (F

1 
, F

2
, F

4
; P<0.01: F

3
, 

F
5 

; P<0.05) suggest that malonaldehyde may be responsible for the rancid fla
vor. On the contrary, PV was significantly related to flavor in sample F

I 
only. 

Results of this investigation indicate that the determination of TBA, FFA 
and SSP are useful for assessing the quality of frozen-stored pink perch mince. 
On correlating the mean panel scores for flavor of the product, with storage 
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period (Fig. 2), sample F
1 

(fresh) was rated 'acceptable' for 138 days. Samples 
F

2
, F

3 
, F

4 
and F

5 
were 'acceptable' for 120, 86, 62 and 7 d, respectively. From 

the above results, we can conclude that mince obtained from fish held on ice 
for 3 days can be stored at -l8°C for 4-4.5 months without much loss in quality. 
This can be inferred from the fact that there was no significant difference 

(P>0.05) between the shelf-life or mince obtained from fresh and 3-days ice
stored samples of pink perch. 
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