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Abstract

Changes in functional properties - emulsifying capacity, protein solubility, cook
loss, relative viscosity and water-binding capacity - were observed in Japanese
threadfin bream (Nemipterus japonicus) during 14 days storage in ice. Decreasing
solu-hility of proteins profoundly influenced the functional properties. Significant
correla-tions (P<0.05) existed among various functional properties of fish protein
analyzed and with texture scores. Fish held in ice was rated “good” for up to seven

days.



Introduction

Fresh fish is susceptible to rapid spoilage in tropical countries
owing to the prevalence of high ambient temperature. The most
important aspect in postharvest technology of fish is to prevent and
retard the degradation of muscle proteins. Fish are generally kept
in ice prior to processing to prevent and retard loss of freshness,
especially degradation of muscle proteins which is a major reaction
of the spoilage process in fish (Reddy and Srikar 1991a) and may
alter functional properties, namely, emulsifying capacity (EC), water-
binding capacity (WBC), relative viscosity (RV), cook loss (CL), pro-
tein solubility (PS), pH and texture. Though some information is
available on the changes in functional properties of proteins in fro-
zen fish (Colmenero and Borderias 1983) and fish mince (Reddy and
Srikar 1991b), little data are available on the functional properties
of fish during ice storage.

This study focuses on Japanese threadfin bream (Nemipterus
Japonicus), known locally as pink perch, a major by-catch of the
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shrimp fishery in Indian coastal waters and which contributes ap-
proximately 3.5% of the total marine landings of India (FAQ 1988).
The species is common throughout the Indo-Pacific region from
southern China to northern Australia.

Materials and Methods

N. japonicus caught off the Mangalore coast of India was iced
on board the vessel in the ratio of 1:1. Fish were washed thor-
oughly with chilled water and preserved in an insulated box with
ice throughout the study. Samples were drawn randomly on day
zero (fresh) and on the 4th, 6th, 9th, 12th and 15th day of storage,
for analyses of functional properties.

Analyses

Extraction and determination of water-soluble proteins (WSP)
and salt-soluble proteins (SSP) of N. japonicus meat were as de-
scribed by Reddy and Srikar (1991b). The sum of WSP and SSP
were expressed as protein solubility, calculated as per cent of total
proteins (TN x 6.25). Total nitrogen (TN) in the iced fish was deter-
mined according to Srikar and Chandru (1983). EC was measured
by the method of Swift et al. (1961} using refined groundnut oil.
The result was expressed as ml of oil emulsified per 1.25 g of meat.
RV of WSP and SSP extracts were determined according to Spinelli
et al. (1973). WBC and CL were determined by the methods of Li-
Chan et al. {1986) and Kondaiah et al. (1985), respectively. The pH
of the meat was determined after mixing a 10-g meat sample with
50 ml distilled water.

Sensory and Statistical Analyses

Ice-stored fish was steam cooked with 2 per cent brine for 10
minutes and assessed for organoleptic qualities (color, flavor, odor
and texture) by eight trained panelists using a hedonic scale (“excel-
lent” (10.0) to “not acceptable” (0)). ANOVA and Students ‘t’ test
were employed to determine the significant differences in functional
properties and texture with reference {o storage period. Based on
texture, shelf-life of ice-stored fish was calculated using a linear
regression plot.
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Results and Discussion

The effect of ice storage on PS is shown in Fig. 1a. A signifi-
cant decrease (P<0.05) in PS from 75.74% in fresh fish to 67.32%
was observed after 14 days storage. The decrease in PS could be
attributed mainly to two factors: the loss of water soluble
(sarcoplasmic) proteins in the melted ice and the aggregation and
insolubilization of myofibrillar protein fractions through hydrophobic
association by oxidized and hydrolyzed products of lipids (Reddy et
al. 1990). In our study, we observed decreases in WSP content from

295 mg-g! of fresh fish meat to 201 mg-g! meat (Reddy and
Srikar 1991a) and also SSP
(Table 1).
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Table 1. Changes in emulsifying capacity (EC), salt-soluble proteins (SSP), cook loss (CL) and
texture scores of ice-stored pink perch.

Parameter
EC* Ssp* CL*

Sampling  ml/1.25 g meat (g/100 g meat) (%) Texture scores**

days Mean ¢+ SD Mean £+ SD Mean ¢ SD Mean 3+ SD
0 1090* + 28 93818 4+ 05 68 + 008 90% 3+ 02
4 106528 + 15 8958 4 04 11082 3+ 021 84% 4+ 08
6 1015 + 10 87 4+ 02 11618 4+ 048 70b 4+ o1
9 970 1+ 17 8064 1 o1 158> + 087 58 ; 02
12 960 s+ 20 7404 &+ 02 165P 4+ 028 48 3+ 02
15 g9obc 4 13 802 4 o1 1712 4+ 079 25 3 02

* Average of minimum three estimates
** Mean panel scores as assessed by eight panelists

throughout the storage period (P<0.05) (Table 1), as a result of its
denaturation and aggregation leading to insolubilization of
myofibrillar protein fractions. Hence, the higher the amount of SSP
in the mince, the higher was the EC of the muscle proteins. As the
EC technique is accomplished by sodium chloride extraction, it is
postulated that only SSP were effective in the emulsification of fat.
On comparing the values of PS, SSP and EC over the storage pe-
riod, changes undergone by the proteins in emulsifying fat are most
nearly reflected by the trends in soluble proteins, in particular
myofibrillar proteins.

The pH of the muscle obtained from ice-stored fish decreased
until the 6th day (Fig. 1b) and later showed a slight increase. The
observed increase in pH was similar to the observation made by
Ryder et al. (1984) during ice storage of New Zealand jack mackerel.
According to them, increase in pH was probably due to production
of volatile base compounds.

There was a decrease in the RV of SSP and WSP extracts (Ta-
ble 2). The decrease is attributed to molecular interaction and pro-
tein aggregation (Nakayama et al. 1979). Although viscosity is de-
pendent on a number of factors such as concentration of proteins,
pH, ionic strength and temperature, the primary factor affecting
viscosity is protein concentration, as a direct relationship between
the two exists (Kinsella 1976). In the present study, decreased solu-
bility of proteins seemed to have a profound effect on the RV of
WSP and SSP extracts since a significant direct relationship was
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Table 2. Changes in the relative viscosity
of salt-soluble (S8SP) and water-soluble
protein (WSP) extracts of ice-stored pink

perch
Relative viacosity* in centipoise
Sampling
days 8SP extract WSP extract
4] 1694 129.7
4 168.6 130.0
6 169.0 1271
9 161.6 126.5
12 152.8 126.7
15 1620 1264

* Average of five estimations

cbserved between the two. A
similar observation was that of
Crupkin et al. (1979) in
Patagonian hake.

CL increased significantly
{P<0.05) from an initial value
of 6.9 to 17.2 per cent after 14
days storage in ice (Table 1).
The increase in CL may be due
to the decreased ability of pro-
teins to retain moisture during
the same period, as can be seen
by the decreased PS. Postmor-

tem breakdown of ATP and de-

crease in pH are also responsible for a drop in hydration which
might have resulted in increased CL (Hamm 1960).

WBC in terms of absorbed moisture in water (AMW) decreased
throughout storage (Fig. 1¢). A decrease in water retention capacity
after 2 hours post mortem was observed by Kijowski et al. (1982)

and has been explained as due
to denaturation of proteins.
The sensory quality, “tex-
ture of meat,” an important at-
tribute on which protein dena-
turation has profound effect,
showed decreasing trend
throughout the storage (Table
1), Textural changes among
seafood products are associated
with toughening events in
myotomal tissue, This is mainly
due to the decreased solubility
of proteins (Rodger et al. 1980)
as a result of its aggregation
and denaturation. Loss in tex-
ture in southern blue whiting
during ice storage has been re-
lated to gaping and loss of wa-
ter (Barassi et al. 1981), In-
creased CL and a reduction in

Table 8. Correlation coefficient of various
functional properties and texture scores.

Parameters Caorrelation
compared coefficient (r)

P8 va, EC 0.92%*
88P vs. EC Q.95
PS vs. CL, -0.92%*
P8 va. WBC 0.86*
PS va. RV of SSP 0.98%**
PS vs. RV of WSP 0.86*
EC va. texture 6.80*
CL vs, texture .91 %=
SSP vs. texture 0.81%
WBC vs. texture 0,94+
PS vsa. texture 0.89%+

Texture va. storage period -0.98%**

P8 = protein solubility; EC =
emulsifying capacity; SSP = salt-
soluble proteins; CL = cook loss;
WBC = water-binding capacity;
RV = relative viscosity; WSP =
water-soluble proteins.

*P<0.06
**+ P<0.01
*** Po0.001
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Fig. 2. Texture evaluation of ice stored pink perch. Plot
of linear regression with time.

WBC appear to bear a significant relation to texture alterations in
iced pink perch.

All the above functional properties were affected by loss of PS,
which reflects changes in native protein structure. Significant corre-
lations between various functional properties indicate their interde-
pendence on changes in proteins (Table 3). The results of the
present investigation reveal that determination of PS, EC, CL,
WBC, RV and texture are useful in the assessment of changes oc-
curring in proteins during ice storage. A high negative correlation (r
= -0.979) was obtained on correlating the mean panel scores for tex-
ture of the product with storage period. Based on a linear regres-
sion plot (Y = -0.432X + 9.58) (Fig. 2), the product was rated fair
up to seven days.
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