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SUMMARY :

Fish protein concentrate (FPC) isahealthy and highly nutritive product produced hygienically from
fishes in which, protein and other nutrients are more concentrated than fresh fishes. In the present
study an attempt was made to study the functional properties of FPC derived from ribbon fish,
Lepturacanthus savala were investigated in HDPE packaging materials and their shelf-life. The
changes in chemical analysis of FPC powder prepared by Canadian process and stored at room
temperature wereinvestigated. Moisture content wasincreased in the rangefrom 10.78 to 12.72 per
cent, whereas the ash content was decreased in the range from 1.87 to 1.08 per cent, protein content
was decreased in the range from 86.80 to 83.04 per cent and also, the fat content was decreased in the
range from 0.55 to 0.40 per cent during the storage period of 180 days. The changesin functional
properties of FPC powder prepared by Canadian process stored at room temperature were also
investigated. The viscosity was decreased in the range from 114.00 to 100.00cP; solubility was
decreased in the range from 88.92 to 83.78 per cemt, emulsification capacity was decreased in the
range from 67.66 to 65.08 per cent, emulsification stability was decreased in the range from 58.84 to
56.02 per cent foaming capacity was decreased in the range from 42.50 to 32.64 per cent foaming
stability was decreased in the range from 26.50 to 22.56 per cent gelation was decreased in therange
from 26.50 to 20.25g. cm and al so, thewater holding capacity wasdecreased in therangefrom 4.27 to
3.86ml/g during the storage period of 180 days. The TPC (Total Plate Count) of the FPC powder
showed increasing trend throughout the shelf-life study. The TPC of the FPC powder in storage at
ambient temperature wasincreased from 0.42x10% to 1.48x10°cfu/g. As per microbiological quality of
FPC extracted from ribbon fish, TPC value was within the acceptabl e limit during storage period of
180 days. The sensory qualities of FPC powder during storage at ambient temperature for 180 days
were observed. For the FPC powder gradual reduction in the scores were observed with increasein
the storage period. But, during storage period the sensory evaluation score indicated that the FPC
extracted from ribbon fish was within the acceptable limit.
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rotein avail able worldwide and has been widely
accepted as a good source of protein and other
elements for the maintenance of healthy body. In recent
years the importance of finfish in the diet has extended
fromitsimage asacornerstone of ahealthy diet to more
specialized roles in the disease prevention (Sharmila,
2006). Fishisone of the most nutritious foods available
for human consumption. Fish flesh on an average contains
18-20 per cent protein. Fish proteins are classified under
three major categories, viz., myofibrillar, sarcoplasmicand
stroma proteins (Balachandran, 2012). Globalization,
industridization, economic growthandtrangitioninlifestyle
patterns has greatly influenced the choice of food and
the food consumption pattern of all age groups in
developing countrieslike India(WHO, 2000). Adequacy
innutrient intake in termsof quantity and quality aremajor
determinants of health of a nation. India is undergoing
nutrition transition and is facing the dual burden of
malnutrition i.e. problem of under-nutrition and
micronutrient deficiencies. Fish is one food that can
addressthis problem unswervingly.

FPC can play an effectiverolein decreasing protein
deficiency in some crowded partsof theworld that suffers
from malnutrition. Studies have shown that adding FPC
to human diets has positive effects especially for growing
babies and pregnant women (FAO, 2006). FPC isalow
cost animal protein with high quality, soit canbeused as
aprotein supplement to increase nutritive val ue of foods
(Cordova-Murueta et al., 2007). Considerable works
were done to develop FPC production methods and use
it in different foods, but unfortunately there is little
information about sustai nability of FPC during storage at
different environmental conditions (Rasekh et al., 2001).

Development of FPC represents the first
concentrated effort to increase the use and the value of
underutilized fish by converting it into a more readily
acceptable form. However, FPC produced by these
technologies was deficient in some of the functional
properties and their cost of production was high.
Recognizing this problem several investigations have
aimed at improving the functional properties of FPC by
rationally modifying the parametersof extraction and by
employing enzymes to partially hydrolyze proteins
(Sikorski et al., 1981).

Functional properties of food macromolecul es
including proteinsare defined asa set of physico-chemical

Fpsh isone of the most important sources of animal
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characteristics that contribute to the structural,
mechanical, and other physico-chemical properties and
determine the behaviour of food systems during
processing, storage, preparation and consumption. The
commonly used functional propertiesof proteinsinfoods
include solubility, viscosity, water holding capacity,
emulsification and foaming (Hamann, 1994).

Solubility isusualy considered the premier functiona
property because of itsrel evanceto other properties such
asviscosity, foaming and emulsification. Solubility of the
protein moleculeis often as pre-requisite for these other
propertiesto be observed. Several parametersare known
toaffect protein solubility. Theseinclude pH, temperature,
ionic strength and the presence of other materials capable
of binding of the protein. The universal solvent iswater,
and solubility can give an indication of the effect of
processing conditionsand the potential usage of theprotein
(Hermansson, 1973).

Emulsions occur in all types of food systems, and
emulsifying agents are consequently the object of much
attention (Dickinson and Stainsby, 1987). Emulsionsare
defined as dispersed immiscible droplets (the dispersed
phase) within another liquid (the continuous phase) that
are stabilized by interphase compounds. Examples of
emulsions are oil-in-water or water-in-oil systems.
Proteins stabilize emulsions by lowering the surface
tension between the amino acid content. Emulsion are
thermodynamically unstable because of the positivefree
energy, which causes interfacial tension and the
emulsifying agent acts at the interface to reduce such
tension to prevent droplets of the dispersed phase coming
together (coalescence) to form larger droplets and
eventually two separate phases (Parker, 1987).

Foaming isimportant in productsincorporating air,
such asmeringues, cakes and soufflés. Thefoam consists
of agas, usualy air, dispersed in and well-enclosed by a
liquid and stabilized by the functional agent. The action
of the proteinissimilar to that in emulsions but, in foam,
the protein must also form astrong cohesive layer about
theair pockets (Halling, 1981). Increased hydrophobicity
and adegree of insolubility in proteinslead to increased
foam stahility; however, complete denaturation of the
proteinisnot desirableasit resultsinalossin elasticity.
Foam capacity is a measure of the ability of the protein
to form a gas-filled cellular system through the
incorporation of the gas by whipping, agitation or other
agitation under specified conditions.
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Viscosity is the ratio of the shear stress to shear
rate applied to afluid and indicatesthe resistanceto flow
of the fluid. There are several means of measuring
viscosity, depending on the nature of the liquid and the
viscosity expected. The methods commonly use simple
rotational viscometers(Hall and Ahmad, 1992).

The aim of present study was to extract FPC from
minced meat of the ribbon fish (Lepturacanthus savala)
asaraw material for the production of FPC and packed
in HDPE bags of size 6 x 8 inch were used for packing
of FPC during the storage period and study of the
chemical analysis, functional properties, sensory and
microbiological evaluation of FPC during storage at
ambient temperature.

EXPERIMENTAL METHODS
Chemical analysis:

Chemical analysis of raw materials and extracted
FPC powder were analyzed by measuring moisture, ash,
protein and fat contents according to AOAC officia
methods (AOAC, 2005).

Packaging materials:
HDPE bags of size 6 x 8inch wereused for packing
of FPC during the storage period.

Determination of viscosity :

FPC samplewas determined according to the method
of Cho et al. (2006). FPC solutions at the concentration
of 6.67 per cent (w/v) were prepared by dissolving the
dry powder in distilled water and heating at 60°C for the
determination of viscosity. Theviscosity (cP) of 10 ml of
the solution was determined using Brookfield digital
viscometer (Model DV - E Brookfield Engineering, USA)
equipped with anumber 1 spindle at 40°C + 1°C.

Deter mination of solubility :

The solubility of FPC was determined according to
Hoyle and Merritt (1994). About 500 mg of FPC sample
was accurately weighed and dispersed in 50 ml of 0.1M
NaCl at pH 7. The solution was stirred for 1 hr. and
centrifuged for 30 min at 10,000 rpm. The supernatant
was analyzed for nitrogen by the micro—Kjeldhal method
(AOAC, 2005). The Nitrogen Solubility Index (NSI) was
calculated as

Super natant nitrogen concentr ation (mg)

NSl (%) =
(%) Sample nitr ogen concentr ation (mg)

x 100

Emulsifying capacity and stability :

The method of Butt and Batool (2010) was used to
determine emulsifying capacity and stability. FPC sample
(1.8 gm) was added to 25 ml of distilled water (pH 7)
and dispersed at maximum speed in a homogenizer/
blender. Corn oil (12.5 ml) was added and homogenized/
blended at high speed for 1 min.; the emulsion formed
was equally divided into two 12 ml centrifuge tubesand
centrifuged for 5 min. at 5200 rpm. Emulsion capacity
was calculated asfollows:

Height of emulsified layer
Height of total contentsof tube

x 100

Emulsifying capacity (%) =

Emulsion stability was determined in asimilar way
to that of emulsion capacity except that theemulsion was
initially heated in a water bath at 85°C for 30 minutes
and subsequently cooled to 25°C prior to centrifugation.

Height of emulsified layer after heating %100

Emulsifying stability (%) = -
Height of total contentsof tube

The FPC powder (1 g) was added to 100 ml of
distilled water and homogenized for 1 min. at high speed.
The mixture was carefully transferred into a 250 ml
calibrated beaker for volume measurement. The foam
was calculated as the volume of mixture after blending
compared to the original volume. The foaming stability
was the ratio of the foam capacity after 30 min. divided
by the original foam capacity.

Estimation of water holding capacity :

Water holding capacity (WHC) was determined
using the centrifugation method (Dinizand Martin, 1997).
Duplicate samples (0.5 g) of FPC were dissolved in 20
ml of water in centrifuge tubes and dispersed with a
vortex mixer for 30 sec. The dispersion was alowed to
stand at room temperaturefor 6 hr., and then centrifuged
at 2800 xg for 30 min. The supernatant wasfiltered with
Whatman number 1 filter paper and the volumerecovered
was measured. Thedifference between theinitial volume
of distilled water added to the protein sample and the
volume of the supernatant was determined and theresults
were reported as ml of water absorbed per gram of FPC
sample.

Satistical analysis :

Thedatawere analysed to test significant difference
by applying analysisof variances(ANOVA) tool available
in MS-Excel 2010. The significant differences were
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tested by 5 per cent level of significances and are
mentioned as p < 0.05 for significances difference (Zar,
1999).

EXPERIMENTAL FINDINGSAND ANALYSIS

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Storage study of Canadian process at ambient
temperature :
Changes in moisture :

In present study the moi sture content of FPC sample
was found to be increased in trends during the storage
study (0 to 180 days) in the range of 10.78 to 12.72 per
cent (Table 1).

Chudasamaet al. (2012) has observed similar results
of changes in moisture content of edible fish powder
during storage period at 0, 1%, 2, 39, 41 5"and 6" month
were prepared by two methods i.e. without bone (T,)
andwithbone(T,) as7.77,7.82,8.42,9.27,10.04, 11.14
and 11.50 per cent, respectively; and 8.10, 8.24, 8.32,
9.31, 10.19, 10.64 and 11.33 per cent, respectively.
According to Syahrul (2015) has reported the lowest
water content occurred in 45 day of period research as
many as 8.24 per cent and 9.74 per cent, for steam and
non-steam method, respectively. It means that the water
content that was generated from non-steam method was
higher than that of steam method. Water content from
catfish FPC from both methods tendsto increase during
storagetime. Thewater contentsincreased because FPC
of catfish was defined as dry product, therefore,
absorption of water vapor from surrounding air makethe
product turninto moist or therewasasurgelevel of water
content. Thisfinding was similar to findings of Syarief
and Halid (1993). They reported that decreasing or
increasing of water content during storage time are
caused by vapor processing and then, absorption onfood
sourceastheeffect of air condition. Moreover, producing
water content in this process was still below the quality
standard guideline for FPC. It may be concluded that
during 45 days of storage, FPC from catfish was
acceptable to consume. Based on National Standard
Board (1992), the maximum water contentsfor FPC was
10 per cent. However, Chari and Sreenivasan (1980) has
observed changesin moisture content of FPC from Shark,
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Carcharias sp. during storage periods at 0, 1%, 24, 319,
6, 9t and 12" month werefound to be 5.5, 5.2, 5.7, 5.5,
5.8, 5.6 and 5.9 per cent, respectively. Chattopadhyay et
al. (2004) has been reported similar values of changesin
moi sture content of ediblefish powder fromsilver bellies
during storage period at fresh powder, 1%, 24, 39, 4" and
5" month were found to be 5.55, 5.45, 6.01, 6.63, 6.76
and 7.00 per cent, respectively. Jeyasanta et al. (2013)
has reported the similar results of changes in moisture
content of edible fish powder during the storage period
at fresh, 1%, 2, 349, 4t gnd 5" as 3.28, 5.55, 5.45, 6.02,
6.04 and 6.50 per cent, respectively.

Changes in ash :

In present study the ash content of FPC samplewas
found to be decreased in trends during the storage study
(O to 180 days) in the range of 1.87 to 1.08 per cent
(Table 1). Chudasama et al. (2012) has observed the
values of changes in ash content of edible fish powder
during storage period at 0, 1%, 2, 39, 41, 5" and 6™ month
were prepared by two methods i.e. without bone (T))
and with bone (T,) as 6.28, 6.17, 5.83, 5.73, 5.23, 5.16
and 5.22 per cent, respectively and 7.01, 6.69, 6.64, 6.30,
6.22, 5.94 and 5.90 per cent, respectively.

Changes in protein :

In present study the protein content of FPC sample
was found to be decreased in trends during the storage
study (O to 180 days) in the range of 86.80 to 83.04 per
cent (Table 1).

Chattopadhyay et al. (2004) has observed val ues of
changes in crude protein content of edible fish powder
fromsilver bellies during storage period at fresh powder,
1, 2d 3 4% and 5" month were found to be 62.52,
61.12, 60.67, 58.12, 58.25 and 58.98 per cent, respectively.
Chudasama et al. (2012) has observed similar results of
changesin protein content of edible fish powder during
storageperiod at 0, 1%, 2, 3, 4t 5hand 6 month were
prepared by two methodsi.e. without bone (T,) and with
bone (T,) as59.00, 58.31, 57.81, 56.75, 55.02, 53.13 and
53.00 per cent, respectively and 57.83, 57.54, 56.82, 56.13,
55.52, 54.69 and 52.24 per cent, respectively. Jeyasanta
et al. (2013) has reported the similar results of changes
in protein content of ediblefish powder during the storage
period at fresh, 1%, 2", 34, 4" and 5" as 55.60, 52.01,
51.52, 50.67, 48.99 and 48.72 per cent, respectively.
Accordingto Khoshkhoo et al. (2012) protein content of
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FPC (91.2%), after 6 months at 35°C, was decreased to
73.6 per cent and 69.4 per cent in VP and MAP,
respectively. It was due to the O, presence and aerobic
bacterial reactions, but at 5°C, protein content in VP and
MAP were decreased from 91.2 per cent to 88.4 per
cent and 81.2 per cent, respectively.

Changes in fat :

In present study the ash content of FPC samplewas
found to be decreased intrends during the storage study
(O to 180 days) in the range of 0.55 to 0.40 per cent
(Table 1).

Jeyasanta et al. (2013) has reported the similar
results of changesin lipid content of edible fish powder
during the storage period at fresh, 1%, 21, 319, 4t gnd 5"
as 0.5, 0.3, 0.3, 0.3, 0.2 and 0.2 per cent, respectively.
However, Chudasamaet al. (2012) has observed similar
results of changesin lipid content of edible fish powder
during storage period at 0, 1%, 2", 39, 41 5"and 6" month
were prepared by two methods i.e. without bone (T))
and with bone (T,) as 4.67, 4.88, 5.18, 5.44, 5.56, 6.02
and 6.10 per cent, respectively and 4.63, 5.00, 6.03, 6.43,
6.64, 6.90 and 6.95 per cent, respectively. Chattopadhyay
et al. (2004) has observed values of changesin crudefat

content of edible fish powder from silver bellies during
storage period at fresh powder, 1%, 21, 34, 4" gnd 5"
month were found to be 8.97, 8.93, 7.21, 8.12, 8.62 and
7.97 per cent, respectively. According to Khoshkhoo et
al. (2012) lipid content of processed FPC of Kilka was
evaluated 0.5 per cent, after six months of storage at
35°C, lipid content in VP changed to 0.45 per cent, so it
did not show significant decrease; but in MAP, it was
decreased to 0.36 per cent. It was because of O,
presencein MAP package and oxidation of lipids. It was
also detected that an increase of temperature induces
and accel erates oxidation. Chen (2007) haveinvestigated
lipid oxidation of raw red claw crayfish tail meat in VP
and MAP (80% CO, 10% O, and 10% N,) during 14
days of preservation at 2°C, it was detected that lipid
oxidation in VP occurred lower than in MAP. The
oxidation related changes of lipid and cholesterol contents
of milk powder stored in VP and MAP was reported by
Cluskey et al. (1997) and thelowest lipid and cholesterol
oxidation was observed in VP. In another research,
decrease in extractable amounts of lipid in stored FPC
with 0.5 per cent lipid after 6 monthsat 37°C and in 50°C
(very significantly) was reported. Also the amount of
neutralized lipids, free fatty acids, C20:5 and C22:6

Tablel1: Changesin proximate composition of FPC powder during storage at ambient temperature

Storage periods (Day’s) Moisture (%) Ash (%) Protein (%) Fat (%)
0 10.78 187 86.8 0.55
30 10.78 174 86.48 0.52
60 11.2 174 85.59 0.51
90 11.65 164 85.08 0.48
120 11.98 1.36 83.86 0.45
150 12.18 125 83.42 0.42
180 12.72 1.08 83.04 04

Table2: Changesin functional propertiesand microbiological changes of FPC powder during storage at ambient temperature

Functional properties 5 B o Storage peg(c))d (Cays) 0 1% 180
Viscosity (cP) 114.00 110.00 110.00 106.00 103.00 102.00 100.00
Solubility (%) 88.92 88.48 86.70 86.02 85.76 85.12 83.78
Emulsification capacity (%) 67.66 66.98 66.45 66.12 65.86 65.24 65.08
Emulsification stability (%) 58.84 58.84 56.84 56.82 56.48 56.12 56.02
Foaming capacity (%) 42.50 42.50 40.28 40.02 38.50 35.44 32.64
Foaming stability (%) 26.50 26.22 26.05 25.48 25.18 24.35 22.56
Gelation (g.cm) 26.50 24.50 23.50 23.50 21.50 20.50 20.25
Water holding capacity (ml/g) 4.27 4.18 4.18 4.07 4.02 3.98 3.86
Microbiological changes 0.42x10° 0.92x10? 1.7x10? 2.08x10° 2.68x10° 1.12x10° 1.48x10°
TPC(cful g) (1.62) (1.96) (2.23) (2.32) (2.43) (3.05) (3.17)
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polyunsaturated fatty acids were decreased
(Medwadowski et al., 1971).

Functional properties :
Changes in viscosity :

In present study the viscosity of FPC sample was
found to be decreased in trends during the storage study
(Oto 180 days) intherange of 114.00to 100.00 cP(Table
2). Thehighly soluble, non-swelling protei ns possess|ow
viscosity (albumin and globulins) while soluble proteins
with highinitial swelling show aconcentration depending
decreasein viscosty (Kinsdlla, 1976). Changein apparent
viscosity of muscle homogenateswasrelated to changes
inactomyosin (Borderiaset al., 1985). Consequently any
factors viz., pH, temperature, concentration and ionic
strength, which unfold protein, influence their viscosity
(Mohan et al., 2007). Viscosity was, therefore,
considered as a more reliable index than solubility for
protein denaturation (Colmenero et al., 1988). The
viscosity of protein solution markedly decreased during
frozen storage dueto protein denaturation and aggregation
of protein molecules (Oguni et al., 1987). The increase
in apparent viscosity was an indication of protein-protein
interaction and aggregation during thermal denaturation
of proteins (Takashi et al., 1993).

Partiban et al. (2005) has observed the results of
changes in viscosity of Tilapia, Oreochromis
mossambi cus protein storage period were 0, 2, 4, 7, 10,
12 and 14 days as 3.25, 3.44, 3.55, 3.37, 3.23, 3.12 and
3.01 mm?/sec, respectively. Bragadottir et al. (2007)
apparent viscosity tended to decrease after storage at
elevated temperature. Apparent viscosity was defined
astheviscosity of anon-Newtonian fluid (Bourne, 2002).
Protein solutions do not show Newtonian behaviour,
especially when protein concentration was high, which
resultsin shear thinning behaviour when protein molecules
orient themselves in the direction of flow (Damodaran,

1996). Viscosity was mainly influenced by protein
propertieslikemolecular weight, size, axid ratio, hydration
and frictional ratio and shape of the molecule, which also
are influenced by temperature, pH and ionic strength
(Kinsella, 1979). Roura et al. (1990) attributed the
decreasein viscosity of whiting actomyosin withincrease
in surface hydrophobicity during storage in ice to the
ateration in the protein structure and exposure of more
hydrophobic patches.

Changes in solubility :

In present study the solubility of FPC sample was
found to be decreased in trends during the storage study
(O to 180 days) in the range of 88.92 to 83.78 per cent
(Table 2). FPC from whole fish prepared by isopropyl
alcohol extraction has been described, which exhibited a
decreased solubility (Sikorski et al., 1981). The decrease
in solubility attributed mainly due to the leaching out of
the water soluble proteins and the aggregation and
insolubalization of myofibrillar protein fractions. With
increasing in temperature, the ionic bonding (including
hydrogen bonds) holding the 3D structure of protein gets
disrupted leading to protein-protein interaction affecting
protein solubility. Thethermal influence on proteinleads
to opening up of the native structure exposing the
hydrophobic patches to the exterior, which effectively
displaces water molecules from protein surfaces
promoting aggregation (Kuntz and Kauzmann, 1974).

Bragadottir et al. (2007) protein solubility of saithe
powder showed tendenciesto increase with storagetime,
but only significantly at the higher storage temperature
(p<0.05). Theprotein solubility wasinitially 45.2 per cent
and ended in 46.9 per cent and 48.2 per cent at 0°C and
30°C, respectively. Partiban et al. (2005) has observed
theresults of changesin total solubleof protein (TSP) of
Tilapia, Oreochromismossambicusprotein storage period
were0, 2,4, 7,10, 12 and 14 days as 61.58, 56.69, 56.62,

Table 3: Sensory evaluation of FPC powder during storage at ambient temper aturefor 180 days

Storage period (day’s) Attribute _
Appearance Texture Odour Overall acceptability

0 85 8.3 8.0 8.2

30 8.2 8.1 79 8.1

60 7.8 7.8 7.6 7.6

90 7.6 7.6 74 75

120 7.2 7.3 7.1 7.2

150 6.8 6.9 6.8 6.9

180 6.5 6.6 6.5 65
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56.28, 50.29, 48.95 and 46.95 g/100g fish meat basis,
respectively.

Changes in emulsification capacity :

In present study the emul sification capacity of FPC
sample was found to be decreased in trends during the
storage study (O to 180 days) in the range of 67.66 to
65.08 per cent (Table 2). The unfolding of the 3-D
structure of protein at the storage temperature contributes
to the increase in surface active SH groups, which
facilitatestheinteraction of protein with non-polar portion
leading to higher emulsion capacity Matsudomi et al.
(1982). By the 30™ day emulsification capacity was
decreased and continued till the end of storage period.
Thedecrease in emul sification capacity could berelated
to the formation of disulfide bond between the protein
mol ecules by the oxidation of SH groups exposed during
protein unfolding during theinitial periodsof storage. A
decrease in the emulsion capacity from thefirst day has
been reported in Pink perch and Sardine duringicestorage
(Sarmaet al., 1999).

Partiban et al. (2005) has observed the results of
changes in emulsion active index (EAI) of Tilapia,
Oreochromis mossambicus protein storage period were
0,2,4,7,10, 12 and 14 days as 124, 183, 191, 288, 190,
189 and 186 /g, respectively. The Emulsifying properties
of proteinsare primarily dueto their ability to reducethe
interfacial energy at oil-water interphase. The emulsion
capacity of aprotein denotes the maximum amount of oil
that can be emulsified under specified condition (Zayas,
1997).

Changes in emulsification stability :

In present study the emulsification stability of FPC
sample was found to be decreased in trends during the
storage study (O to 180 days) in the range of 58.84 to
56.02 per cent (Table 2). Partiban et al. (2005) has
observed theresults of changesin emulsification stability
of Tilapia, Oreochromis mossambicus protein storage
period were 0, 2, 4, 7, 10, 12 and 14 days as 570, 730,
450, 620, 600, 610 and 600 sec., respectively.

Changes in foaming capacity :

In present study the foaming capacity of FPC sample
was found to be decreased in trends during the storage
study (0 to 180 days) in the range of 42.50 to 32.64 per
cent (Table 2). The protein that retains their tertiary

structure at theinterface will maintain extensive protein-
protein interaction forming strong foam. Partiban et al.
(2005) has observed the results of changes in foaming
efficiency of Tilapia, Oreochromis mossambicus protein
storage period were 0, 2, 4, 7, 10, 12 and 14 days as
176.6, 180.0, 186.67, 200.0, 213.33, 160.0 and 133.33 per
cent, respectively.

Changes in foaming stability :

In present study thefoaming stability of FPC sample
was found to be decreased in trends during the storage
study (0 to 180 days) in the range of 26.50 to 22.56 per
cent (Table 2). Owing to decrease the foam stability of
FPC, the adlteration of hydrophobicity and low molecular
weight of peptidein protein hydrolysate were reported to
improvefoaming by forming stableinterfacial layer (Wild
and Clark, 1996). The protein that retains their tertiary
structureat theinterface will maintain extensive protein-
proteininteraction forming strong foam. Themyofibrillar
protein from tilapia was | ess effective as foaming agent
comparing to whey protein (Webb et al., 2002).

Changes in water holding capacity :

In present study the water holding capacity of FPC
sample was found to be decreased in trends during the
storage study (0to 180 days) inthe range of 4.27 to 3.86
ml/g (Table 2).

Bragadottir et al. (2007) water-holding capacity
(WHC) of the saithe powder showed tendencies to
decrease with storagetime. At 30°C the WHC decreased
from 121 per cent to 99 per cent during four months
storage (p<0.05), whereas after four months at 0°C the
WHC was 110 per cent. Water-holding capacity refers
totheability of the protein to absorb water (Damodaran,
1996). Water mol ecules bind to severa groupsin proteins
and some of the factorsthat affect water-hol ding capacity
of proteins are for example, protein concentration, pH,
ionic strength, temperature, other food componentslike
polysaccharides, lipids and salts, rate and length of heat
treatment (Zayas, 1997). Increasing the temperature
usually causes the water-hol ding capacity of proteinsto
decrease, but thiswas dependent on the degree of protein
denaturation. Denaturation causes unfol ding of theprotein
mol ecule and givesit more surface areawhereit exposes
hydrophobic groups that were previously hidden.
Denatured protein has approximately 10 per cent more
water-hol ding capacity than the native protein, but when
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it was allowed to aggregate, a loss in water-holding
capacity can be observed because of protein-protein
interactions (Damodaran, 1996). A decreasein WHC for
thehigher storage temperatureinthisstudy may, therefore,
be regarded as an indication of protein denaturation.
Partiban et al. (2005) has observed the results of changes
in water holding capacity of Tilapia, Oreochromis
mossambi cus protein storage period were 0, 2, 4, 7, 10,
12 and 14 daysas2.8,3.0,3.1,2.8,2.7, 2.7 and 2.7 (unit/
g protein), respectively.

Microbiological analysis :

In present study thetotal plate count (TPC) of FPC
sample was found to be increased in trends during the
storage study (0 to 180 days) in the range of 0.42x10?to
1.48x10° cfu/g (Table 2) are considered asthe TPC limit
of acceptable. Jeyasanta et al. (2013) has reported the
similar results of changesin total plate count (TPC) of
ediblefish powder during the storage period at fresh, 1%,
2nd, 3 4™ and 5™ as 2.0x10?, 2.0x10?, 1.4x107,1.2x10?,
1.0x10% and 1.0x10? cfu/g, respectively. However,
Chudasama et al. (2012) has observed similar results of
changesin total plate count (TPC) of ediblefish powder
during storage period at 0, 1%, 2, 39, 41 5"and 6" month
were prepared by two methods i.e. without bone (T))
and with bone (T,) as 1.39x10%, 1.51x10%, 2.03x10?,
2.35x10%, 2.92x103, 3.10x10° and 3.15x10° cfu/g,
respectively and 1.26x10% 1.78x10°% 1.91x10? 2.20x 103,
2.63x10%, 3.05x10°% and 3.09x103cfu/g, respectively.

Changes in sensory quality :

Table 3 shows the sensory qualities of FPC during
storage at ambient temperature for 180 days. For the
FPC gradual reduction in the scores was observed with
increase in the storage period time but, during storage
period the sensory eval uation scoreindicated that the FPC
extracted from ribbon fish, Lepturacanthus savala was
within the acceptable limit. According to Mural eedharan
and Gopakumar (1998) theinfluence of storage conditions
on colour and odour of the protein concentrate. It was
observed that the product could be remained without any
changein colour or odour at 10°C for 3 months. Even at
ambient conditions these changes were negligible. The
polyester/ polythene laminate having good barrier
properties could effectively prevent quality deterioration
of the spray dried protein concentrate during the storage
period, at both conditions of storage. According to
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Jeyasanta et al. (2013) sensory scores of the edible fish
powders storage period at ambient temperature the
product had better texture, odour, taste, appearance and
improved storage characteristics.

Conclusion :

The attempt was made in the present investigation
to prepare FPC from ribbon fish, Lepturacanthus savala
by Canadian process and. Then packed in HDPE stored
at ambient temperature for 6 months and evaluate of
proximate compositions, functional properties,
microbiological anaysisi.e. Total Plate Count and sensory
evaluation. During the storage period the evaluated
parameter was indicated that the FPC extracted from
ribbon fish, Lepturacanthus savala was within the
acceptable form up to 6 months.

LITERATURE CITED

AOAC (2005). Official methods of analysis, 18" (Eds.),
Association of Official Analytical Chemists, AOAC
International, Washington DC, USA.

Balachandran, K .K. (2012). Post-harvest technology of fish
and fish products, pp. 77-121, Daya publishing house,
Delhi-35, India

Borderias, A.J., Colmenero, J.F. and Tejada, M. (1985).
Viscosity and emulsifying of fish and chicken muscle
protein. J. Food Technol., 20 : 31-42.

Bourne, M. (2002). Physicsand texture. In; Food texture and
viscosity: concepts and measurement (2™ Eds.), pp. 59-
106, Academic Press, San Diego, California.

Bragadottir, M., Reynisson, E., Porarinsdottir, K.A. and
Arason, S. (2007). Stability of fish powder made from
Saithe (Pollachiusvirens) as measured by lipid oxidation
and functional properties. J. Aquatic Food Prod. Technal.,
16 (1): 115-136.

Butt, S.M. and Batool, R. (2010). Nutritional and functional
properties of some promising legumes protein isolates.
Pakistan J. Nutrit., 9: 373-379.

Chari, S.T. and Sreenivasan, A. (1980). Protein concentrate
from Shark. J. Fish Technol., 17: 115-117.

Chattopadhyay, A .K ., Madhusudana Rao, B. and Gupta, S.
(2004). A ssimple processfor the utilization of small Bony
fish as edible fish powder. J. Fish Technol., 41 (2): 117-
120.

Chen, G. (2007). Microbiological and physico-chemical stability
of red claw cray fish tail meat stored with modified



EFFECT OF PACKAGING MATERIALS ON QUALITY OF FISH PROTEIN CONCENTRATE EXTRACTED FROM RIBBON FISH, Lepturacanthus savala

atmosphere packaging. Ph.D. Thesis, University of
Kentucky, International, 69: 14.

Cho, S.H., Jahncke, M .L ., Chin, K.B. and Eun, J.B. (2006).
The effect of processing condition on the properties
condition on the properties of gelatin from Skate (Raja
kenojei) skins. Food Hydrocolloid., 20 : 810-816.

Chudasama, B.G., Zofair, SM ., Dave, T.H. and Bhola, D.V.
(2012). Preparation and eval uation of edible fish powder
prepared from small sized Croaker, Otolithesruber landed
at southern coast of Gujarat. Internat. J. Process. Post-
Harvest Technal., 3(1): 28-31.

Cluskey, S, Connally, J.F., Bevery, R., Kéely, J. and Stanton,
C. (1997). Lipid and cholesterol oxidation in whole milk
powder during processing and storage. J. Food <ci., 47:
63-75.

Calmenero, J.F., T§jada, M .and Borderias, A.J. (1988). Effect
of seasonal variation in protein functional properties of
fish during frozen storage. J. Food Biochem.,12 : 159-
170.

Cordova-Murueta, J.H.,NavarreteDd Toro, M .A.and Garcia
Carreno, F.L. (2007). Concentrates of fish protein from
by catch species produced by various drying processes.
J. Food Chem., 100 : 705-711.

Damodaran, S. (1996). Amino acids, peptidesand proteins. In
O. R. Fennema (Ed.), pp. 321-429, Food Chem. Marcel
Dekker, NEWYORK, U.SA.

Dickinson, E. and Stainsby, G. (1987). Progress in the
formul ation of food emulsions and foams. Food Technol .,
41(9): 74-81.

Diniz, FM.and Martin,A.M. (1997). Effects of the extent of
enzymatic hydrolysis on the functional properties of
Shark protein hydrolysate. L ebensmittel Wissenschaftund
Technoal., 30: 266-272.

FAO (2006). FAO Fish Protein Concentrate, fish flour, fish
hydrolysate. Animal Feed resource information system.
Food and Agriculture Organization. Rome, Italy. pp. 1-15.

Hall, GM.and Ahmad, N.H. (1992). Functional properties of
fish protein hydrolysates. In: Fish Processing Technology,
Hall, GM. (Eds.), pp. 249-265, Blackie Academic and
professional, New York, USA.

Halling, P.J. (1981). Protein-stabilized foams and emulsions,
CRC Crit. Rev. Food Nutr., 15 : 155-203.

Hamann, D.D. (1994). Rheological studiesof fish proteins, in
Food Hydrocolloids, Nishinaki, K. and Doi, E. (Eds.), p.
225, Plenum Press, New York, USA.

Hermansson, A.M. (1973). Determination of functional

properties of protein foods. In: Problems in Human
Nutrition (Porter, J. and Rolls, B., Eds), pp. 407-420,
Academic Press, LONDON, UNITED KINGDOM.

Hoyle, N.T. and Merritt, J.H. (1994). Quality of fish protein
hydrolysate from herring (Clupea harengus). J. Food i,
59:76-79.

Jeyasanta, K .|, Aiyamperumal, V. and Patter son, J. (2013).
Utilization of trash fishes as edible fish powder and its
quality characteristics and consumer acceptance. World
J. Dairy Food i, 8 (1): 1-10.

Khoshkhoo, Zh., M otalebi, A.A., Razavilar, V. and K hanipour,
A.A. (2012). Protein and lipid changes of FPC produced
from Caspian SeaKilkasin VP and MAP during storage
at different temperatures. Iranian J. Fish ci., 11(2): 338-
346.

Kinsdla, J.E. (1979). Functiona propertiesof soy proteins. J.
Am. Oil Chem. Soc., 56 : 242.

Kuntz, |.D. and Kauzmann, W. (1974). Hydration of proteins
and polypeptides. J. Adv. Protein Chem., 28 : 239.

Matsudomi, N., Kato, A. and Kobayashi, K. (1982).
Conformation and surface properties of determinate
gluten. J. Agric. Biol. Chem., 46: 1583-1589.

M edwadowski, B., Haley, A. and Van, D.V.J. (1971). Effect of
storage on lipids of fish protein concentrate. J. Am. Qil
Chem. Soc., 48: 782-783.

Miller, R. and Goninger, H.S. (1976). Functional properties of
enzyme modified acylated fish protein derivatives. J. Food
i, 41 (2): 268-272.

Mohan, M., Ramchandran, D., Sankar, T.V.and Anandan, R.
(2007). Influence of pH on the solubility and
conformational characteristics of muscle proteins from
Mullet, Mugil cephalus. Process. Biochem., 42 : 1056-
1062.

M uraleedharan, V. and Gopakumar, K . (1998). Preparation and
properties of functional protein concentrate from Tuna
(Euthynnus affinis). In: Fish utilization in Asia and the
Pacific. Proceedings of the APFIC symposium, Beijing
people’s republic of China, 24-26 September 1998; RAP
publication (FAO), 1998/24. James, D.G,, pp. 101-106,
Regioal officefor Asaand the Pecific; Asia-Pacific fishery
Commission, FAO, Bangkok, Thailand.

National Standard Board (1992). Indonesia. pp. 24-76.

Oguni, M., Inuoue, N., Ohi, K. and Shinad, H. (1987).
Denaturation of Carp myosin B during frozen and super
cooled storage at -8°C. Bull. J. Soc. <ci. Fish, 53 : 789-
T4,

Internat. J. Proc. & Post Harvest Technol., 7(2) Dec., 2016 : 189-198 &
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE | 197



J.M. KOLI, A.R. AKHADE AND R.R. AKHADE

Parker, N.S. (1987). Properties and functions of stabilizing
agents in food emulsions. Critic. Rev. Food Sci. Nutrit.,
25:285-315.

Partiban, F., Sankar, T.V. and Anandan, R. (2005). Changesin
the functional properties of Tilapia (Oreochromis
mossambicus) protein during storage in ice. J. Fish
Technal., 42 (2): 155-162.

Rasekh, J.G, Sillings, B.R.and Dubrow, D.L. (2001). Moisture
adsorption of fish protein concentrate at variousrelative
humidity and temperatures. J. Food ci., 36 : 705-707.

Roura, S.I.,Montecchia, C.L., Goldemberg,A.L ., Trucco, R.E.
and Crupkin, M. (1990). Biochemical and physico-
chemical properties of actomyosin from pre and post
spawned Hake stored oniice. J. Food <ci., 55 : 688-692.

Sarma, J., Srikar, L.N. and Reddy, G.V. (1999). Effect of ice
storage on the functional properties of pink perch and oil
sardinemeat. J. Sci. Food Agric., 79: 169-172.

Sharmila, R. (2006). Sea Food Export J. (Ed.). 36 (9): 20-25.

Sikorski, Z.E.,Naczk, M. and Toledo, R.T. (1981). Modification
of technological properties of fish protein concentrates.
Food Sci. Nutr., 14 (3): 201-230.

Syahrul, D. (2015). Quality assessment of fish protein
concentrate from Catfish (Pangasius hypopthal mus)
during storage at room temperature. J. Environ. <ci.
Toxicol. Food Technal., 9 (9): 20-23.

Internat. J. Proc. & Post Harvest Technol., 7(2) Dec., 2016 : 189-198
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE

th

Syarief, R. and Halid, H. (1993). Food storage technology.
Inter-University Food and Nutrition, Bogor Agricultural
University, Bogor, Indonesia.

Takashi, R.,Inque, N. and Shinand, H. (1993). Effect of sorage
temperature on freeze denaturation of carp myofibrilswith
K Cl or NaCl. Nippon Suisan Gakkaishi, 59 : 519-527.

Webb, M .F., Naeem, H.A. and Schmidt, K.A. (2002). Food
protein functionality in aliquid system: A comparison of
delaminated wheat protein with diary and soy proteins. J.
Food i, 67: 2896-2902.

Wild, PJ. and Clark, D.C. (1996). Foamformation and stability.
In: Methods for testing protein functionality. Hall, G. M.
(Eds.), pp. 110-148, Blackie academic and professional,
London, England.

World Health Organization (WHO) (2000). Obesity: Preventing
and managing the global epidemic, Report of WHO
consultation; 894: pp. 1-253, Technical Research Series,
Geneva

Zar,H.J. (1999). Biostagtical analysis, (4" Eds.), p 645, Pearson
Education, Inc. and Dorling Kindersley (India) Pvt. Ltd.,
Delhi.

Zayas, J.F. (1997). Functionality of proteins in food. In:
Solubility of proteins. pp. 6, 310-331, 81-100, Springer-
Verlag, Berlin, Heidel berg.

Year
* % % % % Of Excellence x x x x x



