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Abstract

In this study, gelation characteristics, colour, moisture and water activity of spray-dried tilapia powder
(SDTP) packed in polyethylene pouches under aerobic conditions were evaluated under refrigerated,
ambient and accelerated storage conditions for up to 90 days. The spray dried powder contained
2.63% moisture, had least gelation concentration (LGC) of 8.67% and water activity of 0.255. The L*,
b* and a* values of spray-dried tilapia powder was found to be 97.69, 1.51 and 0.12, respectively. At
refrigerated storage temperature (4°C), the LGC ranged between 8-10% up to 90 days (p<0.05) of
storage. Gelation capacity of the powder was not altered significantly up to 30 days when stored at
10°C and ambient temperature and after that the powder was found to form gel at slightly higher
concentration between 9-12.75% and 9-14%, respectively. Significant loss of gelling ability over
storage time was observed (p<0.05) for spray-dried tilapia powders stored at 40°C. The powder could
retain its gelation capacity up to 60 days storage with LGC observed to be at 15% (w/v). However
afterwards, the powder lost its gelling properties and no gel could be formed with tilapia powder even
when higher than 15% concentration was employed. The complete loss of gelling properties was
witnessed for powders stored at 60°C only after 15 days. The L value of spray-dried tilapia powder
(SDTP) did not change significantly (p>0.05) when stored at 4°C and 10°C for up to 90 days The L
value was found to decrease gradually (p<0.05) when stored at ambient and elevated temperatures and
the most reduction was observed for the highest storage temperature of 60°C. The darkest powder
with L* value of 85.4 was observed for powders stored at 60°C for 90 days. The moisture adsorption
by SDTP was observed under refrigerated and ambient temperature, even though the value was still
below 5% after 90 days of storage. However, under accelerated storage condition of 40°C and 60°C,
the moisture content of the powder tends to decrease until 45 days and then slightly increased due to
clumping of powder. Water activity also showed similar trend and lowest and highest value obtained
was varied between 0.093-0.470. The half-life of the spray-dried tilapia powder kept at 10°C, ambient
temperature and elevated temperature at 40°C were predicted to be approximately 14 months, 5
months and two and half months, respectively.
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Introduction
Storage time and temperature are the major factors affecting the
rate of loss of quality and shelf life of fish [1]. Research on the
shelf-life and quality changes of fish mince has mainly been
performed on surimi under frozen storage conditions [2-4].
However, there are some disadvantages associated with frozen
storage [5] including freezer burn, product dehydration,
rancidity, drip loss and product bleaching which can have an
overall effect on the quality of the frozen foods.

In powder form, surimi can be kept at room temperature
without frozen storage. Compared to frozen surimi, powdered
surimi offers many advantages in commercial food production,
such as ease of handling, lower cost for distribution, easy to
store and useful in dry food mixes application [6,7]. Different
drying methods have been tried to process surimi into powder
or dried proteins: freeze drying methods was used by Mastuda
and Diaz-Sobac et al. [8], while Huda et al. [9] reported that

freeze dried surimi powder from different fish species has
superior functional properties. The effect of spray drying was
studied by Niki et al. [10] and Venugopal et al. [11]. Huda et al.
[12] produced surimi powder using conventional oven at 60°C
and reported the effect of cryoprotectant on functional
properties. Musa et al. [13] prepared surimi powder via solar
drying and the powder has had acceptable functionality.
Shaviklo et al. [14] compared stability, functionality and
sensory characteristics of spray-dried and freeze-dried fish
protein powder.

Successful development of fish protein powder from Alaska
pollock (Theragra chalcogramma), lizard fish (Saurida
tumbil), threadfin bream (Nemipterus japonicas), purple-
spotted big-eye (Priacanthus tayenus), mackerel (Scomber
australasiars), fat sleeper (Dormitator maculathus), croaker
(Johnius dussumieri), cod (Gadus morhua), common carp
(Cyprinus carpio) and saithe (Pollachius virens) have already
been reported [9,12,14-20].
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Ramirez et al. [18] produced freeze-dried surimi from tilapia
and evaluated its emulsifying ability. More recently, detailed
study on physicochemical properties of fish protein concentrate
and fish protein hydro lysate from tilapia has been reported by
Foh et al. [21]. Dried surimi is quite similar to fish protein
concentrate (FPC) particularly with respect to high protein
content [12]. However, the process to prepare FPC involves
solvent extraction followed by dehydration of the fish meat
which is costly and therefore not commercially viable [22,23].
The present study is unique/different from the others because
the whole tilapia mince rather than the fish protein concentrate
(FPC) has been converted into powders via spray-drying and
without employing solvent extraction. Food items such as dairy
products and fruit juices are regularly converted into powders
by spray drying. Moreover, the process of making free flowing
dispersion should be cost-effective because of the cheap raw
material and superior final product. The production of spray-
dried tilapia fish powder (SDFP) can add value to the ultimate
low commercial fish and might be used for developing
formulated seafood and ready-to-eat food products.

Functionality and stability of a FPP are very important for its
application in the food industry as they affect food quality and
acceptance. Gelation is one of the most important functional
properties which determine the suitability of incorporation of a
particular substance into food products. The ability of protein
to form gel and provide a structural matrix for holding water,
flavours, sugars and food ingredients is useful in food
applications [24]. Studies on storage stability of vacuum
packaged FPP from Alaska pollock revealed that it could
maintain its functional properties for 6 months at 5°C, but
these properties were lost very quickly when FPP was stored at
30°C [10,25,26]. On the other hand, Ramirez et al. [18]
showed that, freeze-dried FPP can retain excellent functionality
for up to 9 months at low temperature (-18°C). Venugopal et al.
[11] reported storage stability of two months for spray dried
threadfin bream powder at ambient temperatures under aerobic
packaging conditions.

The objective of this study is to produce meat powder from red
tilapia under optimized spray-drying conditions and also to
determine the storage stability of the meat powder with respect
to its gelling properties, colour, moisture content and water
activity at refrigerated, room and accelerated storage
temperature for up to 90 days. The storage stability study also
provides shelf life of the spray-dried powder over time.

Materials and Methods
The half-life of the spray-dried tilapia powder kept at 10°C,
ambient temperature and elevated temperature at 40°C were
predicted to be approximately 14 months, 5 months and two
and half months, respectively.

Preparation of spray-dried tilapia mince powder

The fresh live tilapia was purchased from wholesale market
and was immediately brought to laboratory for further
processing. The meat slurry was prepared as described in
Chapter 5 and was spray-dried in a pilot scale spray dryer
(Niro A/S, GEA, Germany) under optimized condition with

28.69% maltodextrin as a carrier material and at an inlet air
temperature and outlet air temperature of 176.84°C and 95°C,
respectively. The powder produced was collected for the
stability study.

Proximate composition

Proximate analyses were conducted on raw tilapia mince and
mince powder after spray-drying. Official methods of the
AOAC [27] were used to determine moisture, ash, fat and
crude protein by Kjeldahl nitrogen determination (%protein=
%N × 6.25).

Storage conditions

The spray-dried fish powders (SDFP) weighing approximately
20g were sealed under aerobic conditions in pouches of
polypropylene bags (size: 125 210 mm thickness: 80 µm). The
packed powders were kept at different storage temperatures
viz. refrigerated temperatures of 4°C and 10°C, ambient
temperature (30°C) and elevated temperatures of 40°C and
60°C. Sampling was carried out at 0, 15, 30, 45, 60, 75 and 90
days of interval for gelling properties, appearance (color),
water activity and moisture content. All analyses were carried
out in triplicates.

Least gelation concentration

The Least Gelation Concentration (LGC) of the spray-dried
fish powder was determined according to Miller and Groninger
[28]. Powder suspensions of 1-15% (w/v) were prepared in 10
ml distilled water in test tubes. The tubes containing the
suspensions were then heated for 30 min in a gentle boiling
water bath, after which the tubes were cooled rapidly in water
at 4°C for 60 min. Each tube was then inverted one after the
other. The LGC was taken as the concentration when the
sample from the inverted test tube did not fall or slip.

Colour measurement

The colour measurements of spray-dried tilapia powder were
carried out using Minolta Chroma Meter (Model CR-300,
Japan). The equipment was calibrated and standardized with a
white colour standard calibration plate as proposed by the
manufacturer. The results were expressed in L, a, b values as a
colour coordinates in which L was lightness or darkness (black,
L=0; white, L=100), +a was the redness, -a was the greenness,
+b was yellowness, and -b was blueness.

Moisture content

The moisture content of the spray-dried tilapia powders was
determined according to AOAC, 1984. Triplicate samples of
powder (3 g each) were weighed in porcelain crucibles and
then dried in a vacuum oven at 105°C for 24 hours. The
samples were removed from the oven, cooled in a desiccator
and weighed. The drying and weighing processes were
repeated until constant weight was obtained.

Water activity

Water activity was measured using a water activity meter
(AQUALAB Series 3 TE, USA). The sample bowl was filled
to 2/3 (approximately) with spray-dried tilapia powder and
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inserted into the measuring bowl. The measuring bowl was
placed underneath. Display in the standby mode was read at
25°C.

Evaluation of storage stability and half-life of powder based
on LGC

Storage stability of spray-dried tilapia mince powder was
expressed in terms of rate constant (k) and half-life value (t1/2)
according to Cai, et al. [29]. Rate constant (k) and half-life
value (t1/2) of gelation capacity were calculated using the
regression analysis of ln (Least gelation concentration %)
versus storage time when plotted on natural logarithmic scale.
Denaturation rate constants (k) were obtained from the slope of
the plot and the half-life was calculated as t1/2=ln2/k.

Statistical analyses

Minitab statistical Package Version 14 (2004) was used for the
statistical analyses. All experiments in this study are reported
as mean of three replicate analyses. One-way analysis of
variance (ANOVA) was carried out to compare between the

mean values of different species of the seeds. Differences in
the mean values were determined at P<0.05.

Results and Discussion
Proximate composition

Table 1 shows proximate composition of tilapia mincemeat.
Ramirez et al. [18] also found similar composition in the
frozen surimi of tilapia where moisture content was 78%,
protein 15.1%, fat 0.48% and ash 0.42%. Freeze-dried surimi
had 4.6% moisture and protein content was 62%. Carbohydrate
content was about 8% and fat and ash content were 2.9% and
1.6% respectively. On the other hand, Shaviklo and others [14]
produced spray-dried powders from saithe and the reported
value for protein, moisture, ash, fat and carbohydrate contents
were 74.5%, 5.8%, 1.4%, 3.2% and 15.1%, respectively. In our
study, maltodextrin as carrier material was added to a
concentration of 27.64% which could possibly explain the
comparatively lower amount of protein in the tilapia powder.

Table 1: Proximate compositions of tilapia mince before and after spray-drying.

Component (%) Fresh mince Spray-dried mince powder

Protein 18.65 ± 0.76 66.37 ± 0.65

Fat 0.46 ± 0.09 3.81 ± 0.16

Ash 0.19 ± 0.07 1.72 ± 0.12

Moisture 79.87 ± 0.59 2.63 ± 0.08

Gelation capacity and storage

Gelation is a two-stage process involving the initial
denaturation of proteins into unfolded polypeptides, which is
then gradually associated to form the gel matrix, if attractive
forces and thermodynamic conditions were suitable. Because
of the high temperature coefficient of denaturation, it may be
expected that the first step in the gelation process would be
greatly accelerated compared to the second step, involving
network formation; therefore higher temperatures should result
in the formation of finer, firmer gels. However, conditions of
the cooling step, which is usually required to permit gelation,
also affect physical characteristics of the gels. Upon cooling,
the uncoiled polypeptides associate to form a network. Cross
linking may involve multiple hydrogen bonds, ionic
attractions, disulphide bonds, hydrophobic associations or a
combination of these [30].

The least gelation concentration which is defined as the lowest
protein concentration at which gel remains in the inverted tube
was used as an index of gelation capacity. The lower the level
of the least gelation concentration, the higher the gelling ability
of the protein ingredient [31]. Gel-forming ability is affected
by the extent of denaturation of myofibrillar proteins during
heating, relative concentration of myofibrillar versus
sarcoplasmic and/stroma protein, and additives used for
protecting proteins during frozen storage [32]. However,
gelation of fish protein powder (FPP) also depends on factors

such as drying method, amount of additives, protein
concentration and pH [14].

The least gelation concentration for spray-dried tilapia powder
used in the study before storage was found to be 8.67%. The
value obtained is lower than those reported for Great Northern
bean (10%) [33], lupin seed flour (14%) [34], cowpea (16%)
[35], pigeon pea flour (12%) [36] and pumpkin seed 14.0% as
reported by Olaofe et al. [37]. Recently, better gelling ability of
saithe (Pollachius virens) protein powder has been reported by
Shaviklo et al. [14], where freeze-dried powder with or without
additive could be gelled at 2% and 6%, respectively. On the
other hand, LGC of spray-dried saithe protein powder was
found to be at concentrations of 10 g/kg protein. In another
study, the LGC of maize-tilapia flour blend ranged from 4% to
6%, when compared with maize flour which has an LGC of
10% [38]. Similar gelation values were reported by Huda et al.
[9] in freeze-dried surimi powder of lizard fish (4.2%),
threadfin bream (1.2%) and purple-spotted big eye (1.8%).

Table 2 shows the effect of storage temperature and time on the
gelling ability of spray-dried tilapia powder. The gelation
capacity was found to be affected by both storage temperature
and time probably due to the denaturation of myosin and
actomyosin which are responsible for gelation. At refrigerated
temperature (4°C), the LGC ranged between 8-10% up to 90
days (p<0.05) of storage. At 10°C temperature, the gelation
capacity was not altered up to 30 days and after that the
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powder was found to form gel at slightly higher concentration
e.g., 9% after 60 days, 10% after 75 days and 12.75% after 90
days of storage. Similar trend was observed for powder stored
at ambient temperature, where no significant change in
gelation capacity was observed up to 30 days and the total
increment of gelation concentration at 90th day of storage was
5.38% with significant (p<0.05) increment in LGC and hence
the loss of gelation capacity was observed after 45 days of
storage.

Under accelerated storage conditions, significant loss of gelling
ability over storage time was observed (p<0.05) for spray-dried
tilapia powders stored at 40°C. The powder could retain its
gelation capacity up to 60 days storage with LGC observed to
be at 15% (w/v). However afterwards, the powder lost its
gelling properties and no gel could be formed with tilapia
powder even when higher than 15% concentration was
employed. The complete loss of gelling properties was
witnessed for powders stored at 60°C only after 15 days.

Table 2: Gelling properties of tilapia powder as influenced by storage time and temperature.

Parameter Storage

time (days)

Storage temperature

4°C 10°C 30°C 40°C 60°C

Gelling property 0 8.67 ± 0.05 A,f 8.67 ± 0.05 A,e 8.67 ± 0.05 A,f 8.67 ± 0.05 A,e 8.67 ± 0.05 A,a

15 8.73 ± 0.04 B,e 8.70 ± 0.01 B,ed 8.73 ± 0.03 B,e 9.35 ± 0.21 A,d NG

30 8.83 ± 0.04 B,d 8.76 ± 0.01 C,ed 8.74 ± 0.03 C,e 10.45 ± 0.07 A,c NG

45 8.85 ± 0.07 C,d 8.83 ± 0.04 C,d 9.18 ± 0.04 B,d 12.10 ± 0.14 A,b NG

60 8.95 ± 0.07 C,c 9.05 ± 0.21 C,c 10.25 ± 0.02 B,c 15.10 ± 0.14 A,a NG

75 9.22 ± 0.07 C,b 10.05 ± 0.07 B,b 11.89 ± 0.03 A,b NG NG

90 10.73 ± 0.04 C,a 12.75 ± 0.07 B,a 14.05 ± 0.05 A,a NG NG

NG- No Gelling

Averages of triplicate analysis

Values in the row with different uppercase (A-E) were significantly different (p<0.05)

Values in the column with different lowercase (a-c) were significantly different (p<0.05)

According to Mackie et al. [39], the gelling functionality of
meat proteins is generally regarded to be greatly reduced after
dehydration. Yet if some acceptable level of gelling
functionality could be achieved in meat powders, however
diminished from the raw wet state, the cost saving benefits
could still make meat powders attractive to the food industry as
a substitute for raw meat ingredients. In this study, the spray-
dried tilapia powder could be transformed into gel at the
concentration between 8-15%, when stored at ambient
temperature for three months and at accelerated temperature
(40°C) for up to two months. Niki et al. [7] found that freeze-
dried FD powders retained greater functionality compared to
spray-dried SD powders. However, the storage stability of SD
powders is likely to be superior to FD powders especially if
ambient storage conditions are considered.

Effect of colour on storage

Colour measurement is an important quality indicator as it
reflects the sensory attractiveness and the quality of the
powders produced in spray drying process. Shaviklo et al. [14]
suggested that the colour of the fish powder depends on several
factors such as mixing fish flesh with cryoprotectants, drying
methods, drying temperature and lipid oxidation. In this study,
L value of spray-dried tilapia powder (97.69) was found higher
than that of freeze dried powder (92.10) and oven-dried
powder (90.10) of threadfin bream as reported by Musa;
freeze-dried surimi powder from Threadfin bream (89.57),
purple-spotted bigeye (88.33) and lizardfish (85.59) obtained

by Huda et al. [9] and spray-dried powder (47.80) and freeze-
dried protein powder (41.20) of saithe as reported by Shakivlo
et al. [14] indicating that the color of fish powder depends
mostly on the fish species and also on processing conditions.

The effect of Lightness (L*), redness (a*) and yellowness (b*)
values of surimi powder stored under different temperatures
are shown in Table 3. From the table, it is evident that the
powder experiences no change in color at refrigerated
temperature of 4°C and 10°C. The L value of spray-dried
tilapia powder (SDTP) did not change significantly (p>0.05)
when stored at refrigerated temperature for up to 90 days.
Venugopal et al. [11] also found that the spray-dried threadfin
bream powder remain colorless even up to 120 days when
stored at 10°C. The spray-drying conditions used were similar
with the present study; the inlet and outlet temperature being at
180°C and l00°C, respectively with feed rate of 2L/h.

On the other hand, storage at ambient temperature (30°C) as
well as at elevated temperature such as 40°C and 60°C were
found to exert a great influence on degrading the colour. This
was most pronounced for the lightness variable (L*), but also
for yellowness (b*) value of the powder. The browning of the
dried sample can be identified from L values. The lower the L
values, the higher the powders turned brown in colour. The L
value was found to decrease gradually (p<0.05) when stored at
ambient and elevated temperatures and the most reduction was
observed for the highest storage temperature of 60°C. The
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darkest powder with L* value of 85.4 was observed for
powders stored at 60°C for 90 days.

Table 3: Hunter colour values of tilapia powder as influenced by storage time and temperature.

Colour Storage time (days) Storage temperature

4°C 10°C 30°C 40°C 60°C

L* 0 97.69 ± 0.04 A,c 97.69 ± 0.04 A,b 97.69 ± 0.04 A,a 97.69 ± 0.04 A,a 97.69 ± 0.04 A,a

15 97.55 ± 0.01 A,d 97.57 ± 0.04 A,c 96.51 ± 0.04 B,b 95.47 ± 0.03 C,b 94.36 ± 0.05 D,b

30 97.49 ± 0.03 A,e 97.53 ± 0.04 A,c 94.11 ± 0.03 B,c 93.41 ± 0.02 C,c 92.71 ± 0.03 D,c

45 97.90 ± 0.08 A,b 97.41 ± 0.05 B,d 93.62 ± 0.08 C,d 90.59 ± 0.02 D,d 90.94 ± 0.05 E,d

60 97.96 ± 0.03 B,a 98.96 ± 0.00 A,a 91.47 ± 0.07 C,e 89.7 ± 0.08 D,e 89.11 ± 0.04 E,e

75 97.66 ± 0.01 B,c 98.97 ± 0.01A,a 91.42 ± 0.04 C,e 88.63 ± 0.04 D,f 87.23 ± 0.05 E,f

90 97.54 ± 0.04 A,d 97.53 ± 0.04 A,c 90.02 ± 0.03 B,f 87.87 ± 0.08 C,g 85.41 ± 0.03 D,g

a* 0 0.12 ± 0.05 A,a 0.12 ± 0.05 A,ba 0.12 ± 0.05 A,a 0.12 ± 0.05 A,f 0.12 ± 0.05 A,g

15 0.09 ± 0.02 D,bc 0.11 ± 0.01 CD,bc 0.13 ± 0.02 C,a 0.26 ± 0.01 B,e 0.36 ± 0.02 A,f

30 0.08 ± 0.02 D,c 0.10 ± 0.01 CD,c 0.13 ± 0.03 C,a 0.35 ± 0.05 B,d 0.44 ± 0.06 A,e

45 0.09 ± 0.01 E,bc 0.11 ± 0.02 D,bc 0.14 ± 0.03 C,a 0.51 ± 0.01 B,c 0.56 ± 0.02 A,d

60 0.10 ± 0.01 D,bac 0.12 ± 0.01 CD,ba 0.14 ± 0.01 C,a 0.62 ± 0.01 B,b 0.79 ± 0.02 A,c

75 0.11 ± 0.03 C,ba 0.12 ± 0.01 C,ba 0.13 ± 0.01 C,a 0.72 ± 0.04 B,a 0.87 ± 0.05 A,b

90 0.12 ± 0.02 C,a 0.13 ± 0.01 C,a 0.13 ± 0.00 C,a 0.74 ± 0.02 B,a 0.93 ± 0.02 A,a

b* 0 1.51 ± 0.02 A,ba 1.51 ± 0.02 A,d 1.51 ± 0.02 A,f 1.51 ± 0.02 A,f 1.51 ± 0.02 A,g

15 1.49 ± 0.02 D,b 1.51 ± 0.04 D,d 4.25 ± 0.11 C,e 5.73 ± 0.00 B,e 8.19 ± 0.05 A,f

30 1.50 ± 0.01 D,ba 1.52 ± 0.01 D,d 4.36 ± 0.05 C,d 5.77 ± 0.04 B,d 10.75 ± 0.03 A,e

45 1.51 ± 0.05 D,ba 1.55 ± 0.04 D,c 5.68 ± 0.03 C,c 8.33 ± 0.01 B,c 11.88 ± 0.11 A,d

60 1.51 ± 0.02 E,ba 1.57 ± 0.01 D,cb 5.76 ± 0.04 C,cb 10.16 ± 0.01 B,b 12.41 ± 0.05 A,c

75 1.51 ± 0.01E,ba 1.58 ± 0.01 D,b 5.78 ± 0.01 C,b 10.16 ± 0.00 B,b 14.66 ± 0.07 A,a

90 1.52 ± 0.01E,a 1.62 ± 0.01 D,a 8.03 ± 0.06 C,a 11.42 ± 0.04 B,a 14.53 ± 0.02 A,b

*Averages of triplicate analysis

Values in the row with different uppercase (A-E) were significantly different (p<0.05)

Values in the column with different lowercase (a-c) were significantly different (p<0.05)

Generally, the powders produced via oven drying showed
increased a* and b* values; whereas, minimal colour
deterioration was reported in powders produced via freeze-
drying. Musa showed that under different drying conditions,
surimi dried at low temperature was better in L*, b* values. In
contrast, Shaviklo et al. [14] found that, the spray-dried saithe
powder was whiter and lighter than freeze-dried FPP.
Homogenization of washed mince slurry with additives in a
high-speed homogenizer, prior to spray-drying, disrupted fish
mince tissue and pigments and gave a homogenized white
solution for feeding into the spray-dryer. High temperature,
short time in the spray-drying process and possibly
crystallization of the lyoprotectant during drying resulted in a
whiter powder.

Effect of moisture content of powder during storage

The spray-dried tilapia powder used in this study had an initial
moisture content of 2.63%. The value was lower than the
maximum moisture specification for most dried powder in the
food industry which is between 3 to 4 g/100 g [40]. The
changes in the moisture content of tilapia powder throughout
the storage period of 90 days are shown in Table 4. The
moisture absorption by SDTP was noticed at refrigerated
temperature and the moisture content was gradually increased
with increase in storage period.

The moisture content of tilapia powders significantly increased
from 2.63% to 4.27% after 60 days of storage and finally to
4.41% after 90 days of storage at 4°C (p<0.05). Moisture
adsorption was slightly lower at storage temperature of 10ºC
than 4ºC and the maximum value (4.08) recorded was at 75
days of storage. At ambient temperature, no significant
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reduction in the moisture content was observed for powders
stored up to 45 days (p>0.05). However afterwards, gradual
adsorption of moisture was noticed with significant increase in
moisture content value of 3.88% observed after 90 days. This
could be due to the weak barrier property of the packaging
material which absorb higher amount of moisture in the
packaged powder. Similar observations were made by
Christinsen et al. [41] for spray-dried dry emulsions stored for
six months. During storage at ambient temperature, the
moisture content in the dry emulsions was slightly increased
from 0.9 to 1.6% whereas at elevated temperature (40°C), the
moisture content was increased to 2.5%. Even though, the
moisture content of tilapia powder was found to increase
during storage under refrigerated and ambient temperature, the
value was still below 5%. Pike [42] pointed out that moisture
content below 8% improves flow characteristics. In case of
fishmeal, moisture contents between 5% and 10% are
considered quite normal [43].

However, under accelerated storage condition of 40°C, the
moisture content of the powder tends to decrease over time.
The reduction in moisture content was not significant for
storage period up to 45 days (p>0.05). Prolonged exposure at
40°C resulted into outward moisture migration from the
packaging material and significant reduction in moisture
content from 2.63 to 1.89% after 90 days of storage (p<0.05)
was observed. At extreme storage temperature of 60°C, the
moisture content gradually declined 0.93% after 30 days of
storage (p<0.05). However, afterwards, the powder become
brownish, sticky and form clumps or small aggregates. As a
result, the moisture content was found to increase again at 45
days of storage. The value increased to 1.47% at 45 days and
finally to 1.82% at 90th day at the end of the experiment.

Table 4: Moisture content of tilapia powder as influenced by storage time and temperature.

Parameters Storage time (days) Storage temperature

4°C 10°C 30°C 40°C 60°C

Moisture content (%) 0 2.63 ± 0.08 A,f 2.63 ± 0.08 A,e 2.63 ± 0.08 A,d 2.63 ± 0.08 A,a 2.63 ± 0.08 A,a

15 3.4 ± 0.02 A,e 3.41 ± 0.06 A,d 2.60 ± 0.08 B,d 2.56 ± 0.08 B,a 1.80 ± 0.04 C,b

30 3.73 ± 0.08 A,d 3.78 ± 0.04 A,c 2.67 ± 0.01 B,d 2.49 ± 0.05 C,a 0.93 ± 0.06 D,d

45 3.92 ± 0.05 A,c 3.88 ± 0.04 A,cb 2.69 ± 0.01 B,d 2.46 ± 0.08C,ba 1.47 ± 0.04 D,c

60 4.27 ± 0.04 A,b 3.96 ± 0.07 B,b 3.13 ± 0.04 C,c 2.28 ± 0.05D,bc 1.58 ± 0.01 E,c

75 4.32 ± 0.04 A,ba 4.08 ± 0.03 B,a 3.69 ± 0.04 C,b 2.09 ± 0.01 D,c 1.79 ± 0.02 E,b

90 4.41 ± 0.04 A,a 4.17 ± 0.01 B,a 3.88 ± 0.04 C,a 1.89 ± 0.01 D,d 1.82 ± 0.01 E,b

Averages of triplicate analysis

Values in the row with different uppercase (A-E) were significantly different (p<0.05)

Values in the column with different lowercase (a-c) were significantly different (p<0.05)

Effect of water activity during storage

Water activity (Aw) is an important index for spray-dried
powder because it can greatly affect the shelf life of the powder
produced. It is defined as the ratio of vapour pressure of water
in a food system to vapour pressure of pure water at the same
temperature [44]. It is different from moisture content as it
measures the availability of free water in a food system that is
responsible for any biochemical reactions, whereas the
moisture content represents the water composition in a food
system.

Water activity influences rate and extent of non-enzymatic
browning reaction and lipid oxidation of food products, the
reaction increases with increasing water activity [45]. High
water activity indicates more free water available for
biochemical reactions and hence, shorter shelf life. Generally,
food with aw<0.6 is considered as microbiologically stable and
if there is any spoilage occur, it is induced by chemical
reactions rather than by microorganism.

As shown in Table 5, the water activity of the powder at 0 day
of storage was 0.253 indicating that the spray-dried powders
produced were relatively stable microbiologically and have
longer shelf-life. However, the storage conditions also played
an important role in this matter. At refrigerated temperature,
the water activity significantly increased from 0.255 to 0.470
and 0.447 at 4°C and 10°C, respectively after 90 days of
storage (p<0.05). The water activity of powder stored at
ambient temperature had increased significantly (p<0.05) from
0.253 to 0.305 after 15 days and then gradually from 0.313 at
45 days of exposure to 0.361 after 90 days of storage. The total
increase of water activity was about 2.7% during 90 days of
storage at 30°C. At 40°C, the powder become dry and the
water activity was gradually decreased from 0.255 to about
0.212 (p<0.05) after 90 days of storage. As in the case of
moisture content, the water activity of the powder decreased
significantly from 0.255 to 0.076 at 30 days of storage. After
that, the powder particles attached to one another and form
clumps or chunks. As a result, the powder could absorb more
water which results into higher water activity of the powder
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starting from 45th day (Aw- 0.093) until 75 days of storage
(Aw-0.129) (p<0.05).

Table 5: Water activity of tilapia powder as influenced by storage time and temperature.

Parameter Storage time (days) Storage temperature

Water activity (Aw) 4°C 10°C 30°C 40°C 60°C

0 0.255 ± 0.06A,g 0.255 ± 0.06A,g 0.255 ± 0.06 A,f 0.255 ± 0.06 A,d 0.255 ± 0.06 A,a

15 0.309 ± 0.00 A,f 0.311 ± 0.00A,f 0.305 ± 0.00 B,e 0.303 ± 0.00 C,a 0.105 ± 0.01 C,d

30 0.384 ± 0.01 A,e 0.386 ± 0.01A,e 0.309 ± 0.00 B,ed 0.296 ± 0.01 C,b 0.076 ± 0.02 D,f

45 0.399 ± 0.02 A,d 0.399 ± 0.01A,d 0.313 ± 0.02 B,d 0.297 ± 0.01 C,b 0.093 ± 0.03 D,e

60 0.419 ± 0.02 B,c 0.423 ± 0.01A,c 0.335 ± 0.01 C,c 0.260 ± 0.03 D,c 0.112 ± 0.01 E,c

75 0.435 ± 0.02 A,b 0.438 ± 0.03A,b 0.353 ± 0.01 B,b 0.220 ± 0.01 C,e 0.129 ± 0.02 D,b

90 0.470 ± 0.01 A,a 0.468 ± 0.02A,a 0.361 ± 0.00 B,a 0.212 ± 0.01 C,f 0.134 ± 0.04 D,b

Averages of triplicate analysis

Values in the row with different uppercase (A-E) were significantly different (p<0.05)

Values in the column with different lowercase (a-c) were significantly different (p<0.05)

Kinetic modeling and storage stability of gelation capacity

In order to determine the rate constant and the half-life reaction
of gelation capacity, the kinetic of this parameter must be first
considered by analyzing the experimental data on least gelation
concentration (LGC) of the stored tilapia powder as a function
of storage time and temperature. The natural logarithm of the
ratio of the LGC is plotted against storage time in Figures 1-3.
The linear line obtained by connecting the data plot indicated
that LGC denaturation in tilapia powder followed the first
order reaction kinetics. It was observed that all data were best
fit by a first order kinetic model [ln C=ln Co+k(t)] with R2>
0.89.

Figure 1. Regression of ln (least gelation concentration %) versus
storage time of spray-dried tilapia powder kept at 10°C for 12 weeks.

Figure 2. Regression of ln (least gelation concentration %) versus
storage time of spray-dried tilapia powder kept at 30°C for 12 weeks.

Figure 3. Regression of ln (least gelation concentration %) versus
storage time of spray-dried tilapia powder kept at 40°C for 8 weeks.

The degradation rate and stability of gelation capacity were
expressed as rate constant (k) and half-life time (t1/2),
respectively. After 12 weeks of storage at 10°C, the
denaturation rate constant in spray-dried tilapia powder was
1.2 10-2 week-1 and t1/2 value of 57.76 weeks followed by
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slightly higher rate constant at 30°C storage (k=3.4 10-2

week-1) and t1/2 value of 20.38 weeks. Higher value of K
indicated greater denaturation of gelation capacity in the tilapia
powder. The gelling ability was more prone to temperature and
the loss of gelling ability was most pronounced at accelerated
storage temperature of 40°C. After 8 weeks of storage at 40°C,
the denaturation constant (k=6.8 10-2 week-1) was even higher
and the half-life shortened to 10.19 weeks.

Conclusion
The results demonstrated that the quality and stability of spray-
dried tilapia powder was affected by storage time and storage
temperature. Gelation capacity was markedly altered by
storage temperature rather than storage time. The half-life of
the spray-dried tilapia powder kept at 10°C, ambient
temperature and elevated temperature at 40°C were predicted
to be approximately 14 months, 5 months and two and half
months, respectively. Denaturation of protein powder in spray-
dried tilapia powder was according to the first order reaction
model and the extent of denaturation was higher at 40°C. The
powder had minimum tendency to undergo browning at lower
temperature (4°C and 10°C). The colour of the powder showed
more changes during storage at 30°C, than at 0°C. It also
showed high affinity towards moisture under these packaging
conditions which suggests the need for a suitable packaging
material for quality retention during storage. At extreme
storage condition, it was susceptible to browning and lost its
gelling properties even after two weeks of exposure at 60°C.
The least gelation concentration during storage varied from
8-15% (w/v) indicating that the powder at this concentration
can be used in the food industry for developing formulated
seafood and ready-to-eat food products.
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