Food and Nutrition Sciences, 2019, 10, 963-984
http://www.scirp.org/journal/fns
ISSN Online: 2157-9458
ISSN Print: 2157-944X

Development and Biochemical Composition
Assessment of Fish Powders from Bangladeshi
Indigenous Fish Species and Shelf-Life
Characteristics Evaluation During 90 Days of
Room Temperature (27˚C - 30˚C) Storage
Niaz Mahmud1*, Shovon Al-Fuad1, Shahriar Islam Satya1, Abdullah Al Mamun1, Suzon Ahmed1,
Adnan Karim2, Monirul Islam3,4, Jannatul Ferdaus1, Shofiqul Islam2, Nazmus Sakib2,
Jui Yeasmin5
Department of Nutrition and Food Technology, Jashore University of Science and Technology, Jashore, Bangladesh
Department of Genetic Engineering and Biotechnology, Jashore University of Science and Technology, Jashore, Bangladesh
3
State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, China
4
Rural Development Academy (RDA), Bogra, Bangladesh
5
Department of Genetic Engineering and Biotechnology, University of Rajshahi, Rajshahi, Bangladesh
1
2

How to cite this paper: Mahmud, N.,
Al-Fuad, S., Satya, S.I., Al Mamun, A.,
Ahmed, S., Karim, A., Islam, M., Ferdaus,
J., Islam, S., Sakib, N. and Yeasmin J.
(2019) Development and Biochemical
Composition Assessment of Fish Powders
from Bangladeshi Indigenous Fish Species
and Shelf-Life Characteristics Evaluation
During 90 Days of Room Temperature
(27˚C - 30˚C) Storage. Food and Nutrition
Sciences, 10, 963-984.
https://doi.org/10.4236/fns.2019.108069
Received: July 11, 2019
Accepted: August 13, 2019
Published: August 16, 2019
Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.
This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
Open Access

Abstract
In Bangladesh, Fish is a major source of daily protein intake of millions of
people but most of the fishes are consumed here as fresh fish which is highly
susceptible to damage during transportation and marketing. Therefore, an
innovative approach was undertaken to process the fish to avoid damage and
extend shelf-life while preserving the nutritional qualities to facilitate the
more efficient use of fish as a source of protein and other essential nutrients.
This study was conducted to develop some dried protein-enriched fish
powders from some commonly consumed fish species in Bangladesh and the
nutritional, sensorial, and safety qualities were assessed. Five indigenous abundant fish species including small indigenous fish (SIS) and carp fishes
namely Awaous grammepomus, Channa punctata, Puntius puntio, Hypophthalmichthys molitrix and Labeo rohita were used for the preparation of dried
protein-enriched fish powders. Biochemical, trace elements, sensorial, total
viable count (TVC), pH, peroxide value, and moisture reconstitution during
90 days storage period were performed by standard analytical methods. The
moisture, protein, fat, ash, carbohydrate (including fiber), and energy contents
were ranged from (6.84% to 8.85%), (70.80% to 75.80%), (5.85% to 8.04%),
(7.66% to 9.19%), (3.14% to 6.01%) and (367.50% to 379.61% kcal)/100g re-
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spectively. Highest content of protein was found in A. grammepomus
(75.80%) samples and the lowest in H. molitrix (70.80%) samples. Maximum
calcium content was found in sample L. rohita (2.54 g/kg) and minimum in
C. punctata as (2.43 g/kg). Maximum iron content was found in H. molitrix
(0.15 g/kg) and minimum in A. grammepomus. As for the phosphorous content the L. rohita samples contained the highest (1.4 g/kg) and the lowest in
C. punctata (0.73 g/kg) samples. The pH, peroxide value (mEq of O2/kg of
fat), and moisture reconstitution (g/100g) during 90 days were ranged from
(5.30 to 8.17), (8.60 to 16.77), and (6.84 to 13.83) respectively. Microbial loads
over the 90 days period were in acceptable range at the end of 90 days storage
period. On the basis of biochemical qualities, sensorial and microbial
attributes our findings suggest that the dried fish powders are enriched with
macro and micro-nutrients especially proteins and could safely be used at
least up to 3 months for food applications.
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1. Introduction
Fish provides approximately 16% of all animal proteins and occupies a considerable contribution in ameliorating the fatty acids, amino acids, lipid-soluble
vitamins and micronutrients requirement of daily life throughout the world [1]
[2]. In Bangladesh, fish is an inimitable animal-source food in the diet of millions accounting for approximately 60% of animal protein intake at 18.1 kg
consumed per person per year [3] [4]. Bangladesh, the country possesses miscellaneous and profuse aquatic resources with 267 freshwater fish species with an
annual production of 3.1 million tons [3] [4]. However, despite the lucid importance of fish in Bangladeshi diet, the existing utilization of fish and the diversity
of application of fish species are decreasing significantly. In this regard to facilitate the utilization of fish species, we developed some dried protein-enriched fish
powders from Bangladeshi small indigenous fish (SIS) namely Awaous gram-

mepomus, Channa punctata and Puntius puntio and two other species from carp
family namely Hypophthalmichthys molitrix and Labeo rohita. These fresh water species have been found inundated with various macro and micronutrients,
especially for their robust content of vitamins, minerals and protein contents [5].
The primary objective of this study was to develop some dried healthy protein-enriched fish powders for food application and to investigate its nutritional,
sensorial and shelf-life aspects. Since fish is highly perishable to oxidative damage, the conservation method is important to strengthen the stability during storage and increase the shelf-life [6]. A very popular conservation method, drying
has been found extremely helpful in reducing the burden of moisture which
leads to the onset of microbial spoilage [6] [7]. In this study we used both sun
DOI: 10.4236/fns.2019.108069
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drying and mechanical drying methods in a controlled environment to develop
an innovative and subtle fish dry processing method, especially targeting to develop the perfect time-temperature set up while keeping the nutritional benefits
at best. Moreover, the powder technology of food materials is flourishing and
becoming popular [7]. Formulation and analysis of the physical and chemical
characteristics of food powder materials are important because the understanding of the parameters is effective in developing new powder-based products
while reducing associated costs, the extra burden of new formulation and promoting optimization in the processing phase and product storage [7] [8]. In addition, powder foodstuffs have significant effects on the final products because of
its long stabilities [9] [10].
The application of fish powders is gaining popularity among researchers for
their diverse range of scopes [2] [6]. A recent study investigated the effect of silver carp fish powders incorporation in soup powders and the results significantly improved the protein contents of the final soup powders [2]. Another study
reported that instant Tilapia soup, made from Tilapia (Oreochromis niloticus)
can be used in food industry on additive material for the development of new
food items [6]. Since the dried protein-enriched fish powders are rich in nutrients and have an extended shelf-life, these could be supplied in global markets
where demands for nutrient-rich dry foods are high. Furthermore, since the fish
powders are the affluent source of nutrition, understanding of nutritional compositions of fish powder is fundamental in order to balance its value as food with
other foods especially protein-enriched foods [11]. Alongside, it is also compulsory to have decent figures on the nutritional composition of fish powders in
order to make the preeminent use of them as food resources and to build up the
technology of processing fish powder and other fisheries foodstuffs [12]. Another important reason which could be attributed to the conversion of raw fish to
powder form is the highly desirable functional properties of fish protein [13]. A
study reported that protein powders from herring and arrow tooth were found
good sources of high-quality fish protein with many desirable functional properties as an excellent source of high-quality protein; noticeably, the presence of
some of the essential amino acids such as lysine and methionine [14].
Elaboration of potential ingredients in powder form by using fishes is increasing as an alternative since the trend to produce health-based products with
more healthy and stable ingredients is expanding [15]. Fish powders as an ingredient can be incorporated into foods to increase the added-value of products,
avoid the burden of economic loss to the fish industry, diminish environmental
impacts, and contribute consumers with a nutritious, low-cost, long shelf-life
and easy preparation of foods [16] [17]. Regardless of the availability of the
enormous amount of fish protein consumption in Bangladesh, there are a few
reports on the nutritive or caloric values of dried fishes which make people confused regarding selecting the required amount of calorie from fishes and fish
products. Therefore, the present study is intended to estimate the amount of toDOI: 10.4236/fns.2019.108069
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tal protein, fat, moisture, ash, carbohydrate (including fiber), phosphorus, iron,
and calcium content of fish powders of some fishes in order to make the consumers more attentive on the nutritional content of fish powder as well as to
strengthen the preferences among consumers in choosing fish powder fortified
products based on its nutrient values. The drying of fishes as a conversion method (fresh raw fish to dried form) in order to make powders is cheap, feasible
and effective [18].
While mechanical drying is safe and quite expensive, as a traditional method
of preservation and processing, simple and inexpensive rack sun drying is one of
the most widely applicable fish preservation techniques that dry fishes through
heat from sun and the air current carries water away while facilitating the circulation of air from both top and bottom and inhibiting contamination of the
product with sand or dust leading to quality assurance [19]. Some other popular
fish processing methods include smoking, drying and curing of fish [18].
For centuries all of these processing methods are developed by means of prolonging shelf-life and improving its sensorial qualities such as flavors and texture
attributes [20] [21]. Considering the vast amount of incidents of fish spoilage
across the world it is an utmost urgency to develop efficient fish conversion
processing methods in such a manner that would not let the fishes become deteriorated and spoiled soon after slaughtering [22] [23]. Preservation and
processing therefore become a vital part of industrial and small-scale household
fisheries to retain their freshness qualities for a long time while targeting minimum loss of flavor, taste, odor, nutritive values and microbial losses.

2. Materials and Methods
2.1. Sample Collection and Processing of Fish Powders
Five fresh locally available fish species (Awaous grammepomus, Channa punc-

tata, Puntius puntio, Hypophthalmichthys molitrix and Labeo rohita) were used
for the preparation of dried protein-enriched fish powders. Samples were purchased from super market of Jessore Sadar, Bangladesh (Figure 1) and immediately transferred to the laboratory of nutrition and food technology department, Jashore University of Science and Technology where the major parts of
this study were carried out. Samples were stored at 18˚C before initiating the
experiment. Average size and weight of the raw fish samples were then calculated and expressed as (Mean ± SD) and a list of collected fish species along with
their scientific name, family, English name, local name, average size and average
weight are presented in (Table 1).
Fish samples were then processed and muscles and bones were separated.
Disinfectant treatments by using ascorbic acid (1.5% v/v) solutions were then
applied to the fish muscles and dried in mechanical dryer followed by sun drying
(3 hours). The muscle samples were arranged in separate perforated trays and
dried in a mechanical dryer at (75˚C - 80˚C) for about 22 ± 2 hour, grinded. For
bone, the bone samples were dried in a mechanical dryer at (55˚C - 60˚C) for
DOI: 10.4236/fns.2019.108069
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Figure 1. Map of study area (Jessore Sadar, Bangladesh).
DOI: 10.4236/fns.2019.108069
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Table 1. List of collected fish species along with their scientific name, family, English name, local name, average size and average
weight.
Physical parameters
Fish samples
Family

English name

Local name

Average size (cm)
(Mean ± SD)

Average weight (cm)
(Mean ± SD)

Awaous grammepomus (AG)

Oxudercidae

Scribbled Goby

Bele

8.83 ± 0.84

22.30 ± 1.92

Channa punctata (CP)

Channidae

Spotted Snakehead

Taki

12.83 ± 0.97

27.50 ± 1.80

Puntius puntio (PP)

Cyprinidae

Puntio Barb

Punti

4.67 ± 0.42

6 ± 1.41

Hypophthalmichthys molitrix (HM)

Cyprinidae

Silver Carp

Silver

26.95 ± 1.20

885.40 ± 5.08

Labeo rohita (LR)

Cyprinidae

Rohu

Rui

28.08 ± 1.35

913 ± 8.37

Average size and weight data are not significantly different at p < 0.05.

Figure 2. Layout of the processing of dried fish powders.

about 12 hours, grinded. The grinded muscle and bone samples were then mixed
separately and packaged into polypropylene bags and stored at room temperature at (27˚C - 30˚C) ± 2˚C for biochemical, sensorial and microbial analysis. A
complete processing layout of fish powders is presented in (Figure 2).
DOI: 10.4236/fns.2019.108069
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2.2. Biochemical Analysis of Fish Powder
Biochemical composition for the moisture, protein, ash, fat and carbohydrate
(including fiber) of the dried fish powders were estimated according to different
standard analytical methods developed for proximate analysis (AOAC, 2003)
[24] [25]. The carbohydrate contents were determined by calculated difference
method and the energy value was determined by multiplying the proportion of
protein, fat, and carbohydrate by their respective physiological energy values and
taking the sum of the products [26]. Determination of moisture of dried fish
powders were conducted following the (AOAC, 2003) method [24]. Dried fish
powder samples were dried at elevated temperature and reported the loss in
weight in terms of moisture by the following equation.

=
Moisture content ( % )

Loss of weight
× 100
Weight of sample taken

The crude protein of the dried fish powders were determined by Micro-Kjeldhal
method [20] [24]. Briefly, the percentage of nitrogen of fish samples was calculated and the percentage of protein in the samples was calculated by multiplying
the percentage of N with an empirical factor 6.25.

N ( %=
)

( Titration reading − blank reading ) × Strength of acid
×

100
100
×
S Weight of sample

Protein content
=
( % ) Total N ( % ) × 6.25
Total lipid content of dried fish powders were determined by method as described in Bligh and Dyer method [27] and calculated using following equation.

=
Total lipid content ( % )

Weight of residue
× 100
Weight of sample taken

The ash content of the fish samples was determined as the inorganic residues
such as oxides, sulphates, silicates and chlorides left behind, in the dry muscle.
The samples heated to the temperatures of 500˚C - 600˚C in a muffle furnace for
about 3 hours. Afterwards, the percentage of ash content was calculated according to [24] [26].

=
Ash content ( % )

Weight of ash
× 100
Weight of sample taken

2.3. Trace Elements Analysis
To determine the trace elements the calcium, iron, phosphorous, lead, cadmium
and arsenic concentrations were studied. Mineral contents of the dried fish
powders such as calcium, iron and phosphorus were estimated according to the
standard methods. Calcium contents were determined according to the guidelines as described in flame method [28]. Iron concentration was measured by
using APHA through Atomic Absorption Spectrophotometer (ELICO, SL 194).
DOI: 10.4236/fns.2019.108069
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Phosphorus was determined by the Vanadomolybdate yellow color method as
described in [29]. The dried fish powder samples were then subjected to analysis
for the detection of heavy metals with slight modification as described in [30]. A
known quantity of sample was weighed by an electronic balance and 5 ml of diacid mixture (5 ml conc. HNO3; 3 ml 60% HClO4) was added to each sample;
then the content was mixed for overnight. Samples were then digested initially at
80˚C temperature and later at 150˚C for 2 h. The completion of digestion was
indicated by almost colorless condition of the material. The brown fumes also
cease to exist at completion of digestion. The samples were separately filtered by
using an ash less filter paper and volume made up to 25 ml with 0.5% HNO3
prepared for the determination of As, Cd and Pb [31]. The samples were subjected to analysis by Atomic Absorption Spectrophotometer (HG-AAS, PG-990,
PG Instruments, UK).

2.4. Microbial Analysis
The Total Viable Count (TVC) was carried out by the spread plate technique
method [32]. The sample (0.1 ml) of each dilution was taken onto each sterile
Petridis and evenly spread on the solid nutrient medium and incubated at 37˚C
for 24 hours. The plates were screened for the presence of discrete colonies after
incubation period and the actual numbers of bacteria were estimated as colony
forming unit (CFU)/g as described in [32].

2.5. Moisture Reconstitution Analysis
Moisture contents were kept under investigation during the whole 90 days storage period following the (AOAC, 2003) method [24]. Moisture uptake of the
dried fish samples were then recorded in an interval of 30 days during the 90
days storage period and the reconstitutions were estimated.

2.6. pH and Peroxide Value (PV) Analysis
To determine the pH contents of the dried fish powder samples, 1 g sample of
each was homogenized in 10 ml of distilled water and the mixture was filtered.
The pH of the filtrate was measured using a pH meter [33]. And the Peroxide
value (PV) was determined by titration method as described by Onwuka [34].

2.7. Sensory Evaluation
The developed dried protein-enriched fish powders were tested for sensorial acceptability using a hedonic test according to [35] [36] [37]. Trained panelists (n
= 5) were selected from the Department of Nutrition and Food Technology of
Jashore University of Science and Technology for the sensory evaluation on the
basis of appearance, odor, texture and overall acceptability. A nine-point verbal
category hedonic scale was used: 1, dislike extremely; 5, neither like nor dislike;
9, like extremely. The scale was presented as a line numbered 1 - 9 with the beginning, middle, and end parameters specified.
DOI: 10.4236/fns.2019.108069
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2.8. Statistical Analysis
Data analyses were carried out usinggraphpad prism (version 8.1.0) and Statistical Package for the Social Sciences (SPSS version 16.0 SPSS Inc. Chicago, Illinois, and U.S.A). Values were expressed as percentage and Mean ± SD. The significance/non significance of results were determined using one-way ANOVA
and Tukey’s HSD Post Hoc Test. Values (Mean ± SD) with different superscripts
are significantly different at p < 0.05.

3. Result and Discussion
Since dried fishes are very popular food components in many parts of the world,
especially for the feasibility of easy drying methods, it is important to investigate
their utilization perspective regarding the biochemical, microbiological, and
sensory properties. In the present work, five Bangladeshi locally available fish
species were examined to develop some dried healthy fish powders while developing an easy and feasible drying procedure to facilitate nutrients consumption
from fish sources. Newly developed fish powders were investigated for the biochemical, microbial, pH, peroxide value and sensorial acceptance during a total
of 90 days storage period to articulate the acceptance and utilization prospects of
these dried fish powders as food components. In this regard; moisture, protein,
fat, ash, carbohydrate were assessed from biochemical assessment; Fe, Ca, P, Pb,
Cd, and As contents were assessed for trace elements analysis; total viable count
(TVC) for microbial growth, pH, and Peroxide Value of fat were assessed for the
shelf-life analysis and sensorial scores were analyzed to determine the consumer
acceptance of the developed dried fish powders.

3.1. Moisture
The moisture contents of the five developed dried fish powders ranged from
6.84% to 8.85% (Table 2). The lowest moisture content was found in the sample

A. grammepomus (6.84%) and the highest in L. rohita (8.85%). The quantities
were found (6.84, 6.90, 7.23, 7.49, and 8.85)/100g for A. grammepomus, C.
punctata, P. puntio, H. molitrix and L. rohita respectively. Moisture content of
all the dried fish powder samples was below the standard level for microbial
growth. In general the sun-dried fishes contain an average of 10% to 20% moisture [38] [39]. Moisture content is a critical factor in maintaining food quality
because increase in moisture accelerates the growth of microbes and ultimately
demolish the quality attributes. According to [40], microorganisms cannot grow
when moisture content is below 8%. On the other hand, when moisture is greater than 18%, some microorganisms may be re-burgeoned gradually. Another
investigation by [41] reveals that in case of dried food materials, the moisture
content for dried food materials less than 10% is regarded as more efficacious for
keeping the quality attributes. Our investigation also found that the moisture
content of L. rohita was below the study by [42] in which they found the moisture contents of L. rohita 9.07%. Another study [39] determined that the moisDOI: 10.4236/fns.2019.108069
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ture content of seven Bangladeshi dried fish samples ranged from 11.65% 13.50%, which is significantly greater than our investigation [11]. Moreover, our
findings are below the research by [11] where they found the moisture content
of dried H. molitrix (13.95%) and L. rohita (11.55%) which are greater than our
investigation.

3.2. Ash
The ash content of the five developed dried fish powders ranged from 7.66% to
9.19% (Table 2). The highest content of ash was found in the sample P. puntio
(9.19%) and the lowest in H. molitrix (7.66%). The quantities were found (8.10,
8.43, 9.19, 7.66, and 8.21) g/100g for A. grammepomus, C. punctata, P. puntio,

H. molitrix and L. rohita respectively. Ash contents are the most consistent indicator of the presence of minerals [11]. Our study resembles with study [43]
where they found the ash content of dried burrito fish powder (14.0%) which is
mostly consistent with our study. The highest contents of the ash in the developed dried fish powders beckon that it is a robust source of minerals and for efficient food application, it will surely improve the micronutrient profiles of food
commodities.

3.3. Protein
In this study, the protein contents of the developed dried fish powders ranged
from 70.80% to 75.80% (Table 2). The highest value was found in A. gramme-

pomus (75.80%) and the lowest in H. molitrix (70.80%). The quantities were
found (75.80, 73.36, 72.90, 70.80, and 72.63) g/100g for A. grammepomus, C.
punctata, P. puntio, H. molitrix and L. rohita respectively. Our findings reveal
that the protein contents in all the samples are higher which make them highly
suitable for food application especially for the development of protein-enriched
food commodities. Our results were found slightly higher than the study [42]
where protein content ranged from 52.65% to 72.45% in seven dried fishes. Although, the protein contents differ with species to species due to some obvious
factors such as the effect of spawning and migration and food availability, etc.
Studies [39] [38] reported that normally the sun-dried fishes contain 60% to 80%
protein. The protein contents of the developed dried fish powders are decent and
the application in daily life food commodities will be the top notch to remove
the low scale protein energy malnutrition.

3.4. Fat
The fat content of the developed dried fish powders ranged from 5.85% to 8.04%
(Table 2). The highest content of fat was found in the sample H. molitrix
(8.04%) and the lowest in A. grammepomus (5.85%). The quantities were found
(5.85, 6.65, 6.83, 8.04, and 7.17) g/100g for A. grammepomus, C. punctata, P.

puntio, H. molitrix and L. rohita respectively. Our findings are consistent with
[44] where they obtained 3.98% to 4.78% fat in 3 sun-dried fish species. Our
DOI: 10.4236/fns.2019.108069
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Table 2. Biochemical composition analysis of the dried fish powder samples on dry basis (g/100g).
Fish powder Samples Moisture (g/100g) Protein (g/100g)

Fat (g/100g)

Ash (g/100g) Carbohydrate (g/100g)

Energy (kcal/100g)

AG

6.84 ± 0.1

CP

6.90 ± 0.2a

73.36 ± 0.1b

6.65 ± 0.1a

8.43 ± 0.2ab

4.66 ± 0.2a

371.95 ± 0.6a

PP

7.23 ± 0.1ab

72.90 ± 0.2b

6.83 ± 0.8ab

9.19 ± 0.1b

3.84 ± 0.6a

368.47 ± 4.9a

HM

7.49 ± 0.3b

70.80 ± 0.2c

8.04 ± 0.4b

7.66 ± 0.3ad

6.01 ± 0.7b

379.61 ± 1.9b

LR

8.85 ± 0.2c

72.63 ± 0.1bd

7.17 ± 0.7ab

8.21 ± 0.4ac

8.21 ± 0.4ac

367.50 ± 0.9ac

a

75.80 ± 0.5

a

5.85 ± 0.1

a

8.10 ± 0.4

a

3.40 ± 0.6

a

369.46 ± 1.8a

(AG: Awaous grammepomus, CP: Channa punctata, PP: Puntius puntio, HM: Hypophthalmichthys molitrix, LR: Labeo rohita); values (Mean ± SD) with
different superscripts in columns are significantly different at p < 0.05.

study is also supported by another research [45] which revealed that sun dried
indigenous Bangladeshi Channa punctatus, Amblypharyngodon mola, and

Glossogobius giuris contained 4.90%, 19.83%, 7.38% of lipids and also mentioned that lipid content also varies from species to species. Fish lipid or fish oil
especially omega-3 polyunsaturated fatty acids or PUFAs (EPA+DHA) occupy
enormous important roles in humans and prevent several diseases and contribute to the human health and nutritional improvement throughout the life [46].
In this regard the higher content of fat portion in the dried fish powders may
contribute to increase the final consumption of omega-3 polyunsaturated fatty
acids since they are mostly concentrated in dry form. Finally, incorporation of
these developed dried fish powders in daily life food commodities will certainly
ameliorate the fish oil/lipid portion of food commodities.

3.5. Carbohydrate (Including Fiber) and Energy (kcal/100g)
The carbohydrate contents were calculated and mentioned as including fiber.
The highest value of carbohydrate was 6.01% (H. molitrix) and the lowest was
3.40% (A. grammepomus). The ranges of carbohydrate were found 3.40% to
6.01% (Table 2). In this study, the energy values of the five developed fish
powders ranged from (367.50 to 379.61) kcal/100g. The quantities were found
(369.46, 371.95, 368.47, 379.61 and 367.50) kcal/100g for A. grammepomus, C.

punctata, P. puntio, H. molitrix and L. rohita respectively. Regarding the energy
values our developed dried fish powders are decent and could ameliorate the
overall energy requirement of all groups of people.

3.6. Trace Elements
The trace element contents are presented in (Table 3). Maximum calcium content was found in sample L. rohita (2.54 g/kg) and minimum in C. punctata as
(2.43 g/kg). The calcium quantities were found (2.43, 2.31, 2.52, 2.53, and 2.54)
g/kg for A. grammepomus, C. punctata, P. puntio, H. molitrix and L. rohita respectively. Calcium plays essential role in human body for the formation of
bones muscle tone and nervous impulse [47]. One study reported that H. moli-

trix and L. rohita fish powder contain calcium content as 2.52 g/kg and 2.5 g/kg
respectively [11]. The highest iron content was found in H. molitrix (0.15g/kg)
DOI: 10.4236/fns.2019.108069
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Table 3. Trace elements analysis of the dried fish powder samples on dry basis.
Fish powder Samples

Calcium (g/kg)

Iron (g/kg)

Phosphorous (g/kg)

Cadmium (μg/kg)

Lead (μg/kg) Arsenic (μg/kg)

AG

2.43 ± 0.04ab

0.04 ± 0.00a

1.13 ± 0.25ac

3.98 ± 0.13acd

12.39 ± 0.16a

ND

CP

2.31 ± 0.04a

0.07 ± 0.00ad

0.73 ± 0.21a

3.97 ± 0.14ac

10.60 ± 0.33b

ND

PP

2.52 ± 0.07b

0.13 ± 0.01b

1.20 ± 0.10bc

2.94 ± 0.39bd

9.51 ± 0.15c

ND

HM

2.53 ± 0.03b

0.15 ± 0.01bc

0.93 ± 0.15ab

4.30 ± 0.21c

14.47 ± 0.30d

ND

LR

2.54 ± 0.07b

0.09 ± 0.01d

1.40 ± 0.10c

3.35 ± 0.26d

13.10 ± 0.26e

1.27 ± 0.08

(AG: Awaous grammepomus, CP: Channa punctata, PP: Puntius puntio, HM: Hypophthalmichthys molitrix, LR: Labeo rohita); values (Mean ± SD) with
different superscripts in columns are significantly different at p < 0.05; ND = Not Detected.

and minimum in A. grammepomus (0.13 g/kg). The iron quantities were found
(0.04, 0.07, 0.13, 0.15, and 0.09) g/kg for A. grammepomus, C. punctata, P. puntio,

H. molitrix and L. rohita respectively. One study [39] found that the iron content was ranged from 16.85 mg/100g fish (O. bacaila) to 45.20 mg/100g fish
(mixed species). Another study [48] reported that iron was present at a range
from 1.71 mg/100g to 8.00 mg/100g of Some Smoke-dried Hill Stream Fishes
from Manipur, India; this discrepancy could be attributed to the factors affecting
the iron content; such as species, individuals, and sampling period [49]. As for
the phosphorous content the L. rohita was found the highest (1.4 g/kg) and the
lowest in C. punctata (0.73 g/kg). The phosphorous quantities were found (1.13,
0.73, 1.20, 0.93, and 1.40) g/kg for A. grammepomus, C. punctata, P. puntio, H.

molitrix and L. rohita respectively. Study [41] showed that such variation in concentrations of mineral elements from one species to another was due to the chemical forms of the elements and their concentrations in the local environment.
Phosphorus is one of the most important minerals in human physiology, possessing functions such as structural integrity in bones and teeth, cell signaling,
and blood bufferin [47]. Another study [43] reported that Burrito fish (Brachy-

deuterus auritus) contains 93.71 mg/100g phosphorus which is near to the
present study. For the heavy metal analysis some common heavy metals such as
cadmium, lead and arsenic were studied which have been investigated by many
research investigation for possible onset of adverse effects on health. The Pb, Cd
and As contents were ranged from (9.51 to 14.47 μg/kg), (2.94 to 4.30 μg/kg) and
(0.00 to 1.27 μg/kg) respectively. The highest content of Pb was found in the
sample H. molitrix (14.47 μg/kg) and the lowest in P. puntio (9.51 μg/kg). The
lead quantities were found (12.39, 10.60, 9.51, 14.47, and 13.10) μg/kg for A.

grammepomus, C. punctata, P. puntio, H. molitrix and L. rohita respectively.
The highest content of Cd was found in the sample H. molitrix (4.30 μg/kg) and
the lowest in P. puntio (2.94 μg/kg). The cadmium quantities were found (3.98,
3.97, 2.94, 4.30, and 3.35) μg /kg for A. grammepomus, C. punctata, P. puntio,
H. molitrix and L. rohita respectively.
Likewise, for the arsenic contents the highest was found in L. rohita (1.27
μg/kg) and no other dried fish powder samples were detected for arsenic conDOI: 10.4236/fns.2019.108069
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tent. Heavy metals are usually transfer to human body through the food chain
when wide range of organic and inorganic substances are released into aquatic
systems leading to bioaccumulation which then found to be responsible for their
different toxicity [50]. There have been various studies on the heavy metals such
as cadmium, lead and arsenic levels in dried fish samples from different freshwater ecosystems [51]. Study revealed out that lead and cadmium are responsible for much adverse condition in body such as kidney damage, renal disorder,
and high blood pressure, and bone fracture, gastrointestinal, reproductive and
circulatory changes. In addition, Human body have reported to have nausea and
vomiting at a level of 15 mg/L of cadmium [52]. In our investigation we found
that all of these heavy metals were below the recommended tolerable limit proposed by WHO/FAO expert [53]. Moreover, arsenic was detected in only the
sample L. rohita and no other samples were detected for arsenic content. A similar study has been conducted by Reyahi-Khoram who found that concentration
of Cd and Pb in the dry muscle and liver tissues were 3.67 μg/kg and 12.82
μg/kg, which is mostly similar to our investigation. [50] Another study detected
the cadmium in Channa puncta dry samples where the content was found 9.8
μg/kg of sample [54]. From food safety point of view, Pb, Cd, and As contents
remain below the respective recommended limit which indicate the newly developed dried fish powder samples are safe for consumption. However, heavy
metal concentrations are increasing enormously which could be attributed to the
excessive use of pesticides and inorganic fertilizers in agricultural activities near
aquatic resources. To facilitate safe aquatic food resources, it is an urgent task to
maintain a healthy ecosystem while restricting profuse utilization of organic and
inorganic substances such as fertilizer and pesticides.

3.7. Total Viable Count (TVC)
Total viable count (TVC) of the fish samples during the 90 days period were

Figure 3. Changes in Total Viable Count (TVC) of the dried fish powder samples during 90 days storage
period (log10 CFU/g); values (Mean ± SD) with different superscripts are significantly different at p < 0.05.
DOI: 10.4236/fns.2019.108069
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presented on the (Figure 3). The results were presented as log10 CFU/g. The
highest bacterial load (4.40 log10 CFU/g) was found in C. punctata sample and
the lowest (3.94 log10 CFU/g) in the L. rohita sample at the end of 90 days period. At 0th days the counts were between ranges (3.03 to 2.06 log10 CFU/g). At
30th days TVC reveals that the lowest increase of viable counts was found in the
sample L. rohita (3.31 log10 CFU/g) and the highest increase in the sample P.

puntio (3.03 log10 CFU/g). Our study found that, the lowest increase of microbial load was due to the low moisture contents in all the dried fish powder samples. The shelf-life of fish is generally restricted and affected due to the growth of
Gram-negative microorganisms such as Pseudomonas, Shewanella putrefaciens,
and Aeromonas under aerobic condition and anaerobic condition and their invasion is the main organism responsible for deterioration of food protein, fats
and other quality attributes [55] [56]. In our investigation we found that all
samples studied were in the range of acceptable limit as recommended [56],
therefore it is apparent that these newly developed dried fish powders can be
used safely up to 3 months during room temperature (27˚C - 30˚C) storage.

3.8. pH
pH was assessed during 90 days period (Table 4). The pH changes during 90
days period were in the range of (5.53 to 7.20), (5.30 to 6.97), (5.77 to 7.87), (6.30
to 7.60) and (6.37 to 8.17) for A. grammepomus, C. punctata, P. puntio, H. mo-

litrix and L. rohita samples during 90 days of storage period. Highest pH during
the 90 days period was found in the sample L. rohita (8.17) and the lowest content in the sample C. punctata (5.30). A similar study conducted by (M. Nurullah et al. 2007) reported the changes in pH content of cured and uncured dried
in different market channels ranges was found between 5.8 to 7.00 which are
slightly lower than our investigation [57]. However, during the post-mortem period of fishes, decomposition of nitrogenous compounds occurs and leads to an
elevation in pH in the fish flesh. In addition, the elevation in pH indicates the
loss of quality and most microorganisms grow the best at pH values between 6.6
and 7.5 [58] [59]. While the pH value of fish products in the range of 6.8 to 7.0 is
Table 4. Changes in pH, Peroxide Values (PV) and Moisture Reconstitutions (g/100g) of the dried fish powder samples during 90
days room temperature (27˚C - 30˚C) storage period.
pH

PV (mEq of O2/kg of fat)

Moisture Reconstitution (g/100g)

Fish powder
Samples

0th day

30th day

90th day

0th day

30th day

90th day

0th day

30th day

90th day

AG

5.5 ± 0.2a

6.4 ± 0.3ab

7.2 ± 0.3ab

8.6 ± 0.2a

9.2 ± 0.3a

12.9 ± 0.5a

6.8 ± 0.1a

7.4 ± 0.5a

10.7 ± 0.2a

CP

5.3 ± 0.4a

5.7 ± 0.5a

6.9 ± 0.2b

9.1 ± 0.2a

10.5 ± 0.3ab

15.7 ± 0.5bc

6.9 ± 0.2a

7.9 ± 0.2ab

11.8 ± 0.9ac

PP

5.8 ± 0.2a

6.6 ± 0.5ab

7.9 ± 0.4ac

9.2 ± 0.3a

9.6 ± 0.7a

14.3 ± 0.7a

7.2 ± 0.1a

9.2 ± 0.4bc

12.8 ± 0.3bc

HM

6.3 ± 0.5a

6.8 ± 0.3b

7.6 ± 0.3abc

10.7 ± 0.5b

11.3 ± 0.4b

16.2 ± 0.3c

7.5 ± 0.3a

8.8 ± 0.4b

12.1 ± 0.6c

LR

6.4 ± 0.6a

7.4 ± 0.2b

8.2 ± 0.3c

11.6 ± 0.4b

12.5 ± 0.6b

16.8 ± 0.8c

9 ± 0.4b

9.8 ± 0.4c

13.8 ± 0.4d

(AG: Awaous grammepomus, CP: Channa punctata, PP: Puntius puntio, HM: Hypophthalmichthys molitrix, LR: Labeo rohita); values (Mean ± SD) with
different superscripts in columns are significantly different at p < 0.05.
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usually the limit of acceptability, it is considered to be spoiled above 7.0 of pH [60]
[61]. In our investigation we found that all of the samples were in the acceptable
range at the end of 30 days period except for L. rohita where a slight increase in
pH was detected. However, at the end of 90 days storage period the pH elevation
was near around acceptable limit except for L. rohita which elevated up to 8.17.
Study on changes in pH value of Sun-dried-salted (SDS) and Turmeric treated
Sun-dried-Salted (SDS+T) Shoal fish during storage at room temperature revealed that the pH elevation during 180 days of storage period was ranged from
6.2 to 8.3 which is mostly similar to our findings [62].

3.9. Peroxide Values
Peroxide values were assessed during 90 days period (Table 4). The peroxide
value changes during 90 days period were in the range of (8.60 to 12.97 mEq
O2/kg of fat), (9.13 to 15.73 mEq O2/kg of fat), (9.17 to 14.33 mEq O2/kg of fat),
(10.73 to 16.23 mEq O2/kg of fat) and (11.63 to 16.77 mEq O2/kg of fat) for A.

grammepomus, C. punctata, P. puntio, H. molitrix and L. rohita samples during
90 days of storage period. Highest peroxide value during the 90 days period was
found in the sample L. rohita (16.77 mEq O2/kg of fat) and the lowest content in
the sample A. grammepomus (8.60 mEq O2/kg of fat). A study found that the
peroxide value (mEq O2/kg of fat) of cured and uncured dried in different market channels were found 6.3 mEq O2/kg of fat to 16.6 mEq O2/kg of fat which is
mostly similar to our investigation [57]. The peroxide value which is used as
primary indicator of oxidation of fat (rancidity) elevated during marketing
process from dry fish processor to wholesale and wholesale to retail with storage
time in both cured and uncured dried fish. Studies [57] [63] [64] reported that
when peroxide value is above 10 - 20 mEq of O2/kg of fat, fish develop rancid
taste and smell. However, in all of the samples studied the peroxide value contents were in the acceptable limit according to the recommended level described
[57] [63] [65]. Fat oxidation is a self-catalyzing reaction, which is exaggerated by
the age of the raw material as well as oxidation of fats during processing and
storage. The lipid quality of the anchovies (Stolephoru ssp.) was investigated and
the result showed gradual increase in peroxide value from 3.2 to 24.5 mEq of
O2/kg of fat during 5 weeks of storage period [66].

3.10. Moisture Reconstitutions
Moisture reconstitutions were assessed during 90 days period (Table 4). The
moisture changes during 90 days period were in the range of (6.84 to 10.67
g/100g), (7.93 to 11.83 g/100g), (9.17 to 12.8 g/100g), (8.77 to 12.13 g/100g) and
(9.83 to 13.83 g/100g) for A. grammepomus, C. punctata, P. puntio, H. molitrix
and L. rohita samples. Highest moisture reconstitution during the 90 days period
was found in the sample L.rohita (13.83 g/100g) and lowest content in the sample A. grammepomus (10.67 g/100g). A similar study conducted by (M. Nurullah et al. 2007) reported the changes in moisture content of the solar dried SIS
DOI: 10.4236/fns.2019.108069

977

Food and Nutrition Sciences

N. Mahmud et al.

(small indigenous species) product in packaging condition during 90 days of
storage where an average the initial moisture content was in the range of 13.5%
to 15.0% and at the end of 90 days storage period the moisture content increased
to in the range of 22.9% to 24% which is higher than the recommended limit of
16% for dried fishery products [67]. The moisture content appear to be a precise
indicator of the susceptibility of a product to undergo microbial spoilage since
elevation of moisture content during storage can create favorable condition for
microbes to grow up and propagate [68] [69]. All of the samples studied for
moisture uptake were found to be in the range of acceptable limit [67] [70].

3.11. Sensory Evaluation
In this study, sensory scores of developed dried fish powders with regard to appearance, texture, odor, and overall acceptability were found to be highly acceptable (Table 5). The results reveal that all the samples were up to the standard value
at 0th day. Subtle decline in the dried fish powders samples were observed at 30th
day. Among all the powders A. grammepomus, C. punctata and P. puntio samples mostly retained the sensorial qualities and found to be highly acceptable at
the end of 90 days storage period. All the samples were found up to the minimum limit of acceptable sensorial recommendation [37] at the end of 90 days
room temperature (27˚C - 30˚C) storage.
Sensory evaluation of food components is important to categorize the exact
superiority and consumer acceptability of a particular food or food product.
Sensory evaluation of food is considered as a scientific method used to address,
measure, peruse and interpret responses to products as perceived through the
senses of sight, touch, smell, taste, and hearing. In this study, we found that the
sensory parameters have significant effects on the developed dried fish powders
and have better sensory characteristics. Appearance, texture, odor, and overall
acceptability are some of the obvious perception of eye perceived by the consumers and considered as the main criteria for the evaluation of consumer acceptance analysis of the developed fish powders during 90 days of storage.
Table 5. Changes in sensorial attributes of the dried fish powder samples during 90 days room temperature (27˚C - 30˚C) storage
period.
Fish
powder
Samples

Appearance
0th day

30th day

Odor
90th day

0th day

30th day

AG

7.8 ± 0.5a 6.7 ± 0.7ab 5.9 ± 0.9ab 7.8 ± 0.6a 7.3 ± 0.8a

CP

7.9 ± 0.7ab 7.1 ± 0.4a

PP

6.4 ± 0.8b

HM

6.6 ± 0.4b 6.1 ± 0.4ab 4.6 ± 0.8bc 7.0 ± 0.8a 5.7 ± 0.7b

LR

6.7 ± 0.3ab 5.7 ± 0.3b

Texture
90th day

0th day

30th day

Overall Acceptability
90th day

0th day

30th day

90th day

5.8 ± 0.6a 7.0 ± 1.3a 7.1 ± 1.3a 6.5 ± 0.8a 7.5 ± 0.3a 6.5 ± 0.3a 5.9 ± 0.2a

6.2 ± 0.6a 7.7 ± 0.4a 7.3 ± 0.4a 4.9 ± 0.7ab 6.2 ± 0.6a 6.2 ± 0.6a 5.8 ± 0.8a 7.7 ± 0.7a 6.3 ± 0.8a 5.9 ± 0.6a

6.0 ± 0.8b 5.6 ± 0.7abc 7.6 ± 0.7a 6.0 ± 0.9ab 5.3 ± 0.4ab 6.4 ± 0.4a 6.1 ± 1a 5.7 ± 0.8ab 7.4 ± 0.4a 6.5 ± 0.7a 6.0 ± 0.5a

4.4 ± 0.7c 6.9 ± 0.9a 4.8 ± 0.6b

4.3 ± 1b

7.3 ± 0.5a 7.0 ± 0.3a 6.2 ± 0.9a 7.7 ± 0.7a 6.1 ± 0.6a 5.6 ± 0.4a

4.2 ± 0.6b 5.5 ± 0.8b 4.9 ± 0.7b 4.3 ± 0.5b 7.2 ± 0.7a 5.9 ± 0.4a 5.3 ± 0.6a

(AG: Awaous grammepomus, CP: Channa punctata, PP: Puntius puntio, HM: Hypophthalmichthys molitrix, LR: Labeo rohita); values (Mean ± SD) with
different superscripts in columns are significantly different at p < 0.05.
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4. Conclusion
On the basis of nutritional, microbial and sensory evaluation, the newly developed
fish powders are inundated with nutrients thereby we expect that inclusion can
be efficacious to ameliorate the functional property of daily life food products.
The slightest moisture reconstitution, pH, and peroxide value elevation during
90 days room temperature storage period reveal that the powders have robust
shelf-life. On the microbiological point of view, the microbial loads at the end of
90 days storage period were in acceptable limit; therefore, these dried fish powders are standard and safe for consumption up to 3 months. It is also significant
to clarify that these powders are particularly high in protein, ash, fiber, fat and
energy value which make the presently developed powders an appropriate choice
for the fulfillment of nutritional demands and could play a great role in alleviating the protein energy malnutrition; therefore, It can be a good source of valueadded food components for commercial processed foods production.
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