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AbSTRACT

 Proximate composition, total amino acid (TAA), mineral and vitamin contents of four fresh water 
fish species, viz., Bangana devdevi, Gagata dolichonema, Garra abhoyai and Opsarius barnoides 
were determined. Fish species were collected from different parts of Manipur. The highest moisture 
and ash content were recorded in O. barnoides (72.59±0.15% and 15.47±0.32% respectively). The 
highest total lipid and protein content were recorded in G. dolichonema (6.50±0.30% and 20.99±1.25% 
respectively); while the highest TAA was recorded in B. devdevi (462.38±1.6mg/100gm). When 
comparing the mineral contents among the species, good amount of calcium, sodium and iron were 
recorded in G. dolichonema (2302.50±4.95, 110.00±0.29 and 38.04±0.03 mg/100gm respectively. 
Vitamin A and E content were high in B. devdevi (7.04±0.07 and 4.08±0.12 mg/100gm respectively). 
It could be concluded that, apart from other diets the four species reported from Manipur will provide 
a good amount of protein, TAA, minerals, vitamin A and E in human nutrition.

keywords: Mineral, Vitamin, Freshwater fish, Human nutrition. 

INTRODUCTION

 Fish has been an important food item of 
the people of this region since time immemorial. 
Fish meat has received increased attention as a 
potential source of animal protein and essential 
nutrients for human diet and is regarded superior 
to other meats in having significantly low lipids 
and high digestibility protein. Fish is an important 
source of easily digestible animal protein and other 
essential micro-nutrients1. The nutritional values of 
fish flesh have a key role in food security and poverty 
alleviation in developing countries. The chemical 

composition of fish consists of the major and minor 
constituents. The analyses of the major constituents 
of fish is necessary for providing information of the 
concentrations of protein, lipid, ash and moisture 
and ensure that they meet the requirements of food 
regulations and commercial speciation2. Fishes are 
also excellent sources of micro nutrients such as, 
vitamins and minerals other than protein3. There is 
also lack of knowledge among the people on the 
facts about the mineral composition of the fishes in 
the state considering the health related benefits of 
fish mineral4.
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 In Manipur, any types of fish species are 
consumed in fresh or process5. There are some 
reports about the biochemical composition, minerals, 
antioxidant and PUFA of fishes5-7,4. There are 
abundant evidences manifesting the significance of 
fish consumption in brain development, protect vision 
and eye health, bone maintenance, and protection 
from cardiovascular diseases and some cancer3.
But the nutrient content varies from one species 
to another, and it depends on age, sex, feeding 
environment and season1.

 Not only providing the micro-nutrients to 
human nutrition, fish and fishery also contributes to 
the diet and nutritional security and income generation 
of many poor households in underdeveloped and 
developing countries8,9. So, the aim of the current study 
is to investigate proximate composition, TAA, essential 
mineral elements and fat soluble vitamin contents of 
some freshwater fishes of Manipur as an extension to 

the previous work, to provide knowledge of nutritional 
value prior to human consumption and food security. 

MATERIALS AND METHODS

Sample collection
 Four different fresh water fish species were 
collected from different hill districts of Manipur, India 
during winter season (September-March) for two 
consecutive years. Bangana devdevi (Fig. 1) was 
collected from the Moreh market, Chandel district 
and Gagata dolichonema (Fig. 2) was collected 
from Iril river, Imphal East district. Garra abhoyai 
(Fig. 3) was collected from Itok River, Yairipok, 
Thoubal district, Opsarius barnoides (Fig. 4) was 
also collected from the Moreh market located at  
Indo-Burma border, Chandel district. Fig. 5 represents 
the drainage system of Manipur state, India. Their total 
length (cm) and weight (gm) were shown in Table 1. 

Fig. 1. Bangana devdevi Fig. 2. Gagata dolichonema

Fig. 3. Garra abhoyai Fig. 4. Opsarius barnoides

Table 1: Fish species with their respective collection sites

Sl. No. Collection sites Scientific names Local name No. of samples TL (cm) Weight (g)

    1 Moreh, Chandel district Bangana devdevi Khabag 6 13.40-13.90 21.66-22.28
    2 Iril river, Imphal East district Gagata dolichonema Ngarang/Ngayek 6 07.90-09.80 05.31-07.00
    3 Itok river, Thoubal district Garra abhoyai Ngamu-Sangum 6 06.01-07.52 08.21-10.04
    4 Moreh, Chandel district Opsarius barnoides Ngawa 6 09.30-12.70 07.51-21.63

 After collecting the fish samples from their 
respective collection sites and they were brought 
to the Fishery Research Laboratory, Department 
of Life Sciences, Manipur University, Canchipur by 
using cold chain. Fishes were washed with running 
tap water soon after removing from the cold chain. 
Edible portions of six number of each species of 
similar sizes were homogenized separately in a 
mortar-pestle and used for various analyses.

Proximate Compositions
 Moisture was determined by subjecting  
1 g sample in a clean crucible and put in the oven 
at 105°C according to the methods of AOAC10. Total 
lipid was extracted by homogenizing 1 g sample  
with 10 ml chloroform-methanol (2:1) mixture 
by following the method of Singh et al.,11. Total 
nitrogen content was estimated by the method 
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Fig. 5. Drainage system of Manipur (Map not to scale)

of modified Micro-kjedahl10. The samples were 
subjected to digestion; nesslerization and finally 
absorbance of sample were measured in 440 nm 
using UV-Spectrophotometer (Shimadzu, UV-1800, 
Kyoto, Japan) which were compared with standard 
concentration of (NH4)2SO4 standard=0.01 mg/ml. 
Total protein values were obtained by multiplying the 
nitrogen value with 6.2512. For the determination of 
ash content, moisture free samples were ignite at 
500oC in a muffle furnace for about 2-3 hr to obtained 
carbon free white ash as described by AOAC10.

Total amino acids (TAA)
 Total amino acid was determined by the 
method describe by Moore and Stein13. Calculation 
of the amount of total amino acids was done by using 
standard curve prepared from leucine by pipetting 
out 0.1-1.0 ml (10-100 µg range) of working standard 
solution. Results were expressed in mg/100g 
equivalent of leucine.

Mineral analysis
 Essential mineral elements were analyzed 
following the method of Perkin-Elmer14. Accurately 
weighed ash of respective samples were digested 
in nitric acid (HNO3) and perchloric acid (HClO4) and 
make up to the volume of 50 ml distilled water and 
subjected to analyze the dissolved mineral content in 
Atomic Absorption Spectrophotometer (AAS-203).

Vitamin analysis
 Fat soluble vitamin contents were analyzed 
by using high performance liquid chromatography 
(HPLC). Fish oil was firstly extracted from the fresh 
fish meat following the method described by Singh 
et al.,11. About 0.15g fish oil was refluxed with 25 mL 

methanol and 150% potassium hydroxide in water 
bath for 30 minute. Fat soluble vitamins was extracted 
with 50 mL petroleum ether. The petroleum ether layer 
was collected, concentrated and dissolved in 5 mL 
acetonitrile. Fat soluble vitamins were analyzed by 
injecting 20 µL of sample in HPLC (Thermo Scientific 
Dionex UltiMate 3000) equipped with C18 RP column 
and UV detector15. The fat soluble vitamins A, D, E, K 
were identified and quantified by comparing retention 
times and peak area with those of vitamin standards 
(Sigma-Aldrich).

Statistical analysis
 The data were analyzed by subjecting to 
one-way ANOVA at p ≤ 0.05 using SPSS 16.0 version 
and the data are presented as mean ± standard 
deviation. Pearson’s correlation coefficients were 
also calculated to describe the linear dependence 
of ash and minerals for the species.

RESULTS AND DISCUSSION

Proximate composition and TAA analysis
 Proximate composition and TAA of the 
four fish species were analyzed and the results 
were shown in Table 2. Moisture, lipid, protein and 
ash have been expressed in percentage on weight 
wet basis (wwb) of minced fish flesh. The moisture 
content among the species ranged from 68.25±0.25 
to 72.59±0.15%, the highest was recorded in 
Opsarius barnoides. The highest protein and relative 
lipid content were recorded in Gagata dolichonema 
(20.99±1.25% and 6.50±0.30% respectively).  
G. dolichonema and Garra abhoyai (15.45±0.26%) 
belonged to the high protein fish category (>15%) 
according to the report of FAO16, while the other 
two species, Bangana devdevi (10.79±2.18%) and 
O. barnoides (4.58±0.63%) can be considered as 
moderately high protein species. The relatively high 
to moderate percentage of protein could be attributed 
to the fact that fishes are good sources of animal 
protein, and the differences observed in the present 
study might be due to the consumption capability by 
the fishes from their diets17. The moderate to high 
protein content of the fish indicates that the studied 
fish species can be treated as a good source of highly 
digestible animal protein of high biological value. 

 The relative lipid content was found in the 
ranged between 1.37±0.15 to 6.50±0.30%.  According 
to Mohanty et al.,18, O. barnoides belong to the lean 
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meat (<2% fat) category, B. devdevi belong to low fat 
fish (<2-4% fat) category, while G. dolichonema and 
G. abhoyai belong to the medium fat fish (4-8% fat) 
category. Ash content was estimated to be ranged 

from 10.56±0.35 to 15.47±0.32% and is positively 
correlated with Ca, Mg, Na, K, Cu and Zn content 
with correlation coefficients of 0.035, 0.087, 0.018, 
0.008, 0.006 and 0.070 respectively. 

Table 2: Proximate composition of the four freshwater fish species of Manipur

         Species                 Proximate composition(% on wwb)  TAA (mg/100g)
 Moisture  Lipid  Protein Ash 

   Bangana devdevi 69.23±0.09 2.53±0.11 10.79±2.18 11.97±0.32 462.38±1.6
Gagata dolichonema 72.52±1.27 6.50±0.30 20.99±1.25 13.60±0.26 275.27±1.3
     Garra abhoyai 68.25±0.39 5.83±0.15 15.45±0.26 10.56±0.35 297.00±0.0
 Opsarius barnoides 72.59±0.15 1.37±0.15 4.58±0.63 15.47±0.32 437.62±1.6

Values are mean of 3 replicates.
Mean±S.D. followed the same letter are not significantly different (p≤0.05).

 In the present study, TAA content was 
found ranged from 275.27±1.3 to 462.38±1.6 
mg/100g. The highest TAA content was recorded in  
B. devdevi (462.38±1.6 mg/100g), while the lowest in  
G. dolichonema (275.27±1.3 mg/100g). The amount 
of TAA content in the fish depends on the availability 
of food.

Essential mineral elements
 Essential mineral element contents showed 
an important role on nutritional quality of fish. 
Fish provides essential mineral elements such as 
calcium, magnesium, sodium, phosphorus, zinc, 
iron, selenium and iodine to human nutrition19.
The essential mineral profiles of four species are 
presented in Table 3. Among the four species, 
Gagata dolichonema appeared to be a good source 
of Ca, Na and Fe (2302.5±4.95, 110.00±0.29 and 
38.04±0.03 mg/100g respectively). The calcium 
content ranging from 164.38±1.95 to 2302.5±4.95 
mg/100g in this study is very much similar with some 
other fish species found in the state and is positively 
correlated with the ash content with coefficient of 
0.035. It was reported that, the calcium content of 
Cabdio ukhrulensis, Raiamas guttatus, Salmostoma 
sladoni, Schistura khugae and Systomus clavatus 
found in the state were 860.94±1.3, 2023.50±4.24, 
1861.00±2.60, 1598.50±4.00 and 1405.20±3.18 
mg/100g respectively4. According to Recommended 
Dietary Allowances (RDA)20, calcium requirement 
by an adult Indian is 600-1200 mg/day. The data 
mentioned here clearly indicates that, these fresh 
water fish species are good source of calcium and 
it can be assumed that regular intake of these fish 
species will help in the strength of bones, teeth, 
muscles and nervous system. Sodium content was 
found ranging from 70.00±0.24 to 110.00±0.29 

mg/100g and the highest was observed in  
G. dolichonema. The mean concentration of sodium 
in the study falls within mean ranges of 30-134 
mg/100g as reported by Food and Agricultural 
Organization (FAO)16. It is also very much similar 
with the sodium content of some other fresh water 
fishes of the state. According to Romharsha4, sodium 
content was found in the range of 87.50±0.19 to 
107.60±0.08 mg/100g. The sodium content in this 
study is also positively correlated with the ash 
content with coefficient of 0.018.  

 The mean concentration of potassium 
among the species ranged from 95.00±0.24 to 
137.50±0.29 mg/100g which again falls within 
the mean ranges of 19-502 mg/100g as reported 
by FAO16 and is positively correlated with the ash 
content with coefficient of 0.008. In the previous 
study4, the mean concentration of potassium in 
some fresh water fishes was found in the range of 
87.50±0.19 to 107.60±0.08 mg/100g. The highest 
magnesium content in the study was recorded in  
O. barnoides (311.00±1.32 mg/100g) and the lowest 
in B. devdevi (58.10±0.96 mg/100g). The magnesium 
content in this study is again positively correlated with 
the ash content with coefficient of 0.087.

 The average manganese, copper, zinc and 
iron content in this study ranges from 0.32±0.01 
to 1.99±0.02 mg/100g, 0.20±0.01 to 0.32±0.01 
mg/100g, 0.17±0.02 to 2.59±0.01 mg/100g and 
8.65±0.03 to 38.04±0.03 mg/100 g respectively. 
The highest amount of manganese was observed in  
G. abhoyai, copper in B. devdevi, zinc in O. barnoides 
and iron in G. dolichonema. The copper and zinc 
content in this study is positively correlated with 
the ash content with coefficient of 0.006 and 0.070 
respectively. 
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Table 3: Essential mineral elements of the four freshwater fish species of Manipur

Trace Minerals (mg/100 g)  Species

 Bangana devdevi Gagata dolichonema Garra abhoyai Opsarius barnoides

            Ca 164.38±1.95 2302.5±4.95 1473.5±2.21 1612.50±1.21
            Mg 58.10±0.96 93.00±1.52 96.50±1.75 311.00±1.32
            Na 70.00±0.24 110.00±0.29 80.00±0.34 92.50±0.11
             K 137.50±0.29 137.50±0.22 95.00±0.24 120.00±0.23
            Mn 0.32±0.01 0.51±0.02 1.99±0.02 0.77±0.02
            Cu 0.32±0.01 0.30±0.02 0.20±0.01 0.24±0.02
            Zn 2.18±0.07 2.43±0.02 0.17±0.02 2.59±0.01
            Fe 21.74±0.06 38.04±0.03 30.71±0.01 8.65±0.03

Values are mean of 3 replicates.
Mean±S.D. followed the same letter are not significantly different (p≤0.05)

 The result of the present study clearly 
indicates that the most abundant macro mineral 
elements in Bangana devdevi are potassium, calcium 
and sodium in G. dolichonema and magnesium in 
Opsarius barnoides. While the micro mineral elements 
like copper, iron, manganese and zinc were found 
more abundant in B. devdevi, G. dolichonema, Garra 
abhoyai and O. barnoides respectively.

Vitamin
 Each type of fat-soluble vitamin promotes 
different functions in the body. Fish provides vitamins 
A, D and B to human nutrition, thereby decrease the 
risk of malnutrition among children and pregnant 
woman19. Fat soluble vitamin contents of the four fish 
species are presented in Table 4. Vitamin A plays 
an important role in maintaining healthy vision and 
immune system. Vitamin A does not refer to one 
single vitamin, but is a collection of compounds 
known as retinoid. Vitamin A supports several 
functions throughout the body. Common symptoms 
of its deficiency include hair loss, blindness, reduced 
immune system and skin issues. So, one should 
obtained through regular food intake. In the present 
study, vitamin A content was found significantly 
high (p≤0.05) in Bangana devdevi (7.04 IU/100 g), 
followed by Opsarius barnoides (2.78 IU/100 g) 

and the lowest in Garra abhoyai (0.08 IU/100 g). In 
some fresh water fishes of India, vitamin A content 
were found as 12.2±4.5 IU/100 g in Catla catla, 
8.7±2.2 IU/100g in Labeo rohita and 3.9±1.1 IU/100g  
in Clarias batracus21.  

 Vitamin D is required for bone maintenance 
and immune system support. Fatty fish are a good 
source of vitamin D, which is essential for bone 
health22. Vitamin D can be produced in the human 
body by exposing our skin to the sun. However, 
many people do not spend hours in the sun to 
produce vitamin D. Common symptoms of vitamin 
D deficiency include weakened immune system, 
impaired healing, soft bones, tiredness, etc. So, 
one should obtained from food sources like fish 
oil. In the present study, vitamin D content was 
found in the following order: 94800±65.82 IU/100 
g in Gagata dolichonema > 32400±90.06 IU/100 
g in Garra abhoyai > 25200±91.80 IU/100 g in 
Opssarius barnoides > 10400±91.01 IU/100g in 
Bangana devdevi. According to Mohanty et al.,21, 
vitamin D content in Amblypharyngodon mola was 
93122.4±89.2 IU/100 g, in Puntius sophore was 
16266.4±84.2 IU/100 g, in Sperata seenghala was 
7494.8±56.3 IU/100 g and in Tenualosa ilisha was 
9549±85.2 IU/100g. 

Table 4: Fat soluble vitamin contents of the four freshwater fish species of Manipur

     Vitamins  Species
 Bangana devdevi Gagata dolichonema Garra abhoyai Opsarius barnoides

Vit. A (IU/100 g) 7.04±0.07 0.20±0.03 0.08±0.03 2.78±0.06
Vit. D2 (IU/100 g) 10400±91.01 94800±65.82 32400±90.06 25200±91.80
Vit. E (IU/100 g) 4.08±0.12 2.235±0.07 1.09±0.04 1.43±0.05
Vit. K(mg/100 g) <0.5 <0.5 <0.5 <0.5

Values are mean of 3 replicates.
Mean±S.D. followed the same letter are not significantly different (p≤0.05)
Conversions factors: For vitamin A, 1IU=0.3µg, vitamin D2, 1IU=0.025 µg and vitamin E, 1IU=671 µg (https://
www.rfaregulatoryaffairs.com/vitamin-converter)23
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 Vitamin E is an antioxidant that can help 
the body destroy free radicals. As an antioxidant, 
vitamin E protects fatty tissues from free radicals 
that can cause cancer. Common symptoms of 
vitamin E deficiency include muscle weakness, 
numbness, trouble walking, anemia, heart disease, 
etc. In this study, vitamin E content was recorded as 
4.08±0.12 IU/100g (Bangana devdevi), 2.23±0.07 
IU/100 g (Gagata dolichonema), 1.43±0.05 IU/100 g 
(Opsarius barnoides) and 1.09±0.04 IU/100g(Garra 
abhoyai). The result is highly similar with the vitamin 
E content in Amblypharyngodon mola (2.2±0.1 
IU/100g), Puntius sophore (3.4±0.3 IU/100g) and 
Anabas testudineus (0.9±0.1 IU/100g) as reported 
by Mohanty et al.,21.

 Vitamin K helps the body in blood clotting 
from injuries, bone metabolism and regulating blood 
calcium levels. The body needs vitamin K to produce 
prothrombin, a protein and clotting factor that is 
important in blood clotting and bone metabolism. 
Person with vitamin K deficiency have a greater risk 
of uncontrolled bleeding and reduce bone density 
that can lead to fractures. So, vitamin K is also an 
important micronutrient needed by our body. In all 
the four species studied, vitamin K was recorded 
as low as <0.5 mg/100 g which is similar with some 
other fresh water fishes found in India. 

CONCLUSION

 This study provides the basic information 
about proximate composition, TAA, macro and micro 
mineral elements and fat soluble vitamin contents 
of four fresh water fishes of Manipur. It can be 
concluded that, these fish species are significant 
sources of protein, some essential mineral elements 
and fat soluble vitamins, and can be used as a 
supplementary diet in human nutrition. Micronutrient 
content is high in small fish species because they 
are consumed as a whole. The information generated 
would be useful to the people of the region regarding 
the nutritional significance of consuming fish. It may 
also be useful for further documentation, production 
and conserving of high quality fishes.
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