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1. Introduction

Recently, there is an increasing interest among the general consumers worldwide to consume fish as a food because
of their high PUFA content and health concern of people. Fish is a good source of key nutrient such as highly bioavail-
able animal protein [1, 2, 3]. Fish plays a crucial role in global food and nutrition security (FNS) as it represents an im-
portant and nutrient dense animal source food [4, 5]. Fish represents a relatively cheap and easily available mean for
nutritional diversification in several Low & middle income countries (LMICs) where diets depend heavily on a narrow
range of staple foods [5, 6].

Information of the nutrient composition of important foods is a valuable tool to understand the links between food
production, access and nutrient intakes in devising policies and programme such as development of improved produc-
tion technologies [7]. Many earlier studies have documented the nutritional aspects of native fish species of their spe-
cific area in the global [8, 9, 10, 11, 12]. These studies have emphasized the importance about knowledge of nutritional
composition of native fish species for recommendation of dietary plan of respective area to combat with nutritional de-
ficiencies in general people specially to women and children. The nutritional composition of same species has been
found to vary by region, season, age of the fish and sex etc. [13, 14]. Therefore, estimating the nutrient composition of
edible fish is the most important aspect of fish nutrition [15], which might have implication to enhance the value of na-
tive fishes from conservation as well as production perspectives.
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Nepal is home of great diversity of fish species and includes 232 native fish in the country [16]. Pokhara valley is a
cluster of nine lakes and Begnas is the second largest Lake in the valley. A total of 26 fish species have been recorded
including 20 native and 6 non-native species from three lakes (Phewa, Begnas and Rupa) of the Pokhara valley. The
amount of the total harvested fish from three lakes (Phewa, Begnas and Rupa) of Pokhara Valley in 2016/17 was 118.5
metric tons [17].

Malnutrition in women and child still exists a serious concern in Nepal [18]. In general, fish as a food is acceptable to
all across Nepal [19]. Indeed, fish is an important source of animal protein, which could be a support for avoiding mal-
nutrition being suffered by the general people of the Nepal. However, the role of the inland water fisheries for the food
and nutritional security in Himalayan landlocked country has been ignored [19]. Probably, increasing fish consumption
may solve this problem by providing necessary nutritional requirement. In future, the people of Nepal will dependent on
fish for nutritional food due to health concern. It is necessary to know the nutritional composition of native fish species
to recommend the dietary plan to the people to overcome nutritional deficiencies.

Knowledge of nutritional composition of native fish species for recommendation of dietary plan of respective area to
combat with nutritional deficiencies in women and children is necessary in Nepal. However, knowledge concerning the
nutritional value and quality of the commercially important native fishes of Nepal is limited. One study had earlier re-
ported on the importance of different small indigenous fish (SIS) fish species, dedhuwa, Esomus danricus, and pothi,
Puntius sophore consumption from ponds [20] and some studies had reported nutrients analysis of sun-dried/smoked
fish samples collected from the local market of Nepal [21, 22, 23, 24], while selecting fish for diet in Nepal. This study
was aimed to assess and document the nutrients and minerals profile of important native fish species of Begnas Lake.

2. Materials and Methods

2.1. Study area

Begnas Lake

Begnas Lake is the second biggest lake (328 ha) among the Pokhara Valley Lakes situated in Central Himalaya, at
28°10°26.2"N and 84°05’50.4"E, 650 m above mean sea level (Figure 1). It is fed by a perennial stream with a catch-
ment area of 19 km? and an average depth of 6.6 m. This lake fluctuates between oligotrophic and mesotrophic in dif-
ferent seasons [25].
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Figure 1. Location map of Begnas Lake [26].
2.2. Collection and identification of fish

Samples of native fish species were collected from Begnas Lake by using gillnet, cast net, hook and line. The fish
samples were persevered in icebox and brought to laboratory of Fishery Research Station, Begnas Lake. The collected
fish species were identified using the keys given in the book “Ichthyology of Nepal” [27]. After identification, the indi-
vidual, total body weight in grams (g) was measured, which is presented in Table 1 and Figures 2A-2K.
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Tablel. Local name, scientific name, order, family and mean body weight mean + standard deviation (mean + SD) of fish
species collected from Begnas Lake of Pokhara valley

S.N. Local name Scientific name Order Family F(iﬂe\;ﬁiggté?)
1 Sahar Tor putitora Cypriniformes Cyprinidae 230+3.20
2 Rohu Labeo rohita Cypriniformes Cyprinidae 1,525 + 23.05
3 Rewa Cirrhinus reba Cypriniformes Cyprinidae 145.74 £ 14.03
4 Bhitte Puntius sophore Cypriniformes Cyprinidae 4.07+0.10
5 Bhitte/Rato pothi Puntius conchonius Cypriniformes Cyprinidae 4.02 +0.02
6 Sera Bhitte Danio devario Cypriniformes Cyprinidae 3.47£0.28
7 Fageta Barilius barna Cypriniformes Cyprinidae 5.08 £ 1.05
8 Chuchhe Bam Mastacembelus armatus Synbranchiformes Mastacembelidae 18.02 £1.20
9 Dunge Bam Xenontodon cancilla Beloniformes Belonidae 10.50 £ 2.37
10 Junge Machha Mystus bleekeri Siluriformes Bagaridae 5.98 £ 3.38
11 Bhoti Channa punctatus Perciformes Channidae 10.51 +£2.37

(1) Cirrhinus reba

(H) Mystus bleekeri

(J) Barilius barna
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(K) Channa punctatus
Figure 2. Photos of fish species collected from Begnas Lake: Labeo rohita (A), Tor putitora (B), Mastacembelus armatus (C),

Xenentodon cancila (D), Puntius conchonius (E), Puntius sophore (F), Danio devario (G), Mystus bleekeri (H), Cirrhinus reba
(1), Barilius barna (J), Channa punctatus (K).

2.3. Preparations of samples for analysis

Samples were washed with tap water, descaled, gutted, eviscerated and washed again with tap water. The weight of
gutted fish was measured and kept in the oven for 24 hours at 50°C for drying. The dried samples were used for prox-
imate analysis and mineral contents. The weight of dried fish was measured and homogenization was carried out by the
use of homogenizer and a grinder mixture. The weight of homogenized samples of fish were recorded and placed in
zipper bags, sealed and refrigerated until analysis Figures 3A-3F. The oven dried and minced samples were sent to Na-
tional Food Research Center, Khumaltar for proximate and mineral analysis.

The proximate composition of the samples was determined following standard Association of Official Analytical
Chemists (AOAC) procedures (2005) [28]. Moisture was determined by drying at 105°C to a constant weight. Nitrogen
was estimated by the Kjeldahl method (2200 Kjeltec, Foss Tecator, Sweden) and crude protein was estimated by mul-
tiplying the per cent nitrogen by 6.25. The ether extract was measured by the solvent extraction method (1045 Soxtec,
Tecator, Sweden) using diethyl ether as a solvent. Total ash was determined by using muffle furnace following standard
AOAC methods [28]. In minerals iron, phosphorous, and calcium were analyzed by following [29] standard methods.

Total carbohydrate and energy were calculated by following equation.

Total Carbohydrate: 100 - (Moisture + Protein + Fat + Ash)

Energy: (4 X Total Carbohydrate) + (4 X Protein) + (Fat X 9)

>

(E) Seiving of the dried samples (D) Homogenized dried fish (F) Packing of final sample
Figure 3. Process of sample preperation of native fish species for nutrients analysis (A-F).
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3. Results
3.1. Nutrients Level in fish species

The present findings of nutrients contents (Mean + SD) of oven dry of fresh collected native fishes of Begnas Lake
are presented in Table 2. The results showed that nutrients contents were varied in the studied native fish species of
Begnas Lake. Among the eleven native fish species, the lowest crude protein was found in Puntius sophore (43.46 +
1.2 %) and highest in the Labeo rohita (66.10 £ 0.71 %). The moisture (%) were varied from 4.71 to 8.39 with lowest in
the Mastacembelus armatus (4.7 + 0.21) and highest in the Puntius sophore (8.39 = 2.11). The results showed that
crude fat (%) was found lowest in the Xenentodon cancila (6.24 + 0.21) and highest in the Cirrhinus reba (17.28 +
0.04). The results showed that ash (%) were varied from 12.64 to 19.65 with lowest in the Barilius barna (12.64 + 0.31)
and highest in the Puntius conchonius (19.65 + 1.54). Carbohydrate was found highest in the Puntius sophore (17.91)
and lowest in the Channa punctatus (0.96). Energy (Kcal/g) was highest in the Cirrhinus reba (402.80) and lowest in
the Xenentodon cancila (322.36).

Table 2. Nutrients level (oven dry basis, Mean + SD) of fresh collected native fishes of Begnas Lake

SN Fish species Crude Protein ~ Moisture Ash Crude fat Carbohydrate  Energy
(%) (%) (%) (%) % (Kcal/g)

1 Tor putitora 57.23+5.5 592+22 1416+059 14.23+0.21 8.46 390.83
2 Labeo rohita 66.10 £0.71 591+0.07 1348+0.14 11.43+0.14 3.08 379.59
3 Cirrhinus reba 46.10+ 2.5 586+238 15.04+1.12 17.28+0.04 15.72 402.80
4 Mastacembelus armatus 56.74 +0.70 471+021 16.23+031 6.39+0.42 15.94 348.23
5 Xenentodon cancila 55.05£0.71 833+0.35 18.88+0.14 6.24%x0.21 10.84 322.36
6 Puntius sophore 43.46+1.2 839+211 17.39+1.65 12.85+0.12 17.91 361.13
7 Puntius conchonius 60.44 £1.2 6.88+2.14 19.65+1.54 1245+0.11 0.58 356.13
8 Danio devario 63.28+£1.3 8.34+213 13.66+1.63 13.88+0.05 0.84 381.40
9 Mystus bleekeri 65.14 £ 0.8 7.61+0.38 1553+0.34 11.61+0.16 0.12 365.53
10 Channa punctatus 64.68 £ 0.9 745+045 1640+0.21 1051+0.17 0.96 357.15
11 Barilius barna 61.87 £ 0.5 835+0.64 12.64+0.31 12.66+0.12 4.48 379.34

3.2. Minerals level in fish species

The present findings of minerals contents (Mean + SD) oven dry of fresh collected native fishes of Begnas Lake are
presented in Table 3. The results showed that minerals contents were varied in the studied native fish species of Begnas
Lake. The results showed that phosphorus contents (mg/100g) was lowest in Puntius sophore (917.02 + 33.05) and
highest in Channa punctatus (4510.80 + 43.01). Iron content (mg/100g) was lowest in Danio devario (1.65 + 0.07) and
highest in Cirrhinus reba (12.36 + 0.18). Calcium content (mg/100g) was found lowest in Xenentodon cancila
(3,442.51 + 140.71) and highest in Puntius conchonius (6,282.45 + 137.83).

Table 3. Minerals level (oven dry basis, Mean + SD) of 11 native fish species of Begnas Lake

S.N. Fish species Phosphorous (mg/100g) Iron (mg/100g) Calcium (mg/100g)
1 Tor putitora 1,727.79 £ 71.41 9.71+£0.04 5,223.75 + 138.59
2 Labeo rohita 2,167.77 +31.11 6.61+0.14 4,355.14 + 211.42
3 Cirrhinus reba 1,887.82 + 69.29 12.36 £ 0.18 5,476.94 + 142.12
4 Mastacembelus armatus 2,158.65 + 54.44 10.48 £ 0.07 3,443.01 + 140.71
5 Xenentodon cancila 2,176.65 + 28.99 10.43+0.14 3,442.51 + 140.71
6 Puntius sophore 917.02 + 33.05 6.94 £ 0.07 4,950.86 + 137.81
7 Puntius conchonius 924.37 £ 43.02 3.10 £0.07 6,282.45 + 137.83
8 Danio devario 967.59 + 22.03 1.65 + 0.07 4,596.80 + 136.82
9 Mystus bleekeri 4,312.50 + 23.03 4.88 £ 0.07 4,797.77 + 134.81
10 Channa punctatus 4,510.80 + 43.01 7.82 £0.07 5,233.06 + 132.83
11 Barilius barna 2,552.49 + 53.03 4.04+0.07 5,827.32+135.81
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4. Discussions

Awareness about the importance of diet in human health is increasing day by day. A portion of 150g of fish can pro-
vide about 50-60 percent of an adult’s daily protein requirement [30]. Fishes are of high nutritional value and a good
source of protein, minerals, low saturated fat and sufficient omega fatty acid, which requires for good health [31, 32].
Fish protein is a good source of essential amino acid. In addition to that, eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) are also found in fish tissues, which play an important role in prevention of cardiovascular diseases,
cancers, rheumatoid arthritis, and inflammation [33, 34 ].

4.1. Nutrients Level in fish species

In the present findings, highest level of 66.10 + 0.71% crude protein was found in the Labeo rohita (Table 2). Crude
protein contents in the sun dried rohu (Labeo rohita) was reported 59.2% [35], while [36] was reported 72.63 = 0.1%in
the powder of sun and mechanical dried rohu (Labeo rohita). In the present study, the crude protein contentin Puntius
sophore was 43.46% is close to protein content (42.4%) reported by [37]. However, [38] was found higher protein con-
tents (55.5%) in the Puntius sophore. Crude protein (%) was found 64.68 + 0.9 in the snake head (Channa punctatus) in
the present findings. It is higher to [35] findings of 62.85% protein contents in the sun dried snake head (Channa punc-
tatus). The crude protein contents was found 57.23 + 5.5% in the oven dried Sahar (T. putitora) in the present findings,
which is slightly higher than the crude protein contents reported by [22] which was 53.9 + 5% in the smoked T. putitora.
The crude protein contents in Mystus bleekeri was 65.14 + 0.8% in the present study, which is higher than the report of
[39] where the protein was 53.45 % in Mystus vittatus.

In the present study, the moisture were varied from 4.7% to 8.39% in native fish species of Begnas Lake with lowest
in the Mastacembelus armatus (4.7 + 0.21%) and highest in the Puntius sophore (8.39 + 2.11) (Table 2). The previous
findings had documented wide variations of moisture contents in the fish species. For example, lowest moisture content
was found in oven dried Mystus cavasius (6.25 + 0.24%) and highest in the C. punctatus (11.45 + 0.72%) [40]. Similar-
ly, the moisture content was found 7.81% in Phabaonga (Puntius shalynius) in traditional dried method [41] and it va-
ried from 11.17% (L. bata and C. catla) to 14.17% (C. fasciata) local fish species [42]. Likewise, [43] was reported
moisture were ranged from 3.82 % in O. niloticusto 10.26 % in C. gariepinus.

The results showed that crude fat was lowest in the Xenentodon cancila (6.24 £ 0.21%) and highest in the Cirrhinus
reba (17.28 + 0.04%) (Table 2). The present findings showed that crude fat of oven dried Puntius sophore and Tor pu-
titora were 12.85+ 0.12% and 14.23 £ 0.21% respectively. Fat content was found 7.7 + 1.2% in sun-dried Sidra (P. so-
phore) and13.3 + 2.1% in smoked Sahar (T. putitora) [22]. Another study had reported that fat contents were varied
from 7.01% in O. niloticus to 8.10% in C. gariepinus [43].

The results showed that ash contents were varied from 12.64% to 19.65% with lowest in the Barilius barna (12.64 +
0.31) and highest in the Puntius conchonius (19.65 + 1.54) in the studied native fish species of Begnas Lake (Table 2).
The previous findings had documented wide variations of ash contents in the fish species. The ash content of dried fish
ranged from 11.17% (Tor tor) to 29.197% in P. shalynius [41], 21 £ 0.4% in oven dried powder of Labeo rohita [36],
4.34 £ 0.23% in M. pancalus to 18.43 + 0.77% in M. cavasius oven dried fish species [40] and 8.96% in C. gariepinus
to 13.42% in O. niloticus [43].

Carbohydrate was found highest in the Puntius sophore (17.91%) and lowest in the Channa punctatus (0.96%) in the
present study (Table 2).The previous findings had documented wide variations of carbohydrate contents in the fish spe-
cies. The carbohydrate was reported 3.7% in the L. rohita by [44] which is higher than present study (3.07%). Some
authors had reported that carbohydrate was found highest (6.01%) in H. molitrix and lowest (3.40%) in A. grammepo-
mus [36], and it varied from 7.25% in C. gariepinus to 14.60% in O. niloticus [43].

Energy (Kcal/100g) contents was found lowest in the Xenentodon cancila (322.36) and highest in the Cirrhinus reba
(402.8) in the presents study (Table 2). The findings of present study of energy contents in Labeo rohita (379.59
Kcal/100g) is higher than reported energy contents of L. rohita (367.50 Kcal/100g) by [36] and lower than [44] findings
of energy contents (466 Kcal/100g) in L. rohita. Likewise, the energy contents reported in Puntius puntio was
361.13Kcal/100g and in C. punctata was 371.95 Kcal/100g [36], in C. striatus was 504 Kcal/100g [45].

4.2. Minerals levels in the fish species

The results showed that phosphorus contents was lowest in Puntius sophore (917.02 mg/100g) and highest in Channa
punctatus (4,510.8 mg/100g) (Table 3). Phosphorus content in Labeo rohita was reported 1,493.7mg/100g by [46] is
lower than our results of phosphorus content in Labeo rohita 2,177.77mg/100g. The previous findings had documented
wide variations of phosphorus contents in the fish species. Phosphorus content varied from 727 mg/100g in Lates nilo-
ticus to 935 mg/100g in Oreochromis niloticus commercial Nile fishes [47], 510 + 59 mg/100g in Encrasicholina devisi
to 1,200 + 290 mg/100g in Leiognathus dussumieri of small size marine fish species [48], and it varied from 1,073.8 £9
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mg/100g in Pike (Esox lucius) to 1,165.4 + 87 mg/100g in pearch (Perca fluviatilis) fresh water fish species of Mazua-
rian great lakes [49].

In the present findings, the iron content (mg/110g) was lowest in Danio devario (1.65 = 0.07) and highest in Cirrhi-
nus reba (12.36 + 0.18) (Table 3). The previous findings had documented wide variations of iron contents in the fish
species. Iron contents varied from 0.04 mg/100g in Puntius conchonius to 22.7 mg/100g in Amblypharyngodon mola
fish species found in the Brahmaputra River [50], 7.91 £ 0.01 mg/100g in Schistura khugae to 24.69 + 0.07 mg/100g in
Raiamas guttatus cyprinid fish species from different hill districts of Manipur, India [51], and rich in SIS Puntius so-
phore (10.31 + 0.2) mg/100g [2].

The calcium content was found lowest in Xenentodon cancila (3,442.51 + 140.71 mg/100g) and highest in Puntius
conchonius (6,282.45 + 137.8 mg/100g) in present study (Table 3).The previous findings had documented wide varia-
tions of calcium contents in the fish species. Calcium contents were found: 1,984.32 + 1.1 (mg/100g) in the Puntius
sophore, 1,267 + 2.2 (mg/100g) in the Amblypharyngodon mola, and 1,100.6 + 1.21 (mg/100g) in Gudusia chapra [2],
160 mg/100g in Heteropneustes fossilis and 2,000 mg/100g in Salmophasia bacaila [50].

In the present study, the nutrients contents were varied in the fish species of Begnas Lake. When comparing to other
previous studies, same species nutrients contents were found to differ from the present study. It may be due to differ-
ence of size, climatic condition and season as well as sample preparation methods. Many authors had suggested the
variations of nutrients in the same fish species and as well as other species. The authors had reported that nutrients val-
ues were vary substantially within and between species, size, sexual condition, feeding season, habitat, feeding behavior,
and physical activity [12, 13, 14, 52, 53]. Moreover, the proximate composition of fish species were found to greatly
varies during the catching season due to physiological reasons and changes in environmental conditions [54]. Addition-
ally, fatty acid contents, were found to vary from species to species and, also differ within the species under the influ-
ence of geographical location, food availability, environment, season, size, age, and maturation status of fish [55, 56]. In
addition, the different processing methods (such as drying, smoking, freezing, cooking and canning of fish) were found
to effect on the chemical, physical and nutritional compositions of fish [34].

The recommended dietary allowance (RDA) value for children, women and man in Nepal are: Protein 16.7 to 60
gm/day, net energy (kcal/day) 1,060-3,490, calcium 500-1,200 mg/day, and iron 09-35 mg/day [57]. The present find-
ings showed that the eleven native fish species of Begnas Lake is nutrient-dense. The crude protein varies 43.46% to
66.10%, energy 322.36kcal/g-402.80 kcal/g, calcium content 3,442.51 mg/100g to 6,282.45 mg/100g, and iron content
1.65 mg/100g-12.36 mg/100g. The consumption of 100-200 gm dried or equivalent weight of fresh fish of these fish
species will alone provide the recommended dietary allowance (RDA) value of protein, iron, calcium and energy, par-
ticularly for children, women, and general peoples of Nepal to combat the nutritional deficiencies.

5. Conclusion

The present study has documented the nutrients profile of eleven oven dried native fish species of Begnas Lake. The
results showed that the native fishes of Begnas Lake were nutrient-dense and can ensure nutritional security. These in-
digenous fishes can improve the nutritional security of women and child of this area, and consumption of these fish
species might reduce the extent of malnutrition. This is preliminary study of limited fish species. However, it will be
useful to make the recommendations of dietary plan for the people of this region as well as Nepal. Further study should
be continued on more fish species with additional nutritional aspects.
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