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Abstract
Purpose of the study: The study was carried out to analyse the proximate composition, minerals and vitamins in both uncooked and cooked (boiling) forms of six small indigenous fish species of Assam; Macrognathus pancalus, Cabdio morar, Anabas testudineus, Mystus tengara, Heteropneustes fossilis, Puntius sophore. 
Methods: The fish samples were collected from Kalangpar market, Narengi, Guwahati, Assam in the month of July, 2023. The qualitative analysis of carbohydrate was done by following standard methods of Molisch’s test, Iodine test and Fehling’s test. The qualitative analysis of protein was done by following standard protocol of Biuret test, Ninhydrin test and Sakaguchi test. The quantitative estimations of Carbohydrate and protein were carried out by following standard protocol of Anthrone method and Lowry method respectively. The moisture and ash content were determined by following the methods of AOAC (2000). The minerals Iron, Phosphorus and Calcium content were determined using ICP-AES. The concentration of Vitamin A and D were estimated by the method using high performance liquid chromatography. 
Results and Discussion: In the present study, the nutrient contents varied depending on the fish species and their forms (fresh/cooked). Carbohydrates content of the uncooked fish samples ranged from 1g/100g (P. sophore) to 2.1g/100g (A. testudineus). The carbohydrate content of the cooked fish samples found to be decreased as compared to the uncooked fish samples. The protein content of uncooked fish samples ranged from 14.5g/100g (M. tengara) to 18.4g/100g (P. sophore). The protein contents were found to be in the order: P. sophore> H. fossilis> A. testudineus>C. morar> M. pancalus> M. tengara. The calcium content in the fish sample varied from 89mg/100g (H. fossilis) to 941mg/100g (P. sophore), phosphorus ranged from 108mg/100g (M. pancalus) to 321mg/100g (C. morar) and the iron content varied from 1.86mg/100g (M. pancalus) to 15.34mg/100g (C. morar). P. sophore, A. testudineus and H. fossilis are good source of Vitamin A and D. From the present study, P. sophore is observed to be rich in protein, minerals and vitamins. 
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INTRODUCTION
The Northeast India is renowned for its rich biodiversity, particularly for its highly nutritious small indigenous fish species. Small Indigenous Fish Species (SIF) typically grow to sizes of 25-30 cm when matured. They are found in a variety of aquatic environments including rivers, tributaries, floodplains, ponds, tanks, lakes, streams, lowlands, wetlands, and paddy fields (Devi, 2014). It is a crucial source of animal protein and essential micronutrients for millions, particularly in rural and low-income communities where access to other protein sources may be limited (Jhingran, 1991). Despite their significance, knowledge about the nutritional composition of various SIF species in India remains incomplete.
In this study, six small indigenous fish species from Assam were selected based on their availability, consumer preference and indigenous belief. The selected fish samples were Marcognathus pancalus (locally known as Turi or Tura; Family-Mastacembelidae), Cabdio morar (locally known as Bariali; Family-Cyprinidae), Anabas tesudineus (locally known as Kawoi; Family-Anabantidae), Mystus tengara (locally known as Xingora/Tengra; Family-Bagridae), Puntius sophore (locally known as Puthi; Family-Cyprinidae) and Heteropneustes fossilis (locally known as Singhi; Family-Heteropneustidae). The people of Assam have some traditional beliefs regarding the health benefits of consuming small indigenous fishes. According to the traditional knowledge, C. morar is considered to be beneficial for improving heart health; H. fossilis, M. pancalus and M. tengara help in blood cells formation in postpartum women and P. sophore is considered as a high source of protein etc. These traditional beliefs often hold valuable insights but very less information has been reported on nutritional value of fish to validate their accuracy and understand the mechanisms behind the benefits and nutrition. SIF are cooked (mostly boiled) along with vegetables to form a curry savoured by the local people of Eastern Himalayan Region (Usydus et al., 2009). In this context, the present study aims to investigate the nutritional composition in uncooked (raw/fresh) and cooked (boiled) forms of these six fish species.

MATERIAL AND METHODS
COLLECTION OF FISH SAMPLES
Six live fresh small indigenous fish species viz. Macrognathus pancalus (length 11-18 cm & weight 34.5-39gm),Cabdio morar (length 2.9-13cm; weight 1.03-19gm), Anabas testudineus (length 14-20cm; weight 20-25gm), Mystus tengara (length 10-11cm; weight 9-12gm), Heteropneustes fossilis (length 21- 23cm; weight 16-18gm), Puntius sophore (length 12-14cm; weight 31-40gm) were collected from Kolongpar market, Narengi, Guwahati, Assam in the month of July 2023. The samples were transported to the laboratory.
[image: ]
        Figure 1: Selected small indigenous fish samples; a. Macrognathus pancalus, b. Cabdio morar, c. Anabas testudineus, d. Mystus tengara, e. Heteropneustes fossilis, f. Puntius sophore

PREPARATION OF SAMPLE 
Fish samples were first washed several times with tape water to remove dirt, adhering blood and excessive mucous. The samples were then cut into pieces with bones and stored in air-tight plastic bags in deep fridge at -20° C for further experiments. Later on, the fish samples were divided into two groups. The first group was left uncooked (Raw) while the other one was cooked (boiled form). Boiling was performed at 99-101 °C (water temperature) for 10 minutes. The fresh or raw and boiled samples were then subjected to nutritional analysis.

DETERMINATION OF MOISTURE AND ASH CONTENT
[bookmark: _Hlk177995481]The moisture and ash were determined by following the methods described by Shabir et al., (2018). Known amount of sample was dried in Hot Air Oven at 105 ̊̊C until constant weights for moisture analysis. Moisture was calculated by the following formula-
Moisture (% by weight) = 100(W1- W2)/ (W1 –W)
where, W= Weight in g of the empty dish,
W1 = Weight in g of the dish with the material before drying.
W2 = Weight in g of the dish with the material after drying.
Ash content was estimated using a muffle furnace (600°C for 6 hours). Ash content was calculated by the following formula-
Total ash (% by weight) = 100 (W2- W)/(W1-W)
Where, W= Weight in g of the empty dish,
W1 = Weight in g of the dish with the material before ashing
W2= weight of the dish with ash.

ESTIMATION OF CARBOHYDRATE AND PROTEIN CONTENT
Preparation of the fish samples 
10g of fish meat was taken and homogenized with phosphate buffer of pH 7. Both uncooked and cooked (boiled) fish samples were centrifuged at 8000 rpm for 20mins at 4ºC. The supernatant was collected in falcon tubes and adjusted to the volume of 100 ml by adding phosphate buffer. The samples were then stored for further analysis.
Qualitative Analysis of Carbohydrate and Protein
[bookmark: _Hlk177995116]The qualitative test for carbohydrate such as Molisch’s test, Iodine test and Fehling’s test in fish samples were analysed by following the standard protocol described by Plummer (1971). 
[bookmark: _Hlk177995263]The qualitative test for protein such as Biuret test, Ninhydrin test and Sakaguchi test in fish samples were analysed by following the standard protocol described by Birr (1970). 
Quantitative Analysis of Carbohydrate and Protein
The carbohydrate content in fish samples was estimated by following Anthrone method with slight modification (Plummer, 1990). The protein content was analysed by following Lowry method with slight modification (Lowry et.al., 1951).

MINERAL ANALYSIS
[bookmark: _Hlk177995800]The Iron, Phosphorus and Calcium content were determined using ICP-AES (Thermo Electron Corporation, UK, iCAP 6000 series) following the method as described by Mohanty et al.,2016.

ESTIMATION OF VITAMINS
[bookmark: _Hlk177995852]The concentration of Vitamin A and D were estimated by the method described by Qing –Song et al. (2007) using high performance liquid chromatograph (VARIAN) [consisting of a photoelectricity diod array detector (ProStar 330), a solvent pump (ProStar 230) and ProStar work station] and Reversed –Phase Chromatographic column Res Elut 5µ C18 90A (4.6×150mm; Varian, 12159012).

RESULTS AND DISCUSSION 
In the present study, the nutritional composition of six SIF species Macrognathus pancalus, Cabdio morar, Anabas testudineus, Mystus tengara, Heteropneustes fossilis and Puntius sophore were estimated and presented in table 1,2,3, 4 and 5.

ASH AND MOISTURE CONTENT
The ash and moisture contents of the fish samples are presented in table 1. The result showed that the ash content of fish samples varies from 3.1% - 5.7%. The ash content of all the fish samples were observed in the following order:  P. sophore> A. testudineus>M. pancalus>M. tengara>C. morar>H. fossilis. P. sophore was observed to contain highest ash content as compared to the other fish species. This indicates that P. sophore holds more mineral content than other fish species as ash content signifies the percentage of inorganic minerals remaining after organic matter is combusted.  Fish ash content contributes essential dietary minerals like calcium, phosphorus, and magnesium, playing a vital role in bone health and physiological functions (Eyo et al., 2023). 
In the present study, the moisture contents of the fish samples ranged from 71%- 77.93%. The moisture contents were found to be in the order: C. morar>M. pancalus>H. fossilis>P. sophore> M. tengara>A. testudineus. Moisture content represents the water percentage in the fish. Moisture content influences fish quality, shelf life and processing techniques. Higher moisture content can promote microbial growth and reduce shelf life, while lower moisture content makes fish more susceptible to oxidation during storage (Rahman, 2009; Kumar and Kumar, 2014).

CARBOHYDRATE AND PROTEIN CONTENT
Qualitative analysis of Carbohydrate and Protein
The qualitative analysis of carbohydrate and protein content of fish samples were presented in table 2. The positive result of Molisch’s test and Biuret test in Macrognathus pancalus, Cabdio morar, Anabas testudineus, Mystus tengara, Heteropneustes fossilis and Puntius sophore indicated the presence of carbohydrate and protein/peptide linkage respectively. The negative result of iodine test and positive result of fehling’s test indicate the presence of reducing sugar; either mono- or di- saccharide structure in carbohydrate of all fish samples except Puntius sophore. In Puntius sophore, fehling’s test was found to be negative which indicated the presence of non-reducing sugar (sucrose etc.) (Diamond and Denman, 1973). 
In the present study, the positive result of ninhydrin test specified the presence of Glycine, Alanine amino acid in protein of Macrognathus pancalus, Cabdio morar, Anabas testudineus, Mystus tengara, Heteropneustes fossilis and Puntius sophore. Among all the fish samples, only Puntius sophore showed positive result of sakaguchi test. That indicates the presence of arginine amino acid in protein of P. sophore (Gaspar, 1984). 


Quantitative analysis of Carbohydrate and Protein.


The carbohydrate and protein content of uncooked and cooked form of fish samples were presented in table 3. The carbohydrates content of the uncooked fish samples ranged from 1g/100g (P. sophore) to 2.1g/100g (A. testudineus). The result showed that the carbohydrate content of the cooked fish samples found to be decreased as compared to the uncooked fish samples. A. testudineus, that was observed to contain the highest carbohydrate content among the six sample species, loses the most of its carbohydrate after boiling (2.1g/100g to 0.8g/100g).
The protein content of uncooked fish samples ranged from 14.5g/100g (M. tengara) to 18.4g/100g (P. sophore). The protein contents were found to be in the order: P. sophore> H. fossilis> A. testudineus>C. morar> M. pancalus> M. tengara. It indicates that P. sophore is a good source of protein as compared to the other five fish samples. From the present study it is observed that the protein content in cooked formed of the fish samples decreased as compared to uncooked formed.  Fish is a good source of protein and essential nutrients (Nusrat et al., 2011; Khamankar et al., 2012). However, the amount of carbohydrate and protein can vary depending on the species of fish.  Moreover, the cooking method (boiling, frying etc.) can affect the amount of carbohydrates and protein in fish. Boiling generally leads to a slight decrease in carbohydrate content in fish. This is because some water-soluble carbohydrates can leach out into the cooking liquid (Nirmal & Shankar, 2004; Erkan et al., 2006). Cooking methods like boiling, grilling and frying can cause the macronutrients denaturation and lead to loss of carbohydrates and proteins contentment (Deman et al., 1999).

MINERAL CONTENT
Fish is a good source of essential minerals like calcium, phosphorus, and iron (Eyo et al., 2023). The mineral content of fish can vary depending on the species, habitat, and diet. The minerals Calcium, iron and phosphorus contents are presented in Table 4. The result showed that the calcium content in the fish sample varied from 89mg/100g (H. fossilis) to 941mg/100g (P. sophore), phosphorus ranged from 108mg/100g (M. pancalus) to 321mg/100g (C. morar) and the iron content varied from 1.86mg/100g (M. pancalus) to 15.34mg/100g (C. morar). The decreasing order of calcium content was P. sophore>M. pancalus>C. morar>M. tengara>A. testudineus>H. fossilis. For phosphorus, the order which was observed: C. morar>M. tengara>P. sophore>H. fossilis>A. testudineus>M. pancalus. Similarly, for iron: C. morar>P. sophore>M. tengara>A. testudineus>H. fossilis>M. pancalus. From the result, P. sophore is observed to be rich in calcium content as compared to the other fish samples. It is also recorded as a good source of iron. Some minerals are recorded to be affected by boiling process, particularly those with high water solubility. Boiling may have minimal impact or even cause a slight increase in calcium content. This is because bones, a good source of calcium, can leach some calcium into the cooking liquid depending on the fish variety and the duration of boiling. However, the overall loss of calcium is likely to be negligible (Lina et al., 2011). Similar to calcium, the effect of boiling on phosphorus is variable. Some water-soluble phosphorus compounds might leach out during boiling, leading to a slight decrease. However, studies suggest the changes are often minimal (Alfonso & Antonio, 2017). Boiling generally has minimal impact on iron content in fish. Iron is less soluble in water and tends to be retained in the muscle flesh during boiling (Gokoglu et al., 2004).

VITAMIN CONTENT
The result of vitamin content of the fish samples is presented in Table 5. Vitamin A in uncooked form of fish samples ranged from 9.04 mcg/100g to 719 mcg/100g with the order: P. sophore>H. fossilis>A. testudineus>M. pancalus>M. tengara>C. morar whereas in cooked form, Vitamin A is recorded to be present in only fish species A. testudineus and H. fossilis. On the other hand, Vitamin D was present in three uncooked species, P. sophore (321mcg/100g) >A. testudineus (11.99mcg/100g) >H. fossilis (5.23mcg/100g).  It indicates that Vitamin A is more commonly found in SIF species as compared to other SIF species. The present study showed that P. sophore, A. testudineus and H. fossilis is a good source of Vitamin A and D. Fish species A. testudineus and H. fossilis were observed to hold Vitamin A and D even after cooking (boiling). But the vitamin contents in M. pancalus, M. tengara and C. morar were found to be below detection level after cooking. It may be due to the exposure of heat and oxygen which can promote the oxidation of vitamins (Sridonpai et al., 2022).

CONCLUSION
The present study revealed the nutritional composition of six prominently known small indigenous fish species (SIF) of Assam. The content of the nutrients varied depending on the fish species and their forms (fresh/cooked). Our study supports the traditional beliefs about the wholesome advantages of consuming SIFs. Among SIF, P. sophore (puthi) is recorded as a good source of protein, minerals and Vitamin A and D. More emphasis on the studies examining the impact of different processing and cooking methods on the nutritional profiles of small indigenous fish (SIFs) are essential for optimizing their nutrient retention and enhancing their overall dietary benefits.
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Table 1: Qualitative analysis of Carbohydrate and protein in selected fish sample (all values are
expressed in Mean ± SEM).
	Fish species
	Ash (%)
	Moisture (%)

	Macrognathus pancalus
	4.91±0.025
	77.08±1.62

	Cabdio morar
	3.10±0.10
	77.93±0.54

	Anabas testudineus
	5.60±0.90
	71±3.00

	Mystus tengara
	3.50±0.18
	72.16±5.32

	Heteropneustes fossilis
	3.10±0.89
	74±8.56

	Puntius sophore
	5.70±0.93
	73±6.89













Table 2: Qualitative analysis of Carbohydrate and protein in selected fish samples
	
Fish species
	Carbohydrate
	Protein

	
	Molisch’s Test
	Iodine Test
	Fehling’s test
	Biuret test
	Ninhydrin test
	Sakaguchi Test

	Macrognathus pancalus
	+
	_
	+
	+
	+
	_

	Cabdio morar
	+
	_
	+
	+
	+
	_

	Anabas testudineus
	+
	_
	+
	+
	+
	_

	Mystus tengara
	+
	_
	+
	+
	+
	_

	Heteropneustes fossilis
	+
	_
	+
	+
	+
	_

	Puntius sophore
	+
	_
	_
	+
	+
	+






Table 3: Quantitative analysis of Carbohydrate and protein in uncooked and cooked fish samples (all values are expressed in Mean ± SEM). Superscript (*) shows statistical significance (P < 0.05) and represents significance difference of uncooked and cooked form.
	
Fish species
	Carbohydrate (g/100g)
	Protein (g/100g)

	
	Uncooked
	Cooked (Boiled)
	Uncooked
	Cooked (Boiled)

	Macrognathus pancalus
	2.00±0.21
	1.80±0.04
	16.30±0.49
	6.70±0.57*

	Cabdio morar
	1.90±0.09
	1.10±0.009
	16.41±0.70
	8.81±0.79

	Anabas testudineus
	2.10±0.10
	0.80±0.007
	16.77±0.39
	8.57±0.91*

	Mystus tengara
	1.70±0.009
	1.30±0.10
	14.50±0.7
	11.30±0.95

	Heteropneustes fossilis
	1.80±0.02
	1.50±0.26
	16.90±1.3
	13.12±0.61

	Puntius sophore
	1.00±0.12
	0.70±0.003
	18.40±0.90
	14.5±0.89



Table 4: Mineral Content in selected fish samples (all values are expressed in Mean ± SEM).

	Fish species
	Calcium
(inmg/100g)
	Phosphorus (in mg/100g)
	Iron
(in mg/100g)

	Macrognathus pancalus
	479±2.34
	108±4.01
	1.86±0.21

	Cabdio morar
	418±0.99
	321±0.78
	15.34±0.22

	Anabas testudineus
	240.03±1.89
	156±2.21
	2.9±0.14

	Mystus tengara
	363±8.21
	248±0.89
	3.8±0.50

	Heteropneustes fossilis
	89±2.67
	232±2.33
	2.5±0.16

	Puntius sophore
	941±14.00
	239±0.67
	11.1±0.36



Table 5: Vitamin content in selected fish samples (all values are expressed in Mean ± SEM; ND: not detected; Detection level: 1mcg/100g).

	
Fish species
	Vit A (mcg/100g)
	Vit D (mcg/100g)

	
	Uncooked
	Cooked (Boiled)
	Uncooked
	Cooked (Boiled)

	Macrognathus pancalus
	10.24
	ND
	ND
	ND

	Cabdio morar
	9.04
	ND
	ND
	ND

	Anabas testudineus
	24.56
	16.01
	11.99
	9.00

	Mystus tengara
	10.08
	ND
	ND
	ND

	Heteropneustes fossilis
	30.28
	19.05
	5.23
	5.01

	Puntius sophore
	719
	ND
	321
	ND
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