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PROXIMATE, ANTI-NUTRITIONAL AND FUNCTIONAL PROPERTIES OF RAW AND FERMENTED CHICKPEA (Cicer arietinum) SEED FLOURS



ABSTRACT
This present study was conducted to determine the proximate, anti-nutritional and functional properties of raw and fermented chickpea seed flours. The chickpea seeds were sorted, cleaned and divided into four equal lots of one kilogram each. The first lot was processed raw and used as a control, while the second, third and fourth lots were processed into fermented chickpea flours by spontaneous fermentation of each of them with the aid of naturally occurring microorganisms for 48, 72, and 96 h, respectively. The flours obtained were evaluated for proximate composition, anti-nutritional and functional properties using standard methods. The proximate composition of the samples showed that the flours had a range of 6.24 to 7.86% moisture, 10.72 to 22.46% crude protein, 1.21 to 3.47% fat, 1.32 to 2.38% ash, 2.14 to 3.31% crude fibre, 74.66 to 62.07% carbohydrate and 343.46 to 368.27kJ/100g energy. The anti-nutrient composition of the flours showed that the levels of trypsin inhibitor, tannin, phytate, oxalate, saponin and haemaglutinin decreased with the increase in time of fermentation. The functional properties of the samples revealed that the bulk density, water absorption, oil absorption, swelling, gelation and foam capacities of the flours ranged from 0.23 to 1.77 ml/g, 0.78 to 1.88 %, 0.56 to 1.81 %, 2.18 to 2.66 ml/g, 2.58 to 12.03 ml/g and 6.18 to 13.29 %, respectively. The results showed that the macronutrient contents as well as the functional properties of the flours increased with the increase in time of fermentation with the exception of fat, carbohydrate and bulk density. In addition, the study also revealed that the chickpea flour fermented for 96 h had higher nutrient density and better functional properties than the other flour samples fermented for 48 and 72 h, respectively compared to the raw chickpea flour. This, therefore, showed that the chickpea flour fermented for 96 h could be utilized both as a nutritionally-enhanced and functional ingredient in the production of a diverse novel food products than the other fermented flour samples especially in areas where there are problems of food and nutrition security among the people. 
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INTRODUCTION	

Legumes are nutritious foods which serve as good substitutes for animal protein. The term legume is applied to cover all plants of pea and bean family which are botanically referred to as Leguminosae or Fabaceae (Akubor, 2017). Legumes are known to be the third largest family among the flowering plants and they consist of approximately 650 genera and 20,000 species (Igbokwe et al., 2024).
They are cultivated throughout the world for their seeds which are harvested and marketed as primary products. Legumes are important food crops due to their high protein and essential amino acids contents. Legumes play an important role in the diets of many in developing countries. They are the major source of dietary nutrients for many people, and are thus referred to as the “poor man’s meat”. However, their role appears to be limited because of several factors including low protein and starch digestibility, poor mineral bioavailability, and high anti-nutritional factors (Oraka and Okoye, 2017). 
Chickpea (Cicer arietinum L.) is the world’s third largest leguminous crop based on the cultivated area (Olika et al., 2019). Chickpea is an important pulse that is grown and consumed all over the world, especially in the Afro-Asian countries. There are two major types of chickpea namely the Desi and Kabuli. The Desi type tends to have smaller angular seeds with thick seed coats. The colour of the seed coat of this type of chickpea may be light tan, speckled or solid black. The Desi type chickpea seeds are wrinkled at the peak with brown, light brown, fawn, yellow, orange, black or green colour. The Desi type has a smaller seed than the Kabuli type. The Kabuli type has larger seeds with paper-thin seed coats that may be white, pale cream or tan in colour. (Yann and Pauline, 2014).
In addition to being an important source of protein, chickpea has been also reported to be a good source of minerals. This legume contains high amounts of calcium and phosphorus than the other legumes. The calcium content of chickpea is higher than that of the whole cow’s milk (120mg/100g) (Li and Zhang, 2024). The protein quality of chickpea is considered to be better than that of other pulses. Chickpea has significant amounts of all the essential amino acids. Starch is the major storage carbohydrate followed by dietary fibre in chickpea. Chickpea is relatively low in fat content but is rich in nutritionally important unsaturated fatty acids like linoleic and oleic acids. (Abbas and Asif, 2018).
Chickpea has several nutritional and processing problems, such as the presence of antinutrients, prolonged cooking time, and poor digestibility. The nutrient composition of chickpea is subject to fluctuations, depending on various factors, such as cultivar and maturity stage, environmental condition (mostly weather conditions), and agroecology (Eneche et al., 2021). 
Chickpea is an important ingredient in the preparation of various dishes and contributes significantly to the basic daily nutritional requirement of a large segment of the society in Ethiopia. Pulses have been used for their nutritional qualities for thousands of years (Rachwa-Rosiak et al., 2015). 
The interest in the use of chickpea as food as well as its potential impart on human health has been reviewed during the past two to three decades. It has also been reported that many pulses can be used to reduce the risk of chronic diseases. Therefore, chickpea is considered as a “functional food” in addition to its role in providing protein and fibre to man and animals. Chickpea contains different types of vitamins, minerals, and several bioactive constituents (phenolics, phytates, tannins, and oligosaccharides) that could help to reduce the risk of chronic diseases in humans. (Nyuyen et al., 2022). 
Fermentation could be described as a desirable process of biochemical modification of primary food products brought about by the activities of microorganisms and their enzymes (Rezac et al., 2018). Fermentation involves soaking of grains in excess water, thereby allowing the selection of desirable microorganisms such as lactic acid bacteria, yeasts and moulds to hydrolyse the carbohydrate and other starchy components of the grains into alcohol, carbondioxide and water vapour. During this process, enzymes secreted by microorganisms breakdown carbohydrates or carbohydrate-like material into simpler substances which are less subjected to undesirable microbial activity than the original material (Yann and Pauline, 2014). In this method of food processing and preservation, the activities of certain desirable microorganisms are encouraged and because of the encouragement of these microorganisms, such fermented foods are generally known to have higher nutritional value or quality than the unfermented foods (Akubor, 2016; Rezac et al., 2018).
Anti-nutritional factors are those substances that are found in most foods which are poisonous to humans and in some cases limit the availability of nutrients to the body. They are present in different food substances in different proportions, depending on the food type, mode of its propagation, chemicals used in growing the crops as well as those chemicals used for storage and preservation of the food products (Eze et al., 2024). Legumes contains considerable amounts of several anti-nutritional factors such as tannins, trypsin inhibitors, chymotrypsin, saponins, oxalates, haemagglutanins and phytates. These anti-nutrients found naturally in legumes could be inactivated or drastically reduced by the application of simple processing techniques such as boiling, roasting, soaking, autoclaving, germination, soaking and fermentation during processing (Pele et al., 2016; Zaaboul et al., 2019; Igbokwe et al., 2024). 
Functional properties are regard as the intrinsic physicochemical characteristics which affect the behaviour of a food ingredient in a food system during processing, manufacturing, storage and preparation. The functional properties are as well the fundamental physicochemical properties that reflect the complex interaction between the composition, structure, molecular conformation and physicochemical properties of food components together with the nature of environment which they are associated with (Usman et al., 2016). Functional properties affect food quality, storage and acceptability, and they include foam stability, bulk density, foam capacity, solubility index, swelling capacity, oil absorption capacity, water absorption capacity, emulsification and gelation properties. The ultimate success of utilizing plant proteins as functional ingredients in food formulations depend largely upon the beneficial qualities they impart to such foods which depend to a greater extent on their functional properties (Akubor, 2017; Arukwe et al., 2017). The objective of this study was to determine the proximate composition, anti-nutritional and functional properties of raw and fermented chickpea flours.

MATERIALS AND METHODS
Procurement of Raw Materials
Mature chickpea seeds used for this study were purchased from Ogbete Main Market, Enugu, Enugu State, Nigeria. The choice of location for the purchase was informed by the availability of fresh and wholesome chickpea seeds in the market. The laboratory chemicals used for analyses were of the analytic grade.
Pre-Preparation of the Seed Samples 
Four kilograms (4kg) of the seeds was sorted manually to remove the stones, leaves, damaged and immature seeds. The sorted seeds were divided into four equal lots of one kilogram (1kg) each. The first lot was processed raw, while the second, third and fourth lots were processed into fermented chickpea flours by fermenting each of them spontaneously at room temperature (30 ± 2oC)  for 48, 72 and 96 h, respectively with the aid of naturally occurring microorganisms. 
Preparation of Raw Chickpea Flour
The raw chickpea flour was prepared according to the method described by Eneche et al. (2021) with slight modifications. One kilogram (1kg) of chickpea seeds were cleaned to remove dirt and other extraneous materials. The cleaned seeds were rinsed with 2.5 litres of potable water after which they were drained, spread on the trays and dried in a hot air oven (Model DHG 9101 ISA) at 60oC for 12 h with occasional stirring of the seeds at intervals of 30 min to ensure uniform drying. The dried seeds were dehulled by cracking them in attrition mill followed by winnowing to remove the hulls. The dehulled seeds were milled into flour using the attrition mill and sieved through a 500 micron mesh sieve. The flour produced was packaged in an air-tight plastic container, labelled and kept in a refrigerator until needed for further use.
Preparation of Fermented Chickpea Flours 
The fermented chickpea flours were prepared according to the method described by Nwokolo et al. (2022) with slight modifications. Three kilograms (3kg) of chickpea seeds were cleaned to remove dirt and other foreign materials. The cleaned seeds were soaked with 4 litres of potable water in a plastic bowl for 6 h to soften the seed coats. The soaked seeds were drained, rinsed and dehulled manually by rubbing them in between palms to remove the hulls. The dehulled seeds were milled into paste with the attrition mill and divided into three equal lots of one kilogram (1kg) each. The first lot was placed into a covered plastic bowl and mixed with potable water in the ratio of 3:2 (water: paste) and allowed to ferment with the aid of naturally occurring microorganisms at room temperature (30 ± 2oC) for 48 h. The second and third lots of the paste were fermented using the same procedure except that the second lot was fermented for 72 h, while the third lot was fermented for 96 h. After fermentation, excess water was decanted and the fermented paste was separately dewatered manually. The fermented paste obtained in each case was dried in a hot air oven (Model DHG 9101 ISA) at 60oC for 10 h. Thereafter, the dried fermented pastes obtained were milled separately into flours in the attrition mill and sieved through a 500 micron mesh sieve. The flours produced in each case were individually packaged in an air-tight plastic container, labelled and kept in a refrigerator until needed for further use.
Proximate Analysis 
The moisture, crude protein, fat, ash and crude fibre of the flour samples were determined on a dry weight basis according to the standard analytical methods of AOAC (2016). The carbohydrate content was determined by difference. % Carbohydrate = 100% - % (Moisture + Crude Protein + Ash + Fat + Crude Fibre). The energy value was calculated by multiplying the percentage values of crude protein, fat and carbohydrate contents of each sample by the Atwater factors of 4, 9 and 4 respectively (AOAC, 2016). All determinations were carried out in triplicate samples. 
Antinutritents Analysis
The trypsin inhibitor, tannin, oxalate and saponin levels of the flour samples were determined on a dry weight basis according to the spectrophotometric methods described by Okoye et al. (2024). The phytate and haemagglutin contents were determined by the use of the spectrophotometric methods of AOAC (2016). All determinations were carried out in triplicate samples.
Functional Properties 
The water and oil absorption capacities of the flour samples were determined on a dry weight basis according to the methods described by Akubor et al. (2017). The foam and swelling capacities were determined according to the methods described by Igbokwe et al. (2024). The bulk density was determined according to the method described by Arukwe et al. (2017). The emulsification capacity was determined according to the method described by Nwanekezi et al. (2017). All determinations were carried out in triplicate samples.   
Statistical Analysis
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RESULTS AND DISCUSSION
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Proximate Composition of Raw and Fermented Chickpea Flour Samples
The proximate composition of raw and fermented chickpea flour samples is presented in Table 1. 
The moisture content of the raw sample was 6.24% and that of the fermented samples ranged from 7.24 to 7.86% with the sample fermented for 96 h having the highest moisture content (7.86%), while the raw sample had the lowest moisture content (6.24%). The moisture content of the samples increased with the increase in fermentation period. The moisture content of the fermented chickpea flours was generally higher than that of raw sample (non-fermented chickpea flour) and this might be due to their high dry matter contents. High moisture contents of the flour samples have been reported to accelerate the enzymatic and microbial activities which in turn lead to loss of nutrients and spoilage      of such products (Akubor, 2019). Therefore, the lower the moisture content of a food material, the higher its shelf stability (Abbas and Asif, 2018).  The result obtained from this study indicates that the fermented flours would have good keeping qualities with proper packaging and storage because their moisture content (7.24 to 7.86 %) was below the moisture content (12 to 13 %) recommended for the safe storage of legume flours. 
The crude protein content of the samples was significantly (p<0.05) higher in the fermented flour samples compared to the raw sample. The sample fermented for 96 h had the highest protein content (22.46%), while the raw sample had the lowest value (10.72%). The increase in protein content with the increase in fermentation time could be attributed to the net synthesis of protein by the fermenting seeds which might have resulted in the production of some amino acids during the protein synthesis (Akubor, 2016). It could be also attributed to the utilization of carbohydrates by microorganisms during fermentation. The synthesis of new protein has been reported to occur during fermentation. The activities of proteolytic bacteria during fermentation were reported to improve the digestibility and availability of protein due to the breakdown of protein-tannin and protein-phytate complexes (Akubor, 2017; Nkhata et al., 2018). The increase in protein may confer nutritional advantage on the fermented chickpea flours. In addition, fermentation of food legumes is generally known to be an effective method of improving their protein content and digestibility.  This development is in consonance with that of Rezac et al. (2018) who reported that fermentation has the ability to increase the protein content and availability of free amino acids of lupine seeds. Robinson et al. (2019) also reported a significant improvement in the protein content of sorghum and other grains during fermentation. Dietary proteins are needed for the synthesis of new cells, enzymes and hormones required for the development of the body. Specific proteins help in blood clotting, regulation of fluid balance as well as in the production of hormones and enzymes in the human body (Shevkani et al., 2015; Ogunwolu et al., 2023). 
The fat content of the raw sample was 3.47% and that of the fermented flours ranged from 2.71 to 3.12%. There were significant (p<0.05) differences in the fat content of the samples. The fat content of the samples was generally reduced by fermentation treatment. The decrease in fat content might be attributed to the increase in the activities of the lipolytic enzymes during fermentation which hydrolysed the fat component into fatty acid and glycerol (Yann and Pauline, 2014). The decrease in fat content of fermented chickpea flours could be also explained as a consequence of the oxidation and utilization of fatty acids as the main source of energy by microorganisms during fermentation (Rezac et al., 2018). The low fat content of fermented chickpea flours makes them nutritionally superior to the raw flour sample especially in the preparation of foods for people suffering from diabetes mellitus, cardiovascular diseases and hyper-cholesterolemia. Fat on its own contains about twice the food energy value of protein and carbohydrate (Eze et al., 2024). Fat is important in human diets because it is a high energy-yielding nutrient. Fat provides body backup fuel and acts as an insulator to the body during cold. It also provides satiety, delicious flavour and aroma during food preparation and processing (Akubor, 2017).

The ash content of the raw sample was 1.32% and that of the fermented flour samples ranged from 2.14 to 2.38%. The result showed that there was gradual increase in the ash content with the increase in the fermentation time. The values (2.14 to 2.38%) obtained in this present study were lower than the ash content (4.26 to 4.86%) reported by Okoye et al. (2024) for germinated pigeon pea flours. The ash content of a food product is used as an index for estimating its mineral constituents (Ogunlanwo et al., 2021).
The crude fibre content of the raw sample was 2.14% and that of the fermented flours ranged from 3.13 to 3.31%. The crude fibre content of the fermented samples increased with the increase in fermentation time. The increase could be attributed to the synthesis of more cell wall materials during fermentation which in turn support the development of fibrous materials in the seeds (Akubor et al., 2017). The values (3.13 to 3.31%) obtained in this study for fermented chickpea flours were lower than the crude fibre content (4.62 to 5.82%) reported by Ezeh et al. (2023) for fermented composite flour. Fibre plays a significant role in the digestion and absorption of foods through the promotion of increased excretion of bile acids, sterols and fats which have been implicated in the etiology of certain ailments in humans (Uche et al., 2014; (Ogunlanwo et al., 2021). 
The carbohydrate content of the raw sample was 76.44% and that of the fermented flour samples ranged from 62.07 to 64.47%. The sample fermented for 96 h had the lowest carbohydrate content (62.07%), while the raw chickpea flour had the highest value (74.66 %). Similar decrease in carbohydrate content has been reported by Inyang and Zakari (2018) for fermented pigeon pearl flour. The decrease in carbohydrate content could be due to the degradation of complex carbohydrates into simple and more absorbable sugars by the activities of endogenous enzymes secreted by microorganisms during fermentation. The observation is in agreement with the report of Marco et al. (2017) for germinated legume flours. The reduction in carbohydrate content of fermented chickpea flours compared to the raw sample has some health benefits especially in the preparation of food products for people suffering from diabetes mellitus and cardiovascular diseases. Fermentation of food legumes is known to be an effective method of improving the digestibility of their protein and starch. 
The energy content of the raw sample was 343.46 kJ/100g and that of the fermented flours ranged from 354.22 to 368.27 kJ/100g. The raw sample (control) had the lowest energy content of 343.46 kJ/100g compared to the sample fermented for 96 h which had the highest energy value of 368.27 kJ/100g. The increase in the energy value of the fermented chickpea flours could be attributed to increase in their protein content compared to the raw sample. The values (343.46 to 368.27 kJ/100g) obtained in this study were higher than the energy content (325.46 to 358.78 kJ/100g) reported by Inyang and Zakari (2018) for fermented pigeon pearl millet flour. Generally, the fermentation of chickpea seeds for 48, 72 and 96 h, respectively relatively increased the protein, ash, and crude fibre contents of the flour samples, while the fat and carbohydrate contents decreased.
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Table 1 Proximate composition (%) of raw and fermented chickpea flour samples 
	                                                                                                                   Samples

	Parameters
	Raw 

	Fermented for 48 h
	Fermented for 72 h
	Fermented for 96 h
	

	Moisture
	6.24d0.13
	7.24c0.01
	7.51b ±0.33
	7.86a ±0.01
	

	Crude Protein
	10.72d ±0.29
	14.71c ±0.17
	17.24b ±0.09
	22.46a ±0.05
	

	Fat
	3.47a ±0.12
	3.12b ±0.10
	2.88c ±0.00
	2.71d ±0.07
	

	Ash 
	1.32d ±0.02
	2.14c ±0.11
	2.27b ±0.05
	2.38a ±0.15
	

	Crude fibre
	2.14d ±0.22
	3.13c ±0.14
	3.20b ±0.16
	3.31a ±0.06
	

	Carbohydrate
	74.66d ±0.05
	68.16b ±0.02
	64.47c ±0.41
	62.07d ±0.21
	

	Energy (kJ/100g)
	343.46d±0.03
	354.22c ±0.12
	363.36b ±0.19
	368.27a ±0.02
	


Values are mean ± standard deviation of triplicate replications. Means within the same row with the different superscripts are significantly (p<0.05) different from each other.
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The anti-nutrient composition of raw and fermented chickpea flour samples is presented in Table 2.
The trypsin inhibitor activity of the fermented flour samples varied from 1.06 to 1.24 Tiu/g with the sample fermented for 96 h having the lowest value (1.06Tiu/g), while the raw sample had the highest trypsin inhibitor activity (3.63Tiu/g). The trypsin inhibitor activity of the fermented samples was significantly (p< 0.05) reduced by fermentation. The decrease could be due to the leaching and hydrolytic breakdown of trypsin inhibitors present in the seeds by the activities of enzymes during fermentation. The values (1.06 to 1.24Tiu/g) obtained in this study were lower than the trypsin inhibitor activity (2.08 to 5.09 Tiu/g) reported by Pele et al. (2016) for malted white pigeon pea flour. However, these values were generally lower than the recommended safe level of 2.17 to 4.93 Tiu/g for trypsin inhibitor activity. The presence of trypsin inhibitors in foods tend to bind to the protein, thereby making the protein nutritionally bio-unavailable in such food products. Complete elimination of trypsin inhibitor activity was reported on fermented lima bean flour (Farinde et al., 2017). An inhibitor is an organic substance that is capable of reducing the activity of enzyme or rendering it unavailable to substrate, thus, interfering with the biosynthesis of the enzyme or affecting a hormone which in turn changes the level of enzyme. This enzyme hydrolyses the deep side ester bond of hydrolysable tannin with the release of gallic acid and glucose (Nkhata et al., 2018). Trypsin inhibitors are natural organic compounds that interact with proteolytic enzymes such as trypsin and chymotrypsin which are responsible for protein digestion. Generally, trypsin inhibitor was found to be the most heat labile anti-nutrient in chickpea seed flour. Trypsin inhibitors which interfere with tryptic digestion is associated with proteinases in a definite ratio to produce complex compounds which show no proteolytic activity, and so inactivate the proteolytic enzymes that are capable of degrading proteins into amino acids (Dia and Kelbessa, 2018; Nwokolo et al., 2022). However, the values (1.06 to 1.24Tiu/g) obtained in this study for fermented chickpea flours were generally lower than the recommended safe level of 2.17 to 4.93 Tiu/g for trypsin inhibitors in food products. Therefore, the fermented flour samples are safe and would not pose any health problem to human life when consumed.
The tannin content of the raw sample was 1.34mg/100g and that of the fermented samples ranged from 0.47 to 0.78mg/100g with the sample fermented 96 h having the lowest value (0.47mg/100g), while the raw sample had the highest value (1.34mg/100g). The reduction in the tannin content of the fermented samples could be due to the leaching and hydrolytic breakdown of polyphenolic compounds or tannin complexes during fermentation. It could be also due to the activities of microorganisms during fermentation which reduced the tannin content in the fermented flours or products because microorganisms play a vital role in the reduction of tannins. This observation is in agreement with that of Adeyemi and Dada (2021) who reported that optimum fermentation time is quite essential to obtain maximum tannin reduction in pigeon pea flour. Tannin reduction during fermentation might have been caused by the increase in tannin-hydrolysing activity of enzyme tannase secreted by the fermenting microflora during fermentation. Tannins are phenolic compounds that precipitate protein and cause reduced protein digestibility. It has also been reported that phenolic compounds like tannins possess antioxidant and anti-microbial characteristics (Akubor, 2016). The tannin content (0.47 to 0.78 mg/100g) obtained in this study was lower than the values (0.98 to 1.09mg/100g) reported by Olika et al. (2019) for boiled chickpea flour. Tannins at their safe level (0.82 to 7.35mg/kg) have some health benefits. They also play significant roles in the prevention of cavities, diarrhoea, tooth decay and heart diseases. Tannins are known to reduce protein metabolism by forming complexes with protein which in turn leads to a remarkable decrease in its digestibility and palatability (Nwokolo et al., 2022). The levels of tannin in all the fermented flour samples were relatively below the safe level of 0.82 to 7.53mg/kg recommended for tannins in food products. Therefore, the fermented chickpea flours are safe for human consumption.
The phytate content of the fermented samples varied from 1.33 to 1.57mg/100g, while the raw sample had the highest phytate content of 4.27mg/100g. The reduction in phytate content observed in all the fermented samples could be attributed to the leaching of the phytate into steep water during fermentation. Phytate has been reported to decrease the bioavailability of certain minerals such as zinc, calcium and iron in monogastric animals (Ogunwolu et al., 2023). Phytate is known to increase the requirements for minerals, especially phosphorus, which forms insoluble complexes with phytic acid because of its special affinity for this metal ion and zinc (Adegunwa et al., 2014). The levels of phytate in the fermented flours (1.33 to 1.57mg/100g) obtained in this study were generally lower than the recommended permissible level of 0.11 to 4.87mg/kg for phytate in foods. This is a clear indication that the fermented flours are safe for human consumption.
The oxalate content of the raw sample was 3.03% and that of the fermented samples ranged from 0.45 to 0.8% with the sample fermented for 96 h having the lowest value (0.45%), while the raw sample had the highest value (3.03%). The decrease could be due to the leaching oxalates naturally present in chickpea and other legumes into soak water during fermentation. The values (0.45 to 0.84%) obtained for the fermented flour samples were below the safe level (0.14 to 4.72mg/kg) reported by Okoye et al. (2024) for oxalates in foods. Therefore, all the fermented flour samples are safe for human consumption. Oxalates affect the metabolism of calcium, magnesium and protein in man and other monogastric animals. They also react readily with calcium to form calcium oxalates which are responsible for the formation of kidney stones in humans (Adegunwa et al., 2014). The high levels of oxalate in foods is known to cause irritation in the mouth or interfere with the absorption of iron and calcium in the body (Nwanekezi et al., 2017). The reduction of oxalate to a physiologically safe level by fermentation treatment may therefore enhance cellular utilization of divalent metal ions as co-factors for the metabolic activities of some enzymes. 
The saponin content of the raw sample was 2.78% and that of the fermented samples varied from 1.21 to 1.76% with the sample fermented for 96 h having the lowest value (1.21%), while the raw sample had the highest saponin content (2.78%). There were significant (p<0.05) differences in the saponin content of the flour samples. The reduction in the saponin content observed in all the fermented samples could be attributed to the leaching and hydrolytic degradation of saponins by microflora during fermentation. Saponins are known to have cholesterol binding properties and haemolytic activities on red blood cells (Oraka and Okoye, 2017). Also, saponins when extracted and purified can be used for the preparation of certain hormonal and fertility drugs (Beruk, 2015). The recommended safe level of saponin in foods is between 0.22 and 6.39mg/kg and at this level, it has the ability to reduce the level of blood lipids and possess antioxidant effect in humans. Saponins are non-cardic steroid glucosides that are characterized by their ability to produce lather, have bitter taste and haemolyze red blood cells. They are used extensively in the production of soft drinks, beer and confections because they stabilize aqueous solutions and suspensions of oil (Li and Zhang, 2024). The values (1.21 to 1.76%) obtained in this study for fermented chickpea flours were lower than the permissible safe level (0.22 to 6.39mg/kg) of saponin and hence, the flours are safe for human consumption.  
The haemagglutinin content of the raw sample was 6.23Hiu/g and that of the fermented samples varied from 0.30 to 0.62Hui/g with the sample fermented for 96 h having the lowest value (0.30Hiu/g), while the raw sample had the highest value (6.23Hiu/g). The reduction in the haemagglutinin content observed in all the fermented samples could be attributed to the leaching and hydrolytic breakdown of haemagglutinins by the activities of microorganisms during fermentation (Marco et al., 2017). There were significant (p<0.05) differences in the haemagglutinin content of the flour samples. Haemagglutinins are known to exert deleterious effects through the structural and functional disruptions of internal microvilli which resulted in reduction in the nutrient absorption. The seeds of most edible legumes have long been known to contain haemagglutinins which are glyco-proteins that have the ability to agglutinate erythrocytes or red blood cells (Beruk, 2015; Ogun;amwo et al., 2021). The values (0.30 to 0.62Hiu/g) obtained in this study for the fermented flours were lower than the recommended safe level (0.14 to 4.72Hiu/g) for haemagglutinins in foods. This is a clear demonstration that all the fermented chickpea flours are safe for use in the preparation of foods for humans. The fermentation of chickpea seeds for 48, 72 and 96 h, respectively generally reduced the trypsin inihibitor activity, tannin, phytate, oxalate, saponin and haemagglutinin contents of the fermented flour samples compared to the raw sample. 



	                                                                                            Samples 

	Parameters

	Raw 

	Fermented for 
48 h

	Fermented for
72 h
	Fermented for 
96 h
	

	Trypsin inhibitor 
 (Tiu/g)
	3.63a±0.12
	1.24b±0.31
	1.11c±0.35
	1.06d±0.32
	

	Tannin (mg/100g) 
	1.34a±0.78
	0.78b±0.05
	0.56c±0.01
	0.47d±0.16
	
	
	
	

	Phytate (mg/100g) 
	4.27a±0.34
	1.57b±0.17
	1.44c±0.03
	1.33d±0.14
	
	
	
	

	Oxalate (%) 
	3.03a±0.23
	0.84b±0.10
	0.63c±0.06
	0.45d±0.04
	
	
	
	

	 Saponin (%)
	2.78a ±0.11
	1.76b±0.01
	1.44c±0.61
	1.21d±0.51
	
	
	
	

	Haemaglutinin (Hui/g) 
	6.23a±0.07
	0.62b±0.44
	0.42c±0.21
	0.30d±0.01
	
	
	


Table 2: Anti-nutrient content of raw and fermented chickpea flour samples
Values are mean ± standard deviation of triplicate replications. Means within the same row with the different superscripts are significantly (p<0.05) different from each other.
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The functional properties of raw and fermented chickpea flour samples are presented in Table 3. 
The bulk density of the fermented samples ranged from 0.23 to 0.56ml/g and that of the raw samples was 1.17g/ml. The sample fermented for 96 h had the lowest bulk density (0.23g/ml), while the raw sample had the highest value (1.17g/ml). The reduction in the bulk density observed in all the fermented samples could be due to the solubilization of starch polymers during processing as a result of fermentation treatment (Uche et al., 2014). The observation is in agreement with the report of Arukwe et al. (2017) who stated that steeping and fermentation resulted in a decrease in bulk density of foods. The bulk density is a reflection of the load the flour samples can carry if allowed to rest directly on one another. Bulk density is dependent on factors such as method of measurement, size, solid density, geometry and surface properties of the molecules and could be improved when particles are small, compactible, properly trapped and when appropriate packaging material is used (Beruk, 2015). The bulk density of processed products dictate the characteristics of their containers or packages. The bulk density of a food product influences the amount and strength of packaging material, texture or mouthfeel (Akubor, 2017). The bulk density (0.23 to 0.56g/ml) obtained in this study for fermented chickpea flours was generally lower than the values (0.63 to 0.80g/ml) reported by Hasmadi et al. (2020) for composite flour. Fermentation is traditionally used for the preparation of low bulk density foods. Thus, the reduction in the bulk density of fermented chickpea flours would be an advantage in the use of the flours for the preparation of complementary foods (Iwe et al., 2016; Nwokolo et al., 2022).
The water absorption capacity of the fermented flours varied from 1.40 to 1.88% with the sample fermented for 96 h having the highest value (1.88%), while the raw sample had the lowest water absorption capacity (0.78%). The increase in the water absorption capacity observed in all the fermented samples could be due to the ability of the protein present in the seeds to absorb and retain water during processing as a result of fermentation treatment. The water absorption capacity of the samples was significantly (p<0.05) higher in sample fermented for 96 h compared to the raw sample. The observation is in agreement with that of Akubor (2016) who observed that fermentation increased the water absorption capacity of the flours. The values (1.40 to 1.88%) obtained in this present study for fermented chickpea flours were comparable to the water absorption capacity (1.20 to 2.00%) reported by Nkhata et al. (2018) for fermented cereal and legume seed flours. The ability to absorb water is a very important property of all flours used in food preparations. Water absorption capacity of a food product is an index of the maximum amount of water the product absorbs and retains, and it is important in softening and increasing the digestibility of such a product (Julanti et al., 2015). The higher water absorption capacity of the fermented chickpea flours suggest that they may find application in the production of some baked products where hydration to improve handling characteristics is required. 
The oil absorption capacity of the fermented samples ranged from 1.34 to 1.81% with the sample fermented for 96 h having the highest oil absorption capacity value (1.81%), while the raw samples had the lowest value (0.56%). The increase in oil absorption capacity of the fermented samples could be attributed to the presence of more hydrophobic proteins than the non – polar amino acid side chains which have superior binding effects to oil during fermentation (Ogunwolu et al., 2023). The values (1.34 to 1,81%) obtained in this study for fermented chickpea flours were lower than the oil absorption capacity (4.16 to 6.22%) reported by Usman et al. (2016) for weaning food blends produced from sorghum and soybean capacity flours. Oil absorption capacity is important for the increase in the nutrient and energy density of food products especially for infants and young children. The ability to absorb oil is a very important property of all the flours used in food preparations. Oil absorption capacity assesses the ability of flour to absorb fat ingredients which play a vital role in stabilizing food systems with high fat content and can also act as emulsifiers (Nwokolo et al., 2022). The ability of foods to absorb oil may also help to enhance the sensory properties such as flavour retention and mouthfeel.
The swelling capacity of the raw sample was 2.18% and that of the fermented samples varied from 2.26 to 2.66% with the sample fermented for 96 h having the highest value (2.66%), while the raw sample had the lowest swelling capacity (2.18%). The increase in the swelling capacity of the fermented chickpea flours might be due to the modifications of the starch granules during fermentation which resulted in higher water uptake by the granules. The result is in agreement with the report of (Ogunwolu et al., 2023) who stated that fermentation of legumes and cereals resulted in an increase in the swelling capacities of their flours. The extent of swelling depends primarily on the temperature, availability of water, species of starch and other carbohydrates and proteins. Swelling capacity is the ability of the flour to absorb water and retain it in swollen starch granules (Akubor, 2017). The high swelling capacity of the fermented flours is an indication of their suitability for use as disintegrants in the pharmaceutical industry (Igbokwe et al., 2024). Flours with good swelling capacity are primarily used for thickening of soups, sauces and gravies.
The emulsification capacity of the fermented samples ranged from 7.02 to 12.03% with the sample fermented for 96 h having the highest emulsification capacity (12.03%), while the raw sample had the lowest value (2.58%). The increase in the emulsification capacity of the fermented flours might have been caused by the unfolding of protein chains of chickpea seeds during fermentation which in turn exposed the hydrophilic section of the peptides (Akubor, 2017). The fermented chickpea flours showed high emulsification capacity when compared to the flours like African oil bean (6%) and pigeon pea (10.32%). The high emulsification capacity of fermented chickpea flours could be due to their high protein contents. The efficiency of emulsification varies with the type of protein, its concentration, pH, ionic strength, viscosity of the system, temperature and method of preparation, the rate of oil addition, sugar and moisture content (Arukwe et al., 2017). Protein can emulsify and stabilize emulsion by decreasing the surface tension of the oil droplet and providing electrostatic repulsion on the surface of the oil droplet (Adegunwa et al., 2014). In addition, some types of polysaccharides can also help to stabilize the emulsion by increasing the viscosity of the system. The high emulsification capacity of the fermented chickpea flours suggests that they are suitable for use in the preparation of sausages and in the stabilization of colloidal food systems.
The foam capacity of the fermented samples ranged from 8.01 to 13.29%, while the raw sample had the lowest foam capacity (6.18%). The foam capacity of the flour samples was found to increase with increase in time of fermentation. Foams can be produced by whipping air into liquid as fast as possible (Akubor, 2017). Foam formation and stability are functions of the type of protein, pH, processing methods, viscosity and surface tension. The values (8.01 to 13.29%) obtained in this study for fermented chickpea flours were higher than the foam capacity (4.00 to 11.33%) reported by Eze et al. (2024) for germinated brown and yellow pigeon pea flours. Foamability is related to the rate of decrease in the surface tension of air-water interface caused by the absorption of protein molecules. Foams are used to improve texture, consistency and appearance of foods (Hasmadi et al., 2020). The high foam capacity of the fermented chickpea flours suggests that they may be useful in the preparation of baked and confectionary products. Generally, fermentation had greater effect in increasing the functional properties of chickpea flours with the exception of bulk density which decreased slightly with the increase in time of fermentation when compared with the raw sample.  


	                                                                            Samples 

	Parameters
	Raw 

	Fermented for 48 h
	Fermented for 72 h
	Fermented for 96 h
	

	Bulk Density (g/ml)
	1.77a±0.02
	0.56b ±0.11
	0.37c±0.01
	0.23df±0.39
	

	Water Absorption Capacity (%)
	0.78d±0.77
	1.40c±0.80
	1.66b±0.07
	1.88a±0.48
	
	
	

	Oil Absorption Capacity (%)
	0.56d±0.61
	1.34c±0.47
	1.52b±0.04
	1.81a±0.21
	
	
	

	Swelling Capacity (%)
	2.18d±0.50
	2.26c±0.43
	2.38b±0.11
	2.66a±0.01
	
	
	

	Emulsification Capacity (%)
	2.58d±0.82
	7.02c±0.12
	9.21b±0.22
	12.03a±0.15
	
	
	
	

	Foam capacity (%)
	6.18d ±0.41
	8.0c±0.19
	11.18b±0.36
	13.29d±0.71
	
	
	


Table 3: Functional properties of raw and fermented chickpea flour samples
Values are mean ± standard deviation of triplicate replications. Means within the same row with the different superscripts are significantly (p<0.05) different from each other.





CONCLUSION
The study showed that fermentation treatment employed in the preparation of chickpea seeds into flour increased the proximate and functional properties of the fermented flours compared to the raw chickpea flour sample. The result showed that the fermentation generally increased the protein, ash and crude fibre contents with a slight decrease in fat and carbohydrate contents compared to the raw sample. The increase in protein content of the fermented chickpea flours derived suggests that the fermented flours from chickpea seeds could be possibly used as a potential source of protein that could be used to improve the nutritional qualities of local staples such as cereal, root and tuber flours which have low protein contents especially in Nigeria where the problem of protein-energy malnutrition is prevalent among the poor and rural dwellers. 
In addition, the result equally revealed that the levels of anti-nutrients naturally present in chickpea seeds were remarkably reduced by fermentation treatment in the fermented flour samples compared to the raw flour sample. The various capacity tests undertaken in this study showed that the fermented chickpea flours generally had higher protein content and better functional properties that could make them useful in the production of a wide range of food products than the raw flour sample.
The functional properties of the flours showed that the water absorption, oil absorption, swelling, emulsification and foam capacities of the fermented flour samples were increased by fermentation treatment with the exception of the bulk density which was remarkably reduced with the increase in fermentation time. This clearly showed that the fermented chickpea flours could be used as functional ingredients in the preparation of a wide range of food products than the raw chickpea flour.
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