Effect of malting, toasting and gelatinization in the quality evaluation of cookies made from millet, pigeon pea and OFSP composite flour

Abstract 
Malnutrition—particularly protein-energy malnutrition and micronutrient deficiencies—have been challenged by several persistent factors most especially inefficient utilization of indigenous crops with high nutritional value. The aim of  study was to evaluate the quality attributes of cookies produced from blends of millet, pigeon pea, and orange-fleshed sweet potato (OFSP) flour, focusing on the impact of pre-processing methods (malting, toasting, and gelatinization) on the functional, nutritional, and sensory properties of the final product. The study involves the preparation and analysis of eight different cookie samples. The study was conducted using eight cookie samples which were produced using different combinations of pre-processing methods: these includes, MGT, MGNT, MNGNT, MNGT, NMGT, NMGNT, NMNGT, and NMNGNT respectively. The functional and physical properties of the flour were determined along anti-nutritional factors and beta-carotene content. The proximate composition of both the flour blends and cookies were determined. Sensory evaluations were conducted for acceptability. The result revealed that pre-processing methods influenced functional properties, with water absorption (1.33–1.88 g/g) and oil absorption (1.33–1.83 g/g) varying across samples. Nutrient composition of flours showed increased protein content after malting and toasting. Cookie samples met the 16% protein requirement, with protein content ranging from 17.50–18.75%. Sensory analysis showed all samples were acceptable, with NMNGNT being the most preferred. The nutrient-dense cookies will contribute to functional foods, local crop utilization and nutritional improvement.
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1.0	Introduction
Efforts to eradicate hunger, malnutrition—particularly protein-energy malnutrition and micronutrient deficiencies—and to ensure global food security have been challenged by several persistent factors. These include rapid population growth, inefficient utilization of indigenous crops with high nutritional value, poverty, and significant post-harvest losses in agricultural produce, especially cereals, roots, and tubers (Adubofuor et al., 2016). Among the most pressing concerns is Vitamin A deficiency (VAD), which, alongside protein-energy malnutrition, can be mitigated through the inclusion of underutilized processed legumes and biofortified crops such as orange-fleshed sweet potatoes (OFSP) in commonly consumed foods (Adubofuor et al., 2016; Arise et al., 2019). Wheat flour-based cookies are widely consumed, but the high importation costs and low nutritional quality of wheat make it an inefficient ingredient, particularly in developing countries where malnutrition is prevalent. Utilizing indigenous and locally available crops, such as millet, pigeon peas, and OFSP, in cookie production could provide a cost-effective way to create nutritionally enriched cookies. The proposed composite flour blends will not only enhance the nutritional profile of cookies but also promote the use of underutilized crops like pigeon peas and OFSP, contributing to better food security and nutrition. This research is particularly significant in the context of addressing protein-energy malnutrition and micronutrient deficiencies like Vitamin A deficiency, which are prevalent in many developing nations.
In Nigeria, cookies, alongside bread, are a popular snack, largely due to their affordability, convenience, and palatability (Dauda et al., 2018). Typically made from wheat flour, sugar, and fat (Mancebo et al., 2015), cookies are easily available and widely consumed globally due to their low moisture content and the ability to carry both essential and non-essential nutrients (Turksoy and Özkaya, 2011). However, the major ingredient, wheat, has a low nutritional profile, particularly in protein content, and its increasing cost due to importation poses a challenge for local food security.  Millet, a widely cultivated cereal, is rich in carbohydrates and provides a modest amount of essential vitamins and minerals (Kumar et al., 2011). Despite its nutritional potential, millet is rarely used in baking due to poor baking properties and low protein quality. This has spurred interest in the development of composite flours that blend millet with other locally available and nutrient-dense ingredients, such as legumes and tuber crops, to improve the nutritional profile of baked products. Studies have shown that pigeon peas, a lesser-known legume, are an excellent source of plant-based protein (23%) and could improve the lysine content of cereal-based products, thus addressing protein malnutrition (Okoye et al., 2019). However, pigeon peas are low in sulfur-containing amino acids, which makes them an incomplete protein source (Nzelu and Ijeomah 2020).  OFSP, a biofortified root crop, is known for its high beta-carotene content, which makes it an effective solution for combating Vitamin A deficiency, a major public health problem in many developing countries (Black, 2012; Liu et al., 2012). Despite its nutritional advantages, OFSP remains underutilized in the production of baked goods like cookies, which could benefit from its nutritional content. Previous studies have explored the use of millet, pigeon peas, and other indigenous crops in cookie production (Adeyanju et al., 2018; Ubbor et al., 2022), but limited research has been done on using these crops in combination to improve the nutritional value of cookies.
The present study utilized composite flour made from locally available crops—malted millet, toasted pigeon peas, and gelatinized OFSP flour—to produce cookies with enhanced nutritional value. By substituting wheat with these indigenous ingredients, this study aims was to  create a more nutritious alternative to traditional wheat-based cookies, addressing protein-energy malnutrition and micronutrient deficiencies, such as Vitamin A deficiency. This approach not only utilizes underutilized crops but also offers a cost-effective solution to the high importation costs of wheat, promoting food security and sustainability in the region. 
Several studies have focused on the nutritional enhancement of cookies by incorporating alternative ingredients. For instance, Okoye and Obi (2016) substituted wheat with pigeon peas to produce biscuits, while others used blends of Bambara groundnut and mashed banana in cookie production. Millet, though nutritionally beneficial, is rarely used in baked goods due to its poor baking qualities (Kumar et al., 2011). In addition, pigeon peas are recognized for their high protein content (23%), but their low sulfur-containing amino acids make them an incomplete protein source (Nzelu and Ijeomah  2020). Processing methods, such as cooking and fermentation, have been shown to improve their nutritional quality (Adeniyan and Farinde, 2006; Fasoyiro et al., 2009). OFSP is recognized as a highly effective bio-fortified crop that can address Vitamin A deficiency (Black, 2012; Liu et al., 2012), yet its potential remains underexplored in the baking industry. Adeyanju et al. (2018) and Ubbor et al. (2022) produced cookies from wheat, acha, and pigeon pea blends, but there is limited research on using a combination of millet, pigeon peas, and OFSP to enhance cookie quality. This study aims to fill this gap by exploring the impact of these crops when used together in composite flour blends for cookie production.
The production of cookies from millet, pigeon peas, and OFSP composite flour will result in a nutritionally wholesome product that meets the nutritional requirements of both children and adults. It will encourage the use of underutilized crops, contributing to enhanced food security and reducing post-harvest losses of OFSP. The study will provide valuable information on the role of OFSP in improving Vitamin A content in foods and the potential of composite flour in improving the nutritional profile of widely consumed snacks like cookies.
2.0	Materials and methods
[bookmark: _Hlk136857563]2.1	Materials
2.1.1	Apparatus and Equipment
The apparatus and equipment used for the research include oven,60mm mesh, laboratory blender, aluminum foil, plastic containers, weighing balance, sieve, measuring cylinder, centrifuge tube, calibrated ruler, Buchner funnel, 50ml volumetric flask,U.V-visible spectrophotometer, 250ml conical flask,250ml beaker, Soxhlet extractor, desicator, crucible, along with others were obtained accessed from the Rev. Fr. Moses Orshio Adasu University Makurdi Sarwuan Tarkaa Chemistry postgraduate Laboratories
2.1.2    Reagents and Chemicals
The reagents and chemicals used for the research includes; 5.25% sodium hypochlorite, deionized water (1;3 w/v),  baking powder, margarine, distilled water, 40 ml acetone, 40ml petroleum ether, anhydrous sodium sulphate, 2% conc. HCL, ferric chloride, 5% calcium chloride, 25% H2SO4, 0.1M HCL , 0.1M FeCl3, 0.008M potassium ferrocynide, 0.02N AgNO3, HCN, 0.12M  H2SO4,  0.012M NaOH, 40%NaOH, 40% boric acid, were all of analytical grade and were accessed from the Rev. Fr. Moses Orshio Adasu University Makurdi Sarwuan Tarkaa Chemistry postgraduate Laboratories.
2.1.3	Sample Collection
1kg of millet was obtained from Airport market in Makurdi, 1 kg of pigeon pea was collected from Akpagher Market in Gboko, while 1kg of orange fleshed sweet potato was obtained from Gbem Market in Vandeikya, all in Benue state.
2.2	Sample Preparation
2.2.1	 Preparation of Malted and Non-malted Millet Flour
Malted millet flour was produced following the description of Ijarotimi et al., (2013) with modification. Millet grains were sorted, pretreated for three minutes with 200 ppm of bleach containing 5.25% sodium hypochlorite, and then combined with deionized water to suppress microbial growth. At room temperature, seeds were rinsed and soaked in deionized water (1:3 w/v) for five hours. The seeds were drained and kept under wet muslin cloth to germinate. The germination process was halted after the fourth day. Following a 15-hour oven drying period at 55°C (Plus11; Sanyo Gallenkamp PLC, Leicestershire, UK), the germinated seeds were milled into flour. The malted millet flour was then obtained by sieving it through a British Standard 60-mm mesh screen and milling it with a Philips laboratory blender (HR2811 model).
Non-malted millet was prepared following the description of Ijarotimi et al., (2013). One (1kg) of raw millet grains were sorted, pretreated for three minutes with 200 ppm of bleach containing 5.25% sodium hypochlorite, and combined with deionized water to limit microbial growth, drained, and then oven dried for five hours at 55°C (Plus11, Sanyo Gallenkamp PLC, Leicestershire, UK). To obtain raw millet flour, it was then ground using a Philips laboratory blender (HR2811 model) and sieved using a British Standard 60-mm mesh sieve. The flour was kept at room temperature (27°C) in an aluminum foil-sealed plastic container. Ijarotimi et al., (2013) with modification
[bookmark: _Hlk156412352]2.2.2	 Preparation of Toasted and Non-toasted Pigeon Pea Flour
Toasted pigeon pea was prepared following the description of Onweluzo and Nwabugwu, 2009 with modification. Pigeon pea seeds were sorted and cleaned by removing damaged seeds and foreign materials such as sticks and stones, weighed and then washed up in clean tap water in a large bowl. A neat pan was preheated and the washed pigeon pea was transferred into it and allowed to cook with dry heat at low temperature continuously stirring every 15seconds to ensure that the seeds were evenly toasted for 30- 45mins. The toasted seeds were allowed to cool before they were dehulled mechanically. The dehulled seeds were oven dried at 55oC for for 1 hour.  The dried seeds were weighed, and milled to flour using a hammer mill, and stored in an air tight container for further use. For non-toasted  pigeon pea, one kilogram of pigeon pea seeds was cleaned and washed in excess water (1:3w/v) and oven dried at 60 oC for 1 hour, partially milled, dehulled, milled and sieved with 0.2mm pore sieve and pigeon pea non toasted flour. Onweluzo and Nwabugwu (2009) with modification
[bookmark: _Hlk136857634][bookmark: _Hlk156412479]2.2.3	Preparation of Gelatinized and Non-gelatinized Orange Fleshed Sweet Potato (OFSP) Flour
Orange fleshed sweet potato flour (OFSP) was prepared following the description of Singh et al. (2008) with modification. The orange fleshed sweet potato tubers were washed, peeled and cut into thin pieces manually. The size reduced potatoes were steam blanched at 100 oC for three minutes to prevent browning reactions and enhance the colour of the flour. This was followed by oven drying at 55 oC for 12-24 hours. The dried orange-fleshed sweet potatoes were milled into flour using the laboratory hammer mill sieved (using the 0.5mm screen) and stored for further use as shown in Table 
For gelatinized OFSP flour, the size reduced potatoes were cooked at 100oC for 10-15 minutes, oven dried at 55 oC for 24 hours The dried orange-fleshed sweet potatoes was milled into flour using the laboratory hammer mill sieved (using the 0.5mm screen) and stored for further use 
[bookmark: _Hlk121832406][bookmark: _Hlk156412605]2.2.4	 Composite Flour (flour blends) Formulation 
Material balancing was used in blend formulation. The individual flours were formulated based on the 16% protein level by the protein advisory groups. A total of eight samples were formulated as shown in Table 1. 


Table 1: Millet, pigeon pea and orange fleshed sweet potato (OFSP) flour blends
	Sample Code
	
	
	Blend ratio
	
	
	

	
	Malted millet
	Non-malted millet
	Toasted pigeon Pea
	Non-toasted pigeon Pea
	Gelatinized OFSP
	Non-gelatinized OFSP

	MGT
	52.76
	-
	37.24
	-
	10.00
	-

	MGNT
	55.26
	-
	-
	34.26
	10.00
	-

	MNGNT
	66.23
	-
	-
	23.77
	-
	10.00

	MNGT
	53.12
	-
	36.88
	-
	-
	10.00

	NMGT
	-
	47.28
	47.72
	-
	10.00
	-

	NMGNT
	-
	30.34
	-		
	59.66
	10.00
	-

	NMNGT
	-
	48.39
	41.61
	-
	-
	10.00

	NMNGNT
	-
	30.80
	-
	59.20
	-
	10.00


Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea,
MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, 
MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, 
MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, 
NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.

[bookmark: _Hlk121832453]
[bookmark: _Hlk136857783]2.3	Production of Cookies
Cookies were produced from the eight formulations using the method of Oguntoyinbo et al. (2021) with modification.100g of flour, 45g of white sugar, 45g of margarine, 30mL of egg and 2g of baking powder was added to prepare the dough. The dough was continuously mixed until a smooth consistency was obtained. The dough was kneaded, rolled out thinly on the cutting board where it was cut out into uniform shapes and sizes using a cutter. The cut dough was placed in a greased baking tray and transferred into the oven. The cookies were baked at 180 °C for 20 min, cooled and packaged  Oguntoyinbo et al. (2021).
[bookmark: _Hlk121868518]Table 2: Recipe for biscuit from Millet, pigeon pea and orange fleshed sweet potato flour blends.
	Component
	Composition

	Flour (g)
	100

	Margarine (g)
	45

	Sugar (g)
	45

	Egg (mL)
	30

	Baking powder (g) 
	2


[bookmark: _Hlk121866862]Source: Oguntoyinbo et al. (2021)

[bookmark: _Hlk121832541][bookmark: _Hlk136858088][bookmark: _Hlk121832852][bookmark: _Hlk156440316]2.4	Determination of functional properties of millet, pigeon pea and OFSP flour blends
[bookmark: _Hlk121832638][bookmark: _Hlk156440362]2.4.1	Determination of Water Absorption Capacity (WAC) of Flour Blends
The method described by Onwuka (2018) was used in water absorption capacity determination. Ten milliliters (10 mL) of distilled water was added to 1g of the flour sample in a weighed centrifuge tube. The tube was agitated on a vortex mixer for 2 minutes and then centrifuged at 4000 rpm for 20 minutes. The clear supernatant was decanted and discarded. The adhering drops of water was removed and then weighed. Water absorption capacity was expressed as the weight of water bound by 100g of dried flour.
WAC () =	 -	-	-	-	-	-	-	(1)
[Water absorbed (ml) = (Volume of water added 20 mL - Volume of water obtained after centrifugation)].
[bookmark: _Hlk121832710][bookmark: _Hlk156440409]2.4.2	Determination of Oil Absorption Capacity (OAC) of Flour Blends
The oil absorption capacity was determined using the method described by Onwuka (2018). One gram (1 g) of the flour sample was mixed with 10 mL of refined vegetable oil and allowed to stand at ambient temperature for 30 min. It was then be centrifuged for 30 min at 2000 rpm. The oil and adhering drops of oil was decanted and discarded. Oil absorption capacity was expressed as percent oil bound per gram of flour
OAC =    × 100	-		-		-		-		(2)
Where; W1 = Weight of sample after centrifugation, W2 = Weight before centrifugation, W3 = Weight of original sample.
[bookmark: _Hlk121832755]
[bookmark: _Hlk156440447]2.4.3	Determination of Bulk Density of Flour Blends	
The bulk density of the flour was determined using the method described by Onwuka (2018). The flour sample (5 g) was poured into a (10 mL) dry measuring cylinder and the volume was recorded for the loose bulk density. The bottom of the cylinder was tapped 80 times on the laboratory table and the volume was recorded for packed bulk density of the samples.
[bookmark: _Hlk136858180][bookmark: _Hlk156440485]Bulk density (g/) = 		-	-	-	(3)
2.4.4	Determination of foam capacity of flour blends
The foaming capacity and stability was determined using the method described by Onwuka (2018). Two grams (2 g) of the composite flour sample was added to 50 mL of distilled water at 30±2°C in a 100 ml graduated cylinder. The suspension was mixed and shaken manually for 5 minutes to foam. The volume of foam at 0 second after whipping was expressed as foaming capacity using the formula;
[bookmark: _Hlk121832803]Foam capacity =  × 100	-	-		-		(4)
[bookmark: _Hlk136858205][bookmark: _Hlk156440529]2.4.5	Determination of Swelling Capacity of Flour Blends
The swelling capacity was determined as described by Onwuka (2018). One gram (1 g) of flour sample was mixed with 10 mL of water in a weighed centrifuge tube. The tube was then heated in water bath at 85°C for 15 min and then centrifuged at 2000 rpm for 30 min. The clear supernatant was decanted and discarded. The adhering drops of water was removed and then weighed. Swelling capacity was expressed as percent swelled per gram flour.
[bookmark: _Hlk136857845][bookmark: _Hlk156440628]2.5	Determination of Physical Properties of Cookies from Millet, Pigeon Pea and OFSP Flour Blends
[bookmark: _Hlk121832914][bookmark: _Hlk156440670]2.5.1 Determination of Diameter and Weight of Cookies
The weight of the cookies was determined as described by Dapel et al. (2016) by weighing each cookie unit using weighing balance. The cookie units were selected randomly and weighed several times and the average taken. The cookie diameter was determined by measuring each biscuit unit randomly using a calibrated ruler and the average taken. 
[bookmark: _Hlk121832961][bookmark: _Hlk156440701]2.5.2	Determination of Biscuit Spread Ratio
[bookmark: _Hlk121833018]The spread ratio of biscuit sample was determined as described by Dapel et al. (2016). The rows of well-formed cookie were made and the height measured. Also, they were arranged horizontally edge to edge and sum diameter measured. The spread ratio was calculated as diameter per height. 
[bookmark: _Hlk136857996][bookmark: _Hlk156440767]2.5.3	Determination of Thickness of Biscuit from Millet, Pigeon Pea and OFSP Flour
[bookmark: _Hlk136858234] The thickness of biscuit was measured as described by Dapel et al. (2016) by placing six biscuits on top of each other, followed by triplicate reading recorded by shuffling biscuit. All the measurements were done in three replicate cookie each and all the readings was divided by 6 to get the value per biscuit.


2.6	 Determination of Beta-carotene Content of Flour Blends of Cookies
The beta-carotene content of the sample was measured according to Muchoki et al. (2007). In a 50 ml extraction conical centrifuge tube, 1 g of sample was weighed in duplicate and combined with 40 ml of acetone (High-Performance Liquid Chromatography grade). The samples were centrifuged for 60 seconds before being filtered through a Buchner funnel with suction. In a separating funnel, about 40 ml of petroleum ether was applied to the acetone extract. To prevent emulsion formation, distilled water was added slowly along the neck wall without shaking. Then, the two phases was separated, and the lower aqueous layer was discarded. To extract residual acetone, the sample was  washed 3-4 times with distilled water (approximately 200 ml) each time. The upper layer was then collected into a 50 ml volumetric flask and residual water was removed using an anhydrous sodium sulfate filter arrangement. Using a UV-visible spectrophotometer, the absorbance of the ethereal extract was measured at 450 nm (Janeway, 96500, UK). The following formula was used to measure the concentration of
β-carotene content.
Beta carotene μ = 	-		-		-			(5)
Where A = Absorbance; V = Total extract volume (ml); P = Sample weight; A1 = 2592*β carotene extinction coefficient in petroleum ether.
[bookmark: _Hlk136858500]
[bookmark: _Hlk156440894]2.7      Determination of Anti-nutritional Factors
The anti-nutritional factors were determined according to AOAC (2012) methods. The samples were analyzed in triplicates for phytate, tannins, oxalates and cyanogenic glycosides content. The average values of the three measurements were obtained.
[bookmark: _Hlk136858529]2.7.1   Determination of Phytate Content
Two grams (2g) of the sample was weighed into 250 ml conical flask. 100 ml of 2% concentrated HCL acid was added to soak the sample in the conical flask for 3 h and then filtered through a double layer of hardened filter papers. 50 ml of the filtrate was placed in a 250 ml beaker and 100 ml of distilled water was added to give proper acidity. 10 ml of 0.3% ammonium thiocyanate solution was added into the solution as indicator. The solution was titrated with standard iron chloride solution, which contained 0.00195g iron per ml. The end point color was slightly brownish-yellow which persisted for 5 min. The percentage phytic acid was calculated as:
ml of FeCl used × 0.06303 × 100                       						(6)
[bookmark: _Hlk136858553]2.7.2    Determination of Oxalate Content
One gram (1 g) of the sample was placed in a 250 ml volumetric flask, 190 ml of distilled water and 10 ml of 6M HCL will be added. The mixture was warmed on a water bath at 9000C for 4 h and the digested sample was centrifuged at a speed of 2,000 rpm for 5 min. The supernatant was diluted to 250 ml. Three (3) 50 ml aliquots of the supernatant was evaporated to 25 ml, and then the brown precipitate was filtered off and washed. The combined solution and washings was titrated with concentrated ammonia solution in drops until Salmon pink colour of methyl orange changes to faint yellow. The solution was heated on a water bath to 900c and the oxalate was  precipitated with 10 ml of 5% calcium chloride (CaCl2) solution. The solution was allowed to H2SO4stand overnight then centrifuged. Each precipitate was washed into a beaker with hot 25%   , diluted to 125 ml with distilled water and after warming to 900oC it was titrated against 0.05M KMnO4 until a faint pink colour persists for at least 30 seconds. The oxalate content was calculated by taking;
1ml of 0.05M KMnO4 = 2.2mg oxalate                   						 (7)
[bookmark: _Hlk136858594]2.7.3   Determination of Tannin Content
Tannin content was determined by AOAC (2012) method. The sample (500 mg) was weighed into a 50 ml plastic bottle. 50 ml of distilled water was added and the sample shaken for 1 h in a mechanical shaker. This was filtered into a 50 ml volumetric flask and made up to the mark.  5 ml volume of the filterate will be pipetted into a test tube and mixed with 2 ml of 0.1 M FeCl3 in 0.I N HCl and 0.008 M potassium ferrocyanide. The absorbance was measured at 720 nm within 10 min using a spectrophotometer (Spectro21D, Pec Medicals USA).
[bookmark: _Hlk136858629]2.7.4   Determination of Hydrogen Cyanide Content 
Five grams (5g) of the sample was soaked in distilled water for 4 h for the liberation cyanide. The liberated cyanide is steam-distilled into 5 ml of 2.5% w/v 4ml of 6N NH4OH and 5% w/v KI was added to the distillate portion before titration with 0.02N AgNO3 to a faint but permanent turbidity (ml of 0.02N AgNO3 = 1.08 mg HCN).
[bookmark: _Hlk121833061][bookmark: _Hlk156441098][bookmark: _Hlk136858268]2.8	Determination of Proximate Composition of Biscuit from Millet, Pigeon Pea and OFSP Flour 
[bookmark: _Hlk121833098]2.8.1	Determination of Moisture Content
The moisture content of biscuit samples was determined using AOAC 2012 method. The flour sample (3g) was taken in a pre-weighed porcelain crucible, was dried to constant weight at 105°C for 14 hours. Loss in weight was taken as the moisture content of the sample (AOAC, 2012).
% Moisture =  x 100 	-	-	-	-	-		(8)
[bookmark: _Hlk121833131]2.8.2	Determination of Ash Content 
Two grams (2g) of the sample was weighed into an empty porcelain crucible that has been previously ignited and weighed. The sample was ignited over a hot plate in a fume cupboard to remove organic matter. The crucible was placed in a muffle furnace maintained at a temperature of 600oC for 6 hrs. After ashing, it was transferred directly to a desiccator and weighed immediately.
(9)
[bookmark: _Hlk121833171]2.8.3	Determination of Crude Fibre Content 
The crude fibre content of biscuit samples was determined using the method of AOAC 2012. A Clean and dried thimble was weighed and recorded as () and 5g of sample was added and re-weighed as (). A Soxhlet extractor was used to extract the samples under reflux using petroleum ether for 6 h. After the barrel of the extractor is empty, the condenser was removed and the thimble removed, taken into the oven at 100oC for 1 h and later cooled in the dessicator was weighed as (  Fat was calculated as;
		-		-	-	(10)
 		-		-			-			(11) 
[bookmark: _Hlk121833212]2.8.4	Determination of Crude Fibre Content 
The method of AOAC 2012 was used in crude fibre determination. Two grams (2g) of sample was weighed into a 250mL beaker and boiled for 30 min with 100mL of 0.12M H2SO4 then filtered through a funnel. The filtrate was washed with boiling water until the washing is no longer acidic. The solution was boiled for another 30min with 100mL of 0.012 M NaOH solutions; filtered with hot water and methylated spirit three times. The residue was transferred into a crucible and dried in the oven at 1030C for 1 h. The crucible with its content was cooled in a dessicator and then weighed (). The residue was taken into a furnace for ashing at 600°C for 1 h. The ashed sample was removed from the furnace and put into the desiccator to cool and later weighed (). The percentage crude fibrer was calculated thus:
(12)
Where:
 = Weight of crucible and residue
= Weight of final ashed sample
[bookmark: _Hlk121833253]2.8.5	Determination of Protein Content 
The method of AOAC 2012 was used in protein content determination. Two grams (2g) of the samples was weighed into a digestion tube and 15mL of concentrated H2SO4 was added to dissolve the sample. Kjedhal tablets were added to start up the digestion process in a fume cupboard pre-set at 410 for 45 min until it gives a clear solution. 75 ml of distilled water was added to prevent it from solidifying after digestion. The tube was placed in a distilling unit and 50ml of 40% NaOH dispensed into the diluted solution, and the digested distillate into 25 ml of 40% boric acid for 5 min. The distillate was titrated against 0.47N HCl until the first grey colour is seen. A blank was  also tiltrated.
	-		-		-	(13)

0.47, 
[bookmark: _Hlk121833292]2.8.6	Determination of Carbohydrate Content 
Carbohydrate content of the sample was calculated by subtracting the sum of the values of the other nutrients from 100.
(14)
[bookmark: _Hlk136858663]2.9	Evaluation of Sensory Quality Attributes of Biscuit Samples 
[bookmark: _Hlk136858725]Sensory evaluation of biscuit was carried following the description of Akinjayesu et al. (2009). Thirty (30) panelists comprising MSc/PhD students of the Food Chemistry, Rev. Fr. Moses Orshio Adasu University formerly Benue State University Makurdi were used for sensory quality assessment. Biscuits samples were served to panelist. The panelist were required to evaluate the aroma, appearance, taste, mouth feel and overall acceptability of the cookies using a 9- point Hedonic scale with 1=dislike extremely, 2=dislike very much, 3=dislike moderately, 4=dislike slightly, 5=neither like nor dislike, 6=like slightly, 7=like moderately, 8=like very much, 9=like extremely.

2.10	 Statistical Analysis
 Data obtained was subjected to one-way analysis of variance (ANOVA) and mean separation was done by Duncan multiple range test (p=0.05), using Statistical Package for Social Sciences (SPSS) version 17.0.
3.0 Results and discussion
Table 3: Functional properties of pre-processed flour blends
	[bookmark: _Hlk155920876]Sample code
	WAC (g/g)
	OAC (g/g)
	BD (g/mL)
	SC (mL/g)

	MGT
	1.72d±0.03
	1.63b±0.06
	0.65b±0.01
	1.41c±0.01

	MGNT
	1.33a±0.03
	1.43a±0.06
	0.67b±0.00
	0.77a±0.06

	MNGNT
	1.83e±0.03
	1.43a±0.05
	0.70c±0.02
	1.07b±0.12

	MNGT
	1.35a±0.001
	1.43a±0.07
	0.67b±0.00
	0.77a±0.06

	NMGT
	1.57c±0.03
	1.83c±0.06
	0.62a±0.01
	1.57d±0.06

	NMGNT
	1.88f±0.03
	1.33a±0.05
	0.70c±0.02
	0.77a±0.06

	NMNGT
	1.42b±0.03
	1.83c±0.07
	0.67b±0.00
	0.77a±0.05

	NMNGNT
	1.41b±0.00
	1.43a±0.06
	0.63a±0.01
	0.81a±0.01

	LSD
	0.04
	0.099
	0.02
	0.11


All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05).
Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea, 
MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, 
MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, 
MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, 
NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.

3.1 Functional Properties of Pre-processed Flour Blends
Functional properties of flour influence their behavior in food products during processing. The study examined various pre-processed flour blends, showing significant differences (p<0.05) in Water Absorption Capacity (WAC) among them. Malted millet and toasted pigeon pea flour blends (MGNT and MNGT) exhibited significantly lower WAC (1.33 and 1.34 g/g) compared to others, which was attributed to the effects of malting and toasting on protein concentration and structure. This finding aligns with previous studies showing low WAC in malted and fermented flour blends. The WAC serves as an index for the maximum water absorption and retention in food products.
Oil Absorption Capacity (OAC) results showed that the NMGNT blend (1.33 g/g) had lower OAC, but this difference was not significant compared to other pre-processed blends. The amount of starch and fiber in the grain affects oil absorption, and studies have suggested that low OAC is beneficial for preserving the quality of flour products.
Bulk density analysis revealed that NMNGNT (0.63 g/mL) and NMGT (1.62 g/mL) had lower, non-significant differences in comparison to other samples. The findings on bulk density suggest that malting influences the density of flour, but results varied from prior studies, possibly due to differences in raw materials and processing methods. Bulk density is crucial for packaging and material handling during processing, and the low bulk densities observed imply economical packaging requirements.
Swelling capacity, or the degree of swelling that a flour sample undergoes, was highest in the NMGT blend (1.57 mL/g) and lowest in NMNGT (0.77 mL/g). Gelatinization was found to significantly affect the swelling power of the flours, with the pre-processing methods influencing starch granules' ability to absorb water. This variation indicates the role of gelatinization in altering the flour's swelling behavior.
[bookmark: OLE_LINK1]Table 4: physical properties of cookies from pre-processed flour blends
	[bookmark: _Hlk156040879]Sample code
	Weight (g)
	Thickness (mm)
	Diameter (mm)
	Spread ratio

	MGT
	10.46ab±0.39
	7.34a±0.01
	40.72bc±1.78
	19.56a±0.29

	MGNT
	10.77bc±0.48
	7.71bc±0.15
	40.44abc±1.31
	19.02a±0.46

	MNGNT
	10.64bc±0.08
	7.78c±0.10
	41.06c±0.19
	19.34a±0.39

	MNGT
	11.06c±0.12
	8.09d±0.15
	40.34abc±1.35
	20.66b±0.11

	NMGT
	10.85bc±0.35
	8.47e±0.16
	40abc±1.28
	19.35a±0.53

	NMGNT
	11.07c±0.13
	7.54ab±0.04
	38.39ab±0.92
	20.46b±0.05

	NMNGT
	10.37ab±0.17
	7.68bc±0.10
	38.22a±1.20
	19.13a±0.37

	NMNGNT
	10.01a±0.03
	7.69bc±0.17
	38.94abc±1.07
	19.24a±0.71

	LSD
	0.46
	0.21
	2.102
	0.72


All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05).
Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea, 
MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, 
MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, 
NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.
3.2 Physical Properties of Cookies from Pre-processed Flour Blends
The physical properties of cookies made from pre-processed flour blends were examined, with significant differences (p<0.05) observed in weight among the samples. Cookies from the MNGT (11.06 g) and NMGNT (11.07 g) blends had significantly higher weights compared to other flour blends, while the NMNGNT sample had the least weight (10.01 g). This weight difference may be due to the impact of pre-processing on the flour’s water holding capacity. These results were higher than those reported by Abioye et al. (2018) for wheat and millet-based flour blends, which could be attributed to the variation in raw materials used.
Regarding thickness, the NMGT sample had significantly higher thickness, while the MGT sample had the least thickness (7.34 mm). This variation was likely caused by the differing moisture absorption abilities of the dough, influenced by the pre-processing methods. These findings did not align with Abioye et al. (2018), who reported greater thickness in wheat-based flour cookies, possibly due to differences in the nature of the flours used. In terms of diameter, the MNGNT sample had the largest diameter (41.06 mm), while NMNGT had the smallest (38.22 mm). The differences in diameter were likely due to the chemical composition and visco-elastic properties of the dough, which were altered by pre-processing. These results were consistent with those from Abioye et al. (2018), who found a similar range of diameters in cookies made from various flour blends. The spread ratio, which is the ratio of diameter to thickness, showed no significant differences between NMGNT (20.46) and MNGT (20.66), both of which had significantly higher spread ratios compared to the other flour blends. A higher spread ratio is typically preferred in cookie production, as it indicates better dough spread during baking. The results contrasted with the lower spread ratios (1.05 to 1.12) reported by Abioye et al. (2018), likely due to differences in flour composition and dough characteristics.
Table 5: Beta-carotene and anti-nutritional content of cookies from pre-processed flour blends
	[bookmark: _Hlk156050879]Sample code
	Beta-carotene(µg/g)
	HCN
	Tanin (mg/100 g)
	Phytate (mg/100 g)
	Oxalate (mg/100 g)

	MGT
	10.62b±0.098
	0.21f±0.01
	1.37e±0.01
	0.03a±0.01
	0.28f±0.01

	MGNT
	11.07c±0.07
	0.23g±0.00
	1.64h±0.07
	0.08c±0.01
	0.29g±0.07

	MNGNT
	15.5g±0.15
	0.21f±0.04
	1.54f±0.06
	0.12d±0.01
	0.11a±0.00

	MNGT
	12.32e±0.06
	0.11a±0.01
	0.78a±0.02
	0.09c±0.01
	0.23e±0.01

	NMGT
	17.53h±0.09
	0.18e±0.01e
	0.99b±0.05
	0.05b±0.01
	0.14b±0.07

	NMGNT
	11.37d±0.02
	0.14c±0.01
	1.07c±0.01
	0.06b±0.01
	0.14b±0.01

	NMNGT
	14.96f±0.05
	0.17d±0.01
	1.30d±0.01
	0.05b±0.02
	0.18d±0.01

	NMNGNT
	9.18a±0.039
	0.12b±0.03
	1.60g±0.01
	0.07c±0.03
	0.17c±0.01

	LSD
	0.14
	0.01
	0.01
	0.01
	0.009


All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05). LSD = Least significance difference.
Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea, MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.

3.3	Beta-carotene and Anti-nutritional Content of Cookies from Pre-processed Flour Blends
The beta-carotene (pro-vitamin A) and anti-nutritional content of cookies from pre-processed flour blends showed significant differences (p<0.05) in beta-carotene levels. The NMGT sample had the highest beta-carotene content (17.53 µg/g), while NMNGNT had the lowest (9.18 µg/g). This suggests that non-malting, gelatinization, and toasting processes help enhance beta-carotene levels, which may reduce vitamin A deficiency in children (Abdi, 2020). These findings were higher than those reported by Ubbor et al. (2022) for wheat, bambara nut, and orange-fleshed sweet potato cookies, likely due to the specific pre-processing methods used. Regarding anti-nutrients, all samples showed significant differences (p<0.05) in their content. Hydrogen cyanide was present in negligible amounts across all samples, consistent with findings by Adejumo et al. (2020) for cookies made from wheat, unripe banana, and pigeon pea. Tannin content was lowest in the NMGT sample and highest in the NMNGNT sample, but all values were below the critical toxicity threshold (3 mg/g) set by Adeoti and Osundahunsi (2017). This suggests the tannin content in these cookies has minimal anti-nutritional effects, in line with Adejumo et al. (2020). Phytate levels were low in all samples, similar to findings by Okpala and Okoli (2011) for cookies made from pigeon pea, cocoyam, and sorghum. These levels were well below the 250-500 mg/100g limit suggested by Makori et al. (2018), indicating no significant anti-nutritional effect. Oxalate content was also low in all samples, well below the fatal dose threshold of 2-5 mg/g, making the cookies safe for consumption (Makori et al., 2018) 
3.4	Proximate Composition of Pre-processed Flour and Cookies
	[bookmark: _Hlk156065689]Sample code
	Moisture
	Protein
	Ash
	Fat
	Fibre
	Carbohydrate

	GOFSP
	3.26a±0.18
	5.08a±0.02
	2.68de±0.07
	0.27a±0.02
	1.61e±0.00
	87.11f±0.19

	NGOSP
	4.68b±0.07
	5.65b±0.09
	2.75e±0.15
	0.34a±0.07
	1.40d±0.04
	85.18e±0.22

	TPP
	4.68b±0.17
	27.44f±0.33
	2.57d±0.14
	0.74b±0.01
	1.35b±0.07
	63.22a±0.58

	NTPP
	7.05c±0.01
	21.87e±0.06
	2.37c±0.03
	0.83c±0.03
	1.31a±0.02
	66.83b±0.46

	NMM
	8.83d±0.02
	7.81c±0.03
	1.25a±0.03
	1.34d±0.07
	1.37c±0.01
	79.65c±0.74

	MM
	4.55b±0.08
	9.61d±0.09
	1.47b±0.01
	1.32d±0.02
	1.31a±0.02
	81.96d±0.09

	LSD
	0.19
	0.26
	0.16
	0.06
	0.01
	0.788


Table 6: Proximate composition of pre-processed flours
All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05).
GOFSP = Gelatinized orange fleshed sweet potato, 
NGOFSP = Non-gelatinized orange flesh sweet potato, 
TPP = Toasted pigeon pea, 
NTPP = Non-toasted pigeon Pea, 
NMM = Non-malted millet, 
MM = Malted millet






Table 7: Proximate composition (%) of cookies from pre-processed flour blends
	[bookmark: _Hlk156135026]Sample code
	Moisture
	Protein
	Ash
	Fat
	Fibre
	Carbohydrate

	MGT
	6.01a±0.02
	18.75b±0.12
	2.01b±0.01
	7.34a±0.05
	1.34a±0.04
	64.55e±0.07      

	MGNT
	6.32a±0.06
	18.7b±0.17
	1.96a±0.02
	11.98f±0.16
	1.57b±0.01
	59.46c±0.30

	MNGNT
	7.59bc±0.03
	18.51b±0.18
	2.54e±0.01
	12.37f±0.04
	1.81d±0.06
	57.18a±0.19

	MNGT
	7.19b±0.31
	18.49b±0.16
	2.56f±0.01
	9.47c±0.14
	1.68c±0.08
	60.61d±0.67

	NMGT
	7.89c±0.58
	17.39a±0.11
	2.44d±0.02
	12.28f±0.06
	1.98ef±0.011
	58.02b±0.65

	NMGNT
	8.77d±0.23
	17.5a±0.25
	2.72g±0.01
	10.32d±0.18
	2.04f±0.06
	58.66bc±0.50

	NMNGT
	8.93d±0.14
	17.55a±0.06
	2.17c±0.01
	10.98e±0.58
	1.67c±0.01
	58.7bc±0.54

	NMNGNT
	8.57d±0.01d
	17.51a±0.36
	2.81h±0.05
	8.65b±0.35
	1.97e±0.01
	60.49d±0.19

	LSD
	0.43
	0.34
	0.02
	0.45
	0.061
	0.77


All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05). Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea, MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.
The proximate composition of pre-processed flours showed significant differences (p<0.05) in moisture content, with non-malted millet (NMM) having the highest moisture and non-gelatinized orange-fleshed sweet potato (NGOFSP) the lowest. This study aligns with Ajifolokun et al. (2019) on moisture content, suggesting that low moisture levels enhance shelf life and stability. Protein content was highest in toasted pigeon pea (TPP) flour (27.44%) and lowest in gelatinized orange-fleshed sweet potato (GOFSP) flour (5.08%). Processing methods like malting and toasting improved protein content, supporting Serrem et al. (2011) on the role of processing. TPP’s high protein level was consistent with pigeon pea’s natural protein content (20%-26%). Ash content was significantly higher in GOFSP (2.68%) and NGOFSP (2.75%), indicating higher micronutrient content in OFSP flour compared to millet and pigeon pea flours. Toasting and malting also positively affected the ash content. Fat content was highest in non-malted (1.34%) and malted millet (1.32%) flours, with OFSP flour showing the lowest fat content, aligning with Himanshu et al. (2018). Crude fiber was higher in GOFSP (1.61%) and NGOFSP (1.4%), reflecting the naturally high fiber content of OFSP compared to cereals and legumes. The carbohydrate content of GOFSP was highest, while toasted pigeon pea had the least. This suggests that cookies from these flour blends could provide energy-dense products. For cookies, the moisture content was lowest in malted millet, gelatinized, and toasted pigeon pea flour cookies (MGT), similar to Adejumo et al. (2020). Protein content was highest in cookies with malted millet flour, confirming the positive effect of malting on protein. The ash content was higher in cookies made from NMNGNT flour. Fiber content was highest in NMGNT cookies, indicating the impact of malting and toasting on fiber levels. Fat content was significantly higher in cookies from MGNT, MNGNT, and NMGT flour blends compared to other formulations. Carbohydrate content was highest in MGT cookies, consistent with Adejumo et al. (2020). These findings suggest that pre-processed flour blends can produce cookies with varied nutritional profiles suitable for different dietary needs.
Table.8 Sensory quality attributes of cookies from pre-processed flour blends
	[bookmark: _Hlk156255481]Sample code
	Appearance
	Taste
	Aroma
	Texture
	Overall Acceptability

	MGT
	7.13b±1.11
	7.27bc±1.291
	7.07b±1.46
	7.40b±1.2
	7.27bc±1.24

	MGNT
	7.33b±1.11
	7.13bc±1.12
	7.13b±1.60
	7.20b±1.374
	7.07bc±1.22

	MNGNT
	5.07a±2.05
	5.33a±1.54
	5.00a±1.96
	4.73a±1.87a
	5.07a±1.87

	MNGT
	6.87b±1.41
	6.60bc±1.81
	7.07b±1.58
	7.13b±1.41
	7.07bc±1.67

	NMGT
	7.07b±1.63
	7.13bc±1.553
	6.93b±1.83
	7.13b±1.19
	7.13bc±1.41

	NMGNT
	6.87b±1.13
	6.27ab±1.668
	6.93b±1.87
	7.07b±1.22
	6.47b±1.30

	NMNGT
	7.13b±1.51
	7.27bc±1.34
	7.40b±1.184
	7.27b±1.49
	7.20bc±1.37

	NMNGNT
	7.53b±0.92
	7.67c±0.9
	7.73b±0.88
	7.60b±0.98
	7.67c±0.81

	LSD
	1.01
	1.04
	1.15
	0.98
	1.01


All values are duplicate means ± standard deviation. Different superscripts between columns depict significant difference (p≤ 0.05).
Key: MGT = Malted Millet, gelatinized Orange fleshed sweet potato and Toasted Pigeon pea, MGNT= Malted millet, gelatinized Orange fleshed sweet potato and non-toasted pigeon pea, MNGNT = Malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea, MNGT = Malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, 
NMGT = Non-malted millet, gelatinized orange fleshed sweet potato and toasted pigeon pea, NMGNT = Non-malted millet, gelatinized orange fleshed sweet potato, non-toasted pigeon pea, NMNGT = Non-malted millet, non-gelatinized orange fleshed sweet potato and toasted pigeon pea, NMNGNT= Non-malted millet, non-gelatinized orange fleshed sweet potato and non-toasted pigeon pea.

3.5	Sensory Quality Attributes of Cookies from Pre-processed Flour Blends
The sensory attributes (appearance, taste, aroma, texture, and general acceptability) of cookies made from pre-processed flour blends were evaluated. Overall, the ratings for all attributes ranged from “Slightly Like” to “Like Moderately.” There were no significant (p>0.05) differences in appearance between most cookie samples, except for MNGNT, which was rated the lowest. This suggests that pre-processing methods did not significantly affect appearance, aligning with Adejumo et al. (2020). Taste was most preferred in NMNGNT cookies, though all samples had acceptable taste ratings. This agrees with Adejumo et al. (2020), who reported similar taste ratings in cookies made from wheat, unripe banana, and pigeon pea flour blends. Aroma was least favored in MNGNT, but other samples were rated similarly (p>0.05), confirming that aroma did not vary significantly, consistent with Adejumo et al. (2020). The MNGNT sample also had the lowest texture rating, with no significant differences in texture among other flour blends. This finding aligns with Ubbor et al. (2022), who reported similar texture ratings in wheat, Bambara nut, and OFSP cookies. NMNGNT cookies had the highest general acceptability, while all other samples were within the acceptable limit, indicating that pre-processed flour blends can produce cookies with good sensory qualities.
3.6	Conclusion
Pre-processing methods (malting, toasting, and gelatinization) affected the functional properties of millet, pigeon pea, and OFSP flour blends. Malting and toasting increased cookie weight, while malting reduced thickness. Gelatinizing OFSP and toasting pigeon pea boosted beta-carotene content and reduced anti-nutritional factors. Malting and toasting improved flour protein, but gelatinization decreased protein in OFSP flour. Malted flour cookies met the 16% protein recommendation. Sensory tests showed that cookies made from pre-processed blends were acceptable, with NMNGNT offering the best sensory qualities.
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