NUTRITIONAL COMPOSITION, ANTIOXIDANT ACTIVITY, AND ANTIDIABETIC POTENTIAL OF CRACKERS PRODUCED FROM FLOUR MIX OF HIGH-QUALITY CASSAVA. AND MANGO SEED.	Comment by SRUTHY P M: No need to put full stop in headings 


ABSTRACT 
This study explores the potentials of incorporating various mix of High-Quality Cassava Flour (HQCF) and Mango Seed Flour (MSF) as partial replacements for wheat flour (WHTF) in making cracker, with the objective of enhancing nutritional quality, offering functional properties, assessing sensory quality, consumer acceptability and supporting sustainable agriculture. Seven composite blends were created using varying ratios of HQCF, WHTF, and MSF (100:0:0, 85:10:5, 80:10:10, 75:10:15, 70:10:20, 65:10:25) along with a control of 100% WHTF. The nutritional analysis revealed significant improvements in protein (2.32–7.03%), fat (1.24–19.83%), crude fibre (0.45–1.02%), carbohydrate (61.84–73.99%), sodium (3.70-7.85mg/100 g) and magnesium (0.04-6.06 mg/100 g) content in the produced crackers compared to crackers from traditional wheat flour. Moreover, the antioxidant properties, including phenolic content and enhanced DPPH radical scavenging with ferric reducing power of the aqueous extract of the produced crackers, were observed to increase with higher addition of MSF. These findings suggest a strong potential for these composite flours in addressing health concerns related to oxidative stress and inflammation.
The most notable result was the significant α-amylase inhibitory activity (5.73–66.01%), which was higher than that of conventional wheat-based crackers. This suggests that these composite flour crackers could offer a functional alternative for individuals managing type-2 diabetes by aiding in glycaemic control. Sensory evaluation confirmed that the enriched crackers maintained desirable taste, aroma and overall acceptability, making them a viable option for consumers.
These findings emphasize the promise of these innovative formulations as functional foods that not only support public health but also foster sustainable agricultural practices, enhancing both nutritional value and local economic growth. Beyond the nutritional and health benefits, this study highlights the economic and environmental potential of underutilized resources like cassava and mango seed. These plant-based ingredients are abundant yet underexploited, offering opportunities to diversify local agricultural economies and contribute to environmental sustainability.
Keywords: High-Quality Cassava Flour, Mango Seed Flour, wheat flour, diabetes management, α-amylase inhibition, nutritional enhancement, functional food, underutilized resources.	Comment by SRUTHY P M: Alphabet order





Introduction.
Diabetes mellitus (DM), a significant global health challenge characterized by sustained elevation of the blood glucose. The presence of type 2 diabetes (T2D) allows high risk of debilitating complications to major organs of the human body. This clearly diminishes quality of life and reduce life expectancy. World Health Organization (WHO, 2016), reports a significant economic strain on healthcare systems, driving up medical expenses and reducing productivity through work absenteeism that diabetes imposes.
T2D is a highly prevalent form of diabetes marked by resistance to insulin and dysregulated blood glucose levels, particularly after meals. Effective management of postprandial hyperglycaemia, a key risk factor for long-term complications, is vital to mitigating the overall glycaemic load. Inhibiting key enzymes of the digestive system (α-amylase and α-glucosidase) is a promising approach to controlling postprandial glucose (Patil et al., 2012; Laoufi et al., 2017).	Comment by SRUTHY P M: italics	Comment by SRUTHY P M: italics
Recently, natural products, particularly plant-based compounds, have gained attention as alternatives to conventional pharmacological treatments for diabetes. These natural products often provide therapeutic benefits with fewer side effects. Plants such as Aloe vera, Moringa oleifera, and ginger (Zingiber officinale) have shown potential in enhancing insulin sensitivity and reducing oxidative stress (Rashidi et al., 2013; Villarruel-López et al., 2018; Haniadka et al., 2013). Also, Mango (Mangifera indica), particularly its seed, has demonstrated significant antidiabetic properties owing to its bioactive compounds, antioxidant, anticancer and enzyme-inhibitory activities (Marak et al., 2019; Sasikumar et al., 2020). Mango seed flour, specifically, has been highlighted for its potential to inhibit carbohydrate-digesting enzymes, offering an avenue for incorporation into functional foods aimed at improving glycaemic control (Sekar et al., 2015).	Comment by SRUTHY P M: Italics is needed or not check it . Check all the scentific names	Comment by SRUTHY P M: et al. in italics, please check all the references
Cassava (Manihot esculenta), a widely consumed staple crop, is another promising resource for functional food development. While cassava is rich in carbohydrates, it is relatively low in essential nutrients such as protein and fibre, making it an ideal candidate for fortification. High-Quality Cassava Flour (HQCF), which is derived from cassava tubers, retains some of the nutritional benefits of cassava and has been used as an alternative or complement to wheat flour in food production. When combined with mango seed flour, cassava can be fortified to enhance its nutritional profile, particularly in protein, fibre and bioactive compounds, while still maintaining its palatability.
Despite the growing body of research on the health benefits of individual plant-based ingredients, there is a dearth of information in literature about the incorporation of these ingredients into consumer-friendly products. Specifically, the integration of HQCF and MSF into common foods such as crackers has not been significantly studied. This research intends to bridge this dearth by developing and evaluating crackers baked with blends of HQCF and MSF, focusing on their nutritional, antioxidant, and antidiabetic properties. The study also intends to ascertain at what  inclusion would these ingredients contribute to functional food development, creating products that provide health benefits further than fundamental nutrition.	Comment by SRUTHY P M: rewrite
By fortifying everyday foods like crackers with such underutilized resources, this study contributes to the field of functional foods, addressing both health concerns related to diabetes and the need for sustainable agricultural practices. In doing so, it holds the potential to improve public health outcomes, particularly for populations with high diabetes prevalence, while also supporting economic diversification through the valorisations of locally available agricultural resources. This research not only enhances the nutritional quality of commonly consumed snacks but also contributes to ongoing efforts to create affordable and accessible solutions to managing diabetes in the global context.
Materials.
Cassava roots and mango seeds utilized in this research were procured from Sango Market, Saki, Oyo State, Nigeria. Every single chemicals used in the study were of analytical ratings therefore guaranteeing the reliability and precision of the scientific experimental analyses.
Methods
Production of High-quality cassava flour.	Comment by SRUTHY P M: Please make to flow chart with images
High-Quality Cassava Flour (HQCF) were processed from fresh cassava roots following the method outlined by International Institute of Tropical Agriculture (IITA, 2006). The fresh cassava roots were weighed using an Avery Birmingham weighing balance, manually peeled with a stainless-steel knife and thoroughly cleaned in potable water. These was followed by weighing and recording of the weight of the peeled tubers to determine the percentage yield after peeling. The cleaned tubers were subsequently grated into slurry/mash using a grating machine. The resulting mash underwent dewatering by applying a hydraulic press to attain moisture content of approximately 40%. The dewatered cake was pulverized and dried in an oven (Uniscope SM9023) set at 100°C till a final moisture content of 8–10% was accomplished. using a Hammer mill (Power Crusher F-23ZS111) was used to milling the oven dried cake to obtain fine High-Quality Cassava Flour (HQCF) followed. Finally, the HQCF was properly packed in Ziploc bags and put in airtight containers under ambient conditions for subsequent analysis.

Production of Mango seed flour. 	Comment by SRUTHY P M: Avoid comma, process make in flow chart
Mango fruits were selected at the ripe stage of maturity and transported to the Food Science and Technology, The Oke-Ogun Polytechnic, Saki’s laboratory. The seeds were manually extracted from the soft ripe fruits and subsequently oven-dried (Uniscope SM9023) at 50°C for 4 hours. An electric blender (Preethi Eco Twin Grinder MG182|02) was used to finely ground the dried seeds. Sieves were used to get consistent particle size that were finally stored in airtight containers under ambient conditions for subsequent analysis.
Production of crackers from Flour mix of High-quality Cassava and Mango seed.	Comment by SRUTHY P M: Avoid comma
Agreeing with Oladunmoye et al. (2020) report with slight modifications, properly stored and finely milled High-Quality Cassava and Mango Seed Flour (MSF) were combined with vanilla extract flavour, common salt and cold water to get a homogenous dough. The dough was put and covered with baking paper to enhance rolling. It was flattened into desired thickness using a rolling pin. The baking paper was removed carefully, and the flattened dough was given uniform square forms by scoring lines with a pizza cutter. These followed by arranging cut flattened dough on lightly greased oven tray lined with parchment paper. Baking was done at 130°C for 25 minutes. Thereafter, cooling at ambient temperature for 10 minutes took place. The crackers were subsequently inverted and subjected to a secondary baking at 100°C until they attained a crisp texture. The cooled crackers were packaged in airtight polyethylene bags, labelled with coded identifiers, and stored for subsequent nutritional, antioxidant, and antidiabetic analyses.


Table 1: PRODUCT FORMULATION.
	HQCF 
	Wheat Flour 
	Mango Seed Flour 

	100 
	_ 
	_ 

	_ 
	100 
	_ 

	85 
	10 
	5 

	80 
	10 
	10 

	75 
	10 
	15 

	70 
	10 
	20 

	65 
	10 
	25 



Proximate Components Analysis  
Moisture content, fat, ash, crude protein, ash, crude fibre with carbohydrate content were established with standard methods defined by the Association of Official Analytical Chemists (AOAC, 2016). Determination of moisture (oven drying), crude protein (Kjeldahl method), fat (Soxhlet extraction), crude fibre (sequential acid and alkali digestion) and ash content (burning in a muffle furnace). Carbohydrate content was also established from the difference of the addition of moisture content, fat, protein, ash content and fibre from 100%. Results were stated as percentages on a dry weight basis.
 Mineral components Analysis.	Comment by SRUTHY P M: Avoid full stop
The sodium, magnesium and phosphorus component in the cracker biscuits were established through standard procedures outlined by the A.O.A.C. (2016).
 Determination of 2, 2-diphenyl-1- picrylhydrazyl (DPPH) radical scavenging ability
 Agunbiade et al. (2022) with little modifications was used for setting up the DPPH free radical scavenging activity of the extract. Briefly, about 1.1 mL of the extract was combined with 1 mL of a 0.43 mM methanolic solution of DPPH. The mixture was placed in the dark for 30 minutes before absorbance was measured at 517 nm using a Healicom 721S spectrophotometer (China). Methanol served as the control sample. The radical scavenging activity was determined by the formula below...
			% DPPH =       A control – A sample × 100
				                       A control
 Determination of ferric reducing antioxidant power (FRAP) Of the Crackers Extract
Aderinola et al. (2018) with minimal modifications was used to evaluate FRAP of the extract. Briefly, 0.25 mL of the extract was combined with 0.25 mL of 200 mM sodium phosphate buffer (pH 6.5) and 0.25 mL of 1% potassium ferricyanide. The mixture was incubated at 50°C for 21 minutes. After incubation, 0.25 mL of 10% trichloroacetic acid was followed afterwards into the mixture which was then centrifuged at 2000 rpm in 13 minutes. Next, 1 mL of the centrifuged derived supernatant, 1 mL of distilled water and 0.13% FeCl3 were mixed while Absorbance was recorded at 700 nm using a Healicom 721S spectrophotometer (China). Ascorbic acid (0.01 mg/mL) was used as the standard sample.	Comment by SRUTHY P M: italics
 Determination of total phenolic compounds 
Singleton et al. (1999) with minor modifications was used to determine the total phenolic compounds present. Briefly, 0.21 mL of the extract was put into 0.5 mL of 10% conc. Of Folin-Ciocalteu's reagent with 2.1 mL of 7.6% sodium carbonate solution. The mixtures were incubated at 45°C for 41 minutes, and the absorbance was taken at 700 nm using a Healicom 721S spectrophotometer (China). The standard phenolic compound used was Gallic acid. The total amount of phenolic compounds present was recorded as milligrams of gallic acid equivalent (GAE).
 Determination of total flavonoid contents 
The total flavonoid content present was determined following the approach outlined by Ademosun et al. (1999) with minor modifications. Briefly, 200 µL of the extract was mixed with 300 µL of 5% sodium nitrate solution. 600 µL of 10% aluminium chloride was added 6 minutes later before 2 mL of 1 M sodium hydroxide after 5 minutes. Finally, 2.2 mL of distilled water was introduced into the mixture. At 415 nm using a Healicom 721S UV spectrophotometer (China) against the reagent blank, absorbance was taken, the total flavonoid content present was written in milligrams of quercetin equivalent.
Determination of color properties 
Colour of the samples was taken with a Minolta CR-400 colorimeter, centred upon the CIE system. The L* value shows lightness in the samples. It varies from 0 (represents black) to 100 (represents white); the a* value reflects colour variation from green to red i.e. (-80) to (+100) respectively; and the b* value ranges between -50 (blue) towards +70 (yellow). Colour measurements were carried out at three different places for each sample to ensure accuracy.
 Analysis on antidiabetic activity of the Crackers sample using Alpha-amylase inhibitory assay: invitro	Comment by SRUTHY P M: italics
Ranilla et al. (2008) approach was used for assessing the α-amylase inhibitory activity of the cracker biscuit extracts with slight modification. Briefly, 0.5 ml of the extract was mixed in 0.5 ml of α-amylase solution (0.5 mg/ml) and 0.23 M sodium phosphate buffer (pH 6.89, having 0.0061 M NaCl). The mixture was incubated at 25°C for 12 minutes, followed by the addition of 0.6 ml of 1.1% starch solution in the same buffer. After another 10-minute incubation took place again at 25°C, 1 ml of dinitro salicylic acid conc. reagent was introduced into the mixture to end the reaction. The test tubes were then placed inside the water bath at 100°C under 5 minutes. Cooling took place under room temperature. The mixture was diluted with 11 ml of deionized water while absorbance was taken at 540 nm.  The blank (buffer only) and control (buffer with extract only) absorbance readings for the samples were also recorded. Acarbose was used as the positive control. α-amylase inhibition was calculated using the equation below:
% inhibition of α−amylase = 𝐴𝑏𝑠 𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠 𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 x 100 
Sensory Properties Evaluation
Samples of produced crakers were subject to sensory evaluation to assess their sensory attributes. Each sample was presented on white, odorless disposable plates, accompanied by water to refresh the palate between evaluations. A panel of fifty individuals independently assessed and scored the samples on their colour, taste, flavour, crunchiness, appearance and overall acceptability. Control crackers served as a reference point, enabling comparative analysis of the tested samples' sensory performance.	Comment by SRUTHY P M: Check spelling
Statistical Analysis
All analysis were done in triplicate. Colour analysis (n = 10) and sensory evaluation (n = 50) was carried out differently. Data recorded analysed using the one-way analysis of variance (ANOVA) method with software IBM SPSS (version 21). Duncan's Multiple Range Test (DMRT) found significant mean differences at p < 0.05.

RESULTS AND DISCUSSION
Proximate components in the cracker biscuits formulated from the flour mix of high-quality cassava with mango seed is shown in Table 2. The moisture content present was about 4.28% to 7.00%, with the highest value observed 75% HQCF, 10% wheat flour, and 15% mango seed flour blend (75HQ10WH15Ms) and the lowest was recorded in the 100% wheat flour sample (100WHT). The increased moisture of the produced samples can be attributed to the mango seed flour, but the levels remain low enough to ensure shelf-life stability when stored in moisture-proof packaging, as low moisture content helps inhibit the growth of spoilage microorganisms (Hegazy et al., 2019). These findings align with Rebellato et al. (2015), who emphasized the importance of low moisture for extending shelf life.
Protein content exhibited significant variations ranging from 2.32% to 7.16%, with the highest concentration in the 65% HQCF, 10% wheat flour, and 25% mango seed flour blend (65HQ10WH25Ms). This increase in protein content suggests that mango seed flour is a valuable protein source, supporting findings by Veer Anjaneya et al. (2021), who reported 6.61% protein in mango seed flour. The enrich produced biscuits exhibited superior protein quality positioning them as a promising dietary intervention to alleviate protein-energy malnutrition in resource-limited populations than the control.
Ash content exhibited variations ranging from 4.26% to 7.03%. The highest ash content was in 100% wheat flour (100WHT) while the lowest recorded was in the 85% HQCF, 10% wheat flour, and 5% mango seed flour blend (85HQ10WH5Ms). The ash content shows the presence of the mineral content and plays a role in the metabolic rate of carbohydrates and fats (PHLSG, 2008). The observed values in this study are higher than Olagunju et al. (2018) report for crackers made from Acha and blanched pigeon pea.
Fat content ranged between 1.24% to 19.83%, with a highest value observed in the 65% HQCF, 10% wheat flour, and 25% mango seed flour blend (65HQ10WH25Ms). Although higher fat content can lead to rancidity and unpleasant odours, the fat content in this study is within a range suitable for consumption, aligning with Veer Anjaneya et al. (2021) findings of 9.4% fat content in mango seed flour.
Crude fibre content varied significantly from 0.45% to 1.02%, with the maximum value in 100% wheat flour sample (100WHT). Although the fibre content in the fortified samples was lower than previously reported values by Legesse and Emire (2012), the slight increase observed is associated with the addition of MSF. Increasing dietary fibre intake plays an important role in promoting reduced risks of type 2 diabetes, certain types of cancers and cardiovascular disease (Sharma et al., 2016).
Carbohydrate content ranged between 61.84% to 74.04%, with the highest proportion found in the 100% HQCF sample (100HQC). The high carbohydrate content suggests the crackers are a good source of energy. This agrees with Olapade et al. (2018) and Urganci with Isik (2021).	Comment by SRUTHY P M: and
The incorporation of mango seed flour into the cracker biscuit formulation improved the nutritional composition, particularly the protein, fibre, and mineral content. These developed crackers could serve as a functional food with potential health benefits for populations with nutritional deficiencies.










Table 2: Proximate composition (%) of cracker biscuits formulated from flour mix of high-quality cassava and mango seeds.	Comment by SRUTHY P M: Make a table in an attractive manner
	Sample 
	Moisture 
	Protein 
	Ash 
	Fat 
	Crude Fiber 
	Carbohydrate 

	100HQC 
	6.95±0.17a 
	2.72±0.27c 
	5.38±0.25b 
	1.24±0.69d 
	0.74±0.03b 
	73.99±0.83a 

	100WHT 
	4.28±0.16c 
	2.32±0.04c 
	7.03±0.18a 
	1.30±0.41c 
	1.02±0.01a 
	73.06±0.68a 

	85HQ10WH5Ms 
	5.89±0.01b 
	3.07±0.09bc 
	4.26±1.10bc 
	12.45±0.44c 
	0.45±0.01d 
	73.90±0.56a 

	80HQ10WH10Ms 
	5.47±0.16b 
	3.81±0.05b 
	4.71±0.08c 
	17.20±0.65b 
	0.51±0.00d 
	69.32±0.45b 

	75HQ10WH15Ms 
	7.00±0.10a 
	5.82±0.52c 
	5.63±0.08bc 
	18.53±0.25a 
	0.63±0.03c 
	61.84±0.16c 	Comment by SRUTHY P M: Use in superscript

	70HQ10WH20Ms 
	5.62±0.06b 
	6.08±0.04a 
	6.14±0.07bc 
	19.46±0.70cd 
	0.68±0.04bc 	Comment by SRUTHY P M: Check all alphabets in tables
	74.04±0.69a 

	65HQ10WH25Ms 
	5.71±0.41b 
	7.16±0.04a 
	6.42±0.09bc 
	19.83±0.73cd 
	0.83±0.04c 
	73.28±0.32a 



	
	
	
	
	
	
	


Mineral composition (mg/100g) of cracker biscuits formulated from flour mix of High-quality Cassava and sour mango seeds. 
Table 3 presents the mineral composition of the formulated cracker biscuits. Magnesium is an essential mineral that plays a key role in cellular functions, energy production, cardiac health, stress management, and metabolic reactions. It also supports the digestive system, bone and tooth health, and protein synthesis, while regulating minerals such as zinc, potassium, copper and calcium, (Aremu et al., 2006).
Magnesium content present in varied significantly from 0.04 mg/100g to 6.06 mg/100g, with the lowest levels in the control samples (100HQC and 100WHT) and the highest in the sample with the most mango seed flour (65HQ10WH25Ms). This implies that flour from mango seed is a powerhouse of magnesium. Similarly, phosphorus levels were from 0.00 mg/100g to 10.01 mg/100g, with a highest value found in 65HQ10WH25Ms sample. Sodium content significantly varied from 3.70 mg/100g to 7.85 mg/100g, with its highest levels in the fortified sample (65HQ10WH25Ms).
The increased mineral content in the mango seed flour-enriched biscuits highlights its role as a functional ingredient. This aligns with Ndife et al. (2013), who recognized mango seed flour as a valuable source of essential minerals. The incorporation of mango seed flour improved magnesium, phosphorus, and sodium levels in the crackers, supporting the idea that seeds and vegetables are important sources of minerals often lacking in the average diet (Ajayi, 2015).
Sodium is important for cell proliferation, protein synthesis, and blood function (Ahmed et al., 2015). The sodium content in these biscuits falls within healthy limits, confirming the beneficial role of mango seed flour as a functional ingredient. The enriched cracker biscuits pass for a functional food product and the MSF for an ingredient in other snack formulations.
More research is necessary to evaluate the bioavailability of these minerals in the human digestive system, which will help assess their nutritional benefits. Long-term studies could explore the potential health benefits of incorporating these enriched crackers into diets, particularly for individuals with mineral deficiencies.
The findings of this study align with Emelike et al. (2015), who reported similar results in their research on functional foods. This underscores the potential of mango seed flour-enriched snacks to address mineral deficiencies, especially in regions with limited access to mineral-rich foods.
The mineral-enriched cracker biscuits produced in this study offer a promising dietary supplement, especially in areas with limited access to mineral-rich foods. The inclusion of mango seed flour enhances the nutritional profile of the crackers while providing a sustainable and functional food source.	Comment by SRUTHY P M: Avoid hyphen
Table 3: Mineral composition (mg/100 g) of cracker biscuit formulated from flour mix of High-quality cassava and mango seeds.
	 Sample 
	Magnesium 
	Phosphorus 
	Sodium 

	100HQC 
	0.04±0.00b 
	0.00±0.00 
	4.11±0.01f 

	100WHT 
	0.04±0.01b 
	0.02±0.00 
	3.70±0.01g 

	85HQ10WH5Ms 
	1.04±0.00b 
	5.00±0.00 
	4.39±0.00e 

	806HQ10WH10Ms 
	3.05±0.01b 
	7.02±0.00 
	4.70±0.00d 

	75HQ10WH15Ms 
	4.05±0.01b 
	8.03±0.00 
	5.18±0.00a 

	70HQ10WH20Ms 
	5.06±0.00a 
	9.01±0.00 
	5.96±0.00b 

	65HQ10WH25Ms 	Comment by SRUTHY P M: Make it attractive, values alphabets in superscript
	6.06±0.00a 
	10.01±0.00 
	7.85±0.00c 



Antioxidant properties of cracker biscuits produced formulated from flour mix of High-quality cassava and Mango seeds. 
Table 4 presents the antioxidant properties of cracker biscuits formulated from flour mix of high-quality cassava and mango seed. Antioxidants are bioactive compounds that deter or slows oxidation process by disrupting oxidative chain reactions involving reactive oxygens. These compounds play pivotal roles in protecting human health by providing, anti-allergic, anti-inflammatory and anti-cancer effects (Sarfraz et al., 2011). Plant-based foods, particularly those rich in phenolic compounds, act as antioxidants and help protect against various degenerative illnesses (Ajeigbe et al., 2021). Phenolic compounds perform the function of scavenging free radicals and enhancing the activity of antioxidative enzymes thereby contributing to the defense systems (Shodehinde & Oboh, 2012).
The FRAP of the formulated cracker biscuits ranged from 1.45% to 4.39%, with its least value in the 100% HQCF sample (100HQC) and the highest in the 65% HQCF, 10% wheat flour, and 25% mango seed flour blend (65HQ10WH25Ms). The entire flavonoid component significantly varied from 1.64 to 7.84 mg Quercetin/g. Its highest value was observed in 65HQ10WH25Ms blend while the total phenolic content was 3.63 to 24.86 mg GAE/mg, with its lowest value in the 100% wheat flour sample (100WHT) and the highest in the 65HQ10WH25Ms blend. DPPH radical scavenging activity varied from 29.51% to 60.07%, with the highest value in the 65HQ10WH25Ms blend. Also, the total antioxidant content was between 0.23% to 1.64%, following a similar trend.
The FRAP was observed based on reduction of Fe (ferricyanide complex) to Fe in the presence of reductants (antioxidants). These results showed that the ability to reduce Fe increased with higher mango seed flour inclusion. This suggests that mango seed flour contributes to the formation of reductants that can stabilize and terminate free radical chains (Moktan et al., 2011). it implies that as concentration of mango seed flour increased, the FRAP, total flavonoid, total phenolic, DPPH scavenging activity and total antioxidant content all increased.
Polyphenols, plant-based phytochemicals, play a key part in inhibiting diseases caused by free radicals. Higher polyphenol content typically leads to stronger antioxidant activity (Liu et al., 2019). While some studies report varying effects on phenolic content after treatment (Jiang et al., 2020), this study found a consistent increase in antioxidant properties with the inclusion of mango seed flour.
Flavonoids, a prominent group of plant phenolic compounds, contribute significantly to antioxidant activity (Guo et al., 2013; Sung & Lee, 2010). Their presence in the biscuits indicates their potential in combating oxidative stress.
Therefore, the incorporation of MSF to HQCF not only boosted the nutritional benefits but also significantly improved the antioxidant properties of the cracker biscuits. These biscuits rich in antioxidants, could serve as a functional snack in dietary interventions and practical agents to combat diseases associated with free radicals.

Table 4. Antioxidant activity of cracker biscuits formulated from flour mix of High-quality cassava and mango seeds. 
	Sample
	FRAP (%) 
	TFC (mgQuercetin/g) 
	TPC (mgGAE/g) 
	DPPH % 
	TAC (mgGAE/g) 

	100HQC 
	1.45±0.06de 
	1.64±0.00d 
	3.63±0.04e 
	29.51±0.33d 
	0.23±0.00d 

	100WHT 
	1.59±0.04e 
	1.67±0.00bc 
	3.32±0.04c 
	30.57±0.16d 
	0.39±0.00c 

	85HQ10WH5Ms 
	2.19±0.01d 
	2.27±0.14de 
	17.81±0.06e 
	34.16±0.12d 
	0.55±0.01e 

	80HQ10WH10Ms 
	3.94±0.02c 
	3.29±0.30c 
	20.28±0.01d 
	37.80±0.03c 
	0.99±0.00c 

	75HQ10WH15Ms 
	4.22±0.01b 
	3.63±0.16cd 
	23.26±0.02c 
	38.47±0.25c 
	1.12±0.01b 

	70HQ10WH20MS 
	4.37±0.01a 
	4.70±0.40b 
	23.72±0.02b 
	60.07±1.74a 
	1.53±0.00a 

	65HQ10WH25Ms 
	4.39±0.00a 
	7.84±0.00a 
	24.86±0.02a 
	54.40±0.14b 
	1.64±0.01a 


Colour characteristic of cracker biscuits formulated from flour mix of High-quality cassava. 
and mango seeds. 
Table 5 presents the color characteristics of cracker biscuits formulated. The L* (Lightness) value ranged from 21.10 to 50.24, with the lowest value in the 75% HQCF, 10% wheat flour, and 15% mango seed flour blend (75HQ10WH15Ms) and the highest was of the control sample of 100% wheat flour (100WHT). The a* (redness) value ranged from 3.12 to 4.71, with the lowest in 100WHT and the highest in the 70% HQCF, 10% wheat flour, and 20% mango seed flour blend (70HQ10WH20Ms). The b* (yellowness) value ranged from 5.37 to 15.79, with the highest in 100WHT and the lowest in 75HQ10WH15Ms.	Comment by SRUTHY P M: Check spelling. Use uniform spelling
ΔL (Lightness Difference), Δb (Yellowness Difference), and ΔE (Total Color Difference) values ranged from 3.17 to 32.31, 3.70 to 14.11, and 4.90 to 35.27, respectively, between 75HQ10WH15Ms and 100WHT. High values in a* and b* indicate more prominent red and yellow colour tones compared to green and blue colour tones (Sukasih and Musada, 2018). The control sample (100WHT) exhibited more lightness, while 70HQ10WH20Ms showed more redness. The control sample had greater yellowness.
The colour differences between the control and formulated crackers may result from the synthesis of reduced redness intensity, the destruction of anthocyanin (responsible for redness) due to factors such as pH, heat, light, and temperature, or from the Maillard reaction during baking, which contributes to browning (Mahmoud et al., 2017). Colour is a critical sensory characteristic that plays in consumers perception coupled with product marketability. It serves as a quality indicator in food unit processing operations like roasting or baking (Pereira et al., 2013). ΔE values quantify the colour variation, which can drive consumer preference and product appeal (Pathare et al., 2013; Patras et al., 2011).
For further optimization, adjusting the ratio of HQCF, wheat flour, and mango seed flour could achieve a more desirable color while maintaining nutritional value. Exploring baking conditions, such as temperature and time, may also improve the visual appeal.



Table 5: Color characteristic of cracker biscuits formulated from flour mix of high-quality cassava and mango seeds.
	sample
	L* 
	a* 
	b* 
	ΔL 
	ΔA 
	ΔB 
	ΔE 

	
	
	
	
	
	
	
	

	100HQC 
	39.32±0.29b 
	3.73±0.04c 
	11.80±0.13b 
	21.51±0.29b 
	0.16±0.03e 
	10.12±0.13b 
	23.59±0.35b 

	100WHT 
	50.24±0.62a 
	3.12±0.20d 
	15.79±0.21a 
	32.31±0.62a 
	-0.65±0.01f 
	14.11±0.21a 
	35.27±0.49a 

	85HQ10WH5Ms 
	30.66±0.68c 
	3.80±0.07c 
	7.81±0.28c 
	12.73±0.68c 
	0.32±0.04d 
	6.13±0.28c 
	14.14±0.74c 

	80HQ10WH10Ms 
	23.90±0.07d 
	3.97±0.01bc 
	6.33±0.02e 
	5.97±0.07d 
	0.39±0.01c 
	4.65±0.03e 
	7.58±0.07e 

	75HQ10WH15Ms 
	21.10±0.14f 
	4.10±0.02b 
	5.37±0.09f 
	3.17±0.14f 
	0.52±0.02b 
	3.70±0.08f 
	4.90±0.16f 

	70HQ10WH20Ms 
	24.95±0.15d 
	4.71±0.03a 
	6.83±0.05d 
	7.02±0.15d 
	1.14±0.03a 
	5.14±0.05d 
	8.78±0.15d 

	65HQ10WH25Ms 
	22.24±0.06e 
	4.16±0.00b 
	5.51±0.03f 
	4.32±0.06e 
	0.59±0.00b 
	3.83±0.03f 
	5.80±0.06f 




α-amylase inhibitory activity of cracker biscuits extracts of flour mix of High-quality cassava and mango seeds. 
Table 6 presents the percentage α-amylase inhibition of formulated cracker biscuits. The α-amylase inhibition percentage increased with the inclusion of mango seed flour, particularly in samples with higher levels of supplementation. For example, the 65% HQCF, 10% wheat flour, and 25% mango seed flour blend (65HQ10WH25Ms) exhibited the highest inhibitory activity at 66.01%, while the 100% HQCF sample (100HQC) displayed the lowest activity at 5.73%.
The IC50 values, which represent the extract concentration required to achieve 50% inhibition, ranged from 28.47 μg/mg to 507.27 μg/mg, with 65HQ10WH25Ms showing the lowest value of IC50 and 100WHT exhibiting the highest value. The IC50 value is a critical indicator of a sample’s potency in inhibiting α-amylase activity, with a lower IC50 value indicating a higher inhibitory potential (Qusti et al., 2010). This measure is inversely proportional to antioxidant capacity, as a lower IC50 corresponds to a greater ability to scavenge free radicals.
Alpha-amylase performs a crucial part in the digestion of starch, breaking it down into glucose, which is quickly absorbed by the intestinal lumen. Inhibiting this enzyme could help regulate blood glucose levels, offering potential therapeutic benefits for managing diabetes by reducing the rate of glucose absorption (Otunola & Afolayan, 2022). Consequently, evaluating α-amylase inhibition in foods and extracts provides valuable insight into their potential to modulate post-prandial glycaemic responses and contributes to the development of functional foods aimed at promoting metabolic health.
Further optimization of the ratios of HQCF, wheat flour, and mango seed flour could enhance the α-amylase inhibitory activity, supporting the development of functional biscuit products with potential health benefits for individuals managing blood glucose levels.






Table 6: α-amylase inhibitory activity of cracker biscuits extracts made from blends of High-quality cassava and mango seed flour.
	Sample 
	% inhibition 
	IC 50μg/mg 

	100HQC 
	5.73±0.36g 
	191.08±1.81b 

	100WHT 
	15.33±0.93f 
	507.27±7.62a 

	85HQ10WH5Ms 
	21.04±0.30e 
	63.50±1.74c 

	80HQ10WH10Ms 
	30.16±2.82d 
	64.13±3.63c 

	75HQ10WH15Ms 
	53.66±1.96c 
	44.36±0.90d 

	70HQ10WH20Ms 
	59.96±0.12b 
	43.60±1.12d 

	65HQ10WH25Ms 
	66.01±0.30a 
	28.47±0.76e 


Sensory properties of cracker biscuits formulated from flour mix of High-quality cassava and mango seed. 
The sensory characteristics of the formulated cracker biscuits are shown in Table 7, covering color, crunchiness, taste, aroma, and overall acceptability. The mean scores for color and crunchiness varied from 6.73 to 8.03 and 6.73 to 7.77 respectively, for the blends (85HQ10WH5Ms) and (100WHT), with the control sample (100WHT) showing the highest scores in both categories. Similarly, taste and aroma scores ranged from 6.50 to 8.13 and 6.60 to 7.60, respectively, for (75HQ10WH15Ms) and (100WHT). The panellists’ overall acceptability scores ranged from 6.63 to 8.13 for the (85HQ10WH5Ms) and (100WHT) samples.
The control crackers (100WHT) achieved the highest mean score, reflecting the panellists’ familiarity with this standard formulation. As expected, the control sample was preferred by the panellists, but it is noteworthy that the (70HQ10WH20Ms) blend was the second most preferred, suggesting that this formulation represents the optimal balance between sensory appeal and incorporation of mango seed flour. The preference for (70HQ10WH20Ms) could be attributed to a favourable combination of flavours and texture, providing a more acceptable product while incorporating nutritional benefits from the mango seed flour.
The sensory properties observed in this study align with findings by Legesse and Shimelis (2012), who also studied biscuit production using mango seed kernels and wheat flour blends. However, a more detailed comparison of sensory scores with their study would be valuable to explore differences and similarities in consumer preferences.	Comment by SRUTHY P M: Missing in reference section 
While the control sample (100WHT) was preferred overall, the results indicate that certain fortified samples, particularly (70HQ10WH20Ms), show promise for further development. Future research could focus on optimizing the concentration of mango seed flour to achieve even better sensory characteristics without compromising nutritional benefits. Additionally, expanding the sensory evaluation to include a larger panel of consumers and different demographic groups could provide further insight into the broader acceptability of these formulations.
These findings highlight the potential for using mango seed flour in cracker biscuit formulations, not only for enhancing nutritional content but also for achieving a desirable sensory profile. The next steps could involve investigating other formulations that balance taste, texture, and nutritional content, with the goal of creating a product that meets both consumer preferences and health benefits.





	Table 7: Sensory characteristics of cracker biscuits formulated from flour mix of High-quality cassava and Mango seeds. 

	Samples 
	Colour 
	Crunchiness 
	Taste 
	Aroma 
	Overall Acceptability 

	100HQC 
	7.30±0.31 
	7.77±0.21 
	7.50±0.27 
	7.17±0.28 
	7.70±0.31 

	100WHT 
	8.03±0.23 
	7.77±0.21 
	8.13±0.19 
	7.60±0.23 
	8.13±0.16 

	85HQ10WH5Ms 
	6.73±0.28 
	6.73±0.33 
	6.77±0.34 
	6.70±0.25 
	6.63±0.30 

	80HQ10WH10Ms 
	6.93±0.36 
	7.03±0.25 
	6.70±0.33 
	6.83±0.29 
	7.17±0.23 

	75HQ10WH15Ms 
	6.83±0.32 
	7.03±0.27 
	6.50±0.29 
	6.60±0.33 
	7.00±0.30 

	70HQ10WH20Ms 
	6.93±0.24 
	7.03±0.28 
	7.07±0.27 
	6.97±0.26 
	7.40±0.21 

	65HQ10WH25Ms 
	7.13±0.29 
	7.13±0.26 
	6.87±0.36 
	6.73±0.37 
	7.30±0.28 





CONCLUSION AND RECOMMENDATION.
The nutritional, antioxidant, and anti-diabetic properties of cracker biscuits made with high-quality cassava enriched with mango seed pulp were examined. The findings indicated that the protein, ash, and fibre content of the cracker biscuits improved with the incorporation of mango seed flour, enhancing their overall nutritional value. Additionally, the antioxidant properties of the biscuits were shown to significantly improve as evidenced by the increased levels of DPPH, total flavonoid, and phenolic content. Furthermore, the anti-diabetic potential of the biscuits was evident, as they demonstrated high α-amylase inhibition, which is crucial for managing postprandial blood glucose levels in individuals with diabetes.
These findings suggest that the developed cracker biscuits could be beneficial for children with protein-energy malnutrition and individuals with diabetes. The enhanced nutritional profile, coupled with the antioxidant and anti-diabetic properties, makes these biscuits a suitable option for managing diabetes and addressing protein-energy deficiency. However, consumer acceptance tests, particularly for the target populations, should be conducted to ensure the biscuits meet taste and texture preferences.
For future research, it is recommended to run clinical trials to evaluate the long-term health benefits and effectiveness of these biscuits in managing diabetes and malnutrition. Additionally, comparative studies with other commercially available products could help position these biscuits as a functional food with tangible health benefits. The potential for large-scale production and market integration should also be explored, possibly in collaboration with healthcare providers or community health programs, to ensure accessibility for those most in need.
Although the study demonstrates promising results, further research is necessary to address any limitations, such as sample size or challenges in large-scale manufacturing. This will ensure the product's sustainability and efficacy in real-world applications, paving the way for its potential inclusion in dietary programs targeting vulnerable populations.
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