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Abstract

This study evaluated the quality of cookies made from wheat, maize, defatted peanut, beetroot flour blends ratios. Six samples were formulated with the designations A (100% wheat), B (100% maize), C (0:80:10:10), D (0:70:20:10), E (0:60:30:10) and F (0:50:40:10). The study evaluated the cookies chemical, antioxidant, and sensory properties using standard procedures. The energy value decreased with defatted peanut increased, moisture (3.56 – 4.97%), carbohydrate (32.04 – 57.08%) and energy (484.91 – 428.96 Kcal) decreased with increase in defatted peanut while ash (0.82 – 1.83%), fibre (2.65 -21.19%), fat (22.47 – 29.13%) and protein (9.32 – 14.88%) increased with increase in defatted peanut. Mineral (mg/g) analyses of cookies showed significant increase (p<0.05) with defatted peanut and beetroot inclusion while in cookies, Iron (0.6 – 1.0 mg/g), potassium (8.73 – 11.51 mg/g) while zinc (0.3 – 0.2 mg/g), magnesium (0.050 – 0.086 mg/g), calcium (3.13 – 2.83 mg/g) did not significantly differ and sodium (7.63 – 4.9 mg/g) decreased with inclusion. The antinutrient content (mg/g) of cookies showed a consistent pattern with defatted peanut and beetroot inclusions. The results for vitamins showed cookies vitamin content to increase across the parameters, vitamin A (0 – 44.79), vitamin B1 (1.19 – 1.28), vitamin B3 (2.29 – 59.68) except vitamin C (0.22 – 2.77) IU. The antioxidant properties of the cookies showed; DPPH (17.85 – 34.24) %, SOD (14.28 – 22.45) % and FRAP (225.53 – 647.16) MgGAE/Mol. The cookies from Maize, defatted peanut and beetroot presents a great advantage over wheat flour cookies, temperatures and exposure to atmosphere affected the vitamin and antioxidant capacities while the proximate and mineral results present nutritional advantage over the composite flour cookies. Cookies from maize, defatted peanut and beetroot is recommended for children and adults, to achieve maximum antioxidants effects, processing temperature and environment should be monitored to avoid effect of heat and atmospheric reactions. 	Comment by Frank Ukoro: Check this two statement	Comment by Frank Ukoro: Repeatation from the paragarph opened
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1. INTRODUCTION
The primary base material in bread, cakes, cookies, and other baked goods is flour. It is mostly made up of water, protein, and carbohydrates. The major flour used in baking is wheat flour primarily for its protein content (gluten). In contrast to protein, starch does not create a substantial gluten network in cookies dough, but serves as the primary dough filler. Low protein (8–11%) soft wheat flour is said to be the best flour for cookies because gluten produces a smaller network structure (Pareyt and Delcour, 2008). Products free of gluten are becoming more and more popular. Furthermore, the high carbohydrate content of flour can easily contribute to obesity among consumers.
As a result, several types of flour such as multigrain mixture (Kumar et al., 2016), rice flour (Mancebo et al., 2016), millet or adzuki bean flour, oat flour (Duta and Culetu, 2015), soybean and cassava flour (Ukwuru and Adama, 2013) and so forth—are used in place of wheat flour or to add different nutrients to cookies.	Comment by Frank Ukoro: Italize the in citation
Maize is deficient in some essential amino acids such as lysine and tryptophan [11]. Maize contains vitamin B-complex such as B1 (thiamine), B2 (niacin), B3 (riboflavin), B5 (pantothenic acid) and B6 that makes it good for hair, skin, digestion, heart and brain. Red beetroot is a rich source of minerals (manganese, sodium, potassium, magnesium, iron, copper). Beetroot contains a lot of antioxidants, vitamins (A, C, B) [12], anti-inflammatory and anti-carcinogenic properties [13]. Red beetroot is also rich in phenol compounds, which have antioxidant properties with capabilities for protective effects against DNA damage and oxidative stress [14], hypertension, atherosclerosis, type 2 diabetes, hypertension, atherosclerosis, type 2 diabetes and dementia [15-16]. The high monounsaturated fat defatted peanut has been reported to lower body cholesterol by 11% [17], reduction in the risk of coronary heart disease [18]. Defatted peanuts contain all the 20 amino acids and is the biggest source of the protein called arginine [19]. Defatted peanut meal amino acid profile shows that it can be an ingredient for protein fortification [20]. Therefore, the aim of this study was to investigate the nutritional, antioxidant and sensory quality of cookies produced from wheat, maize, partially defatted defatted peanut and beetroot flour.	Comment by Frank Ukoro: Use APA Style referencing	Comment by Frank Ukoro: Use APA Style referencing
	Comment by Frank Ukoro: Use APA Style referencing
NOT VANCOURVER STYLE
2. MATERIALS AND METHODS 
2.1 Source of Raw Materials 
Maize grains were purchased from Wurukum market Makurdi, Benue State. Beetroots were purchased from local sellers in Jos, Plateau State. Defatted peanuts were purchased from Wadata, Makurdi Benue state.
3.0   Samples Preparation
3.1 Preparation of maize flour
Maize flour was prepared following the description of Awofadeju and Olapade (2020) method as shown in figure 1. 
10 kg of maize grains were obtained and sorted. The maize grains were cleaned of any remaining dust and small particles by washing them with water, after which they were conditioned and oven dried. The dried grains were ground into flour using a commercial grinder (Heavy-duty electric Grinder, Model MG182/00, Chennai-India), the maize flour was sieved using 0.5 mm sieved size and packaged in Ziploc high-density polyethylene bags for further use.







Maize grains
Sorting
Cleaning
Conditioning
Oven drying (50oC) 10-12h
Dry milling
Sieving (0.5 mm)
Packaging
Packaging
Figure 1: Flow chart for the production of maize flour
Source: Awofadeju and Olapade 2020
3.2 Preparation of defatted defatted peanut flour	Comment by Frank Ukoro: Repeated words
Defatted ground nut flour was made using a modified method of the Adjou et al. (2012), with the exception that the cake was ground into flour. Whole defatted peanuts were dehulled, the hulls were separated from the kernel, the kernels were sorted to remove any foreign matter, and the kernels was toasted at 150 oC for 15 minutes.  Toasted seeds will then be ground using clean GX160 hammer mill. Defatted peanut cakes were formed by shaping the paste and frying it in the extracted oil after it had been crushed in a mortar with the addition of boiling water to improve oil extraction. The oil will then be removed using a large spoon. In the end, a GX 160 attrition mill was used to produced defatted peanut cake flour. The flour was oven dried at 50 oC for one hour and sieved for 0.5 mm screen sieve.
Whole peanut seed
Dehulling and separation of hulls
Cleaning
Toasting (150 oC for 15 min)
Removal of testa
Grinding (Attrition mill)
Oil extraction
paste pounding (mortar)
Addition of hot water (100 oC)
Scooping of oil
hard paste
Flaking
Dehydrating
Cooling
Grinding (Attrition mill)
Sieving (0.5mm)
Partially defatted peanut flour
Fig. 2: A Typical Processing Chart for Defatted peanut Flour Production and oil extraction
Source: As described by Adjou et al; (2012) with modification
3.3 Production of beetroot flour
Beet root was produced according to the method of Adegunwa et al (2012) as shown in Figure 3.  After the beets was cleaned, trimmed, and sorted, the roots were blanched in water at 100OC for 40 minutes, then it was peeled, sliced, and dried in a hot air oven set at 60 oC for 47 hours. Finally, the dried chips were ground into flour using a Binatone Blender BLG-595 MK2 blender and sieved through a 0.5 mm wire mesh.  The flour was store in Ziploc high-density polyethylene bags for further use.	Comment by Frank Ukoro: Check please
Beetroot Bulbs
Sorting
Trimming
Cleaning/Washing
Cooking (100 oC, 40 min.)
Pilling
Slicing
Hot air oven drying (60 oC for 47hrs)
Dried beetroots chips(exposure to air)
Milling
Sieving
Beetroot flour
Fig. 3: Flow chart showing the production of beetroot flour
Sorce: Adegunwa et al. (2012)	Comment by Frank Ukoro: SP
3.4 Blend formulation
Wheat, Maize, defatted defatted peanut and beetroot flour samples were blende into proportions of A-100:0:0, B-0:100:0, C-80:10:10, D-70:20:10, E-60:30:10 and F-50:40:10 respectively. This was to guide us to ascertain the effect of Defatted peanut and beetroot introduction into the cookies.	Comment by Frank Ukoro: Repeated
3.5	Production of Cookies
Cookies was produced from the five (5) formulations using the method of Oguntoyinbo et al. (2021) with modification. About 100g of flour, 30g of white sugar, 45g of margarine, 30mL of egg and 2g of baking powder was mixed 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 microwave oven. The cookies were baked at 75 °C for 8 min, cooled and packaged as shown in Figure 4.
Premixing (butter and sugar) 
Mixing (flour, milk powder and baking powder)
Sheeting (3-5mm thick)
Molding
Baking (at 75°C, 8 min)
Cooling
Packaging
Storage (at ambient temperature)
Figure 4. Flow chart for the production of cookies from wheat, maize, defatted peanut and beetroot flour
Source: Oguntoyinbo et al. (2021) Modified

Determination of functional properties maize, defatted defatted peanut and beetroot flour blends
Determination of bulk density, Gelation Concentration AOAC (2012), Swelling capacity, foaming capacity was determined according to the method of Onwuka (2005). Water absorption capacity was determined following the methodology of Robertson et al. (2000).


Proximate analysis of flour blends and cookies
Moisture content was determined using the oven drying method as outlined by AOAC (2012) method. The amount of protein was determined by total-Kjeldahl Nitrogen method according to AOAC (2012) method. Crude fat content was determined by the Soxhlet extraction method as outlined by AOAC (2012) method. Total ash content was determined by dry ashing according to AOAC (2012) method. The total carbohydrate content was estimated by the difference as described by Onwuka (2005). The total energy value was calculated using the Atwater general factor according to FAO (2001)
Determination of anti-nutrients Content of flour blends and cookies
Phytate, Tannin, Trypsin determination in the samples will follow the method of AOAC (2012). 
Mineral Analysis
The method of AOAC (2012) with slight modification was used in to determine minerals contents. Mineral analysis of samples was determined in two phases: sample digestion, and atomic absorption spectrophotometer (AAS) analysis.
Determination of Antioxidant activity
The SOD activity was determined by the method of Misra & Fridovich (1972). The DPPH assay was performed as described by Ravichandran et al. (Ravichandran et al 2012). The FRAP method was assayed according to Benzie and Strain (1996).
Determination of Vitamins Composition
The methods of AOAC (2012) were used in the determination of vitamins (A, B1, B3, and C).



Table 1: Proximate composition (%) of Cookies from Wheat, Maize, Defatted Defatted peanut, and Beetroot Flour Blends	Comment by Frank Ukoro: Why repeated

	Samples
	Moisture Content 
	Ash Content
	Crude Fibre
	Crude Fat
	Crude Protein
	CHO
	Energy (kCal)

	A-100:0:0:0
	4.25bc±0.57
	0.82a±0.46
	2.65a±0.45
	22.47a±0.54
	12.74bc±0.43
	57.08e±0.46
	481.46d±0.56

	B-0:100:0:0
	4.97c±0.63
	1.21ab±0.83
	16.76e±0.58
	24.51b±0.49
	9.32a±0.64
	56.77e±0.34
	484.91e±0.42

	C-0:80:10:10
	3.63ab±0.20
	1.2ab±0.56
	6.84b±0.37
	28.07d±0.38
	12.66b±0.16
	47.59d±0.62
	493.68f±0.30

	D-0:70:20:10
	4.26bc±0.49
	1.83b±0.59
	9.07c±0.25
	26.27c±0.74
	13.62c±0.20
	44.95c±0.24
	470.74b±0.79

	E-0:60:30:10
	3.56ab±0.37
	1.53ab±0.37
	21.19f±0.72
	26.81c±0.23
	14.88d±0.18
	32.04a±0.64
	428.96a±0.37

	F-0:50:40:10
	3.19a±0.86
	1.41ab±0.28
	13.41d±0.57
	29.13e±0.51
	14.8d±0.40
	38.06b±0.29
	473.6c±0.73


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different (p<0.05).



Table 2: Mineral Content (mg/g) of Cookies from Wheat, Maize, Defatted Defatted peanut, and Beetroot Flour Blends
	Sample Code
	Fe
	Zn
	Mg
	K
	Ca
	Na

	A-100:0:0:0
	0.6a ±0.05
	0.3c±0.05
	0.057a±0.05
	8.73a±0.05
	3.13c ± 0.05
	7.21d ± 0.05

	B-0:100:0:0
	0.6a±0.05
	0.2b±0.05
	0.05a±0.05
	9.34b±0.05
	2.44a ± 0.05
	7.45e ± 0.05

	C-0:80:10:10
	0.7b±0.05
	0.2b±0.05
	0.086a±0.05
	10.94e±0.05
	2.51a ± 0.05
	7.63f ± 0.05

	D-0:70:20:10
	0.7b±0.05
	0.2b±0.05
	0.071a±0.05
	10.27d±0.05
	2.32a ± 0.05
	6.36c ± 0.05

	E-0:60:30:10
	0.9c±0.05
	0.2b±0.05
	0.067a±0.05
	10.19c±0.05
	2.43a ± 0.05
	4.9a ± 0.05

	F-0:50:40:10
	1.0d±0.05
	0.2b±0.05
	0.069a±0.05
	11.51f±0.05
	2.83b ± 0.05
	5.0b ± 0.05


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different (p<0.05).
Table 3: Antinutrient Content (mg/g) of Cookies from Wheat, Maize, Defatted peanut, and Beetroot Flour Blends
	Sample Code
	Phytate%
	Oxalate (%)
	Lectin mg/100g

	A 100:0:0: 0
	0.037a1±0
	0.148bc±0.0008
	0.206b±0.0071

	B 0:100:0: 0
	0.0946f±0.0008
	0.1592bc±0.0009
	0.4535d±0.0064

	C 0:80:10: 10
	0.0517c±0.0008
	0.0957ab±0.008
	0.197b±0.0028

	D 0:70:20:10
	0.0586d±0.0009
	0.0619a±0.0079
	0.2565c±0.0021

	E 0:60:30:10
	0.0725e±0.0009
	0.1407bc±0.008
	0.163a±0.0014

	F 0:50:40:10
	0.0400b±0.0009
	0.175c±0.0725
	0.708e±0.0042


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different (p<0.05).
Table 4: Vitamin Content (mg/g) of Cookies from Wheat, Maize, Defatted peanut, and Beetroot Flour Blends
	Sample Code
	Vit A (µg)
	Vit B1 (mg)
	Vit B3 (mg)
	Vit C (mg)

	A 100:0:0: 0
	0.20a±0.02
	1.19a±0.5
	2.29a±0.5
	0.22a±0.50

	B 0:100:0: 0
	0.48a±0.5
	1.28a±0.5
	2.4a±0.5
	2.77b±0.50

	C 0:80:10: 10
	44.79d±0.5
	1.28a±0.5
	25.53b±0.5
	0.91a±0.50

	D 0:70:20:10
	32.90c±0.5
	1.26a±0.5
	27.16c±0.5
	0.96a±0.50

	E 0:60:30:10
	32.40c±0.5
	1.25a±0.5
	28.41d±0.5
	0.91a±0.50

	F 0:50:40:10
	20.99b±0.5
	1.21a±0.5
	59.68e±0.5
	0.93a±0.50


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).

[bookmark: _Hlk197708979]Table 5. Antioxidant (µg/ml) Properties of Cookies from Wheat, Wheat, Maize, Defatted peanut, and Beetroot Flour Blends.

	Sample Code
	DPPH Scavenging Activity (%)
	SOD (%)
	FRAP (µmol)

	A-100:0:0:0
	20.46a±1.24
	14.28a±5.4
	444.10a ±239.65

	B-0:100:0:0
	17.85a±2.47
	17.69 a ±4.25
	544.94 a ±280.87

	C-0:80:10:10
	34.24b±3.85
	19.73 a ±4.25
	225.53 a ±151.37

	D-0:70:20:10
	33.44b±4.77
	16.33 a ±2.04
	545.99 a ±282.98

	E-0:60:30:10
	30.17b±5.07
	14.96 a ±6.56
	459.10a ±258.6

	F-0:50:40:10
	20.10a±6.02
	22.45 a ±6.12
	647.16 a ±361.4



Values are means ± standard deviations of triplicate determinations. Means in the same
column with different superscripts is significantly different (p<0.05)
[bookmark: _Hlk217912781]Table 6. Sensory Evaluation of Cookies from Wheat, Maize, Defatted peanut, and Beetroot Flour Blends.	Comment by Frank Ukoro: Good
	Sample
	Flavour
	Appearance
	Taste
	Texture
	Crunchiness
	Overall Acceptability

	A-100:0:0:0
	7.75a±1.12
	8.10c±1.07
	7.10a±2.10
	6.95a±2.11
	7.05a±1.43
	7.90b±1.94

	B-0:100:0:0
	6.35b±1.76
	7.20bc±1.67
	6.50a±2.35
	5.95a±2.14
	6.55a±1.43
	6.95ab±1.90

	C-0:80:10:10
	6.00b±1.62
	6.40ab±1.14
	7.10a±0.85
	6.45a±1.15
	6.85a±1.35
	6.65a±1.42

	D-0:70:20:10
	5.50b±1.64
	6.65ab±1.35
	6.85a±1.76
	6.45a±1.23
	6.80a±1.24
	7.05ab±1.05

	E-0:60:30:10
	5.70b±1.92
	5.75a±1.74
	6.30a±1.53
	5.75a±1.62
	6.70a±1.66
	6.40a±1.43

	F-0:50:40:10
	5.80b±1.99
	5.75a±1.65
	6.45a±1.96
	5.90a±1.68
	6.70a±1.59
	6.40a±1.73


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different at (p<0.05).
Proximate Properties of Cookies from Wheat, Maize, Defatted peanut, and Beetroot Flour Blends
The moisture content of the cookie samples ranged from 3.19% to 4.97%. This is similar to results from Ukeyima et al. (2021) (4.64 – 6.82) and lower than those of Olapade & Awofadeju, (2021) (8.33 – 9.17). Moisture content is a critical factor in baked products, as it affects texture, shelf life, and overall quality. Lower moisture levels are generally preferred in cookies to enhance crispness and prevent spoilage (Gebreselassie & Clifford 2016). The ash content ranged from 0.82% to 1.83%, with significant differences among samples A, D, E, and F, while samples B and C did not show significant differences, the values were lower than those of Ukeyima et al, 2021 (3.32 – 4.55) and Margaret et al, 2023 (2.59 – 4.43). Crude fibre content ranged from 2.65% to 12.19%, with significant differences among the samples which are higher than those from Ukeyima et al, 2021 (3.32 – 4.55). Fiber is an important component for digestive health and can contribute to satiety, making it a desirable attribute in snack foods like cookies. Crude fat content varied significantly among the samples, ranging from 20.97% to 27.63%. the values are similar to those of Margaret et al, 2023 (22.39 – 25.69) who studied cookies from yellow maize flour, pineapple pomace flour and breadnut seeds flour. The presence of healthy fats can enhance the sensory properties of baked goods, while also providing essential fatty acids (Khan et al., 2019). The protein content ranged from 8.75% to 14.88% with significant differences among samples A, B, C, and D, while samples E and F did not differ significantly. The results agree with Daud et al, 2023 (1.61 – 16.96) and higher than Johnson et al, 2023 (1.01 - 1.88). Protein is a vital macronutrient that contributes to the structure and texture of baked products. Higher protein content can improve the nutritional value of cookies and enhance their functional properties (Kumar et al., 2017). The carbohydrate content decreased progressively from Sample A (62.56%) to Sample F (39.56%), inversely correlating with increasing protein and lipid content. This trend is similar to Mshelia, 2023 (56.92 – 66.96). Liu et al. (2023) demonstrated that lower-carbohydrate, higher-protein cookies showed better glycemic response in clinical trials, suggesting potential benefits for metabolic health. Energy values range from (423.29 to 486.17) similar to Dada et al, 2023 (389.39 – 451.51), showing less variation than might be expected given the differences in macronutrient composition. 
Mineral Content (mg/g) of Wheat, Maize, Defatted peanut, and Beetroot Flour Blends.
The iron content in cookies ranged from (0.6 - 1.0), Diop et al. (2024) reported that thermal processing can improve the extractability of iron from plant matrices in composite flour products.  Zhang et al (2023) documented that decrease in iron content during cookie production could be attributed to binding with phytic acid from cereal components. Kumar et al (2022), demonstrated that thermal processing can enhance iron bioavailability by degrading anti-nutritional factors. Zinc content in cookies ranges from 0.1 - 0.3. Remarkably, Sample A and B cookies showed a reduction in Zinc compared to the corresponding flour blend. Stoica et al (2024) suggested that certain phytochemicals in beetroot might form stable complexes with zinc during thermal processing, potentially reducing its extractability in analytical procedures. Magnesium content shows minimal variation across cookie samples ranging from 0.05 - 0.086 with no statistically significant differences. The enhanced magnesium content in some samples suggests potential benefits for magnesium bioavailability, which Rajput et al. (2025) identified as a critical factor in addressing "hidden hunger" through fortification. The potassium content in cookies shows a different pattern compared to the flour blends, ranging from 8.73 - 11.51. Calcium content in cookies ranges from 2.43 - 3.44, with significant differences across all samples. Ahmad et al. (2025), demonstrated that calcium from plant sources typically shows retention during baking. The calcium levels in these cookies exceed values reported for conventional wheat cookies (0.4-1.2 mg/g) according to Kumar et al. (2024), positioning them as potential contributors to calcium adequacy in the diet. Sodium content in cookies ranges from 4.9 - 7.63, this elevation is expected due to the addition of sodium-containing ingredients such as salt, baking powder in cookie formulations. Mesías (2015) documented similar increases in sodium content during cookie production. Despite these increases, Samples E and F cookies show relatively modest sodium content, which García-Lorca (2025) identified as a desirable attribute for functional bakery products.
Antinutrient Content of Wheat, Maize, Defatted peanut, and Beetroot Flour Blends.
The antinutrient content in cookies formulated from blends of wheat, maize, defatted peanut, and beetroot flours, reveals significant variations in phytate, oxalate, and lectin levels across the samples (p<0.05). Overall, the observed levels (ranging from 0.037–0.0946% for phytate, 0.0619–0.175% for oxalate, and 0.163–0.708 HU/mg for lectin) are generally low and within ranges reported in similar baked goods, where processing like baking can further mitigate their impact on nutrient bioavailability (Moyo, 2024). In cookies, phytates are particularly relevant because baking does not significantly degrade phytates, unlike fermentation or soaking (Gupta et al., 2015). Oxalates bind calcium, reducing its bioavailability calcium and potentially affecting bone health outcomes among United State adults (Sun and weaver, 2025). According to Huynh et al (2022), high intake of soluble oxalate from the diet can increase the risk of kidney stone formation as well as mineral deficiency.
Vitamin Properties of Cookies from Wheat, maize, defatted peanut and beetroot Flour Blends
The minimal presence of Vitamin A in wheat is an indication that wheat is not a rich source of Vitamin A (Iqbal et al, 2022). Maize flour (Sample B) contains trace amounts, likely from provitamin A carotenoids (Zurak et al, 2021). The increase in Vitamin A in Samples C to F could be attributed to beetroot, a source of vitamins A (Varshney et al., 2022). Vitamin A levels in these cookies are low likely due to thermal degradation during baking, as beta-carotene is heat-sensitive (Santos et al., 2021). The decrease from Sample C (44.79 µg) to F (20.99 µg) with increasing defatted peanut content suggests that defatted peanuts contribute negligibly to Vitamin A (Campos-Mondragón et al., 2022). Wheat flour cookies (Sample A) has a low thiamine content which may be due to refining processes. Maize flour (Sample B) has slightly higher thiamine, consistent with Brouns et al. (2021). Arya et al. (2022) stated that thiamine is heat-sensitive, and high baking temperatures may reduce its retention in cookies. The high niacin content in Samples C to F is driven by defatted peanut flour, a rich niacin source (Santos et al., 2021). The peak at Sample F (59.676 µg) with 40% defatted peanut suggests an optimal balance. Compared to the composite flours (5.59–57.08 µg), cookies retain significantly more niacin, possibly due to formulation factors like added ingredients stabilizing niacin (Santos et al., 2021). Wheat flour (Sample A) has negligible Vitamin C, as expected (Akhtar et al., 2021). The inclusion of 10% beetroot in Samples C to F contributes modestly to Vitamin C, but levels are lower than in Sample B. This is likely due to Vitamin C’s heat and oxygen sensitivity, leading to degradation during baking (Clifford et al., 2023; Santos et al., 2021).
Antioxidant Properties of Cookies from Wheat, Maize, Defatted Defatted peanut, and Beetroot Flour Blends.
The results of the antioxidant properties of cookies made from wheat, maize, defatted peanut, and beetroot flour blends provide important insights into the potential health benefits of these baked products. The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity ranged from 17.85% to 34.24%. The results indicate that samples A, B, and F did not differ significantly, while samples C, D, and E also showed no significant differences among themselves (p<0.05). This variable transformation pattern aligns with findings from Sharma et al. (2023), who documented that thermal processing can have both destructive and enhancing effects on antioxidant capacity. The research demonstrated thhe superoxide dismutase (SOD) content ranged from 14.28 to 22.45, with no significant differences observed among the samples (p<0.05). The SOD activity in cookies ranges from 14.28% (Sample A) to 22.45% (Sample F), showing substantially reduced variability compared to the flour blends and generally lower values across all samples. The Ferric Reducing Antioxidant Power (FRAP) content ranged from 225.53 to 647.16µmol, with no significant differences among the samples (p<0.05). FRAP is a method used to assess the reducing power of antioxidants, indicating their ability to donate electrons and reduce ferric ions to ferrous ions (Benzie & Devaki, 2018). The antioxidant properties of cookies demonstrate moderate DPPH scavenging activity, stable SOD levels, and comparable FRAP values across samples. These findings suggest that incorporating these flour blends into cookies can enhance their antioxidant capacity, potentially providing health benefits associated with reduced oxidative stress.
Sensory Properties of Cookies from Wheat, Maize, Defatted peanut, and Beetroot Flour Blends.
The flavor scores ranged from 5.50 to 7.75, with sample A differing significantly (p<0.05) from samples B, C, D, E, and F.
 Defatted peanut flour is known for its nutty flavor, which can enhance the overall taste of cookies (Zhang et al., 2024). The appearance scores ranged from 5.57 to 8.10, indicating that visual appeal is an important factor in consumer acceptance. The color, shape, and surface characteristics of cookies can significantly influence consumer perception. Beetroot flour can enhance the color of baked products, giving them a more vibrant appearance, which may positively affect consumer acceptance (Punia Bangar, et al., 2023). The taste acceptability ranged from 6.30 to 7.10, with no significant differences (p<0.05) among the samples. Taste is a fundamental sensory attribute that directly impacts consumer enjoyment. The texture and crunchiness of the cookies did not differ significantly (p<0.05), with acceptability scores ranging from 5.75 to 6.95 for texture. Texture is an essential quality attribute that affects the mouthfeel and overall eating experience.
All products performed similarly in crunchiness with no significant differences, with scores ranging from 6.55 to 7.05. The consistency in crunchiness across samples suggests that the flour blends used did not adversely affect the structural integrity of the cookies. The overall acceptability scores ranged from 6.40 to 7.90, with significant differences among the samples. Sample A differed significantly from samples B and D, while samples C, E, and F did not show significant differences (p<0.05). Overall acceptability is a comprehensive measure that encompasses all sensory attributes and reflects consumer preference.
CONCLUSION
This study successfully evaluated the quality of cookies produced from wheat, maize-peanut-beetroot flour blends. The chemical composition and antioxidant properties of the cookies were assessed, revealing enhanced nutritional profiles compared to wheat-based controls. Mineral profiles were enhance in the composite flour cookies as well as the vitamins. Sensory evaluations using a 9-point Hedonic scale indicated favorable aroma, color, taste, crunchiness, and overall acceptability for the composite cookies, particularly those with higher peanut ratios. Baking significantly reduced anti-nutritional factors improving nutrient bioavailability. 
These results underscore the potential of maize-peanut-beetroot flour blends to promote local crop utilization in cookies production, enhance food security, and address protein-energy malnutrition and micronutrient deficiencies in resource limited settings.
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