Effect of orange pomace and carrot flour on nutritional profile of wheat cookies


ABSTRACT
The study aimed at evaluating the effect of orange pomace and carrot flour on nutritional profile of wheat cookies. Wheat, orange pomace and carrot flour samples were formulated into four samples at proportions of 100:0:0, 85:5:10, 80:10:10 and 75:15:10 respectively. Each combination represents sample code of W100P0C0, W85P5C10, W80P10C10 and W75P15C10 respectively. Standard methods were used in raw materials preparation and analyses. Proximate composition showed significant (p<0.05) decrease in protein (8.06-9.77 %) and carbohydrate (55.24-58.19 %) while the crude fat (18.19-19.99 %,), fibre (3.22-3.42 %) and ash (4.43-6.82 %) significantly (p<0.05) increased with orange pomace and carrot flour inclusion in wheat flour cookies. The result showed significant (p<0.05) increase in micronutrients (minerals and vitamins) with orange pomace and carrot flour inclusion in wheat cookies suggesting high micronutrient content of orange pomace and carrot flour. The amino acid content of the cookies samples significantly (p<0.05) decreased with inclusion of orange pomace and carrot flour in the blends. The total essential amino acid falls short of the recommended total essential amino acid of the food and Agriculture Organization showing a correlation with decrease in protein. The study established that inclusion of orange pomace and carrot flour in wheat flour significantly improved the micronutrients of wheat cookies.
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1. INTRODUCTION
The food processing industry has been experiencing continuous growth worldwide, driven by innovations. However, this growth also results in the generation of significant amounts of waste and by-products, which are primarily used as animal feed, while a considerable portion is discarded in landfills (Zhang et al., 2023; Hussain et al., 2024). By-products from fruit and vegetable processing are abundant in bioactive compounds such as polyphenols, proteins, peptides, dietary fiber, and various antioxidants (Hussain et al., 2023; Kalli et al., 2018) offering health and nutritional benefits (Chen et al., 2023).
Fruits from the prestigious citrus family are renowned for being rich in bioactive compounds, particularly fibers, vitamins, and phenolics, which are often linked to various medicinal benefits and health (Spinei et al., 2023). Approximately one-third of the citrus fruits produced globally are processed into fresh juice and citrus-based beverages, leaving behind by-products such as peels, leaves, seeds, and pomace which if not managed properly results to environmental issues (Hussain et al., 2023; Bhat et al., 2019; Mishra et al., et al., 2018) In addition to this problem, their high nutritional content and potentials for use in the production of functional food has created opportunity for utilization in food formulation (Cai et al., 2017). 
Orange pomace, a by-product of orange juice production, is packed with fiber, flavonoids, and phenolic compounds that have demonstrated various health benefits, such as antioxidant and anti-inflammatory properties (Bhat et al., 2019). Likewise, carrot flour, made by drying and grinding carrots, is a rich source of beta-carotene, dietary fiber, and essential micronutrients like vitamin A and potassium, all of which help enhance nutritional intake (Mishra et al., 2018). These qualities make orange pomace and carrot flour useful in production of wheat-based baked goods.
Baked products are a popular choice for consumers worldwide as snack foods made from staple grains are valued for their versatility, nutritional content, affordability, and availability. Most commercially available bakery products are made from different types of flour especially wheat with good baking qualities but nutritionally deficient in essential amino acids, micronutrients and often require supplementation with other functional and nutritious ingredients to enhance their nutritional profile while maintaining consumer appeal. Cookies are among the most widely consumed bakery products, enjoyed by people of all ages, and serve as an excellent medium for incorporating ingredients from other sources to enhance their nutritional value and meet consumer demand for healthier and functional foods (Krajewska and Dziki, 2023).  
Several studies have suggested that partially replacing wheat flour with flour made from fruit waste is an effective strategy to boost the nutritional value of bakery products (Krajewska and Dziki, 2023). For instance, Teke et al. (2023) found that wheat cookies fortified with 4% citrus peel powder were nutritious, functional, and beneficial to health. Qureshi et al. (2017) used grapefruit albedo powder as a fat replacer in fruit cake, and their study showed that replacing up to 8% did not significantly affect the sensory properties. Hassan and Ali (2014) successfully developed toast bread by substituting wheat flour with varying amounts of white grapefruit albedo flour, recommending it for individuals with obesity due to its lower calorie content. Theagarajan et al. (2019) suggested using 6% grape pomace in cookies, which resulted in improved taste and better texture during storage compared to the control sample. Salehi et al. (2020) explored the use of carrot pomace in producing fiber-rich sponge cakes, noting improvements in texture. Similarly, Bertagnolli et al. (2014) created cookies by partially replacing wheat flour with guava peel flour, resulting in higher levels of bioactive compounds. However, there is little or no report on cookies produced by incorporating orange pomace and carrot in cookies production. The study therefore aimed to produce cookies from blends of wheat, orange pomace and carrot flour.
2. MATERIAL AND METHODS
2.1 Source of raw materials
Wheat flour was obtained from Modern Market Makurdi, orange was obtained from Railway Market Makurdi, and carrot roots was purchased from Wadata Market Makurdi Benue and transported to the Food processing Laboratory at the Centre for Food Technology and Research Benue State University Makurdi for processing. Standard chemicals and reagents used for analyses was sourced from the Department of Chemistry, Benue State University Makurdi.
2.1.2 Preparation of orange pomace
Orange pomace powder was prepared following the description of the Khule et al. (2019) with modification as shown in Figure 1. Fresh oranges were washed with clean water to remove any dirt and other contaminants. Next, the oranges were peeled,1 and the juice extracted using a juice extractor. The resulting orange pomace was separated from the juice. The pomace was oven dried at a temperature of 70 ºC for 5 h.  The dried pomace was milled into a fine powder sieved through 40 mesh sieves and then packaged in airtight LDPE polyethylene bags for further use
2.1.3 Preparation of carrot flour.
The method of Marvin (2009) with modification was used in carrot flour processing (Figure 2). After sorting, carrot roots will be cleaned with a table salt solution and then rinsed with potable water. The cleaned carrots were peeled and then manually grated. The grated carrots were blanched in boiling water for three minutes at 90°C, oven dried at 70 °C in an air oven (Genlab OV/100/F) for 5 h. The dried carrots were milled into flour using a blender (Binatone BLG-40C, China), sieved, and sealed in an airtight container for further use.
2.1.4 Blend formulation
Wheat, orange pomace and carrot flour samples were mixed into proportions of 100:0:0, 85:5:10, 80:10:10 and 75:15:10 respectively. Each combination represents sample code of W100P0C0, W85P5C10, W80P10C10 and W75P15C10 respectively (Table 1).
2.1.5	Production of Cookies
Cookies were produced from the five (5) formulations using the method of Oguntoyinbo et al. (2021) with modification. Exactly100g of flour, 45g of white sugar, 45g of margarine, 30mL of egg and 2g of baking powder will be 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 will be 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 as shown in Figure 3.
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Table 1: Blend formulation
	Sample Code
	
	Flours
	

	
	Wheat
	Orange pomace
	Carrot

	W100P0C0
	100
	0
	0

	W85P5C10
	85
	5
	10

	W80P10C10
	80
	10
	10

	W75P15C10
	75
	15
	10






Figure 3: Storage process of Composite flour 
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Table 2: Recipe for cookies production from wheat, orange pomace and carrot flour blends.
	Component
	Composition

	Flour (g)
	100

	Margarine (g)
	45

	Sugar (g)
	45

	Egg (mL)
	30

	Baking powder (g) 
	2


Source: Oguntoyinbo et al. (2021)
2.3 Methods
2.3.1 Proximate composition
Determination of Crude protein content
The crude protein content of the samples was demonstrated using AOAC procedures (2019). One (1) gram of the sample was retained in the digestion tube. Twelve milliliters (12 mL) of (H2SO4) sulphuric acid will be further added to the same tube as well as one digestion catalyst tablet and allowed to digest up until a clarified liquid is attained.
After digestion, the tubes were cooled to ambient temperature, after which 70 mL of water was kept in the digest, and 50 mL of 1 N of (NAOH) sodium hydroxide will be used to neutralize the sulphuric acid present and kept in the digestion tube. 30 ml of about 40% boric acid with methyl red will be measured into a titration flask, and the digest will be distilled onto the boric acid till 150 mL is attained. 
After distillation, the distillates were titrated with HCL until an endpoint of violet was achieved. The procedure will be repeated alongside a blank. The calculation for % crude protein is as follows:
% Nitrogen =  (VS-VB) ×0.014007×100×N)/W   							 (1)
Where, 
W = Weight of Sample
VS = Volume of Sample
VB = Volume of Blank
N = Normality of Titre 
Determination of Moisture Content
 The moisture content of the samples were determined using the AOAC procedures (2019).  Five (5g) of the sample will be measured into cleaned and earlier weighed aluminum crucible. The crucibles were kept inside the oven (OV/200/SSF, Gen Lab, England) and allowed to dry at 1050C for about 4-6 hours. The drying were carried out till a constant weight is reached. The crucibles were then be removed and cooled inside a desiccator. The calculation of moisture was done as follows; 
% Moisture = ((w1- w2)×100)/W 								 (2) 
Where
W= weight of sample
w = Original weight of the sample 
w = Finishing weight of the sample
Crude Fat
The fat content was determined using the AOAC (2019) method of analysis by soxhlet extraction. Three (3) grams of the previously dried sample was measured into a filter paper, tied with a thread to retain its position, and introduced into the soxhlet apparatus. 350 mL of n-hexane was put into a boiling flask, the soxhlet apparatus will be attached to it and the extraction process begun. The extraction took place for 3-5 hours. After extraction, the samples will be taken out and kept in an oven at a temperature of 600C to dry for 30 minutes. The dried samples were cooled inside a desiccator. Afterward, the samples were measured, and the percentage crude fat of the samples was therefore be calculated as; 
%crude	fat =  (w2-w1)×100)/w1 (8)
Where,
W1 = Original weight of sample before extraction
W2 = Finishing weight of sample after extraction
 Crude Fibre
The crude fiber of the samples were determined using AOAC procedures (2019). Two (2) grams of the defatted samples were measured into a titration flask where 200 mL of 0.255N of sulphuric acid was kept in the flask. The mixture is allowed to heat for 1 hour under reflux using a heating mantle, and the mixture is cooled and sieved using muslin cloth; the residue was retained, and filtrate was discarded. 200 ml of 0.313 N of (NaOH) sodium hydroxide was added to the remains further, and then the mix was heated for 1 hour under reflux. The mixture was filtered while the residue was retained. The residue was kept drying in the oven (OV/200/SSF, Gen Lab, England) at 105oC for 3 hours. The residue was cooled to 30oC and then measured. The crucible was then transfer to the muffle furnace for ashing, and the resultant sample was cooled inside a desiccator, after which it was weighed. The calculation is as follows:
% crude fibre = ((w1-w2)×100)/w 								 (3)
Where, 
W1= weight of the sample before ashing
W2 = weight of the sample after ashing
W = weight of sample
 Determination of Ash content
Ash content was determined using procedures of AOAC (2019). A clean crucible was weighed. Five (5) grams of each sample will be measured inside the crucible. The muffle furnace was preheated to a temperature of 600 oC, and the crucible was kept inside the oven until ashing is completed. After ashing, the ash sample was moved from the muffle furnace to a desiccator for cooling, after which it was measured. The percentage ash composition calculation was as follows;
% Ash = ((w1-w2)×100)/w2  									(4)
Where,
W1 = Original weight of the crucible
W2 = Original weight of the sample
Carbohydrate 
Carbohydrate composition was determined according to the method of Ihekonronye and Ngoddy (1985). It was done by subtracting the percentage of the other proximate parameters such as crude fat, moisture, crude protein, ash, and crude fiber from 100%.
2.3.2 Determination of mineral content of wheat, orange pomace, and carrot flour blends cookies
The method of AOAC (2019), with slight modification was used to determine the minerals' contents. Mineral analysis of samples was determined in two phases: sample digestion and atomic absorption spectrophotometer (AAS) analysis.
Sample digestion
Into a digestion tube, 1 g of the sample was weighed; 15 ml of concentrated Nitric acid (HNO3) was added to each sample and digested for 30 min at 150 °C in a digester inside a fume chamber. The sample will be digested until the solution turns pale yellow and allowed to cool. Ten milliliters of concentrated perchloric acid (70% HClO3) was added, and the digestion will continue at 200°C until the solution becomes colorless. After complete digestion, the solution was cooled slightly, and 80 mL of distilled water was added. The mixture was boiled for about 10 min and filtered through Whatman No. 42 filter paper into a 250 mL volumetric flask. The solution was made to the mark with distilled water.
 Determination of the concentration of Ca, Mg, K, P, I.
The above mineral concentrations were determined using an Atomic Absorption Spectrometer (Spectra AA220FS Model). The mineral contents in the samples were calculated, and the results was expressed in mg/100 g.
2.3.3 Determination of vitamins composition
The methods of AOAC (2019) was used in the determination of vitamins (A, B1, B2, and C)
 Determination of vitamin A content
The method of AOAC (2019) using the colorimeter was adopted.  This measured the unstable color at the absorbance of 620nm that resulted from the reaction between vitamin A and SbL3.
Pyrogallol (antioxidant) was added to a 2g sample prior to saponification with 200 alcoholic KOH. The saponification took place in the water bath for 30 minutes. The solution was transferred to a separating funnel where water will be added.  The solution will be extracted with 1–2.5ml of hexane.  The extract will be washed with an equal volume of water. The extract was filtered through filter paper containing 5g anhydrous Na2SO4 into the volumetric flask. The filter paper was rinsed with hexane and made up to volume.  The hexane will be evaporated from the solution and blank.  About 1ml chloroform and SbL3 solution was added to the extract and blank. The reading of the solution and blank was taken from the colorimeter and adjusted to zero absorbance or 100%.
Calculation 
 Vitamin A = A620nm x SL x (V/Wt) Mg                                                                          			  (5)
Where
 A620nm   =   Absorbance at 620nm
 SL =    Slope of the standard curve (Vit. A conc) + A620 reading
 V =  Final volume in colorimeter tube
Wt =    Weight of sample 

Determination of vitamin B1 (Thiamine) content
Thiamine content was determined using the scalar analyzer method of AOAC (2019). Five grams of each sample was homogenized in 5ml normal ethanoic sodium hydroxide solution. The homogenate was filtered and made up to 100ml with the extract solution.  A 10 mL aliquot of the extract was dispensed into a flask, and 10ml of potassium dichromate solution was added. The resultant solution was incubated for 15min at room temperature (25±10C). The absorption was read from the spectrophotometer at 360nm using a reagent blank to standardize the instrument at zero. The thiamine content was calculated as follows:  
 Thiamine mg/100g =                                                                                     (6)                                        
Where; 
W = Weight of sample analyzed
au = Absorbance of the sample solution 
as = Concentration of standard solution 
C = Concentration of standard solution 
d = Dilution factor  
Determination of Vitamin B2 (Riboflavin) Content
Riboflavin will be determined according to the AOAC method (2019). Two grams of the sample will be placed in a conical flask, and 50ml of 0.2N HCl was added to the sample, boiled for 1 hour, and then cooled. The pH was adjusted to 6.0 using sodium hydroxide. About 1N HCl was added to the sample solution to lower the pH to 4.5. The solution was filtered into a 100ml measuring flask and made to volume with water.  To remove interference, two tubes was taken, labeled 1 and 2.  Ten milliliters of filtrate and 1ml of riboflavin standard will be added to test tube 2.  About 1 mL of glacial acetic acid was added to each tube and mixed, and then 0.5 ml of 3%KMnO solution was added to each tube.  They were allowed to stand for 2 minutes, after which 0.5ml of 3% H2SO4 was added and mixed well.  The fluorimeter was adjusted to the excitation wavelength of 470nm and emission wavelength of 525nm. The fluorimeter was adjusted to zero deflection against 0.1N H and 100 against tube 2 (standard). The fluorescence of tube one was read. Two milliliters of sodium hydrogen sulfate was added to both tubes, and the fluorescence will be measured within 10 seconds.  This was recorded as a blank reading. 
Calculation: 
Riboflavin mg/g =                                                                                                    		 (7)
Where
 W = Weight of sample
 X = Reading of sample – blank reading
 Y = Reading of sample + standard tube (2) – reading of sample + standard blank.

Determination of vitamin B3 content
A measured weight (5 g) of each sample was treated with 50 ml of 1N sulphuric acid (H2S04 solution) and will be shaken for 30 min. The mixture was treated further with three drops of aqueous ammonia and filtered. The filtrate (extract) was used for the analysis. Standard niacin (nicotinic acid) solution will be prepared and diluted as desired. About 10 mL portion of the standard solution, sample extract, and 10 mL of the acid solution (treated with a drop of ammonia) will be dispensed into separate flasks to serve as standard, the sample and reagent blank, respectively. Each of them will be treated with 5 mL of normal potassium cyanide solution and acidified with 5 ml of 0.02N H2SO4 solution; its absorbance was read in a spectrophotometer at a wavelength of 470 nm. The reagent blank was used to calibrate the instrument at zero. Niacin content was calculated using the formula;
 								(8)
Where
W - Weight of sample analyzed
Au= Absorbance of sample
As= Absorbance of standard solution
C = Concentration (mg/ml) of standard solution
Vf = Total volume of filtrate
Va = Volume of filtrate analyzed
D = Dilution factor where applicable
C =Concentration of standard solution
Vf =Total volume of filtrate
Va =Volume of filtrate analyzed
D =Dilution factor where applicable

 Determination of Vitamin C (Ascorbic acid) content
The method described by AOAC (2019) was used. Exactly 10g of the sample was extracted with 50Ml EDTA/TCA (50 g in 50ml of water) extracting solution for an hour and filtered through a Whatman filter paper into a 50ml volumetric flask and made up to the mark with the extracting solution. Twenty (20mL) of the extract was pipetted into a 250ml conical flask, 10ml of 30% K.I. was added, and 50 mL of distilled water was added. This was followed by 2 ml of 1% starch indicator. The solution will be titrated against 0.02 mL CuSO4 solution to a dark endpoint. The vitamin C content was calculated as :
                                                                                           (9)
Where
Vf = Volume of extract
T = Sample titre – blank titre.
2.3.4 Determination of Essential and Non-Essential Amino Acids wheat, orange pomace, and carrot flour blends cookies
The method used for the essential and non-essential amino acids was AOAC (2019). Twenty micrograms (20 μg) of each of the samples was dried in conventional hydrolysis tubes. To each tube, 100 μL of 6 mol L-1 HCl containing 30 phenol and ten 2-mercaptoethanol (6mol L-1 HPME) was added and the tubes was evacuated, sealed,d and hydrolyzed at 110 0C for 22 hours. After hydrolysis, HCl was evaporated in a vacuum bottle heated to about 600C. The residue was dissolved in a sample buffer and analyzed for amino acids using a reverse-phase high-performance liquid chromatography (RP-HPLC) with an Agilent 1100 assembly system (Agilent Technologies, Palo Alto, CA 94306, USA) and Zorbax 80A C18 column (4.6 id x 180 mm). The excitation wavelength (Ex) of 348 nm and emission wavelength (Em) of 450 nm will be chosen. The column oven was maintained at 60 0C. Amounts of amino acids was determined by calculations using the recorded chromatogram. For cystine determination, 50 μg of the formulations was first be oxidized with ten μl performic acid in an ice-water bath for 4 hours. The mixtures were evaporated with a vacuum pump to remove performic acid before hydrolysis. The determination of tryptophan was done using the ninhydrin method. One gram of each formulation was put into a 25 ml polypropylene test tube with caps, and 10 ml of 0.075 N NaOH was added and thoroughly mixed until a clear solution was obtained. The dispersion was shaken for 30 min and centrifuged at 5000 rpm for 10 min, and the supernatant liquid was transferred into a clean test tube. The supernatants (0.5m), 5ml of ninhydrin reagent (1.0g of ninhydrin in 100 ml mixture of 37 % HCl and 96 % HCOOH) in a ratio of 2:3 for all the samples were added and incubated at 35 0C for 2hours. After incubation, the solution was cooled to room temperature (23-25 0C,) and made up to 10 mL using diethyl ether, thoroughly mixed using a vortex and filtered and the clear filtrates will be analyzed with the same equipment as described above for the other amino acids.
3. RESULT AND DISCUSSION
3.1 RESULTS
Proximate composition: The proximate composition of cookies produced from blends of wheat, orange pomace and carrot flour blends are presented in Table 1. The Protein content, fat, fibre, ash and moisture content significantly (p<0.05) increased with the inclusion of orange pomace and carrot flour with value range of 8.06-9.77 %, 18.19-19.99 %, 3.22-3.42 %, 4.43-6.82 % and 6.20-6.47 %. The carbohydrate ranged 55.24-58.19 %.
Mineral content: The mineral content of cookies produced from blends of wheat, orange pomace, and carrot flour presented in Table 2 showed significant (p<0.05) increase in all the minerals with inclusion of orange pomace and carrot flour in the blends. In all the samples, the sample (W100P0C0) without orange pomace and carrot flour inclusion was least in mineral content while the sample (W75P15C10) with 15% and 10% carrot flour inclusion was higher in mineral content. The magnesium, potassium, calcium, iron and phosphorus content ranged from 34.56-61.37 mg/100 g, 368.10-616.30 mg/100 g, 217.30 – 396.30 mg/100 g, 5.25-12.85 mg/100 g and 94.70-171.20 mg/100 g respectively.
Vitamin content: The Vitamin content of cookies produced from blends of wheat, orange pomace, and carrot flour presented in Table 3 showed significant (p<0.05) increase in all the vitamins with inclusion of orange pomace and carrot flour in the blends. In all the samples, the sample (W100P0C0) without orange pomace and carrot flour inclusion was least in vitamin content while the sample (W75P15C10) with 15% and 10% carrot flour inclusion was higher in vitamin content. The vitamin A, B1, B2, B3 and C content ranged from 25.16 – 87.41 IU/100 g, 0.27-0.83 mg/100 g, 1.15-3.00 mg/100 g, 0.26-0.73 mg/100 g and 23.46-43.73 mg/100 g respectively.
Amino acid profile: The amino acid profile of cookies produced from blends of wheat, orange pomace and carrot flour. The Amino acid profile is presented in Table 4 and 5. Essential amino (Table 4) showed significant (p<0.05) difference in all the essential amino acid analysed. The lysine, methionine, Isoleucine, leusine, phynylalnine, valine, tryptophan and histidine ranged from 2.63-4.02 mg/100 g, 1.14-1.67 mg/100 g, 2.27-4.45 mg/100 g, 2.86-3.96 mg/100 g, 3.85-4.83 mg/100 g, 4.02-4.94 mg/100 g, 3.78-4.54 mg/100 g and 1.87-3.57 mg/100 g respectively.
The non-essential amino acid also differed significantly (p<0.05) with inclusion of orange pomace and carrot flour. The arginine, serine, cysteine, tyrosine, alanine, aspartic acid, glutamic acid, glycine and proline ranged from 4.25-5.24 mg/100 g, 3.13-4.16 mg/100 g, 0.72-2.65 mg/100 g, 4.63-6.14 mg/100 g, 2.73-3.16 mg/100 g, 6.54-7.63 mg/100 g, 3.16-5.07 mg/100 g3.43-4.29 mg/100 g and 1.84-3.99 mg/100 g respectively.

3.2 DISCUSSION
3.2.1 Effect of orange pomace and carrot flour inclusion on proximate composition of wheat cookies
The proximate composition (Table 1) showed significant (p<0.05) decrease in protein content with inclusion of orange pomace and carrot flour in the blends. The decrease in protein content could be attributed to low protein content of orange pomace and carrot as compared to wheat. The result agreed with the report of Ogo et al. (2021) who reported decrease (10.44-11.80 %) in novel biscuit produced from wheat, watermelon rind and orange pomace. The protein content reported by this study also showed similarity with the 7.09 to 8.49 % protein content reported by Khule and Giram (2019) in orange pomace fortified biscuit. Protein is one of the most important components of a diet and is an essential ingredient forming part of a healthy balanced diet (Kumar et al., 2023). Vegetable proteins in forms of flour, concentrates, and isolates have been incorporated in many food systems for better nutritional values and functionality than product produced solely from cereals like wheat (Kumar et al., 2023). 
The fibre content significantly (p<0.05) increased with inclusion of orange pomace and carrot flour in the blends. The increase in fibre content could be attributed to the inclusion of orange pomace in the blends as Arcia et al. (2024) reported high fibre content (31.02 g/100 g) in orange pomace. The fibre content reported by this study was within 1.50-3.50% reported by Khule and Giram (2019) in orange pomace fortified biscuit but was below the 1.30- 21.22% reported by of Ogo et al. (2021) in novel biscuit produced from wheat, watermelon rind and orange pomace. The variation in result could be due to the raw materials used in cookies production. Fiber is known to promote bowel regularity, reduce blood cholesterol levels, and help in the prevention of type 2 diabetes as well as colon cancer. The recommended daily intake differs by age and sex, generally ranging between 25–38 grams (Vinelli et al., 2022), with dietary guidelines suggesting 14 grams per 1,000 kilocalories consumed. However, the fiber levels reported in this study fall short of these recommended values.
The significant (p<0.05) increase in fat content with inclusion orange pomace and carrot flour in the blends agreed with the report of Ogo et al. (2021) in novel biscuit produced from wheat, watermelon rind and orange pomace. However, the fat content reported by this study was slightly higher. This could be due to the variation in raw materials used in flour formulation for cookies production. The fat content also agreed with the 15.80 - 16.82% reported by Khule and Giram (2019) in orange pomace fortified biscuit.  The increase in fat content is advantageous in supporting the overall energy supply for consumers.
The ash content of a food product can serve as an indicator of its mineral composition, as ash represents the inorganic residue left behind after the removal of water and organic matter through heating in the presence of an oxidizing agent (Adelekan et al., 2019). The ash content significantly (p<0.05) increased with the inclusion of orange pomace and carrot flour implying high mineral content of the fruit flour samples. Ogo et al. (2021) also reported significant (p<0.05) increase (1.31- 14.75 %) in fat content of novel biscuit produced from wheat, watermelon and orange pomace flour blends. The ash levels observed in the samples indicate that, besides being suitable for consumption, orange and carrot flour could also serve as a valuable source of mineral elements.
The inclusion of orange pomace and carrot flour significantly (p<0.05) decreased the carbohydrate content of flour blends cookies probably due to increase in parameters of ash, fat, fibre and moisture since carbohydrate is determined by difference. Cereals are generally high in carbohydrate and substituting cereals with other flours reduces the carbohydrate content. Therefore, the decrease in carbohydrate can be attributed to the inclusion of orange pomace and carrot flour. Ogo et al. (2021) also reported observed in carbohydrate content and reported a range of (17.63- 66.91 %) in novel biscuit produced from wheat, watermelon and orange pomace flour blends
3.2.2 Effect of orange pomace and carrot flour inclusion on mineral content of wheat cookies
Minerals are essential for maintaining both physical and mental health. They play vital roles in the development and maintenance of bones, teeth, tissues, muscles, blood, and nerve cells. Furthermore, they help regulate the body’s acid-base balance, facilitate nerve responses to physiological signals, and aid in blood clotting (Razzaque & Wimalawansa, 2025). In this study, all the analyzed minerals showed a significant (p<0.05) increase with the incorporation of orange pomace and carrot flour, likely due to the high mineral content of these ingredients.
Magnesium is an essential micronutrient required for maintaining healthy teeth, synthesizing new proteins, activating enzymes, supporting proper muscle contractions, and facilitating nerve impulse transmission. The addition of orange pomace and carrot flour in wheat-based cookies had a significant (p<0.05) effect on the magnesium content. The magnesium levels did not agree with the report of Ogo et al. (2021) who reported slight decrease (138.45-131.50 ppm) in magnesium content with inclusion of watermelon and orange pomace in wheat-based novel biscuit.The magnesium content in this study was below the Institute of Medicine (IOM) recommendation of 130 mg/day for the United States. The magnesium content reported by this study did not meet the recommended dietary allowance (RDA).
The potassium content reported by this study showed the same trend with higher values as compared to the 17.09-19.28 mg/100 g and 20.81-34.17 mg/100 g reported by Salem et al. (2020) in biscuit produced from wheat-tomato pomace and wheat-Pomegranate peels powder respectively. The higher content reported by this study could be attributed to the variation in raw materials and level of substitution. A potassium-rich diet can help lower blood pressure and promote better cardiovascular health. Potassium is a vital nutrient required for maintaining overall body function, regulating fluid balance, supporting electrolyte stability, and ensuring normal cellular activity (Mohamed et al., 2025). As the main positively charged ion found inside cells, potassium is largely bound to proteins and, together with sodium, helps regulate osmotic pressure and maintain proper pH balance in the body (Odimegwu et al., 2019). The potassium content of the cookies was below the 3800mg/ day recommendation by institute of medicine of the United state. 
The result of calcium content also significantly (p<0.05) increased. The result of this study agreed with the trend of result reported by Ogo et al. (2021) in novel biscuit produced from blends of wheat, watermelon and orange pomace flour blends. However, the calcium content reported by this study was higher than the calcium content reported by Ogo et al. (2021). This could be attributed to the difference in raw materials used in cookies production. Calcium is a vital nutrient necessary for the formation and strengthening of bones and teeth, as well as for regulating cellular activities within body tissues. It also contributes to proper muscle contraction and nerve transmission (Willingham et al., 2023). Among all minerals, calcium is considered the most crucial for the body, and its deficiency is more widespread than that of any other mineral (Edima-Nyahet al., 2019). Calcium, along with phosphorus and vitamin D, works to prevent conditions such as rickets in children, osteomalacia (adult rickets), and osteoporosis (bone weakening) in the elderly (Miller & Imel, 2022). 







Table 3: Effect of orange pomace and carrot flour inclusion on proximate composition of wheat cookies
	Samples
	Crude Protein
	Crude fibre
	Crude fat
	Ash
	Moisture
	Carbohydrates

	W100P0C0
	[bookmark: _Hlk208059664]9.77d±0.01
	3.22c±0.03
	18.19d±0.01
	4.43d±0.01
	6.20c±0.02
	[bookmark: _Hlk208060244]58.19a±0.08

	W85P5C10
	9.34c±0.02
	3.32b±0.02
	18.65c±0.03
	5.97c±0.02
	6.23b±0.03
	56.49b±0.11

	W80P10C10
	8.14b±0.03
	3.37ab±0.02
	19.34b±0.03
	6.67b±0.02
	6.26c±0.02
	56.22c±0.13

	W75P15C10
	8.06a±0.02
	[bookmark: _Hlk208059766]3.42a±0.03
	[bookmark: _Hlk208059882]19.99a±0.02
	[bookmark: _Hlk208059999]6.82a±0.02
	[bookmark: _Hlk208060052]6.47a±0.02
	55.24d±0.11


Values are means ± standard deviations of 2 replicates. Means in the same column with different superscripts are significantly (p<0.05) different. W= Wheat, P= pomace, C= carrot
Table 4: Effect of orange pomace and carrot flour inclusion on mineral content of wheat cookies
	Samples
	Mg
	K
	Ca 
	Fe 
	P 

	W100P0C0
	34.56d±0.02
	368.10d±0.01
	217.30d±0.03
	5.25d±0.02
	94.70d±0.03

	W85P5C10
	38.27c±0.02
	385.50c±0.02
	317.30c±0.02
	8.24c±0.03
	118.00c±0.03

	W80P10C10
	54.52b±0.02
	492.20b±0.02
	388.40b±0.02
	12.12b±0.02
	144.60b±0.03

	W75P15C10
	61.37a±0.03
	616.30a±0.03
	396.30a±0.04
	12.85a±0.03
	171.20a±0.04


Values are means ± standard deviations of 2 replicates. Means in the same column with different superscripts are significantly (p<0.05) different. W= Wheat, P= pomace, C= carrot
Table 5: Effect of orange pomace and carrot flour inclusion on the Vitamin content of wheat cookies
	Samples
	A (IU/100g)
	B1 (mg/100g)
	B2 (mg/100g)
	B3 (mg/100g)
	C (mg/100g)

	W100P0C0
	25.16d±0.04
	0.27d±0.02
	1.15c±0.03
	0.26d±0.02
	23.46d±0.02

	W85P5C10
	67.20c±0.03
	0.40c±0.03
	1.43bc±0.02
	0.40c±0.04
	31.23c±0.02

	W80P10C10
	73.33b±0.03
	0.50b±0.04
	2.13ab±0.68
	0.62b±0.03
	38.64b±0.02

	W75P15C10
	87.41a±0.04
	0.83a±0.02
	3.00a±0.04
	0.73a±0.03
	43.73a±0.03


Values are means ± standard deviations of 2 replicates. Means in the same column with different superscripts are significantly (p<0.05) different. W= Wheat, P= pomace, C= carrot






Table 6: Effect of orange pomace and carrot flour inclusion on the essential amino acid content of wheat cookies
	Samples
	Lysine
	Methionine
	Threonine
	Isoleusine
	Leusine
	Phenylalanine
	Valine
	Tryptophan
	Histidine
	TEAA

	W100P0C0
	3.62a±0.03
	1.67a±0.03
	2.27a±0.04
	2.86c±0.02
	4.78a±0.02
	2.83a±0.03
	2.94a±0.02
	2.99a±0.03
	1.87a±0.02
	25.83

	W85P5C10
	3.01a±0.03
	1.54b±0.02
	2.02b±0.03
	2.99b±0.04
	4.44b±0.03
	2.75b±0.03
	2.87b±0.01
	2.63a±0.04
	1.66b±0.01
	23.91

	W80P10C10
	3.17b±0.03
	1.24c±0.03
	1.83c±0.04
	3.97a±0.01
	4.02b±0.02
	2.35c±0.02
	2.17c±0.01
	2.12b±0.02
	1.37c±0.03
	22.24

	W75P15C10
	2.63c±0.02
	1.14d±0.02
	1.37d±0.02
	3.96a±0.02
	3.95c±0.02
	2.12d±0.02
	2.02d±0.03
	1.78c±0.01
	1.17d±0.01
	20.14

	WHO/FAO
	4.5
	2.50
	2.30
	3.0
	5.9
	4.0
	3.9
	0.6
	1.5
	28.20


Values are means ± standard deviations of 2 replicates. Means in the same column with different superscripts are significantly (p<0.05) different. TEAA= Total essential amino acid
[bookmark: _GoBack]Table 7: Effect of orange pomace and carrot flour inclusion on the non-essential amino acid content of wheat cookies
	Samples
	Arginine
	Serine
	Cysteine
	Tyrosine
	Alanine
	Aspartic acid
	Glutamic acid
	Glycine
	Proline
	TNEAA

	W100P0C0
	1.99a±0.02
	2.73a±0.01
	0.97a±0.02
	3.63a±0.02
	2.73a±0.02
	2.54a±0.02
	2.16a±0.03
	2.43a±0.03
	1.84a±0.02
	21.02

	W85P5C10
	1.77b±0.03
	2.51b±0.01
	0.72b±0.01
	3.44b±0.03
	2.53b±0.03
	2.42b±0.02
	2.11b±0.02
	2.38b±0.02
	1.80b±0.04
	19.85

	W80P10C10
	1.75b±0.00
	2.22c±0.01
	1.71b±0.01
	3.12c±0.01
	2.52b±0.03
	2.41b±0.03
	2.09b±0.02
	2.24c±0.04
	1.79b±0.01
	19.68

	W75P15C10
	1.24c±0.02
	2.10d±0.01
	1.65c±0.01
	2.99d±0.02
	2.16c±0.01
	2.23c±0.03
	1.98c±0.02
	2.20d±0.04
	1.69c±0.04
	18.24


Values are means ± standard deviations of 2 replicates. Means in the same column with different superscripts are significantly (p<0.05) different. TNEAA= Total non-essential amino acid



The significant (p<0.05) increase in phosphorus and iron content agreed with the report of Ogo et al. (2021) and Salem et al. (2020) who respectively reported increase in phosphorus content (35.22- 40.72 %) in novel biscuit produced from blends of wheat, watermelon and orange pomace flour and iron content (1.49-1.60 %) in biscuit produced from wheat-tomato pomace powder respectively. The increase in phosphorus and iron content could be attributed to the inclusion of orange pomace and carrot flour as fruits are reportedly high in minerals. Iron is important in nutrition for activation of some enzymes and for synthesis of amino acids, collagen, neurotransmitters and hormones (Jomova et al., 2022).
3.3.3	Effect of orange pomace and carrot flour inclusion on vitamin content of wheat cookies
The vitamin A content of cookies significantly (p<0.05) increased with addition of orange pomace and carrot flour blends. The sample with 15% orange pomace seed and 10% carrot flour had higher Vitamin A content as compared to the control sample. The inclusion of orange pomace and carrot flour could account for the increase in vitamin A content. The vitamin A content reported by this study agreed with the report of Dinnah et al. (2020) who reported increase (341.53- 653.27 (μg /100 g) in cookies produced from wheat, almond seed and carrot flour blends. However, comparatively low values were reported by this study, and this could be due to difference in raw materials used in formulation. Vitamin plays a crucial role in cell repair and maintenance, immune function, and the development of nerve cells. The vitamin A content did not meet the adequate intake of 300µg/day recommendation by IOM (2005).
The B-vitamins (Vitamin B1, B2 and B3) significantly (p<0.05) increased level of orange pomace and carrot flour inclusion in wheat flour probably due to the addition of orange pomace and carrot flour to wheat flour. The report of this study agreed with the Dinnah et al. (2020) who observed a similar trend in result with reported values of 1.52-2.45 mg/100 g, 0.65-0.92 mg/100 g and 3.12-3.52 mg/100 g for Vitamin B1, B2 and B3 respectively. 
In the metabolism of carbohydrates and branched-chain amino acids, thiamine serves as the coenzyme thiamine pyrophosphate (TPP). Thiamine (vitamin B1) is essential for various biological processes, playing a key role in macronutrient metabolism and supporting proper nerve function. All the values obtained were within the WHO /FAO safe level recommendation of 0.2 - 0.9 mg/day for infants and children.
Riboflavin plays a vital role in energy metabolism, eye health, maintaining mucous membranes, supporting immune function, and aiding in red blood cell production. The nutrient intake requirement for infants and children given by WHO / FAO (2004) recommendation of Riboflavin is 0.3 – 0.9 mg. The result obtained in this study was in line with the recommendation stated above.
Vitamin B3, or niacin, is a vitamin that is found in very few cereal crops. Pellagra is a chronic wasting disease caused by niacin deficiency, which is accompanied by a characteristic bilateral and symmetrical erythematous dermatitis and diarrhea due to inflammation of the intestinal mucous surfaces (Manzoni & Cunha, 2023). All the samples could not meet the 2 – 12 mg/day for infants and children recommendation by WHO / FAO (2004).
Supplementing wheat flour with orange pomace and carrot flour led to significant (p<0.05) increase in vitamin C levels. A related study by Dinnah et al. (2020) on cookies produced from wheat, almond and carrot flour found vitamin C levels ranging from 2.09 mg/100 g to 3.007 mg/100 g. Vitamin C (ascorbic acid) acts as a coenzyme in iron absorption and supports wound healing. The samples met the 20 mg/100-day requirement reported by (SON, 2010).
3.3.4 Effect of orange pomace and carrot flour inclusion on amino acid profile of wheat cookies
Amino acids are the fundamental units that make up proteins and play crucial roles both as protein building blocks and as key components in metabolic processes. Each amino acid found in food contributes uniquely to the body's growth and proper functioning. However, essential amino acids are particularly important because the body cannot produce them, and they must be obtained in sufficient amounts from the diet. Generally, the total essential amino acids of the cookies ranged from 20.14-25.83 mg/100 g protein. There was significant (P<0.05) decrease in both total amino acids and total essential amino acids observed with higher levels orange pomace and carrot flour inclusion (Table 4 and 5) are likely due to low level of protein with inclusion of orange pomace in the blends. The results also showed that lysine and sulphur containing amino acids (methionine) and trytophan, which are known to be limiting in cereals, and some legumes also significantly (p<0.05) decrease with inclusion of orange pomace and carrot in the blends. The result did not agree with the report of Ezegbe et al. (2023) who reported improved amino acid profiles in physicochemical, amino acid profile and sensory qualities of biscuit produced from a blend of wheat and velvet bean (Mucuna pruriens) flour, the difference in result which could be attributed to the legume use in the formulation as legumes are reportedly high in protein. In comparison with the essential amino acid recommendation of the Food and Agriculture Organization, the results showed that all the blended samples had lower concentrations of the essential amino acids when compared to the recommended values (28.20 mg/100 g) by WHO/FAO (2007)
4. CONCLUSION
The study established that the inclusion of orange pomace and carrot flour in wheat significantly improved the micronutrients profile of wheat cookies suggesting that orange pomace and carrot flour are valuable food materials in micronutrients malnutrition prevention. 
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