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PROXIMATE, MINERAL, VITAMIN AND ANTINUTRIENTS COMPOSITION OF COMPOSITE BREAD PRODUCED FROM BLENDS OF WHEAT AND DRY ORANGE PULP FLOURS

Abstract: The effect of dry orange pulp powder on the chemical (proximate, mineral, vitamin and anti-nutrients) composition of bread was evaluated. Composite bread was produced from the combination of wheat and dry orange pulp flours. The proportion of wheat and dry orange pulp flours were: 100 % wheat flour (sample A) as control, 95:5 % (B), 90:10 % (C), 85:15 % (D), 80:20 % (E), 75:25 (F) % and 70:30 % (G). Standard methods were employed for analyses of both the flour and bread with respect to proximate, mineral, vitamin and anti-nutrients composition. Proximate compositionparameters range wereCrude fat (12.34 to 8.97 %), crude fibre (0.00 to 2.09 %), ash (1.98 to 3.25 %), moisture (20.15 to 39.55 %), protein (13.07 to 14.79 %), carbohydrate (71.62 to 74.54 %) and energy (427.60 to 453.10 Kcal/100 g). The ranges of 5.56 to 8.55 mg/100 g, 2.23 to 4.45 mg/100 g, 20.34 to 38.86 mg/100 g, 44.45 to 58.54 mg/100 g and 23.34 to 59.33 mg/100 g were, respectively, obtained as mineral content of calcium, iron, phosphorus, potassium and sodium. The vitamin content (folate, niacin, riboflavin, thiamin and ascorbic acid) ranged from 0.23 to 0.42 mg/100 g, 1.44 to 1.68 mg/100 g, 0.003 to 0.008 mg/100 g, 0.007 to 0.108 mg/100 g and 0.00 mg/100 g, respectively. The anti-nutrients composition with respect to hemagglutinin, oxalate, phytate, tannins and trypsin inhibitors, respectively, ranged from 0.11 to 0.78 HUI/100 g, 0.02 to 0.08 g/100 g, 0.00 to 0.32 g/100 g, 0.25 to 0.82 g/100 g and 0.00 to 0.72 TIA/100 g. The partial substitution of wheat flour with dry orange pulp powder up to 30 % level was effective in improving the chemical properties of bread. 
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INTRODUCTION
Bread is a staple food consumed by majority of the population round the globe. Bread was described by Dewettinck et al. (2008) as a fermented confectionary product produced from the combination of different ingredients mainly from wheat flour, water, yeast and salt by a series of processes involving mixing, kneading, proofing, shaping and baking. It is an important staple food in both developing and developed countries and constitutes one of the most important sources of nutrients such as carbohydrates, protein, fibre, vitamins and minerals in the diets of many people worldwide (Aider et al., 2012). Wheat flour is the major component in bread formulation and production.
[bookmark: _Hlk140552811]Consumption of wheat‐based products is on the increase as population and urbanization increases and large-scale production of wheat in Nigeria and other countries in the tropic has not been possible due to poor climate (Malomo et al., 2011). Several studies (Malomo et al., 2011; Malomo et al., 2013; Mepba et al., 2007; Adeleke and Odedeji, 2010; Lin et al., 2009).have reported the prospects of composite flour technology as a means of reducing over dependence on wheat for the production of bakery products.  Wheat is imported from other countries to Nigeria involving huge amount of money leading to high cost of bread and hence composite flour is recommended (Olaoye et al., 2006).  In countries where malnutrition poses a serious problem especially among children, composite flours would be highly desirable as they have better nutritional quality compared with single flour (Olaoye et al., 2006). 
[bookmark: _Hlk140556823]Tharise et al. (2014) defined composite flour technology as the process of mixing various flours from tubers with cereals or legumes with or without the addition of wheat flour in proper proportions to produce high quality food products. Partial as against the desired complete replacement of wheat flour with indigenous materials remains the only viable practical option (Malomo et al., 2013). Dry orange pulp powder is one of such materials. 
Dry orange pulp powder is a product produced from the orange fruit (orange pulp) that has been dried at appropriate conditions and milled into powdery consistency.  Dietary Fibre refers to the edible portion of plants or analogous carbohydrates that are resistant to digestion and adsorption in the human small intestine, with complete or partial fermentation in the large intestine (Sangnark and Noomhom, 2004). They are desirable for their nutritional, functional, rheological and technological properties.
Wheat is a good source of protein compared to orange pulp powder even though its protein quality may not be as expected. However, refined wheat flour contains a very low quantity of dietary fibre, vitamins and minerals due to processing that remove a greater proportion of these nutrients found in the bran and hulls layer of the wheat grain. Conversely, the orange pulp power is a good source of dietary fibre, vitamins and minerals. Therefore, blending wheat flour with dry orange pulp powder for bread production will improve the overall dietary fibre, vitamins and mineral contents of the composite breads.
This study aimed to find out the effect of supplementation of wheat bread with different levels of dry orange pulp powder on the proximate, mineral, vitamin and antinutrient composition of bread. 
	
MATERIALS AND METHODS
Raw Materials Procurement
Fully ripened oranges (Citrus sinensis) were purchased from Railway Market Makurdi, Benue State, while wheat flour and other ingredients for bread production (such as sugar, salt, yeast and margarine) were purchased from Wurukum Market Makurdi, Benue State of Nigeria and were transported to the laboratory of the Department of Food Science and Technology, Joseph Sarwuan Tarkaa University, Makurdi for further processing.

Sample Preparation 
 
Preparation of dry orange pulp powder (DOPP)

[bookmark: _Hlk143556670]Fresh orange pulp was processed to dry orange pulp powder adapting the method described by Fernandez-Lopez et al. (2004). Oranges were cleaned by washing with warm water (40 oC). After which, the oranges were peeled   using a sharp stainless kitchen knife and were then pressed using a helical press to extract the juice and to obtain fresh pulps. The fresh pulps were then cut into pieces to increase the surface area during drying. Drying of the pulps was done using a laboratory hot air oven, Gallenkamp (Model OV‐160 size 2 BS, Weiss Technik UK, Loughborough, Leicestershire, UK) at 60 oC for 24 h. After which the pulps were removed from the oven and allowed to cool for a period of 30 min. This was followed by dry milling using a Kenwood milling machine (Kenwood AT320A Multi Mill, Treviso, Italy) and were finally sieved using a sieve of 0.5 mm (End Cotts Ltd, London, England) to obtain a flour with the desired powder size and consistency. The overall process followed the procedures illustrated in Figure 1
                                                                      Oranges

                                                                    Washing 

[bookmark: _Hlk143556432]                                                                     Peeling

                                                                     Cutting

                                                         Pressing (Helical press)

[bookmark: _Hlk143556919]Oven drying (Hot air oven 60 oC for 24 h)

                                                              Cooling (30 min)

                                                                  Dry milling

Sieving (0.5 mm)

                                                 Dry Orange Pulp Powder (DOPP)

                                                                       Packaging
Figure 1. Production of Dry Orange Pulp Powder (DOPP).
Source: Fernandez-Lopez et al. (2004) 
Experimental design
Completely Randomized Design (CRD) was used for this study. The design was stratified into seven treatments as shown in Table 1. 
Table 1. Blend Formulation (%)
	Sample
	Wheat Flour
	Dry Orange Pulp Powder 
	   Total

	A
	    100
	        -
	   100

	B
	     95
	        5
	   100

	C
	     90
	        10 
	   100

	D
	     85
	        15
	   100

	E
	     80
	        20
	   100

	F
	    75
	        25
	   100

	G
	    70
	        30
	   100


Recipe and production of bread 
Seven bread samples were produced from wheat flour and dry orange pulp powder adopting the method described by Olaoye et al. (2006) as shown in Figure 2.  The unit operations in the production of bread include dough mixing, fermentation, proofing, dividing and moulding, baking and cooling (at ambient room temperature) for 1 h. The recipe formulation is presented in Table 2.
Table 2. Recipe Formulation for Bread Production 
	Sample
	Wheat (g)
	Dry Orange Pulp Powder (g)
	Salt (g)
	Yeast (g)
	Margarine
	Sugar (g)
	Average Water Absorption (ml)

	A
	100
	0
	5
	10
	10
	7
	60

	B
	95
	5
	5
	10
	10
	7
	60

	C
	90
	10
	5
	10
	10
	7
	60

	D
	85
	15
	5
	10
	10
	7
	60

	E
	80
	20
	5
	10
	10
	7
	60

	F
	75
	25
	5
	10
	10
	7
	60

	G
	70
	30
	5
	10
	10
	7
	60



Source: Olaoye et al. (2006) modified
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                                                                 Packaging
Figure 2. Production of Composite Bread 
Source: Olaoye et al. (2006).


Analyses
Proximate composition of dry orange pulp powder and bread
Moisture, crude fibre, crude protein, crude fat, and ash contents were determined according to AOAC (2012). Carbohydrate contents were determined by difference as described by Ihekoronye and Ngody (1985) while the energy value was calculated using the formula below:
Energy value = carbohydrate x 4  protein x 4 fat x 9					(1)

Mineral analysis of bread
Calcium, potassium, sodium, iron and phosphorus contents were determined following the method described by AOAC (2012).
Vitamin analysis of bread samples
Thiamine, riboflavin, niacin, ascorbic acid and folate contents were determined following the procedure described by AOAC (2012).
Anti-nutrients composition analysis
Phytate and tannins contents were determined using the method described by Onwuka (2005).  Oxalate, trypsin and haemagglutinin contents were respectively determined according to AOAC (2012), Ijarotimi and Keshinro (2013) and, Pull et al. (1978). Method described by Bakare et al. (2016) was employed to determine the percentage loss of antinutrients as shown in the formula below:
Antinutrient loss (%)   	(2)
Statistical analysis 
Data obtained from this research study were subjected to Analysis of Variance (ANOVA) and difference between means were tested at 5 % level of probability using Duncan’s Multiple Range Test (DMRT) as described by Wahua (1999).  
RESULTS AND DISCUSION
Effect of Dry Orange Pulp Powder on the Proximate Composition of Bread

The proximate composition of bread as presented in Table 3 showed that, all the parameters were affected significantly (p<0.05) by increased incorporation of dry orange pulp powder into wheat flour. The crude protein, crude fibre, ash, moisture and carbohydrate contents increased with progressive incorporation of dry orange powder into wheat flour. This is attributed to the higher content of these nutrients in dry orange pulp powder compared to wheat flour. The crude fat and energy value decreased with increased concentration of dry orange pulp powder and could be due to the higher crude fat content of wheat flour compared to orange pulp powder.

[bookmark: _Hlk148425144]The trend of crude fibre content in this study is in close collaboration with the 0.24 to 4.07 and 1.09 to 1.48 documented by Bongjo et al. (2022) and Barakat (2021) for wheat-orange peel and wheat-baobab fruit pulp composite flour respectively. According to Akinsola et al. (2018), distension and motility during digestion, heart diseases, cancer, obesity, diabetes, diverticulosis and constipation can be prevented and ameliorated by consuming foods that are rich in fibre. Therefore, the high fibre content of bread produced and evaluated in this study suggests that their consumption could be an advantage as it might help in the prevention and amelioration of the already-mentioned disorders.

The increase in moisture content is due to the high crude fibre content of orange pulp powder which has hydrophobic compounds that are capable of binding large amounts of water thereby forming additional hydrogen bonds and consequently, increasing the moisture content of the bread (Han et al., 2021). The highest moisture content obtained from the present study is slightly higher than 35.20 % and 36.0 % obtained by Dossa et al. (2023) and Abebe et al. (2018) for wheat-baobab fruit pulp flour and wheat-anchote-soybean composite bread, respectively. Moisture content of food product is an indicator of its shelf-life stability as averred by Akanbi (2009). Thus, high moisture content of food would encourage the growth of microorganism resulting to deterioration and spoilage. SON (2004) posited that low moisture content is responsible for long shelf-life of bread as it prevents the growth of microorganisms that cause spoilage. The highest moisture content of 40 % is recommended for bread by SON (2004) and all the bread samples produced and evaluated in the present study conform to the standard.

The protein content increase with progressive substitution of wheat flour with dry orange pulp powder. Increasing trend (32.70 to 34.01 %) but higher than those obtained in the present study were recorded by Wisal et al. (2013) for wheat-orange peel flour composite bread. Proteins are essential for growth and maintenance of body tissues, required for the production of enzymes and hormones, and can be used as an alternative source of energy for the body in case of deficient carbohydrate and fat (Chidima et al., 2010).
The ash content of the sample consistently increased with progressive supplementation of wheat flour with dry orange pulp powder. This is attributed to high ash content of orange pulp powder compared to wheat flour. Similar increases (1.42 to 2.65, 0.98 to 2.45 %, and 0.86 to 1.15 %) but slightly lower than that recorded in the present study were observed by Bonjo et al. (2022), Zaker et al. (2017) and Wisal et al. (2013) for wheat-orange peel composite bread. Total ash content of bread is directly proportional to the amount of inorganic element content of wheat and orange pulp powder and hence the samples with high quantity of ash were expected to have high concentration of various mineral element (Mesfin and Shimelis 2013). The ash content of foods could be used as an index of mineral content of that food (Sani et al., 2006).
The crude fat content decreased with progressive intensification of dry orange pulp powder. The decrease in fat content suggests wheat flour as a better source of crude fat compared to orange pulp powder. The decreasing trend of 12.34 to 8.95 % noticed by Zaker et al. (2017) for wheat-orange peel composite cake absolutely support the observation recorded in the present research study. Fats performs critical functions such as maintenance of body temperature, provides the body with energy and increase the absorption of fat-soluble vitamins (A, D, E and K) (Olapade and Oluwole, 2013).

The carbohydrate content of bread increased with increased supplementation of wheat flour with dry orange pulp powder. This increase in carbohydrate content with intensification of orange pulp powder is due to high carbohydrate content of orange pulp powder compared to wheat flour. Similar increasing trend (75.84 to 84.00 %) but higher than that of the present study was recorded by Barakat (2021) for wheat- baobab fruit pulp flour composite bread. The range of 71.87 to 80.21 recorded by Zaker et al. (2017) for wheat-orange peel flour composite cake also support the observation recorded in the present study. Carbohydrate is an important nutrient because it provides the body with heat and energy needed to perform work (Shirika et al., 2015). The energy values of bread exhibited inconsistent decrease with increased concentration of dry orange pulp powder as sample D with 15 % orange pulp powder showed higher value than sample C and B with 10 and 5 % orange pulp powder respectively. Also sample F with 25 % orange pulp powder exhibited higher value than sample E with 20 % orange pulp powder. Significant (p<0.05) variations and fluctuations observed in the carbohydrate and energy content amongst the samples are due to variations in the protein, fat, ash, fibre and moisture content, and bread composition as posited by Sengev et al. (2015).

Table 3. Effect of Dry Orange Pulp Powder on the Proximate Composition (%) of Bread

	Sample
	Crude Protein
	Crude Fat
	Crude Fibre
	Ash
	Moisture
	Carbohydrate
	Energy (Kcal)
	
	

	A
	13.69d±0.01
	12.34a±0.02
	0.00g±0.00
	1.98g±0.01
	20.15g±0.01
	71.82d± 0.01
	453.10a±0.14
	
	

	B
	13.77c±0.01
	9.16f± 0.02
	0.62f±0.01
	2.23f±0.01
	32.07e±0.01
	74.20b± 0.09
	434.30d±0.46
	
	

	C
	13.74c±0.02
	8.97g±0.03
	0.75e±0.01
	2.41d±0.01
	29.92f±0.01
	74.24b±0.04
	432.60e±0.17
	
	

	D
	13.07f±0.02
	9.65c±0.04
	0.88d±0.01
	2.51c±0.01
	32.57d±0.01
	74.54a± 0.04
	437.30b±0.18
	
	

	E
	14.79a±0.03
	9.56d±0.02
	1.36c±0.01
	2.94b±0.01
	37.92b±0.01
	71.62e± 0.20
	431.70f±1.04
	
	

	F
	14.60b±0.02
	9.90b± 0.02
	2.03b±0.01
	2.31e±0.02
	39.55a±0.01
	71.91d±0.01
	435.10c±0.28
	
	

	G
	13.42e±0.02
	9.32e±0.02
	2.09a±0.00
	3.25a±0.01
	37.62c±0.01
	72.51c±0.02
	427.60g±0.05
	
	



Values are means ± standard deviation of triplicate determinations. Means with different superscript in the same column are significantly (p<0.05) different.
Key
A = 100 % wheat flour, B = 95 % wheat flour + 5 % dry orange pulp powder, C = 90 % wheat flour + 10 % dry orange pulp   powder D = 85 % wheat flour + 15 % dry orange pulp powder, E = 80 % wheat flour + 20 % dry orange pulp powder, F = 75 % wheat flour + 25 % dry orange pulp powder, G = 70 % wheat flour + 30 % dry orange pulp powder.

Effect of Dry Orange Pulp Powder on the Mineral Composition of Bread 

The incorporation of dry orange pulp powder at various levels as shown in Table 4 significantly (p<0.05) affected the mineral composition of the composite breads. Generally, all the investigated minerals (calcium, iron, phosphorus, potassium and sodium) showed significant difference (p<0.05) among the samples. The mineral composition of composite breads consistently increased with substitution of wheat flour with dry orange pulp powder. This effect suggests that orange pulp powder is richer in these minerals compared to wheat flour. The result of mineral composition of composite breads in the present study is in collaboration with the findings of Bongjo et al. (2022) on nutritional and functional properties of wheat-orange peel composite flour. Results of the mineral composition of composite flour substituted by baobab fruit pulp flour (Adansonia digitata L.) for bread making by Dossa et al. (2023) also agrees with this result.
Mineral elements perform various functions in the body and are needed in the diets for metabolic purposes. Calcium is known to play a major role in muscle contraction, building strong bones and teeth, blood clotting, nerve impulse transmission, regulating heartbeat and fluid balance within cells (Grace et al., 2015). Iron is involved in strengthening the immune system, it is the functional component of hemoglobin and other key compounds used in respiration, immune function and cognitive development, it is important in the diet of pregnant women, nursing mothers and infants as it prevents anemia (Olayinka and Etejere, 2018). Potassium helps in proper functioning of essential organs such as the brain, nerves, heart and muscle. It also plays vital roles in maintaining fluid balance (Asouzu et al., 2020). It also aids nerve impulse transmission, and it is a major cation of intracellular fluid (Olayinka and Etejere, 2018). Phosphorus is required for growth, maintenance and repair of body tissues. It helps the body to maintain normal pH, to temporarily store and transfer energy derived from metabolic fuels, and to activate many catalytic proteins through phosphorylation (Dickinson, 2004).  According to UICEC/WHO (2005) sodium is important for fluid balance, required for normal cell function and regulation of blood volume. Therefore, the increased mineral contents of bread as substitution of wheat flour with dry orange pulp powder progresses suggests that orange pulp powder can be used in food formulation to raise the mineral composition of wheat based baked products and also consumption of composite breads will help the body in achieving the functions performed by these minerals already mentioned above.

Table 4. Effect of Dry Orange Pulp Powder on the Mineral Composition (mg/100 g) of Bread

	Sample
	Calcium
	Iron
	Phosphorus
	Potassium
	Sodium

	A
	5.56a± 0.02
	2.23a± 0.01
	20.34a± 0.01
	44.45a±0.02
	23.34a±17.33

	B
	5.87b± 0.01
	2.44b±0.01
	22.24b± 0.01
	46.34b± 0.01
	36.67b± 0.01

	C
	6.23c± 0.01
	2.65c± 0.01
	25.54c± 0.01
	48.22c± 0.02
	38.87b±0.02

	D
	7.33d± 0.01
	2.87d±0.02
	28.87d± 0.01
	51.43d± 0.01
	40.45b± 0.01

	E
	7.55e± 0.01
	3.20e± 0.02
	30.22e± 0.02
	55.34e± 0.01
	42.35b±0.02

	F
	8.23f± 0.01
	3.66f± 0.01
	33.34f± 0.01
	58.54f± 0.01
	45.56b± 0.01

	G
	8.55g± 0.01
	4.45g±0.01
	38.86g± 0.01
	58.54f± 0.01
	59.33c± 0.02



Values are means ± standard deviation of triplicate determinations. Means with different superscript in the same column are significantly (p<0.05) different.
Key
A = 100 % wheat flour, B = 95 % wheat powder + 5 % dry orange pulp powder, C = 90 % wheat flour + 10 % dry orange pulp powder, D = 85 % wheat flour + 15 % dry orange pulp powder, E = 80 % wheat flour + 20 % dry orange pulp powder, F = 75 % wheat flour + 25 % dry orange pulp powder, G = 70 % wheat flour + 30 % dry orange pulp powder.

Effect of Dry Orange Pulp Powder on the Vitamin Composition of Bread

The vitamin composition of bread samples as presented in Table 5 showed that all the vitamins except ascorbic acid were significantly (p<0.05) affected by the incorporation of dry orange pulp powder into wheat flour. The folate, niacin, riboflavin and thiamin contents increase with progressive substitution of wheat flour with dry orange pulp powder. This is because orange pulp powder is higher in these vitamins compared to wheat flour. This trend agrees with that of Osseyi et al. (2001) for folate, Deeksha (2021) for riboflavin, Ramya and Anitha (2020) for thiamin and Onoja et al. (2011) for niacin. These vitamins perform various functions in the body; Folate aids the formation of red blood cells, acts as co-enzymes for carboxylase, aids in lipids synthesis and prevention of neutral tube disorder (UICEC/WHO 2005). Diseases associated with folate deficiency include paralysis, dermatitis, hair loss and increased cholesterol. Niacin supports normal growth and development, support the formation of tissues and is also essential in energy metabolism (UICEC/WHO, 2005). According to UICEC/WHO (2005) thiamin supports normal growth and development. UICEC/WHO (2005) reported that, riboflavin is essential in the formation of tissues and energy metabolism. Therefore, the rich vitamin contents of composite blends suggest their consumption would improve the health of the body due to their numerous functions enumerated above. No value (zero) was recorded for the ascorbic acid (vitamin C) in all the bread samples. It is well known that the orange fruit is a rich source of ascorbic acid and so it is expected that increased incorporation of orange pulp powder would significantly (p<0.05) increase the ascorbic acid content of all the bread samples. However, the reverse is the case of the present study as composition of ascorbic acid tend to be 0.00mg/100 g for all the bread samples. This could be attributed to the effect of baking heat (temperature) as ascorbic acid is a heat labile vitamin that is highly sensitive to heat. Even though no content of ascorbic acid was found in the bread because of baking heat, its role in gluten development cannot be neglected. According to Avarzed and Kweon (2023) ascorbic acid (Vitamin C) helps to strengthen the gluten network of the dough. Cesar et al. (2016) also averred that, ascorbic acid has an influence on the fermented dough behavior and the correlation with the flour composition, such as the elucidation of the mechanism as improver on bread. The ascorbic acid becomes an oxidizing agent in the presence of oxygen during fermentation and its greater quantity was lost during baking, but it contributes to the following improvement: strengthened gluten, increased tenderness of the bread, faster rising and reduced thickness. Same opinion was made by Tebben et al., 2020 and Cesar et al. 2016).
Table 5. Effect of Dry Orange Pulp Powder on the Vitamin Composition (mg/100 g) of Bread
	Sample	
	Ascorbic Acid
	Folate
	Niacin
	Riboflavin
	Thiamin

	A
	   ND
	0.23g± 0.01
	1.44g± 0.01
	0.004bc±0.00
	0.007f±0.00

	B
	   ND
	0.26f± 0.01
	1.46f± 0.01
	0.003cc±0.00
	0.006f±0.00

	C
	   ND
	0.28e± 0.01
	1.55e± 0.01
	0.005b±0.00
	0.008e± 0.00

	D
	   ND
	0.33d± 0.01
	1.58d± 0.01
	0.008a±0.00
	0.102d±0.00

	E
	   ND
	0.36c± 0.01
	1.62c± 0.01
	0.004bc±0.00
	0.104c±0.00

	F
	  ND
	0.38b± 0.01
	1.64b± 0.01
	0.003cc± 0.00
	0.106b± 0.00

	G
	  ND
	0.42a± 0.01
	1.68a± 0.01
	0.005b± 0.00
	0.108a± 0.00



Values are means ± standard deviation of triplicate determinations. Means with different superscript in the same column are significantly (p<0.05) different.
Key
A = 100 % wheat flour, B = 95 % wheat flour + 5 % dry orange pulp powder, C = 90 % wheat flour + 10 % dry orange pulp powder, D = 85 % wheat flour + 15 % dry orange pulp powder, E = 80 % wheat flour + 20 % dry orange pulp powder, F = 75 % wheat flour + 25 % dry orange pulp powder, G = 70 % wheat flour + 30 % dry orange pulp powder, ND = Not detected.

Effect of Dry Orange Pulp Powder on the Anti-nutrient Composition of Bread

Observations in the present study concerning anti-nutrients as presented in Table 6 showed that all the investigated anti-nutrients (tannins, oxalate, trypsin inhibitors, hemagglutinin and phytate) were present in all the bread samples.  The anti-nutrient composition of bread consistently increased with progressive substitution of wheat flour with orange pulp powder. This indicated that orange pulp powder is higher in these anti-nutrients than wheat flour. This trend agrees with the findings by Bongjo et al. (2022) who reported 0.0352 to 0.085 %, 0.040 to 0.600 %, 0.01 to 0.072 % and 0.011 to 0.048 mg/g for phytate, tannin, oxalate and trypsin inhibitors respectively for wheat-orange peel composite flour. The negative effects of these anti-nutrients are enumerated below: 
Oxalates reduce calcium absorption in the body by reacting with calcium to produce insoluble calcium oxalate (Smitha et al., 2013). Tannins are known to precipitate proteins, inhibit digestive enzymes and affect the utilization of vitamins and minerals, hence consuming large amounts of tannins may result in adverse health effects, such as impaired microbial enzyme activity such by forming irreversible as well as reversible complexes with these enzymes (Popova and Mihayloya, 2019; Pandey and Singh, 2020). The presence of trypsin inhibitors in the diet had been reported to form an irreversible trypsin enzyme-trypsin inhibitor complex, causing a trypsin drop in the intestine and a decrease in the diet protein digestibility, leading to slower growth. In this condition, the organism increases the secretory activity of the pancreas, which could cause pancreatic hypertrophy and hyperplasia (Bongjo et al., 2022). Phytate or phytic acid has been known to decrease the availability of especially bivalent mineral ions (calcium, iron, magnesium and zinc) as well as protein. When bound to protein; it is known to induce a decrease in its solubility and functionality (Bongjo et al., 2022). Hemagglutinin or Lectins reversibly bind to specific carbohydrate moieties on cells, resulting in erythrocyte agglutination.

 The anti-nutrient composition of all the bread samples as recorded in the present study are within the acceptable range recommended by regulatory bodies and is supported by Olorunfemi et al. (2022). This implies that consumption of bread produced and evaluated in the present study will have no negative effect on the health of consumers.

Table 6. Effect of Dry Orange Pulp Powder on the Anti-nutrient Composition of Bread

	Sample
	Hemagglutinin (HUI/100 g)
	Oxalate (mg/100 g)
	Phytate (mg/100 g)
	Tannin (mg/100 g)
	Trypsin Inhibitors (TIA/100 g)

	A
	0.11f±0.00(97)
	0.02g±0.00(96)
	0.00b(100)
	0.25g±0.00(94)
	0.00g(100)

	B
	0.26e±0.00(94)
	0.03f±0.00(96)
	0.03ab±0.00(99)
	0.38f±0.00(92)
	0.22f±0.00(86)

	C
	0.34d±0.01(93)
	0.04e±0.00(97)
	0.04ab±0.00(99)
	0.46e±0.00(91)
	0.34e±0.00(79)

	D
	0.44c±0.00(93)
	0.05d±0.00(97)
	0.05ab±0.00(99)
	0.55d±0.00(90)
	0.44d±0.00(77)

	E
	0.58b±0.01(91)
	0.06c±0.00(96)
	0.06ab±0.00(99)
	0.60c±0.00(90)
	0.57c±0.00(71)

	F
	0.78a±0.00(89)
	0.07b±0.00(96)
	0.07ab±0.00(99)
	0.68b±0.00(90)
	0.67b±0.00(58)

	G
	0.78a±0.00(89)
	0.08a±0.00(96)
	0.32a± 0.41(95)
	0.82a±0.00(89)
	0.72a±0.00(59)



Values are means ± standard deviation of triplicate determinations. Means with different superscript in the same column are significantly (p<0.05) different.
Key
A = 100 % wheat flour, B = 95 % wheat flour + 5 % dry orange pulp powder, C = 90 % wheat flour + 10 % dry orange pulp powder, D = 85 % wheat flour + 15 % dry orange pulp powder, E = 80 % wheat flour + 20 % dry orange pulp powder, F = 75 % wheat flour + 25 % dry orange pulp powder, G = 70 % wheat flour + 30 % dry orange pulp powder, Values in parenthesis represent percentage losses of anti-nutrients.

CONCLUSION 
The incorporation of dry orange pulp powder into wheat flour improved the crude fibre, ash, carbohydrate, crude protein and moisture content but decreased the crude fat and energy value of breads. 
The mineral composition of breads consistently increased upon substitution of wheat flour with up to 30 %dry orange pulp powder.  
The vitamin composition of bread samples increased with progressive replacement of wheat flour with up to 30 % dry orange pulp powder.
The ant-nutrient composition of composite flour and breads consistently increased with progressive incorporation of dry orange pulp powder into wheat flour. 
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