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ABSTRAct

	
Avocado (Persea americana) seeds are potential components for food fortification, which contain several numbers of phytochemicals, nutrients and each of them plays a beneficial role in preventing diseases, by enhancing the nutritional value of foods. Incorporation of avocado seed powder into bread formulation occurred at 5% and 10% of the weight of flour, alongside fixed ratios of other ingredients (yeast, butter, milk, egg, sugar and water). The fortified dough underwent evaluation for proximate composition, antioxidant activity, and functional properties utilizing standardized chemical methodologies. Furthermore, a sensory evaluation involving 30 participants was performed employing a hedonic scale. The study concludes that the addition of avocado seed powder, at levels up to 10%, enhances the nutritional profile of bread without substantially compromising consumer acceptability.	
Aims: The aim of the research work is to assess the efficacy of avocado seed powder in bread fortification.
Study design: A laboratory based experimental study design was used to assess the nutritional composition and sensory acceptability of bread fortified with avocado seed powder.
Place and Duration of Study: Sample: This experiment was carried out at the laboratory of Human Nutrition and Dietetics Lead City University, Ibadan. Between November 2023- December 2024.
Methodology: Flour composition of white bread were replaced by 5% and 10% ASP and compared the one without ASP. The samples of the breads produced were analyzed for proximate composition, antioxidant activity, and functional characteristics. A 9-point hedonic scale was used to evaluate the sensory attributes of the bread. Data were analyzed using descriptive statistics and ANOVA at (P<0.05)
Results: Findings indicated that fortification of bread with ASP significantly elevated its fiber content (P<0.05), concurrently leading to a reduction in protein and fat content (P<0.05) as the levels of ASP increased. The total phenolic content varied from 0.39 ng/kg in the control bread to 2.10 ng/kg in the bread containing 10% ASP. Additionally, avocado seed powder enhanced the antioxidant capacity of the bread, with Diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging activity increasing from 57.83% in control samples to 62.41% in bread comprising 5% ASP. Functional attributes such as bulk density and water absorption capacity were markedly improved with the incorporation of ASP. Sensory evaluation showed that the inclusion of ASP adversely influenced the appearance of the bread but did not significantly affect flavor or overall acceptability (P>0.05).
Conclusion: Addition of ASP up to 10% improved the nutritional value of bread, while retaining acceptable taste features, indicating its potential as a functional food component. 
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1. INTRODUCTION 
Avocado (Persea americana) is a globally valued fruit, prized for its nutrient rich seed containing healthy fat, vitamins, and bioactive compounds, widely used in food, cosmetic, and pharmaceutical applications (Marra et al., 2024). Avocado seed powder, valued for its shelf life stability and concentrated nutrients, is increasingly incorporated into functional foods and dietary supplements (Cheptoo et al., 2025). Avocado seeds are typically thrown away, since there hasn't been much usage of this by-product, there has been severe environmental damage (Figuerora, et al., 2018). An economic and environmental viewpoint would be advantageous for efficient waste by-product management (Araujo et al., 2020). Minerals, vitamins, proteins, lipids, and polysaccharides are among the many bioactive and functional components found in avocado seeds, which make up a sizeable amount (13 – 17%) of the fruit (Melgar et al., 2018, Tremcoidi et al., 2018). Avocado seeds are rich in bioactive substances such as flavonoids, condensed tannins, and phenolic. These extracts have been tested for a variety of traditional dermatological applications, including anti-hyperglycemic, anti-cancer, anti-inflammatory, anti - hypercholesterolemia, anti-oxidant, anti-microbial, and anti – neuro-generative properties (Lara-marquez 2020, Soledad et al., 2021). Proximate analysis, assessing moisture, ash, fat, fiber, protein, and carbohydrates, informs the powder’s nutritional value (Dike - iheanyi et al., 2024, Edet et al., 2023). Antioxidant activity, evaluated through DPPH, FRAP, total antioxidant capacity assays, indicates the powder’s capacity to mitigate oxidative stress, relevant to chronic disease prevention (Gulcin, 2025).
This study seeks to explore both the nutritional impact and consumer reception of this innovative food product through proximate composition, antioxidant activity by comparing a white bread with bread fortified with avocado seed powder. This research aims to determine the nutritive components, antioxidant status, functional properties of bread fortified with avocado seed powder and assess the consumer acceptability.
2. methodology 

     2.1 Preparation of Avocado seed powder
Mature avocado (persea americana) fruits of Fuerte variety were harvested in season at Forestry Research Institute of Nigeria (FRIN) Ibadan, Oyo State. Fresh avocado seeds were carefully separated from the flesh and rinsed in running water, the cleaned seeds were thinly sliced, and air-dried. The air-dried seeds were further oven dried and then ground into a fine powder with a spice grinder fitted with blades. The ground material was sieved to produce homogeneous particles of 0.5 nm in size, the resulting powder was kept in zip lock bags until further analysis, and incorporation in bread making.
2.2   BREAD PREPARATION
Three different bread formulations were produced: a control formulation without ASP, and two experimental formulations with 5% and 10% ASP as white wheat flour substitutions. The basic bread ingredients were wheat flour (400g), active dry yeast (7g), salt (3g), powdered milk (30g), water (190ml), butter (30g), sugar (45g), and half an egg. Wheat flour was partially substituted with ASP in the experimental formulations at 5% (380g flour + 20g asp) and 10% (360g flour + 40g ASP). The ingredients were well combined until they formed a shaggy dough consistency, the dough was kneaded for 15 minutes, until smooth and elastic. The prepared dough was placed in oiled pans and let to ferment for an hour in a warm environment. following fermentation, the dough was cooked in a preheated oven for 20 minutes, until it had a golden-brown crust and had a hollow sound when tapped.
2.3 DETERMINATION OF PROXIMATE CONTENT AND ANTIOXIDANT ACTIVITY 
Proximate analysis to determine ash content, moisture content, crude protein, crude fat, crude fiber and carbohydrate content was carried out using AOAC method. The final products, bread samples, were extracted in aqueous acetone (1:4), centrifuged at 4000rpm for ten minutes to have an extract solution of 0.25g/mL extract of the sample. The total phenolic content was determined using the Folin-Ciocalteu (F-C) method spectrophotometric with tannic acid acting as the standard, and expressed as mg/g tannic acid equivalent (tac). The antioxidant activity of each extract was also assessed using diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging test and the ferric reducing antioxidant properties (FRAP) test (Processes 2025).
2.4   FUNCTIONAL PROPERTY ASSESSMENT
Bulk density was determined using the volume displacement technique in both loose and packed states. Centrifugation was used to measure water and oil absorption capacity, with findings expressed as percentages of bound water or oil per sample weight (Sarkar et al., 2022). The foaming characteristics were assessed by whipping samples with distilled water and monitoring volume changes, with stability observed at time intervals, emulsion capacity was estimated using oil addition and centrifugation, and emulsion durability was evaluated by monitoring separated water volume over time (Sarkar et al.,2022). The swelling power was determined by heating samples in water at 60°c, then centrifuging and weighing them, settlement analysis in water was used to measure dispensability, and the least gelation concentration was found by heating several sample concentrations and monitoring gel formation (Sakar et al., 2022). 
2.5   STATISTICAL ANALYSIS
The outcome of our quantitative findings was reported in mean ± deviation of replicate values, comparison between groups was determined using one-way analysis of variance with Duncan’s post-hoc test using SPSS (version 20). Values were tested to be significant when p < 0.05. 

3.0   results and discussion

Nutritional Value of Avocado Seed 
The nutritional value of the avocado seed powder is presented in Table 1. Carbohydrates accounted for a large proportion (75.1%) of the avocado seed powder, while protein and fat contents were 5.81% and 2.83% respectively. In this study, dietary fiber content of avocado seed powder was 3.16%, while ash content of the dried avocado seed powder was 2.43%. Total phenolic content of ASP was 21.2 ng/kg, while antioxidant activity of powder of persea americana seed as a percentage of free radical inhibition of DPPH was 75.02%, and ferric reducing antioxidant power was 0.450 Fe2+mM/kg.

Table 1 Proximate Composition of Avocado Seed Powder (%)
	Moisture
	Protein 
	Fat
	Fibre 
	Ash 
	CHO
	TP 
	DPPH 
	FRAP 

	10.7±0.14
	5.81±0.08    
	2.83±0.05
	3.16±0.07
	2.43±0.02       
	75.1±0.20
	21.2.0±0.08                
	75.0±0.25
	0.45±0.042



CHO; carbohydrates, TP; total phenol (mg/g TAC), DPPH; Diphenyl-2-picryl-hydrazyl radical scavenging activity, FRAP; ferric reducing antioxidant powder (fe2+mM/kg).
Nutritional Value of Bread fortified with Avocado Seed Powder
The results of ASP inclusion on proximate composition of bread presented in Table 2 shows a significant increase in moisture content of fortified bread 
compared to the control (P = 0.003). Contrarily, the addition of ASP at 5 and 10% considerably reduced protein and fat content of bread (P = 0.007 and P = 0.004, respectively). For fibre content, at 5% ASP there was marked reduction in fibre, relative to control, while at 10% ASP, fibre content was 25% higher than the control (P < 0.0001) but lower carbohydrates suggesting enhanced nutrient retention but reduced energy content ( Jian et al., 2025, Moure Abelenda et al., 2021). There was however no effect of ASP inclusion on carbohydrate content of bread (P < 0.05). It was observed that the addition of ASP significantly increased total phenolic content of bread at 5% and 10%, compared to the control (P < 0.0001). Also antioxidant activity of ASP in the bread as a percentage of free radical inhibition of DPPH was observed to increase significantly with the addition of ASP at 5% and 10% (P < 0.0001). However, FRAP did not differ significantly (P = 0.629) between the treatments. Bread with 10% ASP indicates excellent shelf stability and energy density suitable for functional foods ( Cheptoo et al., 2025)

Table 2    Proximate Composition of Bread Fortified with Avocado Seed Powder
	
	Moisture (g/100g
	Protein (g/100g)
	Fat (g/100g)
	Fiber (g/100g)
	Ash (g/100g)
	CHO (g/100g)
	TPC (mg/g)
	DPPH (%)
	FRAP (%)

	Bread 0% ASP
	13.1 ± 0.72 a
	12.3a ± 0.32
	6.55 ± 0.52a
	2.02 ±0.00b
	1.80 ±0.07b
	64.3 ± 0.33
	0.39 ±0.00c
	57.83 ±2.10c
	0.460 ± 0.05

	Bread 5% ASP
	13.8 ± 0.50b
	12.0 ± 0.76b
	5.48 ± 0.33b
	1.29 +0.00c
	2.47 ± 0.3a
	64.9 ± 1.20
	1.67 ±0.05b
	62.41 ±3.10a
	0.505 ± 0.00

	Bread 10% ASP
	13.4 ±0.32c
	11.7 ± 0.45c
	5.20 ± 0.25b
	2.53 ± 0.05a
	1.84 ± 0.05b
	65.3 ± 0.85
	2.10 ± 0.11a
	61.87 ±2.10b
	0.435 ± 0.05



Table 3 Functional Properties of Bread Fortified with Avocado Seed Powder
	
	LBD
g/ml
	PBD
g/ml
	OAC
g/100
	WAC
g/100
	FC
%
	FS
%
	SC
%
	EC
%
	ES
%
	DIS %
	LGC
%

	Bread 0%ASP
	0.515 ± 0.001c
	0.588 ± 0.001c
	96.4 ± 0.1c
	115.6 ± 0.078c
	18.5 ± 0.010b
	10.5 ± 0.011c
	11.7 ± 0.008c
	29.7 ± 0.008c
	18.6 ±1.33b
	83.3 ± 2.15c
	7.61 ± 0.55c

	Bread 5%ASP
	0.519 ± 0.001b
	0.591 ± 0.001b
	99.3 ± 0.105b
	117.4 ± 0.088b
	18.4 ± 0.019c
	10.7 ± 0.011b
	11.9 ± 0.008b
	29.9 ± 0.008b
	18.6 ± 1.5b
	83.7 ±3.0b
	7.80 ± 0.78b

	Bread 10%ASP
	0.522 ± 0.001a
	0.609 ± 0.001a
	102.6 ± 0.098a
	119.6 ± 0.10a
	20.2 ± 0.020a
	11.1 ± 0.011a
	12.9 ± 0.008a
	31.7 ± 0.008a
	19.5 ± 1.2a
	85.8 ± 2.85a
	8.83 ± 0.35a


Results are presented as mean ± standard deviation a, b, c, Values in the same column with different alphabets are significantly different (p<0.005). LBD; loose bulk density, PBD; packed bulk density, OAC; oil absorption capacity, WAC; water absorption capacity, FC, foaming capacity, FS; foam stability, SC; swelling capacity, EC; emulsion capacity, ES; emulsion stability, %DIS; percent dispensability, LGC; least gelation capacity, ASP; avocado seed powder.
Analysis of the functional properties of bread fortified with ASP (Table 3) reveal that inclusion of ASP significantly increased all metrics assessed (P < 0.001). It was observed that fortification with ASP increased bulk density (loose and packed) and absorption capacity (water and oil) of the bread, as ASP content increased (P < 0.001). Foaming capacity and stability were also observed to be highest at 10% ASP inclusion. Emulsion indices, percent dispensability and least gelation capacity were also highest with inclusion of ASP at 10% (P < 0.001).  

Table 4 Antioxidant Activity of Bread Fortified with Avocado Seed Powder
	
	Total Phenolic
	DPPH
	FRAP

	Bread 0% ASP
	0.39±0.110a
	57.83c±2.022a
	0.460±0.100b

	Bread 5% ASP
	1.67b±0.110b
	62.41a±2.040c
	0.505±0.101c

	Bread 10% ASP
	2.10a±1.000c
	61.87b±2,020b
	0.435±0.111a


a, b, c, values in the same column followed by different letters are significantly different (p<0.05). ASP= avocado seed powder; SEM= standard error of mean; DPPH= Diphenyl-2-picryl-hydrazyl radical scavenging activity; FRAP= Ferric reducing antioxidant powderSensory evaluation of Bread Fortified with Avocado Seed Powder.
It was observed that the addition of ASP significantly increased total phenolic content of bread at 5% and 10%, compared to the control (p=0.000) due to the content of polyphenolic compounds (Asben et al 2022). DPPH activity was also observed to increase significantly with the addition of ASP at 5 and 10% (p=0.000). However, ferric reducing antioxidant power did not differ significantly (p=0.629) between the treatments.
These antioxidant activity is widely associated with the presence of phenolic and flavonoid compounds (Kpegba et al 2019).

Sensory evaluation of the fortified bread revealed that preference based on loaf appearance in the control (0%ASP) was significantly higher than at 5% and 10% ASP (P = 0.002). Crumb colour also exhibited a significantly higher score at 0%ASP compared with 5% and 10%ASP (P = 0.014). This pattern was also apparent for crust colour (P = 0.07). However other sensory attributes of odour, hardness, taste, aftertaste and overall liking of the breads were not influenced by the addition of ASP (Figure 1)
[bookmark: _GoBack]The crust and crumb colors of bread samples (Figure 2.A-C & 3.A-C) were significantly affected by the replacement of wheat flour with ASP, this trend of color indicates the darkening of the crust and crumb of bread. Therefore, adding ASP to the bread samples reduced the lightness of the crust and crumb of bread which is similarly reported by (Gul & Sen 2017). Also previous observations showed the bread fortified with grape seed powder in comparison with control had a darker color (Pećvová et al., 2014).




Figure 1: Sensory Attributes of Bread Fortified with Avocado Seed Powder
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The 9-point hedonic scale points were 1= terrible; 2= very bad; 3= bad; 4= just a little bad; 5= maybe good, maybe bad ; 6= just a little good; 7= good; 8= very good; 9= great; ASP;  avocado seed powder

Figure 2.A-C: Crust colors of bread samples
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Sample A with (0% ASP)
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Sample B with (10% ASP)
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Sample C with (5% ASP)


Figure 3.A-C: Crumb colors of bread samples
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Sample A with (0% ASP)
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Sample B with (10% ASP)
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Sample C with (5% ASP)

4. CONCLUSION
Avocado seed powder is a source of nutritional compounds and also possesses compounds with high antioxidant potential. The study investigated the potential use of avocado seeds in bread as a functional food. Incorporating avocado seed powder at 5% and 10% significantly reduced the fat content, and increased the content of fiber, total phenol, and antioxidant activity of the bread. This study exhibits the possibility of replacing white flour bread with avocado seed powder in bread. The incorporation of avocado seed powder into bread formulations resulted in significant improvements across all functional properties assessed indicating enhanced hydration, improved interfacial properties, and modified structural interactions within the bread. While visual attributes of the bread samples were affected by avocado seed powder addition, the maintenance of acceptable taste, texture, and overall liking scores demonstrates the feasibility of producing nutritionally enhanced bread with good consumer acceptability. These findings contribute to the growing body of literature on sustainable food fortification strategies and the valorization of agricultural byproducts in the development of functional bakery products
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