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ABSTRAct

	
Avocado (Persea americana) seeds are a potential source of beneficial components for food fortification. A staple food with a high glycemic index require fortification for nutritional modification.
Aims: The aim of the research work is to assess the efficacy of the 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 analysed 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 analysed using descriptive statistics and ANOVA at (P<0.05)
Results: ASP fortification at 10% in bread increased fibre content in bread (P < 0.001), but reduced crude protein (P = 0.007) and fat contents (P = 0.004). The total phenolic content increased up to 5-fold ASP (P < 0.0001), nyl-2-picryl-hydrazyl radical scavenging activity was highest at 5% ASP inclusion (P < 0.0001). In addition, all functional properties of white bread assessed were significantly enhanced with ASP inclusion (P < 0.001). Although ASP inclusion in white bread significantly reduced the visual appeal of the bread (P < 0.05), perception of taste, flavour, and the acceptance did not differ between samples.
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. 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.

Keywords: Persea Americana, seed powder, antioxidant, functional food.




1. INTRODUCTION 	Comment by Hairul Palal: The introduction should clearly and comprehensively present the background of the study, the research problem, and the study objectives. 	Comment by Hairul Palal: Please review the writing format, particularly the use of full stops (periods) and spacing, as most of the errors in this manuscript are related to these issues. 
Non-communicable diseases such as diabetes and obesity are some of the leading causes of worldwide death and morbidity, impacting both developed and developing countries (Bach-faig et al 2011). while hereditary and environmental variables influence illness risk, modifiable lifestyle factors such as dietary habits have a more profound effect on an individual basis (Kolb et al 2017). the western dietary pattern, which includes a greater consumption of processed foods, saturated fats, and refined carbs, has been associated with an increase in chronic ncds (Marcason et al 2015). evidence-based dietary methods, such as the mediterranean diet, and dietary methods to stop hypertension (dash), which encourage eating more unsaturated fats, fruits, and vegetables have shown considerable health advantages by emphasising antioxidant-rich foods (Liu et al 2021). recently, the focus has shifted to innovative substances that may improve the nutritional content of basic meals (Fanzo et al 2023). avocado seed powder (asp) is one such potentially useful component for food fortification (Nyakang et al 20230. the avocado seed accounts for 13–18% of the weight of the whole fruit (Dabas et al 2019) and usually discarded as waste, a result of its perception as low-value waste (Fanzo et al 2023). 	Comment by Hairul Palal: In-text citations must follow the correct format	Comment by Hairul Palal: In-text citations must follow the correct format	Comment by Hairul Palal: The first letter after a full stop (period) must be capitalized. Any further occurrences of this error will be highlighted in yellow. 
Avocado seeds, also called pits, are an ideal source of carbohydrates, dietary fiber, fat, and protein (Setyawan et al 2021). avocado seeds are also a rich source of bioactive compounds such as polyphenols, and varying classes of phytochemicals (Salazar et al 2020). these antioxidants, which give fruits their vibrant color and work as scavengers, cleaning up free radicals before they create harmful health consequences, are currently attracting a lot of attention. in comparison to the pulp, avocado pits have a much higher concentration of total phenolic compounds and greater antioxidant activity (Alagbaoso et al 2015).  additionally, seeds of the avocado have been described to possess analgesic, anti-cancer, antihypertensive, anti-inflammatory, and hypoglycemic effects (Alkhalaf et al 2019) as a result of the activities of bioactive compounds extracted (Lara-marquez et al 2020).
While the non-commercialisation of avocado seeds had been associated with a death of information regarding the inherent anti-nutrients such as oxalates, hydrocyanic acid, and cyanogenic glycosides, the presence of amygdalin and persin has been well established in avocado seeds (Bahru et al 2019).  however, more studies have dwelt on the positive potentials of the avocado seed and its utilization (Setyawan et al 2021), such as an alternative beverage to coffee, inclusion in cakes, candy, and extruded snacks (Permal et al 2023). in current study, we assessed the nutritional and antioxidant contribution of avocado seed powder when applied as partial replacement of wheat flour in the fortification of bread. 



2. methodology 

     2.1 Preparation of Avocado seed powder
Mature avocado (persea americana) fruits of the fuerte variety were harvested in 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.	Comment by Hairul Palal: Proper citations are required for this information, particularly in the methodology section. 
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.	Comment by Hairul Palal: Proper citations are required for this information, particularly in the methodology section. 
2.3 DETERMINATION OF PROXIMATE CONTENT AND ANTIOXIDANT ACTIVITY 
Proximate analysis to determine ash content, moisture content, crude protein, crude fat, crude fibre 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 technique spectrophotometrically with tannic acid acting as the standard, and expressed as mg/g tannic acid eqivalent (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.	Comment by Hairul Palal: Proper citations are required for this information, particularly in the methodology section. 
2.3   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 (Beuchat et al 1977). 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 (Sathe et al 1982). 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 (Leach et al 1959). 	Comment by Hairul Palal: In-text citations must follow the correct format
2.4   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 Duncans post-hoc test using SPSS (v20). Values were tested to be significant when p < 0.05. 	Comment by Hairul Palal: Proper citations are required for this information, particularly in the methodology section. 

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). 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.

Table 2    Proximate Composition of Bread Fortified with Avocado Seed Powder
	
	Moisture (g/100g
	Protein (g/100g)
	Fat (g/100g)
	Fibre (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). 
CHO; carbohydrates, ASP; avocado seed powder, SEM; standard error of mean, TPC; total phenol content (mg/g TAC), DPPH; Diphenyl-2-picryl-hydrazyl radical scavenging activity (%), FRAP; ferric reducing antioxidant power (fe2+mM/kg).
Functional Properties of Bread Fortified with 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).  
a, b, c means in a column are significantly different (P < 0.001) 
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, SEM; standard error or mean

Sensory evaluation of Bread Fortified with Avocado Seed Powder
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 color 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 color (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).
Figure 1   Sensory Attributes of Bread Fortified with Avocado Seed Powder
[image: ]
	

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
DISCUSSION	Comment by Hairul Palal: The discussion should be closely linked to the results and supported by relevant previous studies. 
Avocado seed powder has been reported to be a source of carbohydrates and fibres, and has been used as a source of fibre in bread, cakes and cookies (Bangar et al 2022). 
In this study, addition of avocado seed powder resulted in a consistent reduction in protein and fat content of the bread, revealing that the partial replacement of flour with avocado seed powder influenced the nutritional content of the designed snacks. The carbohydrate content tended to increase with increment in avocado seed powder, while fibre increase at ASP10%. This supports earlier reports that products with added avocado seed powder displayed a reduction in protein content, although fat content increased minimally, while there was appreciable increase in fibre content (more than two-fold at 18%ASP), highlighting the positive influence of avocado seed powder on nutritional values of products (Siol et al 2023). 
Several studies reported the strong antioxidant activity of extracts of avocado seeds (Weremfo et al 2020). These antioxidant activity is widely associated with the presence of phenolic and flavonoid compounds (Kpegba et al 2019). In this study, acetone extract of the seeds of avocado was observed to have appreciable content of total phenol, while antioxidant activity was strong. In a recent study to determine the antioxidant status and activity of extract of P. americana seeds, 70% ethanol extract of avocado seed was reported to contain total phenolic in the range of 276.96 mgGAE/g to 294.96 mgGAE/g, while the antioxidant activity of 70% ethanol extract of P. americana seeds via DPPH had an IC50 range of 77.298 μg/mL - 98.626 μg/mL (Munthe et al., 2023). Other studies had reported antioxidant activity values of 173.3mmol Trolox Equivalent Antioxidant Capacity (TEAC)/100 g (dry matter)  and 122 mmol TEAC/100 g (dry matter) in the freeze-dried avocado seed (Siol et al 2023). Data that is available on the nutritional value and antioxidant status of avocado seed would vary due to variations in seed form (fresh or dried), methods of assay and extraction, or the solvent used (Dorta et al 2012). Also, differences in the maturity, production conditions, and variety of avocados could influence the content of bioactive compounds in the seeds (Jahrul et al 2020). 	Comment by Hairul Palal: Check Spelling 
Partial replacement of flour with avocado seed powder in this study resulted in a 4 to 5-fold increase in total phenolic content of the bread, while antioxidant activity only exhibited a marginal increase (approx. 8%). It was earlier reported that partial replacement of flour with avocado seed powder significantly increased total polyphenol content and antioxidant potential of designed snacks (Siol et al 2023). They noted a five-fold polyphenol content increase and four-fold antioxidant potential at 6% ASP inclusion. This increased to 13-fold and 10-fold for total phenol content and antioxidant potential when ASP was included at 18% flour replacement above the control sample. This confirm another study where the beneficial effect of avocado seed powder was observed on bioactive compound content of product; where a 30% increase in antioxidant potential was observed at 10% replacement of flour with avocado seed powder. The in vitro antioxidant activity of extracts of avocado seed has been reported to have a higher potential than the avocado pulp, due to the content of polyphenolic compounds (Asben et al 2022). 
Inclusion of graded levels of avocado seed powder in queen cakes also resulted in increasing content of total phenol in the cakes (Nyakang et al 2023). Comparing the total phenol content of the avocado seed powder with that of baked product, we observed that the baked products lost between 70% (5%ASP) and 80% (10% ASP) of the total phenols. This is similar to what was observed in a study where 85% of the total phenol content was lost in queen cakes (Nyakang et al 2023). This substantial loss could be attributed to high baking temperatures which have been noted to denature most of the phenolic compounds (Martinsen et al 2020). 
This study assessed the functional properties of bread fortified with avocado seed powder. All the functional properties evaluated revealed a dose-dependent relationship. These attributes can be attributed to the physicochemical properties of avocado seed powder, which could interact with wheat flour components during the bread processing. Bulk density increased significantly with increase in avocado seed powder. This could due to the high carbohydrate content of avocado seed powder, which may contribute to a denser structure. reported similar increases in bulk density when incorporating fruit and vegetable powders into cereal products, attributing this to the fiber content and different particle characteristics of the fortifying agents (Nyakang et al 2023). The enhanced WAC could be as a result of the presence of hydrophilic components in avocado seed powder, including dietary fiber, non-starch polysaccharides, and proteins with available polar amino acid residues. These components possess hydroxyl groups and other polar functional groups that can form hydrogen bonds with water molecules, thereby increasing water retention capacity. The improvement in OAC is attributable to the presence of hydrophobic amino acid residues in ASP proteins and the physical entrapment of oil within the fiber matrix structure.  An earlier study reported enhanced water and oil absorption capacities when incorporating mango peel powder into macaroni, attributing these improvements to the fiber and protein content of the fortifying agent (Ajila et al 2008). Increased OAC contributes to improved mouth-feel, flavor retention, and overall sensory quality of the bread. 	Comment by Hairul Palal: The discussion should be closely linked to the results and supported by relevant previous studies. 
Improvement in foam stability can be attributed to the formation of more stable protein films at the air-water interface, potentially reinforced by the fiber components of avocado seed powder. Similar observations have been reported with legume protein concentrates, noting that the presence of certain non-protein components, can enhance foam stability by increasing the viscosity of the continuous phase and reducing bubble coalescence (Makri et al 2005). This would contribute to better gas retention during fermentation, and potentially improve loaf volume and crumb structure. Swelling capacity (SC) also increased progressively from 11.7% in control bread to 12.9% in 10% ASP-fortified bread. Enhancement in swelling capacity should be exhibited as potentially softer bread texture with delayed staling, as the bound water is less available for retrogradation of starch molecules. Addition of bambara groundnut flour to wheat flour increased swelling capacity due to the amylose-amylopectin ratio and fiber content (Adebowale et al 2004).	Comment by Hairul Palal: In-text citations must follow the correct format
In this study, both emulsion capacity (EC) and emulsion stability (ES) improved significantly with avocado seed powder addition. Emulsification is crucial in bread production as it affects the distribution of lipids within the dough matrix and influences crumb texture and shelf-life. It has been demonstrated that plant-based proteins and fibers can exhibit good emulsifying properties, often comparable to conventional emulsifiers, due to their ability to reduce interfacial tension and form stable viscoelastic films at the oil-water interface (Karaca et al 2011). Dispensability is an important functional property that affects the ease and uniformity of mixing during dough preparation. The improved dispensability observed could be attributed to the particle size distribution and surface characteristics of avocado seed powder. Least gelation capacity also increased with addition of avocado seed powder in the bread. This attribute reflects the minimum concentration required for gel network formation and is indicative of the protein functionality and molecular interactions within the system. The increase in LGC observed suggests that more protein concentrations are required to form a gel network in ASP-fortified bread, a result of the partial replacement of wheat gluten with proteins of avocado seed powder that have different gelation characteristics.	Comment by Hairul Palal: The discussion should be closely linked to the results and supported by relevant previous studies. 
Sensory evaluation of bread fortified with avocado seed powder in this study highlighted the consumer acceptability of the fortified bread. Except for appearance of the loaf, there was no statistical difference in other sensory attributes measured, although they reduced on a numeric scale. A previous study incorporating avocado seed powder in baked products reported that as inclusion levels increased, the rating of texture, taste and overall acceptability decreased, while there was no change for aroma and color. The reduction in acceptability was attributed to the distinctive aftertaste which was more pronounced with increasing avocado seed powder in the formulation (Mahawan et al 2015). Consumer acceptability is however subjective and can vary based on product type and formulation. While in this study acceptability of bread fortified with avocado seed powder was better at 5%ASP, inclusion of avocado seed powder at 15% wheat flour replacement had acceptable organoleptic properties compared with queen cakes without avocado seed powder (Nyakang et al 2023).	Comment by Hairul Palal: The discussion should be closely linked to the results and supported by relevant previous studies. 
The substitution of 15% of wheat flour with fermented Hass avocado seed flour in biscuits was also observed to improve the taste of the biscuit compared to the control samples, higher inclusion levels however negated this improvement significantly (Rozan et al 2022). They noted that lower inclusion levels of 5% and 10% replacement of wheat flour with fermented avocado seed flour significantly improved the crunchiness, while overall acceptability at 10% fermented ASP was higher when compared with biscuits produced from 100% wheat flour (Rozan et al 2022).
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 fibre, 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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