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Abstract  
 
The main purpose of this study was to explore the potential of avocado seeds flour (ASF) as a novel source of bioactive 
components and its valorization in the development of bread formulations with enhanced sensory, nutritional, 
functional and technological properties. ASF was used to replace wheat flour (WF) at percentages of 0% (control 
sample), 5%, 10%, 15% and 20% (w/w). Standard methods were used to examine the proximate composition, physical 
and sensory characteristics, total phenolic content and antioxidant activity of the resulting bread formulations. The 
results of the sensory analysis showed that the bread sample with a 15% ASF incorporation was the most appreciated 
by the evaluators. The obtained results also showed an improvement in the nutritional profile of the breads, 
proportional to the increase in the percentage of ASF in the composite flour mixes, as well as a significant increase in 
functional attributes. These findings provide conclusive evidence of the potential of ASF to be used as a partial 
replacement of WF in the formulation of innovative flour products with improved functional properties. 
 
Key words: avocado seeds flour, functional bread, nutritional profile, sensory evaluation, total phenolic content. 
 
INTRODUCTION  
 
Today's consumers have changed their food 
selection criteria. While safety and sensory 
factors used to predominate, nowadays more 
and more people are also choosing foods 
according to their impact on health, their ability 
to optimize the body's functioning and to 
prevent or delay the onset of diseases (Mitrea et 
al., 2003; Petcu et al., 2007; Vicentini et al, 
2016; Hadj Saadoun et al., 2021; Stoin et al., 
2023). The growing interest in foods with 
beneficial effects on well-being is the result of 
the increased nutrition education, an increased 
concern for maintaining good health through 
diet, as well as the growing number of people 
suffering from chronic diseases (cardiovascular 
disease, diabetes, osteoporosis, cancer, 
allergies, etc.) who see nutrition as a means of 
prevention or complementary treatment. 
Therefore, the intake of supplements, 
nutraceuticals, bio-functional foods, 
nutricosmetics and cosmetics rich in bioactives 
compound from vegetable products (Stoin et 
al., 2009; Poiana et al., 2009; Galal et al., 2020; 

Eliopoulos et al., 2022) is a sustainable and 
environmentally friendly way to be supported.  
In this regard, the valorization of vegetable 
wastes and by-products from the food industry, 
through the production of functional 
ingredients (flours) with nutritional value and 
antioxidant potential, used in the fortification 
process of food products, represents a 
sustainable solution for the development of 
innovative products, waste reduction and 
resource optimization (Lahiri et al., 2023). The 
demand for such products is growing, driven by 
consumer concern for healthy eating, 
sustainability and efficiency in the use of 
ingredients. By-products from various sectors 
of the food industry (such as bran from cereal 
processing, whey from the dairy industry, pulp 
or seeds from fruit and vegetables from the 
canning industry) are increasingly used to 
create foods with high nutritional value. They 
can be incorporated into bakery products, 
snacks, functional drinks or food supplements, 
helping to enrich their fiber, protein, 
antioxidants and other health-promoting 
substances. In addition, current trends in the 
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food industry promote circular economy and 
sustainability, and by-product recovery 
companies are succeeding in meeting both 
environmental requirements and consumer 
preferences for nutritious and environmentally 
friendly products (Khorairi et al., 2023; Nirmal 
et al., 2023).  
By-products of fruit processing include 
avocado pits. The avocado fruit (Persea 
americana), originally from Central America 
and southern Mexico, belongs to the Lauraceae 
family. Avocado is considered to be one of the 
most valuable fruits on a global scale, primarily 
due to its high content of lipids, protein, fiber, 
vitamins (C, E, K, B complex) and minerals 
(phosphorus, sodium, magnesium, potassium, 
iron, zinc). These nutrients are essential for 
human health, and avocados therefore have the 
potential to improve health and help treat 
certain conditions (Mahawan et al., 2015; Ford 
et al., 2020; Permal et al., 2023; Sanchez-
Rosario et al., 2025). However, an increase in 
consumer interest in avocado fruit and its 
industrial processing has led to the generation 
of by-products, primarily avocado peel and 
seeds, as most of industrial applications use 
only the pulp (Duarte et al., 2016). Avocado 
seeds comprise 13-18% of the total fruit weight 
and are often discarded (Wang et al., 2010). 
Appropriate utilisation of these by-products has 
the potential to address issues associated with 
food waste, in accordance with the zero waste 
concept. Consequently, there has been an 
increasing focus in the academic literature on 
the valuable properties of avocado seeds and 
the potential for their further utilisation as 
sources of valuable bioactive compounds 
(Setyawan et al., 2021; Permal et al., 2023; 
Sanchez-Rosario et al., 2025). Avocado seeds 
have been identified as a significant source of 
carbohydrates, monounsaturated fats, proteins, 
dietary fiber (Araújo et al., 2018; Salazar-
López et al., 2020), and bioactive compounds 
(Salazar-López et al., 2020; Jiménez et al., 
2021; Permal et al., 2023; Sánchez-Rosario et 
al., 2025). In addition, there are studies 
describing the anti-inflammatory, anti-
hypertensive, hypoglycemic, hypolipidemic 
and analgesic properties of avocado pits 
(Kristanti et al., 2017; Alkhalaf et al., 2019).  
A number of studies have also been conducted 
on the potential uses of avocado seeds in the 
form of flour or powder in the design of foods 
such as cakes (Puspitasari et al., 2020), candies 

(Ifesan et al., 2015) and extruded snacks 
(Permal et al., 2023). The valorization of 
avocado seeds can be achieved through the 
process of spray-drying, which involves turning 
avocado seeds into a stable powder (Wong et 
al., 2017). 
The objective of this research was to obtain a 
functional ingredient with nutritional value and 
antioxidant potential, a by-product of avocado 
fruit processing, and to use it to develop a new, 
healthy and sustainable flour product that meets 
the requirements of the European market and 
has a positive impact on consumer health. 
 
MATERIALS AND METHODS 
 
Production of avocado seed flour (ASF) 
Avocado seed flour was prepared using method 
as described by Oktarini et al. (2023) with 
minor modifications. The flour was obtained 
from whole kernels, from which no oil 
extraction was performed. The avocado kernels 
were skinned and washed with clean water to 
remove any impurities. Cleaned avocado pits 
were cut into small 0.5 cm pieces. The resulting 
pieces were dried in a food dehydrator (Biovita 
DELUXE) at 60°C for 8 h, then milled using a 
laboratory mill (PerkinElmer). The resulting 
flour was then sieved using a sieve in 
accordance with ISO 5223, subsequently 
packaged in polyethylene bags and stored at 
4°C for a period of approximately 15 days, 
until further analysis. 
 
Raw material and ingredients 
ASF was obtained following the process 
described above, and the wheat flour (WF) 
72% extraction, yeast and salt were purchased 
from specialty stores in Timisoara, Romania. 
Four types of composite flours were prepared 
from WF and ASF, as follows: M1 (95% WF: 
5%ASF); M2 (90% WF: 10% ASF); M3 (85% 
WF: 15% ASF); M4 (80% WF: 20% ASF) and 
a control sample CS (100% WF + 0% ASF). 
 
Technological process of obtaining bread  
Bread samples were prepared according to the 
recipes shown in Table 1. Samples were 
prepared using the method described by 
Peluola-Adeyemi et al. (2021) and Stoin et al. 
(2023), with minor modifications. The bread 
formulations were obtained by the direct dough 
preparation method. From the composite flour 
mixtures (M1-M4), four bread samples were 
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prepared, as well as a control sample (CB) 
made exclusively from wheat flour (100% 
WF:0% ASF). Water (58%), yeast (3%) and 
salt (2%) were added to each bread sample. 
Each homogenized flour mixture, emulsified 
yeast, salt and water were placed in the bowl of 
a Hauser DM601 mixer. These ingredients 
were mixed on speed 1 for 7 minutes and on 
speed 2 for 10 minutes until a homogeneous 
dough was obtained. The dough was then 
divided into 200 g pieces, shaped, placed in 
trays and subjected to fermentation at a 
temperature of 37°C and a relative humidity of 
78% for 60 minutes. Following this, the dough 
was baked at 220°C for 50 minutes. 
Subsequently, the bread samples were allowed 
to cool to room temperature, then packed in 
polyethylene bags and stored for further 
analysis (Oktarini et al., 2023; Stoin et al., 
2023). 

Table 1. Recipe of bread formulas and technological 
parameters 

Ingredients Bread samples 
 CB B5ASF B10ASF B15ASF B20ASF 

WF (g) 500 450 400 350 450 
ASF (g) 0 50 100 150 0 
Salt (g) 10 10 10 10 10 
Yeast (g) 15 15 15 15 15 
Water (mL) 350 350 350 350 350 

Technological parameters 
Kneading time 
(min) 

12 

Dough 
temperature (°C) 

23 

Fermentation time 
(min) 

50 

Temperature (°C) 32 

Baking time (min) 40 

Temperature (°C) 210 

WF - Wheat flour; ASF - Avocado seeds flour; CB – Control bread 
(100% wheat flour (WF): 0% avocado seeds flour (ASF); B5ASF - 
Bread sample with 95% wheat flour (WF): 5% avocado seeds flour 
(ASF); B10ASF - Bread sample with 90% wheat flour (WF): 10% 
avocado seeds flour (ASF); B15ASF - Bread sample with 85% wheat 
flour (WF): 15% avocado seeds flour (ASF); B20ASF - Bread sample 
with 80% wheat flour (WF): 20% avocado seeds flour (ASF). 
 

Proximate composition of flours and samples 
bread 
The standard method described by the 
Association of Official Analytical Chemists 
(AOAC 2000) was used to assess the proximate 
composition of WF, ASF and bread formulas. 
The carbohydrate content (%) was calculated 
by subtracting the other macronutrients 
(moisture, fat, protein, fiber, ash) from 100. All 
samples were measured in triplicate. The 
energy value was calculated according to the 
equation described by Dossa et al. (2023): 

Energy value (kcal/100 g) = 9 × fat (%) + 4 × 
carbohydrates (%) + 4 × proteins (%)        (1) 
 
Physical characteristics of bread samples 
Physical characteristics such as volume, 
porosity, crumb elasticity and height/diameter 
ratio were determined for each bread formula 
according to the methodology described by 
Cirlincione et al. (2022) and Dossa et al. 
(2023). The volume of each bread sample was 
measured using the Fornet apparatus, which 
operates on the principle of determining the 
volume of rapeseed displaced by the product 
analysed. For each bread sample, three 
consecutive measurements were taken, and the 
arithmetic mean of the results obtained was 
taken. The volume of the bread is calculated as 
the ratio between the volume of rapeseed 
displaced by the analysed product and the mass 
of the bread sample, multiplied by 100, and the 
result is expressed in cm3/100 g. 
The elasticity of the core is based on the 
principle of compressibility and the subsequent 
relaxation of the core when subjected to 
pressure under specific conditions, followed by 
the measurement of the height to which it 
returns following the removal of the pressing 
force. The method entails the compression of a 
core cylinder with a diameter of 4 centimeters 
and a height of 6 centimeters, for 1 minute. 
Subsequent to the cessation of pressure, the 
degree of return to the original shape is 
evaluated. The core's elasticity is calculated as 
the ratio of the cylinder's height before pressing 
to its height after pressing and its return to its 
original position, multiplied by 100, with the 
result expressed in %. 
Bread porosity is a critical physical parameter 
in the analysis of sensory attributes of a bakery 
product. This parameter provides information 
about the total volume of pores present in the 
analysed crumb. The analysis of the structure 
and thickness of the pores, along with their 
uniformity, is essential in determining porosity. 
This parameter is expressed as a percentage of 
the sample volume and is calculated according 
to the equation outlined by Dossa et al. (2023). 
The determination of the H/D ratio is done in 
order to assess the degree of development of 
the bread sample under analysis. A low sample 
height and a larger diameter are an indication 
that the bread is inadequate (either due to poor-
quality flour or over-fermentation), while a too 
high sample height and a small diameter 
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indicate an insufficiently fermented bread with 
a too firm dough. If the H/D ratio is 0.40, the 
product is well developed. A higher H/D ratio 
indicates a superior product, while an H/D ratio 
value below 0.40 represents an inadequate, 
flattened product. The ratio between the 
maximum height of the unnotched product or 
the arithmetic mean of the maximum and 
minimum heights for the notched product, in 
centimetres, and the arithmetic mean of two 
perpendicular diameters, in centimetres, must 
be calculated. The result is expressed in %. 
 
Phytochemical profile of bread samples 
The total phenolic content (TPC) of the bread 
formulas was determined by 
spectrophotometric analysis, using the Folin-
Ciocalteu method. This method was described 
by Metzner Ungureanu et al. (2020) and Viola 
et al. (2023), with some modifications. Extracts 
were prepared by weighing 1 g of sample and 
mixing it with 5 mL of methanol/water (80:20, 
v/v). Following homogenisation by vortexing 
for a period of 2 minutes, the mixture was 
placed in an ultrasonic bath (model RK 510 H, 
Germany) at room temperature and sonicated 
for a period of 1 hour. The mixture was then 
centrifuged at 9000 rpm for 5 minutes at 4°C 
using a Universal 320R centrifuge (Hettich, 
Germany). The absorbances of the bread 
samples and of the blank sample, prepared 
under the same conditions as the bread 
samples, were measured at a wavelength of 765 
nm using a spectrophotometer (Specord 200; 
Analytik Jena Inc., Jena, Germany). TPC was 
expressed in milligrams of gallic acid 
equivalent per gram of dry weight (mg GAE/g). 
The calibration curve was performed for the 
concentration range from 2.5 to 250 µg/mL. All 
analyses were performed in triplicate, and the 
results were reported as the mean value ± 
standard deviation (SD). 
The evaluation of the antioxidant activity (AA) 
of bread samples (DPPH (2,2-diphenyl-1-
picrylhydrazyl) was performed according to the 
procedure described by Viola et al. (2023), with 
some modifications. Each bread sample (1 g) 
was extracted with 4 mL of methanol, then 
combined with 3 mL of DPPH solution                
(60 µM) and incubated in the dark for 30 min. 
The free radical scavenging activity was 
evaluated by UV-VIS spectrophotometry, 
measuring the absorbance at 517 nm with a 
Specord 200 spectrophotometer (Analytik Jena 

Inc., Jena, Germany) using methanol as a 
blank. The results were expressed as millimoles 
Trolox equivalent (mmol TE)/100 g sample. 
The conversion of the signal from the 
measurement of the absorbance into an 
antioxidant activity value was performed based 
on the calibration curve set in the range 5-400 
µM with Trolox as the standard. All 
measurements were performed in triplicate. 
 
Sensory evaluation of bread samples 
The evaluation of the bread samples was 
carried out by a group of 30 untrained panelists 
(15 men and 15 women), aged between 20 and 
45 years, without food allergies and non-
smokers. All panel members were trained 
according to ISO 6658:2017. Bread slices, 
including crust, 1 cm thick, were presented on 
cardboard plates, coded and served randomly 
under normal lighting conditions and at room 
temperature. A five-point hedonic scale was 
used to assess consumer acceptability, with the 
following ratings: 1-dislike extremely; 2-dislike 
slightly; 3-neither like nor dislike; 4-like 
slightly; 5-like extremely. The sensory 
characteristics evaluated by the evaluators 
were: appearance, texture, flavor, taste and 
overall acceptability (Borrelli et al., 2023; Stoin 
et al., 2023). 
 
Data statistical analysis 
Determinations were performed in triplicate 
and then expressed as mean values ± standard 
deviation (SD). Statistical data processing was 
performed using analysis of variance (one-way 
ANOVA). To estimate the statistical 
significance of variations between means, 
Tukey's post-hoc comparison of means and 
Levene's test for equal variance were included. 
 
RESULTS AND DISCUSSIONS  
 
Proximate composition of flours and bread 
samples  
Table 2 presents the results referring to the 
proximal composition of flour and bread 
samples. 
The comparison of moisture and protein 
content between ASF and WF showed lower 
values for ASF, with a moisture content of 
8.594% compared to 12.744% in WF and a 
protein content of 7.674% compared to 
11.534% in WF. On the other hand, the fat, 
fiber and mineral content of ASF was much 
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higher than that of WF, as follows: the fat 
content of ASF was 6.368% vs. 1.047% in WF, 
the fiber content of ASF was 14.592% vs. 
1.589% in WF and the mineral content of ASF 
was 2.757% vs. 0.538% in WF, an intake that 
recommends the use of ASF as a functional 
matrix in flour products (Eliopoulos et al., 
2022; Siol et al., 2023; Viola et al., 2023). The 
carbohydrate content in ASF (60.015%) was 
lower than that in WF (72.548%), which will 
lead to a reduction in carbohydrate content in 
the bread samples. The findings of this study 
are consistent with those reported by Siol et al. 
(2023) and Viola et al. (2023) on the proximate 
composition of ASF. These authors concluded 
that ASF is a valuable ingredient with potential 
for use in various food matrices to improve 
nutritional value. The obtained bread formulas 
(B5ASF, B10ASF, B15ASF, B20ASF) have a 
better nutritional profile compared to CB, a 
profile that correlates with the percentage of 
WF substitution by ASF. The results obtained 
highlight the significant impact (p<0.05) of 
partial substitution of WF with ASF on the 
proximal composition of bread samples. The 
moisture content of the bread samples was 
lower than that of CB (37.721%), decreasing 
from 36.928% in B5ASF to 36.277% in 
B20ASF, which is lower than the average 
content reported by Anjarwati et al. (2021), 
who reported bread sample moisture values of 
39.12% at 5% substitution of WF with ASF. 
The moisture content of the bread formulas 
exhibited a downward trend, influenced by the 
high fiber content of ASF, which possesses the 
property of reducing the water absorption 
capacity (Wang et al., 2002). According to the 
findings of Zghal et al. (2002), the moisture 
content of bread samples is influenced by the 
level of starch gelatinization in the dough 
during the baking process. Consequently, the 
lower values obtained in this study could be 
attributed to the low moisture content of the 
ASF. 
In terms of protein content of the bread 
formulas, it varied from 10.0345% in B5ASF 
to 8.852% in B20ASF, and the highest value 
was recorded in CB (10.265%). A decrease in 
protein content was observed as the percentage 
of ASF increased, and the differences between 
the samples were found to be statistically 
significant (p < 0.05). According to Akua 
(2012), avocado fruit is a poor source of protein 
and should be consumed in combination with 

other protein-rich foods. The reduced protein 
content of the bread samples could be attributed 
to the low protein content of the ASF. 
The bread samples with added ASF were 
characterized by higher levels of fibre, fat and 
minerals compared to BC, whose value 
increased proportionally with the level of 
substitution of WF with ASF. The bread 
recipes obtained in this study proved to be a 
good source of fiber, with fiber contents 
ranging from 2.877% in B5ASF to 4.780% in 
B20ASF, compared to 2.231% in BC. Also, in 
the case of fibres, there were significant 
differences (p<0.05) between the analysed 
samples. The increase in fiber content of the 
bread samples can be attributed to the high 
level of fiber in avocado seed fraction (ASF), 
indicating that these seeds are a valuable source 
of dietary fiber. They have been shown to 
improve the digestive process in the intestinal 
tract and to have significant potential for use in 
the bakery industry (Boshra and Tajul, 2013).  
The same upward trend was observed for the 
fat and ash contents, which ranged from 
2.788% to 4.894% and from 1.476% to 2.569% 
respectively, compared to 2.018% and 1.011% 
in BC, and can be considered as products with 
high functional potential (Siol et al., 2023; 
Marra et al., 2024). The increased fat content 
observed in all samples can be attributed to the 
high lipid concentration in avocado seeds, 
which are rich in monounsaturated fatty acids - 
compounds recognized for their potential health 
benefits for consumers (Indriyani et al., 2015). 
Similarly, a trend of increased fat content has 
been previously reported by other researchers 
(Indriyani et al., 2015; Peluola-Adeyemi et al., 
2021).  
The carbohydrate content was also significantly 
lower in composite flour bread samples 
compared to the control (BC), ranging from 
45.897% in B5ASF to 42.628% in B20ASF, 
whereas the control sample exhibited a value of 
46.754%. The carbohydrate content reduction 
in the bread samples may be attributed to the 
low carbohydrate concentration in the avocado 
seed flour (ASF), as well as the decreased 
proportion of wheat flour (WF) in the 
formulation. The values obtained are close to 
those reported by Peluola-Adeyemi et al. 
(2021), who obtained a carbohydrate content 
between 44.03% and 54.69%. 
The energy value calculated from the fat, 
protein and carbohydrate intakes provided by 
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the component raw materials varied in the 
following order: BC> B5ASF> B10ASF> 
B15ASF> B20ASF. As the proportion of 
avocado seed flour (ASF) increased in the 
samples, the energy value decreased from 
246.28 kcal/100 g in the control bread (CB) to 
245.124 kcal/100 g in B20ASF. Thus, the use 
of ASF in bread formulations resulted in a 

lower calorie product. The results of this study 
are similar to those of Peluola-Adeyemi et al. 
(2021), Anjarwati et al. (2023) and Viola et al. 
(2023), who observed that as the ASF 
replacement level increased, the fat, fiber and 
mineral contents increased and the protein and 
carbohydrate contents decreased. 
 

 

Table 2. Proximate composition of flours and bread samples 
Samples  Chemical Parameters 

Moisture 
(%) 

Fat  
(%) 

Protein  
(%) 

Fiber  
(%) 

Ash 
(%) 

CRB* 

(%) 
Energy value 
(kcal/100 g) 

Flours  
WF 12.744±0.214a 1.047±0.033a 11.534±0.248a 1.589±0.034a 0.538±0.015a 72.548 345.751 

ASF 8.594±0.151b 6.368±0.093b 7.674±0.227b 14.592±0.249b 2.757±0.099b 60.015 328.068 

Bread samples  

CB 37.721±0.275a 2.018±0.024a 10.265±0.027a 2.231±0.065a 1.011±0.024a 46.754 246.238 

B5ASF 36.928±0.026b 2.788±0.090b 10.034±0.046b 2.877±0.025b 1.476±0.023b 45.897 245.816 

B10ASF 36.683±0.042c 3.413±0.085c 9.756±0.010c 3.469±0.029c 1.959±0.027c 44.720 245.621 

B15ASF 36.488±0.070d 4.037±0.016d 9.313±0.012d 4.096±0.011d 2.254±0.033d 43.812 245.433 

B20ASF 36.277±0.019e 4.894±0.085e 8.852±0.025e 4.780±0.069e 2.569±0.038e 42.628 245.124 

*CRB – carbohydrates. a-e different letters between samples signify statistical differences according to One-way ANOVA test. Results are 
expressed as the mean ± standard deviation (SD) of three independent determinations. Values marked with different superscript letters 
within the same column are statistically significantly different (one-way ANOVA, p < 0.05). 

 
Physical properties of bread samples 
The bread samples were subjected to physical 
analysis, including the determination of 
volume, porosity, elasticity, and height-to-
diameter ratio, in accordance with the 
methodologies described by Cirlincione et al. 
(2022) and Dossa et al. (2023). The 
experimental results are presented in Table 3. 

Table 3. Physical properties of bread samples 
Bread 

samples 

Bread quality indicators 

Volume 
(cm3/100 g) 

Porosity 
(%) 

Elasticity 
(%) 

Ratio between 
high and 

diameter (H/D) 
CB 410±0.064a 78.696±0.194a 73.629±0.058a 0.494±0.015a  

B5ASF 408±0.526b 76.330±0.145b 72.283±0.030b 0.488±0.015a 

B10ASF 406±0.506c 74.373±0.219c 71.406±0.076c 0.485±0.011a 

B15ASF 404±0.559d 72.256±0.107d 70.323±0.047d 0.483±0.011a 

B20ASF 402±0.577e 70.334±0.077e 69.368±0.032e 0.479±0.007a 

a-edifferent letters between samples signify statistical differences 
according to One-way ANOVA test. Results are expressed as the mean 
± standard deviation (SD) of three independent determinations. Values 
marked with different superscript letters within the same column are 
statistically significantly different (one-way ANOVA, p < 0.05). 
 
The results of the physical properties 
evaluation of the bread formulas revealed 
statistically significant differences (p < 0.05) 
between the control sample (CB) and the 
avocado seed flour (ASF)–substituted samples. 

The control bread exhibited the highest values 
for volume (410 cm³/100 g), porosity 
(78.696%), elasticity (73.629%), and height-to-
diameter (H/D) ratio (0.494), whereas the ASF-
containing samples showed significantly lower 
values for these parameters. For the bread 
samples with added ASF, the volume ranged 
from 408 cm3/100 g for sample B5ASF to 402 
cm3/100 g for sample B20ASF, the porosity 
ranged from 76.330% for sample B5ASF to 
70.334% for the B20ASF sample, the elasticity 
ranged from 72.283% for the B5ASF sample to 
69.368% for the B20ASF sample, and the H/D 
ratio ranged from 0.488 for the B5ASF sample 
to 0.479 for the B20ASF sample. The decrease 
in the values of the physical parameters of the 
bread recipes could be related to the activity of 
the enzymes present in the ASF, which may 
reduce the ability of the dough to retain the 
gases generated during fermentation. This 
effect could lead to an increase in the viscosity 
of the dough, resulting in a lower final volume 
of the product. A progressive decrease in loaf 
volume was observed with increasing levels of 
avocado seed flour (ASF) substitution. The 
control sample (CB) showed the highest loaf 
volume, while the lowest volume was recorded 
in B20ASF, indicating a negative correlation 
between ASF content and loaf volume. This 
can be attributed to the reduced gluten network 
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formation due to the low WF content. Porosity 
values followed a similar decreasing trend, 
with higher ASF incorporation resulting in 
denser crumb structures. This could be related 
to the interference of fiber from ASF with gas 
retention during fermentation and baking. 
Elasticity measurements showed a slight 
decrease with increasing ASF levels, 
suggesting that ASF may affect the viscoelastic 
properties of the dough. However, moderate 
substitutions (e.g. B5ASF and B10ASF) 
maintained acceptable levels of elasticity for 
bread texture. The height/diameter (H/D) ratio 
gradually decreased with SFA fortification. 
These results are consistent with previous 
reports that composite flours with higher fiber 
and lower gluten content produce flatter 
products. The results are comparable with other 
studies (Peluola-Adeyemi et al. 2016, 2021), 
according to which the physical properties of 
bread samples with added ASF decreased in 
proportion to the WF/ASF ratio. 
 
Phytochemical profile of bread samples 
The phytochemical profiles of the bread samples 
were assessed in terms of total phenolic content 
(TPC) and antioxidant activity (AA). These 
assessments are presented in Table 4. 

Table 4. Phytochemical profile of bread samples 
Bread 

samples 
Phytochemical Parameters 

Total phenolic 
compounds 
(mg GAE/g) 

Antioxidant activity 
(mmol TEAC/100g) 

CB 20.470±0.091 a 7.217±0.092a 

B5ASF 22.844±0.021b 8.187±0.035b 

B10ASF 23.176±0.027c 8.490±0.069c 

B15ASF 23.478±0.018d 8.808±0.084d 

B20ASF 23.937±0.031e 9.187±0.035e 

a-edifferent letters between samples signify statistical differences 
according to One-way ANOVA test. Results are expressed as the mean 
± standard deviation (SD) of three independent determinations. Values 
marked with different superscript letters within the same column are 
statistically significantly different (one-way ANOVA, p < 0.05). 

The findings demonstrated that the TPC and 
AA levels increased in relation to the level of 
ASF incorporated into the bread samples, with 
statistically significant differences observed 
between the various ASF levels and the control 
sample. Notably, the TPC values of ASF-
enriched bread samples were higher than that 
of the control. The maximum TPC recorded 
was found in B20ASF (23.937 mg GAE/g), 
while the minimum was observed in the control 
bread (CB), with 20.470 mg GAE/g. The study 
revealed a consistent trend in the antioxidant 
activity (AA) among various bread samples. 
The bread sample B20ASF exhibited the 
highest antioxidant activity (9.187 mmol 
TEAC/100 g), while the lowest activity was 
observed in the control sample CB (7.217 
mmol TEAC/100 g). These findings suggest 
that the bioactive compounds present in ASF 
contribute to the overall antioxidant potential of 
the final product. The B20ASF sample 
demonstrated the highest antioxidant activity, 
underscoring the functional potential of ASF in 
enhancing the nutritional quality of bread. The 
relatively low total phenolic content (TPC) 
observed in the bread samples may be 
attributed to the high baking temperature 
(220°C), which could lead to the degradation or 
denaturation of a substantial proportion of 
phenolic compounds (Harbourne et al., 2009). 
Similarly, a tendency of elevated TPC and AA 
content has been documented by other 
researchers (Indriyani et al., 2015; Peluola-
Adeyemi et al., 2021). 
 
Sensory evaluation of bread samples 
The sensory evaluation scores of the bread 
samples supplemented with different levels of 
ASF are presented in Table 5.  

 

Table 5. Quality attributes scored in sensory assessment of bread samples 
Bread 

samples 
Sensory evaluation 

Appearance  Taste  Flavor Texture Overall acceptability 
CB 4.328±0.033a 4.038±0.031a 4.037±0.021a 4.235±0.111a 4.105±0.025a 

B5ASF 4.274±0.024a 4.120±0.073a 4.054±0.080a 4.220±0.119a 4.144±0.023a 

B10ASF 4.256±0.013b 4.223±0.069b 4.156±0.013b 4.203±0.059a 4.190±0.016a 

B15ASF 4.243±0.029b 4.283±0.017c 4.296±0.008c 4.180±0.050a 4.240±0.013b 

B20ASF 4.211±0.008c 4.134±0.026a 4.101±0.053a 4.048±0.022a 4.101±0.073a 

a-cdifferent letters between samples signify statistical differences according to One-way ANOVA test. Results 
are expressed as the mean ± standard deviation (SD) of three independent determinations. Values marked with 
different superscript letters within the same column are statistically significantly different (one-way ANOVA, 
p < 0.05). 
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For all sensory attributes evaluated by the 
panelists (appearance, taste, flavor, texture, and 
overall acceptability) no statistically significant 
differences (p<0.05) were observed among the 
bread samples. The bread sample supplemented 
with 15% ASF was rated as having the most 
favourable sensory characteristics. The sensory 
evaluation of bread appearance showed that the 
control sample (CB) received the highest score 
(4.328), followed by B5ASF (4.274), while the 
highest score among the ASF-enriched samples 
was recorded for B15ASF (4.243). Variations 
in the scores were also recorded for the taste of 
the bread samples, with the scores increasing 
proportionally with the percentage of 
replacement of WF by ASF, up to sample 
B15ASF, which received a score of 4.238, 
which then decreased to 4.134 in sample 
B20ASF, compared with CB, which received a 
score of 4.038. There were also variations in 
the flavour scores of the bread samples, with 
the scores increasing proportionally with the 
percentage of WF replaced by ASF up to 
sample B15ASF, which scored 4.296, and then 
decreasing to 4.101 in sample B20ASF, 
compared to CB, which scored 4.037. The 
texture of the bread samples with added ASF 
was well accepted by the panel members, with 
sample B20ASF receiving a score of 4.048, 
compared to CB, which however received the 
highest score of 4.235.  
The same increasing trend, proportional to the 
increasing rate of WF substitution with ASF, 
up to sample B15ASF, which received a score 
of 4.240, was also observed for the overall 
acceptance scores of the bread recipes 
compared to the CB sample, which received a 
score of 4.105. The addition of ASF affected 
the sensory characteristics of the bread samples 
analysed as follows: crust and crumb 
appearance was different from that of CB, crust 
crispier, crumb denser; slightly astringent, 
slightly bitter taste; strange aroma. Sensory 
evaluation of breads based on WF and ASF 
shows that the use of up to 15% ASF in the 
recipe results in an increase in consumer 
acceptance. In previous studies (Peluola-
Adeyemi et al. 2016, 2021; Viola et al., 2023) a 
similar increase in sensory attributes of bread 
samples was observed when WF was replaced 
by increasing levels of ASF.  
 

CONCLUSIONS 
 
The results of the present study demonstrate the 
considerable potential of avocado seed flour 
(ASF) in the development of functional foods, 
thus supporting its use as a functional 
ingredient in the food industry. Partial 
replacement of WF with ASF in the bread 
recipe resulted in an increase in the nutritional 
value of the bread as reflected by increased 
fibre, healthy fat and mineral content. These 
changes highlight the potential health benefits 
of the product. Sensory evaluation of WF and 
ASF based bread shows that the use of up to 
15% ASF in the recipe, results in increased 
consumer acceptance. The comprehensive 
nutritional, physical, phytochemical, and 
sensory evaluation of the bread samples 
demonstrated that avocado seed flour (ASF) 
may serve as a valuable plant-based source for 
the development of new food products with 
enhanced functionality. Given these 
considerations, the industrial implementation of 
these bread formulations is recommended to 
facilitate their availability as a high-quality 
food product with high nutritional value. 
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