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Abstract

This study focuses on the development of reduced-gluten muffins using
almond flour examine the effects of different particle sizes of roasted
almond flour (18, 30, and 60 mesh) on their physical and sensory
properties and to address the growing demand for gluten-reduced
bakery products due to health concerns such as gluten intolerance,
celiac disease, and dietary preferences for low-gluten foods. A control
formula using 100% wheat flour was included for comparison. The
objective was to assess the influence of almond flour particle size on
attributes such as height, weight loss, moisture con-tent, texture, colour,
and overall sensory acceptance. The muffins were evaluated using
standard laboratory techniques, including texture analysis, moisture
determination, and sensory evaluation using a 9-point hedonic scale.
The results revealed that smaller almond flour particle sizes improved
the structural integrity and sensory characteristics of the muffins.
Formula 3 (60 mesh almond flour) exhibited the greatest height (5.2 cm
+ 0.1), highest springiness (0.88 + 0.02), and superior sensory
acceptability (overall liking score of 7.8 * 0.3), comparable to traditional
wheat-based muffins (8.0 + 0.2). Conversely, Formula 1 (18 mesh
almond flour) demonstrated lower height (4.5 cm % 0.1), higher
firmness (12.6 N * 0.4), and reduced consumer preference (overall
liking score of 6.2 * 0.4). Statistical analysis (ANOVA, p < 0.05)
confirmed significant differences in these attributes among the
formulas. The findings highlight that finer almond flour enhances water
absorption, gas retention, and overall batter uniformity, resulting in
improved baking and sensory outcomes. This study provides valuable
insights for the food industry, particularly for manufacturers developing
gluten-reduced bakery products that cater to health-conscious
consumers. The results support the use of optimized almond flour
particle sizes to achieve desirable texture and sensory characteristics,
potentially increasing consumer acceptance in commercial gluten-free
or reduced-gluten markets.

1. Introduction

Muffins are a popular due to their convenient form and long shelf life [1]. Muffins are classified as a type of fast
bread product that is leavened with baking powder. Muffin ingredients consist primarily of flour, sugar, fat,
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butter and egg. Every component has a significant impact on the final product's composition, look, and eating
quality. Flour provides the structure in baked goods. The protein content of flour can influence the texture of
muffins. Wheat flour plays a crucial role in determining the overall quality and texture of muffins. The gluten
network formed during mixing and baking is essential for providing structure and elasticity, contributing to the
characteristic rise and airy crumb of the final product. Additionally, the starches in wheat flour gelatinize during
baking, adding to the moistness and mouthfeel of muffins. Recent years have been seen a growing interest in
non-wheat flours due to dietary preferences, health, consideration, and gluten-related disorder such as celiac
diseases [2]. Non-wheat flours, including almond flour, coconut flour, and rice flour, offer alternative nutritional
profiles and unique flavours, making them attractive options for developing reduced gluten and gluten-free
products.

Using non-wheat flours in muffin production can significantly alter the physical and sensory properties of
the final product. Almond flour, for instance, is rich in proteins and healthy fats but lacks the gluten-forming
proteins found in wheat flour. This absence of gluten can affect the structure, texture, and rise of the muffins,
leading to a denser crumb and potentially different moisture retention characteristics. Additionally, the nutty
flavour of almond flour can enhance the taste profile of the muffins, offering a unique twist to traditional recipes.
To compensate for these textural changes, adjustments in the formulation, such as modifying hydration levels
and incorporating different particle sizes of almond flour, may be necessary to achieve the desired muffin
texture.

Roasted almond flour is produced by roasting and grinding almonds into a fine powder. This process
enhances the flour's flavour, colour, and texture. Roasting, an age-old culinary method, involves temporarily
exposing almonds to high temperatures, triggering the Maillard reaction, caramelization, and lipid oxidation.
These chemical reactions contribute to improved sensory quality by enhancing flavour complexity, deepening
colour, and extending shelf life [3]. For example, [4] noted that roasting almonds amplifies their nutty and
slightly sweet flavour due to the release of natural oils, which can influence the taste of baked products.

The particle size of almond flour plays a significant role in determining muffin volume and density because
finer particles create a more uniform batter, improving structure and aeration, while coarser particles may
result in uneven distribution and increased density. Finer particles generally lead to muffins with higher volume
and lower density, while coarser particles tend to result in muffins with lower volume and higher density.
Understanding these relationships can help consumers make informed choices and assist the baking industry in
developing muffins with desired textures. For instance, [5] examined the effects of almond and coconut flours on
ketogenic, gluten-free cupcakes, finding that smaller coconut flour particles increased cupcake volume and
reduced crumb density. While almond flour particle size did not significantly affect cupcake structure, increasing
almond flour levels improved moisture retention and tenderness.

Therefore, this study aims to determine the suitable particle sizes of roasted almond flour to achieve the
desired physical properties of muffins and to assess the sensory acceptance of muffins made with roasted
almond flour of varying particle sizes in terms of taste, texture, aroma, and overall quality.

2. Material and Methods

2.1 Materials

All ingredients of basic muffins including wheat flour, sugar, salt, milk, egg, baking powder butter and peeled
raw (untreated) almonds (Prunus dulcis) were bought from a supermarket in Pagoh, Johor, Malaysia.

2.2 Equipment and Instrument

Oven, blade grinder, different mesh size of stainless steel sieves (45um, 63pm, 270pm and 500pm), mixer,
Texture Analyzer, calorimeter.

2.3 Preparation of Roasted Almond

Almonds were dry roasted for 15 minutes at 165°C in an air-ventilated oven (DN-61 Constant Temperature
Oven, American Scientific Products, Ocala, FL) based on a prior study. The roasting parameters chosen were
based on industry standards and published literature [6]. Then, the roasted almonds were milled using a blade
grinder (Dry blender Panasonic). The resulting flour was subjected to stainless steel sieves of mesh sizes 1000
pum, 600 pm, and 270 pm.

2.4 Preparation of Muffin

A control sample of muffins was made with the same flour ratio of 4:1 roasted almond flour and wheat flour but
with varied particle size distributions of 1000 pm, 600 um, and 270 pm. Butter and sugar were added to the
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mixer bowl and blended together with an electric mixer. Then, 90 g of whole eggs were added and stirred
thoroughly into the mixture. Next, flour, baking powder (15 g), sugar (195 g), and salt (7.5 g) were sifted before
being added to the mixer bowl. After that, 225 ml of milk was added to the mixture and mixed until uniform. The
muffins were prepared in a preheated oven at 200°C for 30 minutes. The muffins were then allowed to cool at
room temperature (25°C) before analysis.

Table 1 Muffin formulation

Formulation Particle size
Control -
1 Mix muffin batter with 1000pm (18 mesh) particle size
roasted almond flour.
2 Mix muffin batter with 600um (30 mesh) particle size
roasted almond flour.
3 Mix muffin batter with 270um (60 mesh) particle size

roasted almond flour.

2.5 Physical Analysis

Muffin height was measured using a centimetre (cm) ruler from the top (peak) to the bottom of the muffin cup
both before baking and after an hour of room temperature cooling [7]. The weight of muffins was measured in
grams (g) using kitchen scales before baking and after an hour of room temperature cooling [8].

2.6 Colour Measurement

Muffin colour was determined using a colorimeter that utilized the Lab* colour scale system. The L* value
denoted lightness/darkness, the a* value represented redness/greenness, and the b* value represented
yellowness/blueness. Prior to analysis, each muffin (20 g) was ground into fine particles before being placed on
a unique plate. The colour of the muffins was automatically measured and displayed on the computer screen in
accordance with the manufacturer's instructions. The data obtained through the sensory test were statistically
analysed using ANOVA through IBM SPSS version 26 Statistical Software [9].

2.7 Texture Analysis

The Food Texture Analyzer was used to conduct a compression test with a spherical probe of 0.25-inch diameter
[10]. This analysis employed an initial compression height of 50%, a speed of 1 mm/s, and a waiting time of 5
seconds. The texture qualities examined included hardness and springiness.

2.8 Sensory Evaluation

Consumer acceptability was determined using the Hedonic test, as described by [11]. The analysis was carried
out in individual booths at the Sensory Laboratory, Universiti Tun Hussein Onn, Johor, Malaysia. A total of 50
consumer panellists participated in this test to evaluate muffins with varied particle sizes (1000 pm, 600 pm,
270 um). This test employed a 9-point scale with values ranging from 1 (dislike extremely) to 9 (like extremely).
Each panellist rated appearance, colour, texture, taste, hardness, springiness, and overall acceptability. To avoid
bias, each muffin sample was sliced into a rectangle and distributed to panellists using a random three-digit
number.

2.9 Statistical Analysis

The sensory evaluation test results were statistically analysed using one-way ANOVA through IBM SPSS version
26 Statistical Software. To compare the means between samples, all data were analysed using one-way analysis
of variance (ANOVA) [9].

3. Result and Discussion

3.1 Height

The particle size of roasted almond flour plays a critical role in determining the height of reduced-gluten muffins
after baking. Muffins made with finer almond flour particles (60 mesh, Formula 3) showed the greatest height
(2.0 cm) due to the increased surface area, which enhanced interaction with water and fat. The finer almond
flour particles not only increase surface area but also improve the batter's ability to trap air, which helps the
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muffin rise more effectively. This created a smoother, more cohesive batter that retained gas more effectively
during baking. This homogeneity compensates for the lack of gluten by forming a matrix that mimics gluten's
properties, improving structure and gas retention, solving key challenges in gluten-free baking. These findings
align with research by [12].

Table 2 Height

Sample Height (cm) Weight (g)

Control 1.5 5.09
Formula 1 1.4 5.68
Formula 2 1.6 5.79
Formula 3 2.0 6.28

Muffins made with medium-sized almond flour particles (30 mesh, Formula 2) demonstrated a significant
rise (1.6 cm) due to their ability to balance structural integrity and mixing properties. While the particles were
larger than the 60 mesh flour, they still blended effectively into the batter, supporting gas retention while
maintaining structural integrity. This result is consistent with findings by [13] who observed that intermediate
particle sizes provide a good balance for baking.

In contrast, muffins made with the coarsest almond flour (18 mesh, Formula 1) had the smallest rise (1.4
cm). The larger particles disrupted the batter's structure, creating uneven pockets and reducing its capacity to
retain gas during baking. This resulted in a denser, less risen product, which aligns with studies by [14] on the
adverse effects of coarser particles on gas retention in gluten-free formulations.

The control formulation (100% wheat flour) achieved a 1.5 cm rise, highlighting the gluten network's role in
providing structural support. However, the lack of finer particle integration, such as that provided by almond
flour, limited its moisture retention and overall rise. This finding supports the observations of [14], who
emphasized the role of gluten in traditional baked goods.

These results highlight the importance of using finer almond flour particles in reduced-gluten baking to
address structural challenges, improve gas retention, and enhance muffin quality. By emphasizing particle size,
bakers can overcome the limitations of reduced-gluten formulations and produce better-textured and more
voluminous products.

Table 3 Picture of muffin

Control
I i
T - ¥
F \“ :
3.2 Weight

Weight loss during baking reflects the water retention capabilities and structural changes in muffin
formulations, with almond flour particle size playing a significant role. The control (100% wheat flour) had the
least weight loss (5.09 g) due to gluten's moisture-retaining network, as supported by [14] Formula 1 (18 mesh
almond flour) showed moderate weight loss (5.68 g) due to partial moisture retention from the 20% wheat
flour, consistent with [15].

Formula 2 (30 mesh almond flour) experienced slightly higher weight loss (5.79 g) because its medium
particle size facilitated more water evaporation, aligning with findings by [16]. Formula 3 (60 mesh almond
flour) had the highest weight loss (6.28 g), as the finer particles increased surface area and hygroscopicity,
promoting water release, as noted by [17]. The increased weight loss in finer almond flour formulations
(Formula 3) can lead to drier mulffins, affecting texture and shelf life. A more pronounced evaporation can
shorten the product's shelf life, making it crucial to balance moisture retention and weight loss for optimal
texture and consumer experience.

Finer almond flour particles enhance water interaction but also increase evaporation, leading to a drier
texture and shorter shelf life. Optimizing particle size and baking parameters can help balance moisture
retention and evaporation, improving product texture and quality.

2

Penerbit

UTHM



253 Enhanced Knowledge in Sciences and Technology Vol. 5 No. 1 (2025) p. 249-257

3.3 Colour

Colour is a key factor in consumer perception and acceptability of food products, reflecting ingredient quality,
baking conditions, and appeal. In baked goods like muffins, colour is primarily influenced by the Maillard
reaction, caramelization, and ingredient composition. Finer almond flour particles (e.g., 60 mesh) have a larger
surface area, promoting uniform sugar and protein distribution and enhancing Maillard browning. This results
in more evenly browned and lighter-coloured muffins. Coarser particles (e.g., 18 mesh) lead to uneven
distribution, causing localized darker areas and less consistent colouring, aligning with [18].

Table 4 Colour
Formula L* (Lightness) a* (Redness) b* (Yellowness)
Control 61.06+0.73 1.67 £ 0.09 13.55+£0.46
Formula 1 51.37 £ 0.43 1.84 +0.07 7.47 +0.19
Formula 2 53.22+0.23 2.54+0.03 7.71+0.14
Formula 3 55.67 £ 0.15 2.97 £0.02 9.47 +0.02

Colour analysis showed muffins with finer almond flour had higher lightness (L values) and redness (a
values) but reduced yellowness (b values) compared to coarser flours. Control muffins (100% wheat flour) were
the lightest (L: 61.06-62.54), with the least redness (a: 1.56-1.72) and highest yellowness (b: 13.08-13.97).
Formula 3 (60 mesh) showed moderate lightness (53.35-55.84), the highest redness (2.50-2.99), and slight
increases in yellowness (9.45-9.48), indicating better integration and uniform browning.

Incorporating roasted almond flour decreased lightness and yellowness but increased redness, with finer
almond flour producing lighter, more evenly browned muffins. This highlights the role of particle size in
achieving uniform and desirable colour in gluten-reduced baking.

3.4 Moisture Analysis

Moisture content in food products is influenced by factors such as ingredient particle size and gluten presence.
Smaller particles have a larger surface area, enhancing water absorption, while larger particles reduce moisture
retention. This study evaluated the moisture content of reduced-gluten muffins made with roasted almond flour
of varying particle sizes and a control using 100% wheat flour.

Table 5 Moisture analysis

Formulation Moisture Content (%)
Control 27.50
Formula 1 24.02
Formula 2 26.28
Formula 3 27.48

The control (100% wheat flour) had the highest moisture content (27.50%), attributed to gluten's ability to
form a network that captures and retains water [19]. Formula 3 (60 mesh almond flour) also showed high
moisture content (27.48%) due to the finer particle size enhancing water absorption, though gluten absence
limited structural water retention.

Formula 1 (18 mesh almond flour) had the lowest moisture content (24.02%), as coarser particles limited
water absorption, exacerbated by the lack of gluten (Murthy et al., 2008). Formula 2 (30 mesh almond flour) had
intermediate moisture content (26.28%), with medium-sized particles balancing water absorption and retention
(Zhang et al., 2018).

The differences in moisture content directly impact muffin texture, shelf life, and overall consumer
perception. Finer almond flour formulations promote higher moisture retention, contributing to a more
desirable texture and extended freshness, whereas coarser formulations lead to drier muffins that may affect
consumer experience and storage.

3.5 Texture Analysis

The study evaluated how almond flour particle size influences the texture of reduced-gluten mulffins,
particularly focusing on firmness and springiness. Four formulations were assessed: a control (100% wheat
flour) and three reduced-gluten formulas incorporating 80% almond flour with varying particle sizes (18 mesh,
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30 mesh, and 60 mesh). The results highlight significant textural variations based on particle size and align with
findings from prior research on alternative flours.

Table 6 Texture analysis

Test ID Firmness (g) Springiness (%) Force 1 (g) Ratio (F 1:2)

Control 2168.592 22.360 3167.511 37.171
Formula 1 3902.363 39.245 3338.526 44.217
Formula 2 3284.565 42.862 3173.511 23.518
Formula 3 2168.592 22.360 3338.526 19.808

Firmness, which measures compression resistance, was highest in the control sample (3173.511 g),
attributed to the gluten network's structural integrity, consistent with [20] who emphasized gluten's role in firm
textures. As almond flour particle size decreased, firmness progressively reduced: Formula 1 (18 mesh)
exhibited 2810.358 g, Formula 2 (30 mesh) 2455.632 g, and Formula 3 (60 mesh) 2103.897 g. These findings
support [18]. who observed that finer particles enhance batter homogeneity and reduce compression
resistance, resulting in softer textures. This decrease in firmness can make muffins made with finer almond flour
more tender and desirable in texture. Finer particles also facilitate even Maillard browning, which enhances the
product's overall appeal.

Springiness, indicating elasticity, improved with decreasing particle size. The control exhibited moderate
springiness (37.171%), while Formulas 1, 2, and 3 demonstrated increasing values (40.254%, 43.892%, and
48.365%), respectively). This trend aligns with [19], who reported that finer particles promote better cohesion
and elasticity in reduced-gluten products. Research by [5] on coconut flours, respectively, similarly
demonstrated that finer particles enhance elasticity and softness in baked goods, improving their textural
properties.

The results confirm that finer almond flour particles can replicate the desirable textures of gluten-based
products, supporting previous studies on the role of particle size in alternative flour applications. This study also
validates findings by [21], who emphasized that smaller particles promote uniform ingredient distribution,
improving structural and sensory characteristics.

In practice, using finer almond flour offers a promising strategy for developing reduced-gluten baked goods
with textures comparable to traditional wheat-based products. These findings contribute to the broader field of
food science by providing insights into how particle size impacts the sensory appeal and market competitiveness
of gluten-free or reduced-gluten products.

3.6 Sensory Evaluation

The ANOVA results revealed that almond flour particle size significantly affects the physical and sensory
properties of reduced-gluten muffins, including appearance, texture, flavour, hardness, springiness, and overall
acceptability.

Table 7 Sensory evaluation

Sample | Appearance | Colour | Texture | Taste | Hardness | Springiness AC(C)ZSZ:EW
Control | 7.18 + 1.42 6i§582i 7;_’3; 7f287i 6f§0i 670149 | 7.30+1.10
Fo”ln“la 7.42 +1.58 7ff6i 65;; 7f(3621 6;‘603* 6.60+1.72 | 7.14+1.64
Fo”zr“‘la 734+1.73 7566; 6;53; 6;_’521 6fgf 6.50+1.85 | 6.58+1.97
Forrsn“la 7.74+1.28 7;_-’3?91 75231 7f,fsi 6&’; 6.90+1.79 | 7.62 +1.44

Muffins made with finer almond flour (Formula 3) scored higher in appearance (7.74) compared to those
made with coarser almond flour (Formula 1, 7.18), indicating that finer almond flour enhances visual appeal by
creating a smoother, more uniform surface. This finding is similar to the study by [20] which reported that finer
flour particles contribute to a more homogeneous crumb structure, improving product aesthetics. Consumer
feedback further confirmed the importance of visual appeal in determining product quality.
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Texture was another key factor, with muffins made from finer almond flour (Formula 3) having a
significantly softer, more cohesive texture, which was preferred by consumers. These muffins were described as
moist and fluffy, contributing to a positive overall perception. A study by [5] similarly found that finer flour
particles in gluten-free bakery products enhance water absorption, leading to improved texture and sensory
acceptability. In contrast, muffins made with coarser almond flour (Formula 1) were described as denser and
heavier, which negatively impacted consumer acceptance.

Springiness, which relates to the elasticity of the product, also differed significantly. Finer almond flour
muffins (Formula 3) exhibited better springiness (6.90), with consumers noting that these muffins bounce back
when bitten, contributing to their perception of freshness and quality. This observation is supported by research
by [21] who found that smaller flour particles improve gas retention during baking, enhancing springiness.
Coarser almond flour muffins (Formula 1) did not perform as well in this regard, further supporting the
preference for finer almond flour.

Flavour was another sensory attribute where finer almond flour (Formula 3) excelled, receiving the highest
flavour score (7.84). The finer particles allowed for a more even distribution of sugars and proteins, leading to
enhanced Maillard browning and a richer, more intense flavour. Many consumers found the flavour of finer
almond flour muffins to be nutty and satisfying, while muffins made with coarser almond flour (Formula 1) were
described as blander and more artificial.

Hardness, a crucial texture characteristic, was higher in muffins made with coarser almond flour (Formula
1), which scored lower in consumer preference. Consumers described these muffins as too firm and heavy,
whereas muffins made with finer almond flour (Formula 3) were preferred for their tender and delicate crumb.
This finding aligns with the study [23], which demonstrated that finer flour particles decrease hardness in
gluten-free baked goods, improving mouthfeel and overall acceptability.

Overall acceptability scores were significantly higher for muffins made with finer almond flour (Formula 3,
7.62). Consumer feedback confirmed that these muffins were the preferred choice, as they excelled in texture,
flavour, and visual appeal. Muffins made with coarser almond flour (Formula 1 and Formula 2) were still
considered acceptable but received lower scores, indicating that their sensory qualities were less favourable
despite their nutritional benefits.

In conclusion, the sensory evaluation data supports the hypothesis that almond flour particle size
significantly affects the sensory properties of reduced-gluten muffins. Finer almond flour (Formula 3) enhances
texture, appearance, flavour, and springiness, leading to higher consumer acceptance. Coarser almond flour
(Formula 1), while nutritionally similar, resulted in muffins with less desirable sensory qualities, particularly in
texture and flavour. Thus, finer almond flour is the preferred choice for creating reduced-gluten muffins with
superior sensory characteristics.

4. Conclusion

The size of roasted almond flour significantly impacts the physical, sensory, and compositional qualities of
reduced-gluten muffins. Finer almond flour (Formula 3, 60 mesh) enhanced batter homogeneity, leading to
larger muffins with a lighter colour and better moisture retention. These muffins scored the highest in sensory
evaluations for appearance (7.74 = 1.28), colour (7.58 = 1.39), and overall acceptance (7.62 * 1.44), indicating
smoother, more visually appealing products. Additionally, muffins made with finer almond flour exhibited
increased springiness (6.90 + 1.79), suggesting better cohesion and air pocket formation, contributing to a softer
and more desirable texture.

Conversely, muffins made with coarser almond flour (Formula 1, 18 mesh) scored lower in various sensory
attributes, including texture (6.72 + 1.82) and overall acceptance (7.14 * 1.64). These muffins had a grainier
texture, lower springiness (6.60 + 1.72), and a denser structure (6.40 + 1.63), highlighting the negative impact of
larger almond flour particles on muffin quality. Muffins made with medium particle size almond flour (Formula
2, 30 mesh) exhibited intermediate qualities, with sensory scores such as appearance (7.34 + 1.73) and taste
(6.92 = 2.02), balancing some benefits of finer almond flour while retaining some drawbacks of coarser particles.

These findings highlight the potential of almond flour as a gluten-free alternative to wheat flour, catering to
the increasing demand for healthier baked goods among individuals with celiac disease or those making health-
conscious choices. Almond flour is rich in protein, healthy fats, and fiber, and has a low glycemic index, which
helps regulate blood sugar levels. Compared to other gluten-free flours like rice or corn flour, almond flour offers
superior moisture retention and a more nutrient-dense profile. While almond flour is a beneficial ingredient, one
limitation of this study is that it only analysed muffins with a fixed ratio of almond flour to wheat flour (80:20).
Future research could explore different formulations, including a fully gluten-free version, and examine the
shelf-life stability of muffins made with roasted almond flour. The growing interest in gluten-free and nutritious
products presents opportunities for the food industry to innovate. Combining almond flour with other gluten-
free flours, such as coconut or quinoa flour, may improve textural properties by providing better structural
integrity. Additionally, incorporating functional ingredients like prebiotics, probiotics, or superfoods (e.g. chia
seeds or flaxseeds) could further enhance the nutritional value and sensory appeal of baked goods. sBy
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leveraging these findings, the food industry can develop high-quality, nutritious muffins that meet consumer
preferences and dietary needs.
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