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Muffins are popular breakfast or snack items and are enjoyed in various cultures around 
the world. It is typically sweet and can come in various flavours such as blueberry, 
chocolate chip or banana nut. It is one among numerous baked items frequently crafted 
using wheat flour. However, individuals with gluten-related diseases such as celiac 
disorder and gluten intolerance are unable to consume wheat flour. In this research, 
gluten-free muffins made with a composite flour of rice, pumpkin and unripe banana 
with different ratios F1 (1:1:1), F2 (3:2:1), F3 (2:1:3) and F4 (1:3:2) were applied. The 
gluten-free muffins prepared with F3 (2 rice: 1 pumpkin: 3 unripe banana) composite 
flour showed the highest values of springiness and chewiness among all the samples. 
The gluten-free muffins using F2 (3 rice: 2 pumpkin: 1 unripe banana) composite flours 
were the highest for lightness and b* yellowness values. In addition, these muffins also 
obtained the highest percentages for ash and crude fiber contents. The 9-point scale 
hedonic test showed that consumers' preferences for gluten-free muffins with a ratio of 
2 rice: 1 pumpkin: 3 unripe banana flours (F3) were the highest in scores as compared to 
the other gluten-free muffins. Thus, the study suggested that F3 which contains 2 rice: 1 
pumpkin: 3 unripe banana flours was selected as the best formulation to make gluten-
free muffins. 
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1. Introduction 
 

Muffin is a very well-known batter-based bakery product that is widely consumed by all the 
generations in the world today. Muffins are made from wheat flour, sugar, fat, eggs and baking 
powder without the need of yeast or require incubation time for dough like bread. So, muffins can 
also be said to contain gluten since they are made with wheat flour. Gluten plays a crucial role in the 
baking process and has several important functions in baked products. It is used in baked products 
for better texture, flavour and moisture retention since it is heat resistant and acts as a binding and 
extending agent [1]. However, some people have gluten-related disorders, such as celiac disease or 
non-celiac gluten sensitivity which requires them to avoid gluten-containing food. For those 
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individuals, alternative gluten-free flours and binders can be used to achieve similar textures without 
the use of gluten in baked products.   

Rice flour is one of the good composite flours for making gluten-free products since it lacks gluten 
and contains low sodium, fat and protein levels [2]. It also has a bland taste, and white colour, and is 
highly digestible with hypoallergenic properties [3]. Recently, pumpkin flour was highlighted in 
baking products as a main ingredient since it is rich in nutrients including carotenoids, Vitamin A, 
Vitamin C, Vitamin E and omega-3 fatty acids. Mala et al., [4] mentioned that pumpkin flour is widely 
used in bakery products because of its highly desirable flavour, sweetness and deep yellow-orange 
colour. Unripe banana flour presents itself as potentially viable flour in the development of gluten-
free products probably due to its high level of resistant starch. Resistant starch does not break down 
in the small intestine and arrives unchanged at the colon producing short-chain fatty acids (SCFAs) 
[5]. Additionally, bananas also contain vitamin A, vitamin B, vitamin C, phosphorus, potassium, 
magnesium, selenium and iron [6].  

This study aimed to replace wheat flour with gluten-free composite flour of rice, pumpkin and 
unripe banana flours in muffin formulations. Physical properties, nutritional composition and sensory 
acceptability were studied to determine the effect of different ratios of rice, pumpkin and unripe 
banana flours on gluten-free muffins. Another similar concept studied was [7] which developed 
gluten-free biscuits using composite flour from cassava flour and cowpea flour. Other than that, there 
was also a development of cookies using rice-chickpea composite flour that was formulated by [8]. 
To date, no gluten-free muffin formulations have been studied using the composite flour of rice, 
pumpkin and unripe banana flours.  
 
2. Methodology  
2.1 Materials  
 

Rice flour (Jati rice flour), pumpkin (Cucurbitaceae family), unripe Berangan bananas (Musa 
acuminata colla) and other ingredients used in muffin production such as (baking powder, salt, white 
sugar, egg, milk and butter) were purchased from Lotus’s supermarket in Nilai, Negeri Sembilan, 
Malaysia. All the chemicals and reagents used were of analytical grade.  
 
2.2 Methods  
2.2.1 Pumpkin and unripe banana flour preparation  
 

The pumpkin was washed thoroughly with tap water and cut in half to remove the seeds and 
fibres while unripe Berangan bananas were removed from the bunches and washed with potable 
water. Afterwards, pumpkin and unripe banana were peeled and sliced into 0.2 cm using the 
stainless-steel knife. For sliced banana, they were then promptly rinsed in a 0.3 % weight/volume 
citric acid solution to prevent enzymatic browning. The temperature of the dehydrator was set to 
around 52 °C, and the sliced pumpkin and banana were left to dry for approximately 8-12 h until they 
became brittle and dry. Dried pumpkin and banana were ground into a fine powder. Then, both 
powders were sieved using a sieve with 100 nm mesh screen and the flours collected were kept in 
airtight plastic packaging to preserve the samples from external humidity.  
 
2.2.2 Preparation of gluten-free muffin  
 

The muffin was prepared according to Rahman et al., [9] with slight modifications. The ingredients 
and recipes included composite flour with four different ratios, as specified in Table 1. Gluten-free 
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muffins were prepared using four different ratios of each composite flour and the samples were 
identified as F1 (1:1:1), F2 (3:2:1), F3 (2:1:3) and F4 (1:3:2) of rice, pumpkin and unripe banana flours. 
Firstly, eggs and sugar were blended for 2 minutes or until the sugar dissolved. Cooking oil and milk 
were then added and mixed thoroughly. Composite flour, salt and baking powder were added and 
mixed well. The batter was poured into muffin cups, filling about half of the cup or 19.5 grams. The 
muffin cups were arranged on a baking tray and baked for 20 mins at 160 ˚C in a preheated oven. 
The muffins were left to cool at room temperature for 1 h on a rack to avoid moisture condensing on 
their under-surface.  
 

Table 1 
Ingredient formulation for gluten-free muffin production 
Ingredients (gram) F1(1:1:1) F2 (3:2:1) F3 (2:1:3) F4 (1:3:2) 
Rice flour 33.33 50.01 33.33 16.66 
Pumpkin flour 33.33 33.33 16.66 50.01 
Unripe banana flour 33.33 16.66 50.01 33.33 
Sugar 35 35 35 35 
Butter 50 50 50 50 
Whole egg (1) 1 1 1 1 
Baking powder 4 4 4 4 
Salt 0.4 0.4 0.4 0.4 
Milk 25 25 25 25 
Note: The composite flour ratio used consisted of rice, pumpkin and unripe flours, 
respectively 

 
2.3 Analysis   
2.3.1 Physical analysis 
  

Texture profile analysis of the gluten-free muffin was conducted using a Texture analyser (Stable 
Micro System Ltd, Model TA-XT2i). The muffins were horizontally cut at the cup's height, with the 
lower half (2.5 cm) used for texture measurements, and the top half discarded. A double compression 
test was performed with a flat-ended cylindrical probe (P/75) having a diameter of 75 mm. The test 
was conducted to a height of 1.25 cm (50 % compression) at a speed of 1 mm / sec, with a waiting 
period of 5 sec between rounds. The muffin samples were evaluated for hardness, cohesiveness, 
springiness and chewiness. Colorimeter (LabScan®XE Spectrophotometer Model, HunterLab) and the 
L*a*b* colour scale system were used to determine and analyse the crumb of gluten-free muffins’ 
colour. Each muffin (20 g) was ground and placed into a particular plate for analysis.  
 
2.3.2 Nutritional composition 
  

Nutritional composition analysis (proximate analysis) includes moisture, total ash, crude fat, 
crude protein, carbohydrate, fibre and calorie contents. For this analysis, the muffin was chopped 
first into a fine particle to increase the size dimension. Moisture and ash contents were determined 
using methods of the Association of Official Analytical Chemists (AOAC) [10]. Moisture content was 
determined using the oven drying method by measuring the weight difference of the muffin before 
and after drying at 105˚C overnight. While, the method used for dry ashing method, involving 
incineration at high temperatures typically 600°C, was accomplished in a muffle furnace. The crude 
protein content of the gluten-free muffin was determined using the Kjeldahl method, involving three 
main steps: digestion, neutralization/distillation and titration; and approximately 2 gram of sample 
was used in the analysis. The crude fibre content of the gluten-free muffin was determined using the 
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Gerhardt method. The fat content of the gluten-free muffin was determined using the Soxtherm 
Extraction Unit (Gerhardt, Germany). The carbohydrate content in the gluten-free muffin was 
determined by calculating the percentage remaining after all the other components had been 
measured. The caloric value of the gluten-free muffin was determined in triplicate by indirect 
calorimetry. The calculation was based on the conversion factors of each nutrient: protein (4 kcal/g), 
fat (9 kcal/g) and carbohydrate (3.75 kcal/g).  
 
2.3.3 Sensory evaluation  
 

The sensory evaluation of the gluten-free muffin was conducted with 60 panellists, including 
students and staff from the Universiti Sains Islam Malaysia (USIM), Nilai, Malaysia. The panels 
evaluated the gluten-free muffin using a 9-point hedonic scale ranging from 1 (dislike extremely) to 
9 (like extremely). The muffins were cut into square shapes and given a three-digit random code for 
identification. The samples were provided to the panellists in separate booths with white light and 
at room temperature on a white plate. Portable water was provided to the panellists for mouth 
rinsing between tastings of each sample. Each sample was rated for appearance, colour, texture, 
aroma, sweetness and overall acceptability.  
 
2.3.4 Statistical analysis 
  

All the data were analysed using one-way analysis of variance (ANOVA). Data were calculated in 
triplicates. This analysis was conducted via the software Minitab to determine a significant difference 
at p < 0.05. Subsequently, Tukey’s test was employed to compare the difference between means of 
values.                           
       
3. Results and Discussion   
3.1 Physical Properties   
 

Gluten is the main structure-forming protein that contributes to the viscoelasticity properties of 
dough or batter. Texture profile analysis is crucial to determine the effect of gluten-free composite 
flours on muffin formulations. The instrumental texture profile analysis of gluten-free muffins made 
from composite flours of rice, pumpkin and unripe banana is shown in Table 2. Muffin with F2 was 
found to have significantly (p < 0.05) the highest hardness value (217.19 N) among all the samples. 
An increase in hardness value for this sample was probably due to the highest rice flour content 
incorporated in the gluten-free muffin formulation. This result was aligned with [11] which reported 
that the gluten-free muffin with the highest rice flour incorporation showed the highest hardness 
values. On the other hand, muffins with F1 showed the lowest hardness values (109.70 N) %. The 
presence of high fibre in pumpkin (3.36 %) [12] and unripe banana flours (14.5 %) [13] was suggested 
to influence the hardness values of gluten-free muffins.   

Cohesiveness represents the strength of internal bonds and indicates how much a substance can 
deform before it ruptures [14]. Muffins that have higher cohesiveness is deemed preferable, as it 
forms a cohesive bolus rather than disintegrating during chewing, whereas muffins with low 
cohesiveness tends to crumble easily. Among the tested formulations, the gluten-free muffins with 
a ratio of 1:3:2 (F4) exhibited the highest cohesiveness followed by muffins prepared with a ratio of 
2:1:3 (F3). This implied that F4 and F3 muffins are less prone to crumbling and possess a more 
structurally sound texture compared to other formulations. 
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Table 2  
Texture profile analysis (TPA) value of gluten-free muffins produced from rice, pumpkin 
and unripe banana flours 
Formulation F1(1:1:1) F2 (3:2:1) F3 (2:1:3) F4 (1:3:2) 
Texture Profile Analysis 
Hardness (N) 109.70𝑏± 15.26 217.19𝑎± 16.92 118.07𝑏± 12.55 128.93𝑏± 15.74 
Cohesiveness (N) 0.16𝑏± 0.01 0.16𝑏± 0.02 0.24𝑎  ± 0.01 0.25𝑎  ± 0.02 
Springiness (N) 0.86𝑏± 0.02 0.76𝑐± 0.02 0.97𝑎  ± 0.02 0.73𝑐  ± 0.02 
Chewiness (N) 13.71𝑏± 0.87 22.11𝑎± 4.02 28.18𝑎± 4.01 28.15𝑎± 2.63 
Colour 
L* (lightness) 45.92c ± 0.05 51.09a ± 0.02 47.68b ± 0.21 42.59d ± 0.12 
a* (redness) 15.95d ± 0.02 15.80c ± 0.05 13.74d ± 0.04 16.81a ± 0.02 
b* (yellowness) 45.78b ± 0.43 48.90a ± 0.87 38.11c ± 0.53 39.99c ± 0.29 
Note: Values are means ± SD (standard deviation) of triplicate determinations. Means on the same row with 
different superscripts are significantly different at p < 0.05. The composite flour ratio used consisted of rice, 
pumpkin and unripe flours, respectively 

 
Cohesiveness represents the strength of internal bonds and indicates how much a substance can 

deform before it ruptures [14]. Muffins that have higher cohesiveness is deemed preferable, as it 
forms a cohesive bolus rather than disintegrating during chewing, whereas muffins with low 
cohesiveness tends to crumble easily. Among the tested formulations, the gluten-free muffins with 
a ratio of 1:3:2 (F4) exhibited the highest cohesiveness followed by muffins prepared with a ratio of 
2:1:3 (F3). This implied that F4 and F3 muffins are less prone to crumbling and possess a more 
structurally sound texture compared to other formulations. Conversely, the gluten-free muffins with 
equal levels of the three flours (F1) and those prepared with F2 displayed insignificantly lower 
cohesiveness values suggesting that these muffins are more susceptible to crumbling, indicating a 
potential issue with their structural integrity. The likely explanation for the observed differences in 
cohesiveness could be attributed to the inhomogeneity of the flour mixtures and variability in particle 
sizes, moisture content, or other factors in the flour blends.  

Springiness refers to how quickly a product returns to its initial state once the force causing 
deformation is no longer applied [15]. Gluten-free muffin with F3 was observed as the highest mean 
score for springiness probably due to high fibre content. Kaur et al., [15] findings were also in 
agreement with the present study as the researchers reported that the highest springiness values 
were observed in muffins with the highest amount of green banana flour as compared to its 
composite flour (rice flour and green banana flour with ratio 1:1).  

Chewiness can be described as the energy needed to chew solid food until it transforms into a 
readily swallowable, simple and soluble product [16]. Gluten-free muffins with the highest value of 
unripe banana flour were the chewiest. This finding was quite similar to the study of [14], who found 
that bread made from green banana flour had the highest chewiness with a value of 5.52. According 
to Radünz et al., [17], the omission of gluten hinders carbon dioxide retention, adversely affecting 
muffin quality, while the substitution of green banana flour promotes enhanced expansion and 
elasticity. From this perspective, the enhancement of expansion and elasticity was very related to the 
chewiness of the muffins. 

The colour values of gluten-free muffins produced from composite flours of rice, pumpkin and 
unripe banana are presented in Table 2. The highest lightness (L*) value (51.09) was observed in 
gluten-free muffins with the highest amount of rice flour (F2). The decrease in L* values shows that 
gluten-free muffins had darker colours at higher levels of pumpkin flour and unripe banana flour 
incorporation. The darker colour of gluten-free muffins could be influenced by factors such as the 
combination of ingredients, air velocity in the baking oven, and the formation of brown pigments 
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through the Maillard reaction. The lighter colour in gluten-free muffins with a high proportion of rice 
flour may also be associated with the white colour of the rice flour itself.  

However, the redness (a*) values of gluten-free muffins showed the opposite trend. The gluten-
free muffins with the lowest lightness (L*) got the highest value for redness (a*).  Results in this study 
agreed with the findings by [18] on muffins produced using pumpkin flour. The b* value of gluten-
free muffins was significantly different (p < 0.05) with the increment of the combination rice and 
pumpkin flour. Saliman et al., [19] indicated that the alteration occurred because of the vibrant 
orange hue derived from the β-carotene in the pumpkin, which persisted in the flour even after 
undergoing processing.  
 
3.2 Nutritional Composition  
 

The nutritional composition of gluten-free muffins produced from composite flours of rice, 
pumpkin and unripe banana is presented in Table 3. The variations in nutritional values found in this 
study could be ascribed to variations in the chemical components of the individual flours employed 
in creating the composite flour formulation. The highest value for moisture content was found in the 
gluten-free muffin with equal levels of the three flours (F1). Moisture plays a role in both the 
mechanical and qualitative aspects of the product, impacting factors such as the gelatinization of 
starch in the mass during baking and influencing crispness [17]. 
 

Table 3  
Nutritional composition of gluten-free muffins produced from rice, pumpkin 
and unripe banana flours 
Formulation F1 (1:1:1) F2 (3:2:1) F3 (2:1:3) F4 (1:3:2) 

Moisture (%) 22.85𝑎  ± 9.50 18.042𝑎± 0.16 19.27𝑎± 0.52 21.55𝑎± 0.84 
Ash (%) 2.47𝑏± 0.02 2.22𝑐± 0.08 2.23𝑐± 0.02 2.99𝑎± 0.06 

Crude protein (%) 6.59𝑏± 0.02 6.92𝑎± 0.02 6.12𝑑± 0.02 6.45𝑐± 0.02 
Crude fibre (%) 1.80𝑎± 0.41 1.55𝑎± 0.24 1.72𝑎± 0.65 2.34𝑎± 0.17 
Crude fat (%) 23.71𝑎± 0.18 23.18𝑏± 0.29 22.28𝑏± 0.92 21.33𝑏± 1.38 
Carbohydrate (%) 45.95𝑎± 9.58 50.67𝑎± 0.46 51.05𝑎± 1.18 48.86𝑎± 1.45 
Calorie (kcal/g) 423.50𝑎± 0.39 439.13𝑎± 0.04 429.18𝑎± 0.13 412.85𝑎± 0.18 
Note: Values are means ± SD (standard deviation) of triplicate determinations. Means on the 
same row with different superscripts are significantly different at p < 0.05. The composite flour 
ratio used consisted of rice, pumpkin and unripe flours, respectively 

 

The ash content of a food sample is the index of the mineral elements of such food products. The 
muffin prepared with F2 (the highest amount of rice flour) had the lowest value while the highest 
value was possessed by the muffin prepared from F4 (the highest amount of pumpkin flour). This 
indicated that rice flour would contribute the least mineral elements to the gluten-free muffin than 
the other two flours. These results were in agreement with the reports by [20] where the result 
indicated that cookies with 70 % rice flour contain the lowest ash. The carbohydrate content was not 
shown significantly different (p > 0.05) in values with gluten-free muffins with 16.66 g of pumpkin 
flour (F3) obtained the highest percentage. On the other hand, the lowest value was found for 
muffins with the highest level of pumpkin flour which was 33.33 g (F4). These findings were similar 
to those obtained by [18] in their study where muffins with pumpkin flour had higher dietary fibre 
with a proportional reduction of the carbohydrates.  

The crude protein content of the gluten-free muffin increased with the increment of rice flour 
incorporation. The results were in agreement with the reports by [20] that indicated the cookies 
made from improved protein content could be produced from rice flour. This observation could be 



International Journal of Advanced Research in Food Science and Agriculture Technology  

Volume 2, Issue 1 (2024) 31-39 

37 
 

due to higher contents of protein in rice flour relative to pumpkin and unripe banana flour. Gluten-
free muffins produced with highest level of rice flour (F2) recorded the highest caloric value. The 
observation was similar with the past research studies by [16] that showed the sample of gluten-free 
chocolate chip oatmeal bar with 100 % rice flour had higher calories than samples with green banana 
flour. These results could be due to the higher starch content of rice flour compared to fruits like 
pumpkin and unripe banana flour where its easily digestible starches quickly release glucose, raising 
blood sugar and contributing more to calorie intake.  
 
3.3 Sensory Evaluation   
 

The results showed that the mean values scored by the panellists for appearance, colour, texture 
and sweetness attributes were not statistically different (p > 0.05) among the muffins produced from 
the three different composites of flour which were rice, pumpkin and unripe banana flour (Figure 1). 
For these attributes, muffin with F3 was found to be rated with the highest scores (> 6). The sensory 
attributes of appearance and taste play a crucial role in influencing the overall appeal and acceptance 
of food products [21]. In addition, the mean scores for the overall acceptability of F3 also showed a 
significant difference (p < 0.05) in value as compared to the other formulations. These results 
indicated that muffins produced from the composite flour with the highest level of unripe banana 
flour (F3) were the most preferred gluten-free muffins. The results were similar to [15] with the 
incorporation of green banana flour in gluten-free muffins. Meanwhile, gluten-free muffins with the 
highest level of rice flour (F2) in the formulation had the lowest score in terms of texture, sweetness 
and overall acceptability. The lowest scores obtained for these muffins might be due to the bland 
taste of rice flour.  
 

 
Note: Means on the same row with different superscripts are significantly different at p < 0.05. The 
composite flour ratio used consisted of rice, pumpkin and unripe flours, respectively. 

Fig. 1. Mean sensory values of gluten-free muffins produced from rice, pumpkin and unripe banana flour 

 
The colour for gluten-free muffins prepared with F2 and F3 composite flours were the most 

preferred by the panellists. This finding was in agreement with [4] where the colour of the product 
was notably impacted when the substitution of pumpkin powder exceeded 20 %, with more 
pronounced adverse effects. Similar to the appearance and colour, the texture attribute of gluten-
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free muffins with F3 obtained the highest scores. The findings revealed that the panellists’ favourite 
was the gluten-free muffin with higher levels of unripe banana flour, and this could be influenced by 
the appealing characteristics found in the banana flour when combined with other ingredients in the 
process of making muffins. Similar results were reported by [22] on the biscuits supplemented with 
unripe banana flour. 

The correlation study showed that overall acceptance scores were highly correlated with texture 
attributes (R2 = 0.89) and sweetness (R2 = 0.96). The relationship of overall acceptability and texture 
was also determined using a texture analyser and a coefficient value of 0.84 was obtained. The 
correlation study showed that texture (sensory evaluation and instrument) is the important 
parameter that affects the overall acceptability of gluten-free muffins produced in this study. 
Surprisingly, panellists were not influenced by the colour scores to rate overall acceptability 
attributes as they obtained low correlation values (R2 = 0.32). 
 
4. Conclusions 
 

The highest ratio of rice flour incorporated into the gluten-free muffins resulted in a harder 
texture and lighter colour. On the other hand, the percentage of pumpkin flour did not impact the 
b* values. The various ratios of rice, pumpkin and unripe banana flours employed in gluten-free 
muffin formulations significantly influence their nutritional composition except for moisture, crude 
fibre, carbohydrate and caloric value. For sensory acceptance, gluten-free muffins made with a 
composite flour ratio of 2:1:3 (rice: pumpkin: unripe banana, F3) were rated as the most acceptable 
sample with an overall acceptability score of 7.33. These results concluded that the replacement of 
wheat flour with composite flour of rice, pumpkin and unripe banana with different ratios in the 
formulation of muffins was an effective way to produce gluten-free muffins that would be suitable 
to cater for people with celiac diseases. 
 
Acknowledgement 
The authors would like to express the deepest gratitude to the Faculty of Science and Technology, 
Universiti Sains Islam Malaysia, for their financial support.  
 
References  
[1]  Biesiekierski, Jessica R. "What is gluten?." Journal of gastroenterology and hepatology 32 (2017): 78-81. 

https://doi.org/10.1111/jgh.13703   
[2]  Kim, Ji-Myoung, and Malshick Shin. "Effects of particle size distributions of rice flour on the quality of gluten-free 

rice cupcakes." LWT-Food Science and Technology 59, no. 1 (2014): 526-532. 
https://doi.org/10.1016/j.lwt.2014.04.042  

[3]  Fabian, Cynthia, and Yi-Hsu Ju. "A review on rice bran protein: its properties and extraction methods." Critical 
reviews in food science and nutrition 51, no. 9 (2011): 816-827. https://doi.org/10.1080/10408398.2010.482678  

[4]  Mala, Sathiya K., P. Aathira, E. K. Anjali, K. Srinivasulu, and G. Sulochanamma. "Effect of pumpkin powder 
incorporation on the physico-chemical, sensory and nutritional characteristics of wheat flour 
muffins." International Food Research Journal 25, no. 3 (2018): 1081-1087.  

[5]  Bojarczuk, Adrianna, Sylwia Skąpska, Amin Mousavi Khaneghah, and Krystian Marszałek. "Health benefits of 
resistant starch: A review of the literature." Journal of functional foods 93 (2022): 
105094.https://doi.org/10.1016/j.jff.2022.105094  

[6]  Hasmadi, M., I. Addrian, B. A. Umairah, A. H. Mansoor, and M. K. Zainol. "Evaluation of physicochemical and 
functional characteristics of flour from three cultivars of unripe banana (Musa sp.) cultivated in Sabah, 
Malaysia." Food Res 5, no. 4 (2021): 135-144. https://doi.org/10.26656/fr.2017.5(4).642 

[7]  Soedirga, L. C., and M. Cornelia. "Vania.(2021). Development of gluten-free biscuits made from composite flour of 
cassava (Manihot esculenta Crantz) and cowpea (Vigna unguiculata (L.) Walp)." Food Research 5, no. 4: 336-341. 
https://doi.org/10.26656/fr.2017.5(4).705   

https://doi.org/10.1111/jgh.13703
https://doi.org/10.1016/j.lwt.2014.04.042
https://doi.org/10.1080/10408398.2010.482678
https://doi.org/10.1016/j.jff.2022.105094
https://doi.org/10.26656/fr.2017.5(4).642
https://doi.org/10.26656/fr.2017.5(4).705


International Journal of Advanced Research in Food Science and Agriculture Technology  

Volume 2, Issue 1 (2024) 31-39 

39 
 

[8]  Hamdani, Afshan Mumtaz, Idrees Ahmed Wani, and Naseer Ahmad Bhat. "Gluten free cookies from rice-chickpea 
composite flour using exudate gums from acacia, apricot and karaya." Food Bioscience 35 (2020): 100541. 
https://doi.org/10.1016/j.fbio.2020.100541  

[9]  Rahman, Rashida, Sharanagouda Hiregoudar, M. Veeranagouda, C. T. Ramachandra, Udaykumar Nidoni, R. S. 
Roopa, Ryan J. Kowalski, and Girish M. Ganjyal. "Effects of wheat grass powder incorporation on physiochemical 
properties of muffins." International journal of food properties 18, no. 4 (2015): 785-795. 
https://doi.org/10.1080/10942912.2014.908389   

[10]  Horwitz, William. "Official method of analysis." Association of official Analytical chemists, Arlington, VA, 
USA (2000). 

[11]  Zainal Abidin, N. F. S., L. H. Ho, and T. C. Tan. "Physical and sensory qualities of gluten-free muffin produced from 
composite rice-pumpkin flour." (2019). 

[12]  Wongsagonsup, Rungtiwa, Thanupong Nateelerdpaisan, Chayapon Gross, Manop Suphantharika, Prasanna D. 
Belur, Esperanza Maribel G. Agoo, and Jose Isagani Belen Janairo. "Physicochemical properties and in vitro 
digestibility of flours and starches from taro cultivated in different regions of Thailand." International Journal of 
Food Science & Technology 56, no. 5 (2021): 2395-2406. https://doi.org/10.1111/ijfs.14865  

[13]  Pragati, Singham, I. Genitha, and Kumar Ravish. "Comparative study of ripe and unripe banana flour during 
storage." Journal of Food Processing & Technology 5, no. 11 (2014): 1-6. https://doi.org/10.4172/2157-
7110.1000384  

[14]  Songok, Lilian Jepkemboi, Charlotte Serrem, Florence Wamunga, and Calvince Onyango. "Descriptive and 
instrumental analysis of gluten free bread from green banana, pumpkin seed and cassava composite flours."  

[15]  Kaur, Kamaljit, Gurinderpal Singh, and Navdeep Singh. "Development and evaluation of gluten free muffins utilizing 
green banana flour." Bioved 28, no. 2 (2017): 359-365. 

[16]  Gaonkar, Sanket, Richa Velingkar, Neha Prabhu, and Sunita Borkar. "Valorization of fruit peel waste for the 
formulation of low-gluten phytonutrient-rich savory snacks." Nutrire 48, no. 1 (2022): 3. 
https://doi.org/10.1186/s41110-022-00185-5  

[17]  Radünz, Marjana, Taiane Mota Camargo, Camila Francine Paes Nunes, Elisa Dos Santos Pereira, Jardel Araújo 
Ribeiro, Helen Cristina Dos Santos Hackbart, Amanda Fabres Oliveira Radünz, André Luiz Radünz, Márcia Arocha 
Gularte, and Fabrizio Da Fonseca Barbosa. "Gluten-free green banana flour muffins: chemical, physical, 
antioxidant, digestibility and sensory analysis." Journal of food science and technology 58 (2021): 1295-1301. 
https://doi.org/10.1007/s13197-020-04638-5  

[18]  Scarton, Michele, Gustavo Costa Nascimento, Mária Herminia Ferrari Felisberto, Thaísa de Menezes Alves Moro, 
Jorge Herman Behrens, Douglas Fernandes Barbin, and Maria Teresa Pedrosa Silva Clerici. "Muffin with pumpkin 
flour: technological, sensory and nutritional quality." Brazilian Journal of Food Technology 24 (2021): 
e2020229.https://doi.org/10.1590/1981-6723.22920  

[19]  Saliman, Nisa Nabila, and Nur Hafizah Malik. "Consumer Acceptance and Physicochemical Characterization of 
Gluten Free Muffin Containing Pumpkin Powder and Rice Flour." Enhanced Knowledge in Sciences and 
Technology 3, no. 1 (2023): 016-026. DOI: https://doi.org/10.30880/ekst.2023.03.01.003 

[20]  Inyang, Ufot Evanson, Comfort Friday Effiong, and Anne Peter Edima-Nyah. "Physical properties, nutritional 
composition and sensory evaluation of cookies prepared from rice, unripe banana and sprouted soybean flour 
blends." International Journal of Food Science and Biotechnology 3, no. 2 (2018): 70-76. 
https://doi.org/10.11648/j.ijfsb.20180302.15  

[21]  Imtiyaz, Hena, Peeyush Soni, and Vimolwan Yukongdi. "Role of sensory appeal, nutritional quality, safety, and 
health determinants on convenience food choice in an academic environment." Foods 10, no. 2 (2021): 345. 
https://doi.org/10.3390/foods10020345  

[22]  Mashau, Mpho Edward, Fhulufhelo Desiree Rambau, and Tsietsie Ephraim Kgatla. "Influence of unripe banana 
flour incorporation on the physical, antioxidant properties and consumer acceptability of biscuits." Journal of 
microbiology, biotechnology and food sciences 12, no. 1 (2022): e2632-e2632. 
https://doi.org/10.55251/jmbfs.2632  

 

https://doi.org/10.1016/j.fbio.2020.100541
https://doi.org/10.1080/10942912.2014.908389
https://doi.org/10.1111/ijfs.14865
https://doi.org/10.4172/2157-7110.1000384
https://doi.org/10.4172/2157-7110.1000384
https://doi.org/10.1186/s41110-022-00185-5
https://doi.org/10.1007/s13197-020-04638-5
https://doi.org/10.1590/1981-6723.22920
https://doi.org/10.30880/ekst.2023.03.01.003
https://doi.org/10.11648/j.ijfsb.20180302.15
https://doi.org/10.3390/foods10020345
https://doi.org/10.55251/jmbfs.2632

