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ARTICLE INFO  ABSTRACT  
Red dragon fruit (Hylocereus costaricensis) peel flour is a promising 
local food ingredient rich in dietary fiber, minerals, and bioactive 
compounds, making it suitable for functional food development. This 
study evaluated the effects of substituting wheat flour with red dragon 
fruit peel flour on the chemical, physical, and sensory characteristics 
of mud cake, identified the optimal formulation, and determined its 
mineral and dietary fiber contents. A Completely Randomized Design 
(CRD) was applied using five formulations: F0(100:0), F1(95:5), 
F2(90:10), F3(85:15), and F4(80:20) (wheat flour dragon fruit peel flour), 
with three replications. Data were analyzed using one-way ANOVA 
followed by Duncan’s Multiple Range Test (95% confidence level), while 
the best formulation was selected using the De Garmo effectiveness 
index. Flour substitution significantly affected ash, fat, crude fiber, 
antioxidant activity, color, texture, and several sensory attributes but had 
no significant effect on moisture or protein content. Increasing 
substitution levels increased ash (0.65–1.41%), fat (5.09–6.40%), and 
crude fiber (2.76–4.88%) contents, whereas carbohydrate content 
decreased from 44.65% to 32.64%. The optimal formulation was F2 
(90% wheat flour:10% red dragon fruit peel flour), with an effectiveness 
index of 0.68. Compared with the control (F0), the selected formulation 
(F2), containing 10% red dragon fruit peel flour, showed higher 
magnesium (from 26.105 to 36.914 mg/100 g), manganese (from 0.325 
to 1.186 mg/100 g), potassium (from 283.276 to 438.674 mg/100 g), and 
total dietary fiber (from 3.81% to 5.32%). Total dietary fiber is distinct 
from crude fiber; therefore, these values refer specifically to total dietary 
fiber and should not be interpreted as crude fiber measurements. These 
findings suggest that substituting 10% of wheat flour with red dragon 
fruit peel flour may enhance the nutritional composition and functional 
food potential of mud cake while maintaining its overall quality. 
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INTRODUCTION  

The increasing demand for functional foods has encouraged the utilization of agricultural by-

products as sustainable sources of nutrients and bioactive compounds. Red dragon fruit (Hylocereus 

costaricensis) peel is a promising by-product because the peel may account for approximately 35% 

of the fruit's total weight and contains betalain pigments with potential applications as natural colouring 

agents.1 The nutritional potential of dragon fruit peel is also supported by compositional analysis: 

Astuti et al. reported crude fiber contents of 50.58–50.62% in dragon fruit peel flour, together with 

moisture contents of 6.37–6.52% and protein contents of 9.24–9.43%.2  These values demonstrate 
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the potential of peel flour as a fiber-rich ingredient, although crude fiber should not be interpreted as 

equivalent to total dietary fiber. 

Mud cake (kue lumpur) is a traditional Indonesian cake whose nutritional composition depends 

on its ingredients and formulation. Hapsari reported a fiber content of 3.08% in a mud cake formulation 

containing red bean purée and sweet potato purée, illustrating the potential for formulation changes 

to influence the nutritional profile of this product.3  However, this value does not represent all 

conventional mud cakes. Incorporating red dragon fruit peel flour as a partial substitute for wheat flour 

may provide an opportunity to increase dietary fiber and modify the mineral and antioxidant profiles 

of mud cake while valorizing a food-processing by-product. Therefore, the effects of substitution on 

nutritional composition, antioxidant activity, physical characteristics, and consumer acceptance need 

to be evaluated to identify a formulation that balances nutritional improvement with product quality. 

Red dragon fruit peel accounts for approximately 30–35% of the fruit's total weight and is 

commonly discarded during processing, making it a potential raw material for food-product 

development.1  The peel contains dietary fiber, betalains, and phenolic compounds that may 

contribute to the nutritional and antioxidant properties of food products. However, the benefits 

observed in the final product depend on the substitution level, processing conditions, and food matrix. 

Previous studies have reported different optimal substitution levels across bakery products. For 

wheat-flour cookies, replacing 5%, 10%, and 15% of wheat flour with pitaya peel flour increased ash 

and fiber contents, while reducing crumb height; nevertheless, substitution up to 15% did not 

significantly impair overall sensory acceptability.4  In white bread, substitution levels of 3%, 6%, and 

9% increased ash and crude fiber contents but also increased hardness and density while reducing 

loaf volume. The 6% formulation provided the most favourable balance of appearance and texture.5  

A more recent biscuit study using 0–9% red dragon fruit peel powder similarly found that increasing 

substitution enhanced fiber content and antioxidant activity, whereas sensory acceptance declined at 

higher levels, with 6% identified as the preferred formulation.6  These findings suggest that greater 

incorporation does not necessarily produce better overall product quality. 

The application of red dragon fruit peel flour in bakery and confectionery products has shown 

promising results. Previous studies reported improvements in antioxidant activity, dietary fiber 

content, and nutritional value when the flour was incorporated into chiffon cake, steamed sponge 

cake, cookies, and pancakes. Nevertheless, increasing substitution levels may alter product quality 

by affecting color, texture, flavor, and consumer acceptance because of the high fiber content and the 

presence of natural pigments. Therefore, determining an appropriate substitution level is essential to 

balance nutritional enhancement with desirable sensory characteristics. 
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Mud cake (kue lumpur) is a traditional Indonesian snack associated with local culinary culture 

and social occasions. It is typically prepared from wheat flour, potatoes, eggs, sugar, and coconut 

milk, producing a moist, soft-textured cake with a mildly sweet flavour.3  Although its ingredients 

contribute energy and other nutrients, the nutritional composition of mud cake varies with the recipe 

and ingredient proportions. For example, Hapsari reported a fiber content of 3.08% in a mud cake 

formulation containing red bean purée and sweet potato purée, illustrating how ingredient substitution 

can modify its nutritional profile.3  More directly, Cahyani et al. investigated red dragon fruit peel purée 

at substitution levels of 10%, 13%, 16%, 19%, and 22%. They reported crude fiber contents of 2.75–

4.51% and antioxidant capacity values of 14.33–18.23 mg/L, while sensory characteristics differed 

significantly among treatments.7  These findings demonstrate the potential of incorporating red 

dragon fruit peel into mud cake, but also indicate that increasing the proportion of peel-derived 

ingredients may affect product acceptability. However, the previous study used peel purée rather than 

peel flour, and its substitution levels and analytical outcomes cannot be directly equated with those of 

a flour-based formulation. The present study therefore evaluates red dragon fruit peel flour as a partial 

substitute for wheat flour at levels of 5%, 10%, 15%, and 20%, assessing nutritional composition, 

antioxidant activity, physical characteristics, and sensory acceptance. This approach addresses 

whether the use of a dried, flour-based by-product can improve the nutritional profile of mud cake 

while maintaining acceptable product quality. 

Although several studies have investigated the incorporation of red dragon fruit peel flour into 

bakery products, limited information is available regarding its application in mud cake. Furthermore, 

previous studies have primarily focused on proximate composition or antioxidant activity, whereas 

comprehensive evaluations integrating chemical composition, physical properties, sensory quality, 

mineral composition, and dietary fiber remain scarce. In addition, information on the optimum 

substitution level that maintains product acceptability while improving nutritional quality is still limited. 

Therefore, this study evaluated the effects of substituting wheat flour with red dragon fruit 

(Hylocereus costaricensis) peel flour on the chemical, physical, and sensory characteristics of mud 

cake. The study also identified the optimum formulation using the De Garmo effectiveness index and 

compared the mineral and total dietary fiber contents of the selected formulation with those of the 

control. It was hypothesized that increasing the proportion of red dragon fruit peel flour would 

significantly affect the nutritional composition of mud cake, including its mineral content, dietary fiber 

content, and antioxidant activity. It was further hypothesized that substitution would alter the colour 

and texture profile of the product because of differences in pigment content, water-binding capacity, 

and the proportion of wheat flour in the formulation. Regarding sensory acceptance, it was 

hypothesized that the level of substitution would significantly influence panelists' ratings of colour, 
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aroma, taste, texture, and overall acceptance, and that an intermediate substitution level might 

provide a more favourable balance between nutritional improvement and sensory quality than the 

highest substitution level. Finally, the selected formulation was expected to differ from the control in 

mineral and total dietary fiber contents. The findings are expected to provide scientific evidence 

supporting the development of nutritionally enhanced traditional foods through the sustainable 

utilization of fruit-processing by-products. 

Therefore, this study aimed to evaluate the effects of replacing wheat flour with red dragon fruit 

(Hylocereus costaricensis) peel flour at substitution levels of 0%, 5%, 10%, 15%, and 20% on the 

chemical composition, antioxidant activity, colour, texture profile, and sensory acceptance of mud 

cake (kue lumpur). The study also aimed to identify the optimum formulation using the De Garmo 

effectiveness index and compare its mineral and total dietary fiber contents with those of the control. 

It was hypothesized that increasing the proportion of red dragon fruit peel flour would 

significantly affect the chemical composition and antioxidant activity of mud cake. Substitution was 

also expected to alter colour and texture because of differences in pigment content, water-binding 

capacity, and the proportion of wheat flour in the formulation. Furthermore, substitution level was 

hypothesized to influence sensory ratings for colour, aroma, taste, texture, and overall acceptance. 

An intermediate substitution level was expected to provide a more favourable balance between 

nutritional improvement and sensory quality than the highest substitution level. Finally, the selected 

formulation was expected to differ from the control in mineral and total dietary fiber contents. 

 

MATERIALS AND METHODS  

Materials 

Fresh red dragon fruits (Hylocereus costaricensis) at commercial maturity were obtained from 

a local farm in Banyuwangi, East Java, Indonesia. The fruits were selected based on uniform size, 

bright red peel color, and the absence of physical damage. Wheat flour, eggs, granulated sugar, 

coconut milk, margarine, vanilla, and salt used for mud cake preparation were purchased from a local 

supermarket. Analytical-grade reagents including 96% ethanol, DPPH (2,2-diphenyl-1-picrylhydrazyl), 

and other analytical chemicals were used for antioxidant analysis. 

Preparation of Red Dragon Fruit Peel Flour 

Red dragon fruit peels were separated from the pulp, washed thoroughly with running water, 

and cut into small pieces. The peels were dried in a hot-air oven at 60°C for 10 h until a constant 

weight was achieved. The dried peels were ground using a laboratory blender and sieved through a 

40-mesh sieve to obtain fine peel flour. The flour was stored in airtight polyethylene containers at 

room temperature until further use.  



                                                                                                                     Journal of Nutrition Explorations 
        Volume 4 Number 4, November 2026 

e-ISSN: 2987-761X 

 

Journal homepage: https://jone.poltekkes-surabaya.ac.id 

607 
 

Preparation of Mud Cake 

The preparation of mud cake followed the method described by Putri and Lastariwati, with 

modifications to accommodate the substitution treatments used in this study.8  Five formulations were 

prepared based on the ratio of wheat flour to red dragon fruit peel flour (Hylocereus costaricensis): 

F0 (100:0), F1 (95:5), F2 (90:10), F3 (85:15), and F4 (80:20), respectively. Thus, F0 served as the 

control, containing 100% wheat flour and no red dragon fruit peel flour. 

First, margarine and sugar were mixed using a mixer for 1 min. Eggs, vanilla, and mashed 

potatoes were then added and mixed until homogeneous. The flour mixture corresponding to each 

treatment was subsequently incorporated, followed by the addition of coconut milk. The batter was 

mixed for a further 5 min until a homogeneous consistency was achieved. 

The batter was then cooked on a stovetop using a mud cake mould until the product was fully 

cooked. The cooking procedure followed the conditions established for this study, with a reported 

cooking time of 15 min and a target temperature of 100°C with pan dimensions into a 12-hole mud 

cake mould with a diameter of 30 cm. After cooking, the mud cakes were removed from the moulds 

and used for subsequent chemical, physical, and sensory analyses. 

Experimental Design 

The experiment employed a Completely Randomized Design (CRD) consisting of five 

formulations with different substitution levels of red dragon fruit (Hylocereus costaricensis) peel flour: 

F0 (100:0), F1 (95:5), F2 (90:10), F3 (85:15), and F4 (80:20), expressed as wheat flour-to-red dragon 

fruit peel flour ratios. For each formulation, one batch of batter was prepared and divided into three 

portions for replication. Thus, the three replications were obtained from the same batch of batter rather 

than from independently prepared production batches. Analytical measurements were conducted on 

samples from each replication according to the procedures specified for each parameter.  

Chemical Analysis  

Moisture, ash, protein, fat, and crude fiber contents were determined using standard AOAC 

(2005) analytical procedures. Carbohydrate content was calculated by difference. Antioxidant activity 

was determined using the DPPH radical scavenging assay and expressed as percentage inhibition. 

The optimum formulation obtained from the effectiveness index analysis was further analyzed for 

mineral composition, including potassium, magnesium, manganese, calcium, phosphorus, iron, zinc, 

copper, cobalt, and selenium using Inductively Coupled Plasma–Mass Spectrometry (ICP-MS). Total 

dietary fiber content was also determined using the AOAC enzymatic–gravimetric method.
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Physical Analysis 

Color characteristics were measured using a chromameter and expressed as CIE L* (lightness), 

a* (redness), and b* (yellowness). Texture Profile Analysis (TPA) was carried out using a texture 

analyzer to determine hardness, adhesiveness, resilience, cohesiveness, springiness, gumminess, 

and chewiness. 

Sensory Evaluation 

Sensory acceptance was evaluated using a 25-member untrained adult consumers, comprising 

male and female participants aged 20–45 years. Participants were required to be non-smokers, in 

good general health and free from symptoms of respiratory illness, such as influenza or the common 

cold, at the time of evaluation. They were also required to have normal colour vision and to be in a 

comfortable psychological state, without undue stress or emotional distress, and in a positive mood 

during the evaluation. Before participating in the sensory evaluation, all participants were informed 

about the purpose and procedures of the study, and written informed consent was obtained from each 

participant. Participation was voluntary, and participants were informed of their right to withdraw from 

the evaluation at any time without penalty. Five mud cake formulations were evaluated using three-

digit sample codes to minimise bias associated with product identification. The sample codes were 

assigned as follows: F0 (100% wheat flour:0% red dragon fruit peel flour) was coded 376; F1 

(95%:5%) was coded 932; F2 (90%:10%) was coded 418; F3 (85%:15%) was coded 794; and F4 

(80%:20%) was coded 130. Samples were evaluated for colour, aroma, taste, texture, and overall 

acceptance using a seven-point hedonic scale ranging from 1 (dislike extremely) to 7 (like extremely). 

Drinking water was provided between sample evaluations to minimise carry-over effects. 

Statistical Analysis 

All experimental data were analyzed using IBM SPSS Statistics version 25. One-way analysis 

of variance (ANOVA) was performed to determine significant differences among treatments. When 

significant differences (p < 0.05) were detected, means were separated using Duncan's Multiple 

Range Test (DMRT). The optimum treatment was selected using the De Garmo effectiveness index, 

considering chemical, physical, and sensory characteristics simultaneously.  

 

RESULTS  

Chemical Characteristics 

The chemical properties of mud cake were assessed through proximate analysis (moisture, ash, 

protein, fat, and carbohydrate), crude fiber, and antioxidant activity. Standard AOAC (2005) methods 

were used for proximate analyses. 
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Table 1. Chemical characteristics of mud cake substituted with red dragon fruit peel flour 

 F0 F1 F2 F3 F4 

Moisture Content (%) 42,89 ± 1,11a 43,79 ± 8,27a 45,74 ± 4,10a 47,68 ± 1,74a 50,41 ± 3,68a 

Ash Content (%) 0,65 ± 0,05a 0,77 ± 0,21a 1,09 ± 0,28ab 1,23 ± 0,33b 1,41 ± 0,24b 

Protein Content (%) 3,97 ± 0,07a 4,28 ± 0,14a 4,11 ± 0,01a 4,08 ± 0,37a 4,26 ± 0,05a 

Fat Content (%) 5,09 ± 0,06a 5,39 ± 0,22ab 5,62 ± 0,59ab 6,05 ± 0,59bc 6,40 ± 0,20c 

Carbohydrate Content 
(%) 

44,65 ± 1,01b 42,17 ± 8,37b 38,93 ± 
3,73ab 

36,25 ± 1,18ab 32,64 ± 3,81a 

Crude fiber content (%) 2,76 ± 0,09a 3,60 ± 0,07b 4,51 ± 0,08c 4,71 ± 0,01d 4,88 ± 0,04e 

Antioxidant Activity 18,78 ± 0,39a 22,54 ± 0,94b 25,65 ± 
1,05bc 

25,35 ± 2,94c 28,67 ± 1,46d 

Note: The same notation within the same parameter row indicates no significant difference according to the 

Duncan test (p > 0.05). 

 As shown in Table 1, the substitution of wheat flour with red dragon fruit peel flour significantly 

affected the ash (p = 0.017), fat (p = 0.016), carbohydrate (p < 0.05), crude fiber (p < 0.001), and 

antioxidant activity (p = 0.001) of mud cake. In contrast, no significant effects were observed on 

moisture (p = 0.321), and protein (p = 0.252). 

Physical Characteristics 

Color characteristics 

Color is one of the most important quality attributes influencing consumer acceptance of bakery 

products because it is the first characteristic perceived before aroma, texture, or taste.  

Table 2. Color test of mud cake substituted with red dragon fruit peel flour 

Treatment (Wheat 
Flour : Red Dragon 

Fruit Peel Flour) 

L* a* b* 

F0 (100% : 0%) 49,69  2,47c 4,15  0,09a 24,78  0,81d 

F1 (95% :   5%) 34,16  2,28a 24,05  0,91b 7,40  0,43c 

F2 (90% : 10%) 42,57  0,65b 26,01  0,35bc 3,66  0,16a 

F3 (85% : 15%) 40,65  0,49b 30,21  0,35d 3,29  0,43a 

F4 (80% : 20%) 34,33  3,85a 26,75  2,56c 5,63  0,71b 

Note: The same notation in the same column indicates no significant difference according to the Duncan test (p 

> 0.05). 

In Table 2, The substitution of wheat flour with red dragon fruit peel flour significantly affected 

the lightness (L*), redness (a*), and yellowness (b*) of mud cake (p < 0.05).  

Texture characteristics 

Texture is a crucial factor that can influence the flavor profile of an ingredient, whether in fresh 

or processed foods. 

Table 3. Textural characteristics of mud cake substituted with red dragon fruit peel flour 

Parameter  Treatment (Wheat Flour : Red Dragon Fruit Peel Flour) 

F0 (100% : F1 (95% :   5%) F2 (90% : F3 (85% : 15%) F4 (80% : 20%) 
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0%) 10%) 

Hardness 178,56  7,75d 143,91  15,09c 138,31  
17,60bc 

116,92  7,83ab 106,65  14,09a 

Adhesiveness -215,19  
66,16a 

-182,48  
46,46ab 

-150,93  
10,19c 

-132,43  
52,29cd 

-107,69  15,48d 

Resilence 4,98  0,08b 3,43  0,35a 3,14  0,45a 3,17  0,69a 3,35  0,18a 

Cohesion 0,65  0,03b 0,65  0,20b 0,60  0,31ab 0,57  0,03a 0,60  0,04ab 

Springiness 96,87  2,84a 109,52  20,70a 157,86  
39,81a 

99,37  0,53a 134,56  60,29a 

Gumminess 115,68  3,20d 93,89  7,70c 83,25  
11,54bc 

66,77  8,40ab 64,08  11,90a 

Chewiness 112,19  
6,22ab 

102,97  22,15b 130,09  
28,49b 

66,34  8,27a 90,53  57,01ab 

Note: The same notation within the same parameter row indicates no significant difference according to the 

Duncan test (p > 0.05). 

 As shown in Table 3, the substitution of wheat flour with red dragon fruit peel flour significantly 

affected the hardness (p < 0.001), resilience (p = 0.001), cohesion (p = 0.031), and gumminess (p < 

0.001) of mud cake. In contrast, the substitution had no significant effect on adhesiveness (p = 0.087) 

or chewiness (p = 0.198). These results indicate that incorporating red dragon fruit peel flour primarily 

altered the structural and mechanical properties of the mud cake, while its adhesive characteristics 

and chewiness remained relatively unchanged. 

 

Figure 1. Texture profile analysis graph of treatment 0 

 

Figure 2. Texture profile analysis graph of treatment 1 

 

 

Figure 3. Texture profile analysis graph of treatment 2 

 

 

Figure 4. Texture profile analysis graph of treatment 3 
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Figure 5. Texture profile analysis graph of treatment 4 

 

Sensory Characteristics 

Organoleptic testing regarding the level of preference for color, taste, aroma, texture, and overall 

quality of the mud cake product was conducted using a hedonic test 6. 

Table 4. Sensory characteristics of mud cake substituted with red dragon fruit peel flour 

Product Code Color Odor Texture Taste Overall 

F0 4,72  1,02a 5,40  0,71a 5,44  0,96b 5,28  0,89a 5,16  0,80a 

F1 5,24  0,97b 5,32  0,95a 5,48  0,92b 5,56  0,58ab 5,48 0,59a 

F2 6,12  0,93c 6,08  0,81b 5,56  0,87b 6,08  0,95b 6,20  0,76b 

F3 5,88  0,88c 5,28  0,94a 4,48  0,82a 5,24  0,83a 5,40  0,65a 

F4 6,16  0,85c 5,08  1,08a 4,04  1,49a 5,48  1,33a 5,36  1,04a 

Note: The same notation in the same column indicates no significant difference. Hedonic scale 1–7 (dislike 

extremely – like extremely). 

Best Formulation Selection Using the De Garmo Effectiveness Index 

The determination of the best treatment in this study was conducted using the De Garmo 

effectiveness index method. 

Table 5. Values for Determining the Best Treatment for mud cake 

Treatment (Wheat Flour : Red Dragon Fruit Peel 
Flour) 

Amount of Nh 

F0 (100% : 0%) 0,35 

F1 (95% :   5%) 0,44 

F2 (90% : 10%) 0,68 

F3 (85% : 15%) 0,39 

F4 (80% : 20%) 0,52 

In this method, each parameter is assigned a weight based on its level of importance and then 

normalized to obtain a normalized weight. The value of each treatment is subsequently normalized 

into an effectiveness value (Ne) and multiplied by the normalized weight (Nh). The sum of these 

products constitutes the effectiveness index value for each treatment. The best results were obtained 

with treatment F2. 
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Mineral Content of Selected Product Treatments 

The results of the independent sample t-test indicate the effect of substituting red dragon fruit 

peel flour on the mineral content of the selected mud cake product. 

Table 6. Mineral content of mud cake substituted with red dragon fruit peel flour 

Treatment Mineral Content Value 

F0 Mg (mg/100g) 26,106   1,131 

F2 36,914  0,724 

F0 Mn (mg/100g) 0,325  0,013 

F2 1,186  0,037 

F0 Zn (mg/100g) 1,497  0,205 

F2 1,260  0,086 

F0 K (mg/100g) 283,276  5,668 

F2 438,674  18,483 

F0 Fe (mg/100g) 2,558  0,180 

F2 2,656  0,078 

F0 Se (µg/kg) ND (Not Detected) 

F2 3,602 ± 2,561 

F0 Ca (mg/100g) 2,574  0,777 

F2 3,547  0,401 

F0 Cu (mg/100g) 0,178  0,015 

F2 0,176  0,019 

F0 Co (µg/kg) 10,524  0,944 

F2 21,784  2,707 

F0 P (mg/100g) 91,273  2,981 

F2 82,817  1,883 

 

Dietary Fiber of Selected Product Treatments 

The results of the independent sample t-test indicate the effect of substituting red dragon fruit 

peel flour on the dietary fiber content of the selected mud cake product. 

Table 7. Dietary fiber of mud cake substituted with red dragon fruit peel flour 

Treatment Fiber Content Value (%) 

F0 Insoluble Dietary Fiber 3,22  0,07 

F2 4,88  0,05 

F0 Soluble Dietary Fiber 0,25  0,02 

F2 0,44  0,01 

F0 Total Dietary Fiber 3,47  0,05 

F2 5,32  0,07 

 

DISSCUSSION 

Moisture Content 

The moisture content of mud cake showed a numerical increase from 42.89 ± 1.11% in the 

control to 50.41 ± 3.68% in the formulation containing 20% red dragon fruit peel flour. However, the 



                                                                                                                     Journal of Nutrition Explorations 
        Volume 4 Number 4, November 2026 

e-ISSN: 2987-761X 

 

Journal homepage: https://jone.poltekkes-surabaya.ac.id 

613 
 

differences among treatments were not statistically significant (p = 0.321), indicating that the observed 

trend does not provide sufficient evidence of a treatment effect. Dietary fiber may contribute to water 

retention because of its water-binding properties, although this effect depends on the characteristics 

of the fiber and the food matrix.9  Studies on fruit peel flours have also demonstrated that their 

hydration properties can vary according to their composition and physical characteristics. 

Nevertheless, water-holding capacity was not directly measured in the present study; therefore, the 

proposed mechanism should be interpreted as a possible explanation rather than a confirmed cause 

of the observed moisture trend. 

Ash Content 

Ash content reflects the total mineral content of a food product and is commonly used as an 

indicator of its inorganic composition. The ash content increased from 0.65 ± 0.05% in the control (F0) 

to 1.41 ± 0.24% in F4 (80% wheat flour : 20% red dragon fruit peel flour). The increase in ash content 

was attributed to the naturally high mineral content of red dragon fruit peel flour, which contributed 

more inorganic components to the formulation as the substitution level increased. Similar findings 

were reported by 10, who observed increased ash content in crackers fortified with red dragon fruit 

peel flour, and by 11, who reported that red dragon fruit peel flour contains a relatively high ash content, 

reflecting its rich mineral composition. 

Protein Content 

Protein content is an important nutritional parameter that contributes to the nutritional quality 

of bakery products. Protein content ranged from 3.97 ± 0.07% in the control (F0) to 4.28 ± 0.14% in 

F1, while the remaining treatments showed comparable values between 4.08% and 4.26%. These 

results suggest that substituting wheat flour with up to 20% red dragon fruit peel flour did not 

substantially alter the protein content of the product. The absence of significant differences is 

attributed to the relatively low protein content of red dragon fruit peel flour, which is mainly composed 

of dietary fiber and bioactive compounds rather than protein. Consequently, partial substitution of 

wheat flour had little effect on the overall protein composition of mud cake. Similar findings were 

reported by 12 and 13, who observed that the incorporation of red dragon fruit peel flour did not 

significantly increase the protein content of bakery products. 

Fat Content 

Fat content is an important component of bakery products because it contributes to flavour, 

texture, mouthfeel, and overall product quality.14  In the present study, fat content increased from 

5.09 ± 0.06% in the control (F0) to 6.40 ± 0.20% in F4 (80% wheat flour:20% red dragon fruit peel 

flour). Although this increase may reflect differences in the composition of the formulations, the 

specific mechanism responsible for the observed change cannot be established from the present 
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data. Dietary fiber, including pectin, can influence water binding and structural interactions within food 

matrices; however, these properties do not necessarily result in increased fat retention in the final 

product.15  Therefore, the increase in measured fat content should not be attributed solely to 

interactions between dietary fiber and lipids. 

The increase in fat content should also be interpreted in relation to the carbohydrate content, 

which was determined by difference. This method calculates carbohydrate content by subtracting 

moisture, ash, protein, and fat from 100%. Consequently, an increase in measured fat content 

contributes mathematically to a decrease in calculated carbohydrate content when the other 

components remain constant.16  Although moisture content increased numerically from 42.89 ± 

1.11% in F0 to 50.41 ± 3.68% in F4, the difference was not statistically significant (p= 0.321). Thus, 

the moisture trend should not be interpreted as a significant treatment effect or as an established 

explanation for the changes in fat and carbohydrate contents. These results should be interpreted in 

the context of the overall proximate composition and the limitations of the carbohydrate-by-difference 

method. 

Carbohydrate Content 

Carbohydrate content is a major nutritional component in bakery products and was determined 

by the difference method. Carbohydrate content decreased from 44.65 ± 1.20% in the control (F0) to 

32.64 ± 3.07% in F4 (80% wheat flour : 20% red dragon fruit peel flour), indicating that increasing the 

proportion of red dragon fruit peel flour significantly reduced the carbohydrate content of the product. 

The reduction in carbohydrate content was mainly attributed to the replacement of wheat flour, which 

is rich in starch, with red dragon fruit peel flour containing higher levels of dietary fiber and minerals. 

Because carbohydrate was calculated by difference, the increases in moisture, ash, fat, and crude 

fiber contributed to the decrease in the calculated carbohydrate content. Similar findings were 

reported by 5 and 12, who found that the incorporation of red dragon fruit peel flour reduced the 

carbohydrate content of bakery products due to the replacement of starch-rich flour with fiber-rich 

ingredients. 

Crude Fiber Content 

Crude fiber content is an important nutritional parameter associated with the functional 

properties of food products. Crude fiber increased progressively from 2.76 ± 0.09% in the control (F0) 

to 4.88 ± 0.04% in F4 (80% wheat flour : 20% red dragon fruit peel flour). The increase in crude fiber 

content was attributed to the high insoluble fiber content of red dragon fruit peel flour, particularly 

cellulose and lignin, which directly enriched the fiber composition of mud cake. Similar findings were 

reported by 17, who observed increased crude fiber content in biscuits fortified with dragon fruit peel, 
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and 5, who reported that dragon fruit peel flour contains approximately 25.48% crude fiber, contributing 

to a significant increase in the fiber content of bread. 

Antioxidant Activity 

Antioxidant activity, determined using the DPPH radical-scavenging assay, increased from 

18.78 ± 0.39% inhibition in the control (F0) to 28.67 ± 1.46% inhibition in F4 (80% wheat flour:20% 

red dragon fruit peel flour). This numerical increase suggests that the incorporation of red dragon fruit 

peel flour may enhance the in vitro radical-scavenging capacity of mud cake extracts. Dragon fruit 

peel contains bioactive compounds, including phenolic compounds, flavonoids, and betalains, which 

may contribute to antioxidant activity.18  

In this study, the samples were extracted using 96% ethanol, and DPPH absorbance was 

measured at 517 nm. Ethanol can extract certain phenolic compounds and other antioxidant 

constituents, although the extraction efficiency depends on solvent polarity, extraction conditions, and 

the characteristics of the compounds present. Because 96% ethanol contains relatively little water, 

the resulting extract may differ in composition from extracts obtained using aqueous ethanol or other 

solvents. Therefore, the measured DPPH inhibition represents the radical-scavenging activity of 

compounds recovered under the specific extraction conditions rather than the total antioxidant 

potential of the mud cake. 

The measured activity may also be influenced by thermal processing. Betalains and some 

phenolic compounds can undergo degradation or chemical transformation during heating, potentially 

affecting their subsequent extraction and radical-scavenging activity. However, the stability of these 

compounds was not directly evaluated in this study, so thermal degradation cannot be established as 

the cause of any observed changes. Furthermore, because red dragon fruit peel contains naturally 

coloured pigments, appropriate sample blank correction is important to minimize potential interference 

with absorbance measurements at 517 nm. 

The DPPH assay is an in vitro chemical method that measures the ability of extract 

constituents to reduce a stable synthetic radical under specified analytical conditions.19  It does not 

account for digestion, absorption, metabolism, or physiological antioxidant mechanisms in humans. 

Accordingly, the observed increase in DPPH inhibition indicates a change in the in vitro radical-

scavenging activity of the extracts but does not establish antioxidant efficacy or health benefits in 

humans. 
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Physical characteristics 

Color characteristics 

Color parameters—specifically lightness (L*), redness (a*), and yellowness (b*)—are crucial 

for determining the color quality of food products, as they relate to sensory acceptance and the 

precision of processing operations.20  

Lightness (L*) 

Lightness (L*) indicates the brightness of the product, with higher values representing a lighter 

color and lower values indicating a darker appearance. The L* value decreased from F0 (49,69 ± 

2,47) to F4 (34,33 ± 3,85), indicating that increasing the proportion of red dragon fruit peel flour 

produced a darker product. The reduction in L* value was attributed to the increasing concentration 

of betalain pigments, particularly betacyanins, naturally present in red dragon fruit peel, which 

imparted a red-purple color and reduced product brightness. In addition, thermal processing may have 

contributed to pigment degradation and Maillard browning, further decreasing lightness. Similar 

findings were reported by 6 and 5, who observed that increasing the proportion of red dragon fruit peel 

flour significantly decreased the L* value of bakery products. 

Redness (a*) 

Redness (a*) represents the intensity of red color in the product, with higher positive values 

indicating greater redness. The a* value increased markedly from 4.15 ± 0.09 in the control (F0) to 

30.21 ± 0.35 in F3 (85% wheat flour : 15% red dragon fruit peel flour), while F4 showed a slightly 

lower value (26.75 ± 2.56) but remained significantly higher than the control. The increase in redness 

was attributed to the high content of betalain pigments, particularly betacyanins, in red dragon fruit 

peel, which impart a characteristic red-purple color to the cake matrix. The slight decrease in a* value 

at the highest substitution level (F4) may be associated with partial thermal degradation of betalains 

during baking. Similar findings were reported 6, who observed that the incorporation of red dragon 

fruit peel significantly increased the redness of bakery products due to the presence of betacyanin 

pigments. 

Yellowness (b*) 

Yellowness (b*) indicates the intensity of yellow color in the product, with higher positive values 

representing greater yellowness. The b* value decreased markedly from 24.78 ± 0.81 in the control 

(F0) to 3.29 ± 0.43 in F3 (85% wheat flour : 15% red dragon fruit peel flour), while F4 showed a slightly 

higher value (5.63 ± 0.71). The reduction in b* value was attributed to the dominance of betalain 

pigments, particularly betacyanins, which masked the natural yellow color of wheat flour and egg yolk, 

causing the product color to shift from yellow toward red-purple. Similar results were reported by 

(Biswas et al., 2025), who found that the incorporation of red dragon fruit peel significantly decreased 
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the b* value of bakery products. A comparable trend was also observed by 21, who reported that 

increasing beetroot flour substitution reduced the yellowness of cupcakes because the red betalain 

pigments became more dominant. 

Texture characteristics 

Texture is a crucial factor that can influence the flavor profile of an ingredient, whether in fresh 

or processed foods. The flavor of a food product can be affected by its texture and consistency. A 

texture analyzer is the instrument typically used to analyze texture profiles. 

Hardness 

Hardness represents the maximum force required to compress a food product during the first 

compression cycle and reflects its firmness. Hardness decreased from 178.56 ± 7.75 N in the control 

(F0) to 106.65 ± 14.09 N in F4 (80% wheat flour : 20% red dragon fruit peel flour). These results 

indicate that increasing the substitution level of red dragon fruit peel flour produced a softer cake. The 

reduction in hardness was attributed to the high dietary fiber and pectin content of red dragon fruit 

peel flour, which increased water retention and weakened the gluten network, resulting in a softer 

crumb structure. Similar findings were reported by 22, who observed reduced hardness in sponge cake 

with olive seed flour substitution, and 5, who reported that increasing red dragon fruit peel flour 

significantly softened bread because of gluten dilution and higher fiber content. 

Adhesiveness 

Adhesiveness represents the work required to overcome the attractive forces between the 

food surface and the probe during the first compression cycle. Adhesiveness values increased from 

−215.19 ± 66.11 in the control (F0) to −107.69 ± 15.48 in F4 (80% wheat flour : 20% red dragon fruit 

peel flour), indicating that the product became less adhesive as the substitution level increased. The 

decreasing adhesiveness was attributed to the high dietary fiber content of red dragon fruit peel flour, 

which reduced the stickiness of the crumb by binding water within the food matrix and limiting the 

amount of free surface moisture. Similar findings were reported by5, who observed that increasing red 

dragon fruit peel flour modified the textural properties of bakery products, including adhesiveness, 

through changes in moisture distribution and crumb structure. 

Resilience  

Resilience reflects the ability of a food product to recover its original shape immediately after 

the first compression. The highest resilience value was observed in the control (F0) at 4.98 ± 0.08, 

whereas the lowest value was obtained in F2 (90% wheat flour : 10% red dragon fruit peel flour) at 

3.14 ± 0.45. These results indicate that the incorporation of red dragon fruit peel flour reduced the 

resilience of mud cake. The reduction in resilience was attributed to the high dietary fiber and pectin 

contents of red dragon fruit peel flour, which interfered with the formation of the starch–gluten matrix 
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and produced a softer, less elastic crumb. Similar findings were reported by 23 and 24, who found that 

the incorporation of fiber-rich ingredients reduced the elasticity and recovery capacity of bakery 

products after compression. 

Cohesion 

Cohesion reflects the internal bonding strength of a food product and its ability to withstand 

repeated deformation without breaking. Cohesion values ranged from 0.57 ± 0.03 to 0.65 ± 0.03, with 

the highest values observed in F0 (100% wheat flour : 0% red dragon fruit peel flour) and F1 (95% 

wheat flour : 5% red dragon fruit peel flour) (both 0.65), while the lowest value was obtained in F3 

(85% wheat flour : 15% red dragon fruit peel flour) (0.57 ± 0.03). The reduction in cohesion was 

attributed to the replacement of gluten-containing wheat flour with fiber-rich red dragon fruit peel flour. 

The high dietary fiber and pectin contents competed for water during batter formation, weakening the 

gluten–starch matrix and reducing the internal bonding strength of the product. Similar findings were 

reported by 5, who observed reduced cohesion in bread fortified with red dragon fruit peel flour, and 

25, who explained that cohesion is closely related to the integrity of the internal food structure 

Springiness 

Springiness reflects the ability of a food product to recover its original shape after compression. 

Springiness values ranged from 96.87 ± 2.84 in the control (F0) to 157.86 ± 39.81 in F2 (90% wheat 

flour : 10% red dragon fruit peel flour). The comparable springiness values among treatments suggest 

that the remaining gluten network, together with the water-binding capacity of dietary fiber, was 

sufficient to maintain the elasticity of the cake despite partial wheat flour substitution. Similar findings 

were reported by 26 and 27, who found that moderate incorporation of fiber-rich ingredients maintained 

the springiness of bakery products by preserving the structural integrity of the starch–protein matrix. 

Gumminess 

Gumminess represents the energy required to disintegrate a semi-solid food until it is ready 

for swallowing and is calculated as the product of hardness and cohesiveness. Gumminess 

decreased from 115.68 ± 3.20 in the control (F0) to 64.08 ± 11.90 in F4 (80% wheat flour : 20% red 

dragon fruit peel flour). The reduction in gumminess was attributed to the weakening of the gluten 

network caused by the replacement of wheat flour with fiber-rich red dragon fruit peel flour. The higher 

dietary fiber content disrupted the starch–gluten matrix, resulting in lower hardness and cohesiveness, 

which consequently reduced gumminess. Similar findings were reported by 5, who observed that 

dragon fruit peel flour significantly reduced the gumminess of bread, and 28, who explained that 

gumminess is directly influenced by hardness and cohesiveness. 
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Chewiness 

Chewiness represents the energy required to chew a food product until it is ready for 

swallowing and is determined by the combined effects of hardness, cohesiveness, and springiness. 

Chewiness values ranged from 66.34 ± 8.27 in F3 (85% wheat flour : 15% red dragon fruit peel flour) 

to 130.09 ± 28.49 in F2 (90% wheat flour : 10% red dragon fruit peel flour). The similar chewiness 

values among treatments suggest that the interaction between hardness, cohesiveness, and 

springiness remained relatively stable despite the incorporation of red dragon fruit peel flour. At 

moderate substitution levels, the remaining gluten network was sufficient to maintain the structural 

integrity of the cake, whereas higher fiber levels tended to reduce chewiness by weakening the 

internal matrix. Similar findings were reported by 5, who observed changes in bread chewiness 

following dragon fruit peel flour substitution, and 27, who reported that chewiness is strongly influenced 

by the combined effects of hardness, cohesiveness, and springiness. 

Sensory Characteristics 

Panelists generally preferred products containing 10% red dragon fruit peel flour (F2), which 

achieved the highest scores for aroma (6.08 ± 0.81), texture (5.56 ± 0.87), taste (6.08 ± 0.95), and 

overall acceptance (6.20 ± 0.76). In contrast, the highest color acceptance was observed in F4 (80% 

wheat flour : 20% red dragon fruit peel flour) with a score of 6.16 ± 0.85. These findings indicate that 

moderate substitution improved overall sensory quality while maintaining desirable product 

characteristics. The improved sensory acceptance at the 10% substitution level was attributed to the 

balanced contribution of red dragon fruit peel flour, which enhanced product appearance without 

adversely affecting aroma, texture, or taste. However, higher substitution levels tended to reduce the 

acceptability of some attributes because the increased dietary fiber modified the texture and flavor 

profile of the product. Similar findings were reported by 5 and 6, who found that moderate incorporation 

of red dragon fruit peel flour improved the sensory quality of bakery products, whereas excessive 

substitution reduced consumer preference. 

Best Formulation Selection Using the De Garmo Effectiveness Index 

The optimum formulation was determined using the De Garmo effectiveness index, a multi-

criteria decision-making approach that integrates all quality attributes according to their relative 

importance. As presented in Table 6, the effectiveness index values were 0.35 (F0), 0.44 (F1), 0.68 

(F2), 0.39 (F3), and 0.52 (F4). Among all formulations, F2 (90% wheat flour and 10% red dragon fruit 

peel flour) achieved the highest effectiveness index (0.68), indicating the best overall product quality. 

This formulation exhibited the most balanced performance across chemical composition, antioxidant 

activity, color, texture profile, and sensory acceptance, although it did not always produce the highest 

value for every individual parameter. 
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The superior performance of F2 demonstrates that moderate substitution of wheat flour with 

red dragon fruit peel flour improved the nutritional characteristics without substantially compromising 

technological and sensory quality. At substitution levels above 10%, the increasing fiber concentration 

likely interfered with gluten network formation and starch gelatinization, resulting in less desirable 

texture and sensory properties. Conversely, lower substitution levels (5%) provided insufficient 

bioactive compounds and dietary fiber to maximize the functional value of the product. Therefore, a 

10% substitution represented an optimal balance between nutritional enhancement and consumer 

acceptability. 

The application of the De Garmo method is particularly suitable for functional food 

development because product quality depends on multiple attributes rather than a single analytical 

parameter. Consequently, selecting the optimum formulation based on an integrated effectiveness 

index provides a more comprehensive evaluation than relying solely on proximate composition or 

sensory acceptance. The selected formulation (F2) was subsequently subjected to mineral and 

dietary fiber analyses to further evaluate its nutritional advantages over the control formulation. 

Mineral Composition of the Selected Formulation 

Mineral analysis was performed to determine whether substituting wheat flour with red dragon 

fruit peel flour improved the micronutrient composition of mud cake. The selected formulation (F2) 

was compared with the control (F0), and the results demonstrated that the incorporation of 10% red 

dragon fruit peel flour increased the concentrations of several nutritionally important minerals, 

particularly magnesium, manganese, potassium, calcium, cobalt, and selenium, while zinc, iron, 

copper, and phosphorus showed relatively small changes. 

Mineral concentrations in F0 and F2 were compared. The results are reported as 

concentrations per 100 g or per kg depending on the element; units and uncertainty must be 

standardised. Because serving size and mineral bioavailability were not assessed, the results indicate 

composition only and do not establish the amount absorbed by consumers or health outcomes. 

Magnesium 

Magnesium content increased significantly from 26.11 to 36.91 mg/100 g following the 

substitution of 10% red dragon fruit peel flour. This increase can be attributed to the naturally high 

mineral concentration found in fruit peels, which frequently contain greater levels of macro-minerals 

than edible pulp because minerals accumulate within structural tissues. Magnesium is an essential 

macromineral involved in more than 300 enzymatic reactions, including ATP metabolism, protein 

synthesis, neuromuscular function, and bone development. Therefore, increasing magnesium 

concentration enhances the nutritional quality of mud cake and may contribute to improved dietary 

magnesium intake. The present findings agree with previous studies reporting increased magnesium 
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contents after incorporating fruit peel flours into bakery products, indicating that fruit processing by-

products represent valuable mineral sources for functional food applications. 

Manganese 

Manganese concentration increased from 0.325 to 1.186 mg/100 g, representing one of the 

largest proportional increases among all minerals analyzed. Manganese functions as an essential 

cofactor for numerous enzymes associated with carbohydrate metabolism, antioxidant defense 

through manganese superoxide dismutase (Mn-SOD), and bone formation. The substantial increase 

observed in F2 indicates that red dragon fruit peel flour effectively enriched the product with this trace 

element. Because fruit peels naturally contain higher concentrations of trace minerals than refined 

cereal flour, partial substitution of wheat flour provides an effective strategy for increasing manganese 

intake while simultaneously supporting sustainable utilization of agricultural by-products. 

Potassium 

Potassium content increased markedly from 283.28 to 438.67 mg/100 g following substitution 

with red dragon fruit peel flour. Potassium is the predominant intracellular cation responsible for 

maintaining electrolyte balance, nerve impulse transmission, muscle contraction, and blood pressure 

regulation. The considerable increase observed in this study indicates that red dragon fruit peel flour 

is an excellent natural source of potassium and substantially improves the mineral profile of mud cake. 

The high potassium concentration is particularly advantageous because increasing dietary potassium 

intake has been associated with cardiovascular health and reduced hypertension risk. Therefore, the 

selected formulation may provide additional nutritional benefits beyond its improved antioxidant and 

dietary fiber contents. 

Zinc, Iron, Copper, and Calcium 

Although calcium showed an increasing trend, while zinc and copper exhibited slight 

decreases and iron increased only marginally, these differences were either statistically insignificant 

or biologically small. The limited response likely reflects the relatively similar mineral contributions 

from wheat flour and other ingredients such as eggs, milk, and margarine. Furthermore, mineral 

retention during baking is influenced by ingredient interactions and processing conditions, which may 

reduce measurable differences between formulations. 

Selenium, Cobalt, and Phosphorus 

Selenium and cobalt concentrations increased after substitution, whereas phosphorus 

decreased slightly. Selenium was detected only in the substituted formulation, suggesting that red 

dragon fruit peel flour contributed additional selenium to the product. Although selenium concentration 

remained relatively low, this result demonstrates the potential of fruit peel flour to enrich bakery 

products with trace minerals. Cobalt also increased significantly, whereas phosphorus decreased 
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moderately, possibly because of differences in the mineral composition of wheat flour and dragon fruit 

peel as well as processing-related mineral redistribution. 

Overall, the mineral profile indicates that incorporating 10% red dragon fruit peel flour 

substantially enhanced several nutritionally important minerals, particularly magnesium, manganese, 

and potassium, while maintaining acceptable concentrations of the remaining essential minerals. 

These findings support the use of red dragon fruit peel flour as a sustainable functional ingredient 

capable of improving the micronutrient quality of traditional bakery products. 

Dietary Fiber Content of the Selected Formulation 

Dietary fiber analysis was conducted to evaluate the nutritional contribution of red dragon fruit 

peel flour in the selected formulation (F2) compared with the control (F0). The results demonstrated 

that substitution with 10% red dragon fruit peel flour significantly increased insoluble dietary fiber 

(IDF), soluble dietary fiber (SDF), and total dietary fiber (TDF). The IDF content increased from 3.22% 

in the control to 4.88% in F2, while SDF increased from 0.25% to 0.44%. Consequently, total dietary 

fiber increased from 3.81% to 5.32%, confirming that red dragon fruit peel flour is an effective source 

of dietary fiber for traditional bakery products. 

The marked increase in insoluble dietary fiber is primarily attributed to the structural 

composition of red dragon fruit peel, which contains abundant cellulose, hemicellulose, and lignin. 

These polysaccharides constitute the major fraction of plant cell walls and remain relatively stable 

during thermal processing. Consequently, incorporating peel flour substantially increased the 

insoluble fiber fraction of kue lumpur. Previous studies have similarly reported that fruit peels generally 

contain a higher proportion of insoluble fiber than edible pulp, making them valuable ingredients for 

enriching bakery products with dietary fiber. Although soluble dietary fiber also increased, the 

magnitude of improvement was considerably smaller than that observed for insoluble fiber. This result 

may be explained by the relatively low proportion of soluble polysaccharides naturally present in 

dragon fruit peel compared with insoluble structural carbohydrates. In addition, thermal processing 

during batter preparation and baking may partially degrade soluble polysaccharides or alter their 

extractability, thereby limiting the measurable increase in soluble dietary fiber. 

The increase in total dietary fiber demonstrates the nutritional advantages of incorporating red 

dragon fruit peel flour into kue lumpur. Total dietary fiber is widely recognized as an important dietary 

component associated with gastrointestinal health, improved glycemic regulation, reduced serum 

cholesterol, and lower risks of obesity and cardiovascular disease. Therefore, increasing dietary fiber 

without substantially reducing consumer acceptability represents an important strategy for developing 

healthier traditional foods. The present findings are consistent with previous studies demonstrating 

that fruit peel flours effectively increase dietary fiber content in bread, cookies, muffins, biscuits, and 
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other bakery products. These studies indicate that agricultural by-products can be successfully utilized 

as functional food ingredients while simultaneously supporting waste valorization and sustainable 

food production. 

CONCLUSION  

Replacing wheat flour with red dragon fruit peel flour affected ash, fat, carbohydrate, crude 

fibre, DPPH inhibition, instrumental colour, and selected texture and sensory attributes. Moisture and 

protein did not differ significantly. F2 (90% wheat flour:10% peel flour) had the highest reported De 

Garmo index (0.68) and overall sensory score (6.20 ± 0.76). Compared with F0, F2 had higher 

reported magnesium (26.11 to 36.91 mg/100 g), manganese (0.325 to 1.186 mg/100 g), potassium 

(283.28 to 438.67 mg/100 g), and total dietary fibre (3.81% to 5.32%), subject to verification of the 

underlying analytical records. The results identify F2 as the preferred formulation among those tested 

but should be interpreted cautiously because the three measurements were obtained from the same 

batter batch rather than independent production batches. Future work should use independently 

prepared batches, report complete analytical and sensory procedures, and verify the mineral and fibre 

data before making broader nutritional claims. 
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