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Waffl es are  a  popular wheat-based bak ed product that  can  be  nutritionally enhanced through partial or  co mplete substitution 

with legume flours such as  mung bean  powder, which is rich in  protein and bioactive co mpounds. This study investigated the 

e ffects  o f substituting wheat flour  with mung  bean  powder (0%, 50%, and  100%) on  the physicochemical, textural, and 

sensory properties of waffl es. Th e results showed a significant  decrease in  batter lightness fro m 89.58 (0 %)  to 69.10 (100%),  
acco mpanied by a  shift  in redness fro m –6.35 to –10.97 and an increase in yellowness fro m 38.50 to 44.69 . The apparent 

viscosity of the batter  demonstrated shear-thinning behavior in all formulations; however, a  marked increase in  viscosity was 

observed at 100% substitution (67.34 Pa•s) co mp ared  to the control (37.93 Pa•s). Additionally, the ash content o f the waffles 
increased with substitution level, reaching 2.57% at full substitution. pH decreased fro m 7.10 to 6.43, whereas acidity rose 

fro m 0 .25% to 0.48 % with higher mung be an incorporation. Total phenolic content (TPC) and  antioxidant capacity (AC) 

were significantly enhanced, increasing fro m 1160.9 μg GAE/g and 67.4% in control samples to 1635.1 μg GAE/g and 

81.2%, respectively, at  100% substitution. Th e color o f baked  waffles  also changed, with lightness decreasing fro m 82 .81 to 
65.73, while yellowness increased  fro m 54.73 to 60.71 . Hardness increased fro m 0.47 to  1.15 N . Sensory evaluation 

indicated that scores for appearance , aro ma, and  texture  decreased at  higher substit ution levels, whereas flavor acceptance 

remained relatively stable. N evertheless, the  overall acceptability score fo r all samples exceeded  8, re flecting good consume r 

acceptability. 

1. Introduction

Legumes are an important component of the human 

diet due to their high protein content, complex 

carbohydrates, dietary fiber, and essential micronutrients 

[1-3]. Among legumes, mung bean (Vigna radiata L.) is 

particularly valued for its rich nutrit ional profile, 

including h igh-quality p lant proteins (22–24%), minerals, 

vitamins, and bioactive compounds with antioxidant 

properties [4-6]. Koohi et al. [7] reported that mung bean 

powder contained 9.48% moisture, 23.16% protein, 

0.41% fat, and  3.24% ash. Its low glycemic index and 

digestibility make it suitable fo r health-conscious diets 

and functional food development. Incorporating mung 

bean powder into bakery products such as bread and 

cakes offers a promising approach to improving their 

nutritional value, enhancing protein and mineral content, 

and introducing functional benefits without significantly 

compromising sensory attributes [4, 7-10]. Kaur et al. [4] 

developed a snack formulation incorporating a sorghum–

mung bean blend and evaluated its sensory and functional 

properties. The findings revealed that the sorghum–mung 

bean-based snack received high acceptability scores from 

the sensory panel, indicating favorable consumer 

perception and strong market potential for this composite 

product. Balighi et al. [9] examined the effect of 

substituting rice flour with raw and sprouted mung bean 

powder on the physicochemical properties of gluten-free 

batter and cake. Their results confirmed that the 

incorporation of sprouted mung bean powder can 

positively influence the quality characteristics of gluten-

free cakes. Notably, the highest moisture content in the 

cake was observed when 20% of the sprouted mung bean 

flour was used in the formulation, indicating its potential 

to enhance moisture retention in gluten-free baked  

products.  

Traditionally prepared from wheat flour and 

characterized  by a cake -like texture, waffles are widely  

consumed as a versatile food item, serving as bread, 

dessert, or a cake substitute in fast-food outlets and 

restaurants. The formulat ion can be modified by 

incorporating alternative flours, which not only reduces 

gluten content but also influences the textural and 

nutritional properties of the final product [11-14]. Zohry 

et al. [14] explored the incorporation of p ineapple peel 

powder into waffle formulations and evaluated its impact 

on the functional, chemical, and nutritional attributes of 

the final product. Based on the favorable outcomes, the 

authors suggested the inclusion of pineapple peel powder 

as a viable strategy to enhance the sensory and functional 
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properties of waffles, as well as to fort ify similar bakery  

products with added nutritional value. Oliveira et al. [15] 

conducted a study to evaluate the qualitative attributes of 

waffles formulated with almond skins incorporation. 

Their findings revealed that waffles enriched with 10% 

almond skins exh ibited the highest concentration of 

phenolic compounds and demonstrated superior 

antioxidant activity compared to other formulations. 

Due to their convenience, ready-to-eat foods are 

widely consumed by younger populations; however, they 

are typically calo rie -dense and deficient in essential 

nutrients and dietary fiber, highlighting the need to 

improve their nutrit ional quality to support healthier 

eating habits [14]. Therefore, the objective of this study 

was to evaluate the effects of substituting wheat flour 

with mung bean powder (0%, 50%, and 100%) on the 

color and flow behavior (viscosity) of waffle batter and 

the physicochemical (moisture, ash, pH, acidity), TPC, 

AC, color, texture, and sensory properties of baked 

waffles. 

 

2. Materials and methods 

 

2.1. Materials 

 

Mung beans (Sabz bahar, Iran), wheat flour (Zar 

macaron, Iran), vanilla (Golha, Iran), baking powder 

(Golestan, Iran), sugar (Mojeze, Iran), pasteurized fu ll-fat  

milk (3.4% fat, Damdaran, Iran), fresh eggs (Telavang, 

Iran), and sunflower o il (Famila, Iran) used in waffle 

preparation were procured from local markets in 

Hamedan, Iran. The mung beans were milled using an 

industrial grinder produced by Best Company (China). 

 

2.2. Preparation of waffle samples 

 

Waffles were prepared using a basic formulat ion 

consisting of 100 g  of wheat flour, 50 g sugar, 25 g  

sunflower oil, 50 g full-fat milk, 5 g baking powder, 2 g  

vanilla, and 1 egg. In th is study, wheat flour was partially  

replaced with mung bean powder at substitution levels of 

0% (control, 100% wheat flour), 50%, and 100% 

(complete replacement of wheat flour). 

The eggs and oil were mixed for 5 min, after which milk 

was added and mixing continued for an additional 2 min. 

The dry ingredients and flours were then gradually 

incorporated into the mixture. Port ions of 30 g batter 

were baked in a waffle maker at 190 ± 1 °C, first for 10 

min and then for 4 min after flipping, to achieve uniform 

texture and color. Baking t ime was controlled using a 

digital t imer, and cooled waffles were packaged in  

moisture- and oxygen-resistant polypropylene pouches 

for analysis. 

 

2.3. Color parameters determination 

 

Color analysis of both waffle batter and baked waffles 

was performed using digital image processing techniques 

(Fig. 1.). High-resolution photographs of the samples 

were captured with a 48-megapixel camera (iPhone 15 

Pro Max, Apple Co., China) under uniform lighting 

conditions to minimize variability. The images were 

subsequently processed using ImageJ software (version 

1.42e, USA), where the RGB co lor data were converted 

into L*, a*, and b* values using a dedicated plugin [13]. 

All measurements were performed in  trip licate, and care 

was taken to select representative areas of the samples to 

ensure accurate and consistent color evaluation [16]. 

 

 
Fig. 1. Schematic representation of the experimental workflow for evaluating the physicochemical, textural, and sensory properties of  mung  

bean–based waffles 
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2.4. Flow behavior of waffle batter 

 

The flow behavior and apparent viscosity of the 

waffle  batter was measured as a function of spindle 

rotation speed (5, 10, and 15 RPM) and time (0–120 s) 

using a rotational viscometer (Brookfield DV2T, RV 

model, USA) equipped with spindle RV-07 [17]. All 

measurements were conducted at a temperature of 25°C. 

 

2.5. Moisture and ash contents determination 

 

Moisture content of waffles was measured using a 

digital moisture analyzer (DBS60-3, Kern, Germany), 

which automatically calculated the percentage of 

moisture based on weight loss during heating. Ash 

content was determined by incinerat ing 3 g  of sample in a 

muffle fu rnace (Pars-Azma-Co., Iran) at 600 °C until a  

constant weight was obtained, and the results were 

expressed as a percentage of the original sample weight 

[18]. 

 

2.6. pH and acidity determination 

 

The pH and titratable acidity of the waffles were 

determined according to the method outlined by 

Vejdanivahid and Salehi [19], with slight modifications. 

Measurements were performed on homogenized waffle 

samples, and all analyses were conducted in triplicate to 

ensure reliability and reproducibility of the results. 

 

2.7. TPC and AC determination 

 

The TPC of waffles was assessed following the 

method described by Samary  et al. [18]. The results were 

expressed as micrograms of gallic acid equivalents per 

gram of sample (µg GAE/g), based on a standard 

calibrat ion curve prepared using gallic acid. The AC of 

waffles was assessed following the protocol described by 

Vejdanivahid and Salehi [19]. 

 

2.8. Puncture test 

 

The textural hardness of the waffles was evaluated 

using a puncture test with a texture analyzer (Santam, 

STM-5, Iran). A  cylindrical probe with a 0.5 cm d iameter 

was used, moving at a constant speed of 0.1 cm/s until a  

penetration depth of 1 cm was reached. Each 

measurement was repeated in triplicate on different points 

of the waffle surface to  ensure accuracy, and the 

maximum force recorded during penetration was 

considered as the hardness value. 

 

2.9. Sensorial evaluation of waffle 

 

The sensory evaluation procedures in this study were 

reviewed  and approved by the Biomedical Research 

Ethics Committee of Bu-Ali Sina University, Iran  

(Ethical approval code: 7382). A ll part icipants were 

informed of the study’s purpose and procedures and 

provided their written informed consent prior to 

participation. The study was carried out in compliance 

with the ethical standards for research involving human 

subjects. 

The sensory analysis was conducted in the Laboratory 

of New Technologies at Bu-Ali Sina University. A panel 

of 40 ind ividuals from d iverse age groups was selected to 

assess the sensory attributes of the waffle samples. The 

evaluation criteria included appearance, aroma, flavor, 

texture, and overall acceptability. 

 

2.10. Statistical analysis 

 

All experiments were performed in triplicate, and the 

data are presented as mean ± standard deviation. 

Statistical analyses were conducted using one-way 

analysis of variance (ANOVA) in SPSS software (version 

21, SPSS Inc., Chicago, IL, USA). Post hoc comparisons 

were carried  out using Duncan’s multip le range test, with 

differences considered statistically significant at p < 0.05. 

 

3. Results and discussion 

 

3.1. Color attributes of waffle batter 

 

Table 1 p resents the influence of mung bean powder 

substitution on the color parameters of waffle batter, 

including lightness (L
*
), redness (a

*
), and yellowness 

(b
*
). The results demonstrated a significant decrease in 

lightness (p<0.05) with increasing levels of mung bean 

powder. Specifically, the L* value declined from 89.58 at  

0% substitution to 73.23 at  50% substitution and further 

to 69.10 at 100% substitution, indicating progressive 

darkening of the batter with higher proportions of mung 

bean powder. 

 
Table . 1. Impact of mung bean powder substitution on the color attributes of waffle batter and baked waffles 

Substitution 
level 

Waffle  batter Baked waffle  

Lightness Redness Yellowness Lightness Redness Yellowness 
0% 89.58±1.21 

a
 -6.35±1.16 

a
 38.50±3.25 

b
 82.81±0.69 

a
 -2.29±1.15 

a
 54.73±3.69 

a
 

50% 73.23±0.32 
b
 -8.80±0.24 

b
 41.89±0.49 

ab
 70.82±2.79 

b
 -4.16±0.42 

ab
 55.89±1.78 

a
 

100% 69.10±1.81 
c
 -10.46±0.92 

b
 44.69±1.00 

a
 65.73±0.77 

c
 -5.95±1.01 

b
 60.71±2.11 

a
 

Data are shown as mean ± standard deviation (N = 3). Distinct letters within the columns denote statistically significant differences at the p<0.05 level.  

 

In terms of redness, a similar significant trend 

(p<0.05) was observed. The a* value shifted from -6.35 

at 0% substitution to -8.80 at 50% substitution, followed  

by a slight decrease to -10.97 at 100% substitution. This 

suggests that higher proportions of mung bean powder 

contribute to a more pronounced greenish coloration of 

the batter. 

Regarding yellowness, the b* value showed an 

increasing trend with higher substitution levels. The b* 

index rose from 38.50 at  0% substitution to 41.89 at  50% 

substitution, reaching its maximum at 44.69 at 100% 
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substitution. This enhancement in yellowness is likely  

attributable to the intrinsic pigment composition of mung 

bean powder. 

Overall, these findings indicate that the incorporation 

of mung bean powder significantly a lters the visual 

properties of waffle batter, leading to reduced lightness 

and redness indices, and increased yellowness index, 

which co llectively impact the color quality and potential 

consumer perception of the final product. 

 

3.2. Viscosity of waffle batter 

 

Tan et al. [20] reported that mung bean starch paste 

exhibits shear-thinning behavior, characterized by a 

reduction in viscosity as the shear rate increases. This 

property is typical of non-Newtonian, pseudoplastic 

systems commonly observed in starch-based dispersions. 

Fig. 2a. illustrates the effect of spindle rotation speed 

(ranging from 5 to 15 RPM) and time (in seconds) on the 

apparent viscosity of waffles batter. As spindle speed 

increased, corresponding to higher shear rates, apparent 

viscosity noticeably decreased. This shear-thinning 

behavior is indicative of the batter's pseudoplastic nature, 

a common characteristic in non-Newtonian food systems. 

A similar trend was consistently observed across all 

levels of mung bean powder substitution. Furthermore, 

during spindle rotation, the viscosity of the batter 

remained relat ively stable, with min imal reduction over 

time. This indicates that the viscosity was not 

significantly affected by pro longed shear, and thus, the 

batter did not exhibit time-dependent rheological 

behavior such as thixotropy. 

 

 

 
Fig. 2. Impact of mung bean powder substitution on the apparent viscosity of waffle batter as a function of spindle rotation speed (5-15 RMP) 

Distinct letters above the columns denote statistically significant differences at the p<0.05 level. 

 

Fig. 2b. illustrates the impact of mung bean powder 

substitution level (0%, 50%, and 100%) on the apparent 

viscosity (in  Pa·s) of waffle batter across three spindle 

rotation speeds: 5 RPM, 10 RPM, and 15 RPM. The data 

reveals the following trends: 

At 0% substitution, the viscosity values are 37.93 Pa·s 

(5 RPM), 31.2 Pa·s (10 RPM), and 27.12 Pa·s (15 RPM), 

indicating a decrease in viscosity with increasing spindle 

speed, with statistically  significant differences (p  < 0.05). 

At 50% substitution, the viscosity decreases to 24.91 Pa·s 

(5 RPM), 22.40 Pa·s (10 RPM), and 20.05 Pa·s (15 
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RPM), showing a consistent reduction with higher 

speeds, with significant differences (p<0.05). At 100% 

substitution, the viscosity increases to 67.34 Pa·s (5 

RPM), 61.51 Pa·s (10 RPM), and 57.32 Pa·s (15 RPM), 

reflecting a higher viscosity compared to lower 

substitution levels, with significant differences (p<0.05) 

indicated by letters a and b. 

These results suggest that increasing the mung bean 

powder substitution level from 0% to 100% significantly  

elevates the apparent viscosity of waffle batter, 

particularly at lower spindle speeds. Conversely, higher 

spindle speeds (10–15 RPM) consistently reduce 

viscosity across all substitution levels, likely due to 

increased shear thinning. The statistical significance 

(p<0.05) underscores the robustness of these 

observations, highlighting the interp lay between 

substitution level and spindle speed in modulat ing batter 

viscosity. 

 

3.3. Moisture and ash contents of waffles 

 

The effects of mung bean powder substitution on the 

moisture content of waffles are illustrated in Fig. 3a. As 

shown in this figure, no significant differences (p > 0.05) 

were observed in the moisture content of waffles across 

the substitution levels (0%, 50%, and 100%). 

 

 
Fig. 3. Impact of mung bean powder substitution on the moisture (a) and ash (b) contents of waffles 

Distinct letters above the columns denote statistically significant differences at the p<0.05 level.  

 

In contrast, ash content was significantly affected by 

mung bean substitution (Fig. 3b.). Waffles prepared with 

50% and 100% mung bean powder exhib ited notably 

higher ash values compared to the control (p < 0.05), with 

the maximum observed in the 100% substitution sample 

(2.57%). Since ash content is a direct indicator of mineral 

composition, this increase can be attributed to the 

inherently higher mineral content of mung bean relative 

to wheat. Consistent with the current findings, Koohi et 

al. [7] demonstrated that incorporating 30% mung bean 

powder into brotchen bread formulations led to an 

increase in the ash content of the final product. 

 

3.4. pH and acidity of waffles 

 

Fig. 4a. illustrates the influence of mung bean powder 

substitution level on the pH of waffles. As the proportion 

of mung bean powder increased, the pH of the baked 

waffles decreased, while the acid ity values showed a 

corresponding increase (Fig. 4b.). The highest pH (7.10) 

and lowest acidity  (0.25%) were observed in the sample 

containing 100% wheat flour. In contrast, the lowest pH 

(6.43) and highest acidity (0.48%) were recorded in the 

sample made with 100% mung bean powder. These 

differences were statistically significant (p<0.05). The 

significant decrease in pH and corresponding increase in 

acidity with higher levels of mung bean powder can be 

explained by the intrinsic chemical composition of mung 

bean powder. Mung bean powder contains naturally  

occurring organic acids, phenolic compounds, and 

enzymatically active components that can lower the pH 

of the final product [21]. As the proportion of mung bean 

powder increases, these acidic constituents become more 

dominant in the formulation, resulting in a measurable 

reduction in pH. At the same time, acidity increases 

because titratable acidity reflects the total amount of acid 

present, not just free hydrogen ions. Therefore, as more 

acidic compounds are introduced through mung bean 

substitution, titratable acidity rises accordingly. This 

inverse relat ionship is expected and consistent with the 

chemical behavior of plant-based ingredients rich  in  

bioactive and phenolic compounds. 
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Fig. 4. Impact of mung bean powder substitution on the pH (a) and acidity (b) of waffles 

Distinct letters above the columns denote statistically significant differences at the p<0.05 level.  
 

3.5. Total phenolic content and antioxidant capacity of 

waffles 

 

Figs. 5a. and 5b. illustrate the influence of mung bean 

powder substitution on the TPC and AC of waffles, 

respectively. As the substitution level of mung bean 

powder increased, both the TPC and AC of the waffles 

rose correspondingly. The lowest TPC (1160.87 μg galic 

acid/g) and AC (67.40%) values were observed in the 

sample containing 100% wheat flour. In contrast, the 

highest TPC (1635.08 μg galic acid/g) and AC (81.17%) 

values were recorded in the sample made with 100% 

mung bean powder. The differences between these two 

extremes were statistically significant (p < 0.05). 

Supporting the findings of this study, Koohi et al. [7] 

found that partial substitution of corn starch with 30% 

mung bean powder significantly enhanced the antioxidant 

capacity of brotchen breads. Oliveira et al. [15] reported 

that waffles enriched with 10% almond skins contained a 

TPC of 415 μg GAE/g. Besides, Zohry et al. [14] 

reported that waffles enriched with 15% pineapple peel 

powder contained a TPC of 630 mg GAE/100 g DW. 

 

 
Fig. 5. Impact of mung bean powder substitution on the total phenolic content (a) and antioxidant capacity (b) of waffles 

Distinct letters above the columns denote statistically significant differences at the p<0.05 level.  

 

3.6. Color attributes of baked waffles 

 

The color characteristics of baked waffles were 

significantly influenced by the substitution level of mung 

bean powder (Table 1). Lightness exhib ited a notable 

decline with increasing substitution levels, decreasing 

from 82.81 in the control (0% substitution) to 70.82 at  

50% substitution and further to 65.73 at 100% 

substitution. This reduction in lightness can be attributed 

to the natural pigments present in mung bean powder, 

which impart a darker appearance compared to wheat 

flour. Consistent with the findings of the present study, 

Oliveira et al. [15] and Zohry et al. [14] reported that the 

incorporation of almond skin and pineapple peel powder 

into waffle formulations resulted in a reduction in  

lightness index. 

Conversely, redness displayed a significant negative 

shift across the substitution levels. The control sample 
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recorded a redness value of -2.29, which decreased to -

4.16 at 50% substitution. However, at 100% substitution, 

redness decreased to -5.95, suggesting an enhanced 

greenish hue at higher levels of mung bean incorporation. 

This trend reflects the inherent green pigments in mung 

bean, which dominate at complete substitution. 

For yellowness, a progressive increase was observed 

with h igher substitution, rising from 54.73 in  the control 

to 55.89 at 50% substitution and further to 60.71 at 100% 

substitution. Overall, these findings suggest that mung 

bean powder incorporation significantly modifies the 

visual quality of waffles, particularly by reducing 

brightness, enhancing yellowness, and altering the red-

green balance toward a g reenish hue at complete 

substitution. 

 

3.7. Hardness of baked waffles 

 

Fig. 6. p resents the impact of mung bean powder 

substitution level (0%, 50%, and 100%) on the hardness 

of waffles. The data indicates the following numerical 

trends: 

At 0% substitution, the hardness is measured at 0.47 

N, serving as the baseline. At 50% substitution, the 

hardness increases to 0.92 N, showing a significant rise 

compared to the 0% level, with a statistically  significant 

difference (p < 0.05). At 100% substitution, the hardness 

further increases to 1.15 N, representing the highest value 

observed, with a statistically significant d ifference (p  < 

0.05) marked by the letter a.  These results demonstrate a 

clear positive correlation between mung bean powder 

substitution level and waffle hardness, with a 98% 

increase from 0% to 50% substitution and an additional 

25% increase from 50% to 100%. The statistical 

significance (p < 0.05) confirms that these increments are 

robust, suggesting that higher substitution levels 

substantially enhance the structural firmness of waffles, 

likely due to the increased protein and fiber content from 

mung bean powder. Similarly, Koohi et al. [7] observed 

that introducing 30% mung bean powder in b rotchen 

bread preparation resulted in a notable rise in textural 

hardness. 

 

 
Fig. 6. Impact of mung bean powder substitution on the hardness of waffles 

Distinct letters above the columns denote statistically significant differences at the p<0.05 level.  

 

3.8. Sensory evaluation of baked waffles 

 

The sensory evaluation results presented in Fig. 7. 

demonstrate that mung bean powder substitution had a 

significant impact on the sensorial attributes of waffles (p  

< 0.05). Appearance acceptance showed a decreasing 

trend with increasing substitution levels. The control 

sample (0%) had the highest score of 9.00, which  

declined to 8.58 at 50% substitution and further to 7.70 at  

100%, indicating reduced visual appeal with higher mung 

bean content. Similarly, aroma acceptance decreased 

progressively from 8.93 (0% substitution) to 8.68 (50%) 

and 7.20 (100%), suggesting that high levels of mung 

bean powder negatively affected the perceived aroma. 

For flavor acceptance, minimal variation was observed 

across treatments, with scores ranging from 9.00 (0%) to 

8.93 (50%) and 9.00 (100%), indicating that the 

substitution did not significantly influence flavor 

perception. In contrast, texture acceptance declined 

noticeably from 9.00 in the control to 8.50 at 50% and 

7.40 at 100% substitution, reflecting the textural changes 

induced by mung bean powder incorporation. Finally, 

overall acceptance followed a similar pattern, decreasing 

from 9.00 in the control to 8.63 at 50% and 8.15 at 100%, 

highlighting that higher substitution levels reduced 

overall consumer acceptability.  These results suggest that 

partial substitution (up to 50%) maintains acceptable 

sensory quality, whereas complete replacement (100%) 

negatively impacts appearance, aroma, texture, and 

overall acceptability. 
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Fig. 7. Impact of mung bean powder substitution on the sensorial attributes of waffles (Data are shown as mean, N = 40).  

 

4. Conclusions 

 

This study showed that substituting wheat flour with 

mung bean powder significantly affects the 

physicochemical, functional, and sensory properties of 

waffles. Increasing the substitution level from 0% to 

100% darkened the batter and waffle color and increased 

viscosity, indicating notable changes in processing 

behavior. While moisture remained unchanged, ash 

content, total phenolic content, and antioxidant capacity 

increased, confirming the nutritional advantages of mung 

bean incorporation. However, higher substitution levels 

also increased hardness and negatively affected 

appearance, aroma, and texture, though flavor acceptance 

remained stable and overall acceptability stayed above 8. 

Based on these findings, a 50% substitution level offers 

the best balance between enhanced nutritional value and 

acceptable sensory quality. Complete replacement, 

despite its functional benefits, compromises texture and 

consumer appeal. Future research should explore 

formulat ion strategies to improve the sensory attributes of 

legume-enriched waffles. 
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