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ABSTRACT 

The germination process of cereal and legumes has been used to improve their nutritional value. 
In this study, sorghum, oat, mung bean and barley were germinated for 96 hours. Dry matter, total 
ash content and phenolic content analyses of germinated samples were performed. Sprouts of 
germinated grains and legumes were dried and ground into flour. The obtained flour was used in 
the production of bread (20-40%), cake (5-15%) and rice pudding (10%). In the prepared bread, 
% baking loss and specific volume were calculated, and sensory analyses of rice pudding, gluten-
free cake and bread samples were carried out. All samples' dry matter contents except sorghum 
decreased by the germination process. Germination caused a slight increase in ash contents of all 
samples except for barley. The total phenolic contents of mung bean and barley significantly 
increased during germination. All sprout flours added at 40% reduced the specific volume of the 
bread. Based on the results, it can be concluded that products with a substitution of sorghum sprout 
flour were more acceptable in sensorial properties compared to other samples. It can be concluded 
that it is feasible to produce high nutritional value tasty functional foods with germinated sorghum 
flour supplementation. 
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Introduction 

Cereals and legumes are traditionally consumed as an 
important part of diets in many cultures. They contribute 
significantly to people's nutrient intake and provide 
complementary health benefits. They are important sources 
of macronutrients, micronutrients, phytochemicals, and 
antinutritional factors. Storage conditions and postharvest 
treatments such as germination and fermentation cause 
significant biochemical changes affecting the nutritive value 
of cereal and legume grains (Miyahira et al., 2021; Nkhata et 
al., 2018).  

Edible sprouts are obtained by germination, which occurs at 
the beginning of the development of seeds into plants. Many 
studies have examined the effect of the germination process 
on proximate and micronutrient composition, phytonutrient 
contents, the presence of anti-nutritional factors, and overall 
food quality (Domínguez-Arispuro et al., 2018; Malik et al., 
2021). During the germination process, important 
biochemical events, such as the synthesis of some vitamins, 
minerals, and phenolic substances in the bodies of plants and 
seeds, as well as the change in protein, carbohydrates, and 
fatty acid compositions, occur. 

Sprouted seeds are popular worldwide due to the consumer 
demand for natural or low-processing and additive-free foods 
rich in vitamins, minerals, bioactive components and 
antioxidant substances to lead a healthy life (Benincasa et al., 
2019). Sprouted seeds could also be used to enhance the 
sensorial properties of different food products due to their 
rich content of bioactive substances and characteristics of 
colour, flavour and aroma. The occurrence of some 
biochemical modifications during the germination of seeds 
affects some attributes such as bioactivity, digestibility, and 
nutrient content. It contributes to the enhancement of 
organoleptic properties such as consistency and flavour. 
Therefore, if these sprouted seeds can be used in traditional 
foods, they could enhance sensory and textural properties and 
nutritional traits, that is protein, dietary fibre, phenolic, 
mineral and vitamin content (Ikram et al., 2021; Kumari et 
al., 2021). 

This study aimed to establish the influence of the germination 
process on ash and dry matter contents of some cereals and 
legumes such as sorghum, oat, mung bean and barley. 
Besides these, the total phenolic contents of the samples were 
investigated. In order to reveal the possibilities of using 
germinated cereal and legume seeds as food additives, 
sprouted grains were also dried and turned into flour. 
Germinated flour samples were used to produce bread, cake, 
and rice pudding at certain levels, and the obtained products 

were evaluated in terms of sensorial properties. The 
possibility of using them as a natural additive in some 
processed foods will create a good opportunity for the 
consumption of sprouted products in the world. 

Materials and Methods 
Germination Process 

Sorghum, oat, mung bean and barley were obtained from the 
local market in Fethiye, Muğla. The samples were kept in a 
1:5 ratio of ethanol (70%) for 10 min to provide sterilisation 
(Cevallos-Casals & Cisneros-Zevallos, 2010). The sterilised 
cereal and legume grains were soaked in pure water (1:3) at 
room temperature (24 ± 1 °C) for 24 h in darkness. The water 
was drained, and the grains germinated at room temperature 
for 96 h. Furthermore, the grains were moistened twice daily 
with distilled water during the germination. Grains with a 
sprout length of 1 mm or more were considered germinated. 
Before analysis, they were dried overnight at 50-55 °C in a 
drying oven (Nüve NF-1200R, Ankara, Turkey) and then 
milled into powder using a laboratory-type grinder (Briz-
BR721). The ground grains were stored at -20 °C in locked 
polyethene bags until analyses. 

Chemical Analyzes 

The raw and germinated seeds' dry matter (DM) content was 
determined gravimetrically by drying them to a constant 
weight at 105 °C in the drying oven (Tarasevičienė et al., 
2009). After dehydration, the dry weight was measured, and 
the percentage of dry matter content was calculated using 
Equation 1. Dry matter determination was repeated three 
times per sample. 

DM% = Dry weight / Wet weight × 100    (1) 

For ash determination, approximately 5 g of dried samples 
were carbonised in the muffle furnace (Protherm furnaces, 
PLF 110/6) at 550 ºC for 6 h until white ash was obtained 
(Warle et al., 2015). The percentage of ash content was 
calculated by using Equation 2.  Ash determination was 
repeated three times per sample. 

Ash% = Ash weight / Sample weight × 100   (2) 

Determination of Total Phenolic Content  

The extraction of phenols from raw and germinated samples 
was carried out according to the method described by Zhu et 
al. (2005) with some modifications. The one gram of sample 
was mixed with 10 mL of methanol solution (80% v/v) for 2 



 

 

  Food and Health 10(2), 138-148 (2024) • https://doi.org/10.3153/FH24013          Research Article 

140 

h, then centrifuged at 7000 rpm for 10 min, and the 
supernatant was obtained. The total phenolic content (TPC) 
of raw and germinated samples was determined using the 
Folin-Ciocalteu reagent described in the study of Singleton 
and Rossi (1965). The absorbance was measured at 765 nm 
using a spectrophotometer (Agilent Cary 60 UV-Vis). 
Phenolic content was expressed as mg of gallic acid (GA) 
equivalents per gr of the extract (mg/GAE g). 

Production of Rice Pudding, Cake and Bread Samples 

Rice pudding was prepared by mixing whole milk (200 mL), 
rice flour (7 g), corn starch (1 g), sugar (9 g), and sprouted 
legumes (5% and 15%). The mixtures were heated to 95 °C, 
held at 95 °C for 10 min, and cooled to 35 °C. Control rice 
pudding samples were prepared without sprouted grain and 
legume flour. Rice pudding samples are shown in Figure 1. 

Cake flour mix was prepared with corn starch (45%), rice 
starch (45%) and germinated cereal and legume flour (10%). 
In order to prepare the cake mix, baking powder (3 g) and 
vanilla (3 g) were added to the cake mixture prepared with 

cake flour mixture (125 g), whole egg (125 g), oil (125 g) and 
sugar (125 g). Cake dough (40 g) was baked in the oven at 
220 °C for 20 min. All analyses were performed within 24 
hours after cooking. 

The ingredients used in the production of germinated grain 
and pulse flour added bread are shown in Table 1. Percentages 
of ingredients are expressed over 100 g of flour. In the 
production of bread, germinated cereal and grain flour were 
used in the mixture of flour and starch at a rate of 20 and 40%, 
and the rest of this mixture consisted of brown rice flour and 
potato starch. The dough was mixed by adding starch, salt, 
sugar, sunflower oil, dry yeast, guar gum and water to the 
flour mixture. The dough was fermented at 30 °C at 70-75 % 
relative humidity for 15 min after being homogenised and 
divided into equal parts; it was subjected to a second 
fermentation for 20 min under the same conditions. Breads 
were baked in a convection oven at 220 °C for 30 min and 
left at room temperature for 1 hour to cool (Barışık & 
Tavman, 2019). All analyses were performed within 24 hours 
after cooking. Bread samples are shown in Figure 1. 

 
 
 

Table 1. Ingredients used in the production of bread samples with the addition of 
germinated cereal and legume flour 

 
 

Ingredients 
Bread Samples 

A (Control) B (20%) C (40%) 
Germinated cereal and legume 
seed flour amount (g) - 20 40 

Brown rice flour (g) 50 40 30 
Potato starch (g) 50 40 30 
Salt (g) 1.5 1.5 1.5 
Sugar (g) 3 3 3 
Sunflower oil (g) 4 4 4 
Yeast (g) 2 2 2 
Guar gum (g) 1 1 1 
Water (g) 90 90 90 
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 Figure 1. Bread and rice pudding samples containing germinated cereal and legume flour 

 

Bread Analyzes 

For the determination of baking loss, after the breads were cut 
into equal parts and cooled, they were weighed. 
Measurements were repeated three times for each bread 
sample. The % baking loss was calculated by using Equation 
5. 

Baking Loss (%) = ((Initial dough weight - Bread weight) x 
100 / Initial dough weight) (5) 

For the determination of specific volume, after the bread 
weights were recorded, the volume covered by the rapeseed 
was determined by measuring the amount of rapeseed in cm3 
overflowing from the measuring cup. The bread-specific 
volume will be expressed as cm3 /g by dividing the 
determined volume value by the bread weight (Cansız, 2018). 

Sensorial Analysis 

Produced rice pudding, cake and bread samples were used for 
the sensory and preference tests (Paiva et al., 2022). Twenty 
adult and healthy panellists from the Fethiye Faculty of 
Health Sciences participated in the sensory and preference 
panel. The panellists were informed about the details and 
implications of participating in the experiment.  A written 
consent was obtained from all participants. For all rice 
pudding, cake and bread samples, the participants took the 
preference test of appearance, aroma, taste, colour, texture 
and overall acceptability using a 5-point hedonic scale (1: 
Extremely dislike, 5: Extremely like). The ranking test cake 
and bread samples were performed based on bread crumb 

colour, hardness and taste (1: least or lightest, 5: most or 
darkest for cake; 1: least or lightest, 9: most or darkest for 
bread). This procedure was applied with the permission of 
Muğla Sıtkı Koçman University Ethics Committee. 

Statistical Analysis 

Data from parallel measurements obtained from the 
physicochemical and sensory properties of the studied 
samples were expressed as mean ± standard deviation (SD). 
All data were analysed by one-way analyses of variance using 
the IBM SPSS Statistical Software (SPSS 22 Inc. Chicago, 
IL, USA). The significant means were compared by Tukey’s 
multiple range tests (p<0.05). The effect of germination on 
the dry matter, ash and total phenolic contents of studied 
cereal and legume was evaluated by independent t-test 
(P<0.05). 

Results and Discussion  

Dry Matter, Ash, and Total Phenolic Content Results 

The effect of germination on the dry matter, ash and total phe-
nolic contents of studied samples are presented in Table 2. 
While no significant difference was observed in the dry mat-
ter content of raw and germinated sorghum, a statistically sig-
nificant decrease (P<0.05) was found for the dry matter con-
tents of oat, mung bean and barley samples by 96 h of germi-
nation. Similar changes in the dry matter content were re-
ported during sorghum, barley, mung bean, and oat germina-
tion (Paiva et al., 2022; Farooquiet al., 2018; Wongsiriet al., 
2015; Rani et al., 2022). The decrease in dry matter content 
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is probably a result of the hydration of more cells with the 
growth of the seedling during germination. Applied pre-ger-
mination processes such as washing and soaking facilitate 
water absorption and consequently cause a decrease in dry 
matter (Malik et al., 2021).  

The ash contents of sorghum, oat and mung bean samples 
were not significantly (P>0.05) affected by the germination 
process. However, it was observed that there was a slight in-
crease in the ash content of these samples. According to Table 
2, the germination process significantly (P<0.05) decreased 
the ash content of barley (from 3.08% to 1.16%). This result 
is similar to the findings reported by Islam et al. (2021), 
which declared that the ash content of soaked waxy barley 
seeds was lower than that of raw ones. Increasing ash content 
was reported by Fayyaz et al. (2018) and Xu et al. (2019) for 
germinated mung bean, and Tizazu et al. (2011) for germi-
nated sorghum. 

The results showed that the amount of TPC increased signif-
icantly for mung bean (about 116%) and barley (about 74%) 
after germination (Table 2). These results are in agreement 
with the results of Gan et al. (2016) and Lotfy et al. (2021), 
who stated that phenolic contents of mung bean and barley 
increased after germination because of the increasing activity 
of the phenylalanine ammonia-lyase (PAL) enzyme during 
sprouting. Table 2 further showed that while germination did 
not cause a significant change (P>0.05) in the total phenolic 
content of oats, it caused a significant decrease (P<0.05) in 
that of sorghum. Unlike our study, Arouna et al. (2020) found 
similar TPC in the non-germinated and germinated sorghum 
extracts, suggesting that germination did not influence the 
TPC in sorghum. They concluded that the effect of germina-
tion on the abundance of sorghum phenolic compounds could 

depend on sorghum varieties and germination conditions. In 
the study of Tok and Ertas (2021), wheat, rye and green lentil 
seeds flours were substituted for wheat flour at different ra-
tios (0, 5, 10 and 15%) in bread making, and bread's nutri-
tional and functional properties were investigated. It has been 
reported that using sprouted flour in bread formulation leads 
to a higher total phenolic content than the control sample. 

Specific Colume and Baking Loss Results 

Specific volume is an important factor in increasing the over-
all acceptability of bread. The specific volume and baking 
loss (%) results of bread samples produced by adding 20% 
and 40% of the flour of germinated grains and legumes are 
given in Figure 2. According to the results, it was determined 
that there was no statistically significant (p>0.05) effect of 
the addition of sorghum, barley, and oat flour on the specific 
volume of the control bread sample. However, adding germi-
nated mung bean flour at 20% in bread increased the specific 
volume from 1.79 cm3/g to 3.02. All sprout flours added at 
40% reduced the specific volume of the bread. The specific 
volume of bread samples decreased with increasing germi-
nated seed flour substitution levels (Figure 2). These findings 
are similar to observations by Sibanda et al. (2015), who ob-
served that adding sorghum flour to wheat flour reduces the 
bread volume. Atudorei et al. (2023) highlighted that the var-
ying proportions of the germinated soybean flour addition in 
bread recipes influenced the specific volumes of the bread 
samples differently. In this study, at an additional level of 
20% germinated sorghum and mung bean flour, the specific 
volume of the bread samples was higher than that for the con-
trol samples. Conversely, the specific volumes of all bread 
samples decreased at 40% germinated sorghum, barley, oat, 
and mung bean flour supplementation in the bread. 

 
Table 2. Dry matter, ash and total phenolic contents of raw and germinated cereal and legume 

Samples Dry Matter (%) Ash (%) TPC  
(mg GAE/g sample (dry matter)) 

Sorghum Raw 90.19±0.20  
P=0.453 

0.97±0.49  
P=0.861 

75.52±4.47  
*P=0.000 Germinated 90.35±0.26 1.02±0.21 19.23±2.69 

Oat Raw 93.84±0.84  
*P=0.001 

1.40±1.18  
P=0.490 

34.87±7.55  
P=0.930 Germinated 88.51±0.34 2.01±0.72 34.57±8.63 

Mungbean Raw 90.18±0.43  
*P=0.000 

2.50±0.68  
P=0.283 

24.50±4.72  
*P=0.000 Germinated 85.42±0.05 3.10±0.49 53.04±2.76 

Barley Raw 92.22±0.19  
*P=0.025 

3.08±0.12  
*P=0.007 

42.19±4.96  
*P=0.000 Germinated 82.23±4.92 1.16±0.64 73.31±4.01 

Results are presented as mean ± standard deviation (SD) 
*Significant differences between raw and germinated samples for each cereal and legume type (P < 0.05) by independent t-test 
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Figure 2. Results of (A) specific volume (cm3/g) and (B) baking loss (%) analyses of bread samples. Results are presented as 

mean ± standard deviation (SD), and different letters for each cereal and legume indicate statistically significant 
differences (p<0.05) by Tukey’s multiple range test. 

 
 

Considering the baking loss results of the bread, it was deter-
mined that the type and rate of cereal and legume sprouts 
added had a statistically significant (p<0.05) effect on the 
baking loss values of the bread. The baking loss of the control 
sample was determined as 12,64%. The baking loss value of 
bread obtained by adding 20% of germinated oat flour 
(21.45%) significantly differed from the control sample. 
There was no statistically significant (p>0.05) difference in 
baking loss between the germinated mung bean and sorghum 

flour-added bread samples and the control bread samples. 
Bread from germinated barley flour had higher baking loss 
values than control bread samples (p<0.05). Increasing bak-
ing loss values are similar to those recorded in bread made 
from germinated barley, as Al-Ansi et al. (2022) reported. 
The increase could be explained by the degradation of protein 
and starch granules during germination. 
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Sensorial Analysis Results 

The sensory scores of cake and bread samples produced from 
germinated cereal and legume flour are shown in Table 3. 
Generally, adding mung bean sprout flour significantly af-
fected cake samples' colour, hardness and taste attributes.  
Adding mung bean flour caused a darker colour and harder 
texture in the cake samples compared to the control samples. 
The cake sample substituted with 10% mung bean sprout 
flour had the lowest mean taste score (2.05) among cake sam-
ples. As seen in Table 3, the substitution of sorghum sprout 
flour with 10% caused a favourable influence on cake colour, 
hardness and taste attributes. These cake samples showed sig-
nificantly lower colour and hardness scores than control 
samples. Scores ranged from 1.60, 1.90 and 3.88 for colour, 
hardness and taste, respectively, while the control samples 
had 3.33, 3.43 and 3.28 scores for colour, hardness and taste, 
respectively. The study by Ayoubi et al. (2022) showed that 
adding pomegranate seed powder to cakes at levels above 5% 
has undesirable effects on sensorial acceptability. The sen-
sory evaluation based on the ranking and hedonic scale tests 
revealed that the cake sample prepared with 10% germinated 
sorghum flour was more acceptable than the control sample. 

Gadallah (2017) reported that sorghum flour at 20-30 % and 
germinated chickpea flour at 20% as a substitution for rice 
flour in gluten-free cake processing produced desirable sen-
sory gluten-free cakes with high consumer acceptance.  

Based on the results, adding germinated mung bean flour at 
40% hurt the final bread product in terms of colour, hardness 
and taste. By adding mung bean sprout flour at 40% into 
bread, bread samples' hardness and colour scores were signif-
icantly (p<0.05) increased while their taste scores were re-
duced compared to the control. Bread samples containing 
germinated oat flour at 20% were found to have the lightest 
colour (2.78) following control (1.00). Bread samples incor-
porated with germinated sorghum flour at 20% received the 
highest mean taste score of 6.45. Control bread was evaluated 
as the softest sample (2.43) by the panellists, followed by the 
bread sample containing sorghum sprout flour at a 20% rate 
(3.88). Levels of 10, 20, and 30% sorghum flour in wheat 
bread cannot significantly affect the composite bread's taste, 
flavour, and texture (Ognean, 2015). However, composite 
bread's sensory properties decreased as sorghum flour levels 
increased from 20 to 30 and 40% (Keregero & Mtebe, 1994). 

 
Table 3. Results of ranking test of cake and bread samples 

 
Sample Colour Hardness Taste 

Cake 

Control - 3.33±1.49b 3.43±1.45ab 3.28±1.43ab 
Sorghum 10% 1.60±0.84d 1.90±0.96d 3.88±1.11a 
Barley 10% 2.98±1.00bc 2.50±1.30cd 2.90±1.37b 

Oat 10% 2.65±1.10c 3.10±1.08bc 2.90±1.26b 
Mungbean 10% 4.48±0.75a 4.08±1.23a 2.05±1.30c 

Bread 

Control - 1.00±0.00g 2.43±2.32d 6.18±2.74ab 

Sorghum 20% 3.80±1.80e 3.88±2.60cd 6.45±2.51a 
40% 6.43±1.20c 6.18±2.48a 4.68±2.18bcd 

Barley 20% 3.83±1.28e 4.38±2.12bc 5.80±2.39abc 
40% 5.18±1.48d 4.55±1.83bc 4.40±2.02cd 

Oat 20% 2.78±1.05f 6.28±2.15a 4.88±2.22abcd 
40% 5.83±1.32cd 5.18±2.44abc 4.45±2.41cd 

Mungbean 20% 7.28±1.11b 5.85±2.52ab 5.00±2.34abc 
40% 8.98±0.16a 6.30±2.05a 3.20±3.00d 

Results are presented as mean ± standard deviation (SD), and different letters within columns (containing cake and bread 
samples separately) indicate statistically significant differences (p<0.05) by Tukey’s multiple range test. 
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Table 4. Sensory evaluation of rice pudding, cake and bread samples 
 

Sample Appearance Aroma Taste Texture Colour General 
Acceptability 

Rice pudding 

Control - 4.73±0.51a 4.08±0.92a 4.10±0.93a 4.35±0.86a 4.95±0.22a 4.48±0.72a 

Sorghum 5% 3.35±1.12b 3.68±0.97a 3.93±0.73a 3.18±1.30b 3.53±0.82b 3.73±0.82b 
15% 2.68±1.07bc 2.73±0.93b 2.78±1.00b 2.30±1.18c 3.03±1.00bc 2.68±1.07c 

Barley 5% 2.40±1.17cd 1.95±1.09c 2.08±1.02c 1.78±0.80c 2.95±1.24bc 2.13±0.99cd 
15% 2.73±1.03bc 1.68±0.83cde 1.73±0.91cd 2.38±1.13c 2.85±1.10bc 1.85±0.92de 

Oat 5% 2.28±0.96cd 1.30±0.56de 1.40±0.63d 1.98±1.07c 2.53±1.09cd 1.78±0.73de 
15% 2.15±0.98cd 1.13±0.40e 1.20±0.56d 1.68±0.86c 2.08±0.97de 1.30±0.61e 

Mungbean 5% 1.93±0.97d 2.15±0.98bc 2.20±0.99bc 2.28±1.06c 2.08±1.07de 2.13±0.99cd 
15% 1.80±0.94d 1.80±0.99cd 1.75±0.95cd 2.05±1.09c 1.75±1.10e 1.78±0.95de 

Cake 

Control - 3.23±1.07b 3.83±1.08a 3.83±1.08a 3.45±1.15ab 3.35±1.12b 3.48±1.09b 
Sorghum 10% 4.30±1.02a 4.00±0.96a 4.03±1.05a 3.73±1.13a 4.30±0.88a 4.08±0.76a 
Barley 10% 3.65±1.05ab 3.68±1.12a 3.55±1.20ab 3.35±1.19ab 3.65±1.15ab 3.65±0.95ab 
Oat 10% 3.60±1.08b 3.68±1.02a 3.68±1.10a 3.50±1.01a 3.68±1.12ab 3.55±0.90ab 
Mungbean 10% 3.25±1.06b 2.88±1.24b 2.98±1.17b 2.83±0.96b 3.15±1.08b 3.13±1.11b 

Bread 

Control - 3.55±1.40bc 4.03±1.00a 4.08±0.97a 3.95±1.09a 3.38±1.55bc 3.93±1.07ab 

Sorghum 20% 4.33±0.94a 4.08±0.86a 4.15±0.87a 3.85±1.10a 4.10±1.11ab 4.21±0.83a 
40% 3.63±1.03abc 3.48±1.15ab 3.55±1.15ab 2.85±1.21b 3.78±1.12ab 3.53±0.99b 

Barley 20% 4.28±0.68ab 3.83±1.15ab 3.93±1.12a 3.53±1.01ab 4.35±0.70a 3.95±0.85ab 
40% 3.68±1.16abc 3.20±1.24b 3.10±1.13b 3.45±1.11ab 3.88±1.09ab 3.35±1.12b 

Oat 20% 3.48±1.22c 3.70±1.07ab 3.70±1.09ab 3.25±1.08ab 3.85±1.15ab 3.70±0.85ab 
40% 3.70±0.99abc 3.20±1.07b 3.08±1.02b 3.48±1.01ab 3.85±0.89ab 3.38±0.90b 

Mungbean 
 

20% 3.68±0.89abc 3.63±1.05ab 3.48±1.06ab 3.38±1.13ab 3.38±1.23bc 3.53±1.04b 
40% 3.08±1.31c 2.35±1.35c 2.18±1.26c 2.80±1.31b 2.83±1.45c 2.60±1.26c 

Results are presented as mean ± standard deviation (SD), and different letters within columns (containing rice pudding, cake and bread 
samples separately) indicate statistically significant differences (p<0.05) by Tukey’s multiple range test. 

 

Table 4 summarises the mean scores of hedonic sensory eval-
uation for appearance, aroma, taste, texture, colour and gen-
eral acceptability of the rice pudding, cake and bread sam-
ples. The highest rating scores were recorded for the cake 
sample with the addition of sorghum sprout flour at 10% in 
all sensory characteristics, including general acceptability. 
The addition of 10% mung bean sprout flour in cake mixing 
resulted in lower scores than the control in all sensory char-
acteristics except for appearance. The cake sample prepared 

with germinated mung bean flour received the lowest scores 
from the panellists in all sensory attributes evaluated. Hossain 
et al. (2014) developed a nutritionally enriched bakery prod-
uct with jackfruit seed flour supplementation to wheat flour. 
They found that composite products with different levels of 
jackfruit seed powder were nutritionally better than the con-
trol sample. However, a significant decrease in colour, fla-
vour, texture, taste and overall acceptability of products was 
observed with the increase in substitution. 

Similarly, bread samples incorporated with 40% germinated 
mung bean flour had the lowest scores in all the attributes 
evaluated compared to the control. It ranged from 3.08, 2.35, 
2.18, 2.80, 2.83, and 2.60 for appearance, aroma, taste, tex-
ture, colour and general acceptability, respectively, while the 
control had scores of 3.55, 4.03, 4.08, 3.95, 3.38 and 3.93, 
respectively. At the same time, the bread samples prepared 
with the addition of sorghum sprout flour at 20% obtained an 
excellent evaluation in terms of all sensory characteristics, in-
cluding general acceptability. The literature has stated that 
using small amounts of sorghum flour with wheat flour can 
produce bread of similar quality to wheat flour. While the 

physicochemical and rheological qualities of bread produced 
using the combination of wheat and sorghum flour may be 
negatively affected, its sensory quality is acceptable (Akın et 
al., 2022). 

The panellist generally accepted the control rice pudding 
sample, followed by the sorghum sprout flour incorporated 
rice pudding sample (5%). In terms of appearance and colour, 
the worst sample was the rice pudding sample with the addi-
tion of germinated mung bean flour at 15%. However, the 
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worst sample in terms of aroma, taste, texture and general ac-
ceptability is a rice pudding sample containing germinated 
oat flour at 15%. 

Our results from this study are supported by Riaz et al. 
(2007), who concluded that the overall acceptability of bread 
supplemented with mung bean at high levels was lower than 
that of whole wheat flour bread. It was clear that the control 
rice pudding sample had the highest values in all sensory 
scores compared to rice puddings supplemented with differ-
ent cereal and legume sprout flour. It was noticed that using 
sorghum sprout flour at a substitution level of 5% in rice pud-
ding caused higher sensorial and acceptability scores than 
other substituted treatments. 

Conclusion 
This study showed that supplementing germinated seed flour 
into some food products has great potential in developing 
functional products despite affecting sensory qualities. Add-
ing 20% sorghum sprout flour resulted in bread and cake with 
good overall acceptability and a higher specific volume than 
the control sample. At the same time, the lowest baking loss 
value was found in bread containing 40% germinated sor-
ghum flour. Based on the sensory evaluation of rice pudding, 
it can be concluded that sorghum sprout flour at a substitution 
level of 5% in rice pudding was acceptable. 

Adding germinated sorghum flour to the formula of food 
products to improve their nutritional and functional proper-
ties will be a real and valuable method to contribute to human 
food diversification. Future studies will be needed to evaluate 
the effect of other germinated grains and legumes on the qual-
ity and consumer acceptance of functional products. 
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