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ABSTRACT 

Maize is an important staple crop with potential to contribute to improved 

nutrition. This study evaluated the effects of sprouting duration on the 

physicochemical, nutritional, functional, and pasting properties of Obatanpa and 

Honampa maize flours. With prolonged sprouting, titratable acidity (0.81–3.81%), 

total soluble solids (0.53–1.28 °Brix), and redness (0.62–2.48) increased, whereas 

pH (7.20–6.11), lightness (16.53–7.40), and yellowness (13.90–6.27) decreased in 

both varieties. Color difference ranged from 0.00 to 6.42, whiteness index from 

6.03 to 15.01, hue angle from 0.26 to 1.51, saturation index from 6.52 to 13.98, 

and browning index from 82.39 to 165.72. Sprouting reduced fat (9.70–1.46%), 

fiber (1.98–1.50%), carbohydrate (79.42–73.91%), and energy value (1759.38–

1494.14 kJ/100 g), while increasing moisture (0.66–3.82%), ash (0.60–4.03%), 

and protein (8.53–14.20%). Water- and oil-absorption capacities, dispersibility, 

and emulsion stability generally increased, whereas bulk density, loose bulk 

density, water absorption index, and swelling power decreased. Peak, trough, 

breakdown, final, and setback viscosities and peak time also declined. No pasting 

temperature was detected, probably because increased α-amylase activity 

degraded starch during heating and suppressed the viscosity response. Sprouting 

is therefore a low-cost approach for improving selected nutritional and functional 

attributes of these maize varieties. 
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1. INTRODUCTION 

Maize (Zea mays L.), commonly referred to as corn, is a 

cereal crop classified under the Poaceae family. It ranks third 

globally in cereal crop production, following rice and wheat, 

due to its wide range of applications. As a major staple crop 

cultivated worldwide, maize occupies approximately 197 

million hectares of farmland, with substantial cultivation 

occurring in regions such as Asia (notably China), Latin 

America (including Brazil and Argentina), and Sub-Saharan 

Africa (SSA) (FAOStat, 2021). Although Africa contributes 

around 6.5% to global maize output, countries such as 

Nigeria, South Africa, Ethiopia, Tanzania, and Kenya are 

among the continent’s top producers (Kamara et al., 2020). 

According to Kaur et al. (2021) nutritionally, maize is a rich 

source of carbohydrates, dietary fiber, lipids, and essential 

vitamins (A, B1, B3, B9, and C), as well as minerals (iron, 

magnesium, and potassium). Moreover, regular intake of 

whole-grain maize products decreased risk of chronic 

conditions, including type 2 diabetes, cardiovascular 

diseases, and various forms of cancer, primarily due to their 

high dietary fiber content and antioxidant capacity (Siyuan et 

al., 2018). 

In Ghana, maize plays a pivotal role in the national food 

system, serving as a principal dietary component across 

diverse ethnic groups and cultural practices. It has largely 

supplanted traditional staples like sorghum and millet, 

particularly in the northern regions (SRID-MoFA, 2011). The 

versatility of maize in Ghanaian cuisine is reflected in its 

various traditional and modern uses, such as in the 

preparation of banku, kenkey, tuo-zaafi, akple, koko, 

breakfast cereals, snack items, and brewing applications, as 

well as in its consumption in boiled or roasted forms (Eli-

Cophie et al., 2017; Serna-Saldivar, 2023). As of 2020, maize 

cultivation involved approximately 70% of Ghanaian 

farmers, contributing to over half of the country’s total cereal 

production and resulting in a per capita consumption of 75.91 

kg (Akramov & Malek, 2012; MoFA, 2018; Wongnaa & 

Awunyo-Vitor, 2019; MoFA, 2020). Given its importance to 

household food security and economic well-being, there has 

been a concerted effort across many African nations, 

including Ghana, to develop improved maize varieties 

characterized by high yields and enhanced resistance to 

drought and diseases (Ragasa et al., 2014). Among the most 

widely cultivated are the open-pollinated varieties Obatanpa 

and Honampa, developed in 1992 and 2012, respectively, by 

the Crop Research Institute of the Council for Scientific and 

Industrial Research (CSIR-CRI), which now account for 

more than 40% of national maize production (Anthony, 2017; 

Tripp & Ragasa, 2015). 

Sprouting (germination) is a traditional, low-cost processing 

approach that has gained recognition for its role in improving 

the nutritional attributes of cereal-based foods (Adu et al., 

2024; Singh et al., 2015). During this biological process, 

seeds absorb water, leading to the disruption of dormancy 

and triggering metabolic pathways that stimulate enzyme 

production (amylase), which degrade starch into simpler 

sugars, enhance digestibility and provide energy for seedling 

development (Nkhata et al., 2018; Guzmán-Ortiz et al., 2019; 

Ikram et al., 2021). Concurrently, proteolytic enzymes 

hydrolyze storage proteins into amino acids, thereby 

improving nutrient absorption and contributing to better gut 

health (do Nascimento et al., 2022). Furthermore, previous 

studies have also reported that germination reduce anti-

nutritional components such as tannins and phytic acid, 

which interfere with nutrient bioavailability, while enhancing 

antioxidant compounds like phenolics and flavonoids which 

are key agents in the mitigation of oxidative stress and 

prevention of chronic illnesses (Nelson et al., 2013). 

Despite these advantages, limited research exists regarding 

the influence of sprouting on the nutritional and functional 

properties of locally adapted maize varieties prevalent in 

Ghana. This gap in knowledge restricts the ability to 

maximize the potential of these improved cultivars and 

hampers the development of nutrient-rich, value-added food 

products. Consequently, this study was undertaken to 

evaluate the impact of sprouting duration on the nutritional 

composition and functional characteristics of two maize 

varieties cultivated in Ghana. 

2. MATERIALS AND METHODS 

2.1 Source of Materials 

Two-kilogram (2 kg) of maize grains (Obatanpa OPV orange 

maize and Honampa OPV white maize) were obtained from 

UVEC Farms Enterprise, a certified Ministry of Food and 

Agriculture (MoFA) seed breeders in Somanya, Eastern 

Region of Ghana. These varieties were chosen not only for 

their wide cultivation and consumption in Ghana but also for 

their nutritional and agronomic relevance in various regions, 

offering versatility for processing into a diverse range of food 

products. 

2.2 Production of Maize Flour 

Maize flour was prepared following the procedure outlined 

by Birhane (2012), with slight modifications. The procured 

maize grains were initially sorted to remove impurities, The 

seeds were thoroughly washed, and all floating seeds were 

removed by decantation and remained seed were stored in 

clean plastic containers before processing. For each maize 

variety, three sanitized plastic containers (3 L capacity) were 

used. The containers were half-filled with maize grains of 

biological replicates and chlorinated water was added to 

sanitized seeds for 30 min followed by   multiple rinsing with 

distilled water.  Afterwards, the seed in the container was 

filled with water until nearly full, then left undisturbed for 24 

h to initiate soaking. After the soaking period, water was 

decanted, and the grains were retained in the containers to 

undergo germination at 75–80 % Relative Humidity and 25–

30 °C for three days in a cool dark room. To prevent 

microbial growth, particularly mold, the samples were rinsed 

at 12-hour intervals throughout the sprouting phase. Sprouted 

samples were collected for each maize variety at three time 

points: Day 1, Day 2, and Day 3. Unsprouted samples served 

as the control (D0). Post-sprouting, the grains were dried in 

an oven at 150 °C for 2.5 h, ground using a high-powered 

kitchen blender (Sinbo, 2 L, 2200 W), and then passed 

through a 0.2 mm sieve to produce fine flour. The final flour 

samples were stored in ziplock bags for subsequent analysis. 
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Figure 1. Flow Diagram for Maize Flour Preparation 

2.2.1 Experimental Design 

The experiment was conducted using two maize variety with 

each sample subjected to three independent sprouting batches 

(biological replicates). Each biological replicate was 

analyzed in triplicate and the average of the three analytical 

measurements was calculated. Statistical analyses were 

performed using the mean values obtained from the three 

independent biological replicates. 

2.3 Physicochemical Properties 

The pH, Total Soluble Solids (TSS), and Titratable Acidity 

(TTA) of the malted flour were measured using standard 

methods outlined by AOAC (2010). pH was determined 

using a Digital Hanna pH meter (Orion 2 Star, UK), TSS was 

measured with a Hanna digital refractometer (HI 96801, 

UK), and TTA assessed using standard titration techniques. 

Sample (10 g) of each flour sample of an independent 

biological replicate from separate sprouting batches was used 

and average mean was calculated.  

2.4 Color Properties 

Color measurement method outlined by de Matos et al. 

(2021) was adopted using a colorimeter (Model WR-10QC, 

China). The instrument provided values for L* (lightness, 

ranging from 0 = black to 100 = white), a* (representing the 

green [−] to red [+] spectrum), and b* (indicating the blue [−] 

to yellow [+] axis). The color difference (∆E) between the 

germinated and control (ungerminated) maize flours, along 

with the whiteness index (WI), was computed using the 

equations reported by Choque-Quispe et al. (2022), Ligarda-

Samanez et al. (2023), and Ramos-Pacheco et al. (2024). 

Furthermore, the saturation index (SI), hue angle, redness 

index (RI), and browning index (BI) were derived based on 

the formula described by Maskan (2001), Saricoban & 

Yilmaz (2010), and Rajkumar et al. (2022). 

Colour Change (∆E = [ (∆L ∗)2 + (∆a ∗)2 + (∆b ∗)2 ] 1
2⁄  

Whitening Index (WI) = 100− 

√(100 −  L ∗)2 + a ∗ 2 + b ∗ 

Saturation Index (SI) = √𝑎 ∗2+ 𝑏 ∗2    

Hue Angle (H) =  tan−1 (b ∗/a ∗)  ×  57.29 

BI = 
[100×(×−0.310]

0.17
 , where, x = 

(𝑎∗ +1.75×𝐿∗)

(5.645×𝐿∗+𝑎∗−3.012×𝑏∗
 

Redness Index (RI) =  a ∗/b ∗ 

 

2.5 Proximate Composition 

The maize flours were analyzed for moisture, ash, crude fat, 

protein, and crude fiber using the methods outlined by AOAC 

(2016) in dry basis. Carbohydrate and energy contents were 

determined by difference and Atwater factor respectively 

(AOAC, 2012; Nwachoko et al., 2023) using the formula 

below;  

𝑪𝒂𝒓𝒃𝒐𝒉𝒚𝒅𝒓𝒂𝒕𝒆 =  100 − (𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 +  𝐴𝑠ℎ 
+  𝑃𝑟𝑜𝑡𝑒𝑖𝑛 +  𝐹𝑎𝑡 +  𝐶𝑟𝑢𝑑𝑒 𝑓𝑖𝑏𝑒𝑟)   

𝑬𝒏𝒆𝒓𝒈𝒚 =  4 × 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 +  4 ×  𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒
+  9 × 𝐹𝑎𝑡                                                  

 

2.6 Functional Properties 

 

2.6.1 Bulk Density and Loose Bulk Density 

The Bulk Density (BD) and Loose Bulk Density (LBD) were 

assessed using a modified protocol from Hamid et al. (2015). 

A 10 g portion of each sample was carefully transferred into 

a 50 mL graduated measuring cylinder. For LBD 

determination, the volume was recorded prior to any 

compaction. Subsequently, the cylinder was tapped gently on 

a laboratory bench 10 times to facilitate packing of the 

particles. The BD was then measured based on the volume 

occupied post-tapping. Both densities were calculated using 

the corresponding volume measurements and expressed in 

g/mL. 

𝑩𝒖𝒍𝒌 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 (𝒈/𝒎𝒍)

=  
 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔 
  

 

𝑳𝒐𝒐𝒔𝒆 𝑩𝒖𝒍𝒌 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 (𝒈/𝒎𝒍)

=  
 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
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2.6.2 Water- and Oil-Absorption Capacities 

Water Absorption Capacity (WAC) and Oil Absorption 

Capacity (OAC) were determined using a modified method 

of (Zhou et al. (2023). About 0.5 g of each sample was 

weighed into pre-weighed 1.5 mL centrifuge tubes. Then, 1 

mL of distilled water (WAC) and refined oil (OAC) was 

added, and the contents were mixed thoroughly. The samples 

were then centrifuged at 3,000 × g for 10 minutes using an 

Eppendorf 5810R centrifuge (Hamburg, Germany). After 

removing the supernatant, the tubes were weighed again, and 

WAC and OAC were calculated. 

 

𝑶𝒊𝒍 𝑨𝒃𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚(%)  

=
 𝑊𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝐷𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 

𝐷𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡.
× 100 

 

𝑾𝒂𝒕𝒆𝒓 𝒂𝒃𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚(%)  

=
 𝑊𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝐷𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 

𝐷𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡.
× 100 

 

2.6.3 Dispersibility 

The dispersibility of the flour samples was assessed by Eke-

Ejiofor et al. (2021) method. 10 g portion of each sample was 

transferred into a 100 mL graduated measuring cylinder, after 

which distilled, water was added to reach the 50 mL mark. 

The contents were stirred thoroughly to ensure uniform 

dispersion and subsequently left undisturbed for 3 hours to 

allow sedimentation. After settling, the volume of the 

sediment was measured, and the percentage dispersibility 

was determined.  

𝑫𝒊𝒔𝒑𝒆𝒓𝒔𝒊𝒃𝒊𝒍𝒊𝒕𝒚 (%)  

=
 (50 − 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑒𝑡𝑡𝑙𝑒𝑑 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒)

50
× 100 

 

2.6.4 Water Absorption Index, Water Solubility Index, 

and Swelling Power 

Water Absorption Index (WAI) and Water Solubility Index 

(WSI) of the maize flour were assessed by Deriu et al. (2022) 

with minor adjustments. Precisely 0.8 g of flour (Wo) was 

mixed with 10 mL of distilled water in pre-weighed 

centrifuge tubes using a glass stirring rod. The suspension 

was heated at 90 °C for 10 minutes, then cooled to ambient 

temperature and centrifuged at 3000 × g for 10 minutes. The 

supernatant was poured into a pre-weighed evaporating dish 

for solids analysis, while the remaining residue was weighed 

(Wss). The supernatant was then dried overnight at 110 °C to 

determine the dry solids (Wds). 

𝑾𝑨𝑰 (𝒈/𝒈) =
𝑊𝑆𝑆

𝑊𝑜
 

𝑾𝑺𝑰 (𝒈/𝟏𝟎𝟎𝒈) =
𝑊𝑑𝑠

𝑊𝑜
× 100  

𝑺𝑷 (𝒈/𝒈) =
𝑊𝑠𝑠

𝑊𝑜 − 𝑊𝑑𝑠
 

2.6.5 Emulsifying Properties 

The emulsifying properties of the samples were evaluated by 

Sibian et al. (2017) with slight modifications. Flour 

suspension (1%) was homogenized in 5 mL of refined oil. 

The resulting emulsion was centrifuged at 1100 × g for 5 min 

using a FLC-04S centrifuge (4000 RPM, China). After 

centrifugation, the heights of both the emulsified layer and 

the entire mixture in the tube were measured.  

 

𝑬𝒎𝒖𝒍𝒔𝒊𝒇𝒚𝒊𝒏𝒈 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 (%)

=
𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑓𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑢𝑏𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 
× 100 

 

Emulsion stability was evaluated by heating the emulsion for 

30 min at 80°C and centrifuged at 1100 x g for 5 min. 

 

𝑬𝒎𝒖𝒍𝒔𝒊𝒇𝒚𝒊𝒏𝒈 𝐬𝐭𝐚𝐛𝐢𝐥𝐢𝐭𝐲 (%)  

=
𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑓𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟 𝑎𝑓𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔

𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑓𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟 𝑏𝑒𝑓𝑜𝑟𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔
× 100 

 

2.7 Pasting Properties 

Pasting properties of the maize flour samples were analyzed 

using a Rapid Visco Analyzer (RVA 4500-Perten 

Instruments, NSW211, Australia), procedure by Aidoo et al. 

(2022). Based on the flour moisture content computed int the 

software (TCW3), a slurry was prepared by combining 

approximately 3 grams of the flour with 25 mL of water in 

the RVA canister. The canister was then placed into the tower 

and engaged with the system. The slurry underwent a 

controlled heating and cooling cycle, rising from 50 °C to 

95 °C and then cooling back to 50 °C for 12 min. During this 

time, the mixture was stirred continuously at 160 rpm using 

a plastic paddle. The software (TCW3) recorded parameters, 

including peak viscosity, trough viscosity, final viscosity, 

setback viscosity, pasting temperature, and pasting time from 

the resulting pasting curve with a moisture of 12%. 

 

2.8 Statistical Analysis 

Data obtained from the experiment were subjected to one-

way analysis of variance (ANOVA) using SPSS software 

version 27.0. Differences between sample means were 

assessed using the Least Significant Difference (LSD) test at 

a 95% confidence interval. 

 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical Properties 

Physicochemical properties are important to flour due to their 

influence on shelf life, flavour and taste (Tene et al., 2022). 

pH, titratable acidity, and total soluble solid were determined 
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for both sprouted maize flours on various days (Table 1). pH 

is a critical property that determines protein behaviour and 

possible applications in food processing. pH recorded for the 

maize flour samples was 6.19-6.81 and 6.11-7.20 for 

Obatanpa and Honampa, respectively, with significant 

differences (p<0.05) among all Honampa samples. Both 

sample pH increases at day one and decreases progressively 

as sprouting period progresses. The pH of the samples 

generally declined throughout the sprouting process, a trend 

consistent with findings by Akonor et al. (2014) and 

Ojewumi et al. (2018), who reported decreases in pH from 

5.21 to 5.16 and 6.85 to 5.93, respectively, in maize sprouted 

for 96 h and 168 h. While the lowest pH was recorded in the 

samples sprouted for three days, the observed variation 

between the two maize varieties suggests differences in their 

genetic composition, which may influence acid-producing 

metabolic pathways. Similar trends have been observed in 

various cereal grains (Yenasew & Urga, 2022; Owheruo et 

al., 2019; Udeh et al., 2018; Derbew & Moges, 2017). The 

decrease in pH observed during sprouting may be attributed 

to the accumulation of organic acids formed during 

germination, which has also been reported in previous studies 

(Agume Ntso et al., 2017). In addition, natural biochemical 

changes during germination may contribute to the 

accumulation of organic acids, resulting in a reduction in pH. 

Sharma & Garg (2023) explained that low pH could also 

result from enzymes that hydrolyze phytin and proteins into 

simpler acidic compounds (phosphate and amino acids). 

Although previous studies have suggested that limited 

microbial activity may occur during soaking and sprouting, 

this was not investigated in the present study and therefore 

cannot be confirmed. This reduction in pH may help inhibit 

the growth of pathogenic microorganisms and enhance 

mineral absorption, as organic acids can form soluble 

complexes with iron and zinc (Gernah et al., 2011). 

 

Titratable acidity (TTA), which reflects the total acid content 

in food, increased over the sprouting period for both maize 

varieties, with Obatanpa (0.81-2.24%) and Honampa (0.91-

3.81%) exhibiting p<0.05 significant differences among all 

samples (Table 1). Honampa consistently demonstrated 

higher TTA than Obatanpa, with the highest values recorded 

on day three (D3) for both varieties. Guo et al. (2017) 

suggested that differences in enzyme activity associated with 

organic acid metabolism could explain the variations 

between the two maize varieties. Moreover, Honampa’s 

genetic makeup may enhance its flavor profile, resulting in a 

greater production of acids during sprouting. The TTA values 

for both varieties were higher than those reported for 

fermented maize flour (0.06-0.70%) by Agume Ntso et al. 

(2017), but lower than those observed in malted maize 

(Dongmo et al., 2020) and maize sprouted for six days (Bedel 

et al., 2022). These discrepancies could be due to differences 

in maize variety, steeping duration, and processing methods. 

Ferreira et al. (2019) suggested that increased TTA could also 

be linked to lipase activity, which breaks down 

triacylglycerols into free fatty acids. The increase in titratable 

acidity may also be associated with the formation of organic 

acids during germination. Although previous studies by 

Bedel et al. (2022), have suggested possible microbial 

activity during sprouting this was not investigated in the 

present study.  

 

Total Soluble Solids (TSS), which measures the 

concentration of dissolved solids like sugars and acids in a 

food matrix, increased during sprouting for both Obatanpa 

(0.53-0.83 oBrix) and Honampa (0.86-1.28 oBrix), with the 

highest values observed on day three (D3) (Table 1). 

Sprouted Obatampa samples recorded the lowest TSS 

compared to Honampa as sprouting period progressed. The 

increase in TSS could be due to the breakdown of 

polysaccharides into simpler sugars through the activity of 

natural enzymes. This trend has also been observed in 

fermented maize (Xolo et al., 2024) as well as malted millet 

and sorghum (Adu et al., 2024). Rungpichayapichet et al. 

(2016) noted that drying after sprouting further facilitates the 

breakdown of carbohydrate chains, likely leading to the 

production of more sugars. The rise in sugar content during 

sprouting enhances the potential of malted maize flour for 

brewing applications, as yeasts ferment these sugars to 

produce alcohol (Oseguera-Toledo et al., 2020). 

Additionally, the hygroscopic nature of sugars facilitates 

water absorption, contributing to a more liquid paste and 

accelerating the starch gelatinization process, which 

increases viscosity (Wang & Hartel, 2021). 

 

3.2 Color Properties 

Color is a critical quality attribute in the food processing 

industry, significantly influencing consumer preferences, and 

sprouting has a notable impact on the color of flour. The color 

attributes evaluated for both maize varieties included 

Lightness (L*), Redness (a*), Yellowness (b*), Total color 

difference (∆E), Whiteness Index (WI), Hue angle (Hue), 

Saturation Index (SI), and Browning Index (BI), were 

measured for both maize varieties (Table 2).  

 

The Lightness (L*) values for Obatanpa and Honampa flour 

ranged from 11.49-16.40 and 7.40-16.53 respectively, with 

significant differences (p<0.05) observed across all samples 

(Table 2). A general decline in lightness was observed as the 

sprouting duration increased. The variation in color during 

sprouting is influenced by factors such as the type of raw 

material, germination conditions, starch and protein content, 

and the activity of bioactive compounds (Sharma et al., 

2019). A similar decreasing trend in lightness was reported 

for malted maize (Xolo et al., 2024), as well as millet and 

sorghum (Yenasew & Urga, 2022). According to Yang et al. 

(2025), as sprouting progresses, starch and protein 

hydrolysates are produced, leading to Maillard reactions 

between the hydrolysates during the drying process. The 

marked reduction in L* values indicate progressive 

darkening of the flour during sprouting. This also explains 

the lower whiteness index observed in both maize varieties. 

 

The redness (a*) values range from 1.25-2.48 for Obatanpa 

and 0.62-1.79 for Honampa. While Obatanpa increased after 

a decrease on day one, Honampa generally increased as the  
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Table 1. Physicochemical Properties of Sprouted Maize Flours 

Parameter 
Obatanpa Honampa 

D0 D1 D2 D3 D0 D1 D2 D3 

pH 6.69±0.23ᵃ 6.81±0.01ᵃ 6.55±0.01ᵃ 6.19±0.02ᵇ 6.90±0.02ᵃ 7.20±0.02ᵇ 6.78±0.02ᶜ 6.11±0.10ᵈ 

TTA (%) 0.81±0.06ᵃ 1.52±0.02ᵇ 1.53±0.02ᶜ 2.24±0.02ᵈ 0.91±0.01ᵃ 1.34±0.01ᵇ 1.91±0.01ᶜ 3.81±0.01ᵈ 

TSS (°Brix) 0.53±0.02ᵃ 0.62±0.01ᵇ 0.82±0.01ᶜ 0.83±0.01ᶜ 0.86±0.05ᵃ 1.04±0.06ᵃᵇ 1.18±0.06ᵇᶜ 1.28±0.15ᶜᵇ 

The values are expressed as mean ± standard deviation. Means within a row sharing the same superscript letter are not significantly different (P > 0.05), while those with differing superscripts indicate 

significant differences (P < 0.05). The designations D0, D1, D2, and D3 correspond to sprouting on day zero, day one, day two, and day three, respectively. Abbreviations used include: TTA for Titratable 

Acidity, TSS for Total Soluble Solids, L* for lightness, a* for redness/greenness, and b* for yellowness/blueness. 

 

 

Table 2. Color Properties of Sprouted Maize Flours 

Parameter 
Obatanpa Honampa 

D0 D1 D2 D3 D0 D1 D2 D3 

L* 16.40±0.01ᵃ 15.79±0.01ᵇ 11.62±0.01ᶜ 11.49±0.02ᵈ 16.53±0.01ᵃ 14.54±0.02ᵇ 12.19±1.30ᶜ 7.40±0.30ᵈ 

a* 1.61±0.01ᵃ 1.25±0.01ᵇ 2.48±0.02ᶜ 2.48±0.02ᶜ 0.62±0.02ᵃ 0.90±0.01ᵇ 1.16±0.01ᶜ 1.79±0.02ᵈ 

b* 13.87±0.02ᵃ 13.90±0.02ᵃ 10.07±0.02ᵇ 9.84±0.01ᵇ 9.59±0.05ᵃ 8.10±0.02ᵇ 7.72±0.01ᶜ 6.27±0.02ᵈ 

∆E 0.00±0.00ᵃ 0.68±0.06ᵇ 6.18±0.01ᶜ 6.42±0.01ᵈ 0.00±0.00ᵃ 2.45±0.01ᵇ 3.01±0.01ᶜ 4.57±0.01ᵈ 

WI 15.01±0.01ᵃ 14.65±0.01ᵇ 11.02±0.01ᶜ 10.92±0.01ᵈ 9.60±0.010ᵃ 7.22±0.02ᵇ 6.76±0.01ᶜ 6.03±0.01ᵈ 

Hue 1.48±0.01ᵃ 1.46±0.01ᵃ 1.46±0.01ᵃ 0.26±0.01ᵇ 1.51±0.01ᵃ 1.47±0.01ᵇ 1.43±0.01ᶜ 1.31±0.01ᵈ 

SI 13.94±0.01ᵃᵇ 13.98±0.01ᵃᵇ 10.14±0.01ᶜᵈ 10.15±0.01de 9.66±0.01ᵃ 8.14±0.01ᵇ 7.81±0.01ᶜ 6.52±0.01ᵈ 

BI 147.07±0.01ᵃ 158.83±0.01ᵇ 100.06±0.06ᶜ 164.73±0.02ᵈ 82.39±0.04ᵃ 82.72±0.10ᵇ 123.55±0.02ᶜ 165.72±0.02ᵈ 

The data are mean ± standard deviation. Within each row, means sharing the same superscript letter are not significantly different (P>0.05), while those with different superscript letters are significantly 

different (P<0.05). D0, D1, D2, and D3 correspond to sprouting at day zero, day one, day two, and day three, respectively. The color parameters evaluated include L* (lightness), a* (redness/greenness), b* 

(yellowness/blueness), ∆E (color difference), WI (whiteness index), Hue (hue angle), SI (saturation index), and BI (browning index). 
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sprouting period extended, with significant differences 

(p<0.05) observed particularly in the Honampa samples 

(Table 2). This increase in redness can be attributed to the 

extent of germination, which influences the formation of 

starch and protein hydrolysates. These components can 

participate in the Maillard reaction during drying, leading to 

color changes. Additionally, the migration and diffusion of 

bran pigments into the endosperm during soaking and heating 

may also contribute to the observed increase in redness 

(Murungweni et al., 2024). The redness values for both 

varieties were higher than the values for fermented maize 

(0.22-0.28) found by Xolo et al. (2024). 

 

Yellowness (b*) decreased from 13.87 to 9.84 for Obatanpa 

and from 9.59 to 6.27 for Honampa as sprouting days 

increased, with Obatanpa consistently showing higher values 

compared to Honampa (Table 2). The lowest yellowness was 

observed in samples sprouted for three days (D3), with 

significant differences (p<0.05) noted in the Honampa flour, 

particularly between D0 and D1, and D2 and D3. Similar 

trends in yellowness reduction were reported by Chauhan et 

al. (2015) for germinated amaranth flour (ranging from 63.25 

to 61.70) and by Kumari et al. (2023) for foxtail millet malt 

flour (ranging from 52.79 to 48.86), with the decline 

attributed to the breakdown of carotenoids and tannins during 

steeping and sprouting. Xolo et al. (2024) suggested that these 

changes could be linked to steeping, temperature, or kilning 

processes, as well as oxidation of polyphenols.The color 

difference (∆E) ranged from 0.00 to 6.42 for Obatanpa and 

from 0.00 to 4.57 for Honampa, both showing an increasing 

trend as sprouting days increased (Table 2). All sprouted 

samples, except for Obatanpa and Honampa at D2, met the 

visible threshold of three units (∆E > 3), as outlined by De 

Flaviis & Sacchetti (2025).  Sprouting for three days (D3) 

produced the greatest measurable color changes (6.42) for 

Obatanpa and (4.57) for Honampa. Similar trends were 

reported by Ramos-Pacheco et al. (2024), and Xolo et al. 

(2024), with increasing color differences due to the formation 

of starch and protein hydrolysates during sprouting, which 

undergo maillard reactions during drying, resulting in deeper 

color changes. 

 

Whiteness index (WI) which is a critical factor for product 

end-use quality, decreased from 15.01 to 9.60 for Obatanpa 

and from 9.60 to 6.03 for Honampa as sprouting days 

increased, with significant differences (p<0.05) observed 

among all the samples (Table 2). This trend aligns with the 

findings of Ramos-Pacheco et al. (2024) for white, red, and 

black quinoa, where WI values decreased from 81.30 to 

75.31, 72.95 to 71.43, and 72.15 to 69.47 respectively. These 

results suggest that color pigments are mainly concentrated in 

the coat, which are leached out during soaking and drying 

(Pedrali et al., 2023). The decrease in whiteness index 

corresponded with the reduction in L* values, indicating that 

the flour became progressively darker as sprouting advanced. 

This may be due to enzymatic reactions and pigment 

oxidation during sprouting and drying (Ji et al., 2021). 

Hue angle (h0) indicates the qualitative quality of color based 

on various hues, and ranged from 0.26 to 1.48 for Obatanpa 

and 1.31 to 1.57 for Honampa (Table 2). As sprouting days 

increased, a general decline in the hue angle was noted, with 

significant differences (p<0.05) observed among the samples. 

These results suggest that the hue of the samples was most 

pronounced on day 0, indicating that sprouting significantly 

affected the color. The values reported here were lower than 

those reported by Ramashia et al. (2018) and Afify et al. 

(2015), which could be attributed to differences in maize 

variety and processing methods. 

 

The saturation index (SI) indicates the degree of color 

saturation, which ranged from 10.14 to 13.98 for Obatanpa 

and from 1.31 to 1.51 for Honampa (Table 2). Similar trends 

were observed by Olamiti et al. (2022) with values ranging 

from 13.10 to 14.00. A decreasing trend in the saturation index 

was observed as sprouting days increased, with significant 

differences (p<0.05) noted between Honampa samples. No 

significant differences were observed between Obatanpa 

samples at D0 and D1, and between D2 and D3, suggesting a 

reduction in pigment concentration as the sprouting period 

lengthened. This decrease in saturation could be due to the 

degradation of pigment concentration, resulting in darker 

colors as sprouting progressed. Variations may also arise from 

biochemical processes, polyphenol leaching during malting, 

and varietal differences (Taylor & Duodu, 2015). Higher 

saturation values indicate more intense color in flour, which 

can be more readily detected by humans (Pathare et al., 2013). 

The browning index (BI) which is used to characterize the 

overall changes in browning color, ranged from 100.06 to 164 

for Obatanpa and from 82.39 to 165.72 for Honampa, with 

significant differences (p<0.05) observed across the samples 

(Table 2). These values were higher than the range of 4.15 to 

23.16 reported by Udoro et al. (2020), but lower than the 

values of 166.25 to 231.68 reported by Rajkumar et al. (2022). 

The rise in the browning index observed during sprouting 

could be linked to the enzymatic oxidation of phenolic 

compounds, a process that intensifies as the integrity of cell 

walls and membranes deteriorates. Non-enzymatic browning 

reactions, influenced by reducing sugar content and 

temperature, may also contribute to the observed changes 

(Pathare et al., 2013). 

 

3.3 Proximate Composition 

Moisture content plays a crucial role in determining product 

freshness and shelf life. Higher moisture levels promote 

microbial growth, leading to shorter shelf life and potential 

product deterioration (Ejim et al., 2019). The moisture content 

of the Obatanpa and Honampa samples showed an increasing 

trend, ranging from 0.66% to 3.25% for Obatanpa and from 

0.76% to 3.82% for Honampa (Table 3), with significant 

differences (p<0.05) observed. This trend is likely due to 

changes in the dry matter content of the maize samples during 

germination (Hamadina, 2015). Additionally, the rapid 

absorption of water by the seeds at the beginning of 

germination may further contribute to the rise in 

moisture content. 

Proteins being hydrophilic tend to bind water (Monroe et al., 

2020), whereas lipids are hydrophobic (Ramos-Martín & 

D'Amelio, 2022). Therefore, maize varieties with higher 

protein content are expected to retain more moisture, while  
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Table 3. Proximate Composition of Sprouted Maize Flours 

Parameter 
Obatanpa Honampa 

D0 D1 D2 D3 D0 D1 D2 D3 

Moisture 0.66±0.02ᵃ 0.72±0.02ᵇ 1.47±0.02ᶜ 3.25±0.02ᵈ 0.76±0.02ᵃ 1.40±0.02ᵇ 2.94±0.01ᶜ 3.82±0.02ᵈ 

Total Ash 0.60±0.10ᵃ 1.03±0.01ᵇ 1.52±0.02ᶜ 2.53±0.03ᵈ 1.03±0.02ᵃ 3.02±0.01ᵇ 3.52±0.02ᶜ 4.03±0.06ᵈ 

Crude Fat 9.70±0.61ᵃ 7.92±0.08ᵇ 7.90±0.10ᶜᵇ 4.33±0.15ᵈ 8.46±0.06ᵃ 6.96±0.06ᵇ 3.97±0.06ᶜ 1.46±0.06ᵈ 

Total Fiber 1.98±0.01ᵃ 1.89±0.02ᵇ 1.79±0.01ᶜ 1.67±0.01ᵈ 1.92±0.05ᵃ 1.84±0.05ᵃᵇ 1.78±0.05ᵇ 1.50±0.02ᶜ 

Protein 10.17±0.06ᵃ 11.23±0.08ᵇ 12.15±0.05ᶜ 14.20±0.10ᵈ 8.53±0.15ᵃ 10.70±0.10ᵇ 12.14±0.05ᶜ 12.67±0.28ᵈ 

Total CHO 76.68±0.02ᵃ 77.13±0.06ᵇ 75.13±0.06ᶜ 73.91±0.02ᵈ 79.42±0.07ᵃ 75.88±0.07ᵇ 75.61±0.03ᶜ 76.74±0.12ᵈ 

Energy (kJ/100g) 1759.38±0.62ᵃ 1721.09±1.01ᵇ 1700.56±0.47ᶜ 1591.39±0.88ᵈ 1729.78±0.10ᵃ 1624.86±1.32ᵇ 1564.47±0.55ᶜ 1494.14±0.52ᵈ 

values are mean ± standard deviation. Values in the same row that share the same letter superscript do not differ significantly (P > 0.05), while those with different superscripts indicate a significant 

difference (P < 0.05). Sample was Obatanpa (orange maize) and Honampa (white maize). D0, D1, D2, D3 represent samples sprouted for day zero, day one, day two, and day three respectively. CHO-

carbohydrate. All values are in dry basis. 

 

those with higher lipid content may retain less. The observed difference in moisture content 

between Obatanpa and Honampa may be attributed to their genetic differences. The 

moisture content values recorded in this study were lower than those reported by Ikujenlola 

et al. (2013) and Salami et al. (2018) for various malted maize varieties, which ranged from 

7.07% to 8.62% and 7.23% to 8.99%, respectively. The moisture levels in the malted flours 

from Obatanpa and Honampa are considered safe for extended storage, as moisture content 

below 10% is generally recommended for maintaining the freshness of flour-based products 

(Zambrano et al., 2019; Chinma et al., 2021). 

Ash content refers to the inorganic residue left after the complete combustion or oxidation 

of organic matter in food products (Marshall, 2010). In this study, the ash content in 

Obatanpa (0.60-2.53%) and Honampa (1.03-4.03%) exhibited significant variability 

(p<0.05), with Honampa showing the highest levels. These findings were notably higher 

than the 1.34-1.54% range reported by Ajayi & Makanjuola (2017) for maize malted over 

48 h. Such discrepancies are likely due to differences in maize varieties and sprouting 

durations. As the sprouting period progressed, a corresponding increase in ash content was 

observed, with the highest levels noted in samples sprouted for three days (D3). This trend 

aligns with similar results reported by Adebayo (2017) for yellow maize and Guzmán-Ortiz 

et al. (2019) for cereals. The rise in ash content during malting can be attributed to the 

breakdown of carbohydrates, which releases inorganic minerals previously bound within the 

grain, thereby increasing the ash content (Maldonado-Alvarado et al., 2023). Malama et al. 

(2020) also observed that extended sprouting enhances the solubility of minerals, further 

contributing to higher ash content, a point also highlighted by Shah & Smith (2020), who 

noted that increased enzymatic activity during sprouting alters the mineral composition of 

grains. Fat content serves as an energy source and facilitates the transport of fat-soluble 

vitamins, while supporting body tissues and cellular processes. The fat content in Obatanpa 

(9.70% to 4.33%) and Honampa (1.46% to 8.46%) declined with increasing sprouting 

duration, with the highest fat content recorded in the ungerminated samples (D0) (Table 3). 

Notably, significant differences (p<0.05) were found in the Honampa samples. 

 

This decrease in fat content is consistent with previous research by Kunle et al. (2023), who 

reported a reduction from 11.38% to 9.34% for maize malted for 24 to 72 hours, respectively, 

and Adebayo (2017), who noted a reduction from 4.45% to 3.51% for sprouted maize. The 

decrease in fat is likely due to its utilization by fermenting microorganisms, which oxidize 

the fat to generate energy, and its consumption as an energy source for the developing 

embryo. Additionally, the increased activity of lipolytic enzymes during fermentation likely 

contributes to the breakdown of lipids into fatty acids and glycerol, thus reducing fat content 

(Naraharasetti et al., 2025; Kassegn et al., 2018). Furthermore, malted grains may have a 

longer shelf life than non-malted grains due to their reduced fat content, which decreases 

oxidative rancidity and moisture retention, preventing microbial spoilage (Ikram et al., 2021; 

Pérez-Díaz et al., 2017). 
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Crude fiber content, indicative of the presence of lignin and 

indigestible carbohydrates in food, decreased with longer 

sprouting periods in both Obatanpa (1.98% to 1.67%) and 

Honampa (1.92% to 1.50%) (Table 3). Significant differences 

(p<0.05) were observed in the Obatanpa samples. The fiber 

content in this study was higher than the 1.20% to 1.41% 

range reported by Dhliwayo et al. (2023) for germinated 

orange maize. Variations in fiber could be due to maize 

variety and the extent of seed coat removal (Zhong et al., 

2018). The decrease may be due to the enzymatic breakdown 

of structural carbohydrates such as cellulose and 

hemicelluloses by enzymes like cellulase and hemicellulose. 

Shin (2022) also noted that fiber content within the 1.50% to 

1.98% range supports digestive health by facilitating regular 

bowel movements and helping to prevent constipation. 

Protein content is a critical determinant of the nutritional 

value and functional characteristics of maize, especially 

during malting (Fox & Bettenhausen, 2023). In this study, the 

protein content of Obatanpa (10.17% to 14.20%) and 

Honampa (8.53% to 12.67%) showed significant variation 

(p<0.05), as presented in Table 3. A clear increase in protein 

content was noted as the sprouting period lengthened, with the 

highest levels occurring in samples sprouting for three days 

(D3). This increase suggests that the malting process 

facilitates the breakdown of complex proteins into more 

digestible forms, thus improving protein availability (Reddy 

et al., 2015). Similar findings were observed by Makanjuola 

& Makanjuola (2018) and Adebayo (2017) for various malted 

maize varieties, although Agume Ntso et al. (2017) reported 

lower protein content (4.90 g/100g at 24 h and 4.00 g/100g at 

48 h). The increase is likely due to enhanced enzymatic 

activity during sprouting, which hydrolyzes proteins into 

soluble forms. 

 

Carbohydrate content decreased with increasing sprouting 

time, from 76.68% to 73.91% in Obatanpa and from 79.42% 

to 76.74% in Honampa (Table 3), with significant differences 

(p<0.05) between the samples. This reduction aligns with 

findings by Guzmán-Ortiz et al. (2019) and Aguirre et al. 

(2018), primarily due to enzymatic conversion of starches into 

fermentable sugars and maltodextrins (Kumar et al., 2023; 

Adu et al., 2024).  This transformation increases the 

availability of these nutrients for fermentation processes, 

which is particularly important in brewing, where yeast 

utilizes sugars for alcohol production. The carbohydrate 

content in this study (ranging from 70% to 80%) is consistent 

with previous studies (Haug et al., 2017), indicating that these 

maize varieties could contribute significantly to the energy 

content of food products made from the flour. 

 

Energy content in Obatanpa (1759.38–1591.39 kJ/100g) and 

Honampa (1789.78–1494.14 kJ/100g) exhibited significant 

differences (p<0.05), with both showing a decreasing trend as 

the germination period increased. This decrease is likely due 

to the conversion of complex carbohydrates into simpler 

sugars, as well as energy consumption by enzymes during the 

malting process (Kumar et al., 2023). The higher energy 

content in Honampa is attributed to its higher starch content, 

which typically provides more calories (Adebayo, 2017). 

Similar results were reported by Haug et al. (2017) and Ejim 

et al. (2019), who noted a decrease in energy content due to 

enzymatic starch breakdown. This suggests that the flour 

samples could provide sufficient energy when incorporated 

into food products, which is essential for maintaining bodily 

functions and supporting physical activity. 

 

3.4 Functional Properties 

Functional properties describe how a food's composition and 

molecular structure influence its behavior during processing 

and storage (Dereje et al., 2020). Bulk density (BD) plays a 

significant role in determining the texture and porosity of 

flour-based products, which affects their packaging and 

handling (Bala et al., 2020). In this study, the BD of Obatanpa 

(0.72–0.53 g/mL) and Honampa (0.72–0.52 g/mL) decreased 

with longer sprouting periods, with values similar between the 

two maize varieties (Table 4). These BD values were lower 

than those reported by Murungweni et al. (2024) (0.74 g/mL 

to 0.81 g/mL) and others (Anosike et al., 2020; Iwe et al., 

2015; Gnanwa et al., 2021). The observed difference could be 

attributed to particle size, as smaller particles typically lead to 

lower BD (Sun et al., 2019). Finer flour fractions are often 

associated with reduced protein content and slightly higher 

ash, which could contribute to lower BD (Ahmed et al., 2015). 

The low BD observed in the flours suggests they are suitable 

for producing products with consistent, well-packed textures 

(Bala et al., 2020). 

 

Loose density measures the lowest achievable density under 

compression, and reflects how much load the samples can 

support when stacked (Kumar & Saini, 2016). The loose 

density of Obatanpa (0.50–0.70 g/mL) and Honampa (0.50–

0.60 g/mL) decreased with longer sprouting periods (Table 

3). This reduction is consistent with findings for malted 

millets by Murungweni et al. (2024), and can be attributed to 

starch breakdown and molecular changes during malting, 

which reduce interparticle attraction and overall density (Ojha 

et al., 2018; Ocheme et al., 2015). Foods with lower loose 

density tend to have lower energy density, which can be 

beneficial for calorie-conscious diets. The low loose density 

in the present study suggests that the flours would maintain 

their volume during storage, making them suitable for 

efficient packing (Kumar & Saini, 2016). 

 

Water Absorption Capacity (WAC) quantifies the amount of 

moisture absorbed by flour during processing, influencing 

product consistency and quality. Both inadequate and 

excessive water absorption can adversely affect food product 

quality (Awuchi et al., 2019). The WAC of Obatanpa and 

Honampa flours increased from 114.11% to 123.20% and 

from 126.70% to 142.17%, respectively, from day 0 to day 2. 

However, a decline was observed on day 3, with WAC values 

of 104.10% for Obatanpa and 96.10% for Honampa in both 

samples (Table 4). The higher WAC in Honampa suggests a 

greater starch (amylopectin) content, which has a more 

branched structure and thus a higher capacity for water 

retention.  
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Table 4. Functional Properties of Sprouted Maize Flours 

Parameter 
Obatanpa Honampa 

D0 D1 D2 D3 D0 D1 D2 D3 

BD (g/mL) 0.72±0.01ᵃ 0.64±0.02ᵇ 0.55±0.01ᶜ 0.53±0.01ᶜᵈ 0.72±0.01ᵃ 0.66±0.02ᵇ 0.55±0.02ᶜ 0.52±0.02ᵈᶜ 

LBD (g/mL) 0.70±0.01ᵃ 0.60±0.01ᵇ 0.52±0.02ᶜ 0.50±0.01ᶜᵈ 0.63±0.02ᵃ 0.60±0.01ᵇ 0.51±0.02ᶜ 0.50±0.01ᵈᶜ 

WAC (%) 114.11±0.10ᵃ 122.10±0.10ᵇ 123.20±0.20ᶜ 104.10±0.10ᵈ 126.70±1.12ᵃ 128.10±0.10ᵃ 142.17±0.15ᵇ 96.10±0.10ᶜ 

OAC (%) 68.17±0.15ᵃ 70.10±0.10ᵇ 74.10±0.10ᶜ 96.10±0.10ᵈ 74.10±0.10ᵃ 98.07±0.12ᵇ 122.10±0.10ᶜ 94.10±0.10ᵈ 

Disp (%) 50.10±0.10ᵃ 59.10±0.05ᵇ 59.50±0.10ᶜ 60.20±0.10ᵈ 54.13±0.15ᵃ 58.25±0.05ᵇ 59.50±0.10ᶜ 60.10±0.10ᵈ 

WAI (g/g) 4.10±0.10ᵃ 5.10±0.05ᵇ 3.35±0.05ᶜ 2.25±0.05ᵈ 4.69±0.01ᵃ 4.40±0.02ᵇ 3.50±0.01ᶜ 2.41±0.10ᵈ 

WSI(g/100g) 8.82±0.08ᵃ 6.58±0.08ᵇ 6.60±0.10ᶜᵇ 6.10±0.10ᵈ 6.25±0.02ᵃ 4.53±0.15ᵇ 8.72±0.10ᶜ 11.26±0.01ᵈ 

SP (g/g) 4.39±0.01ᵃ 5.50±0.10ᵇ 3.63±0.06ᶜ 2.82±0.08ᵈ 4.98±0.01ᵃ 4.68±0.07ᵇ 3.92±0.07ᶜ 2.87±0.21ᵈ 

EC (%) 85.80±0.10ᵃ 75.31±0.08ᵇ 74.35±0.10ᶜ 63.85±0.05ᵈ 72.40±0.02ᵃ 69.57±0.06ᵇ 73.35±0.02ᶜ 76.21±0.03ᵈ 

ES (%) 79.56±0.03ᵃ 97.58±0.08ᵇ 97.52±0.07ᶜᵇ 98.62±0.08ᵈ 97.38±0.01ᵃ 95.89±0.02ᵇ 98.72±0.08ᶜ 96.35±0.05ᵈ 

values are mean ± standard deviation. Values in the same row that share the same letter superscript do not differ significantly (P > 0.05), while those with different superscripts indicate a significant 

difference (P < 0.05). Sample was Obatanpa (orange maize) and Honampa (white maize). D0, D1, D2, D3 represent samples sprouted for day zero, day one, day two, and day three respectively. BD=Bulk 

Density, LD=Loose Density, WAC=Water Absorption Capacity, OAC=Oil Absorption Capacity, DISP=Dispersibility%, WAI=Water Absorption Index, WSI=Water Solubility Index, SP=Swelling Power, 

EC=Emulsifying capacity, ES=Emulsifying stability. 

 

The increase in WAC until day 2 reflects seed physiological activity, which involves water 

absorption to support enzymatic processes and cellular functions essential for sprouting 

(Atudorei & Codină, 2020). Additionally, the breakdown of starch crystalline structures, 

along with increased amylose leaching and solubility, contributes to higher WAC (Rathore 

et al., 2019). The decline in WAC on day 3 indicates the stabilization of water absorption as 

the germination process reaches its peak (Kapoor et al., 2020). The findings show significant 

differences (p<0.05) in WAC across all samples, except between Honampa malted at D2 and 

D3. The observed WAC was lower than the 205.36% to 304.90% range reported for raw and 

sprouted maize by Gnanwa et al. (2021). Variations in WAC between samples may be 

attributed to differences in maize varieties, affecting protein degradation, water interactions, 

and starch conformational properties. Such differences might stem from variations in 

amylose and amylopectin release from starch granules, as well as weaker associative forces 

in some samples (Iwe et al., 2016). A higher WAC is advantageous for baking, as it often 

indicates a greater presence of hydrophilic components like polysaccharides (Abah et al., 

2020). Conversely, lower WAC could result in poorer dough performance, negatively 

affecting the quality of baked goods. According to Murray et al. (2017), flours with a WAC 

below 50% produce drier, less elastic doughs, leading to baked products with diminished 

volume and texture. Thus, the WAC results in this study suggest the flour samples are 

suitable for bakery applications. 

Oil Absorption Capacity (OAC) is a key functional characteristic affecting flavor, mouthfeel, 

and overall food quality. It describes the flour’s ability to absorb fat via the non-polar side 

chains of proteins (Iwe et al., 2016). Foods with higher protein content, amino acids, and 

surface polarity typically exhibit greater oil absorption (Awuchi et al., 2019). The results 

(Table 4) indicate that Obatanpa exhibited a steady increase in OAC from 68.17% (D0) to 

96.10% (D3) over the sprouting period. In contrast, Honampa showed an initial increase 

from 74.10% (D0) to 122.10% at D2, followed by a decrease to 94.10% at D3, with 

significant differences (p<0.05) observed across all samples. The OAC values for both 

Obatanpa and Honampa were consistent with the range (63%-82%) reported for various 

maize flours (Oladapo et al., 2017).  
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Oil absorption is largely attributed to the physical trapping of 

lipids by proteins (Kumar & Saini, 2016). The observed 

increase in OAC during sprouting may be due to hydrolyzed 

starch’s high oil retention capacity and its ability to bind oil 

to non-polar protein side chains. The subsequent decrease in 

OAC at D3 is likely due to the breakdown of hydrolyzed 

starches into simpler sugars, which are less efficient at 

absorbing oil. Moreover, the changes in grain structure and 

protein denaturation during sprouting may also affect oil 

retention, contributing to the reduction in OAC after the initial 

increase (Kumar et al., 2022). These findings indicate that the 

flour samples, with their oil absorption properties, are suitable 

for use in food products where flavor retention and 

palatability are crucial, particularly in bakery products and 

other items requiring oil absorption. 

 

Dispersibility refers to how easily flour particles disperse in 

water, forming a uniform mixture (Anosike et al., 2020). In 

this study, Obatanpa’s dispersibility increased from 50.10% 

at D0 to 60.20% at D3, while Honampa’s increased from 

54.13% at D0 to 60.10% at D3, with significant differences 

(p<0.05) between the samples. These results are consistent 

with the dispersibility values (59%-71.83%) reported for 

malted wheat flours (Baranwal & Sankhla, 2019). Several 

factors influence dispersibility, including temperature, pH, 

ionic composition, and mixing intensity (Kushwaha & Said, 

2020). The observed increase in dispersibility for both maize 

varieties can be attributed to enhanced water absorption 

capacity, which facilitates better rehydration and dispersion in 

water. This suggests that the samples can be easily 

reconstituted into smooth and consistent dough during 

mixing, indicating their potential for applications requiring 

easy dispersion, such as in baking or dough preparation (Alabi 

et al., 2025). 

 

The Water Absorption Index (WAI) quantifies the volume 

occupied by starch after swelling in excess water, which 

reflects its ability to absorb water and expand, thereby 

influencing its processing behavior (Deriu et al., 2022). The 

WAI values for Obatanpa (5.10-2.25 g/g) and Honampa 

(4.69-2.41 g/g) exhibited a declining trend as the sprouting 

period advanced, with significant differences (p<0.05) 

observed among samples (Table 3). These values are 

comparable to the 3.03 g/g to 4.18 g/g range reported for 

popped maize by Sharma et al. (2015). The observed decline 

in WAI is likely due to the malting process, which alters the 

crystalline structure of starch, rendering it more soluble and 

less able to retain water (Bhandari et al., 2016). Furthermore, 

the enzymatic breakdown of starch by α-amylase during 

sprouting likely contributes to the reduction in water 

absorption (Sanni & Fatoki, 2017). The relatively high WAI 

values suggest that these maize varieties may be appropriate 

for instant mix formulations, such as weaning or dessert 

mixes, where reconstitution capacity is critical (Sharma et al., 

2015). 

 

The Water Solubility Index (WSI) measures the starch’s 

ability to absorb water and swell, providing insight into the 

structural integrity of starch granules, with amylopectin 

playing a significant role (Awuchi, 2019). The WSI for 

Obatanpa ranged from 6.10 to 8.82 g/100g, and for Honampa, 

from 4.53 to 11.21 g/100g, with significant differences 

(p<0.05) between samples (Table 4). The malting process 

typically reduces peak temperatures, resulting in lower WSI 

values, as enzymes like α-amylase break down starch 

granules, decreasing their ability to absorb water and swell 

(Aidoo et al., 2022). Flours with lower WSI values are 

preferred for pasta production, as they reduce water solubility 

and shorten cooking times, thereby minimizing solids loss 

(Fideles et al., 2019). Higher WSI values are associated with 

greater water absorption and swelling, which contributes to 

softer, more gel-like textures in food products (Wani et al., 

2020). 

 

Swelling Power (SP) measures the starch or flour’s ability to 

absorb water and expand under specific cooking conditions, 

influenced by the amylose/amylopectin ratio and other 

molecular factors (Jamal et al., 2016; Bikila et al., 2022). In 

this study, Obatanpa exhibited a decrease in SP from 4.39 g/g 

at D0 to 2.82 g/g at D3, while Honampa showed a similar 

decline from 4.98 g/g at D0 to 2.87 g/g at D3 (Table 4). This 

reduction in SP is likely due to the enzymatic activity of 

amylase, which breaks down starch into simpler sugars, thus 

lowering its expansion capacity (Kok et al., 2019). The higher 

amylopectin content in Honampa may also contribute to 

superior swelling properties. Comparably, other studies have 

reported swelling power ranges of 2.94–3.8 g/g and 0.76–3.45 

g/g for different flours (Nwosu et al., 2014; Yenasew & Urga, 

2023). The decrease in SP can be attributed to stronger 

associative forces within the granules, which restrict their 

ability to absorb water and swell (Hedayati et al., 2020). 

 

Emulsifying Capacity (EC) refers to the ability of proteins and 

other compounds to form stable emulsions by interacting with 

oil and water. This property is influenced by factors such as 

non-polar amino acids, oil, water, starch, and fiber, which 

stabilize emulsions (Gupta et al., 2018; Lin & Fernández-

Fraguas, 2020; Bento et al., 2021). Obatanpa exhibited a 

decline in EC, ranging from 85.80% to 63.85%, while 

Honampa demonstrated an increase from 69.57% to 76.21%, 

with significant differences (p<0.05) observed. This trend in 

Honampa may result from the partial unfolding of 

polypeptides during sprouting, which exposes hydrophobic 

amino acid residues, enhancing protein-lipid interactions. 

Additionally, increased protein content and greater protein 

interactions during germination likely improve EC. The EC 

observed in this study was higher than those reported for other 

sprouted grains (Gnanwa et al., 2021). 

 

Emulsion Stability (ES) refers to a product’s ability to 

maintain a stable emulsion by resisting droplet aggregation. 

Smaller particle sizes typically enhance emulsifiers' ability to 

stabilize emulsions (Zhang et al., 2023). The ES for Obatanpa 

(79.56–98.62%) and Honampa (97.38–96.35%) showed a 

general decrease as sprouting progressed, with the highest 

stability observed on day 3 (D3). This increase in ES is likely 

due to the protein layer’s ability to adsorb, along with 

enhanced starch and fiber viscosity, which prevents droplet 

aggregation (Lin & Fernández-Fraguas, 2020). These 

findings were superior to those reported for sprouting yellow  
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Table 5. Pasting Properties of Sprouted Maize Flours 

Parameter 
Obatanpa Honampa 

D0 D1 D2 D3 D0 D1 D2 D3 

Peak Viscosity 204.50±6.36ᵃ 196.50±2.12ᵃ 109.50±3.54ᵇ 81.50±0.71ᶜ 219.00±1.41ᵃ 198.50±0.71ᵇ 120.50±0.71ᶜ 42.50±0.71ᵈ 

Trough Viscosity 173.50±4.95ᵃ 181.00±2.83ᵃ 107.50±3.54ᵇ 27.50±0.71ᶜ 187.00±2.83ᵃ 172.50±0.71ᵇ 115.50±0.71ᶜ 13.50±0.71ᵈ 

Breakdown Viscosity 31.50±0.71ᵃ 15.50±0.71ᵇ 20.50±0.71ᶜ 54.50±0.71ᵈ 32.00±1.41ᵃ 25.50±0.71ᵃ 7.50±3.54ᵇ 31.00±1.41ᵃ 

Final Viscosity 448.50±0.71ᵃ 434.00±1.41ᵇ 167.50±2.12ᶜ 39.50±0.71ᵈ 400.50±6.36ᵃ 393.50±0.71ᵃ 197.00±1.41ᵇ 21.50±0.70ᶜ 

Setback Viscosity 271.00±1.41ᵃ 253.00±1.41ᵇ 113.00± 4.24ᶜ 12.50±0.71ᵈ 213.50±3.53ᵃ 220.50±0.71ᵃ 92.00±12.73ᵇ 8.50±0.71ᶜ 

Peak Time (Min) 7.00±0.00ᵃ 8.43±2.12ᵃᵇ 6.87±0.19ᵃ 4.09±0.02ᵃᶜ 7.00±0.00ᵃ 7.00±0.00ᵃ 6.83±0.14ᵃ 6.94±0.01ᵃ 

Pasting Temperature (oC) ND ND ND ND ND ND ND ND 

The values are expressed as the mean ± standard deviation. Means within a row sharing the same superscript letter do not differ significantly (P > 0.05), while those with distinct superscript letters exhibit 

statistically significant differences (P < 0.05). The samples included in the study were Obatanpa orange maize and Honampa white maize, with ND indicating the parameter was not detected. The 

designations D0, D1, D2, and D3 refer to maize samples malted for zero, one, two, and three days, respectively. 

 

maize and other grains (Gnanwa et al., 2021; Sibian et al., 2017). According to McClements 

(2004), the drying stage during malting enhances emulsifying properties by denaturing 

proteins, which exposes hydrophobic sites, thus improving emulsion stability through better 

protein-lipid interactions. 

 

3.5 Pasting Properties 

Pasting properties are important characteristics of starches that describe their behaviour 

when heated and are vital to the food industry because they impact the texture, viscosity, 

and overall quality of food products (Donmez et al., 2021). The distribution of branch chain 

lengths in amylopectin, lipid levels, and amylose levels all influence the pasting properties, 

while amylose and lipids typically prevent swelling, amylopectin promotes swelling and 

helps with pasting of starch granules (Thitisaksakul et al., 2021). Furthermore, the chain 

length of amylopectin and the molecular size of amylose interact synergistically to influence 

the flour pasting properties. Sprouting can alter the starch composition of flour, leading to 

changes in pasting properties (Gui et al., 2021). The result of pasting properties is shown in 

Table 5.  

 

Peak Viscosity (PV) is the maximum viscosity of gelatinized starch when heated in water, 

and also depicts the water-binding capacity of the starch (Shimelis et al., 2006). The PV of 

the samples generally declined with increasing malting days from 204.50 to 81.50 RVU and 

219.00 to 42.50 RVU for Obatanpa and Honampa with noted significant differences 

(p<0.05) between the samples except Obatanpa D0 and D1 (Table 5). Similar decreasing 

trend in PV was observed by Li et al. (2024) in sorghum. As malting days increase, more 

starch is converted into sugars, leading to a reduction in the amount of starch available to 

form a viscous paste (Haug et al., 2017). Also, higher peak viscosity in ingredients has been 

linked to weak molecular interactions between starch granules, making them more prone to 

disintegration, as well as factors such as varietal differences, processing methods, and starch-

hydrocolloid interactions (Musah-Bawa et al., 2020; Vela et al., 2024). The result reveals 

that the spouted flour would have less cooking time than an unsprouted flour. 

 

Viscosity (TV) is a critical parameter that gauges the resilience of flour granules to sustained 

high temperatures and mechanical shear forces, reflecting the paste's stability and its 

influence on sensory characteristics, such as texture and mouthfeel. Generally, higher 

viscosity results in a creamier texture, while lower viscosity imparts a lighter sensation 

(Mouritsen & Styrbæk, 2017).  
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In this study, trough viscosity varied between 173.50 RVU 

and 13.50 RVU, with the highest values of 173.50 RVU and 

187.00 RVU recorded for samples sprouted for one day (D1), 

and the lowest values of 27.50 RVU and 13.50 RVU for 

Obatanpa and Honampa, respectively, sprouted for three 

days (D3). For Obatanpa, no significant difference (p>0.05) 

was observed between D0 and D1, while Honampa samples 

exhibited significant differences (p<0.05). The general trend 

showed a decline in trough viscosity as the sprouting period 

extended, consistent with the findings of Onwurafor et al. 

(2020). The viscosity values observed here were generally 

higher than those reported by Adebayo (2017). The increase 

in trough viscosity for both Obatanpa and Honampa may be 

attributed to enzymatic activity during sprouting, which 

degrades starch components (Han et al., 2021). Furthermore, 

the increase in protein content during sprouting likely 

contributes to the formation of a network that retains water, 

thereby enhancing the viscosity of the dough or slurry 

(Prasadi & Joye, 2023). Conversely, the decrease in viscosity 

at later sprouting stages might result from the higher moisture 

content in malted maize flours (Onwurafor et al., 2020). 

Trough viscosity is a key factor in paste stability, 

significantly affecting food texture, where higher viscosity 

typically results in a creamier texture, while lower viscosity 

offers a lighter feel (Mouritsen & Styrbæk, 2017). 

 

Breakdown Viscosity (BV) measures the extent to which 

flour resists enzymatic breakdown during cooking, which 

impacts both its texture and digestibility. Higher breakdown 

viscosity signifies reduced ability to withstand heating and 

shear stress (Byarugaba et al., 2023). In this study, 

breakdown viscosity ranged from 15.50 to 54.50 RVU for 

Obatanpa and 32.00 to 7.50 RVU for Honampa (Table 5). A 

declining trend in breakdown viscosity was observed from 

D0 to D2, followed by an increase at D3 for both Obatanpa 

and Honampa. This initial decrease is likely due to pre-

gelatinization effects during malting, which make starch less 

susceptible to breakdown during heating (Qi et al., 2023). 

Enzymes such as α-amylase and β-amylase are activated 

during malting, breaking down starch molecules into simpler 

sugars like maltose and glucose (Sammartino, 2015). The 

breakdown viscosity values observed in this study were 

lower than those reported by Ocheme et al. (2018) for wheat 

and groundnut blends (672–377 RVU) but higher than those 

recorded by Adebayo (2017) for germinated yellow maize 

(15.00–32.00 RVU). Higher breakdown viscosity indicates 

that the sample has less ability to endure heating and shear 

stress, thus affecting both its texture and digestibility (Asaam 

et al., 2018).  

 

Final Viscosity (FV), assessed at 50°C, reflects the starch’s 

capacity to form a viscous paste after cooking and cooling, 

as starch granules undergo molecular restructuring and 

retrogradation (Shafie et al., 2016). FV is influenced by 

factors like protein content, which binds water and decreases 

water availability, as well as the re-association of starch 

molecules (especially amylose) during cooling, forming a gel 

structure. In this study, Obatanpa (448.50–39.50 RVU) and 

Honampa (400.50–21.50 RVU) displayed a decrease in FV 

as sprouting duration increased, with the lowest values 

recorded in the samples sprouted for three days (D3) (Table 

5). These values were lower than those reported for sprouted 

sorghum (901.00–49.00 RVU) and maize (603.00–453 RVU) 

by Adebayo (2017). The reduction in FV can likely be 

attributed to the heightened enzymatic activity during 

sprouting, which breaks down starch and proteins, leading to 

a decrease in final viscosity (Kumar et al., 2023). Lower final 

viscosity indicates improved resistance to shear stress during 

stirring (Liu et al., 2021). Despite this decrease, both 

Obatanpa and Honampa still exhibited sufficient viscosity to 

form acceptable gels during processing. 

 

Setback Viscosity (SV) gauges the changes in texture and 

viscosity as starch molecules retrograde or re-associate upon 

cooling, providing an indicator of starch stability and its 

potential for retrogradation (Ratnawati et al., 2019; Yan et al., 

2021). In this study, samples sprouted for one day (D1) 

recorded the highest SV values (271.00 RVU and 213.50 

RVU), while those sprouted for three days (D3) showed the 

lowest values (12.50 RVU and 8.50 RVU) for Obatanpa and 

Honampa, respectively. No significant differences were 

observed between D0 and D1 (Table 5). Overall, SV 

decreased as sprouting duration increased, a trend consistent 

with previous studies (Sibanda et al., 2024; Okoye et al., 

2023; Adebayo, 2017). This decline may be linked to changes 

in the amylose-to-amylopectin ratio during sprouting, which 

influences setback viscosity (Onyango et al., 2021). The 

lower setback values at D2 and D3 suggest reduced starch 

retrogradation and syneresis, making these samples suitable 

for low-viscosity foods, particularly those intended for 

infants. Conversely, the higher setback viscosity observed at 

D1 indicates that starch granules are less prone to 

retrogradation after cooling. 

 

Peak Time (PTmin) refers to the duration required for each 

sample to reach its peak viscosity, serving as an indicator of 

the necessary cooking time (Majzoobi & Farahnaky, 2021). 

For Obatanpa, peak times were 7.00 min, 8.3 min, 6.87 min, 

and 4.09 min for sprouting days D0, D1, D2, and D3, 

respectively. For Honampa, peak times were 7.00 min, 7.00 

min, 6.83 min, and 6.94 min across the same sprouting days, 

with no significant differences (p>0.05). These results 

indicate that Honampa maize flour maintains a more stable 

gelatinization profile across varying malting durations 

compared to Obatanpa. The reduction in peak time, 

particularly for Obatanpa, can be attributed to increased 

enzymatic activity during malting, which breaks down starch 

granules and promotes faster gelatinization (Kumar et al., 

2023). Additionally, the malting process produces amylases 

that facilitate starch hydrolysis, thereby decreasing the time 

needed to reach peak viscosity (Gui et al., 2021; Han et al., 

2021). The relatively stable peak time in Honampa suggests 

greater resistance to gelatinization, potentially due to 

differences in starch composition or structural properties 

during malting. Monitoring peak time can serve as an 

effective quality control tool to ensure consistent starch 

performance in various applications. 

 

Pasting Temperature (PT °C) represents the minimum 

temperature required for cooking a food product, influencing 
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the energy needed for cooking. In this study, pasting 

temperature was not detected in either Obatanpa or 

Honampa malted flours (Table 4). Muñoz-Llandes et al. 

(2023) suggested that malting leads to the degradation of 

starch granules, reducing their ability to swell and gelatinize. 

These findings also align with observations by Oyeyinka et 

al. (2020), who noted an inverse relationship between peak 

viscosity, pasting time, and temperature. Specifically, higher 

peak viscosities were associated with shorter pasting times 

and lower temperatures. Similar results were found in studies 

of malted pearl millet, potato starch, chickpea starch, and 

other beans, where pasting temperatures were undetectable 

when peak viscosities were below 250 RVU (Sibanda et al., 

2024; Bento et al., 2021; Reddy et al., 2015). Hua & Yang 

(2016) explained that enzymes such as amylases break down 

starch into smaller polysaccharides and sugars, leading to the 

absence or reduction of pasting temperatures. Also, the 

viscosity profiles did not reach the instrument's criterion for 

identifying the onset of pasting as well as the lower moisture 

output (12%) after determination could account for the 

undetected pasting temperature. Again, germination 

substantially increases α-amylase activity, which degrades 

starch molecules during heating and suppresses viscosity 

development. 

 

4. CONCLUSION 

Sprouting significantly influenced the physicochemical, 

nutritional, functional, and pasting properties of Obatanpa 

and Honampa maize flours. Increasing sprouting duration 

reduced pH, lightness, yellowness, fat, fiber, carbohydrate, 

energy value, bulk density, loose bulk density, water 

absorption index, swelling power, and most pasting 

parameters. In contrast, titratable acidity, total soluble solids, 

redness, moisture, ash, protein, water- and oil-absorption 

capacities, dispersibility, and emulsion stability generally 

increased. The absence of a detectable pasting temperature in 

the sprouted samples may reflect increased α-amylase 

activity and the associated degradation of starch during 

heating. These findings show that controlled sprouting can 

serve as a low-cost means of improving selected nutritional 

and functional attributes of locally available maize. The 

resulting flours may be useful in composite foods, weaning 

foods, bakery products, and other applications that benefit 

from improved hydration and reduced paste viscosity. 

Further studies should optimize sprouting and kilning 

conditions and evaluate micronutrient bioavailability, 

antinutritional factors, sensory quality, shelf stability, and 

performance in specific food products. 
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Muñoz-Llandes, C. B., Martínez-Villaluenga, C., Palma-
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