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This investigation evaluated how nutritional composition and techno-functional 

qualities of three brown rice varieties were affected by varying time of 

germination and variety. FARO 44, Ofada and Igbemo rice varieties were 

germinated at room temperature between 12 and 72 hours. Changes in 

proximate, minerals and B vitamins composition, functional and pasting 

characteristics of the germinated rice samples were examined. Pronounced 

change in proximate composition of the GBR samples occurred between 36 h 
and 48 h, except for carbohydrate. Germination positively enhanced all the 

minerals analysed, with peak values (P - 361.67 mg/100g; K - 403.41 mg/100g; 

Na - 444.09 mg/100g; Ca - 410.19 mg/100g; Mg - 452.08 mg/100g; Mn - 0.26 

V; Cu - 0.11 V; Fe - 2.67 mg/100g; Zn - 0.33 mg/100g) noted between 60 h and 

72 h. FARO 44 however gave the highest values. Highest increase in Vit B1 was 

observed at 48 h in Ofada (0.23 mg/100g) but between 60 h and 72 h for B2 

(0.80 mg/100g) and B3 (0.27 mg/100g) in Igbemo variety. A decrease in all the 

viscosity parameters was observed in FARO 44 with longer time in germination, 

while Ofada rice substantially (p<0.05) rose at 48 h. Peak increase in bulk 

density (0.77-0.99), foaming capacity (1.41-3.31%), oil (68.67-94.31%) and 

water (85.0-179.33%) absorption capacities occurred at 36 h for both FARO 44 

and Igbemo varieties while that of Ofada occurred between 48 h and 60 h of 
germination. Prolonged germination time enhanced the nutritional composition 

of the GBR samples.   

 

© 2025 The Authors. Published by Society of Agriculture, Food and Environment (SAFE). This is an Open Access article distributed under the terms 

of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0) 

 
INTRODUCTION  

In many regions of the world, rice, which is botanically 

called Oryza sativa, is well-known and consumed as a staple 

by about two-thirds of the global populace (Ukpong et al., 

2021b). According to Ravichanthiran et al. (2018), based on 

worldwide consumption data of rice, it was reported to be 

second to wheat among all other cereal crops. Brown rice, 

also referred to as paddy rice, which has the bran and germs 

intact is considered more nutritious than polished rice 

because of considerable quantities of essential nutrients like 

vitamins, fibres, minerals and phytochemicals which are 

located in the parts of the grain (Gujral et al., 2012). Brown 
rice has double the protein level of white rice, and has been 

found to be an important source of nutrients such as 

manganese, magnesium and selenium. Despite the nutritional 
composition of brown or un-milled rice, factors such as 

grains’ susceptibility to both oxidative and hydrolytic 

rancidity, dark colour, hard texture, longer cooking duration, 

end products’ undesirable organoleptic characteristics such 

as off-flavour, nutty flavour and poor taste have been 

highlighted as major reasons hampering its general use 

(Chung et al., 2016; Parnsakhorn and Langkapin, 2018). 

Based on Wu et al. (2013), Moongngarm et al. (2014) and 

Ukpong et al. (2021b) reports, modification through 

germination is one of the ways to overcome the undesirable 

characteristics and enhance brown rice’s nutritional qualities.  

A biological process termed “germination” is known to 

improves nutritional and functional qualities by breaking 

https://journal.safebd.org/index.php/jafe
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down complex compounds into simpler bioavailable form. 

Enzymes like protease and amylase play vital roles in this 

process leading to increased nutrient availability and 

bioactive compounds (Nascimento et al., 2022).   

Due to its high amount of carbohydrate, rice is a major staple 

consumed in Nigeria (Mohammed et al., 2019). Abakaliki, 
Kwandala, Jamila, Ofada, and Igbemo are among the known 

rice varieties in Nigeria. Ofada acts as a general descriptor 

for all rice varieties grown in the rice-producing zones of 

Ogun State and the nearby regions in South-western Nigeria 

and it’s recognized for its unique taste and fragrance 

(Adekoyeni et al., 2018). Igbemo rice derived its name from 

Igbemo town in Ekiti State where it is largely cultivated 

(Nwosu and Daramola, 2017). Its consumption is 

predominantly during special celebrations. International 

Institute of Tropical Agriculture (IITA) and National Cereal 

Research Institute developed Federal Agriculture Research 

Oryza (FARO 44) rice; a cross between native African and 
Taiwanese rice. It is an improved semi-dwarf cultivar of rice 

that is highly nutritious, contains more fibre, antioxidants 

and protein than most popular grains (Bristone et al., 2024).  

There are documented research works on how germination 

conditions affected nutritional composition, behaviour, 

physicochemical properties, and bioactive elements of brown 

rice cultivars such as NERICA 8, FARO 57, MTU 1010, 

KNM 118 (Ukpong et al., 2023; Mohmmed et al., 2021). 

Thus, this research described how variety and germination 

time affected the nutritional, pasting and functional qualities 

of FARO 44, Ofada and Igbemo rice cultivars. 

 

MATERIALS AND METHODS 

Materials 

Rice types utilised for this research were Ofada, Igbemo and 

Faro 44, and they were sourced from Odeda, Abeokuta, 

Ogun state, Igbemo, Ekiti State and IITA Ibadan, 

respectively. 

Methods 

Brown rice germination 

The procedure outlined by Mohmmed et al. (2021) was 

adopted. Each rice variety was soaked separately for 12 h at 

28±2ºC after being sorted to get rid of dirt and other debris, 
to prevent fermentation, the water was replaced every three 

hours. Germination of the moist grains was done at 28±2ºC 

for 72 h and terminated at 12 h interval. Germinated samples 

were oven dried at 50ºC until average moisture content of 

13% was achieved. Flour was obtained by milling and 

sieving dried germinated grains through a 250 µm mesh 

sized screen. 

Chemical composition of germinated brown rice flour 

AOAC (2006) method was used to determine proximate 

parameters except carbohydrate, which was quantified by 

difference calculation. A protocol outlined by Omar et al. 
(2016) was employed to remove starch along with sugar 

from the germinated rice flour sample with the use of hot 

ethanol. Phenol-sulfuric acid was used as colour developing 

reagent for the calorimetric quantification of sugar and starch 

from the supernatant and digest, respectively. 

Absorbance was read at 490 nm in wavelength. 

 

 

Mineral composition  

AOAC (2015) protocol was used to determine the flour 

samples' mineral composition. Five milliliters of 6N HCl 

were added to two grams (2 g) of each sample, which had 
been ashed at 550°C for 6 h in a muffle furnace. Sample 

mixture was then put into a steam batch for evaporative 

drying. After collection of the filtrate with No 1 Whatman 

filter paper, it was put in a volumetric flask (100 ml) 

followed by mixture with distilled water to complete the 

volume. Atomic absorption spectrophotometer was then used 

to read the filtrate solution. 

B vitamins determination 

Thiamine (vit B1) and riboflavin (vit B2) determination 

followed AOAC (2005) procedure while Vitamin B3 (niacin) 

was quantified using Adeyeye et al. (2020) method.  

 

Functional characteristics of flour from germinated brown 

rice 

Determination of bulk density 

The method described by Wang and Kinsella (1976) but 

cited by Moongngarm et al. (2013) was used to calculate 

bulk density. Gentle and continuous tapping of 25 ml 

graduated cylinder with 10 g flour sample was done on a 

benchtop within height 5 to 8 cm for 10 times. A final 

volume (g/ml) measurement of test flour sample was done.  

Determination of flour’s capacity for water and oil 

absorption   

As Elkhalifa et al. (2004) explained, the capacity to take up 

water as well as oil was assessed. Centrifuge tubes were 

filled with two grams flour sample with distilled water (20 

ml) introduced to make a mixture. For one minute, the 

mixtures in the tubes were vortexed, centrifuged for 25 

minutes at 4000 rpm after being left to stand at 25 °C for 

approximately 30 minutes. 

After the tubes have been inverted over absorbent paper to 

remove any excess water, samples were left to drain. Twenty 

milliliters of refined sunflower oil were substituted for water 

to aid in oil absorption. The weight difference between the 

water and bound oil samples was computed. 

Least gelation determination 

To flour samples in test tubes, 5 ml distilled water was added 

to get suspensions of up to 20% (w/v) at 2% interval, 

thereafter heated in water bath for an hour and cooled under 

running water. The concentration that prevented falling or 

slipping out of the material from the inverted tubes was 

identified as the least gelation concentration (Sathe et al., 

1981). 

 

Capacity for foaming determination 

Narayana and Narsinga (1982) procedure was used to 

evaluate the samples' capacity to foam. About 2 g flour and 

100 ml distilled water were mixed at 27°C in a blender for 6 

min. Foam volume was measured after prompt transfer of the 

mixture into 250 millilitre measuring cylinder. Percentage 

volume rise was used to express flour samples’ capacity to 

foam. 
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Pasting properties of germinated brown rice flour 

The pasting parameters of the material were ascertained 

using a Rapid Visco Analyser (RVA TECMASTER, perten 

instrument-2122833, Australia). Briefly, a dried, empty 

canister was filled with 3 g of sample, and then the jar 

containing the sample was filled with 25 millilitres of 
distilled water. The canister was attached to the analyzer 

after thorough mixing of the content to prevent lump 

formation. The experiment proceeded instantly by 

automatically drawing the paste characteristic curve. 

 

Data analysis 

Each analysis was conducted in duplicate, and version 25.0 

of the statistical program for social science was used to do a 

one-way analysis on the collected data. At p ≤ 0.05 level of 

significance, Duncan's Multiple Range Test was used to 

compare and differentiate means. 

RESULTS AND DISCUSSION 

Proximate composition of germinated brown rice  

Table 1 presents the proximate makeup of samples that was 

not germinated and the germinated ones. Before germination, 

the rice samples' initial moisture content varied between 

13.33% and 15.33%; Igbemo rice had the highest while 
Ofada rice had the lowest values, respectively. As the 

germination period rose, a notable decline was noted, with 

Igbemo rice having the most decrease. Reduction in moisture 

is expected due to drying process immediately after 

germination. Because of the low moisture content found in 

this investigation, the samples may be kept for extended 

storage duration (Ojediran et al., 2020).  

 

 

 

Table 1: Proximate composition of germinated brown rice as affected by variety and germination time 

 
Germination 

Time 

Variety Moisture 

content 

(%) 

Total 

ash 

(%) 

Crude 

fat 

(%) 

Crude fibre 

(%) 

Crude 

protein 

(%) 

Total 

carbohydrate 

(%) 

Total 

sugar 

(%) 

Total starch 

Ungerminated Faro 13.5±0.00ae 2.50±0.01a 1.00±0.00ab 2.50±0.0ad 9.76±0.04be 70.73±0.06ab 36.16±0.47bc 51.11±3.38be 

 Ofada 13.33±1.15ae 2.47±0.23ab 1.90±0.17a 1.84±0.01bd 8.58±0.04ce 71.88±1.24ab 38.32±1.18bc 50.65±0.7be 

 Igbemo 15.33±1.15ae 1.60±0.40ab 2.33±0.58ac 1.97±0.01d 8.27±0.05ae 70.49±1.68a 34.72±0.06abc 77.51±3.87ae 

12 Hours Faro 5.50±0.50ab 2.25±0.01ab 2.67±0.58bc 1.48±0.14ab 8.76±0.04bd 79.35±0.3be 33.76±0.12ab 61.85±0.23bd 

 Ofada 4.33±0.58ab 2.37±0.06b 3.00±0.00bbc 1.95±0.01b 9.11±0.04cd 79.24±0.65be 35.06±0.12ab 51.11±1.51bd 

 Igbemo 6.33±0.58ab 2.50±0.10b 1.67±0.58bc 1.96±0.02b 8.23±0.04ad 79.31±0.14ae 31.76±0.21a 57.65±0.95ad 

24 Hours Faro 5.00±0.00ad 2.10±0.01a 3.00±0.00bcd 1.37±0.03a 8.19±0.04bc 80.35±0.03b 34.72±0.06b 47.71±4.3ab 

 Ofada 9.33±0.58ad 2.20±0.20ab 1.90±0.17bcd 1.9±0.01ab 8.89±0.04c 75.78±0.4b 36.12±3.11b 46.09±3.56ab 

 Igbemo 13.67±1.53ad 2.13±0.12ab 3.67±0.58cd 1.82±0.01a 7.66±0.05ac 71.05±1.4ab 34.72±0.06ab 48.31±5.49a 

36 Hours Faro 5.50±0.50a 2.59±0.01ac 3.00±0.00b 1.48±0.14ab 10.11±0.04bf 77.31±0.61bf 36.82±1.62b 55.11±2.48bc 

 Ofada 4.67±0.58a 2.20±0.20bc 1.87±0.23bb 1.90±0.01b 8.86±0.03cf 80.48±0.6bf 33.96±0.25b 54.11±1.63bc 

 Igbemo 4.33±0.58a 2.67±0.23bc 1.67±0.58bc 2.01±0.01b 8.45±0.04af 80.88±0.28af 34.96±0.25ab 49.18±4.52ac 

48 Hours Faro 7.17±0.76ac 1.62±0.01a 3.00±0.00bd 1.93±0.15ac 6.3±0.04ab 79.98±0.95bde 34.89±2.54ab 49.45±1.29ab 

 Ofada 8.33±0.58ac 2.30±0.17ab 2.00±0.00bd 1.88±0.01bc 8.83±0.09ac 76.68±0.75bde 33.99±3ab 48.51±2.23ab 

 Igbemo 3.67±0.58ac 2.43±0.06ab 4.67±0.58cd 1.89±0.01c 7.97±0.05a 79.37±0.5ade 29.96±0.25a 45.18±2.43a 

60 Hours Faro 8.17±0.29ac 1.68±0.01ab 2.67±0.58bd 2.23±0.06ad 6.57±0.04b 78.68±0.75bc 36.96±3.05bc 55.85±0.23bc 

 Ofada 5.33±0.58ac 2.37±0.06ab 1.50±0.50bd 1.98±0.01bd 9.11±0.23bc 79.58±0.32bc 36.79±3.15bc 44.58±2.78bc 

 Igbemo 6.33±1.15ac 2.73±0.12ab 5.33±0.58cd 2.00±0.01d 8.41±0.05ab 75.2±1.69ac 34.06±0.12abc 56.05±3.7abc 

72 Hours Faro 5.83±0.58abc 2.42±0.01ac 3.20±0.35bc 1.57±0.15ab 9.46±0.04be 77.52±0.68bcd 37.76±0.68bc 46.58±2.43ab 

 Ofada 7.67±0.58abc 2.33±0.12bc 1.50±0.50bbc 1.79±0.01b 8.36±0.04ce 78.41±0.2bcd 39.96±0.06bc 47.51±0.23ab 

 Igbemo 4.33±0.58abc 2.50±0.10bc 2.67±0.58bc 2.13±0.01b 8.98±0.05ae 79.39±0.9acd 33.36±1.53ac 54.45±3.93ab 
 

Values are means of duplicate determination ± standard deviation. 
At the 5% level, mean values in the same column with different superscripts differ statistically. 

 

Prior to germination, total ash content of the three rice 

varieties were 2.50%, 1.60% and 2.47% for Faro, Igbemo 
and Ofada rice, respectively. This showed that FARO 44 is 

richer in ash content that the other brown rice. An increase in 

ash content in FARO 44 was observed at 36 h while other 

germination times resulted in decrease. Seemingly, Igbemo 

rice was observed to have an increase and the greatest value 

obtained at 60 h (2.73%). Contrastingly, there was a decline 

in Ofada sample during different times germination was 

carried out. Ofada rice's decreasing ash content is consistent 

with Bulatao and Romero (2014) and Singh et al. (2017) 

findings. However, the values found in this study for both 

germinated and ungerminated rice cultivars are higher than 
those Mohmmed et al. (2021) reported for MTU 1010 and 

KNM 118 brown rice varieties, before and after germination. 

Prior to germination, levels of crude fat for Faro, Ofada, and 

Igbemo samples were 1.00%, 1.90%, and 2.33%, 

respectively. Increase in crude fat content was observed but 

at different germination time. Ofada rice had an increase at 

24 h, after which a progressive decrease was observed. 

However, over 200% and 120% increase was observed in 

FARO 44 and Igbemo samples at 72 h and 60 h, 
respectively. Observed decrease in Ofada is similar to the 

report of Bulatao and Romero (2014) and Singh et al. (2017) 

and may be connected to the utilisation of fat as a source of 

energy for protein synthesis and embryonic growth 

(Tortayeva et al. 2014). On the other hand, increase activities 

of lipolytic enzymes that is responsible for breaking down 

lipid components into fatty acids and glycerol may be 

responsible for the rise in fat content of FARO 44 and 

Igbemo (Chinma et al., 2009). 

The un-germinated brown rice crude fibre concentration 

ranged from 1.84% to 2.50%, with FARO 44 having the 
highest while Ofada rice had the lowest value. As the 

germination time progressed, the amount of crude fibre in 

FARO 44 considerably reduced from 2.50% to 1.37% (24 h); 

although, between 12 and 72 h germination time, it was 

highest (2.23%) at 60 h. However, a progressive increase 

was observed in Ofada from 12 to 60 h, highest increase 

(1.98%) was observed at 60 h, after which a decrease beyond 

the value for ungerminated sample occurred. For Igbemo 



 Omohimi et al., 2025 

                                                    J. Agric. Food Environ. 6(2): 44-52, 2025         47 

rice, crude fibre was at peak (2.13%) at 72 h. These results 

show that increased crude fibre content in the rice varieties 

was favoured between 60 and 72 h. Mohmmed et al. (2021) 

documented elevated values (1.07 – 2.00%) at early stage of 

germination (24 h). However, Ukpong et al. (2022) noted 

that the higher fibre content of germinated rice may be 

related to new cell walls formation.  

Of all the brown rice varieties used in this study, FARO 44 

had the highest (9.76%) protein content, while the lowest 

value (8.27%) was observed in Igbemo prior germination. 

Protein content was significantly impacted by cultivar and 

germination time. A decrease was observed in FARO 44 at 

the different times of germination except at 36 h, when about 

3.6% increase was observed. For Ofada, a significant 

increase was observed from 12 to 60 h, after which a 

decrease occurred at 72 h. Contrarily for Igbemo, a decrease 

was noted up until 72 h, when 8.60% increase was observed. 

This result revealed that the rice varieties behaved differently 
under same germination condition, which was comparable 

with Mohmmed et al. (2021) report. Megat Rusydi et al. 

(2011) as well as Moongngarm and Saetung (2010) also 

observed significant effects. Germination, being a 

biochemical process, has the ability to modify both protein 

and amino acid profile of rice under any germination 

condition and the modification could be due to the molecular 

weights of the protein or the nitrogenous hydrolysis action of 

enzyme protease (Wunthunyarat et al., 2020) 

Carbohydrate contents for the un-germinated brown rice 

were 70.73%, 71.88% and 70.49% for FARO 44, Ofada and 
Igbemo, respectively. An increase was observed in FARO 44 

at different hours of germination, however, 24 h germinated 

sample gave the highest percentage increase (80.35%). 

Similarly, for Ofada and Igbemo, an increase occurred at all 

hours of germination, 36 h germination time gave the highest 

percentage increase (80.48% and 80.88%, respectively). The 

increase achieved in this study is comparable to Singh et al. 

(2017) along with Mohmmed et al. (2021) findings. 

The main reserve ingredient in cereal grains such as rice is 

starch. A complex metabolic process such as germination has 

been identified as one of the methods for its modification 

(Oliveira et al., 2022).  

Total starch content of the rice cultivars before germination 

were 51.11%, 50.65% and 77.51% for FARO 44, Ofada and 

Igbemo, respectively. After germination, a significant 

increase was observed for FARO 44 and Ofada cultivars, 

with peak values at 12 h (61.85%) and 36 h (54.11%), 

respectively. Contrarily, notable decline was noted in 

Igbemo all through the germination period. This could be 

due to prolong germination time which could have enhanced 

higher percentage of reduction in starch (Świeca and Gawlik-

Dziki, 2015). However, factors such as enzyme activity, 

grain humidity and temperature might have contributed to 
the germination time thereby causing the starch 

concentration to decrease. 

The level of total sugar for ungerminated rice cultivars 

ranged between 34.72% (Igbemo) and 38.32% (Ofada); the 

ungerminated rice cultivars had varying levels of total sugar. 

FARO 44 sugar content increased from 36 h to the end of the 

germination phase; high value was obtained at 72 h 

(39.96%). However, at 72 and 36 hours, a 4.3% and 0.7% 

rise was noted for Ofada and Igbemo, respectively. Xu et al. 

(2012) established that germination has a beneficial effect on 

reducing the amount of sugar in brown rice. Hydrolysis of 
starch into free sugars may have contributed to the rise in the 

total sugar content (Muñoz Llandes et al., 2023). 

Composition of minerals and vitamins of germinated brown 

rice 

Table 2 displays how the mineral content of germinated rice 

samples was influenced by variety and germination time. 

The three brown rice types' mineral content was considerably 

(p < 0.05) affected by germination. Prior germination, Ofada 

rice was observed with the highest content of macro minerals 

(mg/100g) such as P (318.33), Mg (397.92), K (345.89), Na 

(380.77), Ca (351.71) and also Cu (0.04), a micro mineral, 

while the highest levels of Mn (0.27 mg/100g), Fe (2.75 
mg/100g) and Zn (0.34 mg/100g) was recorded in Igbemo 

rice.  However, after germination, FARO 44 rice gave all the 

peak values and this occurred between 60 and 72 h while 

slight increase observed in Igbemo and Ofada for some of 

the minerals occurred between 48 h and 72 h. For germinated 

brown rice and quinoa, Chima and Fasuan (2021) and 

Maldonado-Alvarado et al. (2023) noted similar pattern. One 

possible explanation for the observed rise in mineral levels in 

germinated samples compared to non-germinated ones is that 

minerals become more accessible as anti-nutrients decrease 

(Chima and Fasuan, 2021). Minerals and vitamins have been 
classified as micronutrients that are required for the body to 

function properly because they help to reduce risk of 

diseases and ensure maintenance of good health (Awuchi et 

al., 2020). Calcium helps to keep bones and teeth healthy, as 

well as to regulate blood pressure. It is also important for 

blood coagulation and for regulating blood's acid-base 

balance to keep it from becoming acidic. Iron is essential in 

carrying oxygen throughout the body and preventing anemia 

while potassium is required for the regulation of the body’s 

water content, blood pressure, heartbeat and excitability of 

the neuromuscular (Chima and Fasuan, 2021). 

Vitamins B1, B2 and B3 contents (mg/100g) in ungerminated 
rice samples were 0.18 – 0.23, 0.53 – 074 and 0.03 – 0.1, 

respectively (Table 3); highest amounts were observed in 

Igbemo. However, after germination, the values (mg/100g) 

were from 0.16 – 0.23, 0.45 – 0.8 and 0.03 – 0.24, 

respectively. Germination caused a significant rise in B2 

(0.80) and B3 (0.27) between 60 h and 72 h, and this 

occurred in Igbemo rice. An observed rise in vitamin B1 was 

also observed in Ofada and FARO 44 rice samples between 

48 h and 72 h. According to Kim et al. (2012) and Zilic et al. 

(2015), sprouts developed during germination process have 

the ability to synthesize more vitamins, hence giving a 
significant rise in B vitamins. Consistent with this work is 

the submission of Watanabe et al. (2004) with Moongngarm 

and Saetung (2010) that vitamins are synthesised during the 

latter period of germination process. 
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Table 2: Mineral composition (mg/kg) of brown rice that has germinated as influenced by variety and germination time 
 
Germination 

Time 

Variety Phosphorus  Manganese  Copper  Potassium  Sodium  Iron  Calcium  Zinc  Magnesium 

 

Ungerminated Ofada 318.33±2.89b 0.11±0.00ae 0.04±0.00ac 345.89±55.39ab 380.77±60.97ab 1.11±0.01be 351.71±56.32ab 0.14±0.00ae 397.92±3.61b 

 Faro 270.00±0.00bc 0.17±0.00be 0.01±0.00ab 321.3±0.00ac 353.7±0.00ac 1.72±0.01ae 326.7±0.00ac 0.21±0.00be 337.5±0.00bc 

 Igbemo 216.67±10.41ab 0.27±0.00ce 0.02±0.00a 257.83±12.39a 283.83±13.63a 2.75±0.01ce 262.17±12.59a 0.34±0.00ce 270.83±13.01ab 

12 Hours Ofada 311.67±7.64bc 0.16±0.00ab 0.1±0.00ce 374.85±5.95bc 412.65±6.55bc 1.67±0.01b 381.15±6.05bc 0.2±0.00ab 389.58±9.55bc 

 Faro 321.67±2.89c 0.11±0.00b 0.03±0.00be 400.63±29.35c 441.03±32.31c 1.14±0.01ab 407.37±29.84c 0.14±0.00b 402.08±3.61c 

 Igbemo 290±13.23ac 0.12±0.00bc 0.09±0.00ae 335.98±2.99ac 369.86±3.3ac 1.2±0.01bc 341.62±3.05ac 0.15±0.00bc 362.5±16.54ac 

24 Hours Ofada 231.67±10.41b 0.11±0.00a 0.1±0.00c 281.24±3.83ab 309.6±4.21ab 1.09±0.01ab 285.96±3.89ab 0.13±0.00a 289.58±13.01b 

 Faro 311.67±7.64bc 0.15±0.00ab 0.01±0.00bc 364.54±3.83ac 401.3±4.21ac 1.57±0.01a 370.66±3.89ac 0.19±0.00ab 389.58±9.55bc 

 Igbemo 266.67±2.89ab 0.12±0.00ac 0.04±0.00ac 317.33±3.44a 349.33±3.78a 1.2±0.01ac 322.67±3.49a 0.15±0.00ac 333.33±3.61ab 

36 Hours Ofada 281.67±10.41b 0.16±0.00ad 0.02±0.00cd 335.18±12.39ab 368.98±13.63ab 1.63±0.01bd 340.82±12.59ab 0.2±0.00ad 352.08±13.01b 

 Faro 290±13.23bc 0.12±0.00bd 0.1±0.00bd 335.98±2.99ac 369.86±3.3ac 1.25±0.01ad 341.62±3.05ac 0.15±0.00bd 362.5±16.54bc 

 Igbemo 223.33±10.41ab 0.15±0.00cd 0.04±0.00ad 265.77±12.39a 292.57±13.63a 1.56±0.01cd 270.23±12.59a 0.19±0.00cd 279.17±13.01ab 

48 Hours Ofada 256.67±2.89ab 0.11±0.00ac 0.1±0.00cg 293.93±21.85ab 323.57±24.05ab 1.08±0.01bc 298.87±22.21ab 0.13±0.00ac 320.83±3.61ab 

 Faro 270±15.00ac 0.19±0.00bc 0.09±0.00bg 324.87±12.87ac 357.63±14.17ac 2±0.01ac 330.33±13.09ac 0.24±0.00bc 337.5±18.75ac 

 Igbemo 236.67±17.56a 0.11±0.00c 0.11±0.00ag 287.19±29.88a 316.15±32.89a 1.17±0.01c 292.01±30.38a 0.14±0.00c 295.83±21.95a 

60 Hours Ofada 265±8.66bc 0.26±0.00sf 0.11±0.00cf 320.11±2.06b 352.39±2.27b 2.63±0.02bf 325.49±2.1b 0.32±0.00af 331.25±10.83bc 

 Faro 361.67±7.64c 0.2±0.00bf 0.1±0.00bf 403.41±53.92bc 444.09±59.36bc 2.04±0.01af 410.19±54.83bc 0.25±0.00bf 452.08±9.55c 

 Igbemo 273.33±5.77ac 0.25±0.00cf 0.01±0.00af 321.7±0.69ab 354.14±0.76ab 2.53±0.00cf 327.1±0.70ab 0.31±0.00cf 341.67±7.22ac 

72 Hours Ofada 270±0.00ab 0.26±0.00ag 0.1±0.00bc 321.3±0.00ab 353.7±0.00ab 2.67±0.01bg 326.7±0.00ab 0.33±0.00ag 337.5±0.00ab 

 Faro 250±8.66abc 0.25±0.00bg 0.01±0.00b 293.53±3.44ac 323.13±3.78ac 2.53±0.01ag 298.47±3.49ac 0.31±0.00bg 312.5±10.83ac 

 Igbemo 270±15.0ab 0.25±0.00cg 0.02±0.00ab 335.98±28.57a 369.86±31.45a 2.61±0.01cg 341.62±29.05a 0.32±0.00cg 337.5±18.75a 
 

Values are the duplicate determination means ± standard deviation. 
Mean values with different superscripts within the same column are significantly different at 5% level. 
 

Table 3: B vitamins composition (mg/100g) of germinated brown 

rice as affected by variety and germination time 

 
Germination 

Time 

Variety B1 B2 B3 

Ungerminated Ofada 0.18±0.00ab 0.53±0.05ab 0.03±0.00a 

 Faro 0.18±0.00ab 0.71±0.1b 0.04±0.00ab 

 Igbemo 0.23±0.01b 0.74±0.05bc 0.1±0.01ac 

12 Hours Ofada 0.21±0.00ad 0.66±0.00ac 0.14±0.00ad 

 Faro 0.20±0.00ad 0.63±0.01bc 0.10±0.01bd 

 Igbemo 0.22±0.01bd 0.84±0.05c 0.20±0.01cd 

24 Hours Ofada 0.16±0.01a 0.66±0.00a 0.11±0.01ab 

 Faro 0.18±0.00a 0.53±0.01ab 0.09±0.01b 

 Igbemo 0.20±0.00ab 0.65±0.03ac 0.06±0.01bc 

36 Hours Ofada 0.21±0.00ad 0.59±0.04ab 0.09±0.00acd 

 Faro 0.21±0.00ad 0.61±0.00b 0.14±0.00bcd 

 Igbemo 0.22±0.00bd 0.73±0.01bc 0.19±0.00cd 

48 Hours Ofada 0.23±0.00ab 0.77±0.07ac 0.13±0.01ac 

 Faro 0.17±0.01ab 0.7±0.06bc 0.17±0.02bc 

 Igbemo 0.19±0.00b 0.67±0.09c 0.11±0.00c 

60 Hours Ofada 0.17±0.00a 0.53±0.04a 0.1±0.01ae 

 Faro 0.21±0.00a 0.78±0.05ab 0.17±0.02be 

 Igbemo 0.17±0.00ab 0.45±0.09ac 0.27±0.01ce 

72 Hours Ofada 0.21±0.00ac 0.56±0.02sb 0.15±0.01af 

 Faro 0.23±0.00ac 0.58±0.01b 0.24±0.01bf 

 Igbemo 0.18±0.00bc 0.8±0.01bc 0.22±0.00cf 
 

Values are means of duplicate determination ± standard deviation. 

Mean values with distinct superscripts within the same column 
differ significantly at 5% level. 

 

Brown rice's functional characteristics after germination 

Presented on Table 4 is the rice samples functional properties 
as influenced by germination temperature. A flour or starch 

sample's weight is measured to determine its bulk density, 

which is then utilised to evaluate sample's packaging 

requirements (Hasmadi et al., 2020). 

 Among the three ungerminated brown rice samples, bulk 

density values differed from 0.77 to 0.92 g/ml; with FARO 

44 and Igbemo samples having the lowest and highest 

values, respectively. Bulk density increased in rice samples 

all through the germination time, however, samples 

germinated at 36 h gave the highest values for FARO 44 

(0.94 g/ml) and Igbemo (0.99 g/ml) while sample germinated 

at 60 h gave the highest increase for Ofada (0.94 g/ml). 

However, the result obtained for bulk density from this 

investigation did not match results from Moongngarm et al. 

(2014) and Mohmmed et al. (2022) works, this might be due 

to different varieties of rice used in these studies. Low bulk 

density observed in the current research, however, could be 

advantageous when formulating complementing foods (Oke 

et al., 2020). 

The smallest flour quantity required for creating gel in 

specific volume of water is known as least gelation 

concentration (LGC) (Ohizua et al., 2017). Values for the 

ungerminated brown rice samples are 6.00%, 10.0% and 
12.00% for Ofada, FARO 44 and Igbemo, respectively. The 

observed increase in least gelation during the germination 

process occurred at 24 h and 48 h for FARO 44 (14.0%) and 

Ofada (10%) rice samples, respectively, while a decrease 

was observed in Igbemo all through the period of 

germination. This implies that FARO 44  and Ofada will 

form gel better than Igbemo variety. The amount of flour 

required to make a gel increases with increasing LGC, and 

the ability of the flour to gel improves with a lower LGC 

(Adebowale et al., 2005). 

Flour’s ability to foam is determined by its foaming capacity, 
which is reliant on the presence of flexible protein molecules 

that lowers surface tension of water (Ohizua et al., 2017).  

The foaming capacity of flour is a measure of its ability to 

foam and is dependent on the availability of flexible protein 

molecules that reduce the surface tension of water. 

Ungerminated Igbemo, Ofada and FARO 44 rice had 

foaming capacities of 1.41%, 1.72% and 2.98%, 

respectively. Germinated FARO 44 (3.31%) and Igbemo 

(1.52%) rice samples had highest capacity at 36 h while 

Ofada rice (1.88%) had the highest at 60 h. This is an 

indication that longer germination time does not favour high 

foaming in both FARO 44 and Igbemo rice unlike Ofada 
rice. There has been report linking the amount of solubilized 

protein to foamability. Mohmmed et al. (2022) also noted 

that brown rice capacity to foam increased as germination 

time increased. 

The ungerminated samples’ capacity to absorb water varied 

between 83.67 and 91.67%. Igbemo and Ofada rice samples 

gave the highest and lowest values, respectively. The rice 

samples’ ability for water absorption was improved by 

germination. The ability of FARO 44, Igbemo and Ofada 
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samples to absorb water was at peak when germinated at 12, 

36 and 60 h, respectively. The germinated rice samples’ 

increased water absorption ability, as obtained here, may be 

due to increase in food material’s water interaction and 

holding site as a result of polysaccharide molecule’s 

breakdown. Moongngarm et al. (2014) and Mohmmed et al. 

(2022) also reported same observation.  

Germination of the rice samples also favoured their ability to 

absorb oil. The oil absorption ability of germinated FARO 44 

rice increased significantly from 79.67% to 94.33% at 36 h. 

Germinated Ofada increased from 87.30% to 158.33% at 12 

h, while Igbemo increased from 68.67% to 89.33% at 12 h. 

Moongngarm et al. (2014) and Mohmmed et al. (2022) 

confirmed same rise in OAC as a result of germination. 

 

 
Table 4: Effect of variety and germination time on functional properties of brown rice  

 

Germination 

Time 

Variety Bulk density 

(g/ml) 

Least  

gelation 

capacity (%) 

Foaming 

capacity 

(%) 

Oil absorption  

capacity 

(%) 

Water 

absorption 

capacity (%) 

Ungerminated Faro 0.77±0.02a 10.0±0.00a 2.98±0.01cd 79.67±4.51ab 85.00±2.65ac 

 Ofada 0.86±0.01ab 6.0±0.00ab 1.72±0.01bd 87.0±2.65a 83.67±0.58a 

 Igbemo 0.92±0.02ac 12.0±0.00ab 1.41±0.04ad 68.67±3.79ab 91.67±2.08ab 
12 Hours Faro 0.85±0.05ab 14.0±0.00ae 2.36±0.06c 78.67±0.58ab 162.33±2.52cd 

 Ofada 0.89±0.01b 8.00±0.00be 1.79±0.01bc 78.67±0.58b 86.00±2.65ad 

 Igbemo 0.95±0.04bc 10.0±0.00be 1.46±0.06ac 89.33±2.52ab 95.00±4.0bd 
24 Hours Faro 0.78±0.01a 8.00±0.00ac 1.23±0.01ac 77.33±1.15ae 123.67±2.08bc 

 Ofada 0.89±0.01ab 6.00±0.00bc 1.79±0.01ab 158.33±10.69be 86.00±1.73abc 

 Igbemo 0.85±0.01ac 10.0±0.00bc 1.31±0.02a 88.00±4.36ae 85.00±1.00bc 

36 Hours Faro 0.94±0.02ad 6.00±0.00a 3.31±0.06ce 94.33±2.08d 121.33±1.53ce 

 Ofada 0.92±0.01bd 8.00±0.00ab 1.84±0.02be 106.67±2.52abd 89.33±2.08ae 

 Igbemo 0.99±0.01cd 6.00±0.00ab 1.52±0.01ae 86.00±1.73d 179.33±11.37be 
48 Hours Faro 0.84±0.01ab 6.00±0.00ac 1.08±0.01ac 83.00±3.0ad 107.67±1.53cb 

 Ofada 0.9±0.02b 10.0±0.00bc 1.8±0.03ab 113.67±1.53abd 87.67±1.53ab 

 Igbemo 0.95±0.03bc 8.00±0.00bc 1.46±0.05a 83.67±1.53d 94.67±3.21b 
60 Hours Faro 0.93±0.02ac 12.00±0.00ad 1.67±0.01bc 90.67±4.93ad 108.67±1.53bc 

 Ofada 0.94±0.01bc 6.00±0.00bd 1.88±0.02b 99.33±1.15bd 92.00±1.00ab 

 Igbemo 0.92±0.01c 10.00±0.00bd 1.41±0.01ab 87.00±1.73ad 91.67±0.58b 
72 Hours Faro 0.83±0.01ab 6.00±0.00ab 2.91±0.06cd 83.67±2.08ac 114.67±2.08c 

 Ofada 0.85±0.01b 8.0±0.00b 1.71±0.01bd 93.33±2.31bc 84.33±1.53ac 

 Igbemo 0.96±0.01bc 8.0±0.00b 1.47±0.01ad 85.0±4.36ac 103.67±1.15bc 
 

Values are the duplicate determination means ± standard deviation. 
Within a single column, mean values with distinct superscripts differ significantly at the 5% level. 

 

Pasting properties 

Table 5 displays the pasting property values for the brown 

rice cultivars. Peak, trough, breakdown, final, with setback 

viscosities of the ungerminated samples ranged from 49-274 

RVU, 42-205 RVU, 7-72.5 RVU, 79-1089.5 RVU and 37-

884.5 RVU, respectively. Lowest values for all the viscosity 

parameter were observed in Ofada rice while Igbemo gave 

the highest for peak, trough, final and setback viscosities. 

The ranges for pasting temperatures and peak time were 

66.92-95.3℃ and 6.57-7.0 min, respectively with Ofada 
having the lowest values for both parameters and the highest 

values were observed in Igbemo cultivar.  

In FARO 44 however, all of the viscosity parameters 

measured showed a substantial decrease after germination 

period, similarly for Igbemo cultivar, except peak viscosity 

which was found to have 78% increase after 48 hours 

germination. Ofada rice showed a distinct trend: every 

viscosity metric rose noticeably (p<0.05) throughout the 

germination period, with highest values obtained at 48 h.   

Ukpong et al. (2021) defined peak viscosity as the highest 

viscosity attained either immediately after or during the 

heating of starch-based foods, and also an indication of 
starch granule swelling before physical breakdown. The 

increase in peak viscosity of Ofada and Igbemo cultivars is 

similar to the findings of Cornejo and Rosell (2015) but 

contrary to what was reported by Ukpong et al. (2023) and 

Makinde and Omolori (2020), who reported similar decrease 

trend observed in FARO 44. The later authors ascribed the 

decline to the starch content being broken down by enzymes 

during the germination process. Germinated Ofada and 

Igbemo brown rice may be suitable to make foods with stiff 

dough due to their high peak viscosity (Dandaba et al., 

2012).  

Trough viscosity of starch is its stability under heat and its 

ability to resist break down when cooled (Ukpong et al., 

2021). Significant reduction in trough viscosity of FARO 44 

and Igbemo implies that germination won’t favour the 

stability of the rice cultivars under heat treatment, unlike 
Ofada. Increased starch modification by amylase enzymes 

due to prolonged germination might be the reason for the 

reduction (Chaijan and Panpipat, 2020). Adebowale et al. 

(2005) opined that a flour or starch’s resistance to heat and 

shear stress decreases with increasing breakdown viscosity. 

It is evident from the current study that extension of 

germination time to 48 h for Ofada and Igbemo cultivars 

increased the breakdown viscosity, hence they might not be 

stable when heated. However, Iwe et al. (2016) considered 

high breakdown viscosity as an indicator of palatability. 

Which means that the two cultivars stand the chance for 

application in foods requiring palatability. 

Indicators of retrogradation tendency which is associated 

with the structure of amylose and amylopectin include 

setback and final viscosities (Makinde and Omolori, 2020). 

Retrogradation and staling rate might be higher in 

germinated FARO 44 and Igbemo rice cultivars due to 
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reduction in final and setback viscosities throughout the 

period of germination. 

 

 

 

Table 5: Pasting properties of germinated brown rice as affected by variety and germination time 

 
Germination 

Time 

Variety Peak Viscosity 

(RVU) 

Trough 

(RVU) 

Breakdown 

viscosity 

(RVU) 

Final viscosity 

(RVU) 

Setback 

viscosity 

(RVU) 

Peak time 

(min) 

Pasting 

Temperature 

(℃) 

Ungerminated Faro 267±8.49b 194.5±7.78be 72.5±0.71a 1039±1.41be 844.5±9.19bg 7.0±0.00a 94.21±2.32c 

 Ofada 49±2.83a 42.00±4.24ae 7±1.41.00a 79.0±5.66ae 37.0±1.41ag 6.57±0.52a 66.92±0.70a 

 Igbemo 274.5±16.26b 205±14.14ce 69.5±2.12ab 1089.5±19.09ce 884.5±4.95cg 7.0±0.00a 95.3±19.03c 

12 Hours Faro 40.0±0.00a 35.5±0.71b 4.5±0.71a 59.0±1.41bc 23.5±2.12bd 7.0±42.43a 93±2.33c 

 Ofada 47.5±0.71a 40±0.00ab 7.5±0.71a 81.0±7.07ac 41.0±7.07ad 6.93±0.0a 65.09±0.23a 

 Igbemo 118.5±3.54ab 89±4.24bc 29.5±0.71ab 398.5±19.09c 309.5±14.85cd 6.7±0.42a 93.1±2.69c 

24 Hours Faro 49.0±2.83a 42±4.24bcd 7.0±1.41a 79.0±5.66be 37.0±1.41bf 6.57±0.52a 90.71±0.71c 

 Ofada 47.5±0.71a 40.0±0.00acd 7.5±0.71a 89.0±1.41ae 48±1.41af 6.87±0.09a 65.37±3.54a 

 Igbemo 193.5±2.12ab 145.5±0.71cd 48±1.41ab 731.0±1.41ce 585.5±0.71cf 7.0±0.00a 86.6±5.40bc 

36 Hours Faro 48.5±2.12a 41.0±2.83b 7.5±0.71a 79.0±0.00b 38.0±2.83b 6.9±0.04a 86.3±1.35bc 

 Ofada 45.5±0.71a 40.0±0.00ab 5.5±0.71a 88±1.41ab 48.0±1.41ab 6.93±0.00a 64.7±3.13a 

 Igbemo 90±1.41ab 75.5±0.71bc 14.5±2.12ab 177.5±0.71bc 102±1.41bc 6.87±0.19a 79.7±0.00b 

48 Hours Faro 57.5±2.12ab 49±0.00bc 8.5±2.12ab 94.0±0.00bc 45.0±0.0bc 6.1±0.81a 74.19±4.17b 

 Ofada 88±1.41ab 74±0.00ac 13.5±0.71ab 183.5±3.54ac 109.5±3.54ac 6.84±0.23a 76.81±3.74b 

 Igbemo 488±268.7b 95.5±4.95c 392.5±263.75b 292±2.83c 196.5±2.12c 3.8±3.39a 73.93±29.8b 

60 Hours Faro 83.5±0.71a 66±0.00bd 17.5±0.71a 146.5±4.95bd 80.5±4.95be 7.0±0.00a 71.23±2.99b 

 Ofada 51±0.00a 44±1.41ad 7.0±1.41a 96.0±2.83ad 52.0±1.41ae 6.9±0.14a 68.01±3.05a 

 Igbemo 158.5±2.12ab 125±4.24cd 33.5±2.12ab 537.5±2.12xd 412.5±2.12ce 7.0±0.00a 71.25±2.89b 

72 Hours Faro 55.5±4.95a 46.5±4.95ab 9±0.00a 93.5±3.54ab 47±1.41ab 6.97±0.05a 70.11±0.02b 

 Ofada 48±0.00a 40.5±0.71a 7.5±0.71a 86.0±0.00a 45.5±0.71a 6.93±0.00a 66.7±2.65a 

 Igbemo 43.5±3.54a 40.5±0.71ac 4.5±0.71ab 30.5±34.65ca 24±1.41ac 6.65±0.35a 67.03±0.58a 
 

Duplicate determination means are expressed as means ± standard deviation. 
At 5% level, mean values with distinct superscripts within the same column differ significantly. 
 

According to the current findings, pasting temperature of the 

three germinated rice cultivars significantly decreased while 

a non-significant decrease was also observed for peak time. 

The reduced cooking time gives an indication that the rice 

flour will be cooked for a short time (Ukpong et al., 2021).  

 

CONCLUSION 

Germination between 60 and 72 h favoured increase in crude 

fibre, fat protein and ash content, whereas the samples’ 

carbohydrate content decreased. Ungerminated Ofada had 

higher amount of macrominerals than Igbemo and FARO 44, 
while Igbemo had more of the microminerals. However, 

desirable positive effect of germination was more 

pronounced in FARO 44 than other varieties between 60 and 

72 h. Igbemo had the highest values for vitamins B1, B2 and 

B3 before germination and also gave the peak values after 

germination between 60 and 72 h, except for B1. 

Germination at 36 h gave the highest bulk density, foaming 

capacity and oil absorption capacity in FARO 44 and Igbemo 

samples, while higher germination time between 48 h and 60 

h enhanced those of Ofada rice. A decrease in all the 

viscosity parameters was observed in FARO 44 rice variety 
with an increased germination time, while Ofada rice 

showed a substantial (p<0.05) increase at 48 h. 
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