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Abstract 

The objective of this study is to contribute to the food valorization of sesame seeds by improving the nutritional and 
functional quality of the flours. To achieve this, germination was applied to sesame seeds for 4 days. The flours obtained 
at different germination times were analyzed for their functional properties. The results showed an increase in water 
absorption capacity and flour porosity depending on the germination time. FSG1 (Sesame seed flours germinated for 1 
day) recorded a higher solubility index (47.86%) and foaming capacity (15.75%) compared to 45.50% and 11.44% for 
the control flour (FSF). Most functional properties increased except for the oil absorption capacity of the flours. FSG0 
and FSG1 flours showed higher swelling power and solubility (at 70°C) than those at other germination times. FSG1 
flour would be suitable for the preparation of infant food porridges. Overall, flours made from sprouted sesame seeds 
could be useful in the production of cakes and bakery products due to their high water absorption.  
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1. Introduction

Food is the basic need of humanity that is met by agriculture. Food demand is therefore a problem for the world 
economy and more specifically for these agricultural systems. Indeed, countries in sub-Saharan Africa are experiencing 
food crises because they are subject to international trade based on the export of cash crops (cocoa, coffee, cotton, oil 
palm, rubber, etc.). These countries have not developed subsistence agriculture very much. In addition, there are 
economic difficulties that mean that animal proteins remain inaccessible to part of the population [1]. The cereals and 
tubers within their reach are relatively low in protein. As a result, nutrient needs are not always met, and these 
populations are exposed to undernutrition and very often malnutrition [2]. Thus, to meet the nutritional needs of ever-
growing populations, it is necessary to exploit potential sources of protein [3]. This is why the contribution of 
underexploited crops to food security and the economic prosperity of populations in developing countries is widely 
recognized today [4]. 

Among the under-exploited food resources in Côte d'Ivoire is sesame (Sesamum indicum L.), an oilseed belonging to the 
Pedaliaceae family. Its grains are a good source of nutrients such as protein (19-25%), lipids (57-63%) including 
unsaturated fatty acids, ash (5%), minerals, vitamins B1 and E [5, 6, 7]. Furthermore, the nutritional and technological 
potential of these grains could be improved by using less expensive methods such as germination. Indeed, germination 
is a metabolic process that promotes the bioavailability and digestive utilization coefficient of the minerals contained in 
the seed [8, 9]. It leads to an increase in the protein, vitamins C and E content of bean (Vigna unguiculata) [9] and flax 
(Linum usitatissimum L) seeds [10]. Sprouting also improves the digestibility of proteins by hydrolysis into 
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polypeptides, essential amino acids and free amino acids that are more easily assimilated [11]. So, the aim of this study 
was to investigate the effects of the germination time on the functional properties of sesame flours in order to contribute 
to the valorization of sesame grown in Côte d'Ivoire. 

2. Material and methods 

2.1. Plant material 

The plant material used in this work consisted of sesame seeds (Sesamum indicum) (Figure 1). The seeds were 
purchased approximately one month after harvest from a producer in Méagui, a locality located in the department of 
Soubré (South-West, Côte d'Ivoire) 369 km from Abidjan. They were then transported to the Biocatalysis and 
Bioprocesses Laboratory of Nangui Abrogoua University (Abidjan, Côte d'Ivoire). 

 

Figure 1 Photograph of sesame seeds (Sesamum indicum)  

2.2. Sesame seed germination process 

Germination was carried out according to the modified method of [12]. The sorted sesame seeds (2 kg) were washed 
and then soaked in 10 L of tap water (ratio 1/5; w/v) for 24 h. After soaking, 0.5 kg of seeds was taken and dried in the 
oven at 45 °C for 24 hours. This step made it possible to obtain the sample of seeds soaked for 24 hours in tap water 
and symbolized by G0. The rest of the seeds were spread on a white cotton cloth for germination in a room with humidity 
and temperature around 85 ± 5% and 28 ± 3 °C, respectively. After 1, 2, 3 and 4 days of germination, an aliquot of seeds 
was taken, dried in the oven at 45 °C for 24 h and degermed manually. This step made it possible to constitute the 
samples of sprouted seeds at time T1, T2, T3 and T4 respectively symbolized by G1, G2, G3 and G4. 

2.3. Preparation of raw or sprouted sesame seed flours 

2.3.1. Preparation of raw sesame seed flours  

The raw sesame seeds (0.5 Kg) were previously sorted, then washed and then left to dry on the bench at room 
temperature (25 °C) for 48 hours. They have been ground to obtain raw sesame seed flour (FSF). This flour was stored 
in hermetically sealed containers at room temperature for further analysis. 

2.3.2. Preparation of sprouted sesame seed flours  

Seeds of different germination times (G0, G1, G2, G3 and G4) were crushed using a Moulinex type shredder. The different 
flours obtained were coded as follows: FSG0 (sesame seed flour soaked for 24 hours in tap water), FSG1, FSG2, FSG3 
and FSG4 (Sesame seed flours germinated for 1, 2, 3 and 4 days). They were kept in hermetically sealed containers at 
room temperature for later analysis. 
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2.4. Analyses of the functional properties of flours 

2.4.1. Water Absorption Capacity and Water Solubility Index 

The water absorption capacity (WAC) and water solubility index (WSI) of the flours were determined using the methods 
of [13] and [14], respectively. One (1) g of sesame seed flour (raw, sprouted) (m0) was diluted in 10 mL of distilled 
water. This mixture was stirred for 30 min and then held in a water bath at 37 °C for 30 min. It was then centrifuged at 
4200 rpm for 20 min. The pellet obtained (m2) was weighed and then dried at 105 °C in the oven until a constant mass 
(m1) was obtained. The water absorption capacity was obtained according to the following formula  

 

The solubility index was calculated according to the following formula 

 

m0: mass of the sample taken; m1: dry mass of the sample after passage through the oven; m2: mass of the raw pellet 
after centrifugation  

2.4.2. Bulk density and porosity 

The bulk density (BD) of the flours was determined using the method of [15].  

Fifteen (15) g of sesame seed flour (raw or sprouted) (me) was placed in a graduated test tube. The volume (V0) of this 
sample was noted after a good leveling with a spatula. Then, the specimen was gently tapped on the bench until a 
constant volume denoted Vt was obtained. BD and porosity were determined as follows: 

 

BD: bulk density; me: mass of the sample; Vt: constant volume obtained after tapping 

The porosity (P) is calculated according to the following relationship 

 

P: porosity; V0: volume of the sample noted after a good leveling; Vt: constant volume obtained after tapping 

2.4.3. Foaming Capacity 

The foaming capacity (FC) of the flours was determined using the modified technique of [16].  

Three (3) g of sesame seed flour (raw or sprouted) were placed in a 50 mL graduated cylinder previously dried in the 
oven. Then, thirty (30) mL of distilled water was added to the sample to facilitate the dispersion of the flour in the test 
tube and the volume noted (volume before homogenization). Then, the test tube was vigorously shaken by hand and 
the new volume was read on the test piece (volume after homogenization). The volume of the foam obtained was 
calculated by differentiating between the volume after homogenization and the volume before homogenization. The 
foaming capacity was calculated from the following formula:  
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FC: foaming capacity; Vbefore: volume before homogenization (mL); Vafter: volume after homogenization (mL) 

2.4.4. Determination of Oil Absorption Capacity  

The oil absorption capacity (OAC) of the flours was determined using the [17] technique.  

One (1) g of sesame seed flour (raw or sprouted) (m0) was dissolved in 10 mL of oil. The mixture was stirred for 30 min 
at room temperature using a mechanical stirrer and then centrifuged at 4200 rpm for 12 min. The recovered base was 
weighed (m1). The experiment was repeated with four (4) types of oil, namely refined palm oil (Dinor), unrefined palm 
oil (Red), Sunflower oil and Olive oil.  

The oil absorption capacity was calculated from the following formula:  

 

m0: mass (g) of the sample taken; m1: mass (g) of the raw pellet of the sample after centrifugation 

2.4.5. Hydrophilic-lipophilic ratio 

The hydrophilic-lipophilic (HLR) ratio as defined by [18] was calculated by making the ratio of water absorption 
capacity (WAC) to oil absorption capacity (OAC). This report made it possible to evaluate the comparative affinity of 
flours for water and oil. 

 

HLR: hydrophilic-lipophilic ratio; WAC: water absorption capacity; OAC: Oil Absorption Capacity 

2.4.6. Swelling and Solubility 

The flour swelling and solubility test was performed using the modified technique of [19].  

Suspensions of 1% (w/v) sesame seed flour (raw or sprouted) (m) were placed in a water bath at temperatures ranging 
from 50 to 95 °C under maximum stirring for 1 h. The suspensions contained in the tubes were centrifuged at 4200 rpm 
for 15 min. The pellets (m1) and supernatants were collected in different containers. They were placed in the oven at 
105 °C for 24 h for the supernatants (ms) and 48 h for the pellets (m2). The supernatants were used to determine the 
solubility (S) and the pellets, the swelling power (PG) according to the following equations: 

 

SP: swelling power (g of water / g of starch); m1: wet mass of the aliquot (g); m2: dry mass of aliquot (g) 
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S: solubility expressed as a percentage (%); ms: mass of the sample after steaming (g); m: mass taken from the sample 
(g) to prepare the 1% solution (w/v) 

2.5. Statistical Analysis 

All analyses were performed in triplicates. Results were expressed by means of ± standard deviation. The data were 
analyzed using STATISTICA version 7.1 Statistical Software. Comparisons between means were determined using the 
one factor ANOVA and the Duncan test. Statistical significance was defined at P <0.05. 

3. Results 

3.1. Water absorption capacity and water solubility index of flours 

The functional properties of flours such as capacity Water Absorption Capacity (WAC) and Water Solubility Index (WSI) 
are illustrated in the Table 1. 

During germination, a significant difference (p <0.05) between the functional properties of raw sesame flour (FSF) and 
sprouted sesame flour (FSG) was observed. The WAC for flours varied from 188.05 ± 1.05 % (FSF) to 245.47 ± 1.17 % 
(FSG4) while the WSI has ranged from 45.50 ± 0.45 % (FSF) to 47.86 ± 0.18 % (FSG1) and then to 46.25 ± 0.35 % (FSG2). 
The FSG0, FSG3 and FSG4 Flours recorded respectively values lower than that of FSF, either 38.80± 0.28%, 44.65±0.49% 
and 44.50±0.71%.  

3.2. Bulk density and porosity of flours 

The bulk density (BD) of sprouted seed flours varied significantly (p <0.05) of 0.81 ± 0.02 g/mL (FSF) to 1.01 ± 0.02 
g/mL (FSG3) and 0.98 ± 0.05 g/mL (FSG4). FSG0 and FSG1 flours recorded the lowest BD (0.68 ± 0.05 and 0.76 ± 0.02 
g/mL). Porosity increased from 58.45 ± 0.88% (FSF) to 62.92 ± 0.72% after 3 days of germination.  

3.3. Foaming capacity of flours 

The foaming capacity of the flours during sprouting has increased significantly (p <0.05) from 11.44 ± 0.56% (FSF) to 
15.75 ± 0.18% after 1 day of germination and then decreased to 13.95 ± 0.15% (FSG4).  

Table 1 Effects of sprouting on the functional properties of sesame seed flours 

  Functional properties 

Germination time 
(day) 

Codes WAC (%) WSI (%) BD (g/mL) P (%) FC (%) 

Raw (control) FSF 188.05±1.05
a
 45.50±0.45

b.c
 0.81±0.02

a
 58.45±0.88

c
 11.44±0.56

a
 

0 (24h soaking) FSG0 218.86±1.21
c
 38.8±0.28

a
 0.68±0.05

a
 50.08±0.47

a
 12.65±0.07

b
 

1 FSG1 213.04±0.6
b
 47.86±0.18

d
 0.76±0.02

b
 57.28±0.67

b
 15.75±0.18

f
 

2 FSG2 230.63±0.39
d
 46.25±0.35

c
 0.91±0.02

c
 61.12±0.08

d
 13.79±0.07

c.d
 

3 FSG3 232.50±1.44
d
 44.65±0.49

b
 1.01±0.02

d
 62.92±0.72

e
 13.04±0.49

b.c
 

4 FSG4 245.47±1.17
e
 44.50±0.71

b
 0.98±0.05

d
 62.65±0.42

e
 13.95±0.15

e
 

The means of the same superscript column are significantly different at p < 0.05 according to the statistical test. FSF: 
Raw sesame seed flour; FSG0: Sesame seed flour soaked for 24 hours; FSG1, FSG2, FSG3 and FSG4: Sesame seed flours 
germinated for 1, 2, 3 and 4 days respectively. Water Absorption Capacity (WAC), Water Solubility Index (WSI), Bulk 
Density (BD), Porosity (P), Foaming Capacity (FC). 

3.4. Oil absorption capacity of flours 

The oil absorption capacities (OAC) of four types of oil (sunflower, olive, refined palm or "Dinor" and unrefined or "Red") 
palm oil were studied (Figure 2).  
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The OACs of sesame seed flours decreased significantly (p <0.05) as a function of germination time and rates ranged 
from 91.63 ± 1.00 (FSF) to 70.62 ± 0.65% (FSG)3) from 95.20 ± 1.30 (FSF) to 65.97 ± 0.91% (FSG4), from 100.48 ± 0.98 
(FSF) to 67.27 ± 1.26% (FSG4) and from 139.00 ± 0.67 (FSF) to 108.83 ± 0.58% (FSG4) respectively for Sunflower, Olive, 
Dinor and Red oils. FSF flour recorded the highest absorptions of "Dinor" oil and "Red" oil, while FSG0 flour absorbed 
more olive and sunflower oils than other flours. Overall, the flours absorbed more Red oil. 

 

Figure 2 Influence of germination time on the oil absorption capacity of derived flours (Figure was changed) 

The means of the histograms topped with different letters are significantly different at p <0.05 according to the 
statistical test. FSF: Raw sesame seed flour; FSG0: Sesame seed flour soaked for 24 hours; FSG1, FSG2, FSG3 and FSG4: 
Sesame seed flours sprouted for 1, 2, 3 and 4 days. 

3.5. Hydrophilic-lipophilic ratio of flours 

The hydrophilic-lipophilic (HLR) ratios of sesame seed flours (non-sprouted and sprouted) are presented in the Figure 
3.  

Germination significantly influenced (p<0.05) the HLR. FSF flour has the lowest ratios regardless of the type of oil while 
FSG flours have the highest values, with variations of 2.06 ± 0,02 to 3.44 ± 0,06; 1,98 ± 0,03 to 3.72 ± 0,05; 1,88 ± 0,02 
to 3.65 ± 0,06 and 1.58 ± 0,01 to 2.26 ± 0,01 respectively for Sunflower, Olive, Dinor and Red oils.  

 

Figure 3 Hydrophilic-lipophilic ratios of sprouting sesame seed flours (Figure was changed) 
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The means of the histograms topped with different letters are significantly different at p <0.05 according to the 
statistical test. FSF: Raw sesame seed flour; FSG0: Sesame seed flour soaked for 24 hours; FSG1, FSG2, FSG3 and FSG4: 
Sesame seed flours sprouted for 1, 2, 3 and 4 days; HLRS: Hydrophilic-Lipophilic Ratio in Sunflower Oil; HLRO: 
Hydrophilic-Lipophilic Ratio in Olive Oil; HLRD: Hydrophilic-Lipophilic ratio in Dinor oil; HLRR: Hydrophilic-Lipophilic 
Ratio in Red Oil. 

3.6. Swelling power of flours 

The study of the swelling power of the different flours as a function of the incubation temperature has shown that all 
flours have a swelling power that varies with the increase in temperature (Figure 4). However, overall, the swelling 
capacity was low between 50 and 60 °C and rapid from 65 °C with a peak at 70 °C.  

FSG0 (5.35 ± 0.25 g water/g DM) and FSG1 (5.19 ± 0.09 g water/g DM) flours had a higher swelling power than FSF 
(4.65 ± 0.06 g water/g DM). The lowest swelling values were observed with sprouted seed flours for 2, 3 and 4 days, 
which recorded 4.34 ± 0.06 respectively; 3.76 ± 0.16 and 3.82 ± 0.07 g water/g DM. The swelling power of the flours 
decreased after 1 day of germination.  

 
FSF: Raw sesame seed flour; FSG0: Sesame seed flour soaked for 24 hours; FSG1, FSG2, FSG3 and FSG4: Sesame seed flours sprouted for 1, 2, 3 and 4 

days 

Figure 4 Swelling powers of sesame seed flours in germination 

3.7. Solubility of flours 

The curves of the evolution of the solubility of flours of germinated sesame seeds presented on the whole, the same 
appearances; they grow with temperature (Figure 5).  

Sprouting increased the solubility of sesame flours. Indeed, germination time significantly influenced (p <0.05) 
solubility, which increased at 70 °C from 32.88 ± 0.88% for raw sesame flour to 52.30 ± 0.60% (FSG0) and 38.13 ± 
0.18% at the end of germination. On the other hand, FSG1 flour recorded the highest solubility at 90 °C (53.25 ± 0.71%). 
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FSF: Raw sesame seed flour; FSG0: Sesame seed flour soaked for 24 hours; FSG1, FSG2, FSG3 and FSG4: Sesame seed flours sprouted for 1, 2, 3 and 4 

days 

Figure 5 Solubility of sesame seed flours in germination 

4. Discussion 

Functional properties are defined as the set of physical and chemical properties affecting the behavior of proteins or 
carbohydrates in a formulation during the production, storage and consumption of food products [20]. They determine 
the application of food raw materials for various food products [21]. In view of the results obtained, germination has 
impacted the different functional properties of the flours. A significant difference (p <0.05) was observed between the 
water absorption capacities (WACs) of sesame seed flours (raw and sprouted). Indeed, the WAC of sprouted sesame 
seed flours increased with germination time and were higher than those of raw sesame seeds (unsprouted). This 
difference in absorption could be due to the lipid levels in these flours. In this regard, according to [22], the presence of 
lipids in large quantities in a flour reduces the ability of water to bind to particular substances, thus limiting the WAC. 
The decrease in the lipid level in sprouted sesame seed flours increased their ability to absorb more water. This result 
is similar to those of [23] and [24] which showed that the WAC of defatted breadfruit and sesame flours was higher than 
that of non-defatted flour. This increase could also be attributed synthesis of hydrophilic constituents (amino acid, 
amylose, amylopectin) during germination [25, 26], which has contributed to an increase in water interaction sites [27, 
28]. Moreover, according to [3], the size of the flour and starch grains and the carbohydrate content are thought to be 
the cause of the differences observed.  

The WAC, being an index of the maximum amount of water that a food product can absorb and retain [29], suggests that 
sprouted sesame seed flours, in view of the high values obtained, could be used in the formulation of certain foods such 
as sausages, pasta, processed cheese and bakery products [30] as well as certain cooked products [31]. Indeed, the 
higher the WAC of flour, the better the organoleptic characteristics [32]. 

FSG1 and FSG2 flours have higher solubility index (WSI) than FSF flour. This difference in solubility could be explained 
by the presence of soluble constituents that would be different from one flour to another [33]. In fact, the WSI reflects 
the extent of starch degradation and measures the amount of soluble substances released from the starch granules [34]. 
The high percentage observed for sprouted sesame seed flour (FSG1) could be due to starch degradation by amylolitic 
enzymes; which increased the solubility of the flour. However, such a result cannot be linked solely to starch, especially 
since, according to study of [35], sesame contains less than 1% starch. This increase could also be explained by the 
increase in soluble molecules resulting from the breakdown of lipids and fibers in flours [33, 26]. This index gives the 
affinity of a flour to disperse in water and to give a homogeneous solution [3]. Sprouting increases the solubility of 
sesame seed flours therefore, they can be used in the formulation of children's food and in the manufacture of beverages 
[36]. 

Bulk density (BD) determines the suitability of a flour to be easily packaged, which would facilitate the transport of a 
large quantity of it [37]. The BD depends on the intensity of the inter-particle forces and the size of the latter [38]. 
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Sprouting increased significantly (p <0.05) the BD of flours compared to that of raw seeds. This difference in DA would 
be due to the size of the particles which would be inversely proportional to the bulk density [39, 40]. Sprouted sesame 
seed flours would therefore be made up of finer particles than raw seeds. This would probably be due to the degradation 
of complex macromolecules into simple molecules under the action of intrinsic enzymes of seeds or extracellular 
enzymes of microorganisms [27, 41]. The higher the BD of a product, the greater the amount that can be packed in a 
specified space. Thus, sprouted sesame seed flours (except FSG0 and FSG1) would be easily packaged; which would 
facilitate the transport of a large quantity [37]. FSG0 and FSG1 flours with low density values could be used in the 
preparation of weaning foods because, nutritionally, a low bulk density promotes the digestibility of food products, 
especially in children because of their immature digestive system [31]. 

The porosity of a flour is a measure of its weight [42]. The study of the porosity of the different flours showed a 
significant increase (p <0.05) depending on germination times. The increase in porosity is due to the reduction in the 
moisture content of the flours during this process. Indeed, the decrease in the humidity level in a food leads to a greater 
production of air space, thus increasing its porosity [43]. The high porosity of the flours suggests that they could be 
useful in the formulation of infant food because, according to [22], High porosity promotes the digestibility of food 
products. 

The foaming capacity (FC) reflects the protein content of a flour, improving the texture, uniformity and appearance of 
the food [44]. A significant difference (p <0.05) was observed between FC of sesame seed flours (raw and sprouted). 
This variation can be attributed to a difference in the flour’s composition [45]. Indeed, the FC of a flour depends on its 
protein, lipid and carbohydrate content [46]. Thus, the increase in the FC, especially on the 1st day of germination 
(FSG1), would be due to the increase in the protein content in these flour [47]. It should be remembered that the 
incorporation of sprouted sesame seed flours into wheat flour has given convincing results, particularly for the 
manufacture of biscuits [48] and breads [49]. Consequently, the sesame seed flours obtained from the various processes 
can be used in the same fields (biscuit and bakery). 

The oil absorption capacity (OAC), which is the ability of a protein to absorb and retain oil in its structure, can be 
influenced by the lipophilic nature of proteins [50]. This is because the ability of a flour's protein to physically bind fat 
through capillary attraction is of great importance, as they act as a flavor retention agent and also increase the mouthfeel 
of food [33]. The OACs of sesame seeds flours varied significantly (p <0.05) from one flour to another and from one type 
of oil to another. In concrete terms, the OAC of sprouted sesame seed flours has decreased over time. The results 
obtained are contrary to those of [27] and [28] who have worked respectively on the tigernut (Cyperus esculentus) and 
sorghum (Sorghum bicolour L.) germinated. This difference may be due to the method used and the nature and 
biochemical composition of the seeds studied. The OAC of raw sesame seed flour is higher than that of sprouted sesame 
seed flours. This would be because raw sesame seed flour has more hydrophobic proteins than sprouted sesame seed 
flours [51]. 

The hydrophilic-lipophilic ratio values obtained ranged from 1.58 to 2.08 (raw sesame seed flour), 1.57 to 3.61 
(sprouted sesame seed flours). All of these values are greater than 1 and have increased depending on the processing 
time and the type of oil used. These results show that raw, sprouted sesame seed flours have a greater affinity for water 
than oil. This difference in affinity is explained by a large number of polar groups present in the flours of germinated 
sesame seeds having the greatest ratios. Therefore, they should preferably be used for the formulation of (bakery) 
products requiring a high water absorption capacity [52]. 

Swelling power (PG) is an important factor used to determine the amount of water absorbed by the food and the degree 
of swelling over a given period of time [53]. The slight swelling of sesame seed flours between 50 and 60 °C is due to 
the presence of lipids and proteins which, by forming complexes with the starch granules in the flours, prevent the 
penetration of water into the flours, thus limiting their swelling power [54]. The increase in the swelling of flours at 
70°C is due to changes in the physical state of the starch granules of the flours during hydrothermal treatments [55]. On 
the other hand, the decrease in the PG of flours beyond 1 day of germination would be attributed according to [56], to a 
reduction in the starch content in these flours. 

The solubility of sprouted sesame seed flours is higher than that of raw seeds. This result is explained by their high 
swelling power. In fact, under the effect of heat, the starch granules weaken and facilitate the penetration of water into 
them. During swelling, amylose exits the granule and amylopectin is highly hydrated. As the temperature increases, the 
granules tend to fragment and break, releasing polymer molecules and aggregates that solubilize in the medium [55]. 
Flours with high solubility would be digestible and therefore may be suitable in infant food formulations. They could 
also be used in the manufacture of beverages [36]. 
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5. Conclusion 

The functional properties (water absorption capacity, bulk density, foaming capacity, swelling power and solubility) of 
sesame seed flours sprouted have been improved significantly over time. On the other hand, the oil absorption capacity 
has been reduced. The flour obtained after 1 day of germination has higher solubility, bulk density and foaming capacity 
than those from other times. This suggests that this flour (FSG1) would be suitable in the preparation of infant food 
porridges. Overall, flours made from sprouted sesame seeds could be useful in cake making and baked goods due to the 
high water absorption. 

Compliance with ethical standards 

Disclosure of conflict of interest 

There are no conflicts of interest in connection with this paper, and the material described is not under publication or 
consideration for publication elsewhere. 

References 

[1] Farah BS. Characterization of the behavior of micronutrients of interest and antinutritional compounds in 
chickpeas and cowpeas during processing. End-of-cycle thesis. France: University of Montpellier; 2015. 

[2] Akubor PI, Chukwu JK. Proximate composition and selected functional properties of fermented and unfermented 
African oil bean (Pentaclethra macrophylla) seed flour. Plant Foods for Human Nutrition. 1999; 54(3): 227-238. 

[3] Diallo KS, Koné KY, Soro D, Assidjo NE, Yao KB, Gnakri D. Biochemical and functional characterization of the seeds 
of seven cultivars of voandzou [vigna subterranea (L.) verdc. fabaceae] cultivated in Ivory Coast. European 
Scientific Journal. 2025 ; 11(27) : 1857-7881. 

[4] FAO. The second report on the state of plant genetic resources for food and agriculture in the world (Rome), Italy, 
FAO. 2010; 402 p. 

[5] Elleuch M, Besbes S, Roiseux O, Blecker C, Attia H. Quality characteristics of sesame seeds and by-products. Food 
Chemistry. 2007; 103(2): 641-650. 

[6] Anilakumar KR, Pal A, Khanum F, Bawa AS. Nutritional, medicinal and industrial uses of sesame (Sesamum 
indicum L.) seeds-An overview. Agriculturae Conspectus Scientificus. (2010); 75(4): 159-168. 

[7] Boureima S, Diouf D, Cisse N. Besoins en eau, croissance et productivité du sésame (sesamum indicum L.) en zone 
semi-aride. Agronomie africaine. 2010 ; 22(2): 139-147. 

[8] Layat T. Quel est l’intérêt nutritionnel des graines germées. Pratiques en nutrition. 2010; p 51-56. 

[9] Devi CB Kushwaha A, Kumar A. Sprouting characteristics and associated changes in nutritional composition of 
cowpea (Vigna unguiculata). Journal of Food Science and Technology. 2015; 52(10): 6821-6827. 

[10] Herchi W, Bahashwan S, Sebei K, Ben Saleh H, Kallel K, Boukhchina S. Effects of germination on chemical 
composition and antioxidant activity of flaxseed (Linum usitatissimum L) oil. Grasas Aceites. 2015; 66(1): 1-8. 

[11] Kuo YH, Rozan P, Lambein F, Frias J, Vidal-Valverde C. Effects of different germination conditions on the contents 
of free protein and non-protein amino acids of commercial legumes. Food Chemistry. 2004; 86(4): 537- 545. 

[12] Brou K, Kouamé KSA, Dadié A, Djè KM, Gnakri D. Biochemical Changes Occurring During Germination and 
Fermentation of Millet and Effect of Technological Processes on Starch Hydrolysis by the Crude Enzymatic 
Extract of Millet. Journal of Applied Sciences Research. 2008; 4(11): 1502-1510. 

[13] Phillips RD, Chinnan MS, Branch AL, Miller J, Mcwatters KH. Effects of pre-treatment on functional and nutritional 
properties of cowpea meal. Journal of Food Sciences. 1988; 53(3): 805-809. 

[14] Anderson RA, Conway HF, Pfeiffer VF. Griffin. EL. Roll and extrusion cooking of grain sorghum grits. Cereal 
Science Today, 1969; 14: 372-375. 

[15] Narayana K, Narasimga RNMS. Functional properties of raw and heat processed winged bean (Psophocarpus 
tetra-gonolobus) flour. Journal of Food Science. 1982; 47(5):1534-1538. 

[16] Coffman CW, Garcia VV. Functional properties and amino acid content of a protein isolate from mung bean flour. 
Journal of Food Technology. 1977; 12(5): 473-484. 

https://www.researchgate.net/journal/0022-1155_Journal_of_Food_Science_and_Technology-Mysore


GSC Biological and Pharmaceutical Sciences, 2025, 33(02), 196-207 

206 

[17] Sosulski FW. The centrifuge method for determining flour absorption in hard red spring wheat. Cereal Chemistry. 
1962; 39: 344-350. 

[18] Njintang NY, Mbofung CMF, Waldron KW. In vitro protein Digestibility and physicochemical properties of dry red 
bean flour (Phaseolus vulgaris) flour: effect of processing and incorporation of soybean and cowpea flour. Journal 
Agricultural Food Chemistry. 2001; 49(5): 2465-2471. 

[19] Adebooye OC, Singh V. Physico-chemical properties of the flours and starches of two cowpea varieties (Vigna 
unguiculata (L. Walp). Innovative Food Science and Emerging Technologies. 2008; 9(1): 92-100. 

[20] Kilara A. Standardization of Methodology for Evaluating Whey Proteins. Journal Dairy Science. 1984; 67(11): 
2734-2744. 

[21] Odedeji JO, Adeleke RO. Pasting characteristics of wheat and sweet potato flour blends. Pakistan Journal of 
Nutrition. 2010; 9(6): 555-557. 

[22] Nelson-Quartey FC, Amagloh FK, Oduro I, Ellis WO. Formulation of an infant food based on breadfruit (Artocarpus 
altilis) and breadnut (Artocarpus camansi). Acta Hortic (ISHS). 2007; 757: 212-224. 

[23] Fasasi OS, Eleyinmia AF, Oyarekua MA. Effect of some traditional processing operations on the functional 
properties of African breadfruit seed (Treculia africana) flour. LWT-Food Science and Technology. 2007; 40(3): 
513-519. 

[24] Ogungbenle HN, Onoge F. Nutrient composition and functional properties of raw, defatted and protein 
concentrate of sesame (Sesamum indicum) flour. European Journal of Biotechnology and Bioscience. 2014; 2(4): 
37-43. 

[25] Igbabul BD, Amove J, Okoh A. Quality evaluation of composite bread produced from wheat, defatted soy and 
banana flours. International Journal of Nutrition and Food Sciences. 2014; 3(5): 471-476. 

[26] Khushnuma M, Haroon RN, Syed ZH, Abdul HR. Influence of soaking and germination on physico-chemical 
composition and functional properties of chickpea (var. SKUAST-233) flour. International Journal of Chemical 
Studies. 2017; 5(5): 1048-1054. 

[27] Chinma CE, Adewuyi O, Abu OJ. Effect of germination in the chemical, functional and pasting properties of flours 
from brown and yellow varieties of tiger nut (Cyperus esculentus). Food Research International. 2009; 
42(8):1004-1009. 

[28] Elkhalifa AO, Bernhardt R. Influence of grain germination on functional properties of sorghum flour. Food 
Chemistry. 2010; 121(2): 387-392. 

[29] Marero LM, Payumo EM, Librado EC, Lainez W, Gopez MD, Homma S. Technology of weaning food formulations 
prepared from germinated cereals and legumes. Journal of Food Science. 1989; 53(5): 1391-1395. 

[30] Olaofe O, Arogundad LA, Adeyeye EI, Falusi OM. Composition and food of the variegated grasshopper. Tropical 
Science. 1998; 38(4): 233-237. 

[31] Ijarotimi OS. Influence of germination and fermentation on chemical composition, protein quality and physical 
properties of wheat flour (Triticum aestivum). Journal of Cereals and Oil seeds. 2012; 3(3): 35-47. 

[32] Tyagi SK, Manikantan MR, Oberoi HS, Kaur G. Effect of Mustard Flour Incorporation on Nutrition, Textural and 
Organoleptic Characteristics of Biscuits. Journal of Food Engineering. 2007; 80(4): 1043-1050. 

[33] Kaushal P, Kumara V, Sharma HK. Comparative study of physicochemical, functional, antinutritional and pasting 
properties of taro (Colocasia esculenta), rice (Oryza sativa) flour, pigeonpea (Cajanus cajan) flour and their 
blends. LWT-Food Science and Technology. 2012; 48(1): 59-68. 

[34] Kumar A, Ramakumar P, Patel AA, Gupta VK, Singh AK. Influence of drying temperature on physico-chemical and 
techno-functional attributes of elephant foot yam (Amorphophallus paeoniifolius) var. Gajendra. Food Bioscience. 
2016; 16(1): 11-16. 

[35] Rizki H, Nabloussi A, Kzaiber F, Elharfi M, Ennahli S, Haddioui A, Hanine H. Evaluation of the Effects of Processing 
Parameters of Roasting on the Antioxidant Activity and Bioactive Molecules of Seeds Oil of Sesame (Sesamum 
Indicum. L). IOSR Journal of Environmental Science, Toxicology and Food Technology. 2016; 10(6): 84-92. 

[36] Kinsella JE. Relationships between structure and functional properties of food proteins. Applied Science 
Publishers London. Food proteins. 1982; 1: 51-103.  



GSC Biological and Pharmaceutical Sciences, 2025, 33(02), 196-207 

207 

[37] Shittu TA, Sanni LO, Awonorin SO, Maziya-Dixon B, Dixon A. Use of multivariate techniques in studying flour 
making characteristics of some cassava mosaic disease resistant cassava clones. African Crop Science Conference 
Proceedings. 2005; 7(2-3): 621-630. 

[38] Gbadamosi SO, Oladeji BS. Comparative studies of the functional and physicochemical properties of isolated 
Cassava, Cocoyam and Breadfruit starches. International Food Research Journal. 2013; 20(5): 2273-2277. 

[39] Ehui FH, Djedji C, Sako A, Amani NG. Propriétés fonctionnelles des amidons de six variétés sélectionnées de 
manioc (Manihot esculenta CRANTZ). Agronomie Africaine. 2009; 21(1): 83-92. 

[40] Iheagwara MC. Physicochemical and retrogradation characteristics of modified sweet potato (Ipomoea batatas L. 
(Lam)) starch. Journal of Agricultural and Food Technology. 2012; 2(3): 49-55. 

[41] Mares LMN, Passos MC, Menezes CC. Interference of germination time on chemical composition and antioxidant 
capacity of white sesame (Sesamum Indicum). Food Science and Technology. 2017; in press. 

[42] Adejuyitan JA, Otunola ET, Akande EA, Bolarinwa IF, Oladokun FM. Some physicochemical properties of flour 
obtained from fermentation of tigernut (Cyperus esculentus) sourced from a market in Ogbomoso, Nigeria. African 
Journal of food Sciences. 2009; 3(2): 51-55. 

[43] Oluwamukomi MO, Akinsola OO. Thermal and Physicochemical Properties of Some Starchy Foods: Yam 
(Dioscorea rotundata), Cocoyam (Xanthosoma sagittifolium) and Plantain (Musa paradisiaca). Food Science and 
Technology.2015; 3(1): 9-17.  

[44] Akubor PI. Chemical, functional and cookie baking properties of soybean/maize flour blends. Journal of Food 
Science and Technology. 2007; 44(6): 619-622. 

[45] Shevkani K, Singh N, Kaur A, Rana JC. Physicochemical, Pasting, and Functional Properties of Amaranth Seed 
Flours: Effects of Lipids Removal. Journal of Food Science. 2014; 79(7): 1-7. 

[46] Ma Z, Boye JI, Simpson BK, Prasher SO, Monpetit D, Malcolmson L. Thermal processing effects on the functional 
properties and microstructure of lentil, chickpea, and pea flours. Food Research International. 2011; 44(8):2534-
2544. 

[47] Brou K, N’Da-Kouassi AM, Kouadio JH, Guehi T, N’Guessan KF, Gnakri D. Biochemical Characterization and 
Functional Properties of Weaning Food Made from Cereals (Millet, Maize) and Legumes (Beans, Soybeans). 
Journal of Food Chemistry and Nutrition. 2013; 1(1): 22-32. 

[48] Olagunju AI, Ifesan BOT. Nutritional Composition and Acceptability of Cookies Made from Wheat Flour and 
Germinated Sesame (Sesamum indicum) Flour Blends. British Journal of Applied Science & Technology. 2013; 
3(4): 702-713. 

[49] [49] Moktan K, Ojha P. Quality evaluation of physical properties, antinutritional factors, and antioxidant activity 
of bread fortified with germinated horse gram (Dolichus uniflorus) flour. Food Science & Nutrition. 2016; 4(5): 
766-771. 

[50] Kinsella JE. Functional properties of soy proteins. Journal of American Chemistry Society. 1979; 56(3): 242-258. 

[51] Lawal OS, Adebowale KO. Effect of acetylation and succinylation on solubility profile, water absorption capacity, 
oil absorption capacity and emulsifying properties of muncuna bean (Mucuna pruriens) protein concentrate. 
Nahrung/Food. 2004; 48(2): 129-136. 

[52] Aremu MO, Olonisakin A, Atolaye O, Ogbu CF. Some nutritional and functional studies of Prosopis Africana. 
Electron. J. Environ. Journal of Agricultural and Food Chemistry. 2006; 5(6): 1640-1648. 

[53] Ijarotimi OS, Keshinro OO. Comparison between the amino acid, fatty acid, mineral and nutritional quality of raw, 
germinated and fermented African locust bean (Parkia biglobosa) flour. Acta Scientiarum Polonorum 
Technologia Alimentaria. 2012; 11(2):151-165. 

[54] Ogawa Y, Glenn GM, Orts WJ, Wood DF. Histological structures of cooked rice grain. Journal of Agriculture and 
Food Chemistry. 2003; 51(24): 7019-7023. 

[55] James PC. Pulp and Paper Chemistry and Chemical Technology, John Wiley et sons, New York, 3ème edition 
volume III. 1980; chapitre 14:1475-1508. 

[56] Benitez V, Cantera S, Aguilera Y, Molla E, Esteban RM, Diaz MF, Martin-Cabrejas MA. Impact of germination on 
starch, dietary fiber and physicochemical properties in non-conventional legumes. Food Research International. 
2013; 50(1): 64–69. 


