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Abstract:  

 

Malting, as a simple and low cost food-processing step, could be an efficient and beneficial approach to 

improve the nutritional value of cereal grains used in infant preparations. Malted corn and amaranth grains 

might be considered as good alternatives for common wheat-based infants’ weaning products, especially in 

case of those suffering from celiac disease. In the present study, the effect of germination temperature and 

duration on the main nutrients of malted corn and amaranth grains were evaluated and optimized. Grains 

were germinated for 24, 36, and 48 hr at 22, 26 and 30 °C. In the case of corn, germinating for 48 hr at 30 °C 

resulted into an overall 17% increase in protein availability, 10% increase in total energy, and 60% reduction 

in resistant starch contents. For amaranth, germinating for 48 hr at 26 °C was preferable, resulting in 8% 

increase in protein, 11% increase in total energy, 70% reduction in resistant starch, and a 10% increase in the 

linoleic acid content. Based on the obtained results, an optimized malting process may be employed as an 

effective food processing approach for improving the nutritional characteristics of corn and amaranth grains.  
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1 INTRODUCTION  

Early childhood nutrition is crucial, since it constitutes the foundation of adult productivity.   in order to 

sustain normal growth and development, introduction of supplementary products, such as weaning foods is 

necessary (Anigo et al., 2009; Lombard & Labuschagne, 2013; Sajilata et al., 2002; Shobana et al., 2012). 

However, as the first infants’ semisolid staple nutrients may have short-term effects throughout the infancy 

and long-term consequences on the adulthood health, the weaning foods should possess some special 

characteristics and be formulated with care (Najdi Hejazi, 2012; Pearce & Langley-Evans, 2013a ;). In the 

last few decades, amaranth grain has been gaining attention in the scientific research community as one of 
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the most promising pseudo-cereals as it contains appreciable amounts of high-quality protein, lipid, 

carbohydrates, and dietary fibers (Rastogi & Shukla, 2013). Amaranth is rich in lysine, which is an essential 

amino acid, especially in case of weaning products. Besides, amaranth has low levels of saturated fatty acids 

and is recognized as a hypocholesterolemic grain (Berger et al., 2003). Like corn, amaranth is categorized in 

the gluten-free grain group, making it a suitable pseudo-cereal to be consumed by infants suffering from 

gluten allergies (Alvarez-Jubete et al., 2010a; Saturni et al., 2010). Malting/germination is a simple 

traditional food processing operation that can improve the nutrient availability of cereal grains (Hejazi & 

Orsat, 2015; Subba Rao & Muralikrishna, 2002). Through this in-vivo biotransformation process, a drastic 

enhancement in the hydrolytic enzymes occurs, which improves the bio-availability of proteins, 

carbohydrates, vitamins, and minerals (Hejazi et al., 2015; Malleshi & Klopfenstein, 1998). In the presence 

of boiled water or milk, the included amylases in the malted flour hydrolyze starch into sugars which results 

into a good taste, low bulk, and nutrient-dense slurry that can be used as an infant weaning food (Malleshi & 

Desikachar, 1982). Germination duration and temperature are the two main factors to be monitored in the 

malting process.  In the present study, a thorough investigation of the effects of temperature and duration on 

the malting process of corn and amaranth grains has been performed. Following the outcomes, the selected 

design factors were optimized to enhance the nutrient characteristics of the processed flours. Based on the 

resulted nutritional profiles, corn and amaranth flours are found as good substitutes for wheat and rice that 

are currently the main ingredient in the weaning food industry.  

II  MATERIALS AND METHODS  

The sproutable corn seeds and amaranth grain was purchased from a local market.  Malting/Germination 

process corn and amaranth grains were cleaned and soaked in distilled water for 24 hr. The grains were kept 

on a germination cloth at 22, 26, and 30 °C for 24, 36, and 48 hr until the rootlets appeared. Germinated 

seeds were freeze-dried, grounded in and stored at 4 °C until further analysis.  

Nutrient components were monitored according to the following methods.  

 Dry matter: Dry matter (DM) was determined using the AACC protocol (AACC, 1999).  

 Ash content: Ash content was analyzed applying the standard AOAC protocol (Helrich, 1990).  

 Fiber content: Fiber content was determined based on the Van Soest et al. (1991) method  

 Total protein: Total protein was quantified by the Bradford method.   

 Total fat: Total fat content of samples was analyzed using ether extracts following the standard 

AOAC procedure. 

 Fatty acids: Fatty acids were made volatile by converting them into methyl esters. The conversion of 

fatty acids to methyl esters was carried out directly by trans esterification i.e., from glycerol to ester 

to methyl ester. The esters were identified and quantified by injection into a Gas Chromatograph 

(GC) and by comparing with a set of standard esters. Briefly, the fat content of malted corn and 

amaranth samples was extracted by centrifugation at 15,000 ×g for 25 min and 0.5 g of fat was used 

for fatty acid methyl ester synthesis (O’Fallon et al., 2007). The tridecanoic acid was used as 

standard.   

 Resistant, digestible, and total starch: Total starch content is composed of two portions; resistant 

starch (RS) and digestible starch (DS). RS is the portion of starch that is not broken down by human 

enzymes in the small intestine, while it is partially or wholly fermented by the gut bacteria in the 

large intestine. Resistant starch is mainly recognized as an important part of dietary fiber, which 

functions as a prebiotic. The rest of total starch is considered as the soluble or digestible starch. The 

starch contents of the samples were determined using Megazyme Starch Assay Kit (Odenigbo et al., 

2014). Briefly, milled and freeze dried samples (100 ± 0.5 mg) were hydrolyzed using pancreatic α-

amylase (10 mg/ml) solution containing amyloglucosidase (AMG) and incubated for 16 hr at 37 °C 

with vigorous agitation. Thereafter, samples were centrifuged and washed three times with ethanol 

(two times with 99% and one time with 50% v/v). The resulted pellets from supernatants were 

digested with KOH (2M). Digested pellets and supernatants were incubated with AMG, separately. 

The absorbance of the released D-glucose was measured using glucose oxidase-peroxidase (GOPOD) 

as the working reagent at the wavelength of 510 nm. The glucose contents of the supernatant and 
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digested pellet were used in the calculation of the digestible starch (DS) and resistant starch (RS) 

respectively by applying the factor of 0.9. Total starch (TS) content was reported as the sum of DS 

and RS in g/100g db.  

 Gross energy Gross energy (GE) of the processed corn and amaranth flour samples was determined 

using an oxygen bomb calorimeter (Bakari & Ngadi, 2013).  

 

III  RESULTS AND DISCUSSION 

Based on the designed germination steps, the nutrients of interest were monitored for corn and 

amaranth sprouts. The obtained results are presented in the following subsections.  

III.1 Digestive, resistant, and total starch 

 

Total starch content along with its digestible and resistant components was evaluated following the 

methodological approach. Results were compared for Germination temperature (22 °C, 26 °C, and 30 °C) 

and germination duration (24 hr, 36 hr, and 48 hr). Values are presented as their averages (from triplicate 

measurements) and the corresponding Standard Deviation (SD). Based on the selected unit, g/100 g db, 

numbers indicate the mass fraction of each component. Results can be compared with those of the native 

grains (control). In order to highlight the importance of the germination process on the starch fractions, a 

second averaging step was performed over all of the germination treatments. By comparing the obtained SD 

with averaged magnitudes, it was observed that germination treatments significantly altered the resistant 

starch of corn (SD/average = 90%), and both the resistant (23%) and digestible starch (8%) contents of 

amaranth grains.   

All germination treatments were compared with those of native samples, and the variation of each 

component (percentage) was evaluated. Resistant starch notably changed during germination. 70% reduction 

in resistant starch content of corn was achieved, where grains were germinated for 48 hr at 30 °C.  It is 

observed that this decrease is directly correlated with germination duration and temperature. Similarly, 

resistant starch is negatively correlated with the germination duration for amaranth grain. This means that 

one can expect continuous reduction of the resistant starch content as germination duration increases.   

No alteration was not observed in the digestible starch content of corn sprouts. A significant reduction was 

observed for amaranth grain. For amaranth, digestible starch reduced from its original 61.6% for native 

grains to 50.0% for (germinated for 48 hr at 22 °C) showing a 17% reduction. During germination, the 

amylase inhibitory activities decreased. which results into the migration of the amylase enzyme that is 

synthesized at the scutellum and aleurone layer of the starchy endosperm (Mangala et al., 1999). As a result, 

starch is partially hydrolyzed (Elkhalifa & Bernhardt, 2010). The observed increase in the reducing and non-

reducing sugars is usually associated with the hydrolysis of starch into its shorter polysaccharides chains 

(Okoth et al., 2011). 

 

III.2 PROTEIN, FAT, AND FATTY ACIDS 

 

The results for protein, fat, and fatty acids contents of corn and amaranth native grains and sprouts 

are seen. Again, having relatively high SD values after averaging among all native and germinated cases 

(around 13%) indicated that the germination treatments altered these nutrient quantities. while germination 

duration was a significant term for protein content in corn and amaranth grains, temperature showed a 

different behavior. For corn, the protein content was linearly governed by temperature, while this 

dependency was not so for amaranth.   For amaranth grain, despite 10 to 15% changes in fat and fatty acids, 

no particular association between these quantities and the selected germination factors were seen. 

 

For corn grain, it was observed that as germination duration or temperature increased the protein 

content increased. Germination of corn for 48 hr at 30°C resulted into the maximum protein content (6.52%), 

showing a 15% increase compared to the native grains. Amaranth has higher protein content (15%) in its 

native form when comparing with corn. Similarly, the germination process increased this value up to around 

17.8% for sprouts germinated at 26°C and for 36 hr. it was observed that the protein content was altered with 
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both germination duration and temperature. The observed increase in protein content is directly correlated 

with the reduction of starch content during germination. Within cereal grains, protein granules are 

surrounded by starchy cells. This restricts protein bio-availability of native grains. During germination, the 

amylolytic activity (α-amylase) increases which breaks down the starch granules and consequently increases 

the protein availability (Traoré et al., 2004). 

 

The reduction in lipid content was mainly due to the enhanced activity of the lipase enzyme and lipid 

metabolism during grain sprouting (Vasishtha & Srivastava, 2012). Total fat of corn has been assessed to be 

around 1.5% (Obilana, 2003a). The low fat content of corn, results into its superior storage capabilities due 

to limited lipidvoxidation. The total fatty acids content of corn was reported at 0.7%, where oleic acid and 

palmitic acid were assessed to be the major non-essential fatty acid components with contents of 42% and 

29%, respectively. Linoleic acid   and alpha-linolenic acid contents were evaluated to be 19.2% and 3.4% 

respectively.  

  

For amaranth grain, the overall average oil content was 5.0%. The reported average contents of the 

three major fatty acids in amaranth grain, which are linoleic, oleic,and palmitic, were 42, 27, and 20%, 

respectively. it was observed that linoleic acid was increased during the germination treatments for both corn 

and amaranth grains. This fatty acid may convert to arachidonic acid, which is the most abundant fatty acids 

in the brain and is involved in infants’ neurological development. 

 

III.3  ASH AND ENERGY 

 

The ash content was decreased throughout germination with a strong dependency on both 

temperature and duration. The energy content increased during germination with a direct dependency on 

germination duration. Effect of temperature on the assessed energy was important for corn and amaranth 

sprouts, respectively. The fiber contents of both corn and amaranth grains increased for germinated at 26 °C, 

while lower values were obtained for those at 22 and 30 °C. This was mostly associated to the cell wall 

degradation during sprouting processes.  Both germination duration and temperature influenced the 

reduction of ash content during germination. The reduction was mostly due to leakage of minerals, anti-

nutrients, and other soluble compounds during the soaking and germination stages. The energy content of the 

malted grains increased during germination with a direct dependency on the germination duration.   

 

III.4  FATTY ACIDS COMPOSITION 

 

Fatty acid compositions were determined for the germination treatments for corn and amaranth 

grains, respectively. For corn: oleic acid methyl ester was the main fraction with 43.2% of total fatty acids in 

the native grains. This fraction slightly decreased during germination treatments. Following oleic acid 

methyl ester, palmitic acid with 25.8% and linoleic acid methyl ester with 18.2% were the main fatty acid 

fractions in the corn grains. During germination, these fatty acids slightly increased. Linolenic acid methyl 

ester, stearic acid, and palmitoleic acid possessed lower fractions with 3.2%, 1.5%, and 0.2%, respectively. 

 

In the case of amaranth grains, more fatty acid compounds were determined to be significant. Unlike 

corn, linoleic acid methyl ester was the main fraction with 44.0% in native grains. Germination increased 

this acid fraction up to 48.7%. Oleic acid methyl ester and palmitic acid with 24.6% and 16.1% were the 

next main fractions. While oleic acid methyl ester decreased during germination, palmitic acid did not show 

any significant change. Eicosapentaenoic acid with 2.9% and stearic acid with 3.12% were the next 

important fractions. Eicosapentaenoic acid significantly reduced during germination, where 1.2% was 

obtained. Arachidic acid, paullinic acid, ginkgolic acid , behenic acid, margaric acid, lignoceric acid, and 

linolenic acid methyl ester were low fraction fatty acid compounds with 0.5%, 0.4%, 0.4%, 0.29%, 0.25%, 

0.2%, and 0.2%, respectively. While most of these fatty acid components did not show a notable change 

during germination. 
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IV CONCLUSION 

In the present study, malting of corn and amaranth grains improved starch digestibility and protein 

availability, which are critical nutrient components for infants growth. It also enhanced energy content and 

essential fatty acids, especially the linoleic acid content which is required for infants optimal mental 

development. As for the main nutrient components, protein increased by 15% in corn after germinating for 

48 hr at 30 °C, while an 10% increase in amaranth protein content was observed for germinated grains at 

26°C for 36 hr. Linoleic acid was maximized when amaranth and corn grains were germinated at 26 °C for 

48 hr. Resistant starch decreased by 70% in corn sprouts germinated for 48 hr at 30 °C. Similarly, 60% 

reduction in resistant starch content was observed for amaranth grain, germinated at 26 °C and for 48 hr. 

Energy content roughly increased by 15% after germinating for 48 hr in both grains (maximized at 26 and 30 

°C for amaranth and corn, respectively). Based on the obtained data, germination of amaranth and corn for 

48 hr was optimized. As for temperature, while 30 °C should be preferably used for corn germination, this 

value was slightly lower (26 °C) for amaranth grain. 

Germination of these grains for 48 hr resulted into the best nutrient combinations. As for the temperature of 

these treatments, 30°C and 26°C were suggested for both, respectively. The selected grains have required 

amounts of phenolic compounds, with numerous health benefits. These components act as natural 

antioxidant in the body and prevent many cell malfunctions, especially during infancy, when the body 

organs are developing.   
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