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ABSTRACT  

The research aimed to study the effect of the germination process on the chemical 

composition and content of phenolic compounds, phytic acid, mineral elements 

and amino acids of locally grown maize. The results of the chemical composition 

of the non-germinated maize showed that the content of protein, fat, ash, moisture, 

fiber, and carbohydrates were (7.75 - 10.271 - 1.46 - 6.79 -3.173 -70.886) respec-

tively, while the results of germinated maize were from protein, fat, ash, fiber, car-

bohydrates (9.13- 9.167 -1.27- 5.93- 4.822- 69.861) respectively. As for the num-

ber of phenolic compounds, it increased after germination, as it reached germinated 

yellow maize compared to non-germinated maize (159 mg/gm-145 mg/gm) re-

spectively, in addition to germination, it reduced the amount of phytic acid in ger-

minated maize compared to non- germinated maize, which amounted to (2.8 

mg/100gm). -48.9 mg/100 g) respectively. The percentage of mineral elements, 

iron, phosphorous, magnesium, potassium, zinc, and calcium for germinated maize 

reached (0.2883-3.87 -0.139-0.078 - 7.76-23.4), respectively. As for non-germi-

nated maize, the percentage of iron, phosphorous, magnesium, potassium, zinc, 

and calcium (0.2811-3.43 -0.142-0.086-17.5-21.4) respectively. The effect of ger-

mination on the proportion of amino acids: the results showed that germination led 

to an improvement in the proportion of some essential and non-essential amino 

acids. 
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INTRODUCTION 

Yellow corn (Zea mays L.  ) is an important annual cereal crop belonging to the 
family Poaceae, as the word Zea in the Latin language means stable life, while the 
word mays is the giver of life. One of the most famous crops in the world and the 
third most important crop after wheat and rice, it is considered a staple food for 
many people due to its high nutritional value and being a relatively stable food crop 
that grows within multiple climatic environments. The global production of maize 
reached 967 million tons/year 1. Zea mays L. maize contains many essential nutri-
ents, including carbohydrates, protein and fat, and its content of amino acids. It is 
a good source of many vitamins, including vitamins C, K, B1, B2, B6, E, and folic 
acid, as well as its high content. It contains selenium, potassium, calcium, iron and 
copper, in addition to containing what is known as phytochemicals, such as 
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carotenoids and phenolic compounds, which contribute to protecting humans from 
many chronic diseases. It also contains an abundant amount of fiber. Corn seeds 
are the main source of 45-50% of cooking oil, as well as the oil's high content of 
unsaturated fatty acids 2. The germination of yellow corn seeds begins when the 
grains come into contact with the field moisture, where water begins to enter the 
grain through the cover of the grain. Then, the grain takes physical and chemical 
changes to push the main axis of growth and elongation. The percentage of phe-
nolic compounds increased from 1.7 to 2.7 mg/kg 3. Explained the effects of ger-
mination, fermentation and germination with fermentation on the content of pro-
tein, fat, fiber, moisture and niacin in maize cultivars ZM 607 and Tamira Pool A9, 
which led to a significant increase in germination and fermentation. (P 0.05) in the 
protein and niacin content in both types of maize, the niacin content in ZM 607 
increased from 1.2 to 11.5 mg/kg, and the fat and fiber content decreased in both 
ZM 607 and Tamira Pool after fermentation and germination 4. The effect of ger-
mination on minerals, vitamins and some functional properties of sprouted maize 
grains, as the levels of mineral elements (calcium, magnesium, iron, sodium and 
potassium) were increased for maize samples germinated from non-sprouted 
maize, and it was found that germination led to a significant increase in the contents 
of vitamins (A, B1, C, D). Therefore, germination is an effective treatment method 
for increasing vitamins and bioavailability of minerals as well as improving the 
functional properties of yellow corn flour, including the ability to absorb water and 
oil 5. The interaction of phytates and phenolic compounds with minerals is im-
portant in grains and legumes, as fermentation and germination are commonly used 
to disrupt these reactions and to make nutrients and phytochemicals free and avail-
able to digestive enzymes 6. Therefore, the research aimed to study the effect of 
the germination process on the chemical composition and content of phenolic com-
pounds, phytic acid, mineral elements and amino acids of locally grown maize. 

MATERIALS AND METHODS 

Yellow corn kernels 

The maize kernels of the al-maha variety were used, which is a synthetic variety 
derived locally by the research staff of the Public Authority for Agricultural Re-
search, harvested in the year (2021), and it is considered one of the best locally 
produced varieties prepared by the Agricultural Research Department / Yellow 
Maize Research Department. Germination process: The method mentioned in 7 was 
followed with some modifications. The corn kernels were cleaned of impurities, 
washed and then soaked in water for 16 hours, then placed in plastic trays contain-
ing a piece of medical gauze to prevent contamination and entered into the incuba-
tor at a temperature of 31 m away from the light for 48 hours with the humidifica-
tion process carried out every 6-8 hours per day. xxx8 mash, then fill in glass con-
tainers and store in the refrigerator until use. 

Chemical composition 

The percentage of protein, fat, ash, fiber, moisture and carbohydrates was esti-
mated for samples of germinated maize and non-germinated maize, as stated in 8. 

Determination of phenolic compounds 

The proportion of phenolic compounds was estimated using the method presented 
in 9. 

Determination of phytic acid 

Determination of phytic acid for samples of germinated maize and germinated 
maize flour in the Ministry of Science and Technology / Department of Environ-
ment and Water / Food Research Center by HPLC according to the method men-
tioned by 10. 
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Analysis of mineral elements 

The mineral elements were estimated using a flame photometer and atomic absorp-
tion device, and the method mentioned by 11. 

Determination of amino acids: 

The examination was conducted in the laboratories of the Ministry of Science and 
Technology / Department of Environment and Water using an amino acid analyzer 
(Korean origin). The method presented by the scientist was used 12.  

statistical analysis 

The statistical program Statistical Analysis System -SAS (2018) was used in data 
analysis to study the effect of different factors on the traits according to a complete 
random design (CRD), and the significant differences between the means were 
compared with the Least Significant Difference-LSD test. 

RESULTS  

The chemical composition of germinated and non-germinated corn:- 

It is clear from Table (1) a comparison between the chemical composition germi-
nated maize and non- germinated maize, where the results showed the percentage 
of protein in germinated maize 9.13%, while non- germinated maize 7.75%, it was 
found from the results an increase in protein after the germination process and this 
increase depends on the type of grain or seed as Illustrated by 13. The increase in 
proteins is due to dry weight loss as some carbohydrates and fats are used during 
respiration, and some amino acids are synthesized during germination 14,15. This 
result is consistent with the results of 16, where an increase in the percentage of 
protein after germination of buckwheat for 72 hours was found due to the higher 
rate of protein synthesis compared to the proteolysis. As for fats, there was a de-
crease in the percentage after germination. It was 10.271% for maize before ger-
mination, while after germination, it was 9.167%, as shown in Table (1). We also 
noticed a decrease in the percentage of ash after the germination of corn; it was 
1.46% before germination, but after germination, it decreased to 1.27%, as shown 
in Table (1). From the same Table, we notice a decrease in the percentage of mois-
ture, which was 6.79 % before germination. However, after germination, it became 
5.93% due to the drying processes that occur after the germination process, which 
is one of the main and important stages to end the germination process, as indicated 
by the researcher 17. In addition, it is important to increase the storage period be-
cause it reduces the moisture content in it, which reduces the growth of microor-
ganisms, which was explained by the researcher 18. As for the percentage of fibers, 
it increased in germinated maize compared with non-germinated maize, where the 
percentage before germination was 3.173% and increased after germination to 
4.822% as stated in Table (1). As shown in Table (1), the percentage of carbohy-
drates decreased in the germinated maize, as it was 70.886% before germination, 
but after germination, it decreased to 69.861%. As for the calories in maize, it de-
creased from 406.983% before the germination process to 398.467% after the ger-
mination process. 
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aize 

value LSD 
germinated maize non- germinated  maize % components 

1.36 * 9.13 7.75 Protein 

0.784 NS 9.167 10.271 fat 

0.291 NS 1.27 1.46 ash 

1.082 NS 5.93 6.79 moisture 

0.662 * 4.822 3.173 fiber 

3.79 NS 69.861 70.886 carbohydrates 

17.6 NS 398.467 406.983 
Calories Kcal/ 

100g 
Table 1. The chemical composition of germinated and non-germinated. *P≤0.05 )،  NS) : insignificant 

 

Determination of phytic acid in corn before and after germination: 

Table (2) shows the values of phytic acid in germinated and non-germinated maize, 
and according to the statistical examination of the content of phytic acid in corn, 
there were significant differences after germination at the probability level (P < 
0.05). 2.8) mg / 100 g, while before germination, it was (48.9) mg / 100 g. The 
decrease after germination is due to the increase in the activity of the phytase en-
zyme, which analyzes and reduces the level of phytic acid. Phytic and then reduce 
its amount in foods processed from it.  
 
 

Phytic acid concentra-

tion 

mg/100 g 

Concentration of total phenolic compounds 

mg/g 
Sample 

2.8 159 Germinated maize 

48.9 145 
non-Germinated 

maize 

6.271 *  12.65 *  Values LSD 
 

Table 2. Phytic acid content and total phenolic compounds in Germinated and non-germinated maize.*(0.05>P) 

 

 

Content of total phenolic compounds in Germinated and non- Germinated 
maize:- 

Through the extraction method and using the standard curve of gallic acid, the 
amount of total phenolic compounds in Germinated and non-germinated corn was 
determined in mg/g. After germination, its ratio became 159 mg/g. The results after 
germination showed significant differences at the probability level (P < 0.05) in 
the statistical analysis of the concentration of total phenolic compounds in corn.  

Mineral content of Germinated and non- Germinated maize:- 

Table (3) shows the mineral element content of the corn before and after the ger-
mination process. The results showed that the corn contains 6 metallic elements, 
which are as follows (iron, phosphorous, magnesium, potassium, zinc, and cal-
cium), where the value of the elements before the germination process was (0.2811, 
3.43, 0.142, 0.086, 7.51, 21.4), respectively. As for after germination, a difference 
was found in the results. We noticed an increase in most elements after the germi-
nation process, such as (iron, phosphorous, zinc, and calcium).  
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Values LSD germinated maize non- germinated maize metallic elements (mg/100g) 

0.022 NS 0.2883 0.2811 Iron 

0.492 NS 3.87 3.43 phosphorous 

0.028 NS 0.139 0.142 magnesium 

0.025 NS 0.078 0.086 potassium 

0.371 NS 7.76 7.51 zinc 

1.86 * 23.4 21.4 Calcium 
 

Table 3. Mineral content of germinated and non-germinated maize insignificant   ، NS: (P≤0.05)    *  

 

The percentage of amino acids in Germinated and non- Germinated maize 
protein:- 

Table (4.4) shows the number of amino acids in Germinated and non-germinated 
maize. It was noted that there were 13 amino acids in Germinated and non-germi-
nated maize. The number of essential amino acids was 7, namely (methionine, phe-
nylalanine, valine, lysine, leucine, histidine, and threonine). The percentages of 
amino acids for germinated maize were (279.9, 114.8, 88.9, 214.9, 158.9, 36.9, 
94.9) mg/100 g, respectively, while the non-germinated maize reached (214.8, 
88.6, 74.9, 174.6, 125.6, 24.6, 74.5) mg. /100 g respectively. As for the non-essen-
tial amino acids in Germinated maize, it was 6 (aspartic, glutamic, arginine, pro-
line, alanine, and finally serine) (59.8, 74.9, 120.5, 82.4, 69.8, 104.8) mg / 100 g, 
respectively as for in non- germinated maize reached its  (59.8, 74.9, 120.5, 82.4, 
69.8, 104.8) mg. /100 g where the results showed a clear increase in the essential 
and non-essential amino acids in corn after germination, to increase the solubility 
of protein complexes after the germination process.  

 

 Values LSD germinated maize non- Germinated maize 
Amino acid 

µg/gm 

Essential amino acids  
 25.07 * 279.9 214.8 Methionine 

 13.52* 114.8 88.6 Phenylalanine 

 6.91 * 88.9 74.9 Valine 
 18.47 * 214.9 174.6 Lysine 

 16.95 * 158.9 125.6 Leucine 
 7.30* 36.9 24.6 Histidine 
 11.06 * 94.9 74.5 Threonine 

Non-Essential amino acids  
 7.41 * 74.9 59.8 Aspartic acid 
 7.55 * 89.7 74.9 Glutamic acid 

 16.38 * 148.9 120.5 Arginine 

 11.94 * 102.6 82.4 Proline 
 8.52 * 94.8 69.8 Alanine 
 13.67 * 174.9 104.8 Serine 

 *(P≤0.05)  

Table 4. The percentage of amino acids in Germinated and non- Germinated maiz e protein 
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The proportion of fatty acids in Germinated and non- Germinated maize     

Table (5) shows the percentage of fatty acids in Germinated and non-germinated 
maize, where it was observed that there are 8 types of fatty acids in corn, which 
are as follows (palmitic, stearic, oleic, linoleic, linolenic, arachidonic, saturated 
fatty acids, and unsaturated fatty acids). The percentage of fatty acids before ger-
mination reached (13.5, 3.6, 29.4, 51.1, 2.2, 0.24, 17.1, 82.94) respectively. In con-
trast, the results of fatty acids for maize after germination became (14.8, 2.9, 28.8, 
50.8, 2.3, 0.44, 17.7, 82.34 respectively, the results were found to vary between 
increase and decrease, as the results showed a decrease in fatty acids in (stearic, 
oleic, linoleic, unsaturated fatty acids) and the increase in fatty acids was (palmitic, 
linolenic, Arachidonic, saturated fatty acids). 

 

Fatty acid % non- germinated maize germinated maize L.S.D 

Palmatic(C16:0) 13.5 14.8 1.08 * 

Stearic( C18:0) 3.6 2.9 0.447 * 

Oleic (C18:1) 29.4 28.8 1.04 NS 

Linoleic (C18:2) 51.1 50.8 2.37 NS 

Lenolenic(C18:3) 2.2 2.3 0.41 NS 

Arachidonic (C20:4) 0.24 0.44 0.147 * 

Total saturated fatty acid (TSFA) 17.1 17.7 1.06 NS 

Total unsaturated fatty acid (TUFA) 82.94 82.34 2.59 NS 
 

Table 5. The percentage of fatty acids in Germinated and non- Germinated maize *insignificant NS :(P≤0.05) 

DISCUSSION 

The germination effect on carbohydrates largely depends on the activation of hy-
drolytic enzymes and enzymes, resulting in a decrease in starch and an increase 
in simple sugars in a time-dependent manner. Additionally, it facilitates germina-
tion and enzymatic hydrolysis of carbohydrates into simple sugars by activating 
endogenous enzymes such as α-amylase and thus improving digestibility 19. As a 
result of starch hydrolysis, it provides energy for seed development 16. 

The results are in agreement with study 20, where he studied the percentage of 
phytic acid in wheat flour, where he noticed a decrease between the results before 
and after germination of wheat, and the values were (25.9, 6.3) mg / 100 g, respec-
tively. 
The results of this study were better than those suggested by 22, who investigated 
how improved functional qualities of wheat flour affect germination temperature, 
impregnation time and duration. 
The results after the germination process reached (0.2883, 3.87, 7.76). , 23.4) mg 
/ 100 g, respectively, and that this increase was due to the enzyme phytase, which 
works on the decomposition and reduction of phytic acid, which is one of the 
chelating factors, as it holds the two- and three-valent mineral elements such as 
iron, zinc and calcium, as indicated by the researcher 22. 

This increase in amino acids is useful for human food as They bind to each other 
to form proteins and regulate the most basic functions in the body. It also works 
to regulate and maintain the body by converting to enzymes or hormones and 
providing the body with energy. Germination duration and germination condi-
tions, such as temperature, moisture, and oxygen, are associated with increased 
amino acid content 23. 
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CONCLUSIONS 

The results of the research showed that the process of germination of yellow corn 
has improved the properties of the chemical composition as well as improved the 
proportion of phenolic compounds and reduced the proportion of phytic acid. The 
results showed that germination improved the proportion of essential amino acids 
and essential fatty acids. 

References 

1. Rouf, TR & Prasad, Kamlesh & Kumar, Pradyuman. (2016). Maize—A potential source of human nutri-
tion and health: A review. Cogent Food and Agriculture. 2. 10.1080/23311932.2016.1166995. 

2. Kumar, D., & Jhariya, N. A. (2013). Nutritional, medicinal and economical importance of corn: A mini 
review. Research Journal of Pharmaceutical Sciences, 2, 7–8. 

3. Moharramnejad, S., O. Sofalian, M. Valizadeh, A. Asgari and M. Shiri .2015. Proline, glycine betaine, 
total phenolics and pigment contents in response to osmotic stress in maize seedlings. J. BioSci. Biotech-
nol., 4(3): 313-319 

4. Martin Patrick Ongol, Eugène Niyonzima, Innocent Gisanura, Hilda Vasanthakaalam. 2013. Effect of 
germination and fermentation on nutrients in maize flour. PAK. J. FOOD SCI., 23(4): 183-188. 

5. Mankambou Jacques Gnanwa , Jean Bedel Fagbohoun  , Kouamé Claude Ya , Sika Hortense Blei , 
Lucien Patrice Kouame.(2021). Assessment of Minerals, Vitamins and Functional Properties of Flours 
from Germinated Yellow Maize (Zea mays L.) Seeds from Daloa (Côte D’Ivoire). International Journal 
of Food Science and Nutrition Engineering 2021, 11(2): 35-42 DOI: 10.5923/j.food.20211102.01. 

6. Stanek M., Rotkiewicz T., Sobotka W., Bogusz J., Otrocka-Domagala I., Rotkiewicz A. (2015). The effect 
of alkaloids present in blue lupin (Lupinus angustifolius) seeds on the growth rate, selected biochemical 
blood indicators and histopathological changes in the liver of rats. Acta Vet Brno 84: 55-62. 

7. Eltayeb, Zakeyeldinn & Khalid, & Elballa, Mustafa & Jinghua, Chang & Zenda, Tinashe. (2018). Germi-
nation of Corn (Zea Mays L.) Cultivars Seed and Its Relationship to Field Performance under Semi - Arid 
Conditions. 10.9790/2380-1106023240. 

8. AACC. (2010). Approved Methods of the American Association of Cereal Chemists. 11th Edition. St. 
Paul, Minnesota, USA 

9. Ayoola, GA; Ipav,S.S.; Sofidiya,M.O.; Adepoju Beello, AA; Coker, HA and Odugbemi,T.O.(2008). Phy-
tochmical Screening and free Radical Scavenging Activities of the Fruits and Leaves of Allanblackia 
floribuna Oliv (Guttiferae) . International Journal of Health Research.1(2):87-93. 

10. Lehrfeld, J. (1989) . High-Performance Liquid Chromatography Analysis of Phytic Acid on a PH-Sta-
ble,Macroporous Polymer Column.Cereal Chemistry. 66(6):510-515. 

11. Dina M. T., Saif E. B. A., and Hamza M. A.T.(2014). Chemical Composition, Minerals and Antioxidants 
of the Heart of Date Palm from Three Saudi Cultivars Food and Nutrition Sciences, 5, 1374-1382Dziki, 
D. 

12. Scriver CR, Beaudet AL, Valle D, Sly WS, Childs B, Kinzler KW, Vogelstein B, eds. The Metabolic and 
Molecular Bases of Inherited Disease. 8th ed. New York, NY: McGraw-Hill, Inc; 2001;1665-2105. 

13. Otutu, O. L. , Ikuomola, D. S. , & Oloruntoba, R. O. (2014). Effect of sprouting days on the chemical and 
physicochemical properties of sorghum starch. American Journal of Food and Nutrition, 4, 11–20. 

14. Jan, R. , Saxena, D. C. , & Singh, S. (2017). Physico‐chemical, textural, sensory and antioxidant charac-
teristics of gluten e Free cookies made from raw and germinated Chenopodium (Chenopodium album) 
flour. LWT – Food Science and Technology, 71, 281–287. 

15. Ongol, M. P. , Nyozima, E. , Gisanura, I. , & Vasanthakaalam, H. (2013). Effect of germination and 
fermentation on nutrients in maize flour. Pakistan Journal of Food Sciences, 23, 183–188. 

16. Zhang, G. , Xu, Z. , Gao, Y. , Huang, X. , & Yang, T. (2015). Effects of germination on the nutritional 
properties, phenolic profiles, and antioxidant activities of buckwheat. Journal of Food Science, 80, 
H1111–H1119. 10.1111/1750-3841.12830. 

17. Masood, T.; Shah, H.U.; Zeb, A. (2014).  Effect of sprouting time on proximate composition and ascorbic 
acid level of mung  bean (Vigna radiata L.) and chickpea (Cicer Arietinum L.) seeds. J. Anim. Plant Sci. 
24 (3): 850-859. 

18. Gawlik-Dziki , U . (2019). Processing of  germinated grains. Sprouted Grains.69-90 



Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.04.64 8 
 

 

19. Oghbaei, M. , & Prakash, J. (2016). Effect of primary processing of cereals and legumes on its nutritional 
quality: A comprehensive review. Cogent Food & Agriculture, 2, 1136015. 

20. Muhannad Hakim Salman Hussein Al-Karkhi, "Strengthening Bread Flour with Wheat Al-Rasheed Cul-
tivar and Studying Some of its Functional Properties", Master's Thesis (unpublished), University of Bagh-
dad, 2020. 

21. Dziki,.; Gawlik-Dziki, U.; Ro´zyło, R.; Mi´s, A. (2015). Drying and grinding characteristics of four-day-
germinated and crushed wheat: a novel approach for producing sprouted flour. Cereal  Chem. 92  (3): 
312-319 

22. Lemmens, E.; De Brier, N.; Spiers, K. M.; Ryan, C. G.; Garrevoet, J.; Falkenberg, G.;  Delcour, J. A. 
(2018). The impact of steeping, germination and hydrothermal processing of wheat (Triticum aestivum 
L.) grains on phytate hydrolysis and the distribution, speciation and bio-accessibility of iron and zinc 
elements. Food Chemistry. (264) :367–376. 

23. Assenova,B.,Smolnikova,F.,Nurgazezova,A.,Kassymov,S.,Atambayeva,Z.,Kuderinova,N., Igenba-
yev,A.,Mustafayeva,A.(2019). Nutritive and biological value of the germinated wheat grain,Eur Asian 
Journal of Biosciences,13,1947-1951. 

 

 
Received: May 15, 2023/ Accepted: June 10, 2023 / Published: June 15, 2023 
Citation: Sbhie, H.A.; Mahommed, B.H. Study of the effect of germination on the chemical and nutritional properties 
of maize seeds. Revista Bionatura 2023;8 (2) 63. http://dx.doi.org/10.21931/RB/CSS/2023.08.04.64 

 


