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ABSTRACT: Three sorghum varieties Hamra, Shahla and Baida were soaked and germinated for 5 days. 

Changes in chemical composition, total soluble sugars, starch content and amino acid composition were 

studied. Investigation showed that over-night soaking at room temperature was found to cause no change in 

protein, fat, ash, and total carbohydrates of the three cultivars except for slight decreases in soluble sugars 

and starch., On the other hand, germination was found to cause a significant increase in protein and ash 

contents of sorghum with a parallel decrease in fat and total carbohydrates. Germination significantly 

increased the total soluble sugars, reducing and non-reducing sugar contents of sorghum varieties that 

coincide with decrease in starch content. Amino acid analysis revealed slight decrease in most of essential 

amino acids with an exception of lysine, which was markedly increased during germination.  

 

Key words:  Sorghum, germination, proximate composition, reducing and non-reducing sugar, starch, amino 

acids. 

 

 

INTRODUCTION 

 
Sorghum is the fifth most important cereal crop grown in the world and the third most 

important cereal crop grown in the United States. The United States is the world's largest 

producer of grain sorghum followed by India and Nigeria. In developed countries, sorghum 

is used as animal feed but also processed into ethanol as biofuel. In developing countries, 

sorghum is traditionally been used in food products and is principal provider of energy for 

human. Sorghum is used in a variety of foods such as, Tortillas (Latin America), thin 

Porridge (Africa and Asia), stiff Porridge (West Africa), Couscous (North Africa), Injera 

(Ethiopia), Nash and Kisra (Sudan) and expanded snakes and cookies (USA and Japan) 

(Dicko et al., 2006). Several methods have been employed to improve the nutritional 

quality of sorghum. The grain is traditionally processed by either germination or 

fermentation prior to consumption. Numerous investigators have proposed, germination as 

way to improve cereal nutritional quality and sensory value. Germination of sorghum is 

important for the preparation of weaning foods with low paste viscosity and high energy 

density (Malleshi and Desikachar, 1986). Gupta and Sehgal (1991) reported a decrease in 

phytic acid content of cereal grain used for preparation of weaning foods as results of 

soaking and germination. Soaking and germination of cereal and legumes were also found 

to reduce trypsin inhibitor activity level (Mibithi-Mwikya et al., 2000; Osman, 2007; 

Sangronis and Machado, 2007). Similarly, Elmaki et al. (1999) found a decrease in tannin 

content and increase in protein digestibility in high and low tannin sorghum during 72 hr 

germination. An increase in protein, essential and non-essential amino acid content has 
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been reported for pearl millet when germinated for 5 days (Osman, 2009). Biological 

evaluation of germinated, germinated and fermented and fermented sorghum revealed that 

germinated sorghum was superior to others in supporting growth in rats (Shayo et al., 

2001). 

In Saudi Arabia, sorghum is grown in different regions, but it is the main cereal 

crop in the southwestern regions (Chaudhary, 1989). Sorghum is processed to several types 

of foodstuffs such, porridge, fermented and unfermented breads (Gassem, 1999). The 

objective of this study is to examine the biochemical changes occurring during over-night 

soaking and germination for 5 days of three local sorghum cultivars (Hamra, Shahla and 

Baida). 

 

 

MATERIALS AND METHODS 
 

Germination of sorghum 

Seeds of three sorghum (Sorghum biocolor L. Moench) varieties locally known as Hamra, 

Shahla and Baida were obtained from a grain market in Jazan region (South-West Saudi 

Arabia), were carefully cleaned and freed from foreign materials. Two kg of sorghum 

grains were soaked in distilled water overnight at room temperature. The soaked grains 

were then spreaded on trays covered with a wetted cloth and kept wet by frequent spraying 

with distilled water once a day for 5 days at room temperature (25-30°C) in the dark. 

Germination was carried out for 5 days. Soaked and germinated sorghum grains were dried 

to constant weight in an air dried oven at 60°C [Bavimed LABSCO, Germany] and milled 

into fine flour in a mechanical mill [Relsch, GMBH. Germany] Flours obtained were kept 

in airtight bottles in a cold room between 5ºC and 10
o
C until analyzed. 

Chemical analysis 

Proximate composition 

The proximate analyses of the raw, soaked and germinated samples for moisture, 

ash, total nitrogen and fat content were carried out in triplicate using the methods described 

in AOAC (1995). Crude protein was calculated by multiplying the nitrogen content of the 

samples with the factor of 5.7.Total carbohydrates was calculated by difference. 

Available carbohydrates analysis 

Total soluble sugar was extracted by refluxing in 80% ethanol (Cerning and 

Guilbot, 1973). Starch from the sugar-free pellet was extract in 52% perchloric acid at 

room temperature (Clegg, 1956). Quantitative determination of total soluble sugars and 

starch was carried out according to the colorimetric method of Yemm and Willis (1954). 

Reducing sugars were estimated by Somogyi´s modified method (Somogyi, 1954). Non-

reducing sugars were determined by calculating the differences between total soluble 

sugars and reducing sugars. 

Amino acid analysis 

Amino acid profiles of the sorghum flour were determined by the Spackman et al. 

(1958) method. The samples were defatted, hydrolyzed in 5ml 6 N HCl in sealed evacuated 
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tube (24 hr at 110ºC) and evaporated by rotary evaporator. Amino acid analysis was 

performed on reverse phase –high-pressure liquid chromatography (Shimadzu LC-10 AD, 

Shimadzu Corporation, Kyoto, Japan). Samples were analyzed on Shimpack amino-Na 

type column (10 cm X 6.0 mm) obtained from Shimadzu Corporation. The Post column 

samples were derivatized with O-phthaldialdehyde (OPA) and data were integrated using 

an integrator model C-R7A (Shimadzu Chromatopac data processor). 

Statistical analysis  
Results are expressed as the mean values of three separate determinations, except 

for the amino acid contents, which were determined in duplicate. Statistical analysis was 

performed using analysis of variance (ANOVA) and means were separated by Duncan’s 

multiple range tests (Steel and Torrie., 1980). 

 

 

RESULTS AND DISCUSSION 
 

Proximate composition 

The effect of soaking and germination for 5 days on protein, fat, ash and total carbohydrate 

on a dry weight basis of Hamra, Baida and Shahla are presented in Table 1. Protein content 

of untreated cultivars was 11.94, 13.28 and 13.28% for Hamra, Baida and Shahla 

respectively. These values are in agreement with those reported by Basahy (1995), but it is 

lower than those reported by Gassem and Osman (2004) for the three local cultivars. While 

soaking did not change protein content in the three local cultivars, germination 

significantly increased protein content from 11.95 to 12.6%, from 13.28 to 14.0 and from 

13.28 to 14.33% for Hamra, Baida and Shahla, respectively. Many researchers observed 

significant increase in protein content of cereal and legumes (Traore et al., 2004; Hassan et 

al., 2006; Oloyo, 2004; Alonso et al., 2000). This increase in protein could be due to 

preferential metabolism of carbohydrate and lipid as energy source during germination. 

The increase in protein might also be due to protein synthesis. The fat content was 4.0, 

4.03 and 3.84% for Hamra, Baida and Shahla respectively. Values obtained here were 

within range given by Ahmad (1988) who gave range from 3.70 to 4.00%. Soaking was 

found to cause no change in fat content of the three sorghum cultivars, whereas, 

germination caused significant decrease in fat content. The decrease was from 4.0 to 3.36% 

for Hamra, 4.03 to 3.34% for Baida and from 3.84 to 3.13% for Shahla. These results agree 

with Inyang and Idoko (2006) who reported reduction in fat content in malted millet during 

production. The decrease in fat content could be attributed to increase in lipolytic enzymes 

during germination or due to break down of fat by B oxidation for energy purpose in 

embryo development. Ash content of Hamra, Baida and Shahla seeds flour were 1.98, 2.00 

and 2.01% respectively. The values obtained in this study, agree with those reported for 

local and Sudanese cultivars (Basahy, 1995; Abdel Rahman, 2000). For the three cultivars 

over-night soaking of the seeds was found to have no significant effect on ash content. 

Germination, on the other hand significantly increased the ash content of the three 

cultivars, from 1.98 to 2.41, from 2.00 to 2.43 and from 2.01 to 2.34 for Hamra, Baida and 
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Shahla, respectively. The apparent increase in ash content in germinated over the raw and 

soaked sorghum due to utilization of lipid and carbohydrates as energy source. The results 

for total carbohydrates of the three sorghum cultivars as function of soaking and 

germination are presented in Fig. 4. The total carbohydrates content of Hamra, Shahla and 

Baida were 82.16, 80.78 and 81.2% respectively. The carbohydrate content of the cultivars 

is in agreement with those reported by FAO (1995), but higher than those reported by 

Neucere and Sumrell (1980) for American cultivars. This variation could due genetic and 

environmental factors. Similar to protein and fat, soaking was found to cause no change in 

carbohydrate. However, significant reduction was observed as the result of germination. 

Total carbohydrate contents decreased from 82.16 to 80.65, from 81.76 to 80.29% and 

from 81.2 to 80.2% for Hamra, Baida and Shahla, respectively. A similar trend of decrease 

in carbohydrate during germination was observed in sorghum, pearl millet, finger millet, 

fenugreek, cowpea, mung bean and African oil bean (Muyania et al., 2003; Inyagn and 

Zakari, 2008; Akubor and Obiegbuna, 1999; Opoku et al., 1983; Mbithi-Mwikya et al., 

2000; Spriyriya et al., 1997; Mansour and El-Adway, 1994; Giami, 1993; Mubarak, 2005; 

Enujiugh et al., 2003).  The decrease in total carbohydrate content could be attributed to 

the utilization of carbohydrates as source of energy during germination. The lower than 

expected, decrease in total carbohydrate could be due to increase in tannins content during 

germination (Ahmad et al., 1996; Al-Jasser, 2005). Tannins are known to form complex 

with hydrolytic enzymes and inactivate them. 

 

Table 1. Changes in the proximate composition during soaking and germination of 

sorghum varieties 

                               

Varieties Treatment Protein% Fat% Ash% Carbohydrates% 

                     

Hamra 

Raw 11.94 ±0.02 4.00±0.16
a
 1.98±0.03

b
 82.16±0.22

a
 

Soaked 12.06±0.05
b
 3.98±0.11

a
  2.01±0.12

b
 81.98±0.14

a
 

Germinated 12.64±0.05
a
 3.31±0.11

b
 2.41±0.14

a
 81.65±0.09

b
 

 

Baida 

Raw 13.28±0.11
b
 4.03±0.04

a
 2.00±0.05

b
 80.76±0.22

a
 

Soaked 13.37±0.28
b
 3.97±0.05

a
 2.06±0.05

b
 80.62±0.16

a
 

Germinated 14.00±0.08
a 

3.34±0.22
a 

2.43±0.11
a
 80.29±0.26

b
 

 

Shahla 

Raw 13.28±0.04
b
 3.84±0.19

a
 2.01±0.04

b
 81.20±0.28

a
 

Soaked 13.31±0.28
b
 3.64±0.19

a
 2.08±0.11

b
 81.00±0.28

a
 

Germinated 14.33±0.08
a
 3.13±0.14

b
 2.34±0.12

a
 80.21±0.29

b
 

 

Results are means of triplicate determinations ±SD 

Means not sharing a common superscript letter in a column are significantly different at 

P<0.05, as assessed by Duncan's multiple – range test 

Protein percentage (N x 5.7) 

Carbohydrates content calculated by difference 
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Available carbohydrate content 

The effect of soaking and germination on total soluble sugars, starch content, reducing and 

non-reducing sugars of the three sorghum varieties is shown in table 2. Soaking of 

sorghum grains was found to cause slight decrease on total soluble sugars, starch content, 

reducing and non-reducing sugars. This slight decrease in total soluble sugars might have 

been due to leaching out during soaking of grains. On the other hand, germination 

markedly increased total sugars, reducing sugars and non-reducing sugars. Total soluble 

sugars increased from 0.54 to 3.83%, from 0.54 to 4.89% and from 0.41 to 4.41% in 

Hamra, Shahla and Baida sorghum varieties, respectively. Reducing sugars increased also 

from 0.44 to 2.01, from 0.46 to 4.65 and from 0.30 to 4.21 4.65, 4.22, whereas, non-

reducing sugars increased from 0.1 to 0.19, from 0.08 to 0.24 and from 0.11 to 0.19 during 

the period of germination for the three varieties respectively. The increase in the simple 

sugars during germination would be due to mobilization and hydrolysis of oligosaccharides 

and starch to simple sugars by enzymes, (Khetarpaul and Chauhan, 1990). Similar trend 

was reported during germination of sorghum (Tarore et al., 2004; Muyanja et al., 2003), 

pearl millet (Ocheme and Chinma, 2008), finger millet (Nirmala et al., 2000; Sripriya et 

al., 1997) and Legumes (Jood et al., 1986; Ologhobo and Fetuga, 1986). Soaking the seeds 

was found to cause very slight decrease change in starch content of the three cultivars. 

Starch content progressively decreased during 5 days germination in the three cultivars. It 

was reduced from 75.86 to 70.56%, from 74.8 to 67.41% and 75.51 to 71.06% in Hamra, 

Shahla and Baida respectively. The decrease in starch content during germination 

coincided with increase in soluble sugars. The starch breakdown during germination may 

be attributed to the increase in amylase and phosphorlyase activity in respiratory 

metabolism (Koller et al., 1962). Our findings are in agreement with those reported by El-

Maki et al. (1999), who observed that germination reduced starch content in low tannin 

sorghum from 68 to 33.5% whereas in the high tannin sorghum the starch was reduced 

from 75 to 44%. Similarly, Nithya et al. (2007) reported that germination of pearl millet for 

48 hr decreased starch content from 53.65 to 45.08%. Mbithi-Mwikya et al. (2000) 

reported reduction in starch content and increase in maltose, sucrose and reducing sugars 

during 96 hr germination of finger millet. Fermentation of germinated cereal grain was 

found to further deceases starch and increase total and reducing sugars (Sripriya et al., 

1997; Obizoba and Atii, 1994; Khetarpaul and Chauhan, 1990). 
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Table 2. Effect of soaking and germination on total soluble sugars, reducing sugars, non-

reducing sugars and starch content of sorghum varieties flour (g/100g, on dry matter basis) 

 

Varieties Treatment 
Total soluble 

sugars% 

Reducing 

sugars% 

Non-reducing 

sugars% 
Starch% 

Hamra 

Raw 0.54±0.0 0.44±0.0 0.1±0.0 75.86±0.02 

Soaked 0.36±0.07 0.31±0.04 0.05±0.01 74.84±0.03 

Germinated 3.83±0.08 3.64±0.06 0.19±0.03 70.56±0.03 

Shahla 

Raw 0.54±0.02 0.46±0.02 0.08±0.03 74.80±0.09 

Soaked 0.47±0.04 0.39±0.01 0.08±0.03 74.12±0.03 

Germinated 4.89±0.11
 

4.65±0.07
 

0.24±0.04 67.41±0.01 

Baida 

Raw 0.41±0.01 0.30±0.02 0.11±0.01 75.51±0.04 

Soaked 0.33±0.0 0.28±0.0 0.05±0.0 75.09±0.09 

Germinated 4.41±0.01 4.21±0.01 0.19±0.01 71.06±0.06 

 

Results are means of triplicate determinations ± SD 

 

Amino acids composition 

The change in amino acid composition contents during soaking and germination of 

sorghum varieties is shown in table 3. Our results indicated that soaking grains, did not 

affect the content of the amino acids in the three cultivars. Germination of sorghum grains 

for 5days resulted in decrease in most of essential amino acids except lysine in the three 

cultivars. Lysine content increased from 2.09 to 2.19%, from 1.73 to 2.13% and from 1.45 

to 2.11% while leucine decreased from 12.50 to 10.84, from 11.67 to 9.36% and from 

12.09 to 10.26% for Hamra, Shahla and Baida, respectively. Aspartic acid content also 

increased from 6.04 to 7.06, from 5.66 to 7.57 and from 5.31 to 7.83 for the three cultivars, 

respectively. However, the germination did not affect the content of other amino acids. 

These results agree with those Wang and Fields (1978), who observed a decrease in most 

of essential amino acids content except for lysine during sprouting of corn and sorghum. 

Similarly, Folker and Yemm (1958) observed 65% increases in lysine content of barley 

after 10 days of germination. On the contrary, Osman (2009) reported increase in essential 

and non-essential amino acids after 5 days germination of pearl millet. The increase in 

lysine is probably due to degradation of prolamine into lower peptides and free amino 

acids group, which is possibly used through transamination to synthesize lysine (Chavan 

and Kadam, 1989).Glutamic acid and proline have implicated in providing nitrogen for 

synthesis of lysine and other essential amino acids (Folker and Yemm, 1958). 
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Table(3). Changes in the amino acids value during soaking and germination of sorghum 

varieties. 
 

          Sorghum  

                varieties 

Amino  

acids 

Hamra Shahla Baida 

Raw Soaked Germ Raw Soaked Germ Raw Soaked Germ 

Asp 6.04 5.54 7.06 5.66 5.62 7.57 5.31 5.40 7.83 

Thr 2.78 2.56 2.68 2.51 2.56 2.56 2.49 2.54 2.71 

Ser 3.52 3.00 3.31 3.16 3.16 3.06 3.16 3.36 3.23 

Glu 19.67 18.75 18.14 18.57 19.46 18.90 19.12 19.18 18.79 

Gly 2.70 2.10 2.45 2.30 2.25 2.34 2.11 2.31 2.38 

Ala 8.51 7.90 7.46 8.03 8.33 6.58 8.04 7.80 7.12 

Val 4.51 4.14 4.19 4.16 4.26 3.93 4.05 3.78 3.95 

Meth 1.13 0.92 1.03 1.29 1.14 1.08 1.19 1.00 1.10 

Ileu 3.67 3.38 3.41 3.34 3.53 3.09 3.46 3.15 3.11 

Leu 12.50 11.60 10.84 11.67 12.32 9.36 12.09 11.47 10.26 

Tyr 2.68 2.01 2.00 3.01 2.57 2.53 2.91 2.08 2.69 

Phe 4.89 4.56 4.61 4.66 4.76 3.99 4.64 4.43 4.32 

His 1.92 1.74 1.91 1.67 1.71 1.63 1.60 1.61 1.79 

Lys 2.09 1.82 2.19 1.73 1.61 2.13 1.45 1.63 2.11 

Arg 3.17 2.75 2.75 3.00 2.71 2.55 2.51 2.60 2.56 

 

All values are two determinations 

Raw = Sorghum as purchased  

Soaked = Sorghum soaked in distilled water overnight 

Germ = Sorghum germinated for 5 days 

 

 

CONCLUSION 
 

In this study, germination was found to increase protein, ash, free sugars and lysine. These 

increases were accompanied by decrease in fat, starch, total carbohydrates and most of the 

essential amino acids. High protein content and low fat content of germinated sorghum 

may represent a nutritionally and economical useful to the semi arid land countries. 
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قع التغيرات في التركيب الكيميائي والكربوهيدرات المتاح واألحماض األمينية أثناء الن
 السعودية الرفيعة واإلنبات ألنواع الذرة

 
 2ومجدي عبدالوهاب عثمان 1إبراهيم الزين عبدالرحمن

 ، الرياض، المممكة العربية السعودية11911الخرج  3177ص.ب. مختبرات إيداك، 1
 قسم عموم األغذية والتغذية، كمية عموم األغذية والزراعة، جامعة الممك سعود،1

 ، المممكة العربية السعودية11111 الرياض 1142ص.ب. 

 
اتته الرمتترال والبيوتتال واليتتنمة ريتتث   عتتت اتتم الر يعتتة استتتخدمت  تته اتتذا الدراستتة افاتتة لذتت ا  متتن التتذرة  الممخصص  

بتت لمدة خمسة ليام ويممت الدراسة التغير  ه التركيتب الكيميتا ه والستكريات الذا بتة الكميتة ومرتتوا ال يتا واألرمتاض    
 مي ية.األ

رتدث تغيتر  ته  ستبة البتروتين والتدان ع تد درجتة رترارة الغر تة لتم ي نرت الدراسة لن الت  يع لمدة ليمتة وارتدةلظ
لدا يات الكميتة الذا بتة ومرتتوا ال يتا. والرماد والكربوايدرات الكمية  ته األذت ا  الافاتة عتدا   ذتان طييت   ته الستكر 

 ستبة التدان ويتة  ته  ستبة البتروتين والرمتاد متع   ذتان متواز  ته إله زيادة مع  من  ارية لخراليام  الت بيت لمدة خمسة
إله زيتادة مع ويتة  ته الستكريات الذا بتة الكميتة والستكريات المختزلتة وغيتر المختزلتة كما لدا ليوًا  والكربوايدرات الكمية،

 ك مع تطابق  ه   ذان مرتوا ال يا.وذل
مي ته الرتامض األ امي يتة الوترورية عتداألرمتاض األ  ه معظم اً طييي اً مي ية   ذا األرماض األترميل  لظنر

 ذي زاد بذورة واورة لا ال الت بيت.الميسين ال
 


