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ABSTRACT 
Sorghum is an important crop in many countries of Africa and Asia and serves as a dietary sources of 
protein, calorie, minerals and vitamins for millions of people in this regions. The concentration of the 
different nutrients and thermal behavior varies among different cultivars of sorghum and therefore 
affect its nutritional contribution and selection for processing. In this study, we evaluate the 
proximate, calorie, mineral and thermal properties of 9 cultivars of sorghum varieties marketed in 
Maiduguri, Borno State, Nigeria. The results showed significant variation (p<0.05) in the moisture 
content 6.07-8.82%, ash, 1.41-2.17%, fat 3.15-5.12%, protein 10.30-14.10%, crude fiber 1.83-2.50% 
and total carbohydrate 71.57-78.07%. While calorie ranges between 379.02 -391.03 kcal/100g. The 
concentration of minerals ranged from 0.08-0.78, 079-9.38, 1.93-9.16, 0.62-0.70, 0.11-0.44 and 0.01-
0.02 mg/100g in Zn, K, Ca, Mn, Fe, and Cu respectively. Specific heat capacity averaged 1.642 KjKg-
1K-1 within a range of 1.602 to 1.677 KjKg-1K-1, while the thermal conductivity varied from 2.529 

to 2.590 Wm−1K−1 with a mean value of 2.556 Wm−1K−1 and thermal diffusivity ranges from 

8.41x10-6 ms−2 to 8.57x10-6 ms−2 with a mean value of 8.49x10-6 ms−2. The results showed that 
the value obtained were all within reported values and could assist in diet planning for a particular 
situation for those who solely depend on sorghum grain. 
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Highlights of this paper 
• This paper examines the nutritional and thermal properties distinction among different 

cultivars of food grade sorghums used in Nigerian cuisine to help nutritional advising 
and development of appropriate processing technologies and techniques. 

• The results showed that the value obtained were all within reported values and could 
assist in diet planning for a particular situation for those who solely depend on 
sorghum grain. 

 

1. INTRODUCTION 

Cereal grains are probably the most widely cultivated and consumed food crop together with legumes globally. 

In Nigeria, especially in the northern region, cereal production is a long time agricultural activity, providing 

livelihood for millions of smallholder farmers. While cereal grain consumption provides major sources of nutrients, 

including energy, protein and microelements in the diets of significant number of populations. The most common 

cereal grains cultivated and consumed in Nigeria include rice, maize, sorghum, millet, wheat and acha (fonio).  

Sorghum (Sorghum bicolor L.), also called guinea corn or great millet is considered as one of the most important 

food crop in the world, following wheat, rice, maize and barley [1]. In the semi-arid tropics of Africa and Asia, 

sorghum is a dual purpose crop providing about 35% of staple food consumed by humans and also provide feed for 

livestock and raw material beverage and syrup industries [2, 3]. Over last two decades, there has been huge 

improvement in the selection and breeding of different sorghum varieties to adopt to changing growing conditions 

and nutrient requirements. This development has provided farmers with wide range of varieties to select from. 

Some common varieties of sorghum cultivated in Nigeria includes Samsorg 40, Samsung 41, Ex-kano, Ex-Katsina, 

Fara-fara, Kaura, Mere, Chakalari, Yafimoro, Tunbuna and Bulwalama. While in Borno, the common cultivars are 

Chakalari, Mire, Tunbuna, Bulwalana, Kaura, Fara-fara, Yafimoro, Ex-kano, and Ex-Katsina. 

But as in most crop varieties and cultivars, sorghum cultivars and varieties differ in their grain physical, 

chemical and processing characteristics. Abdulrahman and Omoniyi [4] reported that the nutritional composition 

of common cereals in terms of proximate composition is closely similar, yet each variety or cultivar has its special 

nutritional benefits terms of specific chemical composition, including protein, carbohydrate, fat, minerals and other 

physicochemical attributes. Whole grain sorghum is an important sources of B-group of vitamins and some 

minerals such as phosphorus, magnesium, calcium and iron [5] while the protein is similar to that of wheat and 

maize [6]. Therefore, evaluation of the range of chemical composition related to cultivars and varieties in a given 

location is essential in selecting grain for optimum utilization as food, feed or industrial raw material. The 

nutritional composition in terms of proximate composition analysis of any plant material consist of determining of 

the major group of chemical components, and include moisture content, crude protein, crude fat, fiber, ash and 

nitrogen-free extracts Simpkins and Williams [7]. Ihekoronye and Ngoddy [8] reported that sorghum contain 

typically, 68-80% carbohydrate, protein (10-15%), fat (3%), fibre (2%), ash (2%), food energy (394 calories at 11-12% 

moisture content. Distinction in quality among food crops indicates it market value and is also crucial in 

popularizing the utilization of the crop in local cuisine. It may also facilitate increased adoption of a cultivar, 

improve processors and consumer’s acceptability and used in the design of appropriate machineries for grain 

processing [9]. 

Thermal properties of agricultural raw materials and products on the other hand are essentially the behavior of 

the material under varying heat treatments and are critical parameters considered in the design and development of 

processing and storage techniques and technologies and also a requirement for heat transfer calculation [10, 11]. 

But agricultural material unlike pure metals are complicated biologicals, they have complex biochemical 

compositions. Constituents majorly found in food materials includes water, protein, fat, carbohydrates, fiber and ash 
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which is a measure of its mineral composition. Because of the importance of thermal properties utilization in the 

design of agro-processing and storage technologies and the need for easy assessment technique for thermal 

properties of food materials, Choi and Okos [12] developed a general mathematical models to predict the thermal 

properties of food products. The models were based on the principle that thermal properties of each main 

component of food can easily be related to its compositional weight fraction that are easily measured instead of 

comparing to volume fraction. Several workers [11-14] have used these models to predict the thermal properties of 

food materials in terms of their thermal conductivity, specific heat capacity, thermal diffusivity. 

In our study, the nutritional composition in terms of proximate and mineral composition of common cultivars 

of sorghum cultivated and marketed in Maiduguri, Borno State, north-east Nigeria was evaluated and their thermal 

properties determined to provide basic information that will guide in the selection of cultivar for utilization as food 

and raw materials for industrial processing, help nutrition scientist in diet advising and processing engineers to 

develop appropriate processing technologies and techniques to enhance sorghum utilization and overall value-chain 

development. 

 

2. MATERIALS AND METHODS 

2.1. Plant Materials  

The material used in this study were common sorghum marketed in Maiduguri. Samples were obtained from 

different open markets and Lake Chad Research Institute (LRI), Maiduguri. Market samples were taken to LRI for 

identification at the Crop Breeding Laboratory. The samples include Chakalari red, Chakalari white, Mere, Kaura, 

Bulwalana, CRS01, CRS02, Samsorg 40 and Samsorg 41. The samples were sorted and cleaned to obtain sound 

grains and were stored in polyethylene plastics until required for analysis.  

 

2.2. Nutritional Composition Analysis 

The standard chemical analysis techniques of AOAC [15] were adopted for nutritional evaluation in terms of 

proximate and mineral composition. The methods consist of technique for the analytical determinations of moisture, 

ash, crude fat (ether extract), crude protein and crude fiber. Crude fat (ether extracts) was determined by ether 

extraction based on the Soxlet extraction technique using the Soxtec System HT method (Tecator Soxtec System 

HT 1043 Extraction Unit, Tecator AB, Sweden), while protein by micro-Kjeldahl technique (Tecator Digestion 

System and Kjeltec Auto 1030 Analyzer (Tecator AB, Sweden) and 6.25 was used to convert nitrogen content to 

protein. The ash content was determined by incinerating 5g of sample flour (Carbolite Furnace England) to 550oC 

in a pre-weighed crucible. Nitrogen-free extract (carbohydrate), representing sugars and starches in food, was 

calculated by difference. 

Carbohydrate (%) = 100 – [Moisture (%) + Fat (%) + Ash (%) + Crude fiber (%) + Protein (%)] 

The Atwater general conversion factor system was used to calculate caloric value from the proximate 

composition data of protein, fat and carbohydrate, where the energy values of 17kJ/g (4.0kcal/g) for protein, 

37kJ/g (9.0kcal/g) for fat and 17kJ/g (4.0kcal/g) for carbohydrates was used for conversion. The conversion 

factors for joules and calories are: 1 kJ = 0.239 kcal; and 1 kcal = 4.184 kJ [16]. 

Calorie value (Kcal/g) = (% Protein x 4.0) + (% Fat x 9.0) + (% Carbohydrate x 4). 

All equipment and chemical reagents used were of analytical grade and were obtained from the Central Services 

Laboratory, National Agency for Food and Drug Administration and Control (NAFDAC) Maiduguri, Borno State, 

where the proximate analysis was carried out. 
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For the mineral evaluation, three grams (0.3 g) of grounded sample of each of the sorghum grains was placed in 

a 50 ml beaker and was wet digested using 30 ml of HNO3-HClO4 acid solution (2:1 volume) on a hot digestion 

system, which were heated until the samples turn colorless and clear solution. After digestion was complete, the 

solution of each sample was transferred into a 50 ml calibrated sample bottle and the solution was diluted to the 

mark with distilled water.  Ca, Mg, Fe, and Zn in cereal samples were determined by flame Atomic Absorption 

Spectrophotometer (VARIAN model AA240FS, USA), while Na and K were determined by flame photometer 

(PFP7, United States) using a working standard of 10 ppm for each of the species. The analysis was carried out at 

the Multi-User Science Research Laboratory, Ahmadu Bello University, Zaria. 

 

2.3. Determination of Thermal Properties 

Thermal properties of the sorghum samples in terms of specific heat capacity (Cp), thermal conductivity (k) and 

thermal diffusivity (Td) were estimated as a function of proximate composition of each sample by applying the 

additivity principles [14, 17] in conjunction with temperature (-4oC≤ t ≤ 150oC) dependent mathematical models 

Equations 1-3 of the thermal properties of the individual food constituents.   

Cp = 4.187Xmoisture + 1.675Xfat + 0.837Xash + 1.594Xprotein + 1.424Xcarbohydrate         (1) 

k = 0.58Xmoisture + 0.16Xfat + 0.135Xash + 0.155Xprotein + 0.25Xcarbohydrate           (2) 

Td = 0.146 x 10-6Xmoisture + 0.10 x 10-6Xfat + 0.075 x 10-6Xprotein + 0.082 x 10-6Xcarbohydrate  (3) 

 

2.4. Statistical Analysis 

Data generated were subjected to analysis of variance (ANOVA) at significant level of 0.05 using Statistical 

Tool for Agricultural Research (STAR) version 2.1 (International Rice Research Institute, IRRI, Manilla, 

Philippines) and significant means separated by Duncan’s Multiple Range Test (DMRT) according to Gomez and 

Gomez [16]. 

 

3. RESULTS AND DISCUSSIONS  

3.1. Proximate Composition of Sorghum Cultivars 

The proximate composition (moisture, ash, crude protein, crude fiber, crude fat and carbohydrate) and some 

mineral content (Zn, K, Ca, Mn, Fe and Cu) were determined in the 9 sorghum cultivars and the results of each 

analysis are presented in Tables 1 and 2 for proximate and mineral composition respectively. The moisture content 

ranged from 6.07 to 8.42% with a mean value of 7.18% Table 1. Statistical analysis showed significant difference 

(p<0.05) among the sorghum samples. The highest moisture level was recorded in CRS 02 which was not 

significantly different (p<0.05) from Samsorg 40 and CRS 01. On the other hand, the lowest moisture content was 

recorded for Bulwalana (6.07%) which was not different statistically from Samsorg 41, and Chakalari white. The 

results were in agreement with the finding of Dicko, et al. [18] and Awadelkareem [19] who reported moisture 

content of between 6.49% and 12% in different cultivars of sorghum. Data on the moisture content of food materials 

is important to processors for a variety of reasons, for instance, it is an important factor in food quality, 

preservation and resistance to deterioration. Moisture content also is an important economic factor as grains are 

traded on weight basis, hence the grain quality will be affected by additional weight differences which in turn affects 

the storage ability of the food. Consequently, the low moisture content of the sorghums in this study indicates 

unsuitable conditions for spoilage organisms and agents to grow and multiply. 

The mean ash content of the samples investigated was 1.81%, with Chakalari red scoring the highest ash 

content (2.17%) which was not significantly different from that of Chakalari white.  Kaura had the least value 
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(1.41%) which makes it significantly different from all other samples. There was a significant difference (p<0.05) 

among the sorghum cultivars in terms of ash composition Table 1, but no significance was observed among Samsorg 

40, Samsorg 41, CRS 02 and Mere. These results lie within the range of 1 to 4% reported by Abdulrahman and 

Omoniyi [4]; Awadelkareem [19] and Osman [20] among different sorghum and other cereal cultivars. Ash 

content of food materials is an index of mineral contents. The high ash content in Chakalari red and white in this 

study is an indication that these two sorghum varieties contain greater proportion of non-endosperm materials, 

since ash value is an indication of level of non-endosperm components [4, 21]. 

 
Table-1. Proximate composition of some common sorghum varieties marketed and consumed in Maiduguri, Nigeria. 

Sorghum Proximate composition (%) 

Moisture Ash Protein Fat Fiber CHO 
Samsorg 40 8.10±0.10a 1.62±0.02c 14.10±0.10a 4.61±0.01b 1.83±0.03c 71.57±0.22e 
Samsorg 41 6.51±0.01c 1.71±0.02c 13.53±0.15b 4.13±0.02c 2.14±0.12b 74.12±0.16b 

CRS 01 8.21±0.01a 1.90±0.02b 14.10±0.01a 4.11±0.01c 2.31±0.03a 71.71±0.07e 
CRS 02 8.42±0.02a 1.70±0.02c 13.43±0.21b 4.02±0.07c 2.11±0.02b 72.26±0.16d 
Mere 6.82±0.02b 1.62±0.02c 13.10±0.10b 5.12±0.01a 2.12±0.02b 73.35±0.08c 
Kaura 7.08±0.08b 2.07±0.06b 13.80±0.10a 3.19±0.02d 2.50±0.02a 73.83±0.10c 

Bulwalana 6.07±0.6c 1.41±0.01d 11.50±0.10d 3.15±0.02d 1.91±0.02c 77.87±0.14a 
Chakalari red 7.30±0.02b 2.17±0.06a 12.50±0.10c 3.50±0.01d 2.20±0.02b 74.52±0.17b 

Chakalari white 6.14±0.06c 2.07±0.06a 10.30±0.10e 3.43±0.02d 1.89±0.01c 78.08±0.03a 
Mean 7.18 1.81 12.93 3.92 2.11 74.15 

Note: Values are means ± standard deviation (n = 3). Means followed by different letter in the column are significantly different (p<0.05) according to new 
Duncans Multiple Range Test (nDMRT), CHO = Carbohydrate. 

 

The protein content of the sorghum samples ranged from 10.30% to 14.10% with a mean value of 12.93% Table 

1. Statistical analysis indicated significant difference (p<0.05) among cultivars in terms of protein content. The 

highest score (14.10%) was recorded in Samsorg 40 and CRS 01 which are not significantly different (p<0.05) from 

Kaura which recorded 13.80%. Chakalari white on the other hand, scored the lowest protein content (10.30%). Our 

results are in agreement with the reported range of 6.46% to 16.80% by Abdulrahman and Omoniyi [4]; Osman 

[20] and Idris, et al. [22]. Cereal crops including sorghum contributes significantly to the protein and energy in 

the diet of millions of people in the semi-arid tropics, and raw materials for more in developing and developed 

countries. The protein content of 10.30 to 14.10% in the current study implies that these samples of sorghum are 

particularly useful in reducing the prevalence of protein related malnutrition. Abdulrahman and Omoniyi [4] 

reported among different cereals in Nigeria, a protein content of 12.39% (wheat), 11.03% (millet) and 10.49% (rice), 

indicating comparable protein from these sorghum samples in Maiduguri area. Mustapha and Magdi [23] also 

recorded a protein content of three sorghum samples varying between 14.51 and 14.80% which is slightly higher 

than the values recorded in this study. But according to Person [24] plant food materials providing more than 

12.0% of its calorie value from protein are considered good sources of food protein. In this study, only Bulwalana 

and Chakalari white recorded protein level of less than 12%, indicating that all other sample can be considered a 

good sources of protein in human diet. 

Crude fat content varied between 3.15% in Bulwalana and 5.12% in Mere, with a mean value of 3.92%. There 

was significant difference among the sorghum varieties in terms of crude fat content. Mere fat content (5.12%) was 

significantly (p<0.05) higher than all the other samples, but Bulwalana which recorded the least was not different 

from Kaura, Chakalari red and white Table 1. The mean crude fat content is within the reported value of 3.4 to 3.5% 

by Idris, et al. [22] and Gerrano, et al. [25] but Mere fat value (5.12%) was significantly higher than the reported 

range. There is generally low fat content in the sorghum samples. Low fat content is an indication of suitability for 

prolong storage with minimal quality deterioration through rancidity. However, fat content contributes 

significantly to the energy and essential fatty acids required for normal physical activities in adults and optimum 
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neurological, immunological and functional development in children [26].  The fiber content ranges between 1.83% 

and 2.50% with a mean value of 2.11%. This slightly lower than 2.3 to 2.7% reported by Gerrano, et al. [25] from 

different cultivars of sorghum. Abdulrahman and Omoniyi [4] reported a mean fiber content of 1.86% in sorghum 

collected from local market in Abuja, Nigeria. This indicates that the fiber content of sorghum is lower than that of 

millet (3.19%) and maize (2.83%) reported by Abdulrahman and Omoniyi [4]. High fiber food materials are 

beneficial in nutrition, such as laxative effect on the bowl, increased fecal bulk and reduction in plasma cholesterol 

level [27]. Even though, the Protein Advisory Group (PAG) of the United Nations recommended an upper limit of 

5% for crude fiber in foods intended for supplementation, Abdulrahman and Omoniyi [4] reported that a value less 

than 3.5% crude fiber is suitable for infant feeding, implying that all the sorghum varieties in this study are suitable 

for infant feeding. The carbohydrate content of the sorghum samples was averaged 74.15%, with highest scored in 

Chakalari white (78.08%) which is not significantly different (p<0.05) from Bulwalana, while the least value was 

recorded in Samsorg 40 (71.57%) which was not statistically different from CRS 01 Table 1. Like in most cereals, 

carbohydrate is the major component of sorghum samples analyzed. Ijabadeniyi and Adebolu [28] in a study of the 

effect of processing on nutritional quality of three maize varieties in Nigeria, reported a slightly lower mean 

carbohydrate (65.63-70.23%), while Mustapha and Magdi [23] reported 68.34 to 69.65% carbohydrates in some 

sorghum varieties. This indicate superior carbohydrate content of the samples from Maiduguri analyzed in this 

study. The principal component of cereal carbohydrate is starch, which make them absorb large quantity of water 

during processing. This makes them unsuitable for weaning food preparation as babies need to consume more to 

obtain the required nutrients. Though this problem is reduced significantly when the seeds are germinated or 

fortified with protein based products, but adds to the cost of food processing.  

 

3.2. Calorie Values of Different Sorghum Cultivars 

Sorghum is a staple food crop for millions of people living in Africa and Asia and semi-tropical countries and 

acts as an important source of energy, protein and minerals. Calorie value of the different cultivars are presented in 

Figure 1. From Figure 1, CRS 01 scored the least value (379.01 Kcal/100g) which was not statistically different 

(p<0.05) from that of CRS 02, Kaura and Chakalari red. Mere on the other hand scored the highest calorie value 

(391.03 Kcal/100g). Calorie value of 329.0% per 100g serving has been observed to be provided per day for normal 

adult activity by sorghum, indicating that the 379.01 to 391.03 Kcal/100g in this study is sufficiently higher. The 

slightly higher value in this study may be as a result of higher carbohydrate value observed.  

 

 
Figure-1. Calorie value of different sorghum cultivars compared with recommended value per serving. 
Source: *Comparison figure of 329 was obtained from https://www.nutritionvalue.org>sorghum. 
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Data on the calorie value of food materials is essential for the problems protein-energy malnutrition, normal 

nutrition, undernutrition and obesity.  

 

3.3. Mineral Composition of Sorghum Cultivars 

One of the nutritional composition analyzed for sorghum in this study include their mineral composition as 

presented in Table 2. The results showed a significant variation among the cultivars in the concentration of Zinc 

which ranged between 0.16 to 0.80mg/100g. Highest Zn was recorded in CRS 02 with a non-significant (p<0.05) 

concentrations among Kaura, Chakalari red and white cultivars Table 2.  

 

Table-2. Mineral content of some selected sorghum varieties marketed and consumed in Maiduguri, Nigeria. 

Sample Mineral composition (mg/100g) 

Zn K Ca Mn Fe Cu 
Samsorg 40 0.16±0.01e 0.72±0.03e 5.09±0.58d 0.63±0.03b 0.28±0.01a 0.02±0.01a 

Samsorg 41 0.28±0.02b 1.91±0.02c 6.08±0.08c 0.63±0.01b 0.16±0.01c 0.01±0.00a 

CRS 01 0.37±0.02c 9.38±0.07a 7.57±0.40b 0.63±0.01b 0.12±0.02d 0.01±0.00a 

CRS 02 0.80±0.02f 9.61±0.02a 1.93±0.03f 0.64±0.01b 0.11±0.02d 0.01±0.00a 

Mere 0.25±0.01d 2.12±0.04c 3.68±0.04e 0.68±0.03b 0.11±0.02d 0.01±0.00a 

Kaura 0.49±0.02b 1.21±0.02d 6.53±0.02c 0.70±0.00a 0.13±0.02d 0.01±0.00a 

Bulwalana 0.73±0.03a 6.71±0.02b 3.58±0.10e 0.67±0.01b 0.13±0.02d 0.01±0.00a 

Chakalari red 0.73±0.03a 1.70±0.03d 9.16±0.05a 0.65±0.01b 0.44±0.02a 0.02±0.00a 

Charalari white 0.73±0.02a 1.43±0.02d 7.10±0.10b 0.62±0.01b 0.44±0.01a 0.02±0.00a 

Mean 0.50±0.25 3.87±3.64 5.64±2.27 0.65±0.03 0.21±0.14 0.013±0.005 
 Note: Values are means ± standard deviation (n = 3). Means followed by different letter in the column are significantly different (p<0.05) according to new Duncan’s 
Multiple Range Test (nDMRT). 

 

Zn is a micro nutrient required for body weight gain and high in human, and also a component of proteinases 

and peptidases enzymes [29]. The K concentration ranges between 0.72 and 9.61mg/100g. Cultivars CRS 01and 

02 were not significantly different (p<0.05) and had the highest concentration of K and the lowest was seen in 

Samsorg 40. K is a major cation in intracellular fluid which help to regulate the acid base, osmotic and water 

balance [30]. 

The mineral element Ca has been reported to play an important role in human nutrition for bone development 

and strength and also clothing of wounds [31]. In this study, the cultivars Ca concentration ranges from 

1.93mg/100g in CRS 02 to 9.16 mg/100g in Chakalari red Table 2. Mn, Fe and Cu concentrations varies between 

0.62 to 0.68, 0.11 to 0.44 and 0.01% to 0.02 mg/100g respectively. Statistical analysis indicated significant 

difference (p<0.05) among the sorghum cultivars in terms of their Zn, K, Ca, Mn and Fe contents, but no significant 

difference (p<0.05) was observed in copper concentration in the grains. This values are within the ranges reported 

by Abdulrahman and Omoniyi [4] for different classes of cereals (wheat, sorghum, millet, maize and rice) marketed 

in Gwagwalada market in Abuja, Nigeria. Nafisa [32] also reported similar results in some new sorghum varieties 

cultivated in Sudan, but less than the values reported by Jimoh and Abdullahi [6]. Several studies on the mineral 

concentration in different plant species and the contributing factors suggested that mineral concentration of seeds is 

dependent on the genetic makeup of the species, cultural practices especially fertilizer application during cultivation, 

soil type, weather conditions, growing season as well as cultivar [33-35]. One or more of these factors may 

therefore be the possible reason for the variation in mineral concentrations among the sorghum cultivars in this 

study.  
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3.4. Thermal Properties of Sorghum Cultivars 

The thermal properties results of the different sorghum cultivars in terms of specific heat capacity (Cp), thermal 

conductivity (k) and thermal diffusivity (α) as estimated from predictive empirical models based on proximate 

composition mass fractions Equations 1, 2 and 3 respectively are presented in Table 3. 

 

Table-3. Thermal properties* of some common sorghum marketed and consumed in Maiduguri, Nigeria. 

Sorghum cultivars Specific heat capacity Cp 
(kJkg-1K-1) 

Thermal conductivity k 
(Wm-1K-1) 

Thermal diffusivity α 
x 10-6 (ms-2) 

Samsorg 40 1.674 2.573 8.57 
Samsorg 41 1.627 2.529 8.46 

CRS 01 1.674 2.579 8.55 
CRS 02 1.677 2.590 8.56 
Mere 1.638 2.536 8.50 
Kaura 1.638 2.549 8.44 

Bulwalana 1.611 2.546 8.45 
Chakalari red 1.636 2.555 8.46 

Chakalari white 1.602 2.542 8.41 
Mean 1.642 2.556 8.49 

Source: * Estimated as a function of proximate composition of each sample by applying the additivity principles Equations 1, 2 and 3. 

 

The specific heat capacity of the sorghum cultivars was averaged at 1.642 KjKg-1K-1 within a range of 1.602 to 

1.677 KjKg-1K-1, while the thermal conductivity varied from 2.529 to 2.590 Wm−1K−1 with a mean value of 2.556 

Wm−1K−1 Table 3. The thermal diffusivity on the other hand was averaged 8.49 x 10-6 ms−2 for all the sorghum 

samples evaluated, with Chakalari white recording the least thermal diffusivity value of 8.41 x 10-6 ms−2 as 

compared to 8.57 x 10-6 ms−2 observed in Samsorg 40. Akeem, et al. [14] while analyzing the thermal properties of 

acha seeds reported Cp, k and α ranging from 1.68 to 2.97 kJkg−1K−1, 0.27 to 0.43 Wm−1K−1 and 0.86 x 10−7 to 1.17 

x 10−7 ms−2 respectively. The results of this study are closely within the reported value for acha.  

Choi and Okos [36] reported that the chemical composition of food materials affects its thermal properties. 

The variations in the thermal properties of the sorghum cultivars in this study therefore may be attributed to the 

differences in their compositions. Appropriate design of boiling system for grain processing is dependent on the 

thermal properties of the material [37]. Cp measures the amount of heat a material can absorb and is an essential 

design parameter for heat exchangers [13, 38]. The information provided in this study therefore will be useful in 

selecting heat transfer medium and processing conditions for industrial processing of sorghum. Thermal 

conductivity (k) is an essential property used in the determination of the rate of transmission of heat through foods 

during thermal processing and it is a measure of its ability to transmit heat [38]. Slightly uniform k was recorded 

among the sorghum cultivars in this study Table 3. This connotes that all the cultivars grains will have slightly 

uniform absorption and dissipation of heat during processing and storage. Thermal conductivity of food materials is 

dependent on the structure and chemical composition of the material and it increases with increasing water content 

for all food products at temperature above freezing [39]. The k values therefore could be used in the analysis of the 

heat transfer during the processing of the grains into different food products [40]. 

The thermal diffusivity (α) on the other hand, quantifies the materials ability to conduct heat relative to its 

ability to store heat [41]. Cooling is an important operation in food industry. Sorghum and related grains are pre-

cooled before storage or transportation because heat moves from the surface to the environment. Therefore, values 

of α recorded in this study will be important in analyzing heat transfer phenomenon during grains handling.  
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4. CONCLUSION AND RECOMMENDATION  

From the results of the investigation, proximate, calories, mineral composition and thermal properties analysis 

has been conducted; and the nine sample of sorghum varieties complied with the objective of this study and it was 

observed that chakalari red was found to contain highest ash which signifies the present of minerals element in it, 

chakalari white was highest in carbohydrate and fiber but low in protein. The protein content was found to be very 

high in Samsorg 40 and CRS 01. Bulwalana was the only variety that has poor nutrient value compared with the 

other varieties and also found to be low in moisture content; therefore, it is best for storage.  
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