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Introduction 

 
Millets are collective group of small seeded annual 

grasses that are grown as grain crops, especially in dry 

areas of temperate, sub-tropical and tropical regions. 

Millets are good sources of energy. They not only 

provide protein, fatty acids, minerals, vitamins, dietary 

fibre and polyphenols but also are a good source of 

antioxidants, such as phenolic acids and glycated 

flavonoids Amadou et al., (2013). The King of Millets, 

Sorghum is the fifth most important cereal crop grown in 

Africa, Asia, and America and also one of the major 
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Millets are the most important and nutrient rich food preferred by most of the people for 

their daily consumption. However, these millets if enriched with nutrients will eradicate the 

problem of hidden hunger i.e. malnutrition prevalent in the weaker sections of the society. 

Sorghum, the King of Millets which is rich in starch, protein, fibres, etc and have efficient 

amount of Zinc and Iron bioavailability. However, sorghum biofortification would provide 

a sustainable solution to iron and zinc densification in sorghum. The present study was 

undertaken to study the ten potential sorghum lines for their biochemical properties such as 

protein, carbohydrates and proline along with the micronutrients such as iron and zinc at 

Sorghum Research Station, Dr. PDKV, Akola during rabi season 2023-24. In the present 

investigation, it was observed that, highest and lowest protein content was recorded by the 

line CSV-29R (8.98%) and PKV Kranti (6.33%), respectively. The highest and lowest 

carbohydrate content was recorded in the line Parbhani Shakti (86.19 g/100g) and CSV-

29R (49.23 g/100g), respectively. The highest and lowest proline content was recorded by 

the line CSV-22R (1 g/100g) and Parbhani Shakti (0.5 g/100g), respectively. From the 

correlation studies it was observed that, carbohydrates had significantly positive correlation 

with iron content (r=0.663*) whereas, had positive correlation with zinc content (r=0.286). 

On the other hand, negative correlation was observed between protein content and 

micronutrients. 
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staple crops cultivated in India. It comprises of 25 

species of flowering plants belonging to the Family of 

Poacae (Graminae), (Price et al., 2005) Genus: Sorghum 

and Species: bicolor. Sorghum grain is rich in starch, 

protein, micronutrients and crude fiber but low in fat 
(Chavan and Patil, 2010), making it a good staple. It is 

gluten-free and a safe food for celiac patients or people 

with known gluten allergies. The slow digestibility of 

sorghum starch makes it a food option for diabetics 

(Wong et al., 2009).  

 

Based on the WHO recommendation nutrient intake 

(RNI), sorghum is a good source of energy and eleven 

nutrients, of which nine are micronutrients that are 

critical to health and well-being. The bioavailability of 

Fe in sorghum is 5% and that of Zn is 20% depending 

upon the form in which sorghum is consumed (United 

Sorghum Checkoff Program, 2010). Biofortification of 

sorghum by increasing mineral micronutrients (especially 

iron and zinc) in the grains provides a sustainable 

solution to iron and zinc deficiency (Pfeiffer and 

McClafferty, 2007). Sorghum cultivars differ in Fe and 

Zn content in grain. 

 

In view to the losses caused by deficiency of the 

micronutrients, the present study was undertaken with 

objective to study the biochemical properties of sorghum 

lines in response to micronutrients densification. 

 

Biochemical analysis was done to understand the 

metabolic behaviour of the sorghum grains. It was further 

suggested that, the lines showing good potential can be 

used in breeding program through hybridization and 

selection.  

 

Materials and Methods 

 
Ten potential sorghum lines were selected for study in 

the rabi season. The selected lines comprised of 

promising varieties, derived lines and advanced breeding 

lines. It varied in seed size, seed shape, seed colour, seed 

luster, etc.  

 

Specific features of the lines which were selected 

is mentioned below 

 

AKSV-438 

 
It is a derived line maintained at Dr. PDKV, Akola and 

registered by NBPGR (INGR23040). It has recorded to 

be high in zinc and iron content. It has white pearly grain 

appearance. 

 

AKSV-440 
 

It is the derived line maintained at Dr. PDKV Akola and 

registered by NBPGR (INGR23041). It has recorded to 

be high in zinc and iron content. It has pale type plant 

with reddish bold seeds. 

 

AKSV-442 
 

It is the derived line maintained at Dr. PDKV, Akola. It 

has high zinc and iron content. It has yellowish grains 

colour and elongated grain shape. 

 

CSV-26R 
 

It is a rabi sorghum variety superior for its nutritional 

and roti qualities. Due to its dual purpose use, it is highly 

acceptable. 

 

CSV-22R 
 

This is a rabi sorghum variety developed at MPKV, 

Rahuri. The variety has round bold grain. 

 

M-35-1 
 

It is a rabi sorghum variety selected from a local 

landrace. It produces high stable yields of grain and has 

recorded superior grain and fodder quality. 

 

CSV-29R 
 

It is a rabi sorghum variety developed through one back 

cross followed by Pedigree breeding. It is developed 

from the cross [(CSV216R x DSV5) x CSV216R]. 

 

PKV Kranti 
 

It is a rabi sorghum variety which has been developed at 

Dr. PDKV, Akola. It is a pedigree selection derived from 

the cross SPV – 1201 X Ringani. 

 

Parbhani Shakti 
 

It is India’s first biofortified sorghum variety with 

significantly higher iron and zinc content. It is developed 

by ICRISAT from the improved variety ICSR 14001 and 
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was collaboratively released for cultivation by Vasantrao 

Naik Marathwada Krishi Vidyapeeth (VNMKV), 

Parbhani, Maharashtra and ICRISAT. 

 

AKSV-439 
 

It is the derived line maintained at Dr. PDKV, Akola. It 

has recorded to be high in zinc and iron content. 

 

Biochemical Characters 
 

The biochemical analysis was done to infer the amount 

of protein, carbohydrates as well as proline in the 

sorghum grain samples. The study was undertaken to 

understand the metabolic behaviour of selected sorghum 

lines. 

 

Protein content (%) 
 

Protein content in the grain sample was estimated by the 

Kjeldhal method Anantakrishnan et al., (1952). For 

digestion of the sample, 0.5g powdered seed sample was 

weighed in digestion tube to that 1g of catalyst mixture 

and 10 ml concentrated H2SO4 was added and the tubes 

were placed in the block digester heated at 1000C until 

the digestion was completed and a transparent liquid was 

obtained. After that tubes were cooled by adding 

sufficient quantity of distilled water and volume made 

upto 50ml. 

 

For sample distillation, 20ml boric acid solution was 

taken in a conical flask condenser outlet of distillation 

apparatus was dipped in the boric acid solution. 10ml of 

digested aliquot was taken in the distillation tube and in 

that 40% of 40ml NaOH was added.  

 

The distillation was then carried out for 9 minutes. The 

color of boric acid in the conical flask changes to green 

from pink. This boric acid was then titrated with 0.1N 

H2SO4 drop by drop the boric acid changed the color to 

pink. The reading on the burette was recorded. 
 

Carbohydrates content (g/100g) 
 

Carbohydrates were estimated by utilizing Anthrone 

method of Carbohydrates estimation Dreywood (1946) 

Carbohydrates are first hydrolysed into simple sugars 

using dilute hydrochloric acid. In hot acidic medium 

glucose is dehydrated to hydroxymethyl furfural. This 

compound forms with anthrone a green colored product 

with an absorption maximum at 630 nm. 100 mg of the 

sample was weighed into a boiling tube and hydrolyzed 

in boiling water bath for 3 hours with 5mL of 2.5 N-HCl 

and cooled to room temperature. The volume was made 

up to 100ml and centrifuged.  

 

The supernatant was collected and 0.5 and 1ml aliquots 

were taken for analysis. The standards were prepared by 

taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working 

standard (‘0’ serves as blank).  

 

The volume was made upto 1 ml in all the tubes 

including the sample tubes by adding distilled water. 4ml 

of anthrone reagent was then added and cooled rapidly. 

The colour change was observed from green to dark 

green color at 630nm and observations recorded.  

 

A standard graph was plotted by plotting concentration of 

the standard on the X-axis versus absorbance on the Y-

axis. From the graph, the amount of carbohydrate present 

in the sample tube was calculated. 

 

Proline content (g/100 g) 
 

Proline will be estimated by the Proline assay protocol 

(Bates et al., 1973). 0.5 g sample was homogenized in 10 

ml of 3% sulphosalicylic acid. The homogenate was then 

filtrated through double layer filter paper. 2 ml filtrate 

was then taken in test tube to which 2 ml of acid 

ninhydrin reagent and 2 ml glacial acetic acid was added.  

 

The test tube containing mixture was placed in water 

bath for 1 hour. The test tubes were then cooled by 

keeping in ice bath. The contents were further transferred 

to separating funnel and 4 ml toluene was added and 

mixed vigorously.  

 

The coloured toluene fraction was separated and 

measured at 520 nm in spectrophotometer. The proline 

concentration was determined from a standard curve 

using D-Proline 

 

Iron content (ppm) / Zinc content (ppm) 
 

The content of iron as well as zinc in the grain samples 

was determined by using the di-acid digestion method 

and the iron and zinc content in the aliquot was 

determined by Atomic Absorption Spectrometer (ASS). 

 

Firstly, seed sample of 1 gm was digested with 30ml of 

di-acid mixture (HNO3+HCIO4) in 9:4 proportions in 

100 ml of volumetric flask by placing it on a hot plate at 
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moderate temperature. After 3-5 minutes the seed sample 

started to digest and emitted a dull red colored smoke. 

The digestion is done until 3-5 ml of colorless liquid was 

obtained in the flask.  

 

After cooling the flask, 20 ml of deionized or glass-

distilled water was added and the volume was made up 

with deionized water. Sample was then filtered through 

Whatman no 42 filter paper.  

 

The aliquot of this solution was then used for 

determination of Iron content as well as zinc content with 

the help of Atomic Absorption Spectrophotometer 

(ASS).  

 

Results and Discussion 
 

Protein content (%) 
 

Protein is an important constituent in the body needed for 

growth and cell repair. They are immensely important in 

seeds, as they make up 40% of the seeds weight and 

serve to store amino acids for the developing embryo. 

The highest protein content was recorded by the line 

CSV-29R (8.98%) followed by M-35-1 (8.46%) and 

CSV-22R (8.25%) and the lowest protein content was 

recorded in the genotype PKV Kranti (6.33%). (Table 1) 

 

Carbohydrates (g/100g) 
 

Carbohydrates are the sugar molecules and is one of the 

three main constituents found in food. The body breaks 

down carbohydrates into glucose which is the main 

source of energy for body’s cells, tissues and organs.  
 

The highest carbohydrate content was recorded in the 

line Parbhani Shakti (86.19g) followed by AKSV-440 

(80.97g) whereas, lowest carbohydrate content was 

recorded by the line CSV-29R (49.23g). (Table 1) 
 

Proline (g/100g) 
 

Proline is an amino acid, which plays a beneficial role in 

plants which are exposed to various stress conditions. 

Stress leads to an overproduction of proline in plants 

which imparts stress tolerance by maintaining cell turgor 

or osmotic balance. The lowest proline content was 

recorded by the line Parbhani Shakti (0.5 g) followed by 

PKV Kranti (0.65g) whereas, highest proline content was 

recorded by the line CSV-22R (1g) followed by AKSV-

442 (0.97g) (Table 1). 

Iron content (ppm) 
 

Iron is an essential micronutrient for all the living 

organisms which helps to boost the immune system. It 

plays a major role in metabolic processes of life such as 

DNA synthesis, respiration and photosynthesis. 

Maximum iron content was recorded by the sorghum line 

Parbhani Shakti (55.28 ppm) whereas, minimum iron 

content was recorded in the line CSV-26R (27.20 ppm). 

(Table 1) 

 

Zinc content (ppm) 
 

Zinc is an essential micronutrient for human metabolism 

which plays an important role in catalyzing more than 

100 enzymes as well as facilitates protein folding and 

helps in regulation of gene expression. Maximum zinc 

content was recorded in the line AKSV-442 (25.79 ppm) 

and minimum zinc content was recorded by the line 

CSV-26R (17.61 ppm) (Table 1). 

 

Correlation studies 
 

The correlation analysis was done between the 

biochemical parameters and the micronutrients to study 

the significant influence of biochemical properties on the 

micronutrients. It was observed that carbohydrates had 

significantly positive correlation with iron content (r = 

0.663*) but had non-significantly positive correlation 

with zinc content. Also, protein had negative correlation 

with iron (r = -0.381) and zinc content (r = -0.303) and 

iron and zinc were reported to have positive correlation (r 

= 0.329). Whereas, all the other biochemical parameters 

had non-significant association with the micronutrients 

(Table 2). 

 

The geometric mean of protein, carbohydrate and proline 

was 7.56%, 66.50 g/100g and 0.69 g/100g respectively 

for all the selected sorghum lines. The protein content 

was observed in the range 6.33-8.98 %, carbohydrates in 

the range 49.23-86.19 g/100g and 0.5-1 g/100g was the 

range of proline content in the sorghum lines studied. For 

all the evaluated parameters F test was found to be 

significant. Similar results in this direction was also 

observed by Chavan et al., (2020) where potential 

sorghum lines were studied for micronutrient enrichment 

in the kharif season. Also a study was reported by Kardes 

et al., (2021) where they observed crude protein content 

of (>9.65%) and carbohydrates content of (>77.07%) 

which was in accordance with the present study.  
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Table.1 Protein, Carbohydrates, Proline and Grain yield per plant of the selected sorghum lines 
 

Sr. No Parents Protein content (%) Carbohydrates (g/100g) Proline (g/100g) Iron 

(ppm) 

Zinc 

(ppm) 

1 AKSV-438 6.85 59.667 0.69 38.30 18.87 

2 AKSV-440 7.84 80.97 0.72 33.25 22.00 

3 AKSV-442 6.91 80.67 0.97 38.80 25.79 

4 CSV-26R 7.33 69.63 0.77 31.80 17.61 

5 CSV-22R 8.25 60.03 1 28.90 17.69 

6 M-35-1 8.46 66.24 0.71 38.50 18.13 

7 CSV-29R 8.98 49.23 0.75 24.50 20.20 

8 PKV Kranti 6.33 61.89 0.65 27.20 21.77 

9 Parbhani Shakti 7.12 86.19 0.5 55.28 18.07 

10 AKSV-439 6.89 68.94 0.82 48.30 19.71 

 Parental Mean 7.56 66.50 0.69 36.48 19.98 

 Range 6.33 - 8.98 49.23 - 86.19 0.5 - 1 24.5- 

55.28 

17.613 - 

25.787 

 F test S S S S S 

 

Table.2 Correlation between the biochemical parameters and micronutrients 
 

 Protein 

content  

(%) 

Carbohydrates 

(g/100g) 

Proline 

(g/100g) 

Iron 

content 

(ppm) 

Zinc 

content 

(ppm) 

Protein content (%) 1 -0.384 0.191 -0.381 -0.303 

Carbohydrates 

(g/100g) 

 1 -0.19 0.663* 0.286 

Proline (g/100g)   1 -0.357 0.297 

Iron content (ppm)    1 0.329 

Zinc content (ppm)     1 

* - significance at 5%  

 

The correlation studies stated that, carbohydrates had 

significantly positive correlation with iron content and 

had non-significant positive correlation with zinc content 

however, no study was found to support this finding but 

on the other hand, positive correlation between protein 

and iron and zinc content was reported in the findings of 

Badigannavar et al., (2016) which contradicted the 

present findings of negative correlation between protein 

and iron content and zinc content.  

 
The present study evaluated the potential sorghum lines 

and identified the lines high in iron and zinc content. It 

was also observed that, carbohydrates had significantly 

positive correlation with iron content and had positive 

correlation with the zinc content from which it can be 

inferred that carbohydrates and micronutrient studies can 

be carried out simultaneously. For all the evaluated 

parameters F test was found to be significant.  
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