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Abstract 

Sorghum (Sorghum bicolor L.) is one of the most significant yet 

underutilized staple crops in the world. It contains high levels of dietary 

fiber, resistant starch and essential health-beneficial bioactive compounds, 

including phenolics, vitamins and minerals, making it a valuable 

component of a balanced diet. The bioactive profiles of sorghum are 

exceptionally unique, more abundant and more diverse than those of other 

common cereal grains. Sorghum contains phenolic acids, condensed 

tannins and 3-deoxyanthocyanidins as its primary phenolic constituents. 

Consumption of sorghum whole grain may enhance gut health and lower 

the risk of chronic illnesses, as studies have demonstrated the strong 

antioxidant activity of sorghum’s phenolic components in vitro. 

Additionally, condensed tannins, 3-deoxyanthocyanidins and phenolic 

compounds are essential contributors to its health benefits. Recently, 

sorghum grain has been increasingly used to develop functional foods and 

beverages, as well as an ingredient in other food products. The objective of 

this review is to provide a comprehensive understanding of the nutritional 

composition and functional properties of sorghum, along with its related 

health benefits, to improve health outcomes and overall well-being.  
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Introduction 

Globally, ensuring nutritional security is essential for maintaining public 

health, fostering economic development and promoting social stability. In 

India, a significant portion of the population faces malnutrition or 

undernourishment, hindering both physical and mental growth. The 

prevalence of undernutrition in India stands at 16.3%, with alarming rates of 

stunting (30.9%), underweight children (33.4%) and childhood obesity 

(3.8%) (1). Improving food security can significantly impact poverty 

reduction efforts by providing individuals with access to affordable and 

nutritious food, thereby enabling better financial management, reducing 

healthcare expenses and enhancing overall quality of life. In 2022, the World 
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Health Organization estimated that 149 million children 

under the age of five were stunted (too short for their age); 

45 million were anticipated to be wasted, or too thin for 

their height and 37 million were obese (2). Approximately 

74% of Indians lacked access to a nutritious food and 39% 

did not consume a diet high enough in nutrients. More 

than 1.6 million children are predicted to experience 

malnutrition by 2024, according to a warning from the 

World Food Programme (WFP) (3).  

Thus, sorghum, a gluten-free cereal, is a 

cornerstone of sustenance for many communities in the 

semi-arid tropical regions and is acknowledged as one of 

the notable crop species within the Poaceae family across 

Africa, Asia and Latin America (4). Following maize, rice, 

wheat and barley, cultivated sorghum is ranked fifth 

among the cereal crops globally (5). Over 35% of sorghum 

is cultivated specifically as food, while the remainder is 

primarily used for industrial goods, alcohol and animal 

feed (6). Every year, sorghum breeders develop numerous 

improved sorghum varieties suited for tropical and semi-

arid climates. The increasing prevalence of sorghum in 

developing nations can be attributed to concerted 

national efforts to enhance processing and industrial 

applications, in conjunction with the rising populations in 

these regions (7). A well-known feature of sorghum is its 

high agronomic productivity and its capacity to grow 

under a variety of conditions, such as deficit water and 

high temperatures, salinity, barren soils and high altitudes. 

This adaptability is due to its well-established root system, 

high root-to-leaf ratio and wax-coated foliage, which can 

roll in response to external stimuli or threats  (8). Sorghum 

remains a preferred choice as it is gluten-free, contains 

resistant starch, is an excellent source of minerals and 

comprises a collection of bioactive phenolic compounds.  

Sorghum surpasses other key cereal crops in its 

concentration of phenolic compounds, showcasing a 

broad range of bioactive constituents that are especially 

pronounced (9).  

Sorghum grains containing bioactive chemicals 

boost the gut microbiota and exhibit a varied range of 

biological activities, including anti-inflammatory, 

antioxidant, antithrombotic and antidiabetic qualities. 

Whole grains, including millets, are indispensable for 

achieving good physical fitness and overall health, as they 

provide substantial quantities of essential energy and 

dietary fiber (10, 11). Consuming such grains can reduce 

the risk of various cancers, improve blood glucose 

balance, aid in body weight management and lowers the 

risks of cardiovascular and diabetes by 20% to 30% (12-

14).  

Reports have substantiated that the bioactive 
compounds inherent in grains exhibit  a spectrum of 

functional effects, including antibacterial, anti-

inflammatory and antioxidant properties, all of which 

contribute mitigating various health concerns (15). To 

further enhance its contribution to nutrition security, 

sorghum can be improved through selective breeding for 

enhanced nutritional traits, processing techniques to 

increase bioavailability, fortification and education 

initiatives to promote its consumption. By employing 

these methods, sorghum can play a significant role in 

addressing global nutritional challenges and ensuring 

access to nutritious food for all. This review provides a 

summary of the bioactive chemicals and functional 

properties present in sorghum, along with the health 

advantages they offer as a result of their dietary uses and 

biological potential. 

Grain morphology of sorghum 

Pericarp 

The pericarp, the outermost structural element of the 

caryopsis, consists of three sublayers: the epicarp, 

mesocarp and endocarp. The epicarp is further subdivided 

into hypodermic and epidermic portions. The epidermis of 

the caryopsis is composed of thin, elongated, rectangular 

cells with a cutin layer on the outer surface. The outer 

layer often contains a pigment. Phytochemical levels, such 

as anthocyanins, carotenoids and condensed tannins are 

reflected in the different pericarp colors. These colored 

pigments have potential therapeutic properties and offer a 

variety of health benefits. Anthocyanidins and 

anthocyanins exhibit antioxidative and antibacterial 

properties, enhancing visual and neurological health and 

protecting against a variety of noncommunicable diseases, 

as shown by scientific research conducted on cell culture, 

animal models and human clinical trials. The hypodermic 

layer, with a thickness ranging from one to three cellular 

layers, consist of significantly fewer cells than the 

epidermis. The mesocarp, the central section of the 

pericarp, is its densest portion, though its thickness varies 

greatly among genotypes. The endocarp, the deepest 

sublayer of the pericarp, is framed by cross cells and an 

outer layer of tube cells. It facilitates moisture transport 

into the kernel (Fig. 1) (16). 

Outer seed coat 

The testa, or seed-coat, is located immediately beneath 

the endocarp. The testa exhibits notable stages of 

pigmentation in certain genotypes of sorghum. Both hue 

and pigmentation are inherited traits. The thickness of the 

testa layer varies; it is narrow in the embryo section and 

thick near the kernel's crown. The testa is present in 

certain genotypes but absent or only partially in others 

(16). 

Endosperm 

The fundamental portion of sorghum constitutes the 

endosperm, which function as a vital storage structure. It 

includes the outermost corneous and floury portions, plus 

an aleurone layer. The aleurone is a single layer of cells 

that sits just underneath the testa, or seed coat (Fig. 1). 

Minerals, oil, B-complex vitamins and several hydrolyzing 

enzymes are plentiful in these aleurone cells. Long, 

rectangular cells that are tightly packed and include 

protein bodies and starch granules embedded in the 

protein matrix are characterize the peripheral endosperm. 

Therefore, unless the protein linked to it is also reduced, 

the starch in these cells is not readily accessible for 

enzyme digestion (17). Protein-starch interactions in 

sorghum, especially the dense kafirin matrix and tannins, 
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reduce starch digestibility and nutrient availability 

compared to more digestible grains like maize and wheat. 

The main protein in the kernel is composed of alcohol-

soluble prolamins, which form the protein bodies and 

alkali-soluble glutelin, which constitute the general 

protein framework. The spherical protein structures 

observed in the sorghum endosperm vary in size both 

between species and within a kernel. In sorghum, the 

number of protein bodies decreases as the starch 

concentration increases from the periphery to the center, 

where the floury endosperm is located. The protein 

domains of sorghum, are characterized by the presence of 

various enzymatic agents such as proteases, 3-

glucosidases, 3-galactosidase and phosphatases (18). Red 

sorghum (IS 11315) has high tannins, which reduce 

digestibility but increase antioxidants; white sorghum (IS 

8525) is easier to process due to low tannins and better 

nutrient bioavailability; high-lysine sorghum (P721Q) 

offers enhanced protein quality and waxy sorghum (BRS 

511) has improved starch gelatinization for processed 

foods. Complementing these enzymatic agents, sorghum 

protein bodies also contain essential minerals, including 

magnesium, calcium, potassium and phosphorus. The key 

factors influencing sorghum processing and its nutritional 

value is grain texture. In sorghum, the kernel texture 

ranges from delicate endosperm to all corneous, 

extremely hard, or vitreous endosperm. When 

decorticated, hard endosperm sorghum produces more 

full grains and fewer broken grains than softer endosperm. 

Corneous flours generate more flour during dry milling 

than soft flours do. Nonetheless, soft-endosperm 

genotypes generate more starch after wet milling. Varieties 

with a larger percentage of crystalline endosperm are 

preferable for cooking concentrated porridge and these 

cultivars are also appropriate for popping (19). Soft-

endosperm sorghum flour is widely desired for making 

bread, whether it is fermented or not. 

Germ 

The scutellum and the embryonic axis are the two primary 

components of the germ. The scutellum acts as storage 

tissue for minerals, proteins, lipids and enzymes (Fig. 2). 

The fatty acids present in polyunsaturated oil are similar 

to those in maize oil (20). 

Nutraceutical profiling of sorghum 

Highly esteemed for its exceptional nutritional content, 

Fig. 1. Structure of sorghum grain. 

Fig. 2. Nutritional makeup and types of sorghum. 
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sorghum has become a significant food crop in Africa and 

India, as well as a vital source of animals feed in wealthier 

nations. Sorghum contains approximately 70%–80% 

carbohydrates, 8%–18% protein, 19% dietary fibre, 3% 

crude fibre, 1-5% lipids and various vitamins and minerals 

(Table 1).  

Carbohydrate 

The carbohydrate in sorghum is starch, which is stored in 

the endosperm as granules. The starch content varies 

greatly, ranging from 32.1 to 72.5 g per 100 g of grain (21). 

The two primary constituents of sorghum starch are 

amylose and amylopectin; however, some waxy sorghums 

may contain little or no amylose (22). Sorghum has the 

lowest starch digestibility among cereals, due to the 

enormous amount of resistant and slowly digesting starch, 

as well as the strong interactions between endosperm 

proteins, condensed tannins and starch granules (23). The 

strong interactions between proteins (mainly kafirins) and 

starch granules in sorghum significantly reduce the 

digestibility of its starch, resulting in a lower glycemic 

index (GI) compared to more easily digestible grains such 

as wheat, rice, or maize. This slower breakdown of starch 

leads to a more gradual release of glucose into the 

bloodstream, preventing sharp blood sugar spikes and 

providing more sustained energy. For people with diabetes 

or those concerned with metabolic health, this lower GI 

can aid in better blood sugar management, improve 

insulin sensitivity and reducing the risk of hyperglycemia. 

Additionally, the slow digestion can increase satiety, 

making sorghum useful for weight management and 

overall metabolic balance. Sorghum is high in fibre, which 

helps lower cholesterol, improve blood sugar regulation 

and facilitate digestion. The non-starch carbohydrate in 

sorghum is soluble fibres (10% to 25%) and insoluble 

fibres (75% to 90%), which are found in the cell walls of the 

pericarp and endosperm, and constituting nearly 6 to 15 g 

per 100 g of grain (24). The main components of sorghum’s 

non-starch carbohydrates are arabinoxylans and β-

glucans. It has been demonstrated that arabinoxylans, or 

pentosans, in grains can alter the water balance, the 

structural characteristics of dough and the retrogradation 

of starch (13). These are polysaccharides with arabinose 

residues branching off a xylan backbone. Research has 

been conducted on the structural properties and 

carbohydrate composition of arabinoxylans derived from 

sorghum, which are suitable for making roti (22). P-

coumaric and ferulic acids, two significant phenolic acids 

in sorghum, are bound in the arabinoxylans, which are 

essentially glucuronoarabinoxylans (25). Sorghum flour is 

comparable to wheat flour in terms of starch content; 

however, it contains substantially less amylase (40–50%) 

and amylolytic (10%) enzyme activity. 

Hemicellulose 

Panicles, sorghum flour, sorghum bran and sorghum stalk 
all contain various forms of hemicelluloses. Depending on 

the tissue and organ type, different plant species have 

different hemicellulose compositions and structures (26). 

A prior study found that the water-extractable portion of 

sorghum flour included traces of xyloglucan and D-glucans 

(1, 3) and (1, 4). However, in the water-insoluble cell wall 

material, glucose was observed to be co-extracted and 

associated with arabinoxylan. Glucoarabinoxylan (GAX) 

makes up the hemicellulose in sorghum flour due to its 

high glucose content. Sorghum has L-arabino-(4-O-methyl

-Dglucurono)-D-xylans in its stalks (26). A framework made 

up of 1-4, D-xylopyranose residues, where certain xylose 

units have single arabinofuranose units coupled to their O-

3, or both their O-2 and O-3. Other compounds, either 

individually or in chains, are connected to the xylose and 

arabinose residues at O-2. These structures include 

glucuronic acid and 4-O-methyl glucuronic acid. 

Xyloglucans are versatile substances with wide-ranging 

application in the food and non-food sectors. They are 

employed as binding and adhesive agents in the textile 

sector, as well as thickening, gelling and stabilizing agents 

in food items (27). Prior studies have examined the 

physicochemical qualities of xyloglucans concerning food 

applications, such as their flow properties, water holding 

ability and resistance to heat, salt and a range of pH levels 

(27). Conversely, glucans have already gained widespread 

recognition for their beneficial special effects on health, 

such as their capacity to reduce serum cholesterol and 

modulate insulin and postprandial blood glucose 

responses. Moreover, food and beverage products 

worldwide have incorporated the physical characteristics 

of glucans, such as their water solubility, viscosity and 

gelation. Due to its soothing, moisturizing, and anti-irritant 

qualities, glucan is preferred in cosmetics and other 

personal care products, in addition to the food and 

pharmaceutical sectors. 

Protein 

The sorghum protein can generally be classified as non-
prolamin proteins (globulins, glutelins and albumins) or 

prolamin proteins (kafirins). These kafirins found in 

sorghum make up 70% of the overall protein content in 

Macronutrients Content (%) NRVs-Ra (mg/100g) 

Carbohydrates 70–80 - 

Lipids 1–5 - 

Protein 8–18 - 

Dietary fiber 19 - 

Crude Fiber 3 - 

Mineral Content (µg/g) NRVs-Ra (mg/100g) 

Calcium 132 1000 

Potassium 2874 - 

Magnesium 1496 310 

Phosphorous 286 700 

Vitamins Content (mg/100g) NRVs-Ra (mg/100g) 

Niacin 2.927 15 

Riboflavin 0.142 1.2 

Thiamin 0.237 1.2 

Vitamin B6 0.590 1.3 

Vitamin E 0.810 9 

Table 1. The nutritional makeup of sorghum (85) 

a NRVs-R, Nutrients Reference Values- Requirements 
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the whole grain and serve as the primary form of protein 

storage within the grain (28). The endosperm stores these 

hydrophobic kafirin proteins in tightly coiled protein 

structures known as α-, β-, γ- and δ-kafirin, which are 

categorised based on molecular weight (28). The potential 

of sorghum kafirin for a wide range of uses has made it a 

topic of significant attention in recentyears. Extensive 

research has examined sorghum kafirin, covering its 

extraction, modification and application as a gluten-free 

ingredient in baked goods, films and coatings. Kafirins, the 

main storage proteins in sorghum, form tight protein-

starch matrices that reduce dough elasticity and hinder 

the formation of bread-like products. They also 

encapsulate starch, decreasing its digestibility and leading 

to a slower release of glucose. The hydrophobic nature of 

kafirins impairs water absorption and gelatinization, 

resulting in firmer textures in sorghum-based foods. 

Additionally, their rigid structure challenges processing 

techniques such as fermentation and extrusion, limiting 

the potential for light, airy products. However, processing 

strategies, such as protein modification can help improve 

these functional properties. It is also being studied for its 

potential use in microparticles for supplement and 

medication delivery. Kafirins exhibit a high level of 

polymerization and extensive disulfide bridges, which 

make them resistant to enzymatic digestion in the 

intestinal tract and found to have a strong relation with 

tannins. Based on their molecular weight and solubility, 

sorghum kafirins can be divided into three primary classes: 

α, ß, and γ. The amounts of α -kafirin, ß-kafirin, and γ-

kafirin in the endosperm vary from floury to vitreous (Fig. 

3) (28). Glutamic acid is plentiful in α-kafirins, which have a 

molecular weight of 22–25 kDa. Methionine and cysteine, 

two amino acids that contain sulphur and may exist in 

both monomeric and polymeric forms, are more abundant 

in ß-kafirins, which have a molecular weight of about 18 

kDa. Proline, cysteine and histidine are abundant in γ-

kafirins, which have a molecular weight of about 20 kDa. 

These subunits exist as polymers and oligomers. ß and γ-

kafirins form strongly cross-linked disulfide linkages, both 

intramoleculary and between molecules (28). 

Amino acid content of sorghum 

Sorghum typically contains high levels of glutamic acid, 

leucine, alanine, proline and aspartic acid among its 

amino acids (29). From a human nutrition standpoint, 

lysine and threonine are the most deficient amino acids in 

sorghum proteins. Lysine content in sorghum meets 

approximately 40% of the daily recommended intake for 

infants (30). Transgenesis of the HT12 gene produced 

lysine-rich sorghum germplasm, enhancing the nutritional 

value of sorghum grain (31). Additionally, 206 sorghum 

mutant lines were analyzed for total protein content and 

23 amino acids, including 19 protein-bound and 4 non-

protein amino acids (32). Variations in the ratios of 

essential and non-essential amino acids were observed 

among these lines, with total protein content 

approximately double that of the wild-type (BTx623) 

(Table 2). 

Vitamins and minerals 

Sorghum is a valuable source of minerals, particularly 

phosphorus (P), which is the most prevalent substance in 

sorghum kernels (Table 3). However, it is not uniformly 

distributed and is mainly concentrated in the germ and 

seed coat. Low extraction rates resulted in a reduction of 

minerals, including phosphorus, iron, zinc, and copper in 

milled sorghum flour (33). However, these investigations 

further demonstrated that pearled grain had greater in 

vitro iron availability, as determined by the ionizable iron 

as percentage of total iron. Because the hull contains 

significant amounts of phytate, which binds iron and 

several other minerals and renders them unavailable to 
Fig. 3. Types of Kafirin proteins (100). 

Amino acid Sorghum  
(g/100g protein)a 

FAO/WHO/UNU adults’  
recommendations 

Essential 
Histidine 2.6 1.5 
Isoleucine 4.0 3.0 
Leucine 13.1 5.9 
Lysine 2.6 4.5 
Methionine 1.7 1.6 
Cysteine 1.4 0.6 
Phenylalanine 4.4 1.9 
Tyrosine 3.3 - 
Threonine 3.5 2.3 
Valine 5.6 3.9 

Non-essential 
Alanine 8.8 - 
Arginine 3.6 - 
Aspartic 7.4 - 
Glutamic 19.7 - 
Glycine 4.1 - 
Proline 8.8 - 
Serine 3.9 - 
a (86) 
b (87). 

Table 2. The amino acid content and their daily adult recommendations in 
sorghum   
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the body, dehulling increases the availability of iron. 

Mechanically dehulled sorghum gruels have a higher 

proportion of soluble and ionizable iron compared to 

conventionally ground grains (34). Mechanical milling 

removes phytate-rich hulls, while soaking before dehulling 

improves phytate breakdown and iron availability.  

 In experiments with Indian women, iron 

absorption was higher from tannin-free sorghum cultivars 

than form high-tannin cultivars (35). Grain pearling also 

improved iron absorption from sorghum cultivars, with 

and without high tannin content. The study evaluated iron 

bioavailability in individuals consuming diets containing 

varying levels of tannin, phytate and phosphorus. Iron 

absorption from low- and high-tannin sorghum was similar 

in healthy individuals but notably lower in anaemic 

patients when consuming high-tannin sorghum. However, 

differences in iron absorption disappeared when the 

phytate contents of the two sorghum meals were 

equivalent (36). 

Sorghum - Functional characteristics 

Both structural carbohydrates (glucose, cellulose, 

hemicelluloses) and non-structural carbohydrates (starch) 

are present in sorghum grain. Starch is the main non-

structural carbohydrate that supplies most of the energy 

needed for germination. Starch, which is made up of 

straight-linked amylose chains (glucose units held 

together by α-1,4 glycosidic bonds) and amylopectin 

(glucose units held together by α-1,4 glycosidic bonds with 

additional branching via α-1,6 glycosidic linkages), makes 

up between 50 and 75 percent of the total grain weight of 

sorghum. Similar to other cereal grains, sorghum grain 

contains a similar comparable proportion of starch. 

Generally, it has a lower starch digestibility than maize; 

moreover, its strong phytochemical content, especially 

tannins, can block the enzymatic hydrolysis of starch (37) 

(Table 4). Consequently, it has been a suggested that 

sorghum might be a beneficial meal for managing obesity 

and diabetes. Sorghum also contains more fibre content 

than any other cereal, with the exception of barley. 

Sorghum has  a lower protein content than wheat, barley 

and maize, but a higher protein content than brown rice 

and it remains gluten-free (38). Several phytochemicals 

found in sorghum, including tannins, policosanols, plant 

sterols, and phenolic compounds, are either essential 

cellular constituents or secondary metabolites of the 

plant. These elements are regarded as beneficial for 

human health (38). Of all the cereals, sorghum has the 

highest tannin content. Certain sorghum genotypes have a 

high phenolic and tannin content, which is linked to strong 

phenolic-starch interactions and in vivo enzyme inhibition. 

These interactions decrease the digestibility of starch, 

increase resistant starch and reduce the glycemic index 

(GI) of food (37). Protein, phenolic, flavonoid, resistant 

starch and dietary fiber levels play significant roles in 

reducing the glycemic index of starchy foods. Sorghum 

exhibits the lowest glycemic index (GI) at 32, while barley, 

rice, waxy rice, and maize have GIs of 67, 79, 48 and 40, 

respectively (39). 

Characteristics of colored sorghum 

The pericarp of black sorghum, a genetic variation of red 

sorghum, becomes black when exposed to sunlight during 

maturation, while red sorghum contains modest 

quantities of phenolic compounds but no tannins. The 

pericarp of black sorghum is primarily where substantial 

amounts of phenolic chemicals, specifically 3-

deoxyanthocyanidins, are present (40). On the other hand, 

the colored testa and higher condensed tannin levels are 

characteristics of brown sorghum, also known as tannin 

sorghum (6). Black and red sorghums both contain 3-

Table 3. Minerals and vitamins content in sorghum (88) 

Minerals 

Major mg/100g dwba 

Ca 30 

Cl 52 

K 277 

Mg 148 

Na 11 

P 305 

S 116 

Si 200 

Minor mg/100g dwba 

Cu 1.0 

Fe 7.0 

Mn 2.6 

Zn 3.0 

Vitamins 

Major mg/g dwba 

Thiamin 0.46 

Riboflavin 0.15 

Niacin 4.84 

Pyridoxine 0.59 

Pantothenic acid 1.25 

Biotin 0.02 

Folacin 0.02 

Carotenes (mg/Kg) 29.0 

Minor mg/g dwba 

Vitamin E (mg/Kg) 12.0 

Source: (88) 

Component Sorghum Maize (Corn) Wheat 

Total Starch (%) 68-75 70-73 60-70 

Amylose Content (%) 22-32 24-30 25-28 

Amylopectin Content (%) 68-78 70-76 72-75 

Resistant Starch (%) 3-5 1-2 2-3 

Granule Size (µm) 15-20 10-20 2-35 

Gelatinization Temp. (°C) 68-77 62-72 58-64 

Digestibility 
Lower than 
maize and 

wheat 
High High 

Starch Type High amylose 
starch 

High amylopec-
tin starch Intermediate 

Table 4. Starch composition of sorghum with other cereals  
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deoxyanthocyanidins, which have strong stimulating 

effects on NQO activity and are essential in the fight 

against oxidative damage (41). Black sorghum contains 

higher levels of 3-deoxyanthocyanidins, resulting in darker 

pigmentation, stronger antioxidant properties and greater 

resistance to environmental stress compared to red 

sorghum. The major chemicals in black sorghum, 

luteolinidin and apigeninidin, provide it with great UV 

protection and insect resistance. Although red sorghum 

still contains a significant amount of these anthocyanins, it 

is less antioxidant-active and has a paler red color. Health 

advantages, such as anti-inflammatory and cardiovascular 

protection, are more prominent in black sorghum due to 

its increased anthocyanin concentration. Both varieties 

serve different purposes; red sorghum is typically used in 

traditional recipes, while black sorghum is frequently 

preferred for functional foods.  Condensed tannins from 

sorghum, which have been shown to be strong 

antioxidants in vitro, may also function as "sinks" for free 

radicals in the gastrointestinal system (42). Furthermore, 

pro-inflammatory activity and mouse ear edema are 

significantly inhibited by phenolic extracts from sorghum 

bran, particularly from black sorghum (43). While white 

and red sorghums are typically used in Africa to make low-

alcohol beers, red sorghum has historical relevance in East 

Asia for making high-alcohol spirits (44). Recent research 

on sorghum has indicated a variety of flavors and possible 

health advantages when used in grain tea drinks (45). Red 

sorghum's increased phenolic content and antioxidant 

activity have been found to improve health outcomes 

when added to bread and pasta (46). 

Bio-active compounds in sorghum 

Bioactive chemicals, primarily found in bran and 

distributed throughout the endosperm, are essential 

components that promote health and prevent disease. 

These may include non-nutrients, such as polyphenols and 

carotenoids as well as vitamins like vitamins B, D, E and K 

(Fig. 4). Table 5 showed the main trace elements with 

antioxidant activity, zinc, copper and manganese aid in 

scavenging free-radicals and reducing their deleterious 

effects (47-49). 

Phenolic compounds 

A subclass of polyphenols, phenolic acids are organic 

compounds that include p-coumaric acid, protocatechuic 

acid, ferulic acid, and others. Sorghum has a more diverse 

phenolic chemical profile and greater concentration of 

phenolic compounds compared to other cereals. All 

varieties of sorghum include phenolic compounds, which 

are the main bioactive ingredients in this grain. Sorghum 

primarily contains ferulic acid as its main phenolic acid, 

similar to small-grained cereal grains.  Additionally, 

sorghum grain hosts flavonoids capable of yielding 

anthocyanins, flavanones, flavanols, and condensed 

tannins, or proanthocyanidins. The p-coumaric acid, 

caffeic acid, cinnamic acid, ferulic acid, gallic acid, salicylic 

acid and vanillic acid make up a significant portion of the 

phenolic acids present in sorghum (50). The principal 

flavonoids found in sorghum are luteolin, apigenin, 

eriodictyol and naringenin (51) (Table 6).  

Anthocyanin content 

The need for natural food colorants with nutraceutical 

Fig. 4. Bioactive compounds in sorghum. 
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properties is growing, and other forms of naturally 

occurring anthocyanins are playing a bigger role. 

Anthocyanins, which serve as antioxidants and food 

colorants, are gaining increasing significance. They have 

been associated with numerous therapeutic benefits, 

including anti-neoplastic, anti-cancer, and 

chemoprotective effects, as well as vasoprotective and 

anti-inflammatory properties. A considerable quantity of 

anthocyanins along with various phenols is contained in 

the bran of specialty sorghum varieties (52). Anthocyanin 

pigments in black sorghum were found to be substantially 

higher than other kinds of sorghums (52). Sorghum’s 

anthocyanins, primarily 3-deoxyanthocyanidins, are more 

heat- and acid-resistant than berry anthocyanins like 

cyanidin and delphinidin. This makes them better suited 

for food processing, though berry anthocyanins are more 

powerful antioxidants but break down faster. Sorghum 

anthocyanins have lower bioavailability but may positively 

impact gut health, while berry anthocyanins act quickly, 

providing short-term antioxidant benefits. Both types 

serve distinct roles, with sorghum thriving in functional 

foods and berries favored for their vibrant colors and 

health-enhancing properties. Using paper 

chromatography, Nip and Burns (1969, 1971) were 

separated and identified luteolinidin, luteodin-5-

glucoside, apigeninidin and luteolinidin in sorghum 

cultivars. Apigeninidin and luteolinidin as the main 

anthocyanidins derived from a species of black sorghum. 

Additionally, maize (53) and the sorghum (54) have been 

reported to contain pelargonidin and cyanidin. The 3-

deoxyanthocyanidins (luteolinidin and apigeninidin) are 

the most prevalent anthocyanins found in sorghum. The C-

3 position of these anthocyanins is devoid of oxygen, 

which sets them apart from the more extensively 

dispersed anthocyanidins. This is why these anthocyanins 

are rare in nature (55). Sorghum may have an advantage 

over vegetable and fruit products in terms of stability and 

viability as an industrial source of anthocyanins due to the 

absence of oxygen at carbon-3. Interestingly the study 

which examined the growth inhibitory effects of sorghum-

derived anthocyanins on MCF-7 cells, observed significant 

morphological changes even at a concentration of 1000 

μg/mL. These anthocyanins effectively suppressed the 

proliferation of human breast tumor cell lines. The study 

also documented the anticancer properties of various 

flavonoids against human breast cancer using the MCF-7 

cell line (56). By employing the MCF-7 cell line, the 

anticancer properties of flavonoids, such as flavanones, 

daidzein, genistein, quercetin and luteolin in human 

breast cancer (57). 

Therapeutic properties in sorghum 

Sorghum enhances food quality, nutrition, and health by 

being incorporated as both an ingredient and a standalone 

product, thereby yielding functional foods. Sorghum may 

be used as a potential healthful component in pasta, a well

-known universal staple dish made with semolina from 

durum wheat (58). For instance, the complex 

carbohydrates, phenolic compounds, and antioxidant 

qualities of pasta are greatly increased when 20% to 40% 

of the semolina is substituted with sorghum whole grain 

flour. On the other hand, it has been demonstrated that 

sorghum meal in high amounts diminishes sensory 

qualities and consumer approval. If 20–30% of the flour 

contains sorghum, it is possible to produce pasta with a 

similar texture while maintaining nutritional value and 

health benefits (59). Eating red sorghum (rich in phenolic 

compounds) linguine, in addition to light sorghum, 

enhanced people's health by increasing plasma phenolic 

concentration and antioxidant capacity.  It has also been 

shown that muffins made with sorghum contain a 

substantial amount of complex and hard-to-digest 

carbohydrates (46). To increase sorghum's health 

advantages, it may also be used in Chinese steamed bread 

(60). The full-grain sorghum flour, either red or white, 

performs well as a wheat flour substitute in bread, 

significantly enhancing its phenolic and antioxidant 

characteristics (61) (Fig. 5). Although sorghum is one of the 

most commonly used kernels in animal feed, it is not used 

Bioactive  
Components Content Unit Reference 

Carotenoids 

Lutein (red and white 
cultivar) 24.6, 122.3 mg/kg 

(90) Zeaxanthin (red and 
white cultivar) 25.3, 73 mg/kg 

β-Carotene (red and 
white cultivar) 27, 34.3 mg/kg 

Vitamin E 

α-Tocopherol 1.22–5.26 µg/g (91) 

β-Tocopherol 0–784.7 μg/100g 

(92) 

γ-Tocopherol 174.6–2109 μg/100g 

δ-Tocopherol 0–379.8 μg/100g 

α-Tocotrienol 0–311.9 μg/100g 

β-Tocotrienol 0–850.5 μg/100g 

γ-Tocotrienol 0–270.5 μg/100g 

δ-Tocotrienol 0–484.2 μg/100g 

Amines 

Spermidine 0.5–18.7 mg/kg 

(93) 
Spermine 2.7–27.2 mg/kg 

Putrescine 0.7–7.2 mg/kg 

Cadaverine 0–0.6 mg/kg 

Policosanols and phytosterols 

β-Sitosterol 17.75–32.32 mg/kg (94) 

Campesterol 1.04 mg/g of lipids 

(95) 

Stigmasterol 1.02 mg/g of lipids 

C26 policosanol 1.53 mg/g of lipids 

C28 policosanol 2.7 mg/g of lipids 

C30 policosanol 1.31 mg/g of lipids 

C32 policosanol 0.25 mg/g of lipids 

Table 5. Concentration of bioactive components in sorghum grains (89) 
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 Table 6. List of sorghum phenolic compounds in sorghum 

Phenolic Compounds Content (ug/g) Nutraceutical properties References 

Hydrocinnamic acids 

Caffeic acid 13.55–20.80 Antioxidant, antitumor, anti-inflammatory, antimicrobial and antidia-
betic activity  (89) 

p-Coumaric acid 41.88–71.88 Antioxidant, antimicrobial, antitumor, anti-inflammatory, antiplatelet 
aggregation (89) 

Ferulic acid 120.47–163.91 Antioxidant, antitumor, anti-inflammatory, antimicrobial and antidia-
betic activity  (89) 

Sinapic acid 8.22 Anti-inflammatory (96) 

Chlorogenic acid 235.91–293.19 Anti-inflammatory (97) 

Cinnamic acid 9.76–15.02 Anti-inflammatory (89) 

Hydrobenzoic acids 

Protocatechuic acid 150.28–178.22 Antioxidant (89) 

p-Hydroxybenzoic acid 6.13–16.39 Antioxidant, antitumor, anti-inflammatory (89) 

3,4-Dihydroxybenzoic acid Soluble 0–369.52;  
Bound 33–454.54 Antitumor, anti-inflammatory (98) 

Vanillic acid 15.45–23.43 Anticancer activity (97) 

Salicylic acid 63.4 Anti-inflammatory (96) 

Gallic acid 14.84–21.51 Anticancer activity (89) 

Syringic acid 15.71–17.48 Anti-inflammatory (89) 

Flavonoids (3-Deoxyanthocyanidin) 

 Luteolinidin Soluble 20.39–57.14; 
Bound 0.06–0.15 Antioxidant (98) 

Apigeninidin Soluble 4.76–13.04; 
Bound 0.01–0.04 Antioxidant (98) 

5-Methoxyluteolinidin Soluble 2.23–6.04;  
Bound 0.-0.04 Anti-inflammatory (98) 

7-Methoxyapigeninidin Soluble 5.25–16.82; 
Bound 0.01–0.05 Anti-inflammatory (98) 

5-Methoxyluteolinidin 7-
glucoside 0.18 Antiobesity (97) 

Luteolinidin 5-glucoside 0.11 Antiobesity (97) 
7-Methoxyapigeninidin 5-
glucoside 0.23 Antiobesity (97) 

Apigeninidin 5-glucoside 0.07 Antiobesity (97) 

Luteolinidin anthocyanin 0.09 Antiobesity (97) 

Flavones 

Luteolin 112.56–210.70 Antioxidant (89) 

Apigenin 25.74–65.58 Antibacterial (89) 

Vitexin 0.50 Antibacterial (90) 

Flavanones 

Naringenin 22.85–28.62 Antioxidant, antibacterial activity (89) 

Naringenin hexoside 13,330 Antioxidant, antibacterial activity (99)  

Flavonols 

Kaempferol 17.88–36.44 Anticancer activity (89) 

Quercetin 22.34–29.43 Antineoplastic activity, Anticancer activity, anti-proliferative agent (89) 

Quercetin diglucoside 8420 Anticancer activity (99) 

Rutin 10,290 Anticancer activity (99) 

Flavanols 

Catechin 5.58–6.13 Antimicrobial activity (89) 

Epicatechin 112,860 Anti-inflammatory (99) 

Dihydroflavonol 

Taxifolin 27,020 Anti-inflammatory (99) 

Taxifolin hexoside I 25,470 Anti-inflammatory (99) 

Taxifolin hexoside II 3680 Anti-inflammatory (99) 

Tannins 

Dimer procyanidin 178,860 Anti-inflammatory (99) 

Trimer procyanidin 51,380 Anti-inflammatory (99) 

Tetramer procyanidin 167,550 Anti-inflammatory (99) 
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very effectively. Certain sorghums, particularly those high 

in tannins, may exhibit antinutritional properties that 

obstruct increased feed production (62). 

Anti-oxidant activity 

Phenolic compounds in sorghum play a crucial role in 
disease prevention and health promotion due to their 

superior antioxidant activity compared to other cereal 

grains. Strong correlations have been shown between the 

total phenolic content and antioxidant activity, 

particularly with condensed tannins (63). Sorghum has 

higher antioxidant potential than most grains due to its 

rich content of polyphenols and unique 3-

deoxyanthocyanidins, especially in pigmented varieties 

like red and black sorghum. While grains like wheat and 

barley contain antioxidants, they generally have lower 

levels of bioactive compounds compared to sorghum. 

Maize and black rice can match or exceed sorghum's 

antioxidant activity, but this is typically limited to their 

pigmented varieties. Condensed tannins in sorghum, 

especially in the bran,  which is rich in phenolic 

compounds, exhibit significant antioxidant activity, 

potentially improving human health by mitigating 

inflammation in ailments, such as cardiovascular illnesses 

and preventing chronic disorders related to nitric oxide 

(NO) synthetase and xanthine oxidase (64). Furthermore, 

adding sorghum to Chinese steamed bread significantly 

increased the bread's cellular antioxidant activity (61). 

Additionally, phenolic extracts from black and brown 

sorghum bran exhibited the highest antioxidant activity.  

Compared to NO radicals, sorghum extracts demonstrated 

higher DPPH scavenging action (65). 

Anti-obesity  

An abundance of whole-grain sorghum in the diet can 
benefit individuals with diabetes and obesity due to its low 

digestibility. Kafirin, a protein present in sorghum, forms 

robust disulfide bonds with starch, creating a cross-links 

that resist digestion (66). Additionally, sorghum tannins 

react with proteins and carbohydrates in the 

gastrointestinal system, leading to the formation of less 

digestible and non-digestible bulk complexes (12). 

Compared to phenolics, sorghum tannins interact with 

starch in a far more complex manner and the stronger the 

interaction, the larger the molecular weight of the tannin 

(67). Obese and diabetic individuals benefit from the 

combination's ability to promote satiety, lower calorie 

intake and induce a low glycemic response (68). When 

eating whole-grain sorghum biscuits, healthy individuals 

rated their levels of hunger and satiety higher than when 

eating wheat biscuits (69).  

Antidiabetic 

Sorghum stands out as a potential antidiabetic due to its 

rich content of antioxidants and phytochemicals, 

particularly polyphenols. Among major cereals, sorghum's 

abundance of these compounds, known for their 

preventive properties against metabolic syndromes, such 

as type 2 diabetes, obesity, hypertension and certain 

Fig. 5. Therapeutic properties in sorghum. 
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cancers, makes it noteworthy (70). Phenolics from 

sorghum can regulate insulin and may serve as an additive 

in the treatment of diabetes (71). Studies have shown that 

sorghum-based foods, like muffins, can improve glycemic 

responses and influence insulin and blood glucose levels 

in healthy individuals (60). The antidiabetic properties of 

condensed tannins are one of the reasons for the use of 

sorghum. The unprocessed extract from tannin sorghum 

type III exhibits a significant inhibitory action against yeast 

α-glucosidase, about 20,000 times more than acarbose 

(72). An earlier study using diabetic rats treated with 

streptozotocin (STZ) showed that sorghum extract 

reversed increases in blood sugar and triacylglycerol, 

which were linked to the activation of AMP-activated 

protein kinase (AMPK) and a reduction in macrophage 

infiltration in the liver (73). Adding proanthocyanidins and 

deoxyanthocyanins to sorghum drinks significantly 

reduces excess glycemia compared to non-sorghumbased 

drinks (74). Therefore, the active starch, 

proanthocyanidins, and deoxyanthocyanins found in 

whole-grain sorghum appear to be beneficial functional 

dietary components that enhance glucose metabolism 

(75). 

Anti-cancer properties 

Globally, cancer is the leading cause of mortality and 

sorghum's bioactive compounds, including flavonoids and 

phenolic acids, possess anti-cancer properties that target 

multiple cancer symptoms. Flavones found in sorghum 

exhibit estrogenic characteristics and have demonstrated 

anticancer effects in vitro (76). Redox signals induce 

oxidative stress in cancer cells, deactivating tumour 

suppressor genes (p53) and activating signalling proteins 

(NF-kB and AP-1), thereby fostering cancer growth. 

Maintaining an antioxidant-rich diet is crucial for 

preventing illnesses caused by oxidative stress. Apoptosis 

safeguards tissues by preventing inflammation and 

mutations in neighbouring cells, ensuring their survival. Its 

disruption can lead to unchecked tumour cell proliferation 

and malignancies (77). Sorghum tannins have potential in 

cancer prevention by blocking aromatase, an enzyme 

linked to breast cancer (78). Brown sorghum bran extract, 

rich in tannins, is more effective than 3-

deoxyanthocyanidin-rich extracts at reducing aromatase 

activity (78). Sorghum-derived tannins outperform grape 

seed tannins in inhibiting the growth of colon cancer cells 

(79, 80). 

Anti-inflammatory function 

Chronic inflammation, often caused by prolonged 

oxidative stress, can lead to various chronic illnesses. 

Inflammation triggers the production of chemicals such as 

prostaglandin E2 (PG-E2), interleukin (IL), cyclooxygenase 

(COX)-2 and tumour necrosis factor (TNF). However, 

phenolic compounds found in sorghum grains have been 

shown to inhibit the formation of these inflammatory 

substances (81). For instance, it has been demonstrated 

that phenolic acids like ferulic acid and gallic acid 

suppress the COX2 enzyme, and that ferulic acid reduces 

the production of prostaglandin E2 (PG-E2) and (TNF)-α. 

The flavones luteolin and apigenin inhibit the synthesis of 

COX-2 and nuclear factor kappa B (NF-κB), the 

transcription factor that regulates the synthesis of 

inflammatory compounds (82). 3-Deoxyanthocyanidins 

inhibited the production of PG-E2 and COX-2 (81). By 

arranging the conjugation C2 = C3, apigenin and quercetin 

can significantly enhance the anti-inflammatory activity 

(83). Similar to the anti-inflammatory drug indomethacin, 

the crude phenolic extract from sorghum bran, especially 

black, has also demonstrated a potent inhibitory impact 

on the proinflammatory activity of COX-2, IL-1β, and TNF-

α. Recent studies have shown that adding full-grain 

sorghum biscuits to the diet of overweight individuals can 

significantly reduce pro-inflammatory chemicals such as IL

-1β, IL-6, IL-8 and TNF α over a 12-week period (69). 

Additionally, the hyaluronidase enzyme, which is 

implicated in chronic joint inflammation, was suppressed 

by the phenol extraction from sorghum bran. Regardless of 

the pericarp colors and condensed tannin level, all 

sorghum genotypes exhibited considerable inhibition 

against hyaluronidase activity. In addition to phenols, 

sorghum's triacylglycerols, tocopherols, carotenoids and 

unsaturated fatty acids have been proven to possess anti-

inflammatory properties via lowering the expression of 

certain genes in lipopolysaccharides (LPS) (68). 

Antidiarrheal properties  

Diarrhoea, characterized by loose stools, increased bowel 

movements, and stomach discomfort, poses a significant 

global health threat, particularly in underdeveloped 

regions lacking access to proper sanitation and clean 

water. Research is ongoing in response to the World Health 

Organization's recognition of the urgent need for effective 

treatments and preventive measures for diarrheal 

diseases.  Sorghum, a vital food crop in Asia, Europe, and 

Africa, is being investigated for its potential in treating a 

range of illnesses, including diarrhoea, malaria, stomach-

aches (84). A study in Africa explored the use of sorghum in 

treating malnutrition-related diarrhea in children. 

Sorghum-based meals, owing to their nutrient density and 

astringent properties, were shown to help reduce the 

severity and duration of diarrhea in malnourished 

children. Additionally, the antibacterial action against 

Staphylococcus aureus and Escherichia coli has also been 

reported. Some scientific study suggest that sorghum may 

be used as an antidiarrheal medication. 

 

Conclusion 

The review highlights the immense potential of sorghum in 

nutrition, health, and food security. Its robust nutritional 

profile, including high fiber and protein content along with 

essential minerals, positions it as a valuable food source. 

With attributes such as resistant starch, fiber, bioactive 

substances, kafirin protein, and being naturally gluten-

free, sorghum offers advantages for diabetes management 

and possesses antioxidant properties. Its drought-

resistant and versatile nature makes it a promising 

solution to address nutritional needs, particularly in 
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climate-vulnerable regions. Various sorghum-derived 

products, ranging from flour to beverages, cater to 

evolving dietary preferences and health-conscious diets. 

Sorghum's functional composition, including tannins 

known for combating against inflammation and cancer, 

and its high fiber content which benefits individuals with 

celiac disease, contribute positively to human health by 

reducing the risk of chronic diseases such as diabetes and 

cardiovascular diseases. There is a growing need for 

researchers and policymakers to prioritize the 

development of sorghum as a key crop to address the dual 

challenges of food security and climate resilience, 

particularly in climate-affected regions. By enhancing 

breeding programs to improve yield and nutrient content 

and by implementing supportive policies for sorghum 

cultivation, stakeholders can promote sustainable 

agriculture and dietary diversity. Investing in sorghum can 

ensure more resilient food systems in vulnerable regions 

while advancing global efforts in climate adaptation. 

Future opportunities lie in improving sorghum quality 

through genomics and advanced food processing 

methods, potentially exploring its use as a biofortified crop 

to enhance nutritional security. As sorghum emerges as a 

leader in environmentally friendly agriculture and 

nutrition, sustained attention and funding from agro-

industries, academics, and policymakers will be crucial. In 

conclusion, sorghum millet stands out as an exceptional 

option for a nutrient-dense food crop. 
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