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Diabetes mellitus has become a troublesome and increasingly widespread condition. Treatment strategies for diabetes
prevention in high-risk as well as in affected individuals are largely attributed to improvements in lifestyle and dietary
control. Therefore, it is important to understand the nutritional factors to be used in dietary intervention.
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| 1. Pearl Millet and Diabetes

Pearl millet helps to keep blood sugar levels stable for a long time in diabetic patients. It is also helpful for diabetes
patients because it has a comparatively small glycaemic index that helps steadily digest and contain glucose at a slower
pace than other foods . This will help healthy blood sugar levels for long stretches.

The amylase activity of pearl millet is very high, about 10 times than that of wheat. Maltose and D-ribose are the major
sugars in the flour, and are low in fructose and glucose [&. Diet is known as the centrepiece of diabetes mellitus treatment,
especially important in the case of non-insulin-dependent diabetes mellitus (NIDDM), which involves the metabolism of
glucose and secondary lipid and protein deficiencies as the primary derangement 2. Diabetes dietary treatment includes
reducing postprandial hyperglycaemia and strong glycaemic control. The Glycaemic Index (GI) definition originated as a
physiological basis for the classification of carbohydrate foods based on the blood glycosis reaction which they consume,
and was introduced by Jenkins et al. (1981) [4. Mani et al. (1993) stated that pearl millet (Penniseteum typhoideum) is the
lowest GI compared to varagu alone in addition to complete green grams (Phaseolus aureus Roxb), jowar (Sorghum
vulgare), and ragi (Eleusine coracana) &l Low-glycaemic foods are beneficial for enhancing the metabolic regulation of
blood pressure and low-density plasma lipo protein cholesterol leading to less prominent insulin reactions €. Several new
food items based on pearl millet can be created, and conventional recipes for diabetic patients need to be supported.

It has also been shown that millet-based foods (pearl, foxtail, and finger) have been correlated with low Gls in both stable
and type 2 diabetes because of their high protein level 4. Shukla et al. (1991) found that the GR of bajra chapati was
significantly lower in stable individuals than white bread. In addition, adding 30 g of fenugreek to millet chapati further
decreased Gl (Glycaemic Index), which resulted in less GR than that observed by the ingestion of fenugreek millet
chapati. In this situation, the GR (Glycaemic Response) reduction could have been due to the quality and viscosity of the
fenugreek fibre on the leaves, which may slow GE . The positive relation between the proso millet intake in type 2
diabetic participants and a substantial reduction in the glucose effect has been well founded [&. Colling et al. (1981) note
that glycaemic and insulinemic responses may be influenced by the process and time taken to prepare a meal 19, The
degree of frying and the length of fermentation influenced these findings in particular.

Sukar et al. (2020) L1 showed substantial elevation of adiponectin associated with a vast decrease in blood glucose
levels during the study periods. These findings imply that, feeding with the whole grain of pearl millet, a diet can play a
significant role in restoring the plasma level of adiponectin to the physiological level. It is well established that an increase
in adiponectin level stimulates glucose utilization through the activation of AMP-activated protein kinase in the skeletal
muscle and liver 12, and such a diet containing pearl millet could reduce glucose level due to an enhancement of the
utilization of glucose by peripheral tissues and the elevation of adiponectin levels. Many theories support the
hypoglycaemic effects of pearl millet, such as the theory that pearl millet being rich in phytate and phenolic compounds
reduces fasting hyperglycaemia and an attenuated postprandial blood glucose response in rats. Phenolic compounds are
also known to enhance insulin activity, and pearl millet regulates intestinal GLUT, increases muscle glucose uptake, and
reduces hepatic gluconeogenesis 131,

Cereal grains, especially pearl millet, are rich in antioxidant properties and bioactive compounds, as well as other
important minerals. Extracts from pearl millet are reported to offer protection against DNA damage. Developing a method



that can improve the nutritional profile of the natural substrate is of the utmost importance. Various researchers are using
biotechnological methods for the improvement/enhancement of the bioactive compounds of cereal grains. One of the
successful methods used by scientists/researchers is fermentation technology, which can manifoldly enhance the
nutrients of cereal grains. Pearl millet grains are attracting attention because of the presence of certain specific bioactive
constituents, their importance for health, and high nutritional values. Generally pearl millet is classified as a low-glycaemic
index (GI) food because of its high fibre content. The GI assesses how much the carbohydrate content of food influences
the rate and extent of change in post-prandial blood glucose concentration. Apparently, pearl millet, as a low-GlI food,
helps lower blood glucose available for triacylglycerol synthesis. Besides, millets condense VLDL cholesterol, a carrier of
triacylglycerol in plasma, lowering triacylglycerol levels even further. As a result, the consumption of millet grains may play
an important role in lowering the level of blood lipids 14!,

Prediabetes is a state of elevated plasma glucose in which the threshold for diabetes has not yet been reached and can
be predispose to the development of type 2 diabetes and cardiovascular diseases. Insulin resistance and impaired beta-
cell function are often already present in prediabetes. Hyperglycaemia can upregulate markers of chronic inflammation
and contribute to increased reactive oxygen species (ROS) generation, which ultimately cause vascular dysfunction.
Conversely, increased oxidative stress and inflammation can lead to insulin resistance and impaired insulin secretion.
Thus, the inhibition of ROS overproduction is crucial for delaying the onset of diabetes and for the prevention of
cardiovascular complications. Many kinds of bioactive compounds—such as polyphenols, most flavonoids, and phenolic
acids—naturally occur in millet, which might offer various health benefits, as seen in their antioxidant and anti-
inflammatory properties 121,

The close correlation between millet consumption and decreased insulin response has already been confirmed. Shukla et
al. (1991) found no major variations in IR in stable and type 2 diabetic individuals after the ingestion of pearl millet, while
white bread developed somewhat less of an insulin response in type 2 diabetics 1 h after treatment. In stable people,
pearl millet demonstrated low Gls and a high insulinemic index; however, the same was true for those with type 2 diabetes
with high Gls and a low insulinemic index. The authors observed that pearl millet evoked insulin separation in healthy
persons, which decreased the gastrointestinal tract, whereas the insulin reserve in type 2 diabetics could have been
inadequate to mobilize insulin after ingestion of pearl millet. Pearl millet is known for its valuable health benefits, primarily
due to its high content of polyphenols, which have antioxidant properties (18],

Epidemiological reports have shown that millet eating communities suffer from a lower incidence of diabetes 12, Pearl
millet grains have many functional properties owing to their high fibre content, fatty acid composition, and plant chemicals
(18] The gained understanding of the nutritional effects of pearl millet is of considerable significance in nutritional
programmes. Diabetes may usually be caused by hereditary predispositions, obesity, and a heavy intake of high-
glycaemic foods. Nani et al. (2015) measured the impact of pearl millet intake on diabetic rat glucose metabolism. The
authors suggested that eating pearl millet-based meals could be helpful in fixing type 2 diabetes with induced
hyperglycaemia, thereby reducing the severity of the condition, as an alternative to prevention 2. Hegde et al., (2005)
have found that food animals with 55% kodo millet food have decreased hyperglycaemia by 42%, cholesterol by 27%, and
non-enzymatic antioxidants (Glutathione, vitamin E, and C) and enzymatic levels by 27% (glutathione reductase) 29,
Millet grains have a greater slow digestible starch quality than some other cereals due to the characteristics of starch,
including amylase content, granular structures (polygonal size with porous surfaces), fatty acid volumes, and types (oleic
acid content) capable of forming complications with starch molecules and lipid inter-acid starch protein 24, In addition, the
existence of phytochemicals (phenolic acids, flavonoids, and phytats) can lead to inhibiting the activity in
monosaecharides of gastrointestinal a-amylase (pancreatics) and a-glycosidase (intestinal) enzymes, reducing the body’s
hyperglycaemic presence 2. However, the method of processing applied to millets will greatly influence the
hypoglycaemic character, so it is important to promote the implementation of processes that sustain low starch hydrolysis
(23], Relative to other cereal products, pearl millet produces high amounts of leucine amino acid, inducing insulin secretion
through down regulation of adrenergic alpha 2A receptor surface expression via the mammalian target of rapamycin
(mTOR) pathways (Leucine secretion pathway). These features are the preferred grains of pearl millet for the treatment of
insulin and cardiovascular problems in type 2 diabetes [24],

Some in vivo experiments were performed to research the effect of pearl millet grains on diabetes. In one research, the
impact on glucose and insulin responses in diabetic people was assessed in six typical Sudanese carbohydrate-rich
meals. A slightly lower response to postprandial glucose and insulin was shown for pearl millet acid (porridge) followed by
wheat gorasa (pancakes), while maize acid triggered a higher postprandial glucose and insulin response 23, Another
study showed substantially decreased levels of non-enzymatic antioxidants (glutathione, vitamin E, and vitamin C),
enzymatic antioxidants (superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase), and lipid
peroxides of diabetes in normal amounts compared to pearl millet-fed populations 12, Therefore, pearl millet is also very



effective in diabetes management. It gradually digests and contributes glucose to the blood at a higher rate relative to
other foods due to its high fibre content. This helps to maintain a steady blood sugar level in diabetic patients for a long
time.

| 2. Pearl Millet in the Human Disease Management System

Pearl millet has many nutritional benefits as a result of its rich structure of minerals and proteins. It has high protein
content, and it comprises several significant minerals such as magnesium, phosphorus, zinc, etc. It also provides vital
amino acids and vitamins that add to a variety of human treatments (Figure 1) 221,

Decrease the
. chance of
Avoid cancer Helps to weight
stomach ulcer loss

Prevent
cardiovascular

diseases Pea rI disease

Good for celiac

Millet

Regulates Anti-diabetic
blood pressure activity

Prevents Hypoglycaemic
migraine attack Helpful for effects
bone
development

Figure 1. General Biomedical Application of Pearl Millet.

Excess acidity in the stomach following food consumption is the most important explanation for stomach ulcers 28],
Generally, pearl millet is suggested for stomach ulcer treatment, because it is one of the very few grains that alkalizes the
stomach and prevents stomach ulcers or decreases the effect of ulcers 2. Lignin and phytonutrients are good
antioxidants in pearl millets that prevent cardiovascular diseases 28, Pearl millet is also considered healthy for heart
protection. There have been high levels of magnesium present in pearl millet, which regulates blood pressure and
alleviates heart stress 29, It has rich magnesium that decreases the incidence of respiratory symptoms in asthma patients
and is also helpful in preventing migraine attacks 9. Pearl millet has high phosphorus content which is very important for
bone growth and development as well as for the production of ATP, the body's energy currency B, As millets are known
to reduce the risk of cancer, it is expected that pearl millet will have the same effect potentially due to its high content in
magnesium and phylate compound E2.

The greatest obstacle facing people who wish to lose weight is to regulate their consumption of calories. Pearl millet will
support the weight loss process because the fibre content is high. It takes longer for the grain to travel from the stomach
to the intestines, due to the fibre content. This means the pearl millet satiates hunger for a long time and therefore helps
to limit the total intake of food 23], Celiac disease is a disorder in which a person could not endure even a little gluten in
the diet. Since millet is gluten-free, it is great for people with celiac disease 4. Pearl millet is widely recommended for
people with elevated cholesterol levels. It comprises a phytochemical known as phytic acid that is estimated to influence
the metabolism of cholesterol and balance the cholesterol in the body 2. Amino acids are important to the body’s smooth
activity 221, Pearl millet is among the few foods that contain all the amino acids that are essential. Sadly, much of these
amino acids are destroyed during the cooking process, as they cannot survive high temperatures because of their hypo-
allergic properties. It is easier to eat these amino acids in a low cooked form in order to retain as many as possible 28, It
is also recognized that the high fibre content in pearl millet decreases the likelihood of bile incidence. The insoluble fibre
content in pearl millet decreases the system’s production of excess bile. Excessive bile secretion of the intestines also
worsens the state of gallstones 4. Pearl millet is safe to use in the diets of babies, lactating women, the elderly, and the
convalescent [28],
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