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Abstract

Gluten-related disorders (GRDs) including celiac disease have gradually emerged as an epidemiologically relevant global
phenomenon with an estimated prevalence around 5%. In India GRDs occur more in the north and north-west, where wheat
is the staple, than in the south and east, where rice is the staple. The most common general symptoms of GRDs include
bloating, abdominal pain, constipation, diarrhea, headache, tingling and numbness in hands and feet, fatigue and joint pain.
GRDs are difficult to diagnose and generally the patients receive symptomatic treatment. The main reason for the increase
in GRDs is the increase in area, production, procurement and distribution of wheat, a gluten rich cereal, at a reduced price
through Public Distribution System throughout the country. As a consequence, the area under coarse grains, their produc-
tion and consumption, has largely decreased. Coarse grains (pearl millet, sorghum etc.) are gluten free and their increased
production and consumption can help in avoiding an epidemic of GRDs including celiac disease. In the international market
there is a growing demand for gluten free foods and if strategically marketed, coarse grains could become an export com-

modity for India.

Keywords Bloating - Celiac disease - Diarrhea - Gluten intolerance - Maize (rmakka) - Pearl millet (bajra) - Sorghum
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Introduction

An incidence of celiac disease (CD), a gluten-related dis-
orders (GRDs) in humans, was reported from north India
as early as 1966 (Walia et al. 1966), and its occurrence has
increased in this part of the country in recent years and cur-
rently 1% people in north India suffer from celiac disease
(India Times 11 September, 2017). Ramakrishnan (2011)
warned that celiac disease can become an epidemic in India
if adequate measures are not taken to control it. From a
meta-analysis of global data, Singh et al. (2018) reported
that the prevalence of celiac disease in the world is 1.4%
based on serologic test results and 0.7% based on biopsy
results. Other GRDs include dermatitis herpetiformis (DH),
non-celiac gluten sensitivity (NCGS) and wheat allergy
(WA) and Luca Elli et al. (2015) reported that GRDs have
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gradually emerged as an epidemiologically relevant global
phenomenon with an estimated prevalence around 5%.

Gluten-related disorders are well recognized in developed
countries, such as, USA, Canada and several European coun-
tries and big grocery stores in these countries have sepa-
rate lanes of shelves for gluten free food items. GRDs even
brought in focus a new edible high protein and gluten free
grain “quinoa” (Chenopodium quinoa) (Table 1), which has
largely improved the rural economy in Peru and Bolivia, the
two dominant quinoa producing countries in South America
(Prasad and Shivay 2019). On the contrary, the production
and consumption of gluten free coarse grains, which are glu-
ten free, has been greatly reduced in India after the ‘Green
(Wheat) Revolution’, that set in 1967-1968 (Swaminathan
2013).

What is Gluten?

Gluten is a composite of storage proteins termed prolamins
and glutelins (Biesiekierski 2017); wheat (Triticum aesti-
vum and T. hordeum) glutelins are called glutenin (Payne
2012). Gluten is found in cereals like wheat, barley and rye.
From the Indian point of view wheat is the most important,
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Phosphorus (mg) Iron (mg)

Calcium
(mg)

Carbohydrates (g) Energy

Minerals Crude fibre

(@

Fat
(€3]

Moisture (g) Protein

Table 1 Nutritional value of some cereal grains and other foods (per 100 g dry weight/fresh weight basis)

Item

@ Springer

(Kcal)

(soluble) (g)

(@

3.97+0.78
4.10+£0.67
0.65+0.11
6.42+1.04

30.94+3.65 315+414

1347423 39.36+5.65 315+41.8
1340+7

64.72+1.74
64.17+0.32
78.24+1.07

1.47+£0.05 1.42+0.19 1.60+0.75

10.59+0.60
10.57+0.37
7.94+0.58

10.58 +1.11
11.10+0.35
9.93+£0.75
8.97+0.60
9.01+£0.77
9.26£0.55

Wheat, whole! (Triticum aestivum)

96+16.30

1491+15 7.49+1.26

1.28+0.19 1.63+0.64

1.53+£0.12

Wheat flour, atta' (Triticum aestivum)

1456 +18 27.35+2.16 289+25.3

61.78 +£0.85

67.68 +1.03

1.37+0.17 2.34+0.42

0.52+0.05 0.56+0.08 0.82+0.22

Rice, raw, milled' (Oryza sativa)

274+35.7

1398 +13 27.60+3.71

1.73+£0.40

1.39+0.34

1.73+£0.31
3.77+£0.48

10.96+0.26 5.43+0.64
9.97+043

Bajra' (Pennisetum typhoideum)

3.95+0.94
2.49+0.32
4.62+0.36

7.51

1398 +25 8.91+0.61

64.77+1.58

Jowar! (Sorghum vulgare)

279+35.3

1342+10 364+58.0

66.82+0.73

1.67+£0.55

4.46

1.17+0.16 0.94+0.18

8.80+0.49
7.16+£0.63

13.11

Maize, dry' (Zea mays)

210+58.4

212

1.92+0.14 2.04+0.34

10.89+0.61
10.43

Ragil (Eleusine coracana)

198

1374

53.65

2.65

5.50

Quinoa'

(Chenopodium quinoa)

0.77

37.15 62.83

400

21.46
71.5

0.87
6.3

0.95

0.37
1.8

33

0.86
10.8
6.7

Water Chestnut! (Eleocharis dulcis) (fresh) 73.34

Water chestnut? (Singhara) (dry fruit)

Buckwheat® (kutu) (flour)

355
343

1.8

73

4.8

73.3

10.0

Source: 'Longvah et al. (2017), >Alfasane et al. (2011), *USDA data base (2018)

because it is the staple for over 50% of the people in the
country. Gluten accounts for 75-85% of the total protein in
bread wheat (Shewry et al. 2002). Gluten is formed while
kneading the wheat flour is into dough and is responsible
for the increase in volume of the loaf of the bread on bak-
ing. The storage proteins in rice (Oryza sativa), maize (Zea
mays), sorghum or jowar (Sorghum bicolor), and pearl millet
or bajra (Panicum glaucum), differ from wheat, barley and
rye gluten and these grains are thus gluten free.

What are Gluten-related disorders (GRDs)?

Some persons are highly gluten sensitive and gluten intake
can trigger adverse autoimmune reactions, which are respon-
sible for ‘celiac disease (CD)’ and ‘dermatitis herpetiformis
(DH)’. A non-autoimmune, non-allergic immune-modulated
GRD is known as ‘non-celiac gluten sensitivity (NCGS)’. In
addition there also exists wheat allergy (WA). The general
symptoms of GRD include bloating, abdominal discomfort
or pain, constipation and diarrhea. Sensitivity may also
present with extra-intestinal symptoms, including head-
ache, brain fog, tingling and/or numbness in hands and feet,
fatigue, as well as muscular disturbances and bone or joint
pain. In general, a symptomatic treatment is given and the
diseases go unidentified.

Celiac disease is diagnosed with the presence of HLA
(Human Leukocyte Antigen) type II, specifically DQ2 and
DQS8 alleles (Denham and Hill 2013). These alleles can
stimulate a T cell, mediated immune response against tis-
sue transglutaminase (TTG), an enzyme in the extracellular
matrix, leading to inflammation of the intestinal mucosa and
eventually villous atrophy of the small intestine (Pasha et al.
2016). CD is not only a gastrointestinal disease, because it
may also involve several organs and cause an extensive vari-
ety of non-gastrointestinal symptoms, and most importantly,
it may often be completely asymptomatic. It is generally
agreed that ~20% cases with CD are definitely diagnosed.

Dermatitis herpetiformis is characterized by the presence
of skin lesions on elbows, knees, buttocks, ankles, and may
also affect the scalp. The lesions are vesicular-crusted and
when flake off, they result into pigmented or achromatic
patches with an intense burning, itchy and blistering rash
(Ludvigsson et al. 2013).

Non-celiac gluten sensitivity is a syndrome in which
patients develop a variety of intestinal and/or extra-intestinal
symptoms (Mendes et al. 2013) that improve when gluten
is removed from the diet, after coeliac disease and wheat
allergy are excluded. NCGS, which is possibly immune-
mediated, now appears to be more common than celiac dis-
ease with a prevalence estimated to be 6-10 times higher
than CD (Molina-Infante et al. 2014).

Gastrointestinal symptoms of wheat allergy are similar
to those of CD and NCGS, but there is a difference in time
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interval between intake of wheat and onset of symptoms.
Wheat allergy has a fast onset (from minutes to hours)
after the consumption of food containing wheat (Elli et al.
2015), while CD and NCGS require a much longer period
to express themselves.

Reasons for likely increase in the GRDs in India

India’s ‘Green Revolution’ has in truth been a “Wheat Rev-
olution’. Wheat area increased from 18.2 million hectare
(Mha) in 1970-1971 to 30.4 Mha in 2017-2018, while
the production increased from 23.8 million tonnes (Mt) in
1970-1971 to 99.7 Mt in 2017-2018 (FAI, Fertiliser Statis-
tics 2017-2018). On the contrary the area under sorghum
has declined from 15.57 Mha in 1950-1951 to 6.08 Mha in
2017-2018. This coupled with procurement of wheat at pre-
announced price by the Government of India lowered area
under coarse cereals. Kannan (2011) reported that area under
coarse cereals declined from ~25% of the gross cropped
area (GCA) in India in the triennium ending 1970-1971
to~15% of GCA in the triennium ending 2007-0208. Fur-
ther, the organized Public Distribution System has taken
wheat to almost all the states, discouraging people to grow
and consume coarse grains, such as, sorghum, pearl mil-
let, finger millet, maize etc. There is also a social stigma
to the consumption of coarse cereals, which are considered
to be the food of poor and rural people. The proportion of
coarse grains to total cereals consumed declined from 35%
in 1961 to 5% in 2011 in rural areas; the drop in urban areas
for the same period was 17% to 3% (Ghosh 2018). This is
despite the fact that coarse grains are equal or even better
from the nutrition view point than wheat or rice (Table 1).
For example bajra and maize contain more fat, while bajra
and ragi are richer in iron than wheat or rice. One of the
consequences of this change in food habit has been the emer-
gence of gluten-related disorders including celiac disease in
humans (Yadav 2017). The main reason for attention by pub-
lic and medical profession to GRDs has been that patients
are treated on the basis of symptoms for indigestion or gen-
eral allergy. Another factor is the general unawareness of the
public about GRDs. GRDs mostly occurs in northern part of
the country, where wheat is the staple food. However, with
the increase in wheat consumption, GRDs has also spread
to the rice belt of southern and eastern India, where rawa
dosas and puris have become quite popular.

Ways to overcome GRDs

The best way to overcome the GRDs is to avoid the intake
of wheat, which is almost impossible. The only way is to
increase the use of coarse grains, such as, bajra, jowar, ragi
and rice along with wheat. In the past, the most common
dessert in winters in the rural areas in north India was a

mixture of bajra bread, gur (jaggery) and ghee (butter oil)
or sugarcane juice rice pudding (ras kheer). In summers, the
meal always ended with a besan (chickpea or Bengal gram
flour) chapati. However, with the change in food habits and
the increase in popularity of fast foods in the cities, coarse
cereals are losing ground increasingly.

Some specialty food crops, such as, kutu or buckwheat
(Fagopyrum esculentum) and singhara or water chestnut
(Trapa bipinosa) (Table 1), whose flours are used during
fasting in India can also chip in reducing GRDs. Kutu is
grown on less fertile soils in the hills, while singhara is
grown by very poor farmers on partially inundated soils in
the eastern India where other food crops cannot be grown
(Prasad 2017). Their promotion and better utilization will
help the poorest of the poor farmers.

Of course, the other option is to increase the consumption
of pulses, chicken, fish, meat, vegetables and fruits. How-
ever, this suggestion is easier to make than its implementa-
tion, because people below poverty line can hardly afford
these foods. Thus, encouraging the consumption of coarse
grains as the health foods is the best option.

Scarcity of water also demand an increase area
under coarse grains based-intercropping systems

Increased re-adoption of coarse grains in the country’s
cropping system is also important from the view point of
increasing water shortage in the country, since as compared
to rice coarse grains require about 30-33% moisture. Win
(2018) suggested that it will be in the India’s interest to swap
rice for maize, pearl millet and sorghum. Busby (2018) also
pointed out that India’s worst water crisis in its history is
only growing to get worse and by 2030 the country’s water
need is likely to be twice the supply. The current drought in
Andhra Pradesh is just a reminder of the worsening water
situation in the country (Subba Rao 2018). A volume of
literature exists in India to show that intercropping systems
involving coarse grains and pulses and oilseeds are more
productive, remunerative and water saving (Shivay et al.
1999; Kheroar and Patra 2013; Panhale et al. 2016; Barod
et al. 2017; Rani et al. 2017), yet the area under these sys-
tems has declined over years after the ‘Green Revolution’.
The main factor has been the availability of wheat from
ration shops at a low price even in the villages in Indian
states, where wheat is not grown. This reduced the need for
producing more coarse grains. Also the shortage of oilseeds
(Ghosal 2018) and pulses (Jadhav and Sarkar 2016) in the
country encouraged solid stands of these crops rather than
mixed stands with coarse grains in intercropping systems.
To encourage the cultivation and increased production of
coarse grains, government policies involving minimum sup-
port price and procurement as adopted for wheat and rice
should also apply to the coarse grains. Inputs are also needed
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from the scientists engaged in food processing and technol-
ogy and from the culinary experts and chefs for encouraging
the use of coarse grains in the dishes made and marketed by
the fast food joints. Once this is achieved there will be no
check on the demand for coarse grains, which is very much
in the interest of human health.

Conclusion

Gluten-related disorders in humans as well as reduction in
water use in crop production can be achieved by increasing
area, production and consumption of coarse grains, such as,
pearl millet (bajra), sorghum (jowar), finger millet (ragi)
and maize etc.
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