




















19/02/2024, 14:53 A study on risk return relationship of Indian equity markets | 16 | Ad

https://www.taylorfrancis.com/chapters/edit/10.4324/9781003366638-16/study-risk-return-relationship-indian-equity-markets-sankar-thappa 1/2

Show Path Advances in Management Research (https://www.taylorfrancis.com/books/mono/10.4324/9781003366638/advances-management-research?refId=977af5df-fa0a-4c2b-a474-59c016955e22&context=ubx)

(https://www.taylorfrancis.com)

Policies

Chapter

ABSTRACT

Previous Chapter (chapters/edit/10.4324/9781003366638-15/impact-covid-19-pandemic-volatility-spillover-across-sectors-us-markets-syed-ahzam-tariq?

context=ubx)

By Sankar Thappa (/search?contributorName=Sankar Thappa&contributorRole=author&redirectFromPDP=true&context=ubx)

Book Advances in Management Research (https://www.taylorfrancis.com/books/mono/10.4324/9781003366638/advances-management-research?

refId=977af5df-fa0a-4c2b-a474-59c016955e22&context=ubx)

Share

A study on risk return relationship of Indian equity markets

Edition 1st Edition

First Published 2023

Imprint Routledge

Pages 6

eBook ISBN 9781003366638

https://www.taylorfrancis.com/books/mono/10.4324/9781003366638/advances-management-research?refId=977af5df-fa0a-4c2b-a474-59c016955e22&context=ubx
https://www.taylorfrancis.com/
https://www.taylorfrancis.com/chapters/chapters/edit/10.4324/9781003366638-15/impact-covid-19-pandemic-volatility-spillover-across-sectors-us-markets-syed-ahzam-tariq?context=ubx
https://www.taylorfrancis.com/search?contributorName=Sankar%20Thappa&contributorRole=author&redirectFromPDP=true&context=ubx
https://www.taylorfrancis.com/books/mono/10.4324/9781003366638/advances-management-research?refId=977af5df-fa0a-4c2b-a474-59c016955e22&context=ubx


19/02/2024, 14:53 A study on risk return relationship of Indian equity markets | 16 | Ad

https://www.taylorfrancis.com/chapters/edit/10.4324/9781003366638-16/study-risk-return-relationship-indian-equity-markets-sankar-thappa 2/2

Journals

Corporate

Help & Contact

Connect with us


(https://www.linkedin.com/company/taylor-

&-francis-group/)


(https://twitter.com/tandfnewsroom?

lang=en)


(https://www.facebook.com/TaylorandFrancisGroup/)


(https://www.youtube.com/user/TaylorandFran

Registered in England & Wales No. 3099067
5 Howick Place | London | SW1P 1WG

© 2024 Informa UK Limited

https://www.linkedin.com/company/taylor-&-francis-group/
https://twitter.com/tandfnewsroom?lang=en
https://www.facebook.com/TaylorandFrancisGroup/
https://www.youtube.com/user/TaylorandFrancis




9
Abundance, variety, and scope of

value-added utilization of agricultural
crop residue: emphasizing potential
of anaerobic digestion and digestate

recycling
Sampriti Kataki1, Tonlong Wangpan2, Sumpam Tangjang2,

Debendra C. Baruah3, Sanjai K. Dwivedi1, #,
Dev Vrat Kamboj1, Saket Kushwaha2 and

Soumya Chatterjee1
1Biodegradation Technology Division, Defence Research Laboratory, Tezpur, Assam, India;

2Department of Botany, Rajiv Gandhi University, Doimukh, Arunachal Pradesh, India;
3Department of Energy, Tezpur University, Tezpur, Assam, India

Abstract
Recycling of agricultural crop residue is a part of agroecological practices that helps in reducing pollution and
recovers resources into several value-added products, thereby closing the nutrient loop. However, various
intrinsic and extrinsic factors related to farm management, practices, and processing methods influence the
successful and optimum utilization of the crop residue. Anaerobic digestion of crop residues is one of the much
recognized and well-established biomass conversion processes which can undertake a wide range of crop resi-
dues, that results in ‘biogas’ as the primary product and ‘digestate’ as the by-products. Considering digestate
characteristics that vary with type of crop residues and processing methods, these can be of considerable eco-
nomicpotential for bioenergyproductionandother value-addedapplications. Thisworkdiscussesopportunities
and issues for various valorization pathways related to agricultural crop residueebased digestate management
to reduce its environmental impact and improve overall economic profitability of anaerobic digestion plants.
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1. Introduction

1.1 Agricultural crop residue: variety, abundance, and scope of value-added
utilization

India’s economy is mostly focused on agriculture. In its various agroecological regions, a
large proportion of land is being used for the cultivation of crops. This results in production
of a large proportion of crop residues (Cardoen et al., 2015). Crop residues are noneconomic
parts of the crops that are left after the economical part of the crop is harvested. They are
readily available, widely distributed, and inexpensive (Ali et al., 2019). A significant quantity
of agricultural waste is generated in India, the world’s second-largest agricultural economy
owing to the country’s year-round crop farming (Bhuvaneshwari et al., 2019). India’s agricul-
ture area represents around 51% of the country’s overall geographical area and 11% of the
world’s total geographical area (Bimbraw, 2019). The amount of agricultural residue that In-
dia produces each year is estimated to be over 500 million tonnes (GOI, 2016). A diverse va-
riety of crops are cultivated which comprises wheat (102.19 Mt), rice (116.42 Mt), maize
(27.23 Mt), sugarcane (400.16 Mt), fiber crops (38.48 Mt), pulses (23.40 Mt), and oilseed
(32.26 Mt) (Directorate of Economics and Statistics, New Delhi, 2019). These residues have
a wide variety of properties and decomposition rates (Lal, 2005). Abundance of the crop res-
idue and its use varies greatly across the world, which depends on the type of crop, intensity
of cropping, as well as the productivity (Delgado, 2010). Crop residues are important assets in
cropping systems for sustainable management. It has been reported that residues left on the
field prevent soil erosion, enhance the physicochemical properties of soil, manage greenhouse
gas emissions, maximize infiltration of water into the soil, and thereby decrease the nutrient
and/or chemical pollution (eutrophication) of the nearby waterbodies, streams, and rivers
(Lal et al., 1999). As a result, effective agricultural residue distribution and integration can
greatly benefit to the farmers. Further the residues are also widely used as livestock feed,
in mulching of soil, in the processing of organic manure, in thatching of houses, and in the
production of household and commercial fuels.

However, after harvesting the economic part of the plant, only a small fraction of residue is
used for various purposes, while an enormous portion of the residue is unused and usually
burnt in situ on-farm across the country during the sowing of the subsequent crops (Devi
et al., 2017; Yadav, 2019). The problem of crop residue burning has intensified in recent years
due to the high and futile expense of its removal from field by conventional approaches. In
India, a recent report suggests that stubble burning of crop residues generates nearly 150
million tonnes of carbon dioxide, over 9 million tonnes of carbon monoxide, a quarter of a
million tonnes of sulfur oxides, 1 million tonnes of particulate matter, and more than half
a million tonnes of black carbon (Porichha et al., 2021). The Indian government has made
several efforts to address this issue, including campaigns and initiatives aimed at promoting
sustainable management practices for transforming agricultural leftovers into a useable form
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of resources (Bhuvaneshwari et al., 2019). A wide range of alternative uses for crop residues,
such as livestock feed, manure compost, rural roofing, bioenergy, and packaging materials
such as paper, may be found for crop wastes which should be promoted further to reduce
the environmental implications of stubble burning.

The rapid increase in biomass energy utilization is attributed to its reliability, availability,
and environmental cleanliness. These conversion processes offer significant scope to expand
biomass use by tapping unused residues and wastes which are with reliable availability with
wide geographic distribution and cost-effective and do not compete with resources like food,
water, and land. Because crop residues consist of high proportion of biodegradable compo-
nents, anaerobic digestion (AD) is an effective and eco-friendly approach and a viable choice
for generating bioenergy from these and recycling the residue to crop field effectively (Bhu-
vaneshwari et al., 2019). Rice straw, Cotton stalk, Gram stover, Pigeon pea stalk, Soybean
stalk, Mustard stalk, Castor stick, Maize stalk, Millet straw, and Groundnut shell are suitable
crop residues for bioenergy generation. Valorizing crop residue for energy recovery can
prove to be a potential solution to reduce the wastage of residues and curb huge environ-
mental implications of stubble burning as well as would enhance the energy security of
the country. The present work assesses how the crop residue can be turned to a clean energy
source by the process of AD and how the nutrient loop can be closed by recycling the
digested crop residue into agricultural fields.

1.1.1 Variety of crop residues

Globally, several crops generate large amounts of residue each year. Straws, stalks, stover,
bagasse, leaves, seed coats, shells, and husks are the most common agricultural crop residues
(Ali et al., 2019; Go et al., 2019). Residue Production Ratio (RPR) is the ratio of the amount of
residue to the amount of the main product. The major crop residues of India and their phys-
ical properties including particle size, diameter, density, and flexibility are as follows.

Straw: The stems and leaves of cereals are termed as straw. It accounts for almost half of
cereal crop yields such as barley, oats, rice, rye, and wheat. Straws are flexible with bulk den-
sity ranging from 30 to 60 kg/m3 (Baruah and Jain, 1998). It can be used as animal fodder and
bedding, as a raw material for board and paper production, and as a construction material. In
many Asian countries, rice straw is used as a domestic fuel and the ash from burnt paddy
straw is used as an organic fertilizer. The RPR values of the paddy straw may range between
0.416 and 3.96 (Koopmans and Koppejan, 1997). Strict environmental laws, as well as the
progress in straw treatment to increase digestibility, are reducing the in situ straw burning
in field in majority of industrialized nations, where it is now either fed to animals or utilized
for industrial reasons (Suttie, 2000).

Stalk: Stalks are crop stems that are relatively more rigid than straw. Stalk diameters are
more than straw. The density is about 50 kg/m3; however, some stalks may be woody with a
higher density of 160e180 kg/m3 (Baruah and Jain, 1998). Woody stalk residues are used as a
fuel in areas with fuelwood scarce and have an RPR value ranging from 1.25 to 2.8 (Baruah
and Jain, 1998). Crop leaves along with the rejected stalk parts may be left in the field or used
as fuelwood. These residues are suitable alternative as fuelwood.

Bagasse: Bagasse is the dry pulpy fibrous residue that remains after crushing sugarcane,
and it is one of the most abundant crop residues globally. It has a density of about
80e120 kg/m3 (Daniyanto et al., 2015). The sugarcane produces a comparatively high dry
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matter yield per unit area of land. Whereas bagasse is the key energy source for the genera-
tion of steam in various factories, it is also used as a raw material for making paper and
board. It has an average RPR value of 0.29 (Baruah and Jain, 1998).

Cob: It is a by-product of the production of maize kernels and is a portion of the ear on
which the kernels are located. Corn cob is often burnt on farms in developed nations in order
to prepare for the next growing season. The cob of maize has a bulk density of around
100 kg/m3 and an RPR value of about 0.2 (Baruah and Jain, 1998). Corn cobs are presently
utilized for heating in certain areas of Europe, while in the United States, significant amounts
of cobs are processed as basic substrate in various industries (Pennington, 2020). It has direct
energy potential due to its density and uniformity, high energy content, and low sulfur and
nitrogen contents (Anukam et al., 2017).

Husk: Husk is the dry outer covering of some fruits or seeds. It is available at the process-
ing (husking) site and has a smaller particle size with a bulk density of about 100 kg/m3 and
an RPR value of about 0.2 (Baruah and Jain, 1998). In most cases, following the conventional
grain processing, the paddy husks are often burnt in most of the rice mills. However, in some
places it is used for the generation of power in large rice mills, or in brick industries. RPR
values for rice husk may range from 0.2 to 0.33 (Bhattacharya et al. 1993).

Shells: It has a bulk density of about 80 kg/m3 and an RPR value of 0.477 (Baruah and
Jain, 1998). Groundnut shells can be used to make biodiesel, bioethanol, and nanosheets
and have applications in production of enzyme and hydrogen, degradation of dye and heavy
metal, etc. (Duc et al., 2019). The shells of the groundnuts are sold in the market; thus, nor-
mally it is no longer available as fuel.

Tops/leaves: Just like bagasse, the tops and leaves of sugarcane and most of the crops ac-
count for a major share of crop residue. They generally serve as cattle fodder or are tradition-
ally burned in the field.

Stover: The field residues of large cereals, such as maize and sorghum, soybean, and
grams are termed as stover. These are typically left in a field after the grain has been har-
vested for use as mulch.

1.1.2 Abundance of the agricultural residue in the Indian context

Kharif (monsoon crops) and Rabi (winter crops) are the two main cropping seasons in In-
dia; however, advancement of irrigation and climate condition led to multiple cropping prac-
tices. The cereals are dominant in the Indian cropping system, which accounts for about 40%
of the cropping area, followed by pulses, oilseeds, sugarcane, and other crops. With a 2.53%
yearly growth rate, agricultural residue production in India is on the rise (Devi et al., 2017).
Particularly rice, maize, and wheat are commonly consumed crops in India, accounting for a
significant share of the overall production of crop residue (Devi et al., 2017). Asia alone con-
tributes 47% of the crop residues produced in the entire world. Based on the crops planted,
intensity of cropping, and productivity, the distribution and utilization of crop residue varies
significantly across the country. The residues of cotton, rice, sugarcane, and wheat are the
most dominant, accounting for about 66% of total produced residue. In 2016, the Annual
report of the Govt. of India estimated the crop residue to be 500 Metric tons, with rice, maize,
wheat, and millets contributing 70% of crop residue, followed by fiber crops contributing
only 13% of the produced residue. In India, the production also displayed broad geographical
variation, with Uttar Pradesh sharing the biggest residue generation of 60 Mt; it was followed
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by Punjab and Maharashtra. The crops such as oilseeds (29 Mt), pulse (13 Mt), cereals
(352 Mt), fibers (66 Mt), and sugarcane (12 Mt) produced the greater part of residue in India
(NPMCR, 2019). To quantify crop residue, crop harvest is multiplied by residue-to-crop ratios
(Hiloidhari et al., 2014).

The management of crop residues is highly variable depending on a variety of factors such
as competing uses, weather and climatic conditions, soil qualities, and crop rotations (Einars-
son and Persson, 2017). Crop residues’ traditional utility varies by region and is determined
by their versatility in applications, biochemical content, and calorific and nutritional values.
A large amount of agricultural residue is used as feed, fuel, and other residential and indus-
trial purposes. There have been multiple reports of surplus residues being burned at farms,
which is amounting about 92 Mt per year (NPMCR, 2019). Thus, the volume of crop residues
burnt as agriculture waste in India is much larger than the other countries. However, whole
quantity of crop residues may not be ideally or cannot be sustainably removed from the fields
if soil organic matter is to be preserved. The crop residue plays an important role in the
cycling of nutrients in soil. For instance, after the harvesting of rice, the amounts of nutrients
removed are reported as N (about 7 kg), P (about 0.9 kg), K (about 15 kg), S (about 0.7 kg), Ca
(about 3.5 kg), Mg (about 2 kg), and Si (about 50 kg) per ton of straw (dry weight) (Dober-
mann and Witt, 2000). However, the concentration of nutrients usually depends on the phys-
icochemical property of soil and the variety of crops. Despite the dominance of chemical
fertilizers in agricultural productivity, agricultural crop residues continue to play an essential
role in cycling of nutrients. Traditionally crop residues have numerous uses. The following
are some of the major conventional utility of crop residues:

Livestock feed and bedding material: In rural India, the predominant use of some
ligneous crop residues is as livestock fodder. Crop residues of rice, wheat, millets, sugarcane
tops, sorghum, and oilseeds are the most important source of livestock feed. These residues
are an important resource, providing feed for livestock, especially in the dry winter months,
when other options are limited (Valbuena et al., 2015). In a common practice in India, cows
are often deployed in the fields after the harvest to graze on the residue. Crop residues are
also extensively used as bedding for livestock. Wheat and rice straw and coconut fronds
are commonly used for thatching.

Building materials: Making walls out of bricks made of mixture of straw and clay is an
age-old technique used in the building of houses and sheds. The cereal straws on the other
hand are primarily used in the roofing of rural houses. According to Guna et al. (2019),
the reuse of crop residues as building materials could be appealing from both an economic
and an environmental perspective as an alternative to cement.

Compost: The crop residues have historically been used to make compost. Leguminous
nonwoody residues are preferred in the preparation of compost. Production of compost
from crop residues is one of the most accepted ways to add value to crop waste. Recycling
the nitrogen-rich crop waste mixture via compost formation may be a critical component
of organic waste coutilization (Brown and Cotton 2011). In addition to soil amendment, fertil-
ization, restoration, landfill cover, landscape gardening, soilless (substrate) cultivation, and
plant disease prevention, compost made from a wide range of organic wastes may be used
in a variety of ways (Becker et al., 2010).

Household fuel: Ligneous and hard residues of crops such as rice husk, maize cobs, cotton
stalks, and coconut fronds and shells are largely used as generation of household fuel,
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alternative to fuelwood. Even though the energy content of crop residues is lower than con-
ventional wood, they are still an important source of fuel in most of the deforested localities
of Asia and Africa. In India, other than its use as household fuel, the residues (straw and
husk) of rice are used in boilers for parboiling of paddy grains. In addition, the woody
portion of cotton, pulses, and soybean wastes are primarily used as domestic fuel. Groundnut
residues are burned as fuel in kilns. The shells of coconut stalks or mustard and rapeseed,
jute, and sunflower are used as domestic fuel.

1.1.3 Value-added service and applications

Crop residue is now being recognized as a significant resource with outstanding economic
potential. Crop residue’s development as a valuable resource has progressed to the point
where there are competing applications for it. The following are some of the major value-
added services and applications delivered by crop residues:

Modern construction materials: Crop residues have a range of commercial applications in
various stages of production. It can be used as a raw material for construction goods, namely,
fiberboard, paper, and liquid fuels (Pandey and Sujatha, 2009). Several technology and com-
mercial products of hybrid green composite particle or fiberboards have sprung up in recent
years. These cost-effective biocomposites are further treated for extending longevity and pro-
tection from termite and corrosion. For the building industry, juteecoir composite is a cost-
effective alternative to wood. Again, juteeply boards are composite boards that can be used
replacing plywood, and natural fiber reinforced boards made of juteecoir can be used to
replace MDF boards (Fahmy et al., 2017). Other applications for crop residueebased products
include geotextiles, floor coverings, and polymers made from plants and biocomposites. Crop
residue is converted into briquettes for the construction of houses, which is lightweight and
hence suitable for use in earthquake-prone areas. Crop residues are an essential source of
pulp for papermaking. In terms of quality, straw pulps are comparable to fiber of hardwood,
but they need fewer pulping chemicals which are beneficial for industries.

Bioenergy generation: Crop residue has been proven to be a valuable energy source, and
it is gaining popularity around the world because of its cost-effectiveness, energy efficiency,
and environmental friendliness (Hiloidhari et al., 2014). Crop residues have been increasingly
used for energy production in recent years, and they may be a safer alternative to fossil fuels.
However, the residues availability, costs of transportation, and infrastructural settings are
some of the major disadvantages of using residues as bioenergy. Lignocellulosic biomass
such as agricultural residues, wood, and grass are promising sources of alternative energy
(Hu and Ragauskas, 2012). Based on crop data from 2003/04 to 2007/08 and literature
heat values for each crop, Hiloidhari et al. (2014) estimated the energy content of surplus agri-
cultural residue (ca. 235 million tww) at 4,150,000 TJ yr!1 after excluding known competitive
applications.

Liquid biofuel: The abundant availability of lignocellulosic crop residues as a raw mate-
rial for the biofuel production is making it a valuable commodity (Bhuvaneshwari et al.,
2019). Crop residues (corn grain or cob, straw of wheat and rice, sugarcane bagasse, and
sawdust) are commonly regarded as a major source of cellulosic ethanol (Wilhelm et al.,
2004; Mirza et al., 2008; Liu et al., 2008). During the process, the cellulose in straw is enzymat-
ically digested into its sugar components, which are further fermented to ethanol. Because of
its enhanced energy balance and lower carbon emissions, cellulosic ethanol has been
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considered a superior alternative to corn or any other ethanol. However, the process has high
processing expenses.

Biopower: It is the process of converting biomass into electricity. It can be achieved by
combustion, gasification, biomethanation, and pyrolysis. During combustion, the crop resi-
due alone (or with coal) is burned to produce steam, which drives a turbine to generate elec-
tricity. Gasification involves heating straw in the presence of limited oxygen to create a
synthesis gas (comprises N2, H2, CO, and CO2). Other than producing electricity, this synthe-
sis gas can be used for the manufacture of chemicals, ethanol, gasoline, and diesel. Whereas,
pyrolysis can be used to generate bio-oil from crop residues, which involves raising the tem-
perature of the biomass to 400e500"C to convert the residues to condensable vapors. When
the condensate is rapidly cooled, it is transformed into a sticky liquid commonly known as
bio-oil (calorific value ¼ 16e20 MJ kg!1), which also has several value-added applications.

Biochar: Biochar is fine-grained charcoal, which is a high-carbon material made from crop
residues via the process known as pyrolysis. In this process, the crop residues are burnt at
300e600"C at partial or complete exclusion of O2. The process generates noncondensable
gases (H2, CH4, CO, CO2, and N) as primary products (Di Blasi et al., 1999). Biochar has
been shown to play a significant role in long-term carbon sequestration in soil and can be
used to improve the functions of soil and increase crop yields (Marousek et al., 2014). It im-
proves soil characteristics and reduces greenhouse gas emissions, as well as provides an
adsorption surface for agrochemicals and improves key nutrient dynamics. Crop residues
offer abundantly available inexpensive source of biochar production (Wang et al., 2013).

Biogas: Biomethanation or AD is the microbiologic conversion of organic substances to
biogas in anaerobic environment, an established technology under the biochemical bioenergy
conversion route (Angelidaki et al., 2011). In this method, the high-quality fuel gas is
extracted from the agricultural crop residues. The process produces methane-rich biogas as
primary product from organic residues under microbial action, which mainly consists of
CH4 (w60%) and CO2 (w40%) (Kataki et al., 2017; Bhuvaneshwari et al., 2019). It is a
commercially proven matured technology, is widely used for recycling and treating wet
biodegradable organic waste, and is one of the best suited options for producing heat and
electricity from biomass and for recycling of the nutrients from residue by-product (digestate)
to the agricultural sector (Al Seadi, 2001). AD degrades organic matter by 60%e70%, yielding
biogas as the main product and digestate as a by-product, which is nutrient rich. The
following sections will discuss the prospects of crop residue based on AD in detail.

BioCNG: BioCNG is the purified and processed form of biogas, which is similar to con-
ventional natural gas in terms of composition and properties and energy potential (Shah
et al., 2017). BioCNG can be a perfect fuel and power source due to its high methane content,
high calorific value, low moisture content, low cost, low emission level, and low impurity
(Sahu et al., 2020). This technology has enormous potential for usage in commercial, indus-
trial, and automotive applications. Following biogas production from organic waste, purifi-
cation of biogas is carried out in order to produce highly pure biomethane by removal of
CO2 and H2S by using several technologies such as scrubbing, chemical absorption, pressure
swing adsorption, membrane purification, cryogenic separation, and biological filtration
(Kumar et al., 2018; Sahu et al., 2020). The purified biomethane which contains more than
95% pure methane so produced is then pressurized and filled in high-pressure cylinders
(0.45 kg of bioCNG can be produced per m3 of biogas). BioCNG has been reported to be
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much cheaper than CNG and other fuels, as the production cost of bioCNG is 20%e50%
lower than the other fuels such as CNG and other petroleum products. As compared to calo-
rific value of biogas (19500 kJ/kg), bioCNG has a calorific value of 52,000 kJ/kg (Sahu et al.,
2020).

Particularly for countries like India with enormous biomass resources, it needs to promote
bioCNG to tackle stubble burning, boost rural economy, for resource development, lessen the
petroleum demand, and advance energy security (Kumar et al., 2018). However, the potential
of bioCNG has not yet been fully realized and marketed. There exist several challenges such
as appropriate purification technologies, upgradation of equipment and the associated cost,
lack of skilled man power, and refueling infrastructure (Shah et al., 2017).

Biojet: In order to comply to the global efforts on carbon emission reduction, the aviation
sector has also committed to reduce carbon emissions by 50% from their 2005 level by 2050,
for which blending of low carbon fuel with fossil jet fuel will be essential (IEA, 2019). It has
been predicted that jet fuel made from renewable resources (biojet fuel or also known as sus-
tainable aviation fuel (SAF)) has the potential to significantly lower lifecycle emissions by
20%e95% compared to petroleum-derived jet fuel, depending on feedstock source and fuel
conversion technology (Cremonez et al., 2015; Bosch et al., 2017; Klein et al., 2018).

Agricultural residues can be a sustainable feedstock for producing SAF. For instance,
lignocellulosic feedstock can be processed into liquid fuel by pyrolysis, further necessitating
hydrogenation for improvement, or by gasification and FischereTropsch synthesis (Bosch
et al., 2017). Alcohols may also be produced from starch and sugar crops, which can subse-
quently be transformed into oligomers and dehydrated. Oil-rich agroforestry residues can be
potential SAF feedstocks (Doliente et al., 2020). To reduce aviation emissions, agrowastes
may be a cost-effective choice than dedicated feedstocks, if the quantity of resources required
to purify and upgrade wastes into jet fuel is less than that required for cultivated feedstocks
(Doliente et al., 2020). Despite the immense promise of these fuels, new manufacturing tech-
niques, especially ones with lower production costs, are urgently needed. Because of the high
prices, investor uncertainty, and lack of policy knowledge, biojet fuel is still in its infancy in
most parts of the world, which can be alleviated with clear and stable policy (Deane and Pye,
2018). Additionally, NOx emissions, considerable agricultural land use, and high water con-
sumption may have an impact on the environment as a result of the manufacturing of the raw
materials required to create these biofuels (Cremonez et al., 2015; Klein et al., 2018).

Biohydrogen: Hydrogen is used for range of application and is produced through number
of technologies. However, sustainable sources of hydrogen production are vital for long-term
energy strategy and sustainable development. The energy ratio and GHG emissions of bio-
hydrogen are better than fossil fuelebased hydrogen (Djomo and Blumberga, 2011). Dark
fermentation, photo-fermentation, direct algal bio-photolysis, and indirect cyanobacterial
bio-photolysis are significant biohydrogen production processes (Balaji et al., 2020). Dark fer-
mentation’s high output rates and easy reactor architecture make it a suitable conversion pro-
cess. Dark fermentation uses carbohydrate-rich substrates such as lignocellulosic biomass,
including agricultural residues and food waste, and utilizes cellulose and hemicellulose while
avoiding lignin in the presence of dark fermentative bacteria. Previous studies have used rice
straw, corn straw, banana waste, apple waste, sunflower straw, wheat straw, palm oil mill,
maize, rye, oat, sunflower, rape, etc., as biohydrogen substrates (Singh and Das, 2019). How-
ever, most of the research work focuses on lab-scale biological hydrogen generation. It was
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calculated that about 10.56 (in 2013) and 15.5 (in 2030) Mt of biohydrogen could be obtained
globally from agricultural residues (Alavijeh et al., 2020). When it comes to commercialization
and development of biohydrogen economy, low conversion efficiencies; infrastructure, stor-
age, and transportation costs; and lack of large-scale production, cell stabilization, continuous
production, appropriate pretreatment conditions, and microbial strain, purification tech-
niques are subjects of future research (Singh and Das, 2019; Singh and Sarma, 2022).

1.2 Crop residueebased anaerobic digestion
Crop residues are mostly lignocellulosic biomass rich in cellulose and hemicellulose, which

serves as a great potential for AD (Sawatdeenarunat et al., 2015). AD is one of the mature pro-
cesses that can undertake wide range organic waste (organic manure, crop residue, agropro-
cessing residues). These conversion processes offer significant scope to expand biomass use
by tapping unused residues and wastes which are widely available and cost-effective and
do not directly compete with food resources, or water or land.

Energy crops such as maize, wheat, sorghum, sunflower, and grass are reported to have a
biomethanation potential of 291e338 L kg!1 VS, 351e378 L kg!1 VS, 286e319 L kg!1 VS,
231e297 L kg!1 VS, and 286e324 L kg!1 VS, respectively (Weiland, 2010). Previous work re-
ported methane potential of wheat straw in the range of 0.145 m3 kg-1 to 0.390 m3 kg!1 for
dry organic mass (Sharma et al., 1988; Moller et al., 2004). The biochemical methane produc-
tion from sugarcane biomass varies from 0.266 to 0.314 m3 kg!1 (Deren and Snyder, 1991). As
per the study of Deublein and Steinhauser (2011), rice straw biomass has a biogas generation
capacity of approximately 0.550e0.620 m3 kg!1 with a methane content of around 50%. Bio-
methane potentials of some relatively less explored crop residues such as coffee husk, corn
cob, and oat straw have been reported as 0.20, 0.35, and 0.32 m3 kg!1 volatile solid (Paul
and Dutta, 2018; Deepanraj et al., 2014; Hidayat et al., 2020). Suhartini et al. (2021), while
comparing specific methane potential of fruit-based agro-industrial waste to that of agricul-
tural crop residues (rice straw, vegetable waste, maize straw, coffee husk, and oil palm empty
fruit bunches), reported higher methane potential of fruit-based waste than crop residues,
except for vegetable waste that showed highest potential (0.420 m3 kg!1 VS).

However, many times it is seen that AD implementation at large scale faces several chal-
lenges. Unrealistic input feedstock estimation and quality assumptions, incomprehensive un-
derstanding of the complexities of the feedstock supply chain, inappropriate AD designs, and
overestimation of economic benefits from biogas and digestate are the main causes of these
problems (Breitenmoser et al., 2019). Further, net economic potential for AD is often much
lower due to the spatial distribution of biomass and variation in seasonal availability (Rao
et al., 2010; Bochmann and Montgomery, 2013). Furthermore, crop residues are often high
in lignocellulosic matter (high C:N ratio, contains 10%e25% lignin) with a high total solid
content due to which they are not degraded easily in AD systems (Bochmann and Montgom-
ery, 2013; Einarsson and Persson, 2017). Most of the plants (crop residues) are composed of
three major components, namely, cellulose (38%e50%), hemicellulose (23%e32%), and lignin
(10%e25%) (Sawatdeenarunat et al., 2015). The high carbon to nitrogen ratio (C/N) of ligno-
cellulosic biomass (recalcitrance) is reported to be the major limiting factor for a higher biogas
yield (Hu and Ragauskas, 2012). Consequently, the ability to generate biogas from
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agricultural residues is highly dependent on the ability to overcome obstacles associated with
these substrates via advancement of biogas technology (Einarsson and Persson, 2017).

The complex structure of lignocellulosic biomass may be overcome by incorporation of
appropriate pretreatment of feedstock and its codigestion with other feedstock (Yang et al.,
2017). Cellulose content, hemicellulose content, and C/N ratio of rice straw, wheat straw,
corn stover, and switchgrass are 32%, 24%, and 47; 38%, 21%, and 60; 37%, 22%, and 63;
and 38%, 26%, and 93, respectively (Karthikeyan and Visvanathan, 2013), which have high
potential for biogas production with codigestion of other suitable substrates. But their high
value of C/N ratio and complexity of biomass structure (contains >10%e25% lignin) hinders
faster AD process when it is used for monodigestion (Sawatdeenarunat et al., 2015). The syn-
ergistic integration of high C/N ratio lignocellulosic biomass with low C/N ratio biomass
such as animal manure in an AD system appears to be a logical option to enhance biogas
yield of such recalcitrant residues (Ye et al., 2013). Codigestion of lignocellulosic biomass
with animal waste can balance carbon and nitrogen ratio to optimize biogas production
because monodigestion produces low biogas for digester instability (Abouelenien et al.,
2014). Table 9.1 shows the biochemical composition of some common agro-residues.

Previous works clearly show codigestion as a method to improve the digestibility of crop
residues in AD. Zhu et al. (2014) tested codigestion of hay with soybean processing waste at
25:75 ratio in a solid-state AD process and found that it yielded 258 Lkg-1 VS methane output

TABLE 9.1 Biochemical composition of some common agro-residues.

Crop residue Lignin (%) Hemicelluloses (%) Cellulose (%) Ash (%)

Miscanthus 24e25 18e24 38e40 5.5

Bamboo 20.81 19.49 39.80 1.21

Corn leaves 15.81 13.27 26.93 10.95

Corn cobs 14e15 35e39 42e45 3.53

Rice husk 26e31 18e21 25e35 17.27

Wheat straw 17e19 26e32 33e38 3.74

Rice straw 12e14 23e28 28e36 19.8

Corn stover 7e19 24e26 38e40 6.8

Barley straw 14e19 27e38 31e45 e

Sweet sorghum bagasse 14e21 18e27 34e45 e

Rye straw 16e19 27e30 33e35 e

Oats straw 16e19 27e38 31e37 e

Switchgrass 10e40 30e50 5e20 5e6

Hazelnut shell 42.1 28.2 25.2 1.4

Sources: Paul, S., Dutta, A. 2018. Challenges and opportunities of lignocellulosic biomass for anaerobic digestion. Resour.
Conserv. Recycl. 130, 164e174; Praspaliauskas, M., Pedi!sius, N., !Cepauskien_e, D., Valantinavi!cius, M. 2020. Study of
chemical composition of agricultural residues from various agro-mass types. Biomass Convers. Bioref. 10 (4), 937e948;
Phyllis2 database.
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after fermentation. Codigestion increased biogas production by 50% and 148%, respectively,
as compared to using just hay or only soybean processing waste individually. In another
study by Xu and Li (2012), the authors showed that using maize stover and dog food
(expired) in an equal ratio (1:1) may provide a methane production of 304.4 kg kg!1 of dry
matter, which is an increase of 129% compared to corn stover alone and 9% compared to
dog food digestion alone, respectively. Recent research reported methane outputs ranging be-
tween 101 and 286 NL CH4 kgVS!1 from AD of mixed agricultural biowastes rice and wheat
straw (Breitenmoser et al., 2019). Keeping the C/N ratio at 20, Wu et al. (2010) were able to
maximize biogas production from swine dung by codigesting it with three lignocellulosic bio-
masses, such as maize stalks, wheat straw, and oat straw. The authors attributed the increase
in biogas yield to the enhancement of volatile matter in substrate.

There are various pretreatment methods that are being explored to enhance the degrad-
ability of crop residue biomass prior to AD. In order to liberate degradable cellulose and
hemicellulose from lignocellulosic material when utilized in AD, it must be pretreated phys-
ically, chemically, or biologically (Mosier et al., 2005; Bochmann et al., 2013). Given the large
amounts of agricultural biowastes available, the quest for cost-effective pretreatments will
drive research in low- and middle-income countries (Mittal et al., 2017; Kamusoko et al.,
2019). A universal pretreatment method for all lignocellulosic biomass is not available.
Various pretreatment methods can be broadly classified as physical, chemical, and biological
(Amin et al., 2017). Various physical methods such as milling, microwave, and mechanical
extrusion can be used to increase the pore size and surface area of biomass and decrease cel-
lulose crystallinity and degree of polymerization. Under chemical pretreatment various acids
and alkali, ionic liquids, and other chemical agents are used for lignocellulosic biomass degra-
dation. Biological pretreatment requires living microorganism for the degradation of lignocel-
lulosic biomass (Baruah et al., 2018). Various microorganisms such as fungus (white rot, soft
rot, and brown fungi) and microaerophilic bacteria are used in this purpose. Hydrothermal
pretreatment of lignocellulosic biomass is another promising approach to increase biogas pro-
duction in AD (Paul and Dutta, 2018).

Further, it is necessary to develop techniques to evaluate the feasibility and sustainability
of crop residueebased AD plant by spatial tools and decision support system to aid decision-
makers in selecting the proper feedstock for biomethanation, determining the best site for a
biogas facility, as well as determining the optimal plant capacity, supply chain and related
risks, and costs for the project’s implementation (Escalante et al., 2016). Though, the use of
larger amounts of crop residues in the feedstock is favorable from an energy management
viewpoint, its spatial projection on resource logistics and its significance on biogas plant se-
lection are less investigated (Soha et al., 2021).

1.3 Digestate, the inevitable commodities of anaerobic digestion: need of its
management and scope of digestate utilization in agriculture

During the AD process, apart from the primary energy from biogas, the process generates
anaerobic digestate as the by-product. Remaining digestate from the AD process might range
from 5% to 80% of the initial feedstock, depending on the kind of feedstock used. Due to the
fact that by-products are an essential part of the bioenergy generating process, their use
directly influences the efficacy and adoption of the technology. As a result, while building
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a bioenergy plan, it is essential to maximize the usage of the digestate by-product. Digestate
typically has high levels of refractory chemicals and nutrients relative to the source feedstock
and is biologically stable in comparison to that feed (Holm-Nielsen et al., 2009 ). There may be
a lot of value-added uses for digestate because of its characteristics.

AD is highly adaptable to a variety of feedstocks, resulting in by-products with varied
physicochemical properties (Abubaker et al., 2012). However, digestate retains enough
nutrient and carbon from the original feedstock that can be utilized as fertilizer (Gell et al.,
2011). The increased bioavailability of plant nutrients without significant variation from input
feedstock makes recycling AD digestate in agriculture a viable alternative for sustainable use.
Several studies have shown that biogas digestate improves crop and soil health compared to
unfertilized and chemically fertilized controls (Vaneeckhaute et al., 2013; Riva et al., 2016;
Barłóg et al., 2020; Panuccio et al., 2021). In places like India, where nutrient and energy insuf-
ficiency is a problem, the potential of using alternative fertilizer supplies is highly relevant,
since there has been a focus on increasing nutrients inputs for crop productivity and also
on the development of bioenergy. Considering the abundant crop residues available in these
areas, there is ample scope of utilization of these resources for both energy generation and
fertilizer application. The continuous development of the bioenergy industry has increased
interest in understanding soil and crop behavior after using digestate. The main aspects to
be taken care of while considering application of, particularly, the digestate as fertilizer are
the nutrient profile, transportation distance to the place of utilization, cost associated with
digestate treatment and processing, optimum route and time of application to ensure
maximum crop benefit, and also acceptance by the end users. All types of digestates as a
plant nutrient source are not recommended because of some feedstock-derived properties
(heavy metals, imbalanced nutrient status, biological security, phytotoxicity) that may not
be favorable for crops despite reports of beneficial effects of digestate recycling (Gell et al.,
2011; Przygocka-Cyna and Grzebisz., 2018; Panuccio et al., 2021). Due to the difficulties con-
nected with digestate bulk handling, most of the time, digestate use is restricted. Adding wa-
ter to digestate lowers its value for the producer by increasing the cost of transporting,
managing, and treating it. Because of inappropriate application and storage (via an unlined
earthen drain and pit), excess nutrients may leak into groundwater (Sharpley and Moyer,
2020).

2. Variation in digestate characteristics with respect to different crop residues

AD can take up a wide range of organic sources belonging to categories such as crop res-
idues, animal waste, urine and manure, vegetable waste, organic wastes from food indus-
tries, organic fraction of municipal waste, sewage sludge, etc. The nutrient composition of
digestate varies depending on the parent substrate or feedstock, type of digester, and the
method of energy production (de Groot and Bogdanski, 2013). About 25%e30% of the total
dry matter of organic feedstock is converted into biogas during digestion and remaining
70%e75% comes out as the by-product of biogas digestate (Gurung, 1997). In general, diges-
tate contains 0.7%e20% of dry matter, of which volatile matter accounts for 1.4%e76%. AD
results in 60%e75% reduction of total solid of feedstock (Alfa et al., 2014). During AD, the
quantities of nutrients in the feedstock are conserved, but their availability is enhanced
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due to chemical change during digestion process (Lukehurst et al., 2010). Digestate is charac-
terized by increased pH, due to volatile fatty acid production during AD (Gómez et al., 2007).
The characteristics of digestates are similar to feedstock, except they have a higher pH, NH4

þ

content, and NH4
þ: total N ratio than undigested feedstock (Fouda et al., 2013). Generally,

digestates include nutrients with increased bioavailability (60%e80% total nitrogen mineral-
ized, plus phosphorus and potassium) (Tambone et al., 2009; Garfi et al., 2011; Makádi et al.,
2012). Characteristics of digestates concerning its fertilizer value from farm and agro-
industrial residue, maize silage, sugar beet pulp, and fruit marc were shown to be a property
of feedstock.

Fertilizer property of digestate is mainly attributed to its high TN content and N in miner-
alized form (Gell et al., 2011; Teglia et al., 2011). N is generally reported to be conserved un-
der anaerobic condition; hence digestates represented higher TN as a consequence of the N
concentration effect from carbon degradation and N preservation during AD (Tambone
et al., 2010; Massaccesi et al., 2013). The most significant property of the digestates is the
occurrence of 70% and 39%e61% of total N (on mass basis) in inorganic NH4

þ-N forms (Albu-
rquerque et al., 2012). Compared to undigested feedstock, where predominant form of N was
organic bound N, anaerobic materials were characterized by NH4

þ-N concentrations
(50%e75% of total N) due to formation of ammonium during anaerobic decomposition
(Kirchmann and Witter, 1992; Tambone et al., 2010). P2O5 content of digestates was reported
to be similar to that of undigested feedstock in maize silage and rice residues based digestates
(Tambone et al., 2010). However, there are reports on losses of S as H2S, Mg (due to precip-
itation as struvite), Cd, and Zn (due to precipitation as sulfides) in digestates following AD
from maize silage (Zirkler et al., 2014). Compared to undigested counterpart, digestates had
lower TOC and VS due to mineralization of organic matter. Spectroscopic characterization
using Fourier Transform Infrared Spectroscopy (FTIR) and nuclear magnetic resonance
(NMR) of digestates shows clear transformation of organic content between undigested
and digested fraction. The spectra of undigested feedstock were reported to be dominated
by carbohydrate (hemicelluloses, celluloses, and simple sugars). As AD proceeds through
degradation of the labile organic molecules, FTIR spectra of digestates showed drastic reduc-
tion in aliphatic structures (Tambone et al., 2013; Provenzano et al., 2014). On the other hand,
characteristic of digestate spectra is increase of the peak in the aromatic region due to concen-
tration of chemically recalcitrant molecules (lignin, complex lipids, and steroids) (Tambone
et al., 2009). Physicochemical characteristics of some crop residueebased digestates are
shown in Table 9.2.

Due to the potential risk of metal interaction with the food chain, knowledge on heavy
metals in digestates is necessary. The heavy metals which are of particular concern in diges-
tate to understand their fertilizer application are Cd, Cr, Hg, Pb, Cu, Ni, and Zn (Tampio
et al., 2016). Concentration and availability of heavy metals in digestates were reported to
depend on their initial concentrations in raw feedstock and conditions of digestion and stor-
age (Chen et al., 2014). However, concentration of heavy metals in digestates were reported to
be lower than the limit, set under regulation related to digestate utilization in different coun-
tries. Digestates were reported to meet quality standard in respect to heavy metals as re-
ported by Pokoj et al. (2015) in crop silage digestates (Polish limits for organic fertilizers)
and Alburquerque et al. (2012) in farm and agro-industrial residueebased digestates (Spanish
legislation and the quality protocols for the production and use of digestates).
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3. Effect of digestate application on soil fertility

Digestates are reported to be rich in plant nutrients as they retain nutrients from input raw
material and hence could be used in agriculture as soil amendment or fertilizer. In general,
high concentration of total nitrogen and presence of 60%e80% of it in mineralized form along
with higher phosphorus and potassium make digestate suitable consideration as soil appli-
cant (Tambone et al., 2009). The performance of digestate as soil applicant is found to be
encouraging, though there are variations in their performance depending upon quality and
nutritional status. Soil carbon, nitrogen dynamics, microbial content, emission, soil nutrients,
soil structure, carbon sequestration potential, etc., are the parameters evaluated to under-
stand effect of digestate application on soil. Literature on digestate effect on soil mainly fo-
cuses on dynamics and fate of digestate-N fraction in relation with its characteristics and
soil properties to understand the potential mineralization/immobilization turnover in soils.

TABLE 9.2 Physicochemical characteristics of some crop residueebased digestates as
reported in literature.

Source Rice straw Cattle slurry and maize Maize silage

TS 20.9% 5.7%e6.5% 3.39%

VS 75.2% TS e e

TSS e e

TOC 41.7% TS 36.8%e39.5% 76.2% TS

Ash e e

pH e 8e8.2 9.96

EC e e 9.7 mS cm!1

Water-soluble C e e e

TN 3.7 g kg!1 55.9e64.2 g kg!1 TS 4.1% TS

Ammonia-N 0.076 g kg!1 25.5e32 g kg!1 TS e

C:N e e

P2O5 6.68 mg kg!1 TS e 3.48% TS

K2O 28.91 g kg!1 TS e 0.59% TS

CaO 24.06 mg kg!1 TS e 0.37% TS

MgO 7.08 mg kg!1 TS e 3.62% TS

Na 1.34 mg kg!1 TS e e

Fe 1.12 mg kg!1 TS e e

Ref Chen et al. (2014) Cavalli et al. (2016) Alburquerque et al. (2012);
Nabel et al. (2014)
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The results depend on the source of digestate, digestate processing, method of application,
type of soil, and application dose. Application of agricultural wasteebased digestate is re-
ported to decrease soil bulk density and increase saturated hydraulic conductivity and mois-
ture retention capacity indicating better aeration, better drainage in soil, and subsequently
better crop growth (Garg et al., 2005). It has been reported that status of digestate organic car-
bon, dissolved organic carbon, biochemical oxygen demand, and their proportion with
respect to TN are reliable parameters to predict C and N dynamics in the soil and hence
the N-fertilizer potential of the digested materials (Alburquerque et al., 2012). On the other
hand, application of digestates with less biodegradable organic fraction, availability of plant
available N is ensured as ammonium is rapidly nitrified in soil. Available fraction of soil K
and P were also reported to increase from digestate application depending upon type of
soil and soil layer (Baryga et al., 2021). However, sometimes digestate is unable to compen-
sate for nutritional deficiencies for elements such as potassium, magnesium, iron, and zinc
that occur in intensively farmed soil (Baryga et al., 2021). Heavy metal accumulation from
digestate use is reported to vary with respect to type of soil and source of digestate. Accumu-
lation of Cu in digestate (feedstock: mixture of pig manure, maize silage, biological waste)
applied soil at a concentration higher than Flemish environmental quality standard was re-
ported by Vaneeckhaute et al. (2013). However, amounts of As, Cd, Cr, Hg, Pb, Ni, and
Zn were lower than the environmental quality standard. In a recent study by Aso (2020)
digestates from Cassava peeling residue has been recommended for direct application for
agronomic uses.

4. Effect of digestate application on crop growth and nutrient uptake

Digestates from several feedstocks have been investigated for fertilization potential using a
range of test crops and cropping systems, using different methods and timing of application,
as well as in different application phase through digestate processing. Performances of anaer-
obic digestates on crops can be analyzed with respect to three types of control: (a) unfertilized
control, (b) undigested feedstock, and (c) mineral fertilizers. Considering the crop yield,
application of digestate has been proved to be beneficial than using no fertilizer.

While comparing the effect of digestate with chemical fertilizer, a range of studies reported
no statistical difference in crop yield between digestates and mineral fertilizer application.
Losak et al. (2014) recommend the use of digestate as a fertilizer for wheat and kohlrabi as
it results in comparable or better yield compared with mineral fertilizers. Riva et al. (2016)
suggested possible substitution of chemical fertilizer by digestate from silage maize without
reducing crop yields of wheat and corn. Digestate was reported as a better fertilizer than min-
eral fertilizer resulting in higher crop yield in other studies (Gnanamani and Kasturi Bai 1992;
Chantigny et al., 2008). On the other hand, Gnanamani and Kasturi Bai (1992) and Abubaker
et al. (2015) reported combined application of synthetic fertilizer along with digestate to
perform better than separated application of digestate. However, positive effects of digestate
were shown to depend on the type of digestate, type of crop, and dose of digestate. Albu-
rquerque et al. (2012) reported comparable yields to the mineral fertilization for summer hor-
ticultural (watermelon) crops, while for winter crops (cauliflower), yield was lower. Barbosa
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et al. (2014) reported similar positive effect of biogas digestate from maize silage and chicken
manure with chemical fertilizer on biomass production of Sida hermaphrodita, Zea mays L., and
Medicago sativa L. However, the higher dose of digestate may have a negative impact. In rela-
tion to its undigested counterpart, digestate applications were found to be better in terms of
crop yield mainly because of improved N nutrition of the crops (Loria et al., 2007; de Boer
et al., 2008).

Several previous works have shown application of digestate to enhance crop nutrient con-
tent and quality. It has been reported that, compared to undigested feedstock, the fraction of
plant available N is higher in digested form, hence, if it might be lost through emission (NH3)
and leaching (NO3

!) could be minimized through proper timing and method of application,
an immediate and higher N uptake can be ensured from digestate application (Loria et al.,
2007; Chantigny et al., 2008). Digestate application may enhance protein, amino acid content,
and nutrients content (C, N, P, S, and Na) of crop significantly compared to control or at par
with that under chemical fertilizer treatment (Barbosa et al., 2014). Leaf quality of alfa alfa
grown under the treatment of digestate agricultural residue was also found to improve in
terms of macroelements content as reported by Koszel et al. (2015). In a study by Massa
et al. (2017), digestates were also found to be effective in enhancing biochemical composition
of microalgae species (Arthrospira maxima and Tetradesmus obliquus) increasing lipid, carbohy-
drates, and ash content. There are many reports discussing N uptake, N use efficiency,
following digestate application.

AD digestate often has to be posttreated before use in order to minimize moisture, volatile
fatty acid content, and/or pathogens in order to produce a marketable product that is simpler
to transport (Kothari et al., 2014; Garcia-Pena et al., 2011; Breitenmoser et al., 2019). To allow
better nutrient management, digestate processing into different processed products is an
attractive option (Al Seadi et al., 2012). There are some processing methods such as dewater-
ing, solid liquid separation, and stabilization (composting) that have been proposed to obtain
products suitable for different uses (Balsari et al., 2010; Teglia et al., 2011). Though digestate
processing helps in their management in a better way, however, understanding on quality,
characterization, and distribution of nutrients with respect to varied feedstock and processing
method are required to be understood for their appropriate and selective use. Digestates can
be directly utilized in agriculture or its processed application can be employed through solid
liquid separation, composting, drying, dilution, and ammonia stripping. The purposes of
adopting digestate processing are to reduce volume for improved handling and management
and/or to concentrate the nutrients present. Solideliquid separation is the most adopted
digestate separation technique. A more efficient transportation and hence enhanced nutrient
recycling opportunities and efficient redistribution of digestate could be ensured from sepa-
ration of the liquid and solid fractions of digestates. Effect on soil and crop from processed
application in solid and liquid form were found to depend on the source of digestate, the
type of processed phase, and the concentration used. It was reported that fertilizing vegeta-
bles, fruits, and grass separately with solid and liquid fraction of digestates led to comparable
or higher yield under liquid digestates treatment than commercial fertilizer (Lield et al., 2006).
No significant difference in yield as well as soil quality than mineral fertilizers was reported
by Sigurnjaka et al. (2016) in production of Lactuca sativa L., by application of separated liquid
digestate generated from mixed feedstock (animal manure, maize, and biological waste of
food industry). In another study by Muscolo et al. (2017) discussing separate application of
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agricultural residue and manure-based digestates, authors found solid fractions to increase
soil stability and humification rates and suitable application of liquid fractions as irrigation
water was indicated.

Evaluation of toxicity and phytotoxicity of digestate is an important concern while inves-
tigating its potential value as fertilizer. Recycling in agriculture might be restricted by heavy
metal contents, salinity, biodegradability, phytotoxicity, and hygiene characteristics (Albu-
rquerque et al., 2012). Digestate originating from industrial waste streams, waste sludge
may substantially contain high metal load, aromatic and aliphatic hydrocarbons, and organic
acid which may inhibit crop growth; however, crop residueebased digestate may not be
phytotoxic in comparison to municipal sludge, industrial sludge based, or animal manure
based digestates. Phytotoxicity effect of digestate which was mostly assessed using a germi-
nation index has been reported to be dependent on type of feedstock, type of crop, and dose
of digestate (Panuccio et al., 2016). In a study by Teglia et al. (2011), ray grass showed phyto-
toxic effect against digestates from wastewater treatment sludge and source-selected organic
fraction of municipal solid, while food-processing wastes and agricultural solid wastes based
digestates showed phytotoxicity toward cress. Degree of phyto-toxicity was also found to be
dose dependent (Bustos et al., 2014). Bustos et al. (2014) recommended an application of
anaerobic digestate concentrations lower than 10% to have no phytotoxic effect over lettuce
seeds. In literature the toxicity incurred from digestate application was attributed to various
factors. Elevated levels of organic acid or fatty acids may hinder germination, which may
damage proteins and lipids in the cellular membranes of plant roots, impairing the plant’s
ability to uptake and retain nutrients (Abdullahi et al., 2008). A number of studies reported
salinity or concentration of soluble salts to affect (McLachlan et al., 2004). Massaccesia et al.
(2013) digestate immaturity, i.e., lack of degradation of organic compounds to be the reason
of digestate’s phytotoxic effect. Phytotoxic effects may also be exerted by heavy metal con-
tents, total nitrogen, phosphate, phenol, chemical oxygen demand, K, S, Zn, and Cl (McLa-
chlan et al., 2004; Insam et al., 2015). Phytotoxicity potential of digestates can be addressed
by incorporating aerobic decomposition or maturation phase following AD to further stabi-
lize the organic matter of the digestate Abdullahi et al. (2008) [10, 35, 71]. Alternatively, lower
or diluted application of digestate can be employed or direct contact with germinating seeds
may be avoided (Abdullahi et al., 2008; Lencioni et al., 2016).

5. Use of digestate for vermicompost production

Digestate can present characteristics which would limit its recycling by direct use in agri-
cultural soils sometimes due to improper digestion or degree of maturity (Salminen et al.,
2001; Insam et al., 2015). Sometimes digestates in their basic form are not suitable for direct
application to agricultural soils since they usually possess undesirable characteristics, such as
odor, viscosity, high humidity, and a high content of volatile fatty acids, which are phytotoxic
(Abdullahi et al., 2008; Abubaker et al., 2012). Further, there may be possible risk of patho-
gens if the digestion process is conducted under mesophilic conditions (Zhao and Liu,
2019). Therefore, it is desirable to refine or stabilize the digestate obtained after the AD. Com-
posting can be a feasible treatment to stabilize digestate and thus, to improve its properties
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for using as a soil conditioner (Czekała et al., 2017). Solid fraction of digestate is suitable sub-
strate for composting. Composting can constitute a suitable postprocessing method to stabi-
lize digestate not only for the management of these materials but also for improving the
quality of the end-product by reducing the odor emission by decreasing the concentration
of volatile compounds, moisture content, potential phytotoxicity and also contributing to
the elimination of pathogens (Zeng et al., 2016, 2018).

Suthar (2010) illustrates the potential of digestate in vermicompost production by mixing it
with crop residues in different ratios. The authors reported increase in total N, available P,
and exchangeable K in all types of compost produced. Bustamante et al. (2013) and Zeng
et al. (2016) in their studies showed need of appropriate bulking agent in digestate compost-
ing. Several crop residues such as wheat straw, vine shoot prunings, and pepper plant prun-
ings were suggested as suitable bulking agent. The digestate-derived composts were reported
to have desirable degree of stability and maturity, and the final properties were influenced by
the bulking agent strongly. While conducting composting process with and without bulking
agent (Vine shoot pruning) using solid fraction of a digestate from codigestion of cattle slurry
and silage, Bustamante et al. (2013) reported positive effects of bulking agent by reduction in
electrical conductivity, N losses during process, and also dilution of heavy metal contents of
products. Tambone et al. (2010) investigated the characteristics of the solid fractions of diges-
tate from pig slurry, energy crops and agro-industrial residues, their compostability, and
compost quality, where they observed composting could not further bring about any signif-
icant change in compost quality than that of digestate, as AD itself brought upon high bio-
logical stability of biomasses. Further, the composts obtained fully complied to the legal
limits for high-quality compost of Italy. In their study Cucina et al. (2017) reported produc-
tion of organic amendment rich in macronutrients (27.1, 6.2, and 17.8 g kg!1 of total N, P, and
K, respectively) and compatible with the Italian legislation from digestate from organic waste
codigested with agricultural by-products.

6. Use of digestate in algal cultivation

In recent times, potential of algae as renewable energy resource is being explored for pro-
duction of a range of biofuels due to their favorable characteristics such as high productivity,
nutrient removal efficiency, and ability to grow under varying environment. However, com-
mercial exploitation of algae is limited for issues related to feedstock production, quality, and
cost. Substantial supply of nutrient as growth supplement is critical for efficient production of
algae, which is generally supplied through chemical input causing a major share of produc-
tion cost. In this context, digestate, the by-product of AD, can be considered favorable that
would offer efficient means to produce valuable biomass (Stiles et al., 2018; Chong et al.,
2022). Previous studies reported a digestate concentration in the range of 30%e50% as opti-
mum for microalgae above which can be toxic (Prajapati et al., 2014; Ayre et al., 2017).
Considering the abundant crop residues and weed biomass available in India, there is ample
scope of utilization of these resources for both energy generation and subsequent application
of resultant digestate for algae production. Alternatively, microalgae can efficiently remove
the nutrients from digestate while producing high-value biomass that can be used to produce
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biochemicals and biofuels. However, there is limited study that has reported crop residuee
based digestate in algae growth. Silkina et al. (2017) utilized digestate from agricultural origin
for the growth and product formation of single cell algal cultures (Nannochloropsis oceanica,
Scenedesmus quadricauda, and Schizochytrium limacinum) in heterotrophic and autotrophic con-
ditions. The authors reported satisfactory product formation simultaneously achieving signif-
icant levels of bioremediation of digestate. The authors reported N. oceanica and S. quadricauda
are ideal for digestate remediation (achieving ammonia and phosphate reductions of more
than 60%), while S. limacinum SR21 serves as an ideal production medium for lipids and
biomass, reaching 16.70 w/w % and 1.42 g L!1 correspondingly. Yang et al. (2017) used
diluted anaerobically digested effluents from grass as the substitute medium to cultivate Sce-
nedesmus sp. A 1:3 ratio of unsterilized grass digestate:tap water was found to be the best pro-
portion for the growth and nitrogen and phosphorus removal. The dry weight obtained for
algae was 3.2 g L!1, and the total fat, carbohydrate, and protein contents in algae were 34%,
30%, and 16%, respectively. Total N, ammonia nitrogen, P, and selected heavy metal removal
efficiencies were also satisfactory. From the perspective of successful process scale-up in this
area, it is necessary to find efficient algae strain with capability of sustaining efficiently,
optimal digestate loading considering inhibition from disproportionate digestate use, effect
of digestate on quality of algae as energy feedstock, and bioremediation potential of algae
through nutrient removal of growth medium, which are the novel areas of research requiring
attention with a more holistic approach (Stiles et al., 2018; Chong et al., 2022).

7. Conclusion

Crop residues, the noneconomic parts of the crop, are one of the most valuable resources
with ready availability, wide distribution, and inexpensive resources, but need adequate
management strategy. Crop leftovers may be valorized into valuable products such as
compost, organic manure, biochar, or through biomass conversion technologies which can
be used as a renewable fuel for power production or as a soil supplement to increase soil
health and fertility. Even after fulfilling the competitive uses, these residues are of magnificent
value if processed through appropriate conversion technology. AD presents such a robust
technology that offers significant scope to expand the biomass use for bioenergy generation
by tapping unutilized crop residues and wastes which are with reliable availability with wide
geographic distribution. Crop residue valorization for energy recovery by AD has the poten-
tial to be a viable option for reducing the environmental consequences of stubble burning
while also enhancing the country’s energy security and would help to close the nutrient
loop by recycling the by-product (digestate) into agricultural fields. Data concerning the effect
of digestate on crop productivity vary with respect to test crop, type of soil, and growing con-
ditions; however, if digestate is used appropriately, encouraging results can be attained under
widely differing local conditions and with a wide variety of crop plants. A deeper under-
standing of digestates quality is required from range of feedstock, as well as standardized
monitoring techniques of digestates, in order to minimize detrimental consequences on soil
or plants prior to agricultural application. It would be beneficial to have a thorough under-
standing of the complete AD chain, from substrate to crops, in order to produce high-
quality output, hence increasing the acceptance and marketability of the AD digestate.
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After the discovery of the megalithic sites in Arunachal Pradesh 
in 2010, the departmnent ofAnthropology of Rajiv Gandhi University, 
Rono hills, Itanagar, Arunachal Pradesh started the academic 
investigation into it from 2015, as the department was started in 
2012. At first, the team started the work on the megalithic sites of Western Arunachal in West Kameng district, and eventually it was found that a large number of megalithic sites are there. The only protected site in the area was Lungjukthung megalithic site. This is protected by the Directorate of Research in Arunachal Pradesh. In Assam history, no written record is found about the tribes of Arunachal Pradesh in detailed manner, but from anthropological 
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CHAPTER 26  

Witchcraft Practices in the
 
Plantations of Upper Assam:
 

A Case of the Santhals
 

OLYMPIA KURMI AND
 
SARAH HILALY
 

INTRODUCTION 

The indigenous societies in India can be categorized on the basis 
of their habitat, their belief systems and the level of their encounters 
with organized religion. There are very few societies where indi
genous practices are not mediated by the organized religion. In 
the north-east, three of the hill states have Christianity as the core 
of the belief system with layers of indigenous traditions subsumed 
within it, while one state has an indigenous belief system competing 
with Christianity. The indigenous communities of western and 
central India have been incorporated within the fold of Hinduism. 
While some of their deities have been subsumed within the Hindu 
pantheon, a substantial layer of indigenous beliefs remain at its 
core. This dimension is apparent in the religious practices of the 
santhals and important indigenous communities of those who inhabit 
the colonial regions of Chota Nagpur, particularly the space of the 
Santhal Parganas. The Santhals are one of the groups of Austro-Asiatics 
inhabiting the central and eastern part of India in the State of Jhar
khand. Other cognate tribes belonging to this group are the Mundas, 
Hos, Kharias, Savaras (inhabit Orissa and Andhra Pradesh) and 
also the hunter-gatherers Birhors. Their origin and migration stories 
allude to their journey from Yunnan through the north-east of 
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India to their present location. The entire group were united as 
Kherwars, before they separated into individual tribes.1 In terms of 
livelihood, the Birhors were hunter gatherers, while the other Austro-
Asiatic tribes were all agriculturists incorporating a supplementary 
activity of gathering wild food. As regards specific forms of agri
cultural evolution, the Mundas farm terraced fields, carrying out 
wet-rice cultivation, while the Santhals practised the slash and 
burn or swidden agriculture of neolithic lineage. They are well-
known for their expertise in clearing forest and turning it into 
arable land.2 

The Santhals have been incorporated into the dominant Hindu 
society and the norms of social stratification. Their production 
system has also shifted away from community ownership of land 
and forest, yet some vestiges of it still remain. Their belief system 
rests on the belief that all diseases to both men and animals are 
attributed to either the wrath of evil spirits to be appeased or the 
spell of some witch or sorcerer, who should be destroyed or driven 
out of the land. They have a different set of rituals for the village 
collectively and for the family. In this space, only men can relate to 
the family spirits through prayer and partake of the sacrificed animal. 
Women are completely excluded from participating both in family 
and village rituals. They are not permitted access to the family spirits, 
nor are woman permitted to enter the inner shrine. They can neither 
sacrifice nor witness the process. The family spirits (abge bonga 
and orak bonga) of the clan and the family are passed on from 
father to son. The ritual specialists too are men.3 Such a marginal 
position of woman is contingent to their not being ritually assigned 
full membership of the clan. Entry into the sacred groves are 
prohibited as also in the main dance of the agricultural festival.4 

Within the Santhali cosmology, centrality is accorded to their 
belief in dayans/dans/churails (witches) or bongas (spirits) ‘There is 
no genuine Santal’, wrote Bodding, ‘who does not believe in witches’ 
(1986: 38).5 This is posited within the belief that human beings 
can be intimate with and control evil spirits. Both men and woman 
can within this system bring harm and even kill their kin, as well 
as their fellow villagers. As women are ritually inferior in the society, 
any visible sign of them being in close contact with the bongas 
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would be treated as a witch and persecuted. Ritual specialists be
longing to certain Hindu castes would generally play the role of an 
exorciser, which is a pointer to the hybrid cultural evolution, which 
renders women marginalized and the sole gender identified as 
keeper of evil. It is to be noted at this point of the discourse that 
neither the Santhal, nor the Bhil have words for ‘witch’ in their 
own languages.6 

The Santhal myth of the origin of witchcraft ascribes it to the 
struggle between the genders, and in Santhal society as a whole. 
According to a version in circulation, is that the women came to 
know that the men had approached Maran Buru to teach them 
something. The women got the men drunk, dressed up in their 
attire and tricked Maran Buru into teaching them. Maran Buru 
then taught them the incantations and gave them the power of 
eating men. The next day when the men came, Maran Buru real
ized that he had been tricked by the women. He then made the 
men ‘expert in the art of witch-finding’.7 So this myth introduces 
the idea of trickery, which gives the woman power that draws one 
into the idea of illegimate knowledge which they actually have no 
access to. The entitlement of men to such knowledge renders their 
authority supreme. Hunting witches, therefore, is a process of re
establishing social order with men at the centre of it. Women are 
denied access to priesthood, as it is presumed that they would turn 
to witches and misuse power.8 The threat of being declared a witch 
and persecuted is thought to be a deterrent to non-conformist or 
deviance from established norms. It is during occasions of social 
crises in terms of epidemics or social tensions, due to conflicts that 
woman in the villages are targeted, persecuted inhumanly and even 
killed. Particularly, the life interest of widows in their husbands 
land is one of the key causes of persecution. This is because many 
Santhal woman can gather and sell forest produce and have exclu
sive rights over their income. This narrative has provided a back
ground of the Santhal social milleu in their native habitat and 
their cultural evolution. 

This article deals with the Santhals who have been uprooted from 
their traditional habitat, displaced and traumatized under condi
tions of colonial rule. The universe of study would be the Santhals 
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who live within and outside the plantations of Assam, where they 
were brought in as indentured labour along with other groups 
from eastern and central India. In addition, it was the Santhal ex
periment of 1880, which encouraged their movement into the 
forest villages of Goalpara for extraction of timber. Living in a 
milieu uprooted from their habitat, they continue to follow many 
aspects of their traditional culture. 

THE HABITAT AND PEOPLE 

The State of Assam lies between 22° 19' north to 28° 16' north 
latitudes and 89° 42' east and 97° 12' east longitudes. Falling un
der three natural divisions, it comprises of the two river valleys of 
the Brahmaputra and the Barak. The intervening range of the North 
Cachar and Karbi Hills separate the two valleys. On its north it 
is girdled by the Himalayan state of Arunachal Pradesh, home to 
a multitude of tribes. On its east lies, Nagaland, Manipur with 
Mizoram and Tripura to its south. Its demography is characterized 
by tribes living, both in the hills and plains and castes speaking 
both in Bengali and Assamese languages. 

In the medieval period, the states of the Ahoms and Dimasas 
existed as distinct spaces within the geography of Assam. The cur
rent territoriality of Assam is the result of colonial intervention. 
With the advent of the British in 1826, in the aftermath of the First 
Anglo-Burmese War, the state under the Ahoms passed to British 
occupation. After a lapse of two years in 1828, the administrative 
division of Lower Assam (Kamrup Darrang and Goalpara districts) 
was annexed to the colonial state. Upper Assam (Sibsagar and Lakhim
pur districts) was restored to the Ahom ruler Purander Singha. In 
1838, Upper Assam was resumed and annexed to British territory 
on grounds of mis-governance. The latent cause was, however, the 
fateful discovery of tea and its successful manufacture in 1837. 

Consequent to the manufacture of tea in 1836, the Government 
of Bengal approved the scheme and gave Assam, the first set of 
wasteland rules. The wasteland rules were revised in 1854. These 
rules permitted only Europeans to avail such concessions instituted 
Assam’s plantation regime. This industry was labour intensive and 
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hence there had to be a constant supply of labour. The myth of the 
Chinese as the ‘ideal tea-grower’, led the British to induce their 
migration into the plantations till 1843. Then, the tea plantations 
came to be served by local inhabitants mainly Kacharis and Nagas. 
Resistance from these populations to intensive work and the ex
pansion of the plantation industry resulted in a demand for labour. 

From 1859 onwards, labourers from central and eastern Indian 
highlands and forests were imported for the tea plantations in large 
numbers. These indentured labour were brought in and regulated 
through the labour acts. The first Labour Act was passed in 1863, 
seeking to regulate the transport of labourers emigrating to Assam 
Valley, as well as their recruitment through arkattis (licensed re
cruiters). An Amendment Act of 1870 in the form of the sardari 
system of recruitment was also recognized. According to the Ben
gal Administrative Report for 1867-8, 22,800 were imported 
laboures and only 11,633 were local labourers. By 1880s, immi
gration of plantation labourers took place on an extensive scale. 

The designation ‘Upper Assam’ was an administrative division 
in colonial Assam comprising of the undivided Lakhimpur and 
Sibsagar districts in the upper reaches of the Brahmaputra Valley. 
The other divisions are: Lower Assam, North Assam and Hills and 
Barak Valley. The division is under the jurisdiction of a Commis
sioner, stationed at Jorhat. In the aftermath of India’s Indepen
dence, districts falling under Upper Assam are Dhemaji, Dibrugarh, 
Lakhimpur, Golaghat, Jorhat, Sibsagar and Tinsukia. An extended 
list of the region also includes the districts of Sonitpur, Karbi 
Anglong & Nagaon. The Upper Assam region is the most produc
tive region in the state, which is rich in natural resources like coal, 
oil and natural gas as well as tea plantations. 

The tea labour communities, constitute the oldest amongst Assam’s 
immigrant groups. They were recruited by the British tea planters 
from present-day Jharkhand, Chhattisgarh, Bihar, Andhra Pradesh, 
Orissa, Uttar Pradesh and West Bengal, between 1861 until the 
early twentieth century, to work as indentured labourers in tea 
plantations in Assam, spread over the districts of western Assam, 
Morigaon, Nagaon, Sonitpur and Darrang in middle Assam, Gola
ghat, Jorhat, Sibsagar, Dibrugarh and Tinsukhia in eastern or upper 
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Assam, North Cachar and Karbi Anglong districts in southern 
Assam and the Barak Valley. Belonging to the indigenous groups 
such as Santhals, Mundas, Oraons, Kharias, Gonds, Khonds, 
Kisang and Nagesias, they settled down in Assam at the end of the 
contract period. During the colonial period, some left the tea 
plantations to settle in the surrounding agricultural lands before 
the expiry of the contract. The latter came to be known as time-
expired or ex-tea coolies’ who lived in villages neighbouring the tea 
estate, providing casual labour depending on seasonal demand. 
The present-day population of the tea labour community in the 
state is estimated to be 20 per cent of the population of the state, 
which according to a conservative estimate comes to six million. 
Despite their numerical strength and long history in Assam stretch
ing more than a century, they remain ‘outsiders’ without the tribal 
status, as has been accorded to them in their place of origin, and 
are deprived of benefits availed by the other backward castes. Among 
the plantation workers, Santhals would constitute about three lakh 
out of the total tea tribes. 

PRACTICE OF WITCHCRAFT AMONG SANTHALS 

The belief system of the Santhals in their new space of habitation 
since the nineteenth century follows the same trajectory as amongst 
their kin in the Chota Nagpur region. The Santhals are one of the 
aboriginal tribes of India and were brought by the British in the 
latter half of the nineteenth century along with other tribes to the 
tea plantations of Assam to work as indentured labourers. They 
have retained their unique identity, traditional practices, rites and 
rituals in Assam. They practise their own religion and system of 
worship known as sarna. It is a form of nature worship wherein the 
Supreme deity is Marang Buru (God of Mountains) and Thakurjibi, 
who is believed to be the creator of the universe. The creator, how
ever, does not feature in the numerous festivals, rites and rituals of 
the Santhals except his name being invoked on certain occasions. 
Uprooted from the original homeland, the Santhals in Assam, have 
over the course of time, become more Hinduized than their Jhar
khandi and Oriya counterparts. They have adopted numerous Hindu 
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practices while striving to maintain their own. A substantial section 
of the population have also adopted Christianity in certain parts of 
the state. 

The key role in the religious rituals is played by their priests. 
The priest who is highly revered and performs the life cycle rituals 
is the naikekhili, who comes from the Murmu/Hembrom clan of 
the Santhals. He is the main priest and performs the rituals at his 
own private place of worship. In his absence, the puja can be per
formed by naike (also priest), who can substitute the main priest 
only if the naikekhili is not available. However, to be chosen as a 
naike, it is believed that he should be possessed by the gosain 
(Marang Buru). To ascertain, whether he is really possessed by the 
deity or not, he has to undergo certain tests. He is generally beaten 
with a charchari (a form of whip made from thatch), and if he is 
possessed by the deity, the whip either breaks or bends. This system 
of selection of naikes is dying out and generally people are 
selected as naikes, if they belong to the appropriate clan and are 
knowledgeable in these matters of the spirit. Within the tradi
tional belief system there is no scope of worship of idols. In festi
vals such as Baha that signify the onset of spring. The naikekhili 
has to perform the puja under a grove of sal trees with the presence 
of the majhi (village head), jog majhi  (majhi’s assistant), and godet 
(helper). Only after the naikekhili performs this puja in the com
mon place of worship, others in the village are allowed to perform 
the same at their homes. In this puja, the Marang Buru is invoked 
with an offering of wine and a sacrifice of either a white cock or 
white goat is made. In Upper Assam, steps were taken to abolish 
animal sacrifices and currently fruits and flowers are offered to the 
deity instead. The naikekhilis and naikes do not participate in magi
cal practices. Their services are required at the time of festivals, and 
other life cycle rituals. 

Like their counterparts in Jharkhand, the Santhals, among the 
tea tribes of Assam have a rich history of magical practices. Their 
belief in the magical world remains strong even today and irregu
larities in health, wealth and prosperity are believed to be the handi
work of someone, who has intentionally harmed them through the 
use of black magic. A clear distinction is made between white magic 
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and black magic. While white magic is done to remove the ill-
effects of black magic, to perform exorcism, to cure the sick, to 
resolve problems in domestic life or work, black magic is done to 
harm someone with the intent to cause illness, loss of property 
and also to kill. However, it is interesting to note that the person 
who is knowledgeable in white magic might also be skilled in black 
magic. Among the Santhals, the medicine man or the practitioner 
of witchcraft is called ojha, who is conversant with both the arts. 
The knowledge of magic or witchcraft is attained through rigorous 
training and practice and passed on by an ojha to a person of his 
choice. This choice is made by carefully selecting a disciple, who is 
seen to be worthy of receiving such secret and powerful knowl
edge. Knowledge might not be passed on even to kin, if that per
son is deemed to be unworthy or seen as incapable of mastering 
the art. It is also worthwhile to mention that this knowledge is 
highly protected, not disclosed even to family members and passed 
on by the ojha only when he is old or infirm. 

Magical powers are also attained by certain people who can be 
termed as witches or magical practitioners. There are also instances 
of couples being witches and practising such magical rituals. They 
would go into the most secluded part of forests to participate in 
the highly secret rites and rituals that give them their power. Such 
power can be attained by offering sacrifices and invoking the main 
deities or spirits like Rangkeni, Baghut, Churkin (malevolent spirit/ 
witch), etc. While each of these deities is not necessarily evil, the 
power attained through deviantly manipulating them can be used 
for harming others. Some of the Santhals have gone on to compare 
Marang Buru with the Hindu God Shiva and Rangkeni with the 
Hindu Goddess Kali and much like a Tantric gains his power, the 
ojha or witch can gain power. While spirits and deities are benevo
lent and their blessing is sought for the happiness, prosperity and 
health by the Santhals, they can be invoked to attain special powers 
which can be used either for good or evil. Santhals have numerous 
deities and spirits whose powers can be used alternatively for good 
and evil. Spirits are called bongas. Apge bonga is a house spirit and 
protects the house of a Santhal. Certain rituals are performed 
to appease the house spirit for protection and peace at home. 
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Another spirit called baghut (tiger spirit) is a very violent one and its 
power can be used to harm someone. The most important deity, 
however, in the Santhal magical world is Rangkeni (compared to 
Goddess Kali), whose power is the strongest among all spirits and 
deities. Black magic practitioners generally invoke this Goddess to 
obtain power, to curse or harm someone. It is believed that the 
harm done through this magic is most effective and mostly irre
versible. This Goddess is easily appeased and the power granted by 
the Goddess is very potent. Another lesser spirit which grants power 
is Churkin, which literally translates into a witch. Churkins are less 
powerful compared to other spirits/deities. Marang Buru, the su
preme deity of the Santhals is a benevolent god and does not bestow 
evil powers. However, his powers/blessings can be used by an ojha 
to alleviate the sufferings of an individual affected by black magic. 
Lay people cannot perform secret magical rites, since it requires 
greater practice, skill and expertise in magic. However, if a common 
person is selected by a guru, that person can learn it. A person is 
selected by the existing practitioner, who has to pass on the knowl
edge before he/she dies. Otherwise, his whole family will be cursed 
and eliminated by the deity/spirit from which he draws his powers. 
The selected one can be any random person, who might be a son 
or daughter or relatives or any random person having the requisite 
qualities. 

These magical practices of the Santhal tribe are quite ancient and 
have been preserved even now. However, it is interesting to note 
that the Santhals in Kokrajhar and surrounding areas have been 
more stringent in retaining their age-old customs, rituals and be
liefs than their counterparts located in upper Assam. The Santhals 
of Upper Assam have either become more Hinduized or Christian
ized and have also become more intermingled with other tribes and 
castes in the area. As such, theirs is a more relaxed outlook and 
in fact, the younger generations do not follow the Sarna religion 
rigidly, only elements of it in life-cycle rituals and do not blindly 
believe the magical and healing abilities of ojhas, witches and sha
man, etc. Ojhas are respected members of the society and their 
help is required in alleviating the ill effects of black magic, ill health, 
etc. However, it is worthwhile to mention that these ojhas can 
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dabble in black magic themselves and their services are sought to 
harm someone as well. A Santhal can seek help from ojhas belong
ing to other tribes too. 

Whenever some harm befalls an individual or his family, it is 
generally believed that it is the handiwork of a black magic practi
tioner/witch. Even some educated Santhals persist in believing the 
powers of black magic. Though the belief in black magic is quite 
common, people do not have a clear understanding of who has 
actually done it. Conjectures are made regarding the identity of 
the black magic practitioner and people blame anyone who seems 
suspicious. However, the ojha is a well-known figure in the com
munity as he provides his healing and has problem solving abili
ties to help others. In certain cases, he helps to identify who is a 
witch or black magic practitioner by citing some of their specific 
traits or characteristics. 

There are no specific characteristics or symptoms by which the 
practitioners of witchcraft can be identified. People generally as
sume that a person may be a practitioner because of his or her 
looks such as being ugly, hunchbacked, emanating  foul smell, etc., 
or someone who has threatened them in some way or someone 
who stays in isolation and is anti-social in behaviour. The physical 
characteristics of a person who practises witchcraft varies accord
ing to people’s perception. A person with a violent temper and 
prone to threatening people, or one who is easily offended and 
does not engage in social interactions is suspected of participating 
in these practices. The Santhals believe that the practitioners might 
be envious of their health, wealth, beauty, etc., and have targeted 
them out of spite and jealousy. They may even blame members of 
their family for the cause of their misery. Identification can also be 
made with the help of an ojha, who would give certain specific 
details about the perpetrator. It is generally clues regarding their 
appearance, their traits or the location where the witch/practitio
ner lives. Priests cannot help to identify those who practice such 
craft. 

It is seen that the belief in black magic and the harm caused by 
it is more at an individual level than village level in the Santhal 
populated areas in Upper Assam. Harm can range from ill-health, 
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loss of property, hindrances in someone’s career, obstacles in some
one’s marriage, death, etc. At village level, harm can be in the form 
of an epidemic like cholera, diarrhoea, blood dysentery, etc. Women 
are generally deemed to be associated with the practice, though 
both genders engage in these practices. It is a mere supposition 
that the power comes more easily to women than man. But, men 
are more powerful if they attain magical power. Hence, male prac
titioners are more feared. 

There are ways to protect oneself from the harms of black magic. 
Devotion and regular worship of the supreme deity helps in ward
ing off such evil attacks. If that doesn’t help, the services of ojhas 
are sought whose mastery over such art helps in dispelling their ill 
effects. People are sometimes falsely accused of practising witch
craft. Such accusations are based on conjectures and speculations. 
The reasons for such false accusations can be a continuing dispute, 
grudge or petty jealousy. Women are generally accused of practis
ing black magic, but persecution resulting in death is very rare in 
Upper Assam. Persecution or punishment of people or witch hunt 
is not common amongst Santhals in Upper Assam. This might be 
attributed to the fact that proper identification of the offending 
party is very hard. If someone is suspected of engaging in these arts 
and causing harm, the help of ojhas is sought to punish the cul
prit. 

Persecution/witch hunt is very rare, though there have been few 
incidents, which generally went unreported. However, if such a 
hunt is organized, the victims generally tend to be women, who 
are either widows or those deemed to be fallen women. The most 
extreme form of punishment—which is also very rare—would be 
beating up the offending party by the members of the family of 
the aggrieved party or a group or a village mob. Other forms of 
recriminations include counter retaliatory measures through the 
ojha. In the rarest of cases where persecution results in death or 
driving the accused person away from the village, it might be re
lated to custody of land or other property. 

Witchcraft is a dying tradition amongst the Santhals of Upper 
Assam. Growing education and awareness amongst them has con
tributed immensely towards eradicating these practices. Also, it is 
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COLD PLASMA PROCESSING 
METHODS: IMPACT OF 
DECONTAMINATION ON FOOD 
QUALITY

NIKHIL K. MAHNOT, SAYANTAN CHAKRABORTY, KULDEEP GUPTA, 
and SANGEETA SAIKIA

CHAPTER 10

ABSTRACT

Cold plasma (CP) has emerged as a novel processing technology for the 
preservation of food and food products. Food spoilage and foodborne illness 
have been a great concern for both industry and consumers. CP has proved to 
be a promising and a feasible non-thermal intervention for food processing. 
This is due to its decontamination efficacy against food borne pathogenic 
and spoilage microorganisms, minimal impact on food constituents without 
generating any toxic by-products, cost efficiency and sustainability. CP 
has also been shown to degrade microbial toxins and pesticides. These 
multidimensional effects have been ascribed to the generation of various 
reactive gas species and ultraviolet (UV) mediated chemical and microbial 
mechanisms. CP’s application has been widely looked into various areas of 
food industry viz. fruits, vegetables, cereals, meat, poultry, and packaging 
with promising results. There are multiple approaches for plasma genera-
tions with the fundamental approach being excitation of individual gas or gas 
mixes to the plasma state which can be tuned for different applications. CP’s 
characteristic effects have assisted in making food and food products safer 
for consumers and have opened avenues for further development.
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256 Advances in Food Process Engineering

10.1 INTRODUCTION

The World Health Organization (WHO) has suggested that the key to a 
healthy life relies upon access to a sufficient amount of nutritionally rich and 
safe foods. Globally, foodborne illnesses has been associated with a total 
of 31 contaminating agents comprising of bacteria, virus, parasites, toxins, 
and chemicals; and one in every 10 person falls sick on consuming such 
contaminated foods [65]. The World Bank has estimated an occurrence of 
combined losses of $110 billion in production and medical treatment due to 
foodborne illness each year [21]. Thus, food safety is seemingly important.

In general terms, there are three specific goals for any food processing 
company; firstly, to reduce microbial risks, next product quality maintenance 
and thirdly shelf-life enhancement. The food sector employs diverse 
technologies, the selection of which is based on properties of specific food 
commodities or agriculture crops to be converted into finished products. The 
most widely trusted technology is thermal-based processing, which greatly 
mitigates microbial risks and confer considerable shelf-life to products. 
But the catch is, a high heat treatment greatly reduces quality (sensory and 
nutritional) characteristics. However, in the past two decades, the food 
industry is trending towards minimally processed foods, i.e., foods that are 
processed in a way to retain fresh-like characteristics. This is commonly 
achieved by employment of mild thermal treatments or utilizing non-thermal 
interventions. Unlike thermal treatment, non-thermal technologies involve 
the processing of foods at ambient or at milder temperature conditions. 
Some of these technologies include the use of ultrasound (US), high pressure 
processing, pulsed electric field, pulsed UV-technology, irradiation, ozone 
processing, etc., to name a few. Such processes preserve much of the 
natural like characteristics, provides microbial safety while maintaining 
acceptable shelf-life. These technologies have been widely studied and have 
demonstrated favorable applications. However, there are certain limitations 
concerning to achieving sterility as well as employment of complex 
machinery and maintenance costs.

The way in which a food is processed is of importance nowadays due 
to rising environmental safety, sustainability concerns alongside consumer 
safety. The food sector is an energy intensive sector and regulatory review 
in various countries has led the sector to look into sustainable processing 
technologies with long term safety of the ecosystem. As a consequence, the 
food sector is under constant pressure to adapt and innovate accordingly. 
Big manufacturing companies nowadays utilize the environment friendly 
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tag as it creates a positive brand image, thereby greater sales. Over the last 
few years, cold plasma (CP) processing has emerged as a new non-thermal 
technology with multifaceted application in maintaining safety and quality 
food and food products along with environment safety.

The current chapter discusses the knowhow of CP technology, mecha-
nisms, efficacy in decontaminating microorganisms, and mitigation of 
contaminants to achieve food safety along with sustainability.

10.2 PLASMA SCIENCE: PHYSICS AND CHEMISTRY

The concept of plasma was first described by Irving Langmuir and his 
co-workers in the 1920s. However, the existence of plasma physics has 
been traced back to the 1600s during the time plasmas were known as gas 
discharges [48]. In general terms plasma is often stated as the fourth state of 
matter. We all have an understanding of the three states of matter: solid, liquid, 
and gas, each following a hierarchical increase in energy levels, followed by 
a change of state into the next on achieving a particular energy level. The 
increase in energy level cause loosening of interaction among molecules till 
the molecules become completely apart causing a change of state.

Plasma is repeatedly stated as the ionized form of a given gaseous state. 
When sufficient energy is applied to a gas system, the intermolecular and 
intra-atomic structures break completely, leading to the release of electrons 
and generation of ions, and thus plasma is generated. Consequently, any 
energy source which can achieve such an effect can be readily utilized as a 
source for plasma generation. Typically, plasma comprises of a co-existing 
mixture of excited atomic, molecular, ionic and radical species, reactive 
species, charged ions, electrons, molecules in neutral or excited states along 
with the release of quanta of electromagnetic radiation [42]. Common exam-
ples of plasma as one may observe in daily life include natural lightning or 
man-made plasma including neon lighting, plasma TV, LEDs (light-emitting 
diode) and arc generated during welding applications. Now, as we have 
established about what is plasma, let’s understand the physics and chemistry 
involved.

10.2.1 PLASMA PHYSICS

Plasma can also be referred to as a quasi-neutral gas of charged particles 
which shows collective behavior [4, 16]. Although the particles in plasma 
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are charged, but overall, the charge densities cancel out at equilibrium, thus 
the quasi-neutral nature. There is a collective interaction between multiple 
charge particles occurring over long lengths and time scales. Putting this into 
perspective, let’s consider two charge particles which are very close to each 
other. These two particles would interact with each other individually through 
their Coulomb electric field. However, when these particles move apart from 
each other beyond a mean particle separation distance (n–1/3, where n is the 
charged particle density), these charged particles further interact simulta-
neously with other adjacent charged particles. Thus, indicating collective 
interaction.

Distinctively, plasma can be classified into thermal and non-thermal 
plasma (NTP). Ionization is the first step for plasma generation. The mecha-
nism of ionizing very much relies upon the efficient collisions between 
electrons and other neutral species. For collisions, some of the electrons have 
to achieve high kinetic energies to exceed the ionization potential of the gas. 
This can be achieved by heating the gas at sufficiently high temperatures 
(in the order of 2×104 K), such generated plasma is considered as “thermal 
plasma.”

In thermal plasma, the constituent neutral species (Tn), ions (Ti), and 
electrons (Te), are in thermodynamic temperature equilibrium (Ti ≈ Te ≈ 
Tn ≤ 2×104 K) thus the overall plasma temperature is very high. NTP can 
have varying degree of non-equilibrium among the species, based on which 
they can be subdivided into quasi-equilibrium plasma (temperature range: 
100–150°C) and non-equilibrium plasma (<60°C). In quasi-equilibrium 
plasma a local thermodynamic equilibrium exists between the constituent 
species. On the other hand, in non-equilibrium plasma, the collisions between 
the hot electrons and other particles are not frequent enough. Consequently, 
thermalization between the electrons and neutral species does not occur 
efficiently and overall, the system remains near room temperature. In simple 
terms, the electron remains at a much higher temperature than the constituent 
ions or neutral species (Ti ≈ Tn<< Te, Te ≤ 104 K) [41]. Ascribable to such 
characteristics, non-equilibrium plasma is typically referred to as CP or NTP 
in general. Physicists often relate CP operations to occur at temperatures 
above hundreds or thousands of degrees above ambient temperature. As 
a result, the term “cold plasma” has now been assigned to generation of 
plasma at room temperature and at one atmosphere pressure unlike other 
NTPs. Such CPs can be typically generated using electrical discharges in 
gases. As such plasma generation occurs without extreme conditions, the 
importance of its application in the food industry becomes pertinent.
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Cold Plasma Processing Methods 259

10.2.2 PLASMA CHEMISTRY

The plasma generation is driven by collision interaction between energized 
electrons with other atoms and molecules of a gas subjected to a sufficient 
high electric field (HEF). These collisions are important for the plasma 
chemistry. When an electron collides with other atoms or molecules, a wide 
range of effects are observed viz. ionization, dissociation, association, and 
excitation. For understanding, let’s consider a situation where an electron e, 
which can collide with a molecule AB or an atom M in a gas. The following 
primary processes are found to take into effect:

• Impact Ionization: e + M → M+ + 2e
• Dissociative Ionization: e + AB → A+ + B + 2e
• Dissociative Electron Attachment: e + AB → A– + B
• Electron Attachment: e + M → M–

• Electron Impact Molecular Disassociation: e + AB → A + B (either 
A or B could be excited electronically).

• Electron Impact Excitation: e + M → M * + e (excitation to higher 
atomic, molecular or vibration levels).

These are primarily the possible ways in which an electron can collide/
interact with other molecules or atoms. Again, another interesting effect is 
penning ionization which has been observed with plasma discharges involving 
helium, neon, and krypton [31]. Penning ionization [A + B* → A+ + B + e] 
requires the interaction of a metastable species (B*) with a target neutral 
molecule (A), having ionization energy lower than the internal energy of the 
metastable species. Photon and ultraviolet (UV) emission are also other addi-
tional processes during plasma generation. These processes occur when exited 
species release energy and come to the respective ground states. However, it 
has been suggested that the photon flux during atmospheric CP generation is 
not sufficient to achieve photocatalysis [23]. Additionally, the impact of UV 
on DNA damage and surface sterilization is well proven; this marks some 
decontamination ability of plasma. The probability of the above interaction to 
materialize is said to be dependent upon the electrons mean energy.

Electron mean energy is dependent upon the gas composition, tempera-
ture, and pressure in the discharge and it has been observed that input energy 
also plays a role. Thus, one can vary these functions to achieve specific 
process outcomes for any application in particular. The mean electron energy 
in NTP typically ranges between 2 eV and 5 eV. The plasma chemistry is 
basically driven by such generated species having lower activation energies 
consequently, upsurging reaction rates [41]. This leads to secondary effects; 
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secondary collision involving large or heavy molecules generated on electron 
collisions. Common secondarily generated molecules include ozone, hydrogen 
peroxide (H2O2), nitric oxide, nitrites, etc. As it is possible to achieve such 
processes without involving extreme temperatures, CP technique provides a 
distinctive environment to initiate and assist chemical reactions. Thus, fore-
casting itself as an interesting technique to be applied to food and agriculture.

10.3 METHODS OF COLD PLASMA (CP) GENERATION

Basic plasma system relies upon a feed gas which can be contained or be 
free-flowing. Frequently used feed gases are oxygen (O2), nitrogen (N2), 
air, helium (He), neon (Ne), argon (Ar) or their mixtures. Some common 
methods in practice to induce ionization include corona discharges, dielec-
tric barrier discharges (DBDs), microwave discharges (MD) and plasma 
jets. Selection of these methods is based on the final application. However, 
these configurations simply follow one principle that the feed gas needs to 
be ionized into plasma at one atmosphere pressure or in certain cases below 
atmospheric pressure.

10.3.1 CORONA DISCHARGES

Corona discharges are stream of charged particles viz. ions and electrons 
accelerated by an electric field in a confined space. The reason of such streams 
is due to the asymmetrical nature of the electrodes, where one electrode may 
be a tip or pit point or a thin wire and the other a plate type. Close to such 
tips, electric fields of high intensities are formed, and the active corona 
is generated. Such plasma is not self-sustainable as most of the discharge 
volume is below the HEF. The plasma effects are mostly due to secondary 
processes such as photoionization or transport of charged carrier from the 
HEF region to rest of the confined space. Such discharges are commonly 
applied for treating fruits and vegetables with ozone in industrial setup [41].

10.3.2 DIELECTRIC BARRIER DISCHARGE (DBD)

DBD method involves excitation of feed gas into plasma by applying an 
oscillating current between two electrodes separated by a durable dielectric 
material which may be a glass or plastic. This dielectric medium avoids 
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charge transport and uniform non-equilibrium plasma is generated between 
the areas of the electrode unlike corona discharges. Thereby, one can change 
the electrode area and shape for higher volume applications which in turn 
is limited by the voltage supply. Thus, a DBD proves to be a flexible and 
a scalable plasma generation method. DBD has seen its application in 
improving air quality, ozone generation, water treatment along with microbial 
inactivation in juices [37, 38, 59].

10.3.3 MICROWAVE DISCHARGE (MD)

Microwave discharges (MDs) are generated by the use of electromagnetic 
waves rather than electric current to ionize gases in a chamber. Microwave 
plasmas are mostly utilized for low pressure applications mostly for bioma-
terials [55]. The electromagnetic frequency typically exceeds hundreds of 
MHz, which is produced using a cyclotron. The major merit of MD method 
is its ability to create intense discharges in chemically active gases. Micro-
waves have been utilized more actively in plasma jet methods for medical 
application [20] but quite limited in the food sector.

10.3.4 PLASMA JET

Plasma jet is not much of a source for plasma generation; rather it’s merely a 
modification of the above mentioned configurations. Unlike the other system 
this is an open type system, i.e., the feed gas is not confined in a closed 
chamber. As per the name, the feed gas is blown at a high rate through two 
co-axial electrodes for ionization. The outer electrode is grounded and the 
other electrode is connected to the systems like microwave resonator or radio 
frequency [20, 41]. The propagating ionized gas blows out as waves and forms 
a stream of reactive gas species. The plasma interaction produces long-lived 
reactive species which in turn is exposed to the objects to be treated. This 
approach is important as it acts as a remote means of plasma generation and 
is favorable for use on living tissues; important for biomedical applications. 
However, its application in the food sector is limited or not cost-effective. In 
general, for food application, we come across three distinctive methods of 
exposing plasma to foods:

• Firstly, the food sample can be placed directly within the plasma field; 
for example, when a food is kept directly under the electrodes as in 
case of in a DBD method or in the chamber of MD type discharges;
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• Secondly, the placement is at point close to the plasma generation, 
e.g., jet plasma; and

• Thirdly, a remote treatment, where a food is placed at a significant 
distance from the short-lived reactive species, here plasma effects are 
ascribed to secondary processes. Based on the methods, interesting 
results are obtained pertaining to microbial decontamination.

10.4 BIODECONTAMINATION USING CP

Biodecontamination refers to removal or inactivation or causing fatality of 
biological entities. Emphasizing on the food sector, the common biological 
entities that need to be dealt with are bacteria, fungi, and viruses. CP has 
received much importance as a non-thermal processing technology for 
decontamination owing to multifaceted properties. A lot of work has been 
carried out for understanding the decontamination process due to CP. 
As thermal effects are not a mode of action, one can broadly classify the 
mechanism under two heads. First, interaction due to reactive gas species 
and charged particles; and second UV inflicted cellular and genetic damage.

10.4.1 REACTIVE GAS SPECIES

The reactive gas species are considered to be the major entities that cause 
lethal or sub-lethal damage to microbes. The composition of reactive gas 
species mix is dependent on the type of gas or gas mixture used, plasma 
generation method and configurations, treatment time and also on applied 
energy causing ionization. Common feed gases include natural or synthetic 
dry or humid air, O2, N2, He, and others or their mixtures thereof. Some 
of the reactive gas species of interest, which have shown decontamination 
effects are compiled as follows:

1. Reactive Oxygen Species (ROS): Atomic oxygen (O), singlet 
oxygen (1O2), excited state of oxygen (O*

2) superoxide anion (O–
2) 

[primary collisions] and ozone (O3) [Secondary effects].
2. Reactive Nitrogen Species (RNS): Atomic nitrogen (N), nitrogen 

positive ion (N+
2) and excited state of nitrogen (N*

2) [primary collisions], 
nitric oxide free radical (NO•), nitric oxide (NO) [secondary effects].

3. When humidity is involved, species like H2O
+, OH– anion, OH• 

radical [primary collisions] and H2O2 is also generated due to 
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secondary effects. Water vapor along with nitrogen gas generates 
other secondary components viz. nitrite (NO2), nitrous acid (HNO2), 
N2O4, and N2O5.

It has been widely reviewed that reactive species interact with microbial 
cell components leading to inactivation. On plasma treatment, microbial 
cells are bombarded by activated radicals and energetic ion causing surface 
lesion, a phenomenon described as “etching.” Although microbes have their 
inherent repair mechanism such intense bombardment cannot be counter-
acted, thus the cells are stressed or injured sub-lethally.

Electropermeabilization, i.e., accumulation of electric charges on 
cell surface, induces cell rupture causing lethal injury during plasma 
treatment, a mechanism similar to pulse electric field mode of microbial 
inactivation [63]. It has also been put forward that ROS tend to cause 
degradation or damage of by breaking bonds of membrane lipid bilayer 
and proteins. ROS induces lipid peroxidation, as ROS being more reac-
tive than molecular oxygen. Once the bi-layer is disrupted, the cells fail 
to transport molecules into and out of the cell for normal maintenance 
[10]. RNS with oxygen have shown to cause interruption of the anti-
oxidant defense mechanism by targeting RpoE (DNA-dependent RNA 
polymerase), OxyR (oxygen regulated gene), DnaK (chaperone protein 
DnaK gene), and GroES (heat-shock gene) expression [10, 57] leading to 
cell stress or inactivation.

Another point of action is DNA damage due to reactive gas species 
interaction. The most important radical inflicting DNA damage are the OH• 
radicals that accounts for 90% DNA damage on plasma treatment [63]. 
OH• radicals also initiate DNA oxidation reactions by reacting with nearby 
organic compounds leading to DNA damage along with disintegration of 
cellular membranes and other cell components; consequently, cell death [9]. 
Additionally, when liquid media are treated with plasma an acidification 
process is observed owing to diffusion and dissolution of gas species in the 
medium; scientists suggest it plays a role in decontamination [38]. Ozone 
and peroxide molecules, the outcomes in plasma processes are well known 
for their potent antimicrobial nature.

10.4.2 UV PHOTONS

The impact of UV-mediated decontamination effects in plasma processing 
is quite incongruous among scientists. UV is proven and widely known 
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to have DNA damaging effects. For CP treatment the effects of UV have 
been suggested to occur synergistically with the varied reactive gas species 
[7, 38]. Researchers working on microwave plasma and radio frequency 
plasma have pointed towards UV-mediated effects alone [41]. Mosian et al. 
[44] showed UV to be the vital reason for microbial inactivation in low pres-
sure plasma applications. In contrast for plasma jet application crucial role 
of UV could not be assigned to microbial inactivation [66]. Overall, one can 
conclude that UV may not play a major role but cause microbial inactivation 
synergistically with other mechanisms.

Scientists have carried out a majority of experiments where bacteria, 
fungi, and viruses have been subjected to CP treatment with positive effects. 
CP has successfully demonstrated inactivation of pathogenic bacteria like 
Salmonella spp., Escherichia spp., Listeria spp., Bacillus spp., Pseudomonas 
spp., Staphylococcus aureus, Campylobacter jejuni, etc., in various food 
matrix with great efficacy [37, 38, 45, 63]. The fungi are competent invaders 
of a wide range of foods and have the ability to cause rots and produce myco-
toxins, which is a serious concern.

Fungi of concern especially Aspergillus spp., Penicillium spp., Clado-
sporium cladosporiodies, Zygosaccharomyces rouxii, Alternaria alternata, 
Candida albicans, etc., have been reviewed to be inactivated using varied 
CP treatments [15, 43, 55]. These microbes are of concern as they are 
responsible for spoilage of food products, more importantly cause food 
poisoning and other life risking conditions. More recently, the application 
of CP processing has been extended to study virus inactivation on food 
surfaces. Human norovirus (HuNoV), a potent etiological agent transmitted 
through consumption of raw foods or foods processed on un-sanitized 
surfaces. Although much of the work has been carried out on viral surro-
gates with CP, but it still opens up the possibility towards viral safety in 
foods [28, 40].

10.5 SCOPE OF COLD PLASMA (CP) IN FOOD SECTOR

CP technology drives its benefits from its ability to achieve food safety at 
room temperature, without negatively affecting the nutritional and quality 
attributes. This has been effectively used by food scientists, engineers, and 
technologists to provide consumer safety. Some of the application aspects in 
the various food sectors are compiled in this section.
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10.5.1 FRUITS AND VEGETABLES

Most fruits and vegetables are well known for their major health benefit-
ting constituents and have been recommended to be consumed in adequate 
amounts and are mostly consumed raw [53, 54]. Thus, safety is of utmost 
importance when consuming raw foods. CP has been applied as an in-package 
treatment method to a wide range of fruit and vegetables including the fresh-
cut produce category. A pilot-scale study utilizing an ionized H2O2 aerosol 
plasma and demonstrated a reduction of S. typhimurium and L. innocua on 
inoculated in apples and tomatoes below detection limits (<0.7 log CFU/
pc) [61]. The same group also reported similar reduction results for grapes, 
tomatoes, apples, cantaloupe, and Romanian lettuce [62].

In another pilot plant study with DBD method involving humid air was 
efficiently used to reduce E. coli and L. monocytogenes in strawberries and 
spinach by 2–2.2 logs and 1.3–1.7 logs, respectively [70]. In one study, 
a CP treatment (60 kV for 5 min) inhibited the inherent aerobic bacterial 
counts and enhanced the cutting induced phenolic accumulation in freshly 
cut dragon fruit [32]. In sliced carrots, about 2 log reductions of total 
mesophiles, yeast, and molds were observed whilst maintaining the textural 
properties with good carotenoid retention [39]. CP has been widely studied 
for treatment of other fruits and vegetables like cabbage, cherry tomatoes, 
cucumber, baby kale, radicchio leaves, and peas, to name a few [41]. The CP 
treatment has also been reviewed for its ability to inactivate of norovirus in 
foods such as blueberries, Tulane virus in Romanian lettuce opening upon 
further possibilities [13, 28, 40] in viral food safety.

10.5.2 JUICE PROCESSING

Decontamination of fruits and vegetables is a mostly surface process. 
Decontamination in liquids bit of a challenge. CP mediated decontamination 
in liquids is mostly due to reactive gas species generation and further disso-
lution and diffusion processes in the media. CP has proved to be effective in 
achieving an FDA recommended 5-log standard microbial reduction process 
[12] in juices pertaining to S. typhimurium, E. coli, and L. monocytogenes. 
However, the level of microbial reduction is dependent upon the juice matrix 
under treatment. Direct exposure of orange juice to a DBD type treatment 
(90 kV–2 min) with M65 gas (O2: 65%, CO2: 30%, N2: 5%) achieved approx. 
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5 log reduction of S. typhimurium and also resulted in around 80% reduction 
in pectin methylesterase activity [67].

A similar process was followed by researchers to inactivate over 5 log 
cycle reductions in microbes in tender coconut water with added citric 
acid; when inoculated with S. typhimurium, E. coli, and L. monocytogenes 
individually without majorly affecting its physicochemical properties [37, 
38]. Yeasts like Zygosaccharomyces rouxii have been shown to be reduced 
by around 6 logs in apple juice using a plasma spray reactor (21.3 kV for 30 
min) using normal air as the feed gas [64]. Significant reductions of E. coli has 
also been observed in tomato juices (~1.43 log CFU/mL), sour cherry (~3.34 
log CFU/mL), and apple juice (~4.02 log CFU/mL) using plasma jet method 
(650 W, 30–120 s) [8, 33]. In juices, lowering of contents like polyphenol, 
anthocyanins, flavonoids, and ascorbic acid have been reported [19, 38, 52]. 
However, these reductions are lower as compared to conventional thermal 
treatments. In some cases, the quality of juices improved on plasma treatment, 
as in the case of beetroot juice, an increase in phenolics was observed and 
for pomegranate juice, anthocyanin content increased by 21–35% [11, 26]. 
Attempts are being made to optimize the plasma processes in a way to ensure 
safety along with nutritive stability.

10.5.3 DAIRY AND DAIRY PRODUCTS

Thermal treatment in the dairy industry is mainly targeted to deliver safety 
to consumers. However, it leads to undesirable changes in protein, cause 
non-enzymatic browning, vitamin losses and flavor changes. CP technology 
has been studied to show promising results in this sector as well. Kim et al. 
[24] suggested a 10 min plasma treatment (250 W, 15 kHz) for milk using 
ambient air and DBD method for plasma generation to effectively reduce 
bacterial counts for S. typhimurium, L. monocytogenes, and E. coli by 2.4 log 
CFU/mL. Yong et al. [68] applied a similar plasma treatment for the same 
microbes on cheese slices. They reported 2.8 log, 2.6 log and 3.1 log CFU/g 
reductions for E. coli, L. monocytogenes, and S. typhimurium, respectively.

Reviewed literature suggests that in dairy products substantial microbial 
inactivation could be achieved but there are limitations to be addressed. 
Common being lipid oxidation causing sensory and color changes [5]. 
Consequently, changing plasma parameters pertaining to identifying specific 
feed gas or gas composition could help solve the issue. Further research 
addressing the comparative changes of milk and milk products between CP 
and thermal treatments is needed.
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10.5.4 ANIMAL PRODUCTS: MEAT, POULTRY, FRESH FISH, AND 
SEA FOOD

We have discussed earlier about the generation of reactive nitrogen species 
(RNS) during plasma generation and secondary processes leading to 
formation of nitrite. Moreover, CP treatment has been shown to effectively 
inactivate Clostridium botulinum and its spores [35]. Nitrite is the most 
common additive for curing in the meat industry and C. botulinum a potent 
hazard, consequently supporting CP treatment as a viable technology for 
meat processing. Having said that, in-package CP treatment is the common 
go to for treating meat products. This is beneficial as it not only prevents 
further contamination of the treated products; also, the long lived reactive 
gas species, importantly O3 and H2O2 continue to inactivate microbes even 
after the plasma treatment is stopped.

It has been suggested that common effective feed gas for plasma generation 
include a mixture of nitrogen/oxygen, helium/oxygen, or ambient air to 
confer efficient decontamination in meat products. Further, the microbicidal 
effects on E.coli, L. monocytogenes and S. typhimurium are dependent upon 
power input; an increase in power increases efficacy for inactivation and 
distance between electrodes [42]. Plasma treatment has successfully been 
applied to meat products like ham, bacon, pork loin, pork but, beef jerky, etc., 
to inactivate both gram-negative and gram-positive bacteria with treatment 
time varying from 90 s–10 min and affective microbial reduction ranging 
from 0.35 log CFU/g–3.03 log CFU/g [29, 69]. Recent review on the safety 
of chicken meat products viz. chicken breast and thighs (skin or skinless), 
slices, and filets; CP treatments have significantly eliminated pathogens such 
as Campylobacter jejuni among others along with inherent mesophiles and 
psychrophiles [14].

Raw or cooked eggs or egg components (yolk and egg white) have also 
been studied extensively in the past decade for safety using CP. Available 
literature suggests greater than 5 log reduction in Salmonella spp. and L. 
monocytogenes using feed gases He+O2, N2+O2 and O2+CO2+N2 for direct and 
indirect mode of plasma processing [14]. It is important to note, the addition 
of moisture in a gas mixture or increasing O2 concentration confers enhanced 
inactivation in in-package CP treatments. More recently, global demand for 
fish and seafood consumption is on the rise as exotic meal consumption is 
becoming a part of food habit. So, concern regarding their safety is on the rise.

Fish and the seafood industry are also finding CP processing as a promising 
non-thermal intervention. Fillets of Atlantic herring and mackerel, semi-dried 
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pacific saury, dried filefish, and squids have been subjected to CP treatment 
with ambient air as the feed gas. The plasma processes significantly reduced 
Photobacterium phosphoreum, P. citrinum, Pseudomonas spp., Staphylo-
coccus spp., C. cladosporioides and other marine bacteria, psychrotrophic, 
coliforms, lactic acid bacteria (LAB), yeast, and molds [27].

In shrimps, initial load of both Staphylococcus spp. and Salmonella 
spp. along with other background microflora were significantly reduced 
on N2/O2 plasma treatment and extend the shelf-life by 14 days [60]. In 
slices of Asian sea bass, S. aureus, E. coli, P. aeruginosa, Vibrio parahae-
molyticus, S. aureus, and L. monocytogenes were reduced significantly 
using Ar/O2 plasma treatment [46]. Although CP has shown promising 
in the meat industry for food safety but quality changes, lipid degrada-
tion, protein denaturation and changes in color are a limitation. Further 
optimization of the technology is still necessary.

10.5.5 CEREALS, LEGUMES, OILSEEDS, AND NUTS

Cereals, legumes, oilseeds, and nuts are low moisture foods. The safety 
of these products is predominantly limited by the presence of mycotoxin 
producing filamentous fungi. Mycotoxins have been associated with serious 
health issues with infants listed at a higher risk than adults. Mycotoxin 
mitigation through CP is achieved either by inactivating the producing 
microbe or by degrading mycotoxin. Both this course of action is mediated 
through plasma chemistry (reactive gas species and UV-light).

Los et al. [36] demonstrated inactivation of B. atrophaeus and P. 
verrucosum in barley and wheat grains. The authors reported a 2.4 and 
2.1 log CFU/g in barley and for wheat 1.5 and 2.5 log CFU/g for B. 
atrophaeus and P. verrucosum, respectively. Successfully decontamination 
of the chickpea seeds, beans, soybean, oats, barley, rye, corn, and lentils 
contaminated with A. parasiticus and Penicillium sp. to < 1% of initial load 
depending on plasma treatment times (30 s–30 min) has been reported [56]. 
In maize grains, fluidized air plasma effectively reduced A. flavus and A. 
parasiticus by approx. 5 log CFU/g [7]. An ambient air corona discharge 
plasma jet exposure (operating at 20 kV, 58 kHz with air, 3 min) on rapeseed 
surface caused 1.8 and 2.0 log CFU/g decrease in yeast and mold counts, 
respectively [51].

Aspergillus spp. is the most common fungi which contaminate nuts. In 
Hazelnuts, fluidized air plasma inactivated A. flavus and A. parasiticus by 
4.5 log and 4.19 log CFU/g, respectively [6, 7]. Complete inactivation of 
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A. brasiliensis was noted with a low pressure DBD plasma treatment with 
Ar/O2 (10:1 v/v) on pistachios in 15 s [49]. In date palm, Ar gas jet plasma 
treatment completely inhibited A. niger spores [47]. A similar, Ar-plasma jet 
exposure caused complete destruction of A. flavus in fresh and dried walnuts 
within 11 and 15 min, respectively [1]. Literature review suggests that CP 
efficiently degrades several mycotoxins, viz. aflatoxins, trichothecenes, 
vomitoxin, zearalenone, sterigmatocystin, and fumonisins, and also inacti-
vates mycotoxin producing fungi [15, 58]. Although in the initial stages of 
application, CP has shown promise to develop mycotoxin safe foods, such 
as: B. atrophaeus, and P. verrucosum.

10.5.6 HERBS AND SPICES

Safety of herbs and spices is quite a challenge among food technologist. This 
is due to susceptibility towards fungal contamination, bacterial attack and 
volatile losses on conventional heat treatment. In the above sections we have 
very well learnt that CP effectively kills fungi including bacteria and that too 
at room temperature. Thus, shifting towards CP intervention for herbs and 
spices seems logical. A high density microwave-combine plasma treatment 
with helium as the ionizable gas was effective in reducing B. cereus spores 
by 2.7 log spores/cm2 in vacuum dried red pepper flakes [25]. In another 
work natural microbiota was significantly reduced in paprika powder and 
pepper seeds by 3 log CFU/g and in oregano by 1.6 log CFU/g using a 
remote plasma treatment [17].

In infected dried peppermint powder, substantial E. coli O157:H7 reduc-
tion was observed on low pressure radio frequency O2-plasma treatment 
[22]. Similarly, low pressure radio frequency oxygen plasma was applied 
to saffron that significantly eradicated Aspergillus spp., Rhizopus spp., and 
Penicillium spp. in 15 min [18]. A treatment involving pulsed light with CP, 
non-thermally inactivated spores of A. flavus (~1.3 log spores/g), B. pumilus 
(~2.3 log spores/g), and E. coli O157:H7 (>3.8 log CFU/g) in red pepper 
flakes [30]. Available research shows promising aspects of CP in the safety 
of herbs and spices.

10.6 COLD PLASMA (CP) AND SUSTAINABILITY

The world population is set to reach 10 billion by 2050, i.e., approx. 3 billon 
more are to be provided with food. Which the current climate change and 
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decline in available agricultural land, the food-Agri sector needs to opt for 
sustainable food production and processing strategies. A reduction in inci-
dence of foodborne illnesses, product recalls and food safety will increase 
sustainability significantly. As discussed earlier, traditional technologies 
effectively reduce microbes and make food safe but also affect quality and 
are also energy-intensive. Food producers and processors also use chemical 
methods to overcome microbial contamination. However, it is not very 
safe in terms of immune reactivity, chances of retaining chemical residue 
and also effluent laden with chemical needs to be treated, which otherwise 
is a hazard. Thereby, alternatives of chemicals are a much focused area 
nowadays.

CP has found its applications at various stages so food production and 
processing, including enhancement of seed germination, water decontamina-
tion, decontamination of food, equipment, and packaging materials [2, 3, 34, 
50]. CP operations achieve these effects by consuming less energy, operating 
at ambient conditions and generation of short-lived primary and secondary 
reactive species, thus leaving behind no major chemical residues; an added 
advantage. This makes CP treatment green and sustainable application for 
food, agricultural, and industrial sectors.

10.7 SUMMARY

CP is gaining attention owing to its multifaceted effects on different sectors 
of the food industry. Although this technique is in its nascent stages, it 
has proved its efficacy in delivering safe food by eradicating pathogenic 
microbes: bacteria, fungi (yeast and molds), and degrading mycotoxins. In all 
generated plasma, a variety of chemical and physical interaction takes place, 
which still needs to be understood well enough for specific application. The 
intricate plasma chemistry; reactive gas species, secondary species, and UV 
light generation effectively interacts with biological materials and confer 
much of its benefits. Not to forget its ability to bring changes at ambient 
conditions. However, the technology has certain limitations pertaining to 
the quality of products. Attributes like flexibility, scalability, and sustain-
ability, the technique has opened unlimited opportunities in the food sector. 
Consequently, much know-how still remains to be generated. Further, with 
the emergence of viral pandemics, such as SARS-COV-2 and its ability to 
survive on varied surfaces; challenges on viral decontamination of food 
surfaces needs to be taken up.
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Abstract The beverage industry is one of the largest food processing sectors and
the elevated growth of this industry is driven by consumer awareness toward eating
nutritional and healthy diets. Consuming fresh beverages is universally
recommended, however, fresh fruits and vegetable juices or their blends are prone
to contamination by pathogenic- and spoilage-causing microbes. Consumption of
such unsound beverages has led to multiple instances of food-borne disease out-
breaks in the past. To ensure the delivery of microbiologically safe juices, alongside
ensuring nutritional intactness and freshness, the beverage industry employs a gamut
of technologies to decontaminate juices following national or international
norms and practices, eg., conventional technologies like pasteurization and sterili-
zation (thermal technologies). However, these treatment measures are known to dras-
tically diminish nutrients and the flavor profile of juices. Additionally, consumer
awareness toward minimally-treated products has led the industry to seek alternative
technologies to improve preservation practices for adequate microbial safety,
while maintaining freshness and flavor. The current chapter deals with the state-of-
the-art practices in decontamination of beverage products, including high-pressure,
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pulsed-electric, pulsed-light, ultrasound and cold-plasma, and offers new sets of
opportunities for both academia and industry.
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14.1 Introduction

The beverage industry holds a big share of the food processing sector. This includes
both alcoholic and nonalcoholic beverages and is considered to be quite mature. The
nonalcoholic segment majorly includes the processed fruit and vegetable juices or
their blends thereof, whereas alcoholic beverages comprise beer, wine, whiskey, etc.
Tea and coffee are also included in the beverage sector (Uzuner and Cekmecelioglu
2019). Consuming beverages has been a habit for a long time; people find them
soothing and palatable. Alcoholic beverages are consumed as a legal stimulant;
nonalcoholic drinks are favored due to their sweet and unique flavors, refreshing
characteristics, and nutritive value (natural sugars, fiber, vitamins, minerals, and
bioactive constituents) to stimulate general health and well-being. In recent times, an
increased understanding among consumers about the relationship between health
and food intake has led to increased demand for beverages (more specifically
nonalcoholic) that are either fresh or minimally processed, thus consisting of higher
nutrients and unaltered natural flavor. This has further led to increased demand in
both fresh and cold-pressed juice segments.

Beverage constituents, viz., sugars, vitamins, minerals, etc., are sufficient to
support the growth of various microbes and at times provide a safe haven. However,
certain products inherently have a low pH, are highly acidic, and have high sugar
content, making them less susceptible to microbial growth. Nevertheless, there are
numerous spoilage and pathogenic microbes that are well adapted for proliferation in
such acidic formulations and can lead to spoilage (Shankar et al. 2021). Beverages
are highly prone to contamination by microbes which either are naturally present or
are incorporated during extraction, faults in processing, and improper packaging and
storage. Microbial contaminations pose serious risks to consumers and also majorly
disrupt the beverage characteristics making them unfit and unsafe for consumption
purposes. Microbial spoilage of beverages is either bacterial or fungal or mixed as
per the suitability of the beverage to support the growth. Varied strains of microbes
that commonly contaminate beverages are Saccharomyces sp., Candida sp.,
Zygosaccharomyces sp., Lactobacillus sp., Bacillus sp., Staphylococcus sp.,
Escherichia sp., Salmonella sp., and Listeria sp. While some cause only spoilage,
others cause food-borne diseases (Salomão 2018). Owing to the wide range of
consumption of beverages by all age groups, it is of paramount importance to
provide safety to consumers. Importantly, beverages are required to be manufactured
under strict sanitary conditions as per governmental regulations worldwide.

The objective of the current chapter is to shed light on the validated and
promising decontamination strategies that can be employed by the beverage sector.



The current chapter attempts to emphasize the application of novel/non-thermal
technologies for ensuring beverages’ safety and retaining fresh-like characteristics.
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14.2 Safety Consideration for the Beverage Industry

Unheated fruit juices are susceptible to rapid microbial, enzymatic, chemical, and
physical deterioration. Previously, it was thought that contamination of beverages
(especially juices) with disease-causing microbes was improbable owing to low pH
(<4.5). Low pH was considered to hinder their growth. However, several pathogenic
food-borne disease outbreaks have been linked to the consumption of contaminated
juices (Salomão 2018). For instance, consumption of unpasteurized orange juice
caused disease outbreaks in Australia (1999) as well as in Florida, USA (1995). In
Uganda (2015), a large persistent outbreak of typhoid fever was linked to the
consumption of street-vended beverages contaminated with Salmonella typhi
(Kabwama et al. 2017). Similarly, Washington, D.C., USA, witnessed outbreaks
linked to E. coli O157:H7 and L. monocytogenes in people who consumed
unpasteurized apple juice (Malik et al. 2020). Studies have reported the presence
of pathogenic microorganisms in juices sold by many street cart vendors in India
(Aneja et al. 2014; Titarmare et al. 2009; Tambeker et al. 2009). A Vibrio cholerae
outbreak was reported in Pune, India, due to consumption of contaminated street-
vended sugarcane juice (Malik et al. 2020). In all the mentioned instances, microbial
contamination was observed to be arising from unhygienic manufacturing practices.
Overall sources for contamination can be summarized as presence of microbial load
on the fruit surfaces, use of contaminated water harboring fecal coliforms and
Shigella sp. for washing and dilution purposes, contaminated ice, poor personal
hygiene of handlers, improper storage, and presence of insects (Rashed et al. 2013;
Aneja et al. 2014; Snyder and Worobo 2018; Malik et al. 2020).

In response to several outbreaks worldwide, different government bodies have
made regulations to ensure safety associated with the consumption of beverages. For
example, in India, the Food Safety and Standards Authority of India (FSSAI) have
recently revised their microbiological standards for beverages (including minimally
processed, thermally/non-thermally processed) which suggest an absence of Salmo-
nella, E. coli OH157:H7, Listeria monocytogenes, and Vibrio cholerae in 25 mL of
samples (FSSAI 2018). The European Union (EU) also advocates the complete
absence of Salmonella in unpasteurized beverages (fruits or vegetables), and pro-
cessors need to follow strict microbial reduction regimes to eliminate E. coli,
Salmonella, and Listeria sp. Further, the EU also stresses on implementation of
microbiological criteria in Hazard Analysis and Critical Control Points (HACCP)-
based procedures alongside other hygiene control measures (European Commission
2005). The Food and Drug Administration (FDA), USA, also requires food pro-
cessors to follow a processing regime to achieve at least 5-log reduction of pertinent
microbes, viz., E. coli, Salmonella sp., and Listeria sp., in any food or beverages
while also employing HACCP supported by Good Manufacturing Processes (GMP)



and Sanitation Standard Operating Procedures (SSOP) (FDA 2001a). The Interna-
tional Organization for Standardization (ISO) brought in ISO 22000 as a food safety
management system. The system integrates risk analysis, hazard identification,
monitoring system, and pan corrective measures to control food safety hazards.
Likewise, GMP ensures that the product safety from microbial contaminations,
involving plant sanitation, and management aspects of the processing units, main-
tenance of cleanliness of all the equipment, processing areas as well as personal
hygiene of all the personnel working in the food industry (Aadil et al. 2019).
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14.3 Technological Interventions for Decontamination
of Beverages

Beverage decontamination in the industry is mostly dominated by thermal treat-
ments. Thermal treatments ensure microbial safety and confer product stability
leading to a sufficient shelf-life. However, novel technologies have created a niche
for themselves as they have shown remarkable promise in ensuring safety while
maintaining much of the natural and fresh-like characteristics of products. Both
researchers and industrialists are looking forward to explore such techniques for
industrial applications in the near future. Regardless of the decontamination tech-
nique used, it must ensure adequate microbial safety. The following sections discuss
the different technological intervention in use and exploration for decontaminating
beverages, as highlighted in Fig. 14.1.

14.3.1 Thermal Processing

The thermal treatment of beverages to achieve a fivefold reduction in microbial
population as well as inactivation of certain enzymes such as pectin methylesterase,

Fig. 14.1 Summary of beverage decontamination interventions in use and current exploration.
(Danyluk et al. 2012; Bevilacqua et al. 2018)



ubiquitous to citrus fruits, is currently based on recommended regimes of time and
temperature formulated by the US Food and Drug Administration Hazard and
Control Guide. Such thermal treatments range from mild treatment conditions to
prolonged treatment, to deliver beverage products that are shelf-stable at either
refrigerated conditions or without the need for refrigeration. Herein, the temperatures
used for the process typically range from 60 to >100 �C, where the lower limits
apply to juices such as lime and the higher ranges apply to juices such as orange and
grape. However, thermal treatment of beverages is associated with flavor, nutrient,
and color degradation which are primarily driven by the breakdown of volatile
sensory components accompanied with protein denaturation. Therefore, there is a
pertinent need to improve existing thermal processing technologies which are based
on the conventional steam and hot water-based plate-and-frame and shell-and-tube
heat exchangers. Overall, the varied thermal treatments considered in the food
industry or by researchers can be placed under two categories at large. Firstly,
conventional thermal treatment methods can be further subdivided into treatments,
viz., High Temperature Long Time (HTLT) [�80 �C—>30 s], High Temperature
Short Time (HTST) [�80 �C—<30 s], Mild Temperature Long Time (MTLT)
[<80 �C—>30 s], and Mild Temperature Short Time (MTST) [<80 �C—�30 s].
Secondly, nonconventional thermal treatments involve the employment of micro-
wave (200–1200 W/few seconds to several minutes) and ohmic heating techniques
(Petruzzi et al. 2017). Among these, HTLT treatments are the go-to method for
beverage processing and include processes like pasteurization and canning, or
sterilization. Additionally, researchers have also utilized intrinsic hurdles such as
changing pH, soluble solids, and adding natural/artificial antimicrobials along with
mild heating conditions for safely processing beverages (Mahnot and Mahanta
2021).
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Microwave heating has promising advantages over conventional treatments, viz.,
better process control, higher efficiency, reduced processing times, and floor space-
saving. Literature reports have shown the elimination of microbes, inherent
microbiota, as well as pathogens like Listeria monocytogenes in beverages. In recent
studies, microwave heating resulted in non-detection of background microflora in
sugarcane juice (Adulvitayakorn et al. 2020), and in orange-milk beverages, the
bioactive properties were enhanced posttreatment (Martins et al. 2021). However,
certain drawbacks like color and pH changes in juice products are significant. More
importantly by optimizing microwave power and shorter treatment times, conferring
safety against pathogenic microbes and stability during storage, as well as retention
of nutritive constituents makes this technology more attractive.

Ohmic heating and nanofluid-based thermal processing are interesting emerging
prospects in this regard (Salari and Jafari 2020). The former ohmic heating differs
from conventional heating in its internal heat generation. Herein, the entire volume
of food is heated, unlike conventional heating which relies on conduction and
convective energy transfer. As such, ohmic heating can result in rapid and uniform
heating (Wattanayon et al. 2021). Ohmic heating works via conduction of electric
current, typically 1 kV cm�1 (Ariza-Gracia et al. 2020) through the beverage,
resulting in rapid and volumetric heat dissemination depending on resistance,



voltage gradient in the field, and the electrical conductivity of the medium. The
resulting uniform heating of the beverage is paramount in thermal damage and
nutritional loss reduction (Mesías et al. 2016). It is of note that beverage conductivity
in the range of 102 to 105 μS cm�1 is the ideal framework for the application of this
technology (Piette et al. 2006). Another method, viz., nanofluid heating, additionally
holds immense promises for the thermal treatment of beverages. The method is
based on the principle of higher thermal conductivity in nanofluids consisting of
metals and their oxidized derivatives (dimension<100 nm). For example, aluminum
and copper have a thermal conductivity that is 600–700 times higher than water.
Using such properties, it is possible to promote heat transfer alongside minimal
pressure drop and fluid friction in a beverage (Farajollahi et al. 2010). Here, the
volumetric nanomaterials’ particle size is observed to be proportional to the heat
transfer capacity (Munyalo and Zhang 2018; Zhang et al. 2021). Even low volume
fractions, i.e., 1–5%, have been observed to increase the thermal conductivity of base
fluids by >20% (Xuan and Li 2000). Here, some important tips for consideration
from the beverage industry are cosolvent type, nanomaterial size, nanomaterial
concentration, and the thermal conductivity of the nanomaterials. Overall, such
techniques have been carefully selected, employed, and continuously being opti-
mized (considering the nature of matrices) to provide sufficient microbial safety and
to better retain the nutritive and organoleptic value.
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14.3.2 Non-thermal Processing

Consumer needs are quite elusive. Current consumers are highly aware to consume
healthy foods, with better retention of natural-like characteristics, and they prefer
foods that are minimally exposed to harsh processing conditions. Non-thermal
processing technologies tend to deliver on these demands. Thus, such technologies
appeal to both consumers and industry. Table 14.1 enlists the efficacy of the major
non-thermal interventions for decontamination of beverages. The different
non-thermal technologies are quite concisely discussed in this section.

14.3.2.1 High-Pressure Processing

High-pressure processing (HPP) is one of the most studied and the most widely
practiced technologies in the industry for non-thermal processing. Beverages are
some of the most common foods to be treated using HPP. Conventional HPP
treatments utilize pressures between 150 and 900 MPa for a short time frame
(Bevilacqua et al. 2018). HPP involves pre-packed food that is placed in a
pressure-transmitting medium (generally water) inside a chamber; the loaded cham-
ber is pressurized at appropriate pressures and for a set period. The loaded chamber
is depressurized and the treated product is ready to be delivered to consumers. Such
treating conditions have proven to increase the shelf-life of juices and enhance safety
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(Bevilacqua et al. 2018; W/giorgis 2019). HPP is effective in decontaminating
vegetative cells and pathogenic and spoilage microbes, viz., Salmonella serovars,
strains of E. coli and L. monocytogenes, Bacillus sp., and Lactobacillus sp., along
with yeasts and molds in juices such as apple, peach, mango, grapes, cucumber,
tomato, whey-based beverages, etc. (Daher et al. 2017; Podolak et al. 2020). It is of
note that although HPP processes are capable of inactivating microbes, the efficacy
is dependent upon process parameters (pressurization vs. depressurization vs. time),
the type of product, extrinsic and intrinsic factors, and the target microorganism. As
varied microbes have varied tolerance limits, one might consider the following
microbe pressure tolerance pattern before implementing HPP: prokary-
otes &gt; eukaryotes, Gram+ &gt; Gram-, cocci &gt; bacilli, stationary phase
cells &gt; vegetative cells, spores being the least sensitive, and yeast and mold
being the most sensitive to pressure (Bevilacqua et al. 2018; Huang et al. 2020).
Typical HPP inactivation mechanism involves conformational changes in the bac-
terial cell wall and overall morphology, inhibition of protein synthesis alongside key
enzymes, and disruption of genetic and cellular functions (Podolak et al. 2020).
Petrus et al. (2020) demonstrated an effective HPP process in orange juice
(~400 MPa for ~200 s) that successfully reduced >5-log reduction in each of
E. coli O157:H7, S. enterica, and L. monocytogenes. In carrot and beetroot juice,
HPP treatment (300–400MPa, 5–10 min) sufficiently inactivated E. coli and Listeria
sp. strains for enhanced shelf-life of the juices during storage (Nasiłowska et al.
2018). A compiled report of multiple studies reported that HPP treatment of soy
smoothie at 450–650 MPa for 3 min and cactus juice at 200 MPa for 10 min caused
3-log reduction in mesophilic bacteria in the former and yeast, mold, and acid-
tolerant microorganisms in the latter, respectively (Daher et al. 2017). Further, in red
fruit smoothie with orange, banana, and lime, a 350 MPa for 7 min HPP treatment
led to 1.8-log reduction in yeast, mold, and aerobic bacteria, 2.4-log reduction of
enterobacteria, and 2.5-log reduction of psychrotrophic bacteria. Overall, HPP has
been implemented by more than 160 industries (Daher et al. 2017). Evidently, HPP
results in enhanced shelf-life via microbial inactivation; however, it is important to
optimize the process parameters to assure total microbial safety to such products in
accordance with the requirements set out by regulatory bodies, alongside minimizing
changes in product characteristics.
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14.3.2.2 Pulsed Electric Field

Currently, the food industry employs pulsed electric field (PEF) treatment for
enhancing mass transport, for increasing the yield of bio-actives and juice produc-
tion, and also for pasteurizing liquid foods non-thermally. Basically, in PEF-based
juice processing, the target juice is forced through a strong electric field generated
between a two-electrode system. The electrodes are fed with high voltage pulses in
microsecond (μs) periods (Timmermans et al. 2019). Above a critical field strength,
typically between 5 and 50 kV cm�1, confers microbial deactivation (bacteria, fungi,
and others). Mechanistically, such strong electric fields induce the formation of
pores on microbial cell membranes or by enlargement of existing pores. Depending



upon the treating conditions, such pores may be reversible or irreversible, i.e.,
permanent, thus changing cell membrane permeability. The altered permeability
allows the loss of cell contents to the surrounding media or there is an influx of
the surrounding medium, leading to altered barrier functions, membrane potential,
and electrical resistance of the cells. This results in cell inactivation. USDA National
Advisory Committee on Microbiological Criteria for Foods (Ransom and NACMCF
2005) has allowed the use of PEF technology for pasteurization. Also, juice pro-
cessors can utilize PEF for commercial pasteurization in compliance with FDA’s
5-log reduction regulation (21 C.F.R. 120; FDA 2001b). PEF technology is effective
for beverage processing, including fruit juices and alcoholic beverages via inactiva-
tion of microorganisms such as E. coli, L. monocytogenes, Lactobacillus plantarum,
Salmonella sp., S. cerevisiae, etc. In low-alcohol red wine, ~2-log reductions in the
viable yeast counts were achieved with a PEF treatment of electric field intensity at
40 kV cm�1 and a cumulative treatment time of 270 μs (Puligundla et al. 2018). For
strawberry juice, a PEF treatment at 35 kV cm�1 for 27 μs treatment time and
350 mL min�1

flow rate with 2 μs pulses resulted in ~5-log reduction of acid-tolerant
E. coli. The same treatment also resulted in a reduction of background microbiota
(total aerobic bacterial counts and yeast-mold) by 2-log (Yildiz et al. 2019). A pilot-
scale PEF treatment of orange juice resulted in 8-log and 9-log reduction in Sac-
charomyces cerevisiae and Escherichia coli, respectively, by flowing orange juice at
the rate of 30 L h�1 at a field strength of 20 kV cm�1 at a specific energy of
150 kJ L�1 (Lee et al. 2020). A continuous flow bench-scale PEF-processing system
for apple cider at a repletion rate of 1000–1500 pps at 35–30 kV cm�1 accomplished
5-log reduction of pathogens E. coli O157:H7 and S. typhimurium (Mendes-Oliveira
et al. 2020). In a recent development, a microchip-PEF treatment on blueberry juice
flowing at the rate of 7 mL min�1 at 350 V with a pulse width of 0.15 ms led to
complete inactivation of total plate counts and yeast-mold counts while extending
the shelf-life and retaining bioactive components with minimal changes in sensory
characteristics. This microchip technique requires a lower operating voltage to
achieve the same germicidal effect compared to conventional PEF (Zhu et al.
2019). Multiple factors that affect the microbial inactivation with PEF are process
factors (electric field intensity, exposure time and temperature, pulse wave width and
shapes, chamber configurations), microbial entity factors (type, concentration, and
growth phase of microbes), and sample matrix factors (pH, ionic strength, conduc-
tivity, and antimicrobials). Overall, microbial inactivation increases with increasing
electric field intensity, exposure time, and the matrix temperature (Timmermans
et al. 2019). However, the desired temperature is<40 �C. Again, it is to be noted that
Gram-positive bacteria and yeasts are more resistant to electric fields than Gram-
negative bacteria. With PEF a linear inactivation is generally observed for microbes
in the first moments of the treatment followed by a tailing (Sagarzazu et al. 2010;
Walter et al. 2016). Tailing phenomena indicate an increased resistance of the
microbial population inactivation. Recently, a team of researchers revealed that
splitting PEF treatment with a period of delay in between led to tailing disappearance
(Delso et al. 2020). The authors supported their results with Salmonella typhimurium
in milk and orange juice. This opens further opportunities in strategically developing
PEF-based decontamination in juices.
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14.3.2.3 Pulsed Light Technology

Pulsed light technology (PLT) is an innovative method used for food decontamina-
tion. In PLT a food material is subjected to a short duration of high-intensity pulses
of light emitted by an inert-gas flash lamp. Such short-duration high-intensity pulses
are capable of inducing cell disruption and cell death. The short pulses cover the
ultraviolet (100–400 nm), visible (400–700 nm), and infrared (700–100 nm) light
spectrum range. Currently, the widely accepted antimicrobial effect hypothesis
involves photochemical, photothermal/photophysical, and indirect chemical mech-
anisms (Franco-Vega et al. 2021). The photochemical mechanism is majorly medi-
ated by UV, which is well known to negatively disrupt genetic material leading to
microbial inactivation. In the photothermal mechanism, the pulsed light energy gets
absorbed by microbial cells, which generates a rapid and lethal increase in cell
temperature leading to cellular rupture. Concerning indirect chemical mechanisms,
PLT-induced germicidal chemicals such as hydroxyl radicals, ozone, or hydrogen
peroxide are responsible for microbial reductions. There is quite limited work carried
in beverages pertaining to pulsed light treatments. Mostly, it has been applied to fruit
juices, while applications on vegetable juices are scarce. PLT application in different
beverages is effective in achieving ~5-log reduction in pathogens such as L. innocua,
E. coli, and S. enteritidis in juices such as melon juice at a pulse energy of
71.6 J cm�2 for 60 s (Ferrario et al. 2013). Also, greater than 5-log reduction in
spoilage microorganisms such as S. cerevisiae has been reported for melon juice,
apple juice, blueberry wine, and white grape wine (Ferrario et al. 2013; Mandal et al.
2020). In a recent study, a maximum of E. coli inactivation of 4.0 log, 4.5 log, and
5.33 log was noted in orange, pineapple juice, and tender coconut water, respec-
tively. These juices were subjected to pulsed light at a fluence rate ranging from 0.18
to 5.6 W cm�2, the dosage of 95.2 J cm�2, and treatment time varying between 0 and
15 s (Preetha et al. 2021). Also, a 5-log reduction in aerobic mesophiles and the yeast
and mold counts was obtained on pulsed light treatments with 2.4 kV with either
94 or 187 pulses (757/1479 J cm�2) in pineapple juice (Vollmer et al. 2020).
Although PLT seems promising, a lot of research needs to be carried out to further
strengthen its application in the beverage industry. However, one can utilize pulsed
light technology in combination with other available strategies to increase the
efficiency of microbial inactivation of hardy microbes.

14.3.2.4 Ultrasonication Treatments

Ultrasound (US) technology has seen quite wide applications and has emerged as a
non-thermal method for processing, extraction, and decontamination. Owing to its
microbial deactivation ability, it has been promisingly used for juice preservation.
The antimicrobial action mechanism of US is attributed to the cavitation phenomena
that lead to physical, thermal, and chemical effects. The rapid cavitation leads to
localized pressure changes and temperature hot spots that induce cell walls to break,



the cell membranes to disrupt on thinning, free radicals mediated DNA damage
leading to cell inactivation, etc. (Paniwnyk 2017; Dolas et al. 2019). In beverage
processing applications, the range of ultrasound used lies between 20 and 10 MHz.
In a study with apple juice, ultrasound treatment (400 W and 24 kHz) induced
sublethal injuries to spoiler yeasts Candida parapsilosis and Rhodotorula glutinis
leading to enhanced storage of the juice (Bastianello et al. 2016). Similarly, in
passion fruit juice, ultrasonication for 8 min (500 W and 20 kHz) proved to be
optimum to enhance its shelf-life by inactivating aerobic mesophilic bacteria and
yeast (Gómez-López et al. 2017). In fresh-pressed tomato juice, ultrasound applica-
tion (20 kHz) with exposure to an ultrasonic field of 40 W cm�2 for 10 min
completely rendered tomato juice free from aerobic microorganisms, lactic acid
bacteria, coliform bacteria, and yeast (Starek et al. 2021). Again sonication in red
and yellow watermelon juice resulted in non-detection of total aerobic plate counts
and Enterobacteriaceae counts. In Sirkencubin syrup (mixture of vinegar and
honey), ultrasonication (26 kHz) led to non-detection of counts of
Enterobacteriaceae, total aerobic bacteria, and yeast and mold in 15 min (Yikmış
2020a). The same author reported a similar non-detection of microbes in red and
yellow watermelon juice upon sonication for 8 min (Yıkmış 2020b). Further, it is
important to point out that ultrasound alone cannot be a technique that can suffice
beverage decontamination especially considering the presence of spores that are
difficult to deactivate (Lim et al. 2019). In common practice, ultrasound has been
employed along with temperature (thermosonication), pressure (manosonication) or
both (manothermosonication), and osmotic pressure (osmosonication) for spore and
spore former decontamination.
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14.3.2.5 Ultraviolet Processing

In general, UV treatment is most commonly associated with water disinfection.
Lately, UV processing has evolved as a promising application for assuring food
safety. The US Food and Drug Administration (USFDA) has concluded and
approved the usage of UV radiation for safe processing and handling of foods
through their issued Code 21CFR179.41, and can be used as an alternative treatment
to reduce pathogens and other microorganisms (Shah et al. 2016). The UV-mediated
germicidal effect is achieved by the use of UV-C (200–280 nm) part of the UV
radiation spectrum (100–400 nm). The UV-C is widely known for its germicidal
properties and lethality against bacteria, fungi, viruses, and protozoa (Martínez de
Alba et al. 2021; Mackenzie 2020; Yin et al. 2013). A UV-C radiation of 253.7 nm is
the commonly used optimal wavelength having maximal germicidal action (Bhullar
et al. 2018). Mechanistically speaking, UV-C can disrupt the genetic material
(DNA/RNA) in microbial cells, thereby altering cell metabolism and reproduction,
the result being cell death (Singh et al. 2021). Sufficient research has been carried out
on the decontamination of beverages with UV treatment. UV-mediated decontam-
ination of a wide range of beverages prepared from apples, grapes, pomelo, pineap-
ple, watermelons, oranges, carrots, red pitaya, coconut water, tiger nut milk,



soymilk, iced tea, etc. has resulted in promising as well as successful results (Shah
et al. 2016; Singh et al. 2021). These studies have covered different microbes such as
Escherichia coli, Salmonella sp., Listeria monocytogenes, Alicyclobacillus
acidoterrestris, Lactobacillus sp., Cladosporium sp., yeasts, and molds as well as
background microflora. Various configurations of UV reactor/treatment systems
have been studied; the process efficacy of such systems depends upon the transpar-
ency of a beverage, UV dose delivery, and its mixing efficiency. In one work,
researchers developed a thin-film concentric ring type UV-C reactor and were able
to reduce Alicyclobacillus acidoterrestris in inoculated cloudy apple juice by more
than 5 logs on recirculation though the reactor at a UV dosage level of 125 J mL�1

(Sauceda-Gálvez et al. 2021). On the evaluation of a UV-C reactor based on Dean
vortex technology for its efficacy against Lactobacillus plantarum and Saccharo-
myces cerevisiae populations in apple juice, this resulted in 4.07 log and 1.97 log
populations, respectively, at a dosage level of 1668 mJ cm�2 (Barut Gök 2021). In
another study using the same Dean vortex technology, it was observed that a UV-C
dosage of 8.38 mJ cm�2 was able to reduce Escherichia coli O157: H7 by >5 logs.
On the contrary, the same treatment could not fully decontaminate yeasts and molds
in a pineapple-mango juice blend. However, the colony counts for yeast and molds
were under the permissible limit (1.26 log CFU mL�1) (Amanina et al. 2019).
Bhullar et al. (2018) with a flow spiral reactor at dosage levels of 30 mL cm�2

were able to achieve >5-log reductions of E. coli, Salmonella typhimurium, and
Listeria monocytogenes in coconut water without generating any cytotoxic compo-
nents. In recent times, UV-C light-emitting diodes (LEDs) as an alternative UV
source have been employed for juice decontamination specifically in orange and
apple juice. Studies with UV-C LEDs have shown that at a 1420 mJ cm�2, dosage
4.44-log reduction of S. cerevisiae population in orange juice could be achieved,
while in apple juice, Zygosaccharomyces rouxii levels were significantly reduced by
5.46-log reductions at 1200 mJ cm�2 dosage (Niu et al. 2021; Xiang et al. 2020). In a
pilot-plant study, 3.6 log-cycles, 3.7 log-cycles, and 1.3 log-cycles of inactivation
were achieved in an orange-banana-mango-kiwi-strawberry blend for L. plantarum,
E. coli, and S. cerevisiae, respectively (Fenoglio et al. 2020). Another pilot-scale
study with a UV system with a turbulent flow resulted in a 4-log reduction in
different microbes’ population, viz., E. coli K12, Staphylococcus aureus, Salmo-
nella sp., and S. cerevisiae except for Cladosporium sp. when inoculated to Rooibos
iced tea beverage (Monyethabeng and Krügel 2016). In carrot juice, a UV-C
treatment led to a significant improvement in shelf-life as it restricted the growth
of mesophilic and psychrotrophic bacteria along with Enterobacteriaceae, yeast, and
molds as compared to untreated juice (Riganakos et al. 2017). Most studies about
UV-C treatment of beverages have suggested minimal or no impact on the physical,
chemical, as well as sensory properties. Overall, one can easily deduce that UV-C
treatments are quite effective in reducing microbial loads, thereby providing safety
in beverages and increasing shelf-life. However, still more research needs to be
carried out to better optimize UV-C treatment taking into consideration of the varied
juice matrices.
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14.3.2.6 Cold Plasma Processing

Cold plasma (CP) processing has created a niche as a novel, green, non-thermal
processing technology for decontamination of food and food products. The plasma
process is acclaimed to be a fast, simple, economical technique that leaves no
chemical residues (Mahnot et al. 2020). CP technology employs gases that are
energized, leading to the generation of reactive gas species, charger ions, and neutral
gas species, which in turn confer microbial inactivation (Niemira 2012). Literature
suggests that CP inactivation, in general, is majorly mediated by the reactive oxygen
species (ROS) and reactive nitrogen species (RNS), along with minor contributions
due to emitted ultraviolet radiations. However, in liquids these generated gas species
also tend to diffuse into the liquid causing acidification, synergistically leading to
microbial cell stress and eventual cell death. These species tend to damage lipid by
layer and degrade DNA, lipids, and proteins leading to impaired complex cell
responses and cell signaling. The cells are unable to repair such damage and
eventually get killed or inactivated (Thirumdas et al. 2015). CP technology has
been routinely utilized for surface decontamination; however, the technology faces a
challenge when considering decontamination of liquids owing to the diffusion of gas
species inside the liquid. Nonetheless, scientists have come up with unique strategies
to treat liquid foods to eradicate both bacteria and fungi using variously configured
plasma generating and treatment conditions. Mahnot and others (2019a, b) were able
to inactivate >5 logs of S. typhimurium populations in tender coconut water using a
dielectric barrier discharge (DBD) type plasma setup in 2 min at 90 kV using air as a
working gas for plasma generation. The same group also were able to decontaminate
L. monocytogenes and E. coli by 5 logs, through a similar setup using both air and
modified air (O2, 65%; CO2, 30%; N2, 5%) as the working gas (Mahnot et al.
2019a, b). In apple juice and sour cherry nectar, an atmospheric jet plasma setup
with air as a working gas was able to achieve 4 and 3.3-log reductions with a
treatment time of 2 min (Dasan and Boyaci 2018). Bacillus sp. are hardy organisms;
a plasma jet treatment (argon + 1% O2) on blueberry juice led to a 7.2-log reduction
in Bacillus sp., in 6 min at 11 kV (Hou et al. 2019). A gliding arc discharge method
for decontaminating tomato juice using N2 gas resulted in 3.45-log, 3.55-log, and
3.32-log reductions in the total aerobic mesophilic bacteria colonies, yeast, and
molds, respectively, just after a 5-min treatment at 40 W power level (Starek et al.
2019). The same lab also reported a 3.7-log reduction in Candida albicans in 1 min
and a 3.5-log reduction in Saccharomyces cerevisiae in 5 min in tomato juice at the
same treatment conditions (Starek et al. 2020). In apple juice, a plasma spray reactor
(operating conditions: 21.3 kV, 30 min) using normal air as the feed gas enabled
approx. 6-log reduction in Zygosaccharomyces rouxii (Wang et al. 2018). But with a
DBD setup, 5-log reductions of Z. rouxii were achieved in 140 s at 90 W power with
the feed gas as air (Xiang et al. 2018). In an interesting work indirectly related to the
safe processing of wine, CP technique could completely inactivate Brettanomyces
bruxellensis, while Pediococcus pentosaceus and Acetobacter pasteurianus inacti-
vation were limited (Sainz-García et al. 2021). From the various studies, one can



deduce that CP process parameters such as power, voltage, treatment time, feed gas
composition, and sample treatment volume are key parameters to be optimized to get
maximal inactivation efficacy. Overall, CP technology has delivered promising
results in decontaminating beverages, although there is a need for further process
optimizations and pilot-scale studies to make it a commercially viable technique.
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The other non-thermal processing techniques for beverages such as ozone treat-
ment, use of antimicrobial metabolites, fermentation, and combinations of the
technologies mentioned so forth, also commonly described as hurdle technologies,
are being actively researched, and interested readers are directed toward other
excellent reviews, books, and studies (Lacroix 2010; Badwaik et al. 2015; Singh
and Shalini 2016; Brodowska et al. 2018).

14.4 Conclusion

Decontamination in the beverage processing sector is taken quite seriously. Opti-
mized conventional, novel technologies or combinations of multiple technologies
are being explored or even implemented to deliver on consumer demands. For
processors, considerations such as beverage matrices, type of spoilage and patho-
genic microbes, quality, and sensory value retention are quite important to process
beverages with appropriate techniques and deliver as per consumer preferences.
Although considerable research is available as discussed in the chapter, the shelf-life
considerations of processed juices specifically by novel technologies are not quite
extensive. Limited shelf-life and requirement of refrigerated storage remain as
hurdles for processes from being implemented on industrial scale. Nonetheless,
in-depth research on deciphering mechanisms to easily inactivate hardy microbes
and extensive shelf-life studies would be quite important. The ongoing COVID-19
pandemic has hampered the beverage sector initially but the market is on track for a
significant growth. Importantly, the pandemic has taught us the importance of
building strong immunity and keeping oneself safe from deadly diseases. As a
consequence, people seek products having immune-boosting characteristics. The
beverage sector is gearing up for the same and looks forward to delivering newer
functional beverages with the “immunity-boosting” tag at the same time maintaining
strict microbial safety. The newer blends in the beverage sector will require unique
interventions and optimizations in processing technology, to deliver on the changing
consumer needs. Considering the emergence of viral pandemics, challenges on viral
decontamination in beverages remain a rather unexplored area alongside other
known pathogenic microbes. Thus, further research needs to be carried out to
process and develop safe beverages that can be industrially viable.
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Disease Detection in Tomato Leaves
Using Raspberry Pi-Based Machine
Learning Model

Jagdeep Rahul, Lakhan Dev Sharma, Rishav Bhardwaj,
and Ram Sewak Singh

1 Introduction

India has the second-highest population in the world, and of this, nearly 70% of
people rely on agriculture for their living, either directly or indirectly. Because of
our wide climatic variations, they grow various types of cash crops and food crops,
such as wheat, rice, and mangos [1]. Farmers have to face many difficulties, but one
major difficulty is identifying plant disease. Plant disease detection by seeing is a
more time-consuming and inaccurate process that can only be performed in specific
domains. Using an automated detection approach, on the other hand, requires less
efforts, less time, and improves accuracy. Some colour spots, early and late scorch,
and various fungal, viral, and bacterial diseases are common in plants. Artificial
intelligence-based approaches may be used to identify and classify plant diseases
automatically as method used in signal processing with AI [2–6]. Today, most plant
disease detection is done mostly by just seeing the plants and guessing the disease.
Then, they use different pesticides for that disease. Sometimes it works, but many
times it can’t guess. It leads to the wrong and unnecessary use of chemicals, and the
original disease is still present there. It results in more losses for farmers. Their crop
is damaged. They have financial losses from buying pesticides, and their crops are
also poisoned by these chemicals. We have somemethods to detect diseases, but they
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Academic and general interest in northeastern India has increased greatly in 
recent years, with new directions in public policy and improved connectiv-
ity. Even as higher education in the northeastern States has expanded, the 
number of research students and teachers from the region at universities 
and institutions across India has also grown. Their interest in studying their 
home States has provided an impetus to reconsider many prevailing assump-
tions. The resulting cross-currents of thought have led to a remarkable out-
put of high-quality studies. The two companion volumes, Routledge 
Readings on Colonial to Contemporary Northeastern India: Customary 
Practices, Gender and Livelihoods and Routledge Readings on Security and 
Governance in Northeastern India: Resource Conflicts, Militarisation, and 
Development Challenges, meet the felt need for compendiums of significant 
writings.

These Readings represent a fraction of Routledge’s publications on north-
eastern India between 2010 and 2020. I have tried to choose original, 
informative and analytical contributions to scholarship, marked by aca-
demic rigour and readability, so as to reach students, researchers, policy-
makers and interested non-specialists. Each volume stands on its own and 
includes 15 selected chapters, full reprints in the original formats, with Part 
Introductions that highlight the chapters. The Introduction to both books 
focuses on critical cross-cutting themes. Many chapters point to the rapid 
changes in the region; in a few cases, updates since the chapters were writ-
ten are mentioned either in the Introduction or the Part Introductions that 
deal with specific sets of chapters in each book.

The authors include doyens in the field and younger scholars whose 
refreshing perspectives have altered the ways in which we understand 
northeastern India. Their diverse voices and grounded research deal with 
the region as a whole, the eight States  – Arunachal, Assam, Manipur, 
Meghalaya, Mizoram, Nagaland, Sikkim, Tripura – and the north Bengal 
‘gateway’ into the Brahmaputra valley. The complexity of issues is reflected 
in the wide range of disciplines that the chapters draw upon: literature, 
history, political science, social anthropology, sociology, economics, public 
policy, ecology, agriculture, life sciences, gender studies, urban studies, 
international studies, peace and conflict studies. The interdisciplinary 
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approach of the Readings provides insights into the historical and current 
trends shaping northeastern India and points to new directions and chal-
lenges for research and policy.

Most of the authors are from one of the eight States or are located there. 
A few have had long associations with the region through research and 
writing. Indeed, my own interest, sparked by contemporaries from the 
northeastern States at the University of Delhi in the late 1960s, grew into 
sustained professional engagement in subsequent decades. For many years, 
travel and communication in the interior areas of the hill States (for which 
‘Inner Line’ permits are still required) was difficult; tourism was acceptable, 
research was looked askance at. It was possible to carry out field studies in 
the region only because of the overwhelming hospitality of a cross-section 
of people and the support of professionals in varied occupations.

I thank Routledge India for inviting me to edit the Readings, and Shoma 
Choudhury, Rimina Mohapatra and Shashank S. Sinha for over a decade of 
working productively together on the Routledge ‘Transition in Northeastern 
India’ Series, for which I have been series editor. I am particularly grateful 
to all those who offered pertinent suggestions and comments on the selec-
tion of chapters in the Readings and on the Introduction. Special thanks to 
the editors/authors of the volumes from which these chapters have been 
taken for their cooperation in this collective endeavour.

Sumi Krishna
Bengaluru



I prefer to use the term ‘northeastern India’, eschewing the homogenising 
term ‘North East’, which was imposed on the region in a particular political 
context half a century ago. Some of the chapters in the Readings, however, 
use different terms: such as ‘North East India’, ‘Northeast India’, ‘North-
East India’, and the ‘North East’. This varied usage has been retained and 
itself reflects the problems in viewing a diverse region as a whole. 

– Editor

A Note on Style
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Introduction
Colonialism to Development in Northeastern 
India

Sumi Krishna

This book covers a range of interrelated concerns, examining India’s vision 
for the region’s economic growth as a ‘power- house’, a strategic conduit to 
southeast Asia and associated questions of security and governance. It dis-
cusses conflicts around common resources and the criticality of land; how 
modern laws themselves may undermine people’s resource rights; and why 
resource conflicts intensify ethnic differences, erupting into violence. It 
analyses how state policies play out in varied contexts, from the negation of 
forest rights to the leveraging of ethnicity in negotiations around develop-
ment, and how the significance of traditional community institutions in 
managing resources holds in rural and urban contexts.

Parts of northeastern India are among the most heavily militarised 
regions in the world. The military presence overshadows governance and 
development. So, even as the discourse on security has been broadened to 
encompass human wellbeing and health, transforming these normative 
ideas into practical programmes is difficult, particularly in areas that are 
close to the international borders. In the 21st century, literacy and educa-
tion are keys to human development, but rural–urban and gender gaps 
persist. Both school and society shape social stereotypes and smaller tribal 
groups have to negotiate many- layered identities. This is also apparent in 
the rich seam of creative writing across the States, which reveals the power 
of an adopted language, English, in giving voice to the structural violence 
of daily life in the diverse and highly charged politicised environments of 
the region.

The chapters in this book, together with the companion volume Routledge 
Readings on Colonial to Contemporary Northeastern India: Customary 
Practices, Gender and Livelihoods, address a range of interrelated issues. 
This Introduction locates these chapters within a broader context of writ-
ings on the region and provides an overview of four critical themes that cut 
across both books: a) Framing northeastern India; b) Diversities and iden-
tity assertion; c) Patriarchy and the women’s question; and d) Politics of 
resource control and development.

http://dx.doi.org/10.4324/b23112-1
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Framing northeastern India

‘Where is this North- east?’
– Patricia Mukhim (2005)

If the familiar map of South Asia is turned upside down, the northeast of 
India appears in the southwest, like the spreading roots of a tree rather than 
a far out branch. This peripheral ‘branch’ of the Indian subcontinent has 
held a particular allure for colonial administrators and the Indian nation- 
state.1 With scattered tribal2 populations in the hills, and tribal and non- 
tribal settlements in the valleys, this resource- rich region served the British 
as a security buffer against inimical forces beyond its margins and a source 
of economic goods like tea, timber and petroleum – an approach inherited 
by Independent India. The Constituent Assembly debated governance 
options for the Scheduled and Tribal Areas3 but as Savyasaachi (1998: 4) 
says, ‘the liberal tradition for governance did not have the ear for the voices 
of the tribal forest dwellers, nor did they see that both protection and 
reform were based on social relations of dominance and subjugation’.

The ‘agglomeration of a number of distinct politico- administrative units 
in which people and territory have been organised at different phases of 
history’ (Xaxa* 2018: 19) are now eight ecologically and socio- politically 
different States formed at different times, under different constitutional 
arrangements: Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, Sikkim and Tripura. The North Eastern Council (NEC) was set 
up in 1972, under the Union Ministry for Development of North- Eastern 
Region (DoNER), as Meghalaya and Mizoram were separated from Assam 
and the Union Territory of Manipur became a State. Some critics 
(Prabhakar 1973) saw the NEC as the centre’s attempt to retain control 
over the region. With the liberalisation of the Indian economy in the 
1990s, the ‘Look East’ policy invested the northeastern region (henceforth 
NER) with a certain unity (Planning Commission 1997; Verghese** 2008). 
Subsequently, the geographic ‘opportunity’ presented by the NER in a glo-
balising world was seized upon in the North Eastern Region Vision 2020 
(DoNER 2008; Rajkumar** 2016). This has been critiqued (D’Souza 
2018: 450–451) for ‘getting the geography of NER to sidestep its own 
history’, misreading ‘a range of realities on the ground’. The compilation 
of the ‘Northeastern Region District SDG Index’ (NITI Aayog 2021) doc-
uments ‘intraregional disparities’ (within each State and among them) on 
the UN’s sustainable development goals. It avoids the earlier terminology 
of isolation and backwardness but continues to emphasise the NER’s 
resource potential and the lack of industries, infrastructure and connectiv-
ity for national and strategic reasons.

Viewed from within, the NER is no undifferentiated whole. Indeed, 
Shillong Times editor Patricia Mukhim’s (2005) anguished question: 
‘Where is this North- east?’ continues to reverberate in Chitra Ahanthem’s 
(2021) angry assertion that a ‘single uniform identity’ for all the writing 
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from the States in the region ‘is not remotely authentic’. As Sanjay Hazarika 
(2018: 342) observes,

For a start, where does the ‘Northeast’ figure in the public imagination? 
Of course, it is there in PhD theses, lectures, seminars and workshops, 
in books, essays and formal papers, press statements and articles. But 
where is it in the public imagination? For in the region we call the 
Northeast, few people think of it as a whole, as a package. It remains 
an artificial construct, which is emphasized in official approaches and 
ideas of the region and its connect to the neighbourhood. But in the 
eyes and imagination of ordinary people, say in Assam, there is an 
Assamese or Bodo or Bangla or Mishing imagination, or a Chakesang, 
Ao, Sumi [Sümi], Angami or Tangkhul imagination among the Nagas, 
or a Manipuri imagination for the Meiteis. These are just examples of 
how people think – to think for the region is something left to politi-
cians, officials, intellectuals and media figures who when they return 
home return to their original identities.

Arambam Noni* (2016: 25) argues that the NER is ‘such a difficult terrain 
of politics and governance’ because colonialism cast the region as a peculiar 
frontier; this framing lingers on, arresting the normal practices of politics, 
an ‘image trap’ from which it needs to be rescued.

Diversities and identity assertion

I am a curiosity, an ethnic specimen.
Politics, history, anthropology, your impressive learning,
All unable to answer the fundamental question –
‘What does an Indian look like?’
An Indian looks like me, an Indian is Me.

– Cherrie L. Chhangte (2011): ‘What does an Indian Look Like’

The extraordinary diversity of the NER is related to its singular geological 
and biogeographic history. This is where the pre- tertiary Tethys Sea first 
began to close as the Indian (Deccan) and Eurasian continental plates col-
lided thrusting up mountains that are still rising and fragile. The Himalayan 
ranges lie on an east–west plane but have been wrenched into a north–south 
axis in Arunachal and curve around sharply in the extreme east of Assam 
(at the India- China- Myanmar tri- junction) into the Patkai hills along the 
India–Myanmar border. The young mountains are dissected by geologically 
older rivers creating a varied topography of hills, gorges, plateaus and riv-
erine valleys, a complex hydrological system that drains into the 
Brahmaputra, the Barak and their tributaries. In the valleys, with abundant 
rainfall and flooding rivers, often no sharp line separates land and water. In 
eastern Assam the Pagla (mad) river meanders continuously; in the foothills 
of eastern Arunachal a masonry bridge stands in the midst of fields where 
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once a river ran (Krishna 2012a). Dilip da Cunha’s (2019) thesis that rivers 
are culturally constructed as neatly drawn ‘lines’ on a map has particular 
resonance in the NER.

The geological uplift of the eastern Himalaya opened up pathways for 
floristic elements from all directions (present- day Tibet, India, China, 
Malaya and Myanmar). The confluence of flora in varied micro- climates 
makes the NER a rich repository of endemic and diverse tree, plant and 
food- crop species. The complex vegetation of the Darjeeling- Sikkim moun-
tains defied British attempts at classification (Arnold 2005: 196):

At times the representative flora of the tropical, temperate, and alpine 
zones, instead of being geographically distant and distinct, could be 
seen simultaneously from a single vantage point or found entangled in 
jungles that were, botanically speaking, tropical and temperate at the 
same time.

Today, the NER is among India’s (and the world’s) centres of biodiversity 
designated as ‘hotspots’ that are threatened by human activities.

These heterogeneous landscapes within a small area (8 per cent of India) 
are intertwined with the NER’s human diversity (4 per cent of India’s popu-
lation), peopled since pre- historic times by several waves of migrations. The 
women and men who inhabited, dwelt and worked on the hillsides, pla-
teaus, valleys, forests and wetlands shaped these varied landscapes by their 
activities, investing local spaces with particular beliefs and patterns. This is 
akin to a ‘taskscape made visible’ (Ingold 1993: 152), ‘an enduring record 
of – and testimony to – the lives and works of past generations who have 
dwelt within it, and in so doing have left there something of themselves’ 
(ibid: 167). Taskscapes are also ‘genderscapes’ (Krishna 2009), reflecting 
the community’s gender ideology and practices; as the Nagas say, ‘forests 
for men, fields for women; wild animals for men, domestic animals for 
women’.

The Anthropological Survey of India (Singh 1992: 44) identified 382 
distinct communities in the NER. Vision 2020 mentions 200 ethnic groups 
(DoNER 2008: vii). In multilingual Nagaland, 23 ‘indigenous language 
groups’ have been recognised, with the same language often varying from 
village- to- village and between women and men (Sreedhar 1974). An 
Angami story explains this: People were constructing a tower to heaven; as 
they built higher and higher, God (a woman) feared that she would not 
have sufficient gifts for them all if they reached her. So, she made their 
languages unintelligible to one another, spreading confusion and ensuring 
that the tower was not completed.4 Till the late 19th century these several 
tribes had no common name. They adopted the term ‘Naga’ after it was 
used by the British, and Nagaland was formed in 1963 on ethnic, not lin-
guistic grounds.

The colonial encounter and evangelical missions altered the people’s 
fluid, multifarious relationships with their environments. Lianboi Vaiphei* 
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(2016) says missionaries introduced the idea of identity linked to territory 
but the ethnic communities in the Manipur hills also incorporated their 
traditional beliefs into Christianity. Of the Naga, John Thomas* (2016: 
35–36, 2019: 315) observes that their universe was ‘centred on land’, on 
equal sharing and maintaining ‘reciprocity and respect’ and that their belief 
systems were rooted in specific hills, rocks and rivers, trees and animals, an 
everyday material world that varied from one village to the next, not 
defined, standardised, proclaimed, a localised ‘spatiality’ that was negated 
by evangelical (and ‘temporal’) Christianity. Nevertheless, it was their 
understanding of Christianity that enabled them to cope with assaults on 
their dignity and rights.

In pre- colonial Assam, Ritupan Goswami (2012) notes that settlements 
followed three natural agro- ecological zones: temporary cultivation on sea-
sonally flooded riverine islands and chars (sandbanks); transplanted rice in 
fertile densely populated lands further inland; and the foothills around the 
valley inhabited by hill tribes. British colonial policy viewed the 
Brahmaputra’s flood plains as potential revenue, waiting to be permanently 
occupied, cultivated and taxed. Peasants from East Bengal were encouraged 
to migrate and settle, but recurrent floods destroyed fields and homes, 
impoverished the people, and made a life- giving river a problem requiring 
‘flood- control’. Although the policy was soon abandoned, the settlement 
pattern had changed.

Today, such riverine tracts are sites of conflict as the Assam government 
is evicting poor settlers (former jute cultivators who now grow vegetables 
for urban consumers) with the stated aim of allotting the land to other 
cultivators for agriculture and livestock, such as the Gir cow being intro-
duced from Gujarat (S. Baruah 2021).

Colonial interests also ruptured the linkages between the hills and valleys 
(or aggravated differences that already existed). Sanghamitra Misra* (2011) 
shows how a previously mobile community in Goalpara (western Assam) 
was rendered sedentary within a bounded space by the demarcation of the 
ecological landscape into jute and paddy fields, forests, riverine areas, com-
mons and wastelands. Similarly, the colonial administration disrupted the 
mobility between the Garo, Khasi and Jaintia hills (Meghalaya) and the 
plains – a process that has continued in post- colonial times, eroding tradi-
tional forms of cooperative resource usage and management (Karlsson 
2011). Joy L. K. Pachuau (2014: 101) says the struggle between the colonial 
powers and the indigenous Mizo ‘can be seen as an identity founded on 
territory and territoriality and an identity founded on movement, which 
made the forcible “rooting” of a people to a fixed space even more signifi-
cant’. In Assam, where a tribal- non- tribal continuum existed, Uddipana 
Goswami* (2014) highlights the pre- colonial inter- ethnic fluidity among 
the Axamiyā, Bodo, and Koch- Rajbangsi and their later diversification. 
Pradip Phanjoubam** (2015) sees the undermining of linkages between the 
hills and plains in Manipur (and elsewhere in the NER) as the reason for 
ethnic conflicts.



6 Sumi Krishna

Identity assertion has become intertwined with gaining fixed territorial 
boundaries as communities have coalesced, reclaiming their heritage, 
demanding material benefits and political spaces. This is a fraught process 
because even small areas in the NER are rarely homogeneous. A sense of 
identity and belonging is enriching but when differences become grounds 
for inequality, this leads to both marginalisation and resistance. As Amartya 
Sen (2006: 2) has said, ‘Within- group solidarity can help to feed between 
group discord’, often leading to violence.

In India, today, how does someone from a northeastern State see them-
selves and how do others see them? Mizo poet Cherrie L. Chhangte (2011) 
says defiantly: ‘An Indian looks like me, an Indian is Me’, while G. Kanato 
Chophy (2021) analyses:

I belong to an emerging class of educated Nagas who consider them-
selves ‘constitutional Indians’; many of the young in my community, 
and perhaps the north- east more broadly, are culturally conservative, 
proud of their region’s distinctive history, tradition, language, and eth-
nic identity, but at the same time seeing and desiring common ground 
with fellow citizens in other regions of the country that have their 
own – sometimes almost incomprehensibly different – language, his-
tory, and culture. For a Naga, this common ground is the idea of a 
modern and secular India – as the truly Ambedkar- inspired Constitution 
defines it – not the largely elite and Brahmanical notion of a timeless 
Indian civilisation and tradition dating back thousands of years.

People’s identities do not lie on a single axis; a sense of self and wellbeing 
depends on plural affiliations that cut across gender, ethnicity, language, 
culture, location, status, education, occupation, etc. Among many chal-
lenges that these diverse differences pose, perhaps the most contentious in 
contemporary northeastern India is that of gender.

Patriarchy and the women’s question

A woman’s work is never finished, but when the jhum kheti [shifting cultiva-
tion field] rests, we rest.

– Nyayo Bam (2004)

The notion that gender disparity is not an issue in the NER, first propagated 
by Western anthropologists, persists among policy makers, academics and 
the public. The Anthropological Survey of India’s volume on Mizoram 
(Singh 1995: xiv) proclaims: ‘Mizo women do not suffer from any discrimi-
nation’. Patriarchy, the systemic male domination of institutions and privi-
leging of male values, operates differently under varied social and material 
conditions, among tribal and non- tribal communities in the NER but some 
form of discrimination and disparity is common to all. Re- examining his-
torical Ahom texts (of Assam), Manorama Sharma (2004: 72) notes that 
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the women ‘held their position in society through their participation in pro-
ductive labour, although there is no doubt that they were made the disad-
vantaged section in the society because of the existing patriarchal norms 
and values’. Women’s behaviour, roles, responsibilities, status and rights 
continue to be circumscribed by customary norms (see Fernandes and 
Barbora 2002; Krishna 2015; Sharma Ed. 2017). Lovitoli Jimo’s* (2017) 
reassessment of the marriage practices of the Sümi (also spelt Sumi or 
Suemi, formerly Sema) Naga reveals the embedded gender bias in the oral 
tradition and colonial writings.

Mobility and the ‘freedom’ to work outside the home do contribute to 
improved gender equity. By certain demographic and economic indicators 
(sex ratio, female literacy, workforce participation, etc.), women in the NER 
on average rank higher than the all- India average. Their visibility and easy 
interactions in markets seem to reinforce this. The reality, however, is com-
plex and varied. Of particular concern is the declining child sex ratio in 
Manipur, Meghalaya, Mizoram, Assam and Tripura, although still higher 
than the national average (Niti Aayog 2021). Data reviewed by Vandana 
Upadhyay** (2015) reveal gender gaps in literacy, school enrolment and 
dropout rates; Lakshmi Bhatia’s** (2010) research in southern Mizoram 
shows how gender stereotypes may be reinforced by schooling and society. 
Bornali Borah’s* (2018) study of trends in women’s employment in 
Meghalaya and Assam indicates that higher workforce participation does 
not translate into women’s greater wellbeing because this is driven by dis-
tress, and women are clustered in low- paid work or self- employment.

Throughout the region women are responsible for food- provisioning, 
perceived as an extension of domestic tasks: growing rice and vegetables; 
tending livestock (R. Dzuvichu 2013b) and poultry; and post- harvest food- 
processing and preparation but have no role in decision- making. The small 
Apatani plateau, near Ziro in Arunachal Pradesh is renowned for its irri-
gated rice and fish cultivation at the high altitude of 1500–2000 m. The 
Apatani landscape has been shaped over generations by a gender ideology 
that determines the division of roles and responsibilities. Men manage the 
forests and channel the mountain streams into the paddy fields below. 
Women manage the fields. Apatani women have a deep grasp of farming 
knowledge, identifying varieties of paddy suited to different soils and select-
ing pure seed. A gendered reading, a ‘genderscape’ of the Apatani taskscape 
reveals that the picturesque and seeming ecological balance masks the patri-
archal subordination of women who are valued only for their capacity to 
labour and have almost no rights (Krishna 2012c).

More broadly, the NER’s rich agro- biodiversity and rice- farming systems 
carry an embedded, unrecognised ‘gendered price’ (Krishna 2005, 2012b). 
Vincent Darlong, D. K. Hore and S. Deb Barma* (2012) have highlighted 
the risk to Tripura’s repository of rice germplasm, which was traditionally 
conserved by women. Darlong (2021) observes that by 2019 jhum (shifting 
cultivation) as the ‘predominant livelihood’ of a section of tribal communi-
ties had been decreasing due to sedentary farming of mixed agro- horticulture 
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species including fruits and cash crops; in some cases, this followed the 
allotment of forest land under the Forest Rights Act, 2006. ‘Overall, there 
had been reduction in the production of upland rice among tribal commu-
nities’. When jhum farming plummets, women’s farming knowledge and 
food security for the poor are affected. Elsewhere, as young educated 
women move away from farming, the responsibility and burden of cultiva-
tion is increasingly borne by older women (Krishna 1998a, 1998b). A 
middle- aged woman farmer’s drudgery is continuous; as Nyayo Bam (2004) 
in West Siang (Arunachal) says, it is only ‘when the jhum kheti rests’ that 
women rest.

Women do not participate in customary decision- making bodies and 
there is strong male resistance to include women in modern governance 
systems in rural and urban areas. Sikkim (formerly an independent protec-
torate) joined the Indian Union in 1975. It implemented the Constitution 
(73rd Amendment) Act, 1992, on panchayats with reservation for women. 
It also recognised the customary dzumsa (gathering of elders) of the Bhutia 
Lachungpa and Lachenpa tribes of north Sikkim. The people prefer this 
traditional system of governance and conflict resolution, yet as Ganga 
Maya Tamang* (2018) found, the dzumsa excludes women and they accept 
this. In Nagaland, however, the Naga Mothers Association fought for reser-
vation for women in urban bodies under the Constitution (74th Amendment) 
Act, 1992 and won a favourable Supreme Court verdict. This could not be 
implemented because popular male opinion views women’s representation 
as being against Nagaland’s special rights under Article 371A.5

Arunachal has had a dual system of the traditional kebang (village coun-
cil) and panchayats. Both exclude women. Some tribes disallow women 
totally, others let women enter as observers; the Gallong of Siang allowed 
women to wear the red coats that identify council members but only to 
serve tea at the meetings, not to speak (J. Ete 1997). The Arunachal Women’s 
Association has been fighting with little success for gender equal customary 
laws; Jarjum Ete (1996: 43) says:

There are vast gray areas which constitute the essence of life and of 
struggle for the women of the North East – with the innate need to 
uphold the heritage and rich cultural values of their tribes while simul-
taneously struggling against new forms of oppression within their com-
munities in the name of tradition.

A study of 14 tribal groups across the NER, summarised by Melvil Pereira 
and R. P. Athparia* (2018), found that people generally prefer traditional 
conflict resolution systems to the modern courts, but among tribes with 
high female literacy like the Ao (Naga) and Mizo, women want reform. 
Mizoram’s customary laws were ‘codified’, documented in writing, a cen-
tury ago by the colonial administration. This has largely been accepted by 
male Mizo chiefs and the State government. The all- Mizoram women’s 
group Mizo Hmeichhe Insuihkhawm Pawl (MHIP) has tried to change 
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gender- biased customs, asserting women’s rights to their earnings, property, 
inheritance, etc. (Lanipuii 1997). But men in authority reject changes out-
right as being contrary to Mizo culture. Sawmveli* (2018) says: ‘We should 
be asking whose interests are being served by these traditions and customs’. 
Tribal women’s groups in the NER tread a difficult path – they want to 
reform the customary laws, but they do not want to replace it by Indian law 
(Krishna 2004; Haksar 2018; Ghosh 2007).

A very few communities like the Khasi, Jaintia and Garo of Meghalaya are 
matrilineal, tracing descent through the female line, and matrilocal with the 
husband moving into the wife’s home. The division of labour is gendered, 
except when extreme poverty forces men to share in economic activities 
obscuring gender inequality (Nongbri 2003). Despite women being custodi-
ans of the family/clan land, ownership vests with brothers. Women have no 
role in jural and political decision- making. Indeed, the matrilineal system is 
constantly being contested by men, most recently through the legislation 
proposed by the Khasi dorbar shnong (Agarwala 2021). As Bitopi Dutta’s 
(2022) study of the gender impact of displacement in Meghalaya’s coal min-
ing areas reveals, intensification of mining has led to migration and affected 
gender relations, increasing domestic violence and pushing women into the 
sex- trade. Studies across the NER by Walter Fernandes (2012) and his asso-
ciates show how women are impacted by the loss of community lands.

Exceptionally in the NER, the patrilineal Meitei of the Manipur plateau 
do not socialise girls and women into subordination, although elite men do 
enjoy certain privileges denied to women. The women’s sphere of work 
increased in the 19th century when the Anglo- Burma wars caused a severe 
decline in the male population. Meitei women control the rice and com-
modity markets and are known for their independence and collective soli-
darity, but have little role in formal political systems (Krishna 1996: 
120–121). Despite the spread of Vaishnavite Hinduism, promoted by the 
ruling elite (the adoption of caste Hindu names, rituals, values and practices 
like vegetarianism), Brahminical influences proved unable to subvert wom-
en’s economic power and male–female cooperation in the religious sphere, 
says Manjusri Chaki- Sircar (1984).

A ‘common narrative’ (Krishna 2004: 390) runs through the region: 
Inequitable gender relations and resource control, embedded in tribal cus-
tomary practices, in some cases supported by special Constitutional arrange-
ments; the question is why matriliny (Khasi and Garo), literacy (Mizo and 
Ao) and economic power (Meitei) do not seem to have any impact on 
women’s political empowerment. As elsewhere in India, women have been 
in the forefront of protest movements but their political representation in 
decision- making bodies from the local to the national level is minimal (T. 
Misra and U. Misra 1995).6 Furthermore, when tribal people move from 
agriculture to new occupations, women lose their traditional skills and pro-
ductive roles, and new forms of male dominance emerge. To what extent is 
this process linked to the rise of a new ‘middle’ class and resource politics 
in a globalised world?
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Politics of resource control and development

For sale
this battered, autistic land with its lucre- laden earth,
our precious minerals, medicinal herbs, rare orchids,
and trees and fields and waters,
all these, and all else.

– Paul Lyngdoh (2003): ‘For Sale’

Resource control in northeastern India is a particularly tangled web, 
enmeshed with the emergence of a middle- class elite and ethnic rivalries; 
legal and governance issues from the local to the national levels; external 
and internal security concerns; and the rapid transformations being wrought 
by globalised market forces in the name of ‘development’. In the colonial 
period, many communities took advantage of the new educational opportu-
nities; an ‘English’ education, rather than landed property, created a new 
elite. After Independence, the expansion of political administration into the 
region, military and developmental works and the aspirations of sections of 
the people led to intense competition for limited government jobs and con-
tracts. In Arunachal, for instance, a nexus evolved between the new elite, 
government functionaries, contractors and politicians, fuelling a culture of 
‘easy money’ (Krishna 1998a: 154–156; 2004: 377). Apurba K. Baruah 
analyses this hegemonic process in Assam (1994) and the NER (2015), 
pointing out that identity assertion is ‘indicative of middle class competition 
for control over resources’ (2015: 17). He notes that in ‘situations of inter- 
community conflicts’, a community may even ‘trample the individual rights’ 
of its own members (ibid: 21–22). Modernity brought ethnic consciousness, 
but Western education, liberal constitutional democracy and capitalist 
development ‘imposed from above in North- east India have created a situ-
ation in which the traditional elites lost power to this newly emerging west-
ern educated middle class’ (ibid: 23). Kaustubh Deka (2021) argues that, 
although political patronage continues to be significant, the role of the new 
middle class in neo- liberal Assam is ambivalent due to uncertainties and 
insecurities specific to the region.

Among the relatively egalitarian tribal communities, water sources, for-
ests, grazing lands, and settled/shifting cultivation fields were treated as 
commons, ensuring fairly equitable and sustainable usage. This changed as 
the British negotiated with kings and chiefs, through force or inducements, 
to gain control over community resources  – forests were cleared for tea 
plantations; timber was logged for railway sleepers and tea chests; land was 
mined for coal, oil and gas. The tussle for resources between the state and 
the people continued after Independence. Tribal majority Nagaland, 
Meghalaya, Mizoram and Arunachal, the Autonomous Districts (under the 
Sixth Schedule of the Constitution), and the hill areas of Manipur strove to 
retain control over community forests and cultivable lands. In Tripura, 
however, following the enactment of the Tripura Land Reforms and Land 
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Revenue Act, 1960, all land that was not privately owned became govern-
ment land, even in the tribal- inhabited hill areas. After nearly two decades 
of agitation, the Tripura Tribal Areas Autonomous District was formed 
under the Sixth Schedule, but effective control of community lands had 
passed out of their hands. In Manipur, rival Naga and Kuki tribes have now 
joined together to demand new legislation to strengthen Constitutional pro-
visions for the hill areas that have remained on paper for half a century.7

The British took over community lands to build roads for military move-
ments (see L. Dzuvichu 2013a). And this process continues as lands are 
acquired for military infrastructure and operations, and for ‘development’. 
Land alienation takes place despite laws to prevent this, with new legisla-
tion enabling privatisation rather than protecting community lands and 
resources. In Arunachal there are apprehensions that the Land Settlement 
Act, 2018 (Sharma and Borgohain 2019) will dispossess tribals. Fernandes** 
(2017) has argued that the law itself facilitates the appropriation of 
resources by the Indian state, often without compensating those whose sub-
sistence depends on the land and that this precipitates ethnic conflicts. 
Indeed, Sanjay (Xonzoi) Barbora’s** (2017) research in the autonomous 
Bodo Territorial Area Districts (Assam) highlights that ethnic assertion and 
the quest for political representation are not causes of ethnic violence but 
emerge in the course of conflicts over land.

Since the mid- 1970s, academics and activists have argued that state- 
control diverts resources for urban- industrial purposes overriding local 
community needs (see S. Baruah 2012). Hoineilhing Sitlhou** (2015) says 
forest policies and legislation have negated the Kuki community’s rights in 
Manipur. Siddhartha Krishnan (2021: 135) points out that in the protected 
eastern Himalayan forests of North Bengal, the Scheduled Tribes and Other 
Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006 does 
not ensure individual and community freedoms; he argues that forest dwell-
ers should not be treated as ‘passive, needy recipients’ but as citizens with 
capabilities. Not all local communities are alike, nor is any particular com-
munity entirely homogeneous. Mibi Ete’s** (2017) study of a small tribe in 
eastern Arunachal suggests that local people are not always ‘victims’ of 
development projects. Without valorising large dams, she notes that com-
munities leverage their indigeneity; contestations are a means of negotiating 
for benefits, of gaining concessions from the implementing agency.

In British India, ‘undivided’ Assam was linked by river and rail to 
Chittagong and Calcutta (now Kolkata). Partition hemmed- in the region by 
international borders with Tibet–China, Myanmar and Bangladesh (for-
merly East Pakistan), and the connection to ‘mainland’ India was restricted 
to the narrow Siliguri corridor. The Look/Act East Policy was designed to 
revive the NER’s trade links with southeast Asia and to strengthen India’s 
strategic interests in the wider region. Atul Sarma (2017) has highlighted 
the impediments and the high transaction cost of doing business in a land- 
locked region. As Falguni Rajkumar** (2016) points out, even as the ‘con-
tinental’ overland route remains constrained, trade by the sea route between 
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‘mainland’ India and southeast Asia has grown. He also cautions (ibid. 
149–150) that ‘progress and development’ will mean ‘improved infrastruc-
ture’, roads, electric power, industries, jobs and the ‘hope of a better life’, 
but also ‘loss of identity, changes in environment, ecology and means of 
livelihood, expropriation of lands in some areas and a host of impondera-
bles’. Such changes could be ‘irreversible’, so ‘people of the region must be 
psychologically and physically prepared to open up to the “outside” world 
for commerce and business’.

For some who live along the India–Myanmar border, the ‘outside world’ is 
already there. Soma Ghosal and Snehashish Mitra** (2019) found that three 
frontier towns have become ‘gateways’ between India and southeast Asia. 
Traditionally open to cross- border exchanges, Champai (Mizoram), Moreh 
(Manipur) and Tamu (in Myanmar, formerly in Manipur) have grown as 
transit points for labour, capital and resources. Intermingling populations, as 
also distress migration and cross- border drug trafficking pose health chal-
lenges, as Anasua Basu Ray Choudhury and Sreeparna Banerji** (2019) 
argue. They suggest cooperative structures of health management and disease 
control between the States on either side of the India–Myanmar border.8

External and internal security are interwoven as the international borders 
cut through natural features, villages and fields, dividing people who have 
familial, ethnic, cultural and economic links. So, opening up or securing a 
border cannot be seen only as a trade or military issue. Phanjoubam** (2015) 
argues that the ‘extremely vulnerable physical location’ of the NER deter-
mined the nature of militarisation in the region but that India today needs to 
confidently put aside its fears and not continue to depend on laws such as the 
Armed Forces Special Powers Act, 1958 that provides impunity to armed 
action in notified ‘disturbed areas’ (see also Bhaumik 2007; Subramanian 
2016). Archana Upadhyay** (2017) sees a paradigm shift in the concept of 
security towards human security but says the diversified governance struc-
tures and political practices in the NER pose difficult challenges. Underlining 
the linkages between security and development, Rakhee Bhattacharya** 
(2015, 2021) argues that security should encompass human wellbeing and 
environmental sustainability, resource rights and resource sharing.

In a globalised world, no place however remote is unaffected by the pen-
etration of market forces that impact resource sustainability and rights. 
Dhrupad Choudhury’s* (2012) research shows that hill farmers do need 
better incomes but plantation ‘cash’ crops have reduced the area available 
for subsistence, impoverishing jhum farmers and impacting the matrilineal 
Garo and Khasi women’s rights. Further, Choudhury (2021) notes that 
although there is no reliable data to assess the extent of reduction in the 
area under shifting cultivation in the NER, ‘second generation’ issues of this 
transformation are becoming apparent:

a) [S]teady reduction in seasonal food availability and resultant deple-
tion in dietary diversity (with serious long- term implications for nutri-
tional security and community health, particularly of women and 
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children); b) drastic reduction in forest cover and ecosystem services 
with long- term implications for ecosystem, societal and planetary 
health; and c) increasing insecurity of tenure depriving the poor and 
disadvantaged among shifting cultivators of access to land resources, in 
several cases depriving the community of territorial rights over their 
ancestral territories.

Deepak K. Mishra’s* (2015) study of the ongoing transformation of 
Arunachal’s agrarian economy under global capitalism reveals the complex 
interplay of state, market and community institutions, with the emergence 
of a ‘rentier class’ and new arrangements between landlords and migrant 
labour. He argues that capital has entered Arunachal to strengthen state 
power rather than for raw materials, labour or markets. Indeed, the state 
has an interest in sustaining local identities and the diversity of institutions 
(see also Harriss- White, Mishra and Upadhyay 2021).

As Virginius Xaxa* (2018) has pointed out, stratification and ‘labour 
markets’ existed in pre- colonial times  – forced labour in the plains and 
slavery in the hills. The British paid wages, but plantation labour were not 
legally ‘free’ and government jobs were filled by migrant Bengali and 
Assamese. Xaxa says much has changed after Independence but because of 
the scarcity of land, rural people are increasingly moving out to seek work. 
Consider Siliguri, India’s ‘gateway’ to the NER. Samir Das’s* (2018) study 
shows that its tea estates have been replaced by housing ‘estates’ and former 
tea plantation labourers are jobless (see also Chatterjee 2001; Mishra, 
Upadhyay and Sarma 2012). Dalits, tribals and Muslims are in penury, and 
women are migrating or being trafficked in a global sex trade. Das says 
Siliguri is ‘nobody’s city’ with absentee settler- landlords and evicted labour 
and that global capitalism has entered the area, independently of the state.

Despite high rainfall in the NER, water sources, rivers, ponds, wells and 
springs, are often distant or difficult to reach in rural areas. Water- scarcity, 
contamination, wastewater and solid waste disposal are severe problems 
causing insanitary conditions and an avoidable disease burden (reflected in 
maternal mortality, infant and under- five mortality rates). Drinking water 
supply may be limited and particularly in hill towns, access is unequal. A 
study of Shillong by Bankerlang Kharmylliem and Ngamjahao Kipgen** 
(2020) shows that traditional institutions like the Khasi dorbar shnong, 
despite problems with their composition and functioning, are close to the 
people and could manage urban water supplies more equitably.

Overlaying complex geographical and historical diversities, and the 
NER’s multifarious ethnic problems, is the trajectory towards cultural 
homogenisation and religious proselytisation (see Longkumer 2021; 
Thomas 2021). Analysing the response of creative writers to alienation, 
conflict and violence, K. B. Veio Pou** (2017: 242) also comments that 
people ‘feel a sense of intimidation’ by the ‘upsurge of a majoritarian cul-
ture’. He points out that poets and novelists are drawing upon their own 
oral traditions and heritage and using the English language for political 
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expression. Khasi poet Paul Lyngdoh’s (2003) satirical lament that the 
region is ‘for sale’ echoes widely.

Development in the NER seems focused on infrastructure for resource 
extraction. Of the mega- dams coming up in her home State, Arunachali novel-
ist Mamang Dai (2010) writes: ‘No one is against development, but the break-
neck speed at which the hydropower initiative is being pursued is like an 
invasion’. The question is whether and how people can fulfil their aspirations 
through democratic governance without the processes and systems themselves 
being undermined.9 In an Independence Day ‘thought’, the Assamese writer 
Harekrishna Deka (2019) put it tersely: ‘In a representative democracy, whom 
do the political representatives represent? An elite or a people?’
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Notes
 1 Lower case ‘state’ refers to the nation- state (the power exercised by the Union 

Government), upper case ‘State’ denotes constituents of the Union.
 2 The Constitution does not define ‘tribal’ but provides for Scheduled Tribes (ST), 

and Scheduled and Tribal Areas for their ‘special care and welfare’. The 
Constitution’s Hindi translation of tribe is adimjati (primitive race). ‘Adivasi’ is 
now generally preferred, but in the NER adivasi is used for migrant plantation 
labour as distinct from tribe for ethnic indigenous groups.

 3 Schedule V of the Constitution (applicable to central India) was meant to fur-
ther ‘cultural assimilation’, and Schedule VI (applicable to the NER) to admin-
istratively integrate tribal areas.

 4 Shürhozelie Liezietsü related this story to me (Krishna 1991: 1); J. H. Hutton 
The Angami Nagas (1921) records another version.

 5 The 73rd Amendment Act, 1992, exempts Nagaland, Meghalaya, Mizoram, 
Manipur hills and areas under Schedule VI (Government of India 1993a, 1993b). 
Article 371A protects customary law and procedures in Nagaland; further sec-
tions have similar provisions for other States.

 6 Registered women voters outnumber men in Arunachal, Manipur, Meghalaya 
and Mizoram. Yet, in 2019, only three of the 25 Lok Sabha seats from the eight 
States were won by women (from Assam, Tripura and Meghalaya). Three other 
women stood for election in Arunachal, Mizoram, and Sikkim (one in each 
State) – all lost.

 7 Article 31C provided for a Hill Areas Committee constituted by all members of 
the Manipur Legislature representing the hills. The Committee has tried (unsuc-
cessfully) to introduce the Manipur (Hill Areas) Autonomous District Council 
Bill, 2021. http://www.hornbilltv.com/north_east_stories/hill_areas_committee_ 
introduces_manipur_adc_bill_2021- 1499 Accessed 7 Jan. 2022.

 8 In 2018, India and Myanmar ‘quietly’ agreed on a ‘free movement regime’ for 
people ‘ordinarily resident on the border’ to a distance of 16 km. on either side. 
See Sujan Dutta (25 Oct. 2018). https://theprint.in/diplomacy/india- and- 
myanmar- quietly- open- up- their- border- for- villagers- and- trade/139877/ 
Accessed 16 Dec. 2021.

 9 Some argue that the autonomy of Sixth Schedule Areas, intended to protect 
tribal areas, has been hollowed out, as militancy has become an instrument of 
negotiation with the state for personal material benefits and for gaining political 
office, and that the state appeases militants as a means of retaining its control of 
the NER’s resources (‘Grounded Voices: Governance, resource rights and eth-
nicity in Sixth Schedule Areas’, National Alliance of People’s Movements 
Webinar Series: 46; 47; 48; 49. Dec. 2021).

http://www.hornbilltv.com
http://www.hornbilltv.com
https://theprint.in
https://theprint.in


16 Sumi Krishna

References

Agarwala, Tara 2021. ‘Explained: A proposed Bill and its possible ramifications in 
matrilineal Meghalaya’. The Indian Express. 21 Nov. 2021. https://indianexpress.
com/article/explained/explained- a- proposed- bill- and- its- possible- ramifications- 
in- matrilineal- meghalaya- 7603014/. Accessed 30 Nov. 2021

Ahanthem, Chitra 2021. ‘There is no such thing as a book from the ‘North East’’. 
https://scroll.in/article/1011440/there- is- no- such- thing- as- a- book- from- the- 
north- east- the- literary- establishment- is- blind- to- this. Accessed 30 Nov. 2021.

Arnold, David 2005. The Tropics and the Travelling Gaze: India, Landscapes and 
Science 1800- 1856. Delhi: Permanent Black.

Bam, Nyayo 2004. (Farmer, Basar district) Personal communication, West Siang, 
Arunachal Pradesh (Krishna 2005: 2556).

Baruah, Apurba K. 1994. ‘Middle Class Hegemony and the National Question in 
Assam’. In M. Sangma (Ed.) Essays on North East India. New Delhi: Indus 
Publishing Company.

——— 2015. ‘Ethnic Identities and Middle Class Hegemony in North- East India’, 
North East India Studies Programme, Occasional Paper Series. New Delhi: 
Jawaharlal Nehru University.

Baruah, Sanjib 2012. ‘Whose river is it anyway? The political economy of hydro-
power in the Eastern Himalayas’. Economic and Political Weekly, 47(29): 
41–52.

——— 2021. ‘There’s more to evictions in Assam than the demands of ‘develop-
ment’’. Indian Express 9 Oct. https://indianexpress.com/article/opinion/columns/
there- is- more- to- the- evictions- in- assam- than- the- demands- of- development-  
7558997/. Accessed 7 Jan. 2022.

Bhattacharya, Rakhee 2021. Personal communication. Email: 21 Nov.
Bhaumik, Subir 2007. ‘Insurgencies in India’s Northeast: Conflict, Co- option and 

Change.’ Working Paper. Washington: East- West Centre.
Chaki- Sircar, Manjusri 1984. Feminism in a Traditional Society: Women in the 

Manipur Valley. New Delhi: Shakti Books, Vikas.
Chatterjee, Piya 2001. A Time for Tea: Women, Labor and Post- Colonial Politics on 

an Indian Plantation. New Delhi: Zubaan.
Chhangte, Cherrie L. 2007. ‘What does an Indian Look Like.’ pp.76. In Tilottoma S. 

Misra (Ed.) The Oxford Anthology of Writings from North- East India: Poetry 
and Essays, Vol.2. New Delhi: Oxford University Press.

Chophy, G. Kanato 2021. Reflections (on his book) – Christianity and Politics in 
Tribal India: Baptist Missionaries and Naga Nationalism. http://permanent- black.
blogspot.com/2021/09/every- nationality- has- its- own- distinct.html/. Accessed 9 
Dec. 2021.

Choudhury, Dhrupad 2021. Personal communication. Email: 19 Dec.
D’souza, Rohan 2018. ‘Re- imagining the Northeast in India, again: Did geography 

sidestep history in Vision 2020?’ In B. Oinam and D. Sadokpan (Eds.) North East 
India: A Reader. New Delhi: Routledge.

da Cunha, Dilip 2019. The Invention of Rivers: Alexander’s Eye and Ganga’s 
Descent. Philadelphia: Penn Studies in Landscape Architecture, University of 
Pennsylvania Press.

Dai, Mamang 2010. https://www.hindustantimes.com/india/this- development- is- 
like- an- invasion/story- 4xK57DVSglCrTyTrhHbZ2I.html. Accessed 7 Jan. 2022.

Darlong, Vincent. 2021. Personal communication. Email: 7 Oct.

https://indianexpress.com
https://indianexpress.com
https://indianexpress.com
https://scroll.in
https://scroll.in
https://indianexpress.com
https://indianexpress.com
https://indianexpress.com
http://permanent-black.blogspot.com
http://permanent-black.blogspot.com
https://www.hindustantimes.com
https://www.hindustantimes.com


Introduction 17

Deka, Harekrishna 2019. ‘Independence Day Thought’. https://nenow.in/north- east- 
news/independence- day- thought.html. Accessed 7 Jan. 2022.

Deka, Kaustabh 2021. ‘Of imported SUVs and buying “the Last Supper” in Milan: 
“New middle class” and its crisis of hegemony in India’s Northeast.’ pp. 154–170. 
In M. K. Jha Pushpendra (Eds.) Beyond Consumption: India’s New Middle Class 
in the Neo- Liberal Times. New Delhi: Routledge.

DoNER 2008. North Eastern Region Vision 2020. New Delhi: Ministry of 
Development of North Eastern Region, Government of India. New Delhi: 
Ministry of Development of North Eastern Region and North Eastern Council.

Dutta, Bitopi 2022. Mining, Displacement and Matriliny in Meghalaya: Gendered 
Transitions. New Delhi: Routledge.

Dzuvichu, Lipokmar 2013a. ‘Roads and the Raj: The politics of road building in 
Colonial Naga Hills 1860s- 1910s’. The Indian Economic and Social History 
Review, 50(4): 473–494.

Dzuvichu, Rosemary 2013b. ‘Gender and Livestock in Nagaland.’ pp. 174–186. In 
G. Kelkar and M. Krishnaraj (Eds.) Women, Land and Power in Asia. New Delhi: 
Routledge.

Ete, Jarjum 1996. ‘Empowering women’. Seminar, 441: 42–45.
——— 1997. (Social activist) Personal communication, Itanagar (Krishna 1998a).
Fernandes, Walter 2012. ‘Land, environmental degradation and conflicts in north-

eastern India.’ pp. 119–134. In S. Krishna (Ed.) Agriculture and a Changing 
Environment in Northeastern India. New Delhi: Routledge.

Fernandes, Walter and Sanjay Barbora 2002. Modernisation and Women’s Status in 
North- Eastern India. Guwahati: North Eastern Social Research Centre.

Ghosh, Partha S. 2007. The Politics of Personal Law in South Asia. (Ch.4: ‘On the 
Fringe: The Tribal Laws’). New Delhi: Routledge.

Goswami, Ritupan 2012. ‘Floods and fields in the Brahmaputra valley: 20th- century 
changes in historical perspective.’ pp.27–52. In S. Krishna (Ed.) Agriculture and a 
Changing Environment in Northeastern India. New Delhi: Routledge.

Government of India 1993a. https://www.india.gov.in/my- government/constitution- 
india/amendments/constitution- india- seventy- third- amendment- act- 1992. 
Accessed 9 Jan. 2022.

——— 1993b. https://www.india.gov.in/my- government/constitution- india/amendments/ 
constitution- india- seventy- fourth- amendment- act- 1992. Accessed 9 Jan. 2022.

Haksar, Nandita 2018. ‘Conflict resolution systems in the tribal societies of 
Northeast India: legal pluralism and Indian democracy’. pp. 33–43. In M. Pereira, 
B. Dutta and B. Kakati (Eds.) Legal Pluralism and Indian Democracy: Tribal 
Conflict Resolution Systems in Northeast India. New Delhi: Routledge.

Harriss- White, Barbara, Deepak K. Mishra and Vandana Upadhyay 2021. ‘Capitalist 
trajectories in agrarian mountain societies of east and south- east Arunachal’. 
Journal of Agrarian Change, 2021: 1–31. DOI:10.1111/joac.12454.

Hazarika, Sanjay 2018. Strangers No More: New Narratives from India’s Northeast. 
New Delhi: Aleph.

Hutton, J. H. 1921 (Republ. 1969). The Angami Nagas. London: The Oxford 
University Press.

Ingold, Tim 1993. ‘The temporality of the landscape.’ World Archaeology, 25(2): 
152–174.

Karlsson, Bengt G. 2011. Unruly Hills: Nature and Nation in India’s Northeast. 
New Delhi: Social Science Press.

https://nenow.in
https://nenow.in
https://www.india.gov.in
https://www.india.gov.in
https://www.india.gov.in
https://www.india.gov.in
http://dx.doi.org/10.1111/joac.12454


18 Sumi Krishna

Krishna, Sumi 1991. India’s Living Languages: The Critical Issues. (Ch.7 Case 
Studies: ‘Nagaland’). New Delhi: Allied.

——— 1996. Environmental Politics, People’s Lives and Development Choices. 
New Delhi: Sage Publications.

——— 1998a. ‘Arunachal Pradesh’ (Case study). pp. 148–181. In M. S. Swaminathan 
(Ed.) Gender Dimensions in Biodiversity Management, New Delhi: Konark.

——— 1998b. ‘Mizoram’ (Case study). pp. 182–210. In M. S. Swaminathan (Ed.) 
Gender Dimensions in Biodiversity Management, New Delhi: Konark.

——— 2004. ‘Gender, Tribe and Political Participation: Control of Natural Resources 
in Northeastern India’. pp. 375–396. In S. Krishna (Ed.) Livelihood and Gender 
Equity in Community Resource Management. New Delhi: Sage Publications.

——— 2005. ‘Gendered price of rice in North- Eastern India’. Economic and 
Political Weekly, 40(25): 2555–2562.

——— 2009. Genderscapes: Revisioning Natural Resources Management. New 
Delhi: Zubaan

——— 2012a. ‘Introduction’. pp.1–23. In S. Krishna (Ed.) Agriculture and a 
Changing Environment in Northeastern India. New Delhi: Routledge.

——— 2012b. ‘Gender Ideologies and the “price” of rice in northeastern India’. 
pp. 232–260. In S. Krishna (Ed.) Agriculture and a Changing Environment in 
Northeastern India. New Delhi: Routledge.

——— 2012c. ‘Deepening Our Understanding of Gender- Environment Linkages.’ 
pp. 501–523. In R. Ray (Ed.) Handbook of Gender. New Delhi: Oxford University 
Press.

——— 2015. ‘Bringing Gender Disparity into Focus in North- Eastern India’. pp.1–
9. In S. Sengupta, S. Nessa and S. Das Gupta (Eds.) Dynamics of Gender Disparity: 
North East Lens. Guwahati: EBH Publishers.

Krishnan, Siddartha 2021. ‘Conclusion: inclusion’. pp. 129–135. In S. Krishnan 
(Ed.) Conservation Landscapes and Human Well- Being: Sustainable Development 
in the Eastern Himalayas. New Delhi: Routledge.

Lanipuii 1997. (MHIP president) Personal communication, Aizawl (Krishna 1998b).
Liezietsü, Shurozelie 1987. (Ura Academy president) Personal communication, 

Kohima (Krishna 1991).
Longkumer, Arkotong 2021. The Greater India Experiment: Hindutva and the 

Northeast. Stanford: Stanford University Press.
Lyngdoh, Paul 2003. ‘For Sale’. pp. 145–146. In K. S. Nongkynrih and R. S. 

Ngangom (Eds.) Anthology of Contemporary Poetry from the Northeast. Shillong: 
North- Eastern Hill University.

Mishra, Deepak K., Vandana Upadhyay and Atul Sarma (2012). Unfolding Crisis in 
Assam’s Tea Plantations: Employment and Occupational Mobility. New Delhi: 
Routledge.

Misra, Tilottama S. and Udayon Misra 1995. ‘Movements for Autonomy in India’s 
North- East’. pp. 107–144. In T. V. Satyamurthy (Ed.) Social Change and Political 
Discourse in India: Structures of Power, Movements of Resistance, Vol.3. Delhi: 
Oxford University Press.

Mukhim, Patricia 2005. ‘Where is this North- east?’ India International Centre 
Quarterly, 32(2–3): 177–188.

NITI Aayog 2021. ‘Northeastern Region: District SDG Index & Dashboard: 
Baseline Report 2020- 2021’. https://www.niti.gov.in/node/1603. Accessed 9 Jan. 
2022.

https://www.niti.gov.in


Introduction 19

Nongbri, Tiplut 2003. Development, Ethnicity and Gender: Select Essays of Tribes 
in India. New Delhi: Rawat Publications.

Pachuau, Joy L. K. 2014. Being Mizo: Identity and Belonging in Northeast India. 
New Delhi: Oxford University Press.

Planning Commission 1997. Transforming the North- East: Tackling Backlogs in 
Basic Minimum Services and Infrastructural Needs’. New Delhi: Government of 
India.

Prabhakar, M. S. 1973. ‘The North Eastern council some political perspectives’. 
Economic and Political Weekly, 8(40): 1823–1826.

Sarma, Atul 2017. ‘Economically Integrating Northeast India with Southeast Asia’. 
pp. 32–49. In D. K. Mishra and V. Upadhyay (Eds.) Rethinking Economic 
Development in Northeast India: The Emerging Dynamics. New Delhi: Routledge.

Savyasaachi 1998. Tribal Forest- Dwellers and Self- Rule: The Constituent Assembly 
Debates on the Fifth and Sixth Schedules. New Delhi: Indian Social Institute.

Sen, Amartya 2006. Identity and Violence: The Illusion of Destiny. London: Penguin 
Books.

Sharma, Chandan Kumar and Bhaswati Borgohain 2019. ‘The new land settlement 
act in Arunachal Pradesh’. Economic and Political Weekly, 54(23): 17–20.

Sharma, Manorama 2004. ‘Women in the Ahom Economy: Some Texts Re- 
examined.’ Proceedings of the North East India History Association, 22nd 
Session. Shillong: NEHU and NEIHA.

——— (Ed.) 2017. Rethinking Gender History: Essays on Northeast India and 
Beyond. Guwahati: DVS Publishers.

Singh, K. S. 1992. People of India, Vol. I. Calcutta: Anthropological Survey of India.
——— 1995. ‘Foreword’ People of India, Vol. XXXIII. (Anthropological Survey of 

India) Calcutta: Seagull Publications.
Sreedhar, M. V. 1974. Naga Pidgin: A Sociolinguistic Study of Inter- lingual 

Communication Pattern in Nagaland. Mysore: Central Institute of Indian 
Languages.

Subramanian, K. S. 2016. State, Policy and Conflicts in India. (Ch.4 ‘Assam Rifles 
and Armed Forces (Special Powers) Act, 1958: Analysis and Policy). New Delhi: 
Routledge.

Thomas, John 2019. ‘From Sacred Rocks to Temple: Recasting Religion as Identity 
in North- East India’. pp. 314–332. In N. Bhattacharya and J. L. K. Pachuau (Eds.) 
Landscape, Culture and Belonging: Writing the History of Northeast India. New 
Delhi: Cambridge University Press.

——— 2021. ‘Boulders that speak no more’. Seminar, 740: 35–44.



Introduction 
Agarwala, Tara 2021. ‘Explained: A proposed Bill and its possible ramifications in matrilineal
Meghalaya’. The Indian Express. 21 Nov. 2021.
https://indianexpress.com/article/explained/explained-a-proposed-bill-and-its-possible-
ramifications-in-matrilineal-meghalaya-7603014/. Accessed 30 Nov. 2021 
Ahanthem, Chitra 2021. ‘There is no such thing as a book from the ‘North East’’.
https://scroll.in/article/1011440/there-is-no-such-thing-as-a-book-from-the-north-east-the-
literary-establishment-is-blind-to-this. Accessed 30 Nov. 2021. 
Arnold, David 2005. The Tropics and the Travelling Gaze: India, Landscapes and Science
1800-1856. Delhi: Permanent Black. 
Bam, Nyayo 2004. (Farmer, Basar district) Personal communication, West Siang, Arunachal
Pradesh (Krishna 2005: 2556). 
Baruah, Apurba K. 1994. ‘Middle Class Hegemony and the National Question in Assam’. In M.
Sangma (Ed.) Essays on North East India. New Delhi: Indus Publishing Company. 
Baruah, Apurba K. 2015. ‘Ethnic Identities and Middle Class Hegemony in North-East India’,
North East India Studies Programme, Occasional Paper Series. New Delhi: Jawaharlal Nehru
University. 
Baruah, Sanjib 2012. ‘Whose river is it anyway? The political economy of hydropower in the
Eastern Himalayas’. Economic and Political Weekly, 47(29): 41–52. 
Baruah, Sanjib 2021. ‘There’s more to evictions in Assam than the demands of ‘development’’.
Indian Express 9 Oct. https://indianexpress.com/article/opinion/columns/there-is-more-to-the-
evictions-in-assam-than-the-demands-of-development-7558997/. Accessed 7 Jan. 2022. 
Bhattacharya, Rakhee 2021. Personal communication. Email: 21 Nov. 
Bhaumik, Subir 2007. ‘Insurgencies in India’s Northeast: Conflict, Co-option and Change.’
Working Paper. Washington: East-West Centre. 
Chaki-Sircar, Manjusri 1984. Feminism in a Traditional Society: Women in the Manipur Valley.
New Delhi: Shakti Books, Vikas. 
Chatterjee, Piya 2001. A Time for Tea: Women, Labor and Post-Colonial Politics on an Indian
Plantation. New Delhi: Zubaan. 
Chhangte, Cherrie L. 2007. ‘What does an Indian Look Like.’ pp.76. In Tilottoma S. Misra (Ed.)
The Oxford Anthology of Writings from North-East India: Poetry and Essays, Vol.2. New Delhi:
Oxford University Press. 
Chophy, G. Kanato 2021. Reflections (on his book) – Christianity and Politics in Tribal India:
Baptist Missionaries and Naga Nationalism. http://permanent-
black.blogspot.com/2021/09/every-nationality-has-its-own-distinct.html/. Accessed 9 Dec. 2021. 
Choudhury, Dhrupad 2021. Personal communication. Email: 19 Dec. 
D'Souza, Rohan 2018. ‘Re-imagining the Northeast in India, again: Did geography sidestep
history in Vision 2020?’ In B. Oinam and D. Sadokpan (Eds.) North East India: A Reader. New
Delhi: Routledge. 
da Cunha, Dilip 2019. The Invention of Rivers: Alexander’s Eye and Ganga’s Descent.
Philadelphia: Penn Studies in Landscape Architecture, University of Pennsylvania Press. 
Dai, Mamang 2010. https://www.hindustantimes.com/india/this-development-is-like-an-
invasion/story-4xK57DVSglCrTyTrhHbZ2I.html. Accessed 7 Jan. 2022. 
Darlong, Vincent. 2021. Personal communication. Email: 7 Oct. 
Deka, Harekrishna 2019. ‘Independence Day Thought’. https://nenow.in/north-east-
news/independence-day-thought.html. Accessed 7 Jan. 2022. 
Deka, Kaustabh 2021. ‘Of imported SUVs and buying “the Last Supper” in Milan: “New middle
class” and its crisis of hegemony in India’s Northeast.’ pp. 154–170. In M. K. Jha Pushpendra
(Eds.) Beyond Consumption: India’s New Middle Class in the Neo-Liberal Times. New Delhi:
Routledge. 
DoNER 2008. North Eastern Region Vision 2020. New Delhi: Ministry of Development of North
Eastern Region, Government of India. New Delhi: Ministry of Development of North Eastern
Region and North Eastern Council. 
Dutta, Bitopi 2022. Mining, Displacement and Matriliny in Meghalaya: Gendered Transitions.
New Delhi: Routledge. 
Dzuvichu, Lipokmar 2013a. ‘Roads and the Raj: The politics of road building in Colonial Naga
Hills 1860s-1910s’. The Indian Economic and Social History Review, 50(4): 473–494.



Dzuvichu, Rosemary 2013b. ‘Gender and Livestock in Nagaland.’ pp. 174–186. In G. Kelkar
and M. Krishnaraj (Eds.) Women, Land and Power in Asia. New Delhi: Routledge. 
Ete, Jarjum 1996. ‘Empowering women’. Seminar, 441: 42–45. 
Ete, Jarjum 1997. (Social activist) Personal communication, Itanagar (Krishna 1998a). 
Fernandes, Walter 2012. ‘Land, environmental degradation and conflicts in northeastern India.’
pp. 119–134. In S. Krishna (Ed.) Agriculture and a Changing Environment in Northeastern India.
New Delhi: Routledge. 
Fernandes, Walter and Sanjay Barbora 2002. Modernisation and Women’s Status in North-
Eastern India. Guwahati: North Eastern Social Research Centre. 
Ghosh, Partha S. 2007. The Politics of Personal Law in South Asia. (Ch.4: ‘On the Fringe: The
Tribal Laws’). New Delhi: Routledge. 
Goswami, Ritupan 2012. ‘Floods and fields in the Brahmaputra valley: 20th-century changes in
historical perspective.’ pp.27–52. In S. Krishna (Ed.) Agriculture and a Changing Environment in
Northeastern India. New Delhi: Routledge. 
Government of India 1993a. https://www.india.gov.in/my-government/constitution-
india/amendments/constitution-india-seventy-third-amendment-act-1992. Accessed 9 Jan.
2022. 
Government of India 1993b. https://www.india.gov.in/my-government/constitution-
india/amendments/constitution-india-seventy-fourth-amendment-act-1992. Accessed 9 Jan.
2022. 
Haksar, Nandita 2018. ‘Conflict resolution systems in the tribal societies of Northeast India:
legal pluralism and Indian democracy’. pp. 33–43. In M. Pereira, B. Dutta and B. Kakati (Eds.)
Legal Pluralism and Indian Democracy: Tribal Conflict Resolution Systems in Northeast India.
New Delhi: Routledge. 
Harriss-White, Barbara, Deepak K. Mishra and Vandana Upadhyay 2021. ‘Capitalist trajectories
in agrarian mountain societies of east and south-east Arunachal’. Journal of Agrarian Change,
2021: 1–31. DOI:10.1111/joac.12454. 
Hazarika, Sanjay 2018. Strangers No More: New Narratives from India’s Northeast. New Delhi:
Aleph. 
Hutton, J. H. 1921 (Republ. 1969). The Angami Nagas. London: The Oxford University Press. 
Ingold, Tim 1993. ‘The temporality of the landscape.’ World Archaeology, 25(2): 152–174. 
Karlsson, Bengt G. 2011. Unruly Hills: Nature and Nation in India’s Northeast. New Delhi: Social
Science Press. 
Krishna, Sumi 1991. India’s Living Languages: The Critical Issues. (Ch.7 Case Studies:
‘Nagaland’). New Delhi: Allied. 
Krishna, Sumi 1996. Environmental Politics, People’s Lives and Development Choices. New
Delhi: Sage Publications. 
Krishna, Sumi 1998a. ‘Arunachal Pradesh’ (Case study). pp. 148–181. In M. S. Swaminathan
(Ed.) Gender Dimensions in Biodiversity Management, New Delhi: Konark. 
Krishna, Sumi 1998b. ‘Mizoram’ (Case study). pp. 182–210. In M. S. Swaminathan (Ed.)
Gender Dimensions in Biodiversity Management, New Delhi: Konark. 
Krishna, Sumi 2004. ‘Gender, Tribe and Political Participation: Control of Natural Resources in
Northeastern India’. pp. 375–396. In S. Krishna (Ed.) Livelihood and Gender Equity in
Community Resource Management. New Delhi: Sage Publications. 
Krishna, Sumi 2005. ‘Gendered price of rice in North-Eastern India’. Economic and Political
Weekly, 40(25): 2555–2562. 
Krishna, Sumi 2009. Genderscapes: Revisioning Natural Resources Management. New Delhi:
Zubaan 
Krishna, Sumi 2012a. ‘Introduction’. pp.1–23. In S. Krishna (Ed.) Agriculture and a Changing
Environment in Northeastern India. New Delhi: Routledge. 
Krishna, Sumi 2012b. ‘Gender Ideologies and the “price” of rice in northeastern India’. pp.
232–260. In S. Krishna (Ed.) Agriculture and a Changing Environment in Northeastern India.
New Delhi: Routledge. 
Krishna, Sumi 2012c. ‘Deepening Our Understanding of Gender-Environment Linkages.’ pp.
501–523. In R. Ray (Ed.) Handbook of Gender. New Delhi: Oxford University Press. 
Krishna, Sumi 2015. ‘Bringing Gender Disparity into Focus in North-Eastern India’. pp.1–9. In S.
Sengupta, S. Nessa and S. Das Gupta (Eds.) Dynamics of Gender Disparity: North East Lens.
Guwahati: EBH Publishers.



Krishnan, Siddartha 2021. ‘Conclusion: inclusion’. pp. 129–135. In S. Krishnan (Ed.)
Conservation Landscapes and Human Well-Being: Sustainable Development in the Eastern
Himalayas. New Delhi: Routledge. 
Lanipuii 1997. (MHIP president) Personal communication, Aizawl (Krishna 1998b). 
Liezietsü, Shurozelie 1987. (Ura Academy president) Personal communication, Kohima
(Krishna 1991). 
Longkumer, Arkotong 2021. The Greater India Experiment: Hindutva and the Northeast.
Stanford: Stanford University Press. 
Lyngdoh, Paul 2003. ‘For Sale’. pp. 145–146. In K. S. Nongkynrih and R. S. Ngangom (Eds.)
Anthology of Contemporary Poetry from the Northeast. Shillong: North-Eastern Hill University. 
Mishra, Deepak K., Vandana Upadhyay and Atul Sarma (2012). Unfolding Crisis in Assam’s
Tea Plantations: Employment and Occupational Mobility. New Delhi: Routledge. 
Misra, Tilottama S. and Udayon Misra 1995. ‘Movements for Autonomy in India’s North-East’.
pp. 107–144. In T. V. Satyamurthy (Ed.) Social Change and Political Discourse in India:
Structures of Power, Movements of Resistance, Vol.3. Delhi: Oxford University Press. 
Mukhim, Patricia 2005. ‘Where is this North-east?’ India International Centre Quarterly, 32(2–3):
177–188. 
NITI Aayog 2021. ‘Northeastern Region: District SDG Index & Dashboard: Baseline Report
2020-2021’. https://www.niti.gov.in/node/1603. Accessed 9 Jan. 2022. 
Nongbri, Tiplut 2003. Development, Ethnicity and Gender: Select Essays of Tribes in India. New
Delhi: Rawat Publications. 
Pachuau, Joy L. K. 2014. Being Mizo: Identity and Belonging in Northeast India. New Delhi:
Oxford University Press. 
Planning Commission 1997. Transforming the North-East: Tackling Backlogs in Basic Minimum
Services and Infrastructural Needs’. New Delhi: Government of India. 
Prabhakar, M. S. 1973. ‘The North Eastern council some political perspectives’. Economic and
Political Weekly, 8(40): 1823–1826. 
Sarma, Atul 2017. ‘Economically Integrating Northeast India with Southeast Asia’. pp. 32–49. In
D. K. Mishra and V. Upadhyay (Eds.) Rethinking Economic Development in Northeast India:
The Emerging Dynamics. New Delhi: Routledge. 
Savyasaachi 1998. Tribal Forest-Dwellers and Self-Rule: The Constituent Assembly Debates on
the Fifth and Sixth Schedules. New Delhi: Indian Social Institute. 
Sen, Amartya 2006. Identity and Violence: The Illusion of Destiny. London: Penguin Books. 
Sharma, Chandan Kumar and Bhaswati Borgohain 2019. ‘The new land settlement act in
Arunachal Pradesh’. Economic and Political Weekly, 54(23): 17–20. 
Sharma, Manorama 2004. ‘Women in the Ahom Economy: Some Texts Re-examined.’
Proceedings of the North East India History Association, 22nd Session. Shillong: NEHU and
NEIHA. 
Sharma, Manorama (Ed.) 2017. Rethinking Gender History: Essays on Northeast India and
Beyond. Guwahati: DVS Publishers. 
Singh, K. S. 1992. People of India, Vol. I. Calcutta: Anthropological Survey of India. 
Singh, K. S. 1995. ‘Foreword’ People of India, Vol. XXXIII. (Anthropological Survey of India)
Calcutta: Seagull Publications. 
Sreedhar, M. V. 1974. Naga Pidgin: A Sociolinguistic Study of Inter-lingual Communication
Pattern in Nagaland. Mysore: Central Institute of Indian Languages. 
Subramanian, K. S. 2016. State, Policy and Conflicts in India. (Ch.4 ‘Assam Rifles and Armed
Forces (Special Powers) Act, 1958: Analysis and Policy). New Delhi: Routledge. 
Thomas, John 2019. ‘From Sacred Rocks to Temple: Recasting Religion as Identity in North-
East India’. pp. 314–332. In N. Bhattacharya and J. L. K. Pachuau (Eds.) Landscape, Culture
and Belonging: Writing the History of Northeast India. New Delhi: Cambridge University Press. 
Thomas, John 2021. ‘Boulders that speak no more’. Seminar, 740: 35–44. 

 



Land laws, development and globalisation in northeast India 
Agarwal, Anil. 1985. ‘Ecological Destruction and the Emerging Patterns of Poverty and People’s
Protests in Rural India’, Social Action, 35(1, January-March): 54–80. 
Ahmad, Afroz. 1998. ‘Rehabilitation Policy for the Human Population Displacement due to the
Major Development Projects – Environmentalist View Points’. Paper presented at a workshop
on ‘Displacement and Rehabilitation in India: Future Perspectives’ organised by the Centre for
Rural Studies, New Delhi, 1–3 June. 
Bahuguna, Anjali. 2003. ‘Non-Timber Products and Tribal Development’, in Nautiyal, S. and A.
K. Kaul (eds.), Non-Timber Products of India, pp. 469–477. Dehra Dun: Jyothi Publishers and
Distributors. 
Barbora, Sanjay. 2002. ‘Ethnic Politics and Land Use: Genesis of Conflicts in India’s North-
East’, Economic and Political Weekly, 37(13, 30 March–5 April 5): 1285–1292. 
Bebarta, Kailash Chandra. 2004. Forest Resources and Sustainable Development: Principles,
Perspectives and Practices. New Delhi: Concept Publishing Company. 
Bharali, Gita. 2004. ‘Dams a Threat to Livelihood’, The Telegraph, 29 November. 
Bharali, Gita. 2007. ‘Development-Induced Displacement: A History of Transition to
Impoverishment and Environmental Degradation’. Paper presented at the Seminar on Ecology,
Department of History, Dibrugarh University, 27–28 March. 
Bharali, Gita. 2009. ‘Social and Environmental Cost of Development-Induced Displacement: An
Appraisal of Cost-Benefit Analysis in Assam’. Doctoral Thesis, Department of Economics,
Dibrugarh University, Dibrugarh. 
Bhaumik, Subir. 2003. ‘Tripura’s Gumti Dam Must Go’, The Ecologist Asia 11(1,
January–March): 84–89. 
Bora, Ajit Kumar. 1986. Pattern of Land Utilization in Assam. New Delhi: Manas Publications. 
Brennan, Frank. 1995. ‘Parliamentary Responses to the Mabo Decision’, in Stephenson, M. A.
(ed.), Mabo: The Native Title Legislation: A Legislative Response to the High Court Decision,
pp. 1–25. St Lucia: Queensland University Press. 
D'Souza, Alphonsus. 1999. North East India. Jakhama: Kohima Jesuit Region (mimeo),
Kohima. 
D'Souza, Alphonsus. 2001. Traditional Systems of Forest Conservation in North East India: The
Angami Tribe of Nagaland. Guwahati: North Eastern Social Research Centre. 
Ezung, Evorthung. 2003. ‘The Impact on Common People because of Government Policy on
Globalisation and Abolition of Supply of Fertilisers’. Paper Presented at Seminar on WTO and
Food Security in the Northeast. Guwahati: North Eastern Social Research Centre, August 1–2. 
Fernandes, Walter. 1996. ‘Conversion to Christianity, Caste Tension and Search for a New
Identity in Tamil Nadu’, in Fernandes, Walter (ed.), The Emerging Dalit Identity: The Re-
Assertion of the Subalterns, pp. 140–165. New Delhi: Indian Social Institute. 
Fernandes, Walter. 2003. ‘Why Is Assam Burning?’ The Hindu, 8 December. 
Fernandes, Walter. 2008. ‘Sixty Years of Development-Induced Displacement in India: Impacts
and the Search for Alternatives’, in Mathur, Hari Mohan (ed.), India: Social Development
Report2008: Development and Displacement, pp. 89–102. Oxford: Council for Social
Development and Oxford University Press. 
Fernandes, Walter and Sanjay Barbora. 2002. Modernisation and Women’s Status in North
Eastern India: A Comparative Study of Six Tribes. Guwa-hati: North Eastern Social Research
Centre. 
Fernandes, Walter and Gita Bharali. 2006. Development-Induced Displacement in Assam
1947–2000: A Quantitative and Qualitative Study of Its Extent and Nature. Guwahati: North
Eastern Social Research Centre (mimeo). 
Fernandes, Walter and Melville Pereira. 2005. Land Relations and Ethnic Conflicts: The Case of
Northeast India. Guwahati: North Eastern Social Research Centre. 
Fernandes, Walter, Melville Pereira and Vizalenu Khatso. 2007. Customary Laws in North East
India: Impact on Women. New Delhi: National Commission for Women. 
Ganguly Thukral, Enakshi. 1999. ‘Bottom-Up’, Humanscape, 6(11): 10–12. 
Gangwar, A. K. and P. S. Ramakrishnan. 1992. ‘Agriculture and Animal Husbandry among the
Sulungs and Nishis of Arunachal Pradesh’, in Fernandes, Walter (ed.), National Development
and Tribal Deprivation, pp. 100–130. New Delhi: Indian Social Institute. 
Guha, Ramachandra and Madhav Gadgil. 1996. ‘What Are Forests For?’ in Fernandes, Walter
(ed.), Drafting a People’s Forest Bill: The Forest Dweller Social Activist Alternative, pp. 33–67.



New Delhi: Indian Social Institute. 
Jeyaseelan, L. 2008. ‘Introduction’, in Jeyaseelan, L. (ed.), Conflict Mapping and Peace
Processes in Northeast India, pp. 1–7. Guwahati: North Eastern Social Research Centre. 
Menon, Geeta. 1995. ‘The Impact of Migration on the Work and Tribal Women’s Status’, in
Schenken-Sandbergen, Loes (ed.), Women and Seasonal Labour Migration, pp. 79–154. New
Delhi: Sage. 
Menon, Manju. 2003. Large Dams for Hydropower in Northeast India: A Dossier. Pune:
Kalpavriksh. 
Menon, Manju. 2008. ‘Land Alienation due to Large Hydro-Power Projects in Arunachal
Pradesh’, in Fernandes, Walter and Sanjay Barbora (eds.), Land, People and Politics: Contest
over Tribal Land in Northeast India, pp. 128–141. Guwahati: North Eastern Social Research
Centre and IWGIA. 
Misra, Bhawna. 2000. Peasantry Movement in India. New Delhi: Mohit Publications. 
Mukhim, Patricia. 2008. ‘Land Ownership among the Khasis of Meghalaya: A Gender
Perspective’, in Fernandes, Walter and Sanjay Barbora (eds.), Land, People and Politics:
Contest over Tribal Land in Northeast India, pp. 23–52. Guwahati: North Eastern Social
Research Centre, IWGIA. 
Nongkynrih, A. K. 2008. ‘Privatisation of Communal Land of the Tribes of North East India: A
Sociological Viewpoint’, in Fernandes, Walter and Sanjay Barbora (eds.), Land, People and
Politics: Contest over Tribal Land in Northeast India, pp. 16–36. Guwahati: North Eastern Social
Research Centre and IWGIA. 
Patwardhan, Anand. 2000. ‘Global Warming and India’, Seminar, 486 (January): 63–67. 
Ramanathan, Usha. 1999. ‘Public Purpose: Points for Discussion’, in Fernandes, Walter (ed.),
The Land Acquisition (Amendment) Bill 1998: For Liberalisation or for the Poor? pp. 19–24.
New Delhi: Indian Social Institute. 
Ramanathan, Usha. 2008. ‘The Land Acquisition Act 1894: Displacement and State Power’, in
Mathur, Hari Mohan (ed.), India: Social Development Report 2008: Development and
Displacement, pp. 27–38. Oxford: Council for Social Development and Oxford University Press. 
Rao, M. B. and Manjula Guru. 2003. Understanding TRIPS: Managing Knowledge in
Developing Countries. New Delhi: Response Books. 
Rao, Sam. 1992. ‘Spinning Out of Control: The Earth at UNCED’, Social Action, 42(3, July-
September): 328–336. 
Registrar General and Census Commissioner. 2001. Provisional Population Totals, Paper 1 of
2001. Delhi: Controller of Publications. 
Rothermund, Dietmar. 1981. Asian Trade and European Expansion in the Age of Mercantilism.
New Delhi: Manohar. 
Roy, Ajay. 1995. The Boro Imbroglio. Guwahati: Spectrum Publishers. 
Roy Burman, B. K. 1993. ‘Tribal Population: Interface of Historical Ecology and Political
Economy’, in Miri, Mrinal (ed.), Continuity and Change in Tribal Society, pp. 175–216. Shimla:
Indian Institute of Advanced Study. 
Sachchidananda. 2004. Man, Forest and the State in Middle India. New Delhi: Serials
Publications. 
Sangma, Amrit. 2008. ‘Youth in the Context of the Garo-Khasi Tension in Meghalaya’, in
Jeyaseelan, Lazar (ed.), Conflict Mapping and Peace Processes in Northeast India, pp.
209–248. Guwahati: North Eastern Social Research Centre. 
Sengupta, Nirmal. 1991. Managing Common Property: Irrigation in India and the Philippines.
New Delhi: Sage Publications. 
Upadhyay, Sanjay and Bhavani Raman. 1998. Land Acquisition and Public Purpose. New Delhi:
The Other Media. 
Zehol, Lucy. 2008. ‘Ethnic Conflicts and Tension: North Eastern Experience’, in Fernandes,
Walter (ed.), Search for Peace with Justice: Issues around Conflicts in Northeast India, pp.
44–65. Guwahati: North Eastern Social Research Centre. 
Zonneveld, Isaak S. 1993. ‘What Is Meant by Land Use Change?’ in Jolly, Carole L. and
Barbara Boyle Torrey (eds.), op Population and Land Use in Developing Countries, pp. 30–36.
Washington, DC: National Academy Press. 



Forest conservation and community land rights in Manipur 
Anderson, Robert S. and Walter Huber (1988). The Hour of the Fox: Tropical Forests, the World
Bank, and Indigenous People in Central India. New Delhi: Vistaar Publications. 
Baviskar, Amita (1994). ‘Fate of the Forest: Conservation and Tribal Rights’. Economic and
Political Weekly, 29(38): 2493–2501. 
Bhowmick, P.K. (1980). Some Aspects of Indian Anthropology. Calcutta: Subarnarekha. 
Das, J.N. (1995). ‘Customary Land System of Hill Ethnoses of Manipur’, in Naorem Sanajaoba
(ed.), Manipur Past and Present: The Ordeals and Heritage of a Civilization (Volume III/Nagas
and Kuki-Chins). New Delhi: Mittal Publications. 
Devi, P. Binodini (2006). Tribal Land System of Manipur. New Delhi: Akansha Publishing
House. 
Elwin, Verrier (1964). The Tribal World of Verrier Elwin: An Autobiography. London: Oxford
University Press. 
Gangte, Priyadarshni M., and Aheibam Koireng Singh (eds.) (2010). Understanding Kuki since
Primordial Times. New Delhi: Maxford Books. 
Haokip, T.T. (2009). ‘Critically Assessing Kuki Land System in Manipur’, In Ch. Priyoranjan
Singh (ed.), Tribalism and the Tragedy of the Commons: Land, Identity and Development, the
Manipur Experience, 304–328. Delhi: Akansha Publishing house. 
Kipgen, Sheikhohao (2009). ‘Land, Identity and Development: Perceptions Focusing on the
Tribals of Manipur’, In Ch. Priyoranjan Sindh (ed.), Tribalism and the Tragedy of the Commons:
Land, Identity and Development: The Manipur Experience. New Delhi: Akansha Publishing
House. 
Kulkarni, Sharad (1987). ‘Forest Legislations and Tribals Comments on Forest Policy
Resolution’, Economic and Political Weekly, 22(50): 2143–2148. 
Mandavdhare, S. M. (1993). ‘Caste and Land Relations: Evidence from Marathwada’, In
Aijazuddin Ahmad (ed.), Social Structure and Regional Development: A Social Geography
Perspective. Jaipur/New Delhi: Rawat Publications. 
Munshi, Indra (2005). ‘Scheduled Tribes Bill’, Economic and Political Weekly, 40(41):
4406–4409. 
Ray, Asok Kumar (1990). Authority and Legitimacy: A Study of the Thadou-Kukis in Manipur.
Delhi: Renaissance Publishing House. 
Roy Burman, B.K. (1992). ‘Historical Process in Respect of Communal Land System and
Poverty Alleviation among the Tribals’, In Chaudhuri, Buddhadeb (ed.), Economy and Agrarian
Issues. New Delhi: Inter India Publications. 
Savyasaachi (1991). ‘A Study in the Sociology of Agriculture’, Unpublished PhD thesis
submitted to the University of Delhi, Department of Sociology, Delhi School of Economics,
Delhi. 
Savyasaachi (2001). ‘Forest Dwellers and Tribals in India’, In Susan Visvanathan (ed.),
Structure and Transformation: Theory and Society in India. New Delhi: Oxford University Press. 
Saxena, N.C. and Madhu Sarin (1999). ‘The Western Ghats Forestry and Environment Project
in Karnataka: A Preliminary Assessment’, In Roger Jeffery and Nandini Sundar (ed.), A New
Moral Economy for India’s Forests? New Delhi: Sage Publications. 
Sharma, Suresh (1994). Tribal Identity and the Modern World. New Delhi: Sage Publications. 
Singsit, Seiboi (2010). Traditional Forestry Management of the Thadou-Kukis. New Delhi:
Akansha Publishing House. 
Sitlhou, Hoineilhing (2011a). ‘Continuity and Change: The Setting of a Customary Court
amongst the Kukis’, In Ngamkhohao Haokip and Michael Lunminthang Haokip (ed.), Kuki
Society: Past, Present and Future. New Delhi: Maxford Publication. 
Sitlhou, Hoineilhing (2011b). ‘Land and Identity: A Sociological Study of the Thadou Kukis of
Manipur’, Unpublished PhD thesis submitted to Jawaharlal Nehru University, Centre for Study of
Social Systems, School of Social Sciences, New Delhi. 
Sitlhou, Hoineilhing (2014). Kuki Women. New Delhi: Synergy Books India. 
Sundar, Nandini and Roger Jeffery (ed.) (1999). A New Moral Economy for India’s Forests?:
Discourses of Community and Participation. New Delhi: Sage Publications. 
Tinker, George E. “Tink” (2008). American Indian Liberation: A Theology of Sovereignty. New
York: Orbis Books. 



Violence, agrarian change and the politics of autonomy in Assam 
Barbora, Sanjay. 2005. ‘Autonomy in the Northeast: The Frontiers of Centralised Politics’, in
Ranabir Samaddar (ed), The Politics of Autonomy: Indian Experiences. New Delhi: Sage,
196–215. 
Baruah, Sanjib. 1999. India against Itself: Assam and the Politics of Nationality. New Delhi:
Oxford University Press. 
Baruah, Sanjib. 2005. Durable Disorder: Understanding the Politics of Northeast India. New
Delhi: Oxford University Press. 
Comaroff, Jean and John Comaroff. 2003. ‘Ethnography on a Colonial Scale: Postcolonial
Anthropology and the Violence of Abstraction’, Ethnography, 4 (2): 147–179. 
Fernandes, Walter and Sanjay Barbora. 2009. ‘Introduction’, in Walter Fernandes and Sanjay
Barbora (eds), Land, People and Politics: Contest over Tribal Land in Northeast India.
Guwahati: North Eastern Social Research Centre and International Working Group on
Indigenous Affairs, 1–15. 
Jilangamba, Yengkhom. 2015. ‘Beyond the Ethno-Territorial Binary: Evidencing the Hill and
Valley Peoples in Manipur’, South Asia: Journal of South Asian Studies, 38 (2): 276–289. 
Lintner, Bertil and Michael Black. 2009. Merchants of Madness: The Methamphetamine
Explosion in the Golden Triangle. Chiang Mai: Silkworm Books. 
Mamdani, Mahmood. 2009. Saviours and Survivors: Darfur, Politics and the War on Terror.
Cape Town: HSRC Press. 
Roy, Ajay. 1995. The Bodo Imbroglio. Guwahati: Spectrum Publishers. 
Saikia, Arupjyoti. 2014. A Century of Protests: Peasant Politics in Assam since 1900. New
Delhi: Routledge. 
Sarmah, Bhupen. 2002. ‘The Question of Autonomy for the Plains Tribes of Assam’, in Social
Change and Development (October), Guwahati: Omeo Kumar Das Institute of Social Change
and Development, 86–103. 
Vandekerkchove, Nel. 2009. ‘“We Are Sons of This Soil”: The Endless Battle over Indigenous
Homelands in Assam, India’, Critical Asian Studies, 41 (4): 523–548. 

 
Hydro-dollar dreams 
Arora, Vibha. 2007. ‘Unheard Voices of Protest in Sikkim’, Economic & Political Weekly, 42 (34):
3451–3454. 
Arora, Vibha. 2008. ‘Gandhigiri in Sikkim’, Economic & Political Weekly, 43 (38): 27–28. 
Arora, Vibha. and N. Kipgen. 2012. ‘We Can Live without Power, But We Can’t Live without Our
Land’: Indigenous Hmar Oppose the Tipaimukh Dam in Manipur’, Sociological Bulletin, 61 (1):
109–128. 
Baruah, Sanjib. 2012a. ‘Hydropower, Mega Dams, and the Politics of Risk’, Seminar, 640: 1–9. 
Baruah, Sanjib. 2012b. ‘Whose River Is It Anyway? Political Economy of Hydropower in the
Eastern Himalayas’, Economic & Political Weekly, xlvii (29): 41–52. 
Baviskar, Amita. 1995. In the Belly of the River. Oxford: Oxford University Press. 
Central Electricity Authority. 2003. Preparation of Preliminary Feasibility Reports under 50,000
MW Hydroelectric Initiative. New Delhi: Central Electricity Authority. 
Cernea, Micheal M. 1997. Hydropower Dams and Social Impacts: A Sociological Perspective.
World Bank. 
Choudhury, N. 2014. ‘Legality and Legitimacy of Public Involvement in Infrastructure Planning:
Observations from Hydropower Projects in India’, Journal of Environmental Planning and
Management, 57(2): 297–315. 
Chowdhury, Arnab Roy and Ngamjahao Kipgen. 2013. ‘Deluge amidst Conflict: Hydropower
Development and Displacement in the North-East Region of India’, Progress in Development
Studies, 13 (3): 195–208. 
Cowen, M. and R. Shenton. 1996. Doctrines of Development. London: Routledge. 
Dhasmana, M. M. 1979. The Ramos of Arunachal: A Socio-Cultural Study. New Delhi: Concept
Publishing Company.



Dwivedi, Ranjit. 1997. People’s Movements in Environmental Politics: A Critical Analysis of the
Narmada Bachao Andolan in India. ISS Working Paper Series/General Series (Vol. 242, 1–49).
Erasmus University Rotterdam. hdl. handle.net/1765/18981. 
Dwivedi, Ranjit. 1999. ‘Displacement, Risks and Resistance: Local Perceptions and Actions in
the Sardar Sarovar’, Development and Change, 30 (1): 43–78. 
Erlewein, A. 2013. ‘Disappearing Rivers – The Limits of Environmental Assessment for
Hydropower in India’, Environmental Impact Assessment Review, 43: 135–143. 
Fernandes, W. 2004. ‘Policy Rehabilitation for the Displaced’, Economic & Political Weekly, 39
(12): 1191–1193. 
Harriss-White, Barbara, Deepak K. Mishra and Vandana Upadhyay. 2009. ‘Institutional Diversity
and Capitalist Transition: The Political Economy of Agrarian Change in Arunachal Pradesh,
India’, Journal of Agrarian Change, 9 (4): 512–547. 
Huber, Amelie and Deepa Joshi. 2015. ‘Hydropower, Anti-Politics, and the Opening of New
Political Spaces in the Eastern Himalayas’, World Development, 76: 13–25. 
Huber, T. 2011. ‘Pushing South: Tibetan Economic and Political Activities in the Far Eastern
Himalaya, ca. 1900–1950’, in A. McKay and A. Balicki-Denjongpa (eds), Buddhist Himalaya:
Studies in Religion, History and Culture. Proceedings of the Golden Jubilee Conference of the
Namgyal Institute of Tibetology, 2008. Gangtok: Namgyal Institute of Tibetology, 259–276. 
International Rivers Network (IRN). 2005. ‘Third South Asian Forum on Rivers, Wetlands and
Peoples, South Asian Solidarity for Rivers and Peoples, Nirjuli, 13–16 June’,
https://web.archive.org/web/20060629232101/;
http://irn.org/programs/india/index.php?id=050705solidarity.html [Accessed on August 31,
2016]. 
Judge, Paramjit S. 1997. ‘Response to Dams and Displacement in Two Indian States’, Asian
Survey, 37 (9): 840–851. 
Karlsson, B. G. 2016. ‘Into the Grid: Hydropower and Subaltern Politics in Northeast India’, in U.
Chandra and D. Taghioff (eds), Staking Claims: The Politics of Social Movements in
Contemporary Rural India. Oxford: Oxford University Press. 
Kothari, S. 1996. ‘Whose Nation? The Displaced as Victims of Development’, Economic and
Political Weekly, 31 (24): 1476–1485. 
Mahanta, Chandan. 2010. ‘India’s North East and Hydropower Development: Future Security
Challenges’, South Asian Survey, 17 (1): 131–146. 
Mazoomdaar, J. 2013a. ‘Another Disaster in the Making’, Tehelka, 10 (28): 1–10.
www.tehelka.com/another-disaster-in-the-making/ [Accessed on July 8, 2013a]. 
Mazoomdaar, J. 2013b. ‘Losing the Best Cropland to Dams’, Tehelka, 10 (23): 3–7.
www.tehelka.com/losing-the-best-cropland-to-dams/ [Accessed on July 4, 2013b]. 
McDuie-Ra, Duncan. 2011. ‘The Dilemmas of Pro-Development Actors: Viewing State-Ethnic
Minority Relations and Intra-Ethnic Dynamics through Contentious Development Projects’,
Asian Ethnicity, 12 (1): 77–100. 
Menon, M. 2008. ‘Land Alienation due to Large Hydro-Power Projects in Arunachal Pradesh’, in
W. Fernandes and S. Barbora (eds), Land, People and Politics: Contest over Tribal Land in
Northeast India. Guwahati: North Eastern Social Research Centre, 128–141. 
Mimi, R. 2013. ‘The Dibang Multipurpose Project: Resistance of the Idu Mishmi’, in P. J. Das et
al. (eds), Water Conflicts in Northeast India: A Compendium of Case Studies: A Compendium of
Case Studies. Pune: Forum for Policy Dialogue on Water Conflicts in India, 111–120. 
Mohanty, B. 2005. ‘Displacement and Rehabilitation of Tribals’, Economic and Political Weekly,
40 (13): 1318–1320. 
Overdorf, J. 2012. ‘GreenTalk: Activists to Protest Public Hearing for Dam on Arunachal’s Lower
Siang River’, Global Post. www.globalpost.com/dispatches/globalpost-blogs/india/public-
hearing-dam-arunachal-siang [Accessed on January 13, 2016]. 
Pertin, A. 2011. ‘Hydropower from Siang – A Cost to Pay?’ Echo of Arunachal.
www.echoofarunachal.com/?p=4027 [Accessed on June 20, 2014]. 
Pertin, A. 2013. ‘The Lower Siang Hydropower Project: A Peaceful Valley Erupts’, in P. J. Das
et al. (eds), Water Conflicts in Northeast India: A Compendium of Case Studies. Pune: Forum
for Policy Dialogue on Water Conflicts in India, 134–138. 
Rahnema, M. and V. Bawtree. (eds). 1997. The Post-Development Reader. London: Zed
Books.



Rangan, H. 2004. ‘From Chipko to Uttaranchal: The Environment of Protest and Development in
the Indian Himalaya’, in Liberation Ecologies: Environment, Development, Social Movements.
London: Routledge. 371–393. 
Rest, Matthaus. 2012. ‘Generating Power : Debates on Development around the Nepalese
Arun-3 Hydropower Project’, Contemporary South Asia, 20 (1): 105–117. 
Sachs, W. (ed) 1992. The Development Dictionary: A Guide to Knowledge as Power. London,
New York: Zed Books. 
Shah, Alpa. 2010. In the Shadows of the State : Indigenous Politics, Environmentalism, and
Insurgency in Jharkhand, India. Durham; London: Duke University Press. 
Sinclair, A. J. and A. P. Diduck. 2000. ‘Public Involvement in Environmental Impact
Assessment: A Case Study of Hydro Development in Kullu District, Himachal Pradesh, India’,
Impact Assessment and Project Appraisal, 18(1): 63–75. 
Vagholikar, N. and P. J. Das. 2010. Damming Northeast India. Pune; Guwahati; New Delhi:
Kalpavriksh, Aaranyak and ActionAid India. 
World Commission on Dams. 2000. Dams and Development: A New Frame work for Decision-
Making. London: Earthscan. 

 
Local institutions, Urban water governance and future challenges 
Abraham, F. M. 2014. Contemporary sociology: an introduction to concepts and theories. New
Delhi: Oxford University Press. 
ADB. 2009. Draft initial environmental examination for solid waste in Shillong. Manila: Asian
Development Bank. 
Akhmouch, A. and Correia, F. N. 2016. ‘The 12 OECD principles on water governance: when
science meets policy,’ Utilities Policy 43(Part A), 14–20. 
AusAID. 2005. ‘Shillong water supply and sanitation project: institutional capacity assessment,’
in Gangtok-Shillong and south Asia regional, water supply and sanitation program. New Delhi:
Kellogg Brown and Root Pvt Ltd. 
Bakker, K. 2003. ‘Archipelagos and networks: urbanization and water privatization in the South,’
The Geographical Journal 169(4), 328–341. 
Bakker, K. 2010. Privatizing water: governance failure and the world’s urban water crisis.
London: Cornell University Press. 
Barraqué, B. and Zandaryaa, S. 2011. ‘Urban water conflicts: background and conceptual
framework,’ in B. Barraqué (ed.), Urban water conflicts. Boca Raton: CRC Press, pp. 1–14. 
Baruah, A. K. 2004. Ethnic conflicts and traditional self-governing institutions: a study of
Laitumkhrah Dorbar. Crisis States Programme Working Papers Series No. 1, London School of
Economics and Political Science, London. 
Baruah, A. K., Dev, R. and Sharma, M. 2005. Liberal democracy, tribal institutions and politics
of representation: analysing the Nongkynrih Shnong Dorbar. Research Paper, London School of
Economics and Political Science, London. 
Biswas, A. K. 2006. ‘Water management for major urban centres,’ Water Resources
Development 22(2), 183–197. 
Blah, T. 2016. ‘Governance by confrontation vs governance through cooperation,’ The Shillong
Times, September 15. 
Cleaver, F., Franks, T., Boesten, J. and Kiire, A. 2005. Water Governance and Poverty What
Works for the Poor? Bradford Centre for International Development, University of Bradford. 
Department of Urban Affairs. 2007. D.P.R for augmentation of water supply in Shillong
(G.S.W.S.S.-III). Shillong: Government of Meghalaya. 
Department of Water Resources, Government of Meghalaya. (2019). Meghalaya State Water
Policy 2019. Retrieved from Meghalaya Basin Development Authority:
https://mbda.gov.in/sites/default/files/meghalaya-state-water-policy-2019-updated.pdf 
Duxbury, N. 2014. ‘Cultural governance in sustainable cities,’ Kultur 1, 165–182. 
Gandhi, P. V. and Namboodiri, N. V. 2009. Groundwater irrigation in India: gains, costs, and
risks. Ahmedabad: Indian Institute of Management Ahmedabad. 



Gottdiener, M., Budd, L. and Lehtovuori, P. 2016. Key concepts in urban studies. London: Sage
Publication. 
Government of India. 2011. Shillong urban region. New Delhi: Office of the Registrar General &
Census Commissioner, India, Ministry of Home Affairs. 
Gupta, S. S. 2003. Urban social structure: a study of urbanization in Shillong. Unpublished PhD
thesis, North Eastern Hill University, Shillong. 
Hearn, G. and Stevenson, T. 2011. ‘Community engagement for sustainable urban futures,’
Futures 43(4), 357–360. 
Hunter, W. W. 1975. A statistical account of Assam. Delhi: BR Publishing Corporation. 
Karlsson, B. G. 2005. ‘Sovereignty through indigenous governance: reviving “Traditional
Political Institutions” in Northeast India,’ The NEHU Journal 3(2), 1–15. 
Karlsson, B. G. 2017. ‘Shillong: tribal urbanity in the northeast Indian borderland,’ The
Newsletter (International Institute for Asian Studies) 77, 32–33. 
Linton, J. 2010. What is water? The history of a modern abstraction. Vancouver: UBC Press. 
Lupala, J. M. 2014. ‘The social dimension of sustainable development: social inclusion in
Tanzania’s urban centres,’ Current Urban Studies 2(4), 350–360. 
Lyngdoh, C. R. n.d. Khasi democracy at crossroads. [Retrieved from
www.internationalseminar.org/XIV_AIS/TS%202/5.%20Charles%20Reuben%20Lyngdoh.pdf
(Accessed March 3, 2015)]. 
Lyngdoh, F. 2015a. ‘The dilemma of institutional dissonance,’ The Shillong Times, March 4. 
Lyngdoh, F. 2015b. ‘The need to reform and strengthen the Dorbar-Shnong,’ The Shillong
Times, January 21. 
Lyngdoh, F. 2016a. Study on the nature and roles of traditional governance institutions among
the Khasis in Ri Bhoi district of Meghalaya. Unpublished doctoral dissertation, Martin Luther
Christian University, Shillong. 
Lyngdoh, F. 2016b. ‘The Kur and Dorbar in the Khasi traditional polity,’ in C. R. Lyngdoh (ed.),
Revisiting traditional and constitutional institutions in the Khasi-Jaintia Hills. Newcastle upon
Tyne: Cambridge Scholars Publishing, pp. 21–37. 
Lyngdoh, H. 1952. Ki Syiem Khasi bad Synteng (translated in English, The Khasi and Jaiñtia
Syiems). Shillong: Ri Khasi Press. 
Moroni, S. 2018. ‘Individual motivations, emergent complexity and the just city: is egoism one of
the main problems of contemporary social-spatial realities, and altruism the principal antidote?’
Cities 75, 81–89. 
MoUD. 2006. Report of the working group on urban development (excluding urban transport),
urban water supply and sanitation (including low cost sanitation, sewerage, and solid waste
management) and urban environment for eleventh five-year plan (2007–2012). New Delhi:
Government of India. 
Mukhim, P. 2012. ‘Traditional institutions: anachronistic and incongruous,’ The Shillong Times,
April 20. 
Nongkynrih, A. K. 2002. Khasi society of Meghalaya: a sociological understanding. New Delhi:
Indus Publishing Company. 
Nongkynrih, P. K. 2015. ‘Governance and food security: a study of the working of public
distribution system in the East Khasi hills district of Meghalaya,’ IOSR Journal of Humanities
and Social Science 2(7), 41–46. 
Pagan, P. 2009. ‘Laws, customs and rules: identifying the characteristics of successful water
institutions,’ in L. Crase and V. P. Gandhi (eds.), Reforming institutions in water resource
management: policy and performance for sustainable development. London: Earthscan, pp.
20–44. 
Pareja-Eastaway, M., Elsinga, M., O'Mahony, L. F., Eng, O. S., Wachter, S. and Lovell, H. 2012.
‘Social sustainability,’ in S. J. Smith (ed.), International encyclopedia of housing and home.
Oxford: Elsevier, pp. 502–505. 
Perry, B. and Atherton, M. 2017. ‘Beyond critique: the value of co-production in realising just
cities?’ Local Environment 22, 36–51. 
PHED. 2008. DPR on greater Shillong water supply project (Phase III). Shillong: Government of
Meghalaya. 
Rani, A. W. 2016. ‘Traditional institutions and urban governance in Meghalaya with special
reference to Shillong city,’ in C. R. Lyngdoh (ed.), Revisiting traditional and constitutional
institutions in the Khasi-Jaintia hills. Cambridge upon Tyne: Cambridge Scholars Publishing, pp.



112–124. 
Rao, G. M., Bhasin, A., Barua, A., Anand, M., Pandey, R. and Srinivasan, R. 2013. A vision
document for the state of Meghalaya 2030. New Delhi: National Institute of Public Finance and
Policy. 
Ribot, J. C. 2004. Waiting for democracy: the politics of choice in natural resource
decentralization. Washington: World Resources Institute. 
Rusca, M. and Schwartz, K. 2014. ‘Going with the grain’: accommodating local institutions in
water governance,’ Current Opinion in Environmental Sustainability 11, 34–38. 
Shaban, A. and Sharma, R. N. 2007. ‘Water consumption patterns in domestic households in
major cities,’ Economic and Political Weekly 42(23), 2190–2197. 
Shabong, L. 2015. ‘Meghalaya springs protection initiatives,’ in International conference on
water resource management in the eastern Himalayan region. Shillong: St. Anthony’s College. 
Simmel, G. 2002. ‘The metropolis and mental life,’ in G. Bridge and S. Watson (eds.), The
Blackwell city reader. Malden: Wiley-Blackwell, pp. 11–19. 
Stein, C., Ernston, H. and Barron, J. 2011. ‘A social network approach to analyzing water
governance: the case of the Mkindo catchment, Tanzania,’ Physics and Chemistry of the Earth
36, 1085–1092. 
Syiemlieh, D. R. 1989. British administration in Meghalaya: policy and pattern. New Delhi:
Heritage Publishers. 
Syiemlieh, D.R. 2006. ‘Traditional institutions of governance in the hills of North East India: the
Khasi experience,’ Man and Environment III, 117–137. 
Tiwari, P. and Gulati, M. 2011. ‘Efficiency of urban water supply utilities in India,’ Water
Resources Development 27(2), 361–374. 
Tucker, C. M. 2014. ‘Creating equitable water institutions on disputed land: a Honduran case
study,’ Water International 39(2), 216–232. 
Vo, P. L. 2007. ‘Urbanization and water management in Ho Chi Minh city Vietnam issues,
challenges and perspectives,’ Geo Journal 70(1), 75–89. 
War, J. 1998. ‘Panchayati Raj and traditional Khasi institutions: a comparison in power,’ in M. N.
Karna, L. S. Gassah and C. J. Thomas (eds.), Power to people in Meghalaya. New Delhi:
Regency Publications, pp. 69–82. 
Weber, M. 1968. Economy and society: an outline of interpretative sociology. New York:
Bedminster Press. 
Wirth, L. 1938. ‘Urbanism as a way of life,’ The American Journal of Sociology 44(1), 1–24. 

 
Governance and human security issues in northeast India 
Ahmed, Saied Nasar Abu. 2008. Fundamentalism in Bangladesh: Its Impact on India. New
Delhi: Akansha. 
Aitchison, C. U. 1892. A Collection of Treaties, Engagements and Sanads Relating to India and
the Neighbouring Countries, Volume 1 (3rd edition). Calcutta: Government of India, Central
Publication Branch. 
Akoijam, A. Bimol and T. Tarunkumar. 2005. ‘Armed Forces (Special Powers) Act 1958:
Disguised War and Its Subversions’, Eastern Quarterly, 3(1): 5–19. 
Anderson, Benedict. 1983. Imagined Communities: Reflections on the Origin and Spread of
Nationalism. London: Verso. 
Bajpai, Kanti P. 2002. Roots of Terrorism. New Delhi: Penguin. 
Bajpai, Kanti P. 2004. ‘An Expression of Threats versus Capabilities across Time and Space’,
Security Dialogue, 35(3): 360–361. 
Baruah, Sanjib. 2005. Durable Disorder: Understanding the Politics of Northeast India. New
Delhi: Oxford University Press. 
Bezbaruah, Madan P. 1996. ‘Cultural Sub-Nationalism in India’s North East: An Overview’, in
Mitra, Subrata K. and Alison R. Lewis (eds.), Subnational Movements in South Asia, pp.
172–190. Oxford: Westview Press. 
Bhaumik, Subir. 1996. Insurgent Crossfire. New Delhi: Lancer Publishers.



Bhaumik, Subir. 2005. ‘Guns, Drugs and Rebels’, Seminar, 550: 40–44. 
Bhaumik, Subir. 2006. ‘Politics of Sanctuary, Indian Rebel Bases in Bangladesh’, in Saikia,
Jaideep (ed.), Bangladesh Treading the Taliban Trail, pp. 186–206. New Delhi: Vision Books. 
Bhaumik, Subir. 2007. ‘Insurgencies in India’s Northeast: Conflict, Co-Option and Change’,
East-West Center, Working Paper No. 10, East-West Center, Washington, DC. 
Bhaumik, Subir. 2010. Troubled Periphery: Crisis of India’s North East. New Delhi: Sage
Publications. 
Biswas, Prasanjit. 2002. ‘Nations from Below and Rebel Consciousness: The “New Subaltern”
Emergence in North East India’, in Dhamala, R. R. and Sukalpa Bhattacharjee (eds.), Human
Rights and Insurgency: The NorthEast India, pp. 142–153. New Delhi: Shipra Publications. 
Booth, K. 2005. Critical Security Studies and World Politics. London: Lynne Rienner. 
Brown, Michael. 1997. Nationalism and Ethnic Conflict. Cambridge, MA: MIT Press. 
Byman, Daniel. 1998. ‘The Logic of Ethnic Terrorism’, Studies in Conflict and Terrorism, 21(2):
149–168. 
Chadha, Vivek. 2005. Low Intensity Conflicts in India: An Analysis. New Delhi: Sage
Publications. 
Chakravarty, P. C. 1971. The Evolution of India’s Northern Borders. London: Asia Publishing
House. 
Chaube, S. K. 1999. Hill Politics in North East India. Hyderabad: Orient Longman. 
Chenoy, Anuradha M. and Kamal A. Mitra Chenoy. 2010. Maoist and Other Armed Conflicts.
New Delhi: Penguin. 
Dahiya, Rumel and Ashok Behuria. 2012. India’s Neighbourhood: Challenges in the Next Two
Decades. New Delhi: Pentagon Security International. 
Das, Gurudas. 1998. “Limits to Economic Development of North Eastern Region: An Analysis of
Contradictions between Economic Goals and Social Choices” in B. Dutta Ray and Prabin
Baishya (eds.), Sociological Constraints to Industrial Development in North East India New
Delhi: Concept Publishing Company. 
Das, Gurudas. 2012. Security and Development in India’s Northeast. New Delhi: Oxford
University Press. 
Das, Pushpita and Namrata Goswami. 2008. India’s North East: New Vistas for Peace. New
Delhi: Manas. 
Datta, Sreeradha. 2012. ‘Bangladesh. Illegal Migration and Challenges for India’, in Dahiya,
Rumel and Ashok Behuria (eds.), India’s Neighbourhood: Challenges in the Next Two Decades,
pp. 19–34. New Delhi: Pentagon Security International. 
Dev, Rajesh. 2007. ‘Negotiating Diversities through Institutional Strategies’, Eastern Quarterly,
4(1): 36–45. 
Dreze, Jean and Amartya Sen. 1977. Indian Development: Selected Regional Perspectives.
New Delhi: Oxford University Press. 
Dreze, Jean and Amartya Sen. 1995. India: Economic Development and Social Opportunity.
New Delhi: Oxford University Press. 
Ghosh, Partha S. 2004. Unwanted and Uprooted: A Political Study of Migrants, Refugees,
Stateless and Displaced of South Asia. New Delhi: Samskriti. 
Ghosh, Partha S. 2005. ‘Conservative Ascendancy in Bangladesh’, South Asian Survey, 12(2):
247–265. 
Gill, K. P. S. 2001. Terror and Containment Perspectives of India’s Internal Security. New Delhi:
Gyan Publishing House. 
Goswami, A. 2002. Traditional Self-Governing Institutions among Hill Tribes of North-East India.
New Delhi: Akansha. 
Gurr, Ted R. 1970. Why Men Rebel. Princeton, NJ: Princeton University Press. 
Hazarika, Sanjoy. 1995. Strangers of the Mist: Tales of War and Peace from India’s Northeast.
New Delhi: Penguin Books. 
Hazarika, Sanjoy. 2000. Rites of Passage: Border Crossings, Imagined Homelands, India’s East
and Bangladesh. New Delhi: Penguin Books. 
Hazarika, Sanjoy. 2011. ‘This Is Our Land’: Ethnic Violence and Internal Displacement in North-
East India. Geneva: Norwegian Refugee Council. 
Internal Displacement Monitoring Centre (IDMC) (2006). India: A Profile of the Internal
Displacement Situation. Geneva: Norwegian Refugee Council.



Kaldor, Mary. 1999a. From New and Old Wars. Stanford: Stanford University Press. 
Kaldor, Mary. 1999b. Organized Violence in a Global Era. Cambridge: Polity Press. 
Kurian, Nimmi. 2009. ‘Multi-Level Governance in Resource Peripheries: prospects for Northeast
India’, Working Paper, SIID-04/2009, Centre for Policy Research, New Delhi. 
Marwah, Ved. 1995. Uncivil Wars: Pathology of Terrorism in India. New Delhi: Harper Collins. 
McSweeney, B. 1999. Security, Identity and Interests: A Sociology of International Relations.
Cambridge: Cambridge University Press. 
Ramesh, Jairam. 2005. ‘Northeast India in a New Asia’, Seminar, 550(June): 17–21. 
Sahni, Ajai and J. George. 2001. ‘Security and Development in India’s North East: An
Alternative Perspective’, in Gill, K. P. S. (ed.), Terror and Containment Perspectives of India’s
Internal Security. New Delhi: Gyan Publishing House. 
Saikia, Jaideep. 2004. Terror sans Frontiers: Islamic Militancy in North East India. New Delhi:
Vision Books. 
Saikia, Jaideep. 2006. Bangladesh Treading the Taliban Trail. New Delhi: Vision Books. 
Sen, Amartya. 1981. Poverty and Famines: An Essay on Entitlement and Deprivation. Oxford:
Clarendon Press. 
Sen, Amartya. 1999. Development as Freedom. New Delhi: Oxford University Press. 
Sen, Amartya. 2001. ‘Global Inequality and Persistent Conflicts’, Paper presented at the Nobel
Peace Prize Symposium, Oslo. 
Sen, Amartya. 2002. ‘Basic Education and Human Security’, Report of the Kolkata Meeting in
Commission on Human Security, compiled by Centre for Social Development Studies, Faculty
of Political Science, Chulalongkorn University, Bangkok. 
Tilly, Charles. 1978. From Mobilization to Revolution. New York: Random House. 
Tschirgi, Necla, Michael S. Lund and Francesco Mancini. 2010. Security and Development:
Searching for Critical Connections. Boulder, CO: Lynne Rienner. 
United Nations Development Programme. 1990–2012. Human Development Reports. New
York: Oxford University Press. 
Upadhyay, Archana. 2009. India’s Fragile Borderlands: The Dynamics of Terrorism in North
East India. London: I.B. Tauris. 
Verghese, B. G. 1996. India’s Northeast Resurgent: Ethnicity, Insurgency, Governance,
Development. New Delhi: Konark Publishers. 
Verghese, B. G. 2001. Reorienting India: The New Geo-Politics of Asia. New Delhi: Konark
Publishers. 
Verghese, B. G. 2004. ‘Borders Matter More Than Boundaries: From the North-East Looking
Out’, Man and Society: A Journal of North East Studies, 1(1): 15–23. 
Waever, O. 1995. ‘Securitization and Desecuritization’, in Lipschutz, R. D. (ed.), On Security,
pp. 46–87. New York: Columbia University Press. 
South Asia Terrorism portal, (n.d.) available at www.satp.org. 

 
Security and Development 
Aiyar, Mani Shankar. 2008. ‘Inaugural Address’, Special Issue on ‘Conference on the North-
Eastern Region of India: Constraints and Opportunities for Development, Journal of
Management, 37(2): 4–22. 
Alagappa, Muthiah (ed.). 1998. Asian Security Practice: Material and Ideational Influence.
California: Stanford University Press. 
Bajpai, Kanti. 1998. ‘India: Modified Structuralism’, in Muthiah Alagappa (ed.), Asian Security
Practice: Material and Ideational Influences. California: Stanford University Press. 
Buzan, Barry. 1991. People, State and Fear: An Agenda for International Security Studies in the
Post-Cold War Era. Boulder: L. Rienner. 
Buzan, Barry and Ole Waever. 2003. Regions and Power: The Structure of International
Security. Cambridge: Cambridge University Press. 
Collier, Paul and Anke Hoeffler. 1998. ‘On Economic Causes of Civil War,’ Oxford Economic
Papers, 50(4): 563–573.



Collier, Paul and Anke Hoeffler. 2002. Greed and Grievance in Civil War. Washington, DC: The
World Bank. 
Collier, Paul and Nicholas Sambanis. 2005. Understanding Civil War (Volume 1: Africa):
Evidence and Analysis. Washington, DC: The World Bank. 
Datta, B. B. 2005. ‘Contours of National Security Threat and Threat Perceptions in India’, in S.
K. Agnihotri and B. Datta Ray (eds.), Perspective of Security and Development in North East
India. New Delhi: Concept Publishing Company. 
Dreze, Jean and Amartya Sen. 2002. India Development and Participation. New Delhi: Oxford
University Press. 
Duffield, Mark. 2005. ‘Human Security: Linking Development and Security in an Age of Terror’,
Department of Politics and International Relations, Lancaster University,
http://eadi.org/gc2005/confweb/papersps/Mark_Duffield.pdf (accessed 20 March 2009). 
Dutta, P. C. 2005. ‘Problems of Ethnicity and Security in North East India’, in S. K. Agnihotri and
B. Datta Ray (eds.), Perspective of Security and Development in North East India. New Delhi:
Concept Publishing Company. 
Hindustan Times. 2008. ‘Illegal Bangladeshi Migrants Issue Haunts India’, 2 November. 
Internal Displacement Monitoring Centre (IDMC). 2011. ‘This is Our Land: Ethnic Violence and
Internal Displacement in Northeast India’, Country Report, Norwegian Refugee Council, IDMC,
Geneva. 
Kaufmann, Daniel. 2004. ‘Corruption, Governance and Security: Challenges for the Rich
Countries and the World’, in the Global Competitiveness Report 2004/2005.
http://ssrn.com/abstract=60580 (accessed 2 January 2009). 
Kaufmann, Daniel and A. Kraay. 2002. ‘Growth without Governance’, World Bank Policy
Research Working Paper 2928, The World Bank, Washington, DC. 
Kaufmann, Daniel, A. Kraay and M. Mastruzzi. 2003. ‘Governance Matters III: Governance
Indicators for 1996–2002’, World Bank Policy Research Working Paper 3106, The World Bank,
Washington, DC. 
Kimmerling, Baruch. 2008. Clash of Identities: Exploring in Israeli and Palestinian Societies.
New York: Columbia University Press. 
Kumar, B. B. 2005. ‘Perspective of Security and Development in the North Eastern Region’, in
S. K. Agnihotri and B. Datta Ray (eds.), Perspective of Security and Development in North East
India. New Delhi: Concept Publishing Company. 
Little, Ian. 1977. ‘Development Economics’, in A. Bullock, O. Stallybrass, and S. Trombley
(eds.), The Fontana Dictionary of Modern Thought, 2nd ed. London: Fontana Press. 
Manwaring, Max G. 1998. ‘Security of the Western Hemisphere: International Terrorism and
Organized Crime’, National Defense University, Institute for National Strategic Studies,
Washington, DC. http://www.ndu.edu/inss/strforum/SF137/forum137.html (accessed 25
February 2009). 
Miri, Mrinal. 2007. ‘Two Views of the North-East’, in B. B. Kumar (ed.), Problems of Ethnicity in
the North-East India. New Delhi: Concept Publishing Company. 
Multimer, David. 1999. ‘Beyond Strategy: Critical Thinking and the New Security’, in Craig A.
Snyder (ed.), Contemporary Security and Strategy. London: Macmillan. 
Ogata, Sadako and Amartya Sen. 2003. Human Security Now: Protecting and Empowering
People. New York: Commission on Human Security.
http://www.humansecuritychs.org/finalreport/English/FinalReport.pdf (accessed 10 May 2009). 
Organisation for Economic Co-operation and Development (OECD). 2012. ‘Nobel Laureate
Prof. Joseph Stiglitz Emphasises Need for Alternative Measure of Well Being at 4th OECD
World Forum’, 17 October. http://www.oecd.org/site/worldforumindia/OECD-Day%202-
Press%20release-2.pdf (accessed 30 November 2012). 
Planning Commission. 2012. Press Note on Poverty Estimates, 2009–10. New Delhi: Planning
Commission, Government of India. 
Rich, David Z. 2010. The Economic Theory of Growth and Development. New Delhi: Rawat
Publications. 
Schultz, T. W. 1972. Human Resource: Human Capital, Policy Issue and Research
Opportunities. New York: National Bureau of Economic Research. 
Schwab, Kiaus. 2006. ‘Newsweek December 2005’, in Rahul Bhonsle (ed.), India: Security
Scope 2006: The New Great Game. Delhi: Kalpaz Publication.



Sen, Amartya. 1999. Development as Freedom. Oxford: Oxford University Press. 
Sinha, A. C. 2005. ‘Security for Whom? Human or the National? A Plea for Comprehensive
Security in India’, in S. K. Agnihotri and B. Datta Ray (eds.), Perspective of Security and
Development in North East India. New Delhi: Concept Publishing Company. 
Stewart, Frances. 2004. ‘Development and Security’, Working Paper No. 3, Centre for Research
on Inequality, Human Security and Ethnicity, CRISE, University of Oxford.
http://www.crise.ox.ac.uk/pubs/work-ingpaper3.pdf (accessed 5 February 2009). 
Thakur, Ramesh. 2001. ‘Security in the New Millennium’, in M. L. Sondhi and K. G. Tyagi (eds.),
Asia-Pacific Security Globalisation and Development. New Delhi: Manas Publications. 
Treverton, Gregory F. and Robert Klitgaard. 2005. ‘Enhancing Security through Development:
Probing Connection’, World Bank Annual Conference on Development Economics, 23–24 May,
The Netherlands. 
Tschirgi, Necla. 2005. ‘Security and Development Policies: Untangling the Relationship’, paper
prepared for the European Association of Development Research and Training Institute’s
Conference, International Peace Academy, Bonn. http://www.gsdrc.org/docs/open/CC108.pdf
(accessed 20 April 2009). 
United Nations Development Programme (UNDP). 1994. Human Development Report.
http://hdr.undp.org/en/media/hdr_1994_en_chap2.pdf (accessed 6 May 2009). 
Verghese, B.G. 1996. India’s Northeast Resurgent: Ethnicity, Insurgency, Governance,
Development. New Delhi: Konark Publishers. 

 
India–Myanmar borderland 
“4 Northeastern States Have Highest Death Rates Due to Malaria.” (2017). Fact Checker,
November 8, http://factchecker.in/4-northeastern-states-have-highest-death-rates-due-to-
malaria/ (accessed June 20, 2018). 
Ahanthem, Chitra (2010). “Sanitized Societies and Dangerous Interlopers I: Women of a Border
Town: Moreh.” In Endangered Lives on the Border: Women in the Northeast. Mahanir-ban
Calcutta Research Group, pp. 17–29. 
Banerjee, Paula (2010). “Mobile Diseases and the Border.” In Borders, Histories, Existences:
Gender and Beyond. New Delhi: Sage Publications, pp. 160–192. 
Basavapatna, Sahana (2010). “Sanitized Society and Dangerous Interlopers II: Law and the
Chins in Mizoram.” In Endangered Lives on the Border: Women in the Northeast. Mahanirban
Calcutta Research Group, pp. 17–29. 
Chouvey, Pierre Arnaud (2013). “Drug Trafficking in and Out of the Golden Triangle.” In An
Atlas of Trafficking in South-East Asia, edited by Pierre Arnaud Chouveyed. London and New
York: IB Tauris. 
“Drug Abuse Killed 65 in Mizoram in 2017.” (2018). Business Standard, January 15,
www.business-standard.com/article/news-ians/drug-abuse-killed-65-in-mizoram-in-2017-
118011500365_1.html (accessed June 20, 2018). 
Fernandez, Walter (2014). “Relations Between Divided Tribes: NE India and Western
Myanmar.” Conference Report on Look East Policy India and Myanmar Pitching for Greater
Connectivity, Institute of Social Sciences, Burma Centre Delhi, New Delhi, August 4,
https://in.boell.org/sites/default/files/report_-_look_east_policy_1.pdf (accessed June 14, 2018). 
“Free Hepatitis C Treatment Facility in Mnp.” (2017). Nagaland Post, May 13,
www.nagalandpost.com/ChannelNews/Regional/RegionalNews.aspx?news=TkVXUzEwMDExN
DQxMA%3D%3D (accessed June 20, 2018). 
Goswami, Namrata (2014). “Drugs and the Golden Triangle: Renewed Concerns for Northeast
India” ID SA Comment, February 10,
http://idsa.in/idsacomments/DrugsandtheGoldenTriangle_ngoswami_100214 (accessed June
20, 2018). 
Gushulak, Brian D. and Douglas W MacPherson (2003). “Population Mobility and Infectious
Diseases: The Diminishing Impact of Classical Infectious Diseases and New Approaches for the
21st Century” Clinical Infectious Diseases 31 (3) (September): 776–780. 
Kent, George (2017). “When Burma and India Went Their Separate Ways” Frontier Myanmar,
September 5, https://frontiermyanmar.net/en/when-burma-and-india-went-their-separate-ways



(accessed May 18, 2018). 
Kipgen, Jennifer (2012). “Utilization Patterns of Health Services by Widows Living with
HIV/AIDS: A Study in Manipur” Unpublished PhD diss., School of Social Work, Tata Institute of
Social Sciences. 
Kramer, Tom, et al. (2014). “Bouncing Back: Relapse in the Golden Triangle” Transnational
Institute, June, www.tni.org/files/download/tni-2014-bouncingback-web-klein.pdf. 
Levesque, Julien and Mirza Zulfiqar Rehman (2008). “Tension in the Rolling Hills: Burmese
Population and Border Trade in Mizoram.” IPCS Research Papers, April. 
Malhotra, Brigadier V. P. (Retd.). (2011). Terrorism and Counter Terrorism in South Asia and
India. New Delhi: Vij Books India Pvt. Ltd., p. 90. 
Ministry of External Affairs. Government of India (2017). (2013) “Q NO.2165 Indo-Myanmar
Border Dispute” Unstarred Question No. 2165 Raised at Lok Sabha, Media Center, New Delhi,
December 18, http://mea.gov.in/lok-
sabha.htm?dtl/22666/Q+NO2165+INDOMYANMAR+BORDER+DISPUTE (accessed 20 June
2018). 
Ministry of External Affairs. Government of India. “India-Myanmar Joint Statement Issued on the
Occasion of the State Visit of Prime Minister of India to Myanmar (September 5–7, 2017)” New
Delhi, September 6, www.mea.gov.in/bilateral-
documents.htm?dtl/28924/IndiaMyanmar+Joint+Statement+issued+on+the+occasion+of+the+S
tate+Visit+of+Prime+Minister+of+India+to+Myanmar+September+57+2017 (accessed June 20,
2018). 
Myanmar Health Care System (2014). “Health in Myanmar.” Ministry of Health and Sports. The
Republic of the Union of Myanmar. 
“Myanmar Puts Off Border Pact with India.” (2018). The Hindu, March 4,
www.thehindu.com/news/national/myanmar-puts-off-border-pact-with-india/article22925706.ece
(accessed June 16, 2018). 
National AIDS Control Organisation (NACO) (2017). “Annual Report (2016–17)” Chapter 24,
Government of India, New Delhi, pp. 339–340,
http://naco.gov.in/sites/default/files/NACO%20ANNUAL%20REPORT%202016-17.pdf
(accessed 15 May, 2018). 
National Strategic Plan on HIV and AIDS, Myanmar 2016-2020 (2016). Department of Public
Health, Ministry of Health and Sports, Myanmar, The Republic of the Union of Myanmar,
www.aidsdatahub.org/sites/default/files/highlight-
reference/document/Myanmar_National_Strategic_Plan_on_HIV_and_AIDS_2016-2020.pdf
(accessed June 20, 2018). 
“Security Beefed Up Along Mizoram-Myanmar Border to Check Entry of Rohingya Muslims.”
(2017). The Hindustan Times, September 19, www.hindustantimes.com/india-news/security-
beefed-up-along-mizoram-myanmar-border-to-check-entry-of-rohingya-muslims/story-
5Pho2YryZpDhsNsD4gP9AK.html (accessed June 20, 2018). 
Singh, Moirangmayum Sanjeev and Rajkumar Meiraba Singh (2014). “Cross Border Crime and
Its Impact in Manipur, India” International Journal of Interdisciplinary and Multidisciplinary
Studies (IJIMS) 1 (5): 161–165. www.ijims.com/uploads/6123c4cd506070e2d8bazppd_575.pdf
(accessed June 20, 2018). 
Stover, Eric, et al. (2007). “The Gathering Storm: Infectious Diseases and Human Rights in
Burma.” Human Rights Center. University of California, Berkeley and Center for Public Health
and Human Rights and Johns Hopkins Bloomberg School of Public Health, July,
www.jhsph.edu/research/centers-and-institutes/center-for-public-health-and-human-
rights/_pdf/GatheringStorm.pdf (accessed June 15, 2018). 
Strategic Information and M& E Working Group (2010). “HIV Estimates and Projections, Asian
Epidemiological Model, Myanmar 2010-2015.” National AIDS Programme, Myanmar,
www.aidsdatahub.org/sites/default/files/documents/Myanmar_HIV_Estimates_2010-2015.pdf
(accessed June 20, 2018). 
“TB India 2015: Annual Status Report.” Government of India,
www.tbcindia.nic.in/showfile.php?lid=3166 (accessed June 20, 2018). 
UNAIDS (2014). “Gap Report.” United Nations HIV/AIDS Work across Borders,
www.oxfam.org/files/manipur.pdf. 
UNAIDS (2017). “HIV and AIDS Estimates, Country Factsheets, Myanmar 2017.”
www.unaids.oporg/en/regionscountries/countries/myanmar.



“‘We Are Like Forgotten People’ The Chin People of Burma: Unsafe in Burma, Unprotected in
India.” (2009). Human Watch,
www.hrw.org/sites/default/files/reports/burma0109webwcover_0.pdf (accessed June 20, 2018). 

 
Look east policy and the continental route 
Bin, Xiong and Shuhui Wen. 2009. ‘Towards a Better Understanding of the Political Economy of
Regional Integration in the GMS: Stakeholder Coordination and Consultation for Subregional
Trade Facilitation in China.’ GMS Discussion Paper Series 7. 
‘India Expands Strategic Ties with ASEAN’. 2012. The Times of India,
http://timesofindia.indiatimes.com/india/IndiaexpandsstrategictieswithAsean/articleshow/177002
79.cms (accessed on 18 February 2015). 
Ismail, Hossain M. and Rahman, Md. Habibur. 2008. ‘Bangladesh–NEI Trade: Can There Be a
Better Future?’ in Gurudas Das and C. J. Thomas. (eds), Indo–Bangladesh Border Trade:
Benefitting from Neighbourhood, pp. 45–65. New Delhi: Akansha Publishing House. 
North Eastern Region: Vision 2020, Vol. II. 2008. New Delhi: Ministry of Development of North
Eastern Region. 
Paasi, Anssi. 2009. “The Resurgence of the ‘Region’ and ‘Regional Identity’: Theoretical
Perspectives and Empirical Observations on Regional Dynamics in Europe.” Review of
International Studies, vol. 35, pp. 121–146. JSTOR, http://www.jstor.org 

 
Frontier towns in the spatial dynamics of trade, capital and conflict 
Bose, Pratim Ranjan. “The Reality Behind Mizoram’s Trade Hotspot.” The Hindu, July 1, 2015.
Accessed April 28, 2017. www.thehindubusinessline.com/economy/the-reality-behind-
mizorams-trade-hotspot/article7375439.ece. 
Government of India. “Kaladan Multi-Modal Transit Transport Project.” Ministry of Development
of North Eastern Region, North East India (2014): 1/5–4/5. Accessed April 22, 2017.
www.researchgate.net/profile/Myo_Myanmar/publication/324007267_KALADAN_MULTI-
MODEL_TRANSIT_TRANSPORT_PROJECT/links/5ab8bbf2a6fdcc46d3b89b4f/KALADAN-
MULTI-MODEL-TRANSIT-TRANSPORT-PROJECT.pdf. 
Government of India. Brief Status of Land Customs Station, Zokawthar. New Delhi: Department
of Commerce, Ministry of Commerce and Industry, 2017. 
Government of Mizoram. Statistical Handbook, Mizoram. Mizoram: Directorate of Economics &
Statistics, 2014. 
Government of Mizoram. Citizen’s Charter. Champhai: Office of the Deputy Commissioner,
Champhai District, 2015. 
Government of Myanmar. Population and Housing Census of Myanmar, 2014: Provisional
Results, Census Report, vol. 1, pp. 6–36. Naypyidaw: Ministry of Immigration and Population,
Government of Myanmar, 2014. Accessed April 20, 2017.
http://data.unhcr.org/thailand/download.php?id=319. 
Government of Myanmar. Population. The 2014 Myanmar Population and Housing Census: The
Union Report, Census Report Volume 2. Department of Population, Ministry of Immigration and
Population, 2015. Accessed April 19, 2017.
https://data.unhcr.org/thailand/download.php?id=421. 
Mrázek R. 2002. Engineers of Happy Land: Technology and Nationalism in a Colony. Princeton,
NJ: Princeton University Press. 
Nag, Sajal. “Disciplining Villages and Restoring Peace in the Countryside.” In Government of
Peace: Social Governance, Security and the Problematic of Peace, edited by Ranabir
Samaddar, 57–79. Surrey: Ashgate Publishing Limited, 2015. 
Pachuau, Joy L.K. Being Mizo: Identity and Belonging in the North-East. New Delhi: Oxford
University Press, 2014. 
Reserve Bank of India. Barter Trade with Myanmar Under the IndoMyanmar Border Trade
Agreement, A.P. (DIR Series) Circular no. 17. Mumbai: Reserve Bank of India, 2000. Accessed



April 21, 2017. https://rbidocs.rbi.org.in/rdocs/notification/PDFs/16267.pdf. 
Roy, Bhaskar. “China’s Extra-Territorial Ambitions Are No Longer Growing – They Are
Galloping!” Indian Defence News, May 1, 2017. Accessed May 20, 2017.
www.defencenews.in/article/China%E2%80%99s-Extra-Territorial-Ambitions-are-no-longer-
growing-%E2%80%93-they-are-galloping!-251887. 
Songate, Paul Songhaulal. “Chapter 1: Introduction.” In Indo Myanmar Border Trade: The Study
of Socio-Cultural and Political Dynamics in Mizoram, 15. PhD diss. Mizoram University, 2010.
Accessed April 22, 2017. http://shodhganga.inflibnet.ac.in/handle/10603/120476. 
Srinivasan, P.V. “Regional Cooperation and Integration Through CrossBorder Infrastructure
Development in South Asia: Impact on Poverty.” Asian Development Bank. South Asia Working
Paper Series no. 14 (2012): 4–15. Accessed April 20, 2017.
www.adb.org/sites/default/files/publication/30065/regional-cooperation-integration-south-
asia.pdf. 
Wilson, T. M., & Donnan, H. (Eds.). 1998. Border identities: Nation and state at international
frontiers. Cambridge University Press. 
Wu, Chung-Tong. “Cross Border Development in Europe and Asia.” Geo-Journal 44, no. 3
(1998): 189. Accessed April 18, 2017.
https://link.springer.com/article/10.1023/A:1006817406579. 

 
Educational disparities in northeast India 
Government of India. (1971) Census of India (1971) Series 24, Part II B. New Delhi: Office of
the Registrar General, India. 
Government of India. (1981) Census of India (1981) Series 24 New Delhi: Office of the
Registrar General, India. 
Government of India. (1991) Census of India (1991) New Delhi: Office of the Registrar General,
India. 
Government of Arunachal Pradesh. 2006. Arunachal Pradesh Human Development Report
2005. Itanagar: Government of Arunachal Pradesh. 
Government of India. (2001) Population Census of India 2001, General Population Tables.
Available at http://www.censusindia.gov.in/Tables_Published/A-Series/A-
Series_links/t_00_006.aspx. Accessed on 14 April 2016. 
Government of India. 2011a. Census of India 2011. New Delhi: Government of India. 
Government of India. (2011b) Population Census of India 2011, C-8 Educational Level By Age
and Sex for Population Age 7 and Above. Available at
http://www.censusindia.gov.in/2011census/C-series/C08.html Accessed 14 October 2016. 
Government of India. (2015) Economic Survey 2014-15, Volume II, New Delhi: Department of
Economic Affairs, Ministry of Finance, Government of India. 
Lama, P. Mahendra. 2006. ‘Human Resource Management in the North East Region: Newer
Dimensions and Potential Areas’, Manpower Journal, 41(2): 225–242. 
Ministry of Development of North Eastern Region. 2011. Human Development Report of North
East States. New Delhi: Government of India. 
Ministry of Development of North Eastern Region and North Eastern Council. 2008. North
Eastern Region Vision 2020. New Delhi: Ministry of Development of North Eastern Region. 
Ministry of Human Resource Development Bureau of Planning, Monitoring and Statistics. 2012.
Educational Statistics at a Glance. New Delhi: Government of India. 
National University of Educational Planning and Administration. 2009. Elementary Education in
India: Progress towards UEE. New Delhi: NUEPA. 
National University of Educational Planning and Administration. 2013a. Elementary Education in
India: Progress towards UEE. New Delhi: NUEPA. 
National University of Educational Planning and Administration. 2013b. Elementary Education in
India: Where Do We Stand? Analytical Reports 2011–12. New Delhi: NUEPA. 
National University of Educational Planning and Administration. 2016a. Elementary Education in
India: Progress towards UEE. New Delhi: NUEPA. 
National University of Educational Planning and Administration. 2016b. Elementary Education in
India: Where Do We Stand? Analytical Reports 2014–15. New Delhi: NUEPA.



National University of Educational Planning and Administration. 2016c. School Education in
India: U-DISE 2014–15. New Delhi: NUEPA. 
Planning Commission. 2002. The National Human Development Report: 2001. New Delhi:
Planning Commission, Government of India. 
Planning Commission and Institute of Applied Manpower Research. 2011. India Human
Development Report: 2011. New Delhi: Government of India, Oxford University Press. 
Sen, A. 1985. ‘Well-Being, Agency and Freedom: The Dewey Lectures 1984’, Journal of
Philosophy, 82: 169–221. 
Sen, A. The Standard of Living, Tanner Lectures. 1987. Cambridge: Cambridge University
Press. 
Shimray, U. A. and M. D. Usha. 2009. Trends and Patterns of Migration: Interface with
Education – A Case of the North Eastern Region. Bangalore: Institute for Social and Economic
Change. 
United Nations Development Programme. 1990. Human Development Report. Oxford: Oxford
University Press. 
Upadhyay, Vandana and Deepak K. Mishra. 2009. ‘Human Development’, Arunachal Pradesh
Development Report 2008, Planning Commission, Government of India, pp. 117–134. New
Delhi: Academic Foundation. 

 
School and Society 
Ahmad, Karuna. 1979. ‘Towards a Study of Education and Social Change’, Economic and
Political Weekly, 14 (4): 157–164. 
Apple, M. W. (ed.). 1982. Cultural and Economic Reproduction in Education. London: Routledge
and Kegan Paul. 
Apple, M. W.. (ed.). 2000. The State and the Politics of Knowledge. London: Routledge-Falmer. 
Ball, Stephen (ed.). 2004. The Routledge Falmer Reader in Sociology of Education. London:
Routledge Falmer. 
Baruah, S. 1999. India Against Itself: Assam and the Politics of Nationality. Pennsylvania:
University of Pennsylvania Press. 
Bernstein, Basil. 1977. Class, Codes and Control. vol. III. London: Routledge and Kegan Paul. 
Bernstein, Basil. 1996. Pedagogy, Symbolic Control and Identity: Theory, Research, Critique.
London: Taylor and Francis. 
Béteille, André. 1992. Society and Politics in India: Essays in a Comparative Perspective. New
Delhi: Oxford University Press. 
Béteille, André. 2002. Sociology: Essays on Approach and Method. New Delhi: Oxford
University Press. 
Bhatia, Lakshmi. 2010. ‘Contradiction and Change in the Mizo Church’, in Rowena Robinson
and J. M. Kujur (eds.), Margins of Faith: Dalit and Tribal Christianity in India, 169–184. New
Delhi: Sage Publications. 
Bourdieu, Pierre. 1993. (trans. by T. R. Nice). Sociology in Question. London: Sage
Publications. 
Bourdieu, Pierre and Jean-Claude Passeron. 1990 (1977). Reproduction in Education, Society
and Culture. Book 1. London: Sage Publications. 
Craib, Ian. 1998. Experiencing Identity. London: Sage. 
Deshpande, S. 2004. Contemporary India: A Sociological View. New Delhi: Penguin. 
Dev, Rajesh. 2004. ‘Human Rights, Relativism and Minorities in North-East India’, Economic
and Political Weekly, 39 (43): 4747–4752. 
Downs, F. S. 1983. Christianity in North-East India. Delhi: Indian Society for Promoting Christian
Knowledge. 
Durkheim, Émile. 1961. Moral Education. Glencoe: The Free Press. 
Dworkin, R. 2006. Is Democracy Possible Here? Principles for a New Political Debate.
Princeton: Princeton University Press. 
Fuller, C. J. and V. Benei (ed.). 1999. The Everyday State and Society in India. New Delhi:
Social Science Press.



Geertz, Clifford. 1973. The Interpretation of Cultures. New York: Basic Books. 
Giddens, Anthony. 1991. Modernity and Self-Identity. Cambridge: Polity. 
Government of Mizoram. 1984. Official Report of the Fourth Mizoram Legislative Assembly,
9–10 May. Aizawl: Mizoram Assembly Secretariat. 
Government of Mizoram. 1985. Proceedings of the Fourth Mizoram Legislative Assembly,
March. Aizawl: Mizoram Assembly Secretariat. 
Government of Mizoram. 1989. Mizoram District Gazetteers. Aizawl: Tribal Research Institute. 
Government of Mizoram. 1994. Proceedings of the Emergency Session, Third Mizoram
Legislative Assembly, 26 August. Aizawl: Mizoram Assembly Secretariat. 
Jenkins, R. 1996. Social Identity. London: Routledge. 
Jodhka, S. (ed.). 2001. Communities and Identities: Contemporary Discourses on Culture and
Politics in India. New Delhi: Sage Publications. 
Kabeer, Naila, Geetha B. Nambissan and Ramya Subramanian (eds.). 2003. Child Labour and
the Right to Education in South Asia: Needs vs Rights? New Delhi: Sage Publications. 
Khilnani, S. 1997. The Idea of India. London: Hamish Hamilton. 
Khullar, M. 1990. ‘In Search of Relevant Education’, Sociological Bulletin, 39 (1, 2): 147–166. 
Kumar, Krishna. 1989. Social Character of Learning. New Delhi: Sage Publications. 
Mead, G. H. 1934. Mind, Self and Society. Chicago: Chicago University Press. 
Russell, Bertrand. 1932. Education and the Social Order. London: Allen and Unwin. 
Sahay, K. N. 1977. ‘Tribal Self Image and Identity’, in S. C. Dube (ed.), The Tribal Heritage of
India. Delhi: Vikas. 
Scrase, Timothy J. 1993. Image, Ideology and Inequality: Cultural Domination, Hegemony and
Schooling in India. New Delhi: Sage Publications. 
Shils, E. 1961. The Intellectual between Tradition and Modernity: The Indian Situation. The
Hague: Mouton. 
Skocpol, T. 1979. States and Social Revolutions: A Comparative Analysis of France, Russia
and China. Cambridge: Cambridge University Press. 
Talib, Mohammad. 2003. ‘Educational Provision and National Goals in South Asia: A Review of
Policy and Performance’, in Naila Kabeer, Geetha B. Nambissan and Ramya Subramanian
(eds.), Child Labour and the Right to Education in South Asia: Needs vs Rights? New Delhi:
Sage Publications. 
Weber, Max. 1964. The Theory of Social and Economic Organisation. New York: The Free
Press. 
Williams, Raymond. 1977. Marxism and Literature. London: Oxford University Press. 
Woods, Peter. 1983. Sociology and the School. London: Routledge and Kegan Paul. 
Young, M. F. D. 1971. Knowledge and Control: New Directions for the Sociology of Education.
London: Collier-Macmillan. 

 















































































































Pyonim Lungphi, A. P. Das & Victor Singh Ayam

Part of the book series:World Forests ((WFSE,volume 25))

147 Accesses

Abstract

This chapter depicts considerable information on traditional uses of medicinal plants by Tangsa

tribe in Changlang district of Arunachal Pradesh, India. This is the �rst quantitative ethnobotanical

study from the area. Data were collected by interviewing 64 local informants and 07 traditional

health practitioners from 11 villages of Changlang district. Medicinal uses of 56 species

representing 47 genera and 36 families were documented. Demography of informants; plant habit-

groups, parts used, preparation and application methods and ethnomedicinal uses were

documented. Collected data were analysed using quantitative tools like Fidelity Level (FL), Use
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Value (UV), Informant Consensus Factor (ICF) and Relative Frequency Citation (RFC). Clerodendrum

glandulosum, Curcuma longa, Mikania micrantha, Psidium guajava and Zingiber of�cinale were

recognised as most popular medicinal plants. Recorded ailments were classi�ed into 11 disease

categories based on ICF values. The study reveals the preservation of knowledge on folk medicine by

Tangsas in their folk songs and through oral transfer to their descendants. Quantitative evaluation

shows the high impact of traditional knowledge of Tangsa tribe. However, medium to low values of

some of the data like FL (<50%), UV (<0.5), and RFC (<0.5) in certain species having claims of

curing more than two or three diseases requires further scrutiny through phytochemical

characterization before promoting their wider uses.
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Fear of COVID-19 Significantly 
Affected the Students Mental 

Health: A Review 

Sandeep

ABSTRACT 
The article is based on review of literature and some of the 
earlier studies in this areas. The fear of COVID-19 significantly 
affected the mental health problems all the people’s lives. 
Peoples are facing lot of difficulties during this current time 
and they are dealing with the uncertain time about their career 
and students about their higher education. No doubt, there are 
many factors related to it but fear about COVID-19 is one of 
the major factors which affect the overall mental health of 
students. The article concluded that the emotional adjustment 
and day time sleepiness, depression, stress are some of the 
factor which significantly affect the mental health among the 
students. There was need in the lockdown and undoubtedly 
psychologist played a great role in this pandemic situation. 
Psychological intervention is more important to deal with 
the fear of covid-19 so that the mental health problems can 
be treated appropriately. Based on the review studies, it 
can be concluded that the fear of COVID-19 significantly 
affected the mental health problems among students. There 
are some important psychological factors like Day Time 
Sleepiness, Emotional Adjustment, Depression, Anxiety, and 
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Stress. Therefore, this pandemic situation created a burden 
on the mental health among students. So, the mental health 
awareness and intervention is needed to cure these issues. 
Keyword:- Fear of COVID-19 & Mental Health Problems 

Introduction
(A) Conceptual Background 

This current pandemic situation exhibits the tough time for 
everyone all over the world wide. Many people are suffering 
directly or indirectly with this COVID-19 situation. Initially, 
people are very fearful about its severed impact not only on 
physical health rather on mental health also due to the losses 
of family members and related one. The Fear of COVID-19 is 
significantly impact on the mental health problems particularly 
among students because many challenges related to academic 
and career. This pandemic becomes more serious diseases due 
to listen news about its severe consequences which precipitate 
fear among them and students start over think on the outcomes. 
There are many psychological factors which are related to the 
fear of COVID-19 are mental health problems among students 
such as stress, anxiety, depression, emotional adjustment, sleep 
related problems, and other unknown factors. 

(B) Meaning of Fear of COVID-19

Fear is a kind of adaptive reaction in any dangerous situation. 
It is also learned behaviour because it is observed by the people 
and imitated in terms of learning process. But, when it uncertain 
and for a long time it may become so chronic. Study which focus 
on predictors of fear of COVID-19 done with a sample of 439, 
during the 14 March to 17 March 2020. The results showed that 
uncertainty intolerance, worry, and anxiety related to health, and 
risk for loved ones, social media uses and risks related to loved 
ones (Gaetan Mertens, et al., 2020). There are some researches 
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which focus on the fear related to COVID-19 and its link to the 
mental health problems. Study by Hall et al. (2008) showed that 
during the any pandemic time people may exhibit fear related to 
infection of a particular virus or disease, people also experience 
stress, depression and higher anxiety. Another study, Shete and 
Garkal (2015) reveal medical students reported high level of 
stress. They also conclude the different factors which are related 
to stress; specifically the gender and age are important factors 
which affect the stress levels among students. 

Fear of Covid-19 and Review of Related Studies 
Now-a-days researchers are studying the various aspects of 
COVID-19 and its impact on mental health issues on different 
sample. In this regard, we are mentioning here few of related 
studies here. A recent study that has been conducted on students 
by using Generalized fear of COVID-19 Scale, The Epworth 
Sleepiness Scale (ESS) and Adolescent’s Emotional Adjustment 
Inventory (AEAI). Results showed the fear of COVID-19 
significantly positive related to Day Time Sleepiness (r =.19) 
and Emotional Adjustment (r =.31) among students. Study 
also found fear of COVID-19 (R2 =.09) is most significant 
predicative factor in emotional adjustment among students 
(Panchal & Yadav, 2020). Another recent study, Panchal and 
Kumari (2021) reveal fear of COVID-19 significantly correlated 
with depression and stress among students. Further, the stepwise 
multiple regression analysis showed that fear of COVID-19 is a 
significant predicator of stress among students. Another study 
focused on fear of COVID-19, stress, anxiety, and depression 
during lockdown among undergraduates. Sample included 640 
undergraduates, with age range 18 to 47 years. Results indicated 
high levels of fear related to COVID-19 among female than 
men. The results also showed that depression is predictors of 
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fear related to COVID-19 and it has the both direct and indirect 
relationship with fear related to COVID-19. They concluded and 
highlighted the important aspect of relation among fear, anxiety 
and stress that play an important role in the development of 
depression symptoms (Rodríguez-Hidalgo et al. 2020). In one 
of articles, which focused on impact of COVID-19 on mental 
health issues suggested that psychological issues and important 
effects on stress, depression, frustration and uncertainty about 
the time are the some of psychological factors which affects the 
mental health of the individuals (Serafini, et al. 2020). In another 
study, Octavius, Silviani, Lesmandjaja, Angelina and Juliansen 
(2020) conducted a systematic review to know the COVID-19 
effects and its causal factors, particularly during lockdown time 
in connection with adolescents’ mental health. They incorporated 
that COVID-19 was a potential risk factors for mental health 
issues among adolescents. The adolescents who have chosen 
to reside at their house during this pandemic time reported less 
anxieties and less depression. They also concluded that the 
COVID-19 related mental health problems should be managed 
properly. In another article, Rajabimajd, Alimoradi and Griffiths 
(2021) explored the impact of pandemic on the occupation. The 
collected sample consisted of 1654 respondents from different 
country. They reported that fear of COVID-19 was related to 
high levels of anxiety related to future career, insecurity related 
to job, organizational and professional turnover intentions, and 
low levels of job satisfaction. Syndrome related to COVID-19 
anxiety was correlated to social adjustment and work behaviour. 
The study concluded that more studies should be done in various 
organisation and job so that some fruitful results can be obtained. 
Based on the mentioned studies above it may conclude that 
the fear related to COVID-19 really affected the mental health 
problems of diverse population. 
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Gaps in Researches
Recent times the covid-19 situation creates a burden on the 
students and there are many factors involves due to these 
factors the fear related to COVID 19 may be developed. Since, 
the students are facing a lot of problems and uncertainty about 
their career and also about their higher studies because of their 
multiple issues the pandemic situation that creates burden on 
them. Therefore, the current article was planned to insight on 
the Fear of COVID-19 and its significant effect on mental health 
problems at diverse levels.

Mental Health & Its Relationship with Fear of 
Covid-19 
Mental health can be understood in terms of individuals effective 
adjust towards this pandemic situation. If the person is able to 
deal effectively with the problems and free from the illness. 
There are many factors involve in mental health, it is very 
important aspect of individual life. Some of the studies which are 
related to mental health issues which showed stress, anxiety and 
depression among various national people during this pandemic 
of Covid-19. Particularly, the psychological distress such as 
anxiety, stress, and depression are common mental disorders 
for all the suffering people (Wang et al. 2020). Further, stress, 
depression, and anxiety were also observed common mental 
health problems among people (Leung et al. 2003). Health 
professionals are also at high risk of having the psychological 
distress and chronic stress (McAlonan et al. 2007). Roy et al. 
(2020) revealed higher anxiety among people who are facing this 
pandemic time. More than 80 % of the people were preoccupied 
with the thoughts of COVID-19 and 72 % reported the need 
to use gloves, and sanitizers. The perceived mental healthcare 
need was observed in more than 80 % of participants. There is 
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a need to intensify the awareness and address the mental health 
issues of people during this COVID-19 pandemic. One of the 
recent studies showed effect of the pandemic situation on mental 
health and quality of life among Middle East and North Africa 
(MENA) general population areas. Sample includes 6142 adults, 
sample collected from the eighteen countries within the MENA 
region by using online tools in the months of May and June 
2020. Results indicated thirty percent people reported severe 
levels of psychological stress. Further, forty percent reported 
increased stress related to financial and work related issues. 
The study concluded that COVID-19 pandemic was associated 
with mild psychological impact while it also encouraged some 
positive impact on family support and mental health awareness 
among adults in the MENA region (Al Dhaheri, et al. 2021). 
In a study, Qiu et al. (2020) reported the gender difference on 
the psychological distress. In another important study, Bakioglu, 
Korkmaz and Ercan (2020) found positive correlated factors with 
the fear of COVID-19, the factors are, intolerance of uncertainty, 
depression, anxiety, and stress. Moreover, they also found 
negative relationship between fear of COVID-19 and positivity. 
They concluded that there was a mediating role of intolerance 
of uncertainty, depression, anxiety, and stress in the relationship 
between the fear of COVID-19 and positivity. Eliminated the 
uncertainty from the fear of COVID-19 will lead to the reducing 
depression, anxiety and stress, and increasing positivity. 

There are many researches related to mental health 
problems among students, more specifically the depression, 
stress and anxiety. There are also some causal factors for these 
problems like social, psychological and bio-logical. Studies 
related to stress and depression in relation to fear of covid-19 
conducted by Shahid, et al. (2020), females reported high level 
of anxiety stress and depression in comparison to male group. 
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Another study, Pfefferbaum, et al. (2020) indicated public health 
emergencies significantly affect the well-being of the society 
and living individuals. Their effects have a wide range of 
emotional, unhealthy and noncompliance behavioural reactions. 
In another research, it has been found that stress and depression 
increases when the working hour increase in this COVID-19 
situation (Rumeysa, et al. (2020). Further, another study, gender 
difference has found on the variable of anxiety depression 
and stress in COVID-19 patients. The female mean values for 
anxiety, depression and stress, were observed higher than the 
males group (Rehman, Shahnawaz and Uniyal (2020). Similarly, 
people who were facing lockdown and pandemic situation report 
more about depression and anxiety (Grover, et al., 2020). 

Role of Psychologist in this Pandemic Time
Role of psychologists and mental health professionals are more 
and more important to provide a significant help in terms of 
social and emotional support to the people who are suffering 
from this current pandemic. Certainly, the psychologists giving 
more emphasis on psychological factors which are disturbing 
the human adaptive behaviour, because of these environmental 
stress people or specially the students are having the 
disturbance related to mental health issue and their academic 
related activity and routine. The current pandemic stressors 
have impacts on students at behavioural and emotional levels 
(Inchausti et al., 2020), Some of the researchers recommended 
the psychologists should consider some of the points while 
dealing the COVID-19 suffering people, the fixed or inflexible 
though about the pandemic and its outcomes, and the individual 
frustration intolerance and individual global evaluation in 
terms of emotion and intense feeling about one-self and the 
environment (Chong, et al., 2020). Psychologist offering 
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counselling, psychotherapies, behavioural intervention, 
assessments and talking cure to help the client in a manner so 
that he or she can adjust to this current pandemics time more 
effectively. No doubt the psychologist job is very challenging 
in this tough time, with the challenges and changing nature 
of behaviour the psychologist providing effective and sound 
services to the people at all levels.

Conclusion
The objectives of the study were to explain the linkage between 
the fear of COVID-19 and mental health problems and factors 
related to mental health problems among students. The review 
of studies showed that the fear of COVID-19 affected the 
mental health problems significantly because this pandemic 
situation creates lots of burden on the students and there are 
many factors like psychological, social and environmental 
factor, due to these factors the fear related to COVID 19 may 
developed among students. Specifically, Psychological factors 
include Day Time Sleepiness, Emotional Adjustment, Anxiety, 
Depression and Stress. Since, the students are facing a lot of 
problems and uncertainty about their career and also about their 
higher studies because of their multiple issues the pandemic 
situation that creates burden on them. The studies also showed 
that how students are facing uncertainty about the career as well 
as the higher study examination which is the chronic feeling 
that lead to the stress and depression which certainly affect the 
mental health of the students. Undoubtedly, psychologist played 
a great role in this pandemic situation. Further, psychological 
intervention is more import to deal with the fear of COVID-19 
so that the mental health problems can be treated appropriately. 
Therefore, the mental health awareness and intervention are 
needed to cure these issues. 
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Abstract

Human population is dependent on cereals for half of their calorie requirements. Likewise, cereals

occupy 50% of the world’s cultivated area. Pseudocereals, the superfoods, also contribute to the

nutritional requirement of the world population. On the other hand, the global human population is

escalating at a rapid pace, likely to reach 10.9 billion by 2050. At the same time, the mean annual

temperature is rising across the globe. Simulation studies project a huge decline in cereal

production owing to the increasing global temperatures. Of much concern is ensuring food security

of the world population as high temperature stress impedes the growth and productivity of cereal

crops. This calls for a sustainable approach to increase crop production even under high

temperature stress. Plant biostimulants (PBs) are extremely dynamic and can improve the growth,

�owering, productivity, and nutrient use ef�ciency of plants. They are also known to impart
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NUTRACEUTICALS WITH HEALTH-
PROMOTING ACTIVITIES

SANGEETA SAIKIA, NIKHIL K. MAHNOT, and KULDEEP GUPTA

CHAPTER 9

ABSTRACT

For consumers, nutraceuticals are delivered as any dietary supplement with 
naturally derived bioactive components with health benefits. Nutraceuti-
cals in disease management is a new alternative to modern medicine and 
has gained preference in the present society. The bioactive components 
exhibit many health-promoting properties, such as antioxidant, anticancer, 
anti-inflammatory, antibacterial, antidiabetic, antihypertensive, etc. The 
nutraceuticals are generally categorized based on their sources and chemical 
properties and their mode of action. The bioactive compounds like phenolics 
and flavonoids are commonly derived from plant-based sources, although 
other components like unsaturated fatty acids (MUFA and PUFA), biopeptides 
are from animals. In recent times, researchers have explored the possibility 
of extraction and application of novel bioactives obtained from medicinal 
plants and marine sources, which are not conventional food sources for all. 
This will promote the development of newer nutraceuticals with enhanced 
therapeutic properties to cater to the needs of the ever-changing consumers.

9.1 INTRODUCTION

The current society is well informed regarding the correlation of a balanced 
diet and health. There is an increased awareness to maintain a healthy 
life. Consequently, the demand for healthy and nutritious food as well as 
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208 Novel Processing Methods for Plant-Based Health Foods

products with added health-promoting properties has gone up. This has 
fueled an increase in research to determine the health-promoting properties 
of bioactive compounds derived from plant-based food sources as well as 
the production of newer products with enhanced health benefits. Generally, 
such products grouped under functional foods and nutraceuticals. Functional 
foods are those food products which impart health-promoting effects apart 
from fulfilling basic nutritional needs. On the other hand, nutraceuticals are 
isolated or purified bioactive rich components obtained from natural sources 
and aimed for prevention and management of chronic diseases and are 
delivered in high concentrations as form of tablets or pills.

The term ‘nutraceutical’ was coined by Dr. Stephen L. DeFelice. It refers 
to the combining of the field of both ‘nutrition’ and ‘pharmaceutics.’ Nutra-
ceuticals are derived from both herbal and other natural sources. At present, 
nutraceuticals are the new additions in management of chronic degenerative 
diseases. They consist of biologically active components, termed as bioactive 
compounds, which has many health-promoting properties like antioxidant, 
anticancer, anti-inflammatory, antimicrobial, anticancer, etc.

The present chapter gives an overview on the bioactive compounds, their 
role in health management and as viable source of nutraceuticals.

9.2 BIOACTIVE COMPOUNDS

Secondary plant metabolites are the prime sources of bioactive compounds. 
They are widely regarded to boost human health and have proven to be 
beneficial in the management and avoidance of varied chronic disorders 
[43, 65]. They are classified into polyphenols, vitamins, minerals, natural 
pigments, dietary fiber, phytosterols, bioactive lipids, bioactive peptides (BP), 
etc. Bioactive constituents are abundantly present in varied food sources, 
including fresh vegetables and raw fruits, nuts, and seeds, marine algae, meat, 
dairy, marine fish, medicinal plants, etc.

9.2.1 POLYPHENOLS

The polyphenols comprise of one or more hydroxyl-substituted benzene 
ring, i.e., having a polyphenolic structure. Till date > 8,000 polyphenolic 
structures have been identified and studied [65]. Polyphenols can be broadly 
classified into flavonoid and non-flavonoid groups. The flavonoid group is 
further divided into sub-classes of flavones, flavonol, flavanone, isoflavones, 
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dihydroflavanols, flavan-3-ols, anthocyanidins, and proanthocyanidins [22]. 
The non-flavonoid group consists of tannins, phenolic acids, xanthones, 
acetophenones, chalcone, stilbenes, lignans, secoiridoids, and phenylacetic 
acid.

Further, the phenolic acids are sub-classed into hydoxycinnamic acid and 
hydroxybenzoic acid derivatives. Hydroxybenzoic acids are derivatives of 
benzoic acids having a C6–C1 type general, while hydroxycinnamic acids 
are cinnamic acid derivatives having C6–C3 type structures.

The common examples of hydroxybenzoic acid derivatives are gallic, 
gentisic, salicylic, ellagic and vanillic acids. Whereas ferulic, caffeic, 
chlorogenic, sinapic, coumaric acids, etc., belong to hydroxycinnamic acid 
derivatives.

Flavonoids are phenolics having a diphenylpropane skeleton (C6–C3–C6) 
structure, consisting of two aromatic rings linked through a heterocyclic closed 
pyrene ring (containing oxygen) [31]. Fruits, vegetables, and medicinal plants 
are major sources of polyphenols.

9.2.2 NATURAL PIGMENTS

Pigments are present in almost all living organisms, but the plants are the 
leading source of pigments. Pigments are found naturally in leaves, flowers, 
fruits, stems, etc. Some pigments are also present in bacteria and fungi. 
The pigments find their applications in medicines, foods, textile, cosmetics 
sector, etc. Based on color, pigments are broadly classified into chlorophyll, 
carotenoids, anthocyanins, and betalains. Chlorophyll is the most abundant 
pigment and is responsible for photosynthesis in plants.

Carotenoids are fat-soluble color pigments ranging from yellow to red 
through orange. Chemically, carotenoids consist of 40-carbon isoprene units 
covalently linked with multiple conjugated double bonds [49]. Broadly, 
they have been divided into carotenes and xanthophylls. Carotenes are 
constituted of only carbon and hydrogen atoms whereas, xanthophylls also 
contains oxygen. The carotenes are further grouped into phytoene, phyto-
fluene, lycopene, and β-carotene. Similarly, xanthophylls are sub-grouped as 
β-cryptoxanthin, zeaxanthin, lutein, astaxanthin, and fucoxanthin [5]. Some 
of these carotenoid pigments are precursors for vitamin A synthesis and are 
needed to maintain visual health in human.

Carotenoid pigments play a predominant role as an antioxidant molecule 
in a lipid rich medium. Lycopene is one such carotene, it is associated with 
reducing blood pressure and has a protective effect on the cardiovascular 
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system. A diet rich in lycopene has been associated with lowering the risk of 
damage to the heart muscle fibers, breast, and uterine cancer [59]. Lycopene is 
found in high amounts in guavas, tomatoes, grapefruit, watermelon, papaya, 
sweet red peppers, persimmons, etc. Considerable amounts of carotenoids 
are present in pumpkin, carrot, grapefruit, orange, and apricots.

Anthocyanins are water-soluble pigments belonging to the flavonoid 
class. The glycosylated forms of anthocyanins are blue, red, or purple in 
color depending upon surrounding pH. In acidic pH, anthocyanins appear 
red while in basic pH it appears blue in color. The sugar free counterpart 
of anthocyanins is known as anthocyanidins and classified into cyanidin, 
delphinidin, pelargonidin, peonidin, petunidin, and malvidin. They belong to 
the flavonol subgroup of the phenolic group [38]. Light and temperature are 
the known factors affecting the stability of the anthocyanin pigments.

In the plant kingdom, glycosylated form of cyanidin (cyanidin-3-
glucoside) is the major anthocyanin pigment and is abundant in different 
flowers as well as fruits (such as: berries, currants, grapes). Leafy vegetables 
like black carrot, red cabbage, brinjal, black, and red rice varieties, black corn, 
sweet potato, etc., are also high in anthocyanin. Anthocyanins are generally 
used as a source of natural colorant in foods and textile industries, but they 
also confer many health benefits. They exhibit antioxidant, antidiabetic, 
anticancer, anti-inflammatory, antimicrobial properties, etc.

Betalains are also types of pigments and are predominant in the vacuoles 
of plants belonging to the families under the order Caryophyllales [37]. 
The betacyanin (red-violet colored) and betaxanthin (yellow colored) are 
good examples. Betalains are formed due to condensation of betalamic acid 
[4-(2-oxoethylidene)-1,2,3,4-tetrahydropyridene-2,6-dicarboxylic acid] with 
amino compounds (cyclo-DOPA and/or its glucosyl derivatives) to beta-
cyanins. If betalamic acid condenses with an amino group, betaxanthin is 
obtained. Researchers have reported that betalains under in vitro and in vivo 
conditions exhibited anti-inflammatory, radical scavenging, antidiabetic, and 
anticancer properties [4, 30, 37]. Beetroot, cactus pear, amaranth, red-purple 
pitaya contain large amounts of betalains, which can be extracted for use as 
nutraceuticals.

9.2.3 VITAMINS AND MINERALS

Vitamins are organic compounds indispensable for the growth and main-
tenance of optimal health in humans. Therefore, a diet enriched with 
vitamins is vital. Vitamins are classified as fat-soluble (vitamin A, D, E, 
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and K) and water-soluble (ascorbic acid and vitamin B complex). The fruits 
and vegetables, marine fishes, seaweeds, mushrooms, eggs, meat, dairy 
products, legumes as well as fortified cereals are good sources of different 
vitamins in diet. Depending on the type of vitamins, the functional role in the 
body differs. Vitamin A is vital for visual health and vitamin D aids in bone 
health maintenance. Similarly, vitamin E has antioxidant properties and has 
a beneficial effect on the nervous and cardiovascular system [18, 56].

Ascorbic acid is well known for its excellent antioxidant activity and 
helps in prevention of oxidative cell damage. The B-complex vitamins group 
is essential for the normal growth and development of the body, correct fat 
and carbohydrate metabolism, proper functioning of the nerves, and red 
blood cell formation. Importantly, the vitamin B complex acts as cofactors 
in various intricate biochemical reactions occurring in the body during 
metabolism [44].

Minerals are also vital for normal functioning of many metabolic reac-
tions. An adequate mineral balance is required for the maintenance of teeth 
and bone health as well as smooth functioning of nervous and vascular 
systems [17]. Minerals essential for body function are divided into macro 
[magnesium (Mg), potassium (K), calcium (Ca), chlorine (Cl), phosphorus 
(P), sodium (Na), sulfur (S)] and micro minerals [manganese (Mn), chro-
mium (Cr), selenium (Se), cobalt (Co), copper (Cu), iodine (I), iron (Fe), 
molybdenum (Mo), and zinc (Zn)].

In many biological reactions, minerals (Zn, Cu, K, Mn, Fe, Ca, etc.), 
act as a co-factor for the enzymes catalyzed reactions. Mg, P, and Mn play 
a role in energy production in the body while, Cu, Zn, Fe, and Se are also 
required for a healthy immune response. Additionally, Cu, Se, and Zn are 
noted for their antioxidant properties, thereby protecting the cells from going 
under oxidative stress [17, 25]. Nuts, meat, fish, dairy products, fruits, and 
vegetables are well-known sources of minerals. Lately, marine sources such 
as seaweed are also listed as major sources of minerals for a healthy diet.

9.2.4 DIETARY FIBERS (DFS)

Byproducts from vegetable and fruit wastes like peel, pomace, seed, and 
seed coats are naturally rich in dietary fibers (DFs) with health-promoting 
properties. American Association of Cereal Chemists [1] has defined DF as 
edible part of plants and analogous carbohydrates that are resistant to diges-
tion and absorption in the human small intestine, undergoes complete or 
partial fermentation in the human large intestine. DFs are broadly classified 
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as soluble (SDF) and insoluble dietary fibers (IDF) owing to their respective 
solubility in water. The SDF include gums, mucilage, pectin, and hemicellu-
loses. While IDF consists of mainly cellulose, other types of hemicelluloses 
and lignin [65].

DF acts as a bulking agent, which helps in the maintenance of a healthy 
bowel movement. IDF help to increase fecal bulk and plays a role in 
decreasing intestinal transit. Additionally, DF is also associated with other 
health benefits such as lowering of glucose and cholesterol level in blood, 
maintenance of healthy body weight, prevention of cardiovascular diseases 
(CVDs), and diabetes. SDF cause an increase in viscosity and help to reduce 
plasma cholesterol and glycemic levels [2, 55, 63]. The DFs derived from 
vegetable and fruit wastes contain polyphenols embedded in the fiber matrix 
[20]. Such type of DF imparts antioxidant effect in addition to the benefits 
associated with consumption of fiber [65]. Another important role of DF is to 
increase the fecal mass as well as maintenance of colon health and also aids 
in preventing colon cancer. This is due to the generation of short-chain fatty 
acids, as inherent microflora of the large intestine ferments the DFs.

9.2.5 PHYTOSTEROL

Sterols or steroid alcohols are lipids that belong to a subgroup of steroids. 
They are found naturally in plants, fungi, and in animals. Sterols of plant 
origin are termed as phytosterol and are derived from squalene, a member 
of triterpene family. β-Sitosterol, stigmasterol, campesterol, brassicasterol 
are major phytosterols with functional properties [14]. Dietary intake 
of phytosterol helps in the maintenance of optimal health as they have 
anti-carcinogenic, antioxidant, anti-inflammatory properties and helps in 
reduction of LDL (bad cholesterol) level [32, 81, 82]. Nuts, edible seed and 
oils, whole grains, legumes, vegetables, and fruits are the major sources of 
phytosterols.

9.2.6 BIOACTIVE LIPIDS

Some lipids in addition to being a source of energy for bodily functions 
also have health-promoting effects and are termed as bioactive lipids or 
bio-lipids. A bioactive lipid usually imparts its bioactivity either through 
changing the fatty acid composition of different tissues or by preventing 
cell signaling pathways [87]. Both polyunsaturated fatty acids (PUFA) and 
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monounsaturated fatty acids (MUFA) are considered as bioactive lipids 
with an array of health-promoting properties. PUFA is classified into ω-3- 
and ω-6-fatty acid. Intake of diet rich in PUFAs (such as α-linoleic acid 
(C18H30O2), eicosapentaenoic acid (EPA, C20H30O2), docosahexaenoic acid 
(DHA, C22H32O2) may impart beneficial role in metabolic function and also 
has preventive role in cancer, diabetes, inflammatory bowel disorders, CVDs, 
neurodegenerative conditions, etc. [21]. DHA is an important molecule 
required for proper brain development in growing years. EPA intake is 
shown to slow down cognitive decline and dementia associated with aging 
[87]. Marine fish, seaweeds, oils derived from sunflower seed, flax seed, 
corn, soybean, and safflower are rich in PUFA. Marine fish oils are major 
sources of EPA and DHA.

The ω-7-fatty acid (Palmitoleic acid, C16:1n–7) and ω-9-fatty acid 
(Oleic acid, C18:1n–9) are MUFAs, which are also beneficial for human 
health. Palmitoleic acid helps in reduction of hyperglycemia, hypertriglyc-
eridemia conditions and helps in improving insulin sensitivity. Similarly, 
oleic acid regulates many biological processes and decreases the chance of 
occurrence of coronary heart diseases and other metabolic disorders [87]. 
Animal fat, marine fish, and oils derived from macadamia nuts, peanuts, 
canola, sunflower, sesame, poppy seeds, avocado, etc., are the main sources 
of MUFAs.

9.2.7 BIOACTIVE PEPTIDES (BPS)

The BPs exhibit functional properties that have a beneficial role in metabolic 
functions and health [11]. They can be used for treatment of many ailments 
of the digestive, endocrine, cardiovascular, immune, and nervous system 
[41, 68]. These functional peptides can be derived both from animal and 
plant sources. Among the animal sources, blood, a by-product of animal 
slaughterhouses is a promising source of BPs. From the hydrolyzed animal 
blood proteins, a number of peptides are obtained that showcase bioactivity 
like inhibiting angiotensin-converting enzyme (ACE), glucose regulation by 
inhibiting dipeptidyl peptidase-IV (DPP-IV), and antioxidant potential [6, 
68]. BPs are also derived from cheese and bovine milk, meat, egg, and fish 
through chemical and enzymatic hydrolysis [51] Similarly, some sequences 
of peptides present in rice, wheat, and soy proteins are also used for BP 
production. Mushrooms [92] and seaweeds [39] derived BP exhibits antihy-
pertensive, antioxidant, and antimicrobial properties.
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9.3 FUNCTIONAL ROLE OF BIOACTIVE COMPOUNDS

Bioactive compounds derived from food sources as well as medicinal plants 
have numerous functions in the prevention and maintenance of different 
metabolic disorders. Therefore, these compounds play an active role in the 
improvement of human health; hence, quality of life. Some of the major func-
tional role of bioactive compounds has been discussed briefly in this section.

9.3.1 ANTIOXIDANT ACTIVITY

The metabolic processes in the human body led to the production of free radi-
cals, and these free radicals play a major role in human metabolic processes 
and diseases. Free radicals are molecular species that contain an unpaired elec-
tron which are highly unstable, reactive in nature and behave as an oxidant. 
Hydroxyl, superoxide anion, peroxide, singlet oxygen, nitric oxide (NO), etc., 
are some free radical groups that are capable of mutilating biomolecules such 
as DNA, proteins, carbohydrates, and lipids in the cell which in turn could 
cause a cascade of unwanted biochemical reactions [42]. However, an optimal 
quantity of free radicals is required for normal body functions.

An imbalance in the free radical generation can trigger a health crisis 
due to an increase in oxidative stress. A prolonged oxidative stress could 
lead to the onset of many degenerative conditions like diabetes, CVDs, 
neurodegenerative disorders, cancer, etc. Bioactive compounds have anti-
oxidant properties that can neutralize or control the oxidative stress in the 
body. An antioxidant acts as a barrier that protects the important biological 
sites inside the cell by scavenging or quenching the free radicals. The 
human body has an innate defense mechanism to overcome the free radical 
inflicted oxidative stress during metabolism. Enzymes like superoxide 
dismutase, glutathione peroxidase, and micronutrients help to remove free 
radical-induced damages [66].

A diet rich in bioactive compounds will therefore aid the innate 
antioxidant system to overcome any kind of oxidative stress. Vitamin C, 
tocopherols, carotenoids, and polyphenols exhibit antioxidant properties in 
addition to other health-promoting properties [27]. Bioactive compounds 
present in fruits such as strawberry can inhibit LDL-cholesterol oxidation 
[76]. Honey also shows antioxidant properties that can be ascribed to the 
presence of polyphenols, carotenoids, and ascorbic acid in them [23, 46]. 
Curcumin in Curcuma longa and resveratrol in grapes also exhibit antioxi-
dant properties in addition to other functional properties.
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9.3.2 HYPOGLYCEMIC ACTIVITY

Type-2 diabetes has emerged as one of the most prevalent metabolic 
disorders in the present society. Change in lifestyle, diet, stress, and other 
metabolic anomalies often lead to an increased blood glucose level. Plant 
bioactive compounds like polyphenols and DF have hypoglycemic activity 
and can bring down the blood glucose levels in diabetic conditions. Poly-
phenols such as phenolic acids (cinnamic, ferulic, catechin, chlorogenic, 
rosmarinic, and caffeic acids), tannins, flavonoids (myricetin, apigenin, 
quercetin, luteolin, and vitexin), stilbenoids (resveratrol, pterostilbene, and 
polydatin) derived from fruits, vegetables, tea, coffee, etc., have significant 
hypoglycemic activity [10, 50]. Depending on the type of polyphenols, they 
help in lowering of glucose in a number of ways such as by protection of the 
pancreatic islet β-cells, promotion of the β-cells proliferation and reduction 
in their apoptosis. They also help in stimulation of pancreatic activities and 
reduction of oxidative stress.

Additionally, polyphenols can inhibit the enzymes responsible for carbo-
hydrate metabolism as well as reduce the generation of advanced glycation 
end products, thus regulating glucose absorption [78]. Similarly, isoflavones 
present in soyabean can reduce glucose intolerance and insulin resistance in 
blood as well as inhibit glucose uptake in the small intestine [12, 78].

DF is another plant-derived bioactive that has hypoglycemic property. 
They can reduce the glucose absorption by binding to the glucose molecules 
or alleviate insulin resistance in blood [45]. Shtriker et al. [73] reported that 
fiber derived from fenugreek and citrus fruits help in reduction of blood 
glucose level by inhibiting the function of α-amylase enzyme. Additionally, 
Novel BPs derived from hydrolysis of meat, soy, egg, and other plant proteins 
also exhibit hypoglycemic effects [62] by inhibiting the activities of enzymes 
of concern like α-amylase, α-glucosidase, and DPP-IV [89]. Restricting the 
DPP-IV enzyme helps to stimulate insulin secretion and further inhibition of 
glucagon release, thus controlling the increase in blood glucose level [34].

9.3.3 ANTI-INFLAMMATORY ACTIVITY

Inflammation is a protective response against harmful stimuli (chemical or 
biological) to a cell. On injury, a varied cascade of reaction starts comprising 
of overexpression of cell adhesion molecules and interleukin-1, synthesis 
of proinflammatory cytokines, activation of transcription factor NF-κB, 
overexpression of phospholipases A2 along with release of reactive oxygen 
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species (ROS). Bioactive components from various foods and medicinal 
plants are shown to inhibit these reactions thereby subliming inflammation.

Bioactive components of foods and medicinal plant extracts have 
shown potent application as anti-inflammatory agents. For example, Albizi 
myriophylla-derived ethanolic extracts showed anti-inflammatory property 
under both in vitro and in vivo conditions. The major active compounds 
present in the extracts are flavonones and phytosterols, and they have a 
significant effect in reduction of skin swelling when tested in rat ear edema 
model. The proposed mechanism for its action was through inhibiting 
production NO [9].

Aerial parts methanolic extracts of Ajuga laxmannii herb may reduce 
inflammation in rats by inhibition of phagocytosis through reduced oxidative 
stress. The major bioactive components isolated from the methanolic extracts 
were rutin, iridoids, and phytosterols [80]. S-allylcysteine from black garlic, 
polyphenols from Uncaria tomentosa, Myrciaria dubia, Harpagophytum 
procumbens, Ribes nigrum, and citrus fruits extracts have shown significant 
anti-inflammatory nature in in vitro and in vivo studies [70]. More recently, 
a shift towards marine microalgae and cyanobacteria is seen as important 
sources of bioactive components which inhibit the inflammatory reaction 
cascade [79].

9.3.4 LIPID LOWERING ACTIVITY

For a proper absorption of lipid droplets in the body, emulsification of the lipid 
takes place in the stomach and duodenum due to emulsifying activity of bile 
salts and phospholipids. The gastric and pancreatic lipases act on these emulsi-
fied lipid droplets and lipolysis takes place. The rate of lipolysis is depended 
on the lipid emulsion stability. Therefore, to manage the lipid absorption rate 
in the body, the rate of lipid digestion needs to be controlled. DF can interfere 
with the lipolysis depending on the type, concentration, pH, and ionic strength. 
They act either by stabilizing or destabilizing the lipid emulsion. In both the 
cases, the lipid molecules become unavailable to the lipolytic enzymes and 
thus the rate of lipolysis can be controlled. Therefore, a diet rich in DF can help 
in prevention and management of atherosclerosis, obesity, and other associated 
ailments with increased lipid levels in the body [77].

Polyphenols derived from fruits, vegetables, and medicinal plants also 
have lipid-lowering properties. The lowering of lipids by polyphenols takes 
place either inhibiting the lipase enzymes or interfering with the emulsion 
droplets formation. Research has reported that polyphenols in black tea can 
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inhibit the emulsion droplets in the stomach and reduce the surface area 
hence, making them unavailable for the lipolysis [29]. Black tea polyphenols 
also can inhibit the activity of pancreatic lipase [57]. Polyphenols such as 
curcumin, cyanidin-3-glucoside, catechin, chlorogenic acid can suppress 
the Niemann-Pick C1-Like 1 (NPC1L1) mRNA expression while, luteolin, 
and epigallocatechin gallate (EGCG) inhibit NPC1L1 by binding directly 
[33]. NPC1L1 is a protein found on the epithelial cells of the gastrointestinal 
(GI) tract and hepatocytes of the liver. Hence, inhibition of NPC1L1 by 
polyphenols results in lowering of the blood cholesterol due to decreased 
absorption from the intestine [33].

9.3.5 ANTIHYPERTENSIVE ACTIVITY

A holistic approach consisting of simultaneous use of drug, a balanced diet 
with the richness of bioactive compounds, nutraceuticals, and an active 
lifestyle may be the key for effective treatment/management of hypertension. 
Many bioactive compounds have antihypertensive properties. For example, 
ascorbic acid, tocopherols, BPs, polyphenols, bioactive lipids, phytosterols 
as well as minerals-like Ca, K, and P have antihypertensive property [7]. 
BPs derived from milk, bovine blood, fish, seaweeds, and plants exhibit an 
inhibitory effect on ACE [7, 13]. The main role of ACE is to convert angiotensin 
I to angiotensin II (an active vasoconstrictor). ACE controls blood pressure 
by modulating the volume of fluids in the body, and is a central component 
of the renin-angiotensin system. This enzyme is a metalloprotein with Zn 
at its catalytic site [3]. Most polyphenols can chelate the Zn at the catalytic 
site of ACE thus, inhibiting the enzyme’s catalytic activity [3, 85]. Garlic’s 
bioactive compounds like allicin and captotril can inhibit the ACE activity 
[71]. Similarly, polyphenols isolated from Clerodendrum colebrookianum 
also showed ACE inhibitory effects [88].

9.3.6 ANTI-NEURODEGENERATIVE ROLE

Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, etc., are some 
of the common ages related neurodegenerative disorders. It is a progressive 
dysfunction and degradation of neurons that leads to neuronal cell damage 
[91]. Epidemiological studies have identified that certain components in 
the diet can have a therapeutic role in neurodegenerative conditions [26]. 
However, development of nutrient based therapeutics for neurodegeneration 
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is often challenged by the blood-brain barrier which hampers the efficacy of 
any therapy. To overcome this barrier, a proper carrier or vehicle is required 
for targeted delivery of the bioactive compounds. Use of nano-carriers is one 
such way for a successful delivery to the targeted site of action. Degenera-
tion of neurons is triggered often due to oxidative stress, neuroinflammation, 
mitochondrial dysfunction, abnormal protein misfolding, apoptosis, and 
nerve cells death due to toxicity [52].

Natural products with bioactivity derive from Korean ginseng (Panax 
ginseng), ashwagandha (Withania somnifera), honey, propolis, cat’s claw herb 
(Uncaria rhyncophylla), seaweeds, turmeric (Curcuma longa) rhizomes, fish 
oil, germinated brown rice are considered to have neuroprotective role [52]. 
The bioactive compounds present in them have antioxidant, anti-apoptotic, and 
anti-inflammatory properties, which may prevent or control the undesirable 
changes in the neuronal structures and cells that leads to neurodegeneration.

9.3.7 ANTIMICROBIAL ACTIVITY

Microorganisms causing infectious diseases are the main cause for creating 
a huge burden on the healthcare system as well as responsible for increased 
mortality. Due to increased resistance against commonly available antibiotics, 
concern to find alternatives of available antibiotics is gaining attention day 
by day. From ancient time plants are well known to possess medicinal value. 
Traditionally medicinal plants have been utilized to treat different diseases 
and even in avoiding food spoilage. The antimicrobial activity of compounds 
isolated from plants is thought to be an alternative of chemically synthesized 
antibiotics [28]. These bioactive compounds proved a platform to overcome 
the concern of developing antibiotics resistance [64]. According to their 
chemical structures, they are classified into alkaloids, sulfur-containing 
compounds, terpenoids, and polyphenols.

Bioactive constituents are divided into different groups like polyphenols, 
alkaloids, sulfur-containing compounds, terpenoids, etc., based on their 
chemical structure. Piperine, an alkaloid isolated from different piper species 
have shown growth inhibition of S. aureus and many other microorganisms 
alone or in combination with antibiotics [36].

Berberine (soquinoline alkaloid) can target RNA polymerase and gyrase of 
bacteria, fungi, protozoa, and viruses thus can inhibit their growth [17]. Other 
alkaloids such as Ungeremine (such as dictamnine kokusagine, Reserpine, 
and masculine) have also been found as potent antimicrobial agents against 
Staphylococcus spp., E. coli, Streptococcus spp. and Micrococcus spp. [35].
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Organo-sulfur compounds such as allicin from garlic (Allium sativum) is 
a well-known antimicrobial agent against a wide range of pathogenic micro-
organisms, i.e., S. epidermidis, P. aeruginosa, Streptococcus agalactiae, etc. 
[61]. Allicin can act upon alcohol dehydrogenase and RNA polymerase of 
the microorganisms to kill the microbes. Ajoene an organo-sulfur compound 
found in garlic extract has also been found to contain broad-spectrum anti-
microbial activity and also have antiviral activity.

Polyphenolic bioactive compound like resveratrol is also known for its 
antimicrobial activity against Campylobacter jejuni, Arcobacter, and M. 
smegmatis [40]. Baicalein has been screened and found potential to restrict 
the multiplication and growth of varied Gram-positive and Gram-negative 
microorganisms like Bacillus cereus, E. coli, S. aureus, Candida albicans, 
and Pseudomonas aeruginosa. Kaempferol is a bioactive molecule against 
different antibiotic resistant microorganisms like fluconazole-resistant C. 
albicans and methicillin resistant S. aureus (MRSA) [60, 72]. Curcumin has 
a promising bactericidal effect against MRSA and uropathogenic E. coli by 
damaging the cell wall of these microorganisms [83].

EGCG has been found to exhibit potent antimicrobial activity against 
different pathogenic microorganisms. Apart from above mentioned bioac-
tive compounds, other components like tannins, ascorbic acid, gallic acid, 
and coumarins are also known for their antimicrobial activity. Wu et al. [87] 
showed that quercetin and apigenin can target D-alanine: D-alanine ligase 
enzyme in E. coli and Helicobacter pylori to show their antimicrobial activity.

9.3.8 ANTI-CANCEROUS ACTIVITY

The development of plant-based compounds has been targeted to search some 
bioactive components against cancer. Several molecules from plants have been 
used in the cancerous cell lines in vitro and have shown the good efficacy, and 
after animal experiments, some have been sent to the clinical trials also.

Artemisinin a plant active compound from Artemisia annua has been 
found to show liver, breast, and pancreatic anticancer activity [19]. Cabazi-
taxel, a derivative of natural taxoid have been found to eliminate the prostate 
cancer in randomized open-label trial [15]. Sinani et al. [74] showed in his 
study that solamargine, a component of Solanum nigrum plant extract has 
the potential to eradicate human melanoma cancer by activating lysosomal 
mitochondrial death pathway [67].

Another active component of plant, kaempferol when form a complex 
with zinc (II) have been evaluated for their anticancer activity and it has 
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been found that it has a great potential in proliferation of lung, breast, and 
liver cancer cells [84]. Withaferin A, withanolide D, gingerol, colchicine, 
skimmianine, boswellic acid, and silymarin are some compounds which 
have also been tested for their anticancer activity. The source plants of these 
bioactive components have been considered in traditional medicine, but 
their scientific validation and active component analysis is quite recent, and 
further approaches are utilized to find out the novel drugs against the cancer.

Curcuma longa contains an active component, i.e., curcumin which has 
the ability to eliminate colon adenocarcinoma by activating STAT3 and 
NF-κB (transcription factors in immunity) signaling pathways [86]. Some 
other compounds which have been found to contain anticancer activity 
include betulinic acid, asiatic acid, gallic acid, lycopene, plumbagin, allicin, 
apigenin, calcaelin, and ursolic acid, etc. These components have shown 
prominent activity against breast, colon, lung, liver, spleen, and skin cancer.

9.4 BIOAVAILABILITY AND DELIVERY OF NUTRACEUTICALS

Bioavailability in general refers to the ingested nutraceuticals fraction that 
become accessible to absorption in the GI tract, is metabolized and later 
distributed to organs and tissues. Distinctively, the bioavailability of nutra-
ceuticals is governed by three steps: bioaccessibility, absorption, followed 
by transformation [47]. The first step being ‘bioaccessibility’ is defined 
as the fraction of nutraceutical that is available for absorption through the 
epithelial membrane of the intestine. This includes liberation of the active 
nutraceutical molecule from its matrix (food or delivery matrix); solubility 
in corresponding biological fluid (stomach, pancreatic, intestinal, and bile) 
where it is available for interacting with other components or systems.

Bioaccessibility is dependent upon the physical (solubility, size, charge, 
load degree, etc.), and chemical nature of the nutraceutical along with prevailing 
digestive environment (pH, enzymes, bile salts, FFAs, etc.). ‘Absorption’ 
of a biocomponent/nutraceutical takes place at the GI tract epithelial cells 
marking the second step for bioavailability. Absorption is governed by active 
or passive transport based upon the nature of the nutraceutical.

Lastly, the “transformation” of biocomponents during digestion and 
their metabolism in the liver also affects the bioavailability. Transforma-
tions such as curcumin degrades in alkaline conditions, cis-trans conversion 
of carotenoids into inactive forms or oxidations of fatty acids like PUFAs 
by prooxidants, etc., leads to lowering of bioavailability [16]. Thereby, in 
general, a lower bioactivity of nutraceuticals is observed in in vivo models as 

A
pp

le
 A

ca
de

m
ic

 P
re

ss

A
ut

ho
r C

op
y

Non Commercial Use



Nutraceuticals with Health-Promoting Activities 221

compared to in vitro models. Considering the above-mentioned points, the 
limited bioavailability of the most nutraceuticals does not materialize into 
distinct health benefits on intake. Consequently, to improve bioavailability, 
researchers are on the pursuit to design delivery matrixes and systems for 
nutraceuticals.

Delivery matrices for nutraceuticals are designed with objectives, such 
as [24]: (i) protection against external factors; (ii) easier incorporation into 
food products; (iii) masking of off-flavors; (iv) controlled release; and (v) 
maximal retention of functional property in general or till the components 
reaches its targeted site. Encapsulation of nutraceuticals (such as carotenoids, 
vitamins, PUFAs, polyphenols, phytosterols, minerals, etc.), has been studied 
to show such benefits. Common biomaterials for encapsulation are polysac-
charides, proteins, lipids, low molecular weight surfactants. Nano-delivery 
systems increase the surface-to-volume ratio, thus assists in better solubility 
and felicitate the movement of the nutraceutical through biological barriers/
membranes by bypassing transformation steps, thereby increasing bioavail-
ability. Novel nano-delivery systems (such as solid lipid nanoparticles 
(SLNs), liposomes nano-emulsions, nanostructured lipid carriers (NLCs), 
self-generating nano-emulsifying drug delivery systems (SNEDDS)) have 
shown promising applications for increased bioavailability of various nutra-
ceuticals [8, 53].

Researchers have shown the dependence of size on bioavailability. 
Smaller size of nano-emulsion of vitamin E corresponded to augmented 
bioavailability [59] and similar results were also observed for β-carotene 
using SLNs [48]. SNEDDS approach has been most effective to provide 
higher levels of bioactive component loading, better transport, dissolution, 
and easier intestinal permeation whilst enhancing bioavailability. SNEDDS 
formulations have helped to overcome the limited bioavailability for various 
flavonoids, carotenoids, polyphenols, alkaloids, and vitamins leading to 
better final results as compared to native compounds [53].

Incorporation of enhancer molecules along with particular nutraceutical 
has been suggested to increase the absorption of nutraceuticals by increasing 
membrane permeation. Enhancers (such as: piperine, bile salts, genistein, 
unsaturated fatty acids, lactose esters, chitosan derivatives) have shown to 
increase the absorption of curcumin, vitamin D3, EGCG, ovalbumin, and 
salvianolic acid, respectively [24]. More recently, use of the Maillard reaction-
based protein-polysaccharide conjugates have been potential encapsulant or 
delivery systems. This is because of their unique characteristics, such as: 
excellent emulsification capacity, high solubility, and antioxidant property, 
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stability towards a wide range of temperature, pH, and ionic strengths along 
with better protection of lipophilic bioactive nutraceuticals [54].

Overall, specifically designed delivery systems can substantially increase 
the efficacy of nutraceuticals for an intended health benefit. The systems can 
better regulate the bioaccessibility, absorption alongside transformation of 
the nutraceuticals inside the GI tract. However, further developments related 
to the selection of other food-grade carrier materials, delivery system, 
controlled release, and toxicological studies for risk assessments needs to be 
investigated.

9.5 SUMMARY

Bioactive compounds derived from food and other natural sources has ample 
scope to be used as nutraceuticals as therapeutics for chronic metabolic disor-
ders viz. diabetes, cancer, hypertension, neurodegenerative diseases, CVDs, 
etc. Bioactive compounds such as polyphenols, vitamins, minerals, natural 
pigments, dietary fibers, phytosterols, bioactive lipids, bioactive peptides 
(BP), etc. have been identified and determined for many therapeutic proper-
ties. The bioaccessibility, absorption and transformation are the three impor-
tant steps to be considered for bioavailability of nutraceuticals. The specially 
designed delivery system for nutraceuticals has shown a substantial potential 
to increase the bioavailability and bioaccessibility of varied bioactives. This 
will help in increasing the efficacy of the intended health benefits of the nutra-
ceuticals. Therefore, nutraceuticals from novel bioactive compounds have 
immense potential in improving the quality of life by playing an important 
role in disease management along with conventional medicines.

KEYWORDS

 • bioactive compounds
 • food sources
 • medicinal plants
 • monounsaturated fatty acids
 • nutraceuticals
 • therapeutics
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Chapter 3
Physical and Chemical Hydrolysis Methods
for Breaking Down the Complex Waste
Biomass to the Fermentable Sugars
and Value-Added Products

Kuldeep Gupta, Muzamil Ahmad Rather, Parmanand Kumar,
Pritam Bardhan, Nikhil Kumar Mahnot, Manabendra Mandal,
and Rupam Kataki

Abstract Agricultural, industrial, and household practices generate a wide variety
of waste biomass that is generally underutilized and often contributes significantly to
environmental pollution. Such waste streams are rich in complex polysaccharides
(cellulose, hemicellulose, and pectin), proteins, and lipids that can be hydrolyzed
into fermentable sugars (hexoses and pentoses) or other added-value products
(peptides, fatty acids, organic acids, carotenoids, etc.). However, the conversion of
complex polymeric substrates into fermentable sugars is carried out by means of
various physical and chemical methods. Physical methods of biomass treatment such
as grinding, milling, microwave radiation, and ultrasonication are primarily aimed at
reducing the size of the structural biopolymers and exposing the lignocelluloses to
chemical reagents or enzymes for further hydrolysis. Conventionally, acid or alkali
is used for hydrolysis of pretreated lignocellulosic biomass (such as agro and forestry
residues). Other methods of physicochemical treatment such as liquid hot water
treatment, autoclaving, or ammonia fiber expansion can be selected depending upon
the biomass characteristics. Similarly, wastewater rich in proteins or lipids from
industries such as dairy, oil refineries, and poultry is traditionally treated with
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hydrolytic enzymes (proteases and lipases) prior to anaerobic biodegradation. This
chapter provides a comprehensive review of the various physical, chemical, and
physicochemical methods for a breakdown of complex polymeric substrates in the
waste streams into either simpler fermentable sugars or other bioproducts of com-
mercial value.
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Keywords Hydrolysis · Lignocellulosic biomass · Wastewater · Chemical
methods · Physical methods · Hydrolytic enzymes

Abbreviations

CAS Conventional active sludge
CODp Chemical oxygen demand
DES Deep eutectic solvent
FW Food waste
P&P Pulp and paper
POM Particulate organic matter
TS Total solid
TSS Total soluble solids
WCO Waste cooking oil
WWTP Wastewater treatment plant

3.1 Introduction

We commonly overlook waste products including food waste (FW) in our daily life.
However, lately waste food materials are receiving much interest among a varied
group of scientists. Globally, FW is recognized as a major problem, the waste
generated has a considerable impact on society and the environment. Thus, manag-
ing FW poses a challenge. Conventionally, the FW is either dumped in landfills or
incinerated posing a serious threat to the environment as well as human health, in
turn causing huge economic losses. Currently, conversion into value-added products
has emerged as a potential solution in managing agricultural and food waste.
Largely, the agricultural and food are composed of carbohydrates (simple sugars
and complex polysaccharides), proteins, lipids, along with bio-pigments and bioac-
tive constituents, which is quite evident. Thus, wastes with such important constit-
uents can be converted to value-added products such as phytochemicals, dietary
fibers, natural colorants, and livestock feed to name a few which can play an
important role in food waste management.

Bioplastics are a highly valued product that can be produced using FW. However,
such conversion requires pretreatment of waste to generate monomers such as sugars
that can be later converted into bioplastics by varied processes. Both acid and alkali



pretreatment help in solvation of the solid waste, i.e., depolymerization of plant
polysaccharides and lignin. Also, the involvement of physical methods such as
ultrasonication and heating can further improve the depolymerization process. On
the other hand, using enzymes or microbial fermentation can also be efficiently
utilized as pretreatment methods (Tsang et al. 2019; Bhardwaj et al. 2021; Bhardwaj
and Verma 2021). Physical treatment such as heating combined with acid treatment
has shown promising results in converting FW streams to generate monomers like
3-hydroxyvaleric acid which can later be polymerized into bioplastics (Ahn et al.
2016).
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Alternative fuels are highly sought-after products these days, and the value of
energy generated from the fuel is well recognized by all energy-intensive sectors.
Food wastes specifically waste cooking oil (WCO) or grease coming out from food
outlets have been shown to yield biodiesel through an alkali catalyzed
transesterification reaction with alcohols. Importantly, WCOs are considered eco-
nomical sources for fuel production. Methanol is the most commonly used alcohol
that has been utilized for efficient transesterification reactions in presence of cata-
lysts such as KOH or NaOH or CaO, leading to sufficient yield in biofuels. The
prepared biofuels can be blended with conventional fuels to run compression
ignition engines (Singh et al. 2021), and also the combustion values were within
the range mentioned by American Biodiesel Standards. Researchers have met quite a
success in such reactions on used cooking oils such as palm oil, canola oil, peanut
oil, olive oil, or cooking oil mixtures (Sahar et al. 2018; Degfie et al. 2019; Park et al.
2019).

Emulsifiers are quite important ingredients used in the food industry specifically
to produce stable oil-in-water emulsions. Emulsifiers can be extracted from food
waste through both physical and chemical processes. On characterization, certain
emulsifiers have been found to be made up of proteinic and poly/oligosaccharide
materials. Researchers have extracted emulsifiers from FW such as winery wastes,
olive mill waste or compost, etc. (Koliastasi et al. 2019).

Again, special value-added products such as ploy phenolic compounds, antiox-
idants, and colorants have been identified as important components of fruits and
vegetable wastes such as peel, pomace, and seeds. Resveratrol is a highly valued
polyphenol with potent bioactivity and has been extracted at an industrial scale using
supercritical CO2 extraction methodology from grape pomace as a waste of the wine
industry (Casas et al. 2010; Saini et al. 2021). Again, the deep eutectic solvent (DES)
extraction method can significantly recover resveratrol from peanut roots (Chen et al.
2018). Carotenoids are another prominent component and are widely regarded as a
natural food colorant (Goswami et al. 2021a, b; Mehariya et al. 2021). Luengo et al.
(2014) suggested improved extraction of carotenoids by subjecting tomato waste to
ultrasonication. Also, comprehensive reviews have suggested the employment of
varied physical and chemical methods for the extraction of specialty constituents.
For instance, physical methods such as high pressure and temperature treatment and
ultrasound-assisted extraction with organic solvents like ethanol have assisted in the
extraction of phenolic acids and flavonoids from grape skin onion and tobacco
wastes. Again, microwave-assisted extraction of pectin (a soluble dietary fiber)



from the peel of citrus fruits peel and passion fruit peels also improves the extraction
process and yields pectin with similar characteristics to that of industrial pectin
(Yukesh Kannah et al. 2020). Also, lycopene has been extracted from dry tomato
peels using supercritical CO2 extraction as well as with solvents such as hexane,
ethyl acetate, and ethanol (Kehili et al. 2017). Astaxanthin (a pigment) from pink
shrimp waste can be recovered using water-based ultrasound treatment (da Silva
et al. 2018). Many of these valued products are also a part of non-nutritive but
important health-benefiting constituents as they have potent bioactivities and can be
added to food products to develop functional foods (Saikia et al. 2016, 2020). Other
valued products for the industry such as organic acids (citric, lactic, succinic,
propionic acids, etc.), enzymes (tannase, lactase, alpha-amylases, etc.) are mostly
produced using microbial fermentation (solid-state/submerged state) with the help of
varied microbial strains such as Aspergillus niger, Actinobacillus succinogenes,
Lactobacillus, Actinobacillus succinogenes, Bacillus licheniformis, Rhizopus,
Thermomyces lanuginosus or their recombinants. Compilation of numerous studies
has suggested the use of FW such as fruit pomace and peels, corn cobs, coffee
mucilage, lipid-rich wastes, etc. for production (Verma and Shah 2022; Verma
2022). However, there is lack of studies pertaining to mixed food waste as a medium
for the generation of such acids or enzymes (Merrylin et al. 2020). On the other hand,
postproduction, techniques like dialysis, diethylaminoethyl (DEAE) cellulose,
ultrasound-assisted enzymatic extraction, ion-exchange chromatography, and size-
exclusion chromatography are commonly used for extraction, purification recovery
of such valued products. Pretreatment or extraction using ultrasonication, supercrit-
ical CO2 extraction, solvent extraction, pulsed electric field, etc., have also been
employed to recover pigments, essential oils, and other aromatic esters from varied
FW sources typically essentials oils from fruit/vegetable wastes (Sharmila et al.
2020; Devi et al. 2020). Overall, one can suitably understand that FWs can be
effectively manipulated through various physical, chemical, or biological interven-
tions and be an impactful source of varied valued constituents of use.
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3.2 Physical and Chemical Hydrolysis Methods of Waste

Human agricultural activities have led to the production of large amounts of agri-
cultural waste which are underutilized and dumped as litter to rot, polluting the
environment (Obot et al. 2008). Large amounts of biomass accumulating annually
not only deteriorates the environment but also reduces the availability of materials
having an enormous potential value that can be transformed into a range of useful
added products, comprising food (groundnut, cottonseed), fuel (ethanol, biogas),
feed (by-products of sugarcane, sugar beets), and a variety of chemicals (pesticides,
insecticides). Farming economies are rendered intricate due to mismanagement of
agro-industrial residues, and these remnants are considered to be the most ample and
renewable resources on earth. These agro-industrial wastes comprise cellulose
(organic compound composed of β glucose units), hemicellulose (xyloglucans,



mannans), lignin (complex polymer comprised of aromatic alcohols known as
monolignols), and other precipitates (Ghose 1956; Aberuagba 1997; Agrawal and
Verma 2020; Kumar and Verma 2020a). Amid all, cellulose consists of the largest
percentage which is typically found in the plant cell wall. Considering that hemicel-
lulose and cellulose form the cell wall constituent and are lignified; therefore, there is
a growing need for an efficient and inexpensive method of separating them from the
cell wall. Furthermore, cellulose can be hydrolyzed for human consumption to yield
glucose, which can be used as a substrate for the fermentation of valuable chemicals,
such as alcohols and other organic compounds (John et al. 2007; Qi et al. 2009;
Kumar and Verma 2020b). Considering the above facts, physical and chemical
treatments alone or in combination may be utilized as a hydrolytic procedure to
break down the wastes resulting from the agro-industrial process.
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3.2.1 Physical Treatment Methods

It involves mechanical crushing, microwave treatment, ultrasonic treatment, and
high-energy electron radiation methods.

3.2.1.1 Mechanical Crushing

This method comprises dry crushing (drying followed by crushing of the material),
wet crushing (milling process carried out in water or liquid), and vibrating ball mill
grinding (particles of the materials are crushed between porcelain or metal balls and
the mill body), and compression. It often precedes other operations to make
succeeding procedures easier and more efficient.

Mechanical splintering can be used to reduce the particle size of lignocellulosic
feedstocks to increase the surface area that is exposed to subsequent acids or
enzymes. However, the high cost associated with this procedure along with its
inability to efficiently remove lignin and hemicellulose from the cell wall constitu-
ent, limits its suitability (Hendriks and Zeeman 2009; Hu et al. 2014; Jin et al. 2015;
Nelson et al. 2013).

3.2.1.2 Microwave Treatment

Typically, the radiation of microwave is considered the most usual method for the
treatment of plant biomass. In addition to ease of pretreatment, increasing the
capacity of heating, reduced time processing, minimal generation of inhibitors, and
lower energy consumption, this pretreatment method has various advantages The
microwave treatment enhances the adjustability of lignocellulosic raw material to
enzymes, subsequently increasing the enzyme’s activity effect (Chen et al. 2017a, b;
Kumar et al. 2020).
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3.2.1.3 Ultrasonication

In addition to opening crystalline cellulose, ultrasound can dissolve lignin molecules
and markedly improve cellulose’s accessibility and chemical reactivity. Neverthe-
less, it has only a minor impact on cellulose’s fine structure. Hemicellulose can
undergo disintegration when treated with ultrasounds. This results in a decreased
fiber-to-surface area ratio, which in turn interferes with the enzymatic hydrolysis
process. Cavitation effects, which trigger high enzymatic hydrolysis, are a result of
using ultrasonic waves in enzyme processing (Chen et al. 2017a, b).

3.2.2 Chemical Treatments

Chemical hydrolysis procedures comprise acid/alkali treatments (Kiyoshi et al.
2015; Seifollahi and Amiri 2020).

3.2.2.1 Acid Pretreatment

Acid hydrolysis is a preferred and considered technique as it is relatively quick and
inexpensive for hydrolyzing the cellulosic biomass generated as a part of agricultural
waste (Palmqvist and Hagerdal 2000; Megawati et al. 2010; Bhardwaj et al. 2020).
Temperature (120–180 !C), acid concentration (high or low strength), a total solid
fraction (TS), and time duration (varying from minute to an hour) are the key
parameters that affect the cellulosic and lignocellulosic biomass during acid hydro-
lysis (Grohmann et al. 1995; Talebnia et al. 2007). The glycosidic bonds are formed
between hemicellulose and cellulose, and its susceptibility to acid forms the basis of
acid pretreatment. Both inorganic acids such as sulfuric acid (Kärcher et al. 2015),
phosphoric acid (Nair et al. 2015), nitric acid (Kim et al. 2015), and hydrochloric
acid (Zu et al. 2014) and organic acids such as formic acid (Du et al. 2016), maleic
acid (Jung et al. 2015), and oxalic acid (Jeong and Lee 2016) are used. Additionally,
inhibition by compounds such as furfurals, 5-hydroxy methyl furfural, phenolic
acids, and aldehydes formed as a result of undesired cellulose degradation during
acid treatment makes it less attractive as a pretreatment option.

3.2.2.2 Alkali Treatment

The solubility of lignin in the alkali solution is crucial to the alkali pretreatment
process. Alkaline pretreatment of lignocellulose can be done with NaOH, KOH, Ca
(OH)2, and ammonium hydroxide. During the alkali pretreatment procedure, a
saponification reaction occurs, causing the intermolecular ester bonds between
hemicelluloses and lignin to be cleaved. This causes lignin and hemicellulose



particles to dissolve in the alkali solution, allowing enzymes to interact with the
cellulose (Li et al. 2016). Furthermore, alkali pretreatment alters the lignocellulosic
structure by causing cellulose swelling, which reduces crystallinity and degree of
polymerization, resulting in an increase in internal surface area (Behera et al. 2014).
In addition, alkali pretreatment enhances the accessibility of carbohydrates to enzy-
matic hydrolysis by removing acetyl groups and uronic acid substitutions in hemi-
celluloses (Maurya et al. 2015).
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3.2.3 Enzymatic Treatment

The use of biocatalysts, such as enzymes like lipase and cellulase, plays a vital role in
the hydrolysis and breakage of polymeric chains present in carbohydrate-rich feed-
stocks (Binhayeeding et al. 2020; Koti et al. 2016; Tavva et al. 2016).

3.3 Conventional Chemical Hydrolysis Methods
for the Treatment of Agricultural Wastes

Crop and livestock farming generates a large volume of agricultural residues that
pose a serious environmental concern when it is not treated or managed well. Crop
residues are primarily generated from the cultivation of cereals, oil crops, pulses,
roots and tubers, and fiber crops. These residues are rich in polysaccharides such as
cellulose, hemicellulose, and pectin that can be converted into monomeric sugars
such as glucose and xylose, and sugar acid (D-galacturonic acid) by the process of
hydrolysis. However, a prior pretreatment step is necessary to remove the lignin and
make cellulose more accessible to the hydrolytic enzymes. Conventionally, acid-
alkali pretreatment followed by enzymatic hydrolysis has been used to treat a wide
variety of agro-residues such as palm empty fruit branch, barley straw, sugarcane
bagasse, and different grass types (Martínez et al. 2015). Alkali pretreatment has
been reported to remove lignin extensively that resulted in more than 90% conver-
sion of glucan into glucose by enzymes (Martínez et al. 2015). Of late, the efficiency
of enzymatic hydrolysis has been further improved by combined pretreatment
approaches. For example, in the case of rapeseed straw, delignification by hydro-
thermal dilute acid pretreatment followed by alkali posttreatment resulted in a
significant increase in hydrolysis rate by 5.9 times (Chen et al. 2017a, b). Similarly,
sequential dilute acid-alkali/ammonia treatment resulted in increased enzymatic
hydrolysis of poplar biomass (Shi et al. 2020).

Although enzymatic saccharification is a widely used method for the conversion
of structural carbohydrates present in the pretreated biomass into monomeric sugar,
the high cost of the enzymes remains a major bottleneck. In this regard, the role of
renewable heterogeneous catalysts in the breakdown and conversion of



agro-residues Hydrolysis method Product Reference

lignocellulosic biomass is an emerging area of interest (Lin et al. 2021). Table 3.1
below depicts the saccharification of agro-residues using different chemical hydro-
lysis methods for the production of biofuels and other value-added products.
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Table 3.1 Different chemical hydrolysis methods of wastes for the production of value-added
products

Pretreated
Conversion/
saccharification
efficiency (%)

Barley straw Commercial cellulases
(Cellic® CTec2)

91.19 g/L (82%
hydrolysis yield)

Fermentable
sugars and
ethanol

Paschos
et al.
(2020)

Rice straw,
corncob, sug-
arcane
bagasse, and
banana stem

Hydrolytic enzymes
from Aspergillus
tubingensis are produced
using black liquor

745.50 (86.02),
596 (74.5), 358.15
(42.98), 245.70
(33) mg/g of TRS,
respectively

Reducing
sugars

Narra et al.
(2020)

Potato peel
waste

Commercial enzymes
(cellulase and amylase)
or (alpha-amylase from
Bacillus sp. Gb67) used
either separately or in
mixtures

72.38% (for com-
mercial enzymes)

Fermentable
sugars and
ethanol

Atitallah
et al.
(2019)

Mixed food
and beverage
waste

Glucoamylase and
sucrase

Glucose
(228.1 g L"1) and
fructose (55.7 g L"1),
0.17 g sugar per g
mixed waste

Sugar rich
hydrolysate

Kwan et al.
(2018)

Date palm cel-
lulosic wastes

Cellulases from
Geobacillus
stearothermophilus

31.56 mg/mL of
glucose

Fermentable
sugars and
lactic acid

Alrumman
(2016)

Corncob Rice husk-based solid
acid catalyst

TRS yield of
486.53 mg/g and
xylose of 253.03 mg/
g

Fermentable
sugars
(xylose,
arabinose,
glucose)

Chen et al.
(2019a, b)

Mixed rice
straw and
de-oiled algal
residue

Garlic peels derived
solid acid catalyst

41.41% Fermentable
sugars,
lipids, and
carotenoids

Bardhan
et al.
(2022)

Rice straw
(RS)

Glycerol-based solid
carbon acid catalyst

262 mg/g TRS (from
alkali pretreated RS)
147 mg/g TRS (from
native RS)

Fermentable
sugars and
ethanol

Goswami
et al.
(2015)
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3.4 Conventional Hydrolysis Methods for Treatment
of Poultry and Dairy Wastewater

Besides crop residues, the agro-industrial sector also generates a wide range of
various waste streams such as poultry manure, animal wastes, and wastewater
from the dairy processing industries. These wastes are rich in organic matter with
a high carbon content, while the macronutrient (N, P, K) content varies considerably
depending on the type of the feedstock (Markou and Monlau 2019). However, the
wastes/wastewater have to be pretreated and hydrolyzed before the organic carbon is
readily available for microalgal growth or anaerobic digestion for the production of
suitable bioproducts. Usually, the wastewater from poultry slaughter-houses or dairy
industries is rich in lipids and proteins. Enzymatic hydrolysis (commercial lipases)
was used to convert the fats in the flotation froth (hydrophobic material phase-
separated from wastewater by flotation) into long-chain free fatty acids during
anaerobic digestion (Pascale et al. 2019). In another study, 10% garbage enzyme
(obtained by the fermentation of fruit or vegetable peels, molasses, and water) was
used to treat synthetic dairy wastewater and was found to reduce total soluble solids
(TSS) by 26% at pH 6.5 after 5 days of treatment (Sambaraju and Lakshmi 2020).
Researchers have also reported the application of whole-cell catalysts such as
Penicillium citrinum whole cells in decreasing organic matter and lipid content in
dairy wastewater. In the same study, it was reported that free whole cells achieved
higher hydrolysis efficiency (92.5%) as compared to immobilized whole cells (Alves
et al. 2019). Although enzymatic hydrolysis (using lipases, protease, keratinase) is
conventionally used for the conversion of lipids and proteins into fatty acids and
peptides/amino acids, respectively, certain new promising technologies have been
developed in recent years for recovering value-added products from the food
processing industry wastes. One such tool is the “sub-critical water hydrolysis”
method finding wide application in the recovery of protein hydrolysates from animal
and vegetable wastes (Marcet et al. 2016).

3.5 Conventional and Recent Hydrolysis Methods
for the Treatment of Sewage and Sludge

Sewage from both domestic and municipal sources consists of organic and particu-
late matters, thus regarded as complex wastewaters. Organic polymers, viz., carbo-
hydrates, proteins, and lipids constitute about 30–70% of particulate chemical
oxygen demand (CODP) of domestic sewage. These organic particulate matters are
reported to hinder or decrease the efficiency of wastewater treatment processes
(Rajagopal et al. 2019). Wastewater treatments are high-energy driven and usually
expensive processes. High-energy consumption and utilization of various resources
are the main disadvantages of conventional wastewater treatment methods. It has
been reported that about 3–4% of total U.S. electricity is utilized in the wastewater



treatment process and such is the case with other developed and developing nations.
Additionally, high-energy consumption is associated with the production of a large
amount of carbon into the atmosphere which could be responsible for enhanced
global warming (U.S. Environmental Protection Agency 2006). The increase in
population and the subsequent release of excessive wastewaters into the environ-
ment have put a burden on social sustainability and stability due to the water-energy
inefficient wastewater treatment methods. The conventional active sludge process
(CAS) for wastewater treatment requires extensive energy-driven aeration and thus
is not recommended as an energy-efficient method. In a CAS process, it has been
estimated that about 50% of the total energy consumption is utilized for supplying air
to the aeration tanks only (Waqas et al. 2020). Therefore, energy-efficient wastewa-
ter treatment methods are required to decrease the burden on energy resources and
maintain economic stability as well as social sustainability. In order to avoid the
limitations, hydrolysis has been applied as an important part of anaerobic treatments.
Hydrolysis (biological pretreatment) involves the breakdown of complex organic
molecules into simpler ones by hydrolytic enzymes secreted by fermenting bacteria.
The applications of hydrolysis include partial removal of COD by fermentation and
an increase in biodegradability (Zhang et al. 2021). As hydrolysis is based on
anaerobes and supply of aeration and external temperature is not required, therefore
employed as energy and cost-efficient method for large scale wastewater treatment.
The study carried out by Bian et al. (2018) demonstrated the effect of COD load on
hydrolysis in a pilot-scale hydrolysis-aerobic system and found that 39–47% COD
removal was achieved even at a COD load of 1.10 kg/m3#day in municipal waste-
water. It has been documented that 50% of the organic load (BOD/COD (kg/m3

day)) entering the municipal wastewater treatment plant (WWTP) is comprised
mainly of particulate organic matter (POM). Therefore, it is a prerequisite that
POMs should be broken into smaller pieces through hydrolysis before their treat-
ment and conversion to valuable by-products. Alvarado et al. (2021) studied the
hydrolysis of particulate organic matter in municipal wastewaters under aerobic
conditions. They found that during the first days, the high molecular weight of
organic molecules increased and bacteria produced sufficient enzymes for their
further degradation. On the other hand, they also found that oxygen utilization rate
(OUR) developed continuously indicating the conversion of less-biodegradable
organic matter to easily biodegradable organic matter.
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It is evident that with improved wastewater treatment methods production of
sludge has also increased tremendously throughout the world. The sludge is enriched
in not only organic matter but also contains various toxic substances including heavy
metals, persistent organic pollutants, and a wide variety of pathogens posing a threat
to the environment. Therefore, emphasis is put on reusing valuable components of
the sludge and energy recovery by different physicochemical methods particularly
anaerobic digestion (Xu and Lancaster 2009). Organic matter is inaccessible to
bacteria due to its complex nature; therefore, enzymatic hydrolysis is required to
increase their bioavailability. It has been demonstrated that enzymatic hydrolysis
improved sludge solubilization and acidification. Yu et al. (2013) studied the effect
of endogenous amylase, protease, and combined amylase-protease treatment on



sludge anaerobic digestion. They found that combined amylase-protease treatment
enhanced biodegradability along with the 23.1% increase in biogas production. It is
important to discuss that hydrolysis also enhances the reduction of sludge production
as well as the dryness and compactness of sludge cakes. Neyens et al. ( )
reported that hot acid hydrolysis reduced the sludge volume production by 70%
more than the initial volume and the DS-solid content of the dewatered cake
increased twice the initial untreated value. Hydrolysis treatment is significant for
treating wastewaters from dairy industries with high protein and fat content. The
study carried out by Mendes et al. ( ) reported that 12 h hydrolysis pretreatment
of lipid-rich wastewater from dairy industries resulted in the enhanced levels of
production of biogas (445 $ 29 mL) and organic matter (78.2%) as well as color
removal. As discussed, wastewater sludge is a by-product of wastewater treatment
processes and has become a major environmental problem for metropolitan cities
and towns due to its huge production, high disposal cost, etc. The current approaches
employed for sludge management and disposal include anaerobic digestion, landfill,
and incineration (Zhang et al. ). Expensive sludge treatment and disposal, poor
dewaterability, and inefficient utilization of wastewater sludge are the main chal-
lenges for wastewater sludge management (Chen et al. ). The wastewater
consists of about 40%, 14%, and 10%–25% proteins, carbohydrates, and lipids,
respectively, but the conventional methods of wastewater sludge treatment could not
recover an ample amount of organic and nutrient resources(Youssef et al. ). In
this regard, thermal hydrolysis is gaining interest as an efficient method for waste-
water sludge treatment due to its efficient sludge reduction as well as enhanced
sludge dewaterability (Zhao et al. ). Liang et al. ( ) developed a three-phase
sludge treatment and reduction method by incorporating thermal hydrolysis
followed by fungal fermentation and subsequent anaerobic digestion. It was found
that temperature treatment (140–180 !C) significantly reduced sludge volume while
organic release efficiency was enhanced. The sludge liquor obtained at 160 !C
consisting of the highest concentrations of carbohydrates and proteins was subjected
to fungal fermentation by Aspergillus niger promoted the conversion of waste
organics into valuable fiber materials. It was also demonstrated that the obtained
fungal hyphae could be developed for making papers or some other value-added
fibrous products. Therefore, the integration of thermal hydrolysis with fungal fer-
mentation turned out to be an effective sludge reduction and waste organic valori-
zation approach. As we know enzymatic hydrolysis enhances the biodegradability of
sewage and sludge; therefore, its pretreatment with commercially available enzyme
or inoculation of in situ enzyme-producing bacteria could promote biodegradation
and production of by-products. The study carried out by Agabo-Garcia et al. ( )
demonstrated the application of commercially available proteases as well as
the inoculation of Bacillus licheniformis as a pretreatment strategy to enhance the
biodegradability and biogas production of raw sewage from aerobic digestor. The
investigators found that biochemical treatments enhanced the stabilization and
biodegradability of sewage sludge since the experiments showed higher depuration
efficiency in terms of CODs (73–85%), TVS (30–42%), and CODt (16–28%) in
comparison with the control experiment with CODs (38%), TVS (28%), and CODt
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(12%). Fish industry discharges are often rich in total suspended solids (TSS), oil,
and grease, and have high levels of COD as a result their release into the environ-
ment is quite harmful in terms of sustainability and stability. The inefficient con-
ventional aerobic treatment of fish industry effluent has shifted the paradigm towards
anaerobic treatments. Due to the excessive presence of oil and grease, the anaerobic
treatments are hampered as the agglomeration and pellet formation hinders sludge
sedimentation, thereby reducing treatment efficiency (Chowdhury et al. 2010). The
enzymatic pre-hydrolysis treatment provides an alternative to reduce the oil and
grease contents and speed up the treatment for fat-rich fish industry effluents. In this
context, Duarte et al. (2015) demonstrated the enzymatic hydrolysis by lipase
produced by the fungus Penicillium simplicissimum in solid-state fermentation and
anaerobic treatment of fish processing effluent at different temperatures. They found
that enzymatic hydrolysis at 50 !C and anaerobic fermentation at 30 !C promoted
removal of 97.5% of chemical oxygen demand and the production of 105.4 mL CH4/
g CODremoved was also achieved. It was suggested that thermophilic enzymatic
hydrolysis reduced the overall amount of enzyme, hydrolysis time, and cost of
anaerobic treatment, therefore could be applied on an industrial scale. In the pulp
and paper (P&P) industry, the main area of interest is to reduce the biomass produced
during wastewater treatment processes as sludge management accounts for 60% of
total treatment cost (Mahmood and Elliott 2006). Due to the presence of various
toxic substances and recalcitrance of P&P wastewater sludge as well as low produc-
tion of methane, its anaerobic digestion is not as feasible as for domestic wastewater
sludge. To achieve high feasibility of anaerobic digestion and enhance methane
production during P&P wastewater sludge treatment, enzymatic pretreatment has
been preferred as an important alternative. The enzymes decrease the complexity of
biosludge, thereby enhancing anaerobic digestion with substantial enhancement in
by-product production, methane yield, and/or COD solubilization (Yang et al. 2010).
It has been reported that P&P sludge consists of 70% of proteins and carbohydrates;
therefore, proteases, glycosidases, or combination are the desired candidates for
pretreatment of P&P biosludge (Bayr et al. 2013). Bonilla et al. (2018) reported
that proteases from Bacillus licheniformis enhanced the anaerobic digestibility of
P&P biosludge and 26% increase in biogas production.
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INTRODUCTION 
 The states of Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, Sikkim, and Tripura make up the North Eastern region of India, 
which is located between the latitudes of 22°05' and 29°30' N and the 
longitudes of 87°55' and 97°24' E. The area is distinguished by a variety of 
topographical and agro climatic conditions. A little more than 54.1% of the 
overall geographic area is covered by forests, 16.6% by crops, and the 
remainder is either uncultivated land or non-agricultural uses. A large portion 
of the land has a slope of more than 15%, an undulating topography, severely 
eroded and degraded soils, and difficult terrain, which naturally results in the 
low area under agricultural crops in the area. The area is endowed with a 
diverse range of physiography, climate, and biodiversity. By area, Arunachal 
Pradesh is the largest of Northeast India's seven sister states. The state is 
located between 26.28° N and 29.30° N latitude and 91.20° E and 97.30° E 
longitude and has an area of 83,743 km2.Inspite of having the largest area, but 
the region only contributes a little percentage of the nation's total production 
of food grains (Baruah et al., 2014). One of the main causes of poorer 
production and productivity in this area is poor soil health status. "Soil quality" 
and "soil health" are frequently used interchangeably. However, soil health is 
viewed as the condition of a soil at a specific moment, which is analogous to the 
dynamic soil quality that varies quickly. Degradation of soil health has been a 
significant problem in the contemporary era, notably in the Arunachal Pradesh. 
The loss of a soil's innate ability to generate economic output and carry out 
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ecological tasks is referred to as soil health degradation. Arunachal Pradesh is 
the only state with a dense forest cover of 64.0% out of the seven states. Due to 
the continued practise of shifting agriculture in the area and the yearly 
conversion of thick forest into jhum fields, the amount of dense forest cover 
has drastically decreased. The region's ongoing depletion of forest cover as a 
result of shifting cropland, firewood and timber collection is posing the most 
crucial problem resulting in poor soil health and environmental degradation in 
the hills. 

Soil deterioration causes 
 The soils of North East India are currently susceptible to a number of 
degenerative processes, such as rapid erosion by water and wind, poor water 
transmission and retention capabilities, which contribute to the widespread 
drought-flood syndrome, soil compaction, nutrient imbalance, salinization, 
acidification, leaching losses, etc. Unsuitable agricultural methods, such as 
indiscriminate use of heavy equipment, inappropriate grazing, flood-based 
irrigation, uneven fertiliser use, and excessive pesticide use, are also to blame 
for soil deterioration. Major food crops like wheat, rice, sorghum, and millet 
have poor, stagnant national average yields that are characterised by a wide 
yield difference. The national average output of the world's primary food crops 
compared to India also differs significantly (Lal ., 2016). By 2050, it is predicted 
that there will be 8.9 billion people on the planet, which would drive demand 
for agricultural products (Lichtfouse et al., 2009). 
 In the Arunachal Pradesh, soil acidity is one of the primary causes of 
the poor chemical soil health. The high amount of exchangeable aluminum 
produced by the weathering of acidic parent materials and the significant loss 
of bases as a result of excessive rainfall are the natural causes of the strong 
acidity of the soils in the Arunachal Pradesh. As reported  by Sharma et al 
(2006) that out of 21 mha area of acid soil of North –East India ,Arunachal 
Pradesh (6.8 million ha) has the most acid soils, followed by Assam (4.7 million 
ha), Meghalaya (2.2 million ha), Manipur (2.2 million ha), and Mizoram (2.2 
million ha) (2.0 m ha). The deteriorated acid soils (pH 5.5) cover 11.2 million 
hectares (ha) in the NE Regions, with the majority being within Arunachal 
Pradesh (6.5 million hectares), Manipur (1.9 million hectares), and Nagaland 
(1.6 m ha). 
 Erosion accelerates the process of physical soil degradation, which 
leads to a decline in soil physical health. In particular in the North East, the 
traditional method of Jhumming or Slash and Burn (shifting) farming is said to 
be the main cause of soil erosion (Barthakur, 1976). According to estimates, 
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soil erosion from the Indian Himalaya occurs at a rate of around 28.2 t/ha 
annually, but soil erosion from the Lesser Himalaya and the Siwalik watershed 
occurs at a rate of 80 to 156 t/ha yearly (Singh and Gupta, 1982). Soil erosion 
from the hill slopes in Meghalaya state was calculated to be 14.46, 17.62, 30.2, 
8.2, and 18.8 t/ha/year, respectively, under first year of jhum, second year of 
jhum, plentiful jhum, natural bamboo, and mixed forest areas (Singh et al. 
1981). To prevent land deterioration that may otherwise have an influence on 
people's quality of life owing to landlessness, the notion of tolerance limit or 
permitted soil loss was developed. The soil loss tolerance level is exceeded in 
the states of Meghalaya (71.90% of TGA covering an area of 1747200 ha) and 
Arunachal Pradesh (67.6% of TGA covering an area of 5656739 ha) 
(Chattopadhyay et al., 2014; Dutta et al., 2014). This causes a significant 
amount of nutrient loss in the area each year. According to Shardha et al. 
(2013), assessment of soil erosion susceptibility involved prioritising crucial 
locations based on the maximum amount of soil that may be lost across all of 
the states in the nation. It was found that priority class II was assigned to 69% 
of the TGA in Nagaland, 43% in Arunachal Pradesh, 35% in Meghalaya, and 
29% in Assam. Shardha et al (2010).,calculated the annual production loss at 
the state level to be 41% of  total agricultural production in the year 2005–
2006. By diminishing soil fertility and production due to increased erosion, the 
removal of natural forests and their conversion to agriculture throughout the 
course of such traditional methods causes environmental degradation. In the 
NE Region, shifting cultivation is expected to result in annual losses of top soil, 
N, P, and K of 88346, 10669, and 6051 thousand tonnes, respectively (Sharma, 
1998) . Saha et al. (2012) reported that shifting cultivation had the highest 
erosion ratio (12.46) and soil loss (30.2-170.2 t/ha/yr) under various land use 
systems in the Northeastern Hill (NEH) Region.  

Approaches for sustaining soil health  
 To mitigate the poor soil health of the state, there is an urgent need of 
management strategies for improvement of soil health.  The approaches for 
sustaining the soils health are discussed as below: 

Organic Management 
 The proper application of crop residues to the soil has significant 
impact on nutrient availability. Vermicomposting of rural wastes has a lot of 
potential for reducing the soil's lack of nutrients in NE India, especially given 
the availability of composting earthworms and need-based training in compost 
technique. In order to avoid unnecessary liming material waste, it is usually 
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preferable to apply liming materials in furrows rather than broadcast. Furrow 
limestone application has been shown to significantly boost maize output, 
using applications of only 250 kg/ha per year (Avasthe et al., 2014). paper mill 
waste products such as lime sludge, basic slag, paper mill sludge, etc can be 
used as an  inexpensive liming materials (Sharma et al., 2006). Lastly, using 
watershed-based technologies along with appropriate soil and water 
conservation measures can be a great way to promote soil health for organic 
food production. 

Intensive Integrated Farming System  
 Integrated Farming System is designed to facilitate efficient resource 
utilisation and resource recycling within systems by directly using byproducts 
of one system as the input of another production system (Fig 1.1). The strategy 
is site-specific, technically skill-based, plays a multi-faceted role in meeting 
domestic needs, creates new employment opportunities, enables the wise and 
sustainable use of resources, promotes resource rejuvenation, and boosts 
farmer resilience. This strategy, specifically for hill agriculture, helps resource-
poor farmers become self-sufficient and economically competitive by 
producing high-quality edible products from numerous enterprises that are 
integrated together and by making the best use of the resources that are 
available in a way that is extremely sustainable. 
 

 
Fig 1.1: Integrated Farming System 

 
Economical Polyhouse: 
 Vegetable crop output and productivity in Arunachal Pradesh are 
extremely low as a result of a variety of environmental factors, including 
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excessive rainfall during the rainy season, frost during the winter, low soil 
nutrient content due to leaching losses, etc. The best option to change the 
impact of the mentioned conditions in order for crops to achieve their full 
potential is protected cultivation using inexpensive polyhouses. It makes it 
possible to produce high-value, low-volume vegetable crops all year long, 
including tomatoes, cucumbers, and capsicum. Bamboo and metallic wire that 
are readily available locally can be used to build a polyhouse for a reasonable 
price. Typically, IJV stabilized film of 200 p (800 gauge) is used to cover the 
ceiling, and 75% shade net is utilized to cover the side walls. The size of the 
polyhouse determines the length of the UV-stabilized sheet and shade net. 
Turpentine oil is used to coat the bamboo posts to protect them from rotting 
and termite damage. 

 Soil Conservation Measures 
 Depending on the soil the various mechanical methods may be used, 
such as contour bunding, bench terracing, channel terracing, narrow based 
terraces, broad based ridge terraces, etc. Depending on the soil depth and land 
use conditions, the bunds may be built using parabolic channels (0.3 m in 
height and 0.2 m in depth) on contours with vertical intervals of 0.5 m to 5.0 m. 
Constructing contour trenches (spaced at 10–30 m intervals) aids in lowering 
high surface runoff and also provides orchard crops with sufficient moisture 
conditions, such as banana, citrus, pineapple, etc.  

Latest artificial intelligence based solutions  
 The examination of soil health is crucial for Indian soil, yet technology 
has ignored it. Utilizing computers to automate the procedure enhances its 
objectivity. The application of artificial intelligence (AI) technologies (Fig 1.2) 
like machine learning and deep learning to agricultural operations can increase 
crop productivity and soil health maintenance (Patil, 2022). It has a number of 
precisely defined models, like as clustering, regression, support vector machine 
(SVM), and classification, which collect specific data and use specific 
techniques to get desired outcomes. A practical answer that can be found using 
a machine learning model is what the system aims to provide. To forecast soil 
health, the Support Vector Machine, Random Forest, and Linear Regression 
approaches are used. The longevity of agricultural land and good crop 
production are both gradually enhanced by scientific management of soil 
health. Machine learning offers useful and world-class algorithms for tracking 
soil health and classifying it into groups of healthy and unwell soil. 
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Fig 1.2: Artificial intelligence based technologies 

 
CONCLUSION  
Soil health deterioration is a problem in the Arunachal Pradesh facilitated by 
significant soil erosion on hills by deforestation and shifting farming. Since the 
majority of the area is rain-fed and monocropped, the fertility of the soil has 
been steadily declining. The main issues with soil health are high levels of soil 
acidity with depletion of soil nutrient status. For the restoration of soil health, 
appropriate soil conservation measures with an integrated farming system 
approach would make logical sense.  Latest scientific technologies and organic 
agricultural techniques may enhance the sustainability of the state. 
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Abstract 

The mind-body connection is a critical component of performance in 

badminton, as the interplay between psychological and physical factors can 

significantly impact a player’s success on the court. This chapter provides a 

comprehensive overview of badminton players’ physical and mental demands, 

highlighting the importance of developing a solid mind-body connection. The 

physical requirements of badminton, including aerobic and anaerobic fitness, 

agility, speed, and strength, are discussed, along with the importance of 

physical training and specific exercises and drills. The mental skills required 

for success in badminton, such as focus, concentration, resilience and 

motivation, are also explored, focusing on the benefits of mental training 

techniques such as visualization, positive self-talk, and goal setting. Finally, 

the relationship between psychological and physical factors in badminton 

performance is examined, along with practical tips for integrating mental and 

physical training, such as goal setting and mindfulness techniques. 

Additionally, guidance is provided on building a personalized training 

program that includes both physical and mental components. The benefits of 

working with a coach or mental skills trainer to enhance the mind-body 

connection are also discussed. The chapter also highlights the importance of 

the mind-body connection in badminton and how developing both physical 

and mental skills can lead to improved performance and greater enjoyment of 

the sport. 

Keywords: Mind-body connection, psychological demands, physical 

demands, physical training, mental skills, mental training, visualization, 

positive self-talk, goal setting, stress management and mindfulness techniques 

1. Introduction 

The mind-body connection refers to the close relationship between mental 

and physical aspects of human performance. The mind-body connection is 
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critical for success in badminton since the sport requires physical as well as 

mental skills (Straw, 2021). On the physical side, badminton is a demanding 

sport that requires a combination of aerobic and anaerobic fitness, agility, 

speed, and strength. Players must move quickly and efficiently around the 

court, make explosive movements to hit the shuttlecock, and maintain their 

energy levels throughout a match. To achieve this level of physical ability, 

badminton players must engage in regular training and conditioning. On the 

mental side, badminton players must possess various psychological skills to 

perform at their best (Wilkie, 2016). These include focus, concentration, 

resilience, and motivation. A player must stay focused on the game, even when 

faced with distractions or setbacks. They must be able to bounce back from 

mistakes and setbacks quickly and maintain their motivation and confidence 

throughout the match. 

The mental and physical aspects of sports performance are closely 

interrelated (Fossati et al., 2021). For example, a player’s level of physical 

fitness can influence their mental state and vice versa. A player may struggle 

to maintain their focus or motivation if they are physically tired or injured. 

Similarly, if a player feels anxious or stressed, this can affect their physical 

performance by increasing tension and reducing coordination. To perform at 

their best, badminton players must develop a strong mind-body connection 

that seamlessly integrates their physical and mental skills (Ma, 2022). This 

means engaging in regular physical and conditioning and mental training to 

develop skills like visualization, positive self-talk, and goal setting. By doing 

so, players can improve their performance, reduce the risk of injury, and enjoy 

greater success on the court. 

The chapter is designed to provide a comprehensive overview of the 

physical and psychological demands of badminton sport and how these factors 

are interconnected. In addition, the chapter explores the importance of the 

mind-body connection in badminton performance and provides strategies for 

developing this connection to enhance both physical and mental skills. 

2. The physical demands of badminton 

Badminton is a highly demanding sport that requires a combination of 

physical and mental skills. In order to perform at a high level, players must 

possess a range of physical attributes, including aerobic and anaerobic fitness, 

agility, speed, and strength (Charee et al., 2022). Aerobic fitness is the ability 

to perform sustained physical activity over an extended period of time, such 

as during a long match. In badminton, players must be able to maintain a high 

level of activity throughout a match, including running, jumping and lunging. 
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This requires good cardiovascular fitness, which can be developed through 

activities such as running, cycling and swimming. On the other hand, 

anaerobic fitness refers to the ability to perform short bursts of intense 

physical activity. Badminton players must be able to move quickly and 

explosively in short bursts, such as when lunging for a shot or jumping to 

smash the shuttlecock. This requires good anaerobic fitness, which can be 

developed through activities such as sprinting, plyometric exercises, and high-

intensity interval training. Agility refers to the ability to change direction 

quickly and effectively, which is essential for moving around the court and 

reaching for shots. Agility can be developed through exercises such as cone 

drills, ladder drills, and shuttle runs. Speed is another critical factor for 

successful badminton players, as players must be able to move quickly and 

cover the court effectively. This includes both straight-line speed and lateral 

speed, which are important for moving around the court and reaching for 

shots. Speed can be developed through exercises such as sprint training, 

plyometric exercises, and agility drills. While speed is a major critical factor, 

strength is another important physical requirement for successful badminton 

players. This includes both upper-body and lower-body strength, which are 

important for generating power in shots and movements. Strength can be 

developed through exercises such as weight training, bodyweight exercises, 

and plyometric exercises. Ultimately, the physical requirements of badminton 

are extensive and require a combination of aerobic and anaerobic fitness, 

agility, speed, and strength. By developing these physical attributes through 

training, badminton players can improve their performance on the court and 

reduce the risk of injury. 

3. The psychological demands of badminton 

While physical training is essential for badminton performance, mental 

skills are equally important. Successful badminton players must possess a 

range of mental skills, including focus, concentration, resilience and 

motivation (Baştuğ et al., 2017). Focus refers to the ability to direct one’s 

attention and concentration towards the task at hand. In reference to 

badminton, this means being fully present on the court and focused on the 

game. Players must be able to block out distractions and maintain their focus 

throughout the match, especially during high-pressure situations. 

Concentration is similar to focus, but it involves the ability to sustain one’s 

attention over an extended period of time. This means maintaining a high 

concentration level throughout the match, even during long rallies or difficult 

points. Resilience is the ability to bounce back from setbacks and overcome 

adversity. It indicates the ability to recover quickly from mistakes or losses 
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and maintain a positive attitude throughout the match. Motivation is also 

critical for badminton performance, as it provides the drive and determination 

necessary to succeed. Players must be motivated to work hard in training, push 

themselves to their limits and strive for improvement on the court. To develop 

these mental skills, badminton players can engage in a range of techniques and 

strategies, including visualization, goal-setting, mindfulness and positive self-

talk. Visualization involves mentally rehearsing successful performances, 

while goal-setting helps players stay focused and motivated towards achieving 

specific objectives. Mindfulness involves being fully present at the moment 

and accepting one’s thoughts and emotions without judgment. This can help 

players stay focused and centred on the court, even during high-pressure 

situations. Positive self-talk involves using positive affirmations and 

statements to maintain a positive mindset and boost confidence. The mental 

skills required for successful badminton performance are just as important as 

physical skills. By developing focus, concentration, resilience, and 

motivation, players can improve their mental toughness and perform at their 

best on the court. 

4. The mind-body connection in badminton 

The relationship between psychological and physical factors in 

badminton performance is complex and interdependent. While physical 

factors such as speed, strength and endurance are essential for success on the 

court, psychological factors such as focus, motivation, and resilience are 

equally important. Physical factors contribute to the overall fitness level of the 

player, which is important for sustaining performance throughout the game. 

Aerobic fitness is required for long rallies and extended games, while 

anaerobic fitness is essential for quick bursts of energy during rallies. Strength 

training helps players generate more power in their shots, while agility training 

helps improve footwork and quick movements on the court. However, 

physical factors alone do not guarantee success in badminton. The 

psychological factors of a player, such as their focus, motivation, and 

resilience, are also critical. Focus and concentration allow players to stay 

present at the moment and react quickly to shots. Motivation provides the 

drive and determination to train hard and strive for improvement, while 

resilience enables players to recover quickly from mistakes and setbacks. The 

interdependence between physical and psychological factors in badminton 

performance is also evident in the impact of fatigue and stress on both physical 

and psychological aspects of performance. Physical fatigue can lead to 

decreased speed, strength and endurance, while mental fatigue can lead to 

reduced focus, motivation and resilience. Stress can also have a negative 
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impact on both physical and psychological performance, leading to muscle 

tension, decreased reaction time, and increased anxiety. The relationship 

between psychological and physical factors in badminton performance is 

complex and interdependent. Both physical and psychological factors are 

essential for success on the court, and players must strive to develop and 

maintain both aspects of their performance in order to perform at their best. 

Stress and anxiety are common experiences for badminton players and 

can significantly impact performance (Cabello-Manrique et al., 2022). Stress 

and anxiety can affect physical and psychological performance aspects, 

including muscle tension, decreased reaction time and reduced focus and 

concentration. However, mental training can help manage these factors and 

improve performance. Mental skills and physical performance are 

interdependent and mutually reinforcing in badminton (Bebetsos & Antoniou, 

2003). Mental skills such as visualization and positive self-talk can enhance 

physical performance. Players can improvise their technique and reduce errors 

by visualizing themselves executing shots with precision and accuracy. 

Positive self-talk can improve confidence and motivation, leading to improved 

physical performance. On the other hand, physical performance can enhance 

mental skills such as focus and concentration. When players are in good 

physical shape, they can stay focused and concentrate on the game, improving 

mental performance. Mental skills such as resilience and motivation can 

improve physical endurance. When players are mentally tough, they are better 

able to push through physical fatigue and maintain their performance level for 

longer periods of time. Physical performance can also improve mental 

resilience. When players push themselves physically, they develop mental 

toughness and the ability to overcome obstacles and setbacks on the court. 

Mental skills such as relaxation techniques can improve recovery after 

physical activity. By practising relaxation techniques such as deep breathing 

or meditation, players can reduce muscle tension and improve their ability to 

recover after matches. The relationship between mental skills and physical 

performance is complex and interdependent. The development of mental skills 

can enhance physical performance, and physical performance can improve 

mental skills. By focusing on both aspects of their performance, players can 

improve their overall performance and achieve greater success on the court. 

5. Strategies for developing the mind-body connection in badminton 

Integrating mental and physical training in badminton can be challenging 

but essential for improving overall performance. It is necessary to set realistic 

and achievable goals for both physical and mental training. Players can use 

the SMART criteria (specific, measurable, achievable, relevant, and time-
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bound) while setting their goals (Boogaard, 2021). For example, players can 

set a goal to improve agility by completing a certain number of ladder drills 

in a specific amount of time and keep track of their progress toward goals by 

self-monitoring. They can record physical and mental training sessions in a 

journal and note the accomplishments, challenges, and areas for improvement. 

Finally, use this information to adjust the training plan as needed. 

Incorporating mindfulness techniques into the training routine can help to 

manage stress and anxiety. Techniques such as deep breathing, visualization, 

and progressive muscle relaxation can help to stay calm and focused during 

matches. Mental rehearsal techniques to visualize game situations can help to 

build confidence and improve overall performance. It is necessary to replace 

negative thoughts with positive and empowering statements to help to stay 

motivated and focused. The importance of recovery strategies for physical and 

mental training should not be forgotten. Rest days should be incorporated into 

the training plan as relaxation techniques to help the body and mind recover. 

Working with a coach or mental skills trainer can be incredibly beneficial 

for enhancing the mind-body connection in badminton. A coach or mental 

skills trainer has expertise in the physical and mental aspects of badminton. 

They can provide guidance on proper technique and form for physical training 

and offer strategies for improving mental skills such as focus, concentration, 

and resilience. In addition, a coach or mental skills trainer can provide 

individualized training tailored to the specific needs and goals. They can help 

to identify areas for improvement and develop a training plan that meets the 

unique needs according to the individual. Working with a coach or mental 

skills trainer can provide motivation and accountability. They can help to stay 

on track with the suitable training program and offer encouragement and 

support along the way. A coach or mental skills trainer can provide feedback 

and evaluation of the player’s performance. They can help to identify strengths 

and areas for improvement and offer guidance on how to make adjustments to 

the training program. A mental skills trainer can provide support for managing 

stress, anxiety, and other mental health issues that may impact performance. 

They can offer techniques for managing emotions and building resilience to 

help to perform best under extreme pressure conditions. Working with a coach 

or mental skills trainer can give a competitive advantage to badminton players 

by improving their physical and mental skills and helping them to perform 

better and achieve their goals. 

6. Conclusion 

The mind-body connection is a critical component of performance in 

badminton. The mind and body are interconnected, and the performance of 
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one can impact the other. This means that psychological factors such as focus, 

concentration, and motivation can affect physical performance and physical 

fitness can influence mental toughness and resilience. The importance of the 

mind-body connection in badminton is reflected in the nature of the sport 

itself. Badminton requires players to engage in fast-paced, high-intensity 

physical activity while maintaining mental focus and attention. Players need 

to be able to respond quickly to the movements of their opponents and make 

rapid decisions, all while remaining focused and alert. A strong mind-body 

connection can lead to improved performance in badminton. By developing 

the mental and physical skills necessary for success, players can enhance their 

overall performance on the court. For example, improving mental skills such 

as focus and concentration can help players make better decisions and react 

more quickly to their opponent’s movements. Similarly, developing physical 

fitness and strength can improve endurance and reduce the risk of injury. In 

addition to improving performance, the mind-body connection can also lead 

to greater enjoyment of the sport. When players are able to achieve a state of 

flow, where they are fully engaged and immersed in the game, they are likely 

to experience greater enjoyment and satisfaction with their performance. It is 

essential to success in badminton, both in terms of physical performance and 

mental toughness. By recognizing the importance of this connection and 

working to develop both physical and mental skills, players can improve their 

performance and find greater enjoyment in the sport. 
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