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1.1 INTRODUCTION

In the 21st century, with the increased efficacy in pharmacological effects

of medicinal plants, herbal medicine has been considered as a promising

future medicine for the management of health care. Recently, there has

been a swing in universal trend from synthetic to herbal medicine, which

is claimed as “Return to Nature.” Medicinal plants have been exploited

since ancient times and are highly esteemed all over the world as a rich

source of therapeutic agents for the prevention of diseases and ailments.

Ancient Chinese and Egyptian papyrus writings describe medicinal uses

of plants as early as 3000 BC. Indigenous cultures like African and Native

American have used herbs in their healing rituals. Whereas, other devel-

oped traditional medical systems viz. Siddha, Ayurveda, Unani, and tradi-

tional Chinese medicine (TCM); in which herbal therapies are being

used successfully (Ampofo et al., 2012). The consumption of plant-based

phytomedicines and other botanicals in the West has increased multifar-

iously in recent years. About two centuries ago, our medicinal practices

were largely dominated by plant-based medicines. But, the medicinal use

of herbs went into a rapid decline in the West since the introduction of

more predictable synthetic drugs with their fast effects and easy availabil-

ity. In contrast, many developing nations continued to benefit from the

rich knowledge of herbal medicine. Siddha and Ayurveda medicines in

India, Kampo Medicine in Japan, TCM, and Unani medicine in the

Middle East and South Asia are still being used by a large majority of

people (Mosihuzzaman and Choudhary, 2008). Overall, now a days, the

demand for plant-based medicines, health products, food supplements,

and cosmetics is being amassed in both developing and developed coun-

tries. The reason behind it is the growing recognition that the natural

3
New Look to Phytomedicine
DOI: https://doi.org/10.1016/B978-0-12-814619-4.00001-X

© 2019 Elsevier Inc.
All rights reserved.

https://doi.org/10.1016/B978-0-12-814619-4.00001-X


CHAPTER 2

Diversity of Bioactive
Compounds and Their
Therapeutic Potential
Mohd Musheer Altaf1,2, Mohd Sajjad Ahmad Khan3

and Iqbal Ahmad1
1Department of Agricultural Microbiology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India
2Faculty of Life Science, Institute of Information Management and Technology, Aligarh, India
3Department of Basic Sciences, Biology Unit, Health Track, Imam Abdulrahman Bin Faisal University,
Dammam, Kingdom of Saudi Arabia

2.1 INTRODUCTION

For thousands of years, medicinal plants have been serving as a precious

resource of therapeutics. Moreover, many of the modern drugs or thera-

peutics are either plant based or their products (Newmann and Cragg,

2012; Kinghorn et al., 2011). On the other hand, plant product-based

drug discovery is linked with several complexities; drug manufacturers

have diverted their major attention to synthetic or semisynthetic route for

the development of novel agents (David et al., 2015; Beutler, 2009).

However, the results achieved from plant-based drug discovery, still, did

not meet up the promise as apparent in the availability of decreasing

quantity of novel therapeutic compounds (Atanasov et al., 2015; David

et al., 2015; Scannell et al., 2012; Kingston, 2011). This situation revived

the interest in plant-based therapeutic product development, regardless of

its immense complexity and intricacy, which successively requires multi-

disciplinary studies (Heinrich, 2010).

Medicinal plants, with healing properties and toxicology, along with

additional qualities, are methodically acceptable by the public for the

maintenance of normal health, depending on their availability and appli-

cability through civilizations. In view of the fact that medicinal plants can

be categorized as natural products safe to use, the rule permits them to be

advertised by circular to the health-governing departments (Brazil, 2010),

and they may be grown by persons who pursue high-quality agricultural

procedure. Therefore the supportive self-medication is adapted under
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4.1 INTRODUCTION

According to an estimate B1014 microorganisms that are inhabiting in

human body and it is much more similar/closer to that of human cells.

Human gastrointestinal (GI) tract is predominantly characterized by these

microbes, collectively termed as gut microbiota. Earlier, gut microbiota

was known as commensals but now they are considered as symbionts that

are beneficial for human beings. Obligate anaerobes like Bacteroidetes

and Firmicutes are predominant phyla constituting 90% of total gut

microbiome. Other phyla that are found include, Proteobacteria,

Actinobacteria, and Tenericutes (Xu et al., 2017). Around 2000 years

long ago, a statement “all disease begins in the gut” quoted by

Hippocrates and researchers are now beginning to appreciate his

statement. Dysbiosis (disruption in microbiota composition) is extensively

correlated to not only gut diseases but also related with hypertension,

insulin resistance, type 2 diabetes, and obesity. Disequilibrium in gut

microbial community affects host’s physiological states via different

mechanisms such as metabolic and immunomodulation. Both host

(genetic and gender) and environmental factors (lifestyle, hygiene, diet

and antibiotic treatment) shape the intestinal microbiome species diversity

(Conlon and Bird, 2014). The functional output of intestinal microbiota

plays an important role in homeostasis by controlling metabolic pathways

and important modulators of physiological state of GI such as nutrient

metabolism and vitamins production. Gut microbiota plays an essential

role in human through broad-spectrum metabolites and their diverse
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8.1 INTRODUCTION

Recent reports and projections on cancer epidemiology worldwide show

that cancer-linked mortality and morbidity in human population will

continue to grow in the coming decades. It was estimated that in 2015,

about 8.8 million deaths were caused by cancer globally (WHO, 2017);

while in 2012, 14 million new cases of cancer were registered worldwide;

and this number is expected to rise by about 70% over next two decades

(WHO, 2017). This situation becomes more aggravated in developing

countries due to lack of awareness and limited resources for cancer

management. The Indian Council of Medical Research (ICMR) has

anticipated that over 1.7 million new cases of cancer and 0.8 million

deaths related to cancer will occur in India by 2020 (ICMR, 2014).

There are several therapeutic approaches for cancer treatment (surgery,

chemotherapy, radiotherapy, etc.), however, associated complications in

addition to financial constraint are evident. Moreover, strategies to pre-

vent the onset of cancer are still in stage of infancy (Cuzick, 2017). Thus,

in view of global scenario of escalation in cancer burden and impediment

related to current therapies for cancer treatment the development of novel

anticancer drug has become one of the most significant thrust area in

modern biological research. Although, synthetic chemistry offers an

attractive arena for discovery of lead molecules, trend showed that the

success rate of synthetic molecules as potent anticancer agents was

too low during last decades (Scannell et al., 2012). Moreover, the trans-

formation period from identification of lead molecule to successful drug

development against cancer is very lengthy, cost intensive, and with regu-

latory hitches (Jonsson and Bergh, 2012). Therefore, researchers focused
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9.1 INTRODUCTION

9.1.1 Biofilm in Disease Development
Biofilm is described as a well organized microbial community enclosed in

extra polymeric substances (EPSs) and adhering to biotic and abiotic

surfaces (Costerton et al., 1999). Biofilm formation is a multistep

phenomenon which includes physical, biological, and chemical processes.

These processes are influenced by environmental and hydrodynamic con-

ditions (Bryers, 2008). Biofilm formation comprises a sequence of steps as

described by Kostakioti et al. (2013) and Crouzet et al. (2014) as follows

(Fig. 9.1).

1. Preconditioning of the solid surface by macromolecules in the

medium.

2. Transport of free-living cells from the medium to the surface.

3. Nonspecific adsorption of planktonic cells at the surfaces.

4. Irreversible attachment of bacterial cells at the surface.

5. Communication of cells or production of signaling molecules (quo-

rum sensing).

6. Substrate transport within the biofilms.

7. Metabolism of substrate by the sessile cells and transport of metabo-

lized products leading to cell multiplication, replication, production of

EPS.

8. Detachment of biofilm.

Biofilm development constitutes an alternative lifestyle which involves

multiple regulatory networks that leads to change in gene expression

thereby mediating reorganization of the microbial cells (Kostakioti et al.,

2013; Atray and Atray, 2015). These microorganisms may form very

dense EPS matrix which constitutes 90% of the biomass (Flemming and
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12.1 INTRODUCTION

12.1.1 Quorum Sensing in Bacteria: An Overview
Bacterial quorum sensing (QS) is density-dependent cell-to-cell commu-

nication system that involves production, detection, and response to sig-

naling molecules known as autoinducers (AIs). As the bacterial

population density increases, AIs accumulate, bacteria keep track of this

information to monitor changes in their cell numbers and alter gene

expression collectively (Rutherford and Bassler, 2012). QS controls wide

array of genes that direct number of beneficial activities when performed

by groups of bacteria acting in synchrony. QS controls important func-

tions like bioluminescence, sporulation, competence, antibiotic produc-

tion, virulence factor secretion and biofilm formation (Ng and Bassler,

2009; Williams and Camara, 2009). Production of various virulence fac-

tors in pathogenic bacteria of different origins is controlled by QS

(Table 12.1). Although all known QS systems differ in the regulatory

components and molecular mechanisms but are dependent on three basic

principles: first, secretion of signaling molecules (AIs); second, detection

of AIs by the receptors existing in the cytoplasm or in the membrane;
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13.1 INTRODUCTION

Diabetes and its related complications is a global health issue which is

going to become world’s largest contributor of mortality and morbidity

(Jang et al., 2011; Singh et al., 2014). In the next two decades, diabetes is

expected to increase two to fivefold in many countries including India,

China, and the United States (Alberti and Zimmet, 2013). In adults, dia-

betes is one of the leading causes of renal failure, heart disease, blindness,

and limb amputations (Ahola et al., 2010; Antonetti et al., 2012; Martin

et al., 2006). The underlying reason for adverse effects and complications

in diabetes is persistent elevation in plasma glucose concentrations. The

elevated expression of glucose transporter 1 (GLUT 1) makes it difficult

to regulate intracellular glucose levels and hence become more prone to

hyperglycemia-induced damages (Singh et al., 2014). Overexpression of

GLUT 1 in renal mesangial cells leads to diabetic phenotypes such

as increased extracellular matrix (ECM) synthesis and activation of the

polyol pathway (Heilig et al., 1995). The renal complications might be

major drivers of increased cardiovascular mortality and morbidity

(Afkarian et al., 2013). The exact series of proceedings and its mechanism

leading to cellular malfunction because of hyperglycemia is not fully

understood. One of such events is reaction of glucose with proteins to
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18.1 INTRODUCTION

Whole plant or parts of plant (leaves, fruit, roots, bark, flower, etc.) which

provide health-promoting or curative properties are generally known as

herbal medicine or phytomedicine. Herbalism implies the alternative

health care outside conventional medicine. Advances in clinical research

and improvement in quality control and analysis have contributed to

recent resurgence of the use of alternative and traditional medicinal sys-

tem and further establishing its importance in treating and preventing dis-

eases (Ekor, 2014). Herbal products are available in both commercial and

crude preparations, the latter being more often used in the developing

countries and are formulated as mixture (Alissa, 2014). Plant-based medi-

cines have been used long before recorded history; Chinese, Egyptian,

and Indian systems of alternative and complimentary describe uses of

plants since ages (Pan et al., 2014; Jaiswal et al., 2016). In India only,

more than 40% of the total 17,000�18,000 flowering plants find their

usage documented in traditional medicine systems. The global market for

Indian traditional medicine is estimated to 120 billion USD, reflecting the

high demand for Indian natural products (Jaiswal et al., 2016). It is esti-

mated that about 4 billion people (about 80% world population), at least

up to some parts of their primary health care, rely on herbal medicinal

products (Ekor, 2014). Herbal products are also now becoming main-

stream in the developed countries like European countries, North

America, and Australia (Braun et al., 2010; Anquez-Traxler, 2011;

Blendon et al., 2013). The use of herbal products in health care continues
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22.1 INTRODUCTION

Ayurveda (knowledge of life) is the oldest form of Indian traditional

system of medicine. The other traditional system of Indian medicine

includes Unani and Siddha. These systems of medicine adopt a holistic

approach toward achieving human health by an integrated manner of

physical, mental, and spiritual functions of human body (Prakash, 1997).

A section of Ayurveda deals with herbo-mineral preparations called

Bhasma (ash) is known as Rasa Shastra (Vedic chemistry) (Kumar et al.,

2011). The major therapeutic actions of Bhasma are their ability for

Immunomodulation and anti-aging property (Rasayana) and ability to

target drugs to the site (Yogavahi). Such Ayurvedic preparations are

claimed to be nontoxic, absorbed readily, and biocompatible (Sarkar and

Chaudhary, 2010).

The term nanotechnology was first defined by in 1974 by Norio

Taniguchi in Tokyo Science University. Now this discipline of technology

has proved to be useful in physical and chemical sciences but also opens

new avenues in medical sciences such as in imaging, sensing, artificial

implants, and improving drug delivery (Shi et al., 2010; Boisseau and

Loubaton, 2011). Nanotechnology provides opportunity to develop

nanoparticles through bottom-up and top-down approaches allowing

reengineered materials at nanoscale for developing new improved

products (Miyazaki and Islam, 2007). Various types of nanoparticles are

available for different applications. The application of nanotechnology in

pharmaceutical field includes development of nanomedicine, nanorobots,
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23.1 INTRODUCTION

Natural extracts from medicinal plants are used for drug discovery.

Extracts from the herbal plants consist of various active chemicals.

Phytomedicines produced from natural resources; therefore, they possess

several biological activities and functions. The majority of active constitu-

ents belong to the family of flavonoids, terpenoids, polyphenols, and tan-

nins. These active chemicals modulate several cellular pathways for the

treatment of numerous diseases like cancer, multiple sclerosis, inflamma-

tory bowel disease, metabolic syndrome, diabetes, dengue, etc.

(Chaudhary et al., 2015; Farzaei et al., 2017; Graf et al., 2010; Nankar

et al., 2017; Singh and Rawat, 2017; Triantafyllidi et al., 2015). Recent

studies mainly focused on antimicrobial, antiviral, anticancer, antioxidant,

and anti-inflammatory effects of phytodrugs. Despite the enormous use of

synthetic drugs, still the majority of people in the developing countries

practice traditional phytomedicines for health care. Due to the various

side effects of synthetic drugs, a large number of populations are now

switching to natural drugs for health benefits. In search of novel drugs,

scientific community attracted toward medicinal plants extracts because of

their known physiological effects and potential to treat diverse diseases.

From 1980�2006, approximately 50% of the approved medicines were

plant-derived natural compounds (Ferreira and Pinto, 2010). Commonly,

phytomedicines are believed to be nontoxic. However, they exhibit the

same physiochemical obstructions as associated with the synthetic
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Abstract As all human need food, its safety and nutritional quality is important. 
According to Codex Alimentarius Commission (CAC), Food hygiene is defined as 
“all conditions and measures parameter of quality to ensure the safety and suitabil-
ity of food at all stages of the food chain.” Food hygiene includes 2 key points, (i) 
food safety and (ii) food suitability. CAC defined food safety as “the assurance that 
food will not cause harm to the consumer, when it is prepared and eaten according 
to its intended use”, while food suitability is defined as “assurance that food is 
acceptable for human consumption according to its intended use”. The fundamental 
part of any food operation is food safety. In the present era, food safety assurance is 
different because plethora of chemical, physical and biological agents can contami-
nate the food source and pose a threat not only to human health but also food busi-
ness. Today there is sufficient technical and scientific knowledge, and managerial 
knowledge for ensuring the products safety. Presently concepts like Hazard Analysis 
and Critical Control Point and risk analysis are developed and incorporated in the 
food safety management and hygiene both nationally and internationally. In this 
chapter significance of food hygiene, food safety and various approaches for their 
management has been reviewed.
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Abstract Microorganisms are present everywhere, they play serviceable and detri-
mental role in various ways; deteriorate the basic needs of human life, escalation of 
their population in foods hamper the shelf-life of food and cause illness in humans. 
Among all foods, meat and meat products are staple food which are used world-
wide. Meat and meat products are well known for their high nutritional values as 
they contain good amount of proteins which comprise of essential amino acids with 
high biological value. Meat is also rich in vitamin B complex and several important 
minerals like iron, magnesium and zinc. Being an excellent medium; meat and meat 
products favour the growth of a variety of microbial flora such as bacteria yeast and 
molds, few of them are pathogens. Under aerobic condition bacterial population 
grow and spoil the meat. Meat spoilage is commonly caused by the bacteria like 
Pseudomonas spp., Brochothrix thermosphacta, members of Enterobacteriaceae 
family, and Lactic acid bacteria etc., which alter the component of meat and meat 
products continuously, thus leading to adverse changes in sensory characteristics 
such as appearance, odour, texture and flavour as well as acceptable qualities. This 
chapter summarizes cause of spoilage of meat and meat products in order to develop 
optimum preservation techniques to keep up the freshness of meat and meat prod-
ucts. The chapter also gives insights about how microbes deteriorate the nutritional, 
sensory and textural qualities of meat and hamper the shelf life.
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Abstract The three main types of food contaminants are physical, chemical and 
microbiological. Since ancient times chemical hazards are known as potential food 
safety concerns. These hazards may be transmitted into food at all phases in the 
processing, packaging, transportation, supply chain, including production and trade. 
The chemical hazards can arise in distinct forms and as a result of various events. 
With the advancement in the technology, detection of such contaminants becomes 
easier. Risk management of chemical hazard requires a vigorous management of 
food safety system that has focus on operational prerequisite programs, such as 
trader quality assurance and inventory control as well as Hazard Analysis and 
Critical Control Point (HACCP). This chapter highlights various groups of food 
contaminants, their occurrence in the food chain. Other part of the chapter mainly 
focuses on food process toxicants, food additives and nutrients, and approaches to 
be employed to solve the risk they pose to the consumer and prevent them from 
health hazards.
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 Introduction

Since ancient times chemical hazards are known as potential food safety problems 
in terms of guideline (Sumar and Ismail 1995) and procedures of analysis to detect 
them (Accum 1820). These hazards are major cause of contamination of food and 
in extreme situation lead to outbreaks of food-borne diseases (Faille et al. 2018). 
Accidental or intentional contamination of food is an unfortunate act having serious 
consequences on human health. Food contamination was recorded in history 
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Abstract The concept of probiotics although perceived as new is more than a cen-
tury old. Since the early studies of the Elie Metchnikoff in 1903, a number of com-
mercial products containing probiotics are in the market. The recent success of 
converting probiotic products into commercial reality was achieved by the scientists 
like Minoru Shirota and Kellog. Minoru Shirota is a Japanese scientist who success-
fully demonstrated the health benefits of probiotics and commercialized the globally 
known probiotic drink Yakult. This renewed interest in probiotics is spurred by the 
recent advances made in understanding the human microbiome and its role in human 
health. The link between the gut microbiome and human health is becoming increas-
ingly clear and is well described. Nevertheless, the gut microbiome is continuously 
influenced by a number of factors like diet, lifestyle and consumption of antibiotics. 
A healthy gut microbiome can be retained and maintained by using various probiot-
ics. Moreover, the probiotic microorganisms are no more limited to a few conven-
tionally used bacteria and are being currently represented by more phylogenetically 
diverse microorganisms than previously thought. These probiotic microorganisms 
include conventionally used Lactic acid bacteria, like Lactobacillus and recently 
identified probiotic bacteria like Akkermansia muciniphila, Bifidobacterium infan-
tis, Bacteroides fragilis, Clostridium butyricum, Faecalibacterium prausnitzii and 
Streptococcus thermophiles etc. Many of these probiotic strains have a shared mech-
anism of action, while strain specific, species- specific or genus-specific probiotic 
effects have also been documented. Probiotics are administered as live cultures or as 
spores, directly or through fermented dairy products, food, and drinks. Probiotics 
based therapies like fecal microbiota transplant are also being used successfully for 
treating medical conditions and diseases like diarrhea, constipation, vaginitis, nec-
rotizing enterocolitis, inflammatory bowel disease, Clostridium difficile infection, 
and others. Reports showing a clear role of probiotics in immunomodulation, pre-
vention of cardiovascular diseases and even cancer are also emerging. Yet, a number 
of microorganisms in the gut remain uncultured and many candidate probiotic 
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Potential Industrial Use of Compounds 
from By-Products of Fruits and Vegetables

Faizan Ahmad and Shams Tabrez Khan

Abstract The global consumption of fruits and vegetables is rapidly increasing 
with the increasing world population and health awareness. Waste and by-products 
are produced in all the phases of the food life cycle i.e. during production, industrial 
processing, and distribution. It has been reported that in the food manufacturing 
industry 39% of the food is wasted and this is expected to rise to about 126 metric 
tonnes by 2020 if proper prevention policies are not in place. The by-products of 
these fruits and vegetables like peels can be wisely used for other industries. It has 
also been observed that a large portion of fruits and vegetables undergo a post har-
vest loss in the processing industry. For example, the pulp and the peel after the 
extraction of juices from fruits and vegetables go unutilized. The fruits, vegetables 
and their by products are rich in bioactive compounds like phenolic compounds, 
flavonoids, carotenoids, and anthocyanins. These compounds are known to have 
anticancer, antiviral, anti-tumour, antimicrobial and antioxidant activities; and can 
be used as pharmaceutical, nutraceuticals, cosmetic, chemical industries as well as 
for the development of functional foods. Since many of these bioactive compounds 
possess antimicrobial activity, they can also be used in food preservation and to 
control food-borne pathogens. Compounds from these by-products such as carot-
enoids, essential oils, and flavours can be included in food products to enhance their 
sensory properties and to improve their nutritional value and health benefits. The 
present chapter focuses on various types of bioactive compounds present in the by- 
products of fruits and vegetables, their extraction techniques, and their possible use 
as pharmaceuticals, cosmetics and in chemical industries. The antioxidant and 
antimicrobial properties of these bioactive compounds are also discussed.

Keywords Bioactive compounds · Byproduct of fruits and vegetables · 
Polyphenols · Flavonoids · Antioxidant activity

F. Ahmad (*) 
Department of Post-Harvest Engineering and Technology, Faculty of Agricultural Sciences, 
Aligarh Muslim University, Aligarh, India 

S. T. Khan 
Department of Agricultural Microbiology, Faculty of Agricultural Sciences,  
Aligarh Muslim University, Aligarh, India

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24903-8_10&domain=pdf


89© Springer Nature Singapore Pte Ltd. 2019
V. Tripathi et al. (eds.), Microbial Genomics in Sustainable Agroecosystems, 
https://doi.org/10.1007/978-981-32-9860-6_6

B. Meera Krishna · M. A. Khan (*) 
Department of Life and Environmental Sciences, College of Natural and Health Sciences, 
Zayed University, Dubai, UAE
e-mail: Munawwar.Khan@zu.ac.ae 

S. T. Khan 
Department of Agricultural Microbiology, Faculty of Agriculture Sciences,  
Aligarh Muslim University, Aligarh, Uttar Pradesh, India

6Next-Generation Sequencing (NGS) 
Platforms: An Exciting Era of Genome 
Sequence Analysis

B. Meera Krishna, Munawwar Ali Khan, 
and Shams Tabrez Khan

Abstract
DNA referred to as blueprint of life codes for the diversity and function of all the 
living organisms. Determining DNA sequences of the living organisms not only 
gives an overview of their genetic makeup, but also provides information about 
their function. Nonetheless it was not easy to determine the genome sequencing 
of all the diversity around us especially with the technologies available before 
2010. Therefore, determining the sequence of humans and some other organisms 
only was prioritized. Pioneering methods for DNA sequencing given discovered 
by Maxam and Gilbert, and Sanger although were very powerful and popular but 
were not high throughput and economic. Therefore, it was necessary to develop 
new economic and high-throughput methods that can sequence the biodiversity 
consequently providing better insights of their possible function. New methods 
were developed and commercialized by Roche Life Sciences, Thermo Fisher 
Scientific, Illumina, and Applied Biosystems. These methods generally referred 
to as next-generation sequencing methods have revolutionized the DNA sequenc-
ing. Many sequencing platforms employing NGS have been developed including 
pyrosequencing, Ion Torrent technology, Illumina/Solexa platform, and SOLiD 
(Sequencing by Oligonucleotide Ligation and Detection). Further optimization 
has led to innovative third and fourth-generation platforms as single molecule 
real-time (SMRT) sequencing by PacBio, nanopore sequencing, etc. As a conse-
quence there is a sharp increase in the number of genomes being published and 
other genome-based studies since 2012. This has made it easy even to imagine of 
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Interplay Between Engineered
Nanomaterials (ENMs) and Edible Plants:
A Current Perspective

2

Bilal Ahmed, Mohammad Saghir Khan, Quaiser Saquib,
Majed Al-Shaeri, and Javed Musarrat

2.1 Introduction

Engineered nanomaterials (ENMs), emerging from the dynamically developing
nanotechnology industry, are being used at a greater pace in photonic crystals,
coatings, personal care products, food, bioremediation, paints, material science, and
catalysis (Fig. 2.1) (Falcaro et al. 2016; Zuverza-Mena et al. 2016; Du et al. 2016).
The ENMs also have multiple applications in health-care industry and energy pro-
duction (Safari and Zarnegar 2014; Vilela Neto 2014). Nanotechnology has brought
about a new industrial revolution through its wide range of end uses. For instance, it
has been reported that about 3000 tons of TiO2-NPs are manufactured in a different
array of products each year, and>50% of the total production is used in personal care
products (Weir et al. 2012). Super paramagnetic iron oxide nanoparticles (Fe3O4

SPION), due to their magnetic properties, are usually used as a drug carrier, in
medical devices such as MRI, and treatment of many diseases (Siddiqi et al. 2016).
Considering the human exposure and environmental implications, personal care
products represent one of the most important applications of ENMs (Keller et al.
2014). The number of nanotechnology products available in the marketplace is likely
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Fungicide Toxicity to Legumes and Its Microbial Remediation:
A Current Perspective
Mohammad Shahid, Mohammad Saghir Khan and Almas Zaidi

Department of Agricultural Microbiology, Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh, 202002,
India

2.1 Introduction

Legumes are one of the most important dietary components of many countries
including India. The high concentration of protein in legume grains is considered
a valuable and cheap source of protein in numerous emerging nations. Some of
important grain legumes grown worldwide include pigeon pea, pea, broad bean, chick
pea, cowpea, and soybean; important pasture species include alfalfa, clovers, sweet
clovers, trefoil, and vetches (Graham and Vance 2003; Kaur et al. 2014). These legume
species together contribute around 33.0% of the nutritional human protein (Vance
et al. 2000). Legume production is however, severely decreased by diseases caused by
numerous soil borne phytopathogenic fungi (Katan 2017). So, to protect legumes from
phytopathogens and consequently to maintain its nutritional value, various synthetic
fungicides for example, carbendazim, mancozeb, kitazin, hexaconazole, thiram, etc.
are applied indiscriminately in handling pulses. The majority of the applied fungicides,
however, persist in the soil and are non-biodegradable. Such fungicides in turn destroy
soil fertility (Anuradha et al. 2016) leading eventually to the loss of growth, symbiotic
attributes, and yields of legumes (Garg et al. 2017). Some fungicides have been reported
to even abolish nodule formation and nitrogen fixation of several grains and fodder
legumes. Considering the nutritional importance of legumes on the one hand and
the toxicity of fungicides to legumes and conflicting reports on the management of
phytopathogens employing fungicides on the other hand, scientists are working hard to
find a nontoxic and practicable option to facilitate the production of legumes in areas
even contaminated with fungicides. In this perspective, the application of microbes
especially plant beneficial soil microorganisms often termed as “PGPR,” consisting
of multiple growth enhancing properties have been found effective in solving such
problems when used as microbial inoculants (Patil et al. 2017). Here, focus is given
to better understand the mechanisms/process by which fungicides affect legumes
and how the toxicity of fungicides to legumes could be reduced, if not completely
eliminated.
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Inhibition of Advanced Glycation Endproducts
(AGEs) Formation by Plant Extracts and

Phytocompounds: Potential in Preventing
Diabetic Complications

FAIZAN ABUL QAIS1 AND IQBAL AHMAD1*

ABSTRACT

Diabetes mellitus is one of most rapidly growing health problem in both
developed and developing countries which results from deficiency of insulin
or resistance to insulin. Hyperglycemia is central key factor in diabetes.
Diabetic patients are prone to develop various pathophysiological
complication such as neuropathy, atherosclerosis, nephropathy, and wound
healing problems etc. The biochemical mechanism of glycation is well studied
and it results in the enhanced accumulation of advanced glycation
endproducts (AGEs) which is major factor in the pathogenesis. Natural
product have been documented for the treatment of diabetes, some of these
agents have antiglycation mode of action. However, search for most
promising, safe with broad spectrum active antiglycating agent from natural
products is still in the stage of infancy. Since traditionally used medicinal
plants are considered safe therefore, screening and identification of active
compounds are mainly focussed from such plant. A literature survey on
such aspects revealed that a large number of plant extracts belonging to
various family exhibit varying levels of antiglycation activity. Several
phytocompounds have been identified with antiglycation activity. This review
mainly addresses the biochemical aspects of glycation process, targets for
antiglycation and common medicinal plants and phytocompounds reported
with antiglycation activity and their future prospects.
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Chapter 11
Nanoparticles as Quorum Sensing  
Inhibitor: Prospects and Limitations

Faizan Abul Qais, Mohammad Shavez Khan, and Iqbal Ahmad

Abstract The emergence and worldwide spread of multi-drug resistant bacterial 
pathogens and slow pace of drug discovery with novel mode of action has necessi-
tated search for alternative or new strategies to combat bacterial infection. Targeting 
virulence and pathogenicity of pathogens controlled by quorum sensing (QS) is 
considered as a promising anti-infective drug target. Several molecules both natural 
and synthetic were reported to interfere quorum sensing and are potential candi-
dates for anti-infective drugs. The inhibition of QS might successfully attenuate and 
eradicate the microbial pathogens in combination with host immune system. It is 
expected that QS inhibition will exert less selection pressure for development of 
resistance among pathogenic bacteria. The recent progress in nanobiotechnology 
have given a greater hope for the development of novel anti-QS agents/formulations 
with improved therapeutic potential, enhanced targeted delivery with lesser toxicity 
to host system. The improved action of nano-formulations is a fascinating ability 
compared to their bulk. Recently, nanoparticles such as metal nanoparticles are 
reported to exhibit promising anti-QS activity both in vitro and in vivo. Nanomaterials 
are also been tested as vehicle for targeted delivery of conventionally used antimi-
crobial agents. There is greater scope of manipulation in nano-based formulations 
according to desired needs making such therapeutic strategies more efficient. Of 
note, the risks associated with the application of nanoparticles in drug delivery, 
diagnostics, production of improved biocompatible material or preventing biofilm 
formation on medical devices, etc. are needed to be scrutinized. In this article, we 
have made an attempt to review the recent advancements in nanoparticle as anti-QS 
agents and progress made on nano-based formulations with promising prospects 
and limitations.

Keywords Quorum sensing · Nanoparticles · Anti-QS agents · Drug delivery · 
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Chapter 20
Quorum Sensing Interference  
by Natural Products from Medicinal 
Plants: Significance in Combating 
Bacterial Infection

Mohammad Shavez Khan, Faizan Abul Qais, and Iqbal Ahmad

Abstract Plant derived natural products and phytocompounds are known for their 
broad spectrum biological activities and are of great therapeutic value in traditional 
system of medicine. The role of medicinal plants and phytocompounds in the treat-
ment of various diseases including bacterial infection are widely documented. Anti- 
infective compounds from medicinal plants may provide new drug leads. Bacterial 
cell to cell communication has been become attractive target for the development of 
novel anti-infective measures that do not rely on the use of antibiotics. Targeting 
Quorum sensing has been emerge as promising strategy to combat bacterial infec-
tions as it is unlikely to develop multidrug resistance pathogens since it does not 
impose any selection pressure. In this review, we have surveyed the recent literature 
available on plant extracts, essential oils and phytocompounds exhibiting anti- 
quorum sensing properties. Further, significance of phytocompounds to combat 
bacterial infections caused by MDR bacteria has been discussed.

Keywords Anti-QS activity · Autoinducer · Bacterial cell to cell communication · 
Infectious disease · N-acylhomoserine lactone · Medicinal plants · 
Phytocompounds

Abbreviations

AHL N-Acyl homoserine lactone
AI Auto Inducer
CF Cystic Fibrosis
EPS Extracellular Polymeric Substances
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Chapter 17
Quorum Sensing in Phytopathogenic  
Bacteria and Its Relevance in Plant Health

Firoz Ahmad Ansari and Iqbal Ahmad

Abstract Bacteria can regulate expression of certain genes through quorum sens-
ing (QS), a cell density dependent communication system. The signal molecules 
up-regulate their own synthesis and hence act as auto-inducers. Most of well char-
acterized phytopathogenic bacteria depend on this communication system for viru-
lence and pathogenicity. Although pathogenesis is a multifactorial phenomenon but 
expression of virulence factors regulated by QS is a perquisite to cause infection. 
Majority of phytopathogenic bacteria are Gram negative and their signal molecules 
and QS systems are fairly investigated. Increased understanding on gene expression 
of QS regulated virulence functions has led to development of QS-disrupting strate-
gies to fight bacterial plant diseases. Although success in vivo achieved in combat-
ing bacterial diseases are varied but encouraging. In this particular chapter, the role 
of QS in mediating virulence factors and pathogenicity among important phyto- 
pathogenic bacteria are reviewed and summaries various strategies of QS-disruption 
of plant pathogens to protect plant health.

Keywords Quorum sensing · Signal molecules · Phytopathogenic bacteria · 
Virulence factors · QS interference · Transgenic plant · Plant health

17.1  Introduction

Plant microbiome associated with rhizosphere and phyllosphere are diverse and vast 
majority live as saprophytic, symbiotic and endophytic. However, only a few bacte-
rial species have become pathogenic to their host. A majority of the pathogens belong 
to Gram negative bacteria of certain families. Only few members are Gram positive. 
Expression of virulence factors in microorganisms defines their pathogenicity. 
Expression of virulence factors among micro-organisms, may be the structural 

F. A. Ansari (*) · I. Ahmad 
Department of Agricultural Microbiology, Faculty of Agricultural Sciences,  
Aligarh Muslim University, Aligarh, UP, India



143© The Author(s) 2018 
Q. Saquib et al. (eds.), Cellular and Molecular Toxicology of Nanoparticles, Advances  
in Experimental Medicine and Biology 1048, https://doi.org/10.1007/978-3-319-72041-8_9

Toxicogenomics: A New Paradigm 
for Nanotoxicity Evaluation

Sourabh Dwivedi, Quaiser Saquib, Bilal Ahmad, 
Sabiha M. Ansari, Ameer Azam, 
and Javed Musarrat

Abstract

The wider applications of nanoparticles (NPs) has evoked a world-wide 
concern due to their possible risk of toxicity in humans and other organ-
isms. Aggregation and accumulation of NPs into cell leads to their interac-
tion with biological macromolecules including proteins, nucleic acids and 
cellular organelles, which eventually induce  toxicological effects. 
Application of toxicogenomics to investigate molecular pathway-
based toxicological consequences has opened new vistas in nanotoxicol-
ogy research. Indeed, genomic approaches appeared as a new paradigm in 
terms of providing information at molecular levels and have been proven 
to be as a powerful tool for identification and quantification of global 
shifts in gene expression. Toxicological responses of NPs have been dis-
cussed in this chapter with the aim to provide a clear understanding of the 
molecular mechanism of NPs induced toxicity both in in vivo and in vitro 
test models.
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Nanoparticles · Toxicogenomics · Oxidative stress · RNA-Seq · Microarray
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Nickel Oxide Nanoparticles 
Induced Transcriptomic 
Alterations in HEPG2 Cells

Quaiser Saquib, Maqsood A. Siddiqui, 
Javed Ahmad, Sabiha M. Ansari, 
Mohammad Faisal, Rizwan Wahab, 
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Abdulaziz A. Al-Khedhairy, and Javed Musarrat

Abstract
Nickel oxide nanoparticles (NiO-NPs) are increasingly used and concerns 
have been raised on its toxicity. Although a few studies have reported the 
toxicity of NiO-NPs, a comprehensive understanding of NiO-NPs toxicity 
in human cells is still lagging. In this study, we integrated transcriptomic 
approach and genotoxic evidence to depict the mechanism of NiO-NPs 
toxicity in human hepatocellular carcinoma (HepG2) cells. DNA damage 
analysis was done using comet assay, which showed 26-fold greater tail 
moment in HepG2 cells at the highest concentration of 100 μg/ml. Flow 
cytometric analysis showed concentration dependent enhancement in 
intracellular reactive oxygen species (ROS). Real-time PCR analysis of 
apoptotic (p53, bax, bcl2) and oxidative stress (SOD1) genes showed tran-
scriptional upregulation. Transcriptome analysis using qPCR array showed 
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1.1  Introduction

The green revolution has enhanced agricultural productivity to a great extent with the 
increased use of high‐yielding crop varieties, heavy farm equipment, synthetic fertiliz
ers, pesticide applications, improved irrigation, better soil management, and massive 
conversion of forest to agricultural lands [1, 2]. But there is a growing concern that inten
sive agricultural practices promote large‐scale ecosystem degradation and loss of pro
ductivity. Adverse environmental effects include deforestation, soil degradation, 
large‐scale greenhouse gas emissions, accumulation of pesticides and chemical fertiliz
ers, pollution of groundwater, and decreased water table due to excessive irrigation [1, 3].

The world population is currently around 7 billion and is projected to approximately 
8 billion by the year 2025 and 9 billion by 2050. Considering this population growth and 
the environmental damage due to ever‐increasing industrialization, it is clear that feed
ing the world’s population will be a daunting task over the next 50 years. Therefore, 
there is a need for new strategies and approaches to improve agricultural productivity 
in a sustainable and environmentally friendly manner [4]. The effective use of beneficial 
microorganisms in agriculture in an integrated manner is an attractive technology to 
address these problems. The role of soil microorganisms in agriculture to improve the 
availability of plant nutrients and plant health is well known [5]. However, the ability of 
root‐associated microbes to improve nutrient supply and plant protection has yet to be 
fully exploited [6].

The colonization of the adjacent volume of soil under the plant root is known as 
rhizosphere colonization. Rhizosphere colonization not only works as a fundamental 
step in the pathogenesis of soil microbes but also plays an important role in the employ
ment of microorganisms for beneficial purposes [7]. Beneficial rhizobacteria normally 
promote plant growth by establishing themselves on plant roots and suppressing the 
colonization or eliminating the presence of pathogenic microorganisms [8]. The com
petitive exclusion of deleterious rhizosphere organisms is directly linked to the ability to 
successfully colonize a root surface. However, disease suppressive mechanisms were 
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4.1  Introduction

Agriculture in the twenty‐first century faces challenges associated with loss of soil 
fertility, increased use of chemical fertilizers, pesticides, drought, salinity, fluctuating 
climatic conditions, and growing attack on crops by pathogens and pests. The global 
necessity to increase agricultural production from a steadily decreasing and degrading 
land resource base had placed considerable burden on the fragile agroecosystem [1, 2]. 
World total population is currently around 7 billion, and this is projected to increase to 
approximately 8 billion people by 2025 and 9 billion by 2050. Considering the increase 
in worldwide population with the increase in environmental damage due to ever‐
increasing industrialization, it is clear that in the coming 50 years it will be a daunting 
task to feed the existing population, a problem that will increase with time. To feed the 
growing population, agricultural productivity will need to increase in a sustainable and 
environmentally friendly manner [3]. Technology based on integrating plant growth–
promoting rhizobacteria (PGPR) in agriculture is an attractive approach to addressing 
these problems.

PGPR are beneficial bacteria that colonize the roots and enhance plant growth both 
directly and indirectly [4]. These microorganisms are associated with the rhizosphere and 
rhizoplane of dicots and monocots plants and are normally found in different environ-
mental conditions. Microorganisms with PGP traits belong to genera such as Azoarcus, 
Azospirillum, Azotobacter, Arthrobacter, Achromobacter, Bacillus, Bradyrhizobium, Burk
holderia, Clostridium, Enterobacter, Gluconacetobacter, Paenibacillus, Pseudomonas, and 
Serratia [5]. Among these, species of Bacillus and Pseudomonas are the most extensively 
studied and used as bioinoculant for enhanced crop production. Aerobic endospore‐
forming bacteria, typically Bacillus and its related species, comprise one of the major 
genera of soil microflora. Bacillus spp. is a well‐studied bacterial group, omnipresent 
in  nature with beneficial traits useful for environmental, industrial, and agricultural 
applications [6].
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9.1  Introduction

It is now broadly acknowledged that in natural settings, microbial cells are most often 
found in close association with surfaces and interfaces, in the form of multicellular 
aggregates commonly referred to as biofilms. These are defined as a well-organized 
three-dimensional structured community of planktonic cells that are enclosed in a self-
produced extracellular polymeric substances (EPS) or matrix. This tendency of unicel-
lular bacterial cell to thrive for multicellularity assists bacterial cells’ existence in several 
harsh environmental conditions [1]. Microbial biofilm development is observed on 
virtually all submerged surfaces in natural and industrial environments. Biofilms are 
also observed at interfaces as pellicles, or in the bulk of aquatic environments as flocs or 
granules [1, 2]. The naturally occurring biofilms are as multifarious as their integral 
microbes; for example, the streaming biofilms formed on submerged rocks in acid mine 
drainage [2] are amazingly different from the plaque formed on air-exposed surfaces of 
teeth [3]. But these all have one common aspect, which is the matrix that embeds cells. 
Formation of microbial biofilms is also observed with plant surfaces and under soil 
environments. There is mounting appreciation that the intensity, extent, and conse-
quences of plant microbe interactions are significantly influenced by the conformation 
of adherent microbial populations [4]. It has been found that EPS produced by micro-
organisms in the rhizopheric region improves soil health by increasing soil’s heteroge-
neity and aggregating ability. Aggregated soils withstand the intermediate water 
contents that are most favorable to plants and soil microbes. Also, EPS act as both a 
reservoir and a conductor of water to plant roots when bulk soil water is threatened [5].

The matrix is one of the most distinguishing features of a microbial biofilm, and the 
success of biofilm mode of life has been made possible because the matrix is made up of 
EPS. As revealed by molecular genetic studies, this matrix forms the scaffold for the 
three-dimensional architecture of the macroscopic biofilm and is responsible for adhe-
sion to both inert as well as living surfaces. Therefore, the matrix becomes responsible 
for cohesion in the biofilm. These EPS or matrices are gel-like structures consisting of 
an assembly of different types of highly hydrated biopolymers that create a locally 
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15.1  Introduction

Biofilms are bacterial communities enclosed within self‐produced extracellular poly-
meric substances (EPS). In nature, biofilms constitute a protected growth modality 
allowing bacteria to survive in hostile environments [1]. This cellular colonization con-
firms the nutrient utilization, expression of surface molecules, and virulence factors, 
and furnishes bacteria with an arsenal of properties that facilitate their survival in unfa-
vorable conditions. It has been now well understood that bacterial ability to grow 
adhered to almost every surface‐forming biofilm, although the mechanisms involved in 
the process of biofilm formation differ depending on characteristics of bacterial strain 
and environmental conditions [2]. Various organisms are studied extensively in this 
regards, such as Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aeureus, 
Escherichia coli, and other environmental bacteria as reviewed by Lopez et  al. [3]. 
Similarly, biofilm formation under natural setting such as plant and associated soil are 
now the subject of intense investigation.

One of the major hotspot for biofilm interaction is at the interface between plant 
roots and soil, rhizosphere and rhizoplane. Rhizosphere microorganisms are known to 
have significant impact on plant health through various type of interactions with plants, 
as well as within other soil microflora. Considering the complex and fluctuating condi-
tions in soil and presence of an overwhelming number of micro and microorganisms, it 
is much more challenging to study biofilm in rhizosphere [4]. Rhizosphere is the soil 
area around the plant roots where convoluted biological and ecological processes take 
place, and it forms an environment suited for biofilm formation, including sufficient 
moisture and inventory of nutrients, which are mainly contributed by the plant. Biofilm 
formation on plant surface can take place in a response of associative, symbiotic, or 
pathogenic association (negative interaction).

It is still a mystery how plants regulate the microbial association. The main function 
of biofilm is to provide a resistant structure against stress factors such as antibiosis, UV 
radiation, desiccation, and predation [5].
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22.1  Introduction

Growth of microorganisms in foods can result in a number of changes in food, includ-
ing deterioration and spoilage [1]. To prevent these changes, several strategies are 
applied, which may include preventing contamination, removing microorganisms from 
the food, or adjusting conditions of storage to prevent their growth [2]. A variety of 
pathogenic microorganisms associated with foods may contaminate them at various 
stages of food processing [3, 4]. Pathogenic microorganisms have become a critical 
problem for food quality, safety, and public health [4].

In the last few decades, bacterial quorum sensing (QS) and biofilm formation by 
foodborne microorganisms have been studied, and it is now realized that they have 
significant effects on the food industry. Excellent review articles have been written on 
the significance of biofilms for food safety and on new strategies for controlling biofilms 
[5–7]. Here we have attempted to address the significance of biofilm formation by food-
borne pathogens and strategies used to prevent microbial contamination and spoilage 
in food during and after processing. Natural products and new chemicals that have 
been identified as antibiofilm and anti‐QS agents will be reviewed.

22.2  Biofilm Formation by Foodborne Pathogens

Biofilm formation by bacteria is a multistep process [8]. The steps that occur on food 
materials (solids and liquids) begin with preconditioning of the adhesion surface for 
attachment of planktonic cells and lead step by step to colonization, growth, matura-
tion, and dispersal of the biofilm. The physiology and molecular biology of biofilm for-
mation have been well described by various authors [7, 9, 10].

In food and food environments, attachment of microorganisms is most common on 
surfaces that have rough texture, hydrophobicity, or surface‐conditioning films [11]. 
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24.1  Introduction

Foodborne disease outbreaks arising from the consumption of fresh and fresh-cut pro-
duce often are due to the persistence of human pathogenic bacteria [1, 2]. A variety of 
bacterial pathogens have been isolated from fresh fruits and vegetables, including 
Salmonella enterica, Listeria monocytogenes, Escherichia coli, Shigella spp., 
Campylobacter spp., and Yersinia spp. [3]. Plant–microbe interactions that are currently 
being studied include the fitness of human bacterial pathogens on crop plants, their 
survival on plant surfaces, and their growth and resource utilization in the phyllosphere 
and rhizosphere [4–6]. The relationship of human pathogenic bacteria on plants to 
foodborne illness has encouraged new research on the ecology of these pathogens on 
plant surfaces [7].

Formerly, plants were typically considered not to support the persistence of enteric 
pathogens, especially E. coli O157:H7 and S. enterica, as it was thought that they would 
survive poorly in the harsh environmental conditions, more suited to spoilage organ-
isms, on plant surfaces [8, 9]. The emergence of produce-borne outbreaks caused by 
enteric bacteria has challenged conventional ideas and evoked intensive studies on 
attachment and internalization of enteric pathogens on fresh produce [1, 10]. These 
studies indicate that contamination of fresh produce with enteric pathogens may occur 
frequently. Since fruits, vegetables, and leafy greens are often consumed raw, the 
chances of disease transmission from contaminated food sources are relatively high [11].

Foodborne illnesses and outbreaks due to enteric pathogenic bacteria have been linked 
to a wide variety of fresh produce, including lettuce [12–14], cilantro [15], cantaloupes [16], 
alfalfa sprouts [17], unpasteurized apple juice [18], unpasteurized orange juice [19], toma-
toes [20], potatoes [21], melons, mangoes, and celery [8], and parsley [22]. Colonization 
and persistence of S. enterica serovar Typhimurium and L. monocytogenes, L. ivanovii, and 
L. innocua on barley roots [23], of S. enterica serovars on lettuce and cabbage leaves 
[24, 25], and of Escherichia coli O157:H7 on lettuce [26] have also been reported.
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25.1  Introduction

Plant diseases caused by bacterial pathogens constitute one of the major constraints on 
crop production and result in significant annual losses on a global scale. Therefore, 
identification and effective disease management is key for sustainability of crop produc-
tion needed for the increasing global human population.

Various classical and integrated approaches are applied in different parts of the globe for 
bacterial disease management. However, management strategies for plant bacterial dis-
eases are highly knowledge based, since success of an integrated approach depends on the 
availability of suitable host plant cultivar, efficacious chemicals, and the animals and plants 
involved. Antibiotics such as streptomycin, tetracyclin, kasugamycin, and gentamycin are 
used in controlling disease caused by Erwinia amylovora (fire blight), Xanthomonas spp., 
Pseudomonas spp. [1]. However, development of resistance to antibiotics among phy-
topathogenic bacteria due to long-term use has been documented. Therefore, many coun-
tries discourage the use of clinical antibiotics for plant disease management.

Other effective chemical agents include copper bactericides and antibacterial pep-
tides. Strategies like biocontrol agents and use of inducer of systemic resistance (SAR) 
have been proposed as an effective means to control bacterial diseases [2, 3].

New developments in the understanding of bacterial–host interaction and the role of 
quorum sensing in global gene regulation of virulence and biofilm as surviving strategy 
by bacteria in the last decade has led to assumptions regarding the potential for control-
ling pathogens through antagonizing QS and biofilm. QS and biofilms are now consid-
ered as anti-infective target to control bacterial infection [4]. Interfering quorum 
sensing in pathogenic bacteria may effectively decrease its ability to establish infection 
and could not develop resistance to QS inhibition. Some successful experiments were 
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3Phosphate-Solubilizing Microorganisms 
in Sustainable Production of Wheat: 
Current Perspective

Mohammed Saghir Khan, Asfa Rizvi, Saima Saif, 
and Almas Zaidi

Abstract
In terms of global production, wheat among cereals ranks third after rice and 
maize, contributing about 35% of the total food grain production. Wheat due to 
high nutritional value is considered one of the important dietary constituents and, 
hence, has become one of the better food choices around the world. For growth 
and development, wheat requires large amounts of major plant nutrients espe-
cially phosphorus (P). Application of sufficient amounts of P has many beneficial 
impacts on wheat including its role in growth, grain formation, and development, 
and in straw yield. Phosphorus deficiency, however, may adversely affect the 
growth and, therefore, hampers the physiological processes leading eventually to 
overall stunting of the plant. In order to circumvent the phosphorus problems and 
hence to achieve optimum yields, wheat growers usually apply excessive amounts 
of chemical phosphatic fertilizer which is both expensive and destructive to soil 
fertility. To overcome these problems, a physiologically versatile array of micro-
organisms especially belonging to phosphate-solubilizing group has been intro-
duced into the agricultural system for improving wheat production. The 
P-solubilizing microorganisms (PSM) solubilize unavailable soil P and make it 
available for uptake by plants. The use of microbial phosphatic fertilizer (micro-
phos) in wheat production system is considered an eco-friendly strategy without 
adversely affecting the soil health. Despite numerous informations available on 
the impact of P-solubilizing microorganisms on various plants, literature sug-
gesting the use of PSM in wheat production is limited. Realizing the importance 
of PSM in enhancing the overall performance of wheat, attempt has been made 
to better understand as to how the PSM affects wheat production in variable 
agricultural practices. Also, efforts will be made to find PSM which could be 
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16Growth Stimulation, Nutrient Quality 
and Management of Vegetable Diseases 
Using Plant Growth-Promoting 
Rhizobacteria
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Saima Saif, and Asfa Rizvi

Abstract
Vegetables play an important role in human nutrition. And hence, to produce 
quality vegetables is a major challenge for growers. In order to optimize vegeta-
ble production, growers quite often use a heavy dose of agrochemicals without 
considering the deleterious impact of such chemicals on vegetables. Researchers 
have tried to minimize the use of agrochemicals in vegetable production vis-a-vis 
to develop resistant varieties, but all such approaches have been unsuccessful. 
The excessive use of agrochemicals can be replaced by “biofertilizers” espe-
cially plant growth-promoting rhizobacteria (PGPR) for producing safe and 
healthy vegetables without posing any threat to the environment. Moreover, as a 
biocontrol agent, PGPR will be useful in the management of vegetable diseases. 
In this chapter, some successful stories of PGPR applications in growth stimula-
tion of popularly grown vegetables are described. Also, the disease suppressing 
ability of PGPR is considered and discussed. The strategy of incorporating low 
cost rhizotechnology in vegetable production system is likely to reduce depen-
dence on chemicals applied by vegetable growers.

16.1  Introduction

Vegetables play an important role in human health, and due to increasing health 
awareness, there is greater demand of quality vegetables. To fulfill the rising 
demands of consumers, growers have substantially increased the use of fertilizers to 
harness optimum vegetable yields (Abayomi and Adebayo 2014). Regular and 
unbalanced dose of fertilizers in vegetable productions (Guo et al. 2011) have, 
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8Role of Phosphate-Solubilizing Bacteria 
in Legume Improvement
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Abstract
Heterogeneously distributed microbial communities belonging to different gen-
era enhance the growth and development of many crop plants including legumes. 
Among the various microbial populations inhabiting different habitats, the het-
erotrophic organisms endowed with natural phosphate-solubilizing activity and 
quite often called as phosphate-solubilizing microorganisms (PSM) supply one 
of the major plant nutrients, phosphorus, to plants and facilitate the growth of 
legumes. Phosphate-solubilizing microorganisms convert the complex or locked 
insoluble phosphorus to soluble phosphates by various mechanisms such as acid-
ification, chelation, exchange reactions and polymeric substances formation and 
make it available to plants. Apart from supplying P to legumes, PSM also pro-
mote the growth of legumes by other mechanisms. Therefore, the widespread use 
of PSM in legume production helps both to reduce the spiralling cost of phos-
phatic fertilizers and to make soil free from chemical hazards. Considering these, 
the application of PSM endowed with multiple growth-promoting activities 
holds greater promise for increasing the productivity of legumes. Symbiotic/
associative nitrogen-fixing bacteria are yet another important group of beneficial 
microbiota which is known to supply exclusively nitrogen to legumes, but they 
can also promote legume growth by other direct or indirect mechanisms. The 
co- inoculation of functionally different microflora such as N2-fixers, phosphate 
solubilizers and mycorrhizal fungi has, however, been found more effective than 
single inoculation of either organism for legume plants under nutrient-deficient 
soils. Basic and advance aspect of phosphate solubilization, mechanism of plant 
growth promotion and impact of single or synergistic association of phosphate 
solubilizers with other beneficial microflora on legumes growing in different 
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11Inoculation Effects of Associative Plant 
Growth-Promoting Rhizobacteria 
on the Performance of Legumes

Mohd. Saghir Khan, Almas Zaidi, Asfa Rizvi, and Saima Saif

Abstract
Constantly increasing human population requires that the crop production 
including those of legumes be enhanced rapidly to fulfill the food demands 
across the globe. In order to optimize pulse production, growers generally apply 
agrochemicals including fertilizers and pesticides. However, the excessive and 
uncontrolled use of such chemicals has resulted in reduced crop production 
besides their adverse impact on environment. In order to protect losses in soil 
fertility and to preserve environmental quality, the use of inexpensive and eco- 
friendly microbial preparations (biofertilizers) has been exploited in farming 
practices with remarkable success. Among various plant growth-promoting rhi-
zobacteria (PGPR), the associative nitrogen-fixing PGPR, belonging to the genus 
Azospirillum, has long been employed as microbial inoculant worldwide to pro-
mote legume production. Azospirillum, when used as inoculant, increase the pro-
duction of root hairs and root growth which in effect benefit plants with better 
absorption of water and nutrients. The inoculation of Azospirillum either alone or 
in combination with other beneficial PGPR has been found to increase N2 fixa-
tion and concomitantly the grain yield of legumes. Considering the importance 
of Azospirillum, this chapter highlights the role of Azospirillum in the production 
of legumes in different agronomic setup.
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15Metal-Legume-Microbe Interactions: 
Toxicity and Remediation

Saima Saif, Almas Zaidi, Mohd. Saghir Khan, and Asfa Rizvi

Abstract
Heavy metals discharged from various sources accumulate within soils and 
 disrupt ecosystems. The toxic metals are taken up by beneficial soil microbiota 
and growing plants and cause potential human risks via food chain. Also, heavy 
metals seriously affect the microbial compositions and their physiological func-
tions. Among plant species, legumes play an important role in human dietary 
systems and supply nitrogen to legumes through symbiosis with rhizobia. Metals 
when present in legume habitat act as a devastating stress factor and restrict the 
growth of rhizobia, legumes, and legume-Rhizobium symbiosis. Several physical 
and chemical methods have been developed to remediate heavy metal-polluted 
soils, but these methods are unacceptable due to their high cost, and they are not 
environmentally friendly. Therefore, the use of metal-tolerant/metal-detoxifying 
microbes collectively called bioremediation offers a sustainable and low-cost 
option to clean up polluted soils. Besides remediation, the metal-tolerant 
microbes also promote plant growth by other direct or indirect means. Owing to 
the importance of legumes in maintaining soil fertility and human health, there is 
greater emphasis to identify the metal-resistant/metal-tolerant rhizobia and 
legume plants. The present chapter gives an in-depth insight into the impact of 
metals on rhizobia-legume symbiosis. Also, the role of metal-tolerant rhizobia in 
metal toxicity abatement is highlighted.
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Abstract
Microorganisms have historically been studied as planktonic or free-swimming cells, but most exist as sessile 
communities attached to surfaces, in multicellular assemblies known as biofilms. Biofilms on plant surfaces are 
of  great importance to plant health. Plant growth-promoting rhizobacteria (PGPR) not only induce plant growth 
but also provide protection by the process known as biocontrol, whereas other bacteria in the biofilm mode of  
growth can create a nuisance for plants. Recent advances show that biofilm formation on plant roots is associated 
with the biological and pathogenic response, but its regulation by the plant is unknown. In this chapter we 
 describe bacterial biofilm processes, the ecological significance and the microbes that form biofilms on plant 
roots, and the effect of  root exudates on biofilms and plant health.

5 Biofilm Formation on Plant Surfaces  
by Rhizobacteria: Impact on Plant Growth 

and Ecological Significance

Mohammad Musheer Altaf and Iqbal Ahmad*
Department of Agricultural Microbiology, Aligarh Muslim University, India

5.1 Introduction

One major challenge for the 21st century will be 
the production of  sufficient food to feed the 
growing population. The United Nations Popu-
lation Fund (UNFPA) estimates that the global 
human population may well reach 10 billion by 
2050 (UNFPA 2010). This means increasing 
agricultural productivity of  food crops, as plants 
form the basis of  every food chain. However, 
agriculture in developed countries already cre-
ates a range of  serious environmental problems 
through the use of  chemicals, salinization and 
the depletion of  water resources. Furthermore, 
agricultural production in developing countries 
cannot be increased without further destroying 
the forests and turning them into arable land, 
thus threatening global biodiversity, which is al-
ready under stress from human action. There is 

a serious need to boost global food production in 
an environmentally sustainable manner (Angus 
and Hirsch, 2013). Thus, more emphasis has 
been placed on soil fertility and its maintenance 
for growing food and fuel crops even as the world 
around us changes (Morrissey et al., 2004). 
Similarly, progress in plant biotechnology aims 
to develop new crop varieties by the introduction 
of  desirable traits, so that these crops: (i) can 
survive better under conditions of  drought or 
salinity; (ii) have enhanced disease and pest re-
sistance; and (iii) have high nutritional value. 
However, efforts to understand the microbiome 
of  the rhizosphere and its influence on regulating 
plant health is not yet fully explored (Morrissey 
et al., 2004; Berendsen et al., 2012).

Root exudates are well known to exert a sig-
nificant impact on rhizospheric microorgan-
isms (Bais et al., 2006). Various aspects of  the 
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Abstract
The genus Listeria consists of  eight species: Listeria monocytogenes, Listeria innocua, Listeria ivanovii, Listeria 
seeligeri, Listeria welshimeri, Listeria grayi, Listeria rocourtii and Listeria marthii. Among Listeria species only 
L. monocytogenes and L. ivanovii are pathogenic to humans and animals. Unlike L. monocytogenes which causes 
listeriosis in humans and animals L. ivanovii is solely an animal pathogen. The bacterium may be rod shaped, 
coccoid or filamentous depending on nutrients, environmental and cultural conditions. Among pathogenic 
bacteria L. monocytogenes is atypical as it has the ability to survive and grow in a broad temperature range 
(1–45°C), a wide pH range (4.1–9.6) and it can tolerate sodium chloride concentrations of  5–25% and a var-
iety of  other toxic chemicals such as tellurite, acridine dyes, lithium chloride, nalidixic acid and cyclohex-
imide. The bacterium has been found widely in the environment and in humans and animals. L. monocytogenes 
has emerged as an important food-borne pathogen in human beings, especially in the developed world. Many 
sporadic cases and outbreaks of  listeriosis have been reported linked with the consumption of  various plant 
and animal food products contaminated with L. monocytogenes. Listeriosis can be clinically defined as the 
presence of  the organism in bloodstream, cerebrospinal fluid or in a normally sterile body site. Predominant 
clinical manifestations of  human listeriosis are diarrhoea, meningitis, encephalitis, cerebritis and septicae-
mia. Besides these manifestations, endocarditis, pericarditis and pyogenic abscesses have also been docu-
mented. Most human infections involve the central nervous system whereas encephalitis, characterized by 
multiple abscesses in the brain stem, rarely occurs. Immunocompromised patients, neonates and pregnant 
women are more susceptible to listeriosis. However, the disease can also develop in apparently healthy indi-
viduals. L. monocytogenes has evolved an exclusive array of  mechanisms that allow it to exploit the host: at-
taching and invading host cells, escaping from the host cell vacuole, spreading from cell to cell, crossing 
barriers and evading the host’s humoral immune system. Knowledge of  the cell biology of  the organism has 
made it possible to use the bacterium as a vector in vaccine development, in the treatment of  cancer and in-
fectious diseases. Therefore it can be concluded that the bacterium is playing a vital role in human life. In this 
chapter we discuss various concerns about L. monocytogenes including their harmful and beneficial aspects on 
human life.
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      Understanding the Role 
of Nanomaterials in Agriculture                     

     Sourabh     Dwivedi    ,     Quaiser     Saquib    , 
    Abdulaziz     A.     Al-Khedhairy    , and     Javed     Musarrat    

    Abstract  

  Nanotechnology offers immense opportunities for improvement in the 
quality of life through applications in agriculture and the food systems. 
Development of nanotechnology-based novel agro-products, viz., nanosensors, 
nano-fertilizers, nano-pesticides and nanoformulations of biocontrol agents, 
is currently a subject of intense investigation. A variety of nanomaterials 
has been recommended for use in agriculture, in order to help reduce the 
consumption of agrochemicals by use of smart delivery systems, minimize 
the nutrient losses and increase the yield through optimized water and 
nutrients management. Nanotechnology-derived devices have also been 
explored in the areas of plant breeding and genetics. Additionally, the 
agricultural products and/or by-products can be utilized as a source for 
developing bio-nanocomposites. Nevertheless, the potential advantages of 
nanotechnology applications in the agricultural sector are still marginal, 
and have not been commercialized to a signifi cant extent, as compared to 
other industrial sectors. Researches in the area of agricultural nanotech-
nology are being extensively pursued in quest for the solutions to the agri-
cultural and environmental challenges, such as sustainability, increased 
productivity, disease management and crop protection through innovative 
techniques for monitoring, assessing and controlling the agricultural 
practices. This chapter provides a basic knowledge about the role of nano-
technology in developing sustainable  agriculture and environment, and 
eventually in the welfare of human society, at large, in the near future.  
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Chapter 1

Microphos: Principles, Production

and Application Strategies

Almas Zaidi, Md. Saghir Khan, and Ees Ahmad

Abstract The increasing demand for inexpensive, ecologically sound and environ-

mentally friendly agricultural practices has warranted the use of microbial fertil-

izers. The preparation from microbial inoculants (biofertilizers) especially the

organisms capable of transforming insoluble phosphorus (P) to soluble and avail-

able forms is one of the better choices for enhancing crop production by supplying

essential nutrients and other growth regulators in different production systems.

Furthermore, the critical interactions between microbial communities with soil

constituents and plants have provided some novel clues to better exploit them in

agricultural practices. Even though the use of microbial preparation in agriculture is

an old practice, the production of efficient inoculants expressing consistent perfor-

mance under field soil is a major obstacle in their extensive and practical appli-

cation. Therefore, the variations in the performance of microbial inoculants

including microphos have greatly hampered their large-scale application. On the

other hand, the selection of the technology for inoculant production and modes of

their application are key to their success. We highlight here the various strategies

employed to produce the phosphatic microbial inoculants (microphos), and how

this inoculants can be applied under different agro-ecological niches is discussed

and considered.

Keywords Phosphate-solubilizing microorganisms • Microphos • Rhizosphere •

Phylogenetic tree • Plant growth regulators
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Chapter 2

Mechanism of Phosphate Solubilization

and Physiological Functions of

Phosphate-Solubilizing Microorganisms

Md. Saghir Khan, Almas Zaidi, and Ees Ahmad

Abstract Phosphorus (P) is the second important key plant nutrient after nitrogen.

An adequate supply of P is therefore required for proper functioning and various

metabolisms of plants. Majority of P in soils is fixed, and hence, plant available P is

scarcely available despite the abundance of both inorganic and organic P forms in

soils. A group of soil microorganisms capable of transforming insoluble P into

soluble and plant accessible forms across different genera, collectively called

phosphate-solubilizing microorganisms (PSM), have been found as best eco-

friendly option for providing inexpensive P to plants. These organisms in addition

to supplying soluble P to plants also facilitate the growth of plants by several other

mechanisms, for instance, improving the uptake of nutrients and stimulating the

production of some phytohormones. Even though several bacterial, fungal and

actinomycetal strains have been identified as PSM, the mechanism by which they

make P available to plants is poorly understood. This chapter focuses on the

mechanism of P-solubilization and physiological functions of phosphate

solubilizers in order to better understand the ecophysiology of PSM and conse-

quently to gather knowledge for managing a sustainable environmental system.

Conclusively, PSM are likely to serve as an efficient bio-fertilizer especially in

areas deficient in P to increase the overall performance of crops.

Keywords Phosphate solubilization • Mineralization • Organic acids • Plant

growth regulators • ACC deaminase
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Chapter 3

Factors Affecting Phosphate-Solubilizing

Activity of Microbes: Current Status

Javed Musarrat and Md. Saghir Khan

Abstract Phosphorous (P) plays an important role in regulating the vital meta-

bolism and concomitantly the health of plants. The use of phosphate-solubilizing

microorganisms (PSM) in P-deficient soils has been found effective in transforming

insoluble P into soluble forms and, hence, enriching the soil P pool. The structure,

composition, and physiological functions of soil dwellers depend, however, on the

variable soil constituents and other environmental factors. Moreover, the establish-

ment and performance of these microbes are affected severely by environmental

stressors such as high temperature, pH, and salt, etc. prevalent in degraded eco-

systems such as alkaline/saline soils. Therefore, any alteration in normal environ-

mental factors leads to poor growth and survival of PSM. Also, PSM, when

introduced exogenously into soil as inoculant, encounter a furious competition

from the indigenous soil microflora. The success of the inoculants, therefore,

depends on how quickly and efficiently such microbes overcome the stressful

environmental variables. This chapter focuses on the effects of different factors

on the overall functioning of the PSM, which is likely to help in developing

environment-friendly bio-inoculants, especially for P acquisition by plants under

environmentally challenged conditions.

Keywords PSM • Temperature • Salts • Alkalinity • pH

3.1 Introduction

Phosphorus is one of the 16 known major plant nutrients that plays a significant role

in plant metabolism (Vikram and Hamzehzarghani 2008; Padmavathi and Usha

2012). On global basis, 40 % of the arable soil is P deficient (Vance 2001) because
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Chapter 6

Role of Phosphate-Solubilizing

Actinomycetes in Plant Growth Promotion:

Current Perspective

Saima Saif, Mohammad Saghir Khan, Almas Zaidi, and Ees Ahmad

Abstract Phosphorus (P), an essential plant nutrient, is a nonrenewable resource

whose availability depends exclusively on mined rock phosphates. Deficiency of P

in soil results in reduction in food production since all plants require an adequate

supply of P for its growth and development. Even though synthetic phosphatic

fertilizer has played some major roles in enhancing crop production, its excessive

use has also dark sides to it where it has been found to damage the environment,

destruct soil fertility, and, via food chain, seriously affect the human health.

Considering the nuisance of overuse of P, there is an urgent demand by the

agriculture practitioners to find nonhazardous strategy that can overcome/reduce

the use of agrochemicals in agricultural practices and, hence, may preserve the very

integrity of soil ecosystems. In this context, actinobacteria, a group of Gram-

positive bacteria, ubiquitous in soils, are likely to play some important roles in

supplying soluble P to plants by solubilizing/mineralizing complex P resources of

soils. Additionally, the extracellular metabolites produced by actinomycetes may

inhibit phytopathogens and, sometimes such metabolic compounds may also act as

plant growth regulators. These qualities, among others, make actinobacteria an

ideal candidate for developing as microbial inoculants for ultimate use in agricul-

ture production system. The potential roles of actinomycetes as phosphate

solubilizers in enhancing crop production are discussed.
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Chapter 8

Response of PSM Inoculation to Certain

Legumes and Cereal Crops

Ees Ahmad, Almas Zaidi, and Md. Saghir Khan

Abstract Phosphate-solubilizing microorganisms (PSM) including bacteria, fungi,

and actinomycetes dwelling in soil or other environment, for example, rhizosphere,

do play some vital roles in facilitating growth and development of legumes and

cereal plants via one or simultaneous mechanisms. Phosphate-solubilizing

microbes when applied in agricultural practices provide one of the major plant

nutrients, phosphorus, to plants by transforming insoluble P into soluble and plant

available forms. This practice of applying PSM for enhancing legumes and cereal

production has been found inexpensive and in many cases a successful strategy of

reducing fertilizer input in intensive agricultural practices. The advent of such an

eco-friendly option in farming system holds greater promise for increasing the

productivity of legumes and cereal crops. Here, an attempt is made in this chapter

to highlight the role of PSM involving different microbial groups, used either alone

or in combination, in the promotion of growth and yield of legumes and cereal crops

in different production systems.

Keywords PSM • Cereals • Legumes • AM fungi

8.1 Introduction

An ever-increasing human population has placed tremendous pressure on declining

lands under cultivation in different regions of the world. And hence, such chal-

lenges need constant efforts to make less fertile soils into fertile ones so that the

crops can be provided with sufficient and need-based nutrients for better growth and

substantial yields (Rengel 2008). In this context, chemical fertilizers have exces-

sively been used in agriculture worldwide to provide nutrients to support plant
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Chapter 10

Role of Phosphate-Solubilizing Microbes

in the Management of Plant Diseases

Almas Zaidi, Ees Ahmad, and Md. Saghir Khan

Abstract Soilborne phytopathogens are one of the major problems in sustainable

crop production world over. To alleviate the damaging impact of pathogens on crop

yields, huge quantities of toxic chemicals especially pesticides are used in modern

agronomic practices, which, however, are extremely destructive to the environ-

ment. The non-desirability of applying huge quantities of pesticides to soil due in

part to residue problems, emergence of resistance among soil phytopathogens, and

lack of pathogen-resistant crop varieties has forced researchers to find solutions to

the increasing pesticides problems. To this end, biological control measures

consisting of microbial preparations are considered a promising option to the use

of expensive and environment disruptive pesticides. Microorganisms including

plant growth-promoting rhizobacteria (PGPR) in general have been found to syn-

thesize a wide array of metabolites with significant fungicidal and bactericidal

capabilities. The use of phosphate-solubilizing (PS) microorganisms among

PGPR has produced both direct and indirect effects on growth and development

of plants. The PS microbes endowed with biocontrol activity manage the pathogens

by one or simultaneous mechanisms of antibiosis, lysis, competition, and myco-

parasitism and prevent the yield losses. Even though the literature on the physio-

logical role of PS microorganisms in crop enhancement via P supply is adequately

available, the information on the ability of such organisms in the control of

phytopathogens is scarce. Here, different mechanisms utilized by PS organisms

for plant disease suppression are discussed. It is envisioned that the PS bacteria in

the near future are expected to reduce, if not completely eliminate, the use of

pesticides in insect-pests management strategies.

Keywords PSM • Phytopathogens • Disease management • Antibiosis • Lytic

enzymes
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Chapter 12

Inoculation Impact of Phosphate-Solubilizing

Microorganisms on Growth

and Development of Vegetable Crops

Asfa Rizvi, Md. Saghir Khan, and Ees Ahmad

Abstract Vegetables are one of the important food components of dietary systems

in many countries including Asian regions. It provides some of the essential

nutrients such as carbohydrates, proteins, and fats and therefore plays a critical

role in the human health. Vegetables while growing in soil require significant

amounts of phosphorus for better biological growth and optimum yields. The

soluble and available forms of phosphorous in soil are, however, limited and not

accessible for uptake by vegetable crops. To this end, apart from chemical phos-

phatic fertilizers, one strategy to provide phosphorus to vegetable crops is the use of

phosphate-solubilizing microorganisms, which are ubiquitous and both inexpensive

and safe to the environment. Phosphate-solubilizing microorganisms secrete

organic acid which in turn solubilizes the complex forms of phosphorus and

makes it available to vegetable plants, besides exhibiting other growth-promoting

activities. Here, the impact of phosphate-solubilizing microorganisms onto the

growth and yield of vegetables is discussed and considered. This approach of

using PS microorganisms in vegetable cultivation is likely to help in reducing, if

not completely eliminating, the use of synthetic fertilizers in vegetable production

across different regions of the world.

Keywords PSM • Vegetables • Synthetic fertilizers • Brinjal • Potato • Tomato

12.1 Introduction

Vegetables are the source of several important nutrients and form an intricate part

of our daily routine diets. For proper development and higher yields, vegetable

crops grown in different production systems rely hugely on various plant nutrients
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Chapter 1
Environmental Deterioration and Human 
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Farhana Masood, Elisabeth Grohmann, Rais Akhtar and Abdul Malik
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Abstract Ever since people have utilised natural resources, environmental quality 
has started to deteriorate. The increasing incidences of air pollution, water pollu-
tion, land and soil pollution, solid and hazardous waste pollution, deforestation, soil 
erosion, silting and flooding are illustrations of environmental quality deterioration. 
The deteriorating quality of the environment slowly, but steadily, poses a threat to 
human security. These threats include increasing exposure to infectious diseases, 
water scarcity, food scarcity, natural disasters and population displacement. Taken 
together, they may represent the greatest public health challenge humanity has ever 
faced. There always seem to be intermediaries connecting the change in the ecosys-
tem and human health. For example, such environmental changes as climate change, 
land degradation and aquifer depletion seriously affect agricultural production. 
Agricultural production is a major determinant of nutritional status and population 
health. Hence, human health is affected by producing or consuming agricultural 
products and not directly by land degradation or aquifer depletion. However, there 
are some environmental changes that directly affect the quality of human health, 
such as a rise in temperature, which causes thermal stresses, respiratory problems 
and deterioration of aquatic ecosystems leading to waterborne diseases. Other 
health impacts of the ecosystem degradation may be exacerbated by changes in 
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Chapter 3
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Industry

Farhana Masood and Abdul Malik

A. Malik et al. (eds.), Environmental Deterioration and Human Health,  
DOI 10.1007/978-94-007-7890-0_3, © Springer Science+Business Media Dordrecht 2014

A. Malik ()
Institute of Biology II, Microbiology, Albert-Ludwigs-University Freiburg,  
79104 Freiburg, Germany
e-mail: ab_malik30@yahoo.com

F. Masood · A. Malik
Faculty of Agricultural Sciences, Department of Agricultural Microbiology,  
Aligarh Muslim University, Aligarh 202002, India

Abstract Tanning industry wastes pose a serious environmental impact on water 
(with its high oxygen demand, discolouration and toxic chemical constituents), 
terrestrial and atmospheric systems. Tannery waste characteristically contains a 
complex mixture of both organic and inorganic pollutants. The major public con-
cern over tanneries has traditionally been about odours and water pollution from 
untreated discharges. Important pollutants associated with the tanning industry 
include chlorides, tannins, chromium, sulphate and sulphides, organic chemicals 
pesticides, dyes and finishing agents. These substances are frequently toxic and 
persistent, and affect both human health and the environment. High pollutant loads, 
involving chromium, can interfere with key biological processes used in sewage 
treatment plants. These pollutants may also damage the ecology of the receiving 
waters in the vicinity of the discharge points. Direct contact with some indus-
trial chemicals can cause disability, illness (toxigenic/carcinogenic) and death in 
humans. Chlorophenols are the most predominant phenolic compounds in the tan-
ning industry and are well known for their biocidal activities and have been found to 
be toxic, possibly mutagenic to terrestrial biota. Chromium appears to be the most 
damaging of these wastes, and in its hexavalent form it has a high level of toxicity, 
with chronic effects associated with cancer. The main contaminants and pollutants 
related to the leather sector are discussed in this chapter.
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Abstract The textile production industry is one of the oldest and most technologi-
cally complex of all industries. The fundamental strength of this industry flows from 
its strong production base of a wide range of fibers/yarns from natural fibers like 
cotton, jute, silk, and wool to synthetic/man-made fibers like polyester, viscose, 
nylon, and acrylic. With escalating demand for textile products, textile mills and 
their wastewater have been increasing proportionally, causing a major problem of 
pollution in the world. Many chemicals used in the textile industry cause environ-
mental and health problems. Among the many chemicals in textile wastewater, dyes 
are considered important pollutants. Worldwide environmental problems associated 
with the textile industry are typically those associated with water pollution caused by 
the discharge of untreated effluent and those because of use of toxic chemicals espe-
cially during processing. The effluent is of critical environmental concern since it 
drastically decreases oxygen concentration due to the presence of hydrosulfides and 
blocks the passage of light through water body which is detrimental to the water eco-
system. Textile effluent is a cause of significant amount of environmental degrada-
tion and human illnesses. About 40 % of globally used colorants contain organically 
bound chlorine, a known carcinogen. Chemicals evaporate into the air we breathe 
or are absorbed through our skin; they show up as allergic reactions and may cause 
harm to children even before birth. Due to this chemical pollution, the normal func-
tioning of cells is disturbed and this, in turn, may cause alteration in the physiol-
ogy and biochemical mechanisms of animals resulting in impairment of important 
functions like respiration, osmoregulation, reproduction, and even mortality. Heavy 
metals, present in textile industry effluent, are not biodegradable; hence, they accu-
mulate in primary organs in the body and over time begin to fester, leading to various 
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Abstract The indiscriminate use of chemical insecticides for the control of insect 
pests over the years has led to serious environmental problems such as persistence 
of toxicity, which can in turn lead to the acquisition of resistance in target pests. 
These broad-spectrum insecticides, in addition to target pests, also kill non-target 
predators and parasites that otherwise check the pest populations. Furthermore, 
these pesticides keep on accumulating throughout aquatic and terrestrial food webs, 
creating ecological imbalances, and impairing human health.

Growing concerns regarding insect resistance, environmental degradation, and 
human health problems paved the way for the development of biological, target-
specific, low-persistent pesticides with no or fewer long-term hazards. One of the 
most successful biological pesticides over the last century is Bacillus thuringiensis. 
Bt is a Gram-positive, spore-forming aerobic bacterium having the characteristic 
ability to produce proteinaceous insecticidal crystals during sporulation. These pro-
teins, more popularly known as Cry and Cyt proteins, are toxic to certain groups of 
insect pests; the latter cause major losses to crops and many act as vectors of human 
and animal diseases. Owing to their specific mode of action, Bt products are un-
likely to pose any hazard to humans or other vertebrates or to the great majority of 
nontarget invertebrates. Besides being effective against insect pests of agricultural 
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1           Introduction 

 Quality assessment of processed food has become an emerging issue in the present 
era. The quality factor has broadened and covers all the aspects which satisfy con-
sumer expectations. Subject of quality covers different sections like quality analy-
sis, sensory quality, quality safety quality assurance, and quality standards and 
regulations. Quality analysis is an approach assisting the functioning of industries, 
establishing the standards and bringing the manufacturing process for establishment 
and successful. Every industry, grades the raw materials and implements prevention 
of Prevention Food Adulteration (PFA) legislation. The analysis of food and food 
products requires proper sampling as the plant and animal tissues not only having 
variation in composition of different varieties/brands rather observe variations in 
individuals of same variety. Sometimes there is variation in various parts of same 
fruits/vegetables/animal tissues. Food analysis is divided in two groups, namely, 
proximate and ultimate analysis. The former gives the facts of nutritional/biochemi-
cal aspect, while the latter covers the information of particular element or organic 
compound. Proximate analysis covers the determination of percentage of moisture, 
ash, crude fi ber acidity, proteins, lipid, sugars, and carbohydrate. The ultimate anal-
ysis provide information of a particular element like calcium, sodium, iron, magne-
sium and zinc, vitamins, pigments and antioxidant. Before analysis sampling is very 
important so as to get the accurate information of analysis. The samples should be 
taken in suffi cient quantity to compensate the variability. 
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1           Introduction 

 The objective of ensuring safe food for the World’s constantly growing population 
has been a major preoccupation of governments, international organizations (e.g. 
WHO/FAO CODEX, ILSI, ISO, ICMSF, etc.) and professional and trade bodies 
over many years. Yet, in deprived areas of the world, there remains a basic need to 
ensure a reliable and safe food supply. In all countries, especially in developed 
consumer-oriented countries, the need is to ensure that foods do not present an 
unacceptable risk to the health and well being of the consumer. Throughout the 
world, the law imposes a duty of care and responsibility for the safety and quality of 
foods on those business organizations involved in the procurement, processing, dis-
tribution, and retail sale of the products. A risk analysis framework provides a 
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Marine Organisms as Source
of Quorum Sensing Inhibitors

Fohad Mabood Husain and Iqbal Ahmad

Introduction

More than half of all prescribed drugs have
their origin in natural sources and the diversity
of chemical structures produced by marine
organisms provides a potential source of novel
pharmaceuticals (Harper et al. 2001; Paterson
and Anderson 2005; Marris 2006). While
there are few natural products derived from
marine organisms in clinical use, the potential
applications of these compounds are broad
(Marris 2006). Marine natural products are in
clinical or preclinical evaluation against severe
pain, cancers, allergy/asthma, inflammation,
Alzheimer’s disease, HIV, and tuberculosis,
with the majority of these natural products
being sponge or tunicate derived (Proksch
et al. 2002; Newman and Cragg 2004a, b).
They also have potential application as anti-
infective therapies (Fenical and Jensen 2006).
The development of novel anti-infectives is
particularly critical because of the increasing
number of multidrug resistant bacteria (Tenover
and Hughes 1996; Reacher et al. 2000; Ahmad
et al. 2008). One strategy to develop new
mechanisms to combat bacterial infections is
through the development of antipathogenic drugs

F.M. Husain • I. Ahmad (�)
Department of Agricultural Microbiology,
Aligarh Muslim University, Aligarh 202002,
Uttar Pradesh, India
e-mail: fahadamu@gmail.com;
ahmadiqbal8@yahoo.co.in

that function by attenuating the bacteria with
respect to virulence. Because this can be achieved
without affecting the growth of bacteria, this
principle is less likely to impose a selective
pressure for resistance (Hentzer and Givskov
2003; Hentzer et al. 2003; Aqil et al. 2006).
Many pathogenic bacteria synchronize their
expression of virulence genes by cell-to-cell
communication systems called quorum sensing
(QS) which enables bacteria to monitor cell
density. QS relies on low molecular weight
signal molecules that are capable of activating
transcriptional regulators in order to couple gene
expression with population density. In Gram-
negative bacteria, QS is mediated mostly by
N-acyl homoserine lactones (AHLs). QS systems
function by means of two proteins: the AHL
synthetase (the LuxI-homologue) responsible
for the AHL signal generation and the LuxR
homologue, which is a dual-function receptor-
response protein recognizing and binding the
AHL molecules, allowing interactions with
QS-controlled promoter sequences. The signal
molecules are produced constitutively at a
basal low level by the LuxI homologue and
are distributed in the cell and the surrounding
environment either actively or by diffusion. The
concentration of AHL molecules increases with
increasing cell density, and reaching a certain
critical level, they bind to the LuxR homologues,
creating active LuxR–AHL complexes. This
complex functions as a transcription factor
that binds to the promoter region of the QS-
regulated genes, where it triggers gene expression

V.C. Kalia (ed.), Quorum Sensing vs Quorum Quenching: A Battle with No End in Sight,
DOI 10.1007/978-81-322-1982-8__21, © Springer India 2015
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Bacterial Virulence, Biofilm and Quorum
Sensing as Promising Targets for

Anti-pathogenic Drug Discovery and the Role
of Natural Products

IQBAL AHMAD
1 AND FOHAD MABOOD HUSAIN

1

ABSTRACT

Drug resistance is one of the greatest challenges of  the twenty first
century. Classical approaches to combat bacterial infection are based
on killing of pathogens. Although these strategies and compounds were
highly effective, they resulted in substantial stress on the target bacterium
which rapidly selected for resistant sub-population. Thus new strategies
are the need of the hour to combat the threat of  multidrug resistant
bacteria. In the recent years there is increasing interest in targeting
bacterial virulence and  pathogenicity, biofilm and Quorum sensing (cell
to cell communication) as potential novel drug targets. It is believed
that compounds which can attenuate virulence directly or through
Quorum sensing (QS) will have less selective pressure for the development
of resistance than by the bactericidal effect of antibiotics. In this chapter,
we have  discussed the general mechanism of bacterial virulence, role of
QS in determining virulence and biofilm traits in bacteria. The chapter
also looks into the current status of present promising antivirulence
strategies and compounds/plant products known, their future prospects

Key words: Virulence and pathogenicity, Antibiotic resistance,
Antivirulence compounds, Quorum sensing inhibition,
Biofilm
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Abstract
Microorganisms have historically been studied as planktonic or free-swimming cells, but most exist as sessile 
communities attached to surfaces, in multicellular assemblies known as biofilms. Biofilms on plant surfaces are 
of  great importance to plant health. Plant growth-promoting rhizobacteria (PGPR) not only induce plant growth 
but also provide protection by the process known as biocontrol, whereas other bacteria in the biofilm mode of  
growth can create a nuisance for plants. Recent advances show that biofilm formation on plant roots is associated 
with the biological and pathogenic response, but its regulation by the plant is unknown. In this chapter we 
 describe bacterial biofilm processes, the ecological significance and the microbes that form biofilms on plant 
roots, and the effect of  root exudates on biofilms and plant health.

5 Biofilm Formation on Plant Surfaces  
by Rhizobacteria: Impact on Plant Growth 

and Ecological Significance

Mohammad Musheer Altaf and Iqbal Ahmad*
Department of Agricultural Microbiology, Aligarh Muslim University, India

5.1 Introduction

One major challenge for the 21st century will be 
the production of  sufficient food to feed the 
growing population. The United Nations Popu-
lation Fund (UNFPA) estimates that the global 
human population may well reach 10 billion by 
2050 (UNFPA 2010). This means increasing 
agricultural productivity of  food crops, as plants 
form the basis of  every food chain. However, 
agriculture in developed countries already cre-
ates a range of  serious environmental problems 
through the use of  chemicals, salinization and 
the depletion of  water resources. Furthermore, 
agricultural production in developing countries 
cannot be increased without further destroying 
the forests and turning them into arable land, 
thus threatening global biodiversity, which is al-
ready under stress from human action. There is 

a serious need to boost global food production in 
an environmentally sustainable manner (Angus 
and Hirsch, 2013). Thus, more emphasis has 
been placed on soil fertility and its maintenance 
for growing food and fuel crops even as the world 
around us changes (Morrissey et al., 2004). 
Similarly, progress in plant biotechnology aims 
to develop new crop varieties by the introduction 
of  desirable traits, so that these crops: (i) can 
survive better under conditions of  drought or 
salinity; (ii) have enhanced disease and pest re-
sistance; and (iii) have high nutritional value. 
However, efforts to understand the microbiome 
of  the rhizosphere and its influence on regulating 
plant health is not yet fully explored (Morrissey 
et al., 2004; Berendsen et al., 2012).

Root exudates are well known to exert a sig-
nificant impact on rhizospheric microorgan-
isms (Bais et al., 2006). Various aspects of  the 
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Current and Emergent Control Strategies

for Medical Biofilms

Mohd Sajjad Ahmad Khan, Iqbal Ahmad, Mohammad Sajid,

and Swaranjit Singh Cameotra

Abstract In nature, microorganisms prefer to live in structured microbial commu-

nities rather than as free-floating planktonic cells. These dynamic microbial com-

munities are termed biofilms, in which transitions between planktonic and sessile

modes of growth occur interchangeably in response to different environmental

cues. Such phenomenas are advantageous for microbial pathogens but disadvanta-

geous for human health. Due to the increased resistance/tolerance of biofilm cells to

antimicrobial treatment, it becomes difficult to eradicate pathogens, which results

in relapses of infections even after appropriate therapy. In clinically relevant

biofilms, Pseudomonas spp., Staphylococcus spp., and Candida spp. are the most

frequently isolated microorganisms. These microorganisms are able to adhere to

and colonize surfaces of medical devices such as central venous catheters, intra-

uterine devices, voice prostheses, and prosthetic joints, resulting in the develop-

ment of a biofilm. Many antimicrobial agents are now being used against microbial

biofilms. However, inappropriate use of conventional antibiotic therapy may also

contribute to inefficient biofilm control and to the dissemination of resistance.

Consequently, new control strategies are constantly emerging to control biofilm-

associated infections, such as the antifungal lock therapy, improved drug delivery,

penetration of matrix-attacking extracellular polymetric substances, and regulation
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Medicinal Plants and Phytocompounds: A

Potential Source of Novel Antibiofilm Agents

Iqbal Ahmad, Fohad Mabood Husain, Meenu Maheshwari,

and Maryam Zahin

Abstract Medicinal plants and plant-derived bioactive compounds are well known

for their contribution to primary health care as a source novel drug discovery for

various ailments. Emergence and spread of microbial drug resistance due to various

mechanisms has impacted the efficacy of almost all old and new antibacterial drugs.

The biofilm mode of microbial growth has significantly increased the survival

strategies and resistance levels of microbes to drugs, making the treatment of

infections more difficult. Currently, efforts are going on to develop novel strategies

including targeting biofilms to treat infections. Various natural products are known

to inhibit biofilm formation or preformed biofilms. In recent years medicinal plants

and phytocompounds were reported with promising antibiofilm activity in vitro

from different parts of the world. In this chapter we have reviewed the current

literature on antibiofilm agents derived from medicinal plants and/or plant-derived

compounds. Plant extracts and phytocompounds of various classes have been found

effective against bacterial or fungal biofilms, with some compounds showing

activity against both. Such compounds are expected to be effective against mixed

biofilms. Interestingly, certain quorum-sensing inhibiting plant extracts or com-

pounds can also inhibit biofilms made by bacteria such as Pseudomonas
aeruginosa. The majority of the antibiofilm phytocompounds identified so far

have been tested in vitro; however, only a few compounds have been reported

effective under in vivo condition. This could be due to the lack of access of the

investigators to suitable animal models for different diseases to assess the thera-

peutic efficacy of these antibiofilm agents. The results of this chapter indicated that

the phytocompounds may be effective alone or in combination with antibiotics, as

in the treatment of systemic infection. However, further investigation on their mode
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Drug Delivery Systems That Eradicate

and/or Prevent Biofilm Formation

Mohammad Sajid, Mohd Sajjad Ahmad Khan, Swaranjit Singh Cameotra,

and Iqbal Ahmad

Abstract The capability to form biofilms contributes significantly to the patho-

genesis of microbial infections by various mechanisms including a decrease in

susceptibility to antimicrobial agents. Over the past few years therapy against

biofilm has undergone a revolutionary shift to effectively kill biofilm-producing

microorganisms. With the advancement of biotechnology, emphasis has been made

to effectively deliver antimicrobial agents against biofilm. In this regard, particulate

materials have attracted enormous attention as drug delivery systems, not only for

the controlled release of drugs but also because of the rapid development of

synthetic methods for controlling morphology and particle size from the micro to

the nanoscale. For targeted drug delivery a number of constituents in the process of

biofilm formation have been studied as targets for novel drug delivery technologies.

In this chapter, the contribution of various drug delivery systems made up of

amphiphilic molecules (liposome, niosomes), polymer (PLGA), chitin (chitosan),

and dendrimer, and their potential to deliver antimicrobial agents against biofilm is

discussed.

1 Introduction

The age of nanostructural delivery systems began with the development of lipo-

some by Bangham et al. (1965). Since then a large number of nanoparticulate

systems have been developed and as of now, the sheer number and types of

nanoparticulate structures that have been already developed or are being researched
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Quality Assessment of Herbal Drugs and
Medicinal Plant Products

Iqbal Ahmad1, Mohd Sajjad Ahmad Khan2 and Swaranjit Singh Cameotra2

1Department of Agricultural Microbiology, Aligarh Muslim University, Aligarh, India and 2Institute
of Microbial Technology, Chandigarh, India

1 INTRODUCTION

Plants serve as the most valuable source for curing
many diseases. The use of herbs as medicine is the
oldest form of healthcare known to humanity and has
been used in all cultures throughout history (Barnes,
Anderson, and Philipson, 2007). There is a great
demand for herbal medicines in developed and devel-
oping countries and therefore a great potential in the
global market (Jones, Chin, and Kinghorn, 2006).
Herbal medicines include herbs, herbal extracts and
preparations, and finished products. Herbal drugs are
the unprocessed parts of a plant or the whole plant.
An herb can be a root, stem, leaf, bark, seed, fruit,
flower, wood, rhizomes, or other plant parts, which
may be entire, fragmented, or powdered. While
herbal preparations are made from one or more herbs
and include comminuted or powdered materials or
extracts, tinctures and fatty oils of herbal materials,
which may be produced by extraction, fractionation,
purification, concentration, or other physical or bio-
logical processes (WHO, 2000; Shinde et al., 2009).

Both traditional and modern medicines rely
on medicinal plants as a source of raw material.
Nowadays, plant materials are used throughout
the industrialized and developing world as home
remedies and ingredients for the pharmaceutical
industries (Bandaranayake, 2006). They are dis-
tributed worldwide, but they are most abundant in

Encyclopedia of Analytical Chemistry, Online ©2006–2014 John Wiley & Sons, Ltd.
This article is © 2014 John Wiley & Sons, Ltd.
This article was published in the Encyclopedia of Analytical Chemistry in 2014 by John Wiley & Sons, Ltd.
DOI: 10.1002/9780470027318.a9946

tropical countries. It is estimated that about 25% of all
modern medicines are directly or indirectly derived
from higher plants (Ackernecht, 1973; WHO, 2005).
During recent decade, there has been increasing
public interest and acceptance of natural therapies
in both developing and developed countries. Owing
to poverty and limited access to modern medicine,
about 80% of the world’s population, especially
in the developing countries, use herbal medicine
as their source of primary healthcare (Mukherjee,
2002; Bodeker et al., 2005). In these communities,
traditional medical practice is often viewed as an
integral part of their culture. In the West, people are
attracted to herbal therapies for many reasons, the
most important reason being that, like our ancestors,
it is believed they will help us live healthier lives.
Herbal medicines are often viewed as a balanced and
moderate approach to healing.

Herbal medicines are used very commonly in
various health practices or therapies of traditional
medicines such as Ayurveda, Unani, Chinese,
African and European medicines, Naturopathy,
Osteopathy, and Homeopathy (Shinde et al., 2009).
Traditional medicine comprises of knowledge,
skills, and health practices and approaches based
on theories and beliefs that are used in the mainte-
nance of health, prevention, diagnosis, treatment,
and improvement of physical and mental illnesses
(WHO, 2004a,b).
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Abstract
Nanotechnology is a branch of materials science, which connects several branches 

of basic sciences and manipulates nanometer-length atoms, molecules, and big 

molecular structures. Th e technology includes a fundamental understanding of 

physical and chemical properties. It also includes the phenomena of nanostruc-

tures and nanomaterials. In this chapter, initial synthesis of nanostructures such 

as quantum dots, nanoparticles, nanorods, nanospheres, nanofl owers, nanobelts, 

nano and micro-sheets, micro-fl owers, micro-spheres, etc., using various precur-

sors and techniques such as solution/precipitation, vapor phase growth, chemi-

cal vapor deposition, plasma enhanced CVD (PE-CVD), sol-gel, sonochemical 

hydrothermal, etc., have been described. A general introduction with literature 

review of the constructed nanostructure materials and general defi nitions are 

also presented in detail. Th e morphological, elemental, and optical characteriza-

tions such as XRD, FE-SEM, TEM, UV-Vis, Photoluminescence (PL), Raman-

Scattering, and for the compositional and surface bonded states of nanostructures 

were evaluated through FTIR and X-Ray Photoelectron Spectroscopy (XPS) etc., 
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Abstract
Nanotechnology has great impact on the present scenario of wastewater treatment 

because of their particle size and surface area. Nanomaterials such as metals, metal 

oxide, low cast adsorbent, nanocatalyst, organic macromolecules composite, and 

other compounds such as natural organic matter, fullerenes, dendrimers, dyes, 

chitosan, enzyme, various shaped nanostructures such as nanorods, nanowires 

and nanotubes (both organic and inorganic) ultrathin fi lms and nanomembrane 

are used in wastewater treatment. Nanotechnology is an advanced technology 

used for the cleanup of contaminated water by nanocatalysts, nanofi lteration or 

membrane fi ltration, and the adsorption of pollutants via nanoscale materials. 

Th e use of carbonaceous nanomaterial membranes can serve as high capacity 

and selective sorbents for organic solutes in aqueous solutions, which can solve 

wastewater treatment problems. Th e present chapter initially describes the pos-

sible application areas of nanomaterials in wastewater treatment as well as its uses 

as nanomembrane fi lter.

Keywords: Wastewater, carbonaceous nanomembrane, nanofi lteration organic/

inorganic composite materials, low-cost adsorbent 
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