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Foreword

White biotechnology is industrial biotechnology dealing with various biotech prod-
ucts through applications of microbes. The main application of white biotechnology 
is commercial production of various useful organic substances, such as acetic acid, 
citric acid, acetone, glycerine, etc., and antibiotics, like penicillin, streptomycin, 
mitomycin, etc., and value-added product through the use of microorganisms espe-
cially fungi and bacteria. The value-added products included bioactive compounds, 
secondary metabolites, pigments, and industrially important enzymes for potential 
applications in agriculture, pharmaceuticals, medicine, and allied sectors for human 
welfare. In the twenty-first century, humans acquired skills to harness fungi to pro-
tect human health (through antibiotics, antimicrobial, immunosuppressive agents, 
value-added products etc.), which led to industrial-scale production of enzymes, 
alkaloids, detergents, acids, and biosurfactants. The first large-scale industrial appli-
cations of modern biotechnology have been made in the areas of food and animal 
feed production (agricultural/green biotechnology) and pharmaceuticals (medical/
red biotechnology). In contrast, the production of bioactive compounds through 
fermentation or enzymatic conversion is known as industrial or white biotechnol-
ogy. The beneficial fungal strains may play important role in agriculture, industry, 
and medical sectors. The beneficial fungi play a significant role in plant growth 
promotion and soil fertility using both direct (solubilization of phosphorus, potas-
sium, and zinc; production of indole acetic acid, gibberellic acid, cytokinin, and 
siderophores) and indirect (production of hydrolytic enzymes, siderophores, ammo-
nia, hydrogen cyanides, and antibiotics) mechanisms of plant growth promotion for 
sustainable agriculture. The fungal strains and their products (enzymes, bioactive 
compounds, and secondary metabolites) are very useful for industry. The discovery 
of antibiotics is a milestone in the development of white biotechnology. Since then, 
white biotechnology has steadily developed and now plays a key role in several 
industrial sectors, providing both high-valued nutraceuticals and pharmaceutical 
products. The fungal strains and bioactive compounds also play important role in 
the environmental cleaning.
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The present book volume on “Recent Advancement in White Biotechnology 
Through Fungi” Volume 2: Perspective for Value-Added Products and Environments 
is a very timely publication, which provides state-of-the-art information in the area 
of white biotechnology, broadly involving fungal-based value-added products and 
applications of fungal communities for sustainable environments. The book volume 
comprises 16 chapters. Chapter 1 by Kour et al. describes agriculturally and indus-
trially important fungi and their potential biotechnological applications. Chapter 2 
presented by Dailin et  al. highlights fungal phytases and their biotechnological 
applications in food and feed industries. Chapter 3 by Banik et al. describes about 
probiotic fungal strains, their mechanism of actions, health beneficial effects, and 
also their efficacy in the treatment of various diarrheal, skin, and vaginal complica-
tions. Chapter 4 by Challa et al. highlights the opportunities and challenges of fun-
gal white biotechnology to meet food security. Roy and Banerjee describe the 
production of hydrocarbon and hydrocarbon-like compounds along with other qual-
ity volatile organics with high potential to be used as both “green chemicals” and 
fuels from endophytic fungi in Chap. 5. Chapter 6, by Parasuraman and Siddhardha, 
gives details of functional genomics and proteomics for the isolation and production 
of novel natural value-added metabolites from fungal community. Chapter 7 
authored by Gholami-Shabani et al. highlights current knowledge about fungal nat-
ural products including primary and secondary metabolites, their biosynthetic path-
ways, and brief examples of each class of compounds including their bioactivities. 
In Chap. 8, Singh and colleagues describe in detail about the variety of secondary 
metabolite produced, its synthesis strategies via chemical and heterologous mode, 
as well as their biological applications. Enespa et al. highlight the fungal production 
of novel secondary metabolites with antimicrobial activity against plant and human 
pathogenic fungal and bacterial strains in Chap. 9. Kumar et al. explain about pig-
ments produced by soil fungi and their potential applications in medical, textile 
coloring, food coloring, and cosmetics in Chap. 10. The endophytes that may con-
tribute to their host plant and for the pharmaceutically important bioactive sub-
stances, as the search for better chemotherapeutic agents remains an important 
challenge, have been described by Carvalho et  al. in Chap. 11. Chapter 12 by 
Sharma and Salwan describes the extracellular enzymes from Trichoderma and 
their role in the production of biofuel from nonedible biomass. Raven et al. high-
light the third-generation biofuels generated with the assistance of fungi in Chap. 
13. Diwan and Gupta discuss the advent of single cell oil and realization of its mul-
tiple prospects and possibilities in Chap. 14. Recent advancement and the way for-
ward for Cordyceps have been discussed in Chap. 15 by Chaubey et  al. Finally, 
Rashmi et al. describe about the status of synthetic biology for production of value-
added products and bioactive compounds from fungi for advancements of fungal 
white biotechnology in Chap. 16.

Overall, great efforts have been carried out by Dr. Ajar Nath Yadav, his editorial 
team, and scientists from different countries to compile this book as a highly unique, 
up-to-date source on fungal white biotechnology for the students, researchers, sci-
entists, and academicians. I hope that the readers will find this book highly useful 
and interesting during their pursuit on fungal biotechnology.
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Preface

White biotechnology is drawing much attention as a solution to produce value-
added product for human welfare. Fungi are used to synthesize functional bioactive 
compounds, hydrolytic enzymes, and compounds for plant growth promotion, bio-
control, and other processes for agriculture, medicine, industry, pharmaceuticals, 
and allied sectors. White fungal biotechnology is an emerging field in science arena 
that supports revealing of novel and vital biotechnological components. The fungi 
Aspergillus, Bipolaris, Cordyceps, Fusarium, Gaeumannomyces, Myceliophthora, 
Penicillium, Phoma, Piriformospora, Pleurotus, Trichoderma, and Xylaria are 
highly important fungal groups which can be utilized for production of different 
antibiotics, enzymes, pigments, and peptides useful in medical and industrial fields.

The present book on “Recent Advancement in White Biotechnology Through 
Fungi” Volume 2: Perspective for Value-Added Products and Environments covers 
agriculturally and industrially important fungi producing value-added products for 
agriculture, industry, and environments. The fungal community from different habi-
tats such as from extreme habitats as well as plant associated having capability to 
produced extracellular enzymes, secondary metabolites and bio-active compounds 
are useful for diverse processes targeted at therapeutics, diagnostics, bioremedia-
tion, agriculture, industries and environments. This book volume will be immensely 
useful to biological sciences, especially to microbiologists, microbial biotechnolo-
gists, biochemists, researchers, and scientists of fungal biotechnology. We are hon-
ored that the leading scientists who have extensive, in-depth experience and 
expertise in fungal system and microbial biotechnology took the time and effort to 
develop these outstanding chapters. Each chapter is written by internationally rec-
ognized researchers/scientists, so the reader is given an up-to-date and detailed 
account of our knowledge of the white biotechnology and innumerable agricultural 
industrial and environmental applications of fungi.

We are grateful to the many people who helped to bring this book to light. Editors 
wish to thank Dr. Eric Stannard, senior editor, Botany, Springer; Dr. Vijai Kumar 
Gupta and Maria G. Tuohy, series editors, Fungal Biology, Springer; and Mr. Rahul 
Sharma, project coordinator, Springer, for generous assistance, constant support, 
and patience in initializing the volume. Dr. Ajar Nath Yadav gives special thanks to 
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his exquisite wife Dr. Neelam Yadav for her constant support and motivations in 
putting everything together. Dr. Yadav also gives special thanks to his esteemed 
friends, well-wishers, colleagues, and senior faculty members of Eternal University, 
Baru Sahib, India.

Baru Sahib, Himachal Pradesh, India � Ajar Nath Yadav
Lucknow, Uttar Pradesh, India � Shashank Mishra
Faizabad, Uttar Pradesh, India � Sangram Singh
Gonda, Uttar Pradesh, India � Arti Gupta
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1.1  �Introduction

Fungi are chemoheterotrophic organisms and are known to be present in subaerial 
and subsoil environments. They are known to play a major role as decomposers, 
simultaneously being important animal and plant mutualistic symbionts as well as 
pathogens, further being the spoilage organisms of natural as well as manufactured 
materials (Burford et al. 2003; Gadd 1999, 2006, 2007). They also play a chief role 
in maintaining soil structure, due to their filamentous branching growth and fre-
quent production of the exopolymer. Most of the fungi possess a filamentous growth 
habit and some are polymorphic, occurring as both filamentous mycelium and 
unicellular yeasts or yeast-like cells (Gadd 2007; Gorbushina et al. 2002, 2003). 
The  filamentous mode of growth provides them the capability to adapt to both 
exploitative or explorative growth strategies, and the formation of linear organs of 
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aggregated hyphae for protected fungal translocation (Fomina et  al. 2005; Gadd 
2007). Interestingly, the earliest fossil of filamentous fungal remains appear to be 
from the mid- to late Precambrian (Gadd 2007) and have been revealed to be 
extremely diverse by Devonian, times, when forms belonging to major groups and 
even some genera present today are found (Gadd 2007; Heckman et al. 2001). Since 
that time fungi have been known to be the components of the microbial communi-
ties of any terrestrial environment (Hawksworth 2001) which may either be hostile 
habitats such as the Arctic and Antarctic and hot deserts or may be metal-rich and 
hypersaline soils (Burford et al. 2003). The majority of fungi have been demon-
strated to inhabit soil environments, which are known to be apparently much more 
hospitable as compared to the bare rock surfaces. Fungal communities in soil are 
diverse, where they may occur as plant and animal pathogens, free-living or in sym-
biotic associations, as well as unicellular yeasts (Gadd 2007). They may be present 
inside the plants which are known as the endophytic fungi where they may reside 
without causing any harmful effect to the host plant. Plants are in fact considered to 
be a major reservoir of abundance of endophytes (Rana et al. 2016a, b, 2017). It has 
been estimated that more than one million fungal species inhabit different genera of 
the plant which reflects on hyperdiversity of endophytic fungi (Bilal et al. 2018; 
Strobel and Daisy 2003). Endophytic fungi are known to be one of the best sources 
of natural bioactive compounds which have potential applications in diverse fields 
such as food industry, medicine, and agriculture (Bilal et  al. 2018; Strobel et  al. 
2004; Verma et al. 2009; Yadav et al. 2015b).

Numerous endophytes have been examined for their capability to produce 
metabolites which promote the growth of the plants (Verma et  al. 2013, 2014). 
Further, there is rhizospheric fungi which also play an important role in plant growth 
promotion by different mechanisms such as production of diverse plant growth reg-
ulators; making availability of various nutrients to the plants such as phosphorus, 
potassium, zinc  etc.; and production of the siderophores and diverse hydrolytic 
enzymes; furthermore, these also help the plants to overcome abiotic stress condi-
tions such as salinity, drought, and high or low temperature, and all these character-
istics make them good source to be used as biofertilizers (Saxena et  al. 2015a; 
Suman et al. 2016; Verma et al. 2016b; Yadav and Yadav 2018b). Furthermore, they 
have also proved to be good biocontrol agents. Thus, these could be potent and 
novel alternatives to synthetic pesticides and chemical fertilizers, and such benefi-
cial microbes are perfect candidates for sustainable agricultural production (Kumar 
et al. 2018; Palaniyandi et al. 2013).

Thus, from past few decades, there has been a strong upsurge of fungal commu-
nity whether it may be in the agricultural sector or in the spheres of food, feed, and 
therapeutics. Adding more, their biocatalytic potential has been utilized for centu-
ries for production of bread, wine, vinegar, and many more products (Fig.  1.1). 
Even the first report of commercial application of yeast for production of alcoholic 
beverages from barley was by the Babylonians and Sumerians as early as 6000 BC 
(Biswas et al. 2018; Singh et al. 2016a; Yadav et al. 2018c). Adding more, microbes 
are favored sources for industrial enzymes among which fungi are in fact attractive 
producers of diverse enzymes as they are easily available and due to their fast 
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growth rate. Furthermore, genetic changes in microbial cells for elevated production 
of enzymes using recombinant DNA technology are also easy (Illanes et al. 2012; 
Singh et al. 2016a). Therefore, keeping in view the importance of the fungal com-
munities in the agriculture, industry and allied sectors, the present chapter deals 
with the impact of fungi in agriculture and fungal enzymes utilized in diverse indus-
trial and allied sectors.

1.2  �Beneficial Impact of Fungal Communities in Agriculture

Plant growth-promoting fungi are gaining significant interest to be used as bioin-
oculants as they possess manifold benefits on the quantity as well as quality of the 
plants and because of the positive relation they exhibit with the ecological environ-
ment. Though most of the work on plant growth-promoting microbes (Verma et al. 
2015a, b, c, 2016a) is focused on bacteria as well as mycorrhizal fungi (Johansson 
et al. 2004; Kumar et al. 2018), fungi still possess certain characteristic features 
which are far superior to bacteria, for example, fungi are able to tolerate acidic con-
ditions better and they are in fact far better in mobilizing bound phosphates over 
bacteria (Kumar et al. 2018; Wahid and Mehana 2000). Furthermore, fungi have 
been demonstrated to produce phytohormones including indole-3-acetic acid (IAA), 
gibberellins (Kumar et al. 2018), and siderophores (Kumar et al. 2018; Milagres 
et al. 1999) (Fig. 1.2). Thus, this section deals with the role of fungi in plant growth 
promotion.

Fig. 1.1  Biotechnological applications of fungi and their value-added products in agriculture, 
health, industry, and environments

1  Agriculturally and Industrially Important Fungi: Current Developments…
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