
Uzma Azeem
Khalid Rehman Hakeem
M. Ali

Fungi 
for Human 
Health
Current Knowledge and Future 
Perspectives



Fungi for Human Health



Uzma Azeem • Khalid Rehman Hakeem • M. Ali

Fungi for Human Health
Current Knowledge and Future Perspectives



ISBN 978-3-030-58755-0    ISBN 978-3-030-58756-7 (eBook)
https://doi.org/10.1007/978-3-030-58756-7

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2020
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Uzma Azeem
Former Assistant Professor in Botany
Sanmati Government College of Science 
Education and Research
Jagraon, Ludhiana, Punjab, India

M. Ali
Department of Pharmacognosy
Jazan University
Jazan, Saudi Arabia

Khalid Rehman Hakeem
Department of Biological Sciences
Faculty of Science
King Abdulaziz University
Jeddah, Saudi Arabia

https://doi.org/10.1007/978-3-030-58756-7


This book is dedicated to our parents and 
siblings



vii

Preface

This book spotlights macrofungi with health-promising properties, which mainly 
belong to Basidiomycota (Agaricomycotina) and Ascomycota (Pezizomycotina). 
Macrofungi or higher fungi are ascomycetous and basidiomycetous mushrooms 
forming conspicuous, epigeous, or hypogeous sporocarps and are large enough to 
be seen by the naked eye. The consumption of wild macrofungi by man goes back 
13,000 years. Macrofungi vary in structure and reproduction and occur in a wide 
range of habitats in different ecogeographic zones of the world. Ethnomycological 
surveys across the globe reveal the food value and therapeutic significance of wild 
species in diet and folk medicine. Scientific research proves the nutritional and 
pharmacological properties of these macrofungi. The latter are consecrated with a 
wealth of nutrients such as carbohydrates, proteins, fats, fatty acids, amino acids, 
minerals, and vitamins contributing to their food value. The sporocarps/cultured 
mycelia or cultured broths of these fungi are rich in numerous high and low molecu-
lar weight bioactive constituents. These bioactive components include polysaccha-
rides, proteins, fatty acids, proteoglycans, terpenoids, and phenolics, accounting for 
a broad spectrum of pharmacological activities such as antioxidant, antitumor, anti-
diabetic, antibacterial, antifungal, immunomodulatory, antimalarial, and antiviral. 
Several health-promoting products of macrofungal origin are available in market in 
the form of tablets, capsules, syrups, pastes, and powders. In spite of huge benefits 
of macrofungi, these are often overlooked as far as conservation efforts are con-
cerned. Many macrofungal species are red listed by IUCN and need immediate 
attention to conserve and ensure sustainable use of this inexpensive natural treasure 
with huge health benefits. In this book, we endeavored to highlight the future pros-
pects of macrofungi and tried to shed light on the taxonomy, ecology, ethnomycol-
ogy, nutraceutical composition, bioactive active and pharmacological activities, 
commercialization, and conservation. Some information on cultivation and toxi-
genic macrofungi is also provided. Hopefully, the information cited within this 
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book will prove beneficial to the mycophiles, amateur naturalists, the general pub-
lic, researchers, and industrialists interested in the consumption, research, and mar-
keting of macrofungi.

Jagraon, Ludhiana, Punjab, India  Uzma Azeem
Jeddah, Saudi Arabia  Khalid Rehman Hakeem
Jazan, Saudi Arabia  M. Ali 
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Chapter 1
Introduction

Fungi constitute a group of eukaryotic, spore-bearing, achlorophyllous, saprotro-
phic or parasitic, sexually or asexually reproducing organisms with unicellular to 
filamentous (hyphal) forms, filaments, or hyphae branched or unbranched typically 
enclosed by cell wall made up of chitin or cellulose or both (Alexopoulos et  al. 
1996). In the sixteenth century, fungi were represented by two genera, Fungus and 
Tuber (De Lobel 1581). At the end of the seventeenth century and start of the eigh-
teenth century, De Tournefort (1656–1708), father of modern generic concept, 
added five new genera including Agaricus (Bauhin 1623; De Tournefort 1694, 
1700). Great mycologist Micheli, known as the father of mycology, proposed 30 
new genera to fungi (Micheli 1729). This number is incessantly piling up with new 
reports. Approximately, 1200 new species are being reported per annum. Fungi are 
classified into six phyla: Ascomycota, Basidiomycota, Chytridiomycota, 
Glomeromycota, Microsporidia, and Zygomycota (Kirk et al. 2008). Based on mor-
phology, ecology, phylogeny, and various other extrapolation techniques, fungal 
diversity is estimated to be approximately 3 to 5.1  million globally (Dai 2010; 
Blackwell 2011; Hawksworth 2012). However, 92% of these fungi are still unde-
scribed (Hawksworth and Lücking 2017). Majority of all the described fungi belong 
to the subkingdom Dikarya including Ascomycota and Basidiomycota. Ascomycota 
represents the largest phylum of kingdom fungi and consists of nearly 90,000 
described species of fungi belonging to Taphrinomycotina (yeast-like and some fila-
mentous fungi), Saccharomycotina (the true yeasts), and Pezizomycotina (with 
majority of the filamentous and mushroom-forming ascomycetes). Basidiomycota 
follows Ascomycota and comprises of approximately 50,000 species of fungi 
divided into Pucciniomycotina (rust fungi: plant pathogens), Ustilaginomycotina 
(true smuts, some yeasts, and some filamentous fungi), and Agaricomycotina (most 
of the mushroom-producing fungi) (Cannon et al. 2018; Niskanen et al. 2018). The 
mushroom-forming fungi, macrofungi, constitute a phylogenetically heterogeneous 
fungal group with species forming epigeal/hypogeal, large spore-bearing structures 
called sporocarps. An estimated number of macrofungi in the world have risen from 
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