
 

 

Session 2020-21 

 

3.3.3 Number of books and chapters in edited volumes/books 

published and papers published in national/ international conference 

proceedings per teacher during last five years 



 

 

Sl. 
No. 

Name of 
the 
teacher 

Title of the 
book/chapters  
published 

Title of 
the 
paper 

Title of the 
proceedings 
of the 
conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of the 
proceeding 

Affiliating 
Institute at the 
time of 
publication  

Name of the 
publisher 

1 Dr. Anju 
Tanwar 
(Botany) 

Antioxidants in 
Vegetables 
and Nuts-
Properties and 
Health 
Benefits 

 Yam       2020 978-981-15-7469-
6 (ISBN) 978-981-
15-7470-2 
(ebook), Springer 
Nature Singapore 
Pte Ltd. 

Government P.G 
College, Ambala 
Cantt 

Springer 
Nature 
Singapore 
Pte Ltd. 

 



Gulzar Ahmad Nayik
Amir Gull   Editors

Antioxidants in 
Vegetables and 
Nuts - Properties 
and Health 
Benefits



Antioxidants in Vegetables and Nuts -
Properties and Health Benefits



Gulzar Ahmad Nayik • Amir Gull
Editors

Antioxidants in Vegetables
and Nuts - Properties and
Health Benefits



Editors
Gulzar Ahmad Nayik
Department of Food Science &
Technology
Government Degree College
Shopian, Jammu and Kashmir, India

Amir Gull
Department of Food Science
& Technology
University of Kashmir
Srinagar, Jammu and Kashmir, India

ISBN 978-981-15-7469-6 ISBN 978-981-15-7470-2 (eBook)
https://doi.org/10.1007/978-981-15-7470-2

# Springer Nature Singapore Pte Ltd. 2020
This work is subject to copyright. All rights are reserved 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 Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore

https://doi.org/10.1007/978-981-15-7470-2


Contents

Part I Vegetables

1 Pea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Jasmeet Kour, Gulzar Ahmad Nayik, Raees ul Haq, Naveen Anand,
Mohammed Shafiq Alam, Breetha Ramaiyan, Renu Sharma,
Nowsheen Nazir, and Swapan Banerjee

2 Lotus (Nelumbo nucifera Gaertn) . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Anu Pandita and Deepu Pandita

3 Beetroot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Deepu Pandita, Anu Pandita, Ramachandra Reddy Pamuru,
and Gulzar Ahmad Nayik

4 Lemongrass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Jyoti Gaba, Garima Bhardwaj, and Ajay Sharma

5 Pumpkin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Imen Tlili, Hela Chikh Rouhou, Riadh Ilahy, Emna Jedidi,
Rym Bouhlel, Leila Romdhane, Samir Ghannem,
Marcello Salvatore Lenucci, Mohammed Wasim Siddiqui,
Thouraya R’him, and Chafik Hdider

6 Tinda (Praecitrullus fistulosus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Renu Sharma, Jasmeet Kour, Gulzar Ahmad Nayik,
Mohammed Shafiq Alam, and Naveen Anand

7 Turnip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Mohd Aaqib Sheikh, Nadira Anjum, Amir Gull,
and Charanjiv Singh Saini

8 Spinach (Spinacia oleracea L.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Breetha Ramaiyan, Jasmeet Kour, Gulzar Ahmad Nayik,
Naveen Anand, and Mohammed Shafiq Alam

ixix



9 Bitter Gourd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Bisma Jan, Qurat ul eain Hyder Rizvi, Rafeeya Shams,
Aamir Hussain Dar, Anurag Singh, and Shafat Ahmad Khan

10 Tomato (Solanum Lycopersicon) . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
Amarjeet Kumar, Varun Kumar, Amir Gull, and Gulzar Ahmad Nayik

11 Radish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
Arashdeep Singh, Savita Sharma, and Dolly

12 Dandelion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Jasmeet Kour, Renu Sharma, Gulzar Ahmad Nayik, Breetha
Ramaiyan, Sajad Ahmad Sofi, Mohammed Shafiq Alam,
and Naveen Anand

13 Drum Stick (Moringa oleifera) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Varun Kumar, Amarjeet Kumar, Gulzar Ahmad Nayik,
and Syed Mansha Rafiq

14 Mushroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Insha Zahoor, Nadira Anjum, Ishfaq Hamid Dar, and Shafaq Javid

15 Yam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Ajay Singh, Ramandeep Kaur, Pradyuman Kumar, and Anju Tanwar

16 Leek (Allium ampeloprasum L.) . . . . . . . . . . . . . . . . . . . . . . . . . . . 309
Prashant Ashok Shelke, Syed Mansha Rafiq, Chavan Bhavesh,
Syed Insha Rafiq, Patange Swapnil, and Rafiya Mushtaq

17 Cucumber (Cucumis sativus L.) . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Vinita Sharma, Loveleen Sharma, and Kawaljit Singh Sandhu

18 Taro (Colocasia esculenta) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341
Seema Sharma, Romee Jan, Ramandeep Kaur, and Charanjit S. Riar

Part II Nuts

19 Coconut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357
Mamta Thakur, Kirty Pant, and Vikas Nanda

20 Walnut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Vidisha Tomer, Ashwani Kumar, Kritika Gupta, Swati Shukla,
and Shafiya Rafiq

21 Almond . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
Antima Gupta, Rajan Sharma, and Savita Sharma

22 Water Chestnut (Trapa natans) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
Sourav Garg, Noorul Anisha Anvar Hussain, Irshaan Syed,
Niveditha Asaithambi, and Sristi Mundhada

x Contents



23 Horse Chestnut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
Syed Insha Rafiq, Khalid Muzaffar, and Syed Mansha Rafiq

24 Sweet Chestnut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477
Touseef Ahmed Wani, Idrees Ahmed Wani, Rahiya Rayees,
and F. A. Masoodi

25 Pistachio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
Reshu Rajput, Amarjeet Kaur, and Gulzar Ahmad Nayik

26 Peanut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Hradesh Rajput, Deepika Goswami, and Gulzar Ahmad Nayik

27 Raisin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523
R. Thiruchelvi, P. Jayashree, Gulzar Ahmad Nayik, Amir Gull,
Tehmeena Ahad, Mamta Thakur, Tajamul Rouf Shah,
Mohd Amir Paray, and Raees ul Haq

28 Cashew Nut (Anacardium occidentale) . . . . . . . . . . . . . . . . . . . . . . 539
Javid Ahmad Malik and Monika Bhadauria

29 Hazelnut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559
Idrees Ahmed Wani, Aneesa Ayoub, Naseer Ahmad Bhat,
Aamir Hussain Dar, and Amir Gull

Contents xi



Yam 15
Ajay Singh, Ramandeep Kaur, Pradyuman Kumar, and Anju Tanwar

Abstract

Tuber crop (yam, potato, and cassava) is considered an important part of human
diet. Among all tubers, yam is enriched with several nutrients and provides
benefits for radiant health. It is an abode of nutrition that favors the promotion
of health, as it is hypoglycemic, antioxidative, antimicrobial,
hypocholesterolemic, and has immunomodulatory activities. Many of its
phytoconstituents like phenols, phytic acids, glycoalkaloids, saponins, and
proteins are solely accountable for the health benefits. Traditionally, yams were
exploited for several medicinal practices; however, now its suitability has been
extended with industrial importance and food applications as well. Yam has been
potentially used as functional foods and nutraceutical ingredients for nourishing
human well-being and reducing disease risk.
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15.1 Introduction

Yam (Dioscorea species) crop is of utmost importance for farmers, as it efficiently
enhances the income of many farmers. The Caribbean Islands, Asia, Africa, South
America, and the South Pacific islands are known for cultivation of yam. To a greater
extent, it is cultivated mainly to get rid of the food security risks of the emerging
population of the world. In West Africa, after cassava and sweet potato, it is the third
most hit choice (Asiedu and Sartie 2010) with much better nutritional capacity than
even cassava (Table 15.1) (Baah et al. 2009). Nutritional Potential for yam varies
significantly where it contribute around 80 to 120 Kcal/100 g energy on consump-
tion (Polycarp et al. 2012). However, yam lacks in some essential sulfur amino acids
(methionine, cysteine, and tryptophan) (Bhandari et al. 2003). Dioscorea
dumetorum yam has been reported to be high in protein with well-sequenced
composition of essential amino acids in it (Polycarp et al. 2012). In contrast,
consumption of Dioscorea rotundata in the African region led to high frequency
of kwashiorkor occurrence, owing to least protein scores in that variety (Gladstone
et al. 2014).

Ancient back, yam is not adopted for food purpose only, rather it possesses
various medicinal features in along with its potential nutrient contribution. Various
studies have proved the diverse nutrients and non-nutrients of yams, such as

Table 15.1 Nutritional
value of yam tubers

Nutrition value Yam tubers (100 g)

Calorific value (kcal) 80–120

Moisture (%) 60–80

Protein (g) 1.5–6

Fat (g) 0.1–0.2

Carbohydrates (g) 15–40

Ash (g) 1.3–7.5

Fiber (g) 0.6–3.5

Vitamins (mg)

Thiamine 0.10

Riboflavin 0.04

Niacin 0.07

Minerals (mg)

Potassium 250–1500

Phosphorous 40–160

Calcium 6.5–116

Iron 1.5–9

Copper 0.1–0.4

Sodium 63–100

Magnesium 40–83

Manganese 0.95–3

Zinc 5.4–7.8

Source: Polycarp et al. (2012); Ferraro et al. (2016))
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polyphenols and organic acids. Furthermore, during off-seasons, humans prefer to
use yams for solving their seasonal food shortage instead of other tubers like cassava
and sweet potato (Norman et al. 2012). This crop provides nearly 285 dietary
calories/person/day to feed 0.3 billion humans in sub-Saharan Africa (Adejumo
et al. 2013).

15.1.1 Botanical Description

Dioscorea (Malvaceae), a genus, includes more than 644 species of perennial
herbaceous vines. Its native belongs to Africa, Asia, and Oceania. Among available
varieties, white, bitter, and water yams are the hit choices of African inhabitant,
whereas, Asian continent is availble with Chinese and Water yam varieties. It is
widely cultivated among temperate and tropical regions (Table 15.2) (Andres et al.
2017).

15.1.2 Morphology

Yam belongs to the family of herbaceous plants and is a woody climber with starchy
rhizome. It appears rough and laborious to peel, but softens on heat. Appearance
varies from dark brown to light pink. Most interestingly, it contained a soft mass, that
is, “meat” of varied colors. This crop is perennial and available throughout the year.
The Dioscorea develops strong stems, which twin through the trees with leaves of
simple, coordinate, and large petioles characteristics. It bears small flowers with
separated male and female parts; male shows sterile features for as long as of
vegetative propagation (Coursey 1983). The growth of the plant stem reaches up
to 6–12 m and appears as deep as dense mass. Bulbil is the aerial storage organ of
Dioscoreacae family. Yam’s another storage organ is its root, which is a swollen
hypocotyl. The shallow (<1 m) fibrous root system concentrates within 30 cm of the
topmost soil, depending on the species. The composition of environment genes plays
an integral role in determining the shape and size of the tuber. The individual size of
tubers may vary from a few grams to 50 kg and the length of tuber range from 2 to

Table 15.2 Yam
classification

Types of yam Botanical name

White Dioscorea rotundata

Yellow Dioscorea cayenensis

Water Dioscorea alata

Air potato Dioscorea bulbifera

Bitter Dioscorea dumetorum

Chinese Dioscorea opposita

Lesser Dioscorea esculenta

Source: Andres et al. (2017)
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3 m. From commercial concerns, yam tubers are cylindrical in shape and a thick
layer of cork covers it (Onwueme 1978).

Storage features are vary from species to species and can range from one to four
months of storage capacity, which is mainly attributed to its chemical composition.
Cultural and climatic factors employed while cultivating also govern the storage
efficiency (Soibam et al. 2017).

15.1.3 Cultivation

The foremost requirement for any crop is land preparation; here, it can be through
manual or automated means into the loosened soil. Seeds of yam tubers are planted
on the smooth ground. Tuber size at the time of harvesting varies between 30 and
300 g. Seeds should be treated with thiabendazole (fungicide) and dried in the open
air for about 4 hours. To prevent exposure to the sun, yam plants are about 10 cm
deep in the soil and spacing depends upon the size of the set. Generally, for
commercial production of the yam, spacing about 1 m � 1 m between rows and
stands is recommended. Irrigation should be provided to the yam plant regularly for
the first 2–4 months. The yam plants stake with the PVC pipes (1–3 m), bamboo
sticks, and pruned tree branches. Depending upon the resources and requirements,
plants stake individually or in groups of two or three. Harvesting of the yams plants
should be done after the 7–8 months of the planting, when yellow leaves have
emerged. Harvesting time also depends on the variety of yam. Around the tuber,
digging is done to lose the tubers from the soil and then you could lift it and cut it
from the vine. Bruising of the tubers should be avoided. According to size and
quality, sorting and grading of tubers should be done. The healthy tubers, which are
free from bruises, scrapes, insects, cuts, rots and nematodes, should be stored. The
freshly harvested tubers are stacked and covered with a canvas tarpaulin. After that,
expose the tubers at 29–35 �C temperature/90–95% relative humidity for one week.
Emerging tissue and skin thickness form over the injured areas of tubers (Beckford
et al. 2011; Asiedu et al. 2003).

15.1.4 Utilization of Yam as Traditional Food and Medicine

Yam is utilized in the form of cooked soup, flour, and as raw in the preparation of
various foods. Yam powder is utilized to prepare various bakery products
(Table 15.3). Yam tubers contain several phytochemical compounds including
diosgenin, polyphenols, choline, allantoin, dioscorin, dioscin, mucin, carotenoids,
and vitamins (C and E) (Claudius-Cole et al. 2017). Yam mucilage also provides
dietary fiber and glycoprotein. Various studies reported the antioxidant activity,
antimicrobial, and hypoglycemic activities of yam extracts. Yam tubers somehow
favor the intestinal enzymatic efficiency and hence contribute to the production of
epithelial cells (Chen et al. 2007).

The tubers also provide essential proteins and micronutrients (vitamins and
minerals) and improve health. Yams also have ample amounts of thiocyanate,
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which prevents the sickle cell anemia. This is the reason why urban population of
Africa and America develop sickle cell anemia as they competitively less on yam
consumption in competition to the rural inhabitants. In addition to this, raw yam and
its products were also on hit consumption as a folk remedy to cure various diseases
as well. Among the varieties, Chinese yam is also utilized as traditional medicine,
owing to its potential to reduce blood sugar levels and treats diabetes. Further, yam
boosts the human female by curing and menstrual disorders, rheumatoid arthritis,
disorders, and schistosomiasis (parasitic disease). Dioscorea batatas, solely of
Chinese origin (locally called ‘Shanyao’), have the same medicinal traits. Some
others, like ‘Lichwurzel,’meaning ‘tuber of light,’ are utilized in the anthroposophist
medicine (Simmonds 2006).

15.2 Bioactive Compounds in Yam

Bioactive compounds in yam such as polyphenols, antioxidants are secondary
metabolite that provides several toxicological and pharmacological effects. These
bioactive compounds are formed within the plants as well as the primary biosynthe-
sis linked with development and growth. These phytochemicals possess numerous
indispensable functions in plants, such as protecting the plants from detrimental
effects, signaling of important functions, and attracting pollinators (Leng et al.
2019).

15.2.1 Ascorbic Acid

Ascorbic acid (vitamin C) is a heat-sensitive and water-soluble vitamin. It is
abundant in fruits and vegetables. Due to its high heat sensitivity, it could be lost
during cooking of vegetables. Vitamin C is present in substantial quantities in many
root crops. Conversely, the amount could be decreased during cooking of roots
without skins. Yam should be wisely prepared, and can provide a significant amount
of the vitamin C content to the diet. The Nutritional Food Survey Committee

Table 15.3 Utilization of yam for various products

Variety Product Reference

Dioscorea alata Jam Borela (2018)

Dioscorea rotundata, Dioscorea alata and Dioscorea
bulbifera

Bread Amandikwa et al. (2015)

Dioscorea esculenta Bread Ukpabia and Uchechukwu
(2001)

Dioscorea purpurea Bread Hsu et al. (2004)

Yam Biscuits Idowu (2014)

Yam Cookies Apotiola and Fashakinly
(2013)

Yam Bread Liu et al. (2019)
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reported that root crops such as yam and potatoes serve as the main source of
ascorbic acid, contributing to 19.4% of the total requirement in the diet of the British
people. Yam provides 6–21 mg /100 g of ascorbic acid. Moreover, the ascorbic acid
content of potatoes is almost similar to the cassava and sweet potatoes. The propor-
tion of vitamin C varies among the species, crop year, location, maturity, soil
conditions, and nitrogen and phosphate fertilizers (Ola and Opaleye 2019).

15.2.2 Bioactive Protein

Bioactive protein such as dioscorin is the main storage protein present in Dioscorea
variety of yams. In the Dioscorea species, it contributes to about 90% of the total
protein content. Dioscorin protein has been proved to provide trypsin inhibitor
activities and carbonic anhydrase. Additionally, dioscorin in the presence of gluta-
thione participates in monodehydroascorbate reductase and dehydroacsorbate
reductase reactions (Hou et al. 2001). Dioscorin also showed antioxidant activity
and is further having helpful effects in dropping blood pressure (Hsu et al. 2002).

In addition to this, some clinical trials confirmed antihypertensive effect and
angiotensin-converting enzyme (ACE) inhibitory action of Dioscorin as practically
revealed in hypertensive rats (Lin et al. 2006). The dioscorin protein showed
immunomodulatory, monodehydroascorbate reductase, dehydroascorbate
reductas, trypsin inhibitor, and carbonic anhydrase activities (Liu et al. 2007).

Diosgenin
Diosgenin is a valued concern here; it belongs to the triterpene group that seizes
chances for colon cancer from occurring, and lessens cholesterol absorption.
Pharmaceutically, it is utilized in drug development, for instance, cortisone, hor-
monal drugs (Zhang et al. 2014). Diogenin and its glycosides are the typical
bioactive compounds in the Dioscorea family. These compounds are found in
Chinese yam. Dioscorea dregeana, Dioscorea esculeta, and Dioscorea rotundata
contain diosgenin, which showed antimicrobial and anti-inflammatory activities to
gram +ve and -ve bacteria (Thajunnisha and Anbazhakan 2013).

15.2.3 Saponins

Saponins act as natural antibodies, having numerous aqueous foaming properties,
hemolytic activity, and cholesterol binding properties. Its antimicrobial traits are
utilized sometimes to treating yeast and fungal infections. It has been reported that
Dioscorea bulbifera contains saponin (Okigbo et al. 2009).

15.2.4 Extraction of Bioactive Compounds from Yam

Extraction of bioactive compounds is required to separate the active components
from other components. Extraction method and type of solvent depend upon the type
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of extraction component. For the utilization of bioactive compounds in the develop-
ment of nutraceuticals, pharmaceutical, as a dietary supplement, food ingredient and
in the cosmetic products, extraction of the component is required. Bioactive
components can be extracted from fresh, frozen, and dried plant materials (Lin
et al. 2016). The method of extraction comprises conventional and modern method.

15.2.4.1 Conventional Method of Extraction
Since ancient times, long soxhlet maceration and hydro-distillation are the only
means for extraction. Fabricated novelty in soxhlet sense not only works for fat but
also for many other phytochemical constituents. As per the present concern, macer-
ation means of extraction of various constituents of commercial grade and healthy
attributes from yarm are still adopted as an inexpensive mean.

Hydro-distillation was developed long ago and it has the same significance of
extraction for bioactive cum phytoconstituents. Extracted essential oils, on the basis
of method adopted, are divided into three classes: water distillation, steam distilla-
tion, and direct steam distillation. Hot water and steam are used as the main solvents
to extract bioactive compounds from yam. These straight methods utilized for yam in
assistance with phenol were analyzed and quantified by Eleazu et al. 2013.

15.2.4.2 Modern Methods of Extraction
These methods were developed due to the several disadvantages of the traditional
method of extraction. It comprises surfactant-mediated techniques, solid-phase
extraction, microwave-assisted extraction, pressurized-liquid extraction,
supercritical-fluid extraction, and solid-phase micro-extraction (Sasidharan et al.
2011). Shah and Lele (2012) extracted Diosgenin from D. alata by acidic hydrolysis
of the glycosides, followed by the HPTLC analysis. Several techniques and solvents
are used for the extraction of polyphenols from plants. The technique which is used
for the isolation of phenolic compounds from plant material mainly depends on the
type of polyphenolic compound.

15.3 Bioactivities of Phytochemicals in Yam

15.3.1 Antioxidant Activity

The various research studies reported that antioxidant compounds in yam play an
important role in the prevention of ageing, diabetes, arthritis, neurodegenerative and
autoimmune disorders, cardiovascular, and carcinogenic diseases. The internal anti-
oxidant defense system of the body comprising enzymes (Catalase, superoxide
dismutase and glutathione peroxidase) and other compounds (glutathione, tocoph-
erol, vitamin C, uric acid, and lipoic acid) provides protection to the body. However,
when the body is exposed to highly oxidative stress, external sources of antioxidants
are required. Various studies reported the antioxidant activities of roots and tuber
crops (Liu et al. 2016).
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Cornago et al. (2011) reported the total phenolic and antioxidant activities of
Philippine yams (lesser and purple yam). Lesser yam (Dioscorea esculenta) and
purple yam (Dioscorea alata) contained 69.9 to 421.8mg GAE/100 g db of a total
phenolic content. The purple yam variety showed the highest total phenolic and
antioxidant activities as compared to other varieties. Antioxidants were determined
in terms of DDPH, ferrous ion-chelating activity and reducing power assay.

Hsu et al. (2011) reported the antioxidant activity of ethanolic and water extracts
of yam peel on tert-butyl hydroperoxide (t-BHP). This encouraged oxidative stress
in mouse liver cells (Hepa 1–6 and FL83B). Ethanolic extracts of yam peel showed
more protection on t-BHP-treated cells as compared to water-extracted antioxidants.
Moreover, ethanolic extract had high catalase activity as compared to water extract.

Heating affected the antioxidants, phenolics, and the stability of dioscorin in the
yam. Raw yams contained more bioactive compounds as compared to cooked yams.
Moreover, the DPPH radical scavenging activities dropped with elevation in the
temperature. In yam cultivars, phenolics and dioscorin content correlated with
ferrous ion-chelating effect and DPPH radical scavenging activity. The
phytocompounds present in the yams proved to increase the activities of endogenous
antioxidant enzymes. Yam has been proved to reduce the levels of triacylglycerol,
γ-glutamyl transpeptidase (GGT), and low-density lipoprotein. Yam also enhances
the antioxidant activities of hepatic enzymes such as superoxide dismutase and
glutathione peroxidase (Chan et al. 2010).

15.3.2 Antimicrobial Activity

The antimicrobial potential of various varieties of yam is due to the presence of
phenolic compounds. Sonibare and Abegunde (2012) recorded that the methanol
extracts of Dioscorea yams (Dioscorea dumetorum and Dioscorea hirtiflora) had
higher amounts of both antioxidant and antimicrobial compounds. The determina-
tion of antimicrobial activity was done by the agar diffusion method (for bacteria)
and for fungi, pour plate method was preferred. Also, D. dumetorum reported the
highest in vitro antibacterial activity against Proteus mirabilis. The methanolic
extracts of D. hirtiflora showed antimicrobial activity against Penicillium
chrysogenum, Aspergillus niger, Candida albicans, Salmonella typhi, and Staphylo-
coccus aureus.

Hypocholesterolemic Activity
Worldwide, cardiovascular diseases are the primary causes of death. It has been
proved that diet plays a vital role in the prevention of cholesterol homeostasis.
Diosgenin, a steroidal saponin of yam, showed hypolipidemic and antioxidative
activities. Diosgenin exhibited decreased total cholesterol level, protective effect on
liver under high-cholesterol diet, pancreatic lipase inhibitory activity, and prevented
the oxidation of polyunsaturated fatty acids (Son et al. 2007).
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Hypercholesterolemic rats were fed with yam (Dioscorea) which showed that
diosgenin decreases the absorption of cholesterol, increases synthesis of hepatic
cholesterol, and secretion of biliary cholesterol without effect on the level of serum
cholesterol. In agreement with this finding, many studies showed that diosgenin, in
some varieties, decreases absorption of intestinal cholesterol (Uchida et al. 1984).

Furthermore, diosgenin stimulated fecal cholesterol excretion which was primar-
ily attributed to its impact on hepatic cholesterol metabolism rather than intestinal
cholesterol absorption (Temel et al. 2009).

Native protein of dioscorin purified from D. alata (cv. Tainong number 1)
(TN1-dioscorin) and its peptic hydrolysates presented ACE inhibitory activities in
a dose-dependent manner. With kinetic analysis, it has been reported that dioscorin
displayed a mixed non-competitive inhibition against ACE. High blood pressure
could be controlled with dioscorin from Dioscorea (Temel et al. 2009). Yam as a
source of dietary fiber prevents the absorption of fat in the intestine, thus resulting in
lowering of LDL.

15.3.3 Immunomodulatory Activities

The immune system requires attention, as it is associated with the several chronic
diseases. Immunomodulation includes suppression or stimulation of human immune
functions. The immune system contains the macrophage, lymphocytes, and dendritic
cell, natural cell killer.

Yam dioscorin protein exhibited the in vitro immunomodulatory activities. The
dioscorin has effect on native BALB/c mice spleen cell proliferation, which was
examined through MTT assay. This was observed that dioscorin in the absence of
lipo-polysaccharide encouraged RAW 264.7 cells to produce nitric oxide. Yam
dioscorin showed immunomodulatory activities through the innate immunity that
protects the host from infection by the other organisms. Dioscorin was found to
encourage production of cytokine and to improve phagocytosis (Liu et al. 2007).

Various studies have proved the immune activity of yam mucopolysaccharides.
In the presence of mucopolysaccharides, in vitro cytotoxic activity of mouse
splenocyte against leukemia cell was improved. Additionally, in the
mucopolysaccharides, the release of IFN-γ was significantly increased and showed
their ability of inducing cell-mediated immune responses. The mucopolysaccharides
at a concentration of 50 μg/mL enhanced lysosomal phosphatase activity and
uptaking capability of peritoneal macrophages (Choi et al. 2004).

Chen et al. (2003) recorded the effects of Taiwan’s yam (Dioscorea alata) on
mucosal hydrolase activity and metabolism of lipids. High level of Tainung yam in
the diet (50% w/w) decreased plasma and hepatic cholesterol proportions, but, in
mice model, increased fecal steroid excretions. This could happen owing to the bile
acid loss in the enterohepatic cycle to fecal excretion. Further, Tainung yam fiber
decreased absorption of fat, cholesterol, and bile acid. Tainung yam’s short-term
consumption (25% in the diet for 3-weeks) could reduce an atherogenic index but no
effect on total cholesterol level in non-hypercholesterolemic mice was reported.
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Aside from this, some additional dietary yam (50% yam diet) can exert consistent
hypocholesterolemic effects. However, in this study, diosgenin was not interpreted,
and authors also believed that diosgenin may not be involved in the cholesterol-
lowering effect of Tainung yam. Bioctive components such as dietary fibers and
viscous mucilage can be beneficial for lowering cholesterol. Furthermore, in mice,
25% of uncooked Keelung yam’s short-term consumption (3 weeks) can effectively
decrease blood cholesterol levels. Authors elucidated that the active components for
lowering lipid effects may be attributed to dietary fiber, mucilage, plant sterols, or
synergism of these active components.

15.3.4 Hormonal Activities

In postmenopausal women, yam (Dioscorea) has the capacity to decrease the risk of
cardiovascular diseases and cancer. It was found that the serum estrogen and sex
hormone-binding globulin (SHBG) levels hiked gradually with the regular con-
sumption of Yam. Moreover, serum hormone parameters namely, estrogen, estra-
diol, and SHBG were measured, surprisingly values did not vary in those who were
fed with sweet potatoes as compared to control. The risk of breast cancer with
increase in estrogen levels may be controlled by the increased SHB and the ratio of
estrogen and estradiol to SHBG. Further, studies showed that higher SHBG levels
had a counter effect against the occurrence of several coronary heart diseases and
Type 2 diabetes mellitus in women (Wu et al. 2005).

During menopause, enhancement in bone strength with the consumption of
Dioscorea was found, and also in bone remodeling and osteoporosis. Administration
of Dioscorea decreased the pores in bones and increased the ultimate strength of
bones (Chen et al. 2008).

15.4 Storage of Yam Tubers

Yam tubers are living organisms and, therefore, they breathe continuously during
storage. During respiration process, tuber starch is oxidized and carbon dioxide,
water, and heat are produced, resulting in reduction of dry matter. Among the main
tuber crops, yam is highly perishable and requires good storage conditions (Opara
2003). Healthy and sound yams are selected, and then curing combined with
fungicide should be done. Ventilation in the storage room is required to remove
the heat produced by respiration reaction. During storage of yam, regular inspection
should be done to remove rotten tubers (Oke 1990). The best storage temperature for
yam storage ranges from 14 to 16 �C with 70–80% relative humidity (Chou et al.
2006). In Africa, yam post-harvest losses are very high due to lack of proper storage
conditions, as well as insects also cause 25% harvest loss within four months,
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15.5 Effect of Processing on Nutritional Quality of Yam

Yams are commonly grown for direct consumption. Yam tubers are having seasonal
growth cycle. Yam is grown in the rainy season and after harvesting, problem arises
regarding storage due to poor storage system which results in scarcity after a few
months (Opara 2003). As discussed above, yam storages are a serious concern. In
Nigeria, yam has become unaffordable and expensive in urban areas as the great loss
of yam after harvesting. Moreover, farmers sell the product immediately after
harvest to avoid losses, and hence results in low income and less profits. Therefore,
there are numerous restraints to the yam industry (Kleih et al. 2012).

Yam flour, pellets, chips, and starch are currently produced by traditional and
industrial methods (Fig. 15.1). For the preparation of chips, yam tubers are peeled,
cut into pieces, and parboiled. During parboiling yam is kept in water for 1–4 days.
Natural fermentation takes place during this period. After that, yam is dried under
sun and chip are prepared that can be further milled into flour (Ojokoh and Gabriel
2010). For the yam-derived products, there is not yet a specification standard (Codex
Alimentarius 2005). Yam flour can be reconstituted with hot water to form dough
and paste known as kokonte and amala among people of Ghana and Nigeria,
respectively. The amala is a popular food in Nigeria. Yam flour can be fortified

Yam Tubers

Cleaning/Washing

Peeling

Cutting into Slices

Curing

Fermentation

Sun Drying

Yam chips

Milling

Yam Flour

Fig. 15.1 Flow process for
yam flour and yam chips
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with other flours, for instance, soya, plantain, and wheat, in order to enhance its
nutritional value (Abulude and Ojediran 2006). It has been observed that in the
developing countries, there is a lack of supply of instant yam flour, resulting in a high
need for ready-to-use and hygienically well-packaged products that are still inacces-
sible in many areas of African countries.

There are several hydrothermal techniques like boiling, frying, baking, and
roasting, dehydration, and fermentation under which yams are processed before
consumption. These methods affect the nutritional and functional value of yam
(Table 15.4).

Fang et al. (2011) discovered the abundant phenolic compounds in Chinese
purple yam and various changes during vacuum frying. Anthocyanin value after
vacuum frying and blanching reported was 63% and 40%, respectively. Apart from
this, hydroxycinnamic acids (sinapic acids and ferulic acids) showed higher stability
than anthocyanins. Phenol content was not influenced by short freezing time. Several
dehydration procedures were used to produce yam flours, which could further affect
their antioxidant properties. The strongest antioxidant activities were reported in
freeze-dried yam flours in comparison to drum-dried yam flours or hot air-dried
(Chen et al. 2008).

Chen and Lin (2007) also found that temperature negatively affects phenol,
dioscorin, and antioxidant content of yam products. Chen et al. (2008) further
reported impact of pH on phenols, antioxidants, and dioscorin stability in various
yam tubers. At pH 5, total phenols recorded were the highest, which further
decreased with gradual increase in the pH. For phenols, similar trend was found in

Table 15.4 Effect of processing on the properties of yam flour

Variety Processing method Effect Reference

Dioscorea dumetorum,
Dioscorea alata,
Dioscorea alata,
Dioscorea cayenensis

Dried under three
drying methods
(oven, solar and sun
drying methods)

Acts as stabilizers or
modifiers to enhance product,
improves rheological
properties

Okeke-
Oluka
(2018)

Dioscorea rotundata
and Dioscorea alata

Sun and oven-drying High water-binding capacity,
reduces the peak viscosity,
holding strength, final
viscosity, set back and
elasticity

Jimoh
et al.
(2009)

Dioscorea rotundata Blanching
temperature and
soaking time

Blanching and soaking of
fresh yam cubes
Resulted in significantly
higher protein content,
carbohydrate content,
swelling capacity, foaming
capacity, and bulk density and
has better quality attributes
than the control sample

Adejumo
et al.
(2013)

Yam Blanching and drying Total phenol content and the
brown index of flour
increased

Akissoe
et al.
(2003)
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terms of DPPH radical scavenging activity of yams at pH 5, but chelating capacity of
ferrous ion was found to be high at pH 8 for all yams.

15.6 Safety Concern for Yam

Pesticides, heavy metals, and mycotoxin are high safety concerns. In developing
countries, accurate data on the amount and use of pesticide for major cropping
systems are rarely available (Williamson et al. 2008). Highly inefficient practices
include poorly maintained and non-calibrated equipment, timing and targeting of
application, incorrect dosage and the usage of inappropriate products.

In recent years, the utilization of yam-derived food products is rising and the
accurate assessment for the metal contamination in the resulted yam products, as
well as through the food manufacturing, is essential (Shin et al. 2013). The level of
heavy metals is different depending on the growing area. In some parts of Africa, be
0.11 and 0.10–0.20 mg/kg of cadmium concentration in yam has been reported by
the EU and WHO, respectively, whereas Pb was not detectable and Ni should be
lower than 0.5 mg/kg in the most foods (IARC 1990).

Aflatoxin contamination of yam is very common due to the high moisture
content. These molds affect nutrient contents of the food and produce mycotoxins
which cause serious health hazard to humans and animals (Djeri et al. 2010). Due to
inadequate storage facilities, contamination occurs (Adebayo-Tayo et al. 2006).
Pathogenic molds detected in yam were Rhizopus nodosus, Trichoderma viride,
Penicillium oxalicum, Rhizoctonia, Penicillium chrysogenum, Fusarium solani,
Fusarium oxysporum, Botryodiplodia theobromae, Aspergillus niger and Aspergil-
lus flavus (Aidoo 2007). Yam flour is commonly contaminated by the species of
Penicillium, Rhizopus, Mucur and Aspergillus, whereas Fusarium in the case of yam
chips. Among 18 different types of aflatoxins that have been identified, major ones
are aflatoxin B1, B2, G1, and G2, where aflatoxin B1 is the most toxic and causes
cancer in human. Occurrence of aflatoxin B1 has been identified in some food
commodities including maize flour, cassava flour, and yam chips. The Codex
Alimentarius Commission fixed the concentration above the tolerance level of
15 mg/kg total aflatoxin (Somorin et al. 2012).

15.7 Conclusion

For humans, yam is the one of the most important components of diet that provides
energy and bioactive compounds. These bioactive compounds exhibit excellent
antioxidative, anti-mutagenic, anti-inflammatory, and anti-carcinogenic properties.
Various kinds of foods could be prepared with yam, and its usage varies among
different countries and regions. Different properties such as the nutritional and
functional properties are affected with processing of constituent compounds. Yam
might act as a functional and nutraceutical ingredient to combat non-communicable
chronic diseases and to enhance wellness.
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On the other side, post-harvest losses of yam are the major issue in African
countries, although the peeled and other waste of yam is mainly utilized for feeding
poultry and livestock. The losses related to the crop threaten food security, affect the
potential income of the farmers, and worsen conditions of poverty among rural
households. In the developing countries, one of the greatest challenges of food
industries is the conversion of traditional processing methods into modern industrial
operations. Traditional means of yam based product utilization vary among the
geographical locations all around the world and is mainly due to available variety,
consumption habits, and through adopted processing methodological terms too.
Therefore, there is need to develop highly efficient techniques for the proper
utilization of yam in various products and resolve the issue of food security.
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Abstract 
Arbuscular mycorrhizal (AM) fungi are obligate biotrophs, which are remarkably 
suc~essful and remain. integral components of plant root systems, despite their 
obligate nature. They improve plant growth performance in a variety of ways: 
improve nutrient & phosphorus uptake, maintain water balance, help in seedling 
establishment, increase ecological and physiological fitness of the plants, protect 
against biotic and abiotic stress and above all, help in the ecosystem stability. 
These functions of the symbiotic organisms in agricultural soils can be crucial 
to the maintenance of soil health and plant production. Therefore, a better 
understanding of the nutrient uptake system of the crops could be a biological 
solution for the crops. This can also help in saving the resources and provide 
sustainable agricultural options to the farmers. Screeni~g :arious stra~s of 
mycorrhizal fungi is necessary to identify the best combmahon for maximum 
benefits, because not all strains of fungi are beneficial; many of them are known to 
even depress plant growth. 
Keywords: Mycorrhiza, Biofertilizers, Symbionts, Crop production 

Introduction 
h · h describes the symbiotic The term 'Mycorrhiza' literally means fungus-root w ic h . -1 fungi· . d t · non pat ogemc s01 · 

association between the plant roots an cer ciation essential for one or 
:rundrett (2004) defined mycorrhiza a~ '~ sym:;0

::: ~::oil and plants) and a root 
0th the partners, between a fungus (specz~ll~ed f~ r that is primarily responsible for 

(or o~her substrate-containing organ) _of a lzvz~g_P ~n Zant organ where ultimate contact 
nutrient transfer' . Mycorrhizas occur zn a specialize · P 
results from synchronized plant-fungus development. h'c and endotrophic on 

into ectotrop 1 . . 
Frank (1885) classified this broad group 1 t' association of the fungi w1th 

the basis of trophic levels. According to the re a ive rrhiza, ectomycorrhiza and 
th · 'fi d as endomyco · · h VAM e roots the mycorrhiza was class1 e f ther recognized that t e ' 
e~endo~ycorrhiza (Peyronel et al., 1969). It was ulr ted types of endomycorrhizal 
Eri ·ct h' . were unre a coi and Orchidaceous mycorr iza 



 

Sl. 
No. 

Name of 
the 
teacher 

Title of the 
book/chapters  
published Title of the paper 

Title of the 
proceedings 
of the 
conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of 
the 
proceeding 

Affiliating 
Institute at 
the time of 
publication  

Name of 
the 
publisher 

3 Dr. Monika 
(Chemistry) 

  Extractive 
Spectrophotometric 
determination of 
Zirconium with 6-
chloro-z-(Z'-furyl)-3-
hydroxy-7-methyl-
4-oxo-4H-1- 
benzopyran 
(CFHMB) 

Scientific 
developments 
in the current 
era 

Proceedings 
(ICSDCE-
2021) 

International 2021 978-93-
83861-28-6 
(ISBN) 

Government 
P.G College, 
Ambala Cantt 

ICSDCE-
2021 





Sl. 
No. 

Name of 
the teacher 

Title of the 
book/chapters  
published 

Title of 
the 
paper 

Title of the 
proceedings 
of the 
conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of the 
proceeding 

Affiliating 
Institute at the 
time of 
publication  

Name of the 
publisher 

4 Dr. Naresh 
Kumar 
(Economics) 

COVID-19 
Pandemic A 
Global 
Challenge 

Effects 
of 
Corona 
Virus 
disease 
(COVID-
19) on 
Indian 
Economy 

      2020 978-93-86695-
28-4 (ISBN), 
Aryan 
Publication 

Government 
College, Barwala 
(Hisar) 

Aryan 
Publication 

 















Sl. 
No. 

Name of 
the teacher 

Title of the 
book/chapters  
published 

Title of 
the 
paper 

Title of the 
proceedings 
of the 
conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of the 
proceeding 

Affiliating 
Institute at the 
time of 
publication  

Name of the 
publisher 

5 Dr. Atul 
Yadav 
(History) 

Social 
awakening in 
North India                                          
Voice of 
Protest 

        2020 978-93-84783-
38-9 (ISBN), 
Nirmal 
Publishing 
House 

Government P.G 
College, Ambala 
Cantt 

Nirmal 
Publishing 
House, 
Kurukshetra 

 













Sl. 
No. 

Name of 
the 
teacher 

Title of the 
book/chapters  
published 

Title of the 
paper 

Title of the 
proceedings 
of the 
conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of the 
proceeding 

Affiliating 
Institute at the 
time of 
publication  

Name of 
the 
publisher 

6 Ms. 
Kusum 
Bhatia 
(English) 

Voicing the 
Vacuum in 
Indian 
Diaspora 

Transnationalism 
and Diaspora: A 
critical analysis 
of cyber-spatial 
poetry Rupi Kaur 

      2020-2021 978-93-91314-
34-7 

  Authors 
Press 

 

























Sl. 
No. 

Name of 
the 
teacher 

Title of the 
book/chapters  
published 

Title of the 
paper 

Title of the 
proceedings of 
the conference 

Name of 
the 
conference 

National / 
International 

Year of 
publication 

ISBN/ISSN 
number of 
the 
proceeding 

Affiliating 
Institute at 
the time of 
publication  

Name of 
the 
publisher 

7 Ms. 
Poonam 
Dhiman    
(Computer 
Science) 

  A deep neural 
network based 
disease 
detection 
scheme for 
citrus fruits 

Smart 
electronics and 
communications 
(ICOSEC 2020) 

  International 2021 978-1-7281-
5461-9 (ISBN) 

Government 
P.G College, 
Ambala Cantt 

IEEE, 2020 

 



 
 

 
 
 
 
 

 



{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}

