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21.1 INTRODUCTION

Medicinal and aromatic plants have been used for human, animal, and plant health as long as the
history of humanity, with applications developed over centuries by a combination of trial and error
and more recently directed scientific intent (Ansari et al., 2023b). As time progressed, the develop-
ment of industry led to many synthetically derived chemical medicines replacing naturally derived
medicines, and the demand for medicines derived from medicinal and aromatic plants decreased
(Ansari et al., 2023a). However, today, many alternative medicine methods have been scientifically
tested and approved by pharmacologists and molecular biologists, and the use of medicinal and
aromatic plants has returned as a component of people’s daily lives. In addition, considering the
effects of synthetic chemicals on health, the importance of medicinal and aromatic plants becomes
more apparent, since the active ingredient of many drugs is used today (Salehi Surmaghi, 2006;
Arslan et al., 2015).

The history of medicinal plants is as old as the history of mankind. It is said that about 250
kinds of medicinal plants were used by the Sumerians and Assyrians (Salehi Surmaghi, 2006).
Throughout history, the Greeks, Egyptians, and Hittites have all used these plants. For example,
the recipes recorded in the Hittite letters include almond, apricot, barley, cedar, cypress, fir, garlic,
hawthorn, laurel, licorice, mandrake, mustard, myrtle, onion, poppy, saffron, thuja, tooth weed, and
wheat (Salehi Surmaghi, 2006).

The production of medicinal and aromatic plants as an alternative production method can
increase local agricultural earnings and provide additional jobs, especially in rural areas where
there is intense labor demand (Faydaoglu and Siiriictioglu, 2011). At the same time, medicinal and
aromatic plants can be used as raw materials in the food industry or as a part of complementary or
alternative medicine (Yiicer and Altintas, 2012).

According to the World Health Organization (WHO), worldwide there are about 20,000 medici-
nal plants. This may be an underestimation of the true number since many plants that are known
only locally may not be listed, and the true figure is said to be around 50,000-75,000. In recent
years, with the increase in the demand for natural medicines, medicinal plants have again come on
the agenda. However, current estimates suggest that 70% of the medicinal plants in use today are
collected from nature and only 30% are sustainably cultured (Salehi, 2006; Arslan et al., 2015).

When we examine the ecological and soil demands of medicinal and aromatic plants, we see
that these plants can grow under almost any climatic and ecological conditions. Recently, medicinal
plants have been used more in the pharmaceutical and food sectors, where cultivation and breed-
ing are becoming important research areas because of the increased public demand. In addition to
medicinal and aromatic plant cultivation, today medicinal plants also provide people with bee prod-
ucts such as bee venom, beeswax, honey, larvae, pollen, propolis queen bee, and royal jelly, as well
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as providing important contributions to pollination in crop production. In addition, medicinal plants
contribute to the healthy development of human beings, who use the natural products derived from
plants, as well as the continuity of plant production and socioeconomic development (OGM, 2013).

It is estimated that approximately 422,000 seed plant species (13,553 genera belonging to 490
families) grow on Earth (Thorne, 2002; Giiner et al., 2012; Acar and Satil, 2014). Of the approxi-
mately 422,000 taxa in the world, 52,885 are visited by bees because they have medicinal and aro-
matic properties and contain some nectar, whereas over 900 medicinal and aromatic plant species
are cultivated commercially. In addition, approximately 63% of the 82 plant varieties used inten-
sively in world food production have been observed to be pollinated by bees (Arslan et al., 2015;
Temel et al., 2018).

Historical plants have found diverse applications in various fields such as food, healing, fuel,
shelter, cosmetics, industrial use, and ornamental plants, as well as honey (nectar) plants for those
engaged in beekeeping (Selvi et al., 2013; Temel et al., 2018). Honey plants are specifically flowering
plants that the honeybee (Apismellifera L.) visits to produce honey. In addition, bees prefer aromatic
plants that carry greater amounts of essential oils (Korkmaz et al., 2016; Paksoy et al., 2016; Bakir,
2020).

21.2 SAGE (SALVIA OFFICINALIS)

Worldwide, the sage plant, which belongs to the Lamiaceae family, has more than 900 species. The
most important species cultivated is the medicinal sage (Salvia officinalis). Although there is no nat-
ural flora of medicinal sage in Turkey, it is successfully cultivated. There are 97 species of this plant
in the Flora of Turkey. There are about 113 taxa, 58 of which are endemic (Baydar, 2019). Medicinal
sage, in a semi-shrubby form, is a perennial medicinal and aromatic plant. Its length ranges from 60
to 100cm, and its long-stemmed, finely toothed, and hairy leaves on its stem contain essential oils.
The leaf length is 10cm, and the width is 5cm (Ozkeskin, 2019). Its trunk gives many branches. At
the ends of the stem, there are flower spikes in blue, white, or light violet colors, which show the char-
acteristics of the typical Lamiaceae flower structure, and each flower bust consists of 4—10 flowers.
Only two male organs (anthers) are found in the sage flower. In addition, the seed retention rate of
this plant is low despite intensive bee activities (Aslan et al., 1995; Baydar, 2019). The commercially
used part of this plant is its leaves. The amount of essential oil in the leaves varies between 0.5% and
2.5% depending on the climatic conditions in which the plant grows, where the essential oils mainly
contain terpenoids and phenolic compounds, for example, the general essential oil of sage known as
Thujon, contained mainly /,8-cineole and camphor (Baydar, 2019). Sage leaves can be consumed
to treat diseases such as chronic bronchitis, asthma, coronary heart disease, and Alzheimer’s (Sarici
etal., 2004; Ozkeskin, 2019). In folk medicine, it is mainly used as expectorant, anti-cold, therapeutic
for stomach disorders, preventing muscle pain, antimicrobial, and antioxidant (Baydar, 2019). With a
strong aromatic smell, sage is also an important source of raw materials in the fields of cosmetics and
perfumery. Sage drugs are also used extensively as herbal tea. In the food sector, sage is also added to
foods as fresh herbal or dry seasoning (Sarici et al., 2004; Ozkeskin, 2019) and in meat products sage
has food preservation as well as dyestuff properties as (Olmez and Kayabasi, 2002; Ozkeskin, 2019)
and an insecticide effect in industry (Giirbiiz, 1993, Baydar et al., 2001; Ozkeskin, 2019).

21.3 CULTIVATION OF SAGE

While the sage plant is a heat-loving, drought- and cold-resistant plant, it is recommended to carry
out its cultivation in places protected from wind. It needs excess water early in the development
period. It develops well on sandy-loamy and permeable soils. The fertile soils rich in loamy and
nutrients are better for medicinal and aromatic plants. Reproduction is usually carried out by seed-
lings. Plants grown on seedling pillows in favorable conditions are suitable for planting in April-May
in Eastern Turkiye. Planting can be done between rows 45-70 cm and 20—40cm above rows. Since
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sage is a perennial plant, soil should be prepared properly. After deep plowing and before planting,
the soil should be thoroughly plowed with disc and rake. Also, appropriate fertilization for this plant
includes 80kg of nitrogen (N) and 40—-60kg of phosphorus (P,0s) per hectare. Sage is typically har-
vested between the beginning of flowering and full flowering. The obtained plant can be processed
directly to extract the essential oil or the plant can be dried in the shade and stored or packaged in
the appropriate conditions (Anonim, 2015; Baydar, 2019).

From a beekeeping perspective, sage is an important medicinal and aromatic and honey plant
that will be introduced in this section. In addition, within the scope of a case study, statistical evalu-
ation of the data obtained from sage used for beekeeping in the research field of Bing6l University
in Turkey will be discussed.

21.4 MATERIAL AND METHOD

Sage (Salvia officinalis L.) used as herbal material in the research was obtained from a private
institution. The research was conducted at Bing6l (Turkey) University Agricultural Application and
Research Center. This area is 15km away from Bing6l city center, which is located at the coordi-
nates of 38°32'41.85” N and 40°32'25.58” E, and its average altitude above sea level is 1,080 m. In the
research, the importance of sage in terms of beekeeping was tried to be evaluated. For this purpose,
ten honeybee hives were placed approximately 50 m away from the research area, facing south.
Sage was planted in viols for germination on April 02, 2021. The sage seedlings turned into in viols
were transferred to the application area on May 22, 2021. During transfer, the distance between the
rows was set as 80cm, and the distance between the rows was set as 40 cm. Since sage is a peren-
nial plant, its flowering has been delayed until 2022. For this reason, data for 2022 was considered
within the scope of this study. Among the features that are important for beekeeping in sage in
2022, the number of bees per plant, the duration of time the bees stay in the flower, plant height, the
number of stems per plant, flowers per stem and flowers per plant, the effectiveness of bees on the
weight of seeds, and thousand grains per plant were discussed. Observations of these features were
made three times over a 1 m? area determined in the research area. Observations began to be taken
on May 24, 2022, as the sage began to bloom in 2022. In this study, on eight different days: May 24,
May 27, May 31, June 03, June 06, June 09, June 13, and June 16, each day at 9:00 in the morning,
12:00 at noon, and 15:00 in the afternoon, the number of honey bees per plant and the duration of
honey bees staying on the flower at three different times for 5 minutes and as the average of these
three different times were calculated (Cagan, 2022, 2023; Kutlu, 2022; Ozdemir, 2022).

Plant height was measured in centimeter on eight different days, with ten plants in each repeti-
tion. Also, the number of stems per plant, the number of flowers per stem, and the number of flowers
per plant were calculated on five different days and averaged. To determine the effect of bees on
the seed-setting ability of plants, a cage of 1 x 1 m was placed in the research area. The cages are
surrounded by thin wire and bees are prevented from entering the cage. After the plants matured
their seeds, the plants in a 1 m? area inside and outside the cage were harvested and the seeds were
manually blended to obtain the number of seeds per plant. The activity of bees on seed binding
in sage (bee activity) was calculated by dividing the number of seeds obtained outside the cage to
the number of seeds inside the cage. Also, the 1,000 grain weight was obtained by weighing the
obtained seeds in three replicates. Analysis of variance was applied to the obtained data with the
help of IMP statistical package program. Differences of means were compared with the LSD test
at the 0.05 level.

21.5 FINDINGS AND DISCUSSION

The number of bees detected per plant and the duration of the bees stay in flowers are given in
Table 21.1. The number of plants, their height, stems per plant, flowers per stem, and flowers per
plant are given in Table 21.2. The activity of bees over seeds and thousand grain weights per plant is
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TABLE 21.1
The Number of Bees per Plant in Sage and the Duration of the Bees Stay
in the Flower

CountingTime ~ Number of Bees (pcs.)™  Time the Bee Stays in the Flower (seconds)™

24.05.2022 1.7£1.3 cd 3.0+2.0 cd

27.05.2022 3.2+1.2 bed 72404 a

31.05.2022 10.2+0.8 b 1.9+1.5cd

03.06.2022 273*+13a 6.310.3 ab

06.06.2022 20.8%7.5a 4.6£0.3 abc

09.06.2022 9.8%1.2 be 3.6+0.4 bed

13.06.2022 0.3+0.1d 1.4+0.4d

16.06.2022 0.3+0.1d 1.0£0.5d

Average 9.2 3.6

*#p <0.01
TABLE 21.2
Sage Plant Height, Stalk per Plant, Flowers per Stem, and Flowers per Plant
Counting Plant Height Number of Stems Number of Flowers Number of Flowers
Time (cm)™s per Plant (pcs)™ per Stem (pieces)” per Plant (pcs)”
24.05.2022 43.0£5.0 7.5%1.5 3.0£1.0 bed 26.2+5.1 ab
27.05.2022 41.5%+1.5 10.5£1.5 7.2+3.8 ab 79.4£11.0 a
31.05.2022 41.5+2.5 6.0+2.0 4.8t1.2 a-d 27.242.8 ab
03.06.2022 48.5%3.5 9.0+3.0 8.2%1.2a 76.2+5.9 a
06.06.2022 44.0£2.0 8.0£1.0 6.1+0.3 abc 49.0£8.5 ab
09.06.2022 42.0£2.0 10.5£0.5 6.5+1.9 ab 68.9+8.0 ab
13.06.2022 38.5%10.5 14.0£6.0 2.0+0.2 cd 27.249.2 ab
16.06.2022 39.04.0 9.5+0.5 0.6+0.4d 6.1£3.6 b
Average 423 94 4.8 45.0

*p <0.05, **p <0.01, "non-significant

TABLE 21.3

Effects of Sage Bees on Fertilization

Dates Inside the Cage Outside the Cage Bee Activity (%)
Seeds per plant (g) 1.705 3.007 76.4
Thousand grain weight (g) 4.730 4.940 44

given in Table 21.3. In addition, photographs of the germination and full flowering times of the sage
plant planted in the bee pasture are shown in Figure 21.1.

The average number of bees detected per plant in sage was 9.2 and the duration of the bees stay
on the flower was 3.6 seconds. Sage bees visited most on June 03—06, and May 27 and June 03 and
06 were the most visited time by bees. Flowering of sage ended on June 16, 2022 (Table 21.1).
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Seedling stage in sage Before flowering on sage

FIGURE 21.1 Photos of the exits of the sage plant and the stages of its full flowering.

The average plant height of sage was 42.3cm, the average number of stems per plant was 9.4
pieces, the number of flowers per stem was 4.8 and the number of flowers per plant was 45.0. Plant
height and the number of stems per plant did not statistically differ in terms of counting time. The
maximum number of flowers per stem was obtained between May 27 and June 09, and the maxi-
mum number of flowers per plant was obtained from all other dates except June 16, which was the
last counting time (Table 21.2).

Sage yielded an average of 1.705 g of seeds per plant inside the cage and 3.007 g outside the cage.
The average thousand grain weights of these seeds was 4.730 g inside the cage and 4.940 g outside
the cage. Bee activity affected sage growth, with a 76.4% effect on the number of seeds per plant
and 4.4% effect on the thousand grain weight (Table 21.3).

Bahadirli and Giil (2020) determined the number of bees per m? in sage as 9.67. Considering
the previous studies conducted with different plants for similar purposes; The number of bees
detected per m? in rapeseed is 10.9, the duration of the bee’s stay on the flower is 5.4 seconds,
the number of flowers per plant is 7.6 (Cacan et al., 2022), the number of bees detected per m? in
Hungarian vetch is 14.9, the duration of the bee’s stay on the flower is 9.0 seconds (Kutlu et al.,
2022), it was determined that the number of bees per m? in sainfoin was 21.4, the duration of the
bee’s stay on the flower was 5.4 seconds, and the number of flowers per stem was 41.8 (Ozemir
et al., 2022). It has been understood that these results obtained from previous studies are similar
to the study findings.

21.6  CONCLUSIONS

In this study, the importance of sage in terms of beekeeping is evaluated; It was determined that
sage started to bloom on May 24 and stopped blooming on June 16. The average duration of sage’s
flowering period is 23 days. Bees visited the sage the most between June 03 and 06. It was deter-
mined that May 27 was the period during which bees stayed in the flower the longest.

It was observed that there were no statistically significant differences in plant height and number
of branches per plant during the time the sage was in flower. It was determined that the number of
flowers per branch in sage was highest between May 27 and June 09, and the number of flowers per
plant was highest between May 24 and June 13. It was determined that bees had a 76% effect on the
seeds obtained per plant in sage and a 4.4% effect on the seed weight. As a result, considering the
flowering period of sage, it has been concluded that bees can benefit from this plant significantly
after the winter season and this plant can be used in beekeeping activities.
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Foreword

Medicinal and aromatic plants (MAPs) perform a vital role in serving the human communities
and help increase the quality of human life. Herbal medicines are becoming increasingly popular
worldwide due to growing recognition of natural products as innately valuable, often being cheaper
and without significant harmful side effects. However, due to the increased demand for MAPs,
indigenous vegetation is becoming threatened by their indiscriminate collection and overexploita-
tion. It is critical to protect these species and encourage their long-term survival and sustainable use
in the future. As an outcome of many rigorous multifarious studies of MAPs over the last several
decades, a variety of independent plant science disciplines, such as Ethnomedicine, Phytomedicine,
Phytochemistry, and Pharmacognosy, have evolved. It is of great interest to focus on the present sta-
tus of MAPs and the modern uses of these plants and undertake advanced research on their pharma-
cognosy and pharmacology. This book elucidates all these aspects in significant detail. The editors
are well known for their research contribution in their areas of specialization related to MAPs and
have attracted a galaxy of learned contributors from different parts of the world, representing coun-
tries such as Australia, Brazil, China, Egypt, Guyana, Indonesia, India, Oman, Pakistan, Turkey,
Saudi Arabia, USA, and Uzbekistan. I am sure this book will enhance our current knowledge of
MAPs and meet the interest of relevant scientists, researchers, pharmacists, and all those keen on
the therapeutic potential of plants.

Prof. Mohammad Masroor A. Khan
Department of Botany

Aligarh Muslim University

Uttar Pradesh, India



Preface

Since antiquity plants have continually been used as a valuable source of traditional “herbal” medi-
cines, where both aromatic and medicinal plants have played a key role in maintaining global human
health. Thus, throughout history, mankind has consistently harnessed a huge variety of plants and
plant parts including berries, flowers, leaves, roots, stems and seeds for healing and preventive
medicines. This book provides a comprehensive overview of the current knowledge of ethnobotany,
including promising developments in the use of essential oils as potential therapeutic agents and the
most up-to-date status on global medicinal botany. This book also depicts the vast array of phyto-
chemical characterizations that have been performed on compounds sourced from ancient aromat-
ics and medicinal plants as well as their secondary metabolites and this book canvassing all of the
diverse aspects of medicinal plant use in the treatment of chronic as well as infectious diseases to
improve human health worldwide. This book critically examines medicinal food products, reviews
metabolomics, and includes several important case studies representative plant species.

Thus, through this book, we have sought to bring together the diverse research trends currently
operative in the field of medicinal botany worldwide. This book clearly elucidates the varied facets
of the present status of medicinal and aromatics plant research. Beginning with the core study of the
present status of plants as medicine and aromatics, it covers antioxidant properties, ethnobotanical
knowledge of plants having therapeutic value, the cancer chemo-preventive potential of medici-
nal plants, extends into the wide range of chemical characterization, pharmacological as well as
toxicological properties, the isolation of bioactive compounds, their neuroprotective spectrum, and
highlights modern health uses aiming to deliver medicinal plant derived drug active substances and
the quality assessment of those materials. This book also examines biological application and con-
temporary approaches to understand health security of desert communities using such plants with
an assessment of mosquito repellent properties.

The broad topics discussed include antimicrobial efficacy, biotechnology, ethnobotany, medici-
nal bee pollen, nanotechnology, pharmacognosy, as well as toxicological aspects of aromatics and
medicinal plants. As specific plants are geographically distributed, this book also explores the indig-
enous traditional medicines of specific countries and cultural bases. We are confident that this book
will prove to be an important source of significant information on recent global research trends in
aromatics and medicinal plants and their modern uses, catering for the needs of both students and
researchers with keen interest in medicinal botany. We hope that this book will accelerate a keener
interest in the study of aromatics and medicinal plants with a sound appreciation of the interactions
between specific cultural, country, environmental and scientific issues, which cannot be evaluated
in isolation, but need to be examined and understood from a global perspective.

We sincerely thank our learned contributors throughout the globe for their steadfast cooperation
during the compilation, editing, and printing of this work.

Mohd Kafeel Ahmad Ansari

Mushtaq Ahmad
Gary Owens

Xxi



About the Editors

" .| Prof. (Dr.) Mohd Kafeel Ahmad Ansari (MSc, PhD, FCRF, ERF-Australia)
Dr. Mohd Kafeel Ahmad Ansari earned his PhD from the Department of
Botany, School of Chemical and Life Sciences, Jamia Hamdard University,
New Delhi, India. He is currently serving as an Associate Professor of Biology
at the University of Guyana, Georgetown, South America. Recently, he has
been appointed as a Visiting Research Faculty at the INTI International
University, Malaysia. He received prestigious Endeavour Postdoctoral
Research Fellowship Award from Government of Australia, a Foreign Citizen
Research Fellowship Award from the Government of Turkey, and Dr. D.S. Kothari Research
Fellowship Award, Government of India. He also received many other National and International
Awards for Excellence in Higher Education, International Scientist Award and Best Teacher
Appreciation Award in recognition of his outstanding contributions in the field of plant sciences.
He has worked as Visiting Scientist at the University of South Australia, Adelaide, Australia, in the
Anadolu University, Turkey and at the Jamia Millia Islamia (Central University), New Delhi, India.
He was associated with SP University, India as Associate Professor of Botany. Also he served as
Australian Endeavour Awards Ambassador for higher educational institutions of India.

He has more than 15years of teaching and research experience in plant eco-physiology, plant
stress physiology, industrial and environmental biotechnology, environmental microbiology, micro-
bial genetics, microbiology, molecular biology, aromatics and medicinal plants, plant-microbe-soil
interactions and phytoremediation technology as well as cyanobacterial research. He has published
over 35 research papers in peer-reviewed international journals, edited two books as a main editor
with Taylor & Francis, USA, authored fifteen book chapters, co-authored many book chapters, and
currently editing three books with international publishers, including Elsevier, Springer Nature, and
CRC Press (Taylor & Francis Group), etc. He has supervised many research students at national and
international level. He has received several grants for his international research projects. He served
as member of Departmental Research Committee, Academic Council, Board of Research Studies,
Faculty Board, Faculty Representative and Advisory Board for Graduate Studies and Research at
various universities of the world.

He has been engaging with several professional memberships of India, Italy, Germany,
Hong Kong, Japan, and USA. He has attended various national and international conferences and
invited talk. Due to his diverse expertise in interdisciplinary research, he has in a high demand as
an external PhD thesis examiner worldwide. He also figured in various Scientific Committees glob-
ally and also placed in AD Scientific index. At present, he is serving as a member of many editorial
boards and a reviewer of a number of high impacts international scientific journals. He has been
involved with international and multidisciplinary research projects globally.

Xxii



About the Editors xiii

Prof. Dr. Mushtaq Ahmad (M.Sc., Ph.D.) Professor Dr. Mushtaq Ahmad is
currently working as Director QAU Botanical Garden and Herbarium (ISL),
Director Technology Science Park (QAU) and Chairman Department of Plant
Sciences, Faculty of Biological Sciences, Quaid-i-Azam University Islamabad.
Prof. Dr. Ahmad has over 768 publications (citations +13,008, Hindex 56,
i10-index 294) in diverse fields of Plant Sciences including 694 research pub-
lications, 23 international books, 20 chapters in books published largely by
Elsevier, Springer, Taylor & Francis, Wiley, etc. across the world including
Asia, Europe, USA, and Africa. He has successfully supervised/produced 32
PhD, 100 M.Phil., 55 M.Sc., and 10 BS research scholars in advanced areas of Plant Systematics &
Biodiversity. He has also been awarded various national and international awards in recognition of
his outstanding contributions in the field of science and technology including Top 2% influential
scientist of the World (2020); Young Research Scholar Award by HEC (2019); Highly Cited Research
Paper Award by Elsevier and Willey (2019); Young scientist award by CAS—PIFI-China (2018),
Young membership award by Pakistan Academy of Sciences, (2016); Productive scientist awards by
PCST (2009 todate); TTS Performance based Awards (2010 to date); Post Doc. Fellowship by
TWAS-Malaysia (2012); Best book award by HEC (2013); Best research paper award by HEC
(2011); Gold Medal award by Pakistan Academy of Sciences (2011). He is a member of many inter-
national and national academic bodies. Prof. Ahmad has been awarded with many research grant
projects funded by GBIF, BIFA (Japan-USA), NAS-USA, CAS-China, Mevlana-Turkey, PAS, HEC,
and TWAS. These research grants helped Prof. Ahmad to establish modern digital Herbarium (ISL),
Botanical Garden, Technology Science Park, Melissopalynology, Aerobiology, Nutraceutical and
Green Biofuel research laboratories. He has organized 12 and attended 75 International/National
Conferences as Keynotespeaker. He has been hosted a series of TV programs and YouTube Channel
(Miracle Herbal Diversity) to aware Global and Pakistani communities, farmers linkages with aca-
demia and industries to use plant biodiversity for socioeconomic uplifting. He is the active advisory
board member in flora of PAN-Himalaya (Asia) and also contributor for medicinal plants naming
(MPN), Kew-UK, IUCN member and PAS member. He is the recognized reviewer and editorial
board member of many world reputed ISI Journals and Book series. He is the expert member of
DTRC, Selection Board, Board of Studies and Examiner in different universities and institutions in
the country.

Prof. Dr. Gary Owens (MSc, PhD) Dr. Owens is an Associate Professor at
the University of South Australia (UniSA). He has a broad multidisciplinary
background with more than 28 years’ experience as an active researcher
leading both international and multidisciplinary research projects touching
all facets of environmental science and engineering. He began his research
career in wastewater treatment before taking up postdoctoral positions in
analytical chemistry and then environmental science at CSIRO Land and
Water. In 2003 he moved to UniSA as a founding member of the Centre for
Environmental Risk Assessment and Remediation (CERAR). In 2013 he
moved to the Mawson Institute to commence an ARC Future Fellowship on
a multidisciplinary project conducted at the interface between material and environmental science.
At UniSA, he currently leads the Environmental Contaminants Group (ECG) within the Future
Industries Institute, on numerous diverse projects, primarily concerned with contaminant dynamics
in terrestrial environments.

He has an outstanding track record having authored more than 310 high impact research outputs
including >224 refereed journal articles (79% in Ql journals). His research is high impact, hav-
ing attracted >14,312 citations with a H-index of 62 (Google Scholar), being coauthor of 13 highly
cited papers (within top 1%) and 1 Hot Paper (within top 0.1%) in their field. Within Australia, his
research outputs place him in the top 100 scientists nationally, ranked 76th for total citations in




Xiv About the Editors

environmental science, equivalent to being in the top 0.8% of all researchers. He is a past ARC

Future Fellow and Foundation Fellow (Future Industries Institute) at UniSA and has previously

held adjunct positions at the Australian National University, and as a Visiting Scientist at Eawag

(Switzerland) and is currently an Honorary Professor at University College London (UCL).
Webpage: http://people.unisa.edu.au/Gary.Owens


http://people.unisa.edu.au/Gary.Owens

List of Contributors

Ash Giil Acar

Department of Food Technology

Gemlik Asim Kocabiyik Vocational School
Bursa Uludag University

Bursa, Turkiye

Muhammad Sheeraz Ahmed

Department of Biochemistry

Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Warda Ahmed

Department of Biochemistry

Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Md. Jawaid Akhtar

College of Pharmacy

National University of Science and Technology
Muscat, Oman

Misbah Akhtar

Institute of Biotechnology & Genetic
Engineering (IBGE)

University of Agriculture

Peshawar, Pakistan

Mohammad Sohail Akhtar
School of Pharmacy
University of Nizwa

Nizwa, Oman

Ece Akman

Eskisehir Technical University

Department of Advanced Technologies/
Programme in Biotechnology

Eskisehir, Turkey

Tanveer Alam

Sabanci University Nanotechnology Research
and Application Center

Sabanci University

Istanbul, Turkiye

Michele Debiasi Alberton

Departament of Pharmaceutical Sciences
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Ray Silva de Almeida

Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Patricia e Silva Alves

Post-Graduation Department in Chemistry
Federal University of Piauf

Teresina, PI, Brazil

Wanderlei do Amaral

Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Teresinha Andrade

Nucleus of Applied Research to Sciences
(NIAC)

Federal Institute of Maranhao

Campus Presidente Dutra

Sdo Luis, MA, Brazil

Abdullah Adil Ansari

Department of Biology

University of Guyana

Georgetown, Guyana, South America

Ana Carolina Justino de Araijo
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Jennifer Priscila de Araijo
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

XV



Xvi

Francisco Roberto De Azevedo

Federal University of Cariri (UFCA)

Center for Agrarian Sciences and Biodiversity
Crato, CE, Brazil

Rayan Aziz

Institute of Biotechnology & Genetic
Engineering (IBGE)

The University of Agriculture

Peshawar, Pakistan

Sajid Ali Khan Bangash

Institute of Biotechnology & Genetic
Engineering (IBGE)

The University of Agriculture

Peshawar, Pakistan

Ayse Baran

Department of Biology, Graduate Education
Institute

Mardin Artuklu University

Mardin, Turkiye

Mehmet Firat Baran
Department of Food Technology
Batman University

Batman, Turkiye

Salma Batool

Department of Basic and Applied Chemistry
Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Aiman Bilal

Department of Pharmacy

Shaheed Benazir Bhutto University
Sheringal Dir Upper, Pakistan

Khusniddin Bobojanov

Andijan institute of Agriculture and
Agrotechnology

Andijan, Uzbekistan

Ana Valéria de Oliveira Braz
Department of Biology
Universidade Federal do Parana
Curitiba, Parana, Brazil

List of Contributors

Erdal Cacan

Department of Crop and Animal Production
Vocational School of Food Agriculture and
Livestock

Bingol University

Bingol, Turkey

Noureddine Chaachouay

Interdisciplinary Research Laboratory in the
Sciences

Hassan First University

Settat, Morocco

Deepak Chandran

Department of Veterinary Sciences and Animal
Husbandry

Amrita School of Agricultural Sciences

Amrita Vishwa Vidyapeetham University

Coimbatore, Tamil Nadu, India

Duygu Nur Cobanoglu

Department of Crop and Animal Production

Vocational School of Food, Agriculture, and
Livestock

Bingol University

Bingol, Tiirkiye

Henrique Douglas Melo Coutinho

Laboratory of Microbiology and Molecular
Biology

Department of Biological Chemistry

Regional University of Cariri (URCA)

Crato, CE, Brazil

Azize Demirpolat

Vocational School of Food, Agriculture and
Livestock

Bingol University

Bingol, Turkiye

Dhanalekshmi UM

College of Pharmacy

National University of Science and Technology
Muscat, Oman

Muammer Ekmekci

Agricultural Research and Application Center
Directorate

Bingol University

Bingol, Turkey



List of Contributors

Muhanad Mahmoud Abdalla Elhag

Department of Public Health, College of Health
Science

Saudi Elecronic University

Riyadh, Saudi Arabia

Muhammad Esa

Department of Pharmacy

Shaheed Benazir Bhutto University
Sheringal Dir Upper, Pakistan

Chistiane Feitosa

Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Alexandre Ferraz

Regional Scientific Development Program
(FAPEPI/CNPq)

Department of Chemistry

Federal Institute of Piaui (IFPI)

Teresina, PI, Brazil

Juliana Figuerédo

Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Priscilla Ramos Freitas

Laboratory of Microbiology and Molecular
Biology

Department of Biological Chemistry

Regional University of Cariri (URCA)

Crato, CE, Brazil

Pedro Vitor Furtado

Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Jomeala Gilkes
Department of Biology
University of Guyana
Georgetown, Guyana

Syed Waseem Gillani
College of Life Science
Neijiang Normal University
Neijiang, China

Xvii

Mohamed Abdelfattah Meawad Hamza
Horticulture Department

Al-Azhar University

Cairo, Egypt

Muhammad Idrees
College of Life Science
Neijiang Normal University
Neijiang, China

Mohammad Ihsan
Department of Botany
University of Malakand
Chakdara, KPK, Pakistan

Ghazala Igbal

Department of Pharmacy

Kohat University of Science and Technology
Kohat, Pakistan

Muhammad Igbal
Department of Botany
Jamia Hamdard University
New Delhi, India

Adinan Jabbarkutty

Amrita School of Agricultural Sciences
Amrita Vishwa Vidyapeetham University
Coimbatore, Tamil Nadu, India

Ammara Jabeen

Department of Biochemistry

Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Nandhana Jayaprakash

Amrita School of Agricultural Sciences
Amrita Vishwa Vidyapeetham University
Coimbatore, Tamil Nadu, India

Akmaljon Joraev

College of Life Science
Neijiang Normal University
Neijiang, Sichuan, China

Joaquim Jinior
Department of Chemistry
Federal Institute of Piaui
Teresina, PI, Brazil



Xviii

Zul Kamal

Department of Pharmacy

Shaheed Benazir Bhutto University
Sheringal Dir Upper, Pakistan

Senem Kanber

Graduate School of Natural and Applied
Sciences

Mugla Sitk1 Ko¢cman University

Mugla, Turkiye

ChinaBaris Kartal
Golbasi Vocational School
Adiyaman University
Adiyaman, Turkiye

Arsalan Khan

Department of Nursing

FIMS College of Nursing and Health Sciences
Malakand, Khyber Pakhtunkhwa, Pakistan

Muhammad Nauman Khan
Department of Botany

Islamia College University Peshawar
Peshawar, Pakistan

Sara Khan

Department of Pharmacy

Shaheed Benazir Bhutto University
Sheringal Dir Upper, Pakistan

Shah Alam Khan

College of Pharmacy

National University of Science and Technology
Muscat, Oman

Omer Kilic

Department of Pharmaceutical Botanic
Adiyaman University

Altingehir, Turkiye

Kagan Kokten

Department of Plant Production and
Technologies

Faculty of Agricultural Sciences and
Technology

Sivas University of Science and Technology

Sivas, Turkey

List of Contributors

Khaidarov Khislat Kudratovich
Department of Botany and Plant Physiology
Samarkan State University

Samarkan, Uzbekistan

Mehmet Ali Kutlu

Department of Crop and Animal Production
Vocational School of Food

Bingol University

Bingol, Turkey

Nerilson Lima

Chemistry Institute
Federal University of Goias
Goiania, GO, Brazil

Bruna Gongalves Lopes

Departament of Pharmaceutical Sciences
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Francisco Paulo Araujo Maia
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Philippe Alencar Araujo Maia

School of Agricultural Sciences

Karunya Institute of Technology and Sciences
Coimbatore, Tamil Nadu, India

Salman Majeed

Department of Plant Sciences

Plant Systematics and Biodiversity Lab
Quaid-i-Azam University

Islamabad, Pakistan

Trobjon Makhkamov

Department of Forestry and Land scape Design
Tashkent State Agrarian University

Toshkent, Uzbekistan

Muhammad Manzoor
Department of Plant Sciences
Quaid-i-Azam University
Islamabad, Pakistan

Edinardo Fagner Ferreira Matias
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil



List of Contributors

Pran Mohankumar

Department of Veterinary Sciences and Animal
Husbandry

Amrita School of Agricultural Sciences

Amrita Vishwa Vidyapeetham University

Coimbatore, Tamil Nadu, India

Sam Mokhtarzadeh

Department of Field Crops, Faculty of
Agriculture Duzce

Diizce University

Diizce, Turkey

Ana Helena Loos Moritz

Department of Pharmaceutical Sciences
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Nazik Eltayeb Musa Mustafa

Department of Food Hygiene and Safety,
Faculty of Public and Environmental Health

University of Khartoum

Khartoum, Sudan

Firzan Nainu

Faculty of Pharmacy

Hasanuddin University

Makassar, Sulawesi Selatan, Indonesia

Muhammad Nisar
Department of Botany
University of Malakand
Chakdara, KPK, Pakistan

Ivo Cavalcante Pita Neto
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Maria das Dores Oliveira
Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Cicera Datiane de Morais Oliveira-Tintino

Laboratory of Microbiology and Molecular
Biology

Department of Biological Chemistry

Regional University of Cariri (URCA)

Crato, CE, Brazil

Xix

Selim Ozdemir

Department of Crop and Animal Production
Vocational School of Food, Agriculture and
Livestock

Bingol University

Bingol, Turkey

Chongsheng Peng

School of Pharmacy

Shanghai Jiao Tong University
Shanghai, China

Ana Paula Dantas Pereira
Department of Biology
Universidade Federal do Parana
Curitiba, Parana, Brazil

Kumar Kasargod Pradeep
Deptartment of Shalakya Tantra
Yenepoya (Deemed to be University)
Mangalore, Karnataka, India

Pradeep Priya

Department of Roganidana
Yenepoya (Deemed to be University)
Mangalore, Karnataka, India

Cicero Lucas Gomes Ramalho
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Priya Raman

Department of Horticulture

Amrita School of Agricultural Sciences
Amrita Vishwa Vidyapeetham University
Coimbatore, Tamil Nadu, India

Martinho Rau

Department of Chemistry
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Ricardo Andrade Rebelo
Department of Chemistry
Universidade Regional de Blumenau
Blumenau, SC, Brazil



XX

Khursheed Ur Rehman
Department of Botany
University of Mansehra Hazara
Pakhtunkhwa, Pakistan

Mariana Carvalho Rodrigues
Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Talip Sahin
Department of Biology
Adiyaman University
Altingehir,Turkiye

Fatma Zerrin Saltan

Department of Pharmacognosy, Faculty of
Pharmacy

Anadolu University

Eskisehir, Turkey

Karthik Santhosh

Amrita School of Agricultural Sciences
Amrita Vishwa Vidyapeetham University
Coimbatore, Tamil Nadu, India

Felipe Santos

Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Sarah Castro dos Santos
Department of Chemistry
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Sobia Sarwar

Department of Botany

Lahore College for Women University
Lahore, Pakistan

Diana Seecharran
Department of Biology
University of Guyana
Georgetown, Guyana

Nouroz Sehar

Department of Medical Elementology and
Toxicology

Jamia Hamdard University

New Delhi, India

List of Contributors

Saliqua Sehar

Rufaida College of Nursing
Jamia Hamdard University
New Delhi, India

Muddaser Shah

Natural and Medical Sciences Research Center
University of Nizwa

Birkat Al_Mauz, Nizwa, Oman

Hamayun Shaheen

Department of Botany

University of Azad Jammu & Kashmir
Muzaffarabad, Pakistan

Shabnum Shaheen

Department of Botany

Lahore College for Women University
Lahore, Pakistan

Maryam Shahid

Department of Biochemistry

Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Bhagya Balakrishna Sharma
Centre for Environmental Studies
Yenepoya (Deemed to be University)
Mangalore, Karnataka, India

Diogo Alexandre Siebert

Departament of Pharmaceutical Sciences
Universidade Regional de Blumenau
Blumenau, SC, Brazil

Jussara de Lima Silva

Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Luiz Everson da Silva

Post-graduate Program in Sustainable
Territorial Development

Universidade Federal do Parana

Curitiba, Parana, Brazil

Sylvia Soldatou
Department of Chemistry
University of Aberdeen
Aberdeen, United Kingdom



List of Contributors

Ana Paula Sousa

Post-Graduation Department in Chemistry
Federal University of Piaui

Teresina, PI, Brazil

Adithya Damodharan Tharani Sreedharan
Amrita School of Agricultural Sciences
Amrita Vishwa Vidyapeetham University
Coimbatore, Tamil Nadu, India

Kandikere Ramaiah Sridhar
Department of Biosciences
Mangalore University
Mangalore, Karnataka, India

Shazia Sultana

Department of Plant Sciences
Quaid-i-Azam University
Islamabad, Pakistan

Mahalakshmi Sundarapandian

School of Life Sciences

JSS Academy of Higher Education and
Research

Mysore, Karnataka, India

Turgut Taskin

Department of Pharmacognosy, Faculty of
Pharmacy

Marmara University

Istanbul, Turkiye

Saulo Relison Tintino

Department of Biological Chemistry
Regional University of Cariri (URCA)
Crato, CE, Brazil

Ridvan Ucar

Department of Field Crops, Faculty of
Agriculture Pamukkale

University Denizli

Denizli, Turkey

XXi

Muhammad Asadullah Usman

Department of Biochemistry

Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan

Sana Wahab

Department of Plant Sciences
Quaid-I-Azam University Islamabad
Islamabad, Pakistan

Afrah Kamal Abdulazim Yassin
Department of Public Health
Saudi Electronic University
Riyadh, Saudi Arabia

Fatma Yildiztekin

Department of Medical Services and
Techniques

Koycegiz Vocational School of Health Services

Mugla Sitki Kocman University

Mugla, Turkiye

Mahmut Yildiztekin

Department of Herbal and Animal Production,
Koycegiz Vocational School

Mugla Sitk1 Kocman University

Mugla, Turkiye

Muhammad Zafar
Department of Plant Sciences
Quaid-i-Azam University
Islamabad, Pakistan

Muhammad Zahoor
Department of Biochemistry
University of Malakand
Chakdara, KPK, Pakistan

Shah Zaman
Department of Botany
University of Malakand
Chakdara, KPK, Pakistan



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

