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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 (Faydaoğlu and Sürücüoğlu, 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 (Yücer and Altıntaş, 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; Güner et al., 2012; Açar and Satıl, 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; Bakır, 
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 100 cm, and its long‑stemmed, finely toothed, and hairy leaves on its stem contain essential oils. 
The leaf length is 10 cm, and the width is 5 cm (Özkeskin, 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 1,8‑cineole and camphor (Baydar, 2019). Sage leaves can be consumed 
to treat diseases such as chronic bronchitis, asthma, coronary heart disease, and Alzheimer’s (Sarıcı 
et al., 2004; Özkeskin, 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 (Sarıcı et al., 2004; Özkeskin, 2019) and in meat products sage 
has food preservation as well as dyestuff properties as (Ölmez and Kayabaşı, 2002; Özkeskin, 2019) 
and an insecticide effect in industry (Gürbüz, 1993, Baydar et al., 2001; Özkeskin, 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 20–40 cm 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 80 kg of nitrogen (N) and 40–60 kg of phosphorus (P2O5) 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 Bingöl 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 Bingöl (Turkey) University Agricultural Application and 
Research Center. This area is 15 km away from Bingöl 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 80 cm, 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 m2 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 (Çaçan, 2022, 2023; Kutlu, 2022; Özdemir, 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 × 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 m2 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 JMP 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 

9781032517902_C021.indd   379 24/06/24   6:31 PM

Copyright Material – Provided by Taylor & Francis 
Proof Review Only – Not For Distribution 



380 Plants as Medicine and Aromatics

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).

TABLE 21.1
The Number of Bees per Plant in Sage and the Duration of the Bees Stay 
in the Flower

Counting Time 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 bcd 7.2±0.4 a

31.05.2022 10.2±0.8 b 1.9±1.5 cd

03.06.2022 27.3±1.3 a 6.3±0.3 ab

06.06.2022 20.8±7.5 a 4.6±0.3 abc

09.06.2022     9.8±1.2 bc 3.6±0.4 bcd

13.06.2022   0.3±0.1 d 1.4±0.4 d

16.06.2022   0.3±0.1 d 1.0±0.5 d

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 
Time

Plant Height 
(cm)ns

Number of Stems 
per Plant (pcs)ns

Number of Flowers 
per Stem (pieces)**

Number of Flowers 
per Plant (pcs)*

24.05.2022 43.0±5.0   7.5±1.5     3.0±1.0 bcd   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     4.8±1.2 a‑d   27.2±2.8 ab

03.06.2022 48.5±3.5   9.0±3.0 8.2±1.2 a 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   27.2±9.2 ab

16.06.2022 39.0±4.0   9.5±0.5 0.6±0.4 d   6.1±3.6 b

Average 42.3 9.4 4.8 45.0

*p ≤ 0.05, **p ≤ 0.01, nsnon-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 4.4
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The average plant height of sage was 42.3 cm, 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).

Bahadırlı and Gül (2020) determined the number of bees per m2 in sage as 9.67. Considering 
the previous studies conducted with different plants for similar purposes; The number of bees 
detected per m2 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 (Çaçan et al., 2022), the number of bees detected per m2 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 m2 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 (Özemir 
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.

FIGURE 21.1  Photos of the exits of the sage plant and the stages of its full flowering.
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Plants as Medicine  
and Aromatics

Plant‑based medicines and aromatics are increasingly in demand in the healthcare sector all over 
the globe where they are used, not only for the treatment of various diseases, but also for maintain‑
ing good human health. Plants as Medicine and Aromatics: Uses of Botanicals reviews modern 
uses of ancient botanicals as medicine and aromatics, including chapters on both traditional usage 
and modern drug discovery development, as well as clinical research and development in ancient 
medicinal herbs.

Features:

•	 Assesses the status of aromatics and medicinal plants as well as their modern uses.
•	 Elucidates the uses of plants within traditional culture practices for the prevention and 

treatment of diseases.
•	 Examines contemporary approaches being used to explore medicinal botany.

A volume in the Exploring Medicinal Plants series, Plants as Medicine and Aromatics: Uses 
of Botanicals presents a comprehensive understanding in terms of modern uses of botanicals of 
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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
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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
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