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ABSTRACT 
 

Medicinal aromatic plants, which are source of secondary metabolites, have been used for treatment 
and other purposes since ancient times. In recent years, people have preferred medicinal and aromatic 
herbs to be healthy. Plant tissue culture methods have the potential to produce medicinal compounds 

such as secondary metabolites from plants as an alternative to traditional agriculture. Increasing 
population and increasing demand for herbal products, unconscious collection and illegal trade cause 
the extinction of medicinal plants in natural habitats. Therefore, it is important to cultivate medicinal 
and aromatic plants to protect biodiversity and endangered species.  
As a result, plant tissue culture methods are an alternative way for propagation of medically and 
economically important plants, the production of bioactive components for the pharmaceutical 

industry, and the production of medically important secondary metabolites. 
 

Keywords: Cultivation, Medicinal and aromatic plants, Plant tissue culture, Propagation, Secondary 
metabolite. 
 
1. HISTORICAL DEVELOPMENT, DEFINITION AND USE OF MEDICINAL AND 

AROMATIC PLANTS 

 

Medicinal and aromatic plants undoubtedly have been widely used in many fields such as food, paint, 
cosmetics, perfume and medicine for centuries. In traditional systems, drugs have been obtained using 
various plant species grown in different parts of the world. Medicinal plants have been intriguing for 
humans since ancient times, and the first humans often used aromatic herbs. Medicinal and aromatic 

plants were frequently used in the prevention and treatment of diseases in traditional medicine during 
the Neolithic periods, and medicinal plants still continue to be the main types of drugs used in the 
world. Information about medicinal plants used by humans for therapeutic purposes in ancient times 
has been transferred to this day and this information is still valid today. Despite the decrease in 
interest in medicinal plants with the production of synthetic drugs in the 20

th
 century, medicinal 

products of herbal origin regained importance towards the end of the 20
th

 century [1-6,7]. 

 
In ancient times, people were in search of medicine in nature to combat diseases. Since there was not 
sufficient information about diseases and treatment methods with plants at that time, people learned 
how a plant could be used in treatment by experience [8,9]. In 3000 B.C., Egyptians used 500 wild 
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and cultured plant species in medicine and thus “Phytotherapy”, namely, treatment methods using 

plants, emerged. However, in 2700 B.C., people in China used cinnamon and the Ancient Greeks 
referred to the spices as "fragrant aromatic herbs". In the past, methods of obtaining ethereal oil from 
fragrant plants were developed by humans. In fact, methods of obtaining rose oil were mentioned in 
ancient sources and in 3500 B.C., people obtained dye from plant roots. More than 600 medicinal 
plants were examined in a study of 5 volumes titled “De Materia Medica” by Dioskorides, and the 
use, side effects, dosages and plant growing techniques of drugs were discussed in detail. Some of the 

drugs that Dioskorides studied are still used today [2,6,10,11]. Medicinal and aromatic plants are 
generally defined as herbal medicines used as components of natural health products in such areas as 
pharmacy, cosmetics, nutrition, medicine and perfumery. Medicinal and aromatic plants can also be 
defined as plants used to prevent diseases, maintain a healthy life and cure diseases [12-15]. The use 
of herbal medicines is growing rapidly in developed countries and complementary-alternative 
medicine and herbal medicines are widely used by people with higher education and income levels. 

With the rapid growth of the population in recent years, people prefer herbal remedies or products to 
improve their health conditions. Approximately 40% of the compounds used in the pharmaceutical 
industry are obtained from plants directly or indirectly. Medicinal plants are globally valuable herbal 
resources, and the majority of these plants are obtained by harvesting from nature and some by 
cultivation. Therefore, many plant species showing medicinal properties are threatened with extinction 
due to excessive collection from nature [9, 16-18]. In the last century, as well as the rapid 

development and increasing side effects of synthetic substances, the advances in knowledge of 
chemistry and biology, which allow new molecules to be isolated from plants, animals and 
microorganisms, have led to increased interest in traditional medicines today. With the growing 
demand from consumers for herbal medicines, natural health products and secondary metabolites, the 
use of medicinal plants is growing rapidly worldwide. The use of medicinal plants has become 
important in recent years due to their low side effects [7,18,19,20].   

 

2. CULTIVATION AND PROPAGATION OF MEDICINAL AND AROMATIC PLANTS IN 

TURKEY AND IN THE WORLD  

 

Located in the temperate zone, Turkey, with the influence of geographical factors, is rich in plant 
diversity compared to many other countries and the number of plants distribution in Turkey is close to 

the number of plants distribution in the whole of the European continent. People have used plants for 
various purposes since ancient times, especially for their health benefits and especially since the 
1990s, demand for medicinal and aromatic plants has increased. Many plant types widely used in 
Anatolia are still used as therapeutic today [10,11,21,22,23]. However, significant parts of medicinal 
and aromatic plants in the world and in our country are collected from nature, and the rest are 
cultivated. Although some of the economically important medicinal and aromatic plants used in many 

fields can be produced easily, there are difficulties in production of some. Thus, only approximately 
10% of these plants are cultivated. In Turkey, also the plant cultivation rate is not adequate [14,24]. 
Accordingly, production area and production amount of medicinal and aromatic plants in Turkey are 
given by years in Table 1 [25]. According to Table 1 showing the production area and production 
amount of some medicinal and aromatic plants in Turkey between 2012-2018, opium poppy ranks 
first among cultivated plants as of 2018 with 26 991 tons of production, followed by thymus with 15 

895 tons of production and rose with 14 773 tons of production respectively. 
 
It is stated that 28,187 plant species are used medically in the world; however, only 4478 of the 
species used in plant-based medicines are shown in the publication as a medicinal regulatory. The 
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global herbal medicine market is growing rapidly every year. Today, commercial production of some 

anticancer drugs from herbal sources is carried out successfully [6,26]. Worldwide, the production 
amounts of medicinal and aromatic plants cultivated for commercial purposes in 2017 and the 
producer countries are given in the FAO statistics. According to the production amounts of medicinal 
and aromatic plants worldwide are examined, garlic, ginger, anise, badian, fennel, coriander are 
among the top places. On the other hand, when the producer countries are evaluated, India and China, 
which are rich in biodiversity, are at the forefront (Table 2) [27].  

 
Table 1. Production area (decare) and production amounts (ton) of some medicinal and aromatic 
plants in Turkey by years [25]. 

Item Unit 2012 2013 2014 2015 2016 2017 2018 

Anise 

Area 
(Decare) 

194430 152431 140506 138118 136552 121833 124455 

Production 
(Ton) 

11023 10046 9309 9050 9491 8418 8664 

Thyme 

Area 

(Decare) 
94283 89137 92959 104863 121127 121472 139061 

Production 
(Ton) 

11598 13658 11752 12992 14724 14477 15895 

Black 

Cumin 

Area 
(Decare) 

2299 3261 1717 4681 23160 32560 33864 

Production 

(Ton) 
161 352 140 425 2527 3094 3322 

Fennel 

Area 
(Decare) 

15775 13848 15848 15512 17503 16525 23400 

Production 
(Ton) 

1862 1994 2289 1461 2464 2022 3067 

Coriander 

Area 
(Decare) 

11 11 11 150 503 410 405 

Production 
(Ton) 

1 1 1 11 42 29 29 

Caper 

Area 
(Decare) 

- - 15 15 3 - - 

Production 
(Ton) 

- - - - - - - 

Opium 

poppy 

(Capsule) 

Area 
(Decare) 

135106 322773 266212 615919 299217 237314 451226 

Production 
(Ton) 

3497 19244 16223 30730 16550 13836 26991 

Stinging 

nettle 

Area 
(Decare) 

3 3 3 0 5 5 5 

Production 
(Ton) 

0.42 0.42 0.42 0 1 1 1 
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Sage tea 

Area 
(Decare) 

54 30 130 536 3681 4123 3951 

Production 

(Ton) 
7 4 19 80 411 557 428 

Rose (Oil) 

Area 
(Decare) 

30832 28012 28359 28243 29753 33277 34205 

Production 
(Ton) 

10225 10769 10831 9483 12267 13372 14773 

Lavender 

Area 

(Decare) 
509 709 3189 3218 5700 6606 8684 

Production 
(Ton) 

123 105 297 400 747 845 1040 

 
Table 2. Production amounts (ton) of some medicinal and aromatic plants in the world in 2017 [27]. 

Items Area Production amount (ton)  

Anise, badian, 

fennel, coriander 

India 
Mexico 
Iran 

646 000 
132 565 
64 788 

Cinnamon  
(canella) 

Indonesia 
China 
Viet Nam 

87 130 
79 486 
37 126 

 

Garlic 

China 

India 
Bangladesh 

22 160 465 

1 693 000 
425 401 

 
Ginger 

India 
China 
Nigeria 

1 070 000 
557 303 
349 895 

Jojoba seed 

 

 
Mexico 

 
143 

 
Maté 

Brazil 
Argentina 
Paraguay 

619 003 
290 950 
105 005 

 
Mustard seed 

Nepal 
Canada 
Russian Federation 

159 710 
121 600 
98 319 

Pepper  
(piper ssp.) 

Viet Nam 

Indonesia 
Brazil 

252 576 

87 029 
79 371 

Quinoa 
Peru 
Bolivia  
Ecuador 

78 657 
66 792 
1 286 

Vanilla 
Madagaskar 
Indonesia 
China 

3 227 
2 402 
662 
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3. PROPAGATION OF PLANTS CONTAINING SECONDARY METABOLITES WITH 

PLANT TISSUE CULTURE METHODS 

 

It is important to have knowledge the chemistry and biology of the active substances of medicinal and 
aromatic plant species that have economic value today and to produce these plants. With the increase 
in the consumption of natural products all over the world, there are difficulties in obtaining sufficient 
amount of herbal raw materials. Plant metabolites can be isolated from plants grown in nature   but 

some problems are also encountered in obtaining secondary metabolites from plants grown in natural 
environment. Some of these problems can be listed as climatic factors, the risk of extinction of the 
plant generation, the inability to obtain sufficient secondary metabolites and inability to provide a 
drug of high quality and efficiency [28-30,31]. Important medicinal plants can be propagated by plant 
tissue culture methods. In addition, plant tissue cultures are a promising strategy especially in rare or 
endangered species or in plants producing secondary metabolites that are difficult to propagate.  

 
In recent years, interest in plant tissue cultures has increased in various countries of the world. 
Advances in this technique contribute to the solution of problems related to subjects such as 
physiology, biochemistry, cytology, genetics and molecular biology in plants [17,18,28,30,32-33].  
 
Plant tissue culture methods have great industrial importance in plant propagation, conservation of 

plant resources and production of secondary metabolites in recent years. This methods offers new and 
sustainable opportunities in solving numerous problems in the field of medicinal plant breeding and 
conservation biology [5,23,28,34,35]. Secondary metabolites are compounds that are not a direct 
metabolism product in plants but appear as by-products, are produced by plants and do not have a 
direct relationship with the plant's primary metabolism, but are produced to the organism advantage 
and essentially have very important roles in plants. Secondary metabolites defend plants against 

microorganisms, insects, herbivores and even other plants. In addition, secondary metabolites have an 
ecological role in nature. They function as substances that attract animals that assist in pollination or 
seed distribution [2,32,34,36,37]. Plants, used in pharmacy, agriculture, food additives and as bio 
pesticide, are main materials constitute an important source of secondary metabolites. 
 
In previous years, secondary metabolites were obtained by isolating from plants. After the 1970s, cell 

cultures followed by tissue culture methods began to be used to produce secondary metabolites under 
in vitro conditions. Plant secondary metabolites are used directly or indirectly in many industries, 
especially in the pharmaceutical and food industry [5,32,36,38,39]. With the rapid increase in the 
world population, excessive pressure on the existing arable lands has caused disappearance of the 
natural habitats and it has become increasingly difficult to obtain plant-derived compounds. Plant 
secondary metabolites can be produced by in vitro callus induction, cell suspension cultures and organ 

cultures. As an alternative for secondary metabolite production, plant cells and organ cultures have 
been developed. The advantages of production of secondary metabolites with plant tissue culture is 
desired production at desired time, uniform quality product in a short time, independent production 
throughout the year regardless of climatic conditions, conservation of wild species at risk of extinction 
and production of novel compounds.  New plant compounds that are not normally found in natural 
populations of certain species can also be isolated by plant tissue culture methods. Sustainability of 

important medicinal plant species for future can be achieved by reducing the dependence on the 
natural population by producing these compounds by in vitro culture methods. [30,40-43]. 
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Commercial production of some secondary metabolite products from plant cell and tissue cultures has 

successfully been carried out recently. Therefore, the selection of a suitable species and organs is 
necessary for induction of in vitro callus, cells or organs. Cell and organ cultures are started by 
selecting a mother plant with a high amount of secondary metabolites. In fact, plant tissue cultures are 
an alternative and effective technique in the production of bioactive compounds, and the amount of 
secondary metabolites produced in this technique is higher than the mother plant [5,30,38,41,42,44]. 
In a study by Kumar et al. [45], it was determined that the amount of secondary metabolites in the 

plantlets grown in vitro of Swertia chirayita plant is higher than in vivo plantlets. Fritillaria 
unibracteata was rapidly propagated directly from small cuttings of the bulb by organ culture 
technique. Compared to natural wild growth conditions, the growth rate was about 30-50 times higher 
and alkaloid and useful microelements content were higher than these found in wild bulbs [46]. Thus, 
the controlled production of secondary metabolites with plant cell and tissue cultures, are numerous 
benefits in is highly promising [28]. 

 
4. STRESS FACTORS IN PLANT TISSUE CULTURES 

 
Secondary metabolite production from medicinal plants has accelerated in the last decade. In land 
conditions, both internal factors such as the genotype, plant organ and age of the plant, and external 
factors such as photoperiod, temperature, soil type, light intensity and wavelength, and amount of 

water available and climatic conditions affect the concentration and content of compounds obtained 
from medicinal plants. The reaction of plants to stress factors varies depending on the intensity and 
duration of stress [30,36,47,48]. The above-mentioned factors may also affect the content of medicinal 
plants produced in vitro. In a study by Kapoor et al. [49], it was revealed that the quality of light in 
callus cultures of the medicinal plant Rhodiola imbricata is an important factor in the growth rate of 
callus biomass and in the production of industrially important secondary metabolites. Biomass and 

alkaloid production of Catharanthus roseus increased by the inclusion of 200 mg/L tryptophan or 
phenylalanine as a nitrogen source in the B5 nutrient medium with a pH of 5.82 [50]. 
 
The response of plants to abiotic stress factors consists of four stages in general: 1- Initial alarm phase, 
2- Acclimation phase, 3- Maintenance phase and 4- Exhaustion phase (Figure 1) [51].  Plant response 
to stress is a dynamic process that is dependent on stress intensity and stress duration. Plant's response 

to stress can be distinguished several stage: An initial alarm phase, when stress in plant causes a 
shock effect, stress tolerance level of plant decreases and stress-responsive signalling pathways are 
stimulated; biosynthesis of various stress-protective proteins takes place and plant stress tolerance 
level increases during acclimation phase; homeostasis is maintained and plant stress tolerance level 
remains constant during the maintenance phase; plant stress tolerance level declines during exhaustion 
phase and if stress application takes too long, the plant maintains stress-induced homeostasis will fail 

(Figure 1).  
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Figure 1. A generalized scheme of plant responses to abiotic stress factors [49]. 
 
Secondary metabolites production, role in plant defence and whose synthesis is triggered by stress 
factors such as climatic factors, drought, light and microbial activities, can be increased in plant tissue 

and cell cultures by factors defined as stimulants (elicitor). Elicitors can be used for triggering the 

secondary metabolic pathway in plant cell. Elicitors can be divided into biotic and abiotic. For this 

purpose, biotic and abiotic stimulants indicated in Figure 2 can be used. Abiotic stimulants consist of 
substances of non-biological origin and can be grouped as physical, chemical and hormonal factors. 
Biotic stimulants are substances of biological origin like are polysaccharides, proteins, glycoproteins, 

bacteria, fungi and yeasts [52-57].  
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Figure 2. Classification of biotic and abiotic elicitors in plants [50]. 
 

Yamaner et al. [58] indicated that mannan and pectin added to the MS nutrient medium stimulate of 
hypericin biosynthesis in Hypericum adenotrichum seedlings. Accordingly, the production of 

pseudohypericin was increased by 2.8 times and the production of hypericine was increased by 1.7 
times with the treatment of varying levels of mannan. Pectin treatment stimulated pseudohypericin 
production up to 4.8-fold and hypericine production up to 2.7-fold. It was revealed by the study that 
these elicitors can be used in the secondary metabolites production in Hypericum adenotrichum plant. 
Also, Yu et al. [59] indicated that jasmonic acid is an effective elicitor for secondary metabolite 
production. Thus in their study 1.0-5.0 mg/L jasmonic acid, strongly promoted total ginsenoside 

content and ginsenoside productivity.  In vitro cultures of Merwilla plumbea, the nutrient medium 
containing 100 mg/L yeast extract (YE) stimulated the accumulation of total phenolic substances in 
the roots, followed by 100 mg/L yeast malt broth (YMB) in shoots [60]. Açıkgöz et al. [61] reported 
that different concentrations of methyl jasmonate and salicylic acid treatments increased the the 
camphor and phenolic compounds accumulation. The highest amount of camphor accumulation was 
seen in cells treated with 100 µM MeJA (0.3449 µg/g) and 50 µM SA (0.3816 µg/g). Sutini et al. [62] 
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demonstrated that with the addition of cobalt metal ion elicitors to the nutrient medium, the secondary 

metabolite of cinnamic acid was obtained in the Camellia sinensis by 11.9%. 
 
5. CONCLUSION  

 
There are many plant species with medicinal value in the world. Collection and export of some plant 
species for medicinal purposes destroy the flora and threaten some of the plant species [63]. Demand 

for herbal products has increased rapidly in past three decades due to the low side effects of herbal 
medicines [64]. Medicinal and aromatic plants are herbal sources preferred by the majority of the 
world population for a healthy life and are also used as a preventive and therapeutic treatment  [65]. 
Plant tissue cultures methods play an important role in obtaining secondary metabolites from 
medicinal and aromatic plants and meeting the growing demands of the pharmaceutical industry in an 
environmentally friendly way. Plant tissue culture techniques are often used for large-scale production 

of secondary metabolites in plant species that are often difficult to cultivate or of medicinal 
importance. However, tissue culture methods also play an important role in conserving biodiversity 
and propagating rare endangered plant species [66].    
In vitro propagation has an important potential for the production of high quality medicinal products. 
Despite the fact that endangered medicinal plants are protected by in vitro propagation, many plant 
species of medicinal importance are unconsciously exploited by the pharmaceutical industry. In order 

to reduce the pressure caused by excessive collection of medicinal plants from nature and to produce 
metabolites effectively, these plant species should be cultured quickly and studies on in vitro 
production should be increased. 
 
 

REFERENCES 

 

[1] Shimomura, K., Yoshimatsu, K., Jaziri, M. and Ishimaru, K. (1997). In plant biotechnology and 
plant genetic resources for sustainability and productivity.  In K. Watanabe and E. Pehu (Eds.), 
Traditional medicinal plant genetic resources and biotechnology applications, R.G. Landes 
Company, Austin, Texas, USA, pp. 209-225. 

 

[2] Mammadov, R. (2014). Tohumlu Bitkilerde Sekonder Metabolitler. Türkiye: Nobel Yayınevi, 428. 
 
[3] Pant, B. (2014). Application of plant cell and tissue culture for the production of phytochemicals 

in medicinal plants. Advances in Experimental Medicine and Biology, 808, 25-39. 
 
[4] Acıbuca, V. and Budak,  D.B. (2018). Dünya’da ve Türkiye’de tıbbi ve aromatik bitkilerin yeri ve 

önemi. Çukurova Tarım ve Gıda Bilimleri Dergisi, 33(1), 37-44. 
 
[5] Chandana, B.C., Nagaveni, H.C., Kumari, Lakshmana, D., Shashikala, S.K. and Heena, M.S. 

(2018). Role of plant tissue culture in micropropagation, secondary metabolites production and 
conservation of some endangered medicinal crops. Journal of Pharmacognosy and Phytochemistry, 
7, 246-251. 

 
[6] Inoue, M., Hayashi, S. and Craker, L.E.  (2019). Role of medicinal and aromatic plants: past, 

present, and future. In S. Perveen, and A. Al-Taweel (Eds.), In Pharmacognosy-medicinal plants, 
IntechOpen, London, UK, pp.  1-13.  



 
 

 
 
 

Akın, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020. 
 

 
 

262 
 

[7] Karunamoorthi, K., Jegajeevanram, K., Vijayalakshmi, J., Mengistie, E. (2013). Traditional 

medicinal plants: a source of phytotherapeutic modality in resource-constrained health care 
settings. Journal of Evidence- Based Complementary Alternative Medicine, 18(1), 67-74. 

 
[8] Petrovska, B.B. (2012). Historical review of medicinal plants usage. Pharmacognosy Reviews,  6, 

1-5. 
 

[9] Pan, S.Y., Litscher, G., Gao, S.H., Zhou, S.F., Yu, Z.L., Chen, H.Q., Zhang, S.F., Tang, M.K., 
Sun, J.N.,& Ko, K.M. (2014).  Historical perspective of traditional indigenous medical practices: 
the current renaissance and conservation of herbal resources. Evidence-Based Complementary and 
Alternative Medicine, Article ID 525340, pp. 20. 

 
[10] Baytop, T. (1963). Türkiye’nin tıbbi ve zehirli bitkileri. Türkiye: İstanbul Üniversitesi Yayını, 

499. 
 
[11] Temel, M., Tınmaz, A.B, Öztürk, M. and Gündüz, O. (2018).  Dünyada ve Türkiye’de tıbbi -

aromatik bitkilerin üretimi ve ticareti. Kahramanmaraş Sütçü İmam Üniversitesi Tarım ve Doğa 
Dergisi, 21, 198-214. 

 

[12] Christaki, E., Bonos, E., Giannenas, I. And Florou-Paneri, P. (2012). Aromatic plants as a source 
of bioactive compounds. Agriculture, 2, 228-243. 

 
[13] Street, R.A. and Prinsloo, G. (2013). Commercially important medicinal plants of South Africa: 

a review. Journal of Chemistry, Article ID 205048, pp. 16. 
 

[14] Arslan, N., Baydar, H., Kızıl, S., Karik, Ü., Şekeroğlu, N. and Gümüşçü, A. (2015). Tıbbi ve 
aromatik bitkiler üretiminde değişimler ve yeni arayişlar. TMMOB Agricultural Engineering 
VIII. Technical Congress, Ankara, Turkey, 483–505. 

 
[15] Samarth, R.M., Samarth, M. and Matsumoto, Y. (2017). Medicinally important aromatic plants 

with radioprotective activity. Future Science OA, 3(4), FSO247. 

 
[16] Pandey, A.K. and Patra A.K. (2004). Indigenous knowledge and sustainable development by 

medicinal plants. In M.K. Rai, N.J. Chikhale, P.A. Wadegaonkar, P.V. Thakare  and A.P. 
Ramteke (Eds.), Recent trends in biotechnology, Scientific Publishers, India, pp. 160-170. 

 
[17]  Sidhu, Y. (2010). In vitro micropropagation of medicinal plants by tissue culture. The Plymouth 

Student Scientist, 4, 432-449. 
 
[18] Chen, S.L., Yu, H., Luo, H.M., Wu, Q., Li, C.F. and Steinmetz, A. (2016). Conservation 

and sustainable use of medicinal plants: problems, progress, and prospects. Chinese Medicine, 
11, 37.  

 

[19] Ekor, M. (2014). The growing use of herbal medicines: issues relating to adverse reactions and 
challenges in monitoring safety. Frontiers in Pharmacology, 4, 1-10.  

 

https://www.nadirkitap.com/kitapara.php?ara=kitap&tip=kitap&yayin_Evi=%DDSTANBUL+%DCN%DDVERS%DDTES%DD+YAYINI&siralama=fiyatartan


 
 

 
 
 

Akın, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020. 
 

 
 

263 
 

[20] Agra, M.F., Freitas, P.F., Barbosa-Filho, J.M. (2007). Synopsis of the plants known as medicinal 

and poisonous in Northeast of Brazil. Revista Brasileira Farmacognosia, 17, 114-140. 
 
[21] Öztürk, M., Altundağ, E. and Gücel, S. (2012). Medicinal and aromatic plants (Turkey). 

Ethnopharmacology, Encycl. Life Support Syst., 6, 181-206 (EOLSS). 
 
[22] Avcı, M. (2005) Çeşitlilik ve endemizm açısından Türkiye’nin bitki örtüsü. Coğrafya Dergisi, 

13, 27-55. 
 
[23] Chandran, H., Meena, M., Barupal, T., Sharma, K. (2020). Plant tissue culture as a perpetual 

source for production of industrially important bioactive compounds. Biotechnology Reports, 26, 
e00450, 1-10. 

 

[24] Dinçer, D., Bekçi, B. and Bekiryazıcı, F. (2016). Türkiye’deki doğal bitki türlerinin üretiminde 
doku kültürü tekniklerinin kullanımı. Nevşehir Bilim ve Teknoloji Dergisi, 5, 295-302. 

 
[25] TÜİK (2018). Turkish Statistical Enstitute. http://www.tuik.gov.tr.   
 
[26] Allkin, B. (2017). Useful Plants–Medicines: at least 28,187 plant species are currently recorded 

as being of medicinal use. In K.J. Willis (Ed.), Royal Botanic Gardens, Kew, London, pp. 22-29. 
 
[27] FAO (2019). Food and Agriculture Organization of the United Nations. 

http://www.fao.org/faostat/en/#data/QC.  
 
[28] Hussain, M.S., Fareed, S., Ansari, S., Rahman, A., Ahmad, I.Z. and Saeed, M. (2012). Current 

approaches toward production of secondary plant metabolites. Journal of Pharmacy & Bioallied 
Sciences, 4, 10-20.  

 
[29] Veeresham, C. and Chitti, P. (2013). Therapeutic agents from tissue cultures of medicinal plants. 

Natural Products Chemistry & Research, 1, 1-5.  
 

[30]  Cardoso, J.C., Oliveira, M.E.B.S. and Cardoso, F.C.I. (2019). Advances and challenges on the in 
vitro production of secondary metabolites from medicinal plants. Horticultura Brasileira, 37, 
124-132.  

 
[31] Yue, W., Ming, Q.L., Lin, B., Rahman, K., Zheng, C.J., Han, T., Qin, L.P. (2016). Medicinal 

plant cell suspension cultures: pharmaceutical applications and high-yielding strategies for the 

desired secondary metabolites. Critical Reviews in Biotechnology, 36, 215-232. 
 
[32]  Kocaçalışkan, İ. (2017).  Doku ve Hücre Kültürü Teknikleri (İkinci baskı). Türkiye: Nobel 

Akademik Yayıncılık, 156. 
 
[33]  Dakah, A.,  Zaid, S., Suleiman, M., Abbas, S. and Wink, M. (2014). In vitro propagation of the 

medicinal plant Ziziphora tenuior L. and evaluation of its antioxidant activity. Saudi Journal of 
Biological Sciences, 21(4), 317-323.  

 

http://www.fao.org/faostat/en/#data/QC
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fareed%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22368394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ansari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22368394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22368394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20IZ%5BAuthor%5D&cauthor=true&cauthor_uid=22368394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suleiman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25183942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25183942
https://www.journals.elsevier.com/saudi-journal-of-biological-sciences/


 
 

 
 
 

Akın, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020. 
 

 
 

264 
 

[34]  Yoshimatsu, K. (2008). Tissue culture of medicinal plants: micropropagation, transformation and 

production of useful secondary metabolites. Studies in Natural Products Chemistry, 34, 647-752. 
 
[35] Gonzalez-Rabade, N., Del Carmen Oliver-Salvador, M., Salgado-Manjarrez, E. and Badillo-

Corona, J.A. (2012). In vitro production of plant peroxidases-a review. Applied Biochemistry 
and Biotechnology, 166, 1644-1660. 

 

[36]  Isah, T. (2019). Stress and defense responses in plant secondary metabolites production. 
Biological Research, 52, 1-25. 

 
[37] Pagare, S., Bhatia, M., Tripathi, N., Pagare, S. and Bansal, Y.K. (2015). Secondary metabolites 

of plants and their role: overview. Current Trends in Biotechnology and Pharmacy, 9, 293-304.  
 

[38]  Zhou, L.G. and Wu, J.Y. (2006). Development and application of medicinal plant tissue cultures 
for production of drugs and herbal medicinals in China. Natural Product Reports, 23, 789-810. 

  
[39] Çalışkan, T., Hatipoğlu, R. and Kırıcı, S. (2019). Sekonder bitki metabolitlerinin in vitro 

koşullarda üretimi. Türk Tarım – Gıda Bilim ve Teknoloji Dergisi, 7(7), 971-980.  
 

[40]  Filová, A. (2014). Production of secondary metabolities in plant tissue cultures. Research Journal 
of Agricultural Science, 46, 236-245. 

 
[41]  Nalawade, S.M. and Tsay, H.S. (2004). In vitro propagation of some important chinese 

medicinal plants and their sustainable usage. In Vitro Cellular & Developmental Biology - Plant, 
40, 143-154. 

 
[42]  Ramachandra Rao, S. and Ravishankar, G.A. (2002). Plant cell cultures: chemical factories of 

secondary metabolites. Biotechnology Advances, 20, 101-153.  
 
[43]  McDonald, K.A., Jackman, A.P., Thorup, J.E. and Dandekar, A.M. (1995). Plant callus as a 

source of biochemicals.  Applied Biochemistry and Biotechnology, 54, 93-108. 

 
[44]  Murthy, H.N., Lee, E. and Paek, K. (2014). Production of secondary metabolites from cell and 

organ cultures: strategies and approaches for biomass improvement and metabolite 
accumulation. Plant Cell Tissue Organ Culture, 118, 1-16.  

 
[45]  Kumar, V., Singh, S.K., Bandopadhyay, R., Sharma, M.M. and Chandra, S. (2014). In vitro 

organogenesis secondary metabolite production and heavy metal analysis in Swertia chirayita. 
Central European Journal of Biology, 9, 686-698. 

 
[46]  Gao, S.L., Zhu, D.N., Cai, Z.H., Jiang, Y. and Xu, D.R. (1999). Organ culture of a precious 

chinese medicinal plant-Fritillaria unibracteata. Plant Cell, Tissue and Organ Culture, 59, 197-
201. 

 
[47]  Rejeb, I., Pastor, V. and Mauch-Mani, B. (2014). Plant responses to simultaneous biotic and 

abiotic stress: molecular mechanisms. Plants, 3, 458-475.  
 

https://biolres.biomedcentral.com/
http://pubs.rsc.org/en/journals/journalissues/np?issueid=np016001
https://link.springer.com/article/10.1007/BF02787913#auth-4


 
 

 
 
 

Akın, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020. 
 

 
 

265 
 

[48] Figueiredo, A.C., Barroso, J.G., Pedro, L.G. and Scheffe, J.J.C. (2008). Factors affecting 

secondary metabolite production in plants: volatile components and essential oils. Flavour and 
Fragrance Journal, 23, 213-226.  

 
[49]  Kapoor, S, Raghuvanshi, R, Bhardwaj, P, Sood, H, Saxena, S. and Chaurasia, O.P. (2018). 

Influence of light quality on growth, secondary metabolites production and antioxidant activity 
ın callus culture of Rhodiola imbricata Edgew. Journal of Photochemistry and Photobiology, B: 

Biology, 183, 258-265. 
 
[50]  Mishra, M., Srivastava, R. and Akhtar, N. (2019). Effect of nitrogen, phosphorus and medium 

pH to enhance alkaloid production from Catharanthus roseus cell suspension culture. 
International Journal of Secondary Metabolite, 6, 137-153. 

 

[51]  Kosová, K., Vítámvás, P., Prášil, I. T. and Renaut, J. (2011). Plant proteome changes under 
abiotic stress - contribution of proteomics studies to understanding plant stress response. Journal 
of Proteomics, 74, 1301-1322. 

 
[52]  Naik, P.M. and Al–Khayri, J.M. (2016). Abiotic and biotic elicitors–role in secondary 

metabolites production through in vitro culture of medicinal plants. In A.K. Shanker and C. 

Shanker (Eds.), Abiotic and biotic stress in plants - recent advances and future perspectives, 
IntechOpen, pp. 247-277. 

 
[53] Matkowski, A. (2008). Plant in vitro culture for the production of antioxidants-a review. 

Biotechnology Advances, 26, 548-560. 
 

[54]  Radman, R., Saez, T., Bucke, C., Keshavarz, T. (2013). Elicitation of plants and microbial cell 
systems.  Biotechnology and Applied Biochemistry, 37, 91-102. 

 
[55]  Roy, S.K., Roy, D.K. (2016).  Use of medicinal plant and its vulnerability due to climate change 

in northern part of Bangladesh. American Journal of Plant Sciences, 7, 1782-1793. 
 

[56] Gorelick, J., Bernstein, N. (2014). Elicitation: An underutilized tool in the development of 
medicinal plants as a source of therapeutic secondary metabolites. In D.L. Sparks (Ed.), 
Advances in Agronomy, 124, Elsevier, Amsterdam, The Netherlands,  pp. 201-230. 

 
[57]  Baenas, N., Garcia-Viguera, C., Moreno, D.A. (2014). Elicitation: a tool for enriching the 

bioactive composition of foods. Molecules, 19, 13541-13563. 

 
[58]  Yamaner, Ö., Erdağ, B. and Gökbulut, C. (2013). Stimulation of the production of hypericins in 

ın vitro seedlings of Hypericum adenotrichum by some biotic elicitors. Turkish Journal of 
Botany, 37, 153-159.  

 
[59] Yu, K.W., Gao, W.Y., Son, S. H. and Paek, K.Y. (2000). Improvement of ginsenoside 

production by jasmonic acid and some other elicitors in hairy root culture of ginseng (Panax 
ginseng C.A. Meyer). In Vitro Cellular & Developmental Biology, 36, 424-428. 

 

https://iubmb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bucke%2C+Christopher
https://link.springer.com/journal/11627


 
 

 
 
 

Akın, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020. 
 

 
 

266 
 

[60] Baskaran, P., Ncube, B. and Staden, J.V. (2012). In vitro propagation and secondary product 

production by Merwilla plumbea (Lindl.) Speta. Plant Growth Regulation, 67, 235-245. 
 
[61] Açıkgöz, M.A., Kara, Ş.M., Aygün, A., Özcan, M.M. and Ay, E.B. (2019). Effects of methyl 

jasmonate and salicylic acid on the production of camphor and phenolic compounds in cell 
suspension culture of endemic turkish yarrow (Achillea gypsicola) species. Turkish Journal of 
Agriculture and Forestry, 43, 351-359.  

 
[62]  Sutini, Widiwurjani, Augustien, N.,  Purwanto, D.A. and Muslihatin, W. (2019). The production 

of cinnamic acid secondary metabolites through in vitro culture of callus Camellia sinensis L. 
with the elicitor of cobalt metal ions. AIP Conference Proceedings, 2120, 030028. 
 https://aip.scitation.org/doi/10.1063/1.5115632. 

 

[63] Chen, S.L, Yu, H., Luo, H.M., Wu, Q., Li, C.F. and Steinmetz, A. (2016). Conservation and 
sustainable use of medicinal plants: problems, progress, and prospects. Chinese Medicine 
(United Kingdom), 11, 1-10. 

 
[64] Ekor, M. (2014). The growing use of herbal medicines: issues relating to adverse reactions and 

challenges in monitoring safety. Frontiers in Pharmacology, 4,1-10. 

 
[65] Yuan, H., Ma, Q., Ye, L., Piao, G. (2016). The traditional medicine and modern medicine from 

natural products. Molecules 21, 559, 1-18. 
 
[66] Verpoorte, R., Contin, A., Memelink, J. (2002). Biotechnology for the production of plant 

secondary metabolites. Phytochemistry Reviews, 1, 13-25.  

 
 
 
 

https://aip.scitation.org/doi/10.1063/1.5115632

