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Abstract 

Drought is the most limiting factor for the plant growth and crop productivity in the 
agriculture industry; however, its effect on the medicinal plants under in vitro culture has seen rather 
from different point of views. Due to use of Carum copticum as a voluble medical plant as well as dry 
climate in most parts of the world, the present study was conducted to evaluate the effect of drought 
stress on the physiology and essential oil production of seedlings and callus of C. copticum. In this 
study, seedlings of C. copticum were cultured in MS medium containing 0, 3 and 6% sorbitol and calli 
were cultured in MS medium containing 0.25 mg.L-1 2,4-D, 2 mg.L-1 BAP and different levels of sorbitol 
(0, 3 and 6%). After 4 weeks, the highest amount of proline and carbohydrate was observed at 6% 
sorbitol. Protein content showed a significant difference in leaves, roots and callus under the drought 
stress. Evaluation of contents of essential oils using GC–MS showed the components of the essential 
oils at high stress condition increased. Thirty-five compounds were identified in both of the essences of 
C. copticum, which thymol, gamatherpinen and parasimen in each treatment were changed. 
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1.  Introduction 

Since the early days of mankind, plants with medicinal properties (secondary 
metabolites) have been used by humans to treat infections, health disorders, and illnesses. The 
Apiaceae family is remarked as a family with the diversity of the essential oils (YASSA & al. 
[26]). One of the famous herbs of this family is Carum copticum L. which is commonly 
known as Ajwain. Ajwain is cultivated in many regions of the world including Iran and India. 
Fruits of Ajwain accumulate up to 5% essential oil, which is remarked as an important natural 
product in food and flavoring industry (MINIJA & THOPPIL [13]). Beside these industrial 
purposes, Ajwain has a number of pharmacological properties and biological actions which 
can be considered for clinical approaches. This plant contains different important components 
such as carbohydrates, glycosides, saponins and phenolic compounds (carvacrol), volatile oils 
(thymol), terpiene, paracymene and beta-pinene, protein, fat, fiber, and minerals including 
calcium, phosphorus, iron, and nicotinic acid (niacin). Secondary metabolites are various 
compounds that have different roles in plants. They are not only central to plant defense 
mechanisms, but also provide a great source of novel bioactive compounds, exhibiting 
potential of various pharmacological activities against many human disorders and diseases 
(STAMP [23], VERPOORTE [32]). Moreover, these compounds are well known to play a key 
role in the adjustment of plants to their surroundings (RAO & RAVISHANKAR [33]). Although 
in normal circumstances, these components are fundamentally produced by genetic 
processing at low levels, which their biosynthesis is strongly influenced by environmental 
factors. Many chemical and physical factors are responsible for changes in the chemical 
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composition and the type and amount of the main ingredients of essential oils. Hence, the 
production of high levels of secondary metabolites can be induced in the plants by 
manipulating certain specific environmental stress conditions such as drought stress 
(PUTALUN & al. [44]). Drought stress is one of the many types of abiotic stresses and it has 
been related to low crop productivity in agriculture, but its imposition on medicinal plants 
during in vitro culturing has seen rather a different prospect and increases the secondary 
metabolite production in a variety of medicinal plants, e.g. artemisinin in leaves of Artemisia 
annua (CHARLES & al. [6]), hyperforin in Hypericum perforatum leaf tissues (ZOBAYED & al. 
[39]) as well as ajmalicin in Catharanthus roseus roots (JALEEL & al. [5]). Drought stress is 
also known to increase the accumulation of organic solutes such as protein, sugars, proline 
and betaines; these are adaptive strategies that plants resort to them in response to drought 
stress (SMETANSKA [12], VERBRUGGEN [25]). Cultivation of a medicinal plant like C. 
copticum L. in water-deficient areas would increase its defense system and the level of active 
compounds. As daily lives, including health care, is depends on these plant products 
essentially, research work on the plant secondary metabolites had been increasing during the 
last 50 years. Therefore, the only sustainable ways in order to achieve the market demand is 
cultivation of medicinal plants and in vitro production of the plant secondary metabolites. In 
vitro plant materials are one of the good sources for the production of secondary metabolite 
and also provide an excellent environment for in-depth investigation of biochemical and 
metabolic pathways (KARUPPUSAMY [34]). The accumulation of the secondary compounds 
during plant cell cultures varies significantly due to the elements of the culture medium and 
environmental conditions. Biotic and abiotic elicitors are used to stimulate secondary 
metabolite formation in plant cell cultures by reducing the process time to attain high product 
concentrations and increased culture volumes (EILERT [41]). Environmental stresses, 
especially salinity and drought have the most effect on the medicinal plants. Establishing 
conditions of drought stress using different osmotic materials to create the osmotic potential is 
considered as one of the best methods to study the effects of drought stress. Among these 
substances, mannitol, sorbitol and polyethylene glycol have many applications and is widely 
used in vitro due to the simulation of natural environmental conditions. This work reports the 
effects of drought stress caused by sorbitol as osmotic agents on the essential oil production 
and physiological parameters of callus and seedlings of C. copticum L. under in vitro culture. 
 
2.  Materials and methods 

The mature and sterilized seeds of Carum were grown on MS medium (MURASHIGE 
& SKOOG [40]), and were kept in the growth chamber (16 h light/8 h dark) at 25°C and 95% 
relative humidity. Explants of stems with nodes were excised from four-week-old seedlings 
and cultured directly on MS medium supplemented with different concentrations of sorbitol 
(0, 3 and 6%) respectively. 4 weeks after treatment; effects of drought stress were studied on 
proline accumulation, soluble sugars, and protein content and the secondary metabolites of 
roots and leaves of seedlings. 

Callus initiation under drought stress: Four-week-old growing seedlings were used 
as source of explants. Stem explants about 0.5 cm were cultured on MS media containing 
combination of 0/25 mg.L-1 2, 4-D (2, 4-dichlorophenoxyacetic acid), and 2 mg.L-1 BAP 
(benzyl amino purine). After some days callus induction was observed. After 4 weeks, callus 
explants were subcultured on the same medium and kept at darkness and 25 ± 2ºC for  
4 weeks. Callus subculture was repeated monthly. After 3 subcultures, calli transferred into the 
medium supplemented with 2 mg. L-1 BAP and 0.25 mg.L-1 2-4-D and different concentrations 
of sorbitol (0, 3 and 6%) respectively. After one month, growth and physiological parameters 
were analyzed in calli of C. copticum like seedlings.  

 



Effects of sorbitol on essential oil of Carum copticum L. under in vitro culture  

Romanian Biotechnological Letters, Vol. 22, No. 1, 2017  12283 

Measuring amount of soluble carbohydrates: The contents of soluble carbohydrate 
were measured by adapting Somogyi-Nelson’s method [20]. Approximately 0.05 g of fresh 
tissue (leaves, roots and calli) was extracted with 10 ml distilled water. The mixture was 
boiled in a boiling water bath, cooled and filtered. Then, 2 ml of the extract was mixed with 
2 ml of alkaline copper tartarate and the reaction mixture was heated for 20 min (Alkaline 
copper tartarate was prepared by dissolving 4 g anhydrous sodium carbonate, 0.75 g tartaric 
acid and 0.45 g hydrated cupric sulphate in 80 ml of distilled water and finally it made up to 
100 ml). After that, 2 ml of phosphomolibdate solution was added and the intensity of blue 
color was measured at 600 nm using spectrophotometer. The reducing sugar content was 
expressed as mg/g FW. 

Measuring amount of proline: The content of proline was estimated using ninhydrin 
reaction (BATES & al. [15]). A small portion (0.5 g) of tissue (leaves, roots and calli) was 
homogenized with 10 ml of 3% (w/v) sulphosalicylic acid, and passed through Whatman 
filter paper No. 2. Then, ninhydrin reagent (2 ml) (Sigma) and glacial acetic acid (2 ml) were 
added to 2 ml of the filtered extract. The mixture was incubated at 100°C for 1 h, and the 
reaction was terminated by placing it on ice. The reaction mixture was extracted with 4 ml 
toluene, and the absorption of chromophore was measured at 520 nm, against toluene as 
blank, using spectrophotometer (Shimadzu UV-160, Japan). Proline content was calculated 
using L-proline (Sigma) as a standard curve. 

Measuring amount of protein:  The amount of total protein of leaves, roots and 
callus was measured according to BRADFORD [21]. Absorption intensity of the extractions 
was determined in wave length 595 nm and the results were reported according to mg/g FW. 

Gas chromatography: Gas chromatography–mass spectrometry (GC–MS) was used 
for the identification of components in C. copticum essential oil. A Hewlett-Packard 5890 gas 
chromatograph (GC), equipped with a flame ionization detector (HP-5970 mass-selective 
detector-USA) and a 50 m × 0.20 mm HP-5 (cross-linked Phenyl–Methyl Silicon) column 
with 0.25 μm film thickness was used for this study. The FID was maintained at 250ºC. 
In addition, ionization energy was 70 ev. Temperature of the program was 100-250°C 
with the changes of 4°C/ min. Helium was used as carrier gas, the flow through the column 
was 1 mL/min, and the split ratio was set to 100:1. Identification was based on sample 
retention time and mass recorded (DAVIES [30], LI [45]). 

Statistical analysis: All experiments were performed in a completely random design 
with three replicates. A one way ANOVA was used for treatment assay and Duncan tests 
were used to compare the mean values. 
 
3.  Results and discussion 

The present study was aimed to investigate the changes in physiological and 
biochemical parameters of calli and seedlings of C. copticum subjected to the osmotic stress 
generated by sorbitol. The content of proline was measured in leaves, roots and callus of 
C. copticum 4 weeks after drought treatment. Statistical analysis showed that the proline 
content was highly affected (P< 0.05) by the sorbitol treatment. The proline content increased 
significantly in relation to the severity of the drought stress (Figure 1). The highest proline 
accumulation was observed at 6%. The results revealed the proline accumulation in leaves 
was the highest as compared to callus and roots. In the natural environment, plants are well 
adapted to minimize damages, which occur only under the extreme conditions. The 
accumulation of osmolyte compounds in the cells such as proline, other free amino acids, 
soluble proteins, carbohydrates and phenols resulted by water stress are often associated with 
a possible mechanism to tolerate the harmful effects of water shortage. The accumulation of 
these solutes leads to reduction in the osmotic potential of the plant tissue at cellular level and 
hence, it helps plant to maintain growth under stressful environment. One of the most studied 
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solutes is the amino acid proline and the high proline content in plants under water stress is 
frequently observed in several species (BAJJI & al. [17], CLIFFORD & al. [38]) and may act as 
a regulatory or signaling molecule to activate multiple responses that are part of the 
adaptation process (CLAUSSEN [42]). 

 

 
Figure 1: The effect of sorbitol on the proline content of leaf (a), root (b) and callus (c) of C. 

copticum. Values represent the mean of three replicates and dissimilar letters  
are significantly different according to Duncan's test (P ≤ 005). 

 
 

 

 

Figure 2: The effect of sorbitol on the soluble sugar content in leaf (a), root (b) and callus (c)  
of C. copticum. The values represent the mean of three replicates and the dissimilar letters  

are significantly different according to Duncan's test (P ≤ 005 
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Osmotic adjustment through the accumulation of proline has been suggested as one of 
the possible means for overcoming the osmotic stress caused by the loss of water. Our work 
agreed with the previous studies that showed that the increasing in proline was more 
pronounced in the intense water deficit stress, which may be due to some physiological 
mechanism for reducing the adverse effect of water deficit stress on the plant productivity 
(BLUM & al. [2], LUDLOW & MUCHOW [22]). Drought induced a significant increase in the 
soluble sugar content of leaves, roots and calli. The treated plants at 6% sorbitol exhibited 
high accumulation of soluble sugars especially in roots (Figure 2). The results demonstrated 
that drought stress significantly increased the soluble sugars production and accumulation in 
leaves, roots and callus of C. copticum. Sugars play a key role in the acclimatization of plant 
roots by production the precursors of most chemical synthases, production of metabolic 
energy as well as maintaining osmoregulation in roots consequently (BARAKAT [28]). It 
seems that the accumulation rate was correlated with the drought tolerance and our results 
were consistent.  Directly or indirectly, drought causes an accumulation of reactive oxygen 
species lead to the accumulation of soluble sugars that acts as an adaptive mechanism to the 
stress condition (SOMOGYI-NELSON [20]). Sorbitol treatments affected on protein contents of 
leaves, roots and callus differently. As figure (3a) indicates, there was no significant 
difference in the leaf protein content among different levels of drought stress. At mild stress 
(3%), maximum protein content in the roots of C. copticum was observed. Then, protein 
content decreased at severe stress conditions (Figure 3b). Also, as the level of drought 
increased, significant increase in proteins content of callus was observed (Figure 3c). 

 

 
Figure 3: The effect of sorbitol on the protein content in leaf (a), root (b) and callus (c) of C. copticum.  
The values represent the mean of three replicates and the dissimilar letters are significantly different according 
to Duncan’s test (P ≤ 005). 
 

Evidences indicated that there is a kind of relationship between protein accumulation 
and plant physiological resistance against drought stress (RICCARDI & al. [8]). In our study, 



ROYA RAZAVIZADEH, FATEMEH ADABAVAZEH  

Romanian Biotechnological Letters, Vol. 22, No. 1, 2017  12286

drought stress did not show significant difference in leaf protein contents. The maximum 
protein content in roots was recorded at 3% sorbitol level and decreased through the 
increasing in stress levels. This reduction depended on the intensity and duration of stress. It 
was reported water stress inhibits incorporation of amino acids into proteins and cause a 
decrease in protein content of different plant tissues (NIR & al. [11]). The researchers 
speculated that the initial increase of proteins in drought stressed plants was related to stress 
proteins but the reduction occurred in next stage was due to the reduction in the amount of 
photosynthesis and production of free radicals of oxygen (HAVAUX & al. [18]). The water 
stress injury causes damage to protein synthesizing mechanism. Moreover, the possible 
reason for decreased protein content under water stress may be due to increased activity of 
protease and also it may be due to proteolysis or decreased synthesis or both. Similar findings 
were reported by ACHITUV & BARAKIVA [16] in citrus.  An investigation carried out on the 
essential oil of callus and seedlings of C. copticum under the sorbitol treatment (0 and 6%). 
The constituents of essential oil are reported in Table 1. About 35 compounds of C. copticum 
essential oil were identified by GC/MS analyses in order of their experimental retention times 
and retention index. Besides, it has been seen that the major constituents of C. copticum were 
γ-terpinene, thymol and p-cymene. The maximum amount of thymol and γ-terpinene were 
observed in treated calli and seedlings as compared to control plants while p-cymene showed 
a significant decrease at 6%. 
 

Table 1.  Constituents of the essential oil of C. copticum, using gas mass spectrometry (GC-MS) 

 RI callus 
control 

callus 
sorbitol 

Seedlings 
control 

Seedlings 
sorbitol 

1,3-octadien 909 1.1 0.9 1.2 1.0 
Pyridine 924 0.9 0.8 0.7 1.1 
α-Thujune 936 1.3 1.0 1.1 1.2 
α-Pinene 947 1.5 1.1 1.3 0.9 
Comphene 955 0.8 1.4 0.8 1.0 
Sabinene 971 1.0 1.2 0.9 1.3 
β-pinene 984 2.8 2.0 3.8 4.8 
3-Ocatnone 993 0.9 1.4 1.2 1.0 
Myrcene 999 1.0 0.8 0.8 1.1 
3-Carene 1007 0.8 1.0 1.3 0.9 
1,8-Cineol 1015 1.2 0.9 1.1 1.0 
α-Phellandrene 1023 1.6 1.3 1.3 1.5 
α-Fenchen 1030 1.3 1.1 0.9 1.1 
α-Terpinene 1039 0.9 1.2 1.2 0.8 
p-cymene 1046 21.6 15.6 17.7 13.3 
Limonene 1055 6.1 3.5 4.4 2.1 
γ-Terpinene 1066 18.0 24.3 23.0 25.9 
Sabinene hydrate 1074 0.9 -- 0.8 1.0 
Terpinolene 1095 0.8 1.1 1.0 1.2 
Linalool 1136 2.2 1.8 0.9 1.0 
Menta-3-8-diene 1168 0.9 1.2 1.2 0.8 
α-Compheonelal 1217 1.3 1.0 1.0 1.3 
Verbenone 1249 1.0 0.8 -- -- 
Borneol 1297 1.1 1.5 1.2 1.1 
Thymol 1282 15.2 21.1 19.4 22.3 
Carvacrol 1319 0.7 1.3 0.9 1.0 
Piperitenon oxide 1322 2.3 1.6 1.2 1.4 
Candinol 1341 1.0 0.8 1.0 0.8 
Methyl Eugenol 1352 2.1 1.6 1.4 1.1 
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β-Caryophyllene 1366 1.4 1.0 0.9 1.4 
Hexadecanoic acid 1378 0.9 1.2 1.3 1.2 
α-Hummulene 1409 1.8 1.1 1.0 0.9 
γ-Cadinene 1463 0.7 0.9 0.8 1.1 
Germacrene D 1511 -- -- 1.1 1.2 
Caryophyllen 
epoxide 

1543 1.0 0.8 0.9 1.0 

α-Bisabolol 1564 0.7 1.2 1.0 -- 
 

Water deficit in plants may lead to physiological disorders such as a reduction in 
photosynthesis and transpiration (SARKER & al., [4]), and in the case of aromatic crops may 
cause significant changes in the yield and composition of essential oil. For example, water 
deficit decreased the oil yield of rosemary (Rosmarinus officinalis L.) and anise (Pimpinella 
anisum L.) (SINGH & RAMESH [19],  ZEHTAB-SALMASI & al. [36]). By contrast, water stress 
had a positive effect on pepper (Capsicum annuum L. var. annuum) by increasing the 
phenolic capsaicinoids (capsaicin anddihydrocapsaicin) and thereby increasing pungency 
(ESTRADA & al. [3]). In medicinal plants, the essential oil production depends upon the 
metabolic state of source tissues as well as stress factors (SANGWAN & al. [29]). Drought 
stress is one the main factors in increasing the essence percentage in the most medicinal 
plants. It was reported that water stress increased the essential oil accumulation via a higher 
density of oil glands due to the reduction in the leaf area (SIMON & al. [14]). Our results 
showed that the drought stress has a strong effect upon the accumulation of essence. Under 
the drought conditions, yield of essential oils increased. A similar result has been reported 
earlier on other plant species, for example parsley (Petroselinumcrispum L.) (PETROPOULOS 
& al. [37]), Mexican oregano (Lippia berlandieri Schauer) (DUNFORD & VAZQUES [24]) and 
Satureja hortensis L. (BAHER & al. [46]). Drought stress increases the essential oil percentage 
of more medicinal plants, because in this condition, more metabolites are produced to prevent 
oxidization in the cells (ALIABADI FARAHANI & al. [9]). In addition, increasing in the 
essential oil concentration under water stress could be due to the fact that plants produce high 
terpene concentrations under water stress conditions due to a low allocation of carbon to the 
growth, suggesting a trade-off between growth and defense (TURTOLA & al. [35]). In the 
present study, the major constituents of essential oil of C. copticum were examined by 
GC-MS analysis. The results showed that thymol, para-cymene, and gamma-terpinene are the 
main essential oil constituents in the all selected samples. Our results agreed with those 
obtained by AKBARINIA & al. [1], although the percentage of major constituents of Ajowan is 
reported differently. In our experiment, ρ-cymene content decreased under a severe water 
stress while the amount of thymol and γ-terpinene increased in treated samples as compared 
to the control plants. Our results are in agreement with those of AZIZ & al. [7] in T. vulgaris 
and SAID-AL AHL & HUSSEIN [10] in oregano. The ratio of thymol to other constituents, 
particularly, carvacrol, plays an important role for cosmetic, culinary and pharmaceutical 
purposes (LETCHAMO & GOSSELIN [43]). Many investigations have explored the antimicrobial 
and antioxidant properties of this component (AESCHBACH & al. [31], OLASUPO & al.  [27]). 
Thus, the results indicated that quality of the essential oil of C. carum may increase under the 
drought stress. 
 
4.  Conclusion 

Generally, numerous physiological and biochemical changes occur in response to the 
drought stress in Carum copticum. The discussed results support our hypothesis that osmolyte 
compounds such as protein, proline and sugar accumulation under drought stress are a part of 
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a physiological response of C. copticum to the imposition of an intense drought stress. It 
seems that sorbitol could enhance secondary metabolites accumulation in C. copticum under 
in vitro culture and can be used as factors for improving the secondary metabolites production 
in vitro. The analysis of constituents of the essential oil led to the identification of thymol as 
the major antioxidant constituent of the oil. Callus culture can be used as a new source for 
pharmaceuticals and other beneficial substances in C. copticum under the drought stress. 
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