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Abstract
Ziziphora persica (Lamiaceae) has been used as infusions and decoctions in traditional medicine for various purposes such 
as sedative, carminative, and stomach pain. In the proliferation stage of shoot culture, MS medium was treated with different 
concentrations of methyl jasmonate (MJ) and salicylic acid (SA) (50, 100 and 150 µM) either individually or in combination 
with various concentrations (25 µM SA + 25 µM MJ, 25 µM SA + 50 µM MJ, 50 µM SA + 25 µM MJ, 50 µM SA + 50 µM MJ). 
In the present study, we investigated the quantitative changes in pigments, growth parameters, and volatile compounds in the 
shoot culture of nodal segments. Volatile compounds were extracted and subsequently analyzed using GC-mass spectrom-
etry. The highest amounts of chlorophyll a and carotenoids were detected in  SA25 + MJ25 treatment, whereas chlorophyll b 
was highly found in the control treatment. Besides, significant amounts of detected volatile compounds belonged to alkane 
hydrocarbons, whereas mono and sesquiterpenes were found in low amounts.

Key message 
SA show higher toxic effect than MJ and affective than synergic use of elicitors on the organ culture of Z. persica. Elicitors 
can increase volatile compounds in different pattern compared to the previously in vivo production.

Keywords GC–MS · Methyl jasmonate · Salicylic acid · Shoot culture · Volatile compounds · Ziziphora persica

Abbreviations
SA  Salicylic acid
MJ  Methyl jasmonate

Introduction

Ziziphora persica is an herb and annual plant that belong 
to order of Lamiales, family of Lamiaceae, and genus of 
Ziziphora (Baytop 1984). It is widely distributed in Iran and 
is known as a valuable plant due to its various applications. 
Its leaves, flowers, and stems are applied as wild vegetable 
or additive food for their flavor. In addition, different species 

of this genus have been used as infusions and decoctions for 
various purposes such as sedative, carminative, and stomach 
pain in Iranian traditional medicine (Ghahreman 1995). The 
studies conducted on essential oils and various extracts of Z. 
persica have reported several antibacterial and antioxidant 
effects (Meral et al. 2002). The most prominent essential 
oils which are extracted from the aerial parts of field-grown 
Z. persica include the following compounds: pulegone, 
limonene, and piperitenone (Ozturk and Ercisli 2006), pule-
gone, 1,8-cineon, beta-pinene, menthone, gama-terpinene, 
p-myrcene, and beta-cymene (Nezhadali and Shirvan 2010), 
and dodecane, decane, tetradecane, ethyl palmitate, and hex-
adecane (Nadaf et al. 2013).

Plants’ cell, tissue, and organ culture technology have 
been used in producing pharmaceutical valuable compounds 
and other chemicals in recent years (Baque et al. 2012). Stem 
and root cultivation is applied in order to produce momen-
tous pharmaceutical compounds, since the synthesis of sec-
ondary metabolites is raised in differentiated tissues. Organ 
cultures are relatively stable, and secondary metabolites can 
be produced in shorter time periods than the parent plants 
can (Subroto et al. 1996).
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The production of secondary metabolites in plants is 
mainly related to the environmental stresses and their 
accumulation incited by elicitors (Zhao et al. 2005). The 
elicitors are compounds with biotic and abiotic origins 
(Zhao et al. 2010). Biotic elicitors include polysaccha-
rides, proteins, glycoproteins or the cell walls parts of 
fungi and plants (cellulose and pectin), and microorgan-
isms (chitin, glucagon). On the other hand, abiotic elicitors 
include heavy metals, UV radiation, and some chemical 
compounds with different mechanisms such as salicylic 
acid, methyl jasmonate, and nitrate (Vasconsuelo and 
Boland 2007; Yu et al. 2006).

Among the different elicitors, salicylic acid and methyl 
jasmonate (MJ) are known as effective elicitors for the 
induction of secondary metabolite synthesis in plant cell/
organ cultures (Yu et al. 2002). The salicylic acid (SA) 
belongs to phenolic compounds in plants which are able to 
affect growth and development, photosynthesis and tran-
spiration rates, and ion uptake and transportation. Moreo-
ver, the salicylic acid causes changes in leaf morphology 
and the structure of chlorophyll (Popova et al. 2003). This 
compound is one of the stress-signaling molecules that 
play an effective role in plant’s resistance to pathogens 
and other stress factors (Rao et al. 2000). The effect of 
salicylic acid on secondary metabolites especially on the 
enhancement of phenolic compounds was elucidated (Li 
et al. 2016).

Jasmonic acid (JA) and its methyl ester, namely MJ, have 
various biological effects. Plant treatment with mentioned 
compounds causes leaves’ senescence, falling, twisting, 
stomatal closure, and beta-carotene and ethylene synthesis 
as well as an inhibition in root growth (Szabo et al. 1999; 
Yu et al. 2002). JA and MJ have been suggested as impor-
tant signaling compounds for the process that lead to an 
increased production of secondary metabolites and play a 
key role in signal transduction processes that adjust defense 
responses in plants (Zhao et al. 2005; Walker et al. 2002).

Several studies have reported the effects of MJ and SA on 
the production of secondary metabolites such as enhanced 
diterpenoid (carnosic acid and carnosol) content in shoot 
culture of Salvia officinalis by MJ (Grzegorczyk-Karolak 
and Wysokińska 2009), induced high bacoside A yield in 
shoot culture of B. monnieri by MJ (Sharma et al. 2013), 
and increased anthocyanin biosynthesis in callus culture of 
Daucus carota by SA (Sudha and Ravishankar 2003).

So far, there is no report on the in vitro production of 
volatile compounds in Z. persica after implementing MJ 
and SA treatment on tissue culture. Therefore, in the pre-
sent investigation, various concentrations of the elicitors (MJ 
and SA) are applied on shoot culture of Z. persica, and then 
some morphological traits and biochemical aspects such as 
photosynthetic pigments and chemical composition of the 
volatile compounds are examined.

Materials and methods

Plant material

The mature seeds of Z. persica were obtained from the 
Botanical Garden of Agriculture in Tabriz, Iran. The 
seeds were sterilized using 70% ethanol and 20% sodium 
hypochlorite for 3 and 15 min, respectively. Then, they 
were washed three times using sterile distilled water and 
planted in basal solid MS medium (Murashige and Skoog 
1962). Planted seeds in MS medium were maintained under 
cool-white light illumination at 40 µmol m−2  s−1 with the 
daily photoperiod of 16 h at 25 ± 2 °C. After 1 month, the 
developed shoots with 2–3 nodes were cut and transferred 
to the fresh solid MS medium containing 1000 µM BA 
and 200 µM NAA for shoot multiplication. Furthermore, 
the liquid culture of developed shoots was performed. To 
this end, the developed shoots were transferred to test tubes 
containing liquid MS medium and then subjected to vari-
ous concentrations of elicitors under continuous shaking at 
120 rpm at 26 ± 2 °C. The MS medium without elicitor was 
treated as a control in this experiment. After 2 weeks of 
treatment, growth parameters consisting of the shoot, root, 
and leaf numbers, shoot and root length (cm), and fresh and 
dry weight (DW) of regenerated shoots per explants were 
determined.

Provision and treatment of elicitors

In this study, the two elicitors (MJ and SA) were purchased 
from Sigma. They were dissolved in 96% ethanol and sterile 
water to provide stock solutions and were sterilely filtered 
using 0.22 µM membrane filters. Elicitors with different 
concentrations (50, 100 and 150 µM) were added to MS liq-
uid medium containing NAA (200 µM) and BA (1000 µM) 
and then were sterilized and distributed in the test tubes. 
The shoots transferred to the mentioned medium and were 
maintained under light to grow in a shaker at 120 rpm at 
26 ± 2 °C. The synergism effects of the elicitors were studied 
as follows: 25 µM SA + 25 µM MJ, 25 µM SA + 50 µM MJ, 
50 µM SA + 25 µM MJ and 50 µM SA + 50 µM MJ. The 
untreated shoot was used as a control culture. The experi-
ments were performed with three replications.

Extraction of photosynthetic pigments

Photosynthetic pigments content of tissues was determined 
using Wellburn’s method (1994). For spectral determination 
of the concentration of chlorophyll a and b as well as the 
total carotenoids, 0.06 g of in vitro produced shoots were 
crushed in 2 mL of dimethyl sulfoxide. The extracts with a 
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total volume of 2 mL were centrifuged (5900×g for 10 min). 
Using supernatant, the pigment content of in vitro produced 
shoots was measured spectrophotometrically through deter-
mining the absorbance on 665, 649, and 480 nm and using 
the following formula. The results were expressed as mg of 
pigments per g of fresh weight (FW).

Extraction of volatile products

For volatile compound analysis, 0.3 g of in vitro produced 
shoots of each sample was twice crushed with n-hexane (2 
and 5 mL) for 3 min (Pourebad et al. 2015).

Gas chromatography‑mass spectrometry (GC–MS)

Volatile compounds were analyzed and identified via 
GC–MS using an Agilent 6890 gas chromatograph 
equipped with a fused-silica capillary HP-5 column 
(30 × 0.25 × 0.25 µm film thickness). Injection start tempera-
ture was 150 °C, and the start temperature was 70 °C. It was 
kept at this temperature for 3 min, and then with the speed 
of 10 °C per min temperature, it was changed to 120 °C for 
2 min. Then, with speed of 10 °C per min, it reached to the 
temperature of 150 °C. Then, after staying for 2 min at this 
temperature and changing with 7 °C per min, it changed to 
the temperature of 240 °C and remained at this temperature 

Ca = 12.19 A665−3.45 A649

Cb = 21.99 A649−5.32 A665

C(x + c) =
(

1000A480−2.14Ca−70.16 Cb

)

∕220.

for 5 min. The identification of the compounds was per-
formed comparing their retention indices and mass spectra 
with those reported in the articles (Adams 1995).

Statistical analysis

All experiments were carried out using a completely rand-
omized design with three replications. The data were inter-
preted through Analysis of Variance (ANOVA) using SPSS 
statistics version 19. To compare the means, the Duncan’s 
multiple range tests and standard error were used at P ≤ 0.05 
to show the significant differences.

Results and discussion

The effects of MJ and SA concentrations on growth 
parameters

The shoot induction was observed in case of all media after 
4–5 days of culture. According to Table 1, shoots production 
significantly decreased in all treatments in comparison with 
the one occurred in the control treatment. After the control 
treatment (With shoot number of 5.592 ± 0.308a), 100 µM 
of MJ treatment has highest shoots number (4.388 ± 0.547b) 
in comparison with those of other treatments. The highest 
shoot length belonged to the treatment with 50 µM of MJ 
(2.833 ± 0.110a) and was significant in comparison with that 
of the control. In comparison with the control, all other treat-
ments (except 50 and 150 µM of MJ) significantly decreased 
the root production. Based on these results, it appears that 

Table 1  The influence of different concentration of MJ (methyl jasmonate) and SA (salycilic acid) on growth parameters of Z. persica in vitro

Data represents the mean ± standard error (SE). Mean values followed by the same letters within a column are not significantly different accord-
ing to Duncan’s multiple range test at 5% level (P = 0.05)

Concen-
tration of 
elicitors 
(µM)

Mean number of 
shoots

Mean length of 
shoots (cm)

Mean number of 
roots

Mean length of roots 
(cm)

Fresh weight (mg) Dry weight (mg)

SA MJ

– – 5.592 ± 0.308a 1.927 ± 0.382bcd 5.999 ± 1.201a 1.988 ± 0.186b 134.000 ± 16.039ab 14.333 ± 2.603bc

50 – 2.610 ± 0.146 cd 1.333 ± 0.158cde 0.555 ± 0.555c 0.055 ± 0.055c 58.444 ± 6.738de 13.666 ± 0.333bc

100 – 2.333 ± 0.333d 1.294 ± 0.297de 0.666 ± 0.419c 0416 ± 0.097c 51.777 ± 7.175de 13.000 ± 1.000bc

150 – 2.777 ± 0.222 cd 1.244 ± 0.101de 0.499 ± 0.254c 0.222 ± 0.111c 49.555 ± 2.691e 11.666 ± 0.881c

– 50 3.833 ± 0.192bc 2.833 ± 0.110a 5.166 ± 0.288a 2.466 ± 0.296ab 136.944 ± 15.115a 22.000 ± 4.041a

– 100 4.388 ± 0.547b 2.336 ± 0.202ab 3.610 ± 0.530b 1.988 ± 0.279b 121.410 ± 13.143ab 15.000 ± 1.527bc

– 150 3.944 ± 0.242bc 2.488 ± 0.103ab 5.666 ± 0.192a 3.070 ± 0.402a 120.277 ± 5.630ab 11.666 ± 1.201c

25 25 3.722 ± 0.309bc 1.494 ± 0.278cde 1.444 ± 1.055c 0.399 ± 0.205c 91.831 ± 5.452bcd 16.333 ± 1.666abc

25 50 3.555 ± 0.722bcd 2.005 ± 0.162bc 0.444 ± 0.444c 0.199 ± 0.101c 101.277 ± 30.643abc 17.666 ± 0.666abc

50 25 3.444 ± 0.611bcd 2.010 ± 0.086bc 0.555 ± 0.293c 0.249 ± 0.173c 107.610 ± 6.366abc 18.333 ± 2.027ab

50 50 2.889 ± 0.389 cd 1.110 ± 0.244e 0.944 ± 0.529c 0.088 ± 0.048c 67.277 ± 4.424cde 16.333 ± 0.666abc
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the exerted SA, in comparison with MJ, causes a decrease 
in number and length of shoot and root, and these reduc-
tions were remarkable in root (Fig. 1). Manth et al. (1992) 
observed a remarkable reduction in root growth and toxicity 
due to the treatment with higher concentrations (3.5 mM) 
of SA on the roots of Viygica faba. Khalili et al. (2009) 
reported that the application of SA on root hairs of Silybum 
marianum reduced the root weight.

The fresh and dry weights of Z. persica decreased in 
accordance with the increasing concentrations of MJ and SA 
that is in line with the finding of Lee et al. (2015). According 
to the results, the exertion of SA caused a significant reduc-
tion in fresh weight of the plants, which was not followed 
by MJ effects. JA in higher concentrations significantly pre-
vented biomass production in shoot culture of H. hirsutum 
and H. maculatum (Coste et al. 2011). The efficiency of elic-
itors depends on its concentration, exposure time, genotypes, 

and type of culture examples (suspension culture, shoot and 
root cultures or whole plant cultures) (Zhao et al. 2010).

Quantification of photosynthetic pigments 
in the produced shoots

According to the content of photosynthetic pigments, there 
were significant differences between all treatments and the 
control (Table 2). MJ and SA reduced photosynthetic pig-
ments. This decrease reflects the role of these two elicitors 
in 1-aminocyclopropane- 1-carboxylic acid (ACC) synthase 
activity, ACC oxidase, and ethylene biosynthesis (Roustan 
et al. 1989; Rudell and Mattheis 2002).

Besides, MJ causes a decrease in chlorophyll amounts in 
Arabidopsis thaliana (Jung 2004) which is in accordance 
with the finding of the present study. In contrast to our find-
ings, in terms of the influence of SA on cucumber plant, 

Fig. 1  In vitro plant cultures of Z. persica treated with various concentrations of SA and MJ for a period of 2 weeks

Table 2  The influence of the 
production of photosynthetic 
pigments by different 
concentrations (µM) of SA and 
MJ concentrations (µM) on the 
regenerated shoot of Z. persica 
in vitro

Data represent the mean ± standard error (SE). Mean values followed by the same letters within a column 
are not significantly different according to Duncan’s multiple range test at 5% level (P = 0.05)

Concentration of elici-
tors (µM)

Chlorophyll a (mg/g) Chlorophyll b (mg/g) Carotenoids (mg/g)

SA MJ

– – 0.41360 ± 0.00011b 0.17270 ± 0.00045a 0.09893 ± 0.00020b

50 – 0.28536 ± 0.00014i 0.13670 ± 0.00025d 0.05183 ± 0.00006i

100 – 0.15250 ± 0.00000j 0.07750 ± 0.00000 h 0.03090 ± 0.00000j

150 – 0.09913 ± 0.00017 k 0.07393 ± 0.00027i 0.02493 ± 0.00015 k

– 50 0.37543 ± 0.00013d 0.13856 ± 0.00003c 0.08833 ± 0.00003d

– 100 0.34186 ± 0.00013f 0.12396 ± 0.00006f 0.08274 ± 0.00002f

– 150 0.31076 ± 0.00033 h 0.12263 ± 0.00023 g 0.07913 ± 0.00006 h

25 25 0.43540 ± 0.00000a 0.15820 ± 0.00000b 0.10293 ± 0.00003a

25 50 0.38223 ± 0.00013c 0.13633 ± 0.00006d 0.08806 ± 0.00008e

50 25 0.37013 ± 0.00012e 0.13430 ± 0.00020e 0.08871 ± 0.00001c

50 50 0.32903 ± 0.00028 g 0.12358 ± 0.00032f 0.08167 ± 0.00008 g
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previous studies showed that SA increased chlorophyll con-
tent (Singh et al. 2010).

Synergistic effects of MJ and SA

The synergistic effects of the two mentioned elicitors at 
different concentrations in shoot culture of Z. persica were 
examined (Table 1). The synergistic effects of the elicitors, 
except the length of shoot, significantly reduced the num-
ber and length of roots and the shoots number. Among the 
four different concentrations, the highest quantity of fresh 
and dry weights are related to the 50 µM SA + 25 µM MJ 
treatment. Furthermore, among the four different concentra-
tions and in comparison with the control, the treatment with 
25 µM SA + 25 µM MJ increased (non-significant) total phe-
nols and flavonoids content (data is not shown). Sahu et al. 
(2013) observed an increased production of rosmarinic acid 
(two fold) in the whole plant culture of Solenostemon scutel-
larioides using the combination usage of MJ, SA, and yeast 
extract. In another other study on the Valeriana amurensis 
plant, the synergistic effects of these two elicitors caused an 
increased production of valtrate (Cui et al. 2012). Based on 
our results, as compared to the control, the combination of 
25 µM of SA + 25 µM of MJ has the highest significant effect 
on chlorophyll a and carotenoid synthesis.

Composition of volatiles

GC–MS analysis of the examined treatments in terms of 
in vitro induced shoots of Z. persica revealed the presence of 
20 compounds, as listed in Table 3. According to the results, 
alkan hydrocarbons contained the majority of these volatile 
compounds in the control group as well as ten various con-
centrations of SA and MJ treatments. All treatments were 
poor in terpene compounds; therefore, only one monoter-
pene, one sesquiterpene, and two diterpenes were detected. 
A large number of identified components were obtained in 
case of the treatments with 100 µM of SA (9 components), 
while a smaller number of these components were detected 
in the control (3 components) and 50 µM SA + 50 µM MJ (3 
components) treatments. Tridecanoic acid was identified in 
the control treatment. Among the essential oils reported for 
Z. persica in a farm land, there was no trace of this fatty acid 
(Nadaf et al. 2013). Six volatile compounds were detected 
for 50 µM of SA treatment among which alkane hydro-
carbons depicted a higher quantity of these compounds, 
and the highest percentage of compounds belonged to the 
α-Tetradecene. For 100 µM of SA treatment, nine com-
pounds were identified among which alkane hydrocarbons 
showed the highest amount. Moreover, durene monoterpene 
and ethyl palmitate (a fatty acid) were found in this treat-
ment. In this treatment, the highest percentage of compounds 
belonged to Tridecane. In two other studies on essential oils 

of Z. persica on the farms (Nadaf et al. 2013) and the Salvia 
nemorosa (Nadaf et al. 2012), the amount of of Tridecane 
was lower than the one found in this study.

According to the results, four volatile compounds were 
reported for the treatment of 150 µM SA which belonged 
to alkane hydrocarbons, except for Eicosane that was a 
diterpene. In 50 µM of MJ treatment, four volatile com-
pounds were detected, and 1-Chlorooctadecane component 
illustrated the highest amount in this treatment. The only 
detected alcohol (2-Butanol) was observed in the 100 µM 
of MJ treatment. In 150 µM of MJ, four volatile compounds 
were identified. Farnesane was the only sesquiterpene 
detected in the 25 µM of SA + 25 µM of MJ treatment. Four 
volatile compounds were detected in 25 µM of SA + 50 µM 
of MJ treatment, in which both Phytane and Eicosane were 
diterpene. The amount of Phytane in the field study of Sal-
via nemorosa was lower than the obtained quantity in these 
studies (Nadaf et al. 2012). Eight volatile compounds were 
detected in the treatment of 50 µM of SA + 25 µM of MJ. 
The main component was Dodecane in this treatment which 
was the highest amount other treatments. Only three vola-
tile compounds were detected in 50 µM of SA + 50 µM of 
MJ treatment in which Methyl palmitate (a fatty acid) was 
observed. Based on the results, the amount of Tridecane 
and Tetradecane compounds increased in all treatments 
in comparison with those in the control, while 100 µM of 
SA and 50 µM of SA + 25 µM of MJ treatments resulted in 
higher increases. Foliar treatment of salicylic acid (0, 200 
and 400 µM) on a medicinal plant, namely Salvia macrosi-
phon, causes an increase in the amount of essential oils, in 
which the highest amount of linalool was obtained at the 
concentration of 400 µM (Rowshan et al. 2010).

The obtained results showed that the main medicinal 
compounds detected in Z. persica plant include Dodecane, 
Tetradecane, Methyl palmitate, α-Tetradecene, Tridecane, 
Eicosane, and Ethyl palmitate. Except for Methyl palmitate 
and α-Tetradecene, the rest of the volatile compounds cor-
respond with those reported by Nadef et al. (2013) in case 
of field plants.

Based on the previous report on the cell suspension cul-
ture of Gardenia jasminoides, it was shown that the use of 
elicitors (MJ and SA) cause higher antioxidant capacity than 
its natural fruits (Liu et al. 2018); our result also confirm 
changes in the pattern of volatile compounds in in vitro and 
in vivo culture. Different volatile compounds production pat-
tern between in vivo and in vitro culture in the presence of 
elicitors (MJ and SA) in this research may lead us to discuss 
in switching metabolites pathways; based on the investiga-
tion of Lu (2009) about the effect of salicylic acid on the 
metabolites pathways, it was appeared the multiple signal 
transduction capacity in plants. Also, Li et al. (2016) illus-
trated the effect of SA on up-regulation of genes involved in 
phenolic compounds biosynthetic pathway. Therefore, SA 
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and MJ capacity for switching the terpenoids biosynthesis 
pathway to the other pathways may cause poor terpenoid 
compounds in the presented results.

Conclusions

The present study showed that SA had a higher toxic effect 
on the organ culture of Z. persica than MJ and made the 
most negative effects on the roots. As compared to the con-
trol condition, the elicitors (SA and MJ) increased the vola-
tile compounds. SA with the concentration of 100 µM was 
found to be the best treatment for the production of vola-
tile compounds. According to the results, the volatile com-
pounds produced through in vitro shoot- culture of Z. per-
sica were different from the produced volatile compounds 
in field grown plants (in vivo) shown in previous studies.
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