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ABSTRACT 

Plants are the main source for natural compounds used in pharmaceutical industries. Rosmarinic 
acid (RA) is a natural antioxidant phenolic compound which has antiviral, antibacterial, anti-
inflammatory, anti-allergic and anti-cancer activities. Callus, shoot, cell suspension and hairy root 
cultures of sweet basil were established as an alternative method for RA production. Callus culture was 
initiated from Leaf, lateral bud and internode explants on MS- medium supplemented with 2,4-D. Callus 
derived from leaf explant on MS medium containing 0.25 mg/l 2,4-D gained the highest fresh weight 
and accumulate the highest value of RA. Shoot cultures were initiated from shoot tip and lateral bud 
explants on medium containing different concentration of BA. Shoot culture initiated from lateral bud 
explant on MS medium containing 1µM/l BA was the best culture for RA production. In cell suspension 
cultures, elicited cells produced higher value of RA compared to control cells. Hairy root culture 
produced higher RA concentration compared to normal roots. Results showed that shoot culture 
accumulate the highest value of RA followed by elicited cell suspension cultures then hairy root and 
callus cultures. The obtained data showed that in vitro cultures of sweet basil using different explants 
could be used successfully as an alternative method for RA production. 
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Introduction 

Recently the world is going to produce medicinal compounds from their natural sources of 
medicinal plants. Basil is one of the most important natural sources of medicines. 

Ocimum basilicum L. commonly known as ‘sweet basil’ is a small perennial, culinary herb native 
to Asia and widely grown as ornamental or field crops in the Mediterranean countries (Shahzad et al., 
2012). It is largely used as a food flavor as well as for cosmetic and pharmaceutical properties, as it 
contains large amounts of essential oils and rosmarinic acid (Kintzios et al., 2003; and Guirgis et al ., 
2007; Kiferle et al., 2013; Kasem, 2017 ). Many studies have established that basil have anti-aging, 
anticancer, antiviral, and antimicrobial properties (Abdel Rahman et al., 2015;  Güez, et al., 2017; 
Stanojkovic-Sebic et al., 2017). 

Rosmarinic acid (RA) is a naturally antioxidant phenolic compound which widespread in plants 
belong to Lamiaceae and Boraginaceae families (Hossan et al., 2014 and Abdel Rahman, et al., 2015). 
It is an ester of caffeic acid and 3, 4-dihydroxyphenyllactic acid isolated for the first time from 
Rosmarinus officinalis in 1958 (Hossan et al., 2014; Petersen and Simmonds, 2002; Shararoo et al., 
2014). RA has many pharmaceutical properties which include antiviral, antibacterial, anti-
inflammatory, anti-allergic and anti-cancer activities (Hossan et al., 2014; Petersen and Simmonds 
2002; and Abdel Rahman et al., 2015).It is also used commercially for food preservation and cosmetic 
industries (Shararoo et al., 2014). 

Plant tissue culture is a collection of techniques used to maintain or grow plant cells, tissues or 
organs under sterile conditions. It plays an important role in breeding, genetics, physiology, 
biochemistry, pathology and production secondary metabolites (Mathew and Sankar, 2013). Large 
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quantities of RA accumulate in cells, callus, hairy roots, and micropropagated shoots of different basil 
species compared to in vivo plants (Kiferle et al., 2014). Plant cell culture supplies an alternative way 
to whole plant for the production of high value secondary metabolites (Mathew and Sankar, 2012). 
Also, production can be enhanced to a commercial scale in shorter production periods through the 
treatment of undifferentiated cells with biotic and abiotic elicitors (Namdeo 2007; Dong et al., 2010; 
Park et al., 2016).The present study was focused on the production of rosmarinic acid from different 
types of sweet basil in vitro cultures and to determine the possibility of using the in vitro culture as an 
alternative method for important pharmaceutical compounds production.  

 
Materials and Methods 
 
Plant Materials 

The present study was undertaken on Sweet Basil (O. basilicum Genovese), family Lamiaceae. 
Seeds were purchased from EnzaZaden Company,Haling 1-E, 1602 DB Enkhuizen, Netherlands. 

   
Seeds sterilization and cultivation 

Seeds were surface sterilized as follows: soaking in 70 % ethanol for 30 sec, then transferring to 
50% commercial Clorox solution (5.25 % sodium hypochlorite) containing 2 drops tween 20, for 12-
15 min, finally rinsing 4-6 times with sterilized distilled water. For obtaining seedlings, sterilized seeds 
were cultured on MS basal medium (Murashige and Skoog, 1962) supplemented with 3 % sucrose, 0.1 
g/l myo-inositol and 0.7% agar. Cultures were incubated in a growth room at 25±2 °C under 16-h 
photoperiod provided by cool white fluorescent lamps. One month old seedlings were used as a source 
of explants for subsequent experiments. 

 
Establishment of callus cultures 

Leaf, lateral bud and internode explants were excised from one month old in vitro growing 
seedlings and used as explants for callus cultures establishment. Callus were initiated on MS basal 
medium as a control medium without any growth regulators, or MS containing 0.25, 0.5, 1, 1.5, 2 mg/l 
2, 4-D (2, 4-dichlorophenoxy acetic acid). Cultures were incubated in a growth room at 25±2 °C under 
16-h photoperiod. Fresh weight of callus was collected after incubation for one month and then were 
sub-cultured on fresh media every month (3 times) to maintain callus stock. 

 
Cell Suspension Cultures preparation and elicitation 

For suspension culture, callus tissues, grown on the best treatment were aseptically transferred 
into Erlenmeyer flasks containing liquid medium of the same composition and shaken at 80 rpm. For 
cell disassembling, cell suspensions growing in liquid medium for 4 weeks with re-walling the medium. 
In the fifth week, yeast extract (10, 20 mg/l) or salicylic acid (25, 50mg/l) elicitors were added using 
the concentration of each material separately. Rosmarinic acid concentration was recorded for each cell 
suspension sample; according to (elicitor type - elicitor concentration - incubation time (2, 5, 10 days). 

 
Establishment of shoot cultures 

Shoot tip and lateral bud explants were used to determine the best explants for shoot production. 
Shoot cultures were initiated on MS basal medium as a control medium without any growth regulators, 
MS containing 1, 5, 10, or 15µM BA (6-Benzylaminopurine) in addition to 30mg/l glutamine. Shoot 
length, leaf number and fresh weight were recorded after one month of incubation under the same 
condition of callus culture. 

 
Hairy root culture establishment 
 
Preparation of Agrobacterium culture: 

Agrobacterium rhizogenes strain A4 was cultured on Luria-Bertani (LB) solid medium (Miller 
1972) containing 50 mg/l (w/v) kanamycin for selecting the desired colony. Plates were incubated for 
48 hrs at 28°C in the dark. One day before transformation, bacterial liquid cultures were prepared by 
incubation one colony in 20 ml LB liquid medium at 28°C for 12-16 hrs on rotary shaker (130 rpm). 
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Bacterial cells were harvested by centrifugation at 4200 rpm, 4°C for 15 min and the pellet was re-
suspended in 20ml MS liquid medium and used for infecting plant samples. 

 
Transformation: 

One cm2 leave pieces were infected by soaking them in the bacterial suspension for 0.5-1 hr at 
room temperature (RT). Explants were blotted with sterile filter paper and cultured on MS solid medium 
free of antibiotic and growth regulators. Plates were incubated at RT for 3 days in complete darkness. 
For selection of transformed leaves, explants were transferred to MS medium supplemented with 100 
mg/l kanamycin, 500mg/l carbencillin. Cultures were cultured at 25 °C in dark. Bacterial free explants 
that produced hairy root were subcultured on fresh MS plates containing the same antibiotecs. For 
maintaining hairy root culture, roots were excised from explants when they were 2-3cm long and 
transferred to new MS plates. After three weeks they were transferred to MS liquid medium with the 
same antibiotecs and maintained on a rotary (80-100 rpm) at 25±2 °C under 16-h photoperiod. Hairy 
roots were subcultured after 3 weeks then harvested and stored at -20°C until used. 

 
Rosmarinic acid extraction and determination 

One gram of dried and powdered plant samples of different in vitro cultures were extracted with 
50% ethanol at 70°C for 1h (3 x 20 min). Ethanolic extracts were combined and evaporated with vacuum 
evaporator. The samples were dissolved in 70% ethanol and stored for 24h at -20°C. The obtained 
precipitate was separated and the supernatant was used for analysis of rosmarinic acid. RA 
determination was carried out according to the methods of Lopez- Arnolodos et al (1995) and Komali 
and Shetty (1998). Absorbance was measured at 333nm using Spectrophotometer and concentration 
was calculated using the following equation:  
A = ԑbc 
Where: 
(A): the absorbance at 333nm. 
(c):  the concentration of RA 
(ԑ):  the extinction coefficient ԑ = 19000 L mol-1 cm-1 

(b):  the width of cuvette b= 1cm 
 
Results and Discussion 
 
Callus induction in O. basilicum 

Leaf, lateral bud and internode explants were cultured on MS medium supplemented with 
different concentration 2, 4-D (0.25, 0.5, 1, 1.5, 2.0 mg/l). The effect of explant type and 2, 4-D 
concentrations on basil callus induction and proliferation was tested. Analysis of variance presented in 
Table (1) indicated that 2, 4-D concentrations, explant type and the interaction between them caused 
significant variance in callus fresh weight. Results in Table (2) clearly demonstrated that callus fresh 
weight was significantly variable according to callus origin and 2, 4-D concentrations. Leaf explants 
grown on MS containing 0.25mg/l 2, 4-D produced the highest callus fresh weight (3.6gm) (Table 2 
and Fig 1). Generally, callus tissues derived from leaves origin recorded highest fresh biomass 
compared to which derived from lateral buds or internodes on all concentration of 2, 4-D. 

 
Table 1: Analysis of variance for the effect of concentrations of 2, 4-D and type of explants and their 

interaction on O. basilicum callus fresh weight  

S.O.V D.F Callus fresh weight (g) 

Type of explant 
(A) 

2 26.9** 

Conc. of 2,4-D 
(B) 

5 19.8** 

A*B 10 1.8** 

Error 144 0.52 
** Highly significant at 0.05 probability level. 
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Table 2: Means of callus fresh weight (g) influenced by interaction between concentrations of 2,4-D 
and type of explant of O. basilicum. 

Type of explant 
Conc. of 2, 4-D (mg/l) 

Explant means 
0.0 0.25 0.5 1.0 1.5 2.0 

Leaves 0.0 3.6 2.8 2.2 2.4 2.6 2.25a 
Lateral buds 0.0 2.7 2.1 1.6 1.5 1.4 1.54b 
Internodes 0.0 1.7 1.1 0.8 0.6 0.7 0.84c 

Conc. of 2,4-D means 0.0c 2.4a 2.27a 1.52b 1.50b 1.58b  
L.S.D (0.05) for conc. of 2, 4-D = 0.3869 
L.S.D (0.05) for type of explant = 0.2745 
L.S.D (0.05) for interaction = 0.672 
 

  
Fig. 1: Callus culture of O. basilicum. (A): callus derived from leaf explant grown for 30 days on MS 

+ 0.25mg/l 2, 4-D. (B): callus derived from internode explant grown for 30 days on MS + 
1.5mg/l 2, 4-D.  

 

Shoot culture establishment in sweet basil 
Shoot tip and lateral bud explants were cultured on MS medium containing 0, 1, 5, 10 or 15µM/l 

BA to figure out the optimum condition for shoot culture establishment. Results of analysis of variance 
for the effect of BA concentration and explant type on basil shoot number, shoot length, leaves number 
and shoot fresh weight were summarized in Table (3). Data showed that both type of explant BA 
concentration had high significant effect on all the above tested parameters. On the other hand, the 
interaction between explant type and BA concentration showed significant effect on leaves number and 
shoot fresh weight without any significant effect on shoot number and length (Table 3). Means of shoot 
number, shoot length, leaves number and shoot fresh weight were recorded and presented in Table (4). 
Lateral bud explant gave the highest means of shoot number, shoot length, leaves number and fresh 
weight among all BA concentrations compared to shoot tip explant (Table 4 and Fig. 2).The highest 
means of shoot length and leaves number were achieved when lateral buds grow on BA concentrations 
ranged from 5 to 15µM. The highest means of shoot length and leaves number (2.97 cm, 16.7) collected 
on 1µM/l BA. In case of fresh weight the highest value (1.9 gm) gained on 5µM/l BA (Table 4 and Fig. 
2). 

  

Fig. 2: Shoot culture of O. basilicum. (A): Shoots established from lateral bud grown on MS + 5µM/l 
BA. (B): Shoots established from shoot tip grown on MS + 15µM/l BA.  

 
 

 

B A 

A B 
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Table 3: Analysis of variance for the effect of BA concentrations and type of explant and their 
interaction on O. basilicum shoot number, shoot length, leaves number, fresh weight. 

S.O.V D.F 
Shoot  

number 
Shoot length 

(cm) 
Leaves  
number 

Fresh weight 
(g) 

Type of explant 
(A) 

1 3.2** 3.2** 226.8** 4.7** 

BA conc. 
(B) 

4 13.4** 10.7** 435.3** 3.4** 

A*B 4 0.6N.S 0.7N.S 53.5* 0.96* 

Error 60 0.45 0.32 10.5 0.27 
** Highly significant at 0.05 probability level. 

Table 4: Means of shoot number, shoot length, leaves number, fresh weight as influenced by interaction 
between BA concentrations and type of explant. 

Explant 
BA conc. 

(μM) 
Shoot  

number 
Shoot length  

(cm) 
Leaves  
number 

Fresh weight 
 (g) 

Shoot tip 

0 0.0 0.0 0.0 0.0 
1 1 1.8 7.4 0.8 
5 1.7 1.1 9.1 0.6 
10 2.3 1.3 10.4 0.6 
15 2.1 1.7 13.1 1 

Lateral bud 

0 0.0 0.0 0.0 0.0 
1 2 2.97 16.7 1.3 
5 2.4 1.6 15.1 1.9 
10 2.4 1.8 11.9 1.3 
15 2.4 1.7 14.4 1.1 

L.S.D(0.05) for shoot number = 0.715 
L.S.D(0.05) for shoot length (cm) = 0.603 
L.S.D(0.05) for leaves number = 3.458 

L.S.D(0.05) for fresh weight (gm) = 0.551 
 
Hairy root culture 

Leaves were used as explants for hairy root establishment. Explants were infected with 
Agrobacterium for 30 min at RT then cultured on hormone free MS plates to encourage the growth of 
Agrobacterium at the cut ends of explants. After three days of co-cultivation, explants were transferred 
onto MS selection plates supplemented with carbencillin to kill Agrobacterium and kanamycin for 
screening transformed explants. The results showed that this procedure was successful for basil 
transformation and producing hairy roots. Fig. (3) illustrated that leaf explants was capable of producing 
hairy roots when infected with A4 strain. Hairy roots produced after infection were white, had thin and 
long shape. 
 
Rosmarinic acid accumulation in different cultures of basil. 

Rosmarinic acid accumulation was recorded in callus, shoots, normal and elicited cell suspension 
and hairy root cultures. Rosmarinic acid accumulation in callus culture were significantly influenced 
by 2,4-D concentration and explant type (Table 5). Levels of RA were ranged between 0.20- 2.93 μg/mg 
DW. The highest value of RA was produced from callus culture derived from leaves grow on MS 
containing 0.25 mg/l 2,4-D (Table 6). 

In case of shoot culture, Results of analysis of variance were clearly demonstrated that explant 
type and BA concentration have a great influence on RA production (Table 7). Shoot culture initiated 
from lateral bud and shoot tip explants grow on 1µM BA produced the highest RA concentrations 5.14, 
5.13 µg/mg DW (Table 8). 

In cell suspension cultures, analysis of variance showed that elicitor type and incubation time had 
significant effect on RA accumulation (Tables 9,11). Cells treated with 25mg/l salicylic acid for 10 days 
produced the highest value of RA (3.395 µg/mg DW) compared to (0.486 µg/mg DW) in control cells 
(Table 10). On the other hand, cells treated with 10 mg/l yeast extract for 5 days accumulate the highest 
RA concentration (4.305 µg/mg DW) (Table 12). 
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Fig. 3: Hairy root culture. (A): Hairy root emerged at the infected site of leaf explants (B): Hairy roots 

grow on MS solid plates (C): Hairy roots grow in MS liquid media. 
 

 
Table 5: Analysis of variance for the effect of 2, 4-D concentrations and type of explants and their 

interaction on O. basilicum rosmarinic acid concentration (µg/mg dray weight) 

S.O.V D.F 
Rosmarinic acid conc. 

(µg/mg dry weight) 

Type of explant 
(A) 

2 3.15** 

2,4-D conc. 
(B) 

4 0.85** 

A*B 8 2.8** 

Error 30 0.0012 
** Highly significant at 0.01 probability level 

Table 6: Means of Rosmarinic acid concentration (µg/mg dray weight) influenced by interaction 

between concentrations of 2, 4-D and type of explant of O. basilicum 

Type of explant 
Conc. of 2,4-D 

(mg/l)  

0.25 0.5 1.0 1.5 2.0 
Leaves 2.93a 0.83e 2.37b 1.43c 0.58gh 

Lateral buds 0.50hi 2.82a 0.66fg 1.03d 0.60gh 

Internodes 0.20j 0.79ef 0.40i 1.40c 0.78ef 

L.S.D (0.05) for conc. of 2, 4-D = 0.026 

L.S.D (0.05) for type of explant = 0.033 

L.S.D (0.05) for interaction = 0.1 

 

Table 7: Analysis of variance for the effect of BA concentrations and type of explant and their 
interaction on O. basilicum  rosmarinic acid concentration (µg/mg dry weight). 

S.O.V D.F 
Rosmarinic acid concentration 

(µg/mg dry weight) 
Type of explant 

(A) 
1 0.94** 

BA conc. 
(B) 

3 3.36** 

A*B 3 0.166** 

Error 16 0.0077 
** Highly significant at 0.01 probability level 

Table 8: Means of rosmarinic acid concentration (µg/mg dry weight) as influenced by interaction 
between BA concentrations and type of explant. 

Type of explant 
 

BA conc. 
1µM/l 5µM/l 10µM/l 15µM/l  

Shoot tips 5.13a 4.96a 4.70b 3.75d 

Lateral buds 5.14a 4.38c 4.44c 3.01e 

L.S.D (0.05) for medium protocol = 0.11 

L.S.D (0.05) for type of explant = 0.076 

L.S.D (0.05) for interaction = 0.2 
 Means followed by the same letter(s) in each column are not significantly different at 0.01 level of probability. 

 

A B C 
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Table 9: Analysis of variance for the effect of salicylic acid concentration and incubation time and 
their interaction on rosmarinic acid concentration (µg/mg dray weight). 

S.O.V D.F 
Rosmarinic acid conc. 

(µg/mg dry weight) 
Salicylic acid conc.  

(A) 
2 1.47** 

incubation period  
(B) 

2 4.59** 

A*B 4 4.20** 

Error 18 0.00365 
** Highly significant at 0.01 probability level 

Table 10: Means of rosmarinic acid concentration (µg/mg dray weight) as influenced by interaction 
between salicylic acid concentration and incubation time. 

Incubation Time  
(day) 

Salicylic acid conc. (mg/l) 
0 25 50 

2 3.379b 3.293b 1.713d 

5 3.553a 2.677c 3.651a 

10 0.486e 3.395b 1.777d 

L.S.D (0.05) for salicylic acid conc. (mg/l) = 0.0598 
L.S.D (0.05) for Incubation time (day) = 0.0598 
L.S.D (0.05) for interaction = 0.1 

Means followed by the same letter(s) in each column are not significantly different at 0.01 level of probability. 
 
Table 11: Analysis of variance for the effect of yeast extract concentration and incubation period and 

their interaction on rosmarinic acid concentrations (µg/mg dry weight). 

S.O.V D.F 
Rosmarinic acid conc. 

(µg/mg dry weight) 
Yeast extract conc. 

(A) 
2 4.39** 

Incubation time  
(B) 

2 9.94** 

A*B 4 3.60** 

Error 18 0.0045 
** Highly significant at 0.01 probability level 

Table 12: Means of rosmarinic acid concentration (µg/mg dry weight) as influenced by interaction 
between yeast extract concentration and incubation time. 

Incubation Time (day) 
Yeast extract conc. (mg/l) 

0 10 20 
2 3.379c 1.674f 0.953h 

5 3.553b 4.305a 2.772e 

10 0.486i 3.010d 1.111g 

L.S.D (0.05) for yeast extract conc. = 0.0667 
L.S.D (0.05) for incubation time = 0.0667 
L.S.D (0.05) for interaction = 0.12 

 
Hairy root culture produced (3.6µg/mg DW) RA compared to 1.6 µg/mg DW in normal roots. 

Results showed that shoot culture accumulate the highest value of RA followed by elicited cell 
suspension cultures then hairy root and callus cultures. 
 
Discussion 
 

In vitro culture of medicinal plants for micropropagation (Ashok and Mudasir, 2010; Biju et al., 
2011; Faisal et al., 2012) or to produce secondary metabolites (Kintzios et al., 2003; Guirgis et al., 
2007) has been successfully established. Rosmarinic acid is an important secondary metabolite found 
in sweet basil. It has several interesting biological activities including antimicrobial, anti-inflammatory 
and antioxidant activities. In the present study, various in vitro culture of sweet basil were established 



Middle East J. Appl. Sci., 9(2): 434-442, 2019 
ISSN 2077-4613 

441 

to determine the best culture for RA production and accumulation. Callus culture was initiated from 
leaf, lateral bud and internode explants on medium supplemented with different concentrations of 2,4-
D. Results showed the clear effect of explant type and 2,4-D concentration on callus fresh weight and 
RA accumulation. Callus derived from leaf explant on 0.25mg/l 2,4-D gained the highest fresh biomass 
and accumulate the highest value of RA (Tables 2,6 and figure 2).The results are in correlation with the 
work of (Wongsen et al., 2015) who reported that the concentration of 2,4-D particularly 0.5mg/l in the 
medium was very important for callus proliferation and antioxidant activity that mainly may be due to 
RA content. Shoot cultures were initiated from shoot tip and lateral bud explants on medium containing 
different concentrations of BA. Results clearly showed that both type of explant and BA concentration 
had high significant effect on shoot culture establishment and RA accumulation. Lateral bud explant 
was better in producing shoots compared to shoot tip explant (Table 4 and Fig. 2). Medium containing 
1µM/l BA was the best medium for RA accumulation. These results are in contrast with the results 
obtained by Shahzad et al. (2012) where 10µM/l BA proved to be the best concentration for shoot 
induction. This contrast may be because of explant type or auxin: cytokinin concentration. In cell 
suspension cultures, elicited cells produced higher value of RA compared to control cells (Tables 10, 
11). Elicitors may be initiated or improved the biosynthesis of specific compounds or enzymes involved 
in RA production. Hairy root culture produced 1.5 fold higher RA value compared to normal roots. 

 

Conclusion 

The results of the present work demonstrated that in vitro culture of sweet basil using different 
explants could be used as an alternative way for RA production. 
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