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Abstract 

 
Tissue culture can be used as a tool for the conservation and commercialization of Viola odorata because of its 

intensive use in local market for medicinal purposes. In the present study an efficient protocol for in vitro callogenesis and 
organogenesis of medicinally important plant Viola odorata L. (Sweet violet) has been developed. Different explants used 
for callus induction were leaves, stem and petioles. Best callus induction (85%) was observed on media having 6-
benzylaminopurine (BA) 2.5 mg/L and 2, 4-dichlorophenoxyacetic acid (2, 4-D) 0.15mg/L after 40 days of incubation. 
Subsequent transfer of callus to shooting media has shown best shoot regeneration (having 4-5 cm length and 2-3 branches) 
on medium supplemented with 1-naphthaleneacetic acid (NAA) 0.5 mg/L, gibberellic acid (GA3) 1.5 mg/L, AgNO3 0.42 
mg/L and thidiazuron (TDZ) 2.5 mg/L. An assay of the antioxidant potential of the in vitro grown callus and the wild plant 
extract was determined by DPPH (α, α-diphenyl-β-picrylhydrazyl) method shown that the antioxidant activity of in vitro 
formed callus is higher than that of wild plant. 

 
Introduction 
 

Time immemorial phytochemicals are being used for 
health care especially in underdeveloped countries and 
remote areas (Gul et al., 2012). Nearly 30% of drugs 
across the globe are derived from plants and 252 drugs are 
in WHO essential medicine list (Sahoo et al., 2010). Viola 
odorata commonly known as sweet violet or garden violet 
belongs to family Violaceae, is a low growing perennial, 
with stout root stock, grows in hedgerows, rough land and 
margins of woodland (Tobyn et al., 2011), V. odorata is 
considered to be a native plant of Southern Europe, North 
Western Africa and Western Asia. In Pakistan it is found 
in Southern hilly regions of Swat, Hazara, Muree and 
Kashmir. The viola is rich in secondary metabolites 
including, flavonoids, alkaloid (violin, viola-quercitin), 
essential oils including (ionones, alpha-ionone, beta-
ionone and beta-dihydroionone, hydroquinone dimethyl 
ether, linolenic) and extensively used in diuretic, anti-
inflammatory, purogative properties, abdominal pain, skin 
disorders, upper respiratory complications (cough, sore 
throat and harash) (Kathi, 1991; Lamaison et al., 1991; 
Hansel et al., 1993; Svangard et al., 2004; Jackson & 
Bergeron, 2005;  Witkowska -Banaszczak et al., 2005, 
Walter et al., 2011). 

Antioxidants are substances, usually of plant origin 
that reduce and neutralize free radicals and play a vital 
role in the prevention of cancer, cardiovascular diseases 
and neurodegenerative diseases including Alzheimer and 
Parkinson diseases (Gerber et al., 2002; Di & Esposito, 
2003). In Viola odorata antioxidant activity is related to 
the amount of anthocyanins, one of the groups of 
flavonoids pigments. Anthocyanins occur in all tissues 
including leaves, stems, roots and flowers. Antioxidants 
like phenolic acids, polyphenols and flavonoids etc also 
show their effect by scavenging free radicals, preventing 
the generation of reactive oxygen species (ROS) or 
activating detoxifying proteins (Halliwell et al., 1992; 
Halliwell et al., 1999). Natural antioxidants are widely 
used and regarded as safer and preferable having less 

adverse reaction as compared to synthetic antioxidants 
such as butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) are suspected to have some toxic 
effects (Imaida et al., 1983). However, one drawback of 
natural antioxidants is that it has lower antioxidant 
activities than synthetic antioxidants. Therefore, there is a 
great concern in finding safe and new efficient 
antioxidants from natural sources to replace these 
synthetic antioxidants (Gazzani et al., 1998). 

Safe use of medicinal plants led to sudden rise in 
market demand that results over-exploitation and ultimate 
decline in natural habitat. Medicinal plants all across the 
globe getting endangered because of their ruinous 
harvesting for the production of medicines as most of them 
grown as a wild under natural conditions. The germplasm 
of Viola odorata conserved in natural repositories is under 
severe intimidation because of its intensive use in local 
market for medicinal purposes and not being cultivated 
commercially to fulfill its markets requirements and 
currently rare in Pakistan. In vitro propagation methods 
deliver powerful methods for the mass multiplication and 
germplasm conservation of economically important species 
(Snyman et al., 2000). Previously Babber & Kulbhushan 
(1991) in an experiment got callus from root hypocotyls 
and cotyledonary segments of Viola tricolor but 
unsuccessful to get shoot formation. In a report Sato et al., 
(1995) managed regeneration of plantlets from petiole 
callus of wild Viola. In yet another report Wijowska et al., 
(1999) achieved callus independent endosperm and root In 
vitro by culturing unfertilized ovules of Viola odorata. 
There are various reports about the breeding, inheritance, 
cultivation and regeneration of Viola odorata (Rupinder & 
Ramash, 1998), however to date there have been no reports 
on the successful In vitro callogenesis and organogenesis of 
Viola odorata using leaf explant. The present study has 
been carried out to establish an efficient In vitro protocol of 
callogenesis and organogenesis for Viola odorata by 
optimizing the various combinations of hormones and to 
evaluate and compare antioxidant activity of wild plant and 
its derived callus by DPPH method. 
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Material and Methods 
 
Sterilization and inoculation of explants: Leaves, stem 
and petioles were collected from ~45 days older plants of 
Viola odorata maintained in the green house. The 
explants were washed with distilled water to remove the 
dust and soil particles and then were kept in 70% ethanol 
for one minute and in 50% Clorox (bleach) for 8-10 
minutes. The bleach was removed by washing thrice with 
autoclaved distilled water under aseptic conditions. The 
explants were kept on sterile filter paper (Wattman 1) in a 
petri plate for drying. The leaves, stem and petiole were 

cut into small pieces of 10-15mm in size rectangular or 
square in shape with the help of a sterilized surgical blade 
and were inoculated on half strength MS basal medium 
(the adaxial side was in contact with media). 
 
Media preparation: For callus culture of Viola odorata 
half and full strength MS media (with 15g/L and 30g/L 
sucrose respectively) were used supplemented with 
twenty different concentrations and combinations of 
hormones (Table 1). The pH of media was adjusted at 
5.8 and 2 g/l gelling gum powder was used to solidify 
the media. 

 
Table 1. Media with different combinations of hormones used for callus induction of Viola odorata. 

S. No. Media code 
(C)* Half (H)/Full (F) MS PGR's Concentration (mg/L) 

1. C1 H BA+2, 4-D 2+0.11 
2. C2 H BA+2, 4-D 2.2+0.12 
3. C3 H BA+2, 4-D 2.3+0.13 
4. C4 H BA+2, 4-D 2.5+0.15 
5. C5 H BA+2, 4-D 2+1.9 
6. C6 H BA+2, 4-D+NAA 2.5+0.1+0.15 
7. C7 F BA+2, 4-D 2+0.11 
8. C8 F BA+2, 4-D 2.3+0.13 
9. C9 F BA+2, 4-D 2.5+0.15 
10. C10 H BA+2,4-D+Kin 1.5+1+0.1 
11. C11 H BA+2,4-D+Kin 0.5+1+0.4 
12. C12 H BA+IAA+Kin 1.5+1+.0.1 
13. C13 H BA+IAA+Kin 3+2+0.4 
14. C14 H BA+NAA 2.2+0.54 
15. C15 H Kin+NAA 2+0.8 
16. C16 F Kin+2,4 D 2+0.15 
17. C17 F Kin+IAA 1.5+0.2 
18. C18 H BA+2, 4-D 4+0.22 
19. C19 H BA+2, 4-D 4.4+0.26 
20. C20 H BA+2, 4-D 5+0.3 

C*: Callus induction media 
 
Culture conditions: The callus culturing was done on media 
present in petri plates. These cultures were kept in 16 hrs 
photoperiod, 55±5% relative humidity at 25±1°C and the 
light intensity was maintained at 1000 lux inside growth 
chamber for callus induction. Color, size and texture of 
callus were monitored at regularly intervals. All the 
parameters were monitored by comparative examination. 
 
Shoot formation: After successful callus induction it was 
transferred to another half strength MS media called 
shooting media supplemented with different combinations 
and concentration of Thidiazuron (TDZ), Silver nitrate 
(AgNO3), gibberellic acid (GA3) and 1-naphthaleneacetic 
acid (NAA) (Table 2). The shooting media were poured in 
250ml glass bottles inside the laminar flow hood. After 
inoculation of callus on shooting media the bottles were 

kept inside the growth chamber for shoot initiation under 
the same conditions as adjusted for callus induction. 
Antioxidant activity: The capability of prepared extracts 
to scavenge free radical DPPH (α, α-diphenyl-β-
picrylhydrazyl) was then determined by the method of 
Amarowicz et al., (2004). 
 
Results 
 
Callogenesis: Callus induction was observed on 9 media 
combinations out of the total 20 media combinations used 
for callus induction. Significant difference like color, size, 
time of callus induction was recorded (Table 3) along 
with the percentage callus induction (total callus/total 
number of disc) formed on these media (Fig. 2). C1 and 
C2 media induced 50-55% callus (Fig. 2) after 65 days 
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having BA (2 and 2.2 mg/L, respectively) and 2, 4-D 
(0.11 and 0.12 mg/L) and the callus was light green, small 
and compact (Table 3). C3 medium having BA (2.3 
mg/L) and 2, 4-D (0.13 mg/L) induced medium sized, 
compact and light green colored callus with up to 70% 

after 55 days. Best and efficient callus induction occurred 
on C4 medium which was up to 85%  (Fig. 2) after 40 
days of incubation having BA (2.5 mg/L) and 2, 4-D 
(0.15 mg/L) and the callus was observed to be dark green, 
compact and larger in size (Table 3). 

 
Table 2. Shooting media with different hormonal combinations. 

Media code (S)* PGRs Concentration (mg/L) 

S1 NAA+GA3 +AgNO3 +TDZ 0.2+0.99+0.4+2 

S2 NAA+GA3 +AgNO3 +TDZ 0.5+1.05+0.42+2.5 

S3 GA3 +AgNO3 +TDZ 1.2+0.45+1 

S4 NAA+GA3+AgNO3 0.5+1.5+ 0.2 

S*: Shooting media 
 

Table 3.  Data of callus induction on MS media with different combinations of hormones. 

S. # Media 
code 

Half(H)/Full(F) 
MS media 

PGRs 
Concentration 

(mg/L) 
% 
age 

Colour Texture Size Days 

1. C1 H BA+2, 4-D 2+0.11 50 Light green Compact Small 65 

2. C2 H BA+2, 4-D 2.2+0.12 55 Light green Compact Small 65 

3. C3 H BA+2, 4-D 2.3+0.13 70 Light green Compact Medium 55 

4. C4 H BA+2, 4-D 2.5+0.15 85 Dark green Compact Large 40-45 

5. C8 F BA+2, 4-D 2.3+0.13 25 Light brown Crystalline Small 70 

6. C9 F BA+2, 4-D 2.5+0.15 30 Whitish brown Crystalline Medium 65-70 

7. C10 H BA+2,       
4-D+Kin 1.5+1+0.1 60 Greenish brown Granulated Large 50-60 

8. C11 H BA+2,       
4-D+Kin 0.5+1+0.4 20 Yellow Granulated Small 70 

9. C12 H BA+IAA+Kin 1.5+1+.0.1 25 Greenish brown Granulated Medium 60-65 

 
Callus induced on full strength MS media i.e., C8 and 

C9 was not much effective and callus induction was 
observed after 65-70 days having crystalline, whitish 
brown and medium sized callus. Among C10 and C11 
(both on half strength MS media) best callus induction 
occurred on C10 up to 60% having BA 1.5 mg/L, 2, 4-D 1 
mg/L and kinetin 0.1 mg/L and the callus was granulated, 
greenish brown and large in size. C12 medium (half 
strength MS media) containing IAA 1 mg/L instead of 2, 4-
D along with BA 1.5 mg/L and Kinetin, 0.1 mg/L induced 
25% granulated medium sized callus having greenish 
brown color after 60-65 days of incubation  (Fig. 1a).  
 
Response of explants on callogenesis: The potential of 
callus induction varied among different parts of V. 
odorata used as an explant i.e., leaves, stem and petioles. 
Callus induction potential was found higher in leaves as 
compared to stem and petioles in which callus was found 
throughout the leaf disc while in stem and petiole, callus 
was localized to the tips and terminal parts. Moreover, it 
was observed that young and green explants were 
efficient in callus formation than older ones, diseased and 
spotted explants. It was observed that callus from stem 
and petiole became decolorized after few days of 
incubation (Fig. 1c). 

Shooting: In total four different media (S1 to S4) were 
used for regeneration. S1 medium having NAA 0.2 mg/L, 
GA3 0.99 mg/L, AgNO3 0.4 mg/L and TDZ 2 mg/L 
induced 65% shooting after 65 days with 1-2 branches 
having 2-3 cm length . Best shooting occurred in S2 
medium having NAA 0.5 mg/L, GA3 1.05 mg/L, AgNO3 
0.42 mg/L and TDZ 2.5 mg/L initiating 80% shooting 
after 30 days having 2-3 branches and 4-5 cm height (Fig. 
1d, 1e and 1f). No or very slow shooting occurred in 
media not supplied with AgNO3 or TDZ. Another 
shooting medium, S3 with NAA 0.3 mg/L, GA3 1.2 mg/L 
and TDZ 1.5 mg/L without AgNO3 induced only 25% 
after 45 days of incubation with only one branch of 2 cm 
length showing the role of AgNO3 in regeneration. S4 
medium NAA (0.5mg/L), GA3 (1.5mg/L) and AgNO3 
(0.2mg/L) devoid of TDZ induced 15% shooting after 50 
days having 2 cm long weak shoot. In general it was 
observed that the green, compact and larger calli have 
shown rapid shooting on shooting media as compared to 
small sized whitish or brownish calluses. 
 

Antioxidant activity: Antioxidant activity was evaluated by 
DPPH method. It was observed from the data obtained that 
In vitro formed callus had higher antioxidant activity 38% 
while that of wild plant extract was 33%. The antioxidant 
activity of wild plant is 5% less than its derived callus. 
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Fig. 1. Callus induction and shooting of Viola odorata; (a) callus from leaf with green color; (b) callus with greenish brown color; (c) callus 
from stem and petiole; (d) callus derived shooting with single branch; (e) plantlet with two branches; (f) plantlet with more branches. 
 

 
Fig. 2. Percentage callus induction of Viola odorata (total callus/total number of disc) on media having different hormonal 
combinations. C1: (100/200) 50%; C2: (110/200) 55%; C3: (145/200) 70%; C4: (170/200) 85%; C8: (50/200) 25%; C9: (60/200) 
30%; C10: (120/200) 60%; C11: (40/200) 20%; C12: (50/200) 25%. 

a d

b e

c f
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Discussion 
 

In the present study, the effect of various plant 
growth regulators such as BA (Benzyl aminepurine), 2, 4-
D (dicholorophenoxy acetic acid), IAA (Indolacetic acid) 
Kinetin and NAA (Naphthalene acetic acid) on 
callogenesis and organogenesis was determined and an 
efficient protocol for tissue culture of Viola was 
established. Among all these hormones BA and 2, 4-D 
with varying concentration induced callus in media C1-
C4 sin which best and efficient callus formed in media C4 
(Table 3). Previously Wijowska et al., (1999) achieved 
callus by In vitro culturing unfertilized ovules of Viola 
odorata using these hormones. 

The amount and concentration of micro and macro 
nutrients of MS media is also important for callus 
induction. Efficient callus induction was observed when 
half strength MS media was used as compared to full 
strength MS having same hormonal concentration. This 
result is an agreement with the available reports for Viola 
tricolor (Wang & Man, 2006) and Hybanthus floribundus 
(Bidwell at al., 2001) in which callus induction was 
optimized on half MS media. However in case of ovule 

callus induction for Viola odorata (Wijowska et al., 1999) 
and Hybanthus enneaspermus belonging to Violaceae, full 
strength MS media was optimized for callus induction and 
it was found to be more suitable (Parkash et al., 1999). 

Best shooting occurred on media having TDZ and 
AgNO3 along with plant hormones GA3 and NAA. This 
combination was used from the report of Wang & Man 
(2006), when they used the same combination for 
efficient shooting in case of Viola wttirockinii. The 
Shooting efficiency, height and number of branches 
seems to be dependent upon the concentration of TDZ 
and AgNO3 along with other hormones (Table 4). TDZ is 
known to be more active than zeatin for stimulating the 
growth when added to a tissue culture medium at low 
concentration (Sajid & Faheem 2009). In another report it 
has been considered to be more potent than most of the 
commonly used cytokinins (Huetteman & Preece, 1993). 
AgNO3 is also known to promote multiple shoot 
formation in different plants. Moreover, In vitro shoot 
formation was improved by incorporating AgNO3 in the 
culture medium. Earlier in a similar study, Ganesh & 
Sreenath (1996) reported In vitro sprouting of apical buds 
of coffea under the influence of AgNO3. 

 
Table 4. Data of shooting on MS media containing different combinations of hormones. 

Media code PGRs Concentration (mg/L) Percent shooting Days Length (cm) No. of shoots 

S1 NAA+GA3 +AgNO3 +TDZ 0.2+0.99+0.4+2 65 35-40 2-3 1-2 

S2 NAA+GA3 +AgNO3 +TDZ 0.5+1.05+0.42+2.5 80 30 4-5 2-3 

S3 NAA +GA3+TDZ 0.3+1.2+1.5 25 45 2 1 

S4 NAA+GA3+AgNO3 0.5+1.5+ 0.2 15 50 2 1 

 
Presently, it has been observed that the shooting was 

poor in media devoid of both or one of the chemicals i-e 
AgNO3 and TDZ. However apart from this, shooting 
efficiency also depends on callus color, age and type of 
explant from which callus derived (Orlikowska et al., 
1999). It has been observed from the data that green 
callus have greater organogenic potential in comparison 
with other calluses. Similar results have been reported in 
some other plants (Maureen & Pau, 1990). 

Antioxidant activity was also monitored in wild 
plants and from callus of Viola odorata with the help of 
DPPH method previously used by Vukics (2008).  It was 
observed that the callus derived extract have higher 
antioxidant activity than wild plants derived extract. 
According to Shilpa et al., (2010) in vitro callus 
confirmed enhanced secondary metabolite than explant 
plant in case of Viola odorata. In another report, Abbasi 
et al., (2010) reported similar results, according to which 
Silybum had a higher antioxidant activity than parent 
plant. Earlier reports suggested that the phenolic 
compounds mainly contribute to the antioxidant capacity 
of 112 wild grown Chinese herbs (Cai et al., 2004). 

In case of Viola odorata, antioxidant activity is 
related to the amount of anthocyanins, one of the groups 
of flavonoids pigment. The total phenol and flavonoids 
contents in the leaf of Viola odorata were determined 

recently by Ebrahimzadeh et al., (2010) suggesting that 
the leaves of Viola odorata had higher antioxidant activity 
than other parts of the plants. 
 
Conclusion 
 
Viola odorata is an important medicinal plant and it is 
grown wild under natural conditions and is over-exploited 
for the treatment of various ailments. Due to its extensive 
use in herbal formulation without commercial cultivation 
became rare and if comprehensive measures would not be 
taken the V. odorata would be under threat. The current 
study established the protocol for its callus induction and 
shoot formation for conservation purpose and utilization 
in pharmacological industry in future. The plant is rich in 
secondary metabolites and production is limited. 
Antioxidant activity has been evaluated and compared 
between wild type of Viola odorata and callus. The study 
found that callus has shown enhanced production of 
antioxidants and further study need to be carried out 
recover antioxidant properly. 
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