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Abstract: Aim of the study is to induce callus from cotyledon kernels of Ziziphus mauritiana 
Lam. and to check the antimicrobial activity of the callus extracts. Indole acetic acid (IAA), 
Indole butyric acid (IBA), 2,4-Dichlorophenoxyacetic acid (2,4-D) and 2,4,5-
Trichlorophenoxyacetic acid (2,4,5-T) were supplemented to induce callus. 2, 4-D induced 
voluminous mass of callus growth than the other plant growth regulators.  Ethanol and ethyl 
acetate extracts were prepared from 2, 4-D induced callus (200gm). To determine the antibacterial 
activity, Well Diffusion method was adapted. Nutrient broth culture of 12hrs old pathogenic 
bacteria namely Enterococcus sp, Escherichia coli, Klebsiella sp, Micrococcus sp, Proteus 
mirabilis, Salmonella sp and Streptococcus sp were used. The antimicrobial activity was done 
with two volumes (25µl and 50µl) of the plant extracts at various concentrations (1x, 10x and 
100x). No distinct antimicrobial zone was found in both volumes at various concentrations. None 
of the callus extracts produced a clear distinct antimicrobial zone of inhibition over the pathogens. 
Growth of bacteria around the wells was normal. The results were compared with standard 
Streptomycin. 
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Introduction 
Ziziphus mauritiana. Lam belongs to the family Rhamnaceae. It appears the fruits were eaten by 
the ancients of the Chalcolithic age (1500-1000 B.C.) (Mehra, 1967). Seeds are enclosed within a 
hard woody endocarp (ICUC, 2002). Chirkina and Kriventsov, (1973) demonstrated antimicrobial 
and antiviral properties of Ziziphus fruit extracts. Kayser and Arndt, (2000) have reported the 
antimicrobial activity of some Ziziphus species used in traditional medicines. Nag, et al, (2006) 
reported the antimicrobial screening of ethyl ether and 50 percent ethanol extract of stem, fruit 
and tissue culture of Z. mauritiana showed positive reaction against Staphylococcus aureus and   
E. coli. Abed, (2007) reports volatile oils from leaves of Ziziphus spinachristi, extracted by hot 
water steam distillation as well as organic solvent extraction methods, showed no inhibitory 
activity to Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas 
aeruginosa. Mahesh and Satish, (2008) reported that leaf extract of Ziziphus mauritiana showed 
highest activity against E. coli and X. a. pv.malvacearum (18 mm) lowest activity were observed 
in S. aureus, P. fluorescens and B. subtilis around 15 mm zone of inhibition. Bark extract of this 
plant showed significant activity against S. aureus followed by E. coli, X. a. pv. malvacearum and 
the minimum activity were observed in B. subtilis and P. fluorescens.  Ihsan Edan Alsaimary, 
(2009) reported that aqueous extracts from leaves and fruits of Ziziphus spine christi L. and Olea 
europaea L. were used as antibacterial agents against S. aureus isolated from burned patients. The 
aim of the study is to detect the antibacterial activities of ethanol and ethyl acetate extracts 
produced from the seed callus of Z. mauritiana in vitro so as to explore their potential uses as 
ingredient for the development of natural drugs and industrial applications.   

Materials and Methods 
Fresh fruits of Ziziphus mauritiana. Lam was collected. The plant was taxonomically identified 
and authenticated by Dr. S. John Britto, The Director, Rabinath Herbarium, St. Joseph’s College, 
Thiruchirapalli, Tamil Nadu, India. The fresh juicy pulp layer was removed. The hard endocarps 
were floated in 17-18 % brine solution and those that float are discarded as being non-viable. The 
remaining endocarps were cracked mechanically and the seeds (kernels) alone were safely taken 
out sown after sterilization.  

After sterilization, small incision was made on the surface of each explant using a sharp sterile 
blade. The cotyledon kernels were not cut into fragments and were individually placed as such 
into 25 x 150mm culture tubes containing 15 ml of Murashige and Skoog medium supplemented 
with various concentrations and combinations of cytokinins and auxins, 3.0 % sucrose and 0.8 % 
agar. Individual growth regulators such as IBA alone or in combinations with different auxins 
IAA, IBA, 2,4-D and 2,4,5- T were also tested. Fresh weight of callus was taken after removing 
the excess of moisture on the surface using blotting paper. The friable callus formed inside the 
culture tubes were transferred aseptically into 250 ml conical flasks containing 20 ml of MS 
medium supplemented with various concentrations and 2,4-D, 3.0 %  sucrose and 0.8 % agar. 
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The mass of friable callus was finely crushed with sterile Mortar and Pestle and extracted 
(Harborne, 1973) with 70% alcohol using soxhlet apparatus. The extract was concentrated to 
obtain a solid residue and stored in airtight container and kept in refrigerator until use. 

Well Diffusion Method (Russel and Furr, 1977) was followed to determine the susceptibility of 
microorganisms to the two different extracts of Z. mauritiana. Lam. Bacterial cultures were 
procured from the Microbial culture collection of Department of Biotechnology, J.J. College of 
Arts and Science, Pudukkottai. All the cultures were identified according to Bergey’s Manual of 
Systemic Bacteriology. Enterococcus sp; Escherichia coli; Klebsiella sp; Micrococcus sp; Proteus 
mirabilis, Salmonella sp; Streptococcus were cultivated in Nutrient broth at 37°C overnight. This 
12 hrs Nutrient broth culture was used to test the susceptibility. Two wells were bore for 
comparison. The test was done with 25µl and 50µl of plant extracts at various concentrations (1x, 
10x and 100x) separately. The first well was loaded with standard streptomycin and the second 
well was loaded with the plant extract. Standard Streptomycin (10x) was used for comparison of 
the result.   

All the data were subjected to biostatistical analysis using one-way analysis of variance 
(ANOVA) and mean values were compared using the Duncan's multiple range test (DMRT) at 
5.0% level of significance. All the data were represented as Mean ± Standard Error of Mean (SE).  

Results  
Calli were initiated from kernel explants of Ziziphus mauritiana Lam after two weeks of culture 
on MS basal medium fortified with different auxins namely, IAA, IBA, 2,4-D, and 2,4,5-T. The 
callus induction response (82.20%) from seed explants of Z. mauritiana. Lam was better in the 
MS medium fortified with 2,4-D at 2mg/L concentration than IAA (63.33%) at 2mg/L 
concentration, IBA (36.66%) at 1.5mg/L concentration and 2, 4, 5- T (43.33%) at 1.0mg/L 
concentration (Table-1). Callus obtained from seed explants supplemented with 2,4-D was 
brownish white friable and has the highest frequency of callus formation compared to IAA the 
second, IBA the third and 2,4,5-T the fourth one. Callus obtained from seed explants 
supplemented with IAA and IBA was light yellow friable. As the frequency of callus response 
was good 2,4- D callus was used for further extraction and antibacterial studies. 

Extraction of Ziziphus mauritiana. Lam callus with 80% ethanol gave a yield of 10g/ 100 g 
representing 10.00% of the plant material; extraction with 90% ethyl acetate also gave a yield of 
10g/100 g representing 10% of the plant material. Enterococcus sp; Escherichia coli; Klebsiella 
sp; Micrococcus sp; Proteus mirabilis, Salmonella sp and Streptococcus sp colonies were found 
around the wells loaded with callus extracts. Bacterial growth were clearly not disturbed or 
inhibited by the callus extracts. There was no distinct zone of inhibition in all the plates (Fig 1), 
while the wells loaded with streptomycin possess antimicrobial activity, as clear zone of 
inhibition were found around the wells. The antimicrobial activity was expressed as the ratio of 
the inhibition zone produced by the plant extract and the inhibition zone caused by the standard. 
This was just to ensure the validity of the test. Testing was carried out for each bacterium in 
quadruplicates (Table 2). 
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Fig. 1. 
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Table 1 Callus induction from seeds of Z. mauritiana. L at different concentrations of  
IAA, IBA, 2,4-D and 2,4,5-T  

Frequency of callus: # = less (<60%); ++ = moderate (>60-70%); +++ = more (>70%) Values are expressed 
as Mean ± Standard Error of Mean (SE); Level of significance=0.05  

 
Table.2   Antibacterial activity of Z. mauritiana. Lam kernel callus  

Discussion  
Seeds of Z. mauritiana. Lam was used as explants for callus induction. Similarly, seeds of 
Ziziphus jujube Lam. were used as primary explants to raise in vitro seedlings to study in vitro 
propagation of Z. jujube Lam (Hossain et al., 2003). According to Sudhershan and Hussain, 
(2003), MS media supplemented with 2, 4- D (1-5 mg/l concentration) induced callus formation 
from shoot tip explants of Ziziphus spina-christi (L.) Desf. Similarly the present results also 
revealed that the callus induction response from seed explants of Z. mauritiana. L was better in 
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the MS medium supplemented with 2,4-D at 2mg/l concentration. But, callus regenerated with 
relatively high concentrations of NAA and BA (2.5 and 0.6 mg L-1, respectively) from leaf and 
cotyledon explants of Z. mauritiana and Z. nummularia, root and hypocotyls (Mathur et al, 1993). 
Also, in leaf explants, high callusing were obtained on medium supplemented with 0.25 mg L-1 
IBA and 2.5 mg L-1 BA (Fougat et al., 1997). Shoot tip explants formed callus completely after 30 
days. (Sudhershan and Hussain, 2003). Seed explants formed callus completely after 2 weeks and 
appeared brownish white.  

Ethanol and methanol extract from Z. mauritiana leaf was found to be effective in inhibiting       
E. coli, Klebsiella pnemoniae and Staphylococcus aureus (Sivasankari and Sankaravadivoo, 
2015). Shahla Najafi, (2013) reported the antimicrobial property of several extracts from Ziziphus 
mauritiana leaves. Mahesh and Satish, (2008) reported that leaf extract of Ziziphus mauritiana 
showed highest activity against E. coli and X. a. pv.malvacearum (18 mm) lowest activity were 
observed in S. aureus, P. fluorescens and B. subtilis around 15 mm zone of inhibition. Bark 
extract of this plant showed significant activity against S. aureus followed by E. coli, X. a. pv. 
malvacearum and the minimum activity were observed in B. subtilis and P. fluorescens.  Ihsan 
Edan Alsaimary, (2009) reported that aqueous extracts from leaves and fruits of Zizyphus spine 
christi L. and Olea europaea L. were used as antibacterial agents against S. aureus isolated from 
burned patients. Chirkina and Kriventsov, (1973) demonstrated antimicrobial and antiviral 
properties of fruit extracts. Kayser and Arndt, (2000) have reported the antimicrobial activity of 
some Zizyphus species used in traditional medicines. Nag, et al (2006) reported the antimicrobial 
screening of ethyl ether and 50 percent ethanol extract of stem, fruit and tissue culture of Z. 
mauritiana showed positive reaction against Staphylococcus aureus and E. coli. An extract of root 
bark of Z. jujuba exhibited activity against 20 bacteria (Elmahi et al., 1997). Leaf extracts of Z. 
mauritiana were found to show antibacterial effects against Escherichia coli, Klebsiella spp., 
Pseudomonas spp., Proteus vulgaris and Bacillus subtilis when methanol and acetone extract 
solvent was used (Chowdary and Padashetty, 2000). Interestingly, in contrast to all the reports, the 
present study revealed no antibacterial activity from the ethanol and ethyl acetate extracts of 
endocarps of Z. mauritiana against Enterococcus sp; Escherichia coli; Klebsiella sp; Micrococcus 
sp; Proteus mirabilis, Salmonella sp; Streptococcus sp. 

Abed, 2007 reports volatile oils from leaves of Ziziphus spinachristi, extracted by hot water steam 
distillation as well as organic solvent extraction methods, showed no inhibitory activity to 
Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa, in 
contrast to several other studies that have reported antibacterial activity of these essential oils 
(Angioni et al 2003, Cavanagh 2002, Copland 2003, Kordali 2005 and Milhau 1997). Similarly, 
Kalidoss and Krishnamoorthy, (2010) reported that endocarp with seeds of Ziziphus mauritiana. 
Lam does not possess antibacterial property. The present study also reports no antibacterial 
activity from the ethanol and ethyl acetate extracts of seed kernel callus of Ziziphus mauritiana 
Lam against Enterococcus sp; Escherichia coli; Klebsiella sp; Micrococcus sp; Proteus mirabilis, 
Salmonella sp and Streptococcus sp.  

Therefore, seed-callus extracts of Z. mauritiana. Lam does not possess antibacterial properties. 
Further studies are needed to reveal the industrial application of this callus in bacteria based 
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industrial fermentation and its nutritive value in cultivation of bacteria and pharmacological 
properties.  
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