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Citrus fruits are potential source of medicinal importance from archaic period. 

Antimicrobial resistance and side effects of antibiotics is the most common 

worldwide problem. To minimize these problems, search for novel antimicrobials 

from natural resources has been increased. The present study was carried out to find 

out bioactive potential of Citrus cultivars growing invivo and invitro. Leaves, peel, 

pulp & tissue culture extracts prepared in benzene, ethanol and methanol were 

screened against four Gram positive, four Gram negative bacteria and two fungal 

pathogen using agar well diffusion method. Extracts were further analyzed for the 

minimum inhibitory concentration (MIC).Phytochemical analysis of active extracts 

showed the presence of alkaloids, glycosides, flavonoids, saponins, steroids, and 

tannins. 
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Introduction 

Medicinal plants are the natural resources in 

developing of new drugs.
1
 Nature has been a 

source of medicinal agent for thousands of 

years and an impressive number of modern 

drugs have been isolated from natural 

sources, based on their use in traditional 

medicine
2
. This is due to increased source 

awareness of the limited ability of the 

synthetic pharmaceutical products to control 

major diseases. The basic molecular and 

active structures for synthetic fields are 

provided by rich natural sources
3
. 

The genus Citrus, belonging to the 

Rutaceae family, comprise of about 140 

genera and 1,300 species. Citrus fruits are 

suggested as antimicrobial agents from 

ancient times. The Citrus fruits and their by–

products are of high economic and 

medicinal value because of their multiple 

uses, such as in food industry, cosmetics and 

folk medicine
4
. The citrus plants are easily 

available, cheap, less side effecters as 

compared to allopathic & chemical drug. 

Citrus flavonoids have a large spectrum of 

biological activity including antibacterial, 

antifungal, antidiabetic, anticancer and 

antiviral activities
5, 6

. In addition, the fibre of 

citrus fruit also contains bioactive 

compounds, such as polyphenols, the most 

important being vitamin C (or ascorbic 

acid), and they certainly prevent and cure 

vitamin C deficiency-the cause of 

scurvy
7
.The peel of Citrus fruit is a rich 

source of flavanones and many 

polymethoxylated flavones, which are very 

rare in other plants
8
. In additions to large 

scale consumption as fresh fruits, the fruits 

are mainly processed to produce juice. The 

waste of Citrus processing industry left after 

juice extraction, such as peels, seeds and 
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pulps, corresponding to about 50% of the 

raw processed fruit, can be used as a 

potential source of valuable by products
9
. 

Specifically, the Citrus peels, commonly 

treated as agro-industrial waste, are a 

potential source of valuable secondary plant 

metabolites and essential oils
10

. 

In the present investigation  extracts 

of different plant parts and unorganized 

callus of two Citrus cultivars viz.Citrus 

nobilis (Kinnow) and C. sinensis (Malta) 

were prepared in different solvents 

(Benzene, Ethanol and Methanol) and tested 

against four Gram positive, four Gram 

negative and two fungal strains using agar 

well diffusion method. The extracts were 

also analyzed for the minimum inhibitory 

concentration and major phytoconstituents. 

Material and Methods 

The authentic plant material of Citrus 

cultivars - Kinnow and Malta was procured 

from Agriculture Research Station, 

Sriganganagar and Bikaner (Rajasthan), 

India respectively. 

Establishment of in vitro cultures: 

Unorganized tissue cultures of Citrus 

plantswere established from the leaf explant 

using Murashige and Skoog’s
11

 medium 

supplemented with 1.5 mg/L 2,4-D and 0.5 

mg/L kinetin and maintained for 10-12 

months by frequent subculturings at 

intervals of 4-6 weeks. The growth indices 

were calculated at 2, 4, 6, 8 and 10 weeks. 

Callus tissues at the transfer stages of the 

maximum growth index were then used for 

antimicrobial screening. 

Extraction and preparation of test samples: 

The Leaves, peel, pulp and callus tissues 

dried, homogenized into fine powder were 

subjected to Soxhlet extraction in benzene, 

ethanol & methanol for 24 hrs and allowed 

to concentrate in vacuum at room 

temperature.  

Test microorganisms: 

The test microorganisms include four Gram 

positive bacteria (Bacillus cereus NCIM 

2156, Staphylococcus aureus NCIM 2654, 

S. epidermidis NCIM 2493, Mycobacterium 

smegmatis NCIM 5138), four Gram-

negative bacteria (Escherichia coli NCIM 

2685, Pseudomonas aeruginosaNCIM 5032, 

Proteus vulgaris NCIM 2027, Salmonella 

typhimuriumNCIM 2501) and two fungal 

pathogens Candida albicans(NCIM 3466) 

and Trichodermaviride(NCIM 1221) which 

were obtained from the National Chemical 

Laboratories (NCL), Pune (India) for the 

present investigation. 

Inoculum preparation: 

The culture medium used for B. cereus, 

S.aureus, S. epidermidis, P.aeruginusa, P. 

vulgaris,S. typhimurium, E. coli, was 

nutrient broth (0.5 % peptone, 0.3 % yeast 

extract and 0.3 % NaCl pH adjusted to 7) 

whereas, in case of M. smegmatis, Mpheli 

medium (0.5 % KH2PO4, 0.006 % 

MgSO4,0.25 % sodium citrate, 2 % glycerol 

and 0.5 % asparagine pH adjusted to 7.8) 

was used. To culture T.viride, Sabouraud’s 

liquid medium (0.1 % peptone and 0.4 % 

dextrose pH adjusted to 5.6) was used and 

for C. albicans, MGYP liquid medium (0.3 

% malt extract, 1 % glucose, 0.3 % yeast 

extract, 0.5 % peptone, pH 6.4-6.8) was 

used. The test organisms maintained on agar 

slants were recovered for testing by 

inoculating in the respective broth and 

incubating at 37 ºC (in the case of bacteria) 

and 28 ºC (in the case of fungi) in a shaker 

at 180 rpm until the concentration of the test 

organisms reached that of the 0.5 McFarland 

standard
12

.  

Antimicrobial assay: 

The agar well diffusion method
13

 was 

adopted for the antimicrobial screening. 

Wells 8 mm in diameter were punched into 

the agar medium and filled with 100 μl plant 

extract (200 mg/ml), solvent blanks and 

standard antibiotics (positive controls). The 

plates were then incubated at 37°C for 18 – 

24 hrs and antimicrobial activity was 

evaluated by measuring the observed 

inhibition zone diameter. Each experiment 

was performed in five replicates. 
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Reference antibiotics: 

Reference antibiotics Chloramphenicol 

(25μg) was used for Gram-positive bacteria 

(B. cereus, S. aureus, and S. epidermidis) 

and Gram-negative bacteria (E. coli, P. 

aeruginosa, P. vulgaris and S. 

typhimurium); Streptomycin (25μg) was 

used for M.smegmatis, Amphotericin B 

(25μg) and Fluconazole (25μg) for fungi C. 

albicansand T.viride respectively were used 

as references for a comparison of the 

antimicrobial activity of the test samples. 

Minimum Inhibitory Concentration (MIC): 

Microdilution broth susceptibility assay
14 

with some modifications was used for the 

determination of the minimum inhibitory 

concentration of active plant extracts. A 

sterile 16 well plate was labeled. 100 μL of 

nutrient broth was added to all the wells. A 

volume of 100 μL of test material in 10% 

(v/v) DMSO or sterile water (usually a stock 

concentration of 100 mg/mL was pipetted 

into the first row of the plate. Serial 

dilutions were performed using a 

micropipette to obtain dilutions: 50mg/ml, 

25mg/ml, 12.5mg/ml, and finally 

6.25mg/ml. 10 μL of bacterial suspension 

was added to each well. Negative and 

positive control was set up for each test 

organism. The plates were prepared in 

duplicate, and placed in an incubator set at 

37 °C for 18–24 h. Growth of the 

microorganisms was determined by taking 

absorbance at 620nm on an automated 

microplate reader (Spectra Max and 

Spectrophotometer).The lowest 

concentration of an extract that completely 

inhibit the growth of the microorganism was 

taken to represent the minimum inhibitory 

concentration of the test sample and was 

expressed in μg /ml. The average of two 

values was calculated and that was the MIC 

for the test material and bacterial strain. 

Phytochemical screening: 

Phytochemical screening of active extracts 

was carried following the standard 

qualitative methods as described by various 

researchers
15-16 

to detect for the presence of 

biologically active compounds like 

alkaloids, glycosides, flavonoids, saponins, 

steroids and tannins.  

Results and Discussion  

The unorganized callus of both cultivars was 

fragile and pale yellow in colour. Maximum 

GI was observed at eight weeks. Ethanol 

extract of dried peel of Citrus sinensis 

evaluated for antimicrobial activity against 

some medically important bacteria 

Staphylococcus aureus, Escherichia coli, 

Pseudomonas aerogenes , Bacillus cereus) 

and fungi (C. albicans) showed antibacterial 

and antifungal effect against these 

pathogens
17

 however the results in Table 1 

shows that the same extract of  leaves, peel 

and pulp exhibited remarkable inhibitory 

effect against not only these pathogens  but 

also against S.epidermidis,  M.smegmatis , 

P.vulgaris, S.typhi and  T.viride. Benzene 

extract of Peel and pulp of Kinnow 

exhibited antibacterial activity against all the 

bacterial species tested and leaves extract 

was found to be active against M. 

smegmatis, S.typhi and P. aeruginosa but 

they did not show inhibitory effect against 

fungal species tested however Benzene 

extract of leaves, peel and pulp of Malta 

displayed antimicrobial effect against B. 

cereus, S. typhi, P. aeruginosa and C. 

albicans while they were found to be 

inactive against other microorganisms 

tested.  

Methanolic extract of leaves and peel of 

Kinnow showed antimicrobial activity 

against B. cereus, S.aureus, S.epidermidis, 

E.coli, P.vulgaris, S.typhi, P. aeruginosa 

and C.albicans whereas pulp extract 

exhibited activity against P.vulgaris S.typhi, 

S.aureus, P. aeruginosa and C.albicans.   

Similarly in case of Malta methanolic 

extract of leaves showed activity against all 

the microbial strains but found to be inactive 

against S.typhi and T.viride whereas peel 

extracts showed activity against all the 

bacterial and fungal species except T.viride.  
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Microorganisms 

Citrus nobilis (Kinnow) Citrus sinensis (Malta) 

Leaves Peel Pulp In vitro  callus Leaves Peel Pulp In vitro  callus 

BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME 

B. cereus -- 0.90 0.36 0.54 1.18 0.72 0.36 0.95 -- -- 0.50 -- 0.45 0.72 0.40 0.36 0.81 0.36 0.40 22 -- -- 0.40 -- 

S. aureus -- 0.45 0.29 0.29 0.58 0.33 0.33 0.66 0.37 -- 0.33 -- -- 0.37 0.50 -- 0.75 0.41 -- 0.75 -- -- 0.29 -- 

S.epidermidis -- 1.04 0.47 -- 0.71 0.66 -- 0.80 -- -- 0.57 -- -- 0.52 0.57 -- 0.76 0.57 -- 0.95 -- -- 0.52 -- 

M. smegmatis 0.38 0.44 -- 0.44 0.38 -- 0.44 1.0 -- -- 0.50 -- -- 0.55 0.61 -- 1.11 0.44 -- 0.94 -- -- 0.50 -- 

P. vulgaris -- 0.94 0.47 0.42 0.57 0.42 0.42 0.63 0.52 -- 0.36 -- -- 0.68 0.47 -- 0.63 0.52 -- 0.68 -- -- 0.42 -- 

E. coli -- 0.94 0.64 0.94 0.47 0.70 19 0.70 -- -- 0.58 -- -- 0.47 0.58 -- 1.0 0.47 -- 1.17 0.58 -- 0.64 -- 

S.typhimurium 0.40 0.50 0.45 0.45 0.81 0.36 0.68 0.90 0.40 -- 0.36 -- 0.36 0.40 -- 0.31 0.81 0.50 0.36 0.63 0.40 -- 0.36 -- 

P. aeruginosa 0.45 0.40 0.35 0.40 0.95 0.40 0.45 0.70 0.55 -- 0.55 -- 0.35 0.55 0.40 -- 0.80 0.45 0.40 0.95 0.50 -- 0.40 -- 

C. albicans -- 0.38 0.42 -- 0.80 0.38 -- 0.71 0.52 -- 0.38 -- 0.52 0.42 0.57 0.42 0.71 0.42 0.33 0.80 0.38 -- 0.38 -- 

T. viride -- 0.37 -- -- 0.24 -- -- 0.79 -- -- 0.29 -- -- 0.37 -- -- 0.54 -- -- 0.50 -- -- 0.29 -- 

Table – 1: Antimicrobial Screening (Activity Index) of Citrus plants  

BE= Benzene, ET=Ethanol, ME- Methanol 

Activity index= Ratio of diameter of inhibition zone due to Plant part extract under observation and diameter of inhibition zone due to standard reference antibiotics  

Average inhibition zone:Streptomycin (30 g) against B.cerus = 22 mm; S.aureus =24 mm; S.epidermidis=21 mm; M.smegmatis= 18 mm. Ampicillin     (30 g) against 

E.coli= 17 mm; P.aeruginosa= 20 mm; P.vulgaris=19 mm; S.typhimurium= 22mm; Amphotericin B (30 g) against C.albicans= 21 mm; Fluconazole(30 g) against T.viride= 

24 
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Microorganisms Citrus nobilis (Kinnow) Citrus sinensis (Malta) 

Leaves Peel Pulp In vitro  callus Leaves Peel Pulp In vitro  callus 

BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME BE ET ME 

B. cereus 
-- 20 >100 40 18 30 >100 20 -- -- 50 -- >100 40 >100 >100 40 >100 >100 20 -- -- >100 -- 

S. aureus 
-- 50 >100 >100 40 >100 >100 35 >100 -- >100 -- -- >100 50 -- 40 50 -- 30 -- -- >100 -- 

S.epidermidis 
-- 18 >100 -- 30 30 -- 40 -- -- 55 -- -- 50 55 -- 40 55 -- 20 -- -- 50 -- 

M. smegmatis 
>100 >100 -- >100 >100 -- >100 30 -- -- >100 -- -- 55 50 -- 20 >100 -- 30 -- -- >100 -- 

P. vulgaris 
-- 40 >100 >100 50 >100 >100 50 >100 -- >100 -- -- 55 >100 -- 50 50 -- 55 -- -- >100 -- 

E. coli 
-- 30 50 30 >100 >100 25 50 -- -- 55 -- -- >100 55 -- 40 >100 -- 30 >100 -- 55 -- 

S.typhimurium 
>100 50 >100 >100 25 >100 40 20 >100 -- >100 -- >100 >100 -- >100 40 55 >100 40 >100 -- >100 -- 

P. aeruginosa 
>100 >100 >100 >100 25 >100 >100 60 50 -- 50 -- >100 50 >100 -- 40 >100 >100 30 55 -- >100 -- 

C. albicans 
-- >100 >100 -- 30 >100 -- 40 >100 -- >100 -- 55 >100 60 >100 40 >100 >100 60 >100 -- >100 -- 

T. viride  
-- >100 -- -- 30 -- -- 25 -- -- >100 -- -- >100 -- -- 55 -- -- 55 -- -- >100 -- 

Table – 2: Minimum Inhibitory Concentrations (μg/ mL) 
BE= Benzene, ET=Ethanol, ME- Methanol 
 

 

Plant Plant part extract Phytoconstituents 

Alkaloids 
Cardiac 

glycosides 
Flavonoids Steroids Saponins Tannins 

Citrus nobilis 

(Kinnow) 

Leaves + + ++ + - + 

Peel + + +++ + + + 

Pulp + + +++ + - + 

Citrus sinensis 

(Malta) 

Leaves + + ++ + - + 

Peel + + ++ + - + 

Pulp + + +++ + + + 

Table- 3 Phytochemical analysis of plant extracts
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Pulp extract showed activity against E.coli, 

S.typhi, P. aeruginosa and C.albicans only. 

The benzene and methanolic extracts of 

unorganized callus of both the plant cultivar 

did not show antimicrobial activity against 

any of the microorganism tested. 

Cowan
18

stated that the antimicrobial 

property of citrus peel depends on the type 

of solvent used for extraction especially due 

to its constituents of aromatic and organic 

antibiotic compounds of plant which are 

easily soluble in organic solvent. 

Antibacterial effects of various citrus peels 

have been demonstrated in the literature 
19- 20 

.The ethyl acetate extracts of the citrus peels 

exhibited inhibitory effect against food 

borne bacteria
22

. Antimicrobial activity of 

citrus fruit pulp, whole citrus fruit juice and 

silver nanoparticles synthesized using citrus 

fruit pulp against Gram positive, Gram 

negative bacteria and fung was reported by 

Suneeta  et al
23

.  

Tissue cultures have also been reported to 

have antimicrobial activity. In the present 

study the ethanolic extracts of unorganized 

callus of both the plants also showed 

significant antimicrobial effect against these 

microorganisms. Methanolic extract of leaf 

derived callus of Datura stramonium L. 

showed activity against Bacillus subtilus 

and Candida albicans
24. 

Aquous extract of 

Clitoria ternatea callus found to be active 

against S.aureus, E.coli and 

S.typhimurium
25

. 

The extracts showed inhibitory effect were 

analyzed to determine minimum inhibitory 

concentration against the bacterial and 

fungal species (Table-2). The MIC 18 μg 

mL
-1,

 25 μg mL
-1

& 30 μg mL
-1 

was observed  

against B.cerus,  P. aeruginosa and 

C.albicans in ethanolic extract of Peel, 18 

μg mL
-1,

& 40  μg mL
-1,

 against S. 

epidermidis and P.vulgaris in ethanolic 

extract of leaves:  20 μg mL
-1, 

& 25 μg mL
-1,   

against S. typhimurium, and T.viride 

respectively in ethanolic extract of pulp and 

25 μg mL
-1

 against E. coli in the benzene 

extract of pulp of Kinnow however MIC 30 

μg mL
-1 

& 20  μg mL
-1 

was observed against 

S. aureus and M.smegmatis in ethanolic 

extract of pulp and peel of Malta 

respectively. The peel extracts of Kagja 

Lemon, South African Malta, and Dargiling 

Orange showed antibacterial activity on B. 

cereus with inhibitory concentration 31.25 

μg/ml
26

. Johan et al
27

 found hexane extract 

of various citrus peels has MIC value 

between 500-2000 μg/ml on S. aureus. The 

test extracts showed mild to broad spectrum 

activity against one or more test 

microorganism which indicates the presence 

of broad spectrum antimicrobial compound.  

Phytochemical analysis of active extracts 

showed the presence of common 

phytoconstituents like alkaloids, flavonoids, 

glycosides, steroids, saponins and tannins 

(Table-3). Mamta and Parminder
28

 

demonstrated the presence of tannins, 

saponins in both the citrus peel and pulp. 

Generally, phytochemicals are known to 

have many health benefits such as anti-

inflammatory, antimicrobial, 

antihypertensive, and antidiabetic effects
29-

30
.The presence of flavonoids, alkaloids, 

steroids, terpenoids, saponins, cardiac 

glycosides, and reducing sugars in all the 

juice concentrates studied affirming that 

citrus fruits are rich sources of 

phytochemicals
31

. 

Conclusion 

The results of the present study indicate that 

extracts of these plant invivo and invitro 

possess significant antimicrobial activity 

against a number of bacterial and fungal 

strains of clinical significance and this 

confirms the value of the plant as a 

traditional medicine. The results of this 

study have revealed that these commonly 

consumed citrus fruits may contain 

promising antimicrobial leads. The 

investigation also indicates that tissue 

culture techniques are quite promising. 
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Further studies of the active plant extracts 

are needed involving the pharmacological 

evaluation and isolation of potentially 

therapeutic bioactive antimicrobial agents. 
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