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Abstract 

Background and Aim: The Physalis alkekengi is a medicinal plant that has long been used in pharmaceutical, 

food and health products. Increasing and indiscriminate use of synthetic antibiotics against bacterial infections 

has increased drug resistance. As a result, today there is an increasing tendency among people to use drugs of 

natural origin, particularly herbal ones. In this regard, this study was conducted to investigate the antibacterial 

effects of alcoholic extract of Physalis alkekengi on some common bacteria in vitro condition.  

Materials and Methods: In this study, the alcoholic extract of Physalis alkekengi obtained from foliar 

application of urea fertilizer (0.25, 0.5, 1 and 2%) and salicylic acid (0.001. 0.0025, 0.005 and 0.01 mM) at four 

levels were used. For this purpose, antibacterial effects of the extracts were investigated by dilution methods in 

tube, disk and well diffusion method against Staphylococcus aureus, Escherichia coli, Salmonella enterica, 

Proteus mirabilis, Pseudomonas aeruginosa, Bacillus cereus, Shigella dysenteriae and Klebsiella pneumonia.  

Results: The results of the present study indicated that the extracts of Physalis alkekengi have antibacterial effects 

under the influence of different treatments of urea and salicylic acid. Moreover, the results showed the effects of 

minimum inhibitory concentration and minimum bactericidal concentrations of different treatments of urea and 

salicylic acid. Among the tested concentrations, urea concentrations of 2% and 0.5% had the highest and lowest 

inhibitory effects on bacterial growth compared to the negative and positive control groups respectively. Salicylic 

acid with 0.01 and 0.001mM showed the highest and lowest bacterial growth inhibitory effects respectively.  

Conclusion : The results of this study showed that the extract of Physalis alkekengi contain suitable antibacterial 

substances that can be used as an alternative in cases of drug resistance against pathogenic microorganisms.  
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Introduction The Physalis alkekengi L. belongs to the Solanaceae 

family and is an annual or perennial herbaceous shrub 
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with a height of 40 to 60 cm tall, straight creeping 

rhizome and angular stems. This plant is also called 

Kakuneh, Jihudan cherry and Kachuman. Its juicy 

fruit is orange or red in color, and its size is the same 

as that of a hazelnut, like a cherry. There are small flat 

white seeds inside the fruit. The calyx parenchyma 

usually decomposes in autumn under the influence of 

cellulosic bacteria, so that only the vesicle network of 

the calyx remains in the form of a thin white net and 

the round fruit appears inside. This is why this plant is 

called "Physalis alkekengi" in Persian (1). 

This plant is used in the treatment of urinary diseases, 

kidney and bladder stones, fever, inflammation, 

constipation, and arthritis rheumatism. In traditional 

medicine, it is used in abortion and as a contraceptive. 

One of the most important effects of the products of 

this plant is its antimicrobial effects. Today, a new 

approach has been adopted to the antimicrobial effects 

of this plant in medicine, pharmaceutical and food 

industries.  Many studies and researches have been 

conducted on the antimicrobial effects of the extracts 

of this plant (2). Plant extracts contain important 

compounds such as alkaloids, flavonoids, vitamins 

and minerals in which various biological activities 

such as antibacterial, antiviral and antifungal have 

been observed (3). 

Among the active ingredients of plants of the 

Solanaceae family are steroidal alkaloids and 

glucocorticoids. The fruit of Physalis alkekengi 

contains physalin, lycopene, alkaloids, alcohol and a 

large amount of vitamin C (4). Alkaloids and steroids 

are among the most important nitrogenous organic 

compounds from which many drugs and toxins are 

made. These substances are naturally biosynthesized 

in plants and extracted from them (5). 

Studies have shown that the use of nitrogen has a 

positive effect on physiological parameters, yield and 

grain yield components that can improve plant yield. 

Urea fertilizer is widely and universally used to supply 

plants with nitrogen. Salicylic acid (SA) is a 

monohydroxy-benzoic acid, which is widely known as 

signaling molecule which is effective in local and 

systemic acquired resistance against pathogens and in 

acclimation to some abiotic stressors (6, 7, 8, 9 and 

10)  

It is possible to synthesize Salicylic acid (SA) via 

phenylalanine pathway. Phenylalanine is converted 

into cinnamic acid (CA) by phenylalanine ammonia 

lyase (PAL). PAL is considered as a significant 

regulator of the phenyl propanoid pathway and is 

induced under various kinds of biotic and abiotic stress 

conditions (11). SA can be synthesized from CA using 

two distinct procedures: it can be either hydroxylated to 

form ortho-hydroxycinnamic acid (oHCA) followed by 

oxidation of the side chain or, alternatively, the side 

chain of cinnamic acid can be initially oxidized to give 

benzoic acid as an immediate precursor, which is 

subsequently hydroxylated in the ortho position (12 and 

13). Moreover, the phenylalanine pathway is used as a 

rich source of metabolites in plants, such as flavonoids, 

coumarins and lignans (14). 

In an experiment, alkaloid steroids extracted from 

Physalis alkekengi with inhibitory concentration (MIC 

= 150 μg⁄ml) showed antibacterial effects by inhibiting 

the growth of four bacteria E. coli, s. epidermidis, E. 

faecalis and B. cereus (15). Alcoholic extracts of 

physalis alkekengi have also been shown to inhibit the 

growth and proliferation of Trichomonas vaginalis 

(16). 

Moreover, the antibacterial effects of the alcoholic 

extract and physalin D on 5 Gram-positive bacteria 

(Staphylococcus aureus, Staphylococcus epidermidis, 

Enterococcus faecalis, Bacillus subtilis and Bacillus 

cereus) and 5 Gram-negative bacteria (Escherichia 

coli,  Pseudomonas aeruginosa, Interobacter cloacae,  

Klebsiella pneumonia  and  Proteus vulgaris) were 

investigated (17). 

The positive effects of the alcoholic extract of Physalis 

minima L. on several bacterial species, including 

Bacillus cereus, Bacillus subtilis, Citrobacter sp., 

Interobacter aerogenes, Klebsiella Pneumonia, 

Pseudomonas aeruginosa, Staphylococcus aureus have 

been reported (18). 

Hence, this study was conducted to evaluate the 

bactericidal effect of the alcoholic extract of Physalis 

alkekengi under the influence of foliar application of 

urea and salicylic acid on Gram-positive and Gram-

negative bacteria. 

Materials and Methods 

Experimental groups 

In order to evaluate the effect of foliar application of 

urea and salicylic acid on the antibacterial properties of 

Chrysalis alkekengi, a pot experiment in a completely 
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randomized design, including foliar application of 

urea (Merck, Germany) in four levels (0.25, 5/5). 0, 1 

and 2%) salicylic acid (Merck, Germany) in four 

levels (0.001, 0.0025, 0.005 and 0.01 mM), foliar 

application with distilled water and no foliar 

application was performed in three replications, and 

each replication consisted of 10 experimental units 

(pots). Foliar application was done in three stages with 

an interval of 10 days from each other and after the 

complete establishment of the plant in the pot and 

when the plants had grown enough and reached about 

15 cm.  In order to better absorb urea and salicylic acid 

one ml of the tween liquid was added to each liter of 

the solutions of urea and salicylic acid. Finally, 15 

days after the last foliar application, the plant was 

harvested. 

Preparation of the Extract of Physalis alkekengi 

To prepare the extract, first the shoots of each 

treatment were collected separately and dried in the 

shade at a temperature of approximately 30 ° C and 

pulverized separately in a blender. Then, 25 g of each 

of the powdered samples was weighed and poured into 

separate Erlenmeyer flakes. After that, 100 ml of 

ethanol was added to the contents of the Erlenmeyer 

flakes and stirred in a laboratory shaker for 48 hours. 

The alcoholic extract mixture was then passed through 

a filter paper and disinfected with a vacuum 

distillation model to obtain a crude extract (19). 

The concentrated extract was placed in an electric 

oven for 72 hours at 45 ° C to produce a dry extract 

(19). Dimethyl sulfoxide (DMSO) solvent was used to 

dissolve the extracts. For sterilization, a 0.22-micron 

syringe filter was used and the filtered extracts were 

stored in a sterilized container at -4 ° C until the test 

(20). 

Drugs 

The drugs used included Urea (Merck, Germany) at 

four concentrations (0.25, 0.5, 1 and 2%), salicylic 

acid (Merck, Germany) at four concentrations (0.001, 

0.0025, 0.005 and 0.01 mM), Gentamicin (Caspian, 

Iran), and Ampicillin (Daana, Iran). 

Experimental Design  

In this study, 8 samples of bacterial strains, including 

Escherichia coli (ATCC 1399), Salmonella enterica 

(ATCC 13076), Proteus mirabilis (ATCC 43071), 

Pseudomonas aeruginosa (ATCC 9027), Shigella 

dysenteriae (RI 366), Klebsiella Pneumonia (ATCC 

10031), Staphylococcus aureus (ATCC 1787) and 

Bacillus cereus (ATCC 11778) were prepared as 

lyophilized ampoules according to the instructions of 

Iran Regional Center for Collection of Industrial 

Microorganisms. 

In order to evaluate the effect of the foliar application 

of urea and salicylic acid on the antibacterial properties 

of  Physalis alkekengi, a pot experiment in a completely 

randomized design including foliar application of Urea 

(Merck, Germany) at four levels (0.25, 0.5, 1 and 2%), 

salicylic acid (Merck, Germany) at four levels (0.001, 

0.0025, 0.005 and 0.01 mM), foliar application with 

distilled water and without foliar application with three 

replicates were performed, and each replication 

consisted of 10 experimental units (pots). Foliar 

spraying was done in three stages with an interval of 10 

days from each other, and after the complete 

establishment of the plant in the pot and when the plants 

had grown enough and reached about 15 cm, 1 ml of the 

tween liquid was added to each litter of the solution to 

improve its absorption. Fifteen days after the last foliar 

application, the plant was harvested.  

These extracts were used in well diffusion and disk 

diffusion methods to determine the diameter of the 

bacterial growth inhibition zone and in the tube dilution 

method to find the minimum concentration of bacterial 

growth inhibition (MIC) and the minimum bactericidal 

concentration of the antibacterial agent (MBC). 

Microbial samples were prepared according to the 

instructions of Iran Industrial Microorganisms 

Collection Center. In order to prepare the microbial 

suspension for bacterial test, fresh and young culture of 

several colonies of newly grown bacteria were 

transferred to Müller-Hinton Broth culture and turbidity 

equivalent to 0.5 McFarland.  The number of bacteria 

suspension was 1.5×108 CFU/ml (21).  

Antimicrobial parameters 

The antibacterial effects of the alcoholic extract of 

Physalis alkekengi were investigated in three ways as 

follows: 

A) Tube Dilution Method 

Tube dilution method is an accurate and sensitive 

method to determine the antimicrobial properties of 

plant extracts (22). Minimum inhibitory concentration 

(MIC) is the minimum concentration of extracts that 

can inhibit bacterial growth at the rate of 90 percent and 

a minimum bacterial concentration (MBC) is the 
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minimum amount of extracts that prevents the growth 

of bacteria at 99.9% (10). MIC and MBC of the 

antimicrobial activity can be determined using tube 

dilution method. To determine the MIC of Physalis 

alkekengi extract a series of 12 glass tubes were used. 

Nine test tubes were used to test various extract 

dilutions, a tube was used as a negative control 

(extract diluted plus medium), and a tube was used as 

a positive control (containing bacterial suspension 

plus medium). Moreover, a tube containing solvents, 

microbial suspension and culture was used to ensure 

the growth of bacteria in media containing the solvent 

used for extraction. The initial concentration was 5 

mg/ml. By the serial dilution of 50% of tube No.1, its 

concentration reached 2.5 mg/ml, and a concentration 

of 0.00976 mg/ml was obtained for tube 9. 

Subsequently, 50 µ l of bacterial suspension with 

1.5×108 CFU/ml was added to all tubes except tube 

No. 10 (negative control). Extract dilution for all 

bacteria was tested. All the test tubes were incubated 

for 24 hours at the temperature 37°C. Then, the 

turbidity of inoculated bacteria was examined. The 

last growth inhibition tube was recorded as the 

inhibitory concentration of the extract. Then, the tube 

in which the bacteria had not grown was used to 

determine MBC by surface culture method. To this 

end, 100 ml of the tubes that had shown no bacterial 

growth was spread on Muller Hinton agar medium. 

After incubating for 24 hours, plates were cultured for 

the presence of microbial growth control. The tube 

containing the lowest extract concentration, in which 

no bacterial growth was observed, was considered as 

MBC extract (23, 24). 

B) Disk Diffusion Method  

In this method, the antibacterial properties of Physalis 

alkekengi extract were evaluated based on agar 

diffusion bioassay (25). For this purpose, a suspension 

equivalent to 0.5 of McFarland (1.5×108 CFU/ml) was 

prepared, and then 0.1 ml of the bacterial suspension 

was cultured on Müller Hinton agar medium (Muller 

Hinton Agar, Merck) and completely spread on the 

medium by L-shaped glass bar. To inoculate the 

extract, 30 microliters of each Physalis alkekengi 

extract with a concentration of 5 mg/ml was injected 

into each sterile Whatman filter paper discs. 

Subsequently, the discs were placed on a sterile mesh 

plate for one hour to completely absorb the extract. 

The antibiotic discs of gentamicin and ampicillin at a 

concentration of 4 mg/ml. were used as a positive 

control and sterile distilled water disk as well as 

dimethyl sulfoxide (DMSO) disk were used a negative 

control. All the plates were incubated for 24 hours at 37 

° C, and antibacterial activity was performed based on 

measuring the diameter of the non-growth range around 

the discs in millimeters and compared with the control 

groups. All disc placements were repeated three times 

(26, 27, 28). 

C) Well Diffusion Method 

In this method, first a turbidity equivalent to 0.5 

McFarland was prepared from the tested bacteria, and 

then cultured in Müller Hinton agar medium. Then, on 

the Müller Hinton, wells with a diameter of 5mm and 

intervals of 2.5mm from each other and 2.4 mm from 

the edge of the plate created by sterile Pasteur pipette. 

In each of the wells, 30 micro litters of different 

dilutions of the studied extracts were filled. Ampicillin 

and Gentamicin antibiotics with a concentration of 4 

mg/ml were used as positive controls and DMSO (Di 

Methyl Sulfa Oxide) and distilled water were used as 

negative controls. All the cultures were incubated at 

37°C for 24 h. Bacterial cultures were then measured 

by a caliper for the formation or non-formation of a 

growth range in millimeters and their mean was 

recorded (29). 

Data Analysis 

Data were analyzed using SPSS software, version 16, 

and analysis of variance, as wells as Duncan test at the 

significance level less than 0.01. 

Results and Discussion 

The antibacterial effect of different concentrations of 

urea and salicylic acid extracts of Physalis alkekengi 

showed that in the well and disc method the effect of 

the extract on all bacteria was significant at the level of 

1% probability (Table 1). 
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With increase in concentrations of extracts of urea and 

salicylic acid, the antibacterial effect of Physalis 

alkekengi extracts on Staphylococcus aureus,  

Escherichia coli, Salmonella enterica, Proteus 

mirabilis,  Pseudomonas aeruginosa, Bacillus cereus, 

Shigella dysenteriae and Klebsiella pneumonia 

increases in disk and well diffusion methods. 

The results of Table 1 shows analysis of variance of 

the mean diameter of the inhibition zone of physalis 

alkekengi extracts under the influence of foliar 

application of urea and salicylic acid by well diffusion 

method. Moreover, it shows that the results of the 

effect of all groups on the studied bacteria are 

significant at a probability level of less than 1%. 

The results of Table 2 show that by increasing the 

concentration of foliar application with urea and 

salicylic acid, the inhibitory rate of Physalis alkekengi 

extract on the studied bacteria in the well method 

increased. Compared to the control group, significant 

inhibitory effects were observed for DMSO distilled 

water and the solvent group at urea concentrations of 

above 0.5% and at salicylic acid concentrations of 

above 0.0025mM against Escherichia coli, at salicylic 

acid concentrations of above 0.01mM against 

Table 1: Analysis of Variance of the Mean Data of the Inhibition Zone of physalis alkekengi by Well Diffusion Method.  

sov df Average of X2  

Escherichia 

coli 

Staphylococcus 

aureus 

Salmonella 

enterica 

Klebsiella 

Pneumonia 

Bacillus 

cereus 

Proteus 

mirabilis 

Pseudomonas 

aeruginosa 

Shigella 

dysenteriae 

Treatment 12 97** 70.7** 92.4** 63.2** 64.4** 41.1** 50.1** 40.2** 

Error 26 4.8 1.6 2.1 1.4 1.4 1.8 3.4 3.8 

Cv% ــ   18.16 17.08 11.03 9.06 9.61 10.79 9.83 15.02 ـ

** Significant at less than 1%. 1% probability level 
 

Table 2: The Effect of Urea and Salicylic Acid Foliar Application on the Antibacterial Properties of Physalis alkekengi by Well Method.  
 

Treatment Escherichia 

coli 

Staphylococcus 

aureus 

Salmonella 

enterica 

Klebsiella 

Pneumonia 

Bacillus 

cereus 

Proteus 

mirabilis 

Pseudomonas 

aeruginosa 

Shigella 

dysenteriae 

Urea 0.25 % 

0.5 % 

1 % 

2 % 

10de 8f 8e 9f 11de 9e 8de 7f 

12de 9f 10de 10ef 12cde 10de 9cde 8ef 

13d 10ef 12cd 13cd 13cd 12cd 10cde 10cdef 

14d 12de 14bc 15c 14c 13c 12c 12bcd 

SA 0.001 mM 

0.0025mM 

0.005 mM 

0.01  mM 

10de 12de 10de 9f 10e 9e 8de 8ef 

14d 12de 12cd 10ef 11de 10de 9cde 9def 

18c 14cd 13bc 12de 12cde 12cd 10cde 11cde 

22b 16c 15b 13cd 12cde 14c 11cd 13bc 

Distilled water 

spray 

10de 12de 14bc 8f 11/33de 9e 8de 9def 

No spray (control) 10de 10ef 9e 12de 11de 12cd 10cde 10cdef 

Amp 22b 21b 24/67a 17b 19b 17b 16b 15b 

Gen 26a 24a 25a 24/67a 26a 20a 22a 20a 

DMSO 8e 8f 8e 8f 8f 6f 7e 7f 

Salicylic acid = SA, Ampicillin = AMP, Gentamicin = Gen, Di Methyl Sulfa Oxide = DMSO, Salicylic acid = SA extract concentrations 

are reported in parts per million (PPM), average diameter of growth inhibition zone (mm) 
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Staphylococcus aureus, at urea concentrations of 

above 1% and at salicylic acid concentrations of above 

0.01 mM against Klebsiella pneumonia, at urea 

concentrations above 0.5% and salicylic acid 

concentrations of above 0.005 mM against Bacillus 

cereus, at urea concentrations of above 2% and 

Salicylic acid concentrations of above 0.01 mM 

against Salmonella enterica, Proteus mirabilis, 

Pseudomonas aeruginosa and Shigella dysenteriae. 

Among the studied groups, significant results were 

observed for Ampicillin group at salicylic acid 

concentrations above 0.01 mM due to Escherichia 

coli. However, none of the groups showed significant 

effects compared to the Gentamicin group. Also, 

salicylic acid concentration of 0.01 mM had the greatest 

effect on Staphylococcus aureus, Salmonella enterica 

and Proteus mirabilis, which were significant 

compared to the negative control groups but not 

significant compared to the positive control groups. 

Among different concentrations of Physalis alkekengi 

extracts, the urea concentration of 2% had the greatest 

effect on Proteus mirabilis, Pseudomonas aeruginosa, 

Bacillus cereus, and Klebsiella pneumonia, which was 

significant compared to the negative control groups, but 

not significant compared to positive controls. 

The results of Table 4 show that increase in 

concentration of foliar application with urea and 

salicylic acid increased the inhibitory rate of Physalis 

Table 3: Analysis of Variance of the Mean Diameter of the Inhibition Zone of Physalis alkekengi under the Influence of Foliar Application 

of Urea and Salicylic Acid by Disk Method.  

sov df Average of X2 

Escherichia 

coli 

Staphylococcus 

aureus 

Salmonella 

enterica 

Klebsiella 

Pneumonia 

Bacillus 

cereus 

Proteus 

mirabilis 

Pseudomonas 

aeruginosa 

Shigella 

dysenteriae 

Treatment 12 53.1** 114.8** 44** 20.1** 22.7** 22.9** 21.7** 16.1** 

Error 26 2.6 2.5 2.7 5.9 2.2 2.9 2.7 1.7 

Cv% ــ   12.22 10.2 10.94 23.8 15.41 17.36 16.66 14.8 

** Significant at 1% probability level 
 

Table 4: The Effect of Urea and Salicylic Acid Foliar Application on Antibacterial Traits of Physalis alkekengi by Disk Method.  

Treatment Escherichia 

coli 

Staphylococcus 

aureus 

Salmonella 

enterica 

Klebsiella 

Pneumonia 

Bacillus 

cereus 

Proteus 

mirabilis 

Pseudomonas 

aeruginosa 

Shigella 

dysenteriae 

Urea 0.25 % 

0.5 % 

1 % 

2 % 

8e 9gh 10fg 8cd 8cde 7e 8de 6d 

10de 10fg 12ef 10bcd 9bcd 8de 9cde 7cd 

12cd 12ef 14de 11bcd 10bc 10cde 10cd 8bcd 

12cd 15d 16cd 12abc 11b 12bc 12bc 9bc 

SA 0.001 mM 

0.0025mM 

0.005 mM 

0.01  mM 

12cd 14de 14de 8cd 7de 8de 7de 6d 

14bc 16cd 16cd 9cd 8cde 9cde 8de 8bcd 

16b 18bc 17cd 10bcd 9bcd 10cde 9cde 9bc 

16b 19b 18bc 11bcd 10bc 11bcd 10cd 10b 

Distilled water 

spray 

12cd 14de 14de 8cd 8cde 8de 9cde 8bcd 

No spray (control) 12cd 12ef 14de 9cd 10bc 8de 10cd 10b 

Amp 16b 26a 20ab 14ab 14a 14ab 14ab 10b 

GEN 24a 28a 22a 16a 16a 16a 16a 15a 

DMSO 8e 7h 8g 7d 6e 7e 6.7e 8bcd 

Salicylic acid = SA, Ampicillin = AMP, Gentamicin = Gen, Di Methyl Sulfa Oxide = DMSO, Salicylic acid = SA extract concentrations 

are reported in parts per million (PPM), average diameter of growth inhibition zone (mm).  
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alkekengi extract on the bacteria in the disk method. 

Compared to the control group, significant inhibitory 

effects were found for DMSO, distilled water and 

solvent treatment in salicylic acid concentrations of 

above 0.0025 mM against Escherichia coli, 

Staphylococcus aureus and Salmonella enterica, and 

in urea concentrations of above 0.25% and salicylic 

acid concentrations of above 0.001 mM against 

Klebsiella pneumonia and Bacillus cereus, were 

observed. Significant results were observed for 

Pseudomonas aeruginosa at urea concentrations 

above 0.5% and at salicylic acid concentrations of 

above 0.005 mM compared to the control group, and 

for Shigella dysenteriae at urea concentrations above 

1%, and at salicylic acid concentrations of 0.0025 

mM. 

A significant inhibitory effect was observed for urea 

at concentrations higher than 0.5% and salicylic acid 

at concentrations above 0.001 mM against Proteus 

mirabilis compared to the control and Ampicillin 

groups. Compared to the ampicillin groups, 

significant results were obtained in salicylic acid at 

concentrations above 0.01 mM of Shigella 

dysenteriae, Pseudomonas aeruginosa, and Bacillus 

cereus and at concentrations above 0.005 mM of 

Escherichia coli and Klebsiella pneumonia and at urea 

concentrations of higher than 0.5% in Klebsiella 

pneumonia and in concentrations higher than 1% in 

Bacillus cereus and Pseudomonas aeruginosa. In none 

of the groups the results were significant compared to 

Gentamicin. 

The results of Table 5 show the inhibitory effect of the 

extracts of different treatments of Physalis alkekengi on 

the studied bacteria, which increases with the increase 

of foliar application with urea and salicylic acid. 

Compared to negative and positive control groups, the 

minimum inhibitory concentration for extracts from 

urea foliar application was found in Klebsiella 

pneumonia, Proteus mirabilis and Pseudomonas 

aeruginosa at urea concentrations above 0.5%, and in 

Escherichia coli, Bacillus cereus Shigella dysenteriae 

was observed in urea concentrations higher than 1% 

and in Staphylococcus aureus and Salmonella enterica 

in urea concentrations above 2%. Compared to negative 

and positive control groups, the significant minimum 

inhibitory concentration of salicylic acid extracts was 

observed in Bacillus cereus, Pseudomonas aeruginosa 

and Shigella dysenteriae at concentrations above 

0.0025 mM, in Klebsiella pneumonia and Proteus 

mirabilis at concentrations above 0.001 mM, and in 

Escherichia coli, Staphylococcus aureus and 

Salmonella enterica at concentrations of 0.005 mM 

Table 5: Minimum Inhibitory Concentration (MIC) of Extracts of Ten Treatments of Physalis alkekengi by Dilution in Tubes.  

Shigella 

dysenteria

e 

Pseudomon

as 

aeruginosa 

Proteus 

mirabili

s 

Bacillu

s 

cereus 

Klebsiella 

Pneumoni

a 

Salmone

lla 

enterica 

Staphyloc

occus 

aureus 

Escherichi

a coli Microorganism 

Treatment 

2500 1250 1250 2500 2500 1250 1250 1250 0.25 % 

0.5 % 

1 % 

2 % 

Urea 
1250 625 625 1250 1250 625 625 625 

625 625 313 625 1250 313.5 313.5 156.25 

313 313 156.5 313 625 78.125 156.25 156.25 

1250 1250 625 1250 1250 313.5 313.5 313.5 0.001 mM 

0.0025m

M 

0.005 mM 

0.01  mM 

SA 

625 625 313 625 625 313.5 313.5 313.5 

313 313 156.5 313 625 156.25 156.25 156.25 

156.5 156.5 78.25 156.5 313 156.25 78.125 156.25 

1250 1250 1250 1250 2500 313.5 313.5 625 Distilled water 

spray 

1250 1250 1250 1250 2500 156.25 313.5 313.5 No spray (control) 

Salicylic acid = SA, Ampicillin = AMP, Gentamicin = Gen, Di Methyl Sulfa Oxide = DMSO, Salicylic acid = SA extract 

concentrations are reported in parts per million (PPM), average diameter of growth inhibition zone (mm). 
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significant results were obtained. 

The results of Table 6 show that increase in foliar 

application with urea and salicylic acid results in 

increase of lethality. Compared to negative and 

positive control groups, the minimum bactericidal 

concentration of urea foliar extracts was observed in 

Proteus mirabilis and Pseudomonas aeruginosa at 

concentrations above 0.5%, in Escherichia coli, 

Bacillus cereus, Shigella dysenteriae and Salmonella 

enterica at concentrations above 1% and in 

Staphylococcus aureus and Klebsiella pneumonia at 

urea concentrations above 2%. Compared to negative 

and positive control groups, the significant minimum 

bactericidal concentration of salicylic acid extracts in 

Escherichia coli, Proteus mirabilis, Salmonella 

enterica and Shigella dysenteriae was at 

concentrations above 0.0025 mM, in the case of 

Staphylococcus aureus, Bacillus cereus and 

Klebsiella pneumonia at concentrations above 0.005 

mM and in the case of Pseudomonas aeruginosa at 

concentrations above 0.01 mM.  

The alcoholic extract of the shoots of Physalis 

alkekengi contains large amounts of alkaloids, 

flavonoids, lycopene, glucocorticoids, ascorbic acid, 

alcohol and a large amount of vitamin (C) (4). Among 

the most important pharmacological activities of 

flavonoids and alkaloids are their antioxidant and 

antimicrobial properties (30). The fruit of Physalis 

alkekengi contains a lot of physalin. Physalins are one 

of the basic constituents of the Physalis alkekengi plant, 

which belongs to the group of tri terpenoids, but, 

structurally they are not a normal type of steroid, nor a 

normal type of tri terpenoid (31). 

In an alkaloid study, steroids extracted from Physalis 

alkekengi had an antibacterial effect, stopping the 

growth of four bacteria, Escherichia coli, Bacillus 

cereus, Staphylococcus epidermidis and Enterococcus 

faecalis. The Physalis alkekengi showed bacteriostatic 

and lethal effect on Bacillus cereus, in which the values 

were the same for both indices at 150/g /ml. These 

results were also observed by disk diffusion method. 

Although a moderate bacteriostatic effect of the steroid 

alkaloids of this plant was observed on some bacteria, 

Physalis alkekengi alkaloids had no bactericidal effect 

on most bacteria in tested amounts (15). 

Physalis alkekengi extract has been shown to inhibit the 

growth of Gram-positive S.aureus and Gram-negative 

P.aeroginosa bacteria both in vitro and in vivo (32). 

Table 6: Minimum Bactericidal Concentration (MBC).  

Shigella 

dysenteriae 

Pseudomon

as 

aeruginosa 

Proteus 

mirabilis 

Bacillu

s cereus 

Klebsiella 

Pneumonia 

Salmonel

la 

enterica 

Staphyloco

ccus aureus 

Escherichia 

coli 

Microorganism 

 

Treatment 

2500 2500 2500 2500 2500 2500 2500 2500 0.25 % 

0.5 % 

1 % 

2 % 

Urea 
2500 1250 1250 2500 2500 1250 1250 1250 

1250 625 625 1250 2500 625 1250 313 

625 313 313 625 1250 156.25 313.5 156.5 

2500 2500 1250 2500 2500 1250 2500 625 0.001 mM 

0.0025m

M 0.005 

mM 

0.01  mM 

SA 

1250 2500 625 2500 2500 625 1250 313.5 

625 2500 313 1250 1250 313.5 625 156.25 

313.5 1250 156.5 1250 625 156.25 313.5 78.25 

2500 2500 2500 2500 2500 2500 2500 1250 

Distilled water 

spray 

2500 2500 2500 2500 2500 1250 1250 625 No spray (control) 

Salicylic acid = SA, Ampicillin = AMP, Gentamicin = Gen, Di Methyl Sulfa Oxide = DMSO, Salicylic acid = SA extract 

concentrations are reported in parts per million (PPM), average diameter of growth inhibition zone (mm). 
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In another study, the inhibitory effect of P.peruviana 

on bacteria E.coli, P.aeruginosa, B.megaterium, 

P.vulgaris, K.pneumoniae, E.aeregenes, C.albicans, 

C.globrata, C.tropicalis, Trichophyton sp. and 

Epidermophyton sp was shown (33). 

Based on the findings of Helvachi et al., P.alkengengi 

methanolic extract showed strong antibacterial effects 

against Gram-positive bacteria. Physalin D (100 mg / 

ml) also inhibited the growth of S.epidrmidis, E. 

faecalis, s.aureus and B. subtilis as methanolic extract 

at the same concentration. Thus, physalin D may be 

responsible for the main antibacterial effects of the 

extract (18). 

Silva et al., reported that physalin B and physalin 

derivatives containing physalins B, D, F, and G 

inhibited the growth of S. aureus and N. gonorrhea 

species (34). Also, several antibacterial effects for 

aqueous, ethanolic and methanolic extracts of P. 

angulata and P. Philadelphia for a number of Gram-

positive and Gram-negative bacteria have been 

reported by several authors (35, 36). 

In the study conducted by Wajid et al., due to the 

antibacterial effect of different parts of P.ixocara 

extracted with butanolic solvents, ethyl acetate, 

hexane, aqueous extract and pure extract, it was 

shown that the extracts obtained from the calyx of the 

plant had inhibitory effects against B. Subtilis, E. coli, 

K. pneumonia, and S. aureus bacteria. Samples of leaf 

and fruit extracts showed inhibitory effect against S. 

Aureus and K. pneumonia and samples extracted from 

the stem had inhibitory effect against K. pneumonia 

and E. coli. Moreover, pure methanolic extract of stem 

and an-butanolic extract of fruits showed strong 

inhibitory effects against K. pneumonia at the highest 

concentrations (37). 

In several studies, the antitumor, antibacterial and 

antiviral effects of the compounds in P.alkekengi have 

been investigated. For instance, Frisbey and Fu et al.,  

investigated the antibacterial and antitumor effects of 

the aqueous extract of the Physalis alkekengi (38, 39). 

Alkaloids Steroids extracted from Physalis alkekengi 

also had antibacterial effects in such a way that at a 

concentration of MIC = 150μg stopped the growth of 

four bacteria, E. Coli, S. epidermidis, E. faecalis and 

B.sereus, (15). 

In this study, the inhibitory and lethality effects of 

compounds in the alcoholic extract of the medicinal 

plant Physalis alkekengi on a number of bacteria were 

investigated. The results of this experiment showed the 

inhibitory effect (MIC) and lethality (MBC) of the 

extract on the studied bacteria. The inhibitory effect of 

different treatments of urea and salicylic acid on 

bacteria by dilution in the tube at different 

concentrations at a probability level of 1% were 

statistically significant. The same effect was also 

obtained by disk and well diffusion methods. It was also 

observed that the inhibitory effect increased with 

increasing the concentration of alcoholic extract. In the 

well and disc injection methods, salicylic acid 

concentrations of 0.01 mM and 2% urea had the 

greatest effects on the studied bacteria compared to the 

control groups. The minimum inhibitory and lethal 

concentrations for the studied bacteria start from 0.5% 

concentration for urea and from 0.0025 mM for 

salicylic acid. In determining the MBC/MIC between 

the tested concentrations compared to negative and 

positive control treatments, urea concentration of 2% 

had the highest effect and urea concentration of 0.5% 

showed the lowest effect in inhibiting the bacterial 

growth. Salicylic acid showed the highest effect on the 

growth and inhibition of the studied bacteria at 

concentrations of 0.01 mM and the lowest effect at 

0.001 mM. 

The physalins present in extracts of Physalis alkekengi 

plant have several biological properties, the most 

important of which are the inhibitory effect of F and B 

physalins on human leukemia cells in vitro, the 

antitumor effect of physalin F on 5 types of human 

tumor cells (40, 41) and the weak cytotoxicity effect of 

physaline M extracted from Physalis alkekengi on Hela 

cancer cells (42, 43). 

The study on Physalis alkekengi showed that physalins 

are the main active compound of physalis species, and 

the presence of physaline D in the extracts could be the 

reason for their antibacterial activity. The lipophilic 

structure of the poly oxy functional physaline D may be 

related to the antibacterial mechanism (17). 

Since physalins have a steroid-like structure, they can 

easily cross cell membranes and attach to steroid 

receptors in the cytoplasm, enter their receptors inside 

the nucleus, attach to a part of DNA, and interfere with 

protein or enzyme synthesis and cause abnormalities in 

fetal growth and development as well as disruption of 

various embryonic inductions. Antibacterial effects of 
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Physalines may be due to the structure of physaline F 

and the presence of epoxy group in it (40, 44, and 45). 

Conclusion 

The findings of this study indicate that the alcoholic 

extract of Physalis alkekengi has significant 

antibacterial effects due to its alkaloid and physaline 

compounds and can be used as a herbal medicine to 

eliminate pathogenic microorganisms. 
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