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Abstract  Antibacterial resistance has become a worldwide public health concern, prompting the search for 
alternative antibacterial agents. Novel antibacterial agents have already been studied; however, their cytotoxicity 
must be evaluated first to guarantee their safety on normal cell lines. This study examines the cytotoxicity and 
antibacterial activity of jackfruit (Artocarpus heterophyllus) rind extracts on Staphylococcus aureus and Salmonella 
spp. This study utilized Brine Shrimp Lethality Assay for the cytotoxicity test while the Kirby-Bauer method for the 
antibacterial test. The results of the study indicated that the A. heterophyllus rind extract had an LC50 value of 559.4, 
which is considered toxic according to Meyer's criteria of toxicity and is categorized as low toxic according to 
Clarkson's criteria of toxicity. The study also found that the lethality of the rind extract was concentration dependent. 
Furthermore, the results showed that the rind extracts of A. heterophyllus did not successfully prevent the growth of 
S. aureus and Salmonella spp., as all samples of the rind extract yielded a diameter of 0 mm. Further research on the 
cytotoxicity and antibacterial activity of jackfruit rinds using more concentrations and various solvents for the 
extraction method, as well as for the diluent, is recommended. 
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1. Introduction 

Jackfruit, also known as Artocarpus heterophyllus, is a 
tropical climacteric fruit of the Moraceae family native to 
India's Western Ghats and widely distributed in Asia, 
including the Philippines. Various studies have been 
conducted using A. heterophyllus' tree bark, fruit, leaves, 
peels, or even seeds [1]. The medicinal properties of  
A. heterophyllus are diverse [2], and this fruit contains a 
high concentration of phytochemicals that have 
antioxidant properties. Jackfruit seeds could fight HIV 
strains and boost immune response [3]. The seeds have an 
antimicrobial activity that helps prevent foodborne 
diseases [4]. In the industries that process jackfruit, a 
significant amount of trash is produced from inedible 
portions like peel. Unfortunately, only a few studies  
have examined the potential for turning these wastes into 

value-added products, leading to significant waste 
management and environmental issues.  

Meanwhile, bacterial pathogens have developed 
antibacterial resistance and evolved strategies for colonizing 
and invading human organs [5]. Staphylococcus aureus is 
one of the most well-known and widespread bacterial 
pathogens, causing many uncomplicated skin infections 
and hundreds of thousands to millions of more severe, 
invasive infections [6]. Additionally, Salmonella spp. is a 
gram-negative, facultative anaerobe that causes foodborne 
illness [7]. Antibacterial resistance has become a public 
health concern worldwide, leading to the search for 
alternative antibacterial agents [8]. Natural plant products, 
such as fruits, have shown broad-spectrum antibacterial 
activity, but their cytotoxicity should be assessed to ensure 
human safety [9]. 

The main objective of this study is to investigate  
the cytotoxicity and antibacterial activity of A. heterophyllus 
rind extracts. This study aims to determine whether the  
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extract of jackfruit rind had any toxicity using the brine 
shrimp lethality assay and to establish its effectiveness as 
an antibacterial agent against S. aureus and Salmonella 
spp. In order to achieve this objective, the study used a 
quantitative design that utilized an experimental approach. 
The data for the study were gathered through a series  
of experiments that were conducted in a controlled 
environment. 

2. Materials and Methods 

2.1. Plant Material 
The identified unripe jackfruit (A. heterophyllus) was 

obtained from the Malaybalay City Agriculture Office. 
After acquiring the said fruit, it was then peeled, and its 
rinds were washed thoroughly with distilled water.  The 
rinds had been cut into small pieces. 

2.2. Methods 
The identified unripe jackfruit (A. heterophyllus) rind 

extracts were extracted using different methods for certain 
tests. For the cytotoxicity test, the decoction method was 
used, while maceration was used for the antibacterial test. 

2.2.1. Maceration Process 
The small pieces of rinds were sun-dried for three days 

[10]. After drying, the small pieces of sun-dried rinds 
were pounded from well to fine powder using a portable 
grinder. The powdered rinds were soaked in ethanol (99%) 
using a 1:10 ratio. The ethanolic extract was then filtered 
using filter paper and had been separated into a flask, and 
the ethanolic extract was weighed. Finally, it was sent to 
Central Mindanao University (CMU) for extraction using 
a rotary evaporator. Afterward, 0. 5 g of rind extract was 
dissolved using distilled water to produce a final 
concentration of 50 mg/ml. The solution was then diluted 
into four different concentrations: 25 mg/mL, 50 mg/mL, 
75 mg/mL, and 100 mg/mL. 

2.2.2. Decoction Process 
For the preparation of the plant extract, 150 ml of 

distilled water was added to 15 g of powdered jackfruit 
rinds to achieve a 1:10 [11].  Afterward, it was heated 
until boiled, and then it was filtered using Whatman no. 1 
filter paper.  From the stock solutions, six concentrations 
were drawn, and they were transferred into pre-marked 
test tubes to give a series of chosen concentrations of;  
0 ppm, 100 ppm, 500 ppm, 1000 ppm, 10000 ppm, and 
100000 ppm, respectively.  10 ml of alternative seawater 
was added to the test tubes, and 15 brine shrimps were 
introduced to each test tube using a Pasteur pipette.  Three 
tests were conducted per concentration. The brine shrimps 
would then be left for 24 hours before counting the 
survivors and calculating their percentage of mortality. 

2.2.3. Bacteria Used 
The S. aureus and Salmonella spp. were obtained and 

cultured for 24 hours at the Laboratory of Veterinary 
Medicine at CMU. 

2.2.4. Cytotoxicity Test 
For the cytotoxicity testing, a brine shrimp hatchery 

tool set was prepared, the container was filled with 3/4 
cup of distilled water, and the air pump was turned on.  To 
create an artificial seawater, a teaspoon of rock salt was 
added to the water, and a pinch of baking soda was added 
as well to maintain its pH level.  A half teaspoon of Ocean 
Star International (OSI) brine shrimp eggs with a hatching 
rate of 90% had been placed in the hatchery.  In 24 hours, 
the nauplii had been harvested, and it had been placed in a 
vial for preparation for the cytotoxicity testing. 

2.2.5. Antibacterial Test 
For the antibacterial testing procedure, the rind extract 

of jackfruit (A. heterophyllus) was tested against S. aureus 
and Salmonella spp. using agar disk diffusion assay or the 
Kirby-Bauer test. Ten petri dishes and bent glass rods had 
been prepared and sterilized. Mueller-Hinton agar was 
mixed and stirred with distilled water in a beaker. The 
solution would then be sterilized in an autoclave at 121 
degrees Celsius for 15 minutes and let to cool down for 15 
minutes. The agar solution had been poured into the petri 
dish, and it had been left for five minutes to harden. The 
cultured S. aureus and Salmonella spp. samples were 
poured and streaked in the petri dish using the spread plate 
method. The paper discs were soaked into the four 
different concentrations of rind extract as well as in the 
positive and negative control treatments, and each 
treatment had five replicates. Afterward, five paper discs 
were used on each quintet of the petri dish for the positive 
and negative controls as well as the various concentrations 
of the rind extract. The petri dishes were then incubated at 
37 degrees Celsius for 24 hours. After its incubation, the 
diameter zone of inhibition was measured in millimeters 
using a caliper. 

2.3. Data Analysis Procedure 
For the antibacterial test, the inhibition zone was 

measured using the Zone of Inhibition Testing or Kirby 
Bauer’s Test.  The diameter had been measured using a 
caliper on the underside of the petri dish.  The mean 
diameter of the zone of inhibition was recorded and 
interpreted in accordance with the Kirby-Bauer Disk 
Diffusion Susceptibility Test Protocol by [20]. 

In assessing the cytotoxicity of the rind using  
Brine Shrimp Lethality Assay, the study would utilize 
equation 1 [12]. 

 
 %

#  100
#    #    

Mortality
dead nauplii

of dead nauplii of alive nauplii
= ×

+
 (1) 

The lethal concentration (50%) or LC50 would also be 
calculated using the probit analysis as displayed in 
Equation 2 

 y ax b= +  (2) 

wherein;  
y = Probit value of LC50 
a = Coefficient value of X variable 1 
x = logarithm value of LC50 
b = Coefficient intercept value 
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3. Results and Discussion 

3.1. Cytotoxicity Test Results 
The number of survivors was counted in each 

concentration of the rind extract. Table 1 summarizes the 
mortality rate of brine shrimp nauplii treated with different 
concentrations of A. heterophyllus rind extracts. 

It is shown in Table 1 that as the concentration of  
the rind extract increases, the mortality rate of the brine 
shrimp nauplii has also increased. Figure 1 shows that  
the mortality rate of the nauplii is directly proportional  

to the concentration, and it is similar to [13]. The 
maximum mortality (100%) was detected at 100 000 ppm. 
Furthermore, a linear regression equation was used  
in this study and yielded an LC50 value of 559.4 ppm. 
The estimated LC50 values obtained by the probit 
regression analysis can be compared to either Meyer’s or 
Clarkson’s toxicity criteria [14]. In accordance with 
Meyer’s criteria, the LC50 value of 559.4 ppm is 
considered toxic since it is <1000 ppm. However, using 
Clarkson’s criteria, 559.4 ppm is specifically categorized 
as low toxic since the said value is within the range of 
500-1000 ppm. 

Table 1. Mortality rate of brine shrimp nauplii after treating with various concentrations of A. heterophyllus rind extracts 

Concentration 
(ppm) 

Number of Surviving Nauplii (after 24 h) 
Total Number of Nauplii Survivors Mortality Rate 

(in %) 
LC50 

(ppm) R1 R2 R3 
0 15 15 15 45 0.00 

559.4 

100 10 10 9 29 35.56 

500 6 10 9 25 44.00 

1000 7 6 7 20 55.56 

10 000 2 4 5 11 75.56 

100 000 0 0 0 0 100.0 

 
Figure 1. Linear Regression Graph 

The results of this study coincide with the study of other authors. Reference [15] shows the LC50 of the combined 
crude acetone extracts (CCAE) of Plumbago zeylanica L., Limonia acidissima L., and Artocarpus heterophyllus Lam, 
also using the BSLA, to be <1000 ppm (157 ppm). However, it is not congruent with the study of others since it is 
discovered that the seed extracts of A. heterophyllus show no toxicity in the BSLA [16]. This may be due to the different 
bioactive compounds present in both the seed and rind extracts or the solvents utilized for extracting, as well as the 
extraction method used. 

The mean of dead brine shrimp nauplii treated with various concentrations of A. heterophyllus rind extracts are 
summarized in Table 2 and is further compared and analyzed using One-Way ANOVA in Table 3. 

Table 2. Mean of dead brine shrimp nauplii after treating with various concentrations of A. heterophyllus rind extracts 

Concentration 
(ppm) 

Number of Dead Nauplii (after 24 h) Total Number of Dead 
Nauplii Mean of Dead Nauplii 

R1 R2 R3 

0 0 0 0 0 0.00 

100 5 5 6 16 5.33 

500 9 5 6 20 6.67 

1000 8 9 8 25 8.33 

10 000 13 11 10 34 11.33 

100 000 15 15 15 45 15.00 
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It is evident in the table above that the control group, 
which has a concentration of 0 ppm, provided no deaths of 
brine shrimp nauplii, which means that all nauplii 
survived in this environment. On the other hand, A. 
heterophyllus rind extracts with a concentration of 100 
ppm and 500 ppm produced a total number of 16 and 20 
dead nauplii with a mean of 5.33 and 6.67, respectively. 
Meanwhile, the extracts with 1000 ppm, 10 000 ppm, and 
100 000 ppm yielded total numbers of 25, 34, and 45 dead 
nauplii with a mean of 8.33, 11.33, and 15.00 in the given 
order. 

Table 3. Summary of One-Way ANOVA on the mean of the dead 
brine shrimp nauplii 

Source of 
Variation SS df MS F P-value F crit 

Between 
Groups 398.4 5 79.69 65.2 <0.000 3.11 

Within 
Groups 14.67 12 1.2222    

       
Total 413.1111 17     

Significant at 0.05 level. 
 
One-Way ANOVA was the statistical tool used to 

determine the significant difference between the mean of 
dead brine shrimps using different concentrations of the 
rind extract. The results provided an F value of 65.2 and 

an F crit value of 3.11, which indicates that F > F crit. The 
p-value is also less than the 0.05 level of significance 
(p<0.05); therefore, there is a significant difference 
between the means of dead brine shrimp nauplii after 
applying various rind extract concentrations, which 
verifies the concentration-dependent behavior of the A. 
heterophyllus rind extract. 

Jackfruit contains phytonutrients like isoflavones, 
lignans, and saponins that have anti-cancer properties and 
reduce the development of cancer cells, and these 
compounds could potentially cure or prevent lymphoma 
cancer [17]. Jackfruit rinds may also contain these 
phytonutrients, as its extract showed an LC50 value that is 
<1000 ppm. Even the twigs of A. heterophyllus have 
natural products with cytotoxic abilities against certain 
human cancer cell lines [18]. While the jackfruit seed 
extract showed no toxicity in BSLA, its seed extract was 
still able to have cytotoxic activity on human cancer cell 
lines without harming normal human cell lines [16]. 

3.2. Antibacterial Test Results 
In each petri dish, the inhibition diameters were 

measured. Table 4 summarizes the findings of the zone of 
inhibition using various treatments and concentrations of 
A. heterophyllus rind extract and Figure 2 and Figure 3 
show the various cultures. 

Table 4. Zone of Inhibition using various treatments and concentrations of A. heterophyllus rind extracts 

Antibiotic/Extract Bacteria/Isolate Zone of Inhibition (mm) Interpretation 
R1 R2 R3 R4 R5  Rind Extracts (25 mg/mL) S. aureus 0 0 0 0 0 Resistant 

 Salmonella spp. 0 0 0 0 0 Resistant 
Rind Extracts (50 mg/mL) S. aureus 0 0 0 0 0 Resistant 
 Salmonella spp. 0 0 0 0 0 Resistant 
Rind Extracts (75 mg/mL) S. aureus 0 0 0 0 0 Resistant 
 Salmonella spp. 0 0 0 0 0 Resistant 
Rind Extracts (100 mg/mL) S. aureus 0 0 0 0 0 Resistant 
 Salmonella spp. 0 0 0 0 0 Resistant 
Positive Control (Doxycycline) S. aureus 28 28 28 28 28 Susceptible 
 Salmonella spp. 0 0 0 0 0 Resistant 
Negative Control (Distilled Water) S. aureus 6 6 6 6 6 Resistant 
 Salmonella spp. 0 0 0 0 0 Resistant 

 
It is evident in the table above that all four samples of jackfruit rind extract with five replicates did not produce a zone 

of inhibition in both gram-positive S. aureus and gram-negative Salmonella spp., therefore having a diameter of zero. 
However, the positive (Doxycycline) and negative control (Distilled Water) produced a diameter of 28 mm and 6 mm on 
S. aureus, respectively. The raw data of this test is usually in the form of a zone size or Minimum Inhibitory 
Concentration (MIC) [19]. For this study, the zone size was used in reporting the data, and it was then interpreted whether 
it was Susceptible, Intermediate, or Resistant in accordance with the Kirby-Bauer Disk Diffusion Susceptibility Test 
Protocol [20]. 

 

 
Figure 2. Staphylococcus aureus after treating with various treatments 

 
Figure 3. Salmonella spp. after treating with various treatments 
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Both S. aureus and Salmonella spp. have shown 
resistance in the four concentrations (25 mg/mL,  
50 mg/mL, 75 mg/mL, and 100 mg/mL) of jackfruit rind 
extract as well as the negative control, which means that 
they did not respond to the given treatments. Although the 
distilled water yielded a diameter of 6 mm, it is still 
considered as resistant since it did not reach the range of 
≥13 to ≥29 mm nor 11-19 mm to be interpreted as 
susceptible or intermediate, respectively. It can also be 
seen in the table that both positive and negative controls 
influence the gram-positive S. aureus, while it does not 
have any effect on Salmonella spp. This supports the 
claim that gram-positive bacteria are more fluent to 
eliminate than gram-negative bacteria due to their unique 
structure, which causes major morbidity and mortality 
worldwide [21]. 

This outcome may be a result of some factors, such as 
the preparation of the samples, which affected the 
antibacterial activity of the rind extract against the bacteria. 
The jackfruit leaves have already shown an antibacterial 
effect on S. aureus and Salmonella spp. [22,23]. The 
dilution method used in this study might have affected the 
results since in the study of De Sousa et al., they used the 
serial microdilution technique [22] while this study used a 
simple dilution method with larger amounts of 
concentrations, making it difficult for the rind extract to 
move into the nutrient agar since the zone of inhibition 
varies depending on variables such as disk potency, 
diffusibility of the agent, amount of inoculum, and media 
type [24]. This further supports the claim that the size of 
the zone is also influenced by the size and weight of the 
antibiotic molecules [25]. Another factor that could have 
affected the results is that the diluent used is distilled 
water only. The utilization of distilled water as a diluent 
may be more efficient than using ethanol. However, the 
choice of diluent can still have an impact on the 
antibacterial activity of the extract [26].  

4. Conclusion 

The cytotoxic potential of jackfruit rind was investigated 
in this study using the Brine Shrimp Lethality Assay 
(BSLA) at various concentrations. The mortality rate of 
the brine shrimp nauplii is directly proportional to the 
concentration of the jackfruit rind extract, indicating that 
the extract's lethality is concentration-dependent. At 
100,000 ppm, the highest mortality rate (100%) was 
observed, and the LC50 value obtained from the 
regression analysis was 559.4 ppm, which is toxic 
according to Meyer's toxicity criteria and low toxicity 
range based on Clarkson's criteria.  

There is also a significant difference in the means of 
dead brine shrimp nauplii after applying different rind 
extract concentrations. These findings support the 
possibility that jackfruit rinds contain phytonutrients with 
cytotoxic properties against cancer cell lines.  

Furthermore, the results of the study for  
A. heterophyllus antibacterial activity revealed that none 
of the four samples of jackfruit rind extract exhibited any 
antibacterial activity against either of the tested bacterial 
strains, as evidenced by the lack of any zone of inhibition. 
The positive control (Doxycycline), on the other hand, 

showed a zone of inhibition on S. aureus with a mean 
diameter of 28 mm, indicating its effectiveness in 
inhibiting the growth of the bacterial strains. The negative 
control (Distilled Water) was able to create a zone of 
inhibition of 6 mm on S. aureus; however, the bacteria 
was still able to show resistance to it. As a result, the 
jackfruit rind extract used in this study possesses no 
significant antibacterial activity against S. aureus and 
Salmonella spp. 

Lastly, at various concentrations, the antibacterial 
potential of A. heterophyllus rind extract was tested 
against two bacterial strains, S. aureus and Salmonella spp. 
The results show that the extract had no significant 
antibacterial activity against either of the two strains at 
any of the concentrations tested. Both bacterial strains 
were resistant to the negative control, while the positive 
control was effective against the bacteria S. aureus but not 
against Salmonella spp.  

5. Recommendations 

Based on the findings of the study, the cytotoxicity and 
antibacterial activity of jackfruit rind extract suggest that 
fruit rinds could be a source of bioactive compounds with 
antimicrobial properties, and further research can be 
conducted to explore the cytotoxicity and antibacterial 
activity of other fruit rinds; such as pineapple, watermelon, 
durian, miracle fruit, or orange, on Gram-positive and 
Gram-negative bacteria. The use of various extraction 
methods, such as microwave-assisted extraction or 
ultrasound-assisted extraction, to determine their 
efficiency in extracting bioactive compounds from fruit 
rinds is also recommended. 

In addition, it is necessary to test different concentrations 
and combinations of bioactive compounds extracted from 
fruit rinds to identify the most effective formulation for 
inhibiting the growth of particular bacterial strains. This is 
because the bioactive compounds found in fruit rinds may 
have varying levels of antimicrobial activity against various 
bacterial strains. By testing different concentrations and 
combinations of these compounds, researchers may 
determine the most effective formulation that can target 
the specific bacteria of interest. Furthermore, the use of 
fruit rinds as a natural alternative to conventional 
antibiotics is a promising avenue for promoting 
environmentally friendly and sustainable antimicrobial 
treatments. This is because fruit rinds are a plentiful 
agricultural waste material that is easily available and can 
be processed using sustainable extraction methods. 

Lastly, conventional antibiotics are usually produced 
using non-renewable resources, such as petroleum-based 
chemicals, in energy-intensive processes. This endangers 
the environment and sustainability. Additionally, 
antibiotic overuse and misuse have resulted in the 
emergence of antibiotic-resistant bacteria, posing a threat 
to public health. As a result, natural alternatives, such as 
fruit rinds, must be investigated in order to reduce reliance 
on conventional antibiotics and reduce the risk of 
antibiotic resistance. However, more research is needed to 
determine the safety of fruit rind extracts on human cells. 
This will help ensure that the extracts can be used in 
antimicrobial treatments. Moreover, researchers can 
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investigate ways to incorporate fruit rind extracts into 
various products, such as disinfectants or soaps, to 
improve their efficacy. By doing so, the full potential of 
fruit rinds as a natural alternative to conventional 
antibiotics could be unlocked. Other methods for 
cytotoxicity analysis, such as MTT assay, Alamar blue, 
and Inflammatory markers, are also suggested in order to 
obtain cellular-level results. 

Acknowledgements 

We thank Mr. Emegen L. Disalan from City 
Agriculture Office and Leyros’ Residence for their 
assistance. We also thank the Microbiology Research 
Laboratory-College of Veterinary Medicine and Natural 
Product Development Research Center at Central 
Mindanao University. Furthermore, we extend our 
gratitude to Dra. Ma. Lovilla R. Hernandez, Mr. and Mrs. 
Dionedes L. Remollo Jr., Mr. and Mrs. Leonard O. Leyros, 
Mr. and Mrs. Dario B. Ortizano, and Mr. and Mrs. Alrick 
S. Abunda for their generous financial contributions. 

References 
[1] Arora, T., & Parle, A. (2016). JACKFRUIT: A HEALTH BOON. 

International Journal of Research in Ayurveda and Pharmacy, 
7(3), 59-64. 

[2] Devi, P. S. S., Kumar, N. S., & Sabu, K. K. (2021). Phytochemical 
profiling and antioxidant activities of different parts of Artocarpus 
heterophyllus Lam. (Moraceae): A review on current status of 
knowledge. Future Journal of Pharmaceutical Sciences, 7(1). 

[3] Marapana, R. A. U. J., Maduwanthi, S. D. T., & Ranasinghe, R. A. 
S. N. (2019). Nutritional and Health Benefits of Jackfruit 
(Artocarpus heterophyllusLam.): A Review. International Journal 
of Food Science, 2019, 1-12. 

[4] Maurya, P. (2016). Assessment of Consumption Practices of 
Jackfruit (Artocarpus heterophyllus lam.) Seeds in Villages of 
Jalalpur Block District Ambedarnagar (U.P.) India.  
https://www.semanticscholar.org/paper/Assessment-of-
Consumption-Practices-of-Jackfruit-in-
Maurya/1617322621cd28cb6ce9343fd415170b0b643168K. 

[5] Ribet, D., & Cossart, P. (2015). How bacterial pathogens colonize 
their hosts and invade deeper tissues. Microbes and infection, 17 3, 
173-83. 

[6] Klevens, R. M., Morrison, M., Nadle, J., Gershman, K., Harrison, 
L. H., Lynfield, R., Dumyati, G., Townes, J. M., Craig, A. S., Zell, 
E. R., Fosheim, G. E., McDougal, L. K., Carey, R. B., & Fridkin, 
S. K. (2007). Invasive Methicillin-Resistant Staphylococcus 
aureus Infections in the United States. JAMA, 298(15), 1763. 

[7] Ehuwa, O., Jaiswal, A. K., & Jaiswal, S. (2021). Salmonella, Food 
Safety and Food Handling Practices. Foods, 10(5), 907. 

[8] World Health Organization. (2021). Antimicrobial resistance. 
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-
resistance. 

[9] Sofos J. N. (2008). Challenges to meat safety in the 21st century. 
Meat science, 78(1-2), 3-13. 

[10] Jain, R., Mendiratta, S., Kumar, L., & Srivastava, A. (2021). 
Green synthesis of iron nanoparticles using Artocarpus 
heterophyllus peel extract and their application as a heterogeneous 
Fenton-like catalyst for the degradation of Fuchsin Basic dye. 
Current Research in Green and Sustainable Chemistry, 4, 100086. 

[11] Vongsak, B., Sithisarn, P., Mangmool, S., Thongpraditchote, S., 
Wongkrajang, Y., & Gritsanapan, W. (2013). Maximizing total 
phenolics, total flavonoids contents and antioxidant activity of 

Moringa oleifera leaf extract by the appropriate extraction method. 
Industrial Crops and Products, 44, 566-571. 

[12] Sarah, Quazi & Anny, Fatema & Misbahuddin, Mir. (2017). Brine 
shrimp lethality assay. Bangladesh Journal of Pharmacology.  
12. 5. 

[13] Olowa, L. F. & Nuneza, O. M. (2013). Brine Shrimp Lethality 
Assay of the Ethanolic Extracts of Three Selected Species of 
Medicinal Plants from Iligan City, Philippines. International 
Research Journal of Biological Sciences, 2(11), 74-77. 

[14] Hamidi, М., Jovanova, B., & Panovska, K. (2014). Toxicоlogical 
evaluation of the plant products using Brine Shrimp (Artemia 
salina L.) model. Macedonian Pharmaceutical Bulletin, 60(1),  
9-18. 

[15] Shankar, K. G., Sebastian, D., Fleming, A.T., Ignacimuthu., 
Savarimuthu., (2017). In vitro and in silico anticancer effect of 
combined crude acetone extracts of Plumbago zeylanica L., 
Limonia acidissima L. and Artocarpus heterophyllus Lam. AGRIS: 
International Information System for the Agricultural Science and 
Technology.  
https://agris.fao.org/agris-
search/search.do?recordID=US202000108184. 

[16] Burci, L. M., De Bona Da Silva, C., Rondon, J. N., Da Silva, L. 
M., De Andrade, S. F., Miguel, O. G., De Fátima Gaspari Dias, J., 
& Miguel, M. D. (2019). Acute and subacute (28 days) toxicity, 
hemolytic and cytotoxic effect of Artocarpus heterophyllus seed 
extracts. Toxicology Reports, 6, 1304-1308. 

[17] Ruiz-Montañez, G., Burgos-Hernández, A., Calderón-Santoyo, M., 
López-Saiz, C. M., Velázquez-Contreras, C. A., Navarro-Ocaña, 
A., & Ragazzo-Sánchez, J. A. (2015). Screening antimutagenic 
and antiproliferative properties of extracts isolated from Jackfruit 
pulp (Artocarpus heterophyllus Lam). Food chemistry, 175,  
409-416. 

[18] Boonyaketgoson, S., Rukachaisirikul, V., Phongpaichit, S., & 
Trisuwan, K. (2017). Cytotoxic arylbenzofuran and stilbene 
derivatives from the twigs of Artocarpus heterophyllus. 
Tetrahedron Letters, 58(16), 1585-1589. 

[19] University of Pennsylvania Medical Center Guidelines for 
Antibiotic Use (2007, August). Antimicrobial Susceptibility 
Testing. What does it mean? University of Pennsylvania Medical 
Center Clinical Microbiology Laboratory Information and Non-
UPHS Guidelines for Antimicrobial Therapy, Penn Medicine, 
Philadelphia, PA 800-789-7366 2020. Retrieved from  
http://www.uphs.upenn.edu/bugdrug/antibiotic_manual/amt.html. 

[20] Hudzicki, J. (2016). Kirby-Bauer Disk Diffusion Susceptibility 
Test Protocol. American Society for Microbiology 2016. Retrieved 
from https://asm.org/getattachment/2594ce26-bd44-47f6-8287-
0657aa9185ad/Kirby-Bauer-Disk-Diffusion-Susceptibility-Test-
Protocol-pdf.pdf. 

[21] Breijyeh, Z., Jubeh, B., & Karaman, R. (2020). Resistance of 
Gram-Negative Bacteria to Current Antibacterial Agents and 
Approaches to Resolve It. Molecules, 25(6), 1340. 

[22] De Sousa, D. F., Campos, P., & Da Conceição, A. O. (2021). 
Antibacterial activity of jackfruit leaves extracts and the 
interference on antimicrobial susceptibility of enteropathogen. 
Food Science and Technology. 

[23] Sibagariang, A., Reynaldi, M. A., & Sitohang, R. (2023). 
Antibacterial Activity of Crude Ethanolic Leaves Extract of 
Artocarpus heterophyllus Lam. Cultivated in Toba Region against 
Staphylococcus aureus. International Journal of Health 
Engineering and Technology, 1(5). 

[24] Kohi, A. (2021). Antimicrobial Sensitivity Testing: The Search for 
Antibiotics. Virginia Institute of Marine Science. 

[25] Sheridan, L. & Palmer, S. (2020). Antimicrobial susceptibility 
testing. Retrieved from  
https://www.open.edu/openlearncreate/mod/oucontent/view.php?i
d=172394&printable=1. 

[26] Baskaran, R. & Mohan, P. M. (2012). In vitro antibacterial activity 
of leaf extracts of Rhizophora mucronata L. against multi drug 
resistant Vibrio spp. isolated from marine water Lobster’s larvae 
hatcheries. Indian Journal of Geo-Marine Sciences, 41(3),  
218-222. 

 

 
© The Author(s) 2023. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 
 


