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ABSTRACT

Objective: The aim of this study was to evaluate the in vitro antibacterial activity of sweet potato (Ipomoea batatas [L.] Lam) leaves ethanol extracts 
against Shigella dysenteriae ATCC 13313.

Methods: The study was performed by collecting and determining plant samples, extraction, moisture content assay, phytochemical screening, 
thin-layer chromatography, antibacterial activity using agar-diffusion method using perforator of 11  mm in diameter and minimum inhibitory 
concentration (MIC) test using macrodilution method against S. dysenteriae ATCC 13313.

Results: Phytochemical analysis of the sweet potato leaves extract revealed the presence of flavonoids, tannin, steroid, and polyphenolic compound. 
Sweet potato leaves ethanol extract showed a significant zone of inhibition in a dose-dependent manner against S. dysenteriae ATCC 13313 with the 
range of MIC was 10-20% w/v.

Conclusion: It can be concluded that the sweet potato leaves ethanol extracts shows promise as an antibacterial agent for inhibiting bacillary 
dysentery due to the presence of biologically active ingredients with antimicrobial activity in the extract.
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INTRODUCTION

Bacillary dysentery is a digestive tract infection caused by Shigella 
dysenteriae. Initial signs and symptoms include abdominal pain, 
cramping, and fever followed by frequent watery stools [1]. In some 
developing countries, the disease is endemic and occurs every year 80 
million cases with 700,000 fatalities. Most of the dysentery patients are 
children under 5 years old [2].

Treatment of bacillary dysentery can be done with antimicrobial agents 
such as ciprofloxacin, pivmecillinam, ceftriaxone and azithromycin [2]. 
However, it has been reported that ciprofloxacin, ceftriaxone, and 
azithromycin have been resistant to S. dysenteriae  [3,4]. Therefore, 
alternative treatment against dysentery from herbal products is required. 
One of them is done by the sweet potato (Ipomoea batatas  [L]. Lam) 
leaves.

Usually, the only part of sweet potato plants which commonly used is 
the tuber. However, the young leaves of sweet potato leaves are also 
widely consumed as a vegetable. In addition to good taste, sweet potato 
leaves (I. batatas L.) content of health-promoting phytochemicals. 
Sweet potato leaves have been investigated, are a good source of 
vitamins A, C, B2 (riboflavin) and D, fat-  and cholesterol-free, high in 
beta-carotene, and lutein. The mineral content of this leaf, such as 
iron, magnesium, and potassium, was high in leaves in comparison 
with other vegetables. Furthermore, total polyphenol and flavonoid 
content are comparatively high [5]. This data can be correlated with the 
research that shows the antimicrobial activity of sweet potato leaves 
against Staphylococcus aureus, Bacillus cereus, and Escherichia coli [6].

Scientific evidence on the antibacterial ability of sweet potato leaves 
against other bacteria because of its antibacterial secondary metabolite 
content, made sweet potato leaves can be utilized as natural and safe 

bacillary antidysentery. In addition, potassium and other mineral 
contents can be used as a mineral supply for preventing dehydration. By 
combining both mechanisms, hopefully can produce new antidysentery 
which can reduce the mortality rate due to excessive diarrhea and 
dehydration. Based on this background, we conducted the research on 
the antimicrobial activity of sweet potato leaves against S. dysenteriae 
ATCC 13313.

MATERIALS AND METHODS

Materials
The plant that was utilized in this study is Cilembu sweet potato leaves 
from Cilembu, Sumedang, West Java. The bacteria that were used 
is S. dysenteriae ATCC 13313. The culture media that were used are 
Mueller-Hinton agar (MHA), Mueller-Hinton Broth (MHB), and Shigella 
salmonella agar (SSA). The chemicals used are distilled water, water 
fuchsin, alcohol 70%, alcohol 96%, amyl alcohol, ammonia, disinfectant, 
dimethylsulfoxide, chloroform, acetic acid solution, physiological NaCl 
solution 0.9%, barium chloride solution, sulfuric acid solution, Lugol’s 
solution, n-butanol (Bratachem), ferric chloride reagent, Dragendorf 
reagents, Liebermann  -  Burchard reagent Mayer, carbon dye gentian 
violet, technical toluene, and vaseline.

Samples preparation
Leaves bulbs used were obtained from plants that were 2-3 months. It 
was obtained from the sweet potato farm in Cilembu village, Pamulihan 
sub-district, Sumedang Regency. Plant samples were identified in 
Plant Taxonomy Laboratory of Biology Major, Faculty of Mathematics 
and Natural Science Padjadjaran University. Sweet potato leaves were 
extracted by using a maceration method using ethanol 70% as the 
solvent. Extract then was evaporated using a rotary evaporator at 40-
50°C and then continued using a water bath at 40-50°C until dried 
extract with a constant weight was obtained.
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Examination of extract quality
The examination of extract quality was done, including phytochemical 
screening and thin-layer chromatography (TLC) assay. Phytochemical 
screening was done by using Farnsworth method to determine the 
contain of alkaloids, flavonoids, tannins, quinones, phenolics, saponins, 
steroids, triterpenoids, monoterpenoids, and sesquiterpenoids in the 
ethanol extract of sweet potato leaves [7]. TLC assay was conducted 
using silica gel GF254 as the stationary phase and the upper layer of 
butanol, acetic acid, water (4:1:5) that had been saturated for 24 hrs as 
the moving phase. The extract was spotted on silica gel then prepared 
in the solvent. The compound then was analyzed under ultraviolet light 
254 and 366 NM.

Confirmation of testing bacteria
Confirmation of the tested bacteria was done, including morphological 
observation of the colony morphology, cell shape, and biochemical 
assay. Observation of colony morphology was achieved by culturing 
the bacteria into SSA. Observation of cell shape was done with Gram 
staining method [8]. The biochemical assay was done, including 
motility, carbohydrate fermentation, Indole, hydrogen sulfate, urea 
hydrolysis, methyl red, Voges–Proskauer, and Simmon citrate [9].

Antibacterial activity
The antibacterial activity test was done with the agar diffusion method. 
The volume of 20 ml MHA was poured into a sterilized petri dish, then 
20 μl bacterial suspensions with 0.5 McFarland in turbidity was added. 
The mixture of bacterial suspension and agar was homogenized until 
it became solid. By utilizing perforation method, we made four holes 
in the agar [10]. The extract was solved on dimethyl sulfoxide with 
the comparison 1 g of extract was solved in 1 ml of dimethyl sulfoxide 
(100% w/v). Then, the extract solution was done with the variation of 
concentration 20, 40, 60, and 80% using dimethyl sulfoxide. The volume 
of 50 μl of every extract concentration was populated and poured into 
the hole. The media then was incubated for 20 hrs at temperature 37°C. 
After that, we observed the inhibitory zones around the holes.

Statistical analysis
The result of antibacterial activity of sweet potato leaves extracts 
against S. dysenteriae ATCC 13313 then was statistically analyzed using 
ANOVA method with the hypothesis below:
H0=There is no effect on treatment,
H1=At least there is one treatment that, affected the bacterial growth.

Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration determination
MIC test was done with macrodilution method. The volume of 1  ml 
MHB was added to every sterilized tube. Then, 1  ml extract with 
concentration 40% w/v was added into the first tube. Then, from the 
first tube, we took 1  ml and added to the second tube and we did it 
until the concentration of every tube was 20%; 10%; 5%; 2.5%; 1.25%; 
and 0.625% b/v. Then, 10 μl of bacterial suspension (0.5 McFarland 
turbidity standards) was added to every tube. The liquid media then 
were incubated for 20 hrs with temperature 37°C. MIC was determined 
from the smallest concentration which did not show any turbidity. The 
bacterial growth detection test was done using the streak plate method. 
The loop was dipped into the MIC tube, then streaked it to the agar. 
After that, it was incubated for 20 hrs at temperature 37°C. MIC was 
established from the smallest concentration that did not show any 
bacterial growth.

RESULTS AND DISCUSSION

The result of the plant determination showed that the plant that was 
used in this study is I. batatas L. The consequence of extraction is from 
the 342 g of leaves, 20 g of extracts was obtained. An ethanol extract of 
sweet potato has dark green color, bitter flavor, and odor.

The examination of extract quality was done by doing phytochemical 
screening and TLC assay. The result of phytochemical screening can be 
seen in Table 1.

Phytochemical screening was done to know the secondary metabolite 
compound of sweet potato leaves ethanol extracts. Based on the 
data in Table  1, the ethanol extract of sweet potato leaves contains 
flavonoids, tannins, polyphenolics, and steroid compound. The result of 
phytochemical screening above was same as the result that had been 
done by Mailawani [11]. Components of secondary metabolites in the 
extract can integrate with each other or work, respectively, to produce 
antibacterial activity against S. dysenteriae.

The purpose of TLC assay was to determine the profile of the active 
compound which is contained in the extract. The result of TLC assay 
can be seen in Table 2.

Based on the result, there were two spots on a TLC plate. That means 
at least, there were two secondary metabolites that contained in the 
extract.

Confirmation test was done to assure the genus and species of 
bacteria that were used in this study. We did the observation of colony 
morphology, Gram-staining, and biochemical assay. Observation 
of colony morphology was done by culturing the bacteria on SSA 
medium. The color of the bacterial colony was straw-colored. This 
result was comparable as the literature that said the color of Shigella 
sp. bacterial colony was straw-colored. The result can be seen in 
Fig. 1.

Gram staining was done to determine the shape of the bacterial cell. 
We used carbon gentian violet as the primary stain and fuchsine as a 
counter stain. Based on the observation under the microscope has a 
magenta color has bacillus shape and does not have flagella. The result 
of Gram-staining can be viewed on Fig. 2.

The biochemical assay was done to see the characteristic of bacteria 
based on the biochemical reaction (whether it has degradation enzyme 
or not) using several reagents. The result of the biochemical assay can 
be seen in Table 3.

The result in Table 3 showed that the bacteria can only ferment glucose 
and gave a positive result on methyl red assay. Based on the series of 
tests that we had done, we conclude that the bacteria that we were 
going to used was Shigella dysentery.

The antibacterial activity test was done using the agar diffusion method 
with perforation technique. The test was done with 80%; 60%; 40%; 
and 20% w/v extract concentration in dimethyl sulfoxide solvent. The 
result of the antibacterial activity test can be seen in Table 4.

Table 1: Phytochemical screening

Compounds Results
Alkaloids ‑
Flavonoids +
Tannins +
Polyphenolics +
Monoterpenoids and Sesquiterpenoids ‑
Steroids +
Triterpenoids ‑
Quinones ‑
Saponins ‑
(+)=Detected; (‑)=Not detected

Table 2: TLC assay results

Spot number Rf Visible light UV light (nm)

254 366
1 0.875 Green Green Red
2 0.625 Brown Brown Yellow
TLC: Thin‑layer chromatography, UV: Ultraviolet
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From the data that was shown in Table 4, we could see that sweet 
potato leaves ethanol extract has acted as an antibacterial agent 
against Shigella dysentery. The greater concentration that we used 
the bigger diameter of the inhibitory zone. The antibacterial activity 
test was a qualitative test. It determined whether the extract had 
antibacterial activity against S. dysenteriae. Based on the diameter 
of inhibition zones, all tested concentrations of the extract were 
categorized as a very active antibacterial (above 11  mm) [12]. 
Antibacterial activity of testing extracts against S. dysenteriae 
because of the content of secondary metabolites in extracts that 
are an antibacterial agent. This is similar to ethanol extract of 
Pithecellobium dulce (Roxb.) Benth leaves which have antibacterial 
activity only to S. dysenteriae among 10 other tested bacteria 
because of the same content of secondary metabolites with sweet 
potato extracts also contained flavonoids [13]. The same result also 
reported on another study that the bark extract of Terminalia arjuna 
showed potential antimicrobial activities against all of the selected 
strains of microorganisms, and the greatest activity were observed 
against S. dysenteriae [14].

The result of the antibacterial activity of extract against S. dysenteriae 
was analyzed using one-way ANOVA method with α = 0.05%. The result 
of statistical analysis can be seen in Table 5.

Based on the statistical analysis result, we rejected H0 and accepted H1, 
and we concluded that at least there is a treatment that affected the 
bacterial growth.

The determination of MIC was done by using macrodilution method. We 
did this step to ascertain the smallest concentration that still can inhibit 
the bacterial growth. Media, extract and bacterial control were required 
to compare the turbidity result. The colors of extract scattered the 

turbidity, so we needed to streak the broth on agar media to determine 
the MIC level. The variation concentration that we used were 20%, 
10%, 5%, 2.5%, 1.25%, and 0.625%. The result of MIC test can be seen 
in Table 6.

MIC was determined from the smallest concentration that shows the 
smallest bacterial growth and confirmed the result by determining the 
smallest concentration that did not show any bacterial growth. From 
the Table 4, it can be determined that the MIC range of sweet potato 
leaves ethanol extracts against S. dysenteriae was 10-20%  w/v. This 
MIC value indicating that the extracts are bacteriostatics at lower 
concentrations than 20% w/v.

CONCLUSION

Based on the study that had been done, the ethanol extract of sweet 
potato leaves had antibacterial activity against S. dysenteriae. The range 
of MIC was between 10% and 20%  w/v. An ethanol extract of sweet 
potato leaves contain some antibacterial secondary metabolites such as 
flavonoids, phenolics, tannins, and steroid compound.

Table 3: Biochemical assay result

Assay Tested S. dysenteriae Reference
Motility ‑ ‑
Glucose + +
Lactose ‑ ‑
Manose ‑ ‑
Maltose ‑ ‑
Saccharose ‑ ‑
Indole ‑ ‑
H2S ‑ ‑
Urea ‑ ‑
Methyl red + +
Voges Proskauer ‑ ‑
Simmon citrate ‑ ‑
+=present, ‑=absent. S. dysenteriae: Shigella dysenteriae

Fig. 1: Shigella dysenteriae colony in salmonella Shigella agar

Fig. 2: Shigella dysenteriae cell

Table 4: The result of antibacterial activity

Concentration (%) Diameter of inhibitory zone (mm)
80 19.60±0.10
60 17.00±0.40
40 16.45±0.15
20 14.05±0.15
Perforator diameter=11 mm

Table 5: Statistical analysis result

Result Su df Mean F Ft
Treatment 32.27 3 10.757 105.46 15.1
Error 0.41 4 0.1025
Total 32.68 7

Table 6: MIC values of testing bacteria

Concentration (%) Colony growth
Negative control ‑
Extract control ‑
20 ‑
10 +
5 +
2.5 +
1.25 +
0.625 +
Positive control +
(+)=There is colony growth; (‑)=There is no colony growth. MIC: Minimum 
inhibitory concentration
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