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Abstract 

 

Most orange peels are not utilized and become useless waste that is thrown away. Orange peels contain many nutrients and compounds, 

such as flavonoids, terpenoids, alkaloids, and essential oils, which are secondary metabolites that act as antibacterial agents. This study 

intends to investigate the antibacterial activity of sweet orange peel tea against isolated Enterobacteriaceae from a random water depot 

sample around Universitas Prima Indonesia. This experiment used disc diffusion for antibacterial assay. Meanwhile, the sweet orange peel 

was brewed using two different methods, including infusion and decoction, in two different masses (3 grams and 5 grams). These sweet 

orange peel tea formulations were compared to standard (chloramphenicol) and control (distilled water). Enterobacteriaceae was isolated 

and identified from a random water depot sample around Universitas Prima Indonesia, which included colony identification in EMB agar 

and MacConkey agar, gram staining, and biochemical test. This study showed that a random water depot sample contaminated by 

Enterobacteriaceae had properties similar to Citrobacter sp. Sweet orange tea formulation inhibited this isolated Enterobacteriaceae 

growth (P-Value: 0.010). Antibacterial activity was observed in 3-gram infusion, 5-gram infusion, and 5-gram decoction. However, the 

antibacterial activity was not better than the standard (chloramphenicol). Overall, it can be concluded that the sweet orange peel tea as 

infusion or decoction has weak antibacterial activity against Enterobacteriaceae bacteria isolated from water depots, which had some 

properties similar to Citrobacter sp. 
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INTRODUCTION 
 

Infectious disease is a common health burden in some 

developing countries, primarily caused by bacteria. The 

agents can cause infectious diseases, including bacteria, 

viruses, fungi, and parasites. World Health Organization 

(WHO) reported in 2006 an increase in mortality in some 

ASEAN countries, which increased to 45%, and in the 

same year, WHO also reported that the mortality rate of 

infectious disease was 25 million worldwide. Indonesia, 

as part of the ASEAN country, is the second-rank 

country with the most infectious diseases and has a 

mortality rate of 29.5%. Both agent factors and 

environment and host play an important role in infectious 

disease, significantly when human immunity weakens 

(Damanik et al., 2021). 

Enterobacteriaceae is a negative-gram bacteria with a 

rod shape. The bacteria group of Enterobacteriaceae acts 

as resident flora in the human and animal gastrointestinal 

(Riedel et al., 2019). Enterobacteriaceae are one of the 

groups of bacteria that can cause diarrhea and often 

contaminate food (Parawidnyaningsih et al., 2023) and 

drinks that have been cooked, frozen or not cooked and 

frozen (Diah et al., 2022). 

There are several types of pathogenic bacterial of the 

Enterobacteriaceae group, such as Enterobacter, 

Serratia, Escherichia, Proteus, Salmonella, Shigella, 

Klebsiella (Diah et al., 2022), and Citrobacter  (Fadli et 

al., 2021). In general, the cause of bleeding due to 

diarrheal infections is toxins produced by Escherichia 

coli, Campylobacter spp., Salmonella spp., Shigella spp., 
toxin-producing Vibrio cholerae, Yersinia enterocolitica, 

and Citrobacter spp. (Imran et al., 2020). Escherichia 

coli bacteria can quickly spread through water 

contamination and contaminated materials that come in 

contact with these bacteria (Hamidah et al., 2019). 

Escherichia coli is a gram-negative bacterium. It can be 

found in the intestine, indicating water contamination by 
fecal matter (Klau et al., 2021). 

Diarrhea is a defecation frequency of more than three 

times a day, followed by loose fecal consistency with or 

without blood and mucus (Nurlaila & Susilawati, 2022). 
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Diarrhea is a major health problem in developing 

countries, such as Indonesia. According to the WHO 

(2000), there were around 4 billion cases of diarrhea in 

the world, and 2.2 million people died, mostly children 

under five years of age. Mostly, Indonesian regions from 

2009 until now found that the incidence rate of diarrhea 

remains high, with around 162 thousand toddler deaths 

every year and approximately 460 thousand toddler 

deaths every day due to diarrhea (Novita, 2020). 

Due to this information, an antibiotic is essential in 

gastrointestinal infection treatment, mainly caused by 

bacteria (Niken et al., 2023). However, irrational 

antibiotic use is still high, leading to bacterial resistance 

that decreases bacterial sensitivity (Damanik et al., 

2021). Thus, looking for natural products with minimal 

side effects and preventing further bacterial resistance 

becomes important. Many herbs have been widely used 

in community settings as an alternative treatment for 

various diseases, especially diarrhea and other 

gastrointestinal infections (Salsabilla et al., 2023).  

Indonesia is a tropical country with various plants that 

could become herbid. These herbs have fewer side 

effects and many health benefits. One of these plants, 

which has been reported to have various health benefits, 

is orange fruit. The sweet orange fruit has been used for a 

long time in the community, especially in Indonesia. 

However, most people utilize only the fruit flesh, and the 

orange peel is wasted as household waste (Filbert et al., 

2023; Mutia & Manalu, 2020; Niken et al., 2023). Many 

nutrients and compounds, such as flavonoids, terpenoids, 

alkaloids, and essential oils, enrich the orange peel. 

These compounds potentially act as antibacterial agents 

that can inhibit bacterial growth and kill pathogenic 

bacteria by disrupting bacterial metabolism (Amiliah et 

al., 2021). Based on the research by Amiliah et al. 

(2021), the crude extract and essential oil of Kalamansi 

orange peel moderately inhibited the growth of 

Staphylococcus aureus and Escherichia coli at a 

concentration of 40%. Amiliah et al. also reported that 

the essential oil of Kalamansi orange peel also reported 

to strongly inhibited the growth of Staphylococcus 

aureus and moderately inhibited the growth of  

Escherichia coli bacteria at a concentration of 20% 

(Amiliah et al., 2021). Another study by Niken (2023) 

also reported whether the antibacterial activity of orange 

peel extract positively correlated to its concentration. 

Twenty percent and a hundred of orange peel extract 

could inhibit the growth of Staphylococcus aureus, 

forming an inhibition zone diameter of 12.33 mm and 

21.4 mm, respectively (Niken et al., 2023). 

Based on the description above, looking for the 

antibacterial activity of orange peel as another 

pharmaceutical form against Enterobacteriaceae 

becomes important when the rate of water-borne 

gastrointestinal infection caused by bacteria is high. 

Thus, this study intends to investigate the antibacterial 

activity of sweet orange peels (Citrus sinensis) against 

Enterobacteriaceae isolated from a random water depot. 

 

 

MATERIALS AND METHODS  
 

Study Design 

This experimental study was performed at Laboratorium 

Terpadu, Universitas Prima Indonesia, from April 2024 

to June 2024. This study has also been approved by 

Komite Etik Penelitian Kesehatan (KEPK) Universitas 

Prima Indonesia with letter no. 

016/KEPK/UNPRI/III/2024. 

 

Materials 

This experimental study used some material including 

Sweet orange peel, water sample from a random depot, 

chloramphenicol (paper disc antibiotic), Mueller Hinton 

Agar (MHA) media, Nutrient Agar Media, EMBA (Eosin 

Methylene Blue Agar), MacConkey Agar, distilled water, 

methanol solution, normal saline, 70% alcohol, iodine 

solution, crystal violet, safranin, acetone alcohol, lactose 

broth, NaOH, HCl, FeCl3, Mayer reagent, Dragendroff 

reagent, Chloroform, anhydrous acetate acid, sulfur acid, 

FeCl3 5% 

 

Isolation and Identification of Enterobacteriaceae 

from Water Depot Sample 

Initially, this study was performed by isolating and 

identifying Enterobacteriaceae in a water sample from a 

random depot around the Faculty of Medicine, Dentistry, 

and Health Science, Universitas Prima Indonesia. After 

that, it was continued to evaluate the pharmaceutical 

formulation and antibacterial activity of sweet orange 

peel tea against the obtained Enterobacteriaceae.  

Initially, this study selected randomized depot water 

to obtain a water sample and reserved it into a sealed 

bottle. Before the isolation and identification of 

Enterobacteriaceae in a water sample, this study 

prepared lactose broth, EMB agar, and MacConkey 

Agar. Lactose broth was made by dissolving 1.3 grams of 

lactose broth powder into ten milliliters of distilled water 

using a hot plate magnetic stirrer, and it was used for 

enrichment and serial dilution purposes. EMB agar was 

made by dissolving 1.6 grams of EMB agar into a 

hundred milliliters of distilled water using a hot plate 

magnetic stirrer, and it was used to subculture the 

bacterial-containing broth. MacConkey agar was made 

by dissolving 5.0 grams of MacConkey agar powder into 

a hundred milliliters of distilled water, and it was used to 

purify the colony from subculture media. Both agar and 

broth media were sterilized by autoclave 0.5 atm and 

121oC for 15 minutes (N. Oktaviani et al., 2022; Toruan 

et al., 2023). 

Isolation was begun by sample enrichment. 

Enrichment was performed by dissolving a milliliter of 

water sample into ten milliliters of lactose broth and 



 

 
 

 Yumiko et al. – Antibacterial Activity of Sweet Orange (Citrus sinensis) Peel Tea  451 
 

 

incubating it at 43oC for 24 hours (Yanestria et al., 2022). 

After that, a milliliter of incubated lactose broth was 

subcultured into EMB agar by spreader and incubated at 

37oC for 20-24 hours. Then, the dominant colony was 

purified into MacConkey Agar several times until it 

obtained the homogenous colony in MacConkey Agar by 

the four-quadrant streak method (Diniarti et al., 2022; 

Yanestria et al., 2020). 

The isolated Enterobacteriaceae from MacConkey 

agar was identified by biochemical assay. The IMViC 

test was used for the biochemical identification of 

Enterobacteriaceae, including Indole, Methyl Red, Voges 

Proskauer, Citrate, and Motility. IMViC test was 

performed using some reaction tubes.  

 

Indole Test 

Indole test was performed by inoculating the colony into 

Sulfide Indole Motility (SIM) media and incubating it for 

24 hours at 37oC. After that, an Erlich reagent was added 

to the media to identify color change (Gunawan et al., 

2022).  

 

MR-VP Test 

MR-VP test was performed using the same media in two 

different reaction tubes, which was MR-VP media in a 

similar way to the Indole test. After the incubation, it was 

dropped by methyl red for the MR Test and both alpha-

naphthol and 40% KOH solution for the VP test (Sari et 

al., 2019) 

 

Citrate test 

The citrate test was performed by inoculating the colony 

into Simmons citrate medium, similar to other 

biochemical tests, and identifying the color changes after 

the incubation (Sari et al., 2019). 

 

Motility Test 
The motility test was performed similarly to the indole 

test by inoculating the colony within 1 cm of the bottom 

of the tube and incubating it for 24 hours at 37oC. After 

that, the bacteria’s motion was identified around the 

inoculation line (Sari et al., 2019). 

After the isolation and identification, An 

Enterobacteriaceae-containing MacConkey was reserved 

for further antibacterial assay.  

 

Sweet Orange Peel Tea Formulation 

This study then continued to formulate the orange peel 

tea. Sweet oranges were obtained from a modern Medan 

market and identified in Herbarium Medanense, Faculty 

of Mathematics and Science, Universitas Sumatera 

Utara. All obtained sweet oranges were sorted and 

peeled. Orange peel was collected and washed. After 

that, it was dried with a food dehydrator at 70oC for 24 

hours (Acar et al., 2022). Afterward, the dried orange 

peel was ground by a blender and sieved with mesh 

number 40. Finally, this sieved orange simplicial was 

packed into 3-gram and 5-gram tea bags (Novitriani et 

al., 2021). 

Both 3-gram and 5-gram tea bags were processed 

using two different methods: infusion and decoction. An 

infusion was performed by brewing both tea bags with a 

hundred milliliters of distilled water for fifteen minutes 

at 90oC. Meanwhile, a decoction was performed in the 

same way, but for a longer time: thirty minutes (Chiuman 

et al., 2021). Finally, both infusion and decoction of 

orange peel tea underwent a phytochemical screening to 

identify the phytochemicals, including flavonoid, tannin, 

alkaloid, steroid/triterpenoid, phenol, and saponin (Gulo 

et al., 2021; Suhartomi et al., 2020; Sumartin et al., 

2024). 

 

Antibacterial Assay 

This study continued to investigate the antibacterial 

activity from infusion and decoction of orange peel tea 

against Enterobacteriaceae isolated from a random water 

depot by disc diffusion method. Initially, this study 

prepared some media that would be used, including 

Nutrient Agar (NA) and Mueller Hinton Agar (MHA). 

Nutrient Agar (NA) was made by dissolving 2.8 grams of 

NA powder into a hundred milliliters of distilled water 

using a hot plate magnetic stirrer. Meanwhile, MHA was 

made by dissolving 3.8 grams of a hundred distilled 

water using a hot plate magnetic stirrer. Both media were 

sterilized by an autoclave at 121oC for 15 minutes. After 

sterilizing both media, they were poured into some petri 

dish and chilled. After these media became solid, all Petri 

dishes were reserved in a refrigerator until these media 

were used (Amiliah et al., 2021; Damanik et al., 2021; 

Mutia et al., 2021) 

Enterobacteriaceae isolates in the reserved 

MacConkey was rejuvenated in Nutrient Agar before 

being used in the disc diffusion method. An inoculum of 

Enterobacteriaceae from MacConkey agar were streaked 

by a quadrant streak method and incubated for 24 hours 

at 37oC (Daud et al., 2023). After bacterial rejuvenation, 

it was continued to suspend an Enterobacteriaceae 

colony from NA into the standard saline solution and 

formed a bacterial suspension with a bacterial 

concentration equivalent to 0.5 McFarland scale. An 

inoculum of Enterobacteriaceae colony from NA was 

suspended into ten milliliters of normal saline in the 

reaction tube and then homogenized by a vortex. 

Bacterial suspension concentration was measured based 

on the turbidity of the solution by UV-Vis 

Spectrophotometer at a wavelength of 600 nm (Amiliah 

et al., 2021; Komara et al., 2022). 

Bacterial suspension and MHA media, prepared 

before, were used for disc diffusion. Every petri dish that 

contains MHA agar has a capacity of four test discs. 

Enterobacteriaceae isolate was streaked into sterilized 

MHA with a sterile cotton swab. After that, diffused 

discs that had been soaked in either infusion orange peel 

tea or decoction orange peel tea at any dose were placed 

on the surface of the MHA agar. A similar treatment was 
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performed in the standard and control groups. Standard 

and control groups used chloramphenicol-containing 

discs and distilled water-diffused discs, respectively. 

Moreover, all these petri dishes were incubated at 37oC 

for 24 hours. After the incubation, the formed clear zone 

was measured as an inhibition zone diameter and 

expressed in millimeters by caliper (Chiuman et al., 

2023; Damanik et al., 2021; Jungjunan et al., 2023; 

Utami et al., 2021). 

 

Data Analysis  

All data in this study was analyzed by IBM SPSS 

Statistic 27. Initially, the determination of orange fruit, 

phytochemical screening, and inhibition zone diameter 

were analyzed by descriptive statistics. After that, the 

diameter of the inhibition zone was analyzed using 

inferential statistics, Kruskal-Wallis. 

 

 

RESULTS AND DISCUSSION 
 

This experimental laboratory study aimed to investigate 

the antibacterial activity of sweet orange peel tea against 

Enterobacteriaceae, which was isolated from random 

water depots around Universitas Prima Indonesia by the 

disc diffusion method. The sweet oranges were obtained 

from one of the modern markets in Medan, North 

Sumatra, formulated into tea, and brewed using two 

different methods: infusion and decoction. This study 

demonstrated the antibacterial activity from infusion and 

decoction of tea orange peels, except for the formulation 

of 3-gram orange peel tea brewed by infusion.  

Initially, this study isolated and identification of 

Enterobacteriaceae from a random water depot sample 

around Universitas Prima Indonesia. This study used 

Eosin Methylene Blue Agar to isolate bacteria from 

Water Depots, and Figure 1 presents the isolated 

Enterobacteriaceae in EMB agar.  

 

 
Figure 1. Isolate Bacterial on Eosin Methylene Blue (EMB) Agar. 

 

 
Isolated bacteria on EMB Agar show metallic green 

sheen colonies and are suspected to be Escherichia coli. 
This study used EMB agar due to the selectivity and 

differentiation of this medium for the growth of enteric 

bacteria and coliform microorganisms. This media is rich 

in nutrients to support the growth of Enterobacteriaceae, 

especially lactose fermenter bacteria (Putri et al., 2023; 

Salaila et al., 2024). Furthermore, EMB also has eosin, 

which inhibits the growth of positive-gram bacteria and 

enhances the growth of negative-gram bacteria, such as 

Escherichia coli (Akhnah et al., 2022). On the other 

hand, EMB also has lactose as a substrate for lactose 

fermenter bacteria, then eosin and methylene blue in this 

media were used to differentiate either lactose or non-

lactose fermenter bacteria by media color change 

(Hendiana et al., 2022). A dark color with a shiny metal 

colony indicates a lactose fermenter bacteria. Brown and 

pink color colonies indicate a slow lactose fermenter 

bacteria. Finally, the Faint red color colony indicated a 

non-lactose fermenter bacteria (Akhnah et al., 2022; 

Hendiana et al., 2022). 

This study showed that the isolated bacteria from a 

random water sample depot had a greenish metallic 

sheen color, indicating lactose fermenter bacteria. This 

color changes due to the products of some acid 

compounds from lactose fermentation. This acid 

compound reacted with methylene blue to form a black 

or dark color and, with a metallic green center, separate 

colonies with a diameter of 2-3mm (Bollyn et al., 2023; 

Yanestria et al., 2020). Furthermore, bacteria with green 

sheen metallic colonies were purified on MacConkey 

Agar medium three times. The results of bacteria 

purification on MacConkey Agar can be seen in Figure 2. 

 

 
Figure 2. The Purification of Isolate Bacteria on MacConkey Agar (a) First 

purification (b) Second purification (c) Third purification. 
 

 

Figure 2 shows that purified bacteria in MacConkey 

Agar had pink-colored colonies, which indicates the 

ability to lactose the fermenter. MacConkey was a 

differential media for either lactose fermenter or non-

lactose fermenter bacteria. A pink color colony indicated 

a lactose fermenter bacteria due to the formation of some 

acid compounds as a result of a lactose fermentation 

reaction (pH < 6.8) (Nursanty et al., 2019). This study 

showed that the colony was pink, indicating lactose 

fermenter bacteria. Some Enterobacteriaceae with 

lactose fermentation activity include Escherichia coli, 
Klebsiella sp., Enterobacter aerogenes, and Citrobacter 

sp (Akhnah et al., 2022). There are some lactose 

fermenter Enterobacteriaceae; Therefore, additional tests 

are required to identify the type of Enterobacteriaceae. 

Due to this reason, the obtained colony underwent some 

biochemical tests (Lisdewi et al., 2023). After 
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purification, a colony from each Petri was stained with 

gram staining, as described in Figure 3. 

 

 
Figure 3. The Results of Gram Staining under a Microscope with 1000x 
Magnification of Enterobacteriaceae Isolate Bacteria. 

 

Figure 3 shows that these colonies have negative-

gram staining bacteria, a rod red-staining bacterium. It 

indicated a rod-shaped Enterobacteriaceae. Isolated 

bacteria cannot retain crystal violet as a primer stain after 

being flushed by a decolorizing agent of alcohol or 

acetone. Hence, this bacteria absorbs the counterstain, 

safranin (red color). A thin layer of negative-gram 

bacteria cell wall causes this bacteria to be unable to 

retain the primer color. Hence, the lipid layer of the 

negative-gram bacteria cell wall was dissolved by the 

decolorizing agent (alcohol or acetone) during the gram 

staining process (Rahmatullah et al., 2021; Sari et al., 

2020) 

Gram-negative bacteria cell wall consists of 

phospholipids, lipopolysaccharides, and lipoproteins. 

These layers cause the impermeable property of bacteria 

cell walls for small molecules. It also causes an obstacle 

for the antibacterial substance to pass the negative-gram 

bacterial cell wall. Another factor affecting the 

permeability of negative-gram bacteria was porins, which 

were part of the bacterial protein. Due to these reasons, 

some large molecular sizes of antibacterial are 

challenging to penetrate the negative-gram bacteria and 

lead to more resistant antibiotic properties (Samputri et 

al., 2020). 

According to EMB Agar, MAC agar, and gram 

staining, the obtained isolated bacteria from a random 

water sample depot may be a lactose fermenter 

Enterobacteriaceae, including Escherichia coli, 

Citrobacter sp., Klebsiella sp., or Enterobacter 

aerogenes. A biochemical test was required to identify 

the possible type of Enterobacteriaceae (Akhnah et al., 

2022). Thus, a colony from these MacConkey Agars 

underwent a biochemical test, including: IMViC and 

motility tests were performed to identify 

Enterobacteriaceae bacteria isolated from random Water 

Depots around Universitas Prima Indonesia, and the 

result of the biochemical test is described in Table 1. 
 

 

 

Table 1. Biochemical Test Results of Enterobacteriaceae Isolate Bacteria. 

 

Biochemical Test Reagent Results 

Indole Test Reagent Erlich - 

Methyl Red Test Methyl Red Indicator + (weak positive) 

Voges-Prosakeur Test Alpha-naphtol + KOH 40% - 

Sitrat Test Media Simmon Citrate + 

Motility Test Media Sulfide Indole Motility (SIM) + 

 

 

Table 1 shows the colony’s cheerful methyl red, 

citrate, and motility tests. It can be concluded that 

isolated Enterobacteriaceae could convert pyruvic into a 

stable acid compound (MR Test) and utility citrate as a 

carbon source into oxaloacetic acid and acetic acid 

(Citrate test). 

The Methyl Red Test (MR Test) is a biochemical test 

to determine the ability of bacteria to convert pyruvate 

from a glycolysis reaction into an acid compound. The 

methyl red test uses a broth media that consists of 

glucose as a substrate for glycolysis, and then the 

bacteria uses glucose for glycolysis and produces some 

pyruvate compounds. Some bacteria may convert these 

pyruvate compounds into stable acid compounds. This 

acid compound was identified by the reaction of acid into 

methyl red reagent. Hence, the positive result was 

identified as red, and the negative test result as yellow. 

This study showed that the isolated Enterobacteriaceae 

from a random water depot sample had a red color from 

the methyl red test, which indicated a positive result. It 

showed that isolated Enterobacteriaceae could convert 

pyruvate into a stable acid compound (Lisdewi et al., 

2023). 

This isolated bacteria from a random water depot also 

showed an ability to use citrate as a carbon source for 

oxaloacetic acid and acetic acid for energy formation. It 

can be seen from the simmon citrate test, which uses 

simmon citrate media. Simmon citrate media contains 

some compounds, including citrate as a substrate for 

citrate enzyme, ammonium ion as a nitrogen source, and 

the last one is bromothymol blue (BTB) as a pH 

indicator. Some bacteria can utilize citrate as a carbon 

source, and it will break the citrate compound into 

oxaloacetic acid and acetic acid. The oxaloacetic acid 

will then be decarboxylated to produce pyruvate and 

carbon dioxide gas. After that, carbon dioxide gas will 

react with water molecules and excess sodium citrate in 

simmon citrate media to produce sodium carbonate that 

has alkaline properties. After that, the high release of 

carbon dioxide from the last reaction will induce the 

ammonium salt metabolism to produce ammonium 

hydroxide. Both ammonium hydroxide and sodium 
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carbonate increase the pH in alkaline conditions. Thus, it 

turns the BTB as a pH indicator into a Prussian blue. 

This study showed that the isolated Enterobacteriaceae 

changed the slant agar into a Prussian blue color that 

indicated a positive citrate test, and it showed that the 

isolate Enterobacteriaceae used the citrate as a source of 

carbon and ammonium salts as the nitrogen source  

(Zebua et al., 2020) (Apriyanthi et al., 2022) (Sari et al., 

2019). The last biochemical test observed in this study 

was the motility test. Isolated Enterobacteriaceae from a 

random water depot sample was a motile bacteria. It can 

be seen from the growth pattern of bacteria in SIM 

(Sulfide-Indole-Motility) media, which spread out from 

the medium site. Some Enterobacteriaceae may have a 

propeller-like flagella or unique fibrils that produce a 

gliding form of motility. 

Based on the macroscopic (EMB agar and 

MacConkey), microscopic (gram-staining), and 

biochemical tests (IMViC and motility), isolated 

Enterobacteriaceae from water depot sample preferred to 

Citrobacter sp. Some previous studies have reported the 

presence of various types of Enterobacteriaceae from 

either source, such as fish, water, et cetera. Initially, this 

study identified the isolated bacteria from the 

macroscopic appearance of colonies in EMB and 

MacConkey agar, which was in line with the result of 

Kim et al. in 2015. Kim et al. reported that both 

Citrobacter braakii and Escherichia coli on MCA and 

Levine’s Eosin Methylene Blue Agar (L-EMB) had an 

identical Enterobacteriaceae, which indicates that 

Citrobacter braakii can ferment lactose similar to 

Escherichia coli. Due to this reason, it can be concluded 

that the probable isolated Enterobacteriaceae from 

random water depot was either Citrobacter sp. or 

Escherichia coli (Kim et al., 2015). The obtained 

Enterobacteriaceae from a random water depot around 

Universitas Prima Indonesia also showed some 

biochemical characteristics that could be used to 

investigate Enterobacteriaceae type. Warpala et al. 

(2015) reported that isolated Citrobacter sp. showed a 

positive MR and Citrate test in the biochemical test from 

isolated Enterobacteriaceae from Buyan Lake’s water 

sample. Citrobacter sp. and Escherichia coli shared a 

positive MR test. Both indole and citrate tests can be 

helpful in differentiating Citrobacter sp. and Escherichia 

coli. Citrobacter sp. utilites citrate as a carbon source for 

energy formation, which is not found in Escherichia coli 

and leads to a positive citrate test. When Escherichia coli 

hydrolyzes tryptophan to form indole, it leads to a 

positive indole test. These previous studies showed a 

similar result to the current study, which reported that the 

isolated Enterobacteriaceae from a random water depot 

sample around Universitas Prima Indonesia was 

Citrobacter sp. with positive MR Test and Citrate test 

results (Warpala et al., 2019). Moreover, Fadli et al. 

(2021) also reported that the refill water depot sample in 

Jambi has some Enterobacteriaceae, including Klebsiella 

Sp. and Citrobacter sp., which were identified from 

macroscopic, microscopic, and biochemical test 

characteristics (Fadli et al., 2021). 

This study was then continued to investigate the 

antibacterial activity of sweet orange peel tea against the 

Enterobacteriaceae isolated from the water depot 

sample. Sweet orange fruit samples were obtained from 

one of the modern markets in Medan, North Sumatra. 

The sweet orange fruit was then identified, and its 

taxonomy was described below.  

Kingdom : Plantae 

Divisi : Spermatophyta 

Class : Dicotyledoneae 

Ordo  : Sapindales 

Family : Rutaceae 

Genus : Citrus 

Species : Citrus sinensis (Burm.) Merr. 

Local Names : Sweet Orange  

 

Phytochemical screening in this study was performed 

to determine the presence of secondary metabolites found 

in sweet orange (Citrus sinensis) peel tea. In this study, 

the results of the phytochemical screening test on sweet 

orange peel tea were described in Table 2 and Table 3. 

 
 

Table 2. Screening phytochemical results of sweet orange peel tea 

infusion. 

 

Secondary 

Metabolites 

Compounds 

Reagent Result 

Flavonoid NaOH + HCl + 

Tannin FeCl3 + 

Alkaloid 
Mayer - 

Dragendorff + 

Saponin HCl - 

Steroid 
Chlorofom + anhydrous 

acetate acid + sulfur acid 
- 

Triterpenoid 
Chlorofom, anhydrous 

acetate acid, sulfur acid 
+ 

Phenol FeCl3 5% + 

 
 

 

Table 3 Screening phytochemical results of sweet orange peel tea 

decoction. 
 

Secondary 

Metabolites 

Compounds 

Reagent Result 

Flavonoid NaOH + HCl + 

Tannin FeCl3 + 

Alkaloid 
Mayer - 

Dragendorff + 

Saponin HCl - 

Steroid 
Chloroform + anhydrous 

acetate acid + sulfur acid 
- 

Triterpenoid 
Chloroform + anhydrous 

acetate acid + sulfur acid 
+ 

Phenol FeCl3 5% + 
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According to the phytochemicals screening result, 

Sweet orange peel infusion or decoction has some 

phytochemicals, including flavonoids, tannins, alkaloids, 

triterpenoids, and phenol. Then, it was continued to 

antibacterial assay by disc diffusion method, and the 

results of measuring the antibacterial activity of sweet 

orange peel tea against Enterobacteriaceae bacteria 

isolates through the diameter of the bacterial inhibition 

zone observed for 24 hours. Inhibition zone diameter 

data was initially analyzed using Shapiro-Wilk for data 

distribution, and the result of Shapiro-Wilk was 

described in Table 4. 
 

 
Table 4. The results of Shapiro-Wilk Analysis for data distribution. 
 

Group P-Value Distribution 

3g Infusion  0.720 Normal 

3g Decoction  0.000 Not Normal 

5g Infusion  0.843 Normal 

5g Decoction  0.949 Normal 

Standard (Chloramphenicol) 0.092 Normal 

Control (Distilled Water) 0.000 Not Normal 

 

 

Based on shapiro-wilk analysis, the inhibition zone 

diameter of 3 grams decoction (P-Value: 0.000) and 

control (P-Value: 0.000) has a non-normal data 

distribution. Hence, it can be concluded that the data 

distribution of inhibition zone diameter was not 

expected. For this reason, this study compared the 

inhibition zone diameter by Kruskal-Wallis, which is 

described in Table 5. 

 
 
Table 5. Comparison of Inhibition Zone Diameter in All Tea Formulation Group. 

 

Tea Formulation 
Inhibition Zone Diameter (mm) 

Mean Std. Deviation P-Value 
1st repetition 2nd repetition 3rd repetition 

3g Infusion 2.51 2.86 1.92 2.43 0.45 

0.010 

3g Decoction 0.00 0.00 0.00 0.00 0.00 

5g Infusion 2.51 2.86 2.71 2.71 0.17 

5g Decoction 2.31 3.66 5.14 3.70 1.41 

Standard 26.71 26.81 28.56 27.36 1.04 

Control 0.00 0.00 0.00 0.00 0.00 

 

 

It can be concluded that there was a significant 

difference in inhibition zone diameter among all tea 

formulation groups; it can be seen from P-Value < 0.05 

(P-Value: 0.010). The highest mean was found in the 

standard group that received chloramphenicol, followed 

by 5 grams decoction, 5 grams infusion, 3 grams 

infusion, and 3 grams decoction. Furthermore, this study 

analyzed inhibition zone diameter in each group using 

the Mann-Whitney test, and the analyses results are 

described in Table 6.  
 

 

Table 6. The results of the Whitney test. 
 

Group Comparison P-Value Interpretation 

Control 

3g Infusion 0.037* Significant 

3g Decoction 1.00 Not Significant 

5g Infusion 0.037* Significant 

5g Decoction 0.037* Significant 

Standard 0.037* Significant 

Standard 

3g Infusion 0.050* Significant 

3g Decoction 0.037* Significant 

5g Infusion 0.050* Significant 

5g Decoction 0.050* Significant 

5g Decoction 

3g Infusion 0.275 Not Significant 

3g Decoction 0.037* Significant 

5g Infusion 0.513 Not Significant 

5g Infusion 
3g Infusion 0.500 Not Significant 

3g Decoction 0.037* Significant 

3g Decoction 3g Infusion 0.037* Significant 
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Table 6 showed that the control (distilled water) and 

the formulation of 3-gram orange peel decoction did not 

show any significant difference in inhibition zone 

diameter (P-Value > 0.05). However, the inhibition zone 

diameter of distilled water significantly differed from 

other groups (3 grams orange peel infusion, 5 grams 

decoction and infusion, and standard group). Moreover, 

the changes in orange peel simplicial mass in formulation 

significantly affected the antibacterial activity against the 

isolated Enterobacteriaceae. However, the method of 

brewing did not affect the antibacterial activity.  

The antibacterial assay showed that either orange peel 

tea infusion or decoction had antibacterial activity 

against isolated Enterobacteriaceae from a random water 

depot sample. It can be seen from the mean of the 

inhibition zone from 3-gram infusion, 5-gram infusion, 

and 5-gram decoction, which were 2.43 mm, 2.71 mm, 

and 3.70 mm. Only 3-gram decoction did not show an 

antibacterial assay. This antibacterial activity of orange 

peel tea comes from phytochemicals, including 

flavonoid, tannin, alkaloid, triterpenoid and phenol 

compounds found in either infusion or decoction. These 

phytochemicals were in line with Erika et al. (2023), who 

reported that sweet orange peel extract (Citrus sinensis 

(L.)) contained flavonoids, saponins, tannins, and 

essential oils (E. D. Oktaviani et al., 2023). These 

phytochemicals are reported to have both antibacterial 

and antioxidant activity. Flavonoid was reported to 

disturb membrane cells, microsomes, and lysosomes by 

forming a complex compound with this membrane and 

leading to organelle efflux. When flavonoid binds to the 

bacterial wall’s outer membrane, it disturbs the bacterial 

wall’s stability, leads to cytoplasm leaks, inhibits 

bacterial growth, and ends in bacterial death. Flavonoids 

are also reported to bind bacterial DNA and disturb its 

structure. Other phytochemicals such as tannin, saponin, 

and triterpenoid disturbed cell membrane stability. 

Tannin can also bind to intracellular bacterial proteins 

and precipitate these proteins, which causes internal 

structure damage (Niken et al., 2023) (Amiliah et al., 

2021)(Egra et al., 2019). 

This study also compared the antibacterial activity of 

orange peel tea formulation to chloramphenicol as 

standard and distilled water as control. Chloramphenicol 

is a broad-spectrum antibiotic for positive and negative 

gram bacteria (Aviany & Pujiyanto, 2020). 

Chloramphenicol is an antibiotic that inhibits bacterial 

ribosomes and inhibits bacterial protein synthesis. Tannin 

in orange peel tea showed a similar mechanism of action, 

precipitating intracellular bacterial protein. On the other 

hand, this study also used distilled water as a control for 

tea solvent, and it did not have any antibacterial effect 

due to the absence of an inhibition zone in the 

antibacterial assay (Azizah & Antarti, 2019).  

 

 

 

CONCLUSIONS 
 

It can be concluded that sweet orange peel tea infusion 

and decoction had weak antibacterial activity against the 

Enterobacteriaceae isolated from random water depot 

samples around Universitas Prima Indonesia (P value: 

0.010). These isolated Enterobacteriaceae tended to be 

Citrobacter sp. This weak antibacterial activity was 

shown by the mean of 3 gram infusion, 5 gram infusion 

and 5 gram decoction, which were 2.43 mm, 2.71 mm 

and 3.70 mm, respectively. 
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