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Abstract. Organic waste, such as fruit peels, has potential to be processed into useful 

products, for example through fermentation into garbage enzymes (GE) or also known 

as eco-enzymes. This study aims to determine 16S rRNA gene fragment amplicon of 

metagenomic DNA, antibacterial activity against the Staphylococcus aureus and Esch-

erichia coli and cellulase activity from GE of sweet orange (Citrus sinensis) peels. Sweet 

orange peel was mixed with brown sugar and water in the ratio of 3:1:10 respectively, 

then fermented for 90 days (GE-90) and 105 days (GE-105). The metagenomic DNA 

isolate of GE was amplified by polymerase chain reaction (PCR) technique, antibacterial 

activity was tested using the agar diffusion well method, and cellulase activity was de-

termined by the dinitrosalicylic acid (DNS) method. The results of GE-90 and GE-105 

metagenomic DNA amplification using PCR was obtained 16S rRNA gene fragment of 

about 750 bp. Inhibition effectiveness of undiluted GE-90 against S. aureus and E. coli 

compared with amoxicillin 0.03% was 76.7 and 71.6%, respectively; while GE-105 was 

68.7 and 56.6% respectively. Cellulase activity of GE-90 was 0.01186 ± 0.00077 U/mL; 

and 0.01384 ± 0.00113 U/mL for GE-105.  
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1 Introduction 

The use of fruit by-products, especially fruit peels, is gradually gaining popularity as 

scientists find that in many cases, fruit peels show better biological and pharmacologi-

cal applications than other parts of the fruit [1]. Organic waste, such as fruit peels, has 

potential to be processed into useful products, for example production of antibacterial 

compounds. Many studies have been carried out using sweet orange peel as an antibac-

terial. Methanol and ethanol extracts of sweet orange peel have been proven to be anti-

bacterial [2, 3, 4, 5]. Essential oil obtained from sweet orange peel has also been proven 

to contain antibacterial compounds [6, 7, 8].  

Production of bioactive compounds can occur naturally through fermentation, one 

of which is thought to occur in garbage enzymes. Garbage enzymes also known as eco-

enzymes which are generally produced from fermenting a mixture of fruit or vegetable 

waste, palm sugar (or other sugar), and water and then fermented for 3 months. This  
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fermentation process is the result of the activity of various enzymes contained in bac-

teria or fungi (microbial consortia) [9]. Enzymes commonly found in garbage enzymes 

include lipase, protease, and amylase [10]. The consortium of microbes that produce 

these enzymes is interesting to study. A microbial consortium is a group of microbes 

that work together in synergy to carry out certain functions or roles, such as in the 

fermentation of sweet orange peel into garbage enzymes. 

Less than 1% of microbes can be cultured in the laboratory, therefore a metagenomic 

approach has been developed by isolating and analyzing the entire DNA of microbial 

consortia directly from environmental samples [11]. Metagenomic DNA analysis of 

prokaryotic cell microbial consortia can be carried out using the prokaryotic 16S RNA 

(16S rRNA) ribosomal gene. The 16S rRNA gene is used as a detection marker for 

unknown bacteria in microbial communities [12]. 16S rRNA gene fragments from met-

agenomic DNA isolates can be analyzed using the Polymerase Chain Reaction (PCR) 

technique using universal primer pairs for 16S rRNA. 

Cellulase activity in garbage enzymes is interesting to study because cellulase pro-

duced by cellulolytic microbes in microbial consortia helps the process of extracting 

bioactive compounds from sweet orange peel, by degrading the plant cell walls. It is 

possible that the fermentation process that produces cellulase can extract phytochemi-

cal compounds released from cells. One of the bioactivities of these phytochemicals is 

antibacterial. Therefore, this research not only aims to determine the existence of a pro-

karyotic microbial consortium through metagenomic DNA 16S rRNA gene fragment 

amplicons, but also to determine the phytochemical content and antibacterial activity 

against Staphylococcus aureus and Escherichia coli as well as cellulase activity from 

garbage enzymes of sweet orange peel (Citrus sinensis). 

2 Materials and Methods 

2.1 Materials 

Research material used was sweet orange peel (Citrus sinensis) at Pedungan Market, 

Denpasar, Bali which used as garbage enzyme. The chemicals used that have pro anal-

ysis quality (Sigma-Aldrich) are potassium sodium tartrate tetrahydrate or Rochelle salt 

(NaKC4H4O6.4H2O), glucose (C6H12O6), carboxymethyl cellulose (CMC), dinitrosali-

cylic acid (DNS), sodium metabisulfite (Na2S2O5), Tris-Cl, Na2EDTA, NaCl, sodium 

dodecyl sulfate (SDS), chloroform, isoamyl alcohol, and ethanol.  

 

2.2 Preparation of Garbage Enzymes 

210 g of sweet orange peel was weighed and put into a 1.5 L bottle containing a mixture 

of 700 mL of sterile distilled water and 70 g of molasses. After all the ingredients were 

mixed evenly, the bottle was closed. Open the bottle cap briefly at any time to release 

the gas. The garbage enzyme samples made were coded GE-90 for 90 days fermenta-

tion, and GE-105 for 105 days fermentation. 

2.3 Isolation of Metagenomic DNA  
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A total of 500 µL of garbage enzymes sample was mixed with 500 µL of TENS buffer 

(50 mM Tris, pH 8.0; 20 mM Na2EDTA, pH 8.0; 10 mM NaCl; 1% [b/v] SDS), then 

put into a powerbead tube containing glass beads and vortexed for 1 minute. Then this 

mixture was stored in a freezer at -20oC for 10 minutes, and immediately put in a 100oC 

water bath for 3 minutes, then transferred back immediately to the freezer (thermal 

shock). This thermal shock process was carried out 3 times. The results of this thermal 

shock were centrifuged at 7,000 g for 10 minutes. A total of 500 µL of supernatant 

obtained was added to 500 µL of chloroform-isoamyl alcohol mixture (24:1). This mix-

ture was vortexed for 5 seconds, after standing for 1 minute it was centrifuged at 7000 

g for 5 minutes.  

The top or supernatant from the centrifugation was transferred into a spin filter, after 

incubating at room temperature for 3 minutes then centrifuged at 7,000 g for 3 minutes. 

The elution results from the spin filer were discarded, then 300 μL of 70% ethanol was 

added to the spin filter and centrifuged at 7,000 g for 3 minutes. The result of this elu-

tion was discarded and again centrifuged until no liquid came out of the spin filter. The 

spin filter was transferred to a new micro-tube, then 50 µL of TE buffer (10 mM Tris, 

pH 8.0; 1 mM Na2EDTA, pH 8.0) pH 8 was added, and centrifuged at 7,000 g for 3 

minutes, and the result of this elution was a metagenomic DNA solution. 

 

2.4 Polymerase Chain Reaction (PCR) 

 

Amplification of metagenomic DNA was carried out by Polymerase Chain Reaction 

(PCR) technique. The 16S rRNA primer pair used was the ProF1 forward primer (5'-

ACTTAACCCAACATCTCACGACAC-3'); and ProR1 reverse primer (5'-

CAGACTCCTACGGGAGGCAGCAGT-3'). Each metagenomic DNA amplification 

process with PCR technique was carried out with a volume of 10 µL of reaction mixture 

and PCR tubes. The reaction mixture with the composition: 3.5 µL ddH2O (sterile dis-

tilled water); 0.5 µL of each forward primer and 0.5 µL of reverse primer; 0.5 µL of 

metagenomic DNA isolated from garbage enzyme (other DNA as positive control and 

the above mixture without DNA as negative control); and 5 µL GoTaq Green Master 

Mix. This PCR tube was inserted into a Thermalcycler PCR (Sensoquest). PCR ampli-

fication conditions were as follows: initial denaturation at 95°C for 5 minutes; 35 PCR 

cycles consisting of denaturation (94°C for 1 minute), annealing (varying from 58 to 

61°C for 1 minute, and extension (72°C for 1 minute), and final extension (72°C for 15 

minutes). 

 

 

2.5 Agarose Gel Electrophoresis  

 

Agarose gel electrophoresis using 1% (w/v) agarose was prepared by dissolving 0.40 g 

of agarose in 40 mL of 1x TAE buffer solution (40 mM Tris-acetate and 1 mM 

Na2EDTA pH 8.0). Next, the mixture of agarose and TAE buffer was heated until the 

agarose dissolves and Florosafe added and then cooled in the mold. The DNA electro-

phoresis process was carried out in TAE buffer using Mupid-2 Plus Advance with a 
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potential difference of 50V/cm for 45-50 minutes. DNA Electrophoresis DNA bands 

were visualized under UV light using a UV Transilluminator (Bioinstrument). 

 

2.6 Phytochemical Test  

 

Garbage enzymes of  sweet orange peel was tested for the presence of alkaloids, 

triterpenoids, steroids, flavonoids, phenols, and saponins based on the method accord-

ing to Harborne [13]. 

 

2.7 Antibacterial Activity Assay    

 

The first stage was re-isolation of the test bacterial culture, namely S.aureus and E.coli 

which grew on slanted Nutrient Agar media, streaked with a loop needle and then 

placed in 50 mL of Nutrient Broth media. The two test bacteria were then incubated in 

an incubator at 37°C for 24 hours. The antibacterial activity test was carried out on 

sweet orange peel ecoenzymes using the agar diffusion well method. Liquid agar nutri-

ent media was put into a sterile petri dish, then 200 μL of bacterial suspension was 

added, shaken and waited until it solidified. Diffusion wells were made using a cork 

borer measuring 0.5 cm which was sterilized by passing it over a Bunsen flame, then 

pressing it on the media until a diffusion well is formed. Garbage enzymes (without 

dilution) and positive control (amoxicillin 0.03%) were taken in 20 μL, then put into a 

diffusion well and incubated for 24 hours at 37oC. The diameter of the clear zone 

formed was measured using a ruler in millimeters (mm). 

 

2.8 Cellulase Activity Measurement 

 

Cellulase activity was determined using the DNS method. A total of 200 µL of 1% 

(b/v) CMC and 150 µL of garbage enzymes supernatant were put into an micro tube 

1.5 mL. This mixture was incubated at 37oC for 60 minutes for sample measurements 

t = 60 minutes; and for measurements t = 0 minutes, do not incubate but immediately 

add DNS. A total of 250 µL of DNS was added and boiled in boiling water for 5 

minutes, then 200 µL of KNa-Tartarate was added. Reducing sugar levels were deter-

mined by spectrophotometric absorption measurements using an ELISA reader at a 

wavelength of 490 nm [14], and calculated based on the line equation obtained from 

the glucose standard curve. Cellulase activity was determined using Equation 1. 

 

                          Cellulase activity (U/mL) = 

𝛥 𝑟𝑒𝑑𝑢𝑐𝑖𝑛𝑔 𝑠𝑢𝑔𝑎𝑟

0,18 𝑚𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒/𝑚𝑖𝑛𝑢𝑡𝑒

μ ml/minute x 60 
                         (1) 

3 Results and Discussion 

Metagenomic DNA isolates from waste enzymes were amplified at annealing temper-

atures of 58, 59, 60, and 61oC.  The amplification results were electrophoresed and 

shown in Fig. 1. Based on the size of the DNA marker, the thickest DNA band was 
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obtained around ± 750 pb, with relatively cleaner bands obtained at annealing temper-

atures of 60 and 61oC. These results indicated that these garbage enzymes contained 

certain prokaryotic cells that were thought to play a role in the fermentation process.  

One type of microbe may come from cellulase-producing microbes known as cellulo-

lytic microbes. These results indicate that there are prokaryotic cell microbes that play 

a role in GE, and it is interesting to study the diversity of this microbial consortium. 

  

 

 

Fig. 1. A electrophoregram of metagenomic DNA amplicon with primer pair ProF1-ProR1 at 

annealing temperatures: S) 58oC, T) 59oC, U) 60oC, V) 61oC and M) DNA marker 1000 bp. 

Phytochemical test results showed that the garbage enzymes from sweet orange peel 

contains secondary metabolites of alkaloids, flavonoids, phenols, saponins and triterpe-

noids (Table 1). The fermentation process can extract secondary metabolite content that 

is safe and environmentally friendly, because it does not use toxic organic solvents 

which are usually relatively toxic. The process of retrieving secondary metabolites in 

plants is protected by lignin, cellulose, and hemicellulose, so it requires enzymes pro-

duced in the fermentation process which can act as a biocatalyst to degrade plant com-

ponents in the cell wall and help accelerate the release of phytochemicals from the cell. 

Extraction from enzymes and fermentation stand out as tools for obtaining bioactive 

compounds from various agro-industrial wastes [15].  
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Table 2 showed that GE-90 and GE-105 were quite an effective antibacterial.  

Inhibition zone (mm) of undeluted GE-90 against S. aureus and their efficacy in 

comparison to 0.03% of amoxicillin, which serves as a positive control. Inhibition 

effectiveness of undiluted GE-90 against S. aureus and E. coli compared with 

amoxicillin 0.03% was 76.7 and 71.6%, respectively; while GE-105 was 68.7 and 

56.6% respectively. The results obtained showed that eco-enzymes can act as 

antibacterial due to the content of secondary metabolites contained in sweet orange 

peel. One of the products produced from eco-enzyme fermentation is acetic acid 

(CH3COOH). The acetic acid produced is known to inhibit pathogenic bacteria with 

the mechanism of acetic acid being able to penetrate the bacterial cell wall by diffusion, 

so that the protein and DNA in the bacteria are damaged, which ultimately kills the 

bacteria [16]. 

 
Table 1. Results of garbage enzymes phytochemical screening of sweet orange peel 

 

Table 2. Inhibition zone (mm) of undeluted GE for 3 months against S. aureus and their effi-

cacy in comparison to 0.03% of amoxicillin, which serves as a positive control  

Sample 

S. aureus E. coli 

Mean ± SD Inhibition ef-

fectiveness (%) 

Mean ± SD Inhibition effec-

tiveness (%) 

GE-90 19,04 ± 0,58 mm 76.7 16,92 ± 0,61 mm 71.6 

GE-105 17,04 ± 0,31 mm 68.7 13,37 ± 0,30 mm 56.6 

Positive 

control 

24,81 ± 0,14 mm  23,62 ± 0,21  

Negative 

control 

0  0  

 
 

Table 3 showed the cellulase activity obtained from GE-90 and GE-105, 11,86 x 10-

3 ±0,77 x 10-3 and 13,84 x 10-3 ±1,13 x 10-3, respectively. These results indicated that 

longer fermentation incubation resulted in relatively slightly higher activity. Cellulase 

activity in the fermentation of a mixture of orange peel and watermelon peel has been 

Phytochemi-

cal Test 
Reagent GE-90 (1) GE-105 (2) 

Conclusion 

(1)/(2) 

Alkaloids Mayer Orange precipitate 
Orange pre-

cipitate 
(+) / (+) 

 Wagner Chocolate precipitate 
Chocolate 

precipitate 
(+) / (+) 

Phenol FeCl3 Blackish green 
Blackish 

green 
(+) / (+) 

Flavonoid MgHCl Red Red (+) / (+) 

Ster-

oids/triter-

penes 

Lieberman-

Burchad 
Red Red 

(+) / (+) 

triterpenes 

Saponins 

(Stable froth 

after adding 

HCl) 

Stable foam Stable foam (+) / (+) 
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reported with an activity of 0.036 U/mL, that determined in buffer pH 6 at temperature 

[17]. The smaller yield in this study was due to possibility is that cellulase activity has 

not been determined at the optimum pH and temperature. 

 

 
Table 3. Results of testing the cellulase activity of sweet orange peel eco-enzyme samples 

 

Sample Name 
Repeat 

to 

Cellulase Activity 

(U/mL) 

Average  

(U/mL ± SD) 

GE-90 

I 10,98 x 10-3 

11,86 x 10-3 ±0,77 x 10-3 II 12,43 x 10-3 

III 12,17 x 10-3 

GE-105 

I 12,56 x 10-3 

13,84 x 10-3 ±1,13 x 10-3 II 14,28 x 10-3 

III 14,68 x 10-3 

 

.  

The antibacterial activity of GE-90, both against S. aureus and E. coli, is higher than 

GE-105. However, the cellulase activity of GE-90 is slightly lower than GE-105. 

Cellulase plays a role in the process of extracting antibacterial bioactive compounds 

from plant cells, but it is not directly related to antibacterial capabilities. In the 

fermentation process, cellulase and ethanol are produced which are thought to be able 

to extract phytochemical released from plant cells.  

4 Conclusions 

The results of GE-90 and GE-105 metagenomic DNA amplification using PCR was 

obtained 16S rRNA gene fragments of about 750 bp. Inhibition effectiveness of undi-

luted GE-90 against S. aureus and E. coli compared with amoxicillin 0.03% was 76.7 

and 71.6%, respectively; while GE-105 was 68.7 and 56.6% respectively. Cellulase 

activity of GE-90 was 11,86 x 10-3 ±0,77 x 10-3 and 13,84 x 10-3 ±1,13 x 10-3 for GE-

105.  
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