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The application of fermented fruit juice is believed to improve the soil fertility and helps plants to deter 
insect pests and disease; as it contains an effective microbial that is good for plant health. This study 
was conducted to isolate and characterize the bacteria from fermented fruit juice of papaya and 
pineapple using morphological and biochemical test. Isolated bacteria were cultured on a selective 
medium to evaluate their ability to fix nitrogen, solubilized phosphate, potassium and gelatin, as well 
as produce indole-3-acetic acid (IAA) respectively. A total of 6 bacterial strains were isolated; 3 from 
papaya and 3 from pineapple. All isolates were found to have the ability to fix nitrogen and produced 
IAA ranging from 8.08µg/ml to 76.89µg/mL, five out of six bacteria are capable to solubilize phosphate 
ranging from 1.00 to 4.61 PSI, while only one out of six isolates were able to solubilize potassium. 
Among isolates, bacteria from papaya labelled B1 showed an outstanding characteristic comparable to 
control. This study showed that the isolated bacteria from fermented fruit juice had potential to be 
exploited as an alternative biofertilizer and is worthy for further investigation. 
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INTRODUCTION 
Effective microorganisms (EM) are a mixed culture 
of beneficial naturally-occurring organisms, and 
are often regarded as microorganisms that 
promote healthy plant growth. Effective 
microorganisms can be derived from a group of 
microbes that are native to the area, known as 
“indigenous microorganism” (IMO) (Kumar and 
Gopal, 2015). This IMO inhabits the soil and the 
surface of all living things inside and outside organ 

or tissue such as at the root, on the leaves, in fruit, 
etc. They are potentially applicable in bio-
degradation, bioleaching, bio-composting, nitrogen 
fixation, improving soil fertility as well as producing 
phytohormones (Ahmad, 2017; Kumar and Gopal, 
2015). The application of IMO for agricultural 
purposes was first introduced by Dr. Choo Han Kyu 
in 1960s through the natural farming approach in 
accordance with awareness of sustainable 
agriculture (Kumar and Gopal, 2015). This 
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approach has been practised, especially by home-
based gardeners in more than 30 countries 
including Korea, Japan, China, Malaysia, Thailand, 
Congo, Tanzania, Vietnam, Philippines, and 
Mongolia (Kumar and Gopal, 2015).  

The fermented fruit juice (FFJ) was prepared by 
culturing the indigenous microorganism from the 
fruits with the addition of molasses or brown sugar 
to serve as nutritional sources for microbial growth 
as well as to aid the extraction of the juice. The 
application of fermented fruit or plant juice had 
been reported to increase the growth and 
production yield in sugarcane (Mirza et al., 2001) 
and maize (Min and Thwe, 1998). The exact 
mechanism underlying this result was not fully 
understood. However, studies showed that 
bacteria can directly enhance the plant growth via 
phytohormone production, nitrogen fixation, 
siderophores production, supply of organic plant 
nutrients, solubilization of inorganic substances 
such as phosphate and potassium, thus making it 
available for plants. They can also improve plant 
growth indirectly through the production of 
pathogen cell wall degrading enzymes such as 
chitinase, gelatinase, and collagenase; which 
eventually inhibit the phytopathogen (Vejan et al., 
2016).  

Therefore, we intended to isolate and characterise 
the bacteria presented in the fermented fruit juice 
of papaya and pineapple to elucidate their role in 
promoting plant growth for future application in 
plant production. These fruits are abundant and 
available throughout the year, thus suitable for 
commercialization purposes. 
  
MATERIALS AND METHODS 
Sample Preparation 
The papaya and pineapple fruits were purchased 
from a fruit stall in Besut, Terengganu Malaysia. 
The preparation of fermented fruit juice was 
according to (Min and Thwe, 1998). Each fruit was 
chopped into small pieces approximately 1 inch 
and mixed with brown sugar with the ratio of 1 kg 
brown sugar: 1 kg fruit. Each fruit and brown sugar 
mixture was then put in a separate plastic container 
covered with a clean paper sheet and tied with 
string, and fermented for 7 days at room 
temperature then filtered using a cloth strainer. The 
filtrate collected was kept in chiller until used.  
 
Isolation 
One milliliter of fermented fruit juice (FFJ) was 
diluted in 9 mL of 0.9% saline water to maintain 

bacterial cell integrity and viability through a 
balance osmotic pressure. The solution was 
shaken at 150 rpm on an orbital shaker for 1 h at 
room temperature (28°C) prior to undergoing serial 
dilution. Hundred microliter of bacterial dilution was 
plated on nutrient agar using spread plate 
technique and incubated for 24 h at 28°C. The 
colonies that appeared were sub cultured several 
times until the pure colony was isolated. The pure 
colony was stored in 40% glycerol stock to maintain 
their stability for downstream test.  
 
Characterization 
Colony Morphological Analysis 
The morphology of isolated bacteria were 
characterized under stereo microscope (Leica 
EZ4E, German) by considering the following traits 
on nutrient agar: colour pigment, form, elevation, 
margin, size, surface, opacity and mobility. 
 
Gram staining  
The Gram staining was performed as per standard 
procedure (Smith and Hussey, 2005). A volume of 
0.9% saline water was pipetted onto the glass 
slide. A loop of 24 h bacteria colony was spread on 
the saline water, left for air dried prior being heated 
to fix it. The fixed bacteria were stained with crystal 
violet, iodine, decolorizer and safranin. The stained 
bacteria were then rinsed and observed under 100 
x magnification light microscope (Leica, German) 
using immersion oil. Gram positive bacteria were 
stained purple blue colour while Gram negative 
bacteria were stained red colour. 
 
Catalase 
The test was performed by taking a loopful of 
bacteria colonies and put on the glass slide. A 
volume of 30µL hydrogen peroxide (H2O2) was 
pipetted on the bacteria colony. Production of 
bubbles indicates positive reaction (Reiner, 2010). 
Bacillus subtilis served as positive control. 
 
Urease 
The Christensen’s Urea Agar (Oxoid) was used in 
this test. Heavy inoculum from a 24 h pure culture 
was streaked to the entire slant surface and 
incubated with loosened caps at 35°C. The colour 
changes of slant were observed daily for 6 days. 
The bright pink (fuchsia) colour on the slanted 
indicated the production of urease (Brink, 2010). 
Staphylococcus aureus was used as positive 
control. 
 
Indole 
A loopful of bacteria was inoculated into tryptone 
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broth and incubated in incubator shaker (INFORS 
HT Ecotron, Switzerland) at 37°C with 120 rpm for 
24 h. After incubation time, a few drops of Kovacs 
reagent were added to the bacterial broth. Indole-
positive bacteria will show the formation of red ring 
on top of the broth layer while indole-negative 
bacteria will show the formation of yellow ring color 
(Isenberg and Sundheim, 1958). Escherichia coli 
served as positive control. 
 
Phosphate Solubilizing Bacteria 
Isolated bacteria were spotted on Pikovskaya’s 
(Pikovskaya, 1948) agar medium (HiMedia) and 
incubated at 28°C for twelve days. Bacillus cereus 
served as positive control. The colonies that 
appeared with halo zone were considered as 
phosphate solubilizing bacteria (PSB). The 
diameter of halo zone surrounding the colony was 
measured at a three days interval up to twelve 
days. The quantification of bacterial activity was 
measured using phosphate-solubilizing index (PSI) 
by the formula of Sitepu et al., (2007). 
 
PSI = Diameter of halo zone/ diameter of colony 
 
Potassium Solubilizing Bacteria 
Isolated bacteria were spotted on Aleksandrow 
medium (HiMedia) and incubated at 28°C for three 
days. The colonies that appeared with halo zone 
were considered as potassium solubilizing bacteria 
(KSB). The diameter of halo zone surrounding the 
colony was measured (Sun et al., 2020). 
Pseudomonas aeruginosa served as positive 
control. 

Nitrogen Fixer 
Isolated bacterial broth was pipetted and spread on 
Burk’s N free medium (HiMedia) and incubated at 
28°C for 48 h. The colonies that appeared were 
considered as nitrogen fixer bacteria (Mustapha et 
al., 2017). Klebsiella pneumonia served as positive 
control. 

Gelatinase 
The isolated bacteria were streaked on medium 
containing (g/L) gelatine, 20; NaCl, 0.1; peptone, 5; 
KH2PO4, 0.5; MgSO4.7H2O, 0.2 with final pH 7.5 
(Gautam and Azmi, 2017). The medium was 

incubated at 37℃ for 24 h. The colonies that 
appeared with halo zone was considered as 
gelatinase-producing bacteria. Pseudomonas 
aeruginosa served as positive control. 
 
Indole acetic acid  
The production of Indole acetic acid (IAA) by the 

bacteria was determined calorimetrically (Gordon 
and Weber, 1951) using tryptic soy broth (TSB) 
medium (HiMedia). The pH was adjusted to 7.3 
prior to sterilisation. A loopful of fresh bacterial 
culture was inoculated in 100 mL TSB medium in 
the 200 mL conical flask with addition of 0.1% L-
tryptophan as the precursor of IAA. Nutrient broth 
(NB) without any bacterial inoculation was served 
as the control. Klebsiella pneumonia served as 
positive control. The culture was incubated at room 
temperature, shaken at 120 rpm for 5 days. After 5 
days, the bacterial culture was centrifuged at 7000 
rpm for 7 min. The IAA estimation in the 
supernatant was done using Salkowsky’s reagent 
and colorimetric assay. Salkowsky’s reagent was 
prepared by mixing 2 mL of 0.5 M FeCl3 with 49 mL 
distilled water and 49 mL of 70% perchloric acid 
(Merck). One mL of supernatant was mixed with 2 
mL of Salkowsky reagent and incubated for 25 min. 
This is to allow the development of a pink colour 
which indicates the IAA production. The 
absorbance was read at 530 nm using the UV/VIS 
spectrophotometer (Shimadzu UVmini-1240). The 
IAA production was calculated from the standard 
curve of pure IAA stock using equation: y = 0.0319x 
- 0.0353 (R² = 0.9979). The experiment was done 
in triplicate.  
 

Statistical analysis 
The data was analyzed using One-Way Analysis of 
Variance (ANOVA) from SPSS version 18. Multiple 
comparisons were done using Tukey’s multiple 
comparison with significant difference at P<0.05. 
 
RESULTS  
In our study, bacterial colonies that appeared on 
nutrient agar medium of a serially diluted sample 
were undergoing morphological inspection. 
Bacteria isolated from papaya were labelled as “B” 
whereas pineapple as “N”. A total of six bacteria 
with three bacterial strains that appeared to be 
different morphologically in each sample were later 
isolated to obtain pure colonies.  

Morphological and biochemical 
characterization 
The morphological characteristic of the isolates 
was summarised in Table 1. Most of the bacteria 
were found to be creamy whitish to creamy 
yellowish in colour. They were either in the form of 
rod and coccus, with most of them round in shape, 
matte in texture and opaque appearance. Apart 
from that, five out of six isolates were found to be 
motile (move freely). Table 2 illustrates the 
biochemical characteristic of the isolates. Gram 
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staining test showed that two strains of bacteria 
isolated from papaya (B) were Gram negative 
whereas one of them was found to be Gram 
positive. On other hand, two strains of bacteria 
isolated from pineapple (N) were found to be Gram 
positive and one Gram negative. Gram positive 
bacteria appeared to be blue-purple in colour 
whereas Gram negative bacteria appeared in pink 
colour. This is due to their ability to retain the iodine 
staining solution with respect to the presence of cell 
wall. Bacteria with no cell wall will be unable to 
retain the iodine staining thus appearing to be pink 
in colour due to absorption of safranin in later steps 
of staining. All bacteria were also found to be able 
to hydrolyze the hydrogen peroxide through 
production of catalase which converts the 
hydrogen peroxide into water. However, all isolates 
were found to be ineffective to convert urea into 
amino acid through urease enzyme test as well as 
converting tryptophan into indole using 
tryptophanase test.  
 
Plant Growth Regulator Attribute and Enzymes 
Production 

In this study, the isolates were cultured on selective 
agar in order to study their ability as a plant growth 
promoter. From Table 3, we found out that all 
isolates possess the ability to fix the nitrogen from 
the atmosphere and grow in the free-nitrogen 
medium. On the other hand, all except one (B3) of 
isolated bacteria were capable of solubilizing the 
inorganic phosphate presented in medium through 
the formation of halo zone. Amongst PSB isolated 
i.e B1, B4, N1, N3, N4, the ability of B1 to solubilize 
the inorganic phosphate was found to be 
significantly higher as compared to the control 
group (Figure 1) with 4.61 PSI at 9 days of 
incubation followed by N1, N4 and the least by B3 
with 1.00. Apart from that, B1 was also the only one 
found to be able to solubilize the potassium 
alumino silicate, a source of potassium presented 
in the Aleksandrow’s agar, through the formation of 
halo zone (Figure 2). Furthermore, the isolates 
were also tested on gelatine-supplemented agar. 
We found out that four out of six bacteria were 
capable of hydrolyzing the gelatine by forming a 
halo zone, with the most significant result was 
observed in B1 plate (Fig. 2).

Table 1: The morphological characteristic of isolated bacteria
 

 B1 B3 B4 N1 N3 N4 

Color Pigment Yellowish Yellowish White Creamy white Creamy white Creamy white 

Form  Coccus Rod Coccus Coccus Rod Coccus 

Elevation Convex Convex Convex Convex Umbonate Convex 

Margin Entire Entire Entire Entire Undulated Entire 

Shape Round Punctiform Round Round Irregular Round 

Texture Moist Moist Matte Matte Matte Matte 

Opacity Translucent Clear Opaque Opaque Opaque Opaque 

Motility Motile Motile Not motile Motile Motile Motile 

 
Table 2: The biochemical characteristic of isolated bacteria 

 B1 B3 B4 N1 N3 N4 

Gram staining - - + + - + 

Catalase + + + + + + 

Urease - - - - - - 

Indole - - - - - - 

 
Table 3: The characteristic of isolates in different cultured medium. The symbol ‘+’ or ‘-’ indicates positive 

or negative effect. 

 B1 B3 B4 N1 N3 N4 

NF + + + + + + 

PSB + - + + + + 

KSB + - - - - - 

Gelatinase + - + + - + 
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Figure 1: Phosphate solubilization index (PSI) 

of isolated bacteria in 3, 6 and 9 days incubation 
 

 
Figure 2: Formation of halo zone in Pikovskaya’s 
agar (left), Aleksandrow agar (middle) and 
gelatine agar (right). 

 
The presence of 0.1% L-tryptophan in the 

culture medium favoured the IAA production by the 
isolates. All isolated strains showed in vitro ability 
to produce IAA that ranged from 8.08 µg/ml to 
76.89 µg/mL (within a calibration curve with R2 = 
0.9979, data not shown) after 5 days incubation. 
Strains B1 and N1 yielded the highest IAA levels 
(Figure 3) comparable to the control group 
(Klebsiella pneumonia) with 75.37 µg/mL, 76.89 
µg/mL and 86.91 µg/mL respectively. N4 labelled 
bacteria was found to be the lowest IAA producer 
among all the isolates with 8.08 µg/mL. 

 
Figure 3: Indole acetic acid (IAA) produced by 

the bacteria strains after 5 days of incubation. 
Means with different letters shows significant 
difference at P<0.05 Tukey’s multiple comparison, 
n=3. Bar indicates standard error of the treatment’s 
mean. 

 

DISCUSSION 
Several studies have reported the successful 
isolation of bacteria from the plant area. For 
example, several genera of diazotrophic, 
endophytic bacteria were isolated from roots, 
stems and leaves of sugarcane such as 
Enterobacter, Pantoea, Klebsiella, Pseudomonas, 
Herbaspirillum, Gluconacetobacter, Azospirillum 
(Bellone et al., 1997; Tejera et al., 2005; Bellone 
and Bellone, 2006; Magnani et al., 2010). In this 
study, a fermentation method was used to isolate 
the beneficial bacteria from local fruits of Malaysia. 
This fermentation technique is simple, low cost and 
fast to produce effective microorganisms. 
Molasses or brown sugar was added to aid the 
bacterial growth. Fermentation of sugarcane in 
Pakistan showed the presence of Enterobacter 
cloacae and Klebsiella oxytoca (Mirza et al., 2001) 
while fermentation of Thailand’s local fruit resulted 
in isolation of Acetobacter sp. and Gluconobacter 
sp. (Klawpiyapamornkun et al., 2015). In addition 
to that, the Lactobacillus plantarum, 
Bifidobacterium bifidum and Escherichia coli were 
isolated during in-vitro fermentation of breadfruit 
(Zakaria et al., 2019).  

Application of fermented juice either from plant 
(FPJ) or fruit (FFJ) base has been reported in 
several studies to improve the production of early 
flowering and fruiting (Sakimin et al., 2017). 
Fermented plant juice (FPJ) of water spinach was 
found to enhance the vegetative growth of tomato 
plant while FFJ of pineapple was better for 
reproductive development of tomato (Sakimin et 
al., 2017). Thwe (1998) presented in their study 
that the fermented fruit juice of papaya, watermelon 
and banana increased the maize yield and 
sweetness. This finding provides an overview of 
the potential application of FFJ or FPJ in 
agriculture. In these studies, there was no obvious 
explanation how the juice promotes plant 
development. We speculated that the fermented 
fruit juice might consist of vitamin, mineral as well 
as hormones which are readily available for plants 
thus improving uptake efficiency. Hence, we further 
the study by isolating the bacteria presented in 
those samples and characterising their ability to 
understand their involvement in the plant growth 
promoter activities.  
 
Plant growth-promoting (PGP) microorganism is a 
group of microbial consortiums which improves 
crop growth and yields by various direct 
mechanisms such as nitrogen fixation, phosphate 
solubilization, production of plant growth 

ALA PVA GELATIN 
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hormones, ammonia and siderophore (Verma et 
al., 2016). In current study, B1 was found to 
solubilize the phosphate at 4.61 PSI, higher as 
compared to Enterobacter cloacae, an endophytic 
bacterium isolated from stem of Ocimum sanctum 
with 2.44 PSI (Panigrahi et al., 2019). This might 
enhance the efficiency of phosphate solubilization 
and increased the availability of phosphate for plant 
uptake. Inoculations of PSBs have improved plant 
growth of Brassica napus L. (Freitas et al., 1997), 
Zea mays L. (Nadeem et al., 2007), Brassica 
juncea (Kumar et al., 2009), Stevia rebaudiana 
(Mamta et al., 2010), sugarcane (Beneduzi et al., 
2013) and cotton (Wu et al., 2014), V. vinifera cv. 
Cabernet Sauvignon (Liu et al., 2016).  

Previous study showed that PGP bacteria from 
different genera (Azospirillum, Enterobacter, 
Azotobacter, Klebsiella, Streptomyces) enhanced 
plant growth by the synthesis of IAA (Torres-Rubio 
et al. 2000; Reinekei et al. 2008; Khamna et al., 
2010). IAA plays a significant role in enhancing the 
nutrient uptake by the production of longer roots 
and increasing the number of lateral root hairs 
(Mohite, 2013). Apart from that, treatment of IAA 
(1mg/mL) in combination of 6-benzylaminopurine 
(BAP) (1 mg/mL) and kinetin (KIN) (1 mg/mL) was 
showed to induce the callus formation at 89% in 
stem cutting of Dioscorea hispida (Mahmod et al., 
2020). The growth of four crop plant viz. Oryza 
sativa (rice), Arachis hypogaea (groundnut), Vigna 
mungo (black gram) and Brassica rapa var. Toria 
(toria) were also improved in terms of germination 
index, shoot and root biomass of seedling and seed 
vigour index in comparison to control after treated 
with IAA-producing bacteria Enterobacter cloacae 
(Panigrahi et al., 2019).  

B1 and N1 exhibit abilities to produce IAA at high 
levels comparable to the control group (Klebsiella 
pneumonia) with 75.37 µg/mL, 76.89 µg/mL and 
86.91 µg/mL respectively. Sachdev et al. (2019) 
also reported high IAA production by Klebsiella 
strain K8 which was 0.0169 g/L IAA at pH 8 while 
0.0179 g/L of IAA produced at 37°C (Sachdev et al. 
2009). Meanwhile Enterobacter cloacae strain 
isolated from Ocimum sanctum produced IAA at pH 
7 (17.807 mg/ml) and 37°C (17.934 mg/ml) 
(Panigrahi et al., 2019). The production of this IAA 
hormone was influenced by several factors 
including bacterial strains, carbon sources, 
incubation period, temperature and pH of the 
medium.  

Apart from that, PGR bacteria also indirectly 

favour the plant growth by suppressing the 
phytopathogens through production of hydrolytic 
enzymes such as catalase, protease, cellulase, 
chitinase and gelatinase. Gelatine is a component 
present in nematode. Lysobacter capsici YS1215 
isolated from soil in Korea demonstrated the 
production of lytic enzyme chitinase and gelatinase 
resulted in suppression of root-knot nematodes 
and eventually promoted the shoot growth of the 
test crop (Lee et al., 2015). Hence, these isolated 
gelatinase-producing bacteria i.e B1, B4, N1 and 
N4 might as well be applicable for root-knot 
nematode management which eventually improve 
crop productivity. 

 
CONCLUSION 
Six bacteria were successfully isolated from 
fermented papaya and pineapple namely B1, B3, 
B4, N1, N3 and N4. Based on findings, we 
concluded that these isolated bacteria were from 
the different strains as they showed different 
characteristics both morphologically and 
biochemically. All isolates showed potential to be 
exploited as an alternative biofertilizer and 
nematode management. Therefore, identification 
of these bacterial strains at molecular level, 
quantification of their PGR attributes, their 
suppressive effect towards nematodes, as well as 
their effect as biofertilizers or biopesticides are 
worth further investigation.  
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