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4. DISCUSSIONS 

 

4.1 Fermentation of “Kambas” Bitter Melon Juice 

 

Fermentation of “Kambas” bitter melon using lactic acid bacteria (LAB) could enhance 

the preservation, moreover LAB can acidify the food, resulting in a tangy lactic acid 

taste, they also frequently exert proteolytic and lipolytic activities, produce aromatic 

compounds, such as amino acids as results of further bioconversion, therefore LAB also 

contribute to the flavor and aroma of fermented products (Van Kranenburg et al., 2002). 

“Kambas” bitter melon juice was fermented with pure cultures of Lactobacillus 

pentosus LLA18. The use of pure culture in fermentation is known to result in better 

and uniform quality of the product and are mostly preferred over natural fermentation 

(Suresh, 2008). The juice fermented with instant LAB consist of skimmed milk powder, 

sucrose, and active bacterial culture of Lactobacillus bulgaricus, Streptococcus 

Thermophilus, and Lactobacillus acidophilus used as positive control for this study. 

Skimmed milk powder and sucrose are used as nutrient supplementation for growth of 

LAB, therefore the juice fermented with instant LAB was used as a positive control to 

compare the results obtained from the juice fermented with pure culture Lactobacillus 

pentosus LLA18 without nutrient supplementation.  

 

During the fermentation process of vegetables, LAB are influenced by several factors 

including initial sugar concentration, pH, salt concentration, and temperature. 

Temperature used in this fermentation was 37
o
C, taking into consideration that the 

optimal temperature for growth of most LAB ranges from 20 to 45
o
C (Panesar et al., 

2007). Moreover, most Lactobacilli come under the mesophilic category (Panesar et al., 

2007). Besides complex nutritional requirements, temperature is one of the most 

important considerations affecting LAB growth. When the temperature of the medium 

is below or exceeding the ranges for optimum growth, microbial activity is considerably 

reduced and organisms may eventually die (Panesar et al., 2007).  
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4.2 Characteristics of “Kambas” Bitter Melon Juice Fermented by Lactobacillus 

pentosus LLA18 

 

Lactic acid bacteria fermentation depends on selective environment. Under appropriate 

conditions, lactic acid bacteria will grow (Hutkins, 2006). As presented in Table 1 and 

Figure 6, it can be seen that the fresh “Kambas” bitter melon juice showed a present of 

lactic acid bacteria, even though it was in a low number. Plant material, including edible 

vegetables, serves as the natural habitat for a wide variety of microorganisms, including 

lactic acid bacteria, mainly species belonging to the genera of Lactobacillus, 

Streptococcus, Enterococcus, and Pediococcus. They are usually present, but at low 

numbers, which normally present at only about 10
3
 cells/gram. Therefore, the lactic acid 

bacteria are outnumbered by non-lactic competitors by a thousand times or more 

(Hutkins, 2006). At 0 hours of fermentation, “Kambas” bitter melon juice added with an 

inoculum of Lactobacillus pentosus LLA18 and instant LAB have an increase in the 

number of viable lactic acid bacteria to 10
7
. This result can be explained, because 

according to Hutkins (2006) lactic acid bacteria will begin to grow within just a few 

hours and a lactic acid fermentation will start.  

 

There was a significant increase in the number of viable lactic acid bacteria counts at 24 

hours of fermentation, with the maximum number of viable lactic acid bacteria counts 

was 21 x 10
7 

CFU/mL for Lactobacillus pentosus LLA18 and 34 x 10
7
 CFU/mL for the 

instant LAB (Figure 6). This result showed that Lactobacillus pentosus LLA18 was 

capable of rapid utilization of the juice for cell synthesis without nutrient 

supplementation. Moreover, a minimum of log 6-7 CFU of probiotic bacteria per 

milliliter of product for probiotics to be effective was also achieved by both 

Lactobacillus pentosus LLA18 and instant LAB (FAO, 2002; Jayamanne & Adams, 

2006). This result showed that Lactobacillus pentosus LLA18 was capable as a lactic 

acid bacteria culture to produce “Kambas” bitter melon probiotic beverages, because the 

final product contained adequate amounts of viable probiotic microorganism after being 

fermented with Lactobacillus pentosus LLA18. On 48 hours of fermentation, there was 

a significant decrease in the number of viable lactic acid bacteria, both on Lactobacillus 

pentosus LLA18 and instant LAB. There were several factors that might cause the 
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declining number of viable lactic acid bacteria. First was insufficient energy, since there 

was not any nutrient supplementation added to the juice at the beginning of 

fermentation. According to Wu & Lu (2014) the most important reactions occurring 

during the log phase were implicated with supplying sufficient energy. Among other 

nutrients needed, sugar is the most important for lactic acid bacteria. One of the most 

important and wildly utilised sugars in LAB is glucose (Pessione et al., 2010 in Wu & 

Lu, 2014). Refers to Barwal & Sharma (2018) bitter melon itself was one of vegetable 

that is lack of sugar, therefore as the limit sugar content in “Kambas” bitter melon was 

completely used, the lactic acid bacteria entered the insufficient energy condition.  

 

During fermentation, LAB produce organic acids, therefore pH is one of the parameters 

that is affected by food fermentation (Lahtinen et al., 2012). As demonstrated in Table 5 

and Figure 18, it can be seen that after being fermented for 24 hours, there was a 

significant decrease of pH value in the juice fermented with Lactobacillus pentosus 

LLA18 and instant LAB. During the early stage of fermentation, a rapid decrease of pH 

value is an important indicator of end product quality (Karovicova & Kohajdova, 2003). 

The declined of pH value during fermentation provides a preventive mechanism against 

bacteria responsible for food spoilage and against pathogenic and non-desirable 

microorganisms, because they could not proliferate under these conditions (Torino et 

al., 2013). The reduction in pH value could be explained due to the lactic acid produced 

by the lactic acid bacteria and removal of sugars from vegetables during fermentation 

(Suresh, 2008). Lactic acid is formed as the end product of glycolisis in LAB when 

pyruvate is reduced to lactate and secreted into the culture medium (Ljungh & 

Wadstrom, 2009 in Wu & Lu, 2014). Refers to De Vries & Stouthamer (1967) in 

Mousavi et al. (2011) lactic acid bacteria produced a main metabolite, which is lactic 

acid. The production of acidic metabolites, such as lactic acid (pKa = 3.86) could 

responsible for the pH decrease (De Vries & Stouthamer, 1967 in Mousavi et al., 2011).  

 

The presence of acetic acid also responsible for the decreased of pH value in fermented 

juices. According to Fred et al. (1921) in Lahtinen et al. (2012), Lactobacillus pentosus 

has long been considered to be homologous to Lactobacillus plantarum. The statement 

also supported by the findings by Collins et al. (1991
a
) in Lahtinen et al. (2013) that 
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between the two species, 99% 16s rRNA sequence similarity was found, confirming 

that Lactobacillus pentosus and Lactobacillus plantarum are related. Lactobacillus 

plantarum was classified as facultative heterofermentative lactic acid bacteria by Nout 

and Rombouts (1992) in Lahtinen et al. (2012). According to De Vuyst & Vancanneyt 

(2007) in the absence of glucose, Lactobacillus pentosus is able to generate energy from 

homofermentative to heterofermentative degradation. Previous study by Panagou et al. 

(2003) was reported that Lactobacillus pentosus strain used in the study were shifted 

from homo- to hetero- fermentative metabolism, resulting in the presence of acetic acid. 

The shift can occur under conditions of environmental stress, such as nutrient limitation, 

oxygen limitation, pH, and salt concentration (Panagou et al., 2003).  

 

According to Zhang et al. (2014) in Xiao et al. (2015), for lactic acid bacteria, the rate 

of pH value decline was closely related to the growth performance of the LAB strains. 

A previous study showed that the pH decline was depending on the metabolic activity 

of the strain and the growth requirement of the strain. Glycolisis in LAB was occurred 

during fermentation, when pyruvate was reduced to lactate and released into the culture 

medium, thus lactic acid was formed as the end product (Ljungh & Wadstrom, 2009 in 

Wu & Lu, 2014). When lactic acid was formed, LAB faced an environment that 

continually increases in acidity. Low pH is considered as an unfavourable condition for 

LAB, because as LAB are sensitive to a too low pH, therefore acidity is a self-limiting 

system that control fermentation. Exposure to acid may change the internal metabolism 

and a longer exposure to acidic environment will decrease the internal buffering 

capacity of LAB, moreover increase the production of heat shock proteins among other 

protective systems (Lahtinen et al., 2012). Stress proteins induced during late log and 

early stationary phase in response to the unfavorable conditions, including lack of 

nutrients and high acidity, are thought to be associated with the overall lower growth 

rate of LAB during this period (Wu & Lu, 2014). Thus, a significant decreased in 

number of viable LAB observed at 48 hours of fermentation could be explained. 

 

Besides pH value, glucose content of the juice were also analyzed to observe the 

utilization of sugars, especially glucose by lactic acid bacteria strains. In this study, 

glucose content were expressed as percentage of glucose. Glucose is a very good carbon 
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and energy source for Lactobacillus (Wang et al., 2013). According to Wu & Lu 

(2014), glucose is one of the most important and wildly utilised sugar in LAB. Refers to 

Hartajanie et al. (2018), lactic acid bacteria are capable of utilising sugar in vegetable 

juice as a substrate for lactic acid production. Cselovszky, Wolf, & Hammes (1992) also 

reported that Lactobacillus pentosus used glucose as the fermentable sugar. Based on 

Table 6 and Figure 19, it can be seen that the glucose content in both “Kambas” bitter 

melon juice fermented with Lactobacillus pentosus LLA18 and instant LAB were 

decreased after being fermented for 24 hours, and further decreased were observed after 

being fermented for 48 hours. Lactobacillus plantarum has been classified as facultative 

heterofermentative (FHE) LAB, therefore Lactobacillus plantarum ferments glucose 

homofermentatively, but other carbohydrates can be fermented in a heterofermentative 

way as well (Nout & Rombouts, 1992 in Lahtinen et al., 2012). FHE species ferment 

glucose (hexose) through the Embden–Meyerhoff–Parnas (EMP) pathway, because they 

have fructose diphosphate aldolase, thus they can hydrolyze a glucose with six carbons 

into two molecules of the fermented lactic acid with three carbons (Ray & Bhunia, 2008 

in Lahtinen et al., 2012). Under the condition of glucose limitation, they are also 

capable to degrade pentoses and gluconate via an enzyme of the pentose phosphate (PP) 

pathway, which is inducible phosphoketolase, resulting in the production of acetic acid, 

formic acid, and ethanol (Sun et al., 2014). The metabolism of sugars by lactic acid 

bacteria during fermentation, thus producing more than 85% of lactic acid bacteria, and 

other compounds (Sun et al., 2014), were responsible for the decreased of glucose 

content in the present study. Sugar catabolism is important for the generation of energy 

and biomass, moreover for the conversion of carbohydrates to lactate which is most 

important for the food fermentation process (Pessione et al., 2010 in Wu & Lu, 2014). 

 

Determination of antioxidant activity was done to analyze the change in antioxidant 

activity as the effect of the juice fermentation by Lactobacillus pentosus LLA18. 

Antioxidants are molecules that have the ability to inhibit the oxidation of other 

molecules and antioxidant activity is the total capacity of antioxidants for eliminating 

free radicals in the cell and in the food (Jin et al., 2014). Antioxidant activity is one of 

the important attribute in food, as if many studies have reported that the intake of food 

derived antioxidants in daily diet might be useful as a strategy to reduce the health risk 
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due to oxidative damage (Albishi et al., 2013
a
, 2013

b
; John & Shahidi, 2010; Torino et 

al., 2013 in Xiao et al., 2015). In this study, antioxidant activity was determined using 

2,2-Diphenyl-1-Picryl Hydrazyl (DPPH) and expressed as free radical scavenging 

activity.  

 

Based on Table 4, and Figure 17, it can be seen that on 0 hours of fermentation, the 

pasteurized juice had the highest antioxidant activity compared to all of the samples. 

The high antioxidant activity in the juice was observed because, bitter melon is a good 

source of phenolic compounds, such as gentisic acid (2, 5-dihydroxyl benzoic acid), 

Gallic acid, cathecins, epicatechin and chlorogenic acid (Horax et al., 2005). Moreover, 

medicinal value of bitter melon has been correlated with their high antioxidant 

properties due in part to flavonoids, phenols, terpenes, isoflavones, anthroquinones, and 

glucosinolates (Snee et al., 2011). After being fermented for 24 hours, the antioxidant 

activity of the juice fermented with Lactobacillus pentosus LLA18 was decreased non-

significantly, while the juice fermented with instant LAB was decreased significantly. 

After being fermented for 48 hours, antioxidant activities of both juices fermented with 

Lactobacillus pentosus LLA18 and instant LAB were increased significantly. 

Significant increase in antioxidant activity of fermented juices were associated with the 

release of flavonoids from plant-based foods due to the structural breakdown of cell 

walls induced by the fermentation process, thus liberate the synthesis of various 

bioactive compounds (Jin et al., 2014). Flavonoids have a chemical structures which 

contain an o-diphenolic group, a 2-3 double bond conjugated with the 4-oxo function 

and hydroxyl groups in positions 3 and 5 (Lee et al., 2004), therefore flavonoids could 

effectively scavenge hydroxyl and peroxyl radicals, since they have the most potent 

antioxidative activity. 

 

Besides the release of flavonoids, based on previous study, it has been reported that the 

presence of lactic acid bacteria in controlled fermentation provides the conversion of 

phenolic compounds into their simple forms and the depolymerization of phenolic 

compounds with high molecular weight (Othman et al., 2009). The release of phenolic 

compounds resulted in the increase of total phenolic compounds, which are presumably 

to be responsible for the increase of antioxidative activity (Ng et al., 2011). It has been 
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reported by Lee et al. (2008) in Xiao et al. (2015) that β-glucosidase enzyme produced 

by the lactic acid bacteria during fermentation process was resulted in enhancement of 

polyphenol content. β-glucosidase enzymes can hydrolize glucosides and break down 

plant cell walls (Jin et al., 2014). Perez-Gregorio et al. (2011) also reported that β-

glucosidase activity during microbial fermentation results in hydrolysis of phenolic 

glycosides and the release of free aglycones, therefore result in high antioxidant activity. 

Aglycones were reported to be more efficiently to be absorbed by human and available 

at higher concentrations in plasma compared with the glucosides form (Izumi et al., 

2000 in Mazlan et al., 2015). 

 

Lactobacillus plantarum is one of lactic acid bacteria with β-glucosidase activity 

(Marazza et al., 2009). Previous studies have been reported that fermentation with 

Lactobacillus plantarum can increase the antioxidant activity, which related with the 

enhancement of total phenolic compounds, i.e Landete et al. (2014) reported that 

Lactobacillus plantarum could be used as functional starter culture to increase the 

antioxidant activity, because its ability to bio-transform aryl glycosides to their 

bioactive aglycones. Pyo et al. (2005) reported that fermentation of soybean with L. 

plantarum KFRI 00144 resulted in a significant increase of antioxidant capacity 

expressed as % DPPH radical scavenging activity. Xiao et al. (2015) demonstrated that 

L. plantarum B1–6 can enhance the antioxidant activities of soy whey due to the 

formation of aglycones from glycosides of total phenolic and flavonoid during 

fermentation. Mazlan et al. (2015) reported that fermentation of Momordica charantia 

juice using L. plantarum BET003 was demonstrated to increase the bioactive property 

of to Momordica charantia, as the availability of aglycones were increased, as well as 

other phenolic compounds resulting from degradation of glycosidic momordicoside via 

biotransformation process by L. plantarum BET003. 

 

Besides the release of flavonoids and phenolic compounds, production of cell-surface 

compounds by lactic acid bacteria could also explain the increase of antioxidant 

activities in the fermentation process. According to Spyropoulos et al. (2011) probiotic 

bacteria could provide the production of the major non-enzymatic antioxidants and the 

free-radical scavengers, catalase, or glutathione. Probiotic bacteria also provide the 
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production of some antioxidant biomolecules, moreover probiotic bacteria exhibit metal 

chelating activities (Spyropoulos et al., 2011). Previous studies have been reported that 

Lactobacillus plantarum posseses antioxidant activities, i.e Kanno et al. (2012) in Li et 

al. (2012) reported that Lactobacillus plantarum 7FM10 isolated from the traditional 

Japanese food narezushi demonstrated DPPH and superoxide radical scavenging 

capacities. Li et al. (2012) also reported that Lactobacillus plantarum C88 exhibited a 

DPPH radical-scavenging ability, as a result of cell-surface proteins or polysaccharides 

produced by the LAB strain. The decrease of antioxidant activity observed in the juice 

after being fermented for 24 hours could be explained, because upon fermentation, the 

degradation of phenolic compounds could happen,  therefore the rate of this phenolic 

loss is resulting in the decreased of antioxidant activity (Othman et al., 2009). Besides 

that, the antioxidant activity of phenols is also influenced by their chemical structure, 

the functional group attached to the basic aglycon could result in the decrease or 

increase of antioxidant activity (Perez-Gregorio et al., 2011). 

 

4.3 Determination of Antimicrobial and Bacteriocin Inhibitory Activity 

 

The antimicrobial activity is one of the important properties obtained by LAB strains, 

which may help to combat microbial contamination (Leroy & Vuyst, 2004). The 

antimicrobial activity of Lactobacillus pentosus LLA18, instant LAB, and fresh 

“Kambas” bitter melon juice was determined using the agar well diffusion method and 

the clear zone formed around the wells were measured and expressed as mm
2
 mL

-1
. In 

this study, 3 pathogenic bacteria were used, including Escherichia coli (FNCC 0091), 

Staphylococcus aureus (FNCC 0047), and Salmonella typhyimurium (FNCC 0187). 

Based on Table 3, it could be seen that on 0 hours of fermentation, all samples i.e fresh 

juice, Lactobacillus pentosus LLA18, and instant LAB displayed highest antimicrobial 

activity compared to antimicrobial activity displayed on 24 and 48 hours of 

fermentation. The antimicrobial activity observed on fresh juice can be explained 

because plant material, including edible vegetables, serves as the natural habitat for a 

wide variety of microorganisms, including lactic acid bacteria, mainly species belonging 

to the genera of Lactobacillus, Streptococcus, Enterococcus, and Pediococcus (Hutkins, 

2006). Moreover, previous research showed that bitter melon or bitter melon extract can 
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be used as a broad spectrum antimicrobial agent against the infections caused by 

Escherichia coli, Salmonella, and Staphylococcus aureus (Saaed & Tariq, 2005). 

 

In the beginning of fermentation, lactic acid produced by the conversion of fermentable 

sugar by LAB was high, as the glucose was still in adequate amounts (Lahtinen et al., 

2012), thus high lactic acid was associated with highest antimicrobial activity obtained 

by Lactobacillus pentosus LLA18 and instant LAB in the beginning of fermentation. At 

24 hours of fermentation, the antimicrobial activity obtained from both Lactobacillus 

pentosus LLA18 and instant LAB were decreased. At 48 hours of fermentation, the 

antimicrobial activity obtained from Lactobacillus pentosus LLA18 was slightly 

increased, while the antimicrobial activity obtained from instant LAB keep decreasing. 

Bitter melon is one vegetable which lack of fermentable sugar (Barwal & Sharma, 

2018). After being fermented for 24 hours and 48 hours, the glucose was decreased 

significantly, as the glucose was used at the beginning of fermentation. Under 

conditions of environmental stress, such as nutrient limitation, metabolism of 

Lactobacillus pentosus could shift from homo- to heterofermentative, hence acetic acid 

could be produced by the LAB strains (Panagou et al., 2003). Acetic acid also possesses 

antimicrobial activities, although it is not as strong as lactic acid (Lahtinen et al., 2012). 

Antimicrobial activities of LAB are associated with the production of several 

antimicrobial compounds by LAB, besides lactic and acetic acid, which are hydrogen 

peroxide, diacetyl, ethanol, bacteriocins, reuterin, and reutericyclin (Leroy & Vuyst, 

2004). These antimicrobial compounds could be resulted in low inhibitory activity 

displayed by Lactobacillus pentosus LLA18 and instant LAB on 48 hours of 

fermentation. 

 

Lactic acid bacteria have been shown their ability to enhance stability and shelf-life of 

food products by preventing the growth of pathogenic and spoilage bacteria. Refers to 

Magnusson et al. (2003) in Dalié et al. (2010), there are 3 mechanims which explain the 

antimicrobial activity displayed by LAB, i.e the yield of organic acid, competition for 

nutrition, and production of antagonistic compounds, such as bacteriocin. The main 

principle involved in food preservation by LAB is because their ability to produce lactic 

acid. During growth, LAB converted sugars, mostly to lactic acid. When lactic acid is 
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produced, the pH in the fermentation environment decreases and the organic acids will 

become undissociated. The undissociated acids are the main antimicrobial component of 

LAB. It has been shown that the undissociated acids will penetrate bacterial membranes 

and weak anions acid will be accumulated in the cytoplasm, therefore affecting the 

metabolic processes. Thus, growth inhibition occurs and the microorganisms eventually 

die (Lahtinen et al., 2012).  

 

The fresh juice, Lactobacillus pentosus LLA18 on 24 and 48 hours of fermentation 

showed broader inhibitory activity against Staphylococcus aureus (FNCC 0047), rather 

than Escherichia coli (FNCC 0091) and Salmonella typhyimurium (FNCC 0187). 

Staphylococcus aureus (FNCC 0047) is defined as Gram-positive bacteria (Loir, Baron 

and Gautier, 2003), while Escherichia coli (FNCC 0091) and Salmonella typhyimurium 

(FNCC 0187) are defined as Gram-negative bacteria (Espitia et al., 2012). Both of 

Gram-negative and Gram-positive bacteria have differences structural in their cell walls, 

whereas Gram-negative bacteria attributed with much more complex cell walls 

compared to the Gram-positive bacteria. Gram-negative bacteria have a cell wall which 

consists, i.e. 10% of 2 mm thick peptidoglycan layer and 90% of outer membrane 

consists of 50% lipopolysaccharides, 35% phospholipids, and 15% lipoproteins. The 

peptidoglycan and the outer membrane provide protection, therefore reduce the 

absorption of certain substances, including antimicrobial agents (Espitia et al., 2012). 

These explain why antimicrobial compounds resulted in broader inhibitory activity 

against Gram-positive bacteria. However, some exceptions were found, Lactobacillus 

pentosus LLA18 on 0 hours fermentation and instant LAB on all fermentations showed 

broader inhibitory activity against Escherichia coli (FNCC 0091), rather than 

Staphylococcus aureus (FNCC 0047). These exceptions could happen due to the 

differences in growth conditions of pathogenic bacteria. Pre-incubation at 4
o
C for 1 

hour could also affect the duration of lag phase of pathogenic bacteria, which in this 

case, Escherichia coli (FNCC 0091) could have a longer lag phase than Staphylococcus 

aureus (FNCC 0047). Moreover, according to Hartayanie et al. (2016), lactic acid is a 

water-soluble molecule and they can permeate into the outer membrane, thus lactic acid 

still can inhibit Gram-negative bacteria, even though they have lipopolysaccharides 

layer. 
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Bacteriocin inhibitory activity was done to analyze the antimicrobial activities of the 

crude bacteriocin to inhibit several pathogenic bacteria and also to analyze the change 

of bacteriocin production of LAB due to environmental conditions in ”Kambas” bitter 

melon juice. Crude bacteriocin was made by adjusting the pH of cell-free supernatant to 

6.0. Adjusting the cell-free supernatant to pH 6.0 with 1M NaOH and 1M HCl was 

aimed to prevented the inhibitory effect of organic acids produced, especially lactic acid 

and acetic acid (Todorov & Dicks, 2007). The Bacteriocin inhibitory activity assay was 

carried out using agar well diffusion method, therefore the neutralized cell-free 

supernatant of each sample was inoculated in agar wells that had been inoculated with 3 

pathogenic bacteria, which were Escherichia coli (FNCC 0091), Staphylococcus aureus 

(FNCC 0047), and Salmonella typhyimurium (FNCC 0187). The appearance of clear 

zone around the wells can be taken as a positive result for the bacteriocin inhibitory 

activity. 

 

Based on Table 2, it can be seen that in the beginning of fermentation, all of the 

samples, including the fresh juice, Lactobacillus pentosus LLA18, and instant LAB 

showed the highest bacteriocin inhibitory activity compared to after being fermented for 

24 hours and 48 hours. Bacteriocin inhibitory activity observed in the fresh juice could 

be explained, because according to Hutkins (2006), plant material serves as the natural 

habitat for a wide variety of microorganisms, including lactic acid bacteria. Those lactic 

acid bacteria which naturally present in the plant material produce bacteriocin 

compounds, resulting in inhibitory activity against pathogenic bacteria. Besides gram-

positive LAB, vegetables and fruits normally also contain gram-negative aerobic 

bacteria and yeasts, the presence of competing microflora could be responsible for the 

high bacteriocin inhibitory activity observed in the fresh juice, because according to 

Vuyst et al (2018) bacteriocin production was stimulated by unfavourable growth 

conditions, and one of them is the presence of competing microflora. In the beginning 

of fermentation, glucose as carbon source was still high, hence the highest bacteriocin 

inhibitory activity of Lactobacillus pentosus LLA18 and instant LAB were observed in 

the beginning of fermentation. This result can be explained because one of important 

factor influencing the levels of bacteriocin production is the growth medium, including 

carbon and nitrogen sources, thus most bacteriocins are optimally produced in a 
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complex media (Kumar et al., 2015 in Vuyst & Vandamme, 1994). Moreover, almost 

all bacteriocins produced by LAB showed primary metabolite kinetics, therefore 

bacteriocin production is highest in the beginning of fermentation or when the initial 

growth of LAB (De Vuyst & Vandamme, 1994). The initial pH value of all samples 

were in the range of 5.33 to 5.72, thus highest bacteriocin inhibitory activity could also 

be explained, because previous study by Todorov & Dicks (2005) showed that the 

highest bacteriocin ST26MS activity was recorded in MRSbroth with an initial pH 

value of 5.5. 

 

At 24 hours and 48 hours of fermentation, the bacteriocin inhibitory activity of 

Lactobacillus pentosus LLA18 and instant LAB expressed as an Activity Unit (AU) 

decreased significantly, even both of the LAB showed no bacteriocin inhibitory activity 

against Salmonella typhyimurium (FNCC 0187) on 24 hours of fermentation, and 

showed no bacteriocin inhibitory activity against Escherichia coli (FNCC 0091) on 48 

hours of fermentation. Bitter melon is one vegetable which lack of fermentable sugar 

(Barwal & Sharma, 2018). In this study, glucose was not supplemented on the 

“Kambas” bitter melon juice. After being fermented for 24 hours and 48 hours, the 

glucose was decreased significantly, as the glucose was used at the beginning of 

fermentation. Previous studies have been showed that the presence of glucose in the 

medium increase the bacteriocin production (Kanmani et al., 2011; Matsusaki et al., 

1996; Mulders et al., 1991 in Shayesteh et al., 2014), while the absence of glucose 

decrease the bacteriocin production (Russell & Mantovani, 2002). Moreover, the 

absence of nitrogen sources in the media could also limits the bacteriocin production, as 

reported by Shayesteh et al. (2014) that the nitrogen sources also significantly affected 

the bacteriocin production. 

 

Fermentation condition, such as temperature is also affecting the bacteriocin production 

of LAB. In the previous studies, it has been reported that growth at low temperatures 

caused a low specific growth rate. Slow growth resulted in more energy available for 

bacteriocin production, therefore high specific bacteriocin productivities were observed. 

Moreover, bacteriocin production was stimulated by unfavourable growth conditions, 

including low temperature which resulted in low specific growth rate, the presence of 
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competing microflora, and also the presence of potentially toxic compounds, such as 

ethanol, oxygen, and sodium chloride (Vuyst et al., 2018). It has been reported by 

Todorov & Dicks, (2007) that L. pentosus ST712BZ showed optimum bacteriocin 

production only when incubated at 30
o
C. Similar finding was also reported by Mahrous 

et al. (2013) that Lactobacillus pentosus CH2 showed highest bacteriocin inhibitory 

activity when incubated at 30
o
C. For several bacteriocins reported in the studies, it is 

clearly that the compound is produced optimally in the middle or at the end of 

exponential growth phase, or at the beginning of the stationary phase (Msrtvedt-

Abildgaard et al., 1995; Parente et al, 1994; De Vuyst & Vandamme, 1992  in Vuyst et 

al., 2018). In this study, the incubation temperature of 24 and 48 hours of fermentation 

were at 37
o
C, therefore it could be explained the decreased of bacteriocin production of 

Lactobacillus pentosus LLA18 and instant LAB. Bacteriocin production can be 

obtained on conditions, such as pH and temperature, lower than required for optimal 

growth (Todorov & Dicks, 2004), therefore the optimal condition for growth of LAB 

was different than optimal condition for bacteriocin production (Juarez Tomas et al., 

2002). After 24 hours of fermentation, the LAB might have been entered the stationary 

phase and on 48 hours of fermentation, the LAB had entered the declining phase (Table 

1), thus further decreased of bacteriocin production can be explained. 

 

Bacteriocins from LAB are low-molecular-mass peptides or proteins. Generally, their 

antibacterial mode of action restricted to related Gram-positive bacteria (De Vuyst & 

Vandamme, 1994). Previous study has reported that bacteriocins are inactive against 

Gram-negative bacteria, and also eucaryotic microorganisms such as moulds or yeasts 

(Batish et al., 1997 in Dalié, Deschamps, & Richard-forget, 2010). According to S D 

Todorov & Dicks, (2005) a few bacteriocins with activity against Gram-negative 

bacteria have been reported, for examples are plantaricin 35d, produced by 

Lactobacillus plantarum (Messi et al., 2001) ; bacteriocin ST151BR, produced by 

Lactobacillus pentosus ST151BR (Todorov and Dicks, 2004) ; bacteriocin ST28MS and 

ST26MS, produced by Lactobacillus plantarum that have been isolated from molasses 

(Todorov & Dicks, 2005). Similar finding also reported by Smaoui et al. (2010) where 

bacteriocin TN635, produced by Lactobacillus plantarum sp. was able to inhibit Gram-
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negative pathogenic bacteria, including S. enterica ATCC43972, P. aeruginosa ATCC 

49189, Hafnia sp., and Serratia sp. 

 

The inhibitory activity of bacteriocins against pathogenic bacteria could be explained by 

adsorption of the bacteriocin to specific or non-specific receptors on the cell surface, 

thus resulting in cell death (Tagg et al., 1976). Moreover, Bacteriocins produced by 

lactic acid bacteria have a bactericidal effect on sensitive cells and some could resulting 

in cell lysis (Vuyst & Vandamme, 1994). The resistivity of Gram-negative bacteria to 

bacteriocins is explained because their cells are attributed with outer membrane, 

consists of 50% lipopolysaccharides, 35% phospholipids, and 15% lipoproteins, which 

provide protection, hence reduce the absorption of the bacteriocin into the cell (Espitia 

et al., 2012). In this study, it has been observed that at 0 hours of fermentation, 

bacteriocin from fresh “Kambas” bitter melon juice, bacteriocin from Lactobacillus 

pentosus LLA18 and bacteriocin from instant LAB showed broader inhibitory activity 

against Escherichia coli (FNCC 0091) than against Staphylococcus aureus (FNCC 

0047). At 24 hours of fermentation, bacteriocin from Lactobacillus pentosus LLA18 

only showed inhibitory activity against Escherichia coli (FNCC 0091). These 

exceptions could happen due to the diffusion of bacterions on agar media and the 

differences in growth conditions of each pathogenic bacteria. Previous study by 

Hartajanie et al. (2018) also showed the same results where the bacteriocin produced by 

LAB with code C19 and C29 had a broader inhibitory activity against Eschericia coli 

(FNCC 0091) than Staphylococcus aureus (FNCC 0047). Refers to Augustin & Carlier 

(2000), the pre-incubation conditions, such as temperature can affect the duration of lag 

phase. During the 1 hour of incubation at 4
o
C, bacteriocins diffused on agar media when 

the pathogenic bacteria were inactivated. At 48 hours of fermentation, bacteriocin from 

Lactobacillus pentosus LLA18 showed broader inhibitory activity against Salmonella 

typhyimurium (FNCC 0187) than against Staphylococcus aureus (FNCC 0047). False 

negative results when using the agar well diffussion assay may happen due to 

aggregation, non-diffusable bacteriocins, concentration effects and protease inactivation 

(Vuyst & Vandamme, 1994). 


