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Introduction
Cacao fermentation is important for improvement of chocolate 

flavor, food industries, and nutrition. The protease enzyme from lactic 
acid bacteria (LAB) is thought to play a vital role because amino acids 
resulting from proteolysis are the major precursors of specific flavor 
compounds, such as various alcohols, aldehydes, acids, esters and sulfur 
compounds [1,2]. The pH after 3 days of cacao fermentation will down 
from pH 5.0 to pH 3.0, where concentration of lactic acid increased 
from 0.3 (mg/g) to 5.0 (mg/g) were reported [1,3]. The interesting of 
LAB when they produce strong antimicrobial activity against microbes 
including food spoilage organism and pathogen by producing various 
compounds such as organic acids, diacetyl, hydrogen peroxide and 
bacteriocins or bacterial peptides during lactic acid fermentation. Lactic 
Acid Bacteria are known for their Probiotic properties are consider as 
‘food grade’ microbes, and generally recognized as Safe (GRAS), used 
extensively in food industries and human nutrition. Many reports of 
Lactic Acid bacteria benefit of intestinal health and the immune system, 
as well as anti-carcinogenic, anti-diarrheal and hypocholesterolaemic 
effects, improve lactose utilization [4,5]. As many as 75 percent of 
African and Native Americans and 90 percent of Asian-Americans are 
lactose intolerant. In this case, the lactic acid bacteria selected for use as 
Probiotic bacteria should be able to tolerated acid environment at least 
for 90 minute, attach to the epithelium, and grow in the lower intestinal 
tract before they can start providing any health benefits [6,7]. Probiotic 
bacteria should be characterized in acid shock response which is 
varying among bacterial species. The acid isolate that can grow at pH 

3.5 and also has the ability to grow in neutral pH is the potential to 
characterize the protease and lactose activities under acid and neutral 
pH [7,8].

There are two properties which allow bacteria to metabolize lactose, 
firstly they must have an intracellular transport system allowing them 
to take up the lactose and secondly they have to be able to produce 
the enzyme β-galactosidase (also known as Lactase). This enzyme 
breaks down lactose into β-galactose and glucose, which can then be 
metabolized to produce energy. The specificities of protease also play 
an essential role to degrade of unexpected compounds such as bitter 
peptides; therefore this development will impact the organoleptic 
quality of the food fermented products [2,9]. This is also true to benefit 
for cacao bean fermentation which is value added for farmer and 
improves organoleptic quality in chocolate industries [2].
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Abstract
Lactase activity is very important enzyme for Lactose Intolerant people. The lactic acid bacteria selected for use 

as Probiotic bacteria should be able to tolerate many organotoxic or heavy metal toxicities in intestine at least for 
90 minute, attach to the epithelium, and grow in the lower intestinal tract before they can start providing any health 
benefits. The Green varieties of cacao fruits were used for cacao bean fermentation. The cacao bean covers with 
white pulp containing fructose, e.g. 42 mg/g, glucose 24 mg/g and sucrose 21 mg/g, as carbon source of Lactic Acid 
Bacteria (LAB). Screening of LAB was carried out after 24-36 h during spontaneous fermentation. This paper aims 
to find potential LAB resistant acid pH and producing potential antimicrobial and showing high protease/lactase 
activities. The medium of de Man, Ragosa, and Sharpe (MRS) were used to screen LAB, and 63 colonies were 
found. The screening of isolates is based on LAB survival growth in acid pH ranges (2.0; 2.5 and 3.0) and body 
temperature (37°C). For Antimicrobial experiments were used pathogen bacterial E. coli and Salmonela (Unand 
Collection) as indicator strain. Six isolate were conformed as strong antimicrobial and selected as potential for 
producing protease (lactase) using specific Triple Sugar Iron Agar (TSIA) medium. The isolate G3 and G6 were 
selected for further enzyme protease delivered with 2% Skim Milk as a protein subsrate. The results showed, the 
maximum amount of protease activity potential from isolate G6 in acid pH (3.0) were calculated as 0.0088 and 
protease activity 1.1795 Unit/mL, while the optimum of protease activity was found at pH (6.0) calculated protease 
activity 3.150 Unit/mL. This study could explain the possibility of using potential isolate G6 LAB as Probiotic for dairy 
or food Industry and supplement tablet. There is no report so far concerning this topic and potential isolate G6, with 
high antimicrobial or wide pH of protease. The study will continue to purify antimicrobial Bacteriocin and amino acid 
structure determination. The G6 isolate was 95% polymorphism with Lactobacillus brevis.
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Proteolytic activity of Lactobacillus has been associated with 
cell-wall-bound proteinases [10,11]. Most of LAB were reported and 
isolated from high protein sources such as animal milk, cheese, and 
yoghourt, but very view report LAB have been isolated from acid 
environment of fermented tropical fruits and protease biochemically 
studied. There is no publication concerning screening and invitro 
antimicrobial of LAB and characterizing its protease potential during 
spontaneous cacao fermentation. This paper aims to study potential 
antimicrobial acid tolerant LAB and protease activities during Green 
Cacao fermentation in West Sumatra. Strain selected acid tolerant 
and potential antimicrobial is important to the next further study of 
antimicrobial Bacteriocin of amino acid structure, physiology and 
molecular DNA of LAB for new Probiotic and application in food 
preservative [5,12].

Materials and Methods
The present study was done by experiments where determination 

of antimicrobial activity of Lactic Acid bacteria conducted more than 
triplicates.

Bacterial isolation [13] 

Lactic Acid Bacteria was isolated from the bean pulp of cacao 
Green after 36 h fermentation. Strains were culture on MRS Agar or in 
MRS broth at 37°C for 48 h in anaerobic jar. Dilution method (10-1–10-8), 
of sample were prepared and plated on de Man Rogosa (MRS) agar 
medium. Stock cultures were prepared by growing the strain for 24 h 
at 37°C, and were preserved in vials with glycerol 20% v/v, at - 70°C. 
The colonies were used for selection in acid condition (the screening of 
isolates based on LAB survival growth in acid pH ranges (2.0; 2.5 and 
3.0) and body temperature about 37°C. Purify colony repeated plating 
and studied for their Gram reaction, cell and colony morphology, 
catalase-negative, cocci or rod shape isolates with characteristic and 
considered as lactic acid bacteria. 

Screening growth cultures [9,14] 

Each strain from the stock was grown in MRS broth medium. 
The medium were autoclaved at 121°C/15 min. cells were harvested 
by centrifugation (4500xg for 10 min at 4°C), washed three times in 
sterile saline (0.85% NaCl), inoculated into MRS broth acidified with 
concentrated hydrochloric acid to pH ranges (2.0; 2.5 and 3.0), or 
nonacidified MRS broth (pH 6.0 and 7.0) and incubated at 37°C for 24 
h. Before and after incubation, plate counts were done by pour plate 
technique. The growing strains were consider being candidates for 
selection of acid-tolerant strains and were used to isolate potential acid 
tolerant colony. The acids-tolerant candidate was further investigated 
for screening lactase using specific Triple Sugar Iron Agar (TSIA) 
medium [15] and protease activity [9]. TSIA medium containing 
glucose, lactose and sucrose with phenol red and FeSO4 acts as 
indicators. The growth of LAB were done by inoculated sterile medium 
with 2% (v/v) of the activated cultures and incubated at 37°C for 0, 12, 
24, 36 and 48 hrs and LAB was total colony count. The experiments 
were determined at intervals for 12 hrs.

Antimicrobial assay [10,12,16]

The antimicrobial spectrum from LAB was determined using well 
diffusion method. A loopful of each of the LAB isolates from the MRS 
agar slants was inoculated into tubes containing 10 mL of sterile MRS 
broth. These broth cultures were incubated at 37°C for 48 h. After 
incubation, the cultures were centrifuged (5000 rpm for 35 min at 4°C) 
to obtain the Culture Free Supernatant (CFS). The pH of the CFSs was 

adjusted to pH 7 with 1 M NaOH to exclude antimicrobial effects of 
organic acids. Control for each tube was prepared using un-inoculated 
MRS broth. Sterile cotton swabs were dipped into the cultures of the 
test (indicator) microorganisms (previously propagated in Brain Heart 
Infusion (BHI) broth for 24 h at 37°C) and inoculated by swabbing over 
the entire surface of the pre-set Mueller-Hinton agar plates. Care was 
taken to evenly distribute the test pathogens bacteria such as E.coli and 
Salmonella, throughout the entire surface of the plates. The bacterial 
chossen for indicator based on intestinal common bacterias. Sterile 
filter paper discs of 5 mm diameter were prepared from Whatman No. 
1 filter paper. Each disc was impregnated with the respective culture 
supernatant, air dried and placed on a 150 mm plate, within 5 to 15 
min after swabbing the test pathogens. After 18 to 24 h of incubation at 
37°C each plate was examined for the zone of inhibition. The diameters 
of the inhibitory zones were measured including the diameters of the 
discs to the nearest whole number.

Identification of lactic acid bacteria [13]

Identification of the selected isolates (with the desired antimicrobial 
activity) was carried out using morphological and biochemical 
methods. The identification of the isolates was performed. The studies 
included motility, catalase test, Gram’s staining, cell morphology, and 
carbohydrate fermentation [3,13].

PH value

The pH value of media was measured using pH meter, combined 
with glass electrode (Beckman 40). Values of pH of LAB grown in MRS 
broth at 37°C were measured at 24 hrs in acid and neutral pH. 

Determination of protein content [17] 

Protein content was determined by using colorimetric at maximum 
absorption at 600 nm, using brilliant blue G-250 and Bovine Serum 
Albumin (BSA). 

Protease activity determination [10]

Protease activity of culture supernatant was determined using 
casein as substrate. One ml of substrate (1% casein in 0.005 M 
phosphate buffer, pH 7.0) was incubated at 37°C for 15 min, and then 
1.0 ml of the culture supernatant which was obtained by centrifugation 
(8000xg at 4°C for 20 min) was added. After mixing, the reaction 
mixture was incubated at 37°C for 20 min. The reaction was terminated 
by adding 2.0 ml of 0.4 M trichloroacetic acids (TCA) then filtrated and 
the mixture was further incubated at the same temperature for 20 min. 
For the blank, the substrate was precipitated with TCA before adding 
the enzyme solution and then treated as follow: to one ml of the filtrate 
obtained after TCA precipitation, 5.0 ml of 0.4 M sodium carbonate 
solution was added followed by 1.0 ml of Folin reagent and incubated 
at 37°C for 20 min for color development and reading absorbance 
(A) at 750 nm. A unit of protease activity is defined as the amount of 
enzyme required to release TCA- soluble fragment giving a blue color 
equivalent to one µg of tyrosine under the same condition of the assay.

Protease specific activity [17]

Protease specific activity was calculated from dividing the 
determined protease activity values on the results of protein content.

Results and Discussion
Isolation and identification of lactic acid bacteria 

Cacao bean fermentation was performed in woody box with several 
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holes and the length of (40 cm) x the breadth (40 cm). The average pH 
after 36 hours fermentation down to pH 3, 0 and homogenized pulp 
was taken for LAB isolation. Six colonies were selected from 63 colonies 
showing in Figure 1A, and two potential resistant acid colonies (G3 
and G6) were morphology or biochemically studied. Two isolates (G3 
and G6) were identification and explain in Table 1. The resistant acid 
isolates were round colonies, creamy, smooth, catalase negative and 
heterofermentative. Several carbohydrates such as glucose, fructose, 
sucrose and maltose can be used for medium fermentation. 

Diversity of Lactic acid bacteria, including Lactobacillus brevis 
also found in Nigeria during cacao fermentation was reported 
[2]. Our isolates were further study for their protease biochemical 
properties. The total colony of potential LAB (G3 and G6) as shown 
in Table 2. Produced high Total colony in acid pH (2.5) during 36 
hours fermentation (27×108) Cfu/mL. These results also explain by 
other report, concerning the possibility of acid resistant colony of 
Lactobacillus acidophilus to grow in intestinal tract for 3 days long [18]. 
Several resistant acid of Lactobacillus acidophilus also can grow better 
in acid pH (3.5), but only 90 min observation.

Lactic acid bacteria with diffrent spesies that can growth in acid pH 
(3.0) were also reported [5,10], during 24 and 36 hours of fermentation. 
The acid resistant bacteria are useful for producing small peptide or 
amino acid and precursor for flavor development during cheese and 
milk fermentation. Screening extracellular protease as showing in 
Figure 1B, could explain the protease G6 isolate produced higher clear 

zone when compare to G3 isolate in NA medium containing 2% skim 
milk at pH (3.0). These results explain that the G6 isolate is concerned 
as potential having higher protease activity using 2% skim milk as a 
substrate, and resistant acid pH with clear zone diameter of (17 mm) 
and G3 only (8 mm). Other investigation suggest that bacterial isolate 
resistant acid pH is potential to select and useful for biochemical study 
of protease for application in food industries such as yoghurt, cheese 
and others or human/animal health [3,5]. 

In vitro antimicrobial characterization of G6 and G3 isolate was 
shown in Table 3. The results shows that the G6 isolate (50 µl) having 
strong antimicrobial Bacteriocin as compare than control antibiotic 
ampicillin (30 µl). Every microorganism has a minimal, a maximal 
and an optimal pH for growth and metabolism [12]. Microbial cells 
are significantly affected by the pH of their immediate environment, 
thus studying the effect of acid pH on the antimicrobial compounds 
and protease produced by our isolates was an important criterion 
for application of Probiotic for intestinal tract or human and animal 
health and food preservative [8,10]. The results obtained in our study 
regarding the resistant acid pH still capability of having high invitro 
antimicrobial properties. 

According to other report, antimicrobial proteinaceous such as 
Bacteriocin produce by bacteria varying greatly in chemical structure, 
mode of action and specificity [5,12]. Antibacterial produce by Lactic 
acid bacteria provided successful results or application in health also 
in food industries were reported [3,13]. The G6 resistant acid also has 
wide range of pH for Antimicrobial properties as compare to antibiotic 
Ampicillin. This isolate could be important, since the isolates have the 
ability to survive, grow and produce their antimicrobials both under 
acidic and alkaline conditions as reported [8,19]. This results confirm 
that G6 isolates not only resistant to acid pH also produce antimicrobial 
which is important application during cacao bean fermentation, can 
killed pathogen bacteria’s and produce flavor or specific aromas. 
Recently, report explain that Lactobacillus casei NRRL B1922, has 
optimum acid pH at 3.60 and high proteolytic activity in cheese 
industry. Other reported explain the important of acid protease LAB 
to degrade peptide and produce aromas in dairy industries [3,11]. The 
protease specific activity showing in Table 4, was optimum protease 
producing and specific activity in pH 6.0 (0.0210) and for protease 
activity was found 3.150 (unit/mL). In Table 3, the Inhibition zone 
of acid resistant G6 isolate in pH (2.0, 2.5 and 3.0) showing middle 

Isolate grow at 12 (h) grow at 18 (h) grow at 24 (h) grow at 36 (h)
G3 5×104 25×105 5×106 25×107

G6 15×105 25×106 25×107 27×108

Table 2: Total colony of selected LAB grow in acid pH (2.5) at 370C, with different 
time  of incubation.

Pathogen pH 2.0 pH 2.5 pH 3.0 pH 6.0 pH 7.0
E. coli                   14.2 ± 0.35       14.5 ± 0.70       15.0 ± 0.00          25.8 ± 0.35        24.5 ± 0.70

Salmonela           14.0 ± 0.00       15.0 ± 0.00       14.5 ± 0.70          25.5± 0.35         24.5 ± 0.70
Amp (30 µl)        20 ± 0.00          21 ± 0.00         21.5 ± 0.00          24.0 ± 0.00        23.8 ± 0.35

Table 3: Average of diameter inhibition zone (mm) and antimicrobial Activity of 
culture Supernatant of G6 isolate (50 µl) against pathogens at 370C, pH acid and 
neutral for 24 h, (Mean ± SD). 

Figure 1: Purification of colony LAB (A); Screening Protease isolate 
of G6 and G3 in NA medium containing 2% skim milk, pH 3.0, 37°C 
for 24 hours (B).

Biochemical Characteristic                             Results
Colony morphology                                       Creamy, smooth, round colonies

Gram staining                                                 Gram positive, Cocus and Rod
Growth in MRS broth                                     Uniform turbidity
Type of fermentation                                      Heterofermentative
Growth in acid PH      Resistant

Catalase                                                           Negative
Growth in fruc, suc, maltose                            positive

Table 1: The biochemical characteristic of selected LAB of (G3 and G6) potential 
Colonies.

Protease Specific Activity Protease Activity (Unit/mL)
0.015 0.335
0.058 0.855
0.088 1.979
0.210 3.755
0.176 2.910

P<0.05

Table 4: Protease specific activity and protease activity (Unit/mL) of Isolate G6, 
grown in MRS broth at 37°C, 24 hours, at different pH.

 
        A1     A2             A3           B1        B2    B3 

Figure 2: The average of antimicrobial activity of potential isolate 
G6 against E.coli pathogen showing Diameter clear zone; Inhibition: 
(A1, A2, A3) in Acid pH (2.0; 2.5 and 3.0) And (B1, B2) in Neutral pH 
(6.0 and 7.0); Control ampicllin in pH 7.0 (B3).
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antimicrobial as compare to Ampicillin, but in pH 6 the G6 isolate 
showing the highest antimicrobial properties more than 25 (mm). The 
maximum antimicrobial activity was pH 6.0, while in pH 7.0, showing 
a little decrease. In Figure 2, showing the action of G6 isolate, for 
inhibition zone (mm) both in acid and neutral pH. In Table 3 (pH 3.0, 
We observed protease specific activity was increase start from pH 2.0, 
and 2.5 more than 6 times in pH (3.0). So far the Acidic proteoliytic 
Enzyme is valuable enzyme for digestion in Human, Anmal and dairy 
industries [8,18]. 	

This protease enzyme might be different chemical structure, active 
site and potential for purification and structure elucidation. Increase 
protease activity in acid pH and were found novel extracellular serine 
protease in Lactobacillus paracasei was reported [11].

The maximum protease activity was also found as much as 3.755 
(Unit/mL) during 24 hours of dairy fermentation [19]. In this report 
our protease activity concern as higher protease activity to recent 
report. This investigation will continue to study for purification of 
protease enzyme and antimicrobial Bacteriocin to study the amino acid 
structure and peptide degradation. 
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