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Abstract 

The selection of starter bacteria in yoghurt fermentation is important to produce 

yoghurt with good quality. The lactic acid bacteria (LAB) in “tempoyak” (local fermented 

durian pulp) have the potential to be starter bacteria for making yoghurt because the 

yoghurt fermentation process is the same as the tempoyak fermentation. This study aimed 

to isolate and identify morphological and biochemical characterization of LAB from 

tempoyak which will be used as starter bacteria. LAB selection was based on their ability 

to produce acid compounds and lactase. LAB isolates were identified based on 

morphological and biochemical tests. The results of the study obtained 23 isolates of the 

LAB with the same colony characteristics namely round shape, broken white color with 

convex elevation and smooth surface, and entire edge. Selection of acid-producing and 

lactase-producing LAB obtained six isolates (Tp-1, Tp-2, Tp-3, Tp-7, Tp-12, and Tp-19). 

The biochemical test showed six LABs were gram-positive bacteria, non-endospore, non-

motile, and catalase-negative.  

1  Introduction 

Yoghurt is one of the processed drinks resulted from the fermentation process and has a sour taste 

(Harjiyanti, Pramono, & Mulyani, 2013). The fermentation process of yoghurt involves the role of lactic 

acid bacteria (LAB) as starter bacteria. The selection of the right starter bacteria in yoghurt production 

will determine the taste of the product. Therefore, selecting the right starter bacteria needs to be done 

to get the taste of yoghurt that is preferred by many people.  

One of the local products that have the potential to be starter bacteria in making yoghurt is LAB 

from tempoyak. Tempoyak is a local food made from fermented durian pulp and is common to Malay 

communities in Sumatra and Borneo Islands, especially in Bengkulu, Palembang, Lampung, West 

Sumatra, Jambi, and Kalimantan. Several studies have shown that lactic acid bacteria are the dominant 
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microorganism during fermentation (Amin et al., 2006; Maurya et al., 2015) and the fermentation in 

yoghurt has similarities to the tempoyak fermentation. So this research was aimed to isolate and identify 

the morphological and biochemical characterization of LAB isolates from tempoyak as the starter 

candidates on making the yoghurt. 

2  Materials and Methods 

Ripe durian fruit was peeled and separated from seeds. Then about 2% salt (b/b) was added to 

seedless durian meat and they were put in a tightly closed jar to create an anaerobic condition. Jars were 

left at room temperature for one week. After one week, the jar was opened, and the bacteria were ready 

to be isolated from tempoyak. 

 

2.1 Lactic Acid Bacteria Isolation 

One gram of sample was added into 9 ml sterile distilled water and homogenized using the vortex. 

Serial dilution was performed until the concentration reach 10-7. One ml of the homogenized and diluted 

samples were poured into Petri dishes. This culture was incubated at a temperature of 30 oC for 48 

hours. The culture was then purified on MRS media and incubated at a temperature of 30 oC for 48 

hours. The purified culture was stored in MRS agar slant at a temperature of 4-10°C.  

2.2  Selection of Acid-producing LAB 

To select the lactic acid bacteria (LAB) that have potential on producing acid compound, the 

selection process using MRS Media + CaCO3 0.5% was conducted. Incubation was done for 68 hours 

at room temperature (26°C). The clear zone around the bacteria colony showed that that bacteria-

produced acid. Clear zone measurement was done by determining the bacteria ability on producing acid 

with clear zone index formula: 

Acid clear zone index =
acid clear zone diameter

colony diameter
 

 

2.3  Selection of Lactase Producing LAB 

The determination of lactase producer LAB was conducted using TSIA (Triple Sugar Iron Agar) 

media with the incubation at a temperature of 37°C for 24 hours. The culture positively formed protease 

and lactase marked with the formation of clear zones. Measurement of the clear zone area was done by 

the formula: 

Clear zone index =
clear zone diameter

colony diameter
 

2.4 Identification of LAB by Morphological and Biochemical 

Characterization 

The superior isolates were then identified by morphological characterization including shape, color, 

elevation, surface, and edge. Then, the biochemical characterization has proceeded including gram 

staining, endospore staining, catalase, and motility test. 
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3  Results and Discussion 

Tempoyak is a traditional food from Indonesia made from fermented durian meat (Durio 

zibethinus Murray) (Widowati et al., 2013). During the fermentation process, the microorganisms that 

play a role are dominated by lactic acid bacteria (LAB) (Leisner et al., 2002; Chuah et al., 2016). The 

LAB is microorganisms that are widely distributed in various environments that are rich in 

carbohydrates such as plants, fermented foods, human mucosal surfaces, and inland and sea animals 

(Florou-Paneri, Panagiota Christaki & Bonos, 2013). Especially in tempoyak, LAB can grow by 

fermenting simple sugars from durian meat and turning them into lactic acid and acetic acid (Widowati 

et al., 2013). 

 

 
Figure 1: Tempoyak (fermented durian meat) 

3.1 Acid-Producing Lactic Acid Bacteria (LAB) Selection  

Isolation of acid-producing LAB was carried out on MRSA media with the addition of CaCO3. The 

isolation results obtained 23 colonies (Tp1-Tp23) with the ability to produce acids. Colonies that have 

the acid-producing ability are characterized by the formation of clear zones around the colonies in the 

media (Figure 1). The clear zone shows that LAB can use glucose as the energy source that will produce 

secondary metabolites in the form of acid. Acidic compounds from LAB can degrade CaCO3 to Ca 

lactate which is seen by the formation of clear zones around the LAB colony (Nuryady, Istiqomah, 

Faizah, & Ubaidillah, 2014).  

Isolate Clear Zone (cm) Isolate Clear Zone (cm) 

Tp-1 1.57 Tp-13 1.10 

Tp-2 1.50  Tp-14 1.00 

Tp-3 1.22 Tp-15 0.73 

Tp-4 1.00 Tp-16 0.70 

Tp-5 0.95 Tp-17 0.70 

Tp-6 1.00 Tp-18 0.80 

Tp-7 1.12 Tp-19 1.40 

Tp-8 1.10 Tp-20 1.00 

Tp-9 0.80 Tp-21 1.00 

Tp-10 1.00 Tp-22 1.00 

Tp-11 0.85 Tp-23 1.00 

Tp-12 1.27   

Table 1: Diameter of Clear Zone of Acid-Producing LAB in MRSA + CaCO3 
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The ability to produce acids among 23 strains of lactic acid bacteria is summarized in Table 1. 

The isolates with the highest ability produce acids are Tp-1 (1.57 cm), Tp-2 (1.50 cm), Tp-19 (1.40 

cm), Tp-12 (1.27 cm), Tp-3 (1.22 cm), and Tp-7 (1.12 cm), respectively. Based on morphological 

characters, 23 lab isolates have the characteristics included round colonies, cream-colored with convex 

elevation, smooth surface, and entire edges (Figure 2). The characteristics of the colony's morphology 

showed a similarity with the characteristics of lactic acid bacteria in general (Pundir, Rana, Kashyap, 

& Kaur, 2013). 

  
Figure 2: Acid-producing LAB in MRSA + CaCO3 

 

3.2 Lactase-Producing Lactic Acid Bacteria (LAB) Selection  

The next stage of the research is screening the best six acid-producing isolates of LAB selected in 

TSIA media to see the ability of these isolates to produce lactase enzyme. Lactase or β-Galactosidase 

is an enzyme known as the biocatalyst to hydrolyze lactose in milk into components of glucose and 

galactose (Abd El-Kader et al., 2012). Lactase is widely used to prevent the process of lactose 

crystallization, increase the level of sweetness, and increase the solubility of milk products (Princely et 

al., 2013). All isolates showed the positive formation of protease and lactase as indicated by the clear 

zones (Table 2). The highest production of protease and lactase is obtained by Tp-3 (3.32 cm), 

meanwhile, the lowest is Tp-19 (2.12 cm). 

 

Isolate Clear Zone (cm) 

Tp-1 2.45 

Tp-2 3.07 

Tp-3 3.32 

Tp-7 2.27 

Tp-12 3.00 

Tp-19 2.12 
Table 2: Diameter of Clear Zone of LAB on TSIA 

3.3 Identification of Lactic Acid Bacteria (LAB)  

Based on the ability to produce acid and the ability to produce lactase, six superior LAB isolates 

were obtained namely Tp-1, Tp-2, Tp-3, Tp-7, Tp-12, and Tp-19 isolates. Six lab isolates were 

identified based on macroscopic and microscopic characters. The macroscopic observations made were 

the catalase test and the motility test. The catalase test was carried out to identify microbes that can 

produce the catalase enzyme. The catalase enzyme is used to break down hydrogen peroxide formed 
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from aerobic respiration and is toxic to bacteria to become non-toxic dihydrogen oxide and oxygen 

(Mardalena, 2016). The six isolate catalase test showed negative results because all isolates did not 

produce bubbles when they were dropped with hydrogen peroxide. One characteristic of LAB is giving 

negative activity for catalase production (Yuliana et al, 2011; Pundir et al., 2013; Widowati et al., 2013; 

Chuah et al., 2016; Khalil & Anwar, 2016). Thus, it can be said that the six isolates were LAB. 

Motility is also one of the tests that can be used to differentiate LAB from other bacteria. In the 

motility test, six isolates were subcultured in a semi-solid upright MRS media and incubated for 48 

hours at 30°C. The test results showed that all isolates were non-motile because the isolates only grew 

along with the puncture marks. The results of this study are in line with the research of Yuliana et al. 

(2011), Chuah et al. (2016), and Khalil & Anwar (2016) who stated that LAB has non-motile 

characteristics. 

As for microscopic observations include observing cell shapes, gram staining, and endospores 

staining. The results of gram staining showed that the six isolates were gram-positive bacteria because 

the cells were colored with purple from violet crystals (Figure 3). 

 
Figure 3: Morphology of (a) Tp-1; (b) Tp-2; (c) Tp-3; (d) Tp-7; (e) Tp-12; (f) Tp-19 

Gram staining is used to distinguish between gram-positive and gram-negative bacteria. The purple 

color in gram-positive bacteria arises because gram-positive bacterial cells have a thick peptidoglycan 

structure and inner membrane. The peptidoglycan will bind the color of violet crystals and will not fade 

by ethanol so that the color of gram-positive cells will remain purple (Madigan et al., 2012). According 

to Leisner et al. (2002), Yuliana et al. (2011), and Widowati et al. (2013), the nature of LAB isolated 

from tempoyak has gram-positive properties. 

The gram staining results also showed that Tp-1, Tp-2, Tp-7, Tp-12, and Tp-19 had the form of rods 

cells and suspected were Lactobacillus sp.  While Tp-3 had a form of coccus so can be suspected as a 

Streptococcus sp. Lactobacillus is the most dominant bacteria in the tempoyak fermentation process 

(Leisner et al., 2002; Yuliana et al., 2011; and Widowati et al., 2013; Nuraida, 2015). In this study, 

endospore staining was also carried out. The test results showed that six isolates (Tp-1, Tp-2, Tp-3, Tp-

7, Tp-12, and Tp-19) reacted negatively to endospore staining. 

Six superior LAB isolates which could produce acid and lactase were successfully isolated. 

Identification results show that LAB from tempoyak has gram-positive, non-motile characteristics, no 

endospores, and a negative catalase reaction. Based on the shape, the LAB has the form of rods and 
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coccus cells, which are suspected to be Lactobacillus and Streptococcus, which are the main bacteria 

that play a role in making yoghurt. 
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