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Abstract  

The aims of this study were to evaluate the survival of Lactobacillus plantarum Dad 13 after spray drying and its 

and its application as a supplement for yoghurt fermentation. Yoghurt starter cultures i.e. Lactobacillus bulgaricus FNCC 

040 and Streptococcus thermophilus FNCC 041, and L. plantarum Dad 13 were separately mixed with 10% w/v of rice flour 

solution (2:1) and spray dried. The viable cells of each culture was enumerated before and after spay drying. The low pH 

tolerance and bile salt sensitivities of spray dried L. plantarum Dad 13 were evaluated. Spray

cultures and L. plantarum Dad 13 were applied for yoghurt production, and compared its properties to yoghurt made by 

freeze-dried cultures. The results showed that the decrease in viable cells of yoghurt starter cultures and L. plantarum Dad 

13 was less than 1 log cycle, and the amount of viable cells for all cultures were maintained at 10

at 4°C for 4 weeks. Spray-dried L. plantarum

concentration even after 3 h at pH 3.0. 

Supplementation of L. plantarum Dad 13 to yoghurt starter cultures produced yoghurt with comparable microbiological and 

chemical characteristics of yoghurt made from freeze d

preparation resulted in lower lactose content in yoghurt.

 

Keywords: Spray drying, L. plantarum Dad 13, 
 

Introduction 

Lactic acid bacteria are involved in various Indonesian 

fermented foods such as in fermented cassava and vegetables, 

and Lactobacillus plantarum has been found to be the most 

common species found in Indonesian fermented food

acid bacteria isolated from various source in Indonesia have 

been studied their characteristic properties, and many of them 

have met the basic requirements as probiotics and had some 

functional properties
3
. Lactobacillus plantarum

was isolated from Dadih (a traditional fermented buffalo milk 

from West Sumatera, Indonesia) is a probiotic candidate.

microorganism was relatively stable at pH 3.0 for 3 h and could 

grow in MRSL containing 0.5% oxgall
4
. In vitro study showed 

that this microorganism could inhibit the growth of pathogenic 

E. coli
5
. Fermentation of sesame milk with L. plantarum

increased its antioxidant activity
6
. Supplementation of 

plantarum Dad 13 to yogurt starter cultures produced yogurt 

with lower lactose content compared to the one without 

supplementation with L. plantarum Dad 13
7
. Thus 

Dad 13 can be used as inoculum fermentation of milk with 

added benefit. 

 

It is common to prepare yogurt starter cultures in liquid form. 

They are also can be provided in frozen and dried forms. Liquid 
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The aims of this study were to evaluate the survival of Lactobacillus plantarum Dad 13 after spray drying and its 

and its application as a supplement for yoghurt fermentation. Yoghurt starter cultures i.e. Lactobacillus bulgaricus FNCC 

040 and Streptococcus thermophilus FNCC 041, and L. plantarum Dad 13 were separately mixed with 10% w/v of rice flour 

tion (2:1) and spray dried. The viable cells of each culture was enumerated before and after spay drying. The low pH 

tolerance and bile salt sensitivities of spray dried L. plantarum Dad 13 were evaluated. Spray-dried powder of yogurt starter 

Dad 13 were applied for yoghurt production, and compared its properties to yoghurt made by 

dried cultures. The results showed that the decrease in viable cells of yoghurt starter cultures and L. plantarum Dad 

e, and the amount of viable cells for all cultures were maintained at 10
9
 

L. plantarum Dad13 was resistant to pH 3.0 and this strain remained at fairly high 

 Its sensitivity to bile salt increase with the increase in bile salt concentration. 

Supplementation of L. plantarum Dad 13 to yoghurt starter cultures produced yoghurt with comparable microbiological and 

chemical characteristics of yoghurt made from freeze dried cultures. Addition of L. plantarum Dad 13 to yoghurt 

preparation resulted in lower lactose content in yoghurt. 

: Spray drying, L. plantarum Dad 13, Lactic acid bacteria, Yoghurt. 

Lactic acid bacteria are involved in various Indonesian 

fermented foods such as in fermented cassava and vegetables, 

has been found to be the most 

common species found in Indonesian fermented food
1,2

. Lactic 

bacteria isolated from various source in Indonesia have 

been studied their characteristic properties, and many of them 

have met the basic requirements as probiotics and had some 

Lactobacillus plantarum Dad 13 which 

Dadih (a traditional fermented buffalo milk 

from West Sumatera, Indonesia) is a probiotic candidate. This 

microorganism was relatively stable at pH 3.0 for 3 h and could 

In vitro study showed 

ould inhibit the growth of pathogenic 

L. plantarum Dad 13 

Supplementation of L. 

Dad 13 to yogurt starter cultures produced yogurt 

with lower lactose content compared to the one without 

. Thus L. plantarum 

Dad 13 can be used as inoculum fermentation of milk with 

repare yogurt starter cultures in liquid form. 

They are also can be provided in frozen and dried forms. Liquid 

starter culture usually has limited shelf life and bulky. Frozen 

culture has long shelf-life.  However, lactic acid bacteria could 

lost their viability and ability to produce acid during freezing

In addition, frozen culture need sub

transportation and storage. Compared to liquid and frozen 

cultures, freeze dried culture has benefits due to the light and 

compact forms, however, but it is quite expensive. Spray drying, 

another drying method that has been applied in food industry 

can be used to preserve starter culture. Removing of water using 

spray-drying could reduce cost up to six times per kg of water 

compared to the one using freeze-drying

 

The main purpose of spray drying yogurt is to prepare a high 

quality shelf-stable culture powder. Yogurt powder can be used 

as ingredient in bakery and confectioneries processing, instant 

yogurt, and yogurt starter culture
10

. Yogurt mus

and abundant lactic acid bacteria, and thus the amount of viable 

cell is essential for yogurt quality. Degree of cell heat damage 

during spray-drying can be evaluated by the viable cell number 

of yogurt powder after spray-drying. Mostly y

cultures are sensitive to heat, therefore the spray drying process 

should be designed to provide viable cultures with rapid acid 

production after rehydration. Spray

not only have to contain a high amount of viab

have the ability to produce acid rapidly. Therefore, it is 
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The aims of this study were to evaluate the survival of Lactobacillus plantarum Dad 13 after spray drying and its properties, 

and its application as a supplement for yoghurt fermentation. Yoghurt starter cultures i.e. Lactobacillus bulgaricus FNCC 

040 and Streptococcus thermophilus FNCC 041, and L. plantarum Dad 13 were separately mixed with 10% w/v of rice flour 

tion (2:1) and spray dried. The viable cells of each culture was enumerated before and after spay drying. The low pH 

dried powder of yogurt starter 

Dad 13 were applied for yoghurt production, and compared its properties to yoghurt made by 

dried cultures. The results showed that the decrease in viable cells of yoghurt starter cultures and L. plantarum Dad 

 CFU/g during the storage 

Dad13 was resistant to pH 3.0 and this strain remained at fairly high 

s sensitivity to bile salt increase with the increase in bile salt concentration. 

Supplementation of L. plantarum Dad 13 to yoghurt starter cultures produced yoghurt with comparable microbiological and 

ried cultures. Addition of L. plantarum Dad 13 to yoghurt 

starter culture usually has limited shelf life and bulky. Frozen 

life.  However, lactic acid bacteria could 

bility and ability to produce acid during freezing
8
. 

In addition, frozen culture need sub-zero temperatures for 

transportation and storage. Compared to liquid and frozen 

cultures, freeze dried culture has benefits due to the light and 

r, but it is quite expensive. Spray drying, 

another drying method that has been applied in food industry 

can be used to preserve starter culture. Removing of water using 

drying could reduce cost up to six times per kg of water 

drying
9
. 

The main purpose of spray drying yogurt is to prepare a high 

stable culture powder. Yogurt powder can be used 

as ingredient in bakery and confectioneries processing, instant 

. Yogurt must contains viable 

and abundant lactic acid bacteria, and thus the amount of viable 

cell is essential for yogurt quality. Degree of cell heat damage 

drying can be evaluated by the viable cell number 

drying. Mostly yoghurt starter 

cultures are sensitive to heat, therefore the spray drying process 

should be designed to provide viable cultures with rapid acid 

production after rehydration. Spray-dried yogurt starter cultures 

not only have to contain a high amount of viable cells but also 

have the ability to produce acid rapidly. Therefore, it is 
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important to determine both the cell viability and its ability to 

produce acid after spray-drying. 

 

Survival of Lactobacillus delbrueckii ssp bulgaricus after spray-

drying using skim milk as protectant, with and without addition 

of ascorbic acid and monosodium glutamate has been 

evaluated
11

. High temperature of storage and high water 

activities reduced dried cell viability. After spray-drying, cells 

exhibited sensitivity to sodium chloride, lysozyme, and 

penicillin which indicated damage of the cell membrane, cell 

wall and DNA respectively. The survival or damage of lactic 

acid bacteria during spray-drying may depend upon the 

combinations of temperature and time applied and also bacterial 

species heat sensitivity. In general, lower out-let temperature 

bring about higher residual viability of cells. However, when the 

temperature of outlet decreased from 120 to 77°C, the moisture 

content of dried cell increased
12

. The death of cell was brought 

about predominantly by destruction of cell membranes and, the 

degree of membrane destruction increased significantly as the 

outlet temperatures increased
13

. Preadaptation with heat or salt 

led to increase the survival of L. paracasei NFBC 338 after 

spray drying
9
. 

 

Probiotic cultures are frequently prepared in dried powder form, 

using spray-drying or freeze-drying methods. Nevertheless, 

probiotic bacteria mostly do not survive well when they are 

exposed to very high osmotic and temperature conditions 

throughout spray or freeze-drying
14

. Some author reported that 

degree of survival of Lactobacillus rhamnosus soon after drying 

be affected especially by protective agent rather than drying 

method
15

. Probiotic bacteria have health benefit for human upon 

ingestion. Consumption of at least 10
8
 cells daily was suggested 

to ensure probiotic effects on consumer’shealth
16

. Therefore in 

the preparation of dried probiotic, the cell survival, and the 

amount of cell viability and activity should be considered, either 

for use as a supplement of food or as a component of starter 

cultures. 

 

In this study, spray-dried L. plantarum Dad 13and yogurt 

cultures of S. thermophilus and L. bulgaricus were prepared 

with the addition of 10% rice flour solution. The survival of 

dried cells after spray-drying and during storage at 4°C was 

evaluated. Since L. plantarum Dad 13 showed its potent as 

probiotic, the acid tolerance and bile sensitivity of spray-dried 

form were also studiedin vitro. Spray-dried yoghurt starter 

cultures and L. plantarum Dad 13 were applied for yoghurt 

fermentation, and the number of lactic acid bacteria and acid 

production were evaluated. 

 

Materials and Methods 

Preparation of starter culture: Lactobacillus plantarum Dad 

13, Streptococcus thermophilus FNCC 040 and Lactobacillus 

bulgaricus FNCC 041 were obtained from Food and Nutrition 

Culture Collection (FNCC), Center for Food and Nutrition 

Studies, Gadjah Mada University, Yogyakarta, Indonesia, and 

then stated as ST, LB, and Dad 13 respectively. Single strains of 

each culture in MRS broth (Oxoid) were inoculated at a rate of 

10% (v/v) into 10% (w/v) skim milk, and incubated at 42ºC for 

18 h. The cultures were stored in cold room prior to use. 

 

Spray drying: Solution of 10% rice flour was added to each 

culture (Dad 13, ST, and LB) and stirred vigorously.  Starter 

culture and rice flour solution ratio was 2:1 (v/v). Each culture 

was spray dried in a laboratory plant spray dryer (model SD-

05). The inlet and outlet temperatures were 90°C and 50°C 

respectively.  Each spray-dried powder of Dad 13, ST, and LB 

was collected and vacuum-packed in polyethylene bags, and 

stored at 4°C for 4 week. Viable cells of each culture was 

enumerated before and after spray drying, and during storage of 

the spray-dried cultures at 4°C using PGY agar containing 1% 

CaCO3. Survival rate was calculated as follows: % survival = 

N/No x 100%, where No and N were the viable cell numbers 

before spray drying and after drying respectively. Survival rate 

(%) during storage was calculated using the formula (S/So) x 

100%, where S and So were bacterial cell counts at a certain 

storage period and directly after drying respectively. Spray-

dried powder of L. plantarum Dad 13 was assayed for the low 

pH tolerance and bile salt sensitivities. Spray-dried powder of 

yogurt starter cultures and Dad 13 were applied for yoghurt 

production, and compared its characteristics to the yoghurt 

made by freeze-dried cultures. 

 

Yogurt preparation using spray-dried starter cultures: Each 

of 2% (w/v) of spray-dried cultures of ST, LB, and Dad 13 were 

inoculated into 10% skim solution, and incubated at 37°C for 24 

h. Yogurt fermentation was carried out by inoculation of 

5%(v/v) of ST, 5% (v/v) of LB cultures and 5% (v/v) of Dad 

13into low-fat UHT milk which was added with 2% skim milk 

and 10% sucrose, followed by incubation at 42°C for 9 h. 

Before and after fermentation, the amount of lactic acid 

bacteria, pH, titratable acidity and lactose content were 

determined. As comparation, freeze dried cultures of Dad 13, 

ST and LB obtained from FNCC Center for Food and Human 

Nutrition Gadjah Mada University were used to prepare starter 

cultures for yogurt fermentation. Yoghurt was also made from 

starter cultures without supplementation with Dad 13. 

 

Assay of acid tolerance: Spray-dried culture (2%b/v) was 

inoculated into MRS broth and incubated at 37°C for 24 h. Then 

5% v/v of 24-h culture was inoculated into MRS broth 

containing 5% lactose (MRSL 5%) with the pH values of 1.0, 

2.0, and 3.0, and incubated at 37°C for 3 h. The viable cells 

were measured at the initial time, and after 1 and 3 h 

incubations. 

 

Bile salt sensitivity: Bile salt sensitivity of the culture was 

evaluated by monitoring the cell growth in medium with and 

without bile salt with some modification
17

. The amount of 5% 

v/v of 24-h Dad 13 culture was inoculated in MRSL 5% 

containing 0.5% and 1% oxgall. The growth of the culture at 
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37°C was monitored for 8 h by recording the absorbance at λ 

625 nm for 8 h incubation. Bile sensitivity of the culture was 

determined as the difference in absorbance at λ 625 nm at 8 h 

between growth in MRSL 5% with and without oxgall. 

 

Determination of Lactose content in yoghurt: Yoghurt was 

centrifuged to get cell free supernatant. The supernatant then 

was diluted 10 times and filtered using bacterial nylon 0.54 µm. 

Sample of 20 µl was injected into loop with mobile phase of 

H2SO4 0.01 N using Beckman HPLC with Rezex RCM-

monosaccharide column, and refractive  index detector. 

Temperature of column was 50°C with the flow rate of the 

mobile phase of 0.01 N H2SO4 was 0.5 ml/min. Monohydrate 

lactose with the concentration of 1.25, 2.5 and 5% were used as 

a standard. 

 

Enumeration of lactic acid bacteria: Enumeration of lactic 

acid bacteria was carried out using dilution and plating method. 

PGY containing 10% CaCO3 was used to count the viable cells 

of lactic acid bacteria. Plates were incubated at 37°C for 48 h. 

Results of plate counting were expressed as colony forming 

units (CFU) per ml suspension or per g solid. 

 

Determination of moisture content, pH, and acidity: 

Moisture content of spray-dried culture powder was determined 

by thermogravimetry, and pH meter (ToA/Jenway) was used to 

measure pH of yogurt. Acidity was measured by titration with 

0.1 N NaOH to a phenol-phtalein end-point. Titratable acidity 

was expressed as percent of lactic acid. 

 

Results and Discussion 

Cell survival after spray drying: The total amount of viable 

cells before spray drying for ST, LB and Dad 13 were 3.6 x 

10
11

CFU, 3.0 x 10
11

 CFU and 2.0 x 10
11

 CFU respectively.  

After spray drying, total amount of viable cells for ST, LB, and 

Dad 13were 5.71 x 10
10

 CFU, 5.71 x 10
10

 CFU, and 9.8 x 10
10

 

CFU respectively (Figure-1). The decrease on viable cells of 

each culture was less than one log cycle. The survivals of ST, 

LB, and Dad 13 were15.9%; 19.0%; and 49% respectively. 

 

Table-1 

Spray dried yogurt starter cultures and L. plantarum Dad 13 

Culture 
Viable cell 

(log10 CFU/g) 

Moisture 

content (%) 

S. thermophilus FNCC 041 9.7 4.2 

L. bulgaricus FNCC 040 9.7 4.1 

L. plantarum Dad 13 9.8 5.0 

 

During spray-drying, the cell experienced both thermal and 

dehydration inactivation simultaneously. It has been reported 

that survival of S. thermophilus after spray drying with pH 6.8 

ranged from 5 to 34%, depending on the outlet-air 

temperatures
8
. Other researcher reported that survival of 2% and 

0.01% of lacic acid bacteria when were spray dried at pH 4.2 

with outlet-air temperatures of 65 and 90ºC
18

. It seems that 

increase pH close to neutral pH increased the survival of S. 

thermophilus after spray drying. In our experiment, yogurt 

starter cultures were spray-dried at pH 4.4-4.5. In this study, 

yogurt cultures were mixed with solution of rice flour to give 

some protection against heat. It seems that mixing of yogurt 

cultures with rice powder and the use of lower outlet air 

temperature increase the resistance of cultures to heat. 

 

 
Figure-1 

Total viable cell before and after spray-drying 

(ST: Streptococcus thermophilus FNCC; LB:Lactobacillus bulgaricus FNCC; Dad 13 : Lactobacillus plantarum Dad 13) 
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The results showed that spray drying of cultures using constant 

inlet and outlet air temperature of 90°C and 50°C respectively 

provided dried cultures with viable cells of log 9.6-9.8 log10 

CFU/g and moisture contents of 4.1-5.0% (Table-2). Spray-

drying of yogurt at an outlet air temperature lower than 60°C 

produced wet powder cultures, meanwhile at an outlet air 

temperature above 90°C the powder was not acceptable due to 

browning
19

. Spray-drying of fermented soymilk containing S. 

thermophilus and B. Infantis at outlet air temperature of 60, 75, 

and 90°C resulted in the moisture content of 8.3% 6.2%, and 

4.2% respectively
19

.  Moisture contents of the spray-dried 

powders decreased from 5.8% to 0.2% as outlet air temperature 

increased from 77 to 120°C
12

. Water content is an important 

parameter for the stability of dried cultures. Generally, 

microorganisms survive better at low-water activity. However, 

over drying may reduce their viability and stability. 

The viability of spray-dried cultures during storage: The 

viable cells of spray-dried cultures of ST, LB, and Dad 13 were 

slightly reduced during storage at 4°C for 4 weeks from 5.0 x 

10
9
 CFU/g to 2.4 x 10

9
 CFU/g, from 4.7 x 10

9
 CFU/g to 3.1 x 

10
9
 CFU/g, and from 6.8x 10

9
 CFU/g to 3.6 x 10

9
 CFU/g 

respectively. The decrease of cell viability of these three 

cultures were between 0.2-0.3 log cycles (Figure-2). The 

survival cells after storage at 4°C  for 4 weeks were 48, 66% 

and 53% for ST, LB, and Dad 13 respectively. The relative 

survival of spray-dried cells after storage at 4°C was calculated 

as viable cells during storage divided by viable cells at day 1. 

The use of storage temperature of 4°C has benefit since it would 

be less expensive than sub-zero temperatures used for frozen 

cultures. 
 

Table-2 

Viability of spray dried L. plantarum Dad 13 at low pH 

Spray dried culture pH 
Viable cells (CFU/ml) 

0 h 1 h 3 h 

Fresh spray dried culture 

3.0 9.1 x 10
7
 9.1 x 10

7
 9.1 x 10

7
 

2.0 4.8 x 10
7
 1.0 x 10

4
 1.7 x 10

2
 

1.0 4.1 x 10
4
 8.0 x 10

1
 < 10

0
 

After 2 week storage at 4°C 

3.0 6.4 x 10
7
 4.1 x 10

7
 1.8 x 10

7
 

2.0 3.8 x 10
7
 1.8 x 10

4
 1.0 x 10

2
 

1.0 9.4 x 10
3
 2.4 x 10

1
 < 10

0
 

After 4 week storage at 4°C 

3.0 4.1 x 10
7
 7.6 x 10

7
 6.0 x 10

7
 

2.0 6.9 x 10
6
 1.4 x 10

4
 8.1 x 10

2
 

1.0 1.2 x 10
4
 8.4 x 10

1
 < 10

0
 

 

 
Figure-2 

Survival of spray-dried cultures during storage at 4°°°°C 
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Many studies showed that survival rates were higher at lower 

storage temperature (4-5°C) than at 20-25°C
11,19,20

. The viability 

of spray dried culture of Lactobacillus delbrueckii ssp 

bulgaricus decreased about 1 log cycle after a month storage at 

4°C, however addition of ascorbic acid and MSG improved the 

survival rates of the dried cells
11

. The survival rates of spray-

dried lactic acid bacteria varies with species, even strain of 

microorganism from 33.05% to 92.54% after 60-day storage at 

5°C
21

.  In addition lower moisture content of spray-dried culture 

powders could cause lower relative cell survival during 

storage
12

. The lowest moisture content of 0.2 to 1.2% may 

reveal fractures and void spaces in the dried particles to air, 

contributing to oxidative degradation of proteins and cellular 

compounds. Oxygen, moisture content and light give negative 

effect to dry culture. Therefore, to maintain high viability of dry 

culture, it is important to keep the dry powder in suitable 

packaging material and storage condition that can protect the 

dried cell from exposure to oxygen, moisture and light. In this 

study, spray-dried yogurt starter cultures with moisture content 

of 4.09-4.24% were packaged in polyethylene vacuum packed 

and store at 4°C. Cells viability of spray-dried cultures were 

maintained at 10
9
 CFU/g at 4°C for up to 4 weeks. 

 

Acid tolerance and bile sensitivity of the spray-dried L. 

plantarum Dad 13: Tolerances of low pH and bile salt in vitro 

are expected to predict the survival of these cultures in the 

conditions present in the gastro-intestinal tract. Acid tolerance 

of fresh spray-dried Dad 13, and after 2 and 4 weeks storage at 

4°C are shown in Table-2. Fresh spray-dried culture was 

relatively resistant to pH 3.0 even after 3 h. The viable cells 

remain at the level 10
7
 even after 4 weeks storage at 4°C. The 

Spray-dried Dad 13 was relatively sensitive to pH 2.0. The 

number of viable cells of the spray-dried culture decreased by 

about 3 and 5 log cycles at pH 2.0 after 1 and 3 h respectively. 

Almost no viable cells were detected at pH 1.0 after 3 h. The 

acid tolerance of spray-dried Dad 13 at pH 3.0 was comparable 

to the one of Dad 13 liquid culture
4
. However, the low pH 

sensitivity of spray-dried Dad 13 at lower pH (pH 2.0) was 

higher compared to same culture in the liquid form. The number 

of viable cell of liquid Dad 13 culture decreased by about 2 log 

cycles at pH 2.0 after 3 h incubation
4
. It seems that spray drying 

did not affect the acid tolerance of this culture at pH 3.0. 

 

The low pH of the stomach provides an effective protection 

against bacteria that entry into the intestinal tract
21

. Although 

the pH of the stomach could be as low as pH 1.5, it can increase 

to pH 6.0 or above after consumption of food. The transit time 

of food through stomach is influenced by the nature or type of 

food consumed. The transit time of liquid food through stomach 

is much faster than that of solid food, and can only need about 

20 minutes to pass through the stomach. Food and food 

ingredients can give protection to cells and has been reported to 

increase microorganisms viability during gastric transit
22

. Thus 

the amount of viable cells that can pass through the stomach 

depends on the initial amount of viable cells, the presence and 

the nature of food as a carrier of the culture. 

 

Bile sensitivity of spray-dried Dad 13 strain was defined as the 

difference in absorbance at λ625 at 8 h between growth in 0% 

bile and growth in the present of bile (Table-3). The higher the 

difference in absorbance the higher the bile sensitivity. When 

the samples were treated with 0.5% bile, fresh spray-dried Dad 

13 strain showed no different in bile sensitivity compared to the 

spray-dried cultures after storage at 4°C for 2 and 4 weeks. 

However, higher bile concentration to 1% increased the bile 

sensitivity of the spray-dried cultures. 

 

Table-3 

Bile sensitivity of spray-dried L. plantarum Dad 13 

Spray-dried culture 

Bile sensitivity 

0.5% bile salt 
1.0 % bile 

salt 

Fresh spray dried 

culture 
1.21 1.61 

2 weeks storage at 4° 1.10 2.06 

4 weeks storage at 4° 1.17 2.09 

 

Fermentation of yogurt using spray-dried starter cultures: 

The spray-dried yoghurt starter cultures supplemented with 

spray-dried L. plantarum Dad 13 were applied to yoghurt 

fermentation. The results showed that the number viable cells in 

all samples after incubation at 42°C for 9 h were in the level of 

10
9
 CFU/ml (Table-4). pH obtained and lactic acid produced 

after incubation were also comparable between spray-dried and 

freeze-dried cultures. In our study, the spray dried cultures and 

freeze dried cultures were incubated in skim-milk at 37ºC for 24 

h prior to be used as starter cultures for yoghurt fermentation. 

The amount of viable cells after 24 h incubation were similar 

between spray dried and freeze dried cultures (data are not 

shown).Addition of L. plantarum Dad 13 to yoghurt starter 

cultures increased the reduction of lactose content in yoghurt. 

Lactobacillus plantarum Dad 13 was isolated from Dadih, a 

traditional fermented buffalo milk which has quite high ability 

to degrade lactose in milk
23

, thus resulted in lower lactose 

content in the yoghurt.  Based on the viable cells, acid 

production, final pH and lactose concentration, spray-dried 

yogurt starter cultures can produced good quality of yogurt 

which contain viable cells 10
9
 CFU/ml, pH below 4.6, and quite 

high acid content. 
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Table-4 

Microbiological and chemical characteristics of yoghurt made from dried culture 

Spray-dried culture 
Viable cell 

(CFU/ml) 
pH TA* 

Lactose 

Content (%) Reduction (%) 

Freeze-dried culture 

ST + LB 6.7 x 10
9
 4.30 1.24 2.63 44.42 

ST + LB + Dad 13 5.6 x 10
9
 4.12 1.32 2.34 50.6 

Spray-dried culture 

ST + LB 4.3 x 10
9
 4.26 1.18 2.94 38.4 

ST + LB + Dad 13 4.8 x 10
9
 4.19 1.24 2.84 40.5 

 

Conclusion 

Spray drying for yoghurt stater cultures and L. plantarum Dad 

13 produced spray-dried starter cultures with high viability and 

the amount of viable cells for all cultures were maintained at 10
9
 

CFU/g even after storage at 4°C for 4 weeks. Spray-dried L. 

plantarum Dad13 was resistant to pH 3.0 and this strain 

remained at fairly high concentration even after 3 h at pH 3.0. 

Based on the microbiological and chemical characteristics, 

spray-dried yoghurt starter cultures supplemented with spray-

dried L. plantarum Dad 13 produced comparable yoghurt to the 

one made from freeze dried cultures. 
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