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Abstract Dadih is a dairy-based product and it is one of the most popular desserts among
Malaysians and Indonesians. It is made from raw milk which naturally contains various types of
microorganisms. This study was conducted to develop cultured dadih by inoculating various
Lactobacillus species such as Lactobacillus acidophilus, Lactobacillus plantarum and
Lactobacillus paracasei into dadih made from cow’s milk and goat’s milk. Prior to isolation of LAB
from control dadih (dadih without inoculation with LAB), the dadih was stored at 4°C for 48 hours.
The microbiological (general microbial load, viability of and LAB, mould and yeast count) and
physicochemical properties (pH, lactic acid content, total soluble solid, colour, texture and
proximate composition) of dadih with different LAB strains and without LAB strain were
determined. Results showed that L. paracasei spp. paracasei, Lactobacillus brevis, Lactobacillus
casei were isolated from cow’s milk dadih while only L. paracasei spp. paracasei was isolated
from goat’s milk dadih. The number of LAB ranged from 5.73 to 6.06 log1o CFU/g for cow’s milk
dadih and 5.19 to 5.88 log1o CFU/g for goat’s milk dadih. Results revealed that dadih inoculated
with LAB has lower pH and greater amount of lactic acid produced than control dadih. Total
soluble solid for dadih with LAB also decreased. Hardness of dadih without LAB culture was
higher compared to the inoculated dadih with LAB cultures. Proximate compositions (moisture,
ash, crude fat, crude protein and total carbohydrate) showed variations due to differential
formulations and incorporations of different LAB strains. Findings showed that L. acidophilus was
chosen as the best starter culture for both types of dadih because it has significant effects on pH,
titratable acidity, total soluble solid and texture of the dadih.

Keywords: Dadih, probiotic, Lactobacillus, cow’s milk, goat’s milk, starter cultures.

Introduction

Today, the food market in South-East Asia is flooded with a variety of dairy products such as yogurt,
cheese and dadih. Dadih is one of the most popular traditional desserts among Malaysians and
Indonesians due to its appealing sweet taste and jelly-like appearance [1]. Generally, it is made either
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from cow’s milk or buffalo’s milk. Naturally, milk is rich in nutrients and contain diverse microflora.
However, native microorganisms especially heat-sensitive bacteria might be killed during dadih
preparation due to high heat applied [1].

Dairy products, as well as fermented dairy products, have been enhanced with health beneficiary
elements and designated as functional foods for the consumers [2]. Incorporation of potential probiotic
microorganisms is one of the ways to improve product quality and this may attract consumers who are
concerned with healthy food.

Lactic Acid Bacteria (LAB) is a group of Gram-positive, non-spore forming, coccus or rod-shaped
bacteria. Probiotic bacteria, mainly LAB, give benefits to consumer health by maintaining or improving
their intestinal microbial balance [1]. Probiotics are microorganisms that have beneficial effects on the
intestinal functions and can promote good health. Besides, they are able to ferment carbohydrates and
produce lactic acid or a mixture of lactic acid, carbon dioxide and acetic acid or ethanol. Moreover, other
compounds such as diacetyl, acetaldehyde and hydrogen peroxide are also produced during
fermentation. These compounds contribute to the flavour and texture of fermented foods and they help
in the inhibition of undesirable microbes [3].

Previously, there were several studies that have been conducted on dadih. Based on previous studies
by Yuliana et al. [4], lactic acid bacteria isolated from buffalo dadih produced bacteriocin which has
antimicrobial properties. In other study by Venema and Surono [5], microbiota composition of dadih from
different producers in West Sumatra, Indonesia were determined. Other study also showed that the
traditional Indonesian dadih can be used as potential sources of probiotics as they commonly contain
LAB, including species of Lactobacillus, Pediococcus, Enterococcus, Weisella and Leuconostoc [3].
Besides, based on previous studies, the incorporation of a source of prebiotic affects the viability of
Lactobacillus acidophilus FTDC 1295 and the chemical composition of dadih samples [2]. The finding
showed that the probiotic viability was maintained at a high number of LAB which is more than 8 log1o
CFU/g throughout storage [2].

To produce a new dairy-based product such as cultured dadih, safety of the product is very crucial [1].
Safety and physicochemical analysis need to be conducted in order to predict the stability and product
quality of the cultured dadih. Due to the increase in demand from consumers for healthy food products
that contain probiotics, therefore, this study was conducted to determine the effect of different sources
of milk on microbiological and physicochemical properties of dadih with different commercial stains of
LAB.

Materials and methods

Milk Samples

Fresh cow’s milk and goat’'s milk were used in this study. The fresh cow’s milk samples were collected
from Bukit Payong, Terengganu while the fresh goat’s milk samples were collected from Goat Farm Petai
Bubus in Manir, Terengganu. The samples were stored in chiller at 5°C at Food Processing Laboratory,
Faculty of Fisheries and Food Science, University Malaysia Terengganu.

Source of Microorganisms

The lactic acid bacteria (LAB), namely Lactobacillus plantarum, Lactobacillus acidophilus and
Lactobacillus paracasei used in this study were obtained through the courtesy of MARDI Research
Centre Serdang, Malaysia. These cultures were in the form of freeze-dried and purchased from the
probiotic company, UAS Laboratories, United States of America, where this company is one of few fully
integrated suppliers of probiotic solutions (http://www.uaslab.com). These cultures were used as starter
culture in dadih production. The LAB were inoculated into the dadih and the effects of the LAB on the
microbiological and physicochemical properties of dadih were observed.

Culture Media
The media used in this study were de Man, Rogosa and Sharpe (MRS) agar, MRS agar supplemented
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with 0.8% CaCOs, MRS broth, nutrient agar, plate count agar and potato dextrose agar for the isolation
of LAB, LAB count, Total Plate Count and Yeast and Mould Count, accordingly. All microbiological media
and broth were purchased from Merck, Germany. The media were prepared and sterilised using an
autoclave (Hiramaya HVE-50, Japan) as specified on the manufacturer’s directions. The prepared agars
were poured in sterile Petri dishes, left and cooled before they were used for the analysis.

Preparation of Inoculum

Each strain of LAB was cultured in 10 ml of de Man, Rogosa and Sharpe (MRS) broth and incubated at
30°C for 24 hours [1]. Then, each culture of bacteria was streaked on MRS agar and incubated at 30°C
for 48 hours. 10 single colonies were inoculated into 100 ml of MRS broth and incubated in CO2 incubator
at 30°C for 24 hours anaerobically. Then, 10 ml of incubated broth was centrifuged at 4000 rpm for 10
minutes using the centrifuge (Gryozen, Korea). The pellet and supernatant produced from the
centrifugation and the supernatant were discarded from the pellet. Next, the pellet was washed using
0.1% phosphate buffered saline (PBS) twice. Then, it was resuspended in 10 ml of 0.1% of PBS in order
to obtain inoculum. The freshly prepared inoculum was inoculated in the dadih at 40°C. All steps were
carried out aseptically.

Preparation of Dadih

Dadih was prepared in the Food Processing Laboratory, Faculty of Fisheries and Food Science, UMT.
A thousand ml of milk was heated in the saucepan. Then, 100 g of dadih powder and 100 g of sugar
were added into the milk and were stirred. After reaching 85°C, the heat was turned off and the dadih
was dispensed into 50 ml sterilised plastic cups. Then, the inoculum was inoculated into the dadih
aseptically when the temperature of the dadih reached 40°C and the cups were labelled [1]. However,
the starter culture was not added in the control dadih. Then, all dadih samples were stored in a chiller at
4°C for 48 hours prior to analysis.

Microbiological Analysis

Isolation and Identification of LAB in Dadih

10 g of dadih prepared with various Lactobacillus species (L. acidophilus, L. plantarum and L. paracasei)
and control (without starter culture) were homogenised with 90 ml of 0.1% buffered peptone water (BPW)
(Oxoid, UK) [1]. Then, the mixtures were diluted until dilution of 106. 0.1ml from each dilution was
spread on MRS agar (Merck, Germany) and MRS agar supplemented with 0.8% calcium carbonate
(CaCO0:s) by using spread plate method and incubated anaerobically in the CO2 incubator at 30°C for 48
hours. The morphology of the colonies were observed and recorded. The suspected colonies were
further confirmed by using biochemical tests such as catalase test, oxidase test and Gram stain test.
Then, it was further identified by using bioMerieux API 50 CHL kit test system [6].

Total Plate Count (TPC)

25 g of dadih was weighed and mix aseptically into a stomacher bag. Then, 225 ml of 0.1% Buffered
Peptone Water (Oxoid, UK) was added into the stomacher bag and the sample was blended in the
stomacher [7]. Serial dilution was done until 10 dilution. Next, 0.1 ml of the solution was pipetted out
from each dilution into plates of plate count agar (PCA) and the spread plate was performed on the
plates. Then, the plates were incubated aerobically in an incubator (Memmert, Germany) at 37°C for 48
hours. After incubation, the colonies on the plates were counted using the colony counter.

LAB Count

Lactic acid bacteria (LAB) count was conducted to enumerate the LAB present in the dadih [8]. 25 g of
dadih was homogenised with 225 ml of 0.85% saline water in the stomacher. Then, homogenized dadih
was appropriately diluted. 1.0 ml of the solution was pipetted into a tube containing 9.0 ml of saline and
mixed gently in the tube. From the first dilution, 1.0 ml was pipetted in to a second dilution tube containing
saline. This step of serial dilution was repeated until 10 dilution. Then, 0.1 ml of sample from each
dilution was plated by spread plate method into duplicate plates of de Man, Rogosa and Sharpe (MRS)
agar and MRS supplemented with 0.8% CaCOs. The plates were incubated at 30°C for 48 hours in
anaerobic condition. Then, the colonies on the plates which ranged from 30 to 300 were counted using
the colony counter. The counted colonies were expressed in logio CFU/g.
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Mould and Yeast Count

Acidified Potato Dextrose Agar (PDA) with tartaric acid was used for the determination of mould and
yeast count [1]. 10 ml of sample was added into 90 ml of 0.85% saline water and mixed well to make a
serial dilution. 0.1 ml of each dilution was spread plated on PDA. Then, the plates were incubated at 28
+ 2°C for 5 days. If there were no growth of mould and yeast, the plates were re-incubated for another
48 hours.

Physicochemical Analysis of Dadih

Determination of pH

The first reading of pH was taken after the dadih set and prior to being stored in the chiller at 4°C. The
pH meter was used in order to measure the pH of the sample. Prior to the pH determination, the sample
was homogenised to obtain a uniform mixture for pH measurement [9]. Two readings for each replication
were recorded and the mean value was calculated.

Determination of Lactic Acid Content

Total acidity of the dadih was expressed in terms of percentage of lactic acid produced by the bacteria.
Titratable acidity (TA) was determined using the method of AOAC [10] by titrating with 0.1N NaOH
solutions and a few drops of phenolphthalein were added to the sample as an indicator. Calculation of
percentage of lactic is shown in Equation 1.

Volume of titration (ml)xNormality NaOHx0.09x100
Volume of sample

% Lactic acid =

(1

Determination of Total Soluble Solid (TSS)

Total soluble solids or degree of Brix ('Brix) was determined by using a digital refractometer (Milwaukee
MA871, Romania). This instrument measures the refractive index, which indicates how much a light
beam is "bent" when it passes through the dadih. It measures the percentage of sugar and other soluble
or dissolved solids in food. Refractometer was calibrated prior to use by dropping distilled water and the
reading was adjusted to 0°Brix. The accuracy was verified with dropping 5% sucrose solution (5 g sugar
in 100 ml distilled water). In this study, digital refractometer was used to determine the total soluble solids
in the dadih. The samples were homogenized prior to analysis. Two readings were taken for each
replication in order to obtain the mean or average of °Brix.

Determination of Colour

Colorimeter (Minolta, Japan) was used to determine the colour of dadih based on L*a*b* colour system
where L* represents the lightness of sample (L*=0 indicates black while L*=100 indicates white), a*
represents redness (positive) and greenness (negative) while b* represents yellowness (positive) and
blueness (negative). The colorimeter was calibrated using white calibration plate before it was used to
measure the colour intensity of the sample. The sample was homogenised and placed in a transparent
container and the L*a*b* values were measured.

Determination of Texture

In this study, the analysis was performed by using texture analyzer (Stable Micro system, Godalming,
Surrey, UK) fitted with a 35 mm diameter probe (P36R) [9]. The compression strain used was 60% at
speed of 5.0 mm/s at 28°C. The hardness of the sample was measured as the peak compression force
(N) during the penetration of samples.

Proximate Analysis
The proximate analysis including the determination of moisture content, ash, crude fat, crude protein and
carbohydrate was done according to AOAC method [10].

Determination of Moisture
The crucible and its lid were dried in a conventional oven at 100°C. After 30 minutes, they were cooled
in the desiccator. The weight of crucible was measured. 2g of sample was put into the crucible and the
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sample was dried in the oven at 105°C for 24 hours until the weight become constant. Then, the crucible
was cooled in the desiccator. Next, it was weighed without the lid. The calculation of the moisture of
dadih was performed as shown in Equation 2 and 3 [10].

mass of dry sample (g)
mass of initial sample (g)

Dry matter (%) = %X 100 (2)

Wet matter (%) = 100% — dry matter(%) (3)

Determination of Ash

To ensure all impurities in the crucible were burned off, the crucible and the lid were placed in the
conventional oven at 100°C for 30 minutes. The crucible without lid was weighed by using electronic
balance after cooling in the desiccator. 5 g of sample was put into the crucible. The crucible and lid were
placed in the muffle furnace. It was heated in the furnace at 550°C for 24 hours and the produced ash
was weighed without the lid after cooling. Equation 4 was used to determine the ash content in dadih.

mass of ash
mass of sample

Ash (%) = x 100 4)

Determination of Crude Fat

Crude fat content was determined by using Soxtec Avanti 2050 System. Petroleum ether was used as
extracting solvent in this system. The sample was pre-dried in the conventional oven at 130°C for 2 hours
prior analysis. 2 g of sample was weighed on a filter paper and the sample was put into the extraction
thimble. Then, the thimble with the sample was placed at the thimble stand by using a thimble handler.
The aluminium extraction cup was weighed after drying and 70 ml of petroleum ether was added into the
cup in the fume chamber. The process of boiling, rinsing, recovery and pre-drying were done. Then, the
cup was dried in the conventional oven at 103°C for 2 hours. The running water was turned off and the
cup was cooled and weighed. The percentage of the crude fat was calculated by using Equation 5.

mass of extraction cup with fat—mass of extraction cup
mass of sample

Percentage of crude fat(%) = x 100 (5)

Data Analysis

Minitab 14 software (Minitab Inc., USA) was used to conduct statistical analysis for all the results
obtained from both physicochemical and microbiological analyses at confidence level of a=0.05. The
identification of LAB was analyzed by using APlweb™ system. Parametric and non-parametric statistical
methods were applied to determine the significant difference between the different types of dadih which
have been inoculated with different commercial strains of LAB (L. plantarum, L. acidophilus and L.
paracasei).

One-way analysis variance (ANOVA) was used for the parametric statistics in order to determine the
significant difference between the dadih. Then, results with significant difference (p<0.05) were analysed
by using Fisher's Least Significant Difference (LSD) to determine the significant difference among
independent variables. The data obtained were expressed in mean and standard deviation.

Results and discussion

Isolation of LAB from Dadih

The isolated bacteria from the samples have circular shape, milky colour and smooth surface. The result
of biochemical characteristics of LAB is shown in Table 1. The purpose of this isolation was to determine
the natural occurrence of LAB in control dadih which was prepared without addition of Lactobacillus
cultures.

The microscopic examination revealed that the tested strains were Gram positive by showing purple
colour in Gram staining. LAB strains are Gram-positive due to their cell wall structure which are thick,
multi-layered peptidoglycan that are composed of proteins, teichoic acids and polysaccharides [11].
Thickened peptidoglycan layer in Gram-positive bacteria allows them to retain the stain.
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In this study, all the unknown isolated LAB exhibited negative catalase test which means no bubbles
were formed after the addition of test reagent. It showed that the isolated LAB lacked in catalase.
Therefore, the bacteria were unable to convert H20: into water and oxygen.

Table 1. Biochemical characteristics of lactic acid bacteria (LAB)

Sample Coding Shape Confirmation Tests
Oxidase Catalase Gram Colony Morphology
Test Test Staining
Cow’s milk Dc01Ad Cocci - - + Pale yellow white, small, smooth, round colonies
dadih Dc01Bc Cocci - - + Pale yellow white, large, smooth, round colonies
DcO1Ba Cocci - - + Yellow white, large, smooth, round colonies
Dc01Ab Rod - - + Yellow white, small, smooth, round colonies
Goat’s Dg01Ac Cocci - - + Yellow white, large, smooth, round colonies
milk dadih  Dg01Ab Cocci - - + Pale yellow white, small, smooth, round colonies
Dg01Aa Cocci - - + Yellow white, small, smooth, round colonies

The isolated bacteria lacked cytochrome ¢ oxidase as the bacteria undergo fermentation metabolisms.
Therefore, negative oxidase test was shown by all the isolated LAB where no colour changes were
observed in the test. The results showed that all the bacteria cultures fit the classification of LAB as they
are Gram-positive, catalase negative and oxidase negative.

Identification of LAB

Four cultures from cow’s milk dadih and three cultures from goat’s milk dadih were randomly selected
for the phenotypic identification using API 50 CHL kit. All isolates were Lactobacillus group with three
different species; L. paracasei spp. paracasei, L. brevis and L. casei as summarised in Table 2. All
cultures showed high degree of similarity (95.1% to 99.9%).

Table 2. |dentification of LAB isolates by phenotypic identification system using APl 50 CHL kit

Samples Coding Selected Organism Confidence Level Description
Cow’s milk dadih DcO1Ad L. paracasei spp. paracasei 97.4% Very good identification
DcO01Bc L. brevis 95.1% Good identification
DcO1Ba L. paracasei spp. paracasei 98.3% Very good identification
DcO1Ab L. casei 96.7% Good identification
Goat’s milk dadih Dg01Ac L. paracasei spp. paracasei 99.9% Excellent identification
Dg01Ab L. paracasei spp. paracasei 99.9% Excellent identification
Dg01Aa L. paracasei spp. paracasei 99.9% Excellent identification

There is limited information about the isolated LAB from cow’s and goat’s milk dadih. Previously, the
isolation was conducted on buffalo’s milk dadih and the isolated LAB were L. plantarum, Lc. lactis subsp.
lactis and L. brevis [1]. The findings of this study were in agreement with previous study where L. casei,
L. fermentum and L. brevis were isolated from raw cow’s milk [1].

Microbiological Properties of Cultured Dadih

Total Plate Count (TPC)

TPC was used to enumerate the amount of viable bacteria in food products as key indicator of the overall
product is expected quality and safety once it reaches consumers [1]. Plate count agar was used for this
analysis. Table 3 and Table 4 show TPC of dadih inoculated with different strains of lactic acid bacteria
which are L. acidophilus, L. plantarum and L. paracasei.
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Table 3. General microbial load of cow’s milk cultured dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih

TPC (log1o CFU/g)

Control dadih (without LAB)
L. acidophilus

L. plantarum

L. paracasei

5.84+0.412
5.87+0.54°
6.00+0.45°
5.94+0.502

Note: Data are expressed in mean + standard deviation. Means showing different superscript letter are significantly

different (p<0.05) between cow’s milk dadih inoculated with LAB strains.

Table 4. General microbial load of goat milk cultured dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih

TPC (log CFU/g)

Control dadih (without LAB)
L. acidophilus

L. plantarum

L. paracasei

5.50+0.27 2
5.75+0.32°
5.82+0.85°
5.96+0.432

Note: Data are expressed in mean + standard deviation. Means showing different superscript letter are significantly
different (p<0.05) between goat milk dadih inoculated with LAB strains.

Based on Table 3 and Table 4, there were no significant differences (p>0.05) of general microbial load
among the samples for both types of dadih. The obtained results were similar to the number of bacteria
in LAB count. This result demonstrated that almost all microorganisms in TPC were LAB. In addition, it
reflected that the cooking process used adequate amount of heat with good combination of time and
temperature that was capable to kill most spoilage bacteria and pathogenic microorganisms which can
reduce the shelf life of the dadih.

Besides, LAB can inhibit the growth of spoilage organisms and pathogenic bacteria by producing
metabolites for instance: organic acids, hydrogen peroxide, bacteriocins-like substances and diacetyl
[1]. Therefore, inoculation of those commercial strains of LAB can inhibit the growth of undesired
microorganisms.

Viability of LAB

Viability of LAB is the ability of LAB to survive under given conditions. It also can be related to the colony’s
ability to replicate. In this study, enumeration of LAB was done by spreading 0.1 ml diluents or diluted
sample on the de Mann, Rogosa and Sharpe (MRS) agar and MRS agar supplemented with CaCOs.

Table 5. Viability of LAB of cow’s milk dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih

LAB Count (log10 CFU/g)

MRS agar MRS agar supplemented with CaCO3
Control dadih 6.06+0.91° 4.96+0.93°
L. acidophilus 5.90+0.38° 5.51+0.27 2
L. plantarum 5.911£0.292 5.521+0.072
L. paracasei 5.73+0.562 5.40+0.172

Note: Data are expressed in mean + standard deviation. Means within the same column showing different superscript letter are not significantly different
(p>0.05) between cow’s milk dadih inoculated with LAB strains.

Table 6. Viability of LAB of goat milk dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih

LAB Count (log10 CFU/g)

MRS agar MRS agar supplemented with CaCO3
Control dadih 5.19+0.16° 2.00+2.83°
L. acidophilus 5.75+0.02° 5.14+0.50°
L. plantarum 5.881£0.572 5.111£0.722
L. paracasei 5.77+0.102 5.00£0.202

Note: Data are expressed in mean + standard deviation. Means within the same column showing different superscript letter are not significantly different
(p>0.05) between goat milk dadih inoculated with LAB strains.
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There was no significant difference (P>0.05) among the samples for both types of dadih in terms of the
viability of LAB (Table 5 and Table 6). The initial amount of L. acidophilus, L. plantarum and L. paracasei
that had been incorporated into cow milk dadih samples were 6.94, 7.07 and 6.94 logio CFU/g
accordingly. It was observed that there was a slight decreased in the LAB count after they had been
incorporated into the cow’s milk dadih samples which were 5.90 log1o CFU/g for L. acidophilus, 5.91 log1o
CFU/g for L. plantarum and 5.73 logio CFU/g for L. paracasei.

Besides, the initial count of L. acidophilus, L. plantarum and L. paracasei that had been incorporated into
goat milk dadih samples were 6.91, 7.44 and 6.93 logio CFU/g accordingly. The amount of the LAB
observed on MRS agar also decreased as compared to the initial count after they had been incorporated
into the goat milk dadih samples which were 5.75 log1o CFU/g for L. acidophilus, 5.88 log1o CFU/g for L.
plantarum and 5.77 log1o CFU/g for L. paracasei.

The optimal temperature for LAB growth is between 37 to 41°C [20]. But, these bacteria can still grow at
refrigerated temperature. It was proven by the noticeable reduction of pH during storage at 4°C. The LAB
can grow in the dadih due to the sufficient nutrients provided by the dadih for instance, the carbon source
from lactose and the nitrogen source from the milk protein.

The reduced number of LAB from the initial count might be due to the cell adaptation. Bacteria require
certain period of time to adapt to new environment. In addition, the initial number of LAB was different
due to the environmental conditions.

Besides, the bacteria grew slowly in milk products because of lack of proteolytic activity and this might
be a factor in the reduction of cell counts in the samples [2]. LAB are considered weakly proteolytic
compared to other groups of bacteria such as Pseudomonas and Proteus [1]. However, most LAB strains
rely on complex proteolytic system to liberate essential amino acids from food that are rich in protein
during the preparation of inoculum.

Mould and Yeast Count

Mould and yeast can affect the quality and safety of food products. They might spoil the food by
producing off-flavour, discolouration and disintegration of the food structure. Table 7 and Table 8 present
the mould and yeast count (MYC) for cow milk dadih and goat milk dadih accordingly. Acidified potato
dextrose agar (PDA) was used in order to determine the growth of mould and yeast where both types of
microorganisms are good indicators of food spoilage.

Table 7. Mould and yeast count of cow’s milk dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih MYC (log1o CFU/g)
Control dadih Less than 1 log1o CFU/g
L. acidophilus Less than 1 log1o CFU/g
L. plantarum Less than 1 log1o CFU/g
L. paracasei Less than 1 log1o CFU/g

Table 8. Mould and yeast count of goat milk dadih after 48 hours in cold storage (4°C)

Types of LAB added into dadih MYC (log1o CFU/g)
Control dadih Less than 1 log1o CFU/g
L. acidophilus Less than 1 log1o CFU/g
L. plantarum Less than 1 log1o CFU/g
L. paracasei Less than 1 log1o CFU/g

Based on the Table 7 and Table 8, there were less than 1 log10 CFU/g of mould and yeast count observed
on the PDA agar. According to the Malaysian Food Act (1983) and the Food Regulations (1985), milk
and dairy products are regarded as safe if the total aerobic count does not exceed 1 x 105 CFU/ml.
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Dadih is one the of dairy-based products that contain lots of nutrients. It is a good growth medium for
many microorganisms. Various types of microorganisms are found in milk. The main ingredients of dadih
include Gram-positive, Gram-negative bacteria, mould and yeast. Yeasts are usually found in low pH
dairy products but different yeast species were also found in neutral-pH raw and market milk [12]. It
happens due to contamination during milking process or recontamination after heat treatment.

In this study, the mould and yeast were not detected because they were destroyed during cooking
process where high heat (85°C) was applied. Besides, both types of microorganisms were undetected
due to the presence of dominant LAB in the dadih. The competitions of nutrients occur as the
microorganisms require nutrients such as amino acids, lactose, fatty acids and certain minerals for their
growth.

The production of metabolites such as lactic acid by the LAB can inhibit the mould and yeast activity.
This is supported by previous study where antifungal compound produced by L. plantarum showed
activity against Aspergillus spp. in the food products [13]. The acid produced by LAB has a specific effect
on the metabolic activity of the cytoplasm of the fungus and directly inhibit fungal growth.

Physicochemical Properties of Cultured Dadih

pH Analysis of Cultured Dadih

pH is a measurement of free hydrogen ion (H*) in a solution. In this study, the pH value was measured
by using a pH meter. Figure 1 and 2 show the mean pH of the cultured cow’s milk dadih and goat’s milk
dadih respectively.

Both Figure 1 and Figure 2 show that there were significant differences (p<0.05) in the pH values of the
dadih samples. pH values for samples inoculated with LAB decreased after 48 hours stored at 4°C. The
pH value of cultured cow’s milk dadih dropped from 6.68 to approximately 6.40 while cultured goat milk
dadih dropped from 6.70 to approximately 6.50. Figure 1 illustrates that cow’s milk dadih inoculated with
L. plantarum had the lowest pH (6.36 + 0.03) followed by the sample inoculated with L. acidophilus and
L. paracasei (6.40 £ 0.09 and 6.48 + 0.04 respectively). As shown in Figure 2, L. acidophilus had the
lowest pH followed by L. paracasei and L. plantarum (6.38 + 0.04, 6.43 + 0.02 and 6.47 + 0.07

respectively).
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Figure 1. Mean pH of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 2. Mean pH of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

Decrease in pH value was due to the production of lactic acid by the lactic acid bacteria (LAB) in the
samples. LAB present in samples utilized carbon sources especially from lactose to form organic acids
such as lactic acid, acetaldehyde and diacetyl. Organic acid produced by the LAB can be measured
using pH meter and titratable acidity method. The concentration of hydrogen ion was measured in order
to determine the pH and total acidity of the samples. The differences in concentration of hydrogen ion
can be used as an indicator for different growth rate of bacteria [14].

The data of pH in this study was supported by previous study where the pH of control probiotic dadih
was lower than control sample without probiotic [2]. The decline of pH value may be due to the interaction
of the different LAB strains in the samples since there were few species of LAB found in the dadih before
it had been supplemented with commercial strains of LAB.

Previous study on fermented Indonesian dadih showed that the pH of dadih made from buffalo’s milk
have low pH ranging from pH 4.0 to 4.2 [1]. The significant difference between the pH of Indonesian and
Malaysian style dadih are due to the different preparation methods. Indonesian dadih is prepared by
fermenting raw buffalo’s milk in bamboo while, Malaysian dadih is prepared by cooking the milk prior to
fermentation.

Titratable Acidity of Cultured Dadih
LAB utilized lactose as their energy substrate and produce metabolite which is lactic acid [2]. The mean
of total acidity was expressed as percentage of lactic acid as illustrated in Figure 3 and Figure 4.

Figure 3 shows that there was no significant difference (p>0.05) in percentage of lactic acid of cow’s milk
dadih inoculated with different strains of LAB. However, there was significant difference (p<0.05) in lactic
acid content of cultured goat’'s milk dadih. Based on Figure 4, there was significant difference between
the amount of lactic acid produced by L. acidophilus (0.39 + 0.03%) and L. paracasei (0.50 £ 0.06%).

The percentage of titratable acidity is closely related to the pH of the samples. Based on the findings
from this study, the samples that were inoculated with LAB have high percentage of titratable acidity
compared to the control sample. Previous study showed that sample with high amount of lactic acid has
low pH value [2]. This trend in increasing titratable acidity and decreasing pH were also reported which
could be attributed to the accumulation of organic acid resulting from the activities of LAB during
fermentation [15]. Different amount of produced acid was measured due to the differential microbial
population in the samples.
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Figure 3. Mean of titratable acidity (%) of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 4. Mean of titratable acidity (%) of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

No standard has been established for total titratable acidity (TTA) of dadih. However, the standard TTA
for yogurt is not less than 0.5% calculated as lactic acid (Food regulations, 1985). According to Codex
standard, fermented milk should have TTA of at least 0.3% [16]. Therefore, cow’s milk dadih and goat’s
milk dadih in this study have achieved the standard given by Codex.

Previous study showed that the percentage of TTA of dadih from buffalo’s milk ranges from 1.2 to 1.3%
[1]. Different types of milk used contribute to the variation in total titratable acidity of the dadih. Different
types of microorganisms present in dadih influence the TTA of the food products. It is because the acid
production is dependent on the strains of LAB.

Total Soluble Solids (TSS) of Cultured Dadih

TSS of dadih is expressed in “Brix. Besides sugar, organic amino acids and soluble pectin also included
in soluble solid contents. However, most of the total soluble solids in food are sugar. Therefore, TSS is
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always expressed as sugar content. In this study, TSS of the dadih was measured using the digital
refractometer. Figures 5 and Figure 6 show the mean of total soluble solids of cultured cow’s milk dadih
and goat milk dadih, respectively.

As seen in Figure 5 and Figure 6, there were significant differences (p<0.05) in terms of total soluble
solids of both types of samples which are cultured cow’s milk dadih and goat’s milk dadih. There was
difference between cow’s milk dadih inoculated with L. paracasei and L. plantarum. The difference can
also be seen between the goat’s milk dadih inoculated with L. acidophilus and L. plantarum.

Samples that have been inoculated with L. acidophilus have the least amount of total soluble solid while
control sample or samples without commercial strains of LAB have the highest amount of total soluble
solids. This result indicates that the LAB utilised the sugar during fermentation process. Meanwhile, the
higher value of TSS in control dadih is probably due to the higher amount of lactose presence.
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Figure 5. Mean value of total soluble solid of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 6. Mean value of total soluble solid of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Colour of Cultured Dadih

In this study, CIE L*a*b* Colour System was used to determine the colour of cow’s milk dadih and goat’s
milk dadih with different strains of LAB. L* represents the lightness, a* represent redness while b*
represents yellowness. Figure 7 shows the L*, a* and b* value for the cow’s milk dadih and Figure 8
shows goat’s milk dadih inoculated with different strains of LAB such as L. acidophilus, L. plantarum and
L. paracasei.

Based on this study, there was no significant effect (p>0.05) exhibited by the cow’s milk dadih with
different strains of LAB on the L*, a* and b* values. But, there was significant effect (p<0.05) on the L*,
a* and b* values between the goat milk dadih inoculated with different strains of LAB. As shown in Figure
7 and Figure 8, parameter L* which indicates the degree of lightness had positive values where it showed
that the colour of the dadih was light. Parameter a* (redness) had negative values, appearing slightly
green in colour, while parameter b* (yellowness) had positive values, appearing slightly yellow in colour.
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Figure 7. Colour of cow’s milk dadih with different strains of LAB
Note: Mean value with different letters are significantly different (p<0.05).

120
100

a b ab
0 T [ ISSTi==
-20 L* b aa*p b b*

Colour intensity

Colour properties
mControl BL. acidophilus OL. plantarum BL. paracasei

Figure 8. Colour of goat’s milk dadih with different strains of LAB
Note: Mean value with different letters are significantly different (p<0.05).

Value of L* was higher because the colour of the dadih is ranges from white to light yellow. The white
colour of dadih was due to the scattered light by the fat globules, casein micelles and calcium phosphate.
The dadih had negative a* value which reflects greenness in colour while the positive b* value was due
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to the presence of xanthophyll and B-carotene pigments [17].

B-carotene is the pigment which is responsible for contributing the yellow colour of milk. Indirectly, it
gives the colour to the dadih. It is established that B-carotene is present greater in cow’s milk but less in
goat’s milk [1]. The presence of B-carotene pigment in cow’s milk cause an increase in the intensity of
yellow colour in any formulations produced with this type of milk [18]. B-carotene is fairly resistant to
heat, pH changes and water leaching since it is fat soluble [19].

Hardness of Cultured Dadih

Hardness is one of the parameters used to describe a product which shows substantial resistance to
deformation. The texture analyser with P36R probe was used in order to determine the hardness of
cow’s milk dadih and goat’s milk dadih inoculated with different strains of LAB. The hardness value is
the peak force that occurs during the first compression. The mean of hardness value of cow’s milk dadih
and goat’s milk dadih inoculated with different strains of LAB is shown in Figure 9 and Figure 10,

accordingly.
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Figure 9. Mean of hardness of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 10. Mean of hardness of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Significant differences (p<0.05) were found in hardness for both types of dadih which are cow’s milk
dadih and goat’s milk dadih which had been inoculated with different strains of lactic acid bacteria (LAB).
As shown in Figure 9 and Figure 10, the values for hardness were highest for the dadih which were not
inoculated with LAB. The differences of hardness between the samples that have been inoculated with
LAB are due to the different initial microbial load for each inoculum and the ability of the LAB to
breakdown the protein or also known as proteolysis.

The dadih with LAB were found to be softer than the dadih without LAB this occurs because the bacteria
can break down the proteins with the aid of protease that have been produced by them. Acid produced
by LAB is capable to dissolve calcium that acts as glue that cross-links the protein and gives structure
to the dadih [20]. When the calcium is being dissolved, the protein network is loosening and the dadih
becomes softer. Besides that, fat content also affected the hardness of the dadih. The reduction of fat
influenced the protein network and they caused the dadih to have higher resistance to deformation [1].

There is no standard for hardness of dadih. Previous studies showed that tropical-fruit dadih have
hardness ranging from 0.57 to 0.69N [9] while the hardness of dadih made from skim milk was 17.55 N
[21]. The variation of hardness of dadih was caused by the type of raw material and processing method.

Proximate Analysis of Cultured Dadih

Moisture Content of Cultured Dadih
Figure 11 and Figure 12 illustrate the mean of moisture content of inoculated cow’s milk dadih and goat’s
milk dadih, respectively.

No significant differences (p>0.05) in moisture content were observed among the cow’s milk dadih as
shown in Figure 11 while there were significant differences in the moisture content of goat’s milk dadih
as seen in Figure 12. The moisture content observed from cow’s milk dadih ranged from 66.68 to 68.66%
while goat’s milk dadih ranged from 68.67 to 70.89%. The chemical composition of the samples, including
the moisture content, was inconsistent. The inconsistency of dairy product’s composition is influenced
by the nutritional status of the animal is lactation stage and genetic factors [2, 22]. The amount of
moisture is lower compared to the actual moisture content in milk. This is due to the evaporation process
that occurs during the cooking process. Besides, the bonding between water and milk protein occurred
to a certain extent causing the decreased amount of moisture content in the samples [9].
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Figure 11. Mean value of moisture content of cow’s milk dadih with different strains of lactic acid
bacteria

Note: Mean value with different letters are significantly different (p<0.05).
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Figure 12. Mean value of moisture content of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

The moisture content of goat’s milk dadih inoculated with L. paracasei was lower than control goat’s milk
dadih. The difference observed in moisture content could be due to increment in dry matter content as a
result of microbial cell proliferation during fermentation process. Decreasing in moisture was also
reported by previous researchers in yogurt fermentation [1]. As fermentation time increased, moisture
content decreased while the total solid content in fermenting yogurt increased. In conclusion, the
decrease in moisture generally increase the concentration of nutrients.

Ash content of Cultured Dadih

Ash refers to the inorganic residue remaining after complete oxidation of organic matter in a food sample.
It is important to determine the ash content because it is an important quality attribute for some food
ingredients [21]. Figure 13 and Figure 14 show the mean of ash content in cultured cow’s milk dadih
and goat’s milk dadih, respectively.

Ash content is the amount of non-combustible matter and total minerals present in food [9]. As shown in
Figure 13 and Figure 14, both cow’s milk dadih and goat’s milk dadih were significantly different in terms
of ash content. For the cow’s milk dadih, the highest amount of ash can be found in the control sample
with 1.69% + 0.05 ash content while the least amount of ash was determined to be from the sample
inoculated with L. paracasei with about 1.49% * 0.01 ash content. As illustrated in Figure 14, control
goat’s milk dadih had the highest amount of ash content which was 1.36% * 0.04 followed by goat’s milk
dadih inoculated with L. acidophilus, L. plantarum and L. paracasei with ash content at 1.32% + 0.02,
1.28% £ 0.02 and 1.11% £ 0.10, respectively.

The dadih inoculated with bacteria had less amount of ash content than the control dadih. It might be
due to the presence of the lactic acid bacteria in the samples. Minerals such as magnesium, sodium and
phosphorus have promoting effect for the growth of LAB [2]. Previous study conducted in production of
wine reported that the minerals have been shown to be key enzymes co factor in many metabolisms of
microorganisms and they are very important for LAB growth [23].

Crude fat of Cultured Dadih

Crude fat analysis was done by the Soxhlet method as suggested in AOAC 2000. Figure 15 and Figure
16 show the crude fat content in the cow’s milk dadih and goat’'s milk dadih inoculated with different
strains of LAB.
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Figure 13. Mean value of ash content of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 14. Mean value of ash content of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

No significant differences (p>0.05) in crude fat content were observed among the samples for cow’s milk
dadih and goat’s milk dadih The fat content of the dadih was contributed primarily by the fat present in
the milk. As seen in Figure 15 and Figure 16, the samples inoculated with LAB had lower fat content
than the control samples. The data is supported by previous study where the supplemented goat’s milk
dadih with LAB had low fat content (3.17%) than the control sample (3.93%) [2]. This might be due to
the utilisation of fat by LAB.

Fat content, as reported in this study, varied from 4.04 to 3.31% (cow’s milk dadih) and 3.48 to 2.66%
(goat’'s milk dadih). The findings were in agreement with Codex requirement where fermented milk
products should have less than 10% of fat. Fat content was found to decrease as fermentation occurs.

It might be due to the increased activity of lipolytic enzymes where the fat components were degraded
into fatty acid and glycerol [24].

However, the fat of goat’s milk is more digestible than that of cow’s milk. It is because goat’s milk has
smaller and greater surface area of fat globules than cow’s milk. Therefore, it is easier to be digested
by lipases enzyme in the gut [9].
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Figure 15. Mean value of crude fat content of cow’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

a b b
I ' ' b

Control L. acidophilus L. plantarum L. paracasei

Crude fat (%)
(=] — (] (%)
S b = Lh M Lh W n

Goat's milk dadih with different strains of LAB

Figure 16. Mean value of crude fat content of goat’s milk dadih with different strains of lactic acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).

Crude protein of Cultured Dadih
Crude protein was determined by using Kjeldahl method. Figure 17 and Figure 18 show the crude protein
content in the cow’s milk dadih and goat milk dadih inoculated with different strains of LAB.

Both types of milk used for the production of dadih showed significant difference among the samples for
each type of milk. Higher protein content was observed in control cow’s milk dadih and goat’s milk dadih
(4.04% £ 0.22 and 4.63% +0.62 respectively) while dadih inoculated with LAB had lower protein content.
The findings were in agreement with Codex [16] requirement where the fermented milk products should
have at least 2.7% of protein.
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Figure 17. Mean value of crude protein content of cow’s milk dadih with different strains of lactic acid
bacteria

Note: Mean value with different letters are significantly different (p<0.05).
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Figure 18. Mean value of crude protein content of goat’s milk dadih with different strains of lactic acid
bacteria

Note: Mean value with different letters are significantly different (p<0.05).

The lower amount of protein in dadih inoculated with LAB than in control sample might be due to the
presence of probiotic in the sample. The data is supported by previous study where the goat’s milk dadih
supplemented with L. acidophilus (3.17%) has lower amount of protein than control sample (3.45%) [2].
Previous findings explained that the presence of milk nutrients such as peptides and amino acids
enhance the proliferation and growth of probiotic which uses these ingredients for supplementation and
growth [2].

LAB utilizes milk proteins as their source of growth-stimulating amino acids. The milk proteins are
hydrolyzed by LAB proteinases and peptidases into free amino groups and small peptides. Level of
amino acids and peptides in milk are low. Therefore, the LAB depends on proteolytic system that allows
for an efficient degradation of milk proteins. The presence of aminopeptidases is important for the release
of amino acids for growth of microorganisms in the growth medium [25]. Besides, proteolytic system
involved in casein utilization within LAB cell contributes to development of organoleptic properties of
fermented milk products.
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Total carbohydrate of Cultured Dadih
Total carbohydrate of the dadih was determined by calculation where the total moisture, ash, protein and
fat were subtracted from 100%. Figures 19 and 20 show the mean of total carbohydrate for each sample.

Based on the result above, there was no significant difference (p>0.05) among the cow’s milk dadih
sample and also goat’s milk sample. Generally, the carbohydrate content was contributed primarily by
the dadih powder and sugar. The data for the amount of carbohydrate may not be precise because the
determination of total carbohydrate by calculation may exclude or ignore the other nutrients contained in
the sample. This method may not reflect the exact amount of carbohydrate contained in the dadih.

Unlike data illustrated in Figures 19 and 20, previous study reported that decreasing amount of
carbohydrate of fermented soymilk was observed as fermentation occurs [24]. The condition can be
explained by the activities of the LAB which utilize lactose, the major component of milk sugar and
transform them into energy for their growth.
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Figure 19. Mean value of total carbohydrate content of cow’s milk dadih with different strains of lactic
acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Figure 20. Mean value of total carbohydrate content of goat’s milk dadih with different strains of lactic
acid bacteria
Note: Mean value with different letters are significantly different (p<0.05).
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Conclusions

The objectives of this study were to isolate the lactic acid bacteria from control dadih and to determine
the microbiological and physicochemical properties of dadih using selected commercial strains of lactic
acid bacteria. From this study, it can be concluded that several species of LAB can be found in the dadih.
Three different LAB strains have been isolated from cow’s milk dadih which are L. paracasei spp.
paracasei, L. brevis and L. casei while only L. paracasei spp. paracasei was isolated from goat’s milk
dadih.

Besides that, the number of viable cells in general microbial load is similar with the viability of LAB in
LAB count. Thus, the result indicates no undesirable growth of spoilage and pathogenic bacteria.
Moreover, the addition of LAB into the dadih significantly affected (p<0.05) both pH and lactic acid
content in the dadih. The pH of cultured dadih was lower than control sample while the amount of lactic
acid was higher than control sample. The inoculation of LAB into dadih reduced the degree of Brix or the
total soluble solid in the sample. The hardness of the cultured dadih was also lower than the control
sample.

The findings suggest that L. acidophilus is the most suitable starter culture to develop cultured dadih
because this species of LAB shows significant effect on titratable acidity, total soluble solid and texture
compared to L. paracasei and L. plantarum.

Suggestions

Nowadays, consumers are health-conscious and demand for “healthy” food products. This situation
resulted in the increased consumption of functional foods. As functional food, the viability of probiotics
in the products is very important. In order to claim the bacteria has probiotic properties, further study
should be done on the stability of gut microbiome.

As cow’s milk dadih and goat’s milk dadih have diverse microflora, future study should be done on
identification of other types of microorganisms instead of lactic acid bacteria species. This is important
in order to know potential microorganisms that can lead to spoilage of the dadih.

Besides that, proteolysis in dadih can be studied. It is important to know whether the mode of proteolysis
that occurs in the dadih is either contributed by LAB or naturally occurs in the dadih. Proteolysis in dadih
can be studied by two approaches which are quantification of proteolytic changes and determination of
proteolytic enzymes activity. Both of them have particular positive and negative aspects. Methods that

can be used for detection of proteins degradation products are electrophoresis and the Kjeldahl method.
They are reliable but time-consuming and inconvenient for manufacture use.
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