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Abstract 
A number of experiments were conducted to evaluate the bacterial reduction of milk as influenced 
by the heat treatments at pasteurisation temperature (72 °C for 15 s) considering the Indonesian 
Standard for raw milk values. The milk samples were collected from dairy farmers in Semarang, 
Salatiga and  Boyolali, Central Java, Indonesia. The heat treatments were conducted in 45 mL 
glasses bottles dipped in water bath. Considering the temperature histories of the experiments and 
the bacterial counts, nine of twenty samples indicated their reductions were less than 2 logs cycle 
standardised although the initial numbers were surprisingly less than 1·106 cfu·mL-1. 
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Introduction 
Central Java contributes in supplying raw milk for national consumption. The supply has been 

increased approximately 2.34 % p.a. by population growth of 5.8% p.a. [1,2]. The most volume of 

milk are further processed to final products e.g. pasteurised and UHT milks by national dairy 

industries. Many of them are processed by regional dairy industry into products marketed for 

regional consumers. Some of them are directly accessed by the consumers as raw milk and cooked 

at households prior to consumption. 

There were some poisoning outbreaks after milk consumption reported [3,4]. A further study 

indicated that outbreaks were due to high bacterial contents present in milk, including pathogens. 

Quality standards for raw milk as well as that for ready to consume standard had been set by the 

National Standardisation Agency of Indonesia. Concerning the bacterial quality, the standards for 

both the milk are 1·106 cfu·mL-1 [5] and 1·104 cfu·mL-1 [6] respectively. In addition, pathogen is 

obligatory absent in the ready to consume milk. The quality of raw milk is under responsibility of 
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farmers whereas the later is under either the dairy industries or the household processors which are 

usually act also as consumers. The later quality could be achieved by heat-treatment as the most 

popular method in food processing and preservation. Since the heat-treatments are compulsory for 

milk prior consumption, a serious concern to the efficiency of the treatment to the bacterial quality 

is necessary. 

This work was aimed to evaluate the efficiency of heat-treatments at pasteurisation temperature (72 

°C for 15 s) considering the High Temperature Short Time pasteurisation method [7]. The method 

was applied on several milk samples collected from milk producing regions in Central Java i.e. 

Semarang, Salatiga and Boyolali. The work is beneficial in supplying an information as a basis for 

developing a precise heat-treatment resulting in qualified ready-to-consume milk considering the 

National Standardisation Agency of Indonesia. At end-point of food chain, the qualified milk meets 

the issue in food safety of local and regional consumer. 

Materials and Methods 
Samples collection 

Milk samples were collected from Salatiga city, Semarang regency and Boyolali regency, all 

located in Central Java, Indonesia. The conditions of transportation as well as the storage prior 

further treatments and analysis were set to a temperature limiting the bacterial growth (5 °C). 
Heat-treatment 
Soon after arrived in the laboratory, the samples were heat-treated at pasteurisation temperature (72 

°C for 15 s) in accordance with High Temperature Short Time treatments pasteurisation [7]. The 

treatments were carried out on the milk containing 45 mL glass bottles dipped in a water bath. The 

temperature histories during the treatments were recorded by a data logger. 

Bacterial enumeration 

The bacterial counts were enumerated by mean of spread-plate method on 9 cm Nutrient Agar and 

incubated for 48 h at 30 °C prior to calculation (Equation 1) [8]. 

 

  

 c : mean of bacterial counts 

 ∑c : total of bacterial counts observed on all plates used 

n1 : number of plates at the lower dilution step 

n2 : number of plates at the higher dilution step 

d : dilution factor 

 

         Equation 1 
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Fat-content analysis 

Fat contents were analysed by Gerber method, following the National Standard for Raw Milk 

Analysis [9] 
Analysis data 

The heat-treatments efficiency in reducing the bacterial counts were analysis considering the 

temperature history of the treatments. The “Under Curve Area” (UCA) analysis was carried out to 

the recorded temperature profiles of the treatments using GNU Octave software package [10]. 

Table 1. Bacterial Counts of Milk Samples Before and After the Heat-Treatments at Pasteurisation Temperatures 

Sample C0 Ct ∆ Sample C0 Ct ∆ 
Salatiga 1 1.41·105 3.85·102 2.74·10-3 Boyolali 21 5.45·104 3.59·103 6.58·10-2 
Salatiga 2 3.01·105 7.58·101 2.51·10-4 Boyolali 22 8.14·104 8.76·102 1.08·10-2 
Salatiga 3 2.56·105 7.42·102 2.90·10-3 Boyolali 23 3.42·104 9.35·102 2.73·10-2 
Salatiga 4 1.99·107 2.06·103 1.04·10-4 Boyolali 24 4.00·105 4.44·102 1.11·10-3 
Semarang L 4.85·105 1.77·103 3.65·10-3 Boyolali 25 5.45·104 1.99·105 3.64·100 
Semarang K 2.18·106 6.26·103 2.87·10-3 Boyolali 27 5.52·103 1.68·103 3.04·10-1 
Semarang 8D 6.36·104 1.09·102 1.72·10-3 Boyolali 28 5.70·105 4.70·102 8.25·10-4 
Semarang 6D 2.97·106 6.23·102 2.09·10-4 Boyolali 29 5.45·104 3.55·103 6.51·10-2 
Semarang 9D 3.17·103 8.55·101 2.69·10-2 Boyolali 30 4.54·103 6.36·103 1.40·100 
Semarang 14D 9.09·103 3.50·101 3.85·10-3 Boyolali 31 6.75·102 3.15·102 4.66·10-1 
C0: initial bacterial-counts, Ct: bacterial-counts after heat-treatments, ∆: ratio of final over initial bacterial-counts 

Results & Discussion 

The initial bacterial counts and the counts after the heat-treatments at pasteurisation temperatures is 

presented in Table 1. Most of initial counts of bacteria of the milks samples collected from the 

farmers were lower than the value standardised (1·0x106 cfu/mL) [5]. Such low observed values 

were interesting when consider the facts that sanitary practices carried out by farmers during 

milking were apparently low (see Illustration 2). In fact, the farm system as well as its environment 

potentially contribute to the contamination [11–13]. A deep investigation is therefore required to 

observe the reason of this low initial bacterial counts. 

Table 2. The pH Values of Milk Samples Collected from The Farmers 

Sample pH Sample pH 
Salatiga 1 4.60 Boyolali 21 6.93 
Salatiga 2 4.41 Boyolali 22 6.77 
Salatiga 3 5.16 Boyolali 23 6.88 
Salatiga 4 4.61 Boyolali 24 6.83 
Semarang L 6.76 Boyolali 25 6.72 
Semarang K 6.79 Boyolali 27 6.94 
Semarang 8D 6.45 Boyolali 28 6.87 
Semarang 6D 6.46 Boyolali 29 6.86 
Semarang 9D 6.56 Boyolali 30 6.83 
Semarang 14D 6.52 Boyolali 31 6.98 
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Table 3: The Fat Contents of Milk Samples Collected from the Farmers 

Sample Fat [%] Sample Fat [%] 
Salatiga 1 3.40 Boyolali 21 2.40 
Salatiga 2 3.45 Boyolali 22 2.55 
Salatiga 3 3.20 Boyolali 23 2.40 
Salatiga 4 3.45 Boyolali 24 2.80 
Semarang L 3.45 Boyolali 25 2.75 
Semarang K 2.95 Boyolali 27 2.65 
Semarang 8D 3.50 Boyolali 28 2.45 
Semarang 6D 3.75 Boyolali 29 2.05 
Semarang 9D 3.70 Boyolali 30 3.05 
Semarang 14D 3.50 Boyolali 31 3.25 
 

Table 4. Under Curves Area (UCA) Generated Using Octave Software Package of Temperature Profiles of the Heat-
Treatments Applied on Milk Samples 

Sample UCA [°C·s] Sample UCA [°C·s] 
Salatiga 1 54936 Boyolali 21 38921 
Salatiga 2 54936 Boyolali 22 22154 
Salatiga 3 54936 Boyolali 23 26257 
Salatiga 4 30162 Boyolali 24 21084 
Semarang L 30162 Boyolali 25 21920 
Semarang K 30162 Boyolali 27 25467 
Semarang 8D 29426 Boyolali 28 24532 
Semarang 6D 29426 Boyolali 29 26046 
Semarang 9D 29426 Boyolali 30 25265 
Semarang 14D 29426 Boyolali 31 25322 
 
 
Milk acidity as presented in pH values indicate acid contents as influenced by bacterial activities in 

converting lactose to acid [7]. Most of the pH values were close to the standard value 6.3 – 6.8 [5] 

but tended to higher in samples of Boyolali 21, Boyolali 23, Boyolali 27, Boyolali 28, Boyolali 29, 

Boyolali 31 (see Table 2). Furthermore, the observed pH values of milk samples were did not 

perfectly correspond to the initial bacterial-counts in cases of Salatiga 1, Salatiga 2 and Salatiga 3 

samples (see Table 1 and Table 2). 

The reduction in bacterial counts varied among samples. Half of them achieved 2 log cycles or 

more and the rest lower (samples of Semarang 9D, Boyolali 21, Boyolali 22, Boyolali 23, Boyolali 

25, Boyolali 27, Boyolali 29, Boyolali 30 and Boyolali 31, see Table 1). 
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Illustration 1. A milking practise by a farmer did not consider the sanitary principal 
 

 
Illustration 2.The Distribution of Bacterial-Counts Reduction over Under Curves Area of Heat-Treatments Applied on 
Milk Samples. Bubbles' sizes indicate the effect of heat treatments on the reductions [log, cfu·mL-1·°C-1·s-1] 

 

The heat is the main factor influencing the reduction in bacterial-counts [7]. The heat applied on the 

samples seemed to be uneven (see Table 4). Such uneven heat-treatments happen in daily practices 
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considering the fact that low controlled heating instruments are usually used e.g. cooking pan on 

gas stove and therefore potentially contribute to unevenly safe of ready to consume milk produced. 

An analysis of Under Curve Area indicated that uneven heats. The distribution as well as the effect 

of the heats on the reduction in bacterial counts varied (see Illustration 1). 

Other factors which probably contributed in the uneven reduction in bacterial counts were some 

environmental variables including pH [14,15], water activity [16,17] and fatty acids [18,19] 

supplied by fat contents (see Table 3) that are potential to protect the organisms against the heat-

treatments. Half of collected milk samples contained fat lower than 3.0 % standardised [5]. The 

occurrence of spore forming strain also possibly influenced such a variation. Those spores 

germinated at pasteurisation temperature so that they were observed during bacterial enumeration 

[20–27]. 

 

Illustration 3. A Sample of Temperature History of a Heat-Treatment Applied on a Milk Sample 

Conclusion 

Initial bacterial counts were apparently to low, under the limit by National Standardisation Agency 

of Indonesia. The reductions in bacterial counts as influenced by the heat treatments at 

pasteurisation temperature were uneven due to uneven heat-treatments, milk properties and heat-

resistant strains which potentially presented in milk samples. 
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