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CHAPTER IV
RESULTS AND DISCUSSIONS

4.1 The Results Test of Total Bacteria Salmonella typhi,
Escherichia coli, Staphylococcus aureus, and
Enterococcus

Data and analysis using a microwave pasteurization
treatment with temperature , time , and power differently to
the quality of pasteurized milk is shown in Appendix 4, 5, 6,
and 7. Based on statistical analysis known that the treatment
given the very real effect (P< 0.01) in of the total bacteria
Staphylococcus aureus and Enterococcus and significant
effect on total bacteria Salmonella and Escherichia coli. Here
are the average yield of total bacteria in pasteurized milk using
a microwave.

Table 3. The average on total bacteri Salmonella, Escherichia
coli, Staphylococcus aureus, and Enterococcus

Treatments Salmonella typhi
(CFU/ml)

Escherichia coli
(CFU/ml)

Staphylococcus aureus
(CFU/ml)

Enterococcus
(CFU/ml)

Fresh milk1 4,2545 4,7044 4,7534 4,3809

P1 0 (ND) 0 (ND) 3.4679±0.4337 c 3.1479±0.6223 b

P2 0 (ND) 0 (ND) 2.8840±0.1590a 2.8318±0.4854 a

P3 0 (ND) 0 (ND) 3.1735±0.2827 b 3.1965±0.5540 b

Note: Different superscripts in the same column indicate
significant differences (P<0.01)
1ND (Nol Detection) fresh milk in this research not done for
statistcics analysis
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4.2 Effect of Milk Pasteurization Batch Method Using
Microwave On Total Salmonella typhi

Total bacterium Salmonella in pasteurized fresh milk
and after can be seen in Table 3. Test results of Salmonella
bacteria during the study can be found in Appendix 4. Test
results of Salmonella bacteria on fresh milk showed an
average total value of 4.2545 CFU / ml. Fresh milk on test
Salmonella bacteria are not included in the analysis of
variance, test Salmonella bacteria in fresh milk was conducted
to determine the total bacterial milk prior to pasteurization.

Total bacteria Salmonella typhi test results in each
treatment showed a value of 0 (Zero Detection), therefore the
Salmonella typhi bacteria test is not performed statistical
analysis. It showed that the temperature applied in the process
of pasteurization can killed bacteria and reduce the total
originally in large quantities.

Salmonella sp is a harmful bacteria that can
contaminate milk. The bacteria are removed from the animal
or human digestive tract along with faeces. Several studies
reported the contamination of Salmonella sp in milk (Oscar,
Duarte, Bai and Elizabeth, 2009). According to Jay et al.,
(2005) Salmonella food poisoning caused by Salmonella food
contains significant amounts, are 107 cells / ml.

Salmonella are classified as gram-negative bacteria
have the ability to grow with the optimum temperature 35-
37°C and will die with heating time given. Sung (2014)
recommends testing for Salmonella kill Salmonella in food at
least 12 minutes at a temperature of 60° C or 7-8 minutes at a
temperature of 66°C. It indicates that by using the temperature
starts 60° C to 72° C at the treatment given in the study were
able to turn off and reduced the number of bacteria contained.
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Microbial contamination of Salmonella sp in milk
identifying is the milking process and the handling of milk
after milking contamination (Vilmont, Rozand, and Muller,
2006). Based on SNI 2001-3141 (1998) contamination of
Salmonella sp. should be negative (zero tolerance) in all dairy
products, namely fresh milk, powder, pasteurized and
sterilized milk (UHT). Accordance with SNI 7388 (2009),
explained that microbial contamination is negative Salmonella
sp/ 25 ml in fresh milk that is destined for further processing.

Thermal heating caused by microwave pasteurization
process is able to inactivate Salmonella bacteria in this
materials. Woo, Rhee, and Park (2000) research on the effect
of microwave radiation on bacteria reported that the leakage of
protein and DNA on the cell surface and the cell wall caused
by the heating process by microwaves. Reported that
microwave radiation causes the loss of the head of DNA and
damage to DNA structure (Datta and Davidson, 2000).

Microwave heating using electromagnetic waves is
proportional to the temperature and the heat generated so as to
kill bacteria and enzyme inactivation appropriately
(Chandrasekaran, Ramanathan and Basak, 2013). Power
usage, temperature, and time using the microwave
pasteurization affect the heat generated and also the ability to
kill the microwave micro-organisms contained in the milk, so
that the total of Salmonella in each treatment has a different
value (Resurreccion, et al., 2015).

The test results pasteurized milk using a microwave
produces negative results. In accordance with SNI 7388 (2009)
that all dairy products should to negative from Salmonella sp.
Microwave dielectric heating using a thermal heat with the
principles of deadly microorganisms in a material without
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affecting the nutritional content, flavour and colour of the
material being heated (Pereira and Vincente, 2010). It was
supported with an opinion from Salazar-Gonzalez, Gonzalez,
Lopez and Osa-Morales, (2012) that microwave heating is
effective for rapidly lethal microorganisms and inactivation of
enzymes contained in a material.

4.3 Effect of Milk Pasteurization Batch Method Using
Microwave On Total Escherichia coli

Total bacteria Escherichia coli on fresh and after
pasteurized milk can be seen in Table 3. The result of
Escherichia coli bacteria during the study can be found in
Appendix 5. Results of the test bacteria Escherichia coli in
fresh milk showed an average total value of 4.7044 CFU/ml,
Fresh milk on a test bacteria Escherichia coli were not
included in the analysis of variance, test bacteria Escherichia
coli in fresh milk was conducted to determine the total
bacterial milk prior to pasteurization. Statistical analysis was
not performed in a test bacteria Escherichia coli. That's
because the total bacteria Escherichia coli in each treatment
showed a value of 0 (Zero Detection). The test results showed
that the treatment used in the pasteurization process is able to
kill bacteria and reduce the total originally in large quantities.

In general, the content of Escherichia coli in fresh
milk is 2.4 x 103 to 3.9 x 103 CFU/ml (SNI, 2009). The
average number of Escherichia coli found in fresh milk that is
4.7044 CFU/ml. These results exceed the limit microbial
contamination, as defined by SNI 7388: 2009 on the limit of
microbial contamination in the number of Escherichia coli
food in fresh milk must be <3/ml. Fresh milk that does not
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meet SNI standards do not have the guarantee safe to be
consumed directly. Escherichia coli was reported as the cause
of milk born disease (Jeffrey, Lejeune, Rajala-Schultz, 2009).
Escherichia coli verotocsigenic (VTEC) including bacteria
pathogens were isolated from fresh cow's milk in Kabupeten
Bogor, Sukabumi and Cianjur (Suwito, 2009).

Potential microbiological hazards that can be caused
by Escherichia coli, causing health problems for those who
consume them. Escherichia coli is a normal inhabitant of the
gastrointestinal tract bacteria. The bacteria can be used as an
indicator that the fresh milk has been contaminated by faeces.
Moreover, most farmers pay less attention to sanitation and
hygiene personal hygiene (Vilmont, 2006). Based on opinion
from Widiyanti, Ni Luh Putu, Ristiati, (2004) stating that the
sanitation indicator bacteria showed that in one or more stages
of processing ever come into contact with faeces containing
the bacteria and allow other harmful pathogens. The
cleanliness of the water used for cleaning equipment, feeding
and bathing the cows are very influential on the level of
Escherichia coli contamination in cow's milk (Soeparno,
2005).

The pasteurization process is an alternative to
eliminate pathogenic bacteria. The effect of using the
microwave pasteurization with temperature control and time
spent in each treatment will affect the quality of milk
produced. Temperature and time in the process of
pasteurization makes spoilage and pathogenic bacteria will
die. Pasteurized milk produced using microwave
pasteurization aims to extend the shelf life (Black, Kelly and
Fitzgerald, 2005). Escherichia coli test results showed
negative in each treatment and in accordance with the
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specified standard. It was proved that the pasteurized milk is
safe for consumption.
Table 4. Isolation of Escherichia coli on pasteurized milk

Parameters Escherichia coli
(CFU/ml)

Average test results Negative

Indonesian national standard for fresh milk SNI No 01-6366-2000 Negative

EU Council Directive 92/46 EEC (EC, 1992) Negative
Source: The national standards. The maximum limit
contamination in food. SNI 73 : 2009

4.4 Effect of Milk Pasteurization Batch Method Using
Microwave On Total Staphylococcus aureus

Data analysis Staphylococcus aureus total variance
with pasteurized using a microwave can be found in appendix
4. The results of analysis of variance showed that the treatment
with temperature differences and different times when using
the microwave pasteurization provide a highly significant
difference (P<0.01) in against average total Staphylococcus
aureus. The average total Staphylococcus aureus at each
treatment are presented in Table 3.

Based on SNI 01-6366-2000 for total fresh milk
Staphylococcus aureus exceeded standards. It also occurs
when using the standards of other countries can be seen in
Table 7. Number of Staphylococcus aureus which exceeds the
standards can be caused due milker do not wash their hands
with soap or disinfectant, do not wear a mask and gloves when
milking which contaminate the milk produced (Alexopoulus,
Tzatzimakis, Bezirtzoglou, Plessas, Stavropoulou, Sinapsis,
and Abas, 2011). Staphylococcus aureus is a Gram-positive
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bacteria that can be found on the surfaces of the hands, the
mucosa of the nose, mouth, and the surface of the udder and
teats. Staphylococcus aureus is a major causative agent of
mastitis in dairy cows and goats (Oliver, Jayarao, and
Almeida, 2005). Staphylococcus aureus often causes chronic
subclinical mastitis or mastitis, so the incidence of mastitis is
often associated with Staphylococcus aureus infections
(Burris, Higginbotham and Stewart, 2015).
Table 5. Limit Staphylococcus aureus contamination in milk
(in units of CFU/g or mL)

Parameters Staphylococcus aureus
cfu/mL

Average test results 3. 4653
Indonesian national standard for fresh milk SNI No 01-6366-
2000 1 x 102

EU Council Directive 92/46 EEC (EC, 1992) 1 x 102

Source: The national standards. The maximum limit
contamination in food. SNI 01-6366-2000

The result of LSD test (Appendix 4) showed a highly
significant difference (P < 0.01) in at each treatment in
reducing total Staphylococcus aureus. Pasteurization using the
microwave can reduce the total bacteria contained in a
material. This is in accordance with the opinion of Lotfan et
al., (2013) that the effect of microwave electromagnetic waves
do not make Staphylococcus aureus survival after treatment
batch and HTST pasteurization. Total bacterium
Staphylococcus aureus at each treatment is still in the pre-
determined standards. It shows that pasteurized milk is safe for
consumption.

Staphylococcus aureus in milk and food products can
cause toxic schock syndrome due to food poisoning. Toxin
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from Staphylococcus aureus resistant at temperatures 11° C
for 30 minutes (Alarcon, Vicedo, and Aznar, 2006).
Staphylococcal enterotoin syndrome is a causative agent of
food poisoning in humans and animals (Dinges, Orwin, and
Schlievert, 2000, Omoe, Ishikawa, Shimoda, Hu, Ueda and
Shinagawa, 2002, Purnomo, 2006). Staphylococcus aureus of
particular concern in controlling infectious diseases because
they have pathogenicity factors that play a role in defending
themselves against the host immune system and bacteria are
known to be resistant to some kinds of antibiotics (Todar,
2002).

The ability to form the toxin is determined by the
number of Staphylococcus aureus, therefore SNI No. 01-6366-
2000 limit the number of Staphylococcus aureus in milk =
1x10 CFU/ml. The research from Tamarapau, Mckiliip, and
Drake (2001) states that the milk has a number of
Staphylococcus aureus > 10 CFU/ml, the toxin has been
formed, although not accompanied by a change in the taste and
physical properties. Cases of poisoning after drinking milk
mostly caused by Staphylococcus aureus toxins already
formed before the milk is consumed, so that the incidence of
poisoning after drinking milk called by intoxication.
Intoxication after drinking milk because it is most commonly
caused by Staphylococcus aureus toxin type C, and in a
concentration of 1 ug able to cause symptoms of nausea,
vomiting, and headache (Tamarapau et al., 2001, Alarcon et
al., 2006).
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4.5 Effect of Milk Pasteurization Batch Method Using
Microwave On Total Enterococcus

Data analysis of Enterococcus total variance in
pasteurized using a microwave can be found in Appendix 5.
The results of analysis of variance showed that the treatment
with different temperature and time pasteurization using
microwave provides highly significant difference (P <0.01) in
average against Enterococcus. The average total Enterococcus
every treatment pasteurization of milk are presented in Table
2.

Enterococcus is a facultative anaerobic bacteria that
can grow optimally at 35° C and is often found in the
gastrointestinal tract. It has been reported that the microwave
is able to destruct bacteria including Bacillus cereus,
Campylobacter jejuni, Clostridium perfringens, E. coli,
Enterococcus, Listeria monocytogenes, Staphylococcus
aureus, Salmonella enteridis, Salmonella sofia, Proteus
mirabilis and Pseudemonas aeruginosa (Datta and Davidson,
2000). Enterococcus has a character very similar to
Lactococci.

The arithmetic of Enterococcus more than using
calculations to determine the amount of coliform sanitary
quality in the pasteurization process. Enterococcus is resistant
to the low pH conditions (Marshall, 1993). The temperature
for the growth of Enterococcus is between 0-50° C, but it can
grow in conditions with a salt content of 6.5% and a pH of 9.6
(Jay et al., 2003).

Based on LSD test (Appendix 5) it can be seen that the
total Enterococcus from each treatment with temperature and
time differences are give significant effect. Average of
Enterococcus bacteria in fresh milk 4.3809 CFU/ml, while the
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average bacteria Enterococcus after pasteurized using a
microwave on each treatment among P1 3.1479 ± 0.6223
CFU/ml, P2 2.8318 ± 0.4854 CFU/ml, and P3 is 3.1965 ±
0.5540 CFU/ml.

Number of Enterococcus bacteria contained in the
milk is affected by temperature and pH of the environment so
as to make the bacteria to survive. Enterococcus included in
the class gram-positive bacteria compared to gram-negative
bacteria have cell walls Enterococcus consists of thicker
peptidoglycan layer (Davidson, 2009 and Todar, 2008).
Enterococcus including gram-positive microbes that are
naturally found in the digestive tract of mammals through soil
and water (Jamet, Akary, Poisson, Chamba, Bertrand, and
Serror, 2012). Enterococcus used as an indicator to determine
the presence of microbial contamination. Enterococcus is able
to grow in conditions with a salt content of 6.5%, pH 9.6 and a
temperature of 0-50° C and has a similarity with Lactococci.


