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CHAPTER II
LITERATURE REVIEW

2.1 Milk
Milk is one sources of animal protein are that many

benefits to our bodies. Every 100 grams of milk contained
70.5 kilocalories of energy, as many as 3.4 g protein, 3.7 g of
fat, 125 mg of calcium, while the percentage of absorption in
the body by 98% - 100% (Djafar, Titiek and Siti, 2007).
Compared with a source of protein sources in the form of solid
other animal, liquid milk in the form of this very profitable for
the gut as it can be absorbed perfectly. Milk is one of the high
food nutritional content, when viewed from protein, fat,
minerals and some vitamins. Protein needs, especially in cases
of malnutrition, milk is the first choice. So the availability of
milk need to be considered to meet the recommended dietary
allowance figures. However, milk is also a good medium for
the growth of microorganisms that is harmful to human health.

An attempt to meet the availability of milk must be
accompanied by efforts to increase the quality and safety of
dairy products, because no matter how high nutritional value
of a food will not matter if the food is hazardous to health.
Milk as a normal secretion from the mammary glands of
mammals (Khadir, Tarek, Richalet, Ringwood and Barry,
2000). Nurhadi (2012), stated that milk is an excellent medium
for microbial growth. Because complete nutritional content
that has the average composition of fresh milk is water
(87.1%), protein (3.7%), lactose (4.9%), fat (3.9%), minerals
(0.73 %) and ash (0.72%). This causes the milk easily
damaged both physiologically and microbiologis (Cahyono,
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2013). Saleh  (2004) Milk is one source of animal protein that
is easily digested and absorbed by the body so beneficial. Milk
is good and the quality for Indonesian consumers adjusted to
the standards set out in the fresh milk SNI (BSN, 1996) and
SNI fresh milk test (BSN, 1998). Fresh milk quality
requirements based on ISO 3141.1 are presented in Table 1.
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Table  1. Terms of fresh milk quality
No. Characteristic Unit Requirement

1 Density (at a temperature 27.5˚C)
minimum g/ml 1,027

2 Minimum levels of fat % 3

3 Nonfat dry matter content of
minimum % 7,8

4 Levels protein minimum % 2,8
5 Color, smell, taste, consistency ˉ No changes
6 The degree of acid ˚SH 6,0-7,5
7 pH ˉ 6,3-6,8
8 Alkohol test (70%) v/v ˉ Negative
9 Maximum microbial contamination:

a. Escherichia coli CFU/mL Negative
b. Total Plate Count CFU/mL 1X10⁶
c. Staphylococcus aureus CFU/mL 1X102

d. Enterobacteriaceae CFU/mL 1X102

10 Total comatic cell maximum sel/mL 4x10⁵
11 Residues of antibiotics (penicillin,

ˉ Negative
Tetracyclines, aminoglycosides,
Markolida)

12 Test forgery - Negative
13 Freezing point ˚C 0,520 s.d 0,560
14 Peroxidise test - Positive

15 Heavy metal contamination,
maximum:
a. Reciprocal (Pb) µg/mL 0,02
b. Mercury (Hg) µg/mL 0,03
c. Arsenic (As) µg/mL 0,1

Source: SNI 3141.1 (2011)



10

2.2 Pasteurized Milk
Pasteurization is one way of processing the milk by

heating to maintain the quality and safety of milk (Eniza,
2004). Milk processing methods to heat the milk needs to be
done to prevent damage due to microorganisms and enzymes.
The purpose of pasteurization are destroy all pathogenic
organisms, virtually all of spoilage organisms and enzyme
inactivation (Yaghmaee and Durance, 2005). According
Abubakar et al., (2005), Pasteurization also aims to reduce the
population of bacteria, extend shelf life and improve the taste
of dairy milk

According to Jorgensen and Hoffman (2008),
pasteurization has several methods such as: (1) Holding
system, whole milk is heated at a temperature of 61.6ºC for 30
minutes or at a higher temperature is 68.83 ºC for 20 minutes.
The use of more than 62ºC temperature may cause depletion of
the layer of cream on the surface, that consumers think that
milk contains low fat content. (2) High Temperature Short
Time (HTST), This system uses a system of continuous use of
the tool in the form of plates or so-called Plate Heat
Exchangers (PHE) with a temperature of 71.7ºC - 75º for 15-
16 seconds followed by cooling immediately because there are
microorganisms that are resistant to pasteurization temperature
which thermodurik microorganisms. PHE is composed of a
series of thin corrugated plates so that the milk can flow
adjacent to the heating medium (such as steam) or cooling
medium in the form of water ice in the opposite direction. (3)
Ultra High Temperature (UHT), pasteurized at a temperature
of 125ºC for 1.5 seconds or 131ºC for 0.5 seconds. Heating is
carried out under high pressure to generate turnover
(turbulence) and prevent the milk burning heater plates.
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Pasteurization old (law temperature, long time), heating the
milk carried out at a temperature that is not so high with a
relatively long time (at a temperature of 62-65 ° C for 1/2 -1
hour). (4) non-thermal method (method of electric shock and
cold shock), this method is only capable of "dorman" so that
they can live bacteria that cause only pasteurized milk has a
shelf-life of about one week at a temperature of 40 C. The
milk is pasteurized with non-thermal method also can not
eliminate rancidity in milk so that the milk is still cause
allergies.

2.3 Microwave
Using microwave heating principle is based on a direct

collision with a polar material or solvent and is governed by
two phenomena that ionic conduction and dipole rotation. In
most cases, these two phenomena run simultaneously. Ionic
conduction electrophoretic refers to the migration of ions in an
electric field effect change. Resistance caused by the solution
of the ion migration process produces friction that will heat the
solution (Ahmed and Hosahalli, 2007).

Only materials that absorb microwaves which can be
heated. One mechanism by microwave heating, and most often
used to describe the phenomenon that occurs in this tool is
dipolar polarisation (Al-Hilphy, Asaad and Haider, 2013). At
this mechanism of heat formed in polar molecules. When
exposed in an electromagnetic field that oscillates with a
certain frequency, polar molecules tend to try to follow the
terrain and join in it. But the existence of intermolecular force
causes polar molecules can not follow the terrain. This
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resulted in the random movement of particles and generate
heat (Chandrasekaran et al., 2013)

The input power to the microwave oven affect the
amplitude of the wave. The greater the power used to generate
the microwaves, the greater the electric field is generated
(Ressureccion, Luan, Tang, Pedrow and Cavalieri, 2015). If
the electric field strength the greater the amplitude of
microwaves generated also increases. Rotational speed polar
molecules have a linear relationship to the amplitude of the
microwave. The greater the amplitude of the faster polar
molecules rotate, so the faster the heat is formed.

The microwave works by passing microwave radiation
on the molecules of water, fat, and sugar are often found in
foodstuffs. These molecules will absorb the electromagnetic
energy. This energy absorption process called dielectric
heating (dielectric heating) (Clark, Diane and Jon, 2000). The
molecules in food are electric dipole (electric polished), means
that the molecule has a negative charge on one side and a
positive charge on the other side. As a result, the presence of
an electric field induced change via microwaves on each side
will rotate to each other to align themselves with one another.
This molecular movement creates heat as the emergence of
friction between the molecules with other molecules. Heat
energy generated by this event which serves as a heating
medium milk (Albert et al., 2009).

Microwave radiation can damage the DNA structure
of the bacteria to bacteria so they can certainly all pathogenic
bacteria will die (Yaghmaee and Durance, 2005). At the level
of harmful Escherichia coli and Salmonella, no effect on the
quality of milk. Loss of vitamins during food irradiation is
lower than treatment with conventional methods. More than 40
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years of scientific research has demonstrated that irradiated
food does not cause cancer, genetic mutations, or tumor.

Microwaves can catalyze specific reactions in
membrane lipid oxidative affecting the product on the cells
during heating sublethal. Hamoud-Agha, Mazen, Curet,
Simonim and Boillereaux (2014) study the effect of
microwave radiation on Escherichia coli and Bacillus subtilis
reported that microwave beams cause leakage of protein and
DNA, damage to the cell surface and the cell wall of the
microorganism and the appearance of dark spots in bacterial
cells is a mechanism that has certainly kill microorganisms.

Bacillus cereus, Campylobacter jejuni, Clostridium
perfringens, Escherichia coli, Enterococcus, Listeria
monocytogenes, Staphylococcus aureus, Salmonella enteridis,
Salmonella sofia, Proteus mirabilis and Pseudomonas
aeruginosa reported the bacteria die due to exposure to
microwaves. No bacterial pathogens has been reported
resistant microwave (Tremonte, Luca, Mariantonietta,
Gianfranco and Luisa, 2014).

2.4 Work System Microwave Oven
Since it was first marketed, in 1954, to the present

microwave oven has undergone various modifications in order
to get the best system design. However, the structure of all the
constituent microwave oven system is basically almost the
same (Ahmed and Hosahalli, 2007). The following figure
shows the parts of a typical microwave oven is widely used in
households.
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Magnetron is the "soul" of the microwave oven. This is a tool
that converts the electric field of the source into the
microwave. In general magnetron is composed of the
following sections of this:
1. Anode/plate: iron cylinders that work with the cathode to

control the movement of microwave energy.
2. Cathode/Filaments: When an electric current passed,

filament emits electrons move from the cathode to the
anode.

3. Antenna: The tip of the sensor that serves to guide the
energy emitted from the magnetron.

4. Magnetic Field: Resulting from strong magnet at the end of
the magnetron to generate a magnetic field parallel to the
cathode.

Microwave oven works by passing microwave
frequency 2450 MHz (with a wavelength of 12.24 cm) on a
sample that is in the cooking space (cooking chamber). The
materials contained in the sample will absorb microwaves
through a process called dielectric heating. Some molecules
including liquid compound is an electric dipole which has

Figure 2. Part of microwave
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positive and negative poles in these molecules will rotate if
exposed to beam microwaves, causing friction resulting in heat
(Shinmen, 2007).

Microwave reaction capable of producing high energy
to produce high temperature. The temperature profile in the
microwave oven caused by hotspots microwave microwave
make contact time with temperature rise (Martin, Barbosa-
Canova and Swanson, 2003).

2.5 Microbes in Milk
Milk contamination by microorganisms can occur

during milking (milking), handling (handling), storage
(storage), and the activity of pre-processing (pre-processing)
others. Milk production chain requires a sterile process from
upstream to downstream, so that bacteria do not get a chance
to grow and develop in the milk. At the time of milked milk
from healthy cows, milk contents microorganisms that have
entered the channel through a hole nipple. Microorganism was
rinsed with milk during milking. Milk when milked until
poured into containers, everything that intersect the milk down
with water is a potential source for microorganisms (Gustiani,
2009).

Bacteria found in milk can be classified based on the
temperature of the growth and resistance to heat. This
consideration is very practical, because the low temperature
used to prevent or inhibit the growth of harmful microbes and
high temperature milk (pasteurization) is used to reduce
microbial populations, destroy pathogens, and generally
improve the quality of milk storage (Sujaya, 2008). Pathogens
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can get into milk from several sources, and if not destroyed
will cause disease.

Bacteria that can contaminate milk is divided into two
groups, namely pathogenic bacteria (pathogenic bacteria) and
bacterial spoilage (spoilage bacteria). Both kinds of bacteria
that can cause diseases caused by milk (milkborne disease)
such as tuberculosis, brucellosis, and typhoidal fever (typhoid
fever). Milk spoilage by bacteria can cause degradation of
proteins, carbohydrates, and fats contained in milk
(Kusumawati, 2012). Milk quality will decline if there
spoilage bacteria in it. Spoilage (spoilage) is a term used to
describe the loss of quality of color, texture, aroma, and taste
of the food to the point where the food was not suitable and
not cause human taste.

The bacteria involved in the process of decay in milk are
psychotropic bacteria. Bacteria that can make ezim
extracellular proteolytic and lipolytic (Pseudomonas fragi and
Pseudomonas fluorescens) can also cause decay in milk.
Psychotropic bacteria can be destroyed by heating in the
process of pasteurization, however Pseudomonas fluorescens
Pseudomonas fragi and remained stable in the hot
temperatures. Other bacteria can live after pasteurization is
Clostridium, bacillus, Cornebacterium, Arthrobacter,
Lactobacillus, Microbacterium, and Micrococcus (Chotiah,
2009). Bacillus agglomerate able to digest milk with a thin
layer of phospholipids around grains of fat through an enzyme
produced.



17

The deathly speed of bacteria caused by heating

Figure 3. Different phase of growth bacteria

1. Lag phase
When a microorganism is introduced into the

fresh medium, it takes some time to adjust with the new
environment. This phase is termed as Lag phase, in which
cellular metabolism is accelerated, cells are increasing in
size, but the bacteria are not able to replicate and
therefore no increase in cell mass. The length of the lag
phase depends directly on the previous growth condition
of the organism. When the microorganism growing in a
rich medium is inoculated into nutritionally poor medium,
the organism will take more time to adapt with the new
environment. The organism will start synthesising the
necessary proteins, co-enzymes and vitamins needed for
their growth and hence there will be a subsequent
increase in the lag phase. Similarly when an organism
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from a nutritionally poor medium is added to a
nutritionally rich medium, the organism can easily adapt
to the environment, it can start the cell division without
any delay, and therefore will have less lag phase it may
be absent.
2. Exponential or Logarithmic (log) phase

During this phase, the microorganisms are in a
rapidly growing and dividing state. Their metabolic
activity increases and the organism begin the DNA
replication by binary fission at a constant rate. The
growth medium is exploited at the maximal rate, the
culture reaches the maximum growth rate and the number
of bacteria increases logarithmically (exponentially) and
finally the single cell divide into two, which replicate into
four, eight, sixteen, thirty two and so on (That is 20, 21, 22,
23.........2n, n is the number of generations) This will result
in a balanced growth. The time taken by the bacteria to
double in number during a specified time period is known
as the generation time. The generation time tends to vary
with different organisms. E.coli divides in every 20
minutes, hence its generation time is 20 minutes, and
for Staphylococcus aureus it is 30 minutes.
3. Stationary phase

As the bacterial population continues to grow,
all the nutrients in the growth medium are used up by the
microorganism for their rapid multiplication. This result
in the accumulation of waste materials, toxic metabolites
and inhibitory compounds such as antibiotics in the
medium. This shifts the conditions of the medium such as
pH and temperature, thereby creating an unfavourable
environment for the bacterial growth. The reproduction
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rate will slow down, the cells undergoing division is
equal to the number of cell death, and finally bacterium
stops its division completely. The cell number is not
increased and thus the growth rate is stabilised. If a cell
taken from the stationary phase is introduced into a fresh
medium, the cell can easily move on the exponential
phase and is able to perform its metabolic activities as
usual.
4. Decline or Death phase

The depletion of nutrients and the subsequent
accumulation of metabolic waste products and other toxic
materials in the media will facilitates the bacterium to
move on to the Death phase. During this, the bacterium
completely loses its ability to reproduce. Individual
bacteria begin to die due to the unfavourable conditions
and the death is rapid and at uniform rate. The number of
dead cells exceeds the number of live cells. Some
organisms which can resist this condition can survive in
the environment by producing endospores.

2.5.1 Salmonella typhi
Salmonella typhi is a bacterial family

Enterobacteriaceae and include the type of gram-
negative, rod-shaped, moving and has the type of
metabolism that are aerobic and facultative aerobic
(Buckle, Edward, Fleet dan Wooton, 1987). Salmonella
typhi has the ability to grow at temperatures between 5-
47° C, with the optimum temperature 35-37°C and some
cells can live in the frozen storage conditions. These
bacteria are motile and have flagella peritikus (Supardi
dan Sukamto, 1999). According to Cole (2002)
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Salmonella typhi can grow at pH 4.1 to 9.0 with the
optimum pH 6.5-7.5 and aw media between 0.945-0.999.

Salmonella typhi will form a large colony
diameter of 2 to 3 mm, round, slightly convex, clear,
slippery and do not cause hermolisis. The growth of
Salmonella typhi in Mc Conkey so translucent colour
(colourless), growth in liquid medium in the form of
turbidity thoroughly after safely overnight without
formation of membranes.

Salmonella is widespread in nature and intestinal
(GI). Serotype (serovar) of Salmonella very much, some
serotypes showed differences in adaptation to this hospes
and pathogenic nature posed (Jay, Davos, Dundas,
Frankish and Lightfood, 2003). Salmonellosis is one of
the problems in veterinary public health. Pasteurized milk
and dairy products tainted many cases of salmonellosis
are capable of causing disease. This case confirms that
milk and processed products is a means for the spread of
infection.

Salmonella may be present in higher amounts of
food, but do not always lead to changes in color, odor or
taste of the food. Food is often contaminated by
Salmonella are eggs, fish, chicken, beef, milk and
processed products. Prevention of food contamination by
Salmonella can be by way of heating. Heating
recommended to kill Salmonella in foods is generally at
least 12 minutes at a temperature of 60°C or 7-8 minutes
at a temperature of 66°C (Sung, Hye-Jung and Dong-
Hyun, 2014). The standard of food ready to eat requires
no Salmonella in 25 g sample of the food. Salmonella test
conducted on samples of pasteurized milk with library
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requirements specified in SNI 01-4473-1998 with
negative terms colony/25 g. Presence of Salmonella in
foods is very small because it is not made in 1 g but 25 g.

2.5.2 Escherecia coli
Rod-shaped bacteria Escherichia coli, measuring

0.4-0.7x1.0 to 3.0 μm, including gram-negative, can live
singly or in groups, generally motile, do not form spores,
and anaerobic facultative, which means that these bacteria
can living in a state of aerobic and anaerobic and Gram-
negative bacteria and is able to survive up to 60°C for 15
minutes or at 55°C for 60 minutes (Pelczar, Michael dan
Chan, 2007).

Simatupang (2006), explained that Escherichia
coli is a bacteria family Enterobacteriaceae that are part
of the normal flora, with short form of the microscopic
morphology, irregular arrangement, not spore, most can
move (flagellum Peritrik). Microscopic morphology in
solid medium that is spherical with a small to medium
size, convex surface and smooth and flat edges.
Escherichia coli resulted in the destruction of unwanted
milk so that the milk is not suitable for consumption.
Prevention of damage and the presence of pathogenic
bacteria in the milk handling necessary to extend the
durability of milk longer and ensure the safety of milk to
be eligible for consumption (Kasahara, Ismael, Carrasco
and Aguilar, 2015). Action to secure milk can be done by
heating. Heating can be in the form of pasteurization or
sterilization.

Several groups of Escherichia coli pathogens in
humans mostly identified as a water borne pathogen.



22

Strain of Enterohaemorrhagic Escherichia coli (EHEC)
including Escherichia coli O157: H7 is set as foodborne
pathogens. Some other serotypes are pathogenic still
many including O26, O111, and O128 (Desmarcheler and
Egan, 2003). Escherichia coli derived from the intestines
of cattle that have the potential to contaminate milk and
other dairy products, in addition a serotype that is feared
and cause disease in humans. The nature of the
pathogenesis of Escherichia coli with only a very low
amount of 100 cells capable of causing human illness and
including acid-resistant bacteria it is in accordance with
the opinion Purnomo, Hartatik, Khusnan, Salasia and
Soegiyono (2006) in Susanti (2008) showed that acidic
conditions by the presence of phenol can affect the
growth of microbes (Escherichia coli). Besides phenol
compounds are also known to have siifat antibacterial,
antiviral, anti-mutagenic and anti carcinogenic (Mokgope,
2006). Milk and other dairy products are often
contaminated with the bacterium Escherichia coli but rare
in pasteurized milk. Juufs and Deeth (2007) Escherichia
coli O157: H7 will be damaged by treatment or batch
pasteurization HTST pasteurization.

2.5.3 Staphylococcus aureus
These bacteria contaminate the pasteurized milk

and other dairy, which comes from cows affected by
mastitis. Staphylococcus aureus is known as one of the
common causes of foodborne disease. Staphylococcus
aureus often causes chronic subclinical mastitis or
mastitis, so the incidence of mastitis is often associated
with Staphylococcus aureus infections. (Hernawati,



23

2006). Staphylococcus aureus in milk and food products
can cause toxic shock syndrome as a result of food
poisoning. Staphylococcal enterotoxin is an agent that
causes the syndrome of food poisoning in humans and
animals (Argudin, Angeles, Mendoza and Rodicio 2010).
The existence of Staphylococcus aureus in food products
after heat treatment does not ensure the safety for
consumption. Most occurrences of poisoning caused by a
type of bacteria Staphylococcus aureus. Staphylococcus
aureus is not survival after treatment batch and HTST
pasteurization (Lotfan, Kahaneghah, Ghaderifarah, Jahed,
Khabbazi, and Atlassi, 2013). Staphylococcus enterotoxin
relatively stable against heating in the process of
pasteurization, but can be destroyed by proteolytic
enzymes such as pepsin at pH 2 (Siagan, 2002).

The bacteria are shaped like a ball with a
diameter of ± 1 μm are arranged in groups of irregular
(resembling grapes), can also be composed of four-four
(tetrad), forming a chain (3-4 cells), in pairs or one by
one. Staphylococcus aureus is a Gram positive cocci.
Staphylococcus aureus is a non-motile, non-spore,
facultative anaerobic, catalase positive and oxidase
negative (Schelin, Jenny, Nina and Marianne, 2011).
Colonies grow within 24 hours with a diameter up to 4
mm. Colonies on solid seed is round, smooth, prominent
and shiny. Staphylococcus aureus colony forming gray to
dark golden yellow. Staphylococcus aureus form
lipochrom pigment that causes the colony appears golden
yellow and orange yellow. The yellow pigment
distinguish it from Staphylococcus epidermis that produce
white pigment (Todar, 2002). Golden yellow pigment
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present in growth for 18-24 hours at 37 ° C, but the
pigment forming best at room temperature (20-25 ° C).

2.5.4 Enterococcus
Enterococcus include positive microbes that are

naturally present in the human digestive system.
Enterococcus is often used as an indicator to determine
the presence of microbial contamination. Some species of
this genus belongs to the category of pathogens.
Enterococcus have the ability to grow at temperatures of
45° C and pH 9.6 and at a high salt concentration
conditions, the characteristic are very similar to
Lactococci (Arizcum, Barcina and Torre, 1997).

Pasteurized milk contains several groups of
bacteria that are resistant microbes thermoduric on
pasteurization temperature, such as: Micrococcus,
Enterococcus, Bacillus and Clostridium (Robinson,
1990). Generally, the calculation of Enterococcus using
calculations of total coliform sanitary to determine quality
in the manufacture of butter, because it is more resistant
Enterococcus microenvironment conditions in the butter
that contains salt than Coliform are less resistant in these
conditions, in addition to the more resistant Enterococcus
in 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).
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2.6 Pasteurization Milk with Batch Method Using
Microwave Pasteurized

Pasteurized milk using the conventional method (fire
cooker) produce milk of lower quality than the existing
modern technology. Pasteurization is a heating process of each
component (particles) in the milk at a temperature of 62 ° C
for 30 minutes, or heating at a temperature of 72 ° C for 15
seconds. The purpose of pasteurization kills bacteria including
pathogenic to reduce the population of bacteria in the milk
material by regulating the high temperature and the length of
time pasteurization, so as to extend the shelf life of materials.
The process of pasteurization of milk can inactivate
phosphatase and catalase, ie enzymes which make milk
perishable (Saleh, 2004).

Technology that can be applied, namely pasteurized
milk using a microwave (microwave pasteurized). Microwave
volumetric heat radiates, not only the heat transfer on the
surface but up to the surface, so that the heating obtained
results will be more uniform and effective. The microwave
works by passing microwave radiation on molecules contained
in foodstuffs. These molecules will absorb the electromagnetic
energy. The absorption of this energy is called dielectric
heating. Dielectric heating causes the movement of molecules
and create heat along with the emergence of friction between
other molecules. Heat energy generated by this event which
serves as a heating medium milk (Sung et al., 2014).

Microwave radiation can damage the DNA structure
of the bacteria to bacteria so they can certainly all pathogenic
bacteria will die, the enzyme becomes inactive can even
damage the spores. In general, no damage occurs during
irradiation of food vitamins so it is better than the food
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processing with heat. Microwave managed to reduce the
number of spores of Aspergillus niger, Penicillium sp. and
Rhizopus nigricans, after exposure to microwave energy (5
KW, 2450 MHz) for 2 minutes with a final temperature of 65-
70°C (Yaghmaee and Durance, 2005). Microwave heating
conductive effective in the lethal spores B. subtilis, but the
microwave E-field can induce changes in the structure and or
molecular components of different spores with heat treatment
only (Liu, Ogiwara, Fukuola and Sakai, 2014).


