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Abstract

With the development of technology, several new processing techniques are
being introduced for the food industry. By applying those novel techniques to
food systems, it has been found that the structural and functional properties
of food could be altered. Microfluidization which is also known as high pres-
sure homogenization is one of the novel technologies that could be applied in
food industry to obtain many beneficial outcomes. High pressure processing
is another novel technique that is mainly playing the microbicidal effect. This
work is concerned on the possibility of using microfluidization and high
pressure processing in food industry based on the experimental findings.
These techniques could be used as useful tools in the field of food science and
technology.
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1. Microfluidization

Microfluidization is a high-pressure homogenization technique in which the
food sample is pressurized and modified as a result of high shear rate and impact
forces [1]. Microfluidization is a unique technique applying high-pressure ho-
mogenization to product streams [2]. In this method, the sample is pressurized
and passed through two geometrically identical micro channels and then two
streams are collided with each other at very high velocities resulting in deforma-
tion and breakage of structures of food particles [2]. At present, the application

of microfluidization in food research and development is gaining much atten-
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tion. Its application in food research proved that the reduction of particle size of
food materials can not only alter their structure, surface area but also improve

their functional properties [3].

1.1. Microfluidization for Milling

Microfluidization could be applied in the food industry for many purposes. Ap-
plication in milling process is one of the applications of microfluidization. In a
previous research, it was found that micro fluidization can be used as a milling
technique and it has been used to produce gluten free bread formulation with
corn gluten meal or zein. Microfluidization can produce the proper structure by
decreasing particle size, building network structure, increasing surface area, and
water holding capacity of zein through its modification effects. The addition of
xanthan and citrus fiber to the formulation could further enhance the final qual-
ity of the bread [4]. Wet grinding combined with microfluidization has shown
good potential to produce wheat bran-based beverages. Microfluidization treat-
ment was beneficial for the stability of aleurone and peeled bran. Microfluidiza-
tion could provide a better homogenisation of the particles thus increasing the

viscosity and stability of the dispersions [5].

1.2. Microfluidization for Encapsulation

Microfluidization could also be applied in encapsulation technique. It could be
used to improve the functional properties of encapsulated products. A previous
study states that microfluidization could enhance the antimicrobial activity of
lemongrass essential oil alginate nano emulsions against E. coli. Micro fluidiza-
tion was able to reduce the particle size, dissolution capacity, and the hygrosco-
picity of encapsules made to be spray drying [6]. Micro fluidization could be
used to produce palm oil-based nano-emulsion to encapsulate curcumin which
has outstanding anti-inflammatory and anti-cancer medicinal properties but a
poor bioavailability. Microfluidizer with the aid of Response Surface Methodol-
ogy is capable to produce palm oil-based oil in water nano-emulsion encapsu-
lating curcumin with small droplet size using low surfactant concentration and
under optimum energy consumption [7]. Microfluidization could be used to
produce fish oil emulsion with mesquite gum by Nanoemulsions. With optimum
conditions an average droplet size around 200 nm could be taken to improve
their absorption in the digestive tract. Fish oil contains poly unsaturated fatty
acids which are health beneficial [8]. Micro fluidization could be used to alter
the length of whey protein fibrils resulting reduced turbidity and viscosity of

whey protein incorporated beverages [9].

1.3. Microfluidization in Dairy Industry

There is a possibility of applying micro fluidization in dairy industry. High-pressure
technology has been used in the food industry to change the physical conforma-

tion of whey proteins by applying high hydrostatic pressures to protein solutions
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[10]. Yoghurt like product could be produced by microfluidizing the slurry of
hazelnut without adding any additional ingredient such as milk powder or a hy-
drocolides [11]. The microfluidization process could be applied to increase solu-
bility of dried whey products containing heated whey proteins. Microfluidization
disrupted the heat-induced whey protein aggregates into non-sedimenting whey
protein polymers [12]. High-pressure microfluidization could also be used as an
alternative to conventional homogenization. High-pressure microfluidization of
heat-treated milk was more effective than conventional homogenization in deli-
vering desirable texture in low-fat yoghurt, showing significant improvements in
viscosity, creaminess and texture attributes. Therefore, microfluidization has the
potential for producing high-quality reduced-fat yoghurts [13]. Microfluidiza-
tion could be applied to cheese milk to produce high quality cheese. Microflui-
dization of cheese milk and separate microfluidization of cream produced
Cheddar cheese with a whiter color and increased cheese yield. However, cheese
composition and texture was modified significantly by the treatment. Cheeses
made from microfluidized cream were higher in moisture and had a softer tex-
ture. However, microfluidization of cheese milk at low pressure (7 MPa) could
be recommended for production of good quality Cheddar cheese with higher
yield [14].

1.4. Microfluidization for Nutritional and Sensory Enhancement

Microfluidization could be applied to improve the nutritional quality of soy
protein isolates. Micro fluidization pre-treatment could be used to enhance the
pancreatic hydrolysis pattern of soy protein isolate and on emulsifying capabili-
ties of its hydrolysates at around 120 MPa. Some protein subunits that were re-
sistant to pancreatin hydrolysis, became more readily hydrolysed by microflui-
dization [15]. Another work confirmed that the microfluidization led to trans-
formation of insoluble aggregates of soy protein isolates into soluble ones, in
which SH/SS interchanges might be involved. Therefore, findings suggest that
the microfluidization treatment alone, or in combination with a thermal pre-
treatment, would be an effective technique to improve surface properties of soy
protein isolates [16].

Microfluidization treatments could be used to effectively improve the func-
tionalities of insoluble dietary fiber, which might be a potential fiber-rich ingre-
dient in functional foods. High pressure microfluidization could reduce the par-
ticle sizes of peach and oat insoluble dietary fiber to submicron scale and it also
triggered the redistribution of the fiber composition from insoluble dietary fiber
to soluble dietary fiber. Microfluidized insoluble dietary fiber has shown higher
water holding capacity, swelling capacity and oil holding capacity. Micro flui-
dized insoluble dietary fiber also could reduce the lipid absorption to body [17].

Microfluidization aids to improve the nutritional and sensory qualities of be-
verages, sauses and ketchup like products. It was used to apply to improve the
nutritional and sensory qualities of Ottoman Strawberry juice. It could signifi-

cantly increase the antioxidant capacity and total phenolic content, at a pressure
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of 100 MPa. The color values changes with increasing both pressures and pass
number. In fact no undesirable brown color formation was recorded after mi-
crofluidization. The increase in temperature at higher pressures and pass num-
bers were identified as the most influential factors on the quality of the juice.
Therefore, microfluidization at pressures up to 100 MPa with a controlled cool-
ing system is recommended for juice production with the desired quality [18]
Microfluidization could be used to improve the physical and functional proper-
ties of tomato ketchups. Increased microfluidization pressures have resulted
some improvements in serum viscosity and lycopene content of the ketchup
samples. Pressure values around 1600 bars could result extremely small fibers
and fibrils [19].

1.5. Microfluidization in Extraction

Micro fluidization could be applied as an extraction aid in food industry and to
optimize extractions of different compounds from food systems. Dynamic high
pressure micro fluidization assisted extraction was employed to extract polysac-
charides from the fruit bodies of Lentinus edodes. It has significantly enhanced
the yield of lentinan and exhibited stronger antioxidant capacity compared to
the hot water extraction [20] [21]. Microfluidization assisted extraction could
also be considered as a potential method for preparing sweet potato leaves fla-

vonoid with higher antioxidant activity.

2. High Pressure Processing

High pressure processing (HPP) is a non-thermal processing technology that has
been proven for food preservation with little effect on nutritional and sensory
qualities [22]. In high pressure processing the pressure is transmitted using a
fluid usually water as the medium to cause molecular structural changes in food
molecules like proteins and polysaccharides and has been used to inactivate mi-

croorganisms in different kinds of food products.

2.1. High Pressure Processing in Dairy Industry

One of its applications is in dairy industry. To destroy harmful microorganisms
in milk, commercially high temperature short time (HTST) systems are usually
operated over 75°C and hold times of 18 seconds [23]. But, when the tempera-
ture of the heat treatment increases, changes may occur in the dairy product
quality related to color, flavor, and protein stability [24]. Therefore, High pres-
sure processing could be considered as an alternative mechanism to produce
high-quality, safe, dairy products by eliminating pathogens and reducing spoi-
lage micro flora [25]. High-pressure processing can be operated as a batch or
continuous process. High hydrostatic pressure which is a batch process, has been
used to eliminate dairy pathogens such as Escherichia coli [26] Listeria monocy-
togenes [27] and Staphylococcus aureus [28]. High pressure processing can alter

the fat droplet size in milk and the make a fine emulsion of fat and protein thus
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can alter the final quality of dairy products.

2.2. High Pressure Processing for Sterilization

High pressure processing is considered as an attractive 'clean’ technology having
the ability to inactivate micro-organisms and denature undesirable enzymes.
Therefore, high pressure processing has involved in the food industry to extend
the shelf life of many foods, including processed meat products [29]. High pres-
sure processing was able to substantially decrease the shear force and improved
consumer eating attributes of the final meat product produced from pre-rigor
longissimus thoracis (strip loin) from prime and bull animals [30]. High pres-
sure processing at a pressure of 300 MPa, was able to effectively inhibit the oc-
currence of rigor and improve the tenderness of the pork loin. Due to high
pressure processing minor reduction in calpain activity and a sharp decrease in

calpastatin activity was observed in pork [31].

2.3. High Pressure Processing for Improving Product Quality

High pressure treatment at 200 MPa for 10 minutes was found to be efficient to
reduce rancidity in brown rice during storage, leading to large economic bene-
fits. High pressure treatment at 400 MPa for a very short time period has shown
the lowest moisture content and enhancement of fatty acids during storage
compared to untreated samples [32].

High pressure processing can be used for the preparation of starch films. It
was found that the application of high pressure processing improved the physi-
cal properties such as high tensile strength and water resistance of starch films
made by Buckwheat starch and tapioca starch [33].

High pressure processing could be applied in spice industry. High pressure
treatment combined with a mild temperature treatment could enhance the mi-
crobial reduction after processing and microbiological stability during storage of
fermented minced pepper and fermented minced pepper produced with high
pressure treatment had better sensory qualities compared to heat treated samples
[34].

The results of a study showed that it is possible to produce meager (Argyro-
somus regius) hams with good textural properties and to reduce the microbial
transglutaminase content using high pressure processing, as an alternative to the
heat-induced gelation [35].

High pressure processing could be applied to fruit purees to extend their shelf
life without damaging the bio active compounds in the fruit. The results of a
study showed that high pressure processing is effective in extending the micro-
bial shelf-life, maintaining the quality and preserving the bioactive antioxidants

of Aronia berry puree during 8 weeks of refrigerated storage [36].

2.4. High Pressure Processing in Bakery Industry

High pressure processing could be applied in cake manufacturing to process the
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cake batter. It has been found that High pressure processing decreased molds
and yeast and aerobic mesophilic bacteria counts batters. But cakes made by
high pressure treated batter presented a lower volume, darker crust, and harder
texture than cakes from untreated batters. Therefore, further research should be
done on this [37].

3. Conclusion

According to the researches carried out on application of micro fluidization and
high pressure processing in different purposes in food industry, it can be con-
cluded that micro fluidization and high pressure processing are two best novel
techniques that were introduced to food industry. Those techniques could be
sometimes applied for milling purposes, extraction purpose, encapsulation pur-
poses and sterilizing purposes and many more applications are there. Therefore,
it could be stated that microfluidization and high pressure processing are multi-

purpose tools in the field of food science.
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