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Abstract Milk and Milk products are consumed by people across all ages and
countries. Being highly nutritious, dairy products are known to be susceptible to
microbial and enzymatic spoilage and thus mandate improved processing methods.
In recent years, the development of various non-thermal technologies like high pres-
sure processing (HPP), pulsed electric field, ultra-sonication, membrane filtration
and cold plasma, have demonstrated the potential to produce shelf stable dairy prod-
ucts with retained nutritional parameters. On one hand where growing awareness
about the effect of nutrition and bioactive compounds on human health has paved
the way for emergence of state-of-art methods of food fortification, on the other, the
liability of sustaining the ever-increasing and dispersing population resulted in
innovations in food processing technologies; together which supported motto of
‘healthy food for all’. Specifically, focusing on impacts on safety, quality and nutri-
tional value, the chapter discusses the principle, scope, merits and limitations of
emerging technologies with respect to dairy products.
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Introduction

A part of dairy processing is art, while other part is science. All dairy products start
with milk, but each product entails a precise amount of proteins, fats, and nutrients.
A report published by European Milk Forum in 2017, describes milk products to
compose lactose, casein, fatty acids, vitamins, minerals, and various essential trace
elements. The demand for dairy products is growing rapidly since they are nutrient
rich and supposed to provide nutrient security. Moreover, the health benefits of
dairy products have been established in prevention of various metabolic disorders
osteoporosis, cardiovascular disease, and cognitive disorders (Hess et al. 2016). In
agreement, Food and Agriculture Organization (FAO) reported that by 2025, there
would be around 12.5% rise in world per capita dairy consumption (IDFA 2016).
Further, dairy product processing provides small-scale dairy producers an opportu-
nity to reach urban markets and earn higher cash incomes. Also, the processing of
raw milk into processed milk and products, aid in generating employment in the
form of milk collection, transportation, processing and marketing, and, help in deal-
ing with seasonal dairy product shortage. Therefore, there is cumulative necessity to
evolve efficient dairy processing techniques to meet product safety standards and
shelf-life.

Thermal processing which involves and sterilization and pasteurization is pre-
dominantly used in dairy industry for microbiological safety (Misra et al. 2017).
However, it causes extensive protein denaturation, deterioration of nutritional value
with vitamins and flavour loss, reduction in physiological and sensory properties,
non-enzymatic browning and freezing point depression (Mosqueda-Melgar et al.
2008; Barba et al. 2012). Therefore, to meet the consumer demand for nutritious,
minimally processed, appetizing, safe and healthy dairy product with increased
shelf-life, many non-thermal processes have recently been developed. The non-
thermal techniques should meet microbial food safety standards with improved
aroma, flavour, nutritional and physiochemical characteristics (Amaral et al. 2017;
Barba et al. 2017).

To identify the emerging dairy processing techniques, the related abstracts from
PubMed database was acquired and through text-mining a word cloud was obtained
(Fig. 1). The lightly highlighted word (with small frequency and thus size) is repre-
sentative of potential new techniques on the verge of exploration. These methods
include cold plasma, high hydrostatic pressure, pulsed electric field, ultrasound,
ultra sonication and membrane filtration.

Plasma

Quite popularly, plasma is defined as the fourth state of matter. The plasma state is
achieved when gas (noble) is subjected to magnetic, thermal or electric energy at
radio or microwave frequencies resulting in the ionization of gas. The plasma is
electrically neutral in nature, i.e., it has negative charges and positive charges in



Emerging Technologies in Dairy Processing: Present Status and Future Potential 107

f/{f ¢ fffm/ d f 1,(&/ Iz
f//‘ tead /u(r//

/am///d cd

k . dCterceed h décneefroceet
mgm #tentdit e d/wz_ conttol
w /L teniporateie @ wiccobial

Jeeld
teckitelogey

Lreatatess

Jood

/ etitdd

gq wotage prodeectd

et ¥
R /)?(uﬁd{(_?_(

p

ag wrw/?‘xr ral

Fig. 1 Word cloud of the abstracts obtained for “Dairy processing technique” from PubMed
search. A preprocessing of word-list data is done for developing an informative cloud

equal concentration (Ekezie et al. 2017).The nature of plasma will depend upon the
process parameters and gas used (Phan et al. 2017).

Types of Plasma

Depending on the method of generation, plasmas can be divided into two groups as
thermal plasma (TP) and non-thermal plasma (NTP) or cold plasma or non-
equilibrium plasma. Cold plasma is generated under atmospheric pressure or vac-
uum at 30-60 °C, requiring low energy. The electrons are at high temperatures,
whereas protons and neutrons have lower temperatures and are at non- equilibrium
state (Thirumdas et al. 2015). Generation of thermal plasma takes place at higher
pressures (>10° Pa) and high power (up to 50 MW) (Liao et al. 2017). Thermal
plasmas are in thermal equilibrium state and are suitable for treating heat-sensitive
foods because the uncharged molecules and ions are at low temperatures (Phan
et al. 2017; Pankaj et al. 2018). Based on pressure differences, plasmas can be cat-
egorized as high-pressure, atmospheric and low-pressure plasma. The cold plasma
based processing has recently gained much popularity due to its excellent perfor-
mance with respect to -maintaining nutritional and sensory properties of dairy prod-
ucts, and -increasing shelf life through microbial inactivation (Coutinho et al. 2018).

Generation of Cold Plasma

The common sources for the cold plasma generation at atmospheric pressure are
dielectric barrier discharges (DBD),corona discharges, microwave discharges and
plasma jets.
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Dielectric barrier discharge (DBD) devices comprises of two metal electrodes,
where one of the electrode is concealed with a dielectric barrier which stops electric
current to flow and prevents the formation of sparks (Moreau et al. 2008). Plasma
jet consists of two concentric electrodes between which noble gases such as helium
or argon flows at a high rates (>10 slm). The inner electrode is connected to a radio
frequency power at 13.56 MHz resulting in ionization of the gas, producing excited
atoms, molecules and free radicals which leave the nozzle at high velocity giving a
‘jet-like’ appearance (Misra et al. 2016).Microwave discharges are produced by
magnetron, directed to the process chamber using a waveguide, where they extent
to the electrons present in the working gas (Tolouie et al. 2017). These microwaves
are absorbed by the electrons causing an increase in their kinetic energy and thus
resulting in gas ionization (Schliiter and Frohling 2014).Corona discharge is the
luminous plasma veil which is produced when the air surrounding a conductor or
electrode gets ionized (Phan et al. 2017). Irrespective of the source, cold plasma
processing can be simply represented as been depicted in Fig. 2.

Mechanism of Action

The composition of cold plasma is so complex that different reactive agents pro-
duced during plasma formation contribute to microbial inactivation. The microbial
cell death by plasma is attributed to the reactive species mainly reactive oxygen
species (ROS) such as atomic oxygen O, singlet oxygen 'O,, superoxide anion
O7and ozone Os, and reactive nitrogen species (RNS) such as atomic nitrogen N,
excited nitrogen N,(A), nitric oxide NO which causes damage to microbial cells
possibly by oxidation of cytoplasmic membrane, protein and DNA strands (Bourke
et al. 2017)
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Application

Song et al. 2009 reported the effect of cold plasma on sliced cheese against Listeria
monocytogenes. The study showed reduction in viable cell count after 125 s expo-
sure to plasma treatment at atmospheric pressure.

Gurol et al. 2012 studied the effect of plasma against Escherichia coli in whole,
semi-skimmed and skimmed milk at different time intervals in the range of
0-20 min. The noteworthy reduction in E. coli population was detected after 3 min
irrespective of the fat content.

Kim et al. 2015 inoculated raw milk with S. typhimurium, E coli and L. monocy-
togenes, and demonstrated that 10 min plasma treatment reduced the bacterial count
by around 2.4 log cfu/ml.

Ultrasonication

Ultrasound is one of the emerging techniques in food processing sector deployed to
enhance the quality and safety of food products. The sound waves greater than the
frequency of human hearing(>16 KHz) are known as ultrasound waves.

Types of Ultrasound

The ultrasound technology can be categorized into two, based on difference in fre-
quency ranges i.e., low and high energy ultrasound. The low intensity ultrasound
has frequency higher than 100 kHz at intensities below 1 Wem~=2 whereas, high-
energy (high-intensity) ultrasound works at frequencies between 20 and 500 kHz at
intensities higher than 1 Wem=2 (Mason et al. 2011). The frequency range com-
monly employed in ultrasonic technology lies between 20 and 500 MHz (Yusaf and
Al-Juboori 2014).

Mechanism of Action

The propagation of sound waves through the liquid medium involves alternating
expansion and compression cycles. As ultrasound waves travels through the
medium, the liquid bubbles oscillate and expand in size to the point when they can
no longer absorb enough energy, causing bubbles to collapse known as cavitation
which results in the mechanical, chemical and thermal effects. Mechanical effects
comprise of collapse pressure, turbulences, and shear stresses (Yusaf and Al-Juboori
2014), while the chemical effects consist of free radicals (H* and OH~) generation
(Lateef et al. 2007). The cavitation causes formation of localized hot spots with
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Fig. 3 Schematic diagram for ultrasound mediated product processing

enormously high temperatures of (5000 K) and pressures of 1000 atmosphere (Soria
and Villamiel 2010). This pressure change produces shock waves that cause the
disruption of bacterial cell membranes resulting in cell lysis(Cameron et al. 2008).
Figure 3 illustrates the ultrasound mediated product processing.

Ultrasound can be applied by following methods

e Applying directly to the product.
e Coupling with the device.
e Submerging in an ultrasonic bath

Application

Adulkar and Rathod (2014) illustrated the application of ultrasound treatment in the
removal of fat from dairy wastewater by lipase enzyme as a catalyst. Ultrasonic
imaging has been used to study the rheological properties of cheese (Lee et al. 1992),
changes in the structure of cheese due to heating (Mulet et al. 1999) and cheese
maturity (Benedito et al. 2000). The studies conducted has shown the more potential
effect of ultrasound combined with other techniques such as heating (thermosonica-
tion) and pressure(manothermosonication) against the spoilage microbes and



Emerging Technologies in Dairy Processing: Present Status and Future Potential 111

rﬁ

r

Loading the Pressure chamber filled with water
igh pressure
Carrier containing sample amber
product (unprocessed)

( (
( | e

Carrier containing
Processed sample product

Emptying the pressure chamber Pressurisation

Fig. 4 Schematic flow diagram for high pressure processing

enzymes. Bermuidez-Aguirre et al. 2009, reported the enhanced inactivation effect
of thermosonication for Listeria innocua and mesophilic bacteria in raw whole milk.
Khanal et al. 2014, depicted the positive effect of high-intensity(80-100% ampli-
tude, 1-10 min) ultrasonication for the inactivation of endospores of Bacillus lichen-
iformis, Bacillus coagulans and Geobacillus stearothermophilus in nonfat milk.

High Pressure Processing

High Pressure Processing (HPP) inactivates harmful pathogens and vegetative
spoilage microorganism by using intense pressure instead of heat. The technique
involves working at pressure range of 100—1000 MPa. The HPP can be used to treat
liquid as well as solid (water-containing) foods (Fig. 4).

Mechanism of Action

In HPP the packed food product is loaded in the pressure vessel, the process cham-
ber is filled with the pressure transmitting medium commonly water. The chamber
is pressurized up to the desired pressure-time combination. The food product attains
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the pressure of the surrounding medium and the pressure is distributed uniformly
throughout the product. After the desired hold time, the chamber is depressurized
and the processed food product is removed. The high pressure technique involves
the following two principles:

Le Chatelier’s principle: whenever stress (high pressure) is applied to a system in
equilibrium, the system will counteract to the applied stress, promoting reactions
that result in reduced volume causing the inactivation of microorganisms and
enzymes.

Isostatic principle: It states that compression of food products occurs due to uni-
form pressure from every direction and regains their original shape on release of
pressure. The compression of the products is independent of the size and shape of
the product, because transmission of pressure to the center is mass/time indepen-
dent (Carlez et al. 1994).

Though HPP is a non-thermal technique, it results in adiabatic rise in tempera-
ture (Ohlsson and Bengtsson 2002). The rendering of high pressure causes increase
in the temperature of the liquid component of the food by approximately
3 °C/100 MPa. In case of food with significant amount of fat (butter/cream), the
temperature increases by 8-9 °C/100 MPa (Rasanayagam et al. 2003).

Application

Jankowska et al. (2005) revealed that use of high pressure treated milk for manufac-
turing of yoghurt produced curd with improved firmness and reduced its syneresis.
The studies showed HP-treated cheese have higher retention for total free amino
acids, salt and moisture content as compared to raw or pasteurized milk cheeses
(Trujillo et al. 2002). Vachon et al. 2002 reported that dynamic high pressure treat-
ment of milk causes the in inactivation of Listeria monocytogenes, Escherichia coli
and Salmonella enteritidis present in it. The pressure processing combined with
mild heat treatment activates spores to germinate after which they lose their resis-
tance against pressure and heat and get destroyed (Gould and Sale 1970; Knorr
1995; Gould 2000). The high pressure resistant gram-positive microorganisms
requires pressure of 500-600 MPa at 25 °C for 10 min to inactivate whereas gram-
negative microbes are inactivated at 300-400 MPa pressure, 25 °C temperature for
10 min (Alpas and Bozoglu 2002). Rodriguez et al. 2005 claimed the HPP treated
milk causes inactivation of E. coli O157:H7 at 300 MPa pressure 10 °C for 10 min.
Huppertz et al, 2006 has reviewed the available literature regarding the effect of
HPP on bovine milk and provided a detailed account of reported changes in pro-
tein composition due to casein micelles formation; however, the efficacy of HPP on
dairy products remain inconclusive due to limited equipment and instrumentation
facility.
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Pulsed Electric Field

The pulsed electric field (PEF) technology is considered to be one of the efficient
techniques for microbial and enzymatic inactivation at mild temperatures. PEF in
combination with sub-pasteurization temperatures can attain the potential levels of
microbial inactivation in milk at par to conventional thermal pasteurization.

Mechanism of Action

Pulsed electric field (PEF) technology involves small bursts of high intensity elec-
tric fields (10-80 kV/cm) applied for microseconds to liquid food positioned
between two electrodes. The electrical current is transmitted to each point in the
liquid due to the presence of the charged molecules present it (Zhang et al. 1995 and
Jose et al. 2010). There are two widely accepted theories of microbial inactivation
through PEF: electrical breakdown and loss of cell membrane functionality. The
former hypothesizes the microbial cell to be a membrane bound dielectric cyto-
plasm matrix as capacitor and the surrounding food system as medium with differ-
ing electrostatic setting: thus creating a difference in electrical conductivity on
either side of microbial cell membrane thereby generating transmembrane potential.
In the instance of an external electric field, the ions in the two medium moves,
where ions with opposing charge are attracted towards each other causing reduction
in membrane thickness and eventually pore formation and membrane breakdown
(Jeyamkondan et al. 1999). The latter hypothesis suggests that due to application of
PEF, the integrity and arrangement of membrane biomolecules, like proteins and
phospholipid, is disordered, causing the prolonged opening of ion/protein channels
thereby forming irreversible pores and disruption of microbial cell (Buckow et al.
2014). Nevertheless, a general scheme of PEF based processing is represented
through Fig. 5.

Application

Craven et al. 2008 showed the effect of PEF application on ultra-high temperature
treated skim milk inoculated with Pseudomonas spp., the major spoilage micro-
organism in milk. The treatment was significantly effective in the inactivation of the
microbial population at 31 kVem™!, 19.2 ps, 55 °C thereby extending the shelf life
of the treated milk up to 8 days at 4 °C.

Bermudez-Aguirre et al. 2012 studied the effect of PEF in skim milk (0.3% fat)
against B. cereus, known to cause food-borne illness like diarrhoea and abdominal
cramps, nausea and vomiting. The study showed that treatment at 40 kVem™, 50 s,
60 °C resulted in 1.5 log, reduction whereas at 35 kVem™!, 25 ps, 78°Conditions, 3
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Fig. 5 Schematic flow diagram for Pulse Electric field based product processing

log,, reduction in the microbial population was observed. Jaeger et al. (2010) dem-
onstrated the effect of PEF in raw milk against Alkaline Phosphatase enzyme. The
treatment at 38 kVem™!, 12.3 ps, 44 °C resulted in 10% inactivation of enzyme
while treatment at 38 kVem™!, 21.2 ps, 60 °C showed 27% enzyme inactivation. In
a similar experiment, the continuous PEF treatment with 2 ms monopolar pulses
and monopolar square wave at 35 kVem~!, 19.6 ps, 60 °C inactivated the activity of
alkaline phosphatase by 67% (Shamsi et al. 2008).

Membrane Filtration

The membrane filtration refers to the separation processes by using different types
of semi-permeable membranes. Specific types of membranes are used in the food
industry for various purposes such as concentration, fractionation and purification
of food products, extending the shelf life of many food products. The usage of mem-
brane ensures that any undesired components like, sediment or microorganism,
which may deteriorate the quality of product, be removed; thus increasing the shelf
life of the final product.
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Mechanism of Action

Membrane filtration employs a specific semi-permeable membrane which allows
the passage of selective compounds, known as “permeates”, through it to fractionate
a liquid into various constituents. The effectiveness of membranes is dependent on
the concentration gradient of the liquids and thus formed resultant transmembrane
potential across the membrane (Winston Ho and Sirkar 1992).

Types of Membrane Filtration

The types of membrane based separation technologies in the descending order of
pore size are: nano-filtration, micro-filtration, reverse osmosis (RO)and ultra-
filtration. Microfiltration (MF) process is analogous to ultrafiltration (UF) but has
larger membrane pore size allowing passage of 0.1-10 pm size particles and uses
less pressure than that of UF process. The UF membranes having1-100 nm mem-
brane pore size are occasionally used for the retaining proteins and other macromol-
ecules (van Reis and Zydney 2007). The procedure involves the usage of 40 psi
pressure, temperatures of 50-60 °C with a cutoff value of 10,000 MW using poly-
sulfone membranes. A type of reverse osmosis technique, nanofiltration (NF) allows
the passage of monovalent ions. Reverse Osmosis (RO) is a membrane filtration
process driven by usage of high pressure thus giving entrance to solutes with very
low molecular weight. The process requires700 psi, with a cutoff value of 100 MW,
and temperature of 40 °C and 70-80 °C for cellulose acetate and composite mem-
branes respectively (Kumar et al. 2013).Electro Dialysis (ED) involves the move-
ment of ions under the applied electric potential through the membrane which is
cation- or anion-selective, allowing either positive ions or negative ions to pass
through. Cation-selective membranes are polyelectrolytes having negatively
charged matter, passing positively charged ions whereas opposing the entry of nega-
tively charged ions and vice-versa.

Application

The MF casein concentrated milk is more suitable for cheese production due to
enhanced firmness of curd. The cheese has improved shelf-life quality by removal
of bacteria and spores, accelerated ripening and reduced additive concentration
(Pierre et al. 1992; Caron et al. 1997; Maubois 2002; Schafroth et al. 2005).The
utility of microfiltration has been well demonstrated for the separation of whey
protein from skimmed milk (Govindasamy-Lucey et al. 2007; Lawrence et al.
2008).Nanofiltration has been used for desalting whey and production of lactose
free milk. Greiter et al. (2002) conducted the demineralization of salt and acid rich
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Table 1 Advantages and Limitations of Dairy processing techniques

Technique Advantages Limitations Reference
Cold Plasma — Low running cost — Suitable gas should be used
(basically noble gases)
Ultrasonication — Non-toxic — Formation of free radicals Majid et al.
— Environment friendly | leading to undesirable changes in | 2015
— Cheap food
— No need of
sophisticated machinery
High Pressure — Increases the —Works for food with water as Kim et al.
Processing microbiological safety entire process is based on 2008
— Modifies functional compression Chawla et al.
properties of foods —Increases free fatty acid levels | 2011
—Denatures whey
Pulsed electric —Requires less Jose et al.
field processing time 2010
—Low processing
temperature
Membrane —Simple — Fouling of membranes which Kumar et al.
Filtration —Cost effective method | requires timely membrane 2013
cleaning

cheese whey using electrodialysis and ion exchange process to prevent the environ-
ment menace on being used.

Advantages and Limitations

Although the modern processing techniques have several merits over the conven-
tional method of thermal processing; these techniques also have some limitations.
The advantages and shortcomings of the recent processing techniques are men-
tioned in Table 1.

Conclusions

Dairy processing is growing promptly around the globe to meet the growing appe-
tite for milk-products from an ever-growing population. Milk is a valuable nutri-
tious food having short shelf-life. It requires careful handling, since it is an excellent
medium for the growth of microorganisms and thus highly perishable. The appro-
priate processing technique allows the preservation for extended period of time and
thus reducing the microbial load, and thereby reduces chances of spoilage and that
of food-borne illnesses. The thermal processing techniques has demonstrated its
merits but with many caveats, such as nutritional and physiochemical quality loss.
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Consequently, with growing concern, many other methods have emerged. These
techniques have high perspective in food industry and better alternative to thermal
processing. Nevertheless, each method has some advantages and limitations.
Therefore, the selection of technique is based on the context of requirement: dura-
tion of shelf-life desired, safe and healthy, or better sensory appeal.

The aforementioned emerging technologies have promising role in obtaining
dairy products with enhanced sensorial, nutritional and microbiological aspects;
however, a comparative study across all the techniques is warranted for inferring the
most suitable method for particular product type. In the era of precision medicine,
further research and analysis is required to be properly channelized towards meeting
the consumer health requirement and efficacy. There is always the scope for
improvement of existing one and exploration of new method for realizing the goal
of ‘white revolution’.

References

Adulkar TV, Rathod VK (2014) Ultrasound assisted enzymatic pre-treatment of high fat content
dairy wastewater. Ultrason Sonochem 21:1083-1089

Alpas H, Bozoglu F (2002) Inactivation of staphylococcus aureus and listeria monocytogenes in
milk and cream of chicken soup by high hydrostatic pressure and bacteriocins. High Pressure
Res 22(3-4):681-684. https://doi.org/10.1080/08957950212440

Amaral GV, Silva EK, Cavalcanti RN, Cappato LP, Guimaraes JT, Alvarenga VO, Esmerino EA,
Portela JB, Sant” Ana AS, Freitas MQ, Silva MC, Raices RSL, Meireles MAA, Cruz AG (2017)
Dairy processing using supercritical carbon dioxide technology: theoretical fundamentals,
quality, and safety aspects. Trends Food Sci Technol 64:94-101

Barba FJ, Esteve MJ, Frigola A (2012) High-pressure treatment effect on physicochemical and
nutritional properties of fluid foods during storage: a review. Compre Rev Food Sci Food Safe
11:307-322

Barba FJ, Koubaa M, Prado-Silva L, Orlien V, Sant’ Ana A (2017) Mild processing applied to the
inactivation of the main foodborne bacterial pathogens: a review. Trends Food Sci Technol
66:20-35

Benedito J, Carcel J, Clemente G, Mulet A (2000) Cheese maturity assessment using ultrasonics.
J Dairy Sci 83(2):248-254

Bermidez-Aguirre D, Corradini MG, Mawson R, Barbosa-Canovas GV (2009) Modeling the inac-
tivation of Listeria innocua in raw whole milk treated under thermo-sonication. Innov Food Sci
Emerg Technol 10(2):172-178

Bermudez-Aguirre D, Dunne CP, Barbosa-Canovas GV (2012) Effect of processing parameters on
inactivation of Bacillus cereus spores in milk using pulsed electric fields. Int Dairy J 24:13e21

Bourke P, Ziuzina D, Han L, Cullen PJ, Gilmore BF (2017) Microbiological interactions with cold
plasma. J Appl Microbiol 123(2):308-324

Buckow R, Chandry PS, Ng SY, McAuley CM, Swanson BG (2014) Opportunities and challenges
in pulsed electric field processing of dairy products. Int Dairy J 34(2):199-212

Cameron M, McMaster LD, Britz TJ (2008) Electron microscopic analysis of dairy microbes inac-
tivated by ultrasound. Ultrason Sonochem 15:960-964

Carlez A, Rasec JP, Richard N, Cheftel JC (1994) Bacterial growth during chilled storage of pres-
sure treated minced meat. Lebensm Wiss Technol 27:48-54

Caron A, St-Gelais D, Pouliot Y (1997) Coagulation of milk enriched with ultrafiltered or diafil-
tered microfiltered milk retentate powders. Int Dairy J 7(6-7):445-451


https://doi.org/10.1080/08957950212440

118 S. Joshi et al.

Chawla R, Patil G, Singh A (2011) High hydrostatic pressure technology in dairy processing: a
review. J Food Sci Technol 48(3):260-268. https://doi.org/10.1007/s13197-010-0180-4

Coutinho NM, Silveira MR, Rocha RS, Moraes J, Ferreira MVS, Pimentel TC, Borges FO (2018)
Cold plasma processing of milk and dairy products. Trends Food Sci Technol 74:56—68

Craven HM, Swiergon P, Ng S, Midgely J, Versteeg C, Coventry MJ et al (2008) Evaluation
of pulsed electric field and minimal heat treatments for inactivation of pseudomonads and
enhancement of milk shelf-life. Innov Food Sci Emerg Technol 9:211e216

Ekezie F-GC, Sun D-W, Cheng J-H (2017) A review 516 on recent advances in cold plasma tech-
nology for the food industry: current applications and future trends. Trends Food Sci Technol
69(Part A):46-58

European Milk Forum (2017) Milk facts nutritional info. Nutrient richness. http://www.milknutri-
tiousbynature.eu/milk-facts/nutritional-info/. Accessed 19 July 2017

Gould GW (2000) Preservation: past, present and future. Br Med Bull 56:84-96

Gould GW, Sale AJH (1970) Initiation of germination of bacterial spores by hydrostatic pressure.
J Gen Microbiol 60:335-346

Govindasamy-Lucey S, Jaeggi JJ, Johnson ME, Wang T, Lucey JA (2007) Use of cold microfiltra-
tion retentates produced with polymeric membranes for standardization of milks for manufac-
ture of pizza cheese. J Dairy Sci 90(10):4552-4568

Greiter M, Novalin S, Wendland M, Kulbe KD, Fischer J (2002) Desalination of whey by elec-
trodialysis and ion exchange resins: analysis of both processes with regard to sustainability by
calculating their cumulative energy demand. J Membr Sci 210(1):91-102

Guerrero-Beltran JA, Sepulveda DR, Maria M, Gongora-Nieto MM, Swanson B, Barbosa-
Canovas GV (2010) Milk thermization by pulsed electric fields and electrically induced heat.
J Food Engg 100:56-60

Gurol C, Ekinci FY, Aslan N, Korachi M (2012) Low temperature plasma for decontamination of
E. coli in milk. Int J Food Microbiol 157(1):1-5

Hess JM, Jonnalagadda SS, Slavin JL (2016) Dairy foods: current evidence of their effects on bone,
cardiometabolic, cognitive, and digestive health. Compr Rev Food Sci Food Safe 15:251-268

Huppertz T, Fox PF, de Kruif KG, Kelly AL (2006) High pressure-induced changes in bovine
milk proteins: a review. Biochim Biophys Acta 1764(3):593-598. https://doi.org/10.1016/j.
bbapap.2005.11.010

IDFA (2016) Bulletin of the international dairy federation 485/2016. 1-6

Jaeger H, Meneses N, Moritz J, Knorr D (2010) Model for the differentiation of temperature and
electric field effects during thermal assisted PEF processing. J Food Eng 100:109¢118

Jankowska A, Wisniewska K, Reps A (2005) Application of Probiotic Bacteria in produc-
tion of yoghurt preserved under high pressure. High Pressure Res 25(1):57-62. https://doi.
org/10.1080/08957950500062023

Jeyamkondan S, Jayas DS, Holley RA (1999) Pulsed electric field processing of foods: a review.
J Food Prot 62:1088e1096

Khanal SN, Anand S, Muthukumarappan K (2014) Evaluation of high-intensity ultrasoni-
cation for the inactivation of endospores of 3 Bacillus species in nonfat milk. J Dairy Sci
97(10):5952-5963

Kim HY, Kim SH, Choi MJ, Min SG, Kwak HS (2008) The effect of high pressure-low tempera-
ture treatment on physicochemical properties in milk. J Dairy Sci 91(11):4176—4182. https://
doi.org/10.3168/jds.2007-0883

Kim HJ, Yong HI, Park S, Kim K, Choe W, Jo C (2015) Microbial safety and quality attributes of
milk following treatment with atmospheric pressure encapsulated dielectric barrier discharge
plasma. Food Control 47:451-456

Knorr D (1995) Hydrostatic pressure treatment of food: microbiology. In: Gould GW (ed) New
methods of food preservation. Blackie Academic and Professional, London, pp 159-175

Kumar P, Sharma N, Ranjan R, Kumar S, Bhat ZF, Jeong DK (2013) Perspective of membrane
technology in dairy industry: a review. Asian Australas J Anim Sci 26(9):1347


https://doi.org/10.1007/s13197-010-0180-4
http://www.milknutritiousbynature.eu/milk-facts/nutritional-info/
http://www.milknutritiousbynature.eu/milk-facts/nutritional-info/
https://doi.org/10.1016/j.bbapap.2005.11.010
https://doi.org/10.1016/j.bbapap.2005.11.010
https://doi.org/10.1080/08957950500062023
https://doi.org/10.1080/08957950500062023
https://doi.org/10.3168/jds.2007-0883
https://doi.org/10.3168/jds.2007-0883

Emerging Technologies in Dairy Processing: Present Status and Future Potential 119

Lateef A, Oloke JK, Prapulla SG (2007) The effect of ultrasonication on the release of fructos-
yltransferase from Aureobasidium pullulans CFR 77. Enzym Microb Technol 40:1067-1070

Lawrence ND, Kentish SE, O’Connor AJ, Barber AR, Stevens GW (2008) Microfiltration of
skim milk using polymeric membranes for casein concentrate manufacture. Sep Purif Technol
60(3):237-244

Lee HO, Luan H, Daut DG (1992) Use of an ultrasonic technique to evaluate the rheological prop-
erties of cheese and dough. J Food Eng 16:127-150

Liao X, Liu D, Xiang Q, Ahn J, Chen S, Ye X, Ding T (2017) Inactivation mechanisms of non-
thermal plasma on microbes: a review. Food Control 75:83-91

Majid I, Nayik GA, Nanda V (2015) Ultrasonication and food technology: a review. Cogent Food
Agric 1(1):1071022

Mason TJ, Chemat F, Vinatoru M (2011) The extraction of natural products using ultrasound or
microwaves. Curr Org Chem 15:237-247

Maubois JL (2002) Membrane microfiltration: a tool for a new approach in dairy technology. Aust
J Dairy Technol 57(2):92

Misra NN, Pankaj SK, Segat A, Ishikawa K (2016) Cold plasma interactions with enzymes in
foods and model systems. Trends Food Sci Technol 55:39-47

Misra NN, Koubaa M, Roohinejad S, Juliano P, Alpas H, Inicio RS, Saraiva JA, Barba FJ (2017)
Landmarks in the historical development of twenty-first century food processing technologies.
Food Res Int 97:318-339

Moreau M, Orange N, Feuilloley MGJ (2008) Non-thermal plasma technologies: new tools for
bio-decontamination. Biotechnol Adv 26:610-617

Mosqueda-Melgar J, Elez-Martinez P, Raybaudi-Massilia RM, Martin-Belloso O (2008) Effects of
pulsed electric fields on pathogenic microorganisms of major concern in fluid foods: a review.
Crit Rev Food Sci Nutr 48:747-759

Mulet A, Benedito J, Bon J, Rossello C (1999) Ultrasonic velocity in cheddar cheese as affected
by temperature. J Food Sci 64(6):1038-1041

Ohlsson T, Bengtsson N (2002) Minimal processing technologies in the food industry. Woodhead
Publ Ltd, Cambridge

Pankaj SK, Shi H, Kenner KM (2018) A review of novel physical and chemical decontamination
technologies for aflatoxin in food. Trends Food Sci Technol 71:73-83

Phan KTK, Phan HT, Brennan CS, Phimolsiripol Y (2017) Nonthermal plasma for pesticide
and microbial elimination on fruits and vegetables: an overview. Int J Food Sci Technol
52:2127-2137

Pierre A, Fauquant J, Le Graet Y, Piot M, Maubois JL (1992) Préparation de phosphocaséinate
natif par microfiltration sur membrane. Lait 72(5):461-474

Rasanayagam V, Balasubramaniam VM, Ting E, Sizer CE, Bush C, Anderson C (2003)
Compression heating of selected fatty food materials during high-pressure processing. J Food
Sci 68(1):254-259

Rodriguez E, Arques JL, Nufiez M, Gaya P, Medina M, Nun M (2005) Combined effect of high-
pressure treatments and bacteriocin-producing lactic acid bacteria on inactivation of esche-
richia coli O157 : H7 in raw-milk cheese. Appl Environ Microbiol 71(7):3399-3404. https://
doi.org/10.1128/AEM.71.7.3399

Schafroth K, Fragniere C, Bachmann H (2005) Herstellung von Kase aus mikrofiltrierter, konzen-
trierter Milch. Deutsche Milchwirtschaft 56(20):861

Schliiter O, Frohling A (2014) Cold plasma for bioefficient food processing. In: Batt CA, Tortorello
M-L (eds) Encyclopedia of food microbiology, vol 2. Academic Press, London, pp 948-953

Shamsi K, Versteeg C, Sherkat F, Wan J (2008) Alkaline phosphatase and microbial inactivation by
pulsed electric field in bovine milk. Innov Food Sci Emerg Technol 9:217¢223

Song HPB, Kim JH, Choe S, Jung SY, Moon W, Choe CJ (2009) Evaluation of atmospheric pres-
sure plasma to improve the safety of sliced cheese and ham inoculated by 3-strain cocktail
Listeria monocytogenes. Food Microbiol 26:432-436


https://doi.org/10.1128/AEM.71.7.3399
https://doi.org/10.1128/AEM.71.7.3399

120 S. Joshi et al.

Soria AC, Villamiel M (2010) Effect of ultrasound on the technological properties and bioactivity
of food: a review. Trends Food Sci Technol 21:323-331

Thirumdas R, Sarangapani C, Annapure US (2015) Cold plasma: a novel non-thermal technology
for food processing. Food Biophys 10:1-11

Tolouie H, Hashemi M, Mohammadifar AM, Ghomi H (2017) Cold atmospheric plasma manipula-
tion of proteins in food systems. Crit Rev Food Sci Nutr 58(15):2583-2597. https://doi.org/10
.1080/10408398.2017.1335689

Trujillo AJ, Capellas M, Saldo J, Gervilla R, Guamis B (2002) Applications of high-hydrostatic
pressure on milk and dairy products: a review. Innov Food Sci Emerg Technol 3(4):295-307.
https://doi.org/10.1016/S1466-8564(02)00049-8

van Reis R, Zydney A (2007) Erratum to “Bioprocess membrane technology” [J. Membr. Sci. 297
(2007) 16-50]. J Membr Sci 1(302):271

Vachon JF, Kheadr EE, Giasson J, Paquin P, Fliss I (2002) Inactivation of food-borne pathogens in
milk using dynamic high pressure. J Food Prot 65:345-352

Winston Ho WS, Sirkar KK (1992) In: Winston Ho WS, Sirkar KK (eds) Membrane handbook.
Van Nostrand Reinhold, New York, pp 3-16

Yusaf T, Al-Juboori RA (2014) Alternative methods of microorganism disruption for agricultural
applications. Appl Energy 114:909-923

Zhang QH, Barbosa-Cénovas GV, Swanson BG (1995) Engineering aspects of pulsed electric field
pasteurization. J Food Eng 25:261-281


https://doi.org/10.1080/10408398.2017.1335689
https://doi.org/10.1080/10408398.2017.1335689
https://doi.org/10.1016/S1466-8564(02)00049-8

	Emerging Technologies in Dairy Processing: Present Status and Future Potential
	Introduction
	Plasma
	Types of Plasma
	Generation of Cold Plasma
	Mechanism of Action
	Application

	Ultrasonication
	Types of Ultrasound
	Mechanism of Action
	Application

	High Pressure Processing
	Mechanism of Action
	Application

	Pulsed Electric Field
	Mechanism of Action
	Application

	Membrane Filtration
	Mechanism of Action
	Types of Membrane Filtration
	Application

	Advantages and Limitations
	Conclusions
	References


