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Proteins represent one of the major food components that contribute to a wide range of biophysical functions and
dictate the nutritional, sensorial, and shelf-life of food products. Different non-thermal processing technologies
(e.qg., irradiation, ultrasound, cold plasma, pulsed electric field, and high-pressure treatments) can affect the

structure of proteins, and thus their solubility as well as their functional properties.

Irradiation ultrasound cold plasma pulsed electric fields high-pressure processing

proteins and amino acids

| 1. Introduction

Food proteins may undergo several chemical modifications during their processing . Numerous physical,
chemical and microbiological changes may occur due to the diversity of food-processed products, and the
knowledge of their detailed mechanisms still needs greater research efforts to maximize the quality and stability
during production and storage. The main difficulty in elucidating these mechanisms is related to the complexity of
the changes occurring and the limitations of current analytical methods that are faced dealing with intractable food
matrices most of the time. Technological processes that are used for food preservation and production may affect
the functional, nutritional, and biological properties of food proteins. While some changes may impart health-related
benefits, such as the generation of biologically active peptides [&, others may affect amino acids and generate toxic
derivatives, such as lysinoalanine, D-amino acids, and biogenic amines Bl Several non-thermal technologies have
been proposed in order to reduce the impact of conventional thermal processes on food matrices such as Maillard
reactions, changes in color, flavor, physicochemical composition, and so on. Ultrasound, UV irradiation, cold
plasma, high-pressure processing, and pulsed electric fields are among the most investigated/applied non-thermal
food processing technologies, and some of them are already have been industrialized 22, Knowledge regarding
their impact on proteins and amino acids is scarce and not well explained in the literature, despite the numerous
benefits of these emerging technologies over conventional food processes, such as time and energy saving,
reducing solvent quantity, which matches the “green” processing concept (8.

| 2. Proteins and Amino Acids

Proteins are macro biopolymers that play an important role in the cells of living organisms. The structure and

components of the animal and vegetal cells (e.g., lipoproteins, enzymes, hormones, antibodies, globulins, etc.)
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have a protein base that plays a critical role in the viability and functioning of these cells. Animal and plant proteins

provide 35% and 65% of the world’s protein requirement based on the report of Young and Pellet 2, respectively.

Amino acids are the structural units of proteins and peptides & and they contain carbon, hydrogen, nitrogen, and
oxygen as the main atoms of their structure. Among all of the known amino acids, only 20 (standard amino acids)
are proteinogenic, meaning that they have a triple codon in the DNA. There are two non-standard amino acids,
selenocysteine, which is abundant in eukaryotes and non-eukaryotes, and pyrrolysine, which is found in bacteria
and archea . In comparison to carbohydrates and lipids, proteins are rich in nitrogen (=15-25%). Each amino
acid contains a carboxyl group (-COOH), an amine group (-NH3), and a side chain (R group) bonded to a core
carbon atom. The side chain of each amino acid may contain other atoms, including sulfur and phosphorus. Amino
acids could be categorized into alpha (), beta (3), gamma (y), and delta (8) based on the location of the functional
groups on the core carbon. Polarity (polar and non-polar), pH (acidic and alkaline), and side chain (aliphatic,

acyclic, aromatic, containing hydroxyl or sulfur, etc.) can also be used as classification tools.

Amino acids (both proteinogenic and non-proteinogenic) play an important role in biosynthesis and
neurotransmitter transport. For instance, y-amino butyric acid (GABA, non-standard amino acid) and glutamate
(standard glutamic acid) are among the most important inhibitory and excitatory neurotransmitters in the human
brain, respectively. On the other hand, glycine (standard amino acid) is necessary in the formation of porphyrins,
which are used in red blood cells, whereas proline is used to synthesize hydroxyproline, which is the main

component in collagen (29,

Four different structures of proteins have been identified, including primary, secondary, tertiary, and quaternary
structures. In the primary structure, two amino acids are bound to each other by a peptide bond, which is an amide
bond between the carboxylic acid group (-COOH) of one amino acid and an amine group (-NH,) of another amino
acid. When the number of bonded amino acids in a chain is less than 50, it is called peptide, and when the number
of residues is more than 50, it is called polypeptide or protein. The secondary structure of proteins is based on
inter-strand or intra-strand hydrogen binding. The two main kinds of secondary structure are the a-helix and (-
sheet. The former is a right-handed coiled strand in which hydrogen bonds are formed between the oxygen of C=0
group of each peptide bond and the hydrogen bond of N-H group of another peptide bond that was located in the
fourth amino acid below in the same chain. In the B-sheet structure, hydrogen bonds are formed between two
different strands, which can be paralleled or anti-paralleled. The tertiary structure is the three-dimensional shape of
a polypeptide/protein. Hydrogen, hydrophobic, di-sulfide bonds, and/or electrostatic interactions between the side
chains of amino acids induce protein folding to reach the maximum stability. Hydrophobic groups are located inside
the protein molecules, while the hydrophilic ones are exposed outside. The interaction (e.g., di-sulfide and salt
bridges, hydrophobic interactions, and hydrogen bonds) between some polypeptide chains forms their quaternary

structure as a complex aggregate (291,

Amino acid composition, sequence, and structure (primary, secondary, tertiary, and quaternary) determine the
molecular weight, net charge, physicochemical, and functional properties of proteins. Some of these properties that

are directly related to food quality include hydrophobicity, solubility, thermal stability, gel forming, emulsifying ability,
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swelling, water holding capacity (WHC), and association/dissociation behaviors that dictate aspects, such as color,
flavor, and texture of foods 9.

Human cells cannot synthesize essential amino acids (phenylalanine, valine, threonine, tryptophan, methionine,
leucine, isoleucine, lysine, and histidine), and thus humans rely on diet to obtain them. Animal and vegetal sources
of proteins have different nutritional values and protein qualities. Animal proteins include all of the essential amino
acids and they have large similarity with human ones. However, good sources of high animal proteins, such as
meat, have high cholesterol and fat contents, as well as high sodium content in some cases, which can limit the
consumption of meat (111, Overall, vegetal proteins have lower nutritional quality than the animal ones due to the
limitation of the essential amino acids, with the exception of some, which have been found to be suitable
substitutes for meat, also that there is a difference in the protein digestibility between the animal and vegetal

proteins.

| 3. Food Processing

3.1. Conventional Thermal Processing

Food processing is usually a required set of steps applied to food before its consumption. The main reasons for
food processing include: imparting a desirable modification in the food composition, maintaining the food quality,
sustain the availability of products at various times and places (products provision in out of season), food diversity
(creating diverse food products to different consumers), increasing shelf life, and preparation of ready-to-eat
products 12181, Changes occurring during processing can be beneficial, such as the inactivation of microorganisms
and destruction of toxins, increasing the bioavailability of some nutrients, development of desirable flavor and
texture attributes, and extending shelf life, or it may be detrimental, such as the destructive effect of heat on
nutritional value of food (e.g., loss of vitamins and bioactive compounds) and the formation of harmful components
(e.g., acrylamide, trans fatty acids) 24, Moreover, a loss of amino acids can occur, depending on the severity of the

treatment.

The most usual traditional processes in food industries include heating, cooking, baking, freezing, milling, canning,
fermentation, drying, salting (pickling, curing, or brining), extrusion, and smoking 2. Among these processes,
thermal processing (e.g., cooking, roasting, grilling, frying, boiling, pasteurizing, and sterilizing) are considered to
be the most efficient in destroying pathogens, but they also have the most drastic effect food on composition,
characteristics, and properties 8. For example, proteins could be denatured during heating, depending on the
temperature and the protein in question, causing the loss of their quartnary and tertiary structures and forming
unfolded random shapes. Additionally, thermal treatment (90 °C, 2 h) of proteins gives rise to the formation of
isopeptides, lysinoalanine, and racemization 2, alter proteins’ allergenicity and stretching of some amino acids
along with their peptide bonds in the primary structure 8. Proteins during heat processing are stimulated to
interact with other components in the food system. Maillard reactions are one of the most important, which involve
proteins and contribute greatly to the nutritional and sensory properties of foods. The reactions are initiated by

interactions between reducing sugars and amino acids and they continue with a large set of chain reactions. These
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reactions may affect the color, flavor, and aroma of the food product, cause the formation of toxic compounds (e.g.,
acrylamide, furans, and hydroxyl propy! furfural), and decreased the digestibility and nutritional value 2929 Figure

1 shows a scheme of the Maillard reaction [21],
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Figure 1. Scheme of Maillard reaction. Adapted from Hodge [211,
3.2. Emerging Non-Thermal Processing

Although thermal processing can contribute and assure the safety of foods, it can reduce the nutritional and
sensory properties (81221 When considering the consumers’ demand for high quality (high nutritional value, fresh
taste, and desirable sensory properties, such as color and texture), strategies for minimally processed foods and
alternative non-thermal technologies to conventional processing have been developed to produce microbiologically
safe, fresh, and nutritious foods. These innovative food processing technologies include mainly ultrasound (US),
UV irradiation, cold plasma (CP), high pressure processing (HPP), and pulsed electric fields (PEFs) [231124] | ow
energy and water requirements, as well as a higher efficiency and environmentally friendly nature, make these
non-thermal techniques more preferred than the traditional thermal ones 22, The effect of the non-thermal

processing technologies on protein structures, functionalities, and allergenicity will be described in this review.

| 4. Impact of Non-Thermal Processing on Proteins

4.1. Surface Hydrophobicity
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Table 1 shows a summary of the effects of non-thermal properties on proteins and amino acids. The number of
hydrophobic groups on the surface of proteins determines their hydrophobicity 28, Some functional properties of
proteins (emulsifying, foaming and gel-forming), as well as their stability and conformation, are dependent on the

hydrophobic interactions.

Table 1. Effect of non-thermal processing on proteins and amino acids.

Treatment Substrate Condition Results Reference
Ultrasound - Molecular unfolding and exposure
of hydrophobic groups
40 kHz, pulsed on-
Corn gluten meal 10 s and off 3 s, 40 - Decrease in a-helix and increase [27]
min and 20 °C. in random coil contents after

heat/ultrasound and

ultrasound/heat treatments

20 kHz, power 65 ) ) .
) Protein extraction yield enhanced 0
Soy protein W, 0.5,1,5& 15 , o B (28]
_ due to increasing in the solubility
min

- Increase in SO and decrease in -
SH groups

2.39, 6.23,11.32
_ and 20.96 Wem™2, _ _ -
Beef proteins of higher molecular weight [26]
30, 60, 90 and 120

min

- Myosin aggregation and formation

polymers

- Decrease in a-helix and increase

in B-sheet contents

200, 400, 600, 800
Myofibrillar and 1000 W, 88, Increase in SO, decrease in particle
proteins 117, 150, 173 and size
193 Wem™2
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Treatment Substrate Condition Results Reference
- Hydrophobicity was increased
Squid (Dosidicus 20 kHz, 0, 20, and )
. - The content of reactive sulfhydryl 0
gigas) mantle 40%), 0, 30, 60, and _ (29]
) didn’t change
proteins 90s
- Better emulsifying ability
- Increase in -SH groups
- No changes in primary structure
Chicken 240w, 0, 3,6, 9, 12
myofibrillar - Increase in B-turn and decrease in (31]
and 15 min) .
protein o-helix and B-sheet structures
- Decrease in particle size, narrow
size distribution
- Increase in SO
- No changes in -SH content,
rimary structure and peptide
24KkHz, 266 Wbya Do pep
Kli i sedontimeof2 oS
Duck liver protein  pulsed on-time o 32]
isolate s and off-time of 3 s . .
- Decrease in a-helix and random
for 42 min . . .
coil and increase in -sheet and
turn structures
- Decrease in particle size
No significant alteration in
B-Lg In Cow Milk 9.5 W, 135 W/cm? g o (23]
allergenicity
Tropomyosin 30 Hz, 800 W for
pomy Allergenicity was reduced (24]

from shrimp

30-180 min
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Treatment Substrate Condition Results Reference
Hongqu
g 200 and 550 MPa, Free amino acids content was [35]
. . 25 °C, 30 min decreased after 6 months storage
Rice wines
0.1-500 MPa,10 Free amino acids especiall
Brown rice ) ) p Y (6]
min essential ones were increased
- Conversion of a-helix structure into
B-sheet and random coil
- Free sulfhydryl content was
decreased
. ] 200, 400 and 600
ropomyosin -
pomy MPa at 20 °C for 20 - Surface hydrophobicity was (37]
. from shrimp : . .
High pressure min increased by increasing the
processing pressure from 200—400 MPa and
decreased at the range of 400-600
MPa
- Allergenicity was decreased
Soy allergen
yelere 100, 200 and 300 - -
) - Polyelectrolysis was increased (28]
- MPa for 15 min
(Glycinin)
- The total free amino acids content
was constant
200 and 800 MPa -
Brussels sprouts . (29
for 3 min, 5 °C . :
- The concentration of glutamin and
asparagine were increased
; - (40]
Cold plasma Whey protein 70kV, 1,5, 10, 15, - Unfolding and exposure of

isolate

30, and 60 min

hydrophobic amino acids
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Treatment Substrate Condition Results Reference

Particle size and PDI after 15 and
30 min of treatment were

increased

- Free -SH groups were decreased

Oxidation of cysteine

- No changes in protein bands were

observed

Total aromatic acid concentrations
were increased, and acidic and
Grain rice flour - basic amino acid contents were (4]

decreased

The most affected amino acids

were glutamic acid, serine and

glutamate

1, 2,4 and 6 min

Vanishing Gly m5 & Gly m6 bands
Pulsed

ultraviolet light

Three pulses per after few minutes and decrease in
second with a width  allergenicity

of 300 us
Cold Soy protein [42]
atmospheric isolate (SPI) 1,2.5,5, 7.5and 10 o o
o o Reduction in immunoreactivity of SPI
pressure min without stirring
plasma f food
P Target doses were Decrease in SPI allergenicity (Gly Jioactive
) o 3,5,10,25,50,and m5 & Gly m6) was dependent on the
irradiation o
100 kGy irradiation dose

tion by

microorganisms in food. Trends Food Sci. Technol. 1994, 5, 42-49.

4. Bermudez-Aguirre, D.; Barbosa-Canovas, G.V. An update on high hydrostatic pressure, from the
laboratory to industrial applications. Food Eng. Rev. 2011, 3, 44-61.
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Treatment Substrate Condition Results Reference; Raso,
ties for
- Increase in the concentration of ), 773—

henylalanine, histidi
4 ps width and with USRS, D LRI
asparagine, tryptophan and

Pulsed electric a field strength of 35 \ ion:
i Grape juice : ornithine 43 ‘rvation:
field kV/cm, 1000 Hz and A, USA,
the total time 1 ms . .
- The total concentration of amino
acids did not change
m. Am.

. ) ) Protein aggregation and alteration of ”
Radiation B-Lg in cow milk 3,5, and 10 kGy o i [44]
IgE binding epitopes

dissimilar decoding strategies. J. Biol. Chem. 2005, 280, 20740-20751.

%ry%y&-irﬁ@#ﬂ?s%%'%%té{'ﬂéo gt'é?%&%%'%ﬂ%} and nutrition. Amino Acids 2009, 37, 1-17.

11. Mlntz, K. Deposition of storage proteins. In Protein Trafficking in Plant Cells; Springer:

4.2:StmatwrahGbanags apd Aggrsgation oo

12hdrigessn hb privevyssimeture. pFshein§\o B deodeieCad Myas;abAfindthe vakhtidg o ¢heCaPo Beanthtype
of ahip HeidisRhit; wéeddpnesenD . Fhe KieateyfMed:; atdalliFesad myieetidéomdrisday thad doresreove Jieetra,
Fourepdrtarsie of idackddieney spettecisnalogy Sectipn. Riexodeopyl (SEMF;coohEafo@el0iceysaRy-H0RM),
TS B O s oL, S e e b O S oour PSR ominicarRs 1=
SR YR e aToRe) RISl LI U BLRSH NALRIREi, BECDEgBplractons
Ultrasound treatment at a frequency of 20 kHz for 30, 60, 90, and 120 min was performed on fresh beef [28]. The
1 sMensBerkeknit- whestaaerobte s2elagiakibl; catabiqhere thas NOE rin; hiatie nfoleaQan Ardg - pKipaE:s
werle fol@el, Bfd-iHeisgRidndaly. Aapviews astRedengiicidhashesty doiembrsqressingieMpbehtdrof p-
meﬁﬁﬁ@@%o%oétcbll%st@alﬁra%%ﬂﬁd intensities (2.39, 6.23, 11.32, and 20.96 W.cm™2). This led the authors to
1390sh RS, BRI BWR/frops HRlg I, L IdeiRgNISCaS BT RS MER™ NRSEBTRIR /% BYoBRaReIg93ion
Distif ARBHB ARGy 1TSS LSSkt ISbIRAIBEA HE 5 SavRIRD ARG iASRRE Rpimeply s syher
auta%razhave reported that the covalent and non-covalent bonds were the main interactions that caused the

aggregation of muscle proteins that were treated by ultrasounds 2148l However, it should be noted that some

%%sga%\’?ef&aﬁ‘a\%; dpSHigYi% Eﬁé@?@u“ﬂ%@&%ﬂd L[réﬁffﬁ&ﬁto_&{o IRGRFHIRRh SRR HhANEE S Ofas
beerrq gqo%? Eﬁk{ﬁhreel%ﬁﬁ’ﬂ ntg? ;?all‘r’eﬁ%e&@&é’fdm%rﬁﬂé Er%?e%?%ﬁd-lr-%mﬂghg%oagf%r éﬁogé—lﬁﬁ}asound treatment for
130, Ruh90 slafla&raeeoty Ab@8ddiad 8n protein quality. J. Nutr. Sci. Vitaminol. 1990, 36 (Suppl. 1),
S57-S69.

18. Renzone, G.; Arena, S.; Scaloni, A. Proteomic characterization of intermediate and advanced
glycation end-products in commercial milk samples. J. Proteom. 2015, 117, 12-23.
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19. Martins, S.I.F.; Jongen, \1V.§/I|.; van Boekel, M.A.J. Meview of Maillard reggtion in food and
implications to kinetic aodelling. Trends Fobt Sci. Technol. 2000, 11, 364-373.

-
u

20. Dagostin, J.L.A. Blanéh;[-g asan-acrylamide mitigatién%techniéijéj. In New Perspectives on Food
‘ § 2R %3 ®
Blanching; Springer: Ch%m, Switzerland, 2017;pp. 9:?5—_‘:122. v

E § g8 2

-c'hemis'try of brg iiﬁngmrﬁegweﬂmct;ngtiﬁ%%del systems. J. Agric. Food
gt b o ! 1 a4

- ﬂ: !

21. Hodge, J.E. Dehydratedl foodg ;
Chem. 1953, 1, 928-o JERNRSIRRINE | d | Gedbes

v 8d processing applied to
_ _': s Food Sci. Technol.

22. Barba, F.J.: Koubaa, Rl
the inactivation of thcim
2017, 66, 20-35.

23. Knorr, D.; Froehling, SRSl B K. Emerging

technologies in food greesmsine

24. Tao, Y.; Sun, D.-W. Ej . Crit. Rev. Food Sci.

Nutr. 2015, 55, 570

25. Toepfl, S.; Mathys, A @ tatic pressure and

r ultrasound on
Sonochem. 2016, 33,

26. Kang, D.; Zou, Y.; Ch
oxidation and structu
47-53.

27. Zhou, C.; Hu, J.; Yu, X y o .N.Y. Heat and/or
Fighis 5 G T e ey Y SIS(of Gornedidten meal: eSS Mnetss 8 rared
sl tein struggure. LWT 2017, 77, 488-496 . : .
(FTIR) spectra (b), scanning electron microscopy (SEM) (c—e), atomic force microscopy (AFM) microstructure (f—
28, Brndabmekdimets@pshyzd) Maas disikiaot, ddrFegtvan hdagl Zoidamtyd. DA nigresitied soyt@mtesnt and HP,
Heaxtemotient e sptraseynfefihemeEngh BeovesorAroedss. Intensif. 2017, 113, 94-101.
°4o Pilicte SiZdMsIeCurir W& ght DistiBition and Zeta Potentar v ltrasound modification on

physicochemical property and water in myofibrillar protein gel. Ultrason. Sonochem. 2017, 34,

StuBR@-&bithe effect of ultrasound treatment on myofibrillar proteins (240 W), chicken myofibrillar protein, duck
WTREREAISIR! Ok 2Rl R0 W B GEEHRELE E EHR TS ofuRoEGS e e
SRy lie Figuer S uie: R4 G0d, s SEeaEAR: SRRV LRRLLRIA SRS bR ALIRLReS
V|gor0usg/ dissqciated.t erH,iua}gﬂ reduced the artlcllessdﬂ?a. More. omaogeneous chlcheenprpéﬁ)ftbnllaﬁRrotems' and

characteristics and e ying propertes o osldicusTgigas) man elns. rason

an cr)%vg)&l]setrrlrl?uﬁm?f %%?@'ﬁ’ﬁl@é%em isolate were obtained after ultrasound treatment, which is likely to have

significant impact on the texture and mouthfeel properties of the products. After 3 min of ultasound exposure,

SdhiMaN hydfiofitaprbteilpartiSesNitNVinr iRkt forrr REES PRRYERERH L 3B QIR BRRIOgIEARI-st and
mordTHSHER bRFRRESIRSGEChICKERIRYQHBIAIR REa1EIPoL A dRBROSEEUEI 2 pSied 2RerRE Hin The

size of the particles at 15th min of treatment was larger than that at the 3@ min This was explained by the more
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3R dapho¥ic \Mamggctlond_beRyeBai pRitefizang) . iréatmedt; thun jrCre&Sen dE1V . CRigeMh; ef il Xélletepbrted an
inclefects wkBBATRUdeassisiédr axtriaation ohithevpbyistoebamitle siroctimabémnddliagtimuales.

characteristics of duck liver protein isolate. Process Biochem. 2017, 52, 174-182.

4.4, Solubility and Gel-Forming/Stability _ _ _ _
33. Stanic-Vucinic, D.; Stojadinovic, M.; Atanaskovic-Markovic, M.; Ognjenovic, J.; Gronlund, H.; van

oviétiagein ¥hplantie)dtve Samdtp 1ot séatiakosioy RED. Bha iy @l riange soanch gke kg enicppsepeiesad
the [priesingiali @it nip aonexpaguiteo o digindricen sitsutideasondicihitakabitite fostuRas. 20d2sabe1@R4ted
gel 90 be formed at pressures higher than 400 MPa 49, In biopolymers where hydrogen bonds are dominant,

S.SAHCI'Ji,a igﬁl_‘%{? _;h@g%r, RreSyam @??8 'Eﬁ%)c'tsor? liltf;rﬁolrfl éﬁts""lel/eLﬂﬁlasdund on the allergenicity of shrimp.

J. Zhejiang Univ. Sci. B 2006, 7, 251-256. _ _
Pressure-induced gels from vegetable proteins can be formed at 300 MPa for 10-30 min treatment 21, Elastic

Snodidnf Yhekkiaomy géls e, signiitany, lbwef hivan theMeathrenged.oddicld, Solidesbiogical wheat proteins
aftethagagiedsties iranminon awigisrapsheolatile piafitesref Wengaugietgestneprdssing otgdyogtoragads and
hydedfeeisioinfegdt o 08tatia pre s escessirg. ihaonshwion ilkD 26qd 288se-gbH-did to the formation of

ﬁ?%ﬁig?a(.);n&sr‘een, B.D.; Zhu, Z.; Li, Y.; Gharibzahedi, S.M.T.; Roohinejad, S.; Barba, F.J. Innovative

ep,rocess_ing techniques for altering the E)hysicochemical properties of wholegrain brown rice
The interaction between pressure and temperature is an important factor in determmlngb e effect of high-pressure

(Oryza sativa L.P—o_pportunities for enhancir[g]food guality and health attributes. Crit. Rev. Food
treatmeént on sarcoplasmic proteins. Marcos et al. reported that increasing pressure that was caused the

Sci. Nutr. 2018, 1-22. . , _ _ L .
reduction of solubility and extractability of sarcoplasmic proteins 24551, protein extractability is a direct measure of

3ReJiuality Bergrobplemic Broiman§i¥y LineZdedbraeativnAtie tgesdc pesgonsmio ieeruididiosfasgdes)ates
acdpapfinies) tyapermusinl dodiflist votre anadidations deslireackbynbighaleywesiasitnpressuligiltpadd
extl@b@niinfoxitetio?0 14 thébraBfe- 9B 200-400 MPa, no effect of temperature was observed, while, at 600 MPa,
38" BRI Y. AR Y e O BT P ML R i r&t B SR URAL? Migie prabYGrR (pated at

oc [58]
10 s%ybéan whey: Analysis of peptides and the allergen Gly m 1 in the hydrolysates. Food Chem.

45 %OnQu?s?ﬁ;l%%_ ngerties

39. Barba, F.J.; Poojary, M.M.; Wang, J.; Olsen, K.; Orlien, V. Effect of high pressure processing and
ThesRir8od GHoR1e!Tr8k AR J&'TR SEHRRGs BT BYs QFHBURN RRIRIC FISUEE]. EfBrgSsure pre-
treaf-g@% 8[ [&@ftﬁgﬂuﬁi%gg%@m MPa did not change significantly, however larger droplets were found after
applying pressure pre-treatments above 600 MPa B2, Pressure causes emulsion droplets to flocculate and the

40oREFRL HrotdW B a6 BrdssIPRAEGAENN- B ORRIEILG R GFSLES0IERIAR B RCRL It was
ob LRGP NGB RIRIPIDISAIBIS SPARL S RIVEQN, QY- W Reffle FEDE e TRERAh L AP e Adisifying

proag'rﬁﬁg%]f' 11s globulin were reduced after pressure pre-treatment due to the formation of intermolecular
dispiige pondg ihaples iagiaoregaians Ve eerapae oTthgdgBrresif g aiment(@en Mg, Blrarpof mild
heaioatREIPRES SRESNta SnHRY SR REHBHTEARI 28fhibtS SBIRPEBIBE SAIBHS RIS tRRY $afd Peteliacculation and
consRavaethriame srapetsiaed 1Ry JraTHieRs fRANANESHIRSS UTiFe 0161806 ALBA), whey proteins or -

lactoglobulin as emulsifier had bigger droplets than the unpressurized one. Despite the increase in hydrophobicity
42ﬁ Mejr]r!schmldt, P.: Ueberham, E.; Lehmann, J.; Relnche, K.; SchIUt?r, 0Q.; Schwejgsg%rt-Welsz U.;
after high-pressuré tréatment, structural changes in protein decréase its emulsifying properti€s, however the del-
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