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PETIJUMA AKTUALITATE

Pateretaji musdienas arvien lielaku uzmanibu pievérs informacijai par
partikas produktu uzturvertibu un partikas sastavdalu sarakstam, kas atrodas
uz iepakojuma. Piemérojot atbilsto$u tehnologisko apstradi, iesp&jams iztikt
bez partikas piedevam, ko lieto uzglabasanas laika pagarinasanai, vienlaicigi
saglabajot produkta uzturvertibu un sensoras ipasibas, kas ir lidzigas vai
identiskas neapstradatam, svaigam produktam (Heinz & Buckow, 2010).

Augstspiediena apstradé (high pressure processing - HPP), kas pazistama
ari ka partikas auksta pasterizacija, produkts netiek sildits. Sada veida apstradi
lieto gan Skidriem, gan cietiem produktiem, piem&ram, galai, jiras velteém,
dz@rieniem, piena produktiem, augliem un darzeniem (Tonello, 2011).
Patlaban HPP ir viena no veiksmigakajam termiskas apstrades alternativam
partikas ripnieciba. Aptuveni 26-29% no riipnieciskajam augstspiediena
iekartam izmanto tie$i galas parstradé (Elamin et al., 2015; Ghalavand et al.,
2015). Ar HPP tehnologiju lielakoties apstrada sagrieztu varitu galu, varitus
galas produktus, neapstradatus liellopu galas produktus, kalteétus produktus,
desas un galas pusfabrikatus, nepievienojot konservantus (Bolumar et al.,
2015). Izmantojot HPP, tiek inaktivéti mikroorganismi un pagarinats
uzglabasanas laiks, vienlaicigi saglabajot galas un tas produktu fizikali
Kimiskas Ipasibas un kvalitati (Balasubramaniam & Farkas, 2008; Jofré &
Serra, 2016; Xu et al., 2020). Turklat HPP piemit liels potencials inovativu
produktu attistiba, kuru raZoSana nepiecieSams relativi zems energijas
patérin. VE&l pastav iespgja apvienot HPP tehnologiju ar citam partikas
apstrades metodém, kas veicinatu partikas ripniecibas attistibu (Huang et al.,
2017).

HPP vairak tiek izmantota produktiem, kam nav nepiecieSama talaka
termiska apstrade, bet salidzino§i maz ir pieejama informacija par
augstspiediena ietekmi uz svaigu galu, ka ar apstrades reZimiem, lai iegiitu
patérétajam tikamu gala produktu. Lidz ar to jaizpéta sikak gala notiekosie
procesi dazados augstspiediena intervalos un janosaka optimalie apstrades
parametri, kas lautu iegiit vélamo efektu.

Promocijas darba hipotéze: izmantojot augstspiediena apstradi, galas
fizikalas, kimiskas un sensoras IpaSibas mainas atkariba no apstrades reZima.

P&tijuma hipotéze aizstavama ar §adam tezem.

1. Augstspiediena apstrade butiski ietekme ctkgalas tidens saturéSanas spgju,
krasu un olbaltumvielu strukttiru.

2. Cukgalas pH, mitruma saturs, audu mikrostruktiira un galas kimiskais
sastavs nemainas, apstradajot augstspiediena.

3. Augstspiediena apstrade ietekmé& MAFAm dinamiku ciikgala.



4.

5.

Kombingjot apstradi augstspiediena un termisko apstradi, ctkgalas
sensorie un fizikalie radita;ji ir atkarigi no apstrades reZima.

Skerslu tehnologija apvienojot augstspiediena apstradi un mikrokapsulétas
garSaugu sulas pievienoSanu, iespgjams pagarinat galas uzglabasanas
laiku.

Promocijas darba merkis: izp&tit un novertet augstspiediena tehnologijas

ietekmi uz ctukgalu.

1)
2)
3)

4)
5)

Promocijas darba objekts: augstspiediena apstradata cakgala.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

analizet augstspiediena apstrades rezimu ietekmi uz cikgalas kimisko
sastavu un audu mikrostruktiiru;

izvertet augstspiediena apstradatas galas fizikalos, kimiskos raditajus un
MAFAm dinamiku;

novertét augstspiediena apstrades ietekmi uz ciikgalas fizikalajiem
raditajiem termiskas apstrades laika;

veikt ieglito produktu sensoro novert&jumu;

izvertét mikrokapsulétas marrutku sulas un augstspiediena apstrades
kombinacijas ietekmi uz ctukgalas kvalitati.

Promocijas darba novitate un zinatniskais nozimigums:

pirmo reizi Latvija veikti petijumi par augstspiediena ietekmi uz cukgalu;
izvertéta augstspiediena apstrades ietekme uz galas fizikalajiem un
kimiskajiem raditajiem, sensorajam 1paSibam un noteikti optimalie
apstrades rezimi;

izverteta augstspiediena apstradatas galas kvalitate uzglabasanas laika;
izvertéta mikrokapsulétas marrutku sulas loma augstspiediena apstradatas
ciikgalas kvalitates nodrosinasana.

Promocijas darba tautsaimnieciska nozime:

gala ir atrbojigs produkts, apstrade augstspiediena dod iesp&ju inaktivet
mikroorganismus, tadgjadi pagarinot uzglabasanas laiku bez turpmakas
termiskas apstrades;

pienesums piedavato galas produktu klasta papildinasanai;

izmantojot augstspiediena apstradi, iesp&jams iegiit patérétajiem pievilcigu
minimali apstradatu produktu ar ilgaku uzglabasanas laiku.
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MATERIALI UN METODES

Pétijuma laiks un vieta

Zinatniskais darbs izstradats laika posma no 2016. gada septembra Iidz
2020. gada februarim Latvijas Lauksaimniecibas universitates Partikas
tehnologijas fakultates Studiju un zinatnes centra laboratorijas, Latvijas
Universitates Mikrobiologijas un biotehnologijas institiita, Rigas Tehniskas
universitates Materialzinatnu un lietiskas kimijas fakultates Visparigas kimijas
tehnologijas institata, “J.S. Hamilton Poland Sp. z o.0. testing laboratory”
laboratorija.

Materialu raksturojums
P&tljuma objekts ir augstspiediena apstradata ciikgala. Eksperimentos
izmantoti atdzes€tas galas paraugi, kas iegiiti no ciikas garaka jostas muskula
Musculus longissimus lumborum gabala. Pienemot dzivnieku kautuvé, nav
registréta to Skirne, vecums, dzimums, ka ari netiek aprakstita talaka to
apstrades gaita. Galas izcelsmes valsts Latvija. Paraugu apzZim&jumi apkopoti
1. tabula.
1. tabula / Table 1
Darba lietotie paraugu saisinijumi un apzimeéjumi /
List of samples abbreviations and nomenclature

Saisinajums / Paraugu apzimg&jumi /

Abbreviation Designation of samples

K kontroles paraugs / control sample

\Y termiski apstradats paraugs / heat treated sample

300/1 cukgalas paraugs, apstradats 300 MPa 1 min /
HPP treated pork sample 300 MPa 1 min

300/15 ciikgalas paraugs, apstradats 300 MPa 15 min /
HPP treated pork sample 300 MPa 15 min

600/1 ciikgalas paraugs, apstradats 600 MPa 1 min /
HPP treated pork sample 600 MPa 1 min

600/15 cukgalas paraugs, apstradats 600 MPa 15 min /
HPP treated pork sample 600 MPa 15 min

L ciikgalas paraugs ar pievienotu mikrokapsulétu marrutku lapu sulu /
raw meat samples with microencapsulated horseradish leaf juice

S ciikgalas paraugs ar pievienotu mikrokapsulétu marrutku saknu sulu /
raw meat samples with microencapsulated horseradish root juice

K-300 kontroles paraugs, apstradats 300 MPa 15 min /
control HPP treated pork sample 300 MPa 15 min

L-300 ciikgalas paraugs ar pievienotu mikrokapsul&tu marrutku lapu sulu,
apstradats 300 MPa 15 min / HPP treated pork sample with
microencapsulated horseradish leaf juice 300 MPa 15 min

S-300 ciikgalas paraugs ar pievienotu mikrokapsulétu marrutku saknu sulu,
apstradats 300 MPa 15 min / HPP treated pork sample with
microencapsulated horseradish root juice 300 MPa 15 min




Galas paraugu sagatavoSana augstspiediena apstradei. Atdzesctu
ciikgalu sagriez $kéles perpendikulari muskulu $kiedram. Skéeles sadala
porcijas un iepako vakuuma maisinos, kas izgatavoti no poliamida /
polietiléna (PA / PE) pléves. Paraugus uzglaba ledusskapi 442 °C temperattira
lidz galas augstspiediena apstradei taja pasa diena.

Galas paraugus apstrada augstspiediena iekarta 1SO-Lab S-FL-100-
250-09-W (Stansted Fluid Power Ltd., Lielbritanija), kuras spiediena kameras
tilpums 2 L un maksimalais darba spiediens 900 MPa. Spiediena transmisijas
lidzeklis propilénglikola maisijums ar Gdeni (1: 2 v/v) telpas temperatira.
Vakuuma iepakotus paraugus apstrada viena no spiedieniem (no 50 lidz
600 MPa), bet neapstradatu paraugu izmanto ka kontroli, katra spiediena
pieméro apstrades laiku 1, 5 un 15 mindites.

Pétijuma struktira

Pétijums veikts trijos posmos. I posma pétita spiediena iedarbiba uz
atdzesétu ctukgalu 50-500 MPa diapazona ar apstrades laiku 1, 5 un 15 min.
Saja posma galai veiktas MAFAm, fizikalas un kimiskas analizes un
noskaidrota So kvalitates raditaju dinamika atkariba no pielietota spiediena un
laika. P&tijuma I posma struktiiras sheéma paradita 1. attela.

| Atdzeseta gala / Raw meat |

| Galas sagriesana gabalos / Cutting meat into pieces |

IepakoSana vakuuma iepakojuma / Vacuum
packaging

Apstrade augsta spiediena / High pressure processing

1: 5; 15min
Apstrades spiediens / Processing pressure
50; 100; 150; 200; 250; 300; 400; 500 MPa

Apstrades laiks / Processing Time i
1
1
1
1
1

Kontroles paraugs/ C _1\ 1_,5_1:;;1_/ _T_P_C’ _______________
Control sample b s /| (Gt
[E— ,: Olbaltumvielu saturs / Protein content
"

Mitruma saturs / Moisture content
Struktira / Texture

Udens aktivitate / Water activity
pH/ pH

Udens saturgsanas spéja /

Water holding capacity

U
Paraugu analizesana / ,J
Analysis of samples

IN

\

..
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L

1. att. Pétijuma I posma struktiiras shéma /
Fig.1. Scheme of the research - stage |



IT posma izmantots 300 MPa un 600 MPa spiediens, ar apstrades laiku
1 un 15 mindites. P&fjuma II posma struktiiras shéma paradita 2. attéla. Saja
petijuma posma tika noskaidrots, ka mainas augstspiediena apstradatas galas
fizikalie, kimiskie un sensorie raditaji péc paraugu turpmakas termiskas
apstrades. Galas termiska apstrade veikta 60 un 80 °C temperatiira un péc tam
novértetas produkta fizikali ktmisko raditaju izmainas, nemot véra procesa
iedarbibas ilgumu.

| Atdzesgta gala / Raw meat |

| Galas sagrieSana gabalos / Meaf cutting info pieces |

| lepakosana vakuuma iepakojuma /Facuum packaging |

Apstrade augsta spiediend / High pressure processing Mitruina saturs /

! Apstrades laiks / Processing Time 1; 15 min Moisture content

1 Apstrades spiediens / Processing pressure 300; 600 MPa Snnkhh'a / Texture
e Udens saturésanas sp&ja /

.1 Water holding capacity

Parauga analizé3ana / ’lz:: Mikrostruktura /
samples \r\i' FTIR spektroskopija /

FTIR spectroscopy
Aminoskabju spektrs /
Amine acid profile

Termiska apstrade, strauja atdzes€3ana /
Heat treatment rapid cooling

1

1

1

1

1

1

1

1

:

. 1
Kontroles paraugs / Control sample Analyses of the Microstructure :
1

1

1

|

1

Taukskabju spektrs / 1
1

1

1 t=80°C | i t=60°C; T=230;60: 120min ,' Fatiy acids profile
1 1=10min | 1 t=80°C:t=3:6:12min | TTTTTTTTTTTTTOOOC
| L= =
Paraugu analizésana / Paraugu analizésana /
Analyses of samples Analyses of samples
=" T =1 = =

Mitruma saturs / Moisture content
Struktura / Texture

i I Termiskas apstrades zudumi /
1
1
1
| Krasa/ Colour 1
1
i :
! 1

1
1
Cooking loss 1
Struktara / Texture 1
1
1

Sensora novertésana /
Sensory evaluation

2. att. Pétijuma II posma struktiiras shéma /
Fig. 2. Scheme of the research - stage 11

Galas paraugu termiska apstrade. Analizém paredzetos cikgalas
paraugus vakuuma iepakojuma péc apstrades augstspiediena termiski apstrada
adens vanna AppliTek 21AT (HetoLabEquipment, Danija):

e lidz galas parauga vidusdala tiek sasniegta 8012 °C temperatiira, un tad
karséSanu turpina vel 3, 6, 9 un 12 miniites, p&c tam galu strauji atdzese
ledus tident Iidz 10+2 °C temperatiirai;
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e lidz galas parauga vidusdala tiek sasniegta 60+2 °C temperatiira, un tad
karseésanu turpina vél 30, 60, 90 un 120 minites, pec tam galu strauji
atdzes€ ledus Gdent [1dz 10+2 °C temperatrai.

Sensorajai vertéSanai paredzetos ciikgalas paraugus péc HPP apstrades,
neiznpemot no iepakojuma, pagatavo Udens vanna AppliTek 21AT
(HetoLabEquipment, Danija) Iidz vidusdala, tiek sasniegta 80 °C temperatiira,
un tad variSanu turpina vél 10 minttes. P&c variSanas galu strauji atdzese
ledus Gdent lidz 10+2 °C temperatiirai.

Eksperimentu IIT posma pétita gala, kurai pirms apstrades augstspiediena
pievienotas marrutku lapu un saknu sulas mikrokapsulas (3. att).

| Atdzeseta gala / Raw meat |

Marrutku lapu | Sagrie3ana gabalos / Cutfing meat into pieces |
ekstrakts /
Horseradish -
: | Ekstraktu pievienosana / Adding extracts |
leqf extract

Kontrole - Svaiga gala bez ekstrakta /

Marrutku saknu .
Control ranw meat without extract

ekstrakts /
Horseradish
root extract lepakosana vakuuma iepakojuma /
Vacuum packaging

Kontrole Nr.1 svaiga gala bez ekstrakta /
Control I reaw meat without extract

Kontrole Nr.2 svaiga gala ar ekstraktu /
Control 2 raw meat with extract

Apstrade augsta spiediena / High pressure processing

! Apstrades laiks / Processing Time 15min ;
1 Apstrades spiediens / Processing pressure 300MPa
1

: Mikrobiologiskie kvalitates radrtaji /
: Microbiological quality indicators

1
1
1
| _ 1
Parauga uzglabagana un ! Krasa / Colour !
analiz&Sana / Storageand +  Mitruma saturs / Moisture content 1
1

1

1

1

1

1

analysis of the samples ‘1’ : Struktiira / Texture
y Udens aktivitate / Warer activity
| pH / pH

3. att. PetTjuma III posma struktiiras shéma /
Fig. 3. Scheme of the research — stage 111

Balstoties uz iepriekSgjos pétijuma posmos iegiitajiem rezultatiem, $aja
posma nolemts izmantot 15 mint$u apstradi 300 MPa spiediena.
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Galai pievienojamo marrutku sulas mikrokapsulu daudzumu izvélas,
nemot veéra citu pétnieku veiktos eksperimentus (Azman et al., 2015;
Masoodi, 2016). Galai pievienoja 1.3 g mikrokapsulétas marrutku saknu
sulas, vai 0.13 g mikrokapsulétas lapu sulas uz 100 g produkta.

Pétijuma veikto analiZzu metodes
Noteikto raditaju analizu metodes apkopotas 2. tabula.

2. tabula / Table 2

Galas paraugu analizei izmantotie standarti un metodes /
Standards and methods used for analysis of meat samples

N.p.k/ Raditaji / Parameters Standarti un metodes /

No Standards and methods

1. MAFAm, KVV g1/ TPC, CFU g*! LVS EN ISO 4833—
1:2014

2. pH /pH LVS I1SO 2917:2004

3. Krasa / Colour LVS ISO 144:1997

4. Mitruma saturs / Moisture content, % 1SO 24557:2009

5. Udens saturésanas sp&ja / Januskevic¢iene et al,

Water holding capacity: 2012
e centrifugéSanas metode / centrifugation
method
e saspie$anas metode / pressing method
6. Termiskas apstrades zudumus / Cooking loss, | Pathare, Roskilly, 2016
%
7. Sikstums / Hardness, N Pathare, Roskilly, 2016
8. Histologiskie $kérsgriezumi / Trespalacios, Pla (2007)
The histological cross sections
9. Vides skenésanas elektroniska mikroskopija / | Das Murtey, Ramasamy
Environmental scanning electronic | (2016); Zheng, Zhang
microscopy (2012)
10. Udens aktivitate / Water activity, aw 1SO 21807:2004
11. Olbaltumvielu saturs / Protein content, | LVS ISO 937:1978
g 100 g?

12. Aminoskabes / Amino acids, g 100 gt PB-53/HPLC ed. Il of
30.12.2008.

13. Taukskabes / Fatty acids, g 100 g* PN-EN ISO  12966-
1:2015-01, PN-EN ISO
12966-2:2017-05 except
p.5.3 and 5.5, PN-EN 1SO
12966-4:2015-07

14. FTIS spektroskopija / FTIR spectroscopy Sazonova et al., 2019b

15. Sensora vertésana / Sensory evaluation 1SO 4121:2003

Datu matematiska apstrade
Analizu rezultati apstradati, izmantojot Microsoft Excel programmas datu
matematiskas statistikas metodes. legiitajiem rezultatiem aprékinata vidgja
aritmétiska vertiba un standartnovirze. Datu interpretacijai lietota vienfaktora
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dispersijas analize ANOVA (One way Analysis of Variance) un Tjtkija tests
(Tukey test for multiple comparison). Iegiito datu batiskuma limeni raksturo
p vértiba (ja p > 0.05, dati butiski neatskiras, ja p < 0.05, dati butiski atskiras).
Spektra datus apstrada, izmantojot dekonvolaciju, hierarhisko klasteru analizi
un integraciju (Opus 6.5, Bruker Optics, Vacija), ka arT divkarSo t-testu
statistisko analizi.

PETIJUMA REZULTATI UN DISKUSIJA

1. Augstspiediena apstradatas cukgalas makromolekularas
struktiras FTIS spektroskopijas petijjumi

Augstspiediena apstrades laika notiek olbaltumvielu fizikalo Tpasibu
izmainas, jo augstaks spiediens, jo izteiktakas ir galas olbaltumvielu izmainas.
Muskulaudu un $iinsulu spektros redzamas lipidiem raksturigas C-H saiSu
stiep$anas absorbcijas joslas pie frekvencém 3000-2800 cm™, robezas
1700-1500 cm™ paradas olbaltumvielas eso$as peptidu amidgrupas, tipiskas
amida | (~1657 cm?) un amida Il (~1544 cm?) absorbcijas joslas. Gan
muskulaudu, gan Stnsulu spektros augstaka absorbcijas intensitate paradas
olbaltumvielam atbilstoSaja spektra dala robezas 1700-1500 cm'?,

Analizgjot galas muskulaudu vai Siinsulas spektru, hierarhiska
klasteru analize (HCA) var viegli atdalit kontroles paraugu un paraugus, kas
apstradati 300 MPa un 600 MPa spiediena (4. att.).

3001
300/15
600/1
600/15
300/1
300/15
600/1
600/15

¥ 8 R » i >
00 0,07
o f
B B 024
£ 0.2 g 04
:.2 kY
2 20 0.4
£ 0.4 S
B 3 0.6
T .64 T
= 3 0.81
£ =]
5 0.8 E )
] N
<] [+
A 1.04 o 121
144
A B

4. att. Cakgalas muskulaudu (A) un $ansulas (B) hierarhiska
klasteru analize /
Fig. 4. Hierarchical cluster analysis of pork muscles (A) and juices (B)
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Klasteru analizg iegiitie rezultati rada, ka gan muskulaudu, gan Stnsulas
spektri tiek grupéti Iidzigi divas apaksSgrupas. Muskulaudi, kas paklauti
300 MPa spiediena apstradei, ir spektrali (strukturali) lidzigi neapstradatiem
muskulaudiem un to atSkiribas palielinas, pagarinot HPP apstrades ilgumu no
vienas lidz 15 min@itém. Savukart palielinot apstrades spiedienu no 300 lidz
600 MPa, muskulaudu FTIS spektri klust Iidzigaki termiski apstradatas galas
spektriem.

Visos galas Sunsulas paraugu FTIS spektros — kontroles paraugs,
termiski apstradata, apstradata 300 un 600 MPa spiediena 1 vai 15 mindtes —
visintensivaka absorbcija konstateta amida I un amida II josla pie frekvenceém
1700-1500 cm?. Palielinot HPP apstrades spiedienu Ilidz 600 MPa,
olbaltumvielam raksturigaja regiona absorbciju parklasanas ir izteiktaka un
redzama plata absorbcijas josla ar nelielam smailem pie 1653 cm™ (amids I)
un 1600-1599 cm™, bet gandriz pilniba paziid amida II absorbcijas smaile.
Termiski apstradatas galas Siinsulas spektra olbaltumvielam raksturigaja
regiona novérota viena plasa absorbcijas josla ar tikai vienu maksimuma
smaili pie frekvences 1598 cm™. Globularo olbaltumvielu amida I un amida IT
absorbcijas joslu forma raksturo to otr&jo struktiru. Stnsulu paraugos, kas
apstradati 600 MPa spiediena, §is izmainas amida joslas forma, smailes
maksimuma frekvenc€, absorbcijas intensitaté, salidzinot ar kontroles
paraugu, liecina par olbaltumvielu otrgjas struktiiras izmainam, ka ari otr&jas
struktiras a-spirales un B-struktiiras proporciju un satura izmainam (5. att).

300/1
300/15

Absorbceya / Absorbance

600/1

Absorbcija / Absorbance

600/15

: : v :
2000 1500 1000 2000 1500 1000

Vilna skaitlis / Wavenumber cm! Vilna skaitlis / Wavenumber cm*
A B

5. att. Cukgalas muskulaudu (A) un $ansulas (B) vektoru normalizetie
FTIS spektri / Fig. 5. Vector normalized FTIR spectra of pork
muscle (A) and meat juice (B)

Cikgalas muskulaudu FTIS spektroskopija, paaugstinoties spiedienam un
HPP apstrades laikam, redzams, ka salidzinajuma ar kontroles paraugu
spektros paradas atSkiribas (5. att.) amida I (1655 cm™) un amida II
(1548 cmt) absorbcijas joslas. Amida I un II piki kliist plataki, un izlidzinas
14



absorbcijas intensitate starp tiem. Muskulaudu kontroles parauga un paraugu,
kas apstradati 300 MPa spiediena, spektros redzamas izteiktas amidiem
raksturigas absorbcijas maksimuma smailes, savukart paraugos, kas apstradati
600 MPa spiediena, abas amida joslas stipri parklajas. Varitas galas
muskulaudu spektros absorbcijas maksimums redzams pie frekvences
1627 cm't, Ta ka amida smailu forma ir tieSs olbaltumvielu otréjas struktiiras
spektralais att€lojums, ar spektru dekonvolaciju uz to otrajiem atvasinajumiem
iespgjams noteikt HPP izraisitas olbaltumvielu strukturalas izmainas.

2. Augstspiediena apstrades ietekme uz MAFAm skaitu
ciikgala un to ietekméjoSiem faktoriem

MAFAmM skaita izmainas ctikgala péc HPP apstrades paraditas 6. attgla.
Atsevisku mikroorganismu sugas petijuma ietvaros netika izvertétas.

Kopgjais kontroles parauga noteiktais mikroorganismu skaits bija
2.99 Ig KVV g Neatkarigi no apstrades laika galas mikroorganismu skaits
nesamazinajas, spiedienu paaugstinot 1idz pat 300 MPa. Turpretim, veicot
apstradi spiediena virs 300 MPa, novérota biitiska mikroorganismu skaita
samazinasanas (p <0.05). legltie rezultati saskan ari ar citu autoru
secindjumiem par mikroorganismu inaktivaciju augstspiediena apstradé
spiediena diapazona no 400 lidz 600 MPa ar isu apstrades laiku (3—7 min)
(Del Olmo et al., 2014). Lidzigi ka citu zinatnieku p&tjjumos (Simonin et al.,
2012), autores veiktie eksperimenti apstiprinaja, ka MAFAm inaktivacija ir
tiesSi atkariga no lietota spiediena. MAFAm skaits paraugos p&c apstrades
300 MPa spiediena telpas temperatira 1 minati bija lidzigs ka kontroles
paraugam - 3.14IlgKVV gl Savukart péc apstrades 500 MPa
spiediena 1 miniti MAFAm skaits ievérojami samazinajas un sasniedza
2.17 Ig KVV g, péc apstrades 500 MPa spiediena 5 miniites un 15 miniites —
attiecigi 1.77 Ig KVV gt un 2.33 Ig KVV g

Kopgja mikroorganismu skaita dinamika norada, ka at$kiribas starp
paraugiem, kas paklauti spiedienam dazados laika intervalos, ir nebitiskas
(p>0.05). Tas parada, ka mikroorganismu letalitate atkariga no lietota
spiediena, bet nav atkariga no apstrades laika.

Mikroorganismi klust baroizturigaki, ja pH vértiba ir tuva neitralai vides
reakcijai, bet kltst jutigaki, ja pH vertiba samazinas. Petjjuma konstatéts, ka
atdzesétas cukgalas pH bija 5.51+0.06, bet pH nedaudz samazinajas péc galas
iepakosanas vakuuma, sasniedzot 5.42+0.06. Svaigas galas pH péc apstrades
spiediena intervala 50-200 MPa 1-5 minttes batiski nemainijas (p > 0.05).

Galas apstrade augstspiediena var radit atgriezenisku pH samazinajumu,
ko izraisa mainigas skabju un bazu disociacijas konstantes (Stippl et al.,
2004). Cukgalas apstrade lietota spiediena palielinaSana izraisija nebitisku
(p > 0.05) pH paaugstinasanos (6. att.). Salidzinot dazadus ekspozicijas laikus,
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novérots, ka visu galas paraugu pH piemit tendence paaugstinaties, tomer
atskiribas nav bitiskas (p > 0.05).
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6. att. Augstspiediena apstrades ietekme uz ciikgalas paraugu pH un
MAFAmM / Fig 6. Effect of HPP on the pork meat samples pH and TPC

Eksperimentos izmantotas atdzesétas cikgalas vidéja tidens aktivitate
bija 0.940+0.05. Netika novérotas bitiskas tdens aktivitates atSkiribas
(p > 0.05) starp augstspiediena apstradatiem cikgalas paraugiem ar dazadiem
ekspozicijas laikiem.

3. Augstspiediena apstrades ietekme uz ciikgalas fizikali
kimiskajiem raditajiem

Zinatnieku pétijumi pierada, ka augstspiediens ieverojami ietekmé
mikrofibrillaro olbaltumvielu pasibas, pieméram, $kidibu (Chapleau et al.,
2003a; Chapleau et al., 2004; Gaoshang et al., 2019), ka ari to sp&ju saistit
ideni un veidot gelu. Sadas funkcionalas Tpasibas ir saistitas ar galas
struktiiru un @idens saturé$anu produkta (Duranton et al., 2012).

Histologisko paraugu mikroskopija paradija, ka neapstradatas ciikgalas
(kontroles parauga) Skiedras izméri bija mazaki, salidzinot ar augstspiediena
apstradatiem paraugiem. P& HPP apstrades nedaudz palielinajas
Skérsgriezuma laukums, tas korele ar muskul$kiedru palielinatu wdens
ietilpibu un var but skaidrojams ar olbaltumvielu denaturaciju. 7. attela
redzami ciikgalas muskulaudu histologiskie un ESEM §kérsgriezumi péc HPP
(saistaudi ir gaisi, Skiedras — tumsas).

Starp paraugiem nav novérotas statistiski nozimigas (p > 0.05) atSkiribas
muskulaudu Skiedras Skérsgriezuma laukuma un starpsavienojumu telpas
attaluma. Sadi rezultati norada, ka muskulaudu struktiira saglaba formu péc
apstrades. Zhang et al. (2018) apraksta olbaltumvielu ceturtgjas, tre$€jas un
otrgjas struktiiras transformacija, kas maina gan galas struktiiru, gan funkcijas.
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Sadu efektu parasti iespéjams panakt, izmantojot 200 MPa un augstaku
spiedienu.

K 300/1 300/15 600/1 600/15

7. att. Augstspiediena apstradatas ciikgalas un kontroles paraugu
muskulaudu §kérsgriezumi. Histologiskie $kérsgriezumi att€loti 400 x
palielindgjuma (A rinda). ESEM skérsgriezumi noveéroti 500 x palielinajuma
(B rinda) un 1000 x palielinajuma (C rinda)/

Fig. 7. Cross section of pork muscle tissue after HPP treatment.

The histological cross sections at 400 x magnification (row A).
ESEM cross sections were observed at 500 x magnification (row B),
and at 1000 x magnification (row C)

Pétjjumos noskaidrots, ka, lietojot augstspiedienu, mitruma saturs
clikgala samazinas, bet izmainas nav atkarigas no izmantota spiediena vai
apstrades laika. Lietojot spiedienu ar dazadiem ekspozicijas laikiem, biitiskas
atSkiribas starp galas paraugiem (p > 0.05) netika konstatétas. Spiediena
ietekme uz udeni izpauzas galvenokart ar jonizacijas palielinaSanos, kas
izraisa pH samazinasSanos spiediena ietekmé.

Pétfjumos noskaidrots, ka liclaks tidens saturé$anas spéjas (WHC)
pieaugums noverots 15 miniites apstradatiem paraugiem, salidzinot ar
paraugiem, kas apstradati 1 mintti. Spiediena ietekmé nozimigakas izmainas
notiek galas sarkoplazma un miofibrillu olbaltumvielas (8. att.), kas ir jutigas
pret denaturaciju.

Apstrades laika notiek olbaltumvielu denaturacija. Ta ietekmé faktorus,
kuri palielina galas pH un olbaltumvielu elektrostatisko parveidosanos, kas
savukart samazina Gdens izdalisanos no galas (galas atsuloSanos) (Guyon et
al., 2016).
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8. att. HPP ietekme uz ciikgalas paraugu iidens saturésanas sp&ju /
Fig. 8. Effect of HPP mode on pork water holding capacity

Savukart clikgalas paraugu centrifugéSana parada, ka lielaks izdalita
idens daudzums atrodas kontroles parauga (16.00+£2.98%) un tas ir aptuveni
piecas reizes augstaks neka HPP paraugos (9. att.).

Starp HPP paraugiem visaugstaka tidens satur€Sanas sp€ja ir cukgalas
paraugam 300/15, jo tai nov@rots vismazakais izdalita Gdens daudzums
(1.8+£0.55%), bet viszemaka WHC konstatéta paraugam 300/1. Apstrades
laiks neietekm@ no cikgalas izdalita Gdens daudzumu, ja ta apstradata
600 MPa spiediena jo spiediens virs 300 MPa izraisa izteiktaku olbaltumvielu
denaturaciju un olbaltumvielu elektrostatisko parveidosanos, ka rezultata
samazinas Gdens izdaliSanas no galas (Guyon et al., 2016). AtSkiribas starp
kontroles paraugu un HPP paraugiem ir nozimigas (p < 0.05).
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9. att. HPP ietekme uz ciikgalas paraugu izdalito iidens daudzumu /
Fig. 9. Effect of HPP mode on expressible water in pork
detected by centrifugation method
Eksperimentos noskaidrots, ka neatkarigi no lietota spiediena vai laika nav
konstatgtas butiskas atskiribas izdalitaja tidens daudzuma starp paraugiem, kas
apstradati augstspiediena (p > 0.05).
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Cukgala HPP 50-100 MPa spiediena nemaina krasu, un $aja spiediena
diapazona krasas izmainas ir atkarigas no ekspozicijas laika (10 att.). Tomér,

spiedienu paaugstinot robezas no 100 Iidz 400 MPa, pieaug krasas
komponentes L* vertiba.
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10. att. HPP ietekme uz ciikgalas paraugu krasas komponentes L*
vértibu/
Fig. 10. Effect of HPP mode on pork colour component L* value

Krasas komponentes L* vertibas izmainas nav atkarigas no apstrades
laika, bet ir atkarigas no apstrades spiediena (p < 0.05). Ka skaidro Guyon et
al. (2016), tas saistits ar olbaltumvielu koagulaciju, kas ietekm& paraugu
struktiru un virsmas Ipasibas, vai arl ar globulina denaturaciju un héma
grupas parvietosanos vai izdaliSanos.
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11. att. Krasas komponentes L* vértibas izmainas (0 — melns, 100 — balts)/
Fig.11. Changes in colour component L* values (0 — black, 100 — white)

Krasas komponentes L* vertibas pieaugums tika noverots gan pec
termiskas apstrades, gan p&c apstrades augstspiediena (11. att.). Galas krasa
péc HPP apstrades lidzinas varitas galas krasai. Vairaki citu zinatnieku
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petijumi liecina, ka spiediena robezvértiba ir 300-400 MPa, kad gala iegust
balaku krasu. Sis izmainas ir neatgriezeniskas.

Aminoskabju saturs. Eksperimentali noteikts, ka augstspiediena
apstradatas galas, aminoskabju saturs batiski neatSkiras (p > 0.05), neatkarigi
no lietota spiediena un apstrades laika.

Pétijuma konstatéto aminoskabju kopgjais saturs neapstradata gala bija
21.67 g 100 g%, bet apstradata gala tas svarstijas robezas no 22.57 g 100 g*
lidz 23.31 g 100 g*. Neatkarigi no pielietota spiediena un apstrades laika,
aminoskabju saturs gala batiski neatskiras (p > 0.05). Augstspiediena ietekmé
mainas starpmolekularais lidzsvars, kas savukart ietekme olbaltumvielu
mijiedarbibu. Spiediena ietekme izraisita olbaltumvielu denaturgSanas ir
atkariga no tadiem faktoriem ka temperatiira, pH, jonu stipriba, spiediena un
laika attieciba (Chapleau et al., 2004) (3. tabula).

3. tabula / Table 3
Aminoskabju saturs ciikgala atkariba no apstrades spiediena un laika /
Content of amino acids in meat depending on treatment pressure and time

Aminoskabes / Aminoskabju saturs, g 100 g2/
Amino acids Content of amino acids, g 100 g**
K 300/1 | 300/15 | 600/1 | 600/15
Alanins / Ala 1.22 1.28 1.31 1.23 1.28
__ | Arginins / Arg 1.90 2.06 2.15 2.04 2.11
= & | Asparginskabe/ Asp 1.95 2.06 2.18 2.05 2.14
2 g | Cistins / Cys 0.19 0.20 0.21 020 | 0.21
=8 [ Glicins / Gly 1.04 1.10 1.03 0.97 1.02
g C' Glutaminskabe / Glu 3.31 3.42 3.60 3.47 3.58
< 2 [ Prolins / Pro 0.86 0.91 0.88 0.84 0.87
Serins / Ser 0.82 0.92 0.93 0.88 0.91
Tirozins / Tyr 0.77 0.78 0.83 0.82 0.83
Fenilalanins / Phe 0.91 0.92 0.96 0.96 0.97
- Histidins / His 0.96 1.08 1.14 1.06 1.10
§2] Izoleicins / lle 1.03 1.03 1.08 1.06 1.08
ES | Leicins/Leu 178 | 183 | 190 | 1.86 | 1.90
'Lg’ & | Lizins/ Lys 2.20 2.10 2.27 2.23 2.35
8 & [Metionins / Met 064 | 069 | 071 | 070 | 07
2 Treonins / Thr 1.00 1.08 111 1.08 1.10
Triptofans / Trp 0.20 0.22 0.25 0.24 0.24
Valins / Val 1.09 1.11 1.15 1.12 1.16
Kopa / Total 21.67 22.57 23.44 22.57 23.31
Neaizstajamo aminoskabju
summa / Sum of essential amino
acids 9.87 10.04 10.49 10.24 10.54

Taukskabju sastavs ir viens no svarigakajiem raditajiem, kura izmainas
augstspiediena apstrades laika var negativi ietekmét galas sensoras 1pasSibas un
uzturvertibu (Wood et al., 2008).
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Paraugiem, kas apstradati augstspiediena, novérojama kopgja tendence, un
ta rada, ka tauku saturs samazinas. Tas var€tu bt skaidrojams ar nelielu tauku
izdaliSanos no galas spiediena ietekmé, uz ko norada ar1 no ciikgalas izdalitas
Sunsulas FTIS spektroskopija (Sazonova et al., 2019b).

4. Augstspiediena ietekme uz ciikgalas masas
zudumiem termiskas apstrades laika, galas sensoro un
fizikalo 1pasibu izmainas

Ciikgalas masas zudumus ietekmé gan apstrades laiks, gan spiediens,
bet, paaugstinoties temperatarai Iidz 80 °C, $is atskiribas samazinas (12. att.).
40

—
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12. att. Augstspiediena apstradatas ciikgalas termiskas apstrades zudumi
atkariba no karseé$anas laika un temperataras / Fig. 12. Cooking loss from
HPP treated meat depending on treatment time and temperature

HPP izraisita denaturé$anas procesa laika galas olbaltumvielas var izskist
vai nogulsnéties atkariba no izmantotd spiediena (Sun & Holley, 2010).
Termiskas apstrades laika denaturjas galas olbaltumvielas, un tas izraisa
galas strukturalas izmainas, piem&ram, Stinu membranu sapliSanu, galas
Skiedru sairS§anu, miofibrillaro un sarkoplazmas olbaltumvielu uzkraSanos un
veido$anos, ka arf saistaudu $kidibas samazinaganos (Latif, 2010).

Augstspiediena apstradatu cukgalu karsgjot 60 °C un 80 °C temperatiira,
termiskas apstrades zudumi dazados laika posmos butiski atskiras (p < 0.05).
Novérojams pakapenisks zudumu palielinajums, pieaugot karsesanas laikam.
Savukart termiskas apstrades beigads abas temperatiras apstradati paraugi
uzrada I1dzigus rezultatus. Toméer iegitie aprekini neuzrada butiskas atskirtbas
apstrades 120. un 12. mintte (p = 0.717), attiecTgi paraugos, kas apstradati
60 °C un 80 °C temperatiira.
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Apkopojot rezultatus par augstspiediena apstradatas varitas galas
sikstuma izmainam, noskaidrots, ka, karsgjot 60 °C temperattira, pastav
butiskas at$kiribas (p < 0.05) starp paraugu 600/15 un pargjiem paraugiem.
Savukart, karsgjot 80 °C temperatura, rodas bitiskas atSkiribas (p < 0.05)
starp visiem paraugiem (13.att.)
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13. att. HPP ciikgalas sikstuma izmainas atkariba no
karsésanas laika un temperatiiras /
Fig. 13. Cooked HPP pork hardness, depending on the time of heating

Termiskas apstrades laika dala no neskistoSajam galas olbaltumvielam
parveidojas skistosajas olbaltumvielas, to denaturéSanas pakape ir atkariga no
gatavibas pakapes vai sasniegtas temperatiiras, karsé$anas laika un galas pH.
Jo augstaka temperatiira tiek sasniegta un jo ilgak galu iztur §ada temperatiira,
jo augstaka ir denaturacijas pakape. Denaturacijas ietekmé gala kliist stingra
un bliva (Sun & Holley, 2010). Termiski apstradatas galas struktiira ir saistita
ar saistaudu un kolagé€na Ipasibu izmainam termiskas apstrades iedarbiba
(Chang et al., 2011).

Ciukgalas sensoro un fizikalo ipasibu izmainas augstspiediena
apstradé. Sensoraja novertéSana noteiktas sensoro TIpasibu intensitates
(4. tabula) izveletas, nemot véra svarigakos galas kvalitates raditajus balstoties
uz Bak et al. (2012) un Reed et al. (2017) veiktajiem patérétaju p&tijumiem.

Apkopojot iegiitos rezultatus, var secinat, ka starp paraugiem nepastav
bitiskas atSkiribas krasas (p = 0.307) un aromata (p = 0.864) intensitaté. Tacu
starp paraugiem pastav ievérojamas atSkiribas suliguma (p =0.003) un
sakoslajamiba (p = 0.000), ko vairak ietekme apstrades spiediens, nevis laiks.

Krasas intensitates novertejums. Konstatéts, ka péc HPP paraugu
termiskas apstrades krasas atSkiribas vairs nav biitiskas. Krasas intensitates
novert&jums svarstas robezas no 2.07 lidz 2.37, kas ir tuvs gaiSai krasai. Lidz
ar to var apgalvot, ka krasas izmainas augstspiediena apstrades ietekmé nav
biitiskas, ja pirms turpmakas izmantoSanas partika tiek veikta produkta
termiska apstrade. Ka jau noskaidrots, p&c termiskas apstrades analiz&to
paraugu krasa ir raksturiga varitai galai. Krasas komponentes L* vertiba vidgji
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ir 71.47; a* = -1.1; b* = 14.42. Ari instrumentalie mérijumi neuzrada bitiskas
atSkiribas (p = 6.964) starp analiz&tajiem paraugiem.

4. tabula / Table 4
Varitas augstspiediena apstradatas ciikgalas sensoro 1pasibu intensitate /

Intensity of sensory attributes of cooked high pressure treated pork

Paraugs / Krasa / Aromats / Suligums / Sakoslajamiba /
Sample Colour? Flavour?! Juiciness! Chewiness !
K 2.07 @* 2902 2.67" 3.27°
300/1 2.37¢2 2,702 2.83b 3.47°
300/15 2.07¢2 2702 3.10° 3.53°
600/1 2238 2,702 233 1832
600 15 2.37% 2.67 2 1702 1332

zvertets ar 5 punktu Iinijskalu (1 — gaisa, vaja, sausa, siksta; 5 — tumsa, intensiva,
suliga, miksta) / Evaluated by a 5 — point line scale (1 — light, weak, dry, tough; 5 —
dark, intense, juicy, soft).

Aromata intensitates noveértéjums. Vertétaji testéja galas aromata
intensitati, kas butiski ietekm¢& patérétaju 1émumu par produkta izveli. Starp
novertétajiem paraugiem nav konstatStas butiskas atSkiribas (p > 0.05).
Visu paraugu aromata intensitate noveértéta 5 punktu linijskalas diapazona no
2.67 1idz 2.90, tas vida atrodas pozicija “ne vaja, ne izteikta”. Paraugi izteiktu
aromatu ir ieguvusi termiskas apstrades laika, bet ne augstspiediena apstrade.

Suliguma intensitates novértéjums. Sensora novertejuma rezultati
parada, ka ciikgalas paraugi, kas apstradati 600 MPa spiediena, noverteti ka
sausi (1.70-2.33), salidzinot ar kontroles paraugu vai paraugiem, kuri
apstradati 300 MPa spiediena (14. att.).
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14. att. HPP cuikgalas paraugu mitruma saturs péc termiskas apstrades /

Fig. 14. Moisture content of the studied HPP pork samples after cooking

K 3001

Sensorajiem novert€sanas rezultatiem raksturiga vidgji ciesa korelacija
(r=0.619) ar iegiitajiem paraugu mitruma satura mérijumiem. Sadi rezultati
var liecinat par zemaku mitruma saturu paraugos, kas neatkarigi no lietota
spiediena apstradati ilgaku laika periodu (15 minttes, salidzinot ar 1 minti).
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Veiktie aprekini parada, ka no pargjiem paraugiem butiski atSkiras paraugs
600/15 (p < 0.05). Sa parauga suliguma intensitates novértgjums ir 1.70, un ta
raksturojums — “sausa”. Termiskas apstrades laika muskulaudi zaudé tdeni,
bet olbaltumvielas kliist mazak elastigas un stingrakas.

Struktiiras intensitates noveértéjums. Sensoras novert€Sanas rezultati
parada, ka starp paraugu sensorajam Ipasibam — suligumu un sakoslajamibu —
pastav ciesa korelacija (r = 0.943). Paraugi, kas apstradati 600 MPa spiediena,
saskana ar sensoro novértéjumu ir mazak suligi. So paraugu sakoslajamiba
novertéta ka slikta — respektivi, Sie paraugi ir siksti. Paraugam ar apstrades
laiku 1 mindte sako$lajamiba ir 1.83, bet paraugam, kas apstradats 15 mindtes,
— 1.33. Sie rezultati liecina, ka mazak suligus paraugus ir griitak sakoglat un
tiem raksturiga stingraka strukttira. Jaatzimé, ka sensoraja vert€Sana iegiitie
dati nesakrit ar rezultatiem, kas iegiti, analiz§ot paraugu konsistenci ar
instrumentalo metodi — struktiiras profila analizi (TPA).

Pieaugot apstrades laikam no 1 Iidz 15 minGt€ém gan 300 MPa, gan
600 MPa spiediena, starp paraugiem konstatetas bitiskas atSkiribas gan
stingribai (p =0.043 un p=0.004), gan sakoslajamibai (p =0.042 un
p =0.001). Turpreti neatkarigi no apstrades laika un lietota spiediena nav
butisku atskirtbu starp stingribu (p = 0.60 un p = 0.539) un sakoslajamibu
(p=0.121 un p =0.198).

Analizgjot cukgalas paraugu struktiru ar Warner-Bratzler bides ierici,
novérotas bitiskas atSkiribas starp analiz&tajiem paraugiem (p = 0.010) un
noskaidrots: jo augstaks ir apstrades spiediens, jo lielaks speks japieliek galas
sagrieSanai (15. att.).
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Sikstums / Hardress, N

K 300/1  300/15 600/ 600/15
Paraugi / Samples
15. att. Termiski apstradatas HPP cikgalas paraugu sikstums,
izmantojot Warner-Bratzler bides ierici /
Fig. 15. Hardness of the studied pork samples after HPP and cooking as
measured by Warner-Bratzler shear device

Galas paraugu stingriba palielinds, ja izmanto augstaku spiedienu
(600 MPa), bet ta nav atkariga no apstrades laika. Ar So metodi iegitie
rezultati korel€ ar sensoras vertéSanas rezultatiem, kas norada: paaugstinoties
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apstrades spiedienam, ciikgalas struktiira kllst stingraka. Starp dazadiem
apstrades laikiem nav batisku atSkiribu (p > 0.05).

5. Uzglabasanas laika salidzinajums, kombing&jot
mikrokapsulétu marrutku lapu un saknu sulas pievienosanu
ar cikgalas apstradi augsta spiediena

Eksperimenta sakuma MAFAM skaits atdzeséta cakgala bija
199 Ig KVVg?l bet augstspiediena apstradata kontroles parauga
1.75 Ig KVV gl. Uzglabasanas laika lidz 14. dienai HPP apstradatos paraugos
MAFAm skaits bija batiski mazaks (p < 0.05) neka neapstradatos paraugos.
Savukart 21. diena, butiskas atSkiribas (p > 0.05) starp paraugiem n etika
konstat&tas (16. att.).
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16. att. MAFAmM skaita izmainas galas uzglabasanas laika /
Fig. 16. The TPC dynamics in pork meat samples during storage

Eksperimenta sakumposma noteikts, ka galas pH bija 5.44+0.02.
Pievienota mikrokapsuléta marrutku lapu un saknu sula galas pH neizmainija.
Savukart, apstradajot galu augstspiediena, pH pieauga. Veiktie statistiskie
aprékini uzrada butiskas atSkirtbas (p <0.05) starp augstspiediena
apstradatiem un neapstradatiem paraugiem. Savukart starp kontroles paraugu
un paraugiem, kas apstradati ar mikrokapsulétu marrutku lapu un saknu sulu,
bitiskas atSkiribas nepastav (p > 0.05). Tas attiecas gan uz augstspiediena
apstradatiem, gan neapstradatiem paraugiem.

Uzsakot eksperimentus, @idens aktivitate (a.) atdzeséta cukgala bija
0.976+0.05. HPP parauga ar mikrokapsulétu marrutku lapu sulu adens
aktivitates dinamika uzglabasanas laika butiski atskiras (p < 0.05) no pargjiem
paraugiem. L-300 paraugam uzglabaSanas laika noveérojama viszemaka tidens
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aktivitate, salidzinot ar par&jiem paraugiem. Paraugiem, kuri nav apstradati
HPP, $adas izmainas nav novérotas.

Galas Kkrasas novértéjums parada, ka batiskas (p <0.05) krasu
komponentes L* vertibas atSkiribas pastav starp dazadi apstradatiem
paraugiem (17. att.). Krasas komponentes izmainas nav atkarigas (p > 0.05)
no pievienotas mikrokapsulétas marrutku lapu un sakpu sulas vai
uzglabasanas laika, bet gan no apstrades augsta spiediena, ka rezultata galas
krasa klaist gaisaka. Tas saistits ar to, ka olbaltumviela miozins ir jutiga pret
spiediena iedarbibu un denatur&jas 180-300 MPa spiediena, ieglistot varitai
galai lidzigu krasu (Ma & Ledward, 2013).
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17. att. Galas paraugu krasas komponentes L* veértibas izmainas
uzglabasSanas sakuma un 28. diena atkariba no pievienotas
mikrokapsulétas marrutku lapu vai saknu
sulas un augstspiediena apstrades /

Fig. 17. Colour component L * changes in HPP treated pork meat samples,
on the first and 28" day of storage, depending on the added
microencapsulated horseradish leaf or root juice

Atdzesétas cikgalas mitruma saturs pirms uzglabasanas bija
69.83£1.21%. Pievienojot mikrokapsulétu marrutku lapu un saknu sulu,
ieguva mitruma saturu attiecigi 71.69+0.34% un 72.53+0.19%. UzglabaSanas
laika galas paraugos mitruma saturs butiski nemainijas (p > 0.05). Péc
35 dienam vakuuma iepakojuma kontroles parauga mitruma saturs bija
69.70+2.87%, paraugiem ar mikrokapsulétu marrutku lapu sulu -
71.86+0.13%, bet paraugiem ar marrutku saknu sulu — 71.19+0.19%. Savukart
augstspiediena apstradatiem paraugiem mitruma saturs bija $ads: kontroles
paraugam — 70.00+0.45%, paraugam ar marrutku lapu sulu — 70.16+0.59% un
paraugam ar marrutku saknu sulu — 71.80+0.27%.

Eksperimentali noteikts, ka uzglabasanas laika galas stkstums samazinajas,
gala kluva mikstaka. Sada tendence novérota visiem paraugiem neatkarigi no
izmantota apstrades veida vai pievienotajam piedevam. Uzskatami to var
aplukot 18. attela.
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18. att. Ciikgalas sikstuma dinamika HPP paraugiem ar
mikrokapsulétu marrutku lapu un saknu sulu uzglabasanas laika /
Fig. 18. The hardness dynamic of HPP treated pork meat with
microencapsulated horseradish leaf and root juice during storage

Veiktie aprékini bitiskas at$kiribas neuzradija (p = 0.140). Saskana ar
Olivera et al. (2013) datiem p&c 24 h ilgas p&cnaves muskulu audu glikogéna
noardi$anas samazinajas galas sikstums. So degradaciju izraisa proteolitiskie
enzimi, pieméram, kalpainas un liposomalas proteazes. Uzglabasanas laiks un
temperattira var ietekmét So fermentativo noardisanos, kas savukart var mainit
pH.

SECINAJUMI

1. FTIS spektros konstatétas muskulaudu un Siinsulas makromolekulara
sastava atSkiribas starp kontroles paraugu, termiski apstradatiem un
augstspiediena apstradatiem paraugiem. Uzradot olbaltumvielu otréjas
struktliras un satura izmainas, Sajos apstaklos notiek olbaltumvielu
denaturacija un to izdaliSanas galas sula.

2. Augstspiediena apstrade nemaina galas Skiedru formu un izm&ru un
aminoskabju sastavu, bet §1s apstrades ietekmé novérota taukskabju satura
samazinasanas.

3. Lietota spiediena palielinaSanas izraisa nebutisku (p >0.05) pH
pieaugumu Vvisos paraugos.

4. HPP galas paraugu mitruma saturs samazinas neatkarigi no izmantota
spiediena vai apstrades laika. Palielinot spiedienu virs 300 MPa, galai
palielinas tidens satur&Sanas sp€ja, 15 miniites augstspiediena apstradatiem
paraugiem ta ir izteiktaka neka paraugiem, kas apstradati 1 minti.
Palielinot apstrades laiku no 1 mindites Iidz 15 minGitém neatkarigi no
izmantota spiediena, samazinas udens izdaliSanas no galas parauga
salidzinajuma ar kontroles paraugu.
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5. Krasas komponentes L* vértibas pieaugums noverots, spiedienam
paaugstinoties robezas starp 100 un 400 MPa. Savukart, salidzinot varitu
galas paraugu un augsta spiediena apstradatus paraugus, nav konstatgtas
atskiribas krasas komponentes L* vértibas (p < 0.05).

6. Dzivotspgjigo mikroorganismu skaits samazinas, izmantojot HPP apstradi
virs 300—400 MPa neatkarigi no apstrades laika.

7. Augstspiediena apstradatu ctkgalu karsgjot 60 °C un 80 °C temperatiira,
termiskas apstrades zudumi ir bitiski atSkirigi (p < 0.05), bet kars€Sanas
beigas abas temperatiiras konstateti lidziga apjoma zudumi.

8. Starp paraugu 600 MPa 15 min un par€jiem paraugiem pastav bitiskas
stkstuma atskiribas (p < 0.05), ja tie karséti 60 °C temperattra, bet 80 °C
temperatiira pastav butiskas atskiribas (p < 0.05) starp visiem paraugiem.

9. HPP spiediens un laiks butiski neietekmé (p >0.05) produktu sensoro
Tpasibu — krasas un aromata — intensitati, bet batiski ietekmé (p < 0.05)
suliguma un sakoslajamibas intensitati.

10. Pievienojot mikrokapsulétu marrutku sulu uzglabasanas laika lidz
14. dienai, MAFAm ir butiski mazaks (p <0.05) neka neapstradatiem
paraugiem. Savukart 21. diena bitiskas atskiribas (p > 0.05) starp tiem nav
konstatgtas.

11. Galas pH un krasu komponetntes L* vertiba butiski (p > 0.05) atskiras
augstspiediena apstradatiem paraugiem.

12. Visu paraugu sikstums uzglabasanas laika samazinas, bet starp paraugiem
butiskas atskiribas (p < 0.05) nav konstatgtas.

13.Pétijuma ieghtie rezultati apstiprina izvirzito hipotézi: izmantojot
augstspiediena apstradi, galas fizikalas, kTmiskas un sensoras tpasibas mainas
atkariba no apstrades rezima.
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TOPICALITY OF THE RESEARCH

Consumers today are paying more and more attention to nutrition
information and the list of food ingredients on the packaging. By applying
appropriate technological treatment, it is possible to avoid food additives used
to extend the shelf life, while maintaining the nutritional value and sensory
properties of the product, which are similar or identical to the raw, fresh
product (Heinz & Buckow, 2010).

In high pressure processing (HPP), also known as cold pasteurization of
food, the product is not heated. This type of treatment is used for both liquid
and solid products such as meat, seafood, beverages, dairy products, fruits and
vegetables (Tonello, 2011). HPP is currently one of the most successful heat
treatment alternatives in the food industry. About 26—29% of industrial high
pressure processing equipment is used in meat processing (Elamin et al.,
2015; Ghalavand et al., 2015). HPP technology mainly is used for the
processing of cut cooked meat, cooked meat products, raw beef products,
dried products, sausages and semi-finished meat products without the addition
of preservatives (Bolumar et al., 2015). HPP inactivates microorganisms and
prolongs shelf life while maintaining the physico-chemical properties and
quality of meat and meat products (Balasubramaniam & Farkas, 2008; Jofré &
Serra, 2016; Xu et al., 2020). In addition, HPP has a great potential for the
development of innovative products that require relatively low energy
consumption. There is also the possibility of combining HPP technology with
other food processing methods that would promote the development of the
food industry (Hugas et al., 2002).

HPP is used more for the products that do not require further heat
treatment, but relatively little information is available on the effects of high
pressure on fresh meat, as well as processing regimes, to obtain a final product
that satisfy consumer demands. Thus, the research on processes occurring in
meat during HPP should be studied, selecting the optimum treatment
conditions, which would allow achieving the positive effect.

The hypothesis of doctoral dissertation: the use of high-pressure
processing causes changes in the physical, chemical and sensory
characteristics of the meat depending on the treatment regime.

The hypothesis of the doctoral thesis is supported by the following theses.
1. High pressure processing has a significant effect on the pork meat water

holding capacity, colour and protein structure.

2. The pH, moisture content, tissue microstructure and chemical composition
of pork do not change during high pressure processing.

3. High pressure processing affects the dynamics of natural microflora (as
total plate count) in pork.
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4. When combining high pressure processing with heat treatment, the
sensory and physical characteristics of the pork depend on the treatment
mode.

5. In hurdle technology combining the high pressure processing with the
addition of microencapsulated herb juice, it is possible to extend the shelf
life of meat.

The aim of the doctoral thesis was to research and evaluate pork meat
after the high pressure processing.

The following research objectives were set to achieve the aim of the
doctoral thesis:

1) to analyse the impact of high pressure processing (HPP) modes on pork

chemical composition and tissue microstructure;

2) to assess the physical and chemical characteristics of the high-pressure
processed meat, as well as dynamics of aerobic and facultative
anaerobic, mesophilic bacteria;

3) to evaluate effect of high pressure processing on pork physical attributes
during its thermal treatment;

4) to perform sensory evaluation of HPP treated pork;

5) to evaluate the combined effect of micro-encapsulated horseradish juice
and high pressure treatment on pork quality.

The novelty and scientific significance of the thesis:

o  for the first time the study on the effect of high pressure processing on
pork has been carried out in Latvia;

e the impact of high pressure treatment on pork physical and chemical
characteristics, and sensory properties have been evaluated, as well as
the optimal treatment regimes have been determined,;

e the quality of the processed meat during storage has been evaluated;

e the role of micro-encapsulated horseradish juice in ensuring the quality
of high-pressure pork has been evaluated.

The economic significance of the thesis:

e since meat is a perishable product, high pressure processing allows
inactivation of microorganisms, thus extending the shelf life without
further heat treatment;

e  expanding the range of the supplied meat products;

e high pressure processing can provide consumers with an attractive
minimally processed product having extended shelf life.

APPROBATION OF THE RESEARCH

The research results are summarized and published in 6 scientific issues,
including 5 publications indexed in the international citation databases
SCOPUS and Web of Science (see the list on pages 5-6).
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The research results have been presented at 8 international scientific
conferences and congresses in Estonia, Ireland, Latvia, and Portugal and two
exhibitions in Latvia (see the list on pages 6-7).

MATERIALS AND METHODS

Time and place of the research

The research was conducted from September 2016 till February 2020 at
the laboratories of Study and Research Centre of the Faculty of Food
Technology of Latvia University of Life Sciences and Technologies, the
Institute of Microbiology and Biotechnology of University of Latvia, the
Institute of General Chemical Engineering of the Faculty of Materials Science
and Applied Chemistry of Riga Technical University, and J.S. Hamilton
Poland Sp. z 0.0. testing laboratory.

Characteristics of materials

Object of the thesis is high pressure processed pork meat. Samples of
chilled meat obtained from the longest lumbar muscle piece of the pig
Musculus longissimus lumborum were used in the experiments. No breed, age,
sex nor the further processing were recorded. Country of meat origin Latvia.
The sample designations are summarized in Table 1.

Preparation of meat samples for high pressure processing. Chilled pork
meat was cut into slices across the muscle fibre. Slices were divided into
portions and vacuum packed in the polyamide / polyethylene (PA / PE)
pouches. Pork samples were refrigerated at 4+2 °C until high pressure
processing on the same day.

Pork meat samples were treated in a high pressure processor 1SO-Lab S-
FL-100-250-09-W (Stansted Fluid Power Ltd., UK) with a pressure chamber
of 2 L and the maximum operating pressure of 900 MPa. The pressure
transmitting medium was a mix of propylene glycol with water (1:2 v/v) at
room temperature. The vacuum packaged samples were subjected to one of
the treatment pressures (from50 till 600 MPa) for 1, 5, and 15 min, but the
untreated sample was used as a control.

Research structure

The research was completed in three stages. In the stage | the effect of
HPP on refrigerated pork was studied within pressure range form
50-500 MPa with a treatment time 1, 5 and 15 min. In this stage total plate
count, physical and chemical analysis were performed, and dynamics of the
quality parameters was studied depending on the applied pressure and time.
The scheme of the first stage of the research is presented in Figure 1.

In the stage Il the pressures of 300 MPa and 600 MPa for 1 and
15 minutes were applied. The structural scheme of the stage Il is shown in
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Figure 2. At this stage of the research, it was found out how the physical and
chemical parameters of high pressure processed meat change after further heat
treatment of samples. The heat treatment of the meat was performed at
temperatures of 60 and 80 °C and then the changes in the physico-chemical
parameters of the product were evaluated, taking into account the duration of
the processing time (Fig. 2).

Heat treatment of the pork samples

Vacuum packed HPP pork meat samples were heat treated in an AppliTek
21AT water bath (HetoLabEquipment, Denmark):

o after the core temperature of the meat sample reached 8012 °C, the heating
was continued for 3, 6, 9 and 12 minutes, then meat was rapidly chilled in
ice-water till 10£2 °C temperature;

o after the core temperature of the meat sample reached 60+2 °C, the heating
was continued for 30, 60, 90 and 120 minutes, then meat was rapidly
chilled in ice-water till 10£2 °C temperature.

The HPP samples for sensory evaluation were heat treated in the water
bath AppliTek 21AT (HetoLabEquipment, Denmark) within the packaging at
80£2 °C temperature, until the core temperature reached 80 °C and the
cooking was continued for 10 minutes. After cooking, meat was rapidly
chilled in ice-water till 10£2 °C temperature.

In the stage Il of the experiments, meat was studied, to which
microcapsules of horseradish leaf and root juice were added before high
pressure treatment. Based on the results obtained in the previous stages of the
research, it was decided to use a 15-minute treatment at 300 MPa at this stage.
The scheme of the stage 111 of the study is shown in Figure 3.

The amount of horseradish juice microcapsules added to the meat was
calculated considering the experiments performed by other researchers.
(Azman et al., 2015; Masoodi, 2016). In the current research, 1.3 g of
microencapsulated horseradish juice or 0.13g of microencapsulated
horseradish leaf juice per 100 g of pork meat was added.

Methods used in the research

The methods used for analysis of pork quality parameters are summarized
in Table 2.

Data analysis

Data analysis was performed with statistical software of Microsoft Excel.
Mean value and standard deviation were determined from the experimental
results. One-way analysis of variance (ANOVA) and Tukey test for multiple
comparison were used for data interpretation. The level of significance of the
obtained data is characterized by p-value (if p > 0.05, the data do not differ
significantly, if p < 0.05, the data differ significantly). Spectral data were
processed using the deconvolution, hierarchical cluster analysis and
integration (Opus 6.5, Bruker Optics, Germany), and two tailed t-test
statistical analysis.
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RESULTS AND DISCUSSION

1. FTIR spectroscopy studies of high pressure induced
changes in pork macromolecular structure

High-pressure processing can induce changes of the protein structure, the
higher the pressure, the more pronounced change in meat protein. Spectra of
muscles and juices showed the characteristic bands of lipids in the region of
3000-2800 cm? assigned to C-H stretching, in the protein region
1700-1500 cm* spectra showed typical Amide | (~1657 cm™) and Amide Il
(~1544 cm) absorption bands. The most intensive absorption both in spectra
of muscles and juices was detected in the protein region of 1700-1500 cm,

By analysing the spectrum of meat muscle tissue or meat juice,
hierarchical cluster analysis (HCA) easily separated the control sample and
samples treated at 300 MPa and 600 MPa (Fig. 4).

The results obtained in the HCA show that the spectra of both muscle
tissue and juice are similarly grouped in two subgroups. Muscle tissues
subjected to 300 MPa pressure treatment are spectrally (structurally) similar to
untreated muscle tissue and their differences increase with increasing time of
HPP treatment from one to 15 minutes. By increasing the processing pressure
from 300 to 600 MPa, the FTIR spectra of muscle tissue become more similar
to those of heat-treated meat.

In FTIR spectra of meat juice samples - control, cooked and treated at
300 or 600 MPa for 1 or 15 min, the most intensive absorption was detected in
the Amide | and Amide Il bands region of 15001700 cm™. Increasing the
HPP processing pressure to 600 MPa, in the protein-specific region, the
absorption overlap is more pronounced and a wide absorption band with small
peaks at 1653 cm™ (amide I) and 1600-1599 cm! is seen, but the absorption
peak of amide Il almost disappears. Spectra of cooked meat juice in a protein
region was very different and showed a broad band with only one absorption
maximum at 1598 cm™. The shape of the Amide | and Amide Il band of
globular proteins is characteristic of their secondary structure. In juice
samples treated at 600 MPa, these changes of both Amide band shapes,
frequencies and the minimum between Amide bands, compared to those of
control, indicated changes of the protein secondary structure and changes of
the proportion and content of protein secondary structures, a-helix and p-sheet
(Fig. 5).

FTIR spectroscopy of pork muscle tissue with increasing pressure and
HPP treatment time show differences (Fig. 5) in the spectra of Amide |
(1655 cm™) and Amide Il (1548 cm™) absorption bands compared to the
control samples. Amide | and Il peaks become wider and the absorption
intensity between them is equalized. Overall the spectra of control muscle and
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HPP at 300 MPa showed distinct Amide | (1655 cm™) and Amide Il
(1548 cm™?) absorption bands with slight increase of the minimum between
both Amide bands depending on the pressure and exposure time, whereas in
samples treated at 600 MPa, the two amide bands strongly overlapped. In
spectra of cooked meat muscle, the maximum of Amide | band shifted to
1627 cmL. Since the shape of Amide peaks is a direct result of the protein
secondary structure, the deconvolution of amide peaks in the 2nd derivative
spectra it is possible to detect HPP induced changes in protein structure.

2. Effect of high pressure processing on total plate count in
pork and influencing factors

Changes in the number of viable microorganisms (total plate count — TPC)
in pork after HPP treatment are shown in Fig. 6. Individual microorganism
species were not evaluated in the study.

The total plate count determined in vacuum packed chilled pork was
2.99 logioc CFU g?! for the control sample. Microorganisms in meat
demonstrated resistance up to 300 MPa irrespective of treatment time. After
undergoing high pressure treatment above 300 MPa, a significant (p < 0.05)
decrease of microorganisms was observed. Also other authors reported similar
results with microbial inactivation at the range of 400-600 MPa with short
treatment duration (3—7 min) (Del Olmo et al., 2014). Similar to other studies
(Simonin et al., 2012), it was confirmed that the TPC inactivation depends on
the pressure applied. The TPC after the pressurization at 300 MPa for 1 min
was at the same level as in untreated control sample, being approximately
3.14 logio CFU g?. But it was significantly reduced after treatment at
500 MPa for 1 min to 2.17 logio CFU g%, 5 min — 1.77 logio CFU g%, 15 min
—2.33 logio CFU g

Nevertheless, results of the total plate count had no significant (p > 0.05)
difference between samples exposed to pressure for different duration of time.
It shows that the lethality of microorganisms was more dependent on pressure
applied not on the duration, the sample was exposed to pressure.

Microorganisms are the most pressure-resistant at a neutral pH and
become more sensitive as the pH reduces. In the current research it was
determined that pH of chilled pork meat was 5.51+0.06, while this value
slightly decreased for meat after it was vacuum packed and reached
5.42+0.06. Typical pH value for fresh meat did not change significantly
(p > 0.05) after treatment within the pressure interval from 50-200 MPa for
1-5 minutes.

High-pressure treatment of meat can cause a reversible decrease in pH due
to changing dissociation constants of acids and bases (Stippl et al., 2004).
Increasing the pressure used in pork processing causes a negligible (p > 0.05)
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increase in pH (Fig. 6). Comparing different exposure times, it was observed
that the pH of all meat samples tended to increase, however, the differences
were not significant (p > 0.05).

The average water activity of the chilled pork used in the experiments was
0.940 + 0.05. No significant differences in water activity (p >0.05) were
observed between high-pressure treated pork samples with different exposure
times.

3. Effect of high pressure processing on physical and
chemical attributes of raw pork meat

Research has shown that high pressure significantly affects the properties
of microfibrillar proteins, such as solubility (Chapleau et al., 2003a; Chapleau
et al., 2004; Gaoshang et al., 2019), as well as their ability to bind water and
form gels. Such functional properties are related to the meat texture and the
water holding capacity (Duranton et al., 2012).

Microscopy of histological samples showed that the fibre size in untreated
pork (control sample) was slightly smaller compared to high pressure treated
samples. After HPP treatment fibre cross section area was slightly increased
which correlates with improved water holding capacity. It can be related to the
protein denaturation. Fig. 7 shows the histological and ESEM cross sections
of pork muscle tissue (the connective tissue is light, the fibre are dark).

There was not observed statistically significant (p > 0.05) differences in
fibre cross section area and extracellular space. It indicates that observed
muscle structures retained their shape after pressurization. Zhang et al. (2018)
described the transformation of the quaternary, tertiary, and secondary
structures of proteins that alter both the texture and functions of meat. This
effect can usually be achieved at pressures of 200 MPa and higher.

Studies have shown that the use of high pressure reduces the moisture
content of pork, but the changes do not depend on the pressure used or the
processing time. No significant differences between meat samples (p > 0.05)
were observed when using pressure with different holding times. The effect of
pressure on water is mainly manifested by an increase in ionization, which
causes a decrease in pH under pressure.

Studies have shown that a greater increase in water holding capacity
(WHC) was observed for samples treated for 15 minutes compared to samples
treated for 1 minute. Under pressure, the most significant changes occur in
meat sarcoplasm and myofibrillar proteins, which are sensitive to the
denaturation (Fig. 8).

Protein denaturation occurs during processing. It influences factors that
increase the pH of the meat and the electrostatic conversion of proteins, which
in turn reduces the release of water from the meat (Guyon et al., 2016).
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In turn, centrifugation of pork samples shows that a larger amount of
released water was present in the control sample (16.00 + 2.98%) and it was
about five times higher than in HPP samples (Fig. 9). Among HPP samples,
the highest water holding capacity was for the pork sample 300/15, as it had
the lowest amount of expressible water (1.8 + 0.55%), but the lowest WHC
was found for sample 300/1. Processing time did not affect the amount of
expressible water when treated at a high pressure of 600 MPa because
pressures above 300 MPa lead to more pronounced protein denaturation and
protein electrostatic conversion, resulting in a reduced water release from
meat (Guyon et al., 2016). The differences between the control sample and the
HPP samples are significant (p < 0.05).

Experiments revealed that regardless of the pressure or time used, no
significant differences were found in the amount of expressible water between
the HPP samples treated (p > 0.05).

HPP did not change pork meat colour at the pressures of 50—100 MPa, and
the change in colour in this pressure range depends on the exposure time (Fig.
10). However, as the pressure increased from 100 to 400 MPa, the colour
component L* value increased.

Changes in the value of the colour component L* dkid not depend on the
treatment time, but depended on the treatment pressure (p <0.05). As
explained by Guyon et al. (2016), this is related to the protein coagulation,
which affects the sample texture and surface properties, or the denaturation of
the globulin and displacement or release of the heme group.

An increase in the colour component L* value is observed both after heat
treatment and after high pressure treatment (Fig. 11). The colour of the meat
after HPP treatment was similar to the colour of cooked meat. Several studies
by other scientists showed that the pressure limit is 300-400 MPa when the
meat turns pale. These changes are irreversible.

Amino acid content. It was experimentally determined that the amino
acid content of high-pressure treated meat did not differ significantly
(p > 0.05), regardless of the applied pressure and processing time.

The total content of amino acids found in raw meat was 21.67 g 100 g in
the current research, but in processed meat it ranged from 22.57 g 100 g™ to
23.31 g 100 g*. Irrespective of the applied pressure and processing time, the
amino acid content in meat did not differ significantly (p >0.05). High
pressure denaturation of proteins is a complex process caused by hydrophobic
bonds. Under high pressure, the intermolecular balance changes, which in turn
affects protein interactions. Pressure-induced protein denaturation depends on
such factors as temperature, pH, ionic strength, pressure-time ratio (Chapleau
et al., 2004) (Table 3).

Fatty acid composition is one of the most important indicators, changes
in which during high-pressure processing can negatively affect the sensory
properties and nutritional value of meat (Wood et al., 2008).
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The samples treated under high pressure showed a common trend — a
decrease in fat content. This could be explained by small release of fat from
the meat under the influence of pressure, which is also indicated by the FTIR
spectra of meat juice (Sazonova et al., 2019b).

4. Effects of heat treatment on high pressure processed pork
cooking loss, sensory and physical attributes

The cooking loss of pork was affected by both processing time and
pressure, but as the temperature raised to 80 °C, these differences decreased
(Fig. 12).

During the HPP-induced denaturation process, meat proteins may dissolve
or precipitate depending on the pressure used (Sun & Holley, 2010). Meat
proteins are denatured during heat treatment, leading to structural changes in
the meat, such as rupture of cell membranes, disintegration of meat fibers,
accumulation and formation of miofibrillar and sarcoplasmic proteins, and
decreased connective tissue solubility (Latif, 2010).

When high-pressure treated pork was heated at 60 °C and 80 °C, cooking
losses differed significantly in different time periods (p < 0.05). In general,
there was a gradual increase in cooking losses with increased treatment time.
On the other hand, at the end of the heat treatment, samples treated at both
temperatures showed similar results. However, the performed calculations did
not show significant differences at 120 and 12 minutes of treatment
(p=0.717).

Summarizing the results on the changes in the hardness of cooked high-
pressure processed meat, it was found that when heated at 60 °C, there are
significant differences (p < 0.05) between the sample 600/15 and the other
samples. On the other hand, when heated at 80 °C, significant differences
(p < 0.05) occur between all samples (Fig. 13).

During the heat treatment, part of the insoluble meat protein is converted
into soluble protein, the degree of denaturation depends on the degree of
maturation or temperature reached, the heating time and the pH of the meat.
The higher the temperature reached and the longer the meat is held at that
temperature, the higher the degree of denaturation. As a result of denaturation,
the meat becomes firm and dense (Sun & Holley, 2010). The texture of
cooked meat is associated with changes in connective tissues and collagen
properties upon heat treatment (Chang et al., 2011).

Changes in sensory and physical properties of pork during high
pressure treatment. The intensities of sensory properties determined in the
sensory evaluation (Table 4) were selected taking into account the most
important meat quality indicators based on Bak et al. (2012) and Reed et al.
(2017).
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Summarizing the obtained results, it can be concluded that there are no
significant differences in the intensity of colour (p =0.307) and aroma
(p = 0.864) between the samples. However, there are significant differences
between the samples in their juiciness (p = 0.003) and chewiness (p = 0.000),
which are more influenced by the processing pressure than by time.

Evaluation of colour intensity. The colour of samples coked after HPP
no longer showed significant differences in colour. The colour scores ranged
from 2.07 to 2.37, being close to light colour. Thus, colour changes in the
high pressure processing step are not relevant if a product is further heat
treated. After the heat treatment, the final products had a uniform colour,
typical of cooked meat. Colour value component L* was on average 71.47;
a* =-1.1; b* =14.42. Also, an instrumental measurement of the colour did
not show significant differences (p = 6.964).

Evaluation of flavour intensity. The panellists evaluated the intensity of
meat flavour, which plays an important role in the acceptance and preferences
of consumers. No significant differences were established among the
evaluated samples (p > 0.05). The flavour of all the samples on the 5-point
scale was estimated to be within the range 2.67-2.90, which is in the middle
“neither weak, nor intense”. Meat has its flavour and taste derived from
volatile aroma constituents, which results from thermally induced reactions,
not from HPP treatment.

Evaluation of juiciness intensity. Sensory evaluation results showed that
the pork samples that have undergone treatment at 600 MPa were scored as
drier (1.70-2.33), comparing to the control sample or the samples treated at
300 MPa. The sensory results had a moderate correlation (r = 0.619) with the
results of instrumental measurements, which indicated lower moisture content
(Fig. 14) in both samples treated for longer time (15 min compared to 1 min)
irrespective of applied pressure. The calculations showed significant
differences only for the cooked sample 600/15 (p <0.05), which is in
agreement with sensory evaluation of juiciness, which was assessed at a five-
point scale with 1.70 being closer to dry. During heat treatment, the muscles
lose water, but the proteins become less flexible and tougher.

Evaluation of texture intensity.

Sensory evaluation results showed that between the sensory properties of
the samples — juiciness and chewiness exist a strong correlation (r = 0.943).
The samples treated at 600 MPa according to the sensory evaluation were less
juicy. The chewiness of these samples was assessed as poor - respectively,
these samples were tough. The samples treated for 1 min received chewiness
intensity score — 1.83, but the sample treated for 15 min —1.33. These results
indicate that less juicy samples are harder to chew, and may have a harder
texture. It should be noted that the data obtained in the sensory evaluation do
not agree with the results obtained by analysing the consistency of the
samples with the instrumental method — texture profile analysis (TPA).
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An increase in a processing time from 1 to 15 min, both at pressure
300 MPa and pressure 600 MPa the samples showed a significant difference
between gumminess (p=0.043 and p=0.004), and chewiness (p=0.042 and
p=0.001). In contrast, regardless of time and pressures applied, there is no
significant difference between gumminess (p=0.60 and p=0.539), and
chewiness (p=0.121 and p=0.198)

When measuring the texture of pork samples using Warner-Bratzler shear
device a significant difference between the analysed samples (p=0.010) was
observed, the higher the treatment pressure applied, the greater the force must
be applied to cut the meat (Fig. 15).

Accordingly, the toughness of the meat samples increased when higher
pressure (600 MPa) was applied irrespective of the treatment time. This
method correlated with the sensory evaluation results, when texture of pork
became tougher with increased pressure. There was no significant difference
between exposure times at the same pressure (p > 0.05).

5. Shelf life comparison of pork meat with added
microencapsulated horseradish leaves and roots juice after
HPP treatment

At the beginning of the experiment, the TPC in chilled pork was
1.99 Ig CFU g7, but for the high-pressure control sample 1.75 Ig CFU g™.
During storage up to day 14, the TPC was significantly lower (p <0.05) in
HPP-treated samples than in untreated samples. On day 21, no significant
differences (p > 0.05) were found between the samples.

As reported Garriga et al. (2002), this can be explained by the fact that the
level of cell death of microorganisms in HPP samples increases in proportion
to the increase in pressure, but this does not follow the first-order kinetics and
sometimes occur at the end of the inactivation process. The most resistant
microorganism cells as well as the damaged cells can recover during storage
(Bozoglu et al., 2004) (Fig. 16).

At the beginning of the experiment, the pH of the meat was be 5.44+0.02.
The added microencapsulated horseradish leaf and root juice did not change
the pH of the meat. On the other hand, when processing meat under high
pressure, the pH increased. The performed statistical calculations showed
significant differences (p < 0.05) between high-pressure treated and untreated
samples. In contrast, there were no significant differences between the control
sample and the samples treated with microencapsulated horseradish leaf and
root juice (p > 0.05). This applies to both high-pressure treated and untreated
samples.

The initial water activity (aw) in chilled pork was 0.976+0.05. The
dynamics of water activity during storage in a high-pressure treated sample
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with microencapsulated horseradish leaf juice differed significantly (p < 0.05)
from other samples. The sample L-300 had the lowest water activity during
storage compared to other samples. No such changes were observed in the
HPP samples.

Evaluation of meat colour showed that significant (p < 0.05) differences
in the colour component L* value exist between differently treated samples
(Fig. 17). The change of the colour component did not depend (p > 0.05) on
the added microencapsulated horseradish leaf and root juice or storage time,
but on the treatment under high pressure, as a result of which the colour of the
meat became paler. This is due to the fact that the protein myosin is sensitive
to pressure and denatures at 180-300 MPa, obtaining a colour similar to
cooked meat (Ma & Ledward, 2013).

The moisture content of chilled pork before storage was 69.83+1.21%.
After adding microencapsulated horseradish leaves and root juice, the
moisture content was 71.69+0.34% and 72.53+0.19%, respectively. During
storage, the moisture content of meat samples did not change significantly
(p > 0.05). After 35 days, the moisture content of the vacuum packed control
sample was 69.70£2.87%, for samples with microencapsulated horseradish
leaf juice — 71.86+0.13%, but for samples with horseradish root juice —
71.19+0.19%. The moisture content of the HPP samples were as follows: for
the control sample — 70.00+0.45%, for the sample with horseradish leaf juice
—70.16+0.59% and for the sample with horseradish root juice — 71.80+0.27%.

It has been experimentally determined that during storage the meat
toughness decreased, the meat became softer. This trend was observed for all
samples, regardless of the type of treatment used or the additives added. This
can be clearly seen in Fig. 18.

The performed calculations did not show significant differences
(p = 0.140). According to the research of Olivera et al. (2013), after 24 h post-
mortem glycogen degradation in muscle tissue, meat stiffness decreases. This
degradation is caused by proteolytic enzymes such as calpain and liposomal
proteases. Storage time and temperature can affect this enzymatic degradation
which can further affect pH of meat.

CONCLUSIONS

1. FTIR spectra revealed differences between the control sample, heat treated
and high pressure treated pork meat samples in their macromolecular
composition of muscle tissue and juice. The changes in the secondary
structure and content of the protein indicated that the denaturation of the
protein and its release into the meat juice occurred under these conditions.
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. The high pressure treatment did not change the shape and size of the meat
fibers and the amino acid composition, but a reduction in the fatty acid
content was observed after this treatment.

. Anincrease in the applied pressure caused a negligible (p > 0.05) increase
in pH in all samples.

. The moisture content of HPP meat samples decreased regardless of the
pressure used or the treatment time. Increasing the pressure above
300 MPa the water holding capacity of meat increased, it was more
pronounced for the samples treated for 15 minutes under high pressure
than for the samples treated for 1 minute. Increasing the treatment time
from 1 minute to 15 minutes, regardless of the pressure used, reduced the
release of water from the meat sample compared to the control sample.

. An increase in the colour component L* value was observed when the
pressure increased between 100 and 400 MPa. On the other hand,
comparing the cooked meat sample and the high pressure treated samples,
no differences in the colour component L* values were established
(p > 0.05).

. The number of natural microflora (as total plate count) was reduced by
HPP treatment above 300-400 MPa, regardless of the treatment time.

. Heat treatment of the high pressure processed meat at 60 °C and 80 °C
confirmed significantly different (p <0.05) cooking losses during the
process, but at the end of the heating similar losses were found at both
temperatures.

. There are significant differences in meat toughness (p < 0.05) between the
sample treated at 600 MPa for 15 min and other samples, if they are heated
at 60 °C, but at 80 °C there are significant differences (p < 0.05) between
all samples.

. HPP pressure and time did not significantly affect (p > 0.05) the intensity
of pork meat sensory properties - colour and aroma, but it significantly
affected (p < 0.05) the intensity of juiciness and chewiness.

10. When microencapsulated horseradish juice was added, the total plate count

during storage until day 14 was significantly lower (p <0.05) than in
untreated samples. On the day 21, no significant differences (p > 0.05)
were found between the tested samples.

11.The pH and the colour component L* value of pork meat differed

significantly (p > 0.05) for the high pressure treated samples.

12.The hardness of all samples decreased during storage, but no significant

differences (p < 0.05) were found between samples.

13. The results obtained in the study confirm the hypothesis: the use of high

pressure processing changes the physical, chemical and sensory
characteristics of the meat depending on the treatment regime.
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