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PETIJUMA AKTUALITATE

Latvija viens no tradicionaliem un populariem zivju produktu veidiem ir
kiipinatas zivis. KiipinaSanai izmanto dazadu sugu zivis, tostarp brétlinas.
Baltijas brétlinas (Sprattus sprattus balticus) ir sezonalas zivis, kuras zvejo no
septembra beigam vai oktobra sakuma Iidz aprila beigdm vai maija sakumam,
ievertgjot tadus argjos vides faktorus, ka idens temperatiira un zivju narsta laiks.
Tas ir svarigs olbaltumvielu un tauku avots (Babikova et al., 2020) un spg;
nodrosinat vismaz 20% no olbaltumvielam, kas nepieciesamas cilvéku uztura
(Mohanty et al., 2019). Ir zinams, ka zivju kvalitate nozvejas sezona ir mainiga
un ta ir atkariga ne tikai no izejvielas kvalitates, bet arT no nozvejas metodes un
uzglabasanas apstakliem (Usydus et al., 2012; Sabu and Sasidharan, 2020). Zivju
mainigie kvalitates raditaji ietekmé to izmanto$anas iesp&jas razosana, nemot
vera ne tikai sezonalitati, bet arT to apstrades veidu (atv€sinata vai saldéta
izejviela).

Literatiira ir pieejami p&tijumi par Atlantijas zivim (Pop and Frunza, 2015;
Dawson et al., 2018), to kiipinasanu (Costa, 2016; Sutikno et al., 2019), apstradi
kvalitates uzlabosanai (Huong, 2014; Ruiz-Alonso et al., 2021), ir p&tijjumi par
dazadiem sardinu apstrades veidiem un to praktisko pielietojumu (Kilinc and
Cakli, 2004; Saldanha et al., 2008), tacu ir maz informacijas par Baltijas
brétlinam, kas ir pieejamas plasai Eiropas dalai, un par brétlinu kvalitates
mainibu sezonas laika. Literatlira ir aprakstitas brétlinu un Atlantijas zivju
(pieméram makreles, lasu) tauku un taukskabju sastava izmainas sezonas
ietvaros, taGu nav detalizéti analizetas kimiska sastava (tauku, olbaltumvielu,
aminoskabju, mitruma) izmainas sezonalitaté un to savstarpgja korelacija ar
kiipinato brétlinu kvalitati, pieméram, struktiiru, krasu, mikrobiologiskiem
raditajiem.

Ta ka sezonas laika brétlinu kvalitate mainas (Timberg et al., 2011; Usydus
etal., 2012; Merdzhanova et al., 2018), ir nepiecieSams rast to apstrades iesp&jas
ar pirmapstrades lidzekliem, kas sp&tu panakt nemainigu kvalitati gan
atvésinatam, gan saldétam brétlinam. Pieejama plasa informacija par sals un
skabju ietekmi uz zivju muskulaudiem (Zheng et al., 2019; Babikova et al., 2020;
Ruiz-Alonso et al., 2021; Astruc et al., 2022), tomér nav informacijas, ka $o
lidzeklu izmantoSana apstradé pirms kiipinasanas ietekmé gatava produkta
kvalitati (sensoras ipasibas, mikrobiologiskos raditajus, pH, krasu un struktairu),
jo Tpasi saistiba ar dazadiem nozvejas periodiem.

Promocijas darba hipoteze.
Sezonali mainigo kiipinato brétlinu kvalitati iesp&jams stabilizet, izmantojot
atbilstoSus pirmapstrades Iidzeklus (etikskabi, natrija hloridu un kalcija hloridu).
Promocijas darba hipotéze tika pieradita ar aizstavamam teézém.
1. Brétlinu sezonali mainigais kimiskais sastavs butiski ietekmé kiipinato
brétlinu kvalitates raditajus.



2. Izmantojot pirmapstrades lidzeklus, kiipinatu brétlinu kvalitates raditaji
mainas atskirigi, ja ka izejvielu izmanto atvesinatas vai saldétas zivis.

3. Piemerotu pirmapstrades lidzeklu izmanto$ana sezonas ietvaros lauj
stabilizeét kipinatu brétlinu kvalitates raditajus, ja razo kipinatas
brétlinas gan no atv€sinatam, gan no saldétam brétlinam.

Promocijas darba pétijuma objekts ir atv@sinatas un saldétas Baltijas
brétlinas (Sprattus sprattus balticus), kipinatas brétlinas.

Promocijas darba meérkis - izpétit kupinatu brétlinu kvalitati ietekmgjosos
faktorus saistiba ar atv@sinatu un saldeétu brétlinu sezonalajam kvalitates
izmainam un atlastt atbilstoSus pirmapstrades Iidzeklus nemainigas kvalitates
nodros§inasanai.

Lai sasniegtu promocijas darba merki, izvirziti $adi pétnieciska darba

uzdevumi:

1) izvertet brétlinu fizikalo Tpasibu un kimiska sastava izmainas sezonas
ietvaros;

2) salidzinat sezonali mainigo kiipinato brétlinu struktiiras, krasas un
tehnologisko parametru (kiipinaSanas zudumi, noZzuvums) izmainas,
razoSanai izmantojot atvésinatas vai saldétas brétlinas;

3) izvertét pirmapstrades lidzeklu ietekmi uz kaipinatu brétlinu kvalitates
raditajiem;

4) novertet pirmapstrades lidzeklu ietekmi uz kipinatu brétlinu
sensorajiem un mikrobiologiskajiem raditajiem, deriguma terminu.

Promocijas darba novitate un zinatniskais nozimigums. Pirmo reizi
Latvija veikts pétijums par kiipinatu brétlinu kvalitates raditaju nodroSinasanu
sezonas ietvaros. Novertetas Baltijas brétlinu (Sprattus sprattus balticus) fizikalo
raditaju (pH, tdens aktivitate, strukttira, krasa) un kimiska sastava (mitruma,
tauku, taukskabju, olbaltumvielu un aminoskabju saturs) atskiribas atvesinatam
un saldétam brétlindm nozvejas sezonas laika. Izpétita o raditaju ietekme uz
ktipinatu brétlinu kvalitati un pirmapstrades Iidzeklu saistiba ar tiem.

Promocijas darba tautsaimnieciska nozimiba. Izmantojot atskirigus
pirmapstrades Iidzeklus sezonas laika, ir iesp&ams uzlabot kapinato brétlinu
iznakumu (samazinot tehnologiskos zudumus) un panakt kvalitates raditaju
saglabasanu sezonas ietvaros.

Promocijas darba struktara. Promocijas darbu veido piecas tematiski
vienotas zinatniskas publikacijas, kuras publicétas recenzetos Zurnalos, kas ir
indekséti Scopus vai Web of Science datubazes. Pirmaja (I) publikacija veikta
literatiiras analize, kura apkopoti kiipinatu zivju kvalitati ietekméjosie faktori,
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raksturotas atvEsinatas un kiipinatas brétlinas, sniegts ieskats par zivju saldésanu
un atkaus€$anu, raksturoti pirmapstrades veidi (saliSana, marin&Sana) un to
ietekme uz zivju kimisko sastavu un 1pasibam, dots ieskats kiipinasana. Otraja
(IT) publikacija ir analiz&ts bretlinu kimiskais sastavs nozvejas sezona (rudent,
ziema un pavasarl) un izvertéta mainiga kimiska sastava ietekme uz kiipinato
brétlinu struktiiru un krasu. Pirmapstrades lidzeklu ietekme uz kiipinatu brétlinu
kvalitati ir apkopota treSaja (III) publikacija, respektivi, veikts sensorais
novert§jums un analiz&i tehnologiskie zudumi, pielietojot pirmapstrades
lidzeklus, raksturoti kiipinato brétlinu fizikalie raditaji. Ceturtaja (IV) publikacija
analizéta pirmapstrades lidzeklu ietekme uz kiipinato brétlinu fizikalajiem un
mikrobiologiskajiem raditajiem. Noteiktas mikrobiologisko raditaju izraisitas
izmainas zivis, ja izmanto pirmapstrades lidzeklus. Izmantoto pirmapstrades
lidzeklu ietekme (saliSana, maringé$ana) uz kiipinatu brétlinu kvalitati atkariba no
nozvejas perioda raksturota piektaja (V) publikacija, kura ir analizeti tadi raditaji
ka struktiira un krasa.

Promocijas darbs veidots ka vienota publikaciju kopa, kas apvieno p&tijuma
materialus atspogulotus piecas zinatniskajas publikacijas. Promocijas darba
iegiitie petjjumu rezultati norada, ka pirmapstrades lidzeklu izmantoSana ir
pieme@rota kiipinatu brétlinu kvalitates uzlaboSanai, izmantojot razo$ana gan
atvesinatas, gan sald&tas brétlinas.

Promocijas darba izstrade tika atbalstita ar LBTU programmas “Zinatniskas
kapacitates stiprinaSana LLU” projekta Z43 finans€jumu.

ZINATNISKA DARBA APROBACIJA

Petijuma rezultati apkopoti piecas publikacijas, kas ir indeksétas Scopus vai
Web of Science datubazes.

I. Puke S., Galoburda R. (2020) Factors affecting smoked fish quality:
A review. Proceedings of the International Scientific Conference “Research
for Rural Development 2020”. Jelgava— Vol. 35, p. 132-139. DOI:
10.22616/rrd.26.2020.020.

Il. Puke S., Galoburda R. (2024) Seasonal variations in Baltic sprat (Sprattus
sprattus balticus) chemical composition and their impact on smoked sprat
quality. Polish Journal of Food and Nutrition Sciences, Vol. 74(4), p. 399—
407. DOI: 10.31883/pjfns/195389

I1l. Puke S., Galoburda R., Straumite E. (2022) Effect of pre-treatment on the
quality of smoked Baltic sprats. Proceedings of the Latvian Academy of
Sciences. Section B. — Vol. 76, No. 1(736) p. 69—75. DOI: 10.2478/prolas-
2022-0011.

IV. Puke S., Galoburda R. (2021) Pre-treatment effect on physical and
microbial parameters of smoked Baltic sprats. Rural Sustainability
Research, VVol.46 (341), p. 22-30. DOI: 10.2478/plua-2021-0014.



V. Puke S., Galoburda R., Dmitrijeva O. (2024) Influence of pre-treatment on

the seasonal variation of smoked Baltic sprat texture and color. Applied
Sciences, Vol. 14(2), art. 504. DOI: https://doi.org/10.3390/app14020504

Par pétijuma rezultatiem zinotS sesas starptautiskas konferencés Latvija,

Lietuva, Sveicé un Ziemelmakedonija.

1.

Puke S., Galoburda R. (2022) Smoked sprat quality: Effect of season and
freezing. 15th Baltic Conference on Food Science and Technology “Food
R&D in the Baltics and Beyond” FOODBALT-2022, 26.09.-27.09.2022.
Kauna, Lietuva. (Mutiskais zinojums / Oral presentation).

Galoburda R., Puke S., Dmitrijeva O. (2022) Effect of seasonal variation
on colour and texture of smoked Baltic sprats produced from fish after
frozen storage. Nutricon 2022: Food quality and safety, health and nutrition,
08.06.-10.06.2022. Ohrida, Makedonija. (Stenda zinojums / Poster
presentation).

Puke S., Galoburda R. (2021) Seasonal variation of the smoked Baltic
sprat’s quality parameters, EFFoST 2021 International Conference
“Healthy Individuals, Resilient Communities, and Global Food Security”,
01.11.-04.11.2021. Lozanna, Sveice. (Stenda zinojums / Poster
presentation).

Puke S., Galoburda R. (2021) Pre-treatment effect on physical and
microbial parameters of smoked Baltic sprats “Research for Rural
Development”, 12.-14.05.2021. Jelgava, Latvija. (Mutiskais zinojums /
Oral presentation).

Puke S., Galoburda R., Straumite E. (2020) Effect of pre-treatment on the
quality of smoked Baltic sprats ‘“Nutrition and Health 20207, 09.11.—
11.12.2020, Riga, Latvija. (Mutiskais zinojums / Oral presentation).

Puke S., Galoburda R. (2020) Factors affecting smoked fish quality:
A review “Research for Rural Development”, 13.05.-15.05.2020, Jelgava,
Latvija. (Mutiskais zinojums / Oral presentation).

Darba lietoto terminu skaidrojums
Eksperimentalo paraugu pzZim&jumi promocijas darba vajadzibam veidoti ta,

lai vargtu viegli atpazit paraugus, un tie nav tie$i saistami ar kimiskajiem
simboliem.

Pirmapstrade $1 promocijas darba ietvaros pirmapstrade ir darbibu kopums,

kas veérsts uz galaprodukta kvalitates uzlaboSanu, nodroSinot stabilitati un
razoSanas efektivitati. Tas ietver atvésinatu vai saldétu un péc tam atkausétu
Baltijas brétlinu apstradi pirms kiapinaSanas, ar pirmapstrades lidzeklu
Skidumiem (marinéSana, saliSana).

Pirmapstrades lidzekli $1 promocijas darba ietvaros pirmapstrades Iidzekli

apzimg natrija hloridu (NacCl), kalcija hloridu (CaCl,) un etikskabi (CH:COOH)



dazadas proporcijas, kas izSkidinati dzeramaja Gdeni, ieglistot noteiktas
koncentracijas skidumu.

MATERIALI UN METODES

Promocijas darba veiktais pétjjums istenots laika posma no 2019. gada
septembra lidz 2025.gada jGnijam Latvijas Biozinatnu un tehnologiju
universitate, ka arT zivju parstrades uznémuma NS Estate. Uznémuma no
atvesinatam un saldétam brétlinam, tas apstradajot ar pirmapstrades lidzekli, tika
iegiitas kiipinatas brétlinas, kas turpmakajos p&tijumos analiz&tas gan LBTU, gan
JH Hamilton Baltic laboratorijas. Petijjumu shéma apkopota 1. tabula.

Pétijuma izmantotie materiali un paraugu sagatavosana.
Petijuma izmantotas Baltijas brétlinas (Sprattus sprattus balticus). To
nozvejas rajons ir Baltijas juira FAO27. II1. D. 28.2, kas atbilst centralajai Baltijas
juras Rigas juras li¢a dienvidu dalai, to nozvejas metode — pelagiskais tralis
(OTM).
Atvesinatas brétlinas razoSanas uzp@muma zvejas sezonas ietvaros
nogadatas 48 stundu laika péc to nozvejas, nodrosinot, ka temperatiira zivis ir
2+ 2 °C. Zivju svaigums atbilst A kategorijai, izméra kategorija ir 1, un lidz
apstradei tas uzglabatas Iidz 12 stundam, konteineros ar ledu, attieciba 1:3.
Temperatiira uzglabasanas kamera 2 + 2 °C.
Saldetas bretlinas uzglaba —18 + 1 °C temperattra, 75 + 5% gaisa relativa
mitruma, 12 ménesus no zivju nozvejas briza, kad tas nekavejoties sasaldetas
(11 publikacija). Brétlinas sasaldé pa 10 kg, izmantojot Soka saldéSanu, lidz
saldeta zivju bloka centra tiek sasniegta vismaz —18 °C temperatiira. Brétlinas
defroste, izmantojot @idens tvaika (100 °C) izsmidzina$anas mehanismu, lidz
bloka vida temperattira sasniedz 0 °C.
Ka zivju pirmapstrades Iidzekli pétjjuma izmantoti:
e ctikskabe — partikas piedeva (CHsCOOH), E260, skidums, satur 80%
etikskabes, tas iegadatas no piegadataja kompanijas Safrans, Riga,
Latvija;

e CaCl, — granuléts CaCl, satur 97% vielas, E509, no razotaja Lachner,
Cehija;

e NaCl - varamais Ekstra sals, no razotaja Mozyrsalt, Baltkrievija.

Apstrades Skiduma pagatavoSanai izmanto dazadus iepriek§ minétos
pirmapstrades lidzeklus, sajaucot tos ar aukstu @ideni bez ledus noteikta
proporcija (2. tabula) un maisot, Iidz visas vielas ir homoggni sajaukusas ar iideni
un iz8kidusas, ja izmanto NaCl un CaClo.



Brétlinu pétijumu shéma / Scheme of sprat research

1. tabula / Table 1

Posma Publikacijas Brethgu Izejvielu apraksts/
numurs / . _— numurs / nozvejas S
Posma raksturojums / Description of the stage L Description of raw
Stage Publication sezona / Sprat .
material
number number harvest season
1. posms / | Literatiiras analize / Literature analysis | - -
Stage 1
2. posms / | Brétlinu kimiska sastava korelacijas ar kiipinato brétlinu kvalitati Il 2021./2022. Atv@sinatas un
Stage 2 novért&jums dazados nozvejas periodos (rudens, ziema, pavasaris) saldétas pec viena
/ Evaluation of the correlation between the chemical composition gada uzglabasanas /
of sprats and quality of smoked sprats in different fishing periods Chilled and frozen
(autumn, winter, spring) after one year
storage
3. posms / | Pirmapstrades lidzeklu atlase, balstoties uz sensoro vertéjumu un 1l 2019./2020. Saldgtas / Frozen
Stage 3 $o lidzeklu ietekmes noveértésana uz kiipinatu brétlinu sensorajam
ipasibam / Selection of pre-treatment agents based on sensory 2020./2021. Atvésinatas /
evaluation, and assessment of their impact on the sensory Chilled
properties of smoked sprats
4. posms / | Pirmapstrades lidzeklu ietekmes uz mikrobiologisko kvalitati un v 2020./2021. Atvesinatas /
Stage 4 uzglabasanas laiku izveérté$ana / Evaluation of the impact of pre- Chilled
treatment agents on microbiological quality and storage time
5. posms / | Pirmapstrades Iidzeklu ietekmes izvért€jums uz kiipinato brétlinu \% 2021./2022. Saldgtas / Frozen
Stage 5 fizikalajiem kvalitates raditajiem atkariba no nozvejas perioda /

Evaluation of the impact of pre-treatment agents on the physical
quality indicators of smoked sprats depending on the fishing
period




Brétlinas (ne mazak ka 1000 g) iemérc skiduma proporcija 1 : 2 (zivis :
skidums) uz 30 minditém un periodiski manuali apmaisa, bet ne retak ka ik p&c
5 mintitém, maisTjuma temperatira nedrikst parsniegt 4 °C. Kontroles paraugam
(Control) netieck pielietoti pirmapstrades lidzekli un brétlinas uzreiz péc
defrostacijas ver uz irbjiem un parvieto uz termisko apstradi. Péc izturéSanas
sagatavotaja pirmapstrades lidzeklu §kiduma zivis uzver uz irbjiem (10 zivis uz
viena irbja) un veic karsto kiipinaSanu periodiskas darbibas kiipinaSanas krasni
(Reich Foodsystems, Vacija) (II publikacija).

2. tabula/ Table 2
Brétlinu pirmapstrades $kidumu receptiiras/
Composition of the pre-treatment solution ingredients for sprat pre-treatment

Skiduma pagatavo3anas receptiiras, % /
The amounts used for preparation of the solutions, %
Paraugi / Sample | granuléts NaCl _ etikskabe
/ granulated g:::::llgg ngaCClzIZ/ CH3COOH / acetic
NaCl acid
Control* - — —
Na* 291 - -
3Na2Ca* 2.86 1.67 -
2Na3Ca* 1.67 2.86 -
Ace* — - 0.99
NaAce* 2.88 — 0.71
CaAce* — 2.88 0.71
NaCa 2.83 2.83 -
Ca — 2.91 —
3Na3CaAce 2.80 2.80 0.94
3Na2CaAce 2.84 1.65 0.95

Produkti, kas atziméti ar *, izvel&ti talakai apstradei, produkti bez * netiek analizti
pétijuma turpindjuma. / * Products used for further analyses, products without * were not
further analysed.

Pirmapstrades lidzeklu atlase, balstoties uz sensoro vértéSanu.

Petijuma pirmaja dala, lai atlasitu pirmapstrades lidzeklu kombinacijas,
veikta sensora vertésana, izmantojot tiesi laika (Just About Right — JAR) metodi
kiipinatajam brétlinam. Sai metodei ir pieejami starptautiski atziti gan ISO (ISO
13299:2016; 1SO 11136:2014), gan ASTM (ASTM E1490-12(2017); ASTM
E253-12(2008)) standarti, kuros rekomendgtais ekspertu skaits ir no 8 lidz
12 ekspertiem. Sensoro vértésanu veica 22 dazadi apstradatiem kiipinato brétlinu
paraugiem, lai atlasitu piemé&rotakos paraugus talako pe&tijumu veikSanai. Ir
veikta atlase 11 kapinatu brétlinu veidiem, kas pagatavoti no atvEsinatam
brétlinam, un 11 kipinato brétlinu paraugiem, kas pagatavoti no saldétam zivim.

Petijuma otraja dala turpinata sensora vert€Sana seSiem pirmapstrades
variantiem, kas pirmaja posma bija san@musi visatbilstoSako novertgjumu, un
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vienam kontroles paraugam (Control), kuram pirms kiipinasanas netika veikta
pirmapstrade (I1I publikacija). Koipinato zivju paraugus analizg, izmantojot “tiesi
laika” metodi JAR, novértgjot tadus sensoros raditajus ka aromats, krasa,
struktiira, garSa, nosakot $o pasibu intensitati un atbilstibas pakapi. Katru
paraugu raksturojo$as sensoras Ipasibas novérté 5 punktu skala, kur ar 1 apzimé
“par maz”, bet 5 apzimé “par daudz,” savukart 3 apzime “tiesi laika”.

Atvesinato un saldéto brétlinu kimisko un fizikalo raditaju noteikSanas
metodes.

Atvesinatam un saldétam brétlinam nozvejas sezonas laika (sezonas sakuma,
vidi un beigas) tika noteikts mitruma saturs, pH, olbaltumvielu saturs un
aminoskabju sastavs, tauku saturs un taukskabju sastavs, savukart kiipinatam
brétlinam tika veikts sensorais noveértéjums un tehnologisko zudumu mérijumi,
pH, struktiiras mérijumi, krasas novértésana, analizéti mikrobiologiskie raditaji,
mitruma saturs, sals saturs, tdens aktivitate.

Zivju pH analiz€, izmantojot pH-metru JENWAY 3520 (Jenway, EU). Katru
paraugu analizg tr1s reizes. Mitruma satura noteikS$anai izmanto standarta metodi
ISO 1442:1997. Udens aktivitates noteik$anai izmantota PN-1SO 21807:2005
standarta metode.

Tauku saturs un olbaltumvielu saturs analizéts ka atvésinatam, ta ar1 saldétam
brétlinam, kur tauku saturs analizéts pec ISO 1443: 1973, bet olbaltumvielu
saturs analizéts balstoties uz Kjeldala metodes principu, izmantojot slapekla
konversijas koeficientu 6.25, pienemot, ka vidgjais slapekla saturs
olbaltumvielas ir 16% (Hayes, 2020). Kopgjais aminoskabju saturs noteikts
saskana PB — 53/HPLC ed. Il no 30.12.2008 metodi, kas paredz kopgjo
aminoskabju sastdva analizi, izmantojot augstas efektivitates Skidruma
hromatografiju (lidzigs ISO 13903:2005, 1SO20483:2013). Savukart triptofana
noteikSanai tika izmantota PB — 53/HPLC ed. 1l no 30.12.2008 metode (ISO
17025), kas ietver sarmaino hidrolizi un p&c tam neitralizaciju un filtraciju.
Analizi veica ar augstas izskirtsp&jas $kidruma hromatografiju un UV detektoru.

Kopgjais taukskabju saturs analizgts atvésinatam brétlinam, izmantojot gazu
hromatografiju péc taukskabju transmetiléSanas sarmainos apstaklos saskana ar
PN-EN ISO 12966-1:2015-01; PN-EN 1SO 12966-2:2017-05; PN-EN 1SO
12966-4:2015-07. Nemot vera lipidu frakcija esoSo taukskabju proporciju, tas
raksturotas, pielietojot aterogéno indeksu (IA), trombogéno indeksu (IT) un
hipoholesterinémisko indeksu (HH), kurus sakotngji izveidoja Ulbricht and
Southgate (1991) (II publikacija).

Kiipinatu brétlinu mikrobiologisko raditaju noteikSana.

Kipinato brétlinu paraugu atlase veikta nejausas izlases veida no paraugu
uzglabasanas kasttm péc vienas dienas, vienas nedélas un divam nedélam.
Mikrobiologisko raditaju testéSana veikta péc standartmetodém, kas apkopotas
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3. tabula (IV publikacija). TesteSana veikta akreditéta laboratorija J. S. Hamilton
(Polija).

3. tabula / Table 3
Mikrobiologiskas testéSanas metodes /
Microbiological testing methods

Parametrs / Variable Metode / Standard
Raugi / Yeast LVS ISO 21527 —2: 2008
Pel&jumi / Mould LVS ISO 21527-2: 2008
Mezofili aerobo un fakultativi anaerobo
mikroorganismu kopskaits (MAFAm) / LVS EN ISO 4833—1: 2014
Total plate count (TPC)
Bacillus cereus LVS EN 1SO 7932: 2005
Salmonella spp. LVS EN ISO 6579-1: 2017
Listeria monocytogenes LVS EN ISO 11290-2: 2017
Pseudomonas spp. PN-EN ISO 13720: 2010
Clostridium perfringens LVS EN ISO 7937: 2005
B-glikuronidazes pozitivie Esche_rlc_hla CQII / LVS ISO 16649—2: 2007
S-glucuronidase positive Escherichia coli /
Vibrio parahaemolyticus PN-EN ISO 21872—1: 2017-10

Fizikalas metodes kiipinato brétlinu analizém.

Kiipinasanas zudumi (KZ) ir galvenais tehnologiskais parametrs, kas var
raksturot razotas produkcijas iznakumu. KipinaSanas zudumus aprékina,
izmantojot masu pirms apstrades un masu péc apstrades, izmantojot 1. formulu.

(mg)—(my)
KZ,% = ———=x1 1.

% (mo) 00 (1)
kur:

KZ — ktpinasanas zudumi, %;
Mo — masa pirms kiipinasanas, g;
m1 — masa péc kiipinasanas, g.

P&c kiipinasanas, uzglabasanas kamera zivim veidojas nozuvums (NZ) un
vislielakais tas ir noverots tieSi pirmas diennakts laika, tapéc ir svarigi to
minimiz&t. NZ aprékina p&c 2. formulas, kur m, ir masa pirms uzglabasanas, un
m,; masa péc uzglabasanas.

NZ,% = @o=m)y 100 @)

(mo)
kur:
NZ — nozuvums, %;
Mo — masa pirms uzglabasanas, g;
m; — masa péc uzglabasanas, g.
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Tehnologisko zudumu noteik$anai, katrai apstrades metodei kiipinasanu veic
vismaz trTs partijas, katru ne mazak par 200 g.

Udens aktivitates noteikSanai izmantota standartmetode 1SO 18787:2017,
Mitruma satura noteikSanai pielietota gravimetriska metode. Sals satura
noteik8anai izmantots parrékina koeficients (Na x 2.5). Savukart pH mérisanai
izmantots pH-metrs JENWAY 3520.

Kipinatu brétlinu struktiiras analize. Struktiras noteikSanai izmanto
struktiiras analizatoru (1 mm biezuma plaknes nazis, kura izmérs ir 60 x 80 mm)
TA.HD.Plus (Stable Microsystems, Lielbritanija) ar plaknes Warner-Bratzler
nazi. Katru kaipinato brétlinu sadala, iznem asaku, iegiistot divus atdalitus filejas
gabalus, platuma lidz 10 mm. Pirms novieto$anas uz strukttiras analizatora
nomera filejas platumu un parametru ievada programma. Katram apstrades
veidam testéSanu atkarto vismaz septinam filejam.

Kiupinato brétlinu krasas analize. Kapinato brétlinu krasas analizei,
kiipinatas brétlinas novieto uz koka délisa, kurs parklats ar polietiléna plevi. Uz
tas novieto zivis, parklaj ar polietiléna plévi un veic testeSanu. Krasas mérisanai
izmanto ColorTec—PCM (Accuracy Microsensors Inc., ASV) ar programmatiiru
Color-Tec — Color Sowf QCW. Datus atspogulo CIE (L*a*b*) sistéma. Krasas
novertésanai papildus aprékinats ari hroma indekss (C*), kas raksturo krasas
piesatinajumu un kura aprékinasanai izmanto a* un b* vertibas,

Papildus aprékinats ari nokrasas lenkis Ho, kas raksturo relativo krasu
gammu, kuru izsaka grados.

Datu statistiska apstrade.

Visi rezultati atspoguloti ka vidgjas vertibas. Vidgjas vertibas un
standartnovirzes (SD) aprekinatas izmantojot MS Office Excel 2016
datorprogrammu.

Sensoras vertéSanas datu apstrade veikta, izmantojot Penalty analizi
(XLSTAT 2020), kuras pamata ir daudzkartgjas atbilstibas analize Just-About-
Right (JAR), ar kuru novértéta kiipinato brétlinu krasa, garsa, pecgarsa, aromats
un struktira. Sensora vért€§juma datu analizei izmantota datora programma
XLSTAT 2020 (Addinsoft, ASV).

Sezonas un izmantota pirmapstrades lidzekla ietekmes izvertéSanai uz
kapinato brétlinu krasu un struktiru veikta vienfaktora un daudzfaktoru
dispersijas analize (ANOVA). Péc tam paraugi salidzinati sava starpa, pielietojot
t-testu vai Post Hoc Tukey testu, Post Hoc LSD (IBM SPSS Statistics, Version
28.0.1.1. (15)) (SPSS Inc., Cikaga, Il, ASV), pie biitiskuma p < 0.05; p < 0.01 un
p < 0.001, ka noradits tabulas un attelos.

Vairaku faktoru ietekmes novertéSanai uz kipinato brétlinu kvalitates
raditajiem, ja tas razotas No atvésinatam vai saldétam zivim, ka ari sezonas
ietekmes izvert€Sanai, izmantota multikritériju l€émumu analize. Galvenie
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kvalitates raditaji ir noteikti, balstoties uz ieguldijuma procentualo vértibu
(4. tabula). Multikrit€riju analizes pirmaja posma iegtito punktu skaita rezultatus
sakarto péc nozimiguma. Jo mazaks iegiitais punktu skaits, jo produktam tiek
panakta augstaka kvalitate.

Atskiribu noteik$anai starp mainigajiem kvalitates raditajiem tika izmantota
ar1 korespondences analize (CA), ietverot kategoriskos datus nevis skaitliskos
merijumus, lai analiz&tu saistibas starp kategoriskajiem mainigajiem. AtSkiribas
tika analiz&tas, izmantojot t-testu (p < 0.05).

4. tabula / Table 4
Kvalitati ietekméjoSo kritériju nozimigums multikritériju lemumu analize /
Weight of respective quality criteria for multicriteria decision analysis

Parametrs / Vertiba / Vélama vértiba /
Parameter Value Expected value
Strukttira / Texture 25 < 0.99 N/mm;
2.16 N/mm*s

Mitruma saturs / Moisture content 20 > 61.5%
Kiipina$anas zudumi / Smoking losses 20 Min
Nozuvums / Drying loss 20 Min
Nokrasas lenkis (Ho) / Hue angle (ho) 5 Max
Krasas piesatindgjuma indekss (C*) / 5 Max
Saturation index of chroma (C*)
pH 5 Vidgji / on average (6.73)

Kopa / Total 100

Galveno komponentu (PCA) dzilaka datu analize (skaitliskie m&rfjumi)
veikta, izmantojot Python Release 3.9.0 programmu, pielietojot Scikit-learn
bibliotekas funkcijas principu un Matplotlib datu vizualizacijai. Dati apstradati
izmantojot Z-punktu normalizaciju, lai noverstu mainigo mérogu ietekmi un
nodros$inatu to salidzinamibu.

REZULTATI UN DISKUSIJA

1. Atvesinato bretlinu kimiska sastava izmainas sezonas laika

Pe&tijuma dati liecina, ka Baltijas brétlinas visaugstakais tauku saturs novérots
nozvejas sezonas sakuma (rudeni) 19.2 g 100 g%, bet nozvejas sezonas beigas
(pavasari) tajas ir visaugstakais mitruma saturs — Iidz 70 g 100 g* (5. tabula).

Pie zemaka 62.4 = 1.2 g 100 g™! mitruma satura ir visaugstakais tauku saturs
19.2+1.39100g* un otradi, kas sakrit ar Timberg et al. (2011) p&tjuma
rezultatiem. Pe@tjjuma dati atspogulo diezgan stabilu olbaltumvielu saturu
sezonas laika (5. tabula) no 16.4 = 1.3 g 100 g** nozvejas sezonas sakuma lidz
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16.8 = 1.3 g 100 g beigas. Ari Usydus et al. (2012) pétijuma tas nedaudz
mainijas — no 17.06 g 100 g pavasari lidz 16.61 g 100 g rudent.

5. tabula / Table 5
Atvésinatu bréetlinu (2020./2021. gada sezona) Kimiskais sastavs daZados nozvejas
periodos / Chilled sprat (season 2020/2021) chemical composition across the fishing

season
Literataras dati /
Pétijuma iegiitie dati / Data in literature
Parametri / Research data (Timberg et al., 2011;
Parameters Usydus et al., 2012)
rudens / ziema / pavasaris | rudens/ | pavasaris
autumn winter / spring autumn / spring
Mitruma saturs / 624+
Moisture content, 1'2b 69.2+12%| 70.0+1.22 | 66.40 77.48
—1 .
g 10049
Olbaltumvielu 16.4 +
saturs / Protein 1'33 149+1.32 | 16.8+1.32 | 16.61 17.06
content, g 100 g* )
Tauku saturs / 192 +
Lipid content, ’ 129+1.3° | 12.1+1.3° | 1546 5.10
1 1.32
g100g

* Nozvejas sezona: novembris — marts. Vidgjas veértibas (n = 3) + standartnovirze (SD).
Vienadi burti viena rinda norada, ka starp paraugiem nav bitiskas atskiribas p > 0.05 (t-
tests). / *Fishing season November — March. Average value (n = 3) + standard deviation
(SD). The same letters in a row show no significant difference between samples p > 0.05
(t-test).

Korespondences analize (1. att.) parada kimisko pasibu (tauku, taukskabju,
olbaltumvielu un aminoskabju saturs) un mitruma satura saistibu ar dazadiem
nozvejas periodiem (pavasaris, ziema, rudens).

Mitruma un n-3 taukskabju saturs bija vissvarigakie F1 faktori, katrs ar 0.252
ieguldijumu. Savukart olbaltumvielu saturam bija visnozimigakais ieguldijums
F2, attiecigi 0.522. Atbilstibas analize norada uz linearu sakaribu starp mitruma
un tauku saturu, jo tie ir atspoguloti pret€jos kvadrantos. Ziemas un pavasara
perioda nozvejoto zivju kimiskais sastavs bija Iidzigs, abi nozvejas periodi
korespondences analizes grafika atrodas pa kreisi. Savukart rudeni nozvejotajam
zivim bija izteiktakas atSkiritbas no par€jiem analiz€tajiem paraugiem.
Olbaltumvielas veido atsevisku vektoru, kas virzits pozitiva F2 virziena, kas
atspogulo neatkarigu ieguldijumu, tapat tas ir vairak grupéts ar pavasara sezonu
(3), kur olbaltumvielu saturs bija visaugstakais.
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1. att. Kimiska sastava un nozvejas perioda korespondences analizes
grafiks nozvejas sezona: rudens (1), ziema (2), pavasaris (3), MUFA -
mononepiesatinatas taukskabes; PUFA — polinepiesatinatas taukskabes;
SFA — piesatinatas taukskabes / Fig. 1. Correspondence Analysis (CA) plot
for chemical composition and periods across the fishing season, including
autumn (1), winter (2), and spring (3), where MUFA — monounsaturated
fatty acids; PUFA — polyunsaturated fatty acids; SFA — saturated fatty acids

Sezonas laika n-3 taukskabju saturs brétlinas vari€ja atkariba no nozvejas
perioda (II publikacija), sezonas sakuma tas bija 6.3 = 0.8 g 100 g%, savukart
beigas 1.9 + 0.2 g 100 g (skatit 6. tabulu). Kopgjais taukskabju saturs nozvejas
sezonas laika samazinajas. Taukskabju uzturvertibas izmainas atspogulo ar tris
indeksiem — aterogénais indekss (IA), trombogénais indekss (IT) un
hipoholesterinémijas taukskabju proporcija (HH). IA indekss norada proporciju
starp piesatinato taukskabju summu un nepiesatinato taukskabju summu, kur
brétlinam ta palielinajas no 0.43 = 0.04 rudeni Iidz 0.66 + 0.04 pavasari, tikmer
Chen & Liu (2020) petijumos konstatgja, ka Atlantijas silkém Clupea harengus
IA indekss bija augstaks 0.70. Augstakas IA indeksa vertibas norada uz
nelabveéligu ietekmi lipidu cilvéka metabolisma. IT indekss ir proporcija starp
piesatinatajam taukskab&m un MUFA, n-6 un n-3 taukskabju saturu. HH indekss
ir raditajs, kas raksturo taukskabju ietekmi uz holesterina limeni asinis, proti, tas
parada, vai konkrétais tauku avots veicina holesterina samazinasSanos vai
palielinasanos. Brétlinam, ka atspogulo pétijuma dati, sezonas laika tas mainas
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no viszemaka ziema sasniedzot 2.44 Iidz vislielakajam rudent 2.52. Tas nozimé,
ka rudent nozvejotas brétlinas ir ar labaku uzturvértibu péc HH indeksa. Chen &
Liu (2020) noradija, ka zivim tas lielakoties ir no 1.54 1idz 4.83. Zemakie IA un
IT indeksi brétlinam konstatéti rudent, kad HH indekss bija augstakais, kas ar1
liecina par augstaku brétlinu uzturveértibu.
6. tabula / Table 6
Taukskabju grupu izmainas 2020./2021. gada sezona atvésinatam Baltijas
bretlinam, g 100 g/
Fatty acid group changes (season 2020/2021) in chilled Baltic sprats, g 100 g

Rudens / Ziema/ Pavasaris /

Taukskabes / Fatty acids Autumn Winter Spring

Kopégjas piesatinatas taukskabes (SAFA) /
Total saturated fatty acids

Kopgjas mononepiesatinatas taukskabes
(MUFA) / 6.6+£0.9% | 46+0.6° 3.6+0.5°
Total monounsaturated fatty acids
Kopgjas polinepiesatinatas taukskabes
(PUFA) / 7.0£0.9% | 3.6+0.5° 22+0.3°
Total polyunsaturated fatty acids
Kopgjas n-3 taukskabes /

Total n-3 fatty acids

Kopgjas n-6 taukskabes /

Total n-6 fatty acids

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka nav biitiskas atSkiribas
p > 0.05 (t-tests). / Average value (n = 3) + SD. The same letters in a row show no
significant difference p > 0.05 (t-test).

49+062 | 3.2+04° 2.3+0.3¢

6.3+£0.8% | 3.1+0.4° 1.9+£0.2°

0.7+0.12 | 0.4+0.1° 0.3+0.1°

Rudeni nozvejotas brétlinas neaizvietojamo aminoskabju summa bija
6.25+0.36 g 100 g1, bet pavasari 6.11+0.359g100g? (7.tabula), kas
apstiprina olbaltumvielu un aminoskabju stabilitati sezonas ietvaros.

P&tijuma neatkarigi no nozvejas perioda visvairak konstatéta glutaminskabe,
asparaginskabe un no neaizvietojamajam aminoskab&m — lizins un leicins. Sadus
datus aprakstija arT Usydus et al. (2009), ka lielako dalu no kiipinatas brétlinas
esoSajam aminoskabém veido asparaginskabe un glutaminskabe. Lidzvertigus
datus atspoguloja Ozden (2005), kur marinétas un atv@sinatas forel&s, an§ovos
31% no visam aminoskab&ém bija lizins, asparaginskabe un glutaminskabe.
Atvesinatas brétlinas aminoskabe alanins tika konstatéts neliela daudzuma, bet
glicina saturs sezonas ietvaros nedaudz palielindjas pavasari.
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7. tabula/ Table 7
Kopejas aminoskabju satura izmainas atvesinatas brétlinas 2020./ 2021. gada
sezonas ietvaros, g 100 g / Changes in total amino acid content in chilled sprats (year
2020/2021),g100g*

Aminoskabe / Amino acids Rudens / Zie_ma/ Pavas_aris /
Autumn Winter Spring

Dalgji neaizvietojamas/aizvietojamas / Non - Essential amino acids
Arginins (Arg) / Arginine (Arg) 0.86 +0.142 0.92+0.14* | 0.86+0.142
Asparaginskabe (Asp) /
Asparagine (Asp) 1.36 £ 0.222 1.16+0.19% | 1.14+0.18
Cistetns (Cys) / Cystine (Cis) 0.11+0.022 | 0.10+0.02° | 0.10+0.02°
Glutaminskabe (Glu) /
Glutamic acid (Glu) 2.02 +£0.322 2.13+£0.342 1.98+0.322
Glicins (Gly) / Glycine (Gly) 0.73 +0.12° 0.76 £0.128 | 0.74+0.122
Serins (Ser) / Serine (Ser) 0.57 £ 0.09° 0.57 +£0.09* | 0.56 +0.09%
Neaizvietojamas aminoskabes / Essential amino acids
Histidins (His) / Histidine (His) 0.47+0.08 | 0.38+0.06° | 0.34+0.05
Izoleicins (Ile) / Isoleucine (lle) 0.58 £0.092 0.59£0.09* | 0.58+0.092
Leicins (Leu) / Leucine (Leu) 1.07+0.172 1.14+0.17* | 1.11+0.18°
Lizins (Lys) / Lysine (Lys) 1.25 +0.20? 1.25+0.212 | 1.24+0.208
Metionins (Met) /
Methionine (Met) 0.44 £ 0.072 0.46£0.08* | 0.46+0.072
ﬁf}‘é‘;;}aa?;fnf?;%é ) 0.57+0.09 | 0.58+0.09° | 0.58+0.09%
Treonins (Thr) / Threonine (Thr) 0.65+0.10? 0.67£0.10* | 0.64+0.102
Valins (Val) / Valine (Val) 0.74+0.122 | 067+0.11° | 0.71+0.112
Triptofans (Trp) / 048+0.08% | 0.45+0.07% | 0.45+0.072
Tryptophan (Trp)

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka nav biitiskas atskiribas
p > 0.05 (t-tests). / Average values (n = 3) + SD. The same letters in a row show no
significant difference p > 0.05 (t-test).

2. Pirmapstrades Iidzeklu atlase

Vismazak izteikts aromats konstatéts paraugiem, kas apstradati ar natrija un
kalcija hloridu vienadas proporcijas (NaCa), un paraugiem, kas apstradati ar
natrija un kalcija hloridiem kombinacija ar etikskabi (3Na2CaAce). Savukart
parak izteikts aromats ir konstatéta paraugam 3Na3CaAce.

Analizgjot garSu starp kiipinato brétlinu paraugiem no atv&sinatam un no
saldétam brétlinam, paraugi Ace un 3Na3CaAce sanéma vért€jumu ar “par
daudz”, kas bija skaba, metaliska, rugta. Savukart paraugos 3Na2CaAce ir
verojama vismazak izteikta garSas intensitate, sanemot vert€jumu “par maz”.
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Vertgjot struktiras raditajus (konsistenci, stingribu, elastibu), paraugi bez
apstrades bija ar stingrako Struktiiru, kas bija atzita ka parak izteikta, tacu
atbilstosaka struktiira konstatéta paraugiem CaAce un NaAce, kas iespg&jams
skaidrojams ar skabes un salu klatblitnes balansu. Paraugiem 3Na2CaAce
noverota visneatbilstosaka struktiira (par mikstu). Paraugiem, kuriem pievienots
NaCl, struktiira kluva stingraka, kas saskan ar Bjernevik et al. (2018) p&tijumu.
Tapat arT petfjuma, kura izmantoja CaCl,, notika Gdens izspieSana no audiem un
salu difiizija tajos, savukart pievienojot skabes, palielinajas jonu speks $tinas un
tas veidoja stingraku struktiiru (Serdaroglu et al., 2015).

Par daudz izteikta p&cgar$a novérojama Control paraugiem un seviski par
daudz veérojama kiipinatas brétlinas no atvesinatam brétlinam. Savukart kiipinatam
brétlinam no svaigam zivim, pielietojot natrija un kalcija salus kombinacija ar
etikskabi (3Na3CaAce), peécgarsa noverteta ar “seviski par daudz”.

Atbilstoss krasas parametrs ir vérojams Control paraugam, kuram netika
izmantoti nekadi apstrades materiali, un paraugam, kas apstradats ar kalcija
hloridu (Ca), 3Na3CaAce; savukart NaCa paraugiem vérojama mazak izteikta
krasa neka paraugiem CaAce, NaAce un 2Na3Ca.

Ka neatbilstosi paraugi tika atziti 3Na3CaAce, 3Na2CaAce,Ca un NaCa, kur
nevienam paraugam pé&c zivju kiipinaSanas nav sanemts novertgjums tiesi laika,
un pie sensoras noveértéSanas Siem paraugiem novérotsS vizuals defekts, adas
lobisanas. Ka ari, izmantojot apstradi ar Ca un NaCa, jutama izteikti riigta
pecgarsa. Tapec Sie Cetri paraugu veidi atziti ka neatbilstosi talakai izpétei.

Turpmakaja petijjuma analiz8ta atlasito pirmapstrades lidzeklu ietekme uz
kipinato brétlinu sensorajam ipasibam. lzmantotais pirmapstrades Iidzeklis
ietekmé kipinato brétlinu sensoros raditajus (Il publikacija). Izmantojot
pirmapstrades lidzeklus, ir iesp&jams uzlabot kiipinato brétlinu sensoras ipasibas,
tacu tas ir japieméro atbilstosi nozvejas periodam, kura mainas zivju kimiskais
sastavs un tadgjadi tiek ietekmétas kiipinato brétlinu ipasibas. Izvertgjot
atv@sinatu zivju izmanto$anu kiipinatu brétlinu razo$anai, ka visatbilstosakie p&c
krasas novertéti paraugi CaAce un Ace, visneizteiktaka krasa ir paraugiem
Control un Na. Ka visatbilstosaka struktiira novértéta paraugiem 3Na2Ca un
NaAce, struktiira “par daudz” novértéta paraugam Ace. Aromats vislabak
novertéts paraugiem NaAce un 2Na3Ca, savukart aromats “par maz” visvairak
atziméts paraugam Na. Par paraugiem ar vislabako garSu atziti paraugi 3Na2Ca
un NaAce, savukart Control paraugam ta ir “par maz”.

Starp kiipinatam brétlinam, kas raZotas no saldetam zivim, visatbilsto§aka krasa
bija paraugiem 2Na3Ca, Ace un CaAce. Ka visatbilstosaka struktiira novertéta
paraugiem 3Na2Ca, NaAce un CaAce, bet parauga Ace struktira sanémusi
vertgjumu “par daudz”, Iidzvertigi ka tas bija, razoSana izmantojot atv€sinatas
brétlinas. Aromats vislabak novertéts NaAce un 2Na3Ca, savukart Control paraugs
novertets ar “par maz”. Par paraugiem ar vislabako garSu atziti paraugi CaAce,
2Na3Ca un 3Na2Ca, bet Control paraugs ir ieguvis veértegjumu “par maz”.
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Balstoties uz sensoro novértgjumu, kiipinatam brétlinam krasas novertgjuma
par visatbilstosako atziti paraugi, kuriem pirmapstrade veikta ar natrija hlorida
un kalcija hlorida kombinaciju (paraugs 2Na3Ca), ka arT kalcija hlorida un
etikskabes kombinaciju (paraugs CaAce), ka izejvielas kiipinasana izmantojot
gan atv&sinatas, gan saldétas brétlinas.

3. Mikrobiologisko raditaju izmainas kiipinatas brétlinas

Mikrobiologiskos raditajus analizé kopa ar zivis noteikto Gdens aktivitati,
mitruma un sals saturu, ka ari pH veértibu (IV publikacija). Izmantojot
pirmapstrades lidzeklus, izmainas fizikalie parametri, veidojas nelabvéligi apstakli
mikroorganismu attistibai audu virsma un talakai difuzijai. Lidz ar to ir iesp&jams
sekmgt ilgaka deriguma termina nodrosinasanu, Ko apstiprina pétijuma iegitie dati.

Visatrak bojajas (vislielakais MAFAM skaits) paraugs Control, jo paraugam
nav veikta pirmapstrade ar kadu no lidzekliem. Control paraugam otraja nedgla
ir konstatéts visaugstakais MAFAmM skaits salidzinajuma ar citiem paraugiem
2.3 x 10" KVV g*. Sim paraugam arf ir visaugstakais pH 6.6, visaugstaka tidens
aktivitate 0.951, vislielakais mitruma saturs 67.5%, ka arT zems sals saturs
0.35%. Savukart viszemakais pH bija paraugam CaAce (pH 5.6), viszemaka
tidens aktivitate paraugos 3Na2Ca (0.937) un CaAce (0.946), viszemakais
mitruma saturs parauga 2Na3Ca (61.5%) un CaAce (61.7%), ka ar1 visaugstakais
sals saturs parauga 3Na2Ca (0.90%).

MAFAm skaits 1éni pieauga kiipinatas brétlinas Ace un CaAce, kur paraugu
pirmapstradei tika izmantota etikskabe. P&c vienas ned€las uzglabasanas to
vértiba neparsniedza 5.2 x 102 KVV g! un 6.4 x 10> KVV g%, to saskan ar
Sengun et al. (2021) p&tijuma datiem, ka skabes inhib& raugu un pelgjumu
attistibu un kave to augSanu. Atvesinatas brétlinas MAFAM nedrikst parsniegt
1 x 10° KVV g7, bet apstradatam zivim tas nedrikst parsniegt 1 x 10* KVV g
Izmantojot pirmapstrades lidzekli, ir iesp&jams kavet pelgjumu attistibu, jo pec
divam uzglabasanas nedélam tikai Control parauga tika konstatéti pelgjumi
1.0 x 102 KVV g*. Raugi kiipinatas zivis vairak ir kvalitates faktors, ne tik daudz
drosibas faktors. Tie ir pielaujami Iidz 1 x 10° KVV g7, tacu jaievéro labas
razoSanas un labas higi€nas prakses vadlinijas.

Savukart patogéna mikroorganisma (Pseudomonas anguilliseptica vai
Pseudomonas aeruginosa) atraSanas produkta nav pielaujama. Clostridium
perfingens, Vibrio parahaemolyticus, ka ari Escherichia coli, Bacillus cereus
uzglabasanas procesa netika konstatéti neviena parauga, sakot ar pirmo
testéSanas dienu. Pseudomonas spp. stabilitati un augSanu ietekmé sals saturs un
pH, ka arT pie zemaka pH to attistiba tiek kaveta, ko apliecina arT iegitie dati, ja
zivju apstradei pirms uzglabasanas izmantota skabe.
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4. Pirmapstrades lidzeklu ietekme uz kaipinatu brétlinu fizikalajiem
parametriem

Pirmapstrades lidzekliem ir at3kiriga ietekme uz fizikalajiem parametriem, jo
Mmaring$ana vai saliSana sekmé sals un skabes migraciju audos un vienlaikus
nodro§ina zemaku mitruma saturu un pH produkta salidzinajuma ar kontroles
paraugu, kuram nav lietoti pirmapstrades lidzekli.

4.1. Tehnologiskie zudumi brétlinu kiipina§anas procesa

Kipinasanas zudumi un noZzuvums uzglabasanas kamera Control paraugam
bez pirmapstrades Iidzeklu izmantoSanas bija Iidzvertigi kiipinatam brétlinam,
kas raZotas no atvésinatam vai saldétam brétlinam. P&c kiipinasanas zivju masa
samazinajas par 30%, bet péc 24 h produkta masa samazinajas vel par 1.6% lidz
1.8%, ko veidoja nozuvums (8. tabula) (111 publikacija).

8. tabula / Table 8
Tehnologiskie zudumi kiipinatam brétlinam /
Technological losses from smoked sprats

Kiipinasanas zudumi / NoZuvums (pec 24 Ih’ 2£1°C)/
Smoking losses, % Moisture loss
Paraugi*/ ' (after 24 h,2+£1 C), %
Samples _ho no saldétam _no no saldétam
atvésinatam . - atvésinatam . -
. - zivim / from . zivim / from
zivim / from frozen sprats zivim / from frozen sprats
chilled sprats P chilled sprats P
Control 29.57 + 0.64%B 29.68 +0.27%C 1.60 £ 0.162° 1.80 + 0.06°P
Na 28.04 +0.1728 30.39 + 0.58C 3.40 + 0.3438 3.50 +0.07b8
3Na2Ca 32.31+0.26%° 30.76 + 0.56°C 0.30 £ 0.03% 0.40 + 0.07°F
2Na3Ca 30.73 £0.4438 | 31.95+0.0728C 1.70 £ 0.172° 1.70 + 0.032P
Ace 22.09 +(.09%0 33.02£0.17%8 4.90 +0.56A 4.80 + 0.40%4
NaAce 26.05 + 0.208 25.67 + 1.5480 2.10 £ 0.243C 2.20 +0.10%€
21+ .09 +
CaAce 3020221aA 3061019,JA 0.60 £ 0.06% | 0.80 = 0.03%F

* Paraugi apziméti ar saisingjumiem, kas nav tie$i saistami ar kimiskajiem simboliem.
Vidgjas vertibas (n = 3) + SD. Kiipinasanas zudumiem, nozuvumam, kolonas noraditie
dazadie mazie @9 burti un rindas noraditie lielie “B) burti norada, ka starp paraugiem ir
butiskas atkiribas (p < 0.05). / The samples are marked with abbreviations that are not
directly related to chemical symbols. Average values (n = 3) + SD. Separately smoking
losses and drying losses, the different letters in one column @9 and capital letters in a
row “-B) indicate significant differences (p < 0.05) between values.

P&c zivju izturéSanas pirmapstrades lidzeklu skiduma zivju masa var
izmaintties 5% robezas. Kiipinasanas procesa dala tidens iztvaiko, ka rezultata
produkta masa samazinas, bet sausnas (tostarp tauku, olbaltumvielu un sals)
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relativais saturs palielinas (Lerfall & Osterlie, 2011). Pielietojot apstradi ar
natrija hloridu vai ta kombinaciju ar etikskabi (paraugi Na vai NaAce), ir
verojami nelieli kipinasanas zudumi, tacu palielinats noZuvums. Ja
pirmapstrades Iidzeklos ir pielietots natrija hlorids, palielinas olbaltumvielu
skidiba, samazinas fidens saistiSanas un noturéSanas sp&ja, kas ir olbaltumvielu
denaturacijas procesa rezultats (Abraha et al., 2018). Paraugam Ace bija
vismazakie kipinasanas zudumi, ja tika izmantotas atv@sinatas brétlinas.
Savukart uzglabasanas procesa tiesi paraugam Ace neatkarigi no izejvielas veida
ir lielaks nozuvums.

Analizgjot datus kopuma, kiipinatam brétlindm no atv@sinatam zivim,
salidzinagjuma ar brétlindm no saldétam zivim ir nedaudz mazaki gan
kiipinasanas, gan nozuvuma zudumi. Paraugam Na ar natrija hloridu kiipinatam
brétlinam no atvésinatam zivim nozuvums sasniedza 3.40 + 0.34% un kiipinatam
brétlinam no saldétam zivim 3.50 + 0.07%, bet, izmantojot tikai etikskabi
(paraugs Ace), noZzuvums sasniedza 5% robezu. Viszemakie kipinasanas zudumi
tika sasniegti kipinatajam brétlinam no atv@sinatajam zivim 22.09 + 0.09%, bet
no saldétajam zivim viszemakie kiipinasanas zudumi tika sasniegti, paraugam
NaAce, 25.67 + 1.54%.

4.2. Brétlinu pH, mitruma saturs, iidens aktivitate un sals saturs

Paraugiem, kuru apstradg ir izmantoti pirmapstrades lidzekli, salidzindgjuma
ar paraugu Control, kuram nav izmantoti pirmapstrades Iidzekli, ir zemaks pH.
Mainas art tadi raditaji ka Gidens aktivitate, mitruma saturs un sals saturs, kas sava
starpa korel€. No atv@sinatam brétlinam razoto kapinato brétlinu pH bija lielaks
neka no saldétam un tas bija tuvaks atvésinatu zivju pH 2020. / 2021. gada
nozvejas sezona (III publikacija). Atv@sinatu kupinatu brétlinu pH nozvejas
perioda bija stabils, bet saldéto kiipinato brétlinu pH bija mainigs nozvejas
periodos, sasniedzot zemako vertibu pavasari (9. tabula).

Atvesinatu zivju pH ir ap 7, uzglabgjot tas sakotn&ji nedaudz pieaug
(uzglabasanas laiks lidz 1-2 dienas), kas saistits ar sarmaino enzimu (proteazes)
aktivitati muskulu $tnas, kur autolitiskie enzimi sak Skelt olbaltumvielas un
atbrivo amonjaku (Abbas et al., 2008). Pétijuma analizéta dazadu izvéléto
pirmapstrades Iidzeklu ietekme uz kiipinatu brétlinu fizikalajiem raditajiem no
pavasara nozvejas brétlinam (10. tabula) (IV publikacija).
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9. tabula / Table 9
Kipinatu brétlinu pH vértibu izmainas pirms un péc kiipinasanas/
The pH of smoked sprats before and after smoking

Rudens / Autumn Ziema / Winter Pavasaris / Spring
E_ o | Ec-g | E-g "
Veids / Type EEF | BE G £5 & BEG £E5 & e g
SEB | FEER| £EB | FEE| TEB | FER
SEE | 282 | SRE | 28E| ZRE | z%&
= = =
Nﬁgjﬁfia}as 6.70 6.24 6.98 6.50 6.93 6.15
> +0.020 +0.02¢ +0.022 +0.03b¢ +0.062 +0.01¢
Raw sprats
I]frléft’l‘i‘:;tjj 7.01 6.48 7.06 6.70 7.12 6.52
3 a b a b a b
Smoked sprats +0.01 +0.07 +0.05 +0.17 +0.02 +0.08

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka starp paraugiem
nav bitiskas atSkiribas p > 0.05 (t-tests). / Average values (n = 3) = SD. The same letters
in a row show no significant differences between samples at p > 0.05 (t-test).

10. tabula / Table 10

Kiipinatu bretlinu fizikalie parametri atkariba no izmantota pirmapstrades
Tidzekla / Physical parameters of smoked sprats depending on pre-treatment agent

Udens Mitruma Sals saturs
Paraugi / aktivitate / saturs / u
* pH L . (NaCl) / salt
Samples Water activity Moisture
content, %
(aw) content, %
Control 6.60 +£0.158 0.951 +£0.0262 67.5+3.52 0.35+0.07°
Na 6.44+0.13% | 0.948 +£0.0232 66.7 £3.32 0.70 £ 0.13@
3Na2Ca 6.04+0.11°° | 0.937+0.0242 | 62.5+3.62 0.90 +0.172
2Na3Ca 5.83+0.10° | 0.949+0.0232 | 61.5+3.22 0.62 +0.128
Ace 6.11£0.11° | 0.950+0.0262 | 65.7+3.42 0.32 +0.06°
NaAce 6.03+0.05"° | 0.948 £0.0242 | 62.9+3.2% 0.85+0.16%
CaAce 5.61+0.08% | 0.946+0.0232| 61.7+3.12 0.40 + 0.08b°

* Paraugi apziméti ar saisingjumiem, kas nav tie$i saistami ar kimiskajiem simboliem.
Nozvejas periods — 2021. gada marts, atvesinatas brétlinas. Vidgjas vertibas (n = 3) + SD.
Vienadi burti viena rinda norada, ka atSkiribas nav batiskas (p > 0.05). / The samples are
marked with abbreviations that are not directly related to chemical symbols. Fishing
period — March 2021, chilled sprats. Average value (n = 3) + SD. The same letters in a
row show no significant differences at p > 0.05 (t-test).

Kipinatu brétlinu pH varié atkariba no izmantota pirmapstrades materiala.
Viszemakais pH bija CaAce paraugiem, kur izmantoja kalcija hloridu
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kombinacija ar etikskabi. Control parauga pH bija vislidzigakais ar paraugu Na,
kur ka pirmapstrades lidzekli izmantoja sali, Saja produkta netika pievienota
skabe, kas sekmétu straujaku pH samazingjumu. Pirmapstrades Iidzeklu
pielietosana palielina sals saturu produkta, ka arT sekm& pH un @idens satura
samazinasanos. Izmantojot dazadus pirmapstrades lidzeklus, Abbas et al. (2009)
konstatgja, ka nav noverotas bitiskas atskiribas starp tidens aktivitati un mitruma
saturu, bet verojama bitiska atSkiriba produkta pH un sals satura. Tapat
nokonstatéts pH veértibas samazinajums, izmantojot kalcija hloridu, jo tas satur
divus Cl jonus, kas izraisa zemakas pH vertibas, neka izmantojot natrija hloridu
(Vidal et al., 2019).

P&ttjuma konstatgts, ka visaugstakais mitruma saturs 67.5 = 3.5 g 100 g* bija
Control paraugam. Saliem un skabém ir ietekme uz olbaltumvielam, sekmgjot
olbaltumvielu denaturaciju un sals migraciju muskulu audos un izmainot
mitruma saturu produkta (Martinez et al., 2012). Tapat samazinas zivju suligums,
jo skabes sagrauj saistaudus un to membranas, lidz ar to Samazinot tdens
saistiSanas sp&ju (Ruiz-Alonso et al., 2021).

Control parauga sals saturs bija 0.35 + 0.07 g 100 g%, zemaks sals saturs bija
konstatéts tikai izmantojot etikskabi, t.i., parauga Ace attiecigi
0.32 + 0.06 g 100 g, bet tidens aktivitate 0.951 + 0.026. Savukart parauga
3Na2Ca sals saturs bija 0.70+0.13 g 100 g%, bet Gidens aktivitate viszemaka
0.937+0.024. Sals klatbiitne zivis ietekmé Tidens aktivitati. Pettjuma iegttie dati
apstiprina, jo augtaks ir sals saturs produkta, jo zemaka ir Gdens aktivitate, ko
noradija ari Ruiz-Alonso et al. (2021).

Izmantojot pirmapstrades Iidzeklus, ir iesp&jams samazinat tidens aktivitati,
kas ir svarigs indikators mikroorganismu attistibai zivis. Visaugstaka tidens
aktivitate bija paraugam Control (0.951 + 0.028). ArT Babikova et al. (2020)
konstat€ja, ka marinétiem anSoviem (Engraulis anchoita) tdens aktivitate
samazinas 1idz 0.94. Literatiira atvésinatam brétlinam tdens aktivitate noradita
0.97, savukart atvésinatam zivim tdens aktivitate ir 0.99, bet apstrades procesa
fidens aktivitate parasti samazinas.

Control paraugam, kuram netika pielietota pirmapstrade, sezonas laika pH
izmainas ir nelielas (11.tabula) salidzinajuma ar paraugiem, kuriem veikta
pirmapstrade. Paraugam Ace tas samazinajas lidz pH 6.32 + 0.03 pavasar.
Savukart ziema pH samazinajums konstatéts paraugiem 3Na2Ca un 2Na3Ca, kur
rudent pH attiecigi bija pH 6.41 + 0.05 un 6.11 + 0.14. Babikova et al. (2020)
pétijumos noradija, ka saldétu un p&c tam atlaidinatu brétlinu pH ir 6.87, kas ir
loti l1dzigs §1 pétijuma datiem un to var ietekmé&t sezona, kimiskais sastavs un
nozvejas vietas geografiska lokacija. Viszemakais pH tika konstatéts rudeni,
paraugam CaAce, ziema ari paraugam CaAce, bet pavasari paraugam NaAce.

Izmantojot pirmapstrades Iidzeklus, ir iesp&jams samazinat pH, kas ietekme
gan mikrobiologiskos raditajus, gan ari produkta sensoras Tpasibas. Udens saturs
audos ietekm@ apstrades vielu transportéSanu un migraciju, tadejadi ietekméjot
gala produkta pH. Kalcija hlorida vai etikskabes pielietosana izraisa lielakas pH
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izmainas neka natrija hlorida pielietosana. pH ir svarigs faktors, kas ietekm&
muskulaudos esoso olbaltumvielu Gidens saistiSanas spgju.

11. tabula / Table 11

Kiupinato brétlinu pH izmainas, ja tas raZotas no saldétam brétlinam /
Smoked sprats produced from frozen sprats pH

Plrgldazisktlria/des Rudens / Ziema/ Pavasaris /
Pre-treatment method Autumn Winter Spring
Control 7.01 +0.093A 7.06 + 0.0434 7.12 +0.05%A
Na 6.74 + 0.03bA 6.79 + 0.01PA 6.47 £0.01°A
3Na2Ca 6.41 £ 0.05A 5.96 +0.07¢B 6.23 + 0.04¢AB
2Na3Ca 6.11 £0.149A 5.95+0.10%A 6.08 £ 0.039A
Ace 6.48 + 0.02¢A 6.27 +0.05% 6.32 £0.03¢A
NaAce 6.48 + 0.03¢A 6.30 + 0.02¢A 6.08 +0.03
CaAce 6.02 + 0.039A 5.50 + 0.0698 6.24 +0.01%A

* Paraugi apzZIm@ti ar saisin@jumiem, kas nav tie§i saistami ar kimiskajiem simboliem.
Nozveja 2020./2021. Vidgjas vértibas (n = 9) + SD. Kolonas noraditie mazie burti @9 un
rindas noraditie lielie burti A-®) norada, ka nav bitiska atkiriba pie p < 0.05 / *The
samples are marked with abbreviations that are not directly related to chemical symbols.
Catching season: 2020/2021. Average value (n = 9) = SD. Different letters in one column
@d) and different capital letters in a row B indicate significant differences (p < 0.05)
between samples.

4.3. Pirmapstrades lidzeklu ietekme uz kiipinatu brétlinu krasu un
struktiiru

Tumsakas (zemaka L* vértiba) bija tas kipinatds brétlinas, kuras bija
apstradatas ar natrija un kalcija hloridu maisijumu (12. tabula), attiecigi L* 45.58
+ 8.9 (3Na2Ca) un L* 47.59 + 13.9 (2Na3Ca), kuru pH attiecigi bija 6.0 + 0.2
un 5.8 = 0.2 (IV publikacija). Sie rezultati bija pretéji Chan et al. (2020)
petijumos konstatetajam, ka zemaks pH nodroSina gaisaku krasu. Noverota
negativa sarkanas krasas (a* vértibas) korelacija ar tidens aktivitati (r = —0.55);
zemaka fidens aktivitate sekmé sarkanas krasas intensitates palielinasanos zivis,
bet citiem krasas parametriem korelacija ar fizikalajiem parametriem netika
noverota.

Maring$ana pirms kiipinaSanas var uzlabot zivju kvalitates parametrus.
Dhanapal et al. (2013) pétijumos aprakstija, ka zivim, kas m&rcétas 10% sals un
skabes Skiduma 60 miniites, uzlabojas krasa un struktiira, ka arT sensorie
parametri, kas ir redzams arT §1 p&tijuma datos, par krasas komponentu izmainam
brétlinam, kas apstradatas ar pirmapstrades lidzekliem salidzinajuma ar Control
paraugu.
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12. tabula / Table 12

Kiipinatu brétlinu krasas un struktiiras izmainas atkariba no izmantota
pirmapstrades lidzekla / Smoked sprats’ colour and texture depending on pre-

treatment agent
Krasa / Colour Struktiira / Texture
bides grieSanas
Paraugi / darbs/ speks /
Samples* L* a* b* work of cutting
shear, strength,
N mms N mm*!
Control 57.28 -5.14 15.54 1.27 0.54
+ 6.7 +6.22 +9.0° +0.°3° +0.1¢
Na 63.65 -13.84 3242 0.94 0.37
+11.8¢2 +13.5P +12.8% +0.24 +0.1d
3Na2Ca 45,58 -1.04 26.20 2.38 1.05
+8.9° +12.28 + 15.6%¢ + (.93 + (.58°
47.59 -6.9 16.88 1.42 0.62
2Na3Ca +13.9 49,9 + 1220 + 0.3 +0.1%
Ace 52.66 -6.71 26.56 1.75 0.71
+13.0% +5.95 + 5.1 + (.380¢ + (.12
NaAce 62.89 -8.32 17.19 1.76 0.71
+10.28 +10.4P + 13.0¢ + (.58 + (0.28c
61.19 -7.19 26.38 1.73 0.82
CaAce +10.5° +16.2b 4+ 17,08 + 0,300 40,12

* Paraugi apzim@&ti ar saisindjumiem, kas nav tie$i saistami ar kimiskajiem simboliem.
Nozvejas sezona — 2021 marts, atvésinatas brétlinas. Vidgjas vértibas (n = 7) £ SD.
Vienadi burti kolonnas norada, ka nav butiskas atSkiribas pie p > 0.05. / *The samples are
marked with abbreviations that are not directly related to chemical symbols. Catching
season — March 2021, chilled sprats. Average values (n = 7) + SD. The same letters in
one column indicate no significant difference (p > 0.05) between values.

Salidzinot kontroles paraugu (Control), kuram bides darbs bija 1.27 £ 0.28 N
mm™ s un grieSanas speks 0.54 + 0.12 N mm, ar paraugu, kuram izmantota
apstrade ar skabi, bides darbs bija 1.75 £ 0.30 N mm™ s, grieSanas speks 0.71 +
0.14 N mm konstatgts, ka struktiira kl{ist stingraka. Parauga strukttiras izmainas
iesp&jams skaidrojamas ar metala jonu saiSu stipruma pieaugumu (Caglak, 2015)
un pH samazinajumu. Visstingraka struktiira iegiita paraugam 3Na2Ca, kur
attiecigi bides darbs bija 2.38+0.92 Nmms, bet grieSanas speks
1.05+ 0.49 N mm™, kas skaidrojams ar sals ietekmi uz olbaltumvielu Gidens
saistiSanas sp&jam (Martinez et al., 2012), ka arT ar skabes migraciju audos.
Pastav vidgji negativa korelacija starp tdens aktivitati un struktaru, kur, pieaugot
fidens aktivitatei, samazinas bides darbs (r=-0.75) un grieSanas spé&ks
(r=-0.78).
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Paraugiem 2Na3Ca un 3Na2Ca, ka arT CaAce kiipinatam no atvesinatam
brétlinam bija stingraka struktiira (2. att.), kas ir saskana ar citu p&tnieku datiem,
kuri apstiprinaja, ka struktiira kltist stingraka, ja pieaug salu koncentracija. Tapat,
izmantojot etikskabi, ir iespgjams panakt stingraku produkta struktiiru, kas
skaidrojams ar olbaltumvielu denaturaciju (Bjernevik et al., 2018; Ruiz-Alonso
etal., 2021).
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Control Na 3Na2Ca 2Na3Ca  Ace NaAce CaAce
Paraugi / Samples
m Svaigas/ Fresh m Saldétas/ Frozen

GrieSanas speks, N mm-t /
Cutting strenght N mm-!

2. att. GrieSanas spéks kiipinatam brétlinam, kas nozvejotas sezonas
2019. gada saldétas un 2020. gada atvesinatas /
Fig. 2. Cutting strength for smoked sprats 2019 frozen, 2020 chilled
Paraugi apziméti ar saisindjumiem, kas nav tie§i saistami ar kimiskajiem simboliem.
Vidgjas vertibas (n = 7) + SD. Atskirigie burti norada batiskas at3kiribas (p < 0.05). / The
samples are marked with abbreviations that are not directly related to chemical symbols.

Average value (n = 7) + SD. Different letters indicate significant differences (p < 0.05)
between values.

Saldésana ietekmé& zivju muskulu struktiru, produkts kliist sausaks, zaude
sakotngjo zivju struktiru (Andrews, 2014), bet to ir iesp&jams ietekmét,
izmantojot piemé&rotus pirmapstrades Iidzeklus. Ka liecina p&tijuma iegiitie dati,
saldesanas laika produkts zaud€ mitrumu, tacu to atgtist produkta pirmapstrades
procesa. Dati rada, ka kiipinatu brétlinu, kas razotas no saldétam brétlinam,
struktiras parametri ir Iidzigi atv@sinatam, tacu saldétam brétlinam
salidzinajuma ar atv@sinatam ir tendence biit nedaudz atSkirigam garsa, tas ir
nedaudz skabakas (Timberg et al., 2014).

Analizgjot struktiiras parametrus (bides darbu un grieSanas speku) kopuma,
redzams, ka pastav butiskas atSkiribas starp rudeni un pavasari (V publikacija).
Rudent visstingraka strukttra konstateta paraugam Ace (0.84 + 0.23 N mm?),
ziema paraugam 3Na2Ca (1.05 + 0.53 N mm™), turpreti pavasari paraugam
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2Na3Ca (1.27 + 0.3 N mm™). Izvéleto pirmapstrades lidzeklu veids un to
koncentracija sezonas ietvaros atSkirigi ietekmé kiipinato brétlinu kvalitates
raditajus. Paraugiem NaAce un CaAce kipinatu brétlinu struktiira sezonas
ietvaros klust stingraka, kas skaidrojams ar mitruma izmainam produkta un
skabes iedarbibu uz zivju muskulaudiem (Chan et al., 2020).

5. Pirmapstrades lidzeklu izvéle atkariba no nozvejas perioda

Bides darbu un griesanas speku bitiski ietekmé pirmapstrades veids,
sezona un abu faktoru mijiedarbibu (13. tabula). Izmantojot etikskabi (Ace), un
salu kombinaciju (2Na3Ca), novérota biitiska ietekme uz bides darbu. Tie dod
ievérojami augstakas vertibas salidzinajuma ar Control paraugu. Bides darbs ir
visaugstakais S3 sezona, ipasi apstradajot ar NaCl un CaCl,. Sali un skabes spgj
uzlabot struktiiru, tie ievérojami palielina grieSanas speku (2Na3Ca, CaAce).
Saja pétijuma novérota negativa korelacija starp grie§anas speku un kipinatu
brétlinu pH vertibu (r = —0.488), kas ir 1idzigi tam, ko noradija Babikova et al.
(2020), ka visstingraka struktiira novérota tam brétlinam, kuram ir viszemakais
pH.

Balstoties uz kiipinatu brétlinu pirmapstrades lidzeklu un nozvejas perioda
ietekmi, ir redzams, ka kiipinato brétlinu struktiira pavasari bitiski atSkiras no
paraugiem rudens un ziemas perioda (V publikacija). Rudeni un ziema salu
izmanto$ana ka paraugiem Na, 2Na3Ca, NaAce un CaAce zivju pirmapstradei
pirms kilpinasanas, bitiski neietekmgja to struktliru, bet sezonas beigas
ievérojami palielinaja bides darbu un grieSanas sp&ku, kas vienlaikus norada uz
stingraku struktiiru. Sezonas ietekmi var saistit ar lielaku zivju mitruma saturu
pavasari, kas sekmé labaku sals migraciju audos. Ka noradija Gomes et al.
(2021), saliem ir batiska loma olbaltumvielu $kidinasana un olbaltumvielu
ekstrakcija, uzlabojot Gidens aizturéSanas sp€ju. Sals izraisa struktiiras izmainas
muskulaudos, galvenokart caur elektrostatiskam mijiedarbibam starp
olbaltumvielu molekulam un natrija (Na*) un hlorida (Cl") joniem. Miozins
sasaistas ar kalcija joniem, un veidojas géla tiklveida struktira (Totosaus &
Pérez-Chabela, 2009; Hu et al., 2022).

Krasas izmainas intensivi notiek uz zivju virsmas, jo sals un skabes migré
zivju audos. Apstrade ar etikskabi vai tas apvienosana ar saliem, veido tumsaku
kiipinato brétlinu krasu. Starp tauku saturu un L* vertibu vérojama negativa
korelacija (r = —0.646), savukart vaja korelacija novérota starp tauku saturu un
krasas komponenti a*, ka ari starp tauku saturu un krasas komponenti b*.
Vissvarigaka kiipinatu brétlinu krasas komponente ir L*, kas atspogulo gaiSakas
vai tumsakas krasas intensitati, un b*, kas atspogulo zeltainas krasas intensitati
péc produkta kiipinaSanas. Ka redzams péc ieprieks miné&tajiem datiem, rudent
kiipinato brétlinu krasa bija visgaisaka un komponente L* butiski atskiras no
sezonas vidus vai sezonas beigam (14. tabula).
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13. tabula / Table 13

Sezonas un pirmapstrades lidzekla ietekme uz kiipinatu brétlinu struktiiru /
Effect of fishing season and pre-treatment agent on smoked sprat texture

s ietek Pirmapstrades
Pirmapstrades €zonas Ietekme lidzeklis x sezona
- - (vienfaktora
Iidzekla ietekme ANOVA Tiiikiia (daudzfaktoru
(vienfaktora ANOVA, | “fCc o o SonJ ANOVA, Post Hoc
Parametrs/ | Tjukija tests) / Impact | . LSD)/
- impact (One-Way
Variable of pretreatment Pretreatment type x
ANOVA, Post
(One-Way ANOVA, Hoc Tukey) Season (Three by
Post Hoc Tukey) Seven Factorial
Design ANOVA,
Post Hoc LSD)
Bides darbs | F (6;153) = 4.05, F (2;157) =11.09, | F(12;161) = 3.48,
/ Work of p =0.001 p <0.05 p <0.001
shear Ace* > Control
3Na2Ca*,  2Na3Ca*, | S3 > S1*** S2** | Na: S3 > S1** S2**
Ace** > Na 2Na3Ca: S3 >
Sl***, 82***
3Na2Ca: S1 <
82***’ 53**
CaAce: S1 < S3**
Ace: ns; NaAce: ns;
Control: ns
GrieSanas F (6;153) = 4.26, | F(2;157)=10.08, | F (12;161) = 3.89,
speks / p=0.001 p <0.001 p<0.001
Cutting
strength Ace* > Control S3 > S1*** S2** | Na: S2 < S3**
2Na3Ca**, Ace**, 2Na3Ca: S3 >
CaAce* > Na S1*** Sox**

Ace: S3 > S2**
CaAce: S1 < S3**
3Na2Ca: S1 < S2***
NaAce: ns; Control:
ns

Paraugi apziméti ar saisindjumiem, kas nav tieSi saistami ar kimiskajiem simboliem.
Lietotie apzim&umi: S1 — sezonas sakums (rudens); S2 — sezonas vidus (ziema);
S3 —sezonas beigas (pavasaris). Bitiskas atSkiribas pastav ar noradém pie *p < 0.05;
**p < 0.01; ***p < 0.001;. ns — nepastav bitiskas atSkiribas. / The samples are marked
with abbreviations that are not directly related to chemical symbols. Other abbreviations:
S1 — beginning of season (Autumn); S2 — middle of season (Winter); S3 — end of season

(Spring). Statistically significant differences are

**p < 0.01; ***p < 0.001; ns — no significant difference.

marked as follows *p < 0.05;
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14. tabula / Table 14

Sezonas un pirmapstrades lidzekla ietekme uz kiipinato brétlinu krasu /
Effect of fishing season and pre-treatment agent on smoked sprat colour

Pirmapstrades
Iidzekla ietekme —

Sezonas ietekme
— vienfaktora

Pirmapstrades lidzeklis x
sezona — daudzfaktoru

CaAcet

vienfaktora ANOVA,;
Parametrs/ | ANOVA; Tjiikija Tjikija tests / ANOVA, Post Hoc LSD /
Variable tests / Impact of Season impact — Pretreatment type x
pretreatment — One-Way Season Three by Seven
One-Way ANOVA; | ANOVA: Post Factorial Design
Post Hoc Tukey Hoc Tukey ANOVA; Post Hoc LSD
L* F (6;157) = 2.50, F (2;161) = | F(12;161)=6.01,
p <0.05 24.16, p < 0.001
p < 0.001 Ace: ns; Control: ns
CaAce > 2Na3Ca*, | S1 < S2*** | Na: S2 < S3**
NaAce* S3x** 3Na2Ca: S1 < S2%**,
SS***
2Na3Ca: S1 < S2%**,
83***
NaAce: S1 < S2*** G3*+**
CaAce: S1 < S3***
ax F (6;157) = 1.70, F (2;161) = | F(12;161)=6.01,
p=ns 14.14, p < 0.001
p < 0.001 NaAce: ns; Control: ns
S1 > S2*** | Na: S3 < S2**
S3x** 3Na2Ca: S1 > S2**
2Na3Ca: S1 > S2***, S3**
Ace: S1 > §2** S3***
CaAce: S3 < S1***; 52**
b* F (6;157) = 2.60, F (2;161) = | F(12;161)=6.01,
p <0.05 13.12, p <0.001
p < 0.001 3Na2Ca: ns; Control: ns;
NaAce < Nai, Ace!, | S1>S2***S3*** | NaAce: ns

Na: S1 > S2*** S3**
2Na3Ca: S2 > S3**
Ace: S1 > S2*** S3**
CaAce: S1 > S2***

Paraugi apziméti ar saisinajumiem, kas nav tie§i saistami ar kimiskajiem simboliem.
Lietotie apzim&jumi: S1 — sezonas sakums; S2 — sezonas vidus; S3 — sezonas beigas.
Biitiskas atskiribas pastav ar noradém pie *p < 0.05; **p < 0.01; ***p < 0.001;. ns —
nepastav bitiskas atkiribas, t — tendence. / The samples are marked with abbreviations
that are not directly related to chemical symbols. Other abbreviations: S1 — season start
Autumn; S2 — season middle Winter; S3 — season end Spring. Statistically significant
difference marked *p < 0.05; **p < 0.01; ***p < 0.001; ns — no significant difference, t

— trend.
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Krasas b* komponentei bija novérojama tendence samazinaties nozvejas
sezonas beigas, kas skaidrojams ar tauku satura samazinajumu. Paraugos CaAce,
NaAce pirmapstrades lidzekliem ir butiska ietekme uz L* vértibu. Pirmapstrades
lidzekliem ka paraugos Na, 3Na2Ca, 2Na3Ca ir mazaka ietekme S1 sezona, bet
butiska S3 sezona. Lidz ar to gaisaka krasa kopuma verojama produktos rudent,
bet pavasarT (S1) paraugi bija tumsaki. Izteiktaks dzeltenums verojams S2 un S3
sezonas Ace, NaAce, CaAce paraugiem, un viszemakais tas ir Na paraugam S1
sezond. Apstrade ar NaAce samazina b* vertibu, turklat dzeltenuma intensitate
pieaug S2 un S3 sezona.

Samazinato dzeltenas krasa intensitati var skaidrot ar samazinatu astaksantina
saturu (Nie et al., 2011), savukart etikskabe darbojas ka $kidinatajs, kurs atbrivo
pigmentu un rada izteiktaku kiipinato zivju adas dzelteno krasu, tacu krasas
intensitate ir atkariga no izmantojama pirmapstrades lidzekla. Skabes ietekme ir
bitiska uz mioglobina autooksidaciju un dazi autori noradija, ka etikskabes
pievienogana veido krasas blavumu (Simat et al., 2019). Etikskabes izmanto3ana
nozvejas perioda beigas paaugstina zivju virsmas dzeltenas krasas intensitati
salidzinajuma ar Control paraugu.

Lai noteiktu, kuru no pirmapstrades lidzekliem pielietot konkrétaja nozvejas
perioda, izmantojot atvésinatas vai saldétas brétlinas kiipinatu brétlinu razosana,
tiek pielietota multikriteriju lemumu shéma, kas balstas uz ekspertu definétajiem
izv€les krit€rijiem un to nozimigumu. Saskana ar $o analizi (15. tabula) rudent,
ziema un ari pavasari vislabakas zivis ir tad, ja izmanto atv€sinatas zivis ar
pirmapstradi ka paraugiem 3Na2Ca vai CaAce, Control, savukart ka
visneatbilstosakas ir atvésinatas zivis ar pirmapstradi ka paraugiem Ace, Na,
NaAce. Analizgjot sald&to brétlinu izmantoSanu ar pirmapstradi, visatbilstosaka
ir ka paraugiem 3Na2Ca vai CaAce un rudeni un ziema 2Na3Ca, bet pavasari
NaAce.

Paraugiem 3Na2Ca un CaAce pielietotic pirmapstrades lidzekli sezonas
ietvaros atvésinatajam un ari sald&tajam zivim tiek atziti ka visatbilstosakie
neatkarigi no nozvejas perioda, tacu sezonas beigas sald€to brétlinu apstradei
ieteicams izmantot natrija hlorida un etikskabes kombinaciju (NaAce).

Galveno komponentu analize (PCA — Principial Component Analyses) tika
izmantota, lai noteiktu sezonalitates un apstrades materialu ietekmi uz kiipinato
brétlinu kvalitati (3. att.). Ieguldijuma procentuala dala veido 33.72.% (PC1) un
23.39% (PC2), kas norada uz atskirtbam sezonas laika. Starp paraugiem ir
noverojamas korelacijas pa vairakam grupam.
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15. tabula / Table 15
Multikriteriju lemumu analizes rezultati kiipinatu brétlinu
raZo$anai no atvésinatam un saldétam brétlinam /
The results of multi-criteria decision analysis for smoked sprats made from
chilled and frozen sprats

Atvesinatas brétlinas / Saldétas bréetlinas /
Chilled sprats Frozen sprats
rudens/ ziema/ pavasaris rudens/ ziema/ pavasaris
autumn winter / spring autumn winter / spring
Paraugi/ | £ € £ € = =
Samples % E % E % E % E % E % E
1218|2828 |8|2|8]:2
PR - 23] 23| 2|l 23| &
IR I R R
L I I O S O O O O O <
= = = = = =
I I I I I I
& < ~ < ~ ~
control | 3 |173| 3 161 | 3 [170| 4 | 182 | ° |184| * | 185
Na 6 1280 6 | 204 6 |204| © |201| 6 |274| 8 | 302
3Na2ca | 1 |o84| 1 |oos| 1 |102| 1 |oss| 1 1101|110
oNasca | 4 | 18 | 5 |193| 5 |215| 3 |166| 3 |174| 5 | 193
Ace T 138s| 7 |370| 7 |33¢| 7 |380| 7 | 398 7 | 396
NaAce S l200| 4 [zo1| 4 |187| % |2o1| 4 |176| 3 |18
CaAce 2 1105 2 |217] 2 {125 2 | 11| 2 |118]| 2 | 120

Paraugi apziméti ar saisinajumiem, kas nav tieSi saistami ar kimiskajiem simboliem.
RanZgjums: 1 — vislabakais novertejums; 7 — vissliktakais novertéjums. / The samples are
marked with abbreviations that are not directly related to chemical symbols. Assessments:
1 —the best result; 7 — the worst result.

Paraugu sadalijumu pa galvenajam komponenteém, kur saldéto brétlinu
apstrades paraugi un atvesinato brétlinu apstrades paraugi veido atSkirigas kopas,
norada, ka apstrades metodes bitiski ietekm& produkta fizikali-kimiskas
Tpasibas. Ta ka sald@to brétlinu paraugi ir ciesak grupéti, tas norada uz lielaku
strukturalo stabilitati visa datu kopa. Tacu atvésinato brétlinu apstrades paraugi
ir vairak izklied@ti, kas norada uz lielaku fizikalo Tpasibu izkliedi sezonas laika,
Tpasi atzimgjot tadus raditajus ka mitrums un krasa. Galvenais komponents (PC1)
norada, ka ar struktiiru saistitas Tpasibas (grieSanas spéks un bides darbs) ir
galvenais faktors, kas ietekm@ un atskir paraugus, savukart PC2 ir kiipinaSanas
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zudumi, nozuvums, pH un mitruma saturs. Mitruma saturs, pH vértiba un
nozuvums ciesi korel€ ar PC2, kas nozimég, ka tam ir sezonalas ietekmes raditas
izmainas. Strukturalas Tpasibas un krasu parametri vairak ietekm& PC1, noradot
to nozimi apstrades metozu atlasé. Savukart 3.b att. norada uz detalizétakam
variacijam starp paraugiem. Struktliras un krasas izmainas sezona paradas
izteiktak, jo paraugi maina poziciju lokacijas starp sezonam. Atvesinato brétlinu
paraugi atspogulo lielakas atskiribas starp PC3 un PC4, kas nozimg, ka struktiira
un krasa vairak mainas atv€sinato brétlinu paraugos, salidzinot ar saldetu brétlinu

paraugiem.
PCA Score Plot: PC1 vs. PC2
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FROZEN-Ace
FROZEN-Control

x FROZEN-Cakce
FRESH-CEBEE Na
x FROZEN-3Na2Ca

« ST
x FROZEN-2Na3Ca

PC2 (23.39% Variance Explained)

FRESH-NaAce

FRESH-2NaiCa FROZEMN-NaAce
FRESH-Ace

-3 ) -1 0 1 2 3 3
(a) PC1 (33.72% Variance Explained)

PCA Score Plot: PC3 vs. PC4
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(b) PC3 (15.51% Variance Explained)

3. att. PCA diagramma — (a) paraugu sadalijjums pa komponentém un (b)
papildus to analize PC3 vs PC4 / Fig. 3. PCA Score — (a) Sample distribution
in the principal component space; (b) PC3 vs. PC4 Score Plot — Additional
analysis to observe more detailed variations

Balstoties uz iegiitajiem rezultatiem, pétijuma secinats, ka saldeto brétlinu
paraugiem ir augstaka struktiras stabilitate, bet atv@sinato brétlinu paraugiem
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fizikali kimiskas Tpasibas. Atvesinato brétlinu paraugi ir daudz vairak atkarigi no
argjiem faktoriem (uzglabasanas apstakliem un pasas izejvielas kvalitates) neka
saldéto brétlinu paraugi, lidz ar to kvalitates kontrole tieSi atv€sinatajam
brétlinam ir butiskaka.

Kipinatas brétlinas no atvesinatam un saldétam brétlinam, ja tiek izmantota
apstrade ka paraugam Na, ir Iidzigas. Butiski atSkiras paraugs no saldétam
brétlinam, kura apstradei izmantots kalcija hlorids kombinacija ar etikskabi
(CaAce) un no atvésinatam brétlinam paraugs 2Na3Ca. Kapinato brétlinu
razoSana no saldeétam brétlinam piemerotaka pirmapstrade — rudent un ziema ka
paraugiem 2Na3Ca, bet pavasari, ka paraugam NaAce.

SECINAJUMI

1. Petjuma iegiitie rezultati apstiprina hipot€zi, ka sezonali mainigo kiipinato
brétlinu kvalitati iespjams stabilizet, izmantojot pirmapstrades lidzeklus.

2. Pastav sakariba starp mitruma un tauku saturu Baltijas brétlinas, kur
visaugstakais tauku saturs 19.2 g 100 g un viszemakais mitruma saturs
62.4 g 100 g* konstatéts nozvejas sezonas sakuma (rudeni), bet nozvejas
sezonas beigas (pavasari) tajas ir visaugstakais mitruma saturs
70.0 g 100 g* un viszemakais tauku saturs 12.1 g 100 g™,

3. Olbaltumvielu saturs brétlinas sezonas laika ir stabils, bet dalgji
aizvietojamo aminoskabju (glutaminskabe, asparaginskabe) saturs
samazinds nozvejas sezonas laika.

4. Baltijas brétlinas ir augsts mononepiesatinato un polinepiesatinato
taukskabju saturs, kas sezonas laika mainas. Taukskabju frakciju kvalitates
indeksi norada, ka labaka uzturvértiba ir rudeni nozvejotam brétlinam, kur
aterogéna un trombogéna indeksa vértibas ir viszemakas.

5. Kauapinato brétlinu sensorais noveértgjums ir lidzigs zivim, kas razotas no
atvEsinatam un saldétam brétlinam, tacu tas biitiski mainas sezonas laika un
pirmapstrades Iidzeklu ietekmg.

6. Kipinasanas zudumi un nozuvums kontroles paraugam bija Iidzvertigi
ktipinatam brétlinam, kas razotas no atvésinatam vai saldétam bré&tlinam, ap
30%, un nozuvums ap 1.6% lidz 1.8% péc 24 h uzglabasanas. Izmantojot
apstradi ar etikskabi, ir iespgjams samazinat kiipinaSanas zudumus, ja
izmanto atvésinatas brétlinas un, izmantojot natrija hlorida un etikskabes
kombinaciju, ja izmanto sald@tas brétlinas. Nozuvumu ir iesp&jams
samazinat 1idz 0.3-0.4%, izmantojot natrija un kalcija hloridu kombinaciju
ka atv@sinatam, ta saldétam brétlinam. Savukart, ja izmanto apstradi ar
etikskabi, strauji pieaug nozuvums lidz 4.8-4.9%.

7. Pielietojot pirmapstrades Iidzeklus iesp&jams sekmét garaku kiipinato
brétlinu deriguma terminu. lzmantojot etikskabi vai kalcija hlorida un
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etikskabes kombinaciju, ir iespgams vairak kavét MAFAM skaita
palielinasanos vienas nedglas uzglabasanas laika.

8. Izmantotais pirmapstrades lidzeklis biitiski ietekmé kiipinato brétlinu pH
un sals saturu, taGu mazak ietekmé mitruma saturu un tdens aktivitati.
Kipinatu brétlinu pH gan no atvésinatam, gan saldétam brétlinam ir lidzigs.

9. Gaisakas kapinatas brétlinas var iegiit, izmantojot apstradi ar natrija hloridu
vai ta kombinaciju ar etikskabi. Sald&tas brétlinas ir gaiSakas, ja tas
nozvejotas rudeni un ziema, bet atv@sinatas brétlinas ir gaiSakas, ja tas
nozvejotas pavasart.

10. Stingrakas p&c struktiiras kiipinatas brétlinas var iegat, izmantojot kalcija
hlorida un etikskabes kombinaciju. No atv€sinatam brétlinam sarazotajam
kiipinatajam brétlinam ir stingraka struktiira neka no saldétam brétlinam
razotajam kiipinatajam brétlinam.

11. Péc kipinato brétlinu kvalitates raditaju multikritriju izvert§juma ir
konstatéts, ka visatbilstosakas kiipinatas brétlinas tiek iegiitas, ja izmanto
pirmapstradi ar natrija hlorida un kalcija hlorida kombinaciju vai kalcija
hlorida kombinaciju ar etikskabi.

PRIEKSLIKUMI

1. Lai uzlabotu kiipinatu brétlinu kvalitates raditajus sezonas ietvaros, razojot
tas ka no atvésinatam, ta ari no saldétam brétlinam, var pielietot
pirmapstrades lidzeklus, kuri attiecigi ir japielago p&c nozvejas perioda, ko
galvenokart raksturo izejvielas mitruma un tauku saturs.

2. Lai iegiitu vislabakos sensoros raditajus kopvértéjuma (struktiiru, garSu,
pecgarsu, aromatu un krasu), svaigas brétlinas ieteicams apstradat ar natrija
hlorida un etikskabes maisijumu, bet saldétas ar natrija hlorida un
etikskabes vai kalcija hlorida un etikskabes maistjumu.

3. Lai samazinatu kiipinasanas zudumus zem 30%, razoSanas procesa ir
ieteicams izmantot etikskabi, ka pirmapstrades lidzekli, ja razo$ana izmanto
atvesinatas brétlinas, tadejadi kiipinasanas zudumus ir iespgjams samazinat
lidz 22%. Ja izmanto saldétas brétlinas, rekomend&ts pielietot natrija
hloridu kombinacija ar etikskabi, kur kiipinasanas zudumi ir 26%.

PATEICIBAS

Pateiciba par atbalstu no projekta “Zinatniskas kapacitates stiprinaSana LLU”
Nr. 3.2.-10/123, projekts Z43 “Kipinatu zivju kvalitati noteicosie faktori”.

Pateiciba par iesp&ju veikt eksperimentalo dalu zivju parstrades razoSanas
uznémuma NS Estate, lai izgatavotu pétijumam nepiecie$amos paraugus.
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TOPICALITY OF THE RESEARCH

In Latvia, one of the traditional and popular types of fish products is smoked
fish. Various species of fish are used for smoking, including sprats. Baltic sprats
(Sprattus sprattus balticus) are seasonal fish that are caught from the end of
September or the beginning of October until the end of April or the beginning of
May, taking into account external environmental factors such as water
temperature and fish spawning time. They are an important source of protein and
lipids (Babikova et al., 2020) and can provide at least 20% of the protein required
in the human diet (Mohanty et al., 2019). It is known that the quality of fish
during the fishing season is variable and depends not only on the quality of the
raw material but also on the fishing method and storage conditions (Usydus et
al., 2012; Sabu and Sasidharan, 2020). The variable quality indicators of fish
affect their usability in production, taking into account not only seasonality, but
also the type of processing (chilled or frozen raw material).

Existing literature includes research on Atlantic fish species (Pop and Frunza,
2015; Dawson et al., 2018), their smoking processes (Costa, 2016; Sutikno et al.,
2019), and various processing methods aimed at improving quality (Huong,
2014; Ruiz-Alonso et al., 2021). Additionally, studies have examined different
techniques for sardine processing and their practical applications (Kilinc and
Cakli, 2004; Saldanha et al., 2008). However, there is a notable lack of
information regarding Baltic sprats, which are widely available across much of
Europe, particularly in relation to their seasonal quality variability. While some
studies have described seasonal changes in the lipid and fatty acid composition
of sprats and other Atlantic fish species (e.g., mackerel, salmon), comprehensive
analyses of the seasonal variation in their overall chemical composition —
including lipid, protein, amino acids, and moisture content — remain limited.
Furthermore, the correlation between these compositional changes and key
quality parameters of smoked sprats, such as texture, colour, and microbiological
characteristics, has not been thoroughly investigated.

As the quality of sprats varies throughout the fishing season (Timberg et al.,
2011; Usydus et al., 2012; Merdzhanova et al., 2018), it is necessary to identify
processing methods using pre-treatment agents that can ensure consistent quality
in both chilled and frozen sprats. A substantial body of research exists on the
effects of salt and acids on fish muscle tissue (Zheng et al., 2019; Babikova et
al., 2020; Ruiz-Alonso et al., 2021; Astruc et al., 2022). However, there is a lack
of data regarding how the application of these agents prior to smoking influences
the quality of the final product — particularly in terms of sensory attributes,
microbiological parameters, pH, colour, and texture — and how these effects may
vary depending on the fishing period.
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The hypothesis of doctoral thesis.
The seasonally variable quality of smoked sprats can be effectively stabilized
through the application of pre-treatment agents — acetic acid, sodium chloride,
and calcium chloride.

The hypothesis of the doctoral thesis was substantiated through the following
defendable theses.

1. The seasonal variation in the chemical composition of sprats
significantly affects the quality parameters of smoked sprats.

2. The impact of pre-treatment agents on the quality indicators of
smoked sprats differs depending on whether chilled or frozen fish are
used as raw material.

3. The use of suitable pre-treatment agents during the fishing season
enables for the stabilization of smoked sprat quality indicators,
regardless of whether the production utilizes chilled or frozen sprats.

The research object of the doctoral thesis is chilled and frozen Baltic

sprats (Sprattus sprattus balticus), as well as smoked sprats.

The aim of the doctoral thesis is to investigate the factors influencing the
quality of smoked sprats in relation to seasonal variation in chilled and frozen
sprat quality, and to identify appropriate pre-treatment agents for ensuring
product consistency.

To achieve the aim of the doctoral thesis, the following research

objectives have been set:

1) to evaluate the seasonal changes in the physical properties and
chemical composition of sprats;

2) to compare the seasonal variations in the texture, colour, and
technological parameters (smoking loss, drying loss) of smoked
sprats produced from chilled or frozen raw material;

3) to assess the impact of pre-treatment agents on the quality indicators
of smoked sprats;

4) to evaluate the influence of pre-treatment agents on the sensory and
microbiological properties of smoked sprats, as well as their shelf
life.

Novelty and scientific significance of the doctoral thesis. For the first
time in Latvia, a study has been conducted on ensuring the quality parameters of
smoked sprats throughout the fishing season. The research evaluates the
differences in physical indicators (pH, water activity, texture, colour) and
chemical composition (moisture, lipids, fatty acids, protein, and amino acid
content) of Baltic sprats (Sprattus sprattus balticus) both chilled and frozen
during the fishing season. The influence of these parameters on the quality of
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smoked sprats was investigated, as well as the relationship between these factors
and the application of pre-treatment agents.

Economic significance of the doctoral thesis. The application of various
pre-treatment agents throughout the fishing season offers the potential to
improve the production yield of smoked sprats by reducing technological losses,
while also ensuring the consistency of quality parameters across different
seasonal conditions.

Structure of the doctoral thesis. The doctoral thesis comprises five
thematically interconnected scientific publications; all published in peer-
reviewed journals indexed in the Scopus or Web of Science databases. The first
publication (1) presents a literature review summarizing factors affecting the
quality of smoked fish. It characterizes chilled and smoked sprats, discusses the
processes of fish freezing and thawing, describes pre-treatment methods (salting,
marinating). The review also explores how these methods affect the chemical
composition and properties of fish, and offers an overview of smoking
techniques. The second publication (1) analyses the seasonal variation in
chemical composition of sprats harvested during different fishing periods
(autumn, winter, and spring). It evaluates how these seasonal variations influence
the texture and colour of smoked sprats. The third publication (I11) evaluates the
effects of different pre-treatment agents on the quality of smoked sprats. It
includes sensory analysis, assessment of technological losses associated with the
processing methods, and characterization of the physical parameters of smoked
sprats. The fourth publication (IV) examines the influence of pre-treatment
agents on the physical and microbiological changes in fish caused by the use of
these agents. The fifth publication explores (V) how the use of pre-treatment
agents (such as salting and marinating) interacts with seasonal variation to affect
the quality of smoked sprats. It emphasises changes in texture and colour across
different fishing periods.

The doctoral thesis has been developed as a coherent set of publications,
incorporating research materials presented in five scientific articles. The research
results obtained in the thesis indicate that the use of pre-treatment agents is
effective in improving the quality of smoked sprats, using both chilled and frozen
sprats in production.

The development of the doctoral thesis was supported by funding from
the LBTU program “Strengthening Scientific Capacity at LLU,” project Z43.
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APPROBATION OF THE SCIENTIFIC WORK

Research results are published in five scientific articles in issues indexed
in Scopus or Web of Science databases. Research results have been presented
at six international scientific conferences in Latvia, Lithuania, Switzerland,
and North Macedonia (see the list on pages 6-7).

Glossary of the terms used in the thesis.

In the current thesis, the sample abbreviations are chosen to enhance
readability and comprehension; however, they do not correspond directly to
standard chemical symbols.

Pre-treatment. Within the scope of this doctoral thesis, pre-treatment refers
to the activities aimed at improving quality of the final product, ensuring stability
and production efficiency. It includes the treatment of chilled or frozen and
subsequently thawed Baltic sprats before smoking with solutions of pre-
treatment agents (pickling, brining).

Pre-treatment agents. Within the scope of this doctoral thesis, pre-treatment
agents refer to sodium chloride (NaCl), calcium chloride (CaClz), and acetic acid
(CHsCOOH) in various proportions, dissolved in drinking water to obtain a
solution of specific concentration.

MATERIALS AND METHODS

The research of this doctoral thesis was carried out between September 2019
and June 2025 at the Latvia University of Life Sciences and Technologies
(LBTU), as well as at the fish processing company NS Estate. In the company,
smoked Baltic sprats were produced from both chilled and frozen raw material,
using pre-treatment agents. These smoked products were subsequently analysed
in the laboratories of both LBTU and JH Hamilton Baltic. The experimental
design is summarized in Table 1.

Materials used in the research and sample preparation

The study utilized Baltic sprats (Sprattus sprattus balticus) caught in the
Baltic Sea, FAO fishing area 27. I11. D. 28.2, corresponding to the southern part
of the Riga Gulf in the central Baltic Sea. The fishing method employed was
pelagic trawling (OTM).

Chilled sprats were delivered to the processing company within 48 hours of
capture during the fishing season, ensuring that the internal temperature of the
fish remained at 2 + 2 °C. The fish met A grade freshness category and size
category 1. Prior to processing, the sprats were stored for up to 12 hours in
containers with ice in a 1:3 fish-to-ice ratio, in a cold storage conditions
maintained at 2 = 2 °C.
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Frozen sprats were stored at —18 + 1 °C with a relative air humidity of
75+ 5%, for up to 12 months from the time of harvest. The fish were
immediately frozen using shock freezing, forming 10 kg blocks, with the core
temperature of the block reaching at least —18 °C (publication I11). Thawing was
performed using a water steam spray system at 100 °C, until the core temperature
of the block reached 0 °C.

The following fish pre-treatment agents were used in the study:

e acetic acid — food additive (CHsCOOH), E260, solution containing 80%
acetic acid, purchased from the supplier Company Safrans, Riga, Latvia;

e CaCl;— granulated CaCl; containing 97% of the substance, E509, from
the manufacturer Lachner, Czech Republic;

o NaCl - table salt Ekstra, from the manufacturer Mozyrsalt, Belarus.

To prepare the treatment solution, various previously mentioned pre-
treatment agents were mixed with cold water (without ice) in a specific ratio
(Table 2), stirred until all substance was homogeneously mixed with the water
and dissolved, in the case of NaCl un CaCl..

Sprats (not less than 1000 g) are immersed in the solution at a ratio of 1:2
(fish : solution) for 30 minutes and manually stirred periodically, but no less
frequently than every 5 minutes. The temperature of the mixture should not
exceed 4 °C. For the Control sample, no pre-treatment agents are used, and the
sprats are placed on skewers immediately after defrosting and transferred for
thermal processing. After soaking in the prepared solution of pre-treatment
agents, the fish are skewered (10 fish per skewer) and hot-smoked in a batch
operating smoking chamber (Reich Foodsystems, Germany) (Publication I1).

Selection of pre-treatment agents based on sensory evaluation

In the first part of the study, in order to select combinations of pre-treatment
agents, sensory evaluation of smoked sprats was carried out using the Just About
Right (JAR) method. This method is supported by internationally recognized
standards, both 1SO (ISO 13299:2016; 1SO 11136:2014) and ASTM (ASTM
E1490-12(2017); ASTM E253-12(2008)), which recommend a panel of 8 to 12
experts. Sensory evaluation was performed on 22 smoked sprat samples,
processed in different ways, to select the most suitable ones for further research.
A total of 11 types of smoked sprats made from chilled fish and 11 samples made
from frozen fish were selected.

In the second part, sensory evaluation was continued for six pre-treatment
variants that have received the most appropriate evaluation in the first stage, as
well as for one control sample (Control), which had not undergone any pre-
treatment before smoking (Publication Ill). The smoked fish samples were
analysed using JAR method, evaluating sensory indicators such as aroma, colour,
texture, and taste, determining both the intensity and the degree of
appropriateness of these attributes. The sensory characteristics of each sample
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were assessed using 5-point scale, where 1 indicates “too little,” 5 indicates “too
much,” and 3 indicates “just about right”.

Methods for chemical and physical analysis of chilled and frozen sprats

For chilled and frozen sprats caught during the fishing season (at the
beginning, middle, and end of season), the following parameters were
determined: moisture content, pH, protein content and amino acid composition,
lipid content, and fatty acid composition. Smoked sprats were evaluated through
sensory analysis and measurement of technological losses, pH texture, colour,
microbiological indicators, moisture content, and water activity.

Fish pH was analysed using a JENWAY 3520 pH meter (Jenway, EU). Each
sample was analysed three times. Moisture content was determined using the
standard method ISO 1442:1997. Water activity was determined according to the
PN-1SO 21807:2005 standard method.

Lipid and protein contents were analysed in both chilled and frozen sprats.
Lipid content was determined using 1SO 1443: 1973, and protein content was
analysed based on the Kjeldahl method, using a nitrogen conversion factor of
6.25, assuming that the average nitrogen content in proteins is 16% (Hayes,
2020). Total amino acid content was determined in accordance with the PB —
53/HPLC ed. Il of 30.12.2008 method, which involves total amino acid
composition analysis using high-performance liquid chromatography (similar to
ISO 13903:2005, 1SO20483:2013). For tryptophan determination, the PB —
53/HPLC ed. Il of 30.12.2008 method (ISO 17025) was used, which includes
alkaline hydrolysis followed by neutralization and filtration. The analysis was
performed using high-resolution liquid chromatography with a UV detector.

Total fatty acid content in chilled sprats was analysed using gas
chromatography after fatty acid transmethylation under alkaline conditions,
following PN-EN ISO 12966-1:2015-01; PN-EN ISO 12966-2:2017-05; PN-EN
ISO 12966-4:2015-07 standards. Based on the proportions of fatty acids in the
lipid fraction, they were characterised using the index of atherogenicity (1A); the
index of trombogenicity (IT), and the hypocholesterolemic to
hypercholesterolemic fatty acid ratio (HH), originally developed by Ulbricht and
Southgate (1991) (Publication I1).

Microbiological analysis of smoked sprats

The selection of smoked sprat samples was carried out randomly from sample
storage boxes after one day, one week, and two weeks. Microbiological analysis
was performed according to standard methods summarized in Table 3
(Publication 1V). The testing was conducted in an accredited laboratory J. S.
Hamilton (Poland).
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Physical methods for smoked sprat analysis

Smoking losses (SL) are the main technological parameter that can
characterize the yield of the produced product. Smoking losses are calculated
using the weight before and after processing, according to Formula 1.

SL% = =My 109 (1)

(mo)
where:
SL — smoking losses, %;
mo — weight before smoking, g;
m; — weight after smoking, g.

After smoking, during storage in the chamber, the fish undergo moisture loss
(ML), which is most significant during the first 24 hours, so it is important to
minimize it. ML is calculated using Formula 2.

MZ,% = =)y 00 (2.)

(mo)
where:
MZ — moisture losses, %;
mo — weight before storage, g;
m; — weight after storage, g.

To determine technological losses, each processing method is tested in at
least three batches, each not less than 200 g.

To determine water activity, the standard method 1SO 18787:2017 was used.
For determining moisture content, the gravimetric method was applied. To
determine salt content, a conversion factor (Na x 2.5) was used. For pH
measurement, a JENWAY 3520 pH meter was used.

Texture analysis of smoked sprats. Texture analysis was performed using
a TA.HD.Plus texture analyser (Stable Microsystems, United Kingdom)
equipped with a Warner-Bratzler flat blade (1 mm thick, blade dimensions
60 x 80 mm). Each smoked sprat was dissected to remove the backbone, yielding
two separate fillet portions with a maximum width of 10 mm. Prior to analysis,
the width of each fillet was measured and the value was input into the analyser
software to ensure accurate measurement parameters. For each processing
method, the analysis was conducted on a minimum of seven fillets.

Colour analysis of smoked sprats. For the colour analysis of smoked sprats,
the fish were placed on a wooden board covered with polyethylene film. Another
layer of polyethylene film was placed over the fish before conducting the
measurement. Colour was measured using the ColorTec—PCM device (Accuracy
Microsensors Inc., USA) with the accompanying Color-Tec — Color Sowf QCW
software. The results were expressed in the CIE (L*a*b*) colour space. In
addition to the basic colour parameters, the Chroma index (C*) — which
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represents colour saturation — was also calculated using the a* and b* values.
Additionally, the hue angle (Ho), representing the relative hue of the colour in
degrees, was calculated.

Statistical Analysis

All results are presented as mean values. Means and standard deviations (SD)
were calculated using MS Office Excel 2016.

Sensory evaluation data were processed using Penalty Analysis (XLSTAT
2020), based on multiple correspondence analysis of the Just-About-Right (JAR)
scale. This method was used to evaluate colour, taste, aftertaste, aroma, and
texture of smoked sprats. For sensory data analysis, the software XLSTAT 2020
(Addinsoft, USA) was used.

To assess the impact of seasonality and pre-treatment agent on the colour and
texture of smoked sprats, one-way and multi-factor analysis of variance
(ANOVA) was performed. Sample comparisons were carried out using the t-test
or Post Hoc Tukey test and Post Hoc LSD (IBM SPSS Statistics, Version
28.0.1.1. (15)) (SPSS Inc., Chicago, Il, USA), with as indicated in the tables and
figures.

To evaluate the influence of multiple factors on the quality of smoked sprats
— produced from either chilled or frozen fish — as well as to assess the seasonal
impact, multi-criteria decision analysis (MCDA) was applied. The main quality
indicators were determined based on the percentage contribution value (Table 4).
In the first stage of the MCDA, the results were ranked according to the total
score. A lower score indicated a higher overall product quality.

To identify differences between variable quality indicators, correspondence
analysis (CA) was also used. This method incorporated categorical data rather
than numerical measurements to analyse relationships between categorical
variables. Differences were further assessed using the t-test (p < 0.05).

A more in-depth numerical data analysis using Principal Component
Analysis (PCA) was performed with Python Release 3.9.0, utilizing Scikit-learn
library and Matplotlib for data visualisation. The data were processed using Z-
score normalization to eliminate the influence of variable scales and ensure
comparability.

RESULTS AND DISCUSSION

1. Variation in the Chemical Composition of Chilled Sprats Across
the Fishing Season

The study data indicate that the highest lipid content in Baltic sprats was
observed at the beginning of the fishing season (autumn), reaching 19.2 g 100 g~
!, whereas at the end of the season (spring) , the highest moisture content was
recorded — up to 70 g100g* (Table 5). At the lowest moisture content
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62.4+1.29100g7, the lipid content was the highest 19.2 +1.3g 100 g and
vice versa, which is consistent with the findings of Timberg et al. (2011). The
study data also reflected a relatively stable protein content throughout the season
(Table 5), ranging from 16.4 + 1.3 g 100 g at the beginning of fishing season to
16.8 = 1.3 g 100 g at the end. A similar trend was observed in the study by
Usydus et al. (2012), where protein content varied slightly — from
17.06 g 100 g* in spring to 16.61 g 100 g* in autumn.

Correspondence analysis (Fig. 1) illustrates the relationship between
chemical properties (lipid, fatty acid, protein, and amino acid content) and
moisture content in relation to different fishing periods (spring, winter, autumn).
Moisture content and n-3 fatty acid content were the most influential contributors
to the first dimension (F1), each with a contribution of 0.252. In contrast, protein
content had the most significant contribution to the second dimension (F2), with
a value of 0.522. The correspondence analysis indicates a linear inverse
relationship between moisture and lipid content, as they are represented in
opposing quadrants. The chemical composition of fish caught during winter and
spring was similar, with both fishing periods located on the left side of the
correspondence plot. Fish caught in autumn, however, exhibited more
pronounced differences compared to the other analysed samples. Protein forms
a distinct vector directed toward the positive F2 axis, indicating an independent
contribution. This vector is more closely associated with the spring season (3),
during which the highest protein content was observed.

During the fishing season, the n-3 fatty acid content in sprats varied
depending on the catch period (Publication I1). At the beginning of the season, it
was 6.3+ 0.8 g 100 g, whereas by the end of the season, it had decreased to
1.9+ 0.2 g 100 g* (Table 6). The total fatty acid content declined throughout the
fishing season.

Changes in the nutritional value of fatty acids are reflected by three indices —
the index of atherogenicity (IA); the index of trombogenicity (IT), and the
hypocholesterolemic to hypercholesterolemic fatty acid ratio (HH). The 1A
indicates the ratio between the sum of saturated and unsaturated fatty acids. In
sprats, the 1A increased from 0.43 + 0.04 in autumn to 0.66 + 0.04 in spring. In
comparison, Chen & Liu (2020) reported a higher 1A value of 0.70 for Atlantic
herring (Clupea harengus). Higher 1A values suggest a less favourable effect on
human lipid metabolism. The IT index represents the ratio of saturated fatty acids
to the content of MUFA, n-3 and n-6 fatty acids. The HH index indicates the
effect of fatty acids on blood cholesterol levels — specifically, whether a
particular lipid source contributed to cholesterol reduction or elevation.
According to the study data, the HH index in sprats ranged from a low of 2.44 in
winter to a high of 2.52 in autumn, suggesting that sprats caught in autumn offer
better nutritional value according to this index. Chen & Liu (2020) noted that for
fish in general, the HH index typically ranges from 1.54 to 4.83. The lowest 1A
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and IT values were observed in sprats caught in autumn, when the HH index was
the highest, further indicating superior nutritional quality during this period.

The total content of essential amino acids in sprats caught in autumn was
6.25+ 0.36 g 100 g%, while in spring it was 6.11+0.35g 100 g* (Table 7),
confirming the stability of protein and amino acid content throughout the fishing
season.

Regardless of the fishing period, the most abundant amino acids identified in
the study were glutamic acid, aspartic acid, and among the essential amino acids
— lysine and leucine. Similar findings were reported by Usydus et al. (2009),
noting that the majority of amino acids in smoked sprats are composed of aspartic
and glutamic acids. Comparable data were also presented by Ozden (2005), who
found that in marinated and chilled trout and anchovies, lysine, aspartic acid, and
glutamic acid together accounted for 31% of the total amino acid content. In
chilled sprats, the amino acid alanine was detected in small amounts, while the
glycine content showed a slight increase in spring during the course of the fishing
season.

2. Selection of Pre-treatment Agents

The weakest aroma intensity was observed in samples treated with equal
proportions of sodium and calcium chloride (NaCa), as well as in samples treated
with a combination of sodium and calcium chlorides and acetic acid
(3Na2CaAce). In contrast, an overly intense aroma was recorded in the sample
3Na3CaAce.

When comparing the taste of smoked sprats prepared from chilled and frozen
raw materials, the samples Ace and 3Na3CaAce received ratings of “too much,”
being characterized as sour, metallic, and bitter. The sample 3Na2CaAce
exhibited the lowest taste intensity, receiving a “too little” rating.

In terms of texture parameters (consistency, firmness, elasticity), the
untreated control samples were rated as having the firmest texture, which was
considered “too much.” The most appropriate texture was observed in the
samples CaAce and NaAce, likely due to a balanced presence of acids and salts.
The sample 3Na2CaAce showed the least appropriate texture, being rated as “too
soft.” Samples treated with NaCl had firmer texture, aligning with findings by
Bjernevik et al. (2018). Additionally, in treatments using CaCl., water expulsion
from tissues and salt diffusion into tissues was observed, while acid addition
increased ionic strength within cells, resulting in a firmer texture (Serdaroglu et
al., 2015).

An overly intense aftertaste was found in the control samples, especially in
smoked sprats made from chilled fish. For sprats smoked using sodium and
calcium salts combined with acetic acid (3Na3CaAce), the aftertaste was rated
as “far too much.”

The most acceptable colour was observed in the control sample (without pre-
treatment), in the sample treated with calcium chloride (Ca), and in 3Na3CaAce.
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The NaCa samples showed a less intense colour compared to samples CaAce,
NaAce, and 2Na3Ca.

Samples considered unsuitable for further evaluation included 3Na3CaAce,
3Na2CaAce, Ca, and NaCa. None of these samples received a “just right” rating
for sensory parameters, and visible defects such as peeling skin were noted after
smoking. Additionally, samples treated with Ca and NaCa exhibited a distinctly
bitter aftertaste. Therefore, these four sample types were deemed unsuitable for
further research.

In the following study phase, the effects of selected pre-treatment agents on
the sensory properties of smoked sprats were analysed. The applied pre-treatment
agents significantly influenced the sensory characteristics of smoked sprats
(Publication I11). While pre-treatment can improve sensory quality, it must be
tailored to the catch period, as the chemical composition of the fish changes
seasonally, affecting the final product properties.

Regarding colour of smoked sprats produced from chilled fish, the most
appropriate samples were CaAce and Ace, while the least pronounced colour was
found in the control and Na samples. The best texture was rated in 3Na2Ca and
NaAce, whereas the texture in Ace was rated as “too firm.” The most favourable
aroma was observed in NaAce and 2Na3Ca, and the least intense aroma was
recorded in the Na sample. In terms of taste, the best-rated samples were 3Na2Ca
and NaAce, while the control sample received a “too little” evaluation.

Among smoked sprats produced from frozen fish, the best colour was noted
in the samples 2Na3Ca, Ace, and CaAce. The most appropriate texture was found
in 3Na2Ca, NaAce, and CaAce, while the texture of Ace was rated as “too firm,”
similar to when using chilled fish. Aroma was best evaluated in NaAce and
2Na3Ca, whereas the control sample received a “too little” rating. The best taste
was recorded in CaAce, 2Na3Ca, and 3Na2Ca, while the control sample again
received a “too little” evaluation.

Based on sensory assessment, the most suitable smoked sprat samples in
terms of colour were those pre-treated with a combination of sodium and calcium
chloride (2Na3Ca), as well as with calcium chloride and acetic acid (CaAce).
These results were consistent whether chilled or frozen sprats were used as raw
materials.

3. Changes in Microbiological Variables of Smoked Sprats

Microbiological indicators were analysed alongside with water activity,
moisture content, salt content, and pH values in the fish (Publication 1V). The
application of pre-treatment agents altered the physicochemical parameters,
creating unfavourable conditions for microbial growth on the surface of the tissue
and further microbial diffusion. Consequently, the potential for extended shelf
life was confirmed by the results obtained in the study.

The sample that spoiled the fastest — indicated by the highest total plate count
(TPC) — was the control, which had not undergone any pre-treatment. By the
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second week, the control sample exhibited the highest TPC among all samples
2.3 x 107 CFU g. This sample also showed the highest pH 6.6, highest water
activity (0.951), highest moisture content (67.5%), and lowest salt content
(0.35%). In contrast, the lowest pH was observed in sample CaAce (pH 5.6), the
lowest water activity in samples 3Na2Ca (0.937) and CaAce (0.946), and the
lowest moisture content in samples 2Na3Ca (61.5%) and CaAce (61.7%). The
highest salt content was recorded in sample 3Na2Ca (0.90%).

TPC increased slowly in smoked sprat samples Ace and CaAce, where acetic
acid was used as a pre-treatment agent. After one week of storage, microbial counts
in these samples did not exceed 5.2 x 10?CFU g and 6.4 x 10°> CFU g,
respectively. This aligns with findings by Sengun et al. (2021), which demonstrated
that acids inhibit the development of yeasts and moulds. For chilled sprats, the TPC
should not exceed 1 x 10° CFU g%, while in processed fish, the acceptable limit is
1 x10* CFU g The use of pre-treatment agents can effectively inhibit mould
development: after two weeks of storage, mould growth was detected only in
control sample, at 1.0 x 10?2 CFU g*. In smoked fish, yeasts are more of quality
indicator rather than safety issue. They are acceptable up to 1 x 10° CFU g},
provided that good manufacturing practice (GMP) and good hygiene practice
(GHP) guidelines are followed.

The presence of pathogenic microorganisms such as Pseudomonas
anguilliseptica or Pseudomonas aeruginosa is not acceptable in the product.
Furthermore, no presence of Clostridium perfingens, Vibrio parahaemolyticus,
as well as Escherichia coli, or Bacillus cereus was detected in any of the samples
throughout the storage period, starting from the first day of testing. The growth
and stability of Pseudomonas spp. are influenced by salt content and pH. Lower
pH levels inhibit their development, which is supported by the results —
particularly in samples treated with acid before storage.

4. Effect of Pre-treatment Agents on Physical Characteristics of
Smoked Sprats

Pre-treatment agents have varying effects of the physicochemical parameters,
as marinating or salting promotes the migration of acid and salt into the tissue,
while simultaneously resulting in lower moisture content and pH in the product
compared to the control sample, which was not treated with any pre-treatment
agents.

4.1. Technological Losses During Smoking

Smoking losses and moisture loss during storage in the Control sample —
without the use of pre-treatment agents — were comparable to those observed in
smoked sprats produced from either chilled of frozen raw material. After
smoking, the fish weight decreased by 30%, and after 24 hours, the product
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weight further decreased by 1.6% to 1.8%, which was attributed to moisture loss
(Table 8) (Publication I11).

After soaking the fish in the pre-treatment agent solution, the fish weight may
change within a 5% range. During the smoking process, part of the water
evaporates, resulting in a reduction in product weight, while relative content of
dry matter (including lipids, protein, and salt) increases (Lerfall & Osterlie,
2011). When using sodium chloride or its combination with acetic acid (samples
Na or NaAce), only minor smoking losses were observed, but the moisture loss
during storage increased. The presence of sodium chloride in the pre-treatment
solution enhances protein solubility but reduces the water binding and water
holding capacity due to protein denaturation (Abraha et al., 2018). The Ace
sample showed the lowest smoking losses when chilled sprats were used.
However, during storage, the Ace sample showed the highest moisture loss,
regardless the type of raw material.

Overall, smoked sprats produced from chilled fish had slightly lower
smoking and moisture losses compared to those made from frozen fish. In the Na
sample (sodium chloride treatment), moisture loss reached 3.40 + 0.34% in sprats
from chilled fish and 3.50 + 0.07% in sprats from frozen fish. When only acetic
acid was used (Ace sample), the moisture loss reached the 5% threshold. The
lowest smoking loss was recorded in sprats from chilled fish: 22.09 + 0.09%,
while the lowest smoking loss among samples from frozen fish was observed in
the NaAce sample: 25.67 + 1.54%.

4.2 The pH, Moisture Content, Water Activity and Salt Content in
Sprats

Samples treated with pre-treatment agents showed a lower pH compared to
the Control sample, which did not undergo any pre-treatment. Other parameters
such as water activity, moisture content, and salt content also changes, and those
are interrelated and show strong correlations. The pH of smoked sprats made
from chilled fish was higher than that of those made from frozen fish and was
closer to the natural pH of chilled fish during the 2020/2021 fishing season
(Publication I11). The pH of smoked sprats from chilled fish remained stable
throughout the fishing season, whereas the pH of smoked sprats from frozen fish
fluctuated, reaching its lowest value in spring (Table 9).

The natural pH of chilled fish is around 7, and during storage, it initially
increases slightly (within 1-2 days), which is associated with the activity of
alkaline enzymes (proteases) in muscle tissue. These autolytic enzymes begin to
break down proteins and release ammonia (Abbas et al., 2008).

This study analysed the effect of various selected pre-treatment agents on the
physical properties of smoked sprats caught in spring (Table 10) (Publication
V).
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The pH of smoked sprats varies depending on the pre-treatment applied. The
lowest pH was observed in the CaAce samples, where calcium chloride was used
in combination with acetic acid. The Control sample had a pH level most similar
to that of the Na sample, which was treated only with salt and did not contain
acids that would otherwise cause a more pronounced pH drop. The application
of pre-treatment agents increased the salt content in the final product and
contributed to reduced pH and moisture content. Abbas et al. (2009) reported that
while there were no significant differences in water activity and moisture content
when using different pre-treatment agents, significant differences were observed
in pH and salt content. Furthermore, a notable pH reduction was observed when
calcium chloride was used, as it contains two CI ions, which results in a lower
pH than that seen with sodium chloride (Vidal et al., 2019).

The study found that the highest moisture content (67.5 + 3.5 g 100 g'!) was
in the Control sample. Salts and acids affect proteins by promoting protein
denaturation and salt migration into muscle tissues, thereby altering the moisture
content of the product (Martinez et al., 2012). Additionally , the juiciness of the
fish decreases because acids break down connective tissue and its membranes,
reducing the water holding capacity (Ruiz-Alonso et al., 2021).

In the Control sample, salt content was 0.35 = 0.07 g 100 g*. A lower salt
content was only in the Ace sample, where only acetic acid was used —
0.32 £ 0.06 g 100 g*. The water activity in Control was 0.951 + 0.026, while in
the 3Na2Ca sample, the salt content reached 0.70 + 0.13 g 100 g%, and it had the
lowest water activity 0.937+0.024. The presence of salt in fish affects water
activity. The data from this study confirm that the higher salt content in the
product, the lower the water activity — also noted by Ruiz-Alonso et al. (2021).

By using pre-treatment agents, it is possible to reduce water activity, which
is a key indicator for microbial development in fish. The highest water activity
was observed in the Control sample (0.951 + 0.028). Similarly Babikova et al.
(2020) reported that in marinated anchovies (Engraulis anchoita), water activity
dropped to 0,94. In the literature, water activity for chilled sprats is around 0.97,
while in chilled fish in general, it is around 0.99 — but during processing water
activity usually decreases.

For the Control sample, which did not undergo any pre-treatment, pH
changes throughout the season were minimal (Table 11), especially when
compared to samples that were treated. In the Ace sample, pH dropped to
6.32 + 0.03 in spring. In winter, pH reductions were observed in 3Na2Ca un
2Na3Ca samples, where in autumn, pH was 6.41 £+ 0.05 un 6.11 + 0.14,
respectively. Babikova et al. (2020) noted that frozen and then thawed sprats had
a pH of 6.87, which closely matches the values found in this study and may be
influenced by seasonal variations, chemical composition, and the geographic
location of the catch. The lowest pH was recorded in autumn in the CaAce
sample; in winter, again in sample CaAce; and in spring, in the NaAce sample.
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Using pre-treatment agents allows for reduction in pH, which impacts both
microbiological parameters and the sensory properties of the product. Water
content in tissues affects the transport and migration of treatment agents, thereby
influencing the final product’s pH. The application of calcium chloride or acetic
acid causes greater pH changes than sodium chloride. The pH is a critical factor
affecting the water-binding capacity of proteins in muscle tissues.

4.3. Effect of Pre-treatment Agents on Colour and Texture of Smoked
Sprats

The smoked sprats that were treated with a mixture of sodium and calcium
chloride were darker (i.e., had lower L* values), as shown in Table 12 —
specifically, L* for sample 3Na2Ca was 45.58 + 8.9 and 47.59 + 13.9 for
2Na3Ca. Their corresponding pH values were 6.0 = 0.2 and 5.8 + 0.2,
respectively (Publication 1V). These results contrast with findings by Chan et al.
(2020), which indicated that a lower pH results in a lighter colour. A negative
correlation was observed between the red colour parameter (a* value) and water
activity (r = —0.55); lower water activity promotes increased red colour intensity.
However, no correlation was observed between other colour parameters and
physical characteristics.

Marination before smoking can improve fish quality parameters. Dhanapal et
al. (2013) described that fish soaked in a 10% salt and acid solution for 60 minutes
showed improvements in colour, texture, and sensory attributes — a finding also
supported by this study, as reflected in the changes in colour components of sprats
treated with pre-treatment agents compared to the Control sample.

When comparing the Control sample, which had a shear work of
1.27 + 0.28 N mm™ s and a cutting force 0.54 = 0.12 N mm™, with a sample
treated with acid — where the shear work was 1.75 + 0.30 N mm™ s and the
cutting force 0.71 + 0.14 N mm™ — it was found that the texture became firmer.
These structural changes may be explained by the increased strength of metal ion
bonding (Caglak, 2015) and the decrease in pH. The firmest texture was observed
in sample 3Na2Ca, with a shear work of 2.38 = 0.92 N mm s and a cutting force
of 1.05 + 0.49 N mm, This can be attributed to the effect of salt on the water-
binding capacity of proteins (Martinez et al., 2012) as well as acid migration into
the tissue. A moderate negative correlation was observed between water activity
and firmness, where increasing water activity led to a decrease in shear work
(r =-0.75) and cutting force (r = —0.78).

Samples 2Na3Ca, 3Na2Ca, and CaAce made from chilled sprats had a firmer
texture (Fig. 2), which aligns with findings from other researchers who
confirmed that increasing salt concentration results in a firmer texture.
Additionally, the use of acetic acid can enhance product firmness due to protein
denaturation (Bjernevik et al., 2018; Ruiz-Alonso et al., 2021).
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Freezing affects the muscle structure of fish — the product becomes drier and
loses its original fish texture (Andrews, 2014) — but this can be mitigated by
using appropriate pre-treatment methods. According to the study results,
moisture is lost during freezing but can be restored during the pre-treatment
process. Data show that the textural parameters of smoked sprats made from
frozen fish are similar to those made from chilled fish. However, sprats made
from frozen raw material tend to differ slightly in taste, being somewhat more
acidic compared to those made from chilled fish (Timberg et al., 2014).

Analysing the textural parameters (shear work and cutting force) overall,
significant differences were observed between autumn and spring (Publication
V). In autumn, the firmest texture was found in sample Ace (0.84 £0.23 N mm™);
in winter, in sample 3Na2Ca (1.05 +0.53 N mm™!); whereas in spring, in sample
2Na3Ca (1.27+0.3Nmm™"). The type and concentration of selected pre-
treatment agents affect the quality parameters of smoked sprats differently across
season. In samples NaAce and CaAce, the texture of smoked sprats becomes
firmer over the season, which can be explained by changes in moisture content
in the product and the effect of acid on fish muscle tissue (Chan et al., 2020).

5. Selection of Pre-treatment Agents Depending on Fishing Period

The shear work and cutting force are significantly influenced by the type of
pre-treatment, the fishing period, and the interaction between both factors (Table
13). The use of acetic acid (Ace) and salt combination (2Na3Ca), showed a
significant effect on shear work, yielding considerably higher values compared
to the Control sample. The highest shear work was observed in season S3
(spring), especially with treatment using NaCl and CaCl,. Salts and acids can
improve texture by significantly increasing the cutting force (2Na3Ca, CaAce).
The study also revealed a negative correlation between cutting force and pH
value of smoked sprats (r = —0.488), which aligns with findings by Babikova et
al. (2020), who reported that the firmest texture was observed in sprats with the
lowest pH.

Based on the impact of pre-treatment agents and the fishing period, it is
evident that the texture of smoked sprats in spring differs significantly from that
of samples from the autumn and winter (Publication V). In autumn and winter,
the use of salts — such as in samples Na, 2Na3Ca, NaAce and CaAce — before
smoking had no significant effect on texture, but by the end of season, there was
a notable increase in shear work and cutting force, indicating a firmer texture.
This seasonal effect may be associated with the higher moisture content in fish
during spring, which enhances salt migration into the tissues. As Gomes et al.
(2021) noted, salts play and essential role in protein solubilisation and extraction,
improving water-holding capacity. Salt causes structural changes in muscle
tissue mainly through electrostatic interactions between protein molecules and
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sodium (Na*) and chloride (CI") ions. Myosin binds to calcium ions, forming a
gel-like network structure (Totosaus & Pérez-Chabela, 2009; Hu et al., 2022).

Colour changes occur most intensively on the fish surface due to the
migration of salt and acid into the tissues. Treatment with acetic acid or its
combination with salts results in a darker smoked sprat colour. A negative
correlation (r = —0.646) was observed between lipid content and L* value, while
weak correlations were noted between lipid content and the a* and b* colour
components. The most important colour component of smoked sprats is L*,
reflecting the brightness or darkness of the colour, and b*, which reflects the
intensity of the golden colour after smoking. As shown by the data, the colour of
smoked sprats was lightest in autumn and the L* component differed
significantly from mid-season or late-season values (Table 14).

A decreasing trend in the b* colour component was observed toward the end
of the fishing season, which can be explained by a reduction in lipid content. In
the CaAce, NaAce samples, the pre-treatment agents had a significant effect on
L* value. Such pre-treatment agents as in samples Na, 3Na2Ca, and 2Na3Ca had
a smaller effect during season S1 but showed a significant effect in season S3.
As aresult, lighter colour was generally observed in products in autumn, whereas
the samples from spring (S1) were darker. A more pronounced yellow hue was
observed in fishing periods S2 and S3 for the Ace, NaAce, CaAce samples, while
the lowest yellow intensity was recorded in the Na sample during season S1.
Treatment with NaAce reduced b* value, while the yellow colour intensity
increase in season S2 and S3.

The reduced yellow colour intensity may be explained by decreased
astaxantin content (Nie et al., 2011), while acetic acid as a solvent that releases
pigment and produced a more pronounced yellow colour on the surface of
smoked fish. However, the intensity of the colour depends on the pre-treatment
agent used. Acid has a significant effect on the autoxidation of myoglobin, and
some authors have noted that the addition of acetic acid can cause dullness in
colour (Simat et al., 2019). The use of acetic acid at the end of the fishing season
increases the intensity of the yellow colour on the fish surface compared to the
Control sample.

To determine which pre-treatment agent should be used during a specific
fishing season, when producing smoked sprats from either chilled or frozen raw
material, a multi-criteria decision-making scheme is applied. This scheme is
based on expert-defined selection criteria and their relative contribution.
According to this analysis (Table 15), in autumn, winter and also spring, the best
quality fish are obtained when chilled fish are used with pre-treatment
corresponding to samples 3Na2Ca or CaAce, as well as Control. In contrast, the
least suitable options are chilled fish treated as in samples Ace, Na, and NaAce.
When using frozen sprats, the most favourable pre-treatments are also 3Na2Ca
or CaAce, and in autumn and winter, 2Na3Ca; however, in spring, NaAce is
recommended.
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The pre-treatment agents used in samples 3Na2Ca and CaAce are considered
the most suitable for both chilled and frozen fish across all seasons. Nevertheless,
toward the end of the season, the use of a combination of sodium chloride and
acetic acid (NaAce) is recommended for processing frozen sprats.

Principal Component Analysis (PCA) was used to determine the impact of
seasonality and pre-treatment agents on the quality of smoked sprats (Fig. 3). The
percentage of contribution was 33.72% for PC1 and 23.39% for PC2, indicating
notable seasonal differences. Correlations were observed among the samples
across several groups.

The distribution of samples across the principal components, where
processed samples of frozen sprats and chilled sprats form different clusters,
indicates that the proceesing method significantly affects the physico-chemical
properties of the product. Since the frozen sprat samples are more tightly
grouped, this suggests greater strustural stability across the dataset. In contrast,
the cilled sprat samples are more dispersed, reflecting a wider variation in
physical properties throughout the season — especially in parameters such as
moisture and colour. The first principal component (PC1) shows that texture-
related properties (sutting force and shear work) are the main factors influencing
and differentiating the samples. Meanwhile, PC2 includes smoking losses,
moisture loss, pH, and moisture content. Moisture content, ph and moisture loss
are strongly correlated with PC2, indicating that these parameters are influenced
by seasonal changes. Textural properties and colour parameters are more
strongly associated with PC1, hughlighting the importance in selecting
processing method. Figure 3b shows more detailed variations between samples.
Seasonal changes in texture and colour are more pronounced, as the samples shift
their positions between seasons. Chilled sprat samples show greater differences
across P3 and P4, meaning that texture and colour vary more in chilled sprats
compared to frozen sprat samples.

Based on the obtained results, the study concluded that the sprat made from
frozen fish exhibit higher textural stability, whereas sprat samples produced from
chilled fish display more pronounced physico-chemical properties. Chilled sprat
samples are much more dependent on external factors (such as storage condition
and the quality of raw material itself) than frozen samples, making quality control
particularly important for chilled sprats.

Smoked sprats produced from shilled or frozen sprats are similar when
processed using the pre-treatment agents applied to sample Na. However,
significant differences were observed for the frozen sprat sample processed with
calcium chloride in combination with acetic acid (CaAce), and for the chilled
sprat sample processed as 2Na3Ca. For the production of smoked sprats from
frozen raw material, in autumn and winter the most suitable pre-treatment is
2Na3Ca, in spring NaAce treatment.
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CONCLUSIONS

The results of the study confirm the hypothesis that the seasonally variable
quality of smoked sprats can be stabilized by using pre-treatment agent.
There is a correlation between the moisture and lipid content in Baltic
sprats: the highest lipid content (19.2 g 100 g*%) and the lowest moisture
content (62.4 g 100 g'*) were observed at the beginning of the fishing season
(autumn), whereas at the end of the season (spring), the highest moisture
content (70.0 g 100 g*) and the lowest lipid content (12.1 g 100 g*) were
recorded.

The protein content in sprats remains stable throughout the fishing season,
but the content of conditionally essential amino acids (glutamic acid,
aspartic acid) decreases over the course of season.

Baltic sprats contain high levels of monounsaturated and polyunsaturated
fatty acids, which vary seasonally. The quality indices of fatty acid fractions
indicate better nutritional value in sprats caught in autumn, when the index
of atherogenicity (1A) and the index of trombogenicity (IT) are at their
lowest.

The sensory evaluation of smoked sprats is similar between products made
from chilled and frozen sprats, but it changes significantly depending on
the fishing period and the type of pre-treatment applied.

Smoking losses and moisture loss in the control sample were comparable
to those of smoked sprats made from chilled or frozen fish — around 30%
smoking loss and 1.6 to 1.8% moisture loss after 24 hours of storage.
Smoking losses can be reduced to 0.3-0.4% by using a combination of
sodium and calcium chloride for both chilled and frozen fish. In contrast,
acetic acid treatment results in a rapid increase in moisture loss up to
4.8-4.9%.

Applying pre-treatment agents can help extend the shelf life of smoked
sprats. A combination of sodium chloride and acetic acid can effectively
delay the growth of total viable count during one week of storage.

The type of pre-treatment agent significantly affects the pH and salt content
of smoked sprats, while having less influence on moisture content and water
activity. The pH of smoked sprats is similar whether made from chilled or
frozen fish.

Lighter coloured smoked sprats can be achieved by using sodium chloride
or its combination with acetic acid. Frozen sprats are lighter in colour when
caught in autumn and winter, while chilled sprats are lighter when caught
in spring.

Firmer textured smoked sprats can be obtained by using a combination of
calcium chloride and acetic acid. Smoked sprats made from chilled fish
exhibit firmer texture than those made from frozen fish.
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Based on a multi-criteria evaluation of smoked sprat quality indicators, the
most suitable products are obtained when using pre-treatment with a
combination of sodium and calcium chloride, or calcium chloride with
acetic acid.

RECOMMENDATIONS

To improve the quality of smoked sprats throughout the fishing season,
whether produced from chilled or frozen fish, pre-treatment agents can be
used and should be adapted according to the fishing period, which primarily
characterised by the moisture content of the raw matetrial.

To achieve the best overall sensory scores (texture, taste, aftertaste, aroma,
and colour), it is recommended to treat chilled fish with a mixture of sodium
chloride and acetic acid, while for frozen sprats a mixture of sodium
chloride and acetic acid or calcium chloride and acetic acid is advised.

To reduce smoking losses below 30%, it is recommended to use acetic acid
as a pre-treatment agent when producing smoked sprats from chilled fish —
this can reduce losses to as low as 22%. When using frozen sprats, a
combination of sodium chloride and acetic acid is recommended, which
results in smoking losses of around 26%.
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