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KOPSAVILKUMS

Latvija viens no tradicionaliem un populariem zivju produktu veidiem ir kiipinatas zivis.
Kipinasanai izmanto dazadu sugu zivis. 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. Literatira ir pieejamas daudz publikacijas par dazadam Atlantijas zivim un to
parstradi, ka arT raksturoti aspekti kvalitates uzlaboSanai. Tapat ir atrodami arT p&tjjumi par
dazadiem sardinu apstrades veidiem un to praktisko pielietojumu. Tomér ir maz informacijas
par Baltijas brétlinam, kas ir pieejamas plasai Eiropas dalai, un par brétlinu kvalitati sezonas
laika.

Baltijas brétlinas (Sprattus sprattus balticus) ir sezonalas zivis, kuras zvejo no septembra
beigam vai oktobra sakuma lidz aprila beigam vai maija sakumam, ieveért€jot tadus ar&jos vides
faktorus, ka tidens temperatiira un zivju narsta laiks. Pieredze liecina, ka sezonas laika brétlinu
kvalitate mainas un tadél ir nepiecieSams rast pirmapstrades lidzeklus, kas sp&tu panakt
nemainigu kvalitati gan atv@sinatam, gan saldétam brétlinam. Pirmapstrades Iidzeklu
izmantoSana ir maz pé&tita atvésinatu un saldétu zivju apstradei pirms kipinasanas, tacu to
izmanto, lai palielinatu produkcijas iznakumu, samazinatu produktu masas zudumus
kiipinasanas procesa un nozuvumu kiipinato produktu uzglabasanas laika. Tapat, pirmapstrades
lidzeklu izmantoSana, var uzlabot tadus kvalitates raditajus ka struktura, krasa, pH, sensoras
pasibas un mikrobiologiskos raditajus.

Promocijas darba hipotéze.
Sezonali mainigo kipinato brétlinu kvalitati iesp&jams stabilizeét, izmantojot atbilstoSus
pirmapstrades lidzeklus (etikskabi, natrija hloridu un kalcija hloridu).
Promocijas darba hipotéze tika pieradita ar aizstavamam tézém.
1. Brétlinu sezonali mainigais kimiskais sastavs butiski ietekm& kiipinato brétlinu
kvalitates raditajus.
2. Izmantojot pirmapstrades Iidzeklus, kiipinatu brétlinu kvalitates raditaji mainas
atSkirigi, ja ka izejvielu izmanto atv@sinatas vai saldétas zivis.
3. Piemérotu pirmapstrades Iidzeklu izmanto$ana sezonas ietvaros lauj stabilizét
kiipinatu brétlinu kvalitates raditajus, ja razo kiupinatas brétlinas gan no
atvésinatam, gan no saldétam brétlinam.

Promocijas darba pétijuma objekts ir atvésinatas un saldétas Baltijas brétlinas (Sprattus
sprattus balticus), kiipinatas brétlinas.

Promocijas darba meérkis - izpétit kupinatu brétlinu kvalitati ietekm&josos faktorus
saistiba ar atvesinatu un saldetu brétlinu sezonalajam kvalitates izmainam un atlastt atbilstoSus
pirmapstrades lidzeklus nemainigas kvalitates nodroSinasanai.

Lai sasniegtu promocijas darba mérki, izvirziti $adi p&tnieciska darba uzdevumi:

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

2) salidzinat sezonali mainigo kiipinatu brétlinu struktiras, krasas un tehnologisko
parametru (k@ipinasanas zudumi, nozuvums) izmainas, razo$anai izmantojot
atv@sinatas vai saldé€tas brétlinas;

3) izvertet pirmapstrades lidzeklu ietekmi uz kiipinatu brétlinu kvalitates raditajiem;

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

Promocijas darba novitate un zinatniskais nozimigums. Pirmo reizi Latvija veikts
pétijums par kiipinatu brétlinu kvalitates raditaju nodro§inasanu sezonas ietvaros. Novertetas

Baltijas brétlinu (Sprattus sprattus balticus) fizikalo raditaju (pH, Gdens aktivitate, struktiira,
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krasa) un kimiska sastava (mitruma, tauku, taukskabju, olbaltumvielu un aminoskabju saturs)
atSkiribas atvésinatam un saldétam brétlinam nozvejas sezonas laika. lzpétita So raditaju
ietekme uz kiipinatu brétlinu kvalitati un pirmapstrades lidzeklu saistiba ar tiem.

Promocijas darba tautsaimnieciska nozimiba. lzmantojot atSkirigus pirmapstrades
lidzeklus sezonas laika, ir iesp&jams uzlabot kiipinato brétlinu iznakumu (samazinot
tehnologiskos zudumus) un panakt kvalitates raditaju saglabasanu sezonas ietvaros.

Promocijas darba struktiira. Promocijas darbu veido piecas tematiski vienotas
zinatniskas publikacijas, kuras publicétas recenz€tos zurnalos, kas ir indeks&ti Scopus vai Web
of Science datubazes. Pirmaja publikacija (I) veikta literatiiras analize, kura apkopoti kiipinatu
zivju kvalitati ietekméjosie faktori, raksturotas atv@sinatas un kiipinatas brétlinas, sniegts
ieskats par zivju saldéSanu un atkaus€Sanu, raksturoti pirmapstrades veidi (saliSana,
marinéSana) un to ietekme uz zivju kimisko sastavu un ipasibam, dots ieskats kiipinasana.
Otraja publikacija (Il) ir analizets brétlinu kimiskais sastavs nozvejas sezona (rudeni, ziema un
pavasari) un izveérteta mainiga kimiska sastava ietekme uz kiipinato brétlinu struktiiru un krasu.
Pirmapstrades lidzeklu ietekme uz kiipinatu brétlinu kvalitati ir apkopota treSaja publikacija
(II), respektivi, veikts sensorais noveért§jums un analizeti tehnologiskie zudumi, pielietojot
pirmapstrades Iidzeklus, raksturoti kiipinato brétlinu fizikalie raditaji. Ceturtaja publikacija (IV)
analiz€ta pirmapstrades lidzeklu ietekme wuz kipinato brétlinu fizikalajiem un
mikrobiologiskajiem raditajiem. Noteiktas mikrobiologisko raditaju izraisitas izmainas zivis, ja
izmanto pirmapstrades lidzeklus. Izmantoto pirmapstrades Ilidzeklu ietekme (saliSana,
marinéSana) uz kupinatu brétlinu kvalitati atkariba no nozvejas perioda raksturota piektaja
publikacija (V), kura ir analizeti tadi raditaji ka strukttira un krasa.

Promocijas darbs veidots ka vienota publikaciju kopa, kas apvieno pétijuma materialus
atspogulotus piecas zinatniskajas publikacijas. Promocijas darba iegiitie petijumu rezultati
norada, ka pirmapstrades Iidzeklu izmantoSana ir piemérota kiipinatu brétlinu kvalitates
uzlaboS§anai, izmantojot razoSana gan atveésinatas, gan sald&tas brétlinas.

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

Promocijas darba aprobacija

Petfjuma rezultati apkopoti piecas publikacijas, kas ir indeksetas Scopus vai Web of
Science datubazes.
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1. PROBLEMAS ANALIZE

1.1. Baltijas brétlinu (Sprattus sprattus balticus) raksturojums

Baltijas brétlinas (Sprattus sprattus balticus), tapat ka citas zivis, lietotas uztura jau
antikajos laikos. Tas ir svarigs olbaltumvielu un tauku avots (tauku saturs ap 8%) (Babikova et
al., 2020) un sp&j nodrosinat vismaz 20% no olbaltumvielam, kas nepiecieSamas cilvéku uztura
(Mohanty et al., 2019). Brétlinas (1.1. att.) partick no zooplanktona un ir plasi pieejamas
nozvejai (Timberg et al., 2014). Tas dzivo baros piekrastes un centralajos juras tdenos
(Saltalamacchia et al., 2022). Tas ir mazas un atri augosas pelagiskas Clupeidae dzimtas zivis.
Brétlinu izmérs varié no 10 1idz 16 cm un svars vidgji ir lidz 12 gramiem (Doring et al., 2018).
To dzives ilgums lielakoties ir Iidz 6 gadiem (Moore et al., 2019). Brétlinu nozveja ir sezonala,
lidz ar sezonu mainas to kimiskais sastavs un tam ir biitiska ietekme uz sarazoto produktu
kvalitati un to pielietoSanas iespgjam sezonalitaté. Nozvejas sezona brétlinam Baltijas jiira ir
no rudens lidz pavasarim, agram vasaras sakumam (Timberg et al., 2014). Sezona ir saistita ar
zivju narstu, kas savukart ir atkarigs no geografiskas lokacijas (Merdzhanova et al., 2018).
Baltijas jura brétlinas narsto no marta lidz janijam (Usydus et al., 2012).

1.1. att. Baltijas brétlina (Sprattus sprattus balticus) (Klavins, 2022)

Brétlinu nozvejai ir noteikti limiti, lai saglabatu zivju krajumus, juras ekosistému un
uzturétu zivsaimniecibas nozares konkur&tsp&ju, jo brétlinas ir mencu pamatbariba. Tiek veikta
brétlinu nozvejas kop&jo resursu saudze$ana, lai sekmétu Baltijas mencu populacijas vairo§anos
un nodrosinatu tam pieeju Baltijas brétlinu resursiem?. Kopgjo nozvejas limitu nosaka sugam
un apgabaliem, tad to sadala attiecigi kvotas starp saistitajam Eiropas Savienibas valstim
(1.1. tabula).?

P&c statistikas datiem Latvija brétlinu nozvejas kvotas loti strauji samazinajas no 38 700
tonnam 2019. gada Iidz 27 807 tonnam 2024. gada.® Eiropas Komisija §Ts samazinatas kvotas
skaidro ar to, ka brétlinu krajumu biomasa ir sasniegusi optimalu Iimeni, kuru ir batiski saglabat
(Zemkopibas Ministrija, 2022).

Zivju galas kvalitati ietekmé nozvejas metode un uzglabasanas apstakli uz kuga klaja. Péc
zivju nozvejas ir svarigi tas atdzesét péc iesp&jas atrak. Ja zivis ir nozvejotas augstos stresa
apstaklos, muskulaudos ir liela pienskabes koncentracija, kas kopa ar paaugstinato temperatiiru
tajos, veido skabu vai metalisku garSu. Lidz ar to uzreiz péc nozvejas un loma izcelSanas uz

! Eiropas Komisijas priekslikums 2022.gada zvejas iesp&jam Baltijas jira. [tieSsaiste] (Skatits 29.10.2024).
Pieejams: https://www.zm.gov.Iv/lv/media/5700/download%3

2 Zivju krajumu  saglabaSana  joras [tieSsaiste]  (Skatits  29.10.2024.).  Pieejams:
https://www.consilium.europa.eu/lv/infographics/fishing-opportunities-infographics/

3 Latvija Luksemburga panak batiskus uzlabojumus zvejas iesp€jam Baltijas jara 2024. gadam.
Zemkopibas ministrijas relize. [tieSsaiste] (Skatits 29.10.2024). Pieejams:
https://Ivportals.lv/dienaskartiba/356352-latvija-luksemburga-panak-butiskus-uzlabojumuszvejas-iespejam-
baltijas-jura-2024-gadam-2023



https://www.zm.gov.lv/lv/media/5700/download%253
https://www.consilium.europa.eu/lv/infographics/fishing-opportunities-infographics/
https://lvportals.lv/dienaskartiba/356352-latvija-luksemburga-panak-butiskus-uzlabojumuszvejas-iespejam-baltijas-jura-2024-gadam-2023
https://lvportals.lv/dienaskartiba/356352-latvija-luksemburga-panak-butiskus-uzlabojumuszvejas-iespejam-baltijas-jura-2024-gadam-2023

kuga klaja, iestajas zivju nave un to liemenis loti strauji sastingst, tas klust stingras un griti
apstradajamas (Borderias & Séanchez-Alonso, 2011). Sada gadijuma pécnaves sastingums
(rigor mortis) iestajas atrak un zivju kvalitate ir sliktaka. Kiipinatu brétlinu kvalitati ietekmé ari
zivju svaigums, to izmérs un tauku saturs (Zugarramurdi et. al., 2004).

1.1. tabula
Nozvejas kvotas Eiropa un Latvija (ICES 22-32), tonnas gada Baltijas brétlinam*
Gads Eiropa Latvija

2020 ~203 000 ~56 000 (kopa ar rengém)
2021 222 958 ~ 56 000 (kopa ar rengém)
2022 251943 ~58 000 (kopa ar rengém)
2023 201 554 ~58 000 (kopa ar rengém)
2024 ~201 000 27 807

2025 139 500 19 299

Zivju muskulaudu uzbtive ir noradita 1.2. att€la. Visas zivis galvenas olbaltumvielu
grupas ir miofibrilaras olbaltumvielas, sarkoplazmas olbaltumvielas un saistaudu
olbaltumvielas, kuras iedala p&c to skidibas. Miofibrilaras olbaltumvielas skist koncentréta sals
Skiduma un zivis tas ir vidgji no 66 Iidz 77%. Tas sastav no miozina, aktina un tadam
olbaltumvielam ka tropanina, aktinina. Sarkoplazmas olbaltumvielas veido vidgji no 20 lidz
25% no kopgjam olbaltumvielam un tas sastav no tdeni $kistosam mazas molmasas
olbaltumvielam, ka albumins, mioglobins, hemoglobins un enzimi. Savukart saistaudu
olbaltumvielas, ieskaitot kolagénu un elastinu, ir ident neskistosas (Listrat et al., 2015; Zhong
etal., 2023).

Mioseptas

Miofibrila

——
(IR T T e

Miofilamenti

Miomeérs
1.2. att. Zivju muskulaudu uzbiive (Perez et al., 2023)

Brétlinas ir tumso jeb sarkano muskulaudu zivis, kas korele ar augstaku brivo
aminoskabju saturu (Bodin et al., 2022). Sarkanajos muskulaudos atrodas mioglobins un
hemoglobins, kas savukart sastav no globina un hema (Lekahena et al., 2021). Sadas zivis vidgji
ap 2-20% no muskulaudu apjoma veido sarkanie muskulaudi atkariba no zivju sugas un izméra.

1.1.1. Baltijas brétlinu kimiskais sastavs

Baltijas brétlinas ir liels mitruma saturs (1.2. tabula), kas saskana ar Timberg et al. (2011)
pétfjumu varié no 57 lidz 73%, olbaltumvielu 15 Iidz 17 g 100 g* un tauku saturs 10 lidz

4 Nozvejas kvotas brétlinam [tieSsaiste] (Skatits 01.07.2025) Pieejams: https://oceans-and-
fisheries.ec.europa.eu/news/baltic-sea-agreement-reached-2022-fishing-opportunities-2021-10-
12 _en?utm_source=chatgpt.com
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24 g 100 gt Zivis satur vairak brivas aminoskabes un slapekli saturo$os savienojumus
salidzinajuma ar galas produktiem, tapat zivis ir augstaks glikozes saturs (Jadskeldinen et al.,
2023). Merdzhanova et al. (2018) savos pétijumos noradija, ka kimiskais sastavs varié ne tikai
No zivju sugas un izméra, bet arT sezonas, geografiskas nozvejas vietas, zivju dictas. Pieaugot
vides temperatiirai, picaug ari kopg&jais tauku saturs zivis, ka ari to batiski ictekmé narsts, kura
laika ir zemakais tauku saturs. P&c narsta zivis sak intensivi uznemt uzturvielas.

1.2. tabula
Uzturvielu saturs bretlinas
Raditajs Vertiba Atsauce

Mitrums, % 57.00-77.48 | Timberg et al., 2011;

Olbaltumvielas, g 100 g* 15.00-18.35 | Usydus et al., 2012;
Merdzhanova et al., 2018

Pelnvielas, g 100 g* 1.30-4.00 Timberg et al., 2011;
Merdzhanova et al., 2018;
Muizniece-Brasava et al.,
2019

Tauki, g 100 g1 4.30-24.00 | Stancheva et al., 2010;
Timberg et al., 2011,
Usydus et al., 2012;
Timberg et al., 2014;
Merdzhanova et al., 2018

- NO tiem piesatinatas taukskabes (SFA), % | 28.37-47.44 | Stancheva et al., 2010;

- No tiem mononepiesatinatas taukskabes 25.78-35.63 | Usydus et al., 2012;
(MUFA), % Timberg et al., 2014;

- no tiem polinepiesatinatas taukskabes 33.60-39.28 | Merdzhanova et al., 2018
(PUFA), %

- no tiem polinepiesatinatas taukskabes 0.38-3.61 Stancheva et al., 2010;
dokozaheksaénskabe / eikozapentaénskabe Usydus et al., 2012;
(DHA/EPA), g 100 g** Merdzhanova et al., 2018

E vitamins, pg 100 g* 284.85- | Stancheva et al., 2010;
701.20 Merdzhanova et al., 2018
A vitamins, pg 100 g’ 33.18-143.2
D3 vitamins, ug 100 g* 10.50-11.90
Energgtiska vertiba, kJ 100 g 365.00- | Merdzhanova et al., 2018;
539.00 Muizniece-Brasava et al.,
2019

Brétlinas ir bagatas ar polinepiesatinatajam taukskabém (PUFA) (Saldanha et al., 2008)
un tajas ir augsts w-3 taukskabju saturs (Mohanty et al., 2019), tai skaita eikozapentaénskabe
(EPA) un dokozaheksaénskabe (DHA) (Stotyhwo et al., 2006). Taukskabju saturs ir atkarigs
no zivju uzglabasanas apstakliem (tai skaita oksidacijas procesiem) (Merdzhanova et al., 2018).
Kopgjais piesatinato taukskabju (SFA) saturs rudeni nozvejotas zivis ir lielaks un tajas ir
mazaks mononepiesatinato taukskabju saturs (MUFA), kas skaidrojams ar biologiskiem
vielmainas faktoriem. Pieméram, energijas uzkraSana aukstakam periodam, kad piesatinatas
taukskabes nodro$ina ilgaku energijas rezervi, tapat mainas baribas bazes pieejamiba un tas
sastavs, noris izmainas zivju metabolisma. Pavasart nozvejotas brétlinas noveéro vispargjo
taukskabju sakaribu ka MUFA > PUFA > SFA, bet rudent nozvejotas brétlinas noveéro sakaribu
SFA > PUFA > MUFA (Merdzhanova et al., 2018). Melnaja jura nozvejotas Eiropas brétlinas
ir noverots visaugstakais SFA saturs proporcija palmitinskabe > miristinskabe > stearinskabe.
Savukart visaugstakais DHA saturs tika noverots pavasara nozvejas brétlinas, kur tas veido 52%
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no kopgjam PUFA, bet rudens nozvejas brétlinas tas veido tikai 28% no kopgja PUFA satura.
Augstaka Gidens temperatiira rudens sezona samazina nepiesatinato taukskabju saturu.

Neskaitot augsto olbaltumvielu un tauku saturu, brétlinas ir arT augsts vitaminu (seviski
D vitamina (11.9 pg 100 gY) un mineralvielu ( pieméram fosfors 371 pg 100 g?, jods
0.15 pg 100 g?) saturs (Timberg, 2012; Usydus et al., 2012; Merdzhanova et al., 2018) .

Pastav apgriezta proporcija sezonas ietvaros starp mitruma un tauku saturu brétlinas — jo
zemaks mitruma saturs, jo augstaks tauku saturs (Timberg et al., 2011; Merdzhanova et al.,
2018). Rudent nozvejotas zivis ir visaugstakais tauku saturs, seviski piesatinato taukskabju
saturs, un zemaks mitruma saturs (Usydus et al., 2012), kas nodrosina labaku kiipinato brétlinu
kvalitati — stingraku struktiiru, zeltainaku nokrasu, uzlabo sensoras ipasibas. Timberg et al.
(2011) noradija, ka brétlinas, kuras nozvejotas rudeni vai ziema, kuras tauku saturs bija Iidz
24%, sekmgja, ka §is brétlinas ir saldakas, bagatakas ar aromatveidojos$ajiem savienojumiem
un ari stingrakas neka pavasari nozvejotas, kuras tauku saturs bija lidz 10%. Lai iegitu
stingraku konsistenci, izteiktakus kiipinato brétlinu sensoros raditajus (garsu, struktiiru, krasu)
no pavasari zvejotam zivim, tas pirms kiipinaSanas var apstradat ar dazadiem pirmapstrades
lidzekliem, kas ir maz p&tita mazajam zivim.

1.1.2. Kimisko reakciju izraisitas izmainas zivis

Lielakaja dala zivju sastopami galvenie gremoSanas enzimi, kas tiek klasificéti ka
proteolitiskie enzimi (tripsins, karboksipeptidaze A, karboksipeptidaze B), amilolitiskie enzimi
(maltaze un amilaze) un lipolitiskie enzimi (lipaze un fosfataze, tostarp sarmaina fosfataze)
(Flick, 2019). Enzimu aktivitate zivis ir atkariga no to biologiska vecuma, baribas, tdens
kvalitates un biotopa temperatiras, kas savukart ietekm& kop&jo uzturveértibu. Pec zivju
nozvejas enzimi izraisa biokimiskas izmainas audos, kas ir butiskas zivju svaiguma un
kvalitates faktors, jo Sie procesi ietekmé garSu, aromatu, strukttiru, un krasu. Lai panaktu ilgaku
kvalitates saglabaSanos ir bitiski kavét enzimu darbibu. Tap&c uzreiz péc nozvejas ir svarigi
veikt strauju zivju atdzesgSanu lidz vismaz 0 °C temperatiirai.

Zivju aromatu un gar$a veidojas galvenokart postmortalajos biokimiskajos procesos,
kuros iesaistas endog€nie enzimi, piem&ram, lipoksigenaze, proteazes un lipaze. Lipoksigenaze
katalizé polinepiesatinato taukskabju oksidaciju, veidojot hidroperoksidus, kas talak sadalas
gaistoSos savienojumos — aldehidos, ketonos un spirtos (pieméram, heksanals, nonenals, okten-
3-ols), kuri raksturo svaigu vai bojatu zivju aromatu. Vienlaikus notiek ar olbaltumvielu un
aminoskabju degradacija, ka rezultata veidojas gaistoSi slapekla savienojumi, kas ietekmé
aromatu un gar$u. So procesu intensitate un virziens ir atkarigi no zivju sugas, uzglabasanas
apstakliem, temperatiiras un skabekla pieejamibas (Gates, 2010; Flick, 2019).

Zivju muskulaudu struktiru ietekmé proteolitiskie enzimi. To aktivitati ietekmé
inhibitori, pH, vides temperatiira, narsts, nozvejas periods, dzimums un vecums. Proteolize ir
biokTmisks process péc zivju naves, kas atbild par garSu un muskulaudu konsistenci. Izmainas
saldéto zivju uzglabasanas procesa, pieméram, hekiem un mencam ir saistitas ar trimetilamina
(TMAO) oksida enzimatisku sadali$anos par formaldehidu un dimetilaminu, veicinot straujakas
zivju struktiras izmainas, padarot audus maigakus un vienlaikus veicinot zivim raksturigas
gar$as veidosanos (Flick, 2019). Muskulaudu struktiira izmainas proteolizes izraisito
miofibrilaro olbaltumvielu izmainu del.

Brétlinas var saturét art histaminu, ja tas netiek pareizi apstradatas vai uzglabatas péc to
nozvejas (Lehane & Olley, 2000). Histamins ir biog€nais amins, kas rodas mikroorganismu
darbibas rezultata, tiem dekarboksilgjot histidinu — aminoskabi, kura atrodas zivju muskulos.
Ja ar uzturu tiek uznemti produkti, kuros ir lielaks histamina saturs, notiek saindé$anas, tapéc
to kontroli veic saskana ar ES Regulu (EK) Nr. 2073/2005. Pawul-Gruba et al. (2014) p&tijumos
histamins tika konstatéts trijos no pieciem brétlinu paraugiem. Atvésinatas zivis konstatétais
histamina saturs bija no 1.4 Iidz 5.2 mg kg, savukart kilpinatas brétlinas histamina saturs
palielinajas, sasniedzot 1.8 lidz 24.1 mg kg™. Strauja atdzeséSana (laiks un temperatiiras
reZzims) uzreiz pé€c nozvejas nover§ histamina veidosanos veicinoSos faktorus. Sakotngji
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atvésinatu zivju pH vértibas samazinasanas ir saistita ar pienskabes veidoSanos, bet turpmaks
§is vertibas léns pieaugums — ar mikroorganismu un enzimu darbibu, oksidéSanas un
reducésanas lidzsvara traucgjumiem, ka ari brivo tidenraza jonu koncentracijas izmainam.

1.1.3. Baltijas brétlinu mikrobiologiskie raditaji

Atvesinatam zivim ieteicamais deriguma termins$ ir [idz 72 stundam no nozvejas briza,
tacu to nosaka razotajs, balstoties uz likumdosanas aktiem un iek§€jam procedtram par zivju
svaiguma Kritériju noteikS$anu atbilstosi ES regulai 2406/96, un ievérojot higiénas prasibas, kas
noraditas ES regulas 852/2004; 853/2004, un uznémuma ieks€jo dokumentaciju par kvalitates
nodroSinasanu. Papildus mikrobiologiskas prasibas zivim un zivju produktiem ir definétas
ES regula 2073/2005 par partikas produktu mikrobiologiskajiem kritérijiem, ar papildinajumu
regula 1441/2007. Rekomend@ts zivis uzglabat temperatiira, kas ir zemaka par 4 °C.

Zivju bojasanas sakas uzreiz péc to nozvejas, un mikrobiologisko raditaju izmainas sakas
iek$€j0s organos (zarnas), zaunas un uz adas, no kurienes mikroorganismi talak parvietojas uz
muskulaudiem (Dutta et al., 2018). Tapéc ir svarigi atri veikt zivju atdzes€Sanu, lai kavetu
mikroorganismu attistibu un saglabatu zivju svaigumu, janodro§ina iesp&jami atra parstrade
(Svanevik & Lunestad, 2011). Zivis p&c nozvejas var saturét Aeromonas spp., Bacillus spp.,
Clostridium  spp., Marinobacter spp., Pseudomonas spp., Psychrobacter spp.,
Pseudoalteromonas spp., Shewanella spp., Synechococcus spp. un Vibrio spp.
mikroorganismus (Parlapani, 2021). Ta ka brétlinas ir aukstu Gideni milosas zivis, tas var saturét
psihrotrofos mikroorganismu Shewanella putrefaciens (sadala olbaltumvielas un aminoskabes
seviski to uzglabasanas laika, izmaina zivju krasu un veido nepatikamu garSu, aromatu un
struktiru) un var bojaties atrak neka silto tidenu zivis. Atv€sinatas zivis var noveérot ar1 patogéno
mikroorganismu klatbuitni, ka Clostridium botulinum, Staphylococcus aureus, Vibrio
parahaemolyticus, to attistibu var samazinat, saldgjot zivis vai uzglabajot temperatiira no 0 °C
lidz 4 °C (Kose, 2010). Augsts mitruma saturs un tdens aktivitate zivis vecina dazadu
mikroorganismu straujaku attistibu. Listeria monocytogenes, Escherichia coli, Salmonella spp.
nav pielaujami zivis, jo tie ietekm& zivju nekaitigumu. Listeria monocytogenes un Salmonella
spp. var tikt parnestas no infic€tam uz veselajam zivim, kuras parasti Sos mikroorganismus
nesatur. Savukart Escherichia coli norada uz iesp&jamu labas razo$anas un higiénas prakses
neievéroSanu transporté$anas un uzglabasanas laika (Eizenberga et al., 2015).

Zivis bagatigi satur slapekli saturosus savienojumus — nukleotidus (inozina monofosfatu,
adenozina monofosfatu, inozinu), kurus atri metaboliz€ baktérijas, lidz ar to tas ir substrati
dazadu baktériju attistibai (Timberg et al., 2014). Tacu bojasanas ir atkariga ari no sugas,
nozvejas metodes, atdzes€Sanas un transportéSanas apstakliem (laika un temperatiiras), higiénas
prasibu ievérosanas (Solanki et al., 2016). Maza izméra zivis bojajas atrak neka liela izméra
zivis (Zugarramurdi et al., 2004).

Raugi ir sastopami lielakoties tiesi atvesinatas zivis un apstrades procesa nokliist uz zivim
no apstrades iekartam vai apkartgjas vides (Bagge-Ravn et al., 2003). Pelgjumi nav pielaujami
zivju produktos, jo peléjuma izdalitie metaboliti (mikotoksini) ir kancerogéni (Ayuba et al.,
2013).

Mikroorganismu daudzveidiba zivis ir atkariga no produktu apstrades veida un
uzglabasanas apstakliem, pieméram, izmantojot saliSanu, mariné$anu, kiipinasanu un termisko
apstradi, ir iespgjams samazinat mitruma saturu un tdens aktivitati, kas ir atbildiga par
mikroorganismu attistibas vidi. Zivju parstrades procesos noteikti mikroorganismi tiek
inaktivéti (Tahsin et al., 2017). Otrreizgjas kiipinatu zivju kontaminacijas rezultata $ados
produktos joprojam var notikt mikroorganismu izraisita bojasanas. KipinaSanas procesa
izveidotajiem savienojumiem (fenoliem (darbojas ka antioksidanti), organiskam skabém
(samazina virsmas pH)) un temperatiirai ir bitiska loma mikroorganismu attistibas
samazinasana (Kotodziejska & Sikorski, 2004). Atvesinatu zivju tidens aktivitate ir augsta aw
0.98-0.99, savukart salitu sardinu (izmantota sausa saliSana), tidens aktivitate ir aw 0.75, kas
nozimé, ka atseviski patogénie mikroorganismi nespgj izdzivot (Oetterer et al., 2003), iznemot
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halofilas bakterijas, kuras ir sp&jigas izdzivot pat tad, ja fidens aktivitate ir zemaka par aw0.75
(Sampels, 2015a). Halofilo baktériju izdzivoSanai nepiecieSama tdens aktivitate ir no
aw 0.61-0.62 (Musa et al., 2018).

1.2, Bretlinu parstrade

Baltijas brétlinas plasi izmanto parstradé dazadu produktu izgatavosanai (1.3. att.),
piem@ram, kiipinatas brétlinas, ceptas brétlinas, panétas saldétas brétlinas, salitas brétlinas,
marinétas brétlinas, kaltétas brétlinas, brétlinas garSaugu marinadg€. Razo sterilizétus konservus,
kuriem ir ilgs uzglabasanas laiks, un konservetus produktus bez sterilizacijas ar ierobezotu
uzglabasanas laiku, ka arT dazadus pusfabrikatus. Jau antikaja laikmeta kiipinaSanu izmantoja
ka vienu no konservéSanas metodém produktu apstrade, jo diimiem piemit konservéjosa
iedarbiba (Tahsin et al., 2017).

KUPINASANA

SALISANA

CEPSANA

ATVESINATAS

BRETLINAS

SALDETAS — KONSERVESANA

— KALTESANA

L MARINESANA

1.3. att. Bretlinu parstrades iespéjas

Zivju parstrade ietver zivju sagatavoSanu (var ietvert galvu, astu nogrieSanu, ieksgjo
organu iznemsSanu u.c.) no izejvielas lidz gatavam produktam lietoSanai gala paterétajam.
Parstradei izmanto gan atvesinatas, gan saldétas zivis.

1.2.1. Parstradatu brétlinu kvalitati ietekmgjoSie faktori

Izejvielu (atvésinatu vai saldétu brétlinu) kvalitate ir galvenais faktors, kas ietekmé gatava
produkta kvalitati. Savukart izejvielu kvalitati var ietekmét zivju izméers, kas ir saistits ar
virsmas laukumu, uz kura var attistities mikroorganismi (Zugarramurdi et al., 2004), zivju
dzimums un vecums; tauku saturs (tai skaita taukskabju proporcija starp SFA, MUFA, PUFA),
kas papildus saistits ar tauku oksidaciju; olbaltumvielu saturs; adas ipasibas; nozvejas laiks
(sezonalitate) un lokacija (nozvejas zona) (Abbas et al., 2008); nozvejas metode; uzglabasanas
apstakli (temperatira, laiks, telpas relativais gaisa mitrums); pH (Adebisi, 2012). Gatavo
produktu kvalitati ietekmé arT izmantotas apstrades tehnologijas veids (salisana, marinéSana);
termiska apstrade (kfipinaanas parametri, tehnologija), ka arf izmantota pirmapstrades lidzekla
pielietosana (Herawati & Angwar, 2016).
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Zivju kimiskais sastavs mainas sezonas ietvaros. Tas biitiski ietekmé gan gatava produkta
fizikalos parametrus, gan ta sensoras ipaSibas (Timberg, 2012). Lai nodroSinatu izejvielu
kvalitati, ir svarigi ilgak saglabat brétlinas atvésinatas, ko var panakt ar strauju zivju
atdzes€Sanu, izmantojot sasmalcinatu ledu. Brétlinas atdzesé un uzglaba uzglabasanas
konteineros ar vaku, kuros tas tiek apbértas ar sasmalcinatu ledu un uzglabatas aukstuma
kamera (relativais gaisa mitrums 90-95%) lidz to talakai parstradei vai apstradei, temperatira,
kas neparsniedz 2 + 2 °C, tad€jadi nodros$inot ilgaku zivju svaiguma saglabasanu, bet tas nespgj
apturét mikroorganismu attistibu vai enzimatisko aktivitati (Wu et al., 2019).

Ta ka brétlinas tick zvejotas sezonali, tas sasaldé un uzglaba vismaz —18 °C temperatiira,
lai nodroSinatu resursu pieejamibu parstradei visu gadu. Efektiva zivju saldéSanas metode ir
atra sasaldésana, kuru veic —30 °C vidgji 30 minites (veidojas mazi ledus kristali audos, zemas
temperatiiras strauji Samazina mikroorganismu aktivitati un enzimu darbibu, saglaba
uzturvielas un pagarina produktu uzglabasanas laiku) (Pan et al., 2021). RazoSanas apstaklos
plasi lieto saldésanu blokos, kad vienlaikus tiek sasaldéti vienkopus ievietoti 10 vai 20 kg
atvésinatu brétlinu. Saldéta produkta kvalitates nodroSinasana liela nozime ir izejvielu
kvalitatei, kas padota uz saldéSanu, uzglabasanas apstaklu un iepakojuma hermétiskuma
nodro$inasanai, ka ari defrostacijas procesam. Lai gan saldéSana nodroSina ilgaku produkta
realizacijas laiku (saldétam zivim deriguma termins ir vidgji no 6 Iidz 12 ménesiem), saldéSana
var atstat negativu ietekmi uz muskulaudu strukttiru lielu ledus kristalu veidosanas dél. Jo atrak
un vienmerigak notiek sasaldésana, jo mazaki ledus kristali veidojas. Savukart 1&na saldésana
sekmé lielu ledus kristalu veido$anos un sagrauj $inu membranas, sekmgjot lielaku tauku
oksidacijas risku, struktiiras izmainas, samazinatu tdens saistiSanas sp&ju (Sampels, 2015a) un
veicina $tunsulas zudumus, produktu atlaidinot.

Saldesanas procesa zivis esoS0 enzimu aktivitate samazinas, arl biologisko, kimisko un
fizikalo procesu norises atrums bitiski samazinas (Ruiz-Capillas, 2000). Saldétu zivju
uzglabasanas procesa notiek izmainas olbaltumvielas, tas var denaturéties, mainot muskulaudu
struktiru, samazinot tidens saistiSanas sp&ju. Vienlaikus iesp&jama lipidu oksidacija, kas var
veidot rugtu vai skabu garsu, ka arT dzeltenigu nokrasu uz zivju virsmas. Kvalitates zudums
saldétas zivis, kas saistits ar olbaltumvielu vai tauku izmainam, ir cie$i saistitS ar gar$as un
strukttiras parmainam (Dawson et al., 2018), autori konstat&ja, ka polinepiesatinato taukskabju
(PUFA) saturs, jeb taukskabes ar dubultajam saitém uzglabasanas laika samazinas vairak.
Saldéto zivju uzglabasanas laika péc apméram 180 dienam saglabajas ap 70% no PUFA satura
(Béjaoui et al., 2018; Perez et al., 2023)

1.2.2. Brétlinu apstrade ar saliem un skabém

Lai uzlabotu brétlinu kvalitates raditajus — struktiiru, krasu, iznakumu — var izmantot
dazadas apstrades metodes, pielietojot dazadus pirmapstrades lidzeklus — salisanu (ar NacCl,
CaCl,), mariné$anu (ar citronskabi, etikskabi, pienskabi) vai apstradi ar salu un skabju
kombinaciju. Tacu apstrades metodei ir atSkiriga ietekme uz produkta krasu un struktiiru
(Astruc et al., 2022). Sals difuziju ietekmé salfjuma koncentracija un temperatira, saliSanas
laiks, $kiduma daudzums, zivju liemena muskulaudu uzbiive un tauku saturs, ka ar1 zivju suga
un izmérs. Mazakas zivis un tas, kuram ir nedaudz mikstaka struktiira (anSovi, brétlinas), médz
saistit sali atrak I1dz ar to saliSanas process norit straujak. Savukart zivis ar augstaku tauku
saturu, tostarp art brétlinas, sali absorbé lénak (Timberg, 2012; Ruiz-Alonso et al., 2021).

Sals uzlabo aromatu, jo gatavosanas laika no &diena izdalas vairak gaistoso savienojumu.
Cilvéka uztverto salumu nosaka Na® joni, bet garSas intensitati nosaka sals koncentracija
(Zheng et al., 2019). Sals funkcijas saliSanas procesa ir daudzpusigas, ta ietekmé kimiskos,
fizikalos, mikrobiologiskos un sensoros raditajus. Pielietojot pirmapstrades lidzeklus, produkta
pH skaitliska veértiba tiek attalinata no izoelektriska punkta, kas kopa ar jonu (Na*, CI, K* vai
fosfatu) speku ietekmé muskulaudu Gdens saistiSanas sp&ju. Natrija hlorids sakotngji veicina
miofibrilaro olbaltumvielu uzbrieSanu, tadgjadi tiek palielinata Skidras fazes viskozitate un
tdens saistiSanas sp&ja olbaltumvielu-olbaltumvielu vai olbaltumvielu-tdens mijiedarbibas
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procesu dé] (Yu et al., 2017). Izmantojot NaCl, tiek novérota uzlabota muskulaudu struktiira,
un to kohézija, kop@ja elastiba, kas savukart netiek novérota, izmantojot Mg?* un Ca®* salus
(Barat Baviera et al., 2013). Pievienojot 1-2% sals (NaCl), ir iesp&jams uzlabot tidens
saistiSanas sp&ju. Ja pievieno 2—5% sals maisijuma vai izmanto sauso saliSanu, miozins aktivi
uzbriest un veicina stingrakas muskulaudu strukttras veidoSanos, jo sals izraisa tidens zudumu
no muskulaudiem un maina olbaltumvielu strukttiru (Loje et al., 2013; Corzo et al., 2015).
Gallart-Jornet et al. (2007) pétijuma noradija, ka, palielinoties salijuma koncentracijai,
muskulaudu elastigums samazinas un struktiiras stingriba picaug

Salisana olbaltumvielu strukttiru un biologisko aktivitati ietekmé divos atskirigos veidos:
elektrostatiska un jonu specifiska (liotropa) iedarbiba. Ja sals saturs ir lidz 1.2%, doming
elektrostatiska iedarbiba, $aja gadijuma joni nespecifiski piesaistas uz olbaltumvielu virsmas
ladétajam grupam, ietekmégjot elektrostatisko mijiedarbibu gan olbaltumvielu iekSieng, gan ar
Skidinataju. Savukart, ja sals koncentracija parsniedz 1.2%, novérojama liotropa iedarbiba.
Liotropo efektu ietekmé Na® un CI, kas raksturojas ar to sp&ju darboties olbaltumvielu
SkidinaSana, izgulsnésana vai izsaliSana.

Gomes et al. (2021) pieradija, ka divvertigie metdlu joni, kA Ca?*, spgj izraisit
olbaltumvielu konformacijas. Miofibrilaro olbaltumvielu izoelektriskaja punkta pH 5.3
veidojas vajs ggls vai arT ta veidosanas tiek kavéta. Pie pH 6 tiek sasniegta optimala vértiba un
notiek miozina sarecéSana.

Natrija hlorida satura samazinasana un CaCl satura palielinasana veicina izmainas zivju
krasa, ta klust gaiSaka, kas ir saistits ar tidens izdaliSanos un olbaltumvielu denaturaciju
(Monteiro et al., 2021; Zhang et al., 2022). Babikova et al. (2020) izpétija, ka marinétas
brétlinas bija gaisakas un ar samazinatu sarkanas krasas intensitati (Chow et al., 2009).

Natrija hlorida aizstaj&ju izmantoSana neietekme sarkanas un dzeltenas krasas intensitati
(Horita et al., 2014). Tiesi divvertigie katjoni, ka Ca vai Mg joni, un vienvértigie katjoni, ka K
joni, veicina funkcionalo 1pasibu veidosanos, jo hloridiem ir atSkiriga ietekme uz produktu
neitralo salu atklatajam ladétajam grupam (Zheng et al., 2019). Sajaucot sastavdalas lielakas
koncentracijas, hloridu sali nodrosina atskirigu garSu, kas ir mazak izteikta, neka pievienojot
katru no tiem atseviski (Sallam et al., 2007), ka ari mazakam NaCl saturam ir vajaka sp&ja
skidinat olbaltumvielas. Palielinot aizvietoto natrija sali ar Kalcija sali par vismaz 25%, CaCl>
izmantoSana ir veiksmiga metode, lai samazinatu uznemta NaCl daudzumu, tacu produktam
sak veidoties rugta garSa (Sampels, 2015b; Erol et al., 2021). Izmantojot CaCl; tiek izraisitas
miozina struktiiras izmainas, jo sildot, miozina molekula atveras (Hu et al., 2022).

Izmantojot CaCl, ka NaCl aizstajéju salitas galas apstrade, pazeminas pH skaitliska
vertiba un tiek veicinata Gidens aktivitates samazinasanas, bet palielinas tehnologiskie zudumi.
Salisanas process, kura tiek izmantoti 50% NaCl un 50% CacCl,, notiek virsg¢jo muskulaudu
slanu pastiprinata dehidratacija, kas veido stingru un sausu produkta virsmu un darbojas ka
fiziska barjera tdens migracijai. Vidal et al. (2019) savos pétijumos noradija, ka pH
samazinasanas, pievienojot CaCly, ir saistita ar diviem CI~ anjoniem, salidzinot ar
vienvértigajiem saliem — NaCl un KCl. Jo lielaka CaCl, koncentracija, jo lielaki masas zudumi
noveroti, salidzinot ar citiem saliSanas produktiem.

Sals kavé mikroorganismu attistibu, ka ari samazina endogéno proteazu un lipaZzu
aktivitati. Osmozes cela sals izraisa audu dehidrataciju, samazinot fidens aktivitati (aw). Ta
veicina olbaltumvielu denaturaciju, padarot tas dal€ji SkistoSas sals Skiduma, ka ar1 ietekmé
muskulaudu idens noturéSanas sp&ju. Tas skaidrojams ar katjonu un anjonu spg&ju saistities ar
tdens molekulam, tadgjadi izraisot plazmolizi, Stinu navi vai mikroorganismu attistibas
kaveésanu. Sali kataliz€ lipidu oksidaciju, veicinot kiipinato zivju struktiiras, krasas un sensoro
ipasibu izmainas (Inguglia et al., 2017; Gomes et al., 2021).

Lai pirms kiipinasanas uzlabotu zivju funkcionalas tpasibas, var pielietot maringéSanu.
MaringSanas procesa sals un etikskabes maisijums (Kilinc & Cakli, 2004), tapat ka saliSanas
procesa, osmozes cela difund€ audos 1idz tiek sasniegts lidzsvars. Rezultata samazinas mitruma
saturs audu sanas (Caglak, 2015; Serdaroglu et al., 2015; Laub-Ekgreen et al., 2018). Pieaugot
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jonu spékam, samazinas pH vértiba, notiek olbaltumvielu denaturacija (Sampels, 2015a).
Zemaks pH pastiprina lizosomalo katepsinu aktivitati, veicinot olbaltumvielu sadaliSanos un
tadu garSas savienojumu veido$anos, kas raksturigi zivju produktiem (Serdaroglu et al., 2015).
Tapat maringSanas process kavé mikroorganismu attistibu. Skabes ietekmé uzglabasanas laika
var intensivi attistities heterofermentativas pienskabes bakt€rijas, kas izraisa aminoskabju
noardisanos un tiek novérota oglekla dioksida un tadu dekarboksilésanas produktu veidoSanas
ka biogénie amini (kadaverins, putrescins, triptamins, tirains u.c.) (Gokoglu et al., 2004).

Pop un Frunza (2015) pétijumos noradija, ka 10% NaCl un 4% etikskabes Skidums spgj
pagarinat deriguma terminu 4 °C temperattira treknajam zivim, tadam ka silkes, skumbrijas un
anSovi. Skabes ietekmé kolagéna Skiedras uzbriest, kas savukart sekmé mikstaku konsistenci,
tacu janem v&ra mariné$anas ilgums un skabes koncentracija (Hinkle, 2010).

Marinadei papildus pievienojot NaCl, uzlabojas tdens saistiSanas sp&ja un palielinas
tdent neskistoSo olbaltumvielu saturs. Etikskabes nokliSana audos mariné€Sanas procesa izraisa
ievérojamu strukturalo olbaltumvielu un dazu kolagéna frakciju uzbrieSanu saistaudos un
muskulaudu membranas, turklat sals izskidina dalu olbaltumvielu. Kopa ar tideni marinadg vai
salfjuma nonak ar1 dala olbaltumvielu, tauku, brivas taukskabes un mineralvielas, kas samazina
marinades kvalitati un ietekmé& gatava produkta iznakumu (Hinkle, 2010), kas saskana ar
Babikova et al. (2020) ir skaidrojama ar mioglobina oksidaciju zivju muskulaudos.

1.2.3. Brétlinu kiipinasanas procesa raksturojums

P&c zivju sakotngjas apstrades tas novirza uz termisko apstradi. Ka termiskas apstrades
veidus var minét zivju blan$gSanu, varisanu, cep$anu, sauté$anu vai kiipinasanu.

Aukstas kiipinasanas procesa tiek uzturéta temperatiira robezas no 20 Iidz 35 °C, Iidz
maksimali 35 °C, turpreti karstaja kiipinasana temperatiira tiek uzturéta no 40 lidz 80 °C,
maksimali 170 °C (Hokkanen et al., 2018). Kiipinasanai izmanto piemé&rotu koksnes materialu
ar noteiktam IpasSibam (mitruma saturu, smalcinasanas pakapi, koksnes veidu), vai arl
kiipinaSanai var izmantot $kidros dimus. Brétlinu kiipinaSana plasi pielieto kiipinaSanu augsta
temperatiira, t.i., karsto kiipinasanu. Karsto kiipinasanu realiz€ vairakos posmos, kur svariga ir
temperatiiras nodrosinasana noteiktu laika posmu saskana ar tehnologiju. Karstaja kiipinasana
temperatiira kamera pieaug no 40 °C Iidz 110 °C, kamér produkta tiek sasniegta 80—85 °C
temperatura.

Kipinasanas procesa no zivim iztvaiko mitrums, kura rezultata samazinas tdens
aktivitate (Rizo et al., 2016b). Udens satura samazinasanas rezultatd par&jo uzturvielu —
olbaltumvielu, tauku, mineralvielu, oglhidratu koncentracija palielinas (El-Lahamy et al.,
2019). Zivju pH vértiba samazinas no 7.0, kas ir atvésinatu zivju pH, uz 6.7 lidz 6.8 (Abbas et
al., 2008). Sadas pH vértibas izmainas var skaidrot ar uzturvielu koncentracijas paaugstinasanos
un organisko savienojumu (fenolu, organisko skabju, aldehidu un ketonu, u.c.) saistiSanu no
damiem kiipinasanas procesa laika (El-Lahamy et al., 2019).

KiipinaSanas procesa izmainas produkta krasa, ko ietekme& tidens saistiSanas spé&jas
samazinasanas un olbaltumvielu denaturacija. Toledo (2008) savos pétijumos noradija, ka tad,
ja produkts tiek termiski apstradats (temperatiiras, termiskas apstrades laiks, vai izmainita vide,
pH) noris Maijara reakcija, kas ir kimiska reakcija starp aminoskabém un oglhidratiem
(reducgjosiem cukuriem), veidojot savienojumus melanoidus, pirolinus, tiolus, aldehidus un
citus savienojumus, kas ir atbildigi par brinas krasas veidosanos produktos. Savukart aukstaja
kiipinasana krasa tik intensivi nemainas, jo nav pietiekoSi daudz $o savienojumu. Karstas un
aukstas kiipinaSanas procesos veidojas atSkirigi fenolu savienojumi, kuru sastavs un
koncentracija ir atkarigs no kiipinaSanas tehnologijas, temperatiiras Un izmantotas koksnes
sadedzinasanas apstakliem. Karstaja kiipinasana sastopams kreozols, guajakols, fenols, bet
aukstaja ktipinasana sastopams siringols, metoksifenols, guajakols. Savienojumi ar zemaku
molmasu ir atbildigi par produkta raksturigas garSas veidoSanu, bet savienojumi ar lielaku
molmasu pieskir produktam kaipinata produkta sensoras Tpasibas.
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Brétlinu struktiira kiipinaSanas procesa klust mikstaka (Lerfall & Osterlie, 2011)
salidzinot ar atvésinatu zivju struktiiru, jo paaugstinatas temperatiras ietekmé tiek sekméta
saistaudu parveidosanas (Dhanapal et al., 2013). Termiskas apstrades laika notiek
olbaltumvielu denaturacija, samazinas aminoskabju (glicina, glutaminskabes un alanina) saturs
(Swastawati et al., 2016).

Produkta struktiiru ta termiskas apstrades laika galvenokart ietekm& miofibrilaras
olbaltumvielas (aktins un miozins) un saistaudu olbaltumviela kolagéns, kur§ ir jutigs pret
karstumu (Kong et al., 2008). Karstuma ietekmé notiek miofibrilaro olbaltumvielu un kolagéna
izgulsnésanas un denaturacija (Zhong et al., 2023). Kolagéna ipasibas un, galvenokart, to saturs
un $kidiba nosaka to ietekmi uz zivs galas konsistenci. Kopgja miozina denaturacijas ietekme
uz muskulaudu elastibu ir neliela, bet aktina denaturacijai ir biitiska nozime. Paaugstinatas
temperatiiras pielietosana aktina termiskajai denaturacijai izraisa muskulSkiedru sarausanos, ka
rezultata gala klast stingraka. Tas nozimé ka aktina denaturacija ietekmé visu miofibrilaro
olbaltumvielu struktiiru. Nepilniga aktina denaturacija sekme mikstakas struktiiras veido$anos
(Furuta et al., 2022).

KipinaSanas procesa pielietotajiem diimgazes savienojumiem piemit antimikrobialas un
antioksidantu ipasibas, ko nodroSina diimu savienojumos esoSie identific€tie vairak neka
400 savienojumi (Stotyhwo & Sikorski, 2005). Péc Eiropas Partikas nekaitiguma iestades
(EFSA) rekomendacijam dizskabardis (Fagus sylvatica) ir visvairak lietotais kiipinasanas
materials Eiropa. Tipiskais dimu aromats un garsa ir atkariga no fenolu savienojumiem diimos,
ka arT zivis eso$a briva glutaminskabe pieskir produktam umami gar$u (Swastawati et al., 2016).

Vieni no aktivakajiem dimu savienojumiem, kas veidojas, izmantojot tradicionalo
kiipinasanu, ir pirogallols, rezorcins, 4-metilgujakols, mazak akftivs ir siringols, gujakols
(Stotyhwo et al., 2006). Savukart $kidrajos dimos ka galvenie savienojumi ir siringols un
krezols, kas pieskir produktam aukstajai kiipinasanai raksturigas sensoras ipasibas. Toledo
(2008) savos pétijumos secinaja, ka dazu fenolu aromats ir lidzigs garSaugiem vai gar$vielam,
pieméram, eugenols Iidzigs kan&lim, pipariem, muskatriekstam, tam ir tipiska krustnaglinu
smarza.

Policiklisko aromatisko ogludenrazu saturs (PAO) produkta ir atkarigs no temperatiiras
dimu generatora (Stotyhwo & Sikorski, 2005), koksnes mitruma, koksnes veida, izméra un
citiem faktoriem. Kiipinatajiem produktiem tiesi PAO ir galvenais kimiska piesarnojuma avots
un, jo augstaks So savienojumu saturs, jo produktam izteiktaka diimu garSa, produkts ir brunaks
un jiitama rigtena piegarSa (El-Lahamy et al., 2019). Kopgjais benzo () piréna saturs, saskana
ar ES regulu 1881/2006, kiipinatas zivis nedrikst parsniegt 2 pg kg?. Razojot $protes no
kiipinatam brétlinam, tas nedrikst parsniegt 5 ug kg™, Savukart PAO4 summa (benzo(a)piréna,
benzo(a)antracéna, benzo(b)fluoranténa un krizéna summa) kiipinatas zivis nedrikst parsniegt
12 pg kg, bet $protés 30 pg kg™.

Kipinasana var izmantot arT §kidros dimus, kas paredz savadaku razosanas tehnologiju.
Tos ir érti lietot (izsmidzinat, iemé&rkt, samaisit) un viegli kontrol&t to lietoSanu (Swastawati et
al., 2012). Ieteicamais $kidro diimu lietoSanas daudzums ir no 1% lidz 5%. Tacu, lai tos lietotu
razo$ana, ir nepiecieSams mainit tehnologiju, jo kiipinasanas process norit at3kirigi no klasiskas
karstas vai aukstas kiipinasanas. Skidrajiem diimiem, tapat ki diimiem no koksnes, piemit
konservéjosas ipasibas, un tie spgj inaktivét mikroorganismus (Dien et al., 2019).

Kapinasanas procesa par kiipinato zivju krasu atbild Maijara reakcijas galaprodukti.
Pirms §Ts reakcijas notiek, tauku oksidacija, kas ietekmé& garSu un aromatu, veidojas fenoli un
aldehidi no koksnes sadedzinasanas, ka ari to vienlaiciga nogulsnéSanas uz zivju virsmas,
pieskirot dimakainu aromatu un dalgji ietekm&jot ar1 krasu. Mitruma zudums, ka rezultata
palielinas organisko vielu (olbaltumvielu, tauku, mineralvielu) koncentracija, kas veicina
intensivakas kimiskas reakcijas, tostarp Maijara reakciju. Reakcijas ir saistitas ar kvantitativo
karbonilgrupu samazinasanos dimos. Maijara reakcija ir ne-enzimatiska reakcija, temperatiira
virs 140 °C, kad reducgjoso cukuru karbonilgrupa reagé ar aminoskabju vai olbaltumvielu
aminogrupam, bet termiskas apstrades procesa laika notiek izmainas krasa, garsa (Liu et al.,
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2022). Ktpinatu zivju krasa vari€ no zeltaini briinas Iidz brunai atkariba no kiipinasanas procesa
izmantotas koksnes veida un kiipinasanas intensitates, temperattras (Varlet et al., 2007).
Kipinatu zivju krasa ir atkariga no kiipinaSanas tehnologijas, pH un sals satura. Kiipina$ana
samazina gai$as krasas intensitati, ka ari sarkanas un dzeltenas krasas gammu kiipinatam zivim
salidzinajuma ar atvésinatam zivim (Huong, 2014).

1. nodalas kopsavilkums

Zinatniskas literatiras analize paradija, ka zivju kimiskais sastavs mainas nozvejas
sezona, tacu nav pieejama detalizéta analize, ka kimiska sastava izmainas ietekmé& kiipinato
brétlinu kvalitati, jo pasi struktiru un krasu. Rudeni nozvejotas brétlinas ir piemé&rotakas
parstradei neka tas, kas nozvejotas ziema vai pavasari, tom&r razoSana jaizmanto jebkura
nozvejas perioda iegutas zivis. Lai nodro$inatu nemainigu kiipinato zivju kvalitati, ir iesp&jams
razo$ana izmantot pirmapstrades Iidzeklus. Pieejama plasa informacija par sals un skabju
ietekmi uz zivju muskulaudiem, tomér nav informacijas, ka So lidzeklu izmantoSana apstradé
pirms kiipinasanas ietekmé gatava produkta kvalitati (sensoras TpasSibas, mikrobiologiskos
raditajus, pH, krasu un struktiiru), jo 1pasi saistiba ar dazadiem nozvejas periodiem. Ir zinams,
ka pirmapstrades Iidzekliem ir ietekme uz mikrobiologisko raditaju uzlabosanu, tacu nav
analiz&ta to ietekme uz tehnologiskajiem zudumiem.

Promocijas darba hipotéze.
Sezonali mainigo kiipinato brétlinu kvalitati iesp&jams stabilizet, izmantojot atbilstoSus
pirmapstrades lidzeklus (etikskabi, natrija hloridu un kalcija hloridu).

Promocijas darba meérkis - izpétit kapinatu brétlinu kvalitati ietekmgjosSos faktorus
saistiba ar atv€sinatu un saldetu brétlinu sezonalajam kvalitates izmainam un atlasit atbilstosus
pirmapstrades lidzeklus nemainigas kvalitates nodroSinasanai.

Lai sasniegtu promocijas darba mérki, izvirziti $adi pétnieciska darba uzdevumi:

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

2) salidzinat sezonali mainigo kiipinatu brétlinu struktiras, krasas un tehnologisko
parametru (ktpinasanas zudumi, nozuvums) izmainas, razo$anai izmantojot
atvésinatas vai saldétas brétlinas;

3) izvertet pirmapstrades lidzeklu ietekmi uz kiipinatu brétlinu kvalitates raditajiem;

4) novertét pirmapstrades lidzeklu ietekmi uz kiipinatu brétlinu sensorajiem un
mikrobiologiskajiem raditajiem, deriguma terminu.
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2. MATERIALI UN METODES

2.1. Petijuma laiks un vieta

Promocijas darba veiktais pétijums Tstenots laika posma no 2019. gada septembra lidz
2025. gada junijam Latvijas Biozinatnu un tehnologiju universitate, ka arT zivju parstrades
uznémuma NS Estate. Uzn@muma no atvésinatam un saldétam brétlinam, tas apstradajot ar
pirmapstrades lidzekli, tika iegiitas kupinatas brétlinas, kas turpmakajos pétijumos tika
izmantotas dazadu analizu veikSanai un salidzinaSanai gan LBTU, gan JH Hamilton Baltic
laboratorijas. Petijumu shéma apkopota 2.1. tabula.

2.1. tabula
Brétlinu petijjumu shéma
Posma . Publikacijas Breth.l’m Izejvielu
AUMUTS Posma raksturojums AUMUrS nozvejas apraksts
Sezona

1. posms | Literatiiras analize I - —

2. posms | Brétlinu kimiska sastava I 2021./2022. | Atvésinatas
korelacijas ar kuipinato brétlinu un saldetas
kvalitati noverte§jums dazados péc viena
nozvejas  periodos  (rudens, gada
ziema, pavasaris) uzglabasanas

3. posms | Pirmapstrades lidzeklu (natrija i 2019./2020. | Saldetas
hlorids, kalcija hlorids,
etikskabe) atlase, balstoties uz 2020./2021. | Atv@sinatas
sensoro verte§jumu un So lidzeklu
ietekmes novérteésana uz
kiipinatu brétlinu sensorajam
ipasibam

4. posms | Pirmapstrades lidzeklu ietekmes v 2020./2021. | Atvésinatas
uz mikrobiologisko kvalitati un
uzglabasanas laiku izvertéSana

5. posms | Pirmapstrades lidzeklu ietekmes \Y 2021./2022. | Saldétas
izvertejums uz kiipinato brétlinu
fizikalajiem kvalitates raditajiem
(tehnologiskie ~ zudumi, pH,
mitruma saturs, struktira un
krasa) atkariba no nozvejas
perioda

Atvesinatam un saldétam brétlinam nozvejas sezonas laika (sezonas sakuma, vidi un
beigas jeb rudeni, ziema, pavasari) tika noteikts mitruma saturs, pH, olbaltumvielu saturs un
aminoskabju sastavs, tauku saturs un taukskabju sastavs, savukart kiipinatam brétlinam tika
veikts sensorais novertéjums un tehnologisko zudumu meérijumi, pH, struktiiras mérfjumi,
krasas noveértéSana, analizéti mikrobiologiskie raditaji, mitruma saturs, sals saturs, Gdens
aktivitate (2.1. att.).
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Kipinatas brétlinas

Atvesinatas un sald@tas brétlinas -
nozvejas sezonas sakums, vidus,

beigas

« Mitruma saturs -Sensoral‘s'no‘vérté_]um.s
o *Tehnologiskie zudumi

P . (ktipinasanas, nozuvums)
* Olbaltumvielu saturs un «pH

aminoskabju sastavs «Struktiira
* Tauku saturs un taukskabju *Krasa (L*a*b*)

sastavs

*Mitruma saturs

«Sals saturs

+Udens aktivitate
*Mikrobiologiskie raditaji

N NG J

2.1. att. Bretlinu pétijjuma analizetie kvalitates raditaji

2.2, Pétijjuma izmantotie materiali un paraugu sagatavosana

2.2.1. Baltijas bretlinas

P&tijuma izmantotas Baltijas brétlinas (Sprattus sprattus balticus). To nozvejas rajons ir
Baltijas jira FAO27. III. D. 28.2, kas atbilst Centralajai Baltijas jiras Rigas jiiras li¢a dienvidu
dalai (2.2. att.), to nozvejas metode — pelagiskais tralis (OTM). Nozvejotas brétlinas sanemtas
Nno viena un ta pasa pickrastes piegadataja.

10 e 20 25
FAD, V12001 Millr oyl

2.2. att. Zivju nozvejas rajoni °

Pétijuma tika izmantotas gan atvesinatas, gan saldétas brétlinas no atSkirigam nozvejas
sezonam (2.3. att.) un no tam tika pagatavotas kiipinatas brétlinas. Brétlinas analizétas no
sezonas sakuma jeb rudens lidz sezonas beigam jeb pavasarim, kas ir no septembra lidz aprilim
vai maijam. Turpmak teksta sezonas sakums ir septembris vai oktobris, sezonas vidus —
novembris vai decembris, sezonas beigas — marts vai aprilis.

> FAO Fisheries and Aquaculture Department [tieSsaiste] (skatits 25.01.2025) Pieejams:
https://www.fao.org/fishery/docs/maps/Default.ntm
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Atvesinatas bretlinas raZoSanas uzn€muma zvejas sezonas ietvaros nogadatas 48 stundu
laika p&c to nozvejas, nodrosinot, ka temperatiira zivis ir 2 £ 2 °C. Zivju Svaigums atbilst
A kategorijai, bet to izmé&ra kategorija ir 1, kas ir atbilstosi regulai (Padomes regula (EK) Nr.
2406/96 (1996. gada 26. novembris), ar ko paredz kopgjus tirdzniecibas standartus attieciba uz
noteiktiem zivsaimniecibas produktiem, 1997) un lidz apstradei tas uzglabatas lidz 12 stundam,
konteineros ar ledu, attieciba 1:3. Temperatiira uzglabaSanas kamera 2 + 2 °C.

Saldétas bretlinas uzglaba —18 + 1 °C temperatiira, gaisa relativa mitruma 75 £+ 5%,
12 ménesus no zivju nozvejas briza, kad tas nekavgjoties sasaldétas (III publikacija). Brétlinas
sasaldé pa 10 kg, izmantojot Soka saldésanu (30 °C, ventilatora atrums 5-10 m s, laiks
240-360 min), Iidz saldéta zivju bloka (45 x 85 x lidz 7.5 cm) centra tiek sasniegta vismaz
—18 °C temperatiira. P&c tam tas ievieto polietiléna maisina (PE) un ievieto mitruma izturiga
gofréta kartona kastés, kuras parklatas ar mitruma aizsardzibas slani (no polipropiléna), lai
pasargatu no argjas vides faktoru izraisttam izmainam uzglabasanas procesa. Brétlinas defroste,
izmantojot Gdens tvaika (100 °C) izsmidzinasanas mehanismu, lidz bloka vida temperatira
sasniedz 0 °C. Brétlinu defrostaciju veic, saldétos blokus (neiznemot no poliméra materiala
maisina, kas attiecigi péc tam nodro$ina efektivaku izb&rSanu zivju konteineros) novietojot uz
ratiem un ratus ievietojot defrostacijas kamera, kur iestata atbilstosu programmu (iestata laiku,
mitruma saturu, temperatiiru, gaisa plismas rezimu). Defrostacijas procesa ilgums atkarigs no
ievietoto zivju daudzuma, tacu defrostaciju partrauc, kad saldéto zivju bloku centra, kuri atrodas
ratu vidd, ir sasniegta 0 °C temperatiira, defrostacija vidgji ilgst no 30 min Iidz 2 stundam
atkariba no ievietota zivju daudzuma. Turpmak teksta brétlinu, kas uzglabatas vienu gadu un
pec saldésanas atlaidinatas, apzimé&Sanai izmantots termins saldétas brétlinas.

2.2.2. Pirmapstrades lidzekli

Promocijas darba tieck izmantots termins pirmapstrade, kas promocijas darba ietver zivju
iepriek$¢ju sagatavoSanu — zivju mércéSanu dazadas koncentracijas pirmapstrades lidzeklu
(NaCl, CaCl,, CH3COOH) skidumos noteiktu laika posmu, ta neietver zivju grieSanu, kidasanu
vai jebkadas citas zivju fizikalas izmainas. P&c pirmapstrades seko zivju termiska apstrade —
karsta kiipinasana.

Ka zivju pirmapstrades lidzekli p&tijuma izmantoti:

o ctikskabe — partikas piedeva (CH3COOH), E260, skidums, satur 80% etikskabes,
ta iegadata no piegadataja kompanijas Safrans, Riga, Latvija;

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

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

Pirmapstrades Iidzeklus CaCl> un CH3COOH, saskana ar Regulu 1331/2008 par partikas
piedevam, drikst pievienot quantum satis (no latinu valodas — cik vajadzigs) daudzuma.

Apstrades $kiduma pagatavosanai izmanto dazadus iepriek§ mingtos pirmapstrades
lidzeklus, sajaucot tos ar aukstu fideni bez ledus noteikta proporcija (2.2. tabula) un maisot, lidz
visas vielas ir homoggni sajaukusas ar tideni un izskidusas, ja izmanto NaCl un CaCl». Atlasitie
pirmapstrades lidzekli un to daudzumi $kiduma pagatavosanai, tika noteikti balstoties uz
zinatniskas literatiiras analizi, raZzoSanas praksi, ka ar1 sadarbibas partneru pieredzi kvalitates
nodroS§inasana mainigas izejvielas kvalitates gadijumos.

Bréetlinas (ne mazak ka 1000 g) iemérc Skiduma proporcija 1 : 2 (zivis : skidums) uz
30 miniitém un periodiski manuali apmaisa, bet ne retak ka ik pé€c 5 miniitém, maisijuma
temperattira nedrikst parsniegt 4 °C. Lai temperatiira visu mércéSanas laiku bitu atbilstosa,
izmanto sasmalcinata ledus vannu. Kontroles paraugam (Control) netiek pielietoti
pirmapstrades Iidzekli un brétlinas uzreiz péc defrostacijas ver uz irbjiem un parvieto uz
termisko apstradi.
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2.2. tabula
Brétlinu pirmapstrades Skidumu receptiira

Paraugi Skiduma pagatavo§anas receptiiras, %
granuléts NaCl granuléts CaCly etikskabe CH3COOH
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 - 291 -
3Na3CaAce 2.80 2.80 0.94
3Na2CaAce 2.84 1.65 0.95

Paraugi apzZim@ti ar saisinajumiem, kas nav tie$i saistami ar kimiskajiem simboliem. Produkti, kas atziméti ar *,

P&c izturéSanas sagatavotaja pirmapstrades Iidzeklu Skiduma zivis uzver uz irbjiem
(10 zivis uz viena irbja) un veic karsto kiipinasanu. To veic periodiskas darbibas kiipinasanas
krasni (Reich Foodsystems, Vacija). Kiipinasanai ka degmaterialu izmanto dizskabarza (Fagus
sylvatica) skeldu ar mitruma saturu 15%.

Galvenie kiipinaSanas parametri karstai kiipinasanai kiipinasanas krasni no 60 minaiteém
lidz 82 miniitém: vispirms apzavésana 35 Iidz 40 mindtes 45 lidz 65 °C, tad varisana 10 lidz
12 minttes 60 lidz 75 °C, tvaika padeve 2 lidz 5 mintates 75 11dz77 °C, dimu pievienosana
10 Iidz 15 mindtes 77 lidz 80 °C un atdzesé$ana 5 lidz 10 mindates lidz produkta tiek sasniegta
vismaz 72 °C temperatiira. Procesa vadiba ir automatiska. Ja produkts ir paredzéts talakai
izmantoSanai Sprotu razoSana, péc kiipinasanas zivis dzesé aukstuma tunelt lidz 10 °C
temperattira un tas padod uz galvu un astu nogrie$anas iekartu. Ja zivis nav paredzetas Sprotu
raZoSanai, kiipinatas brétlinas nonem no irbjiem un ievieto uzglabasanas kamera. Zivis uzglaba
augsta blivuma polietiléena (HDPE) kastés aukstuma kamera 2 +2 °C maksimali lidz
48 stundam.

RazoSana kipinatajiem produktiem kipinasanas zudumus nosaka uzreiz péc brétlinu
atdzes€Sanas, pirms ievietoSanas uzglabasanas kamera, bet nozuvumu péc 24 stundu
uzglabasanas aukstuma kamera. Savukart fizikalas analizes veic uzreiz p&c noZuvuma
mérfjumu veikSanas, kad kiipinatajam brétlinam tiek veikti krasas, struktiiras un pH mérijumi.

2.3. Petijuma lietotas analiZzu metodes

2.3.1. Pirmapstrades lidzeklu atlase, balstoties uz sensoro vértéSanu

Pétijuma pirmaja, sakuma dala, lai atlasitu pirmapstrades lidzeklu kombinacijas, veikta
sensora vértéSana, izmantojot tiesi laika (Just About Right — JAR) metodi kiipinatajam
brétlinam. Sai metodei ir pieejami starptautiski atziti gan ISO (ISO 13299:2016; ISO
11136:2014), gan ASTM (ASTM E1490-12(2017); ASTM E253-12(2008)) standarti, kuros
rekomendgtais ekspertu skaits ir no 8 Iidz 12 ekspertiem.

Sensoro vertesanu veica 22 dazadi apstradatiem kiipinato brétlinu paraugiem, lai atlasitu
piemérotakos paraugus talako pétijumu veikSanai. Ir veikta atlase 11 kiipinatu brétlinu veidiem
(2.2. tabula), kas pagatavoti no atvésinatam brétlinam, un 11 kiipinato brétlinu paraugiem, kas
pagatavoti no saldétam zivim.
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Paraugi verteSanai tika sadaliti divas dalas un analizeti divas dienas; katra diena pa
11 paraugiem. Sakotngji tika analiz&ti kiipinato brétlinu paraugi, kas gatavoti no atveésinatam
brétlinam un otraja diena kipinato brétlinu paraugi no saldétdm un péc tam defrostétam
brétlinam. Produktu identifikacijai paraugiem tika pieskirti Sifri (2.3. tabula).

2.3. tabula

Kiupinato brétlinu paraugu identifikacija pétjjuma pirmaja posma

Produktu veidi Kﬁp_i Ifﬁto lfrfeﬂ_il’m e apz_imé_jl_lmi ——
no saldétam brétlinam Nno atveésinatam brétlinadm
Control* FR11 F11
Ace* FR8 F8
Na* FR6 F6
CaAce* FR5 F5
NaAce* FR4 F4
2Na3Ca* FR3 F3
3Na2Ca* FR1 F1
3Na2CaAce FR10 F10
3Na3CaAce FR9 F9
Ca FR7 F7
NaCa FR2 F2

Paraugi apzZiméti ar salsinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem.

P&tijuma otraja dala turpinata sensora vértéSana seSiem pirmapstrades variantiem, kas
pirmaja posma bija sanémusi visatbilsto§ako novert&jumu, un viens kontroles paraugs
(Control), kuram netika veikta nekada apstrade pirms kiipinasanas (III publikacija).

Kipinato zivju paraugus analiz€, izmantojot “tieSi laika” metodi JAR, novertgjot tadus
sensoros raditajus ka aromats, krasa, struktiira, gar$a, nosakot $o ipaSibu intensitati un
atbilstibas pakapi. Katru paraugu raksturojo$as sensoras ipasibas novérté 5 punktu skala, kur ar
1 apzimé “par maz”, bet 5 apzimé “par daudz,” savukart 3 apzimé “tiesi laika”. Sensoraja
novertgjuma piedalijas 8 eksperti (zivju parstrades nozares darbinieki). Kipinatos zivju

paraugus novieto uz plastmasas skivisa (katram veértétajam nodroSina divas kiipinatas zivis no
katra parauga) un veic noveértésanu.

2.3.2. Atvésinato un saldéto brétlinu kimisko un fizikalo raditaju noteik§anas metodes

Lai novertetu brétlinu kimisko sastavu un ta izmainas sezonas ietvaros, ir noteikts tauku
saturs un taukskabju sastavs, ka ar1 olbaltumvielu saturs un aminoskabju sastavs. TestéSana
veikta akreditéta laboratorija J. S. Hamilton (Polija). Analizu rezultatu ieguvei veikti tris
analttiskie atkartojumi un katrs paraugs sagatavots no tris neatkarigiem atkartojumiem.

Kopgjais taukskabju saturs analizéts atvesinatam brétlinam, izmantojot gazu
hromatografiju péc taukskabju transmetiléSanas sarmainos apstaklos saskana ar PN-EN 1SO
12966-1:2015-01; PN-EN ISO 12966-2:2017-05; PN-EN ISO 12966-4:2015-07.

Tauku saturs un olbaltumvielu saturs analiz&ts ka atvésinatam, ta ar1 saldétam bré&tlinam,
kur tauku saturs analizéts péc 1SO 1443: 1973, bet olbaltumvielu saturs analizéts balstoties uz
Kjeldala metodes principu, izmantojot slapekla konversijas koeficientu 6.25, pienemot, ka
vid&jais slapekla saturs olbaltumvielas ir 16% (Hayes, 2020). Kopg&jais aminoskabju saturs
noteikts tikai atvésinatam brétlinam saskana PB — 53/HPLC ed. Il no 30.12.2008 metodi, kas
paredz kop&jo aminoskabju sastava analizi, izmantojot augstas efektivitates Skidruma
hromatografiju (Iidzigs ISO 13903:2005, 1SO20483:2013). Savukart triptofana noteikSanai tika
izmantota PB — 53/HPLC ed. Il no 30.12.2008 metode (ISO 17025), kas ietver sarmaino
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hidrolizi un p&c tam neitralizaciju un filtraciju. Analizi veica ar augstas izskirtsp&jas Skidruma
hromatografiju un UV detektoru.

Lai analizétu pH, izmanto pH-metru JENWAY 3520 (Jenway, EU). Kiipinatas brétlinas
sasmalcina piesta un 1 g homoggna parauga ievieto trauka ar 9 mL destiléta tidens, sajauc ar
stikla spiekiti. Katru paraugu analizg tris reizes.

Mitruma satura noteikSanai izmanto standarta metodi ISO 1442:1997. Izkarsétas smiltis
kopa ar 3 g parauga, izmantojot stikla irbuliti riipigi samaisa. P&c tam to karsé zavskapi 150 °C
tik ilgi, 1idz svara izmainas vairs nav novérotas (apméram 60 miniites). Udens aktivitates
noteik$anai izmantota PN-1SO 21807:2005 standarta metode.

Atvesinato brétlinu uzturvertibas izvertéjums, nemot vera taukskabju profilu.

Nemot véra lipidu frakcija eso$o taukskabju proporciju, tas var raksturot pielietojot
aterogéno indeksu (1A), trombogéno indeksu (IT) un hipoholesterinémisko indeksu (HH), kuru
sakotngji izveidoja Ulbricht and Southgate (1991). Indeksus aprekina péc 2.1. — 2.3. formulam.
Janem véra ka brétlinam $is indekss mainas, jo attiecigi mainas muskulaudu daudzums un tauku
saturs zivis. IA indekss norada proporciju starp piesatinato un nepiesatinato taukskabju summu.
Savukart IT indekss nosaka piesatinato un mononepiesatinato, n-6 un n-3 taukskabju
proporciju. HH indekss raksturo holesterina metabolismu.

_ ((€12:0) + (4 x C14:0) + (C16:0))
"~ MUFA + (PUFA,_¢) + (PUFA,_3) '

2.1)
kur:
IA — aterogénais indekss;
C12:0 — taukskabe (laurinskabe), %;
C14:0 — taukskabe (miristinskabe), %);
C16:0 — taukskabe (palmitinskabe), %;
MUFA — mononepiesatinatas taukskabes, %;
PUFAn.6— polinepiesatinatas taukskabes (omega-6 taukskabes), %;
PUFA\.3 — polinepiesatinatas taukskabes (omega-3 taukskabes), %.
(C14:0+ C16:0 + C18:0)
"= ((0.5 x MUFA) + (0.5 X PUFA,_¢)+ (3 X PUFA PUFA,
: : n-6) T ( n-3) + (m)
2.2)
kur:

IA — tromboggénais indekss;

C14:0 — taukskabe (miristinskabe), %);

C16:0 — taukskabe (palmitinskabe), %;

C18:0 — taukskabe (steartnskabe), %;

MUFA — mononepiesatinatas taukskabes, %;

PUFA\.6 — polinepiesatinatas taukskabes (omega-6 taukskabes), %;
PUFAn.3 — polinepiesatinatas taukskabes (omega-3 taukskabes), %.

((C18:1n 9 + C18:2n 6) + C18:3n 3 + €20:5n 3 + €22:5n 3 + €22:6n 3
(C12:0 + C14:0 + C16:0)

(2.3)
kur:
HH — hipoholesterinémiskais indekss;
C18:1n-9 — mononepiesatinata taukskabe (oleinskabe), %o;
C18:2n-6 — polinepiesatinata taukskabe (linolskabe), %o;
C18:3n-3 — polinepiesatinata taukskabe (alfa linolénskabe), %o;
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C20:5n-3 — polinepiesatinata taukskabe (eikozapentaénskabe), %;
C22:6n-3 — polinepiesatinata taukskabe (dokozaheksagénskabe), %;
C12:0 - taukskabe (laurinskabe), %o;

C14:0 — taukskabe (miristinskabe), %;

C16:0 — taukskabe (palmitinskabe), %.

2.3.3. Kupinatu brétlinu mikrobiologisko raditaju noteikSana

Kiipinato brétlinu paraugu atlase veikta nejausas izlases veida no paraugu uzglabasanas
kasteém uzglabasanas kamera (vienu dienu, vienu nedélu, divas nedg€las péc to nokiipinasanas),
paraugus (vismaz 200 g), ievietojot sterilos transportéSanas maisinos (Sterilie HDPE stomahera
paraugu maisini ar — polipropiléna aizvér$anas uzlimi, izmérs 11 x 30 cm, biezums 70 um).
Mikrobiologisko raditaju testéSana veikta péc standartmetodém, kas apkopotas 2.4. tabula
(IV publikacija). TestéSana veikta akreditéta laboratorija J. S. Hamilton (Polija).

2.4. tabula
Mikrobiologiskas testéSanas metodes
Parametrs Metode
Raugi LVSISO 21527 —2: 2008
Pelgjumi LVS ISO 21527-2: 2008
Mezofili acrobo un fakultativi anaerobo
mikroorganismu kopskaits (MAFAm / Total LVS EN ISO 4833—1: 2014
plate count (TPC)
Bacillus cereus LVS EN ISO 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
S-glikuronidazes pozitivie Escherichia coli LVS ISO 16649—-2: 2007
Vibrio parahaemolyticus PN-EN ISO 21872—1: 2017-10

2.3.4. Fizikalas metodes kiipinato brétlinu analizém

Tehnologiskie zudumi kiipinatam brétlinam.

Kipinasanas zudumi (KZ) ir galvenais tehnologiskais parametrs, kas var raksturot razotas
produkcijas iznakumu. Tas ir parametrs, kas interesé razotaju - zemaki kiipinasanas zudumi
sekmé lielaku iznakumu. KiipinaSanas zudumus aprékina, izmantojot masu pirms apstrades un
masu pé&c apstrades, izmantojot 2.4. formulu.

_ (my) — (my)

Kz (mo)

x 100

(2.4.)
kur:
KZ — kiipinasanas zudumi, %;
Mo — masa pirms kiipinasanas, g;
m1 — masa péc kiipinasanas, g.

Vertibas zem 30% defing ka loti labas, tapéc, ka lielakoties kiipinasanas zudumi ir robezas
no 35% lidz 50%, kas mainas atkariba no tehnologijas, izejvielas un atlasita apstrades veida.
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Zudumus virs 50% raksturo, ka loti liclus kiipinaSanas zudumus un razotajam ir jaizverté, ko
uzlabot, lai tos samazinatu.

P&c kiipinaSanas, uzglabasanas kamera zivim veidojas nozuvums (NZ) un vislielakais tas
ir noverots tiesi pirmas diennakts laika, tap&c ir svarigi to minimizet.

_ (mg) — (my)

NZ,% = (70) x 100
0

(2.5.)
kur:
NZ — nozuvums, %;
Mo — masa pirms uzglabasanas, g;
m1 — masa p&c uzglabasanas, g.

Tehnologisko zudumu noteik$anai, katrai apstrades metodei kiipinasanu veic vismaz tris
partijas, katru ne mazak par 200 g.

Lai noteiktu apstrades ietekmi uz mitruma un sals saturu, ka arT pH vértibas un tdens
aktivitates izmainam uzglabasanas laika, tika veikta testésana, pielietojot standartmetodes.

Udens aktivitates noteik$anai izmantota standartmetode 1SO 18787:2017, kur metodes
pamata ir tdens tvaika spiediena attieciba produkta pret tira Gdens tvaika spiedienu produkta.
Mitruma satura noteikSanai pielietota gravimetriska metode. Sals satura noteikSanai parrékina
koeficients (Na x 2.5). Savukart pH mériSanai izmantots pH-metrs JENWAY 3520 un rezultatu
ieglisanai homogeniz&ti zivju muskulaudi ir sajaukti ar destilétu tdeni attieciba 1 : 9 un
nekavgjoties veikts mérijums trijos atkartojumos.

Kiipinatu brétlinu struktiiras analize. Struktiiras 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 kipinato brétlinu sadala, iznem asaku, iegiistot divus atdalitus filejas gabalus,
platuma Iidz 10 mm, ne biezakus ka 0.4 mm. Pirms novietoSanas uz struktiiras analizatora
noméra filejas platumu un parametru ievada programma. NaZza grieSanas atrums iestatits
konstants (kompresijas atrums) 2 mm s, Katru fileju griez vienu reizi, lai noteiktu grieSanas
speku un bides darbu. Katram apstrades veidam testéSanu atkarto vismaz septinam filejam.
Kipinato brétlinu temperatiira ne augstaka par 6 °C.

Kiipinato brétlinu krasas analize. Lai analiz&tu kiipinatu brétlinu krasas parametrus,
kipinatas brétlinas novieto uz koka délisa, kur§ parklats ar polietiléna plévi. Uz tas novieto
zivis, parklaj ar polietilena plévi un veic testéSanu. Pirms darba uzsakSanas veic iekartas
kalibréSanu ar melnu un baltu plaksni. Krasu mérisanai izmanto ColorTec—-PCM (Accuracy
Microsensors Inc., ASV) ar programmatiiru Color-Tec — Color Sowf QCW, izmantojot
dienasgaismas dabigo apgaismojumu un 10° standarta novérotaju. Datus atspogulo CIE
(L*a*b*) sisteéma, kur L* vertiba apzime gaiSumu skala no 0 (melns) lidz 100 (balts), a* vertiba
atspogulo krasas izmainas no zalas (negativas vertibas) uz sarkanu (pozitivas vertibas +) un b*
vertibas no zilas (negativas vértibas —) uz dzeltenu (pozitivas vértibas +). Krasu nosaka uz
kiipinato zivju virsmas vismaz piecam kipinatajam zivim. Uz vienas zivs neveic vairak ka tris
mérfjumus dazadas vietas. TestéSanu atkarto vismaz septinas reizes.

Krasas novértésanai papildus aprékinats ari hroma indekss (C*), kas raksturo krasas
piesatinajumu un kura aprékinasanai izmanto a* un b* vertibas, skatit 2.6. formulu.

C*:(a*z + b*2)0'5
(2.6.)
kur:
C* — hroma indekss;
a* — zalas/sarkanas krasas indekss;
b* — zilas/dzeltenas krasas indekss.
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Papildus aprekinats arT nokrasas lenkis Ho, kas raksturo relativo krasu gammu, kuru

izsaka grados péc 2.7. formulas.
*
Hy = tan™1 x (%)
(27)
kur:

Ho — nokrasas lenkis;

a* — zalas/sarkanas krasas indekss;
b* — zilas/dzeltenas krasas indekss.

2.4. Datu statistiska apstrade

Visi rezultati atspoguloti ka vid€jas vertibas. Vidgjas vertibas un standartnovirzes (SD)
aprékinatas izmantojot MS Office Excel 2016 datorprogrammu. Grafisko datu attéloSanai
papildus izmantotas MS Office Excel diagrammas.

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, pécgarsa, aromats un struktiira. Sensoras veértéSanas datus grupé
péc ekspertu viedokliem JAR analizg. Veértéjuma novirze (mean drop) aprékinata ka starpiba
starp vidgjo patikSanas pakapi, vert€jot paraugu ipasibas ar atzimi “par maz” vai atzimi “par
daudz” un vértejumu “tieSi atbilstoSs.” Sensora vért€juma datu analizei izmantota datora
programma XLSTAT 2020 (Addinsoft, ASV).

Sezonas un izmantota apstrades materiala ietekmes izvert€Sanai uz kiipinato brétlinu
krasu un struktiiru 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 noveértéSanai uz kiipinato brétlinu kvalitates raditajiem, ja tas
razotas NO atvésinatam vai saldétam zivim, ka ari sezonas ietekmes izveértéSanai, izmantota
multikriteriju lémumu analize. Kritériju izstrade piedalijas eksperti no LBTU Partikas instittita
un zivju parstrades uznémuma, kuriem ir pieredze kiipinato brétlinu raZoSana. Balstoties uz
piecu ekspertu viedokli un literatliras analizi, definéts kvalitati ietekméjoSo kriteriju
nozimigums. Galvenie kvalitates raditaji ir noteikti balstoties uz ieguldijuma procentualo
vertibu (2.5. tabula).

2.5. tabula
Kbvalitati ietekmgejoSo kriteriju nozimigums multikriteriju lemumu anahze
Parametrs Vertiba Velama veértiba
Struktiira 25 <0.99 N mm*:
216 Nmm?s
Mitruma saturs 20 > 61.5%
Kipinasanas zudumi 20 Min
NoZzuvums 20 Min
Nokrasas lenkis (ho) 5 Max
Krasas piesatinajuma indekss (C*) 5 Max
pH 5 Vidgji 6.73
Kopa 100
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Multikritériju analizes pirmaja posma iegito punktu skaita rezultatus sakarto péc
nozimiguma. JO mazaks iegtitais punktu skaits, jo produktam tiek panakta augstaka kvalitate.
Tadgjadi iesp€jams atlasit piemerotakos apstrades materialus atbilsto$i nozvejas periodam
(rudens, ziema, pavasaris) un izejvielas veidam (atvésinata vai saldéta).

Datu grafiskai att€losanai, lai noteiktu atSkiribas starp diviem mainigajiem kvalitates
raditajiem, ka sezona un kimiskais sastavs, tika izmantota ari korespondences analize (CA),
ietverot kategoriskos datus nevis skaitliskos meérjjumus, lai analizétu saistibas starp
kategoriskajiem mainigajiem. Atskiribas tika analiz&tas, izmantojot t-testu (p < 0.05).

Galveno komponentu (PCA) dzilaka datu analize (skaitliskie mérijumi) 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 merogu ietekmi un nodro$inatu to salidzinamibu.

29



3. REZULTATI UN DISKUSIJA

3.1. Atvésinato brétlinu kimiska sastava izmainas sezonas laika

Pétijuma dati liecina, ka Baltijas brétlinas visaugstakais tauku saturs novérots nozvejas
sezonas sakuma (rudeni) 19.2 g 100 g?, bet nozvejas sezonas beigds (pavasarl) tajas ir
visaugstakais mitruma saturs — lidz 70 g 100 g (3.1. tabula). Tas apstiprina Timberg et al.
(2011) aprakstito, ka pavasarT (aprilis / maijs), tauku saturs ir zems 13 + 1.60%, bet rudent, kad
sakas nozvejas sezona (septembris/oktobris), tas ir augsts ap 22 =3 g 100 g*. Lidzigi dati iegiiti
arT Usydus et al. (2012) p&tijuma, kur tauku saturs varié no 5.10 + 0.87 g 100 g nozvejas
sezonas (aprilis / maijs) beigas, kad ir viszemakais un rudeni kad ir beidzies baroSanas posms
visaugstakais 15.46 + 2.02 g 100 g. Brétlinu tauku saturs, neatkarigi no nozvejas perioda
liecina, ka brétlinas ir treknas zivis (Stotyhwo et al., 2006).

3.1. tabula
Atvésinatu brétlinu (2020./2021. gada sezona) Kimiskais sastavs daZzados nozvejas periodos

Literaturas dati
Pétijuma iegiitie dati (Timberg et al., 2011;
Parametri Usydus et al., 2012)
rudens ziema pavasaris rudens pavasaris
Mitruma saturs, g 100 g2 | 62.4+1.2° [ 69.2+1.2%|70.0+1.2% | 66.40 77.48
;’;boac')t;'[‘v'e'“ saturs, 164413 | 149+13° | 16813 | 16.61 17.06
Tauku saturs, g 100 g * 192+1.3% | 129+13°[12.1+1.3°| 15.46 5.10

*Nozvejas sezona: novembris — marts. Vidgjas vértibas (n = 3) £ standartnovirze (SD). Vienadi burti viena rinda
norada, ka starp paraugiem nav bitiskas atskiribas p > 0.05 (t-tests).

Pie zemaka 62.4+1.29100g?! mitruma satura ir visaugstakais tauku saturs
19.2 +1.39 100 g* un otradi, kas sakrit ar Timberg et al. (2011) pétTjuma rezultatiem.

P&tijuma dati atspogulo diezgan stabilu olbaltumvielu saturu sezonas laika (3.1. tabula)
no 16.4 + 1.3 g 100 g* nozvejas perioda sakuma Iidz 16.8 + 1.3 g 100 g™* beigas. Ari Usydus et
al. (2012) patijuma tas nedaudz mainijas — no 17.06 g 100 g pavasari Iidz 16.61 g 100 g™
rudent.

Korespondences analize (3.1. att.) parada kimisko 1paSibu (tauku, taukskabju,
olbaltumvielu un aminoskabju saturs) un mitruma satura saistibu ar dazadiem nozvejas
periodiem (pavasaris, ziema, rudens). Analize liecina, ka 97.98% mainiguma attiecinams Uz
faktoru 1 (F1), bet 2.13% uz faktoru 2 (F2). 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 lidzigs, abi nozvejas
periodi korespondences analizes grafika atrodas pa kreisi (3.1. att.). Savukart rudeni
nozvejotajam zivim bija izteiktakas atskiribas no pargjiem 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. Savukart paraugs no rudens zivim (1) grup€jas ar visaugstako tauku
saturu, jo atrodas viena kvadranta. Ta ka polinepiesatinato taukskabju frakciju taukskabes ka
n-3 taukskabes un n-6 taukskabes ir tuvu novietotas viena otrai, tas apliecina, ka pastav ciesa
savstarp&ja korelacija.
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3.1. 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

Brétlinas, tapat ka sardines (Sardinella brasiliensis) (Saldanha et al., 2008) ir bagatas ar
n-3 un n-6 PUFA, tostarp EPA un DHA, kas ir oksidativi nestabilas (Stotyhwo et al., 2006).
Ar saskana ar Merdzhanova et al. (2018) pé&tijumu brétlinas ir augsts n-3 taukskabju saturs.
Sezonas laika n-3 taukskabju saturs brétlinas vari€ja atkariba no nozvejas perioda, sezonas
sakuma tas bija 6.3 + 0.8 g 100 g (II publikacija), savukart beigas 1.9 = 0.2 g 100 g (skatit
3.2. tabulu). Balstoties uz Regulas 1924/2006 pielikumu par uzturvértibas un veseliguma
noradém uz partikas produktiem par n-3 taukskabju avotu ir norade, ka produkts ir taukskabju
avots, ja taja ir vismaz 40 mg EPA un DHA 100 g produkta, lidz ar to brétlinas ir n-3 taukskabju
avots, ko var noradit ka papildus uzturvielu noradi.

3.2. tabula
Taukskabju grupu izmainas 2020./2021. gada sezona atvésinatam Baltijas brétlinam, g 100 g

Taukskabes Rudens Ziema Pavasaris
Kop¢gjas piesatinatas taukskabes (SFA) 4.9 +0.6% 32+04° 23£0.3°
Kopgjas mononepiesatinatas a b c
taukskabes (MUFA) 6.6+0.9 4.6+0.6 3.6+05
Kopgjas polinepiesatinatas taukskabes a b c
(PUFA) 7.0+£0.9 3.6+05 22+0.3
Kopgjas n-3 taukskabes 6.3+0.8° 3.1+04° 1.9 £0.2°
Kop&jas n-6 taukskabes 0.7+ 0.1 0.4+0.1° 0.3+0.1°

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka nav biitiskas atkiribas p > 0.05 (t-tests).

Kop¢gjais taukskabju saturs nozvejas sezonas laika samazinajas, lidz ar to paraugos, kuros
rudent tas bija visaugstakais, pavasari bija viszemakais. Taukskabju uzturvértibas izmainas
atspogulo ar tris indeksiem — aterogénais indekss (IA), trombogénais indekss (IT) un
hipoholesterinémijas taukskabju proporcija (HH) (3.3. tabula).
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3.3. tabula
Taukskabju indeksu izmainas brétlinas nozvejas sezona

Indekss Rudens Ziema Pavasaris
(Alf)rogenals indekss 0.43 + 0.04 0.48 + 0.04b 0.66 + 0.042
Trombogénais c b a
indekss (IT) 0.14+£0.03 0.15+0.03 0.21 £0.03
Hipoholesterinémijas
taukskabju 2.52 +£0.02¢ 2.44 +0.02° 2.50 +£0.022
proporcija (HH)

Vidgjas vertibas (n = 3) = SD. Vienadi burti viena rinda norada, ka nav butiskas atskiribas (p > 0.05).

Attieciba starp PUFA/SFA ir viena no iesp&jam novértét taukskabju profilu un analizet
produktu nozimi uztura. Chen & Liu (2020) noradija savos pétijumos (II publikacija), ka St
attieciba svaigai tilapijai (Orechromis niloticus) bija 0.5, savukart sudrabkartisai (Carassius
gibelio) 1.62. Pavasari zvejotam brétlinam ta svarstas robezas no 0.95 Iidz 1.42.

IA indekss norada proporciju starp piesatinato taukskabju summu un nepiesatinato
taukskabju summu, kur brétlinam ta palielinajas no 0.43 + 0.04 rudeni 11dz 0.66 + 0.04 pavasar,
tikmér Chen & Liu (2020) pétijumos konstatéja, ka Atlantijas silkém Clupea harengus IA
indekss bija augstaks 0.70. Zemakas IA indeksa vértibas norada uz nelabveligu ietekmi lipidu
cilvéka metabolisma, kas var veicinat aterosklerozes attistibu, holesterina uzkrasanos un
aterosklerotisko platniSu veidoSanos asinsvados, kas izraisa arteriju sasaurinasanos.

IT indekss ir proporcija starp piesatinatajam taukskabem un MUFA, n-6 un n-3
taukskabju saturu. Juras zivim tas ir augstaks neka saldiidens zivim, kur Luczynska et al. (2017)
izpétija, ka Atlantijas silkeém (Clupea harengus) tas bija 0.70, bet karpam (Cyprinus carpio)
0.31, lielakoties zivim tas svarstas no 0.14 1idz 0.87.

HH indekss ir raditajs, kas raksturo taukskabju ietekmi uz holesterina Iimeni asinis, proti,
tas parada, vai konkrétais tauku avots veicina holesterina samazinasanos vai palielinasanos.
Brétlinam, ka atspogulo pétijuma dati, sezonas laika tas mainas no viszemaka ziema sasniedzot
2.44 Tidz vislielakajam rudent 2.52. Tas nozimé, ka rudeni nozvejotas brétlinas ir ar labaku
uzturveértibu péc HH indeksa. Chen & Liu (2020) noradija, ka zivim tas lielakoties ir no
1.54 Tidz 4.83. Zemakie IA un IT indeksi brétlinam konstatéti rudeni, kad HH indekss bija
augstakais, kas arf liecina par augstaku brétlinu uzturvértibu. Taukskabju sastava novertésanai
un analizéSanai visbiezZak pielieto IA un IT indeksus, tacu lai gan Sie indeksi ir noderigi partikas
produktu izvérteésana, nav izstradatas rekomendg&tas vertibas.

Rudeni nozvejotas  brétlinds  neaizvietojamo  aminoskabju  summa  bija
6.25+0.36 g 100 g, bet pavasari 6.11+0.359g100g* (3.4. tabula), kas apstiprina
olbaltumvielu un aminoskabju stabilitati sezonas ietvaros.

Petijuma neatkarigi no nozvejas perioda visvairak konstatéta glutaminskabe,
asparaginskabe un no neaizvietojamajam aminoskabém — lizins un leicins (3.4. tabula). Sadus
datus aprakstija ari Usydus et al. (2009), ka lielako dalu no kipinatas brétlinas esos$ajam
aminoskab&m veido asparaginskabe un glutaminskabe. Lidzveértigus datus atspoguloja Ozden
(2005), kur marinétas un atvésinatas foreles, ansovos 31% no visam aminoskabém bija lizins,
asparaginskabe un glutaminskabe.

Atvesinatas brétlinas aminoskabe alanins tika konstatéts neliela daudzuma, bet glicina
saturs sezonas ietvaros nedaudz palielinajas pavasari. Lai gan Swastawati et al. (2016) p&tijuma
par kiipinatu piena zivi (Chanos chanos), p&c kiipinasanas glicina un alanina saturs samazinajas,
kas var biit skaidrojams ar temperatiiras ietekmi, jo tas ir jiitigas pret augstu temperatiiru, ka art
karstas kiipinaSanas laika kopa ar citam SkistoSajam vielam iztvaiko no produkta virsmas.
Timberg et al. (2014) pétijuma ari galvenas aminoskabes, kas saglaba stabilitati uzglabasanas
procesa, ir lizins, leicins un glutaminskabe.
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3.4. tabula
Kopgjas aminoskabju satura izmainas atvésinatas brétlinas
2020./ 2021. gada sezonas ietvaros, g 100 g

Aminoskabe | Rudens \ Ziema | Pavasaris

Dalgji neaizvietojamas/aizvietojamas

Arginins (Arg) 0.86 £0.14° 0.92 +0.14% 0.86 +0.142
Asparaginskabe (Asp) 1.36 +£0.22° 1.16 +0.192 1.14+0.182
Cisteins (Cys) 0.11 +0.02° 0.10+£0.02° | 0.10+0.02°
Glutaminskabe (Glu) 2.02 +£0.32% 2.13+0.342 1.98 +£0.322
Glicins (Gly) 0.73 £0.12° 0.76 = 0.122 0.74 +0.122
Serins (Ser) 0.57 £ 0.09° 0.57 £0.09° | 0.56+0.09%°
Neaizvietojamas aminoskabes

Histidins (His) 0.47 + 0.08? 0.38+0.06° | 0.34+0.05"
Izoleicins (Ile) 0.58 £ 0.09* 0.59 +£0.09% 0.58 + 0.09*
Leicins (Leu) 1.07 £0.17% 1.14+£0.17° 1.11+0.18%
Lizins (Lys) 1.25+0.20% 1.25+0.212 1.24 +£0.202
Metionins (Met) 0.44 +0.07% 0.46 +0.08% 0.46 +0.07%
Fenilalanins (Phe) 0.57 +£0.09% 0.58 +0.09? 0.58 + 0.09?
Treonins (Thr) 0.65£0.10° 0.67 £0.10% 0.64 £0.10%
Valins (Val) 0.74 +£0.12° 0.67+0.11% 0.71+0.11%
Triptofans (Trp) 0.48 +0.08° 0.45 +0.07% 0.45 +0.07°

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka nav batiskas atskiribas p > 0.05 (t-tests).

Uzglabasanas procesa atvésinatas zivis pirmas olbaltumvielu izmainas ir saistitas ar
zivju kKimiska sastava izmainam muskulaudos jeb sastinguma iestasanos péc to naves (Rigor
mortis), nobrieSanu un péc tam ar muskulu autolizi (Timberg et al., 2014). Olbaltumvielu
zudums ir atkarigs no sals satura zivis (Sampels, 2015a), tapéc, ja izmanto pirmapstrades
lidzeklus, tas ir papildus janem véra.

3.1. nodalas kopsavilkums

Atvésinatu brétlinu kimiskais sastavs mainas atkariba no nozvejas perioda. Rudent ir
visaugstakais tauku saturs un viszemakais mitruma saturs, kas savukart apgriezti proporcionali
mainas pavasari. Olbaltumvielu saturs sezonas ietvaros butiski nemainas. Balstoties uz
taukskabju frakcijas indeksiem labaka uzturveértiba ir rudent nozvejotam brétlinam, kur IT un
IA indeksu vertibas ir viszemakas.

3.2. Kupinato brétlinu sensorais noveértéjums

Kipinato brétlinu sensoraja novertgjuma tika veikta pirmapstrades lidzeklu atlase,
pamatojoties uz sensoro vértéSanu. Atlasitajiem paraugiem tika noveértéta pirmapstrades
lidzeklu ietekme uz sensorajiem raditajiem — aromatu, garsu, struktiiru, pécgarSu un krasu.

3.2.1. Pirmapstrades lidzeklu atlase

Balstoties uz zinatniskas literatiiras analizi, tika izveleti dazadi pirmapstrades lidzekli un
to koncentracijas. Pirmapstrades lidzeklu piemeérotibas noverteSanai kipinatu brétlinu
razoSanai, kad ka izejviela tiek izmantotas atvésinatas vai saldétas brétlinas, tika veikta sensora
vertésana zivju parstrades uznémuma, pielietojot JAR metodi.
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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) (3.5. tabula). 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 vert§jumu ar “par daudz”, kas bija skaba,
metaliska, rigta. So specifisko metalisko gar§u veido brivo aminoskabju un nukleotidu
mijiedarbibas procesos, kur§ pie parak augstas temperatiiras vai pie parak ilga kiipinasanas
procesa samazinas, tapéc kiipinaSana tikai pastiprina vai pavajina atkariba no procesa
intensitates. Savukart paraugos 3Na2CaAce ir vérojama vismazak izteikta garSas intensitate,
sanemot vertg§jumu “par maz’.

Vertgjot strukturas raditajus (konsistenci, stingribu, elastibu), paraugi bez apstrades bija
ar stingrako struktiiru, kas bija atzita ka parak izteikta, tacu atbilstosaka struktiira konstateta
paraugiem CaAce un NaAce, kas iesp&jams skaidrojams ar skabes un salu klatbiitnes balansu.
Paraugiem 3Na2CaAce novérota visneatbilstosaka struktira (par mikstu). Paraugiem, kuriem
pievienots NaCl, struktiira kluva stingraka, kas saskan ar Bjernevik et al. (2018) p&tijumu.
Tapat ar1 petijuma, kura izmantoja CaClz, notika tidens izspieSana no audiem un salu difuzija
tajos, savukart pievienojot skabes, palielinajas jonu speks $iinas un tas veidoja stingraku
struktiiru (Serdaroglu et al., 2015).

3.5. tabula
Kipinato brétlinu sensorais noveértéjums pirmapstrades lidzeklu atlasei

Aromats Garsa Struktira Pécgarsa Krasa

R R R A

El1E|&|E |2 |&|F || &|F|E|&|E]E)E
FR1 375|625 | 0.0 125 | 75.0 | 125 | 375 | 625 | 0.0 50.0 | 50.0 | 0.0 | 75.0 | 25.0 | 0.0
F1 0.0 | 625|375 |125 | 750 | 125|125 | 75.0 | 125 | 375 | 50.0 | 125 | 125 | 50.0 | 375
FR2 100 | 0.0 | 0.0 250 | 125 | 625 | 625 | 250 | 125 | 375 | 25.0 | 375 | 750 | 25.0 | 0.0
F2 875|125 | 0.0 250 | 125 | 625 | 750 | 125 | 125 | 750 | 125 | 125 | 750 | 125 | 125
FR3 88.0 | 12.0 | 0.0 25.0 | 75.0 | 0.0 | 375|375 | 250 |250| 375|375 0.0 62.5 | 375
F3 125 | 750 | 125 | 25.0 | 625 | 125 | 125 | 50.0 | 375 | 125 | 50.0 | 375 | 0.0 62.5 | 375
FR4 125 | 750 | 125 | 125 | 50.0 | 375 | 0.0 | 75.0 | 25.0 | 250 | 75.0 | 0.0 | 125 | 50.0 | 37.5
F4 125 | 875 | 0.0 00 | 750|250 |00 |875|125 | 250|625 | 125 | 0.0 62.5 | 375
FR5 375|500 | 125 |00 |875|125 |00 |625 |375 | 25.0 | 50.0 | 25.0 | 125 | 75.0 | 125
F5 125 | 750 | 125 | 125 | 50.0 | 375 | 0.0 | 625 | 375 | 37.5 | 50.0 | 125 | 0.0 875 | 125
FR6 375|500 | 125 | 375 | 250 | 375 | 625 | 375 | 0.0 125 | 875 | 00 | 625 | 375 | 0.0
F6 25.0 | 625 | 125 | 25.0 | 375 | 375 | 375 | 625 | 0.0 0.0 | 750 | 25.0 | 375 | 375 | 25.0
FR7 125|375 | 500 | 375|250 | 375|375 | 250 | 375 | 375|250 | 375 | 25.0 | 25.0 | 50.0
F7 0.0 | 500 500 |00 |250| 750 |00 |250 | 750 |375|250|375]|0.0 125 | 875
FR8 375|375 | 250 |00 |250 750|125 | 250 | 625 | 125 | 50.0 | 375 | 375 | 625 | 0.0
F8 00 | 625|375 |00 |375|625|00 |375|625 | 125 |50.0 | 375 0.00. | 75.0 | 25.0
FR9 375|250 (375 |00 |375 625|125 |375 | 500 | 375|125 | 50.0 | 625 | 375 | 0.0
F9 00 |00 (100 |00 |375|625|00 |250 | 750 |00 |00 | 100 |O0.0 25.0 | 75.0
FR10 62.5| 250 | 125 | 625 | 25.0 | 125 | 75.0 | 25.0 | 0.0 50.0 | 50.0 | 0.0 | 875 | 125 | 0.0
F10 875|125 | 0.0 875|125 |00 | 750|250 | 0.0 875|125 | 0.0 | 0.0 62.5 | 375
FR11 25.0 | 250 | 500 | 0.0 | 250|750 125|375 |500 |00 | 375|625 | 250 | 250 | 50.0
F11 0.0 | 125|875 | 25.0 | 250|500 | 0.0 |250 | 7500 | 0.0 | 250 750 0.0 25.0 | 75.0

FR — kiipinatas brétlinas no saldétam brétlinam, F — kiipinatas brétlinas no atvesinatam brétlinam. 1 — 3Na2Ca; 2
— NaCa; 3 — 2Na3Ca; 4 — NaAce; 5 — CaAce; 6 — Na; 7 — Ca; 8 — Ace; 9 — 3Na3CaAce; 10 —Control; 11 —
3Na2CaAce.

Par daudz izteikta p&cgarSsa novérojama Control paraugiem un seviski par daudz
verojama kilpinatas brétlinas no atvésinatam brétlinam. Savukart kiipinatam brétlinam no
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svaigam zivim, pielietojot natrija un kalcija salus kombinacija ar etikskabi (3Na3CaAce),
pEcgarsa noverteta ar “seviski par daudz”.

Paraugu krasas atbilstiba varié visvairak no visam vérétajam kapinatu zivju sensorajam
ipasibam. 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.

Sakotngja produktu vertéSsana notika pé€c JAR kritérijiem, analiz§jot kiipinatu zivju
struktiiras, aromata, krasas, garSas un p&cgarsas atbilstibu produkta sagaidamajam sensorajam
ipasibam. Rezultata talakajam pétijumam atlasitas septinas pirmapstrades Iidzeklu
kombinacijas, kas nodrosinaja visvairak atbilstibas ar veért€jumu “tiesi laika”.

Ka neatbilstosi paraugi tika atziti 3Na3CaAce, 3Na2CaAce,Ca un NaCa, kur visiem
paraugiem péc zivju kilpinaSanas nav sanemts noveértéjums tieSi laika, un pie sensoras
novertésanas Siem paraugiem noverotS vizuals defekts, adas lobiSanas. Ka ari izmantojot
apstradi ar Ca un NaCa jutama izteikti riigta pécgarSa. Tapéc Sie Cetri paraugu veidi atziti ka
neatbilstosi talakai izp&tei. Ka norada autori Sampels (2015a), Vidal et al. (2019), Zakipour
Rahimabadi & Faralizadeh (2016) kalcija vai kalija hlorida pievienoSana veido metalisku garsu.
Savukart dos Santos Alves et al. (2017), savos p&tijumos noradija, ka aizvietojot natrija hloridu
ar kalija hloridu, pat apmaciti vertétaji tikai 30% gadijumu atklaja rugto garsu.

3.2.2. Izvéleta pirmapstrades lidzekla ietekme uz kiipinato brétlinu sensorajam
ipasibam

Izmantotais pirmapstrades lidzeklis ietekm& kiaipinato brétlinu sensoros raditajus
(3.2. att.) (Il publikacija). Izmantojot pirmapstrades lidzeklus, ir iesp&jams uzlabot kiipinato
brétlinu sensoras Tpasibas, tacu tas ir japiemero atbilstosi nozvejas periodam, kura mainas zivju
kimiskais sastavs un tadéjadi tiek ietekmétas kiipinato brétlinu ipasibas. Kiipinasanas procesa
veidojas tadi produktam raksturigie sensorie raditaji ka garsa, krasa un struktiira (Sérot et al.,
2004).

Analizgjot sensoro novertejumu kipinatam brétlinam peéc “mean drop” vid&jo vertibu
novirzes (3.2. att.), ir redzams, ka paraugiem no saldétajam brétlinam a grafika (krasa)
FR_CaAce, ¢ grafika (aromats) FR_Na un d grafika (garsa) FR_NaAce ir lielaka vid&jo vertibu
novirze, starp paraugiem no atveésinatajam brétlinam b grafika (struktiira) 3Na2Ca ir lielaka
vidgjo vertibu novirze. Savukart paraugi Control un FR_Control visos grafikos neuzrada vidgjo
vertibu novirzi, kas nozimeé to mérenu stabilitati.

Izvertgjot atvesinatu zivju izmantoSanu kiipinatu brétlinu raZzoSanai, ka visatbilstosakie
péc krasas novertéti paraugi CaAce un Ace, visneizteiktaka krasa ir paraugiem Control un Na.
Ka visatbilstosaka struktiira novertéta paraugiem 3Na2Ca un NaAce, struktira “par daudz”
novertéta paraugam Ace. Aromats vislabak novértéts 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 saldétam zivim, visatbilstosaka krasa bija
paraugiem 2Na3Ca un Ace, CaAce. Ka visatbilstosaka struktiira noveértéta paraugiem 3Na2Ca,
NaAce un CaAce, bet parauga Ace struktiira sanémusi veértejumu “par daudz”, lidzvertigi ka tas
bija, raZzoSana izmantojot atvesinatas brétlinas. Aromats vislabak novértets NaAce un 2Na3Ca,
savukart Control paraugs noveértéts ar “par maz”. Par paraugiem ar vislabako garSu atziti
paraugi CaAce, 2Na3Ca un 3Na2Ca, bet Control paraugs ir ieguvis veérte§jumu “par maz”.

Tomér, kiipinatajam brétlinam bez apstrades (Control) paraugam, ir lielaka atskiriba, ja
tas razotas no atvesinatam vai saldétam zivim, kur JAR vari€ no 13 lidz 50%. Control paraugam
no atvesinatam brétlinam un saldétam brétlinam, izmantojot Ace, ir parak stingra struktiira un
parak intensiva garsa.

35



15 - FR_NbAce

- 3Na2{a = Contfol

= Control

= 2Na3Ca + 2Na3Ca
+ NaAce Na (R 3Na2Ca

Mean drops
=)
n

Mean drops

= FR_CjAce + FR_NaAce 0 10 20 30 40 50 60 70

05 FR_2Na3Ca

-0.5
-1 - 3Na2Ca

%

+ 3Na2Ca R

Control

INadCa 2 2Ma3Ca

Mean drops

- R Ne
30 ) 50 60 7 80 %
- FR_Contro

8
3
3
-3
=
Mean drops

+ IR Natce

%

C d
3.2. att. Vertejuma novirzes “Mean drop” grafiskais attelojums kiipinato brétlinu

parametriem /
(a) krasa; (b) struktiira, (c) aromats, (d) garSa. Par maz atzime “—*, par daudz atzime“+”. F — no atvésinatam, FR
— no saldétam brétlinam. Paraugi apziméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem.

Salidzinot kiipinato brétlinu Control paraugus, kas gatavoti no atvésinatam un saldétam
brétlinam, ka atbilstosa (JAR) nav novértéta neviena no kategoriju grupam. Tas apstiprina, ka,
pielietojot pirmapstrades Iidzekli, ir iesp&jams uzlabot kiipinato brétlinu sensoros raditajus. Tos
visvairak uzlabo sals un skabes vai salu kombinacijas noteiktas proporcijas, paraugi NaAce,
CaAce un 3Na2Ca, ka ar1 2Na3Ca.

Balstoties uz sensoro novértgjumu, kipinatam brétlinam krasas noverte§juma par
visatbilstosako atziti paraugi, kuriem pirmapstrade veikta ar natrija hlorida un kalcija hlorida
kombinaciju (paraugs 2Na3Ca), ka ar1 kalcija hlorida un etikskabes kombinaciju (paraugs
CaAce), ka izejvielas kiipinasana izmantojot gan atvésinatas, gan saldétas brétlinas.

3.2. nodalas kopsavilkums

Sensora novertesana neuzradija butiskas atskiribas starp kiipinatam brétlinam, kas raZotas
no atvésinatam vai saldétam brétlinam. Biitiska ietekme bija izmantotajiem pirmapstrades
lidzekliem, kas lava uzlabot sensoros raditajus salidzinajuma ar kontroles paraugiem, kuru
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raZzoSana nebija izmantoti pirmapstrades lidzekli. Natrija hlorids kombinacija ar etikskabi
(paraugs NaAce) uzlaboja kiipinato brétlinu struktiru, aromatu un garSu. Savukart natrija un
kalcija hloridu kombinacija dazadas proporcijas (paraugi 2Na3Ca un 3Na2Ca) nodrosinaja
uzlabotu kiipinato brétlinu krasu, struktiiru, aromatu un garsu.

3.3. Mikrobiologisko raditaju izmainas kiipinatas brétlinas

Mikrobiologisko raditaju kontroli nosaka Komisijas regula (EK) Nr. 2073/2005
(2005. gada 15. novembris) par partikas produktu mikrobiologiskajiem kritérijiem. Balstoties
uz So regulu, ir iesp&jams definét kiipinatu zivju uzglabasanas laiku un noteikt to kvalitati.
Mikrobiologiskos raditajus analizé kopa ar zivis noteikto tidens aktivitati, mitruma un sals
saturu, ka ar pH vertibu (IV publikacija). Izmantojot pirmapstrades lidzeklus, izmainas
fizikalie parametri, veidojas nelabveligi apstakli mikroorganismu attistibai audu virsma un
talakai diftzijai. Lidz ar $o pirmapstrades Iidzeklu pielietosanu pirms kiipinasanas ir iesp&jams
sekmét ilgaku deriguma termina nodro$inasanu, ko apstiprina pétijuma iegatie dati (3.6. tabula).
Huong (2014) secinaja, ka kiipinasanas procesa tieck kavéta toksinu attistiba produktos un
paléninata mikroorganismu attistiba. KiipinaSana nodroS$ina produktam garaku deriguma
terminu, ko pieskir dimos eso$ie savienojumi, ka arT samazinats produkta mitruma saturs,
tdens aktivitate un pH. KipinaSanas temperatiira un dimos esoSie savienojumi ietekmée
mikroorganismu attistibas intensitati (Kotodziejska & Sikorski, 2004). Kiipinatas brétlinas tika
uzglabatas perforétas plastmasas (HDPE) kastés ar vaku aukstuma kamera temperatira, kas
neparsniedz 4 °C.

3.6. tabula
Kipinatu brétlinu mikrobiologisko parametru dinamika uzglabasanas laika
Paraugi* MAFAmM, KVV g1 Pseudomonas Raugi, KVV g* Peléjumi,
spp., KVV g! KVV g!
Laiks** 1 2 3 1 2 1 2 3 1] 2 3

Control 42102 | 2.3-107 | 3.3-108 7.0-108 3.9:105 | 1.2-10° 1.0-102
Na 5.6:102 | 3.5-10° | 9.5-10° 29103 1.1-10° | 42:10°
3Na2Ca 3.0:10 | 2.6:10° | 7.2-10° 1.0-10° 1.5-10% | 9.5-10*
2Na3Ca 45102 | 9.6:10° | 3.4-10° <10 <10 | 5.8-10° | 3.4-10* | <10 | <10 <10
Ace 7.0-101 | 5.2:102 | 12-10° <10 3.7-102 | 8.3-10*
NaAce 6.0:10" | 2.6:10* | 2.1-10° 25-10° | 1.7-10°
CaAce 8.0-10" | 6.4:10> | 4.4-10° 75102 | 2.5:10°

* Paraugi apzIméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Ar zalu atziméti atbilstosie
paraugi uzglabasanas procesa.

**Test€sanas laiks: 1 — vienu dienu péc kiipinaSanas; 2 — vienu ned€lu péc kiipinasanas; 3 — divas nedglas péc
kiipinasanas.

Analiz€jot p&tijuma iegiitos datus, ir redzams, ka, izmantojot salu un skabju kombinaciju
(NaAce), ir iespgjams kavét MAFAM skaita palielinaSanos péc vienas uzglabasanas nedélas,
salidzinajuma ar citiem pirmapstrades lidzekliem. Sali un skabes difundé muskulaudos, dehidré
audus - samazina to pH un tdens aktivitati. Jo lielaka ir pievienota atlasito pirmapstrades
lidzeklu koncentracija, jo produkts ir mikrobiologiski stabilaks.

Visatrak bojajas (vislielakais MAFAmM skaits) paraugs Control, jo paraugam nav veikta
pirmapstrade ar kadu no lidzekliem. Control paraugam otraja nedéla MAFAm ir konstatéts
visaugstakais salidzindjuma ar citiem paraugiem 2.3 x 10" KVV g*. Sim paraugam ari ir
visaugstakais pH 6.6, visaugstaka tidens aktivitate 0.951, vislielakais mitruma saturs 67.5%, ka
arT zems sals saturs 0.35% (skatit 3.9. tabulu). Savukart viszemakais pH bija paraugam CaAce
(pH 5.6), viszemaka tdens aktivitate paraugos 3Na2Ca (0.937) un CaAce (0.946), viszemakais
mitruma saturs parauga 2Na3Ca (61.5%) un CaAce (61.7%), ka arT visaugstakais sals saturs
parauga 3Na2Ca (0.90%).
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Atv@sinatas brétlinas MAFAM nedrikst parsniegt 1 x 10° KVV g2, bet apstradatam zivim
tas nedrikst parsniegt 1 x 10* KVV g* (Regula (EK) Nr. 2073/2005 un Starptautiska komisija
partikas specifikaciju jautajumos). Savukart patogéna mikroorganisma (Pseudomonas
anguilliseptica vai Pseudomonas aeruginosa) vai peléjumu atrasanas produkta nav pielaujama.
Raugi kiipinatas zivis vairak ir kvalitates faktors, ne tik daudz drosibas faktors. Tie ir pielaujami
lidz 1 x 10° KVV g, tacu jaievéro labas razosanas un labas higiénas prakses vadlinijas, jo
raugu klatbiitne norada uz tiriSanas un dezinfekcijas procesa efektivitati (Bagge-Ravn et al.,
2003). Raugu klatbiitne atvésinatas zivis ir novérota, tacu apstrades vai parstrades procesa to
skaits var palielinaties, nonakot produkta no apkartéjas vides vai ickartam (Bagge-Ravn et al.,
2003).

Izmantojot pirmapstrades lidzeklus, ir iesp&jams kavét mikroorganismu attistibu
uzglabasanas procesa, ko parada apstradato paraugu salidzinajums ar kontroles paraugu. Otraja
kiipinatu zivju uzglabasanas nedéla aukstuma kamera MAFAmM skaits strauji pieauga kontroles
paraugam, kas bija visaugstaka neatbilstosa vertiba uzglabasanas laika. Neviena pirmapstrades
lidzekla pielietoSana nenodroSinaja atbilstoSus MAFAmM raditajus péc otras uzglabaSanas
nedglas, parsniedzot kritisko robezu.

MAFAmM skaits 1éni pieauga kipinatas brétlinas Ace un CaAce, kur paraugiem tika
izmantota etikskabe. P& vienas ned€las uzglabasanas to vertiba neparsniedza
5.2 x 10> KVV gt un 6.4 x 102 KVV g, to saskan ar Sengun et al. (2021) p&tijuma datiem, ka
skabes inhib& raugu un pelgjumu attistibu un kave to augsanu.

Izmantojot pirmapstrades lidzekli, ir iesp&jams kavét peléjumu attistibu, jo péc divam
uzglabasanas nedélam tikai Control parauga tika konstatéti pelgjumi 1.0 x 102 KVV gL, Lai
gan ir raugi un pel&jumi, kas ir sals toleranti, to aug$anai produkta ir nepiecieSama noteikta
tdens aktivitate (Tournas et al., 2001). Pel&jumi veido mikotoksinus, metabolitu produktus,
kuri ir kancerogéni produktos (Ayuba et al., 2013), tapec to klatbiitne produktos nav pielaujama.
Control parauga, raugi saka butiski attistities, péc vienas uzglabasanas ned€las sasniedzot
3.9x10°KVvV gl

Clostridium perfingens, Vibrio parahaemolyticus, ka art Escherichia coli, Bacillus cereus
uzglabasanas procesa netika konstatéti neviena parauga, sakot ar pirmo testéSanas dienu. Tacu
Mejlholm et al. (2012) savos pétijumos konstat&ja, ka, pielietojot pirmapstrades lidzeklus, ir
iesp&jams kavet Vibrio parahaemolyticus attistibu.

Pseudomonas spp. stabilitati un augSanu ietekm& sals saturs un pH, lidz ar to
pirmapstrades lidzekliem ir ietekme uz to attistibu (Abd El-Aziz, 2015), ka arT pie zemaka pH
to attistiba tiek kav€ta, ko apliecina ar1 iegiitie dati, ja zivju apstradei pirms uzglabaSanas
izmantota skabe. Control paraugam péc vienas nedélas uzglabasanas tika konstatéts
visaugstakais mikroorganismu kopskaits 7 x 108 KVV gt un visaugstakais pH. ArT Duman et
al. (2021) konstatgja, ka Pseudomonas spp. stabilitati un to augSanu ietekmé sals koncentracija,
uzglabasanas temperatiira un pH.

Paraugiem NaAce un CaAce, kuru apstradei izmantoja etikskabi kombinacija ar sali vai
paraugiem 2Na3Ca, kuru apstradei tika izmantota salu kombinacija, Pseudomonas spp. skaits
saglabajas sakotngja limeni, tapat ka tas bija pirmaja uzglabasanas diena. Wang et al. (2014)
pétijuma tika noteikts, ka saldtidens karpai 12 dienu uzglabasanas posma Pseudomonas spp.
kopgjais skaits strauji pieauga.

3.3. nodalas kopsavilkums

Apstradajot brétlinas pirms kiipinaSanas ar pirmapstrades Iidzekliem, ir iesp&jams uzlabot
to mikrobiologiskos raditajus, tadéjadi pagarinat kiipinato brétlinu deriguma terminu no vienas
dienas Iidz vienas vai divam ned€lam no kiipinasanas. Visstraujakais mikroorganismu skaita
pieaugums tika novérots Control paraugam. Paraugiem CaAce, Ace un 3Na2Ca ir iesp&jams
pagarinat uzglabasanas laiku [idz vienai nedélai.
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3.4. Pirmapstrades lidzeklu ietekme uz kaipinatu brétlinu fizikalajiem parametriem

Pirmapstrades Iidzekliem ir atskiriga ietekme uz fizikalajiem parametriem, jo mariné$ana
vai saliSana sekmé sals un skabes migraciju audos un vienlaikus nodroSina zemaku mitruma
saturu un pH produkta salidzinajuma ar kontroles paraugu, kuram nav lietoti pirmapstrades
lidzekli.

3.4.1. Tehnologiskie zudumi brétlinu kiipinasanas procesa

Kapinasanas zudumi un noZzuvums uzglabasanas kamera Control paraugam bez
pirmapstrades Iidzeklu izmantoSanas bija lidzvertigi kiipinatam brétlindm, kas razotas no
svaigam vai saldétam brétlinam. P&c kiipinasanas zivju masa samazinajas par 30%, bet péc 24 h
produkta masa samazinajas vél par 1.6% lidz 1.8%, ko veidoja nozuvums (3.7.tabula)
(11 publikacija). Pielietojot pirmapstrades lidzeklus ir vérojami sakotngji masas zudumi, taéu
piedevu difiizija audos pirms kiipinasanas var ar1 sekmét kiipinasanas zudumu samazinasanos.

P&c zivju izturéSanas $kiduma zivju masa var izmainities 5% robezas. KiipinaSanas
procesa dala fidens iztvaiko, ka rezultata produkta masa samazinas, bet sausnas (tostarp tauku,
olbaltumvielu un sals) relativais saturs palielinas (Lerfall & @sterlie, 2011). Pielietojot apstradi
ar natrija hloridu vai ta kombinaciju ar etikskabi (paraugi Na vai NaAce), ir vérojami nelieli
kiipinasanas zudumi, tacu palielinats nozuvums, kas janem véra talakos zivju apstrades
procesos. Ja pirmapstrades Iidzeklos ir pielietots natrija hlorids palielinas olbaltumvielu
Skidiba, samazinas tidens saistiSanas un noturéSanas sp&ja, kas ir olbaltumvielu denaturacijas
procesa rezultats (Abraha et al., 2018).

3.7. tabula
Tehnologiskie zudumi kiipinatam brétlinam

Kiipinasanas zudumi, % NoZuvums (péc 24 h,2 +1 °C), %
Paraugi* no atvésinatam no saldétam no atvésinatam .
Zivim ivim Zivim no saldétam zivim

Control 29.57+0.648 | 29.68 +0.27%C 1.60 + 0.163° 1.80 + 0.06°P
Na 28.04+0.17%® | 30.39+0.58°C | 3.40+0.34%® 3.50 +0.07°8
3Na2Ca 32.31 +0.26* | 30.76 + 0.56°C 0.30 + 0.03%F 0.40 + 0.07°F
?Na3Ca 30.73 + 0.44%8 | 31.95+0.078C | 1.70+£0.17%° 1.70 + 0.03%°
Ace 22.09+0.09%° | 33.02+0.17° | 4.90+0.56* 4.80 + 0.40%
NaAce 26.05+0.20% | 25.67 +1.54%° 2.10 +0.24%C 2.20 +0.10%
CaAce 3221 +0.02%* | 36.09+0.11°" | 0.60 + 0.06%F 0.80 + 0.03°E

* Paraugi apzIméti ar saisinagjumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Vidgjas veértibas (n = 3) £
SD. Kipinasanas zudumiem, nozuvumam, kolonas noraditie dazadie mazie @) purti un rindas noraditie dazadie
lielie B burti norada, ka starp paraugiem ir biitiskas atskiribas (p < 0.05).

Paraugam Ace bija vismazakie kipinasanas zudumi, ja tika izmantotas atvésinatas
brétlinas. Sis izmainas var skaidrot ar skabju izraisitu sp&ju noturét mitrumu un sekmét ta
stabiliz€Sanu temperatiras iedarbiba. Savukart uzglabasanas procesa tieSi paraugam Ace
neatkarigi no izejvielas veida ir lielaks noZzuvums. Nozuvuma bitiskas izmainas var skaidrot ar
to, ka temperatiiras ietekmé etikskabes tvaiki iztvaiko atrak neka tdens, palielinoties
temperatirai palielinas iztvaikosanas atrums (Xia et al., 2020).

Analizgjot datus kopuma, kiipinatam brétlinam no atvésinatam zivim, salidzinajuma ar
brétlinam no saldétam zivim ir nedaudz mazaki gan kiipinasanas, gan nozuvuma zudumi. Ka
pirmapstrades lidzekli izmantojot natrija hloridu, ir iesp&jams iegat lidzvertigus kiipinasanas
zudumus ka Control paraugam, jo sals tik strauji neizmaina produkta vidi, ka to dara skabes.
Paraugam Na ar natrija hloridu kiipinatam brétlinam no atvésinatam zivim nozuvums sasniedza
3.40 + 0.34% un kupinatam brétlinam no saldétam zivim 3.50 + 0.07%, bet, izmantojot tikai
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etikskabi (paraugs Ace), nozuvums sasniedza 5% robezu. Viszemakie kiipinasanas zudumi tika
sasniegti kipinatajam brétlinam no atvésinatajam zivim 22.09 + 0.09%, bet no saldétajam zivim
viszemakie kiipinaSanas zudumi tika sasniegti, paraugam NaAce, 25.67 + 1.54%. Tas norada,
ka $adas brétlinas ir ekonomiski un tehnologiski izdevigi parstradat uzreiz nevis atstat
uzglabasanas kamera. Kopuma rezultati uzrada, ka, izmantojot pirmapstrades lidzeklus, ir
iesp&jams samazinat nozuvumu lidz 0.3-0.4%. Nemot véra razosanas specifiku, ir pielaujama
kiipinato brétlinu uzglabasana.

Ir svarigi panakt zemakus tehnologiskos zudumus, jo tas ir svarigs razotaja kontroles
raditajs. KipinaSanas un nozuvuma zudumi lielaki ir kipinatajam brétlindm no saldétam zivim,
kur ledus kristali boja Stinas un ietekmé kiipinata produkta kvalitati. Tadgjadi paraugiem Na,
2Na3Ca, Ace un CaAce paraugiem no saldétam zivim ir lielaki zudumi neka no atvésinatam
zivim, kas saistits ar produkta fizikalajam izmainam sald€Sanas un defrostacijas procesa.
Izvéloties pirmapstrades lidzeklus, ir svarigi saprast talakos apstrades posmus un rezimus, lai
atlasttu piemé&rotako pirmapstrades Iidzekli. Paraugam Ace kiipinasanas zudumi batiski
atSkiras, ja kiipinatas brétlinas razotas no atvésinatam vai saldétam zivim. Uzglabs8anas procesa
saldétam brétlinam mainijas fizikalie parametri neatkarigi no ta vai izmantoti pirmapstrades
lidzekli.

3.4.2. Brétlinu pH, mitruma saturs, @idens aktivitate un sals saturs

Paraugiem, kuru apstradg ir izmantoti pirmapstrades lidzekli, salidzinajuma ar paraugu
Control, kura nav izmantoti pirmapstrades Iidzekli, ir zemaks pH. Samazinoties pH, mainas
tadi raditaji ka Gdens aktivitate, mitruma saturs un sals saturs, kas biezi sava starpa korelé. pH
ir iz8kiro$a nozime muskulaudos esosa tidens saistiSanas sp&jam, palielinot sals koncentraciju
par 1 Iidz 2% ir iesp&jams uzlabot o sp&ju (Sigurgisladottir et al., 2000).

No atvésinatam brétlinam razoto kiipinato brétlinu pH bija lielaks neka no saldétam un
tas bija tuvaks atvésinatu zivju pH 2020. gada — 2021. gada nozvejas sezona (III publikacija).
Atvesinatu kiipinatu brétlinu pH nozvejas perioda bija stabils, bet saldéto kiipinato brétlinu pH
bija mainigs nozvejas periodos, sasniedzot zemako vértibu pavasari (3.8. tabula). Sezona
ietekm@ atv&sinatu zivju pH, bet saldétam, tas ir atkarigs no uzglabasanas laika un pienskabes
veidoSanas intensitates.

3.8. tabula
Kiipinatu bretlinu pH vertibu izmainas pirms un péc kiipinaSanas
Rudens Ziema Pavasaris
Veids _ r.lo_ _ no saldétam _ r.lo_ _ no saldétam _ r.lo_ _ no saldétam
atvesinatam . - atvesinatam . - atvesinatam . -
. - Zivim P Zivim P Zivim
Zivim Zivim Zivim

Neapstradatas | ¢ ) 0 020 | 6.2440.02° | 6.98+0.02° | 6.50 +0.03% | 6.93 +0.06° | 6.15 + 0.01°
brétlinas

Kupinatas 7.01+0.01% | 6.48+0.07° | 7.06+0.05% | 6.70+0.17° | 7.12+0.02* | 6.52 + 0.08
brétlinas

Vidgjas vertibas (n = 3) + SD. Vienadi burti viena rinda norada, ka starp paraugiem nav bitiskas atskiribas p > 0.05
(t-tests).

Atvésinatu zivju pH ir ap 7, uzglabajot tas sakotn&ji nedaudz pieaug (uzglabasanas laiks
lidz 1-2 dienas), kas saistits ar sarmaino enzimu (proteazes) aktivitati muskulu Stnas, kur
autolitiskie enzimi sak $kelt olbaltumvielas un atbrivo amonjaku (Abbas et al., 2008). Tacu péc
nelielas uzglabasanas (1-2 dienas) pH samazinas lidz 6.6 + 0.15 (Control) (3.9. tabula), lidz ar
to pH var lietot ka svaiguma indikatoru (Rizo et al., 2016a). Izmainas, kuras saistitas ar pH
samazinajumu, var skaidrot ar tadu mikroorganismu izraisttu aktivitati, kuri veido pienskabi un
citas organiskas skabes

SaliSanas vai marinéSanas procesa atrumu ietekme zivju svaigums, zivju izmers, saliSana
ar adu vai bez adas, zivis ar zvinam vai bez zvinam (Bonoco & Kurt Kaya, 2018). P&tijuma
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analizéta dazadu izvéléto pirmapstrades lidzeklu ietekme uz kiipinatu brétlinu fizikalajiem
raditajiem no pavasara nozvejas brétlinam (3.9. tabula) (IV publikacija). Pavasari butiskak
mainas biologiskie cikli un ir narsts, kura ir izteiktakas pH svarstibas, palielinas mitruma saturs.

3.9. tabula

Kipinatu brétlinu fizikalie parametri atkariba no izmantota pirmapstrades idzekla

Parauai 4 Udens aktivitate | Mitruma | Apréekinatais sals

g P (aw) saturs, % saturs (NaCl), %
Control 6.60+0.15% | 0.951+0.026% | 67.5+3.5° 0.35+0.07°
Na 6.44+0.13%° | 0948 +£0.023% | 66.7 +3.32 0.70 + 0.13%
3Na2Ca 6.04+0.11°¢ | 0937+0.024% | 62.5+3.62 0.90 +0.172
2Na3Ca 583+0.10° | 0.949+0.0232 | 61.5+32% 0.62 +0.12%
Ace 6.11+0.11°¢ | 0.950+0.026% | 65.7+3.42 0.32 £ 0.06°
NaAce 6.03+0.05 | 0.948+£0.024% | 62.9+3.2% 0.85+0.16®
CaAce 5.61 + 0.08¢ 0.946 +0.0232 | 61.7+3.12 0.40 + 0.08"°

* Paraugi apziméti ar saisinajumiem, kas nav tie$i saistami ar kimiskajiem simboliem. Nozvejas sezona — 2021.
gada marts, atvésinatas brétlinas. Vidgjas vertibas (n = 3) £ SD. Vienadi burti viena rinda norada, ka atskiribas nav
batiskas (p > 0.05).

Kipinatu brétlinu pH vari¢ atkariba no izmantota pirmapstrades materiala. Viszemakais
pH bija CaAce paraugiem, kur izmantoja kalcija hloridu kombinacija ar etikskabi.
Uzglabasanas procesa svaigu zivju pH parasti palielinas, kas ir skaidrojams ar sarmaino
metabolitu veidoSanos, kas veicina zivju bojasanos (Abbas et al., 2008). Control paraugam
vislidzigakais pH bija ar paraugu Na, kur ka pirmapstrades lidzekli izmantoja sali, $aja produkta
netika pievienota skabe, kas sekmétu straujaku pH samaziniajumu. Pirmapstrades Iidzeklu
pielietosana palielina sals saturu produkta, ka art sekm& pH un tidens satura samazinasanos.
Izmantojot dazadus pirmapstrades lidzeklus, Abbas et al. (2009) konstat&ja, ka nav novérotas
bitiskas atSkiribas starp fidens aktivitati un mitruma saturu, bet vérojama bitiska atSkiriba
produkta pH un sals satura. Tapat nokonstatéts pH vértibas samazinajums, izmantojot kalcija
hloridu, jo tas satur divus Cl jonus, kas izraisa zemakas pH vértibas, neka izmantojot natrija
hloridu (Vidal et al., 2019).

Brétlinam, kuras apstradatas ar kalcija hlorida Skidumiem, salidzinajuma ar citiem
apstrades materialu Skidumiem, ir konstatéts samazinats mitruma saturs, ko var skaidrot ar
olbaltumvielu un to savstarp&jo saiSu veidoSanos péc pievienosanas kalcija joniem (Zhang et
al., 2022).

Pétijuma konstatéts, ka visaugstakais mitruma saturs 67.5 £ 3.5% (3.9. tabula) 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 Gdens saistiSanas sp&ju (Ruiz-Alonso et al., 2021).

Control parauga sals saturs bija 0.35 + 0.07%, zemaks sals saturs bija konstatéts tikai
izmantojot etikskabi, t.i., parauga Ace attiecigi 0.32 + 0.06%, bet idens aktivitate 0.951 + 0.026,
savukart parauga 3Na2Ca sals saturs bija 0.70 + 0.13%, bet Gidens aktivitate viszemaka
0.937+0.024 (satit 3.9. tabulu). Sals klatbutne zivis ietekm@ tidens aktivitati. Petijuma iegutie
dati apstiprina, jo augtaks ir sals saturs produkta, jo zemaka ir Gdens aktivitate, ko noradija ar
Ruiz-Alonso et al. (2021). Palielinot sals saturu pirmapstrades Iidzekla Sskiduma paraugiem
2Na3Ca un 3Na2Ca, sals saturs palielinas no 0.62 = 0.12% 2Na3Ca parauga Iidz 0.90 + 0.17%
3Na2Ca parauga. Lidzvertigus datus ieguva pétjjuma, kurd izmantojot saljjumu ar
koncentraciju no 8 Iidz 10% un izturot skiduma 60 mindtes, sals saturs paraugos pieauga vidgji
par 1.1 lidz 1.6% (Zakipour Rahimabadi & Faralizadeh, 2016).

Izmantojot pirmapstrades lidzeklus, ir iesp&jams samazinat tidens aktivitati, kas ir svarigs
indikators mikroorganismu attistibai zivis. Visaugstaka tidens aktivitate bija paraugam Control
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(0.951 + 0.028). Ari Babikova et al. (2020) konstatéja, ka marinétiem anSoviem (Engraulis
anchoita) tdens aktivitate samazinas lidz 0.94. Literatira atv€sinatam brétlinam tdens
aktivitate noradita 0.97, savukart atv€sinatam zivim iidens aktivitate ir 0.99, bet apstrades
procesa iidens aktivitate parasti samazinas. Savukart uzglabasanas procesa ta palielinas. Udens
aktivitates palielinasanos uzglabasanas laika ietekmé temperatiira, mitrums, skabekla klatbutne,
uzglabasanas laiks, produkta vides skabums.

P&c kiipinasanas pH samazinajas. Kipinato brétlinu Control paraugam no saldétam zivim
pH samazinajas lidz 6.38 + 0.03 (3.10. tabula), bet kiipinatam brétlinam no atvésinatam zivim
tas bija augstaks 6.73 = 0.01, un tas bija visaugstakais no eksperimenta iegiitajiem rezultatiem.
Etikskabes izmanto$ana sekmé& pH samazinasanos (Ozden, 2005), tacu citd pétfjuma zemaku
pH uzradija salu pievienosana (Serdaroglu et al., 2015).

3.10. tabula
Kipinatu brétlinu pH atkariba no atvesinatas vai saldetas izejvielas
Paraugi* No atvesinatam No saldétam brétlinam ***
brétlinam** ’
Control 6.73 +0.01%A 6.38 + (.03
Na 6.43 + 0.012A 6.53 +0.01%A
3Na2Ca 5.94 +0.03°A 5.88 + 0.02°A
2Na3Ca 5.91+0.01%A 5.90 + 0.04°A
Ace 6.36 + 0.03"A 6.28 + 0.05%A
NaAce 6.22 + 0.03"A 6.12 + 0.04%9A
CaAce 5.74 + 0.06°A 5.51+0.10%8

* Paraugi apziméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem. **Atvé&sinatas brétlinas,
nozvejas sezona — 2020. gada septembris; ***Saldétas brétlinas, nozvejas sezona 2019. gada septembris. Vidgjas
vertibas (n = 3) = SD. Dazadi mazie @9 burti kolonnas un dazadi lielie ® burti rindas norada, ka pastav biitiskas
atSkiribas starp paraugiem p < 0.05 (t-tests).

Izmantojot etikskabi kombinacija ar kalcija hloridu, pH strauji samazinajas lidz
5.74 +0.06 kiipinatas brétlinas no atveésinatam un Iidz 5.51 + 0.10 kiipinatas no saldétam.
Izmantojot atv@sinatas vai saldétas brétlinas kipinatu brétlinu razosana, pH ir lidzvertigs lidz
ar to ar pirmapstrades lidzeklu pielietoSanu paraugos ir iesp&jams panakt stabilu pH neatkarigi
no saldésanas veida un ilguma (Kése, 2010).

Control paraugam, kuram netika pielietota pirmapstrade, pH izmaina ir nelielas
(3.11. tabula), salidzinajuma ar pirmapstrades paraugiem, kuru pH izmaina sezonas ietekmé
atkariba no izmantota pirmapstrades lidzekla vai nu palielinas, vai samazinas. Control
paraugam pH palielinajas no 7.01 £ 0.09 Iidz 7.12 + 0.05, savukart paraugam Ace tas
samazinajas lidz pH 6.32 + 0.03 pavasari. 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 péc tam atlaidinatu brétlinu pH ir 6.87,
kas ir loti [idzigs §1 pétijuma datiem un to var ietekmét sezona, kimiskais sastavs un nozvejas
vietas geografiska lokacija. Izmantojot pirmapstradi, ir iesp&jams ietekmét produkta pH.
Viszemakais pH tika konstatéts rudeni, paraugam CaAce, ziema ari paraugam CaAce, bet
pavasari paraugam NaAce. Caglak (2015) sava pétijuma konstatgja, ka forelu (Oncorhynchus
mykiss) uzglabasanas laika, izmantojot forelu apstradei etikskabi, konstatéts pH samazinajums
no pH 6.72 zivim bez apstrades lidz pH 6.28 p&c apstrades ar etikskabi, bet pievienojot sali,
produkta pH ir augstaks. llgstoSas uzglabasanas laika pH veértiba var palielinaties.

Izmantojot pirmapstrades lidzeklus, ir iespgams samazinat pH, kas ietekme& gan
mikrobiologiskos raditajus, gan ari produkta sensords ipasibas. Udens saturs audos ietekmé
apstrades vielu transportéSanu un migraciju, tadejadi ietekmé&jot gala produkta pH.
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3.11. tabula

Kiipinato brétlinu pH izmainas, ja tas raZotas no saldétam brétlinam

Pirmapstrades lidzekli Rudens Ziema Pavasaris
Control 7.01 +0.098 7.06 + 0.04%A 7.12 +£0.05%4
Na 6.74 + 0.03PA 6.79 £ 0.01°A 6.47 +£0.01°A
3Na2Ca 6.41 + 0.05%A 5.96 + 0.07¢B 6.23 + 0.04°A8
2Na3Ca 6.11 +0.149 5.95+0.10%A 6.08 + 0.039%A
Ace 6.48 + 0.02°A 6.27 £ 0.05%A 6.32 +0.03%A
NaAce 6.48 + 0.03%A 6.30 £ 0.02%A 6.08 +0.0398
CaAce 6.02 + 0.039A 5.50 + 0.0698 6.24 + 0.01%9A

* Paraugi apziméti ar saisinajumiem, kas nav tieSi saistami ar kimiskajiem simboliem. Nozveja 2020.-2021.
Vidgjas vertibas (n = 9) = SD. Kolonas noraditie vienadie mazie burti @9 un rindas noraditie vienadie lielie burti
(AB) norada, ka nav biitiska atskiriba pie p > 0.05.

Kalcija hlorida vai etikskabes pielietoSana izraisa lielakas pH izmainas neka natrija
hlorida pielietoSana. pH ir svarigs faktors, kas ietekmé muskulaudos esoso olbaltumvielu tidens
saistiSanas sp&ju.

3.4.3. Pirmapstrades lidzeklu ietekme uz kapinatu brétlinu krasu un struktiiru

Tumsakas (zemaka L* vértiba) bija tas kiipinatas brétlinas, kuras bija apstradatas ar
natrija un kalcija hloridu maisijumu (3.12. 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 pret&ji Chan et al. (2020) pétijumos konstatétajam, ka zemaks pH nodroSina
gai$aku krasu. Novérota negativa sarkanas krasas (a* vertibas) korelacija ar Gdens aktivitati
(r =—0.55); zemaka tidens aktivitate sekmé sarkanas krasas intensitates palielinasanos zivis, bet
citiem krasas parametriem korelacija ar fizikalajiem parametriem netika noveérota.

Termiskas apstrades laika produktam mainas garSa un krasa, ko lielakoties ietekmé
Maijara reakcijas galaprodukti (Liu et al., 2022). Yamaguchi et al. (2009) noradija, ka natrija
vai hlorida joni ietekm€& Maijara reakcijas atrumu. Savukart citos p&tijumos, ka noradija Kwak
& Lim (2004), briingsanai ir tendence paatrinaties metalu jonu ka Fe?* un Cu?* klatbiitng, bet
to kaveé NaCl klatbiitne.

3.12. tabula

Kiupinatu brétlinu Krasas un struktiiras izmainas atkariba no izmantota pirmapstrades lidzekla
Krasa Struktiira
Paraugi* L * * b bides de}{bs, grslggla;sl?s
N mm™s 1

N mm
Control 5728 +6.7% | -5.14 + 6.22 1554 +9.0° | 1.27+0.28° | 0.54+0.12°
Na 63.65+11.8% | -13.84+ 13.5° | 32.42+12.8% | 0.94+0.219 | 0.37 +0.08¢
3Na2Ca | 45.58+8.9° | -1.04+122 | 26.20+ 15.6%¢ | 2.38 +(0.92%° | 1.05 + (0.49%C
2Na3Ca | 47.59+13.9° | -6.9+9.9® | 16.88+12.2°° | 1.42+0.25" | 0.62+0.13%
Ace 52.66+13.0%° | -6.71+59° | 26.56+5.1% | 1.75+0.30% | 0.71 + 0.14%C
NaAce 62.89 + 1022 | -8.32+10.4° | 17.19 + 13.02¢ | 1.76 + 0.54%C | 0.71 + 0.24°2¢
CaAce 61.19+10.52 | -7.19 £ 16.2° | 26.38 £ 17.2%% | 1.73 £ 0.26% | 0.82 + (0.128°

* Paraugi apzIméti ar saisindjumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Nozvejas sezona — 2021
marts, atv@sinatas brétlinas. Vidgjas vertibas (n = 7) £ SD. Vienadi burti kolonnas norada, ka nav bitiskas
atskiribas pie p > 0.05.

Marinés$ana pirms kiipinasanas var uzlabot zivju kvalitates parametrus. Dhanapal et al.
(2013) petijumos aprakstija, ka zivim, kas mércétas 10% sals un skabes skiduma 60 miniites,
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uzlabojas krasa un strukttra, ka ari sensorie parametri, kas ir redzams ari §1 pétijuma datos, par
krasas komponentu izmainadm brétlinam, kas apstradatas ar pirmapstrades Iidzekliem
salidzinajuma ar Control paraugu.

Kipinato brétlinu struktiira tiek aprakstita ar grieSanas speku, kas ir maksimalais speks,
lai pargrieztu paraugu un ar to atspogulo lielakoties cietibu, savukart bides darbs ir kopgja
energija, kas nepieciesama lai pilniba pargrieztu paraugu, kuru méra ka laukumu zem speku
deformacijas liknes, tas ir cietibu un elastibu raksturojosais raditajs.

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 spéks 0.71 + 0.14 N mm™ konstatgts, ka struktiira klfist
stingraka. Parauga struktiiras izmainas iesp&jams skaidrojamas ar metala jonu saiSu stipruma
pieaugumu (Caglak, 2015) un pH samazinajumu. Visstingraka struktiira ieglita paraugam
3Na2Ca, kur attiecigi bides darbs bija 2.38+0.92 Nmm? s, bet grieSanas speks
1.05 £ 0.49 N mm, kas skaidrojams ar sals ietekmi uz olbaltumvielu fidens saisti$anas spgjam
(Martinez et al., 2012), ka arT ar skabes migraciju audos. Pastav vidgji negativa korelacija starp
tidens aktivitati un strukttiru, kur, pieaugot tidens aktivitatei, samazinas bides darbs (r = —0.75)
un grieSanas speks (r = —0.78).

Nemot vera, ka kalcija hlorids ir partikas piedeva, cietinatajs, tas ietekme zivju struktiiru.
Salidzinot paraugu, kur kalcija hlorids ir augstaka koncentracija, 2Na3Ca kopgjais natrija jonu
daudzums ir zemaks neka paraugam ar 3Na2Ca un viszemakais tidens saturs produkta 61.5%.
Nemot véra iegiitos datus, var Secinat, ka struktiiru ietekmé ne tikai pievienotas piedevas saturs,
bet ar1 fizikalie parametri — zemaks pH un zemaks mitruma saturs sekmé stingrakas struktiiras
veidoSanos.

Krasas izmaina ir atkariga no sals satura un pH vértibas. Saskana ar Adebisi (2012),
petijumu tiesi pH izmainas ir ciesi saistitas ar krasas parametriem. Kiipinatajam brétlinam, kuru
pirmapstradei izmantoja sali, bija augstaks sals saturs neka brétlinam, kuras gatavoja izmantojot
citus Iidzeklus. Tas varétu atvieglot talako produktu raZzoSanas procesu, kad nav nepiecie$ams
pievienot papildus sali, pieméram, razojot steriliz€tus zivju konservus, kur sali pievieno
tehnologiskaja procesa ka papildus piedevu. Krasa nosaka produktam raksturigo zeltaino toni
un tas ir svarigs kvalitates raditajs. Control paraugam, kuram netika pielietota pirmapstrade, L*
vertiba kiipinatam brétlinam no atvesinatam zivim konstateéta 58.16 + 0.11, bet kiipinatam
brétlinam no saldétam zivim ta bija nedaudz zemaka 54.04 + 0.93 (3.13. tabula)
(11 publikacija).

3.13. tabula
Kipinato brétlinu krasa, ja tas raZotas no atvesinatam vai saldétam zivim
L* a* b*

Paraugi atvésinatas saldétas atvesinatas saldétas atvésinatas saldétas
Control | 58 16+0.11°A | 54.04 +0.93%® -10.32+0.19%A | -6.29+0.69° 26.814 1.10A | 27.97+1.2°A
Na 56.97+£0.14® | 62.11+0.12%A -6.09+0.32°A | -4.82+1.0°® 25.01+ 1.5°4 | 21.11+0.9°®
3Na2Ca | 47.4140.12%8 | 55.78+0.68°* | -8.19+0.93°A | -5.04+0.92B 25.80+ 1.5°A | 20.45+1.7°®
2Na3Ca | 39.91+0.83%® | 50.69+0.11% -5.8240.719A | -4.86+1.4" 20.55+ 1.4%8 | 26.51+1.4"*
Ace 50.75+0.14%® | 61.15+0.83%A -10.76+0.94%A | -11.55+0.89%* | 28 48+ 1.4%8 | 36.51+1.0%
NaAce 54.43 +1.09% | 50.43 +0.89%8 -9.91 £0.50%8 | -13.83 £ 0.97%" | 3343 +(0.98% | 28.25+ 1.0*®
CaAce 59.05+ 1.17°A | 58.62+1.21°" | 10,99 +0.87%A | -8.81+0.91"™ | 3048+ 1.2°A | 28.00+0.68"E

* Paraugi apziméti ar saisinajumiem, kas nav tieSi saistami ar kimiskajiem simboliem. Nozveja 2020-2021.
Vidgjas vertibas (n = 10) + SD. Katram krasas parametram (L*a*b*) kolonas pa parametru veidiem noraditie
mazie @ burti un rindas noraditie lielie & burti norada, ka nav bitiskas atskiribas pie p > 0.05.
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Sezonas laika kiipinatas brétlinas no atvesinatas izejvielas bija gaiSakas neka kiipinatas
brétlinas no saldétas izejvielas, kas skaidrojams ar mitruma un pH izmainam saldésanas,
uzglabasanas un defrostacijas procesos.

Kipinatu brétlinu parauga 2Na3Ca, kas razots no atv&sinatam zivim, krasas intensitate
L* samazindjas lidz 39.91 + 0.83, bet kipinatajam brétlinam no saldétajam zivim
nesamazinajas. Kiipinatas brétlinas no atvésinatam zivim ir gaisakas neka no saldétam zivim
bez apstrades, bet, pielietojot pirmapstrades lidzeklus, saldétas brétlinas ir gais$akas neka
atvésinatas. Tas nozimé, ka, ir iespgams ietekmé&t kiipinato brétlinu krasas intensitati,
pielietojot atskirigus pirmapstrades lidzeklus. Savukart b* vértiba, kas raksturo dzeltenas krasas
diapazonu, vairak (+) novérota, izmantojot apstradi ar etikskabi (paraugs Ace), kur saldétajam
brétlinam ta sasniedza 36.51 = 1.0. Izmantojot pirmapstradei natrija hloridu, vai kalcija hloridu
bez skabes, kiipinato brétlinu gaiSums palielinajas vairak tam, kas raZzotas no saldetam zivim,
neka tam no atv@sinatajam zivim, bet ar etikskabi vairak palielinajas kiipinatam no atvésinatam
brétlinam.

KipinaSanas procesa notiek muskulaudu struktiiras izmainas, ko liela méra ietekmé
olbaltumvielu denaturacija un saiSu parkartoSanas. Miozins un aktins sak denaturéties jau 60 °C
temperattira, muskulaudi klast stingraki, bet saistaudi vajaki (Adebisi, 2012). Saskana ar
Martinez et al. (2012) salisana veicina izmainas muskulu olbaltumvielas un Gdens saistiSanas
sp&ja. Mikstaka struktiira noverota kiipinatam brétlinam no atvésinatam zivim, kas varétu bt
skaidrojams ar augstaku mitruma saturu neka sald€tajas zivis. Tacu pétijuma iegitie dati
apliecina pretéju tendenci, kur iesp&jams lielaka ietekme ir pirmapstrades lidzeklim vai
nozvejas periodam, lai ta nebtitu parak miksta. Sals kopa ar diimos esoSajiem savienojumiem ir
svarigs faktors, kas ietekmé ne tikai mikrobiologiskos parametrus, bet arT produkta struktiiru.
Pieaugot sals saturam, samazinas mitruma saturs, kas nodrosina stingraku struktiiru. Brétlinu
struktura tiek uzskatita par labaku, ja ta ir stingraka, jo tas veicina produkta strukturalo noturibu
ar1 turpmakos apstrades procesos (Bjernevik et al., 2018).

Paraugiem 2Na3Ca un 3Na2Ca, ka ari CaAce kiipinatam no atvésinatam brétlinam
(3.3.att.) bija stingraka struktiira, kas ir saskana ar citu p&tnieku datiem, kuri apstiprinaja, ka
struktura kliist stingraka, ja pieaug salu koncentracija. Tapat, izmantojot etikskabi, ir iesp&jams
panakt stingraku produkta struktiiru, kas skaidrojams ar olbaltumvielu denaturaciju (Bjernevik
et al., 2018; Ruiz-Alonso et al., 2021).

1.2

1.0 b
08 | ¢ c £ £
0.6
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0.2 i
0.0
Control Na 3Na2Ca 2Na3Ca  Ace NaAce CaAce
Paraugi

Griesanas speks, N mm-t

Svaigas/ Fresh m Saldétas/ Frozen
3.3. att. Griesanas spéks kiipinatam brétlinam, kas nozvejotas sezonas 2019. gada

saldétas un 2020. gada atvesinatas
Paraugi apziméti ar saisinajumiem, kas nav tie$i saistami ar kimiskajiem simboliem. Vid&jas vertibas (n = 7) +
SD. Atskirigie burti norada biitiskas atskiribas (p < 0.05).

Saldesana ietekmé zivju muskulu strukttru, produkts kltist sausaks, zaude sakotngjo zivju
strukttiru (Andrews, 2014), bet to ir iesp&jams ietekmét, izmantojot piem&rotus pirmapstrades
lidzeklus. Ka liecina pétijuma iegiitie dati, saldéSanas laika produkts zaudé mitrumu, tacu to
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atgiist produkta pirmapstrades procesa. Dati rada, ka kiipinatu brétlinu, kas raZotas no saldetam
brétlinam, strukttiras parametri ir [idzigi atvésinatam, tacu saldétam brétlinam salidzinajuma ar
atvésinatam ir tendence bt nedaudz atskirigam garsa, tas ir nedaudz skabakas (Timberg et al.,
2014).

Pétijuma dati paradija, ka kiipinasanai izmantojot dazadas zivis, svaigam vai saldétam
brétlinam, to struktiira ir butiskas atSkiribas. Kupinatas zivis kuras razotas no svaigam un
saldétam brétlinam Control, Ace un CaAce paraugos ir butiskas atskiribas struktiira, saldétajam
struktiira ir gandriz divas reizes stingraka. Struktiira ir lidziga, ja tiek izmantoti pirmapstrades
lidzekli. Ari Trigo et al. (2018) konstatgja, ka saldéSana izmaina produkta strukttiras, uzturvielu
un sensoros parametrus saldétam zivim. Saldésanai pirms kiipinasanas, ir negativa ietekme uz
tadiem zivju strukttras parametriem, ka audu adhézija, audu kohé&zija, saldésana izmaina ari
krasas Tpasibas (Martinez et al., 2010).

Analizgjot struktiiras parametrus, ir redzams, ka, izmantojot pirmapstrades lidzeklus, ir
iesp&jams uzlabot kiipinato brétlinu struktiiru gan tam, kas razotas no atv€sinatam, gan no
saldétam zivim. SaldéSana un atlaidinasana ictekmé struktiiru, krasu, sekmé tauku oksidacijas
procesu norisi un brivo aminoskabju veidosanos (Timberg, 2012). Brétlinam, kuras razotas
izmantojot etikskabi, ir stingraka struktiira, kas saistita ar skabes migraciju audos (Serdaroglu
et al., 2015), ka ari notiek olbaltumvielu denaturacija, kur pH tuvojas olbaltumvielu
izoelektriskajam punktam pie pH 5.0, tad olbaltumvielas zaud@ sp&ju noturét tideni un koagulg,
ka rezultatd veidojas stingraki muskulaudi. Tapat notick wdens aktivitates un mitruma
samazinasanas, samazinot tidens noturé$anas sp&ju (Li et al., 2023).

SaliSana samazina 1idz 10% mitruma saturu atvésinatam sardiném, kas savukart ietekme
strukturalos parametrus (Wawire et al., 2019), veidojot stingraku struktiiru. Analiz&jot
struktiras parametrus (bides darbu un griesanas sp&ku) kopuma, redzams, ka pastav butiskas
atSkiribas starp rudeni un pavasari.

Izmantojot dazadus pirmapstrades lidzeklus, ja tiek izmantotas saldStas brétlinas,
strukturu ir iesp&jams uzlabot. Rudeni Vvisstingraka struktiira konstatéta paraugam Ace (0.84 +
0.23 N mm™), ziema paraugam 3Na2Ca (1.05 = 0.53 N mm™), turpreti pavasari paraugam
2Na3Ca (1.27 £ 0.3 N mm™) (V publikacija). Izvéléto pirmapstrades lidzeklu veids un to
koncentracija sezonas ietvaros atSkirigi ietekme& kiipinato brétlinu kvalitates raditajus.
Paraugiem NaAce un CaAce kapinatu brétlinu struktiira sezonas ietvaros klist stingraka, kas
skaidrojams ar mitruma izmainam produkta un skabes iedarbibu uz zivju muskulaudiem (Chan
et al., 2020).

Rudeni, izmantojot pirmapstrades Iidzeklus, nav iesp€jams bitiski ietekmét krasas L*
vertibu. Bet kopuma sezonas ietvaros ir iespgjams izmainit L* vertibu. Ari Ruiz-Alonso et al.
(2021) petijumos konstatéja, ka salitas un kipinatas tilapijas pirmapstrade un kiipinasana
samazinaja L* vertibu, kur iesp&jams krasas samazinajums skaidrojams to, ka tilapija ir balta
un liesa zivs. Bradley et al. (2011) konstat&ja, ka etikskabe uzlabo mikrobiologisko stavokli,
samazina pH, ta kavé patgénas mikrofloras attistibu un veicina struktiiras un krasas izmainas,
padarot zivs galu gais$aku un stabilaku. Vienlaicigi etikskabe denaturé proteinus, atbrivojot
vairak brivas aminoskabes un peptidus, pastiprinot Maijara reakcijas. Maijara reakcija veido
melanoidus, kas ir tumsi bruna krasa, kura savukart samazina L* vertibu, tapat var ietekméet a*
un b* vertibas.

Sengun et al. (2021) savos pétijumos noradija, ka sarkanas krasas izmainas ir iesp&jams
ietekmét, izmantojot 1% ozon&tu tdeni ar 5% etikskabi, vienlaicigi kavgjot oksidacijas
procesus, jo ozons ir loti spécigs oksidétajs. Analizgjot p&tijuma iegiitos datus par sezonas laika
nozvejoto brétlinu kimisko raditaju uz kipinato brétlinu krasu, ir konstatéts, ka sezonai ir
butiska ietekme uz krasas komponentu izmainam, ka ari uz griesanas spéka un bides darba
izmainam (3.14. tabula).

46



3.14. tabula
Nozvejas perioda un saldésanas ietekme uz kiipinatu brétlinu krasu un struktiiru

Rudens Ziema Pavasaris
Parametri - r.lo_ _ no saldétam _ r.]o_ _ no saldétam |no atvésinatam| no saldétam
atveésinatam . atveésinatam . - . - . -
P Z1vim P Z1vim Z1vim Z1vim
Z1vim Z1vim
L* 63.46+0.54°| 69.81+1.04> |57.2840.679| 58.96+1.39¢ 77.9240.74% | 57.28+0.67¢
a* -15.82+1.208| -10.32+1.49" | -5.1440.61% | -12.89+0.75" |-12.97 +1.32Y | -5.14+0.62¢
b* 36.76£1.208| 26.81+0.96° | 9.90+1.70¢ 22.62+1.08¢ 13.91+1.33¢ | 11.32+0.56°
Eiﬁ]e;f}arbs’ 0.8740.20¢ |  1.740.55% |1.16£0.21°| 1.27+0.28% 2.16+0.79% | 1.15+0.39%
ﬁ?ﬁﬁ?‘;ﬁs SPEKS, | 0 36£0.009 | 0.77+027% | 0.52+0.10% | 0.54+0.12% 0.99+0.398 | 0.48+0.18°

Vidgjas vertibas (n = 7) = SD. Vienadie burti rindas norada, ka nav biitiskas atskiribas (p > 0.05).

Kipinatu brétlinu paraugos, kas apstradati ar pirmapstrades lidzekliem ir novérojami
uzlaboti kopgjie kvalitates raditaji salidzinajuma ar paraugu Control. Kiipinato brétlinu krasas
komponentes L* a* b* vari€ sezonas laika, neatkarigi no ta vai tas razotas no atvésinatajam vai
no saldétajam brétlinam. Kipinatas brétlinas, kas razotas no atvésinatam zivim pavasari, ir loti
gaiSas (77.92 + 0.74), salidzinajuma ar tam, kas razotas no saldétajam brétlinam (57.28 + 0.67).
Lai izmainitu kiipinato brétlinu krasu, razojot gan no atv€sinatam, gan saldétam zivim, var
izmantot pirmapstrades Iidzeklus.

3.4. nodalas kopsavilkums

Atkariba no talakas apstrades veida un uzglabasanas ilguma jaizv€las pieméeroti
pirmapstrades Iidzekli. Pielietojot atbilstosus pirmapstrades lidzeklus, ir iesp&jams samazinat
tehnologiskos zudumus. Lai samazinatu kiipinasanas zudumus var pielietot apstradi ar natrija
hloridu un etikskabi vai arT abu kombinaciju ka Na, Ace vai NaAce, savukart, lai samazinatu
nozuvumu, ieteicams pielietot apstradi ar kalcija hlorida un etikskabes kombinaciju vai natrija
un kalcija hloridu kombinaciju ka paraugiem CaAce vai 3Na2Ca.

Lai panaktu zemaku pH rudent, ir ieteicams izmantot apstradi ka paraugiem CaAce vai
2Na3Ca, ziema ka paraugiem CaAce, 2Na3Ca vai 3Na2Ca un pavasari ka paraugiem 2Na3Ca
vai NaAce. Sadu lidzeklu lietosana sekmé atbilstosas kvalitates nodrosinasanu sezonas ietvaros.

Pirms zivju kiipinasanas pielietojot skabes un salus zivju pirmapstradel, brétlinu struktiira
klust stingraka, kas skaidrojams ar metala jonu stipruma pieaugumu, sals ietekmi uz tdens
saistiSanas sp&ju un to migraciju audos. Tapat zemaks pH un mitruma saturs sekmé stingrakas
strukturas veidoSanos. Izmantojot saldetas brétlinas, struktiiru ir iesp€jams uzlabot ar jebkuru
darba parbaudito pirmapstrades lidzekli, tau to nav iesp&jams uzlabot, pielietojot tos pasus
pirmapstrades lidzeklus atvésinatam brétlinam, jo kontroles parauga strukttra, kuram nav
pielietoti pirmapstrades lidzekli, ir stingraka salidzinajuma ar izmantotiem daziem
pirmapstrades lidzekliem.

Kupinatas brétlinas no atvésinatam zivim ir gaiSakas neka no saldétam zivim bet,
izmantojot atseviskus pirmapstrades lidzeklus ir iesp&jams ietekméet kiipinato brétlinu krasas
intensitati.

3.5. Pirmapstrades lidzeklu izvele atkariba no nozvejas perioda

Struktiiras novertéSana veikts salidzinajums, ka apstrades metode un sezonalitate ietekmé
kiipinato brétlinu struktiiru, ja razoSana izmanto saldétas brétlinas (3.15. tabula). Rudenit
pirmapstrades lidzekliem nav biitiska ietekme uz kiipinato zivju struktiiru, iespgjams augsta
tauku satura un zema tidens satura dél, kuru rezultata ir 1énaka pirmapstrades Iidzekla migracija
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audos. Saskana ar Martinez et al. (2012) lipidi treknajas zivis ir fizisks Skérslis sals difuzijai
tauku hidrofobitates del. Ja pielieto pirmapstradi ar etikskabi kopa ar natrija hloridu vai
etikskabi ziema vai pavasarl nozvejotam zivim, kiipinato brétlinu struktiira kltst stingraka.
Babikova et al. (2020) noradija, ka Eiropas brétlinu (Sprattus srpattus) mehaniskas struktiiras
ipaSibas pieaug péc to marinéSanas, kas saistita ar olbaltumvielu denaturaciju un tdens
absorbcijas sp&jas samazinasanos.

Analizgjot 3.15. tabulas datus, ir redzams, ka bides darbs un grieSanas speks butiski tiek
ietekméts ar pirmapstrades veidu, sezonu un abu faktoru mijiedarbibu (skatit 3.15. tabulu).
Izmantojot etikskabi (Ace), un salu kombinaciju (2Na3Ca), novérota biitiska ietekme uz bides
darbu. Tie dod ievérojami augstakas vértibas salidzinajuma ar Control paraugu. Bides darbs ir
visaugstakais S3 sezona, ipa$i apstradajot ar NaCl un CaCl,. Savukart apstrades ar kalcija
hloridu un etikskabi (CaAce) ietekmei uz bides darbu visvairak vérojama S1 sezona. Sali un
skabes sp&j uzlabot struktiiru, tie ievérojami paliclina grieSanas speku (2Na3Ca, CaAce).
Visaugstakais grieSanas spcks, tapat ka bides darbs, vérojams paraugiem S3 sezona, kuriem
izmantotas salu un skabju kombinacijas. Tapat 3.16. tabulas dati apstiprina, ka sezonalas
atskiribas ir noveérojamas un tas ir butiskas tiesi starp S3 un S1 sezonu, kur visstingraka
struktiira ir S3 sezonas brétlinam.

3.15. tabula
Sezonas un pirmapstrades lidzekla ietekme uz kiipinatu brétlinu struktiiru
. Sezonas ietekme Pirmapstrades
Pirmapstrades lidzekla . Iidzeklis x sezona
. . ’ (vienfaktora
Parametrs ietekme (vienfaktora ANOVA Tiikiia (daudzfaktoru
ANOVA, Tjiikija tests)  JUKl ANOVA, Post Hoc
tests) LSD)
Bides darbs | F (6;153) = 4.05, F (2;157) = 11.009, F (12;161) = 3.48,
p =0.001 p <0.05 p <0.001
Ace* > Control
3Na2Ca*, 2Na3Ca*, | S3 > S1*** S2** Na: S3 > S1**, S2**
Ace** > Na 2Na3Ca: S3 > S1***
82***
3Na2Ca: S1 < S2***
83**
CaAce: S1 < S3**
Ace: ns; NaAce: ns;
Control: ns
GrieS$anas F (6;153) = 4.26, p=0.001 | F (2;157) = 10.08, F (12;161) = 3.89,
speks p <0.001 p<0.001
Ace* > Control
2Na3Ca**, Ace**, | S3 > S1*** S2** Na: S2 < S3**
CaAce* > Na 2Na3Ca: S3 > S1***,
82***
Ace: S3 > S2**
CaAce: S1 < S3**
3Na2Ca: S1 < S2***
NaAce: ns; Control: ns

Paraugi apziméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Lietotie apzZim&jumi: S1 —
sezonas sakums (rudens); S2 — sezonas vidus (ziema); S3 — sezonas beigas (pavasaris). Bitiskas atskiribas pastav
ar noradeém pie *p < 0.05; **p < 0.01; ***p < 0.001;. ns — nepastav bitiskas atskiribas.

Stingraka struktira noveérojama pie zemaka pH. Sava pétjjuma Kotakowski &
Bednarczyk (2002) noradija, ka Baltijas silku mehaniskas ipasibas samazinas, ja palielina
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skabes koncentraciju robezas no 1 Iidz 5%. Savukart Saja petijuma noverota negativa korelacija
starp grieSanas spéku un kiaipinatu brétlinu pH veértibu (—0.488), kas ir lidzigi tam, ko noradija
Babikova et al. (2020), ka visstingraka struktiira novérota tam brétlinam, kuram ir viszemakais
pH. Balstoties uz kiipinatu brétlinu pirmapstrades Iidzeklu un nozvejas perioda ietekmi, ir
redzams, ka kiipinato brétlinu struktiira pavasar biitiski atSkiras no paraugiem rudens un ziemas
perioda(V publikacija).

Saldetam brétlinam kvalitates parametri ir janodroSina saldéSanas procesa un ari pec zivju
defrostacijas. Pirmapstrade, tapat ka saldésana ietekme grieSanas spéku sezonas ietvaros, radot
ar1 stingraku struktiiru, samazinot suligumu.

RudenTt un ziema salu izmanto$ana ka paraugiem Na, 2Na3Ca, NaAce un CaAce zivju
pirmapstradei pirms kiipinasanas butiski neietekm&ja to struktiru, bet sezonas beigas
leveérojami palielinaja bides darbu un grieSanas spéku, kas vienlaicigi norada uz stingraku
struktiiru. Sezonas ietekmi noteikti var saistit ar liclaku zivju mitruma saturu, kas pavasari
butiski atskiras no rudens. Lielaks Tidens saturs brétlinas sekmé labaku sals migraciju audos.
Ka noradija Gomes et al. (2021), saliem ir bitiska loma olbaltumvielu $kidinasanai un
olbaltumvielu ekstrakcijai, uzlabojot tidens aizturéSanas sp&ju. Sals izraisa strukttiras izmainas
muskulaudos, galvenokart caur elektrostatiskam mijiedarbibam starp olbaltumvielu molekulam
un natrija (Na*) un hlorida (CI") joniem. Sis savstarp&jas mijiedarbibas izraisa miofibrilu
uzbrieSanu, muskulu pavedienu depolimerizaciju un miofibrilu disociaciju aktomiozina
kompleksos, savukart kalcija hlorida pievienoSana izraisa transformaciju miozina struktarai
parejot no alfa spirales uz beta pagriezienu un beta loksnes konfiguraciju. Sildot, miozina
struktira atveras, un kalcija joni var mijiedarboties ar miozina aktivajam grupam. Miozins
sasaistas ar kalcija joniem un veidojas g€la tiklveida strukttra (Totosaus & Pérez-Chabela,
2009; Hu et al., 2022).

Papildus konstatéts, ka saldéSana un atlaidinaSana ietekm& tdens saistiS8anas un
saturéSanas sp&ju, jo lielaks mitruma saturs var ietekmé&t miofibrilaras olbaltumvielas, to
denaturaciju un agregaciju. Saldésana un atlaidinasana maina olbaltumvielu dabigo struktiru,
ietekm@jot to sp&ju saistit Gdeni turpmakajos procesos. Palielinot sals saturu, palielinas
stingriba, ko apstiprina ari citi autori (Gallart-Jornet et al., 2007; Bjornevik et al., 2018). Tapat
Babikova et al. (2020) noradija, ka saldesana ne tikai izmaina olbaltumvielu un lipidu frakcijas,
bet arT ietekme krasas pigmentus zivis.

Krasas izmainas intensivi notiek uz zivju virsmas, jo sals un skabes migré zivju audos.
Apstrade ar etikskabi vai tas apvienoSana ar saliem, veido tumsaku brétlinu krasu. Starp tauku
saturu un L* vertibu verojama 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 kupinatu brétlinu krasas komponente ir L*, kas atspogulo
gaiSakas vai tumsakas krasas intensitati, un b*, kas atspogulo zeltainas krasas intensitati p&c
produkta kiipinaSanas. Ka redzams péc iepriek§ miné€tajiem datiem, rudeni kiipinato brétlinu
krasa bija visgaisaka un komponente L* batiski atskiras no sezonas vidus vai sezonas beigam
(3.16. tabula). Kupinatas brétlinas, kuras razotas no saldétam brétlinam péc viena gada
uzglabasanas bija ar lielaku a* un zemaku b* vértibu. Savukart krasas komponentes L* un a*
bija stabilas visu nozvejas sezonu, bet b* bija novérojama tendence samazinaties nozvejas
sezonas beigas, kas skaidrojams ar tauku satura samazinajumu. Paraugos CaAce, NaAce
pirmapstrades lidzekliem ir bitiska ietekme uz L* vertibu paraugos. Pirmapstrades lidzekliem
ka paraugos Na, 3Na2Ca, 2Na3Ca ir mazaka ietekme S1 sezona, bet biitiska S3 sezona. Lidz
ar to gaisaka krasa kopuma veérojama produktos rudent, bet pavasari (S1) paraugi bija tumsaki,
zemaka L* vertiba. Savukart Control paraugam nav novérojamas biitiskas izmainas sezonalitaté
L*a*b* vértibas. Pirmapstradei nav butiskas ietekmes uz a* krasu (p = ns), bet raditaji ir
visaugstakie sezona S3 un viszemakie S1, lidz ar to Sie paraugiem (ar saliem un skabém) ir
intensivaka sarkana krasa (pieméram Na, 2Na3Ca, Ace).

49



Izteiktaks dzeltenums vérojams S2 un S3 sezonas Ace, NaAce, CaAce paraugiem, un
viszemakais tas ir Na paraugam S1 sezona. Apstrade ar NaAce samazina b* vértibu, turklat
dzeltenuma intensitate pieaug S2 un S3 sezona.

3.16. tabula

Sezonas un pirmapstrades [idzekla ietekme uz kiipinato brétlinu krasu

Pirmapstrades Sezonas ietekme —
lidzekla ietekme — vienfaktora Pirmapstrades lidzeklis x
Parametrs vienfaktora ANOVA: Tjikija sezona — daudzfaktoru
ANOVA; Tjikija ronts ANOVA, Post Hoc LSD
tests
L* F (6:157) = 2.50, F (2:161) = 24.16, | F (12;161) = 6.01,
p <0.05 p < 0.001 p < 0.001
S1 < S2*** S3*** | Ace: ns; Control: ns
CaAce > 2Na3Ca*, Na: S2 < S3**
NaAce* 3Na2Ca: S1 < S2*** S3***
2Na3Ca: S1 < S2*** S3***
NaAce: S1 < S2*** S3***
CaAce: S1 < S3***
a* F (6;157) = 1.70, F (2;161) = 14.14, |F (12;161) = 6.01,
p=ns p < 0.001 p < 0.001
S1 > S2*** S3*** | NaAce: ns; Control: ns
Na: S3 < S2**
3Na2Ca: S1 > S2**
2Na3Ca: S1 > S2*** S3**
Ace: S1 > S2** S3***
CaAce: S3 < S1***; S2**
b* F (6;157) = 2.60, F (2;161) = 13.12, | F (12;161) =6.01,
p <0.05 p < 0.001 p <0.001
S1>S2***S3*** 3Na2Ca: ns; Control: ns;
NaAce < Na', Ace!, NaAce: ns
CaAce! Na: S1 > S2*** S3**
2Na3Ca: S2 > S3**
Ace: S1 > S2*** S3**
CaAce: S1 > S2***

Paraugi apziméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Lietotie apzim&jumi: S1 —
sezonas sakums; S2 — sezonas vidus; S3 — sezonas beigas. Biitiskas at$kiribas pastav ar noradém pie *p < 0.05;
**p < 0.01; ***p < 0.001;. ns — nepastav butiskas atskiribas, t — tendence.

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

Lai noteiktu, kuru no pirmapstrades lidzekliem pielietot konkrétaja nozvejas perioda,
izmantojot atv@sinatas vai saldétas brétlinas kupinatu brétlinu razoSana, tiek pielietota
multikritériju 1émumu shéma, kas balstas uz ekspertu definétajiem izvéles krit€rijiem un to
nozimigumu. Saskana ar $o analizi (3.17. tabula) rudent, ziema un arT pavasari vislabakas zivis
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ir tad, ja izmanto atvésinatas zivis ar pirmapstradi ka paraugiem 3Na2Ca vai CaAce, Control,
savukart ka visneatbilstosakas ir atvesinatas zivis ar pirmapstradi ka paraugiem Ace, Na, NaAce.
Analizgjot saldéto brétlinu izmantoSanu ar pirmapstradi ka paraugiem 3Na2Ca vai CaAce un
rudent un ziema 2Na3Ca, bet pavasari NaAce.

3.17. tabula
Multikritériju lemumu analizes rezultati kiipinatu brétlinu raZoSanai no atvésinatam un
saldétam bretlinam

Atvéesinatas breétlinas Saldetas bréetlinas
rudens ziema pavasaris rudens ziema pavasaris

(%2} [72] (%2} [72] [72] n
Paraugi | S | 2 |§ | & |5 | & |5 |&|5 | = |5 |2
i s i s | s | s | e | i =
>§ § >§ E >§ E >§; § >§; :5 >§ §

< < < < < <
Control 3 |173] 3 |161| 3 171 4 |182| 5 |184| 4 |185
Na 6 [280] 6 |294| 6 [294]| 6 |291| 6 |274] 6 [3.02
3Na2Ca | 1 |084] 1 |098| 1 [102| 1 |08 | 1 [110] 1 |1.10
2Na3Ca | 4 | 18 5 |193] 5 |215] 3 |166| 3 |[174] 5 [193
Ace 7 |38 7 |371] 7 [|334| 7 |380| 7 [398| 7 [3.96
NaAce 5 |[200] 4 |191] 4 |187| 5 |191| 4 |176| 3 [182
CaAce 2 |105] 2 |117] 2 |125] 2 1.1 2 |118| 2 |1.20

Paraugi apziméti ar saisinajumiem, kas nav tiesi saistami ar kimiskajiem simboliem. Ranzg&jums: 1 — vislabakais
novertejums; 7 — vissliktakais novertgjums.

Paraugiem 3Na2Ca un CaAce piclictotie pirmapstrades Iidzekli sezonas ietvaros
atvEsinatajam un ari saldétajam zivim tiek atziti ka visatbilstosakie neatkarigi no nozvejas
perioda, tacu sezonas beigas saldéto 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 (3.4. att.).
Ieguldijuma procentuala dala veido 33.72.% (PC1) un 23.39% (PC2), kas norada uz atskiribam
sezonas laika. Starp paraugiem ir novérojamas korelacijas pa vairakam grupam.

Paraugu sadalfjumu pa galvenajam komponentém (3.4.a att.), kur saldéto brétlinu
apstrades paraugi un atvésinato brétlinu apstrades paraugi veido atkirigas kopas, norada, ka
apstrades metodes butiski ietekmé produkta fizikali-kimiskas ipasibas. Ta ka saldéto brétlinu
paraugi ir cieSak grupéti, tas norada uz lielaku strukturalo stabilitati visa datu kopa. Tacu
atvesinato brétlinu apstrades paraugi ir vairak izkliedéti, kas norada uz lielaku fizikalo Tpasibu
izkliedi sezonas laika, TpaSi atzim&jot tadus raditajus ka mitrums un krasa. Galvenais
komponents (PC1) norada, ka ar strukttiru saistitas Tpasibas (grieSanas speks un bides darbs) ir
galvenais faktors, kas ietekm& un atSkir paraugus, savukart PC2 ir kiipinaSanas zudumi,
nozuvums, pH un mitruma saturs.

Mitruma saturs, pH vértiba un nozuvums ciesi korelé ar PC2, kas nozimg, ka tam ir
sezonalas ietekmes raditas izmainas. Strukturalas ipasibas un krasu parametri vairak ietekmé
PC1, noradot to nozimi apstrades metozu atlasg.
krasas izmainas sezona paradas izteiktak, jo paraugi maina poziciju lokacijas starp sezonam.
Atvesinato brétlinu paraugi atspogulo lielakas atskiribas starp PC3 un PC4, kas nozimég, ka
struktiira un krasa vairak mainas atvésinato brétlinu paraugos salidzinot ar saldétu brétlinu
paraugiem.
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Balstoties uz iegiitajiem rezultatiem, petijuma secinats, ka saldeto brétlinu paraugiem ir
augstaka struktiiras stabilitate, bet atv@sinato brétlinu paraugiem fizikali kimiskas IpaSibas.
Paraugu Na un NaAce apstrade biitiski ietekmé pH un noZzuvumu. Atvésinato brétlinu paraugi
ir daudz vairak atkarigi no argjiem faktoriem (uzglabasanas apstakliem un paSas izejvielas
kvalitates) neka saldeto brétlinu paraugi, 1idz ar to kvalitates kontrole tieSi atv€sinatajam
brétlinam ir butiskaka.

PCA Score Plot: PC1 vs. PC2
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3.4. att. PCA diagramma — (a) paraugu sadalijums pa komponentém un (b) papildus to
analize PC3 vs PC4

Kipinatas brétlinas no atveésinatam un saldétam brétlinam, ja tiek izmantota apstrade ka
paraugam Na, ir lidzigas. Butiski atSkiras paraugs no saldétam brétlinam, kura apstradei
izmantots kalcija hlorids kombinacija ar etikskabi (CaAce) un no atvésinatam brétlinam paraugs
2Na3Ca. Kipinato brétlinu razosana no saldétam brétlinam piemérotaka pirmapstrade - rudent
un ziema ka paraugiem 2Na3Ca, bet pavasari, ka paraugam NaAce.
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Tika konstatgti tris galvenie klasteri ar vairakam apakSgrupam atvésinato zivju un saldeto
zivju paraugiem ar atSkirigam apstrades metodeém (3.5. att.), kur vidg&jais klasteris (2) ir
homogeénaks neka pargjie divi (1; 3). Ka redzams, paraugi no saldétam brétlinam CaAce un Ace
butiski atskiras no atvesinato brétlinu paraugiem CaAce, Ace.
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3.5. att. Klasteri (AHC-aglomerativa hierarhiska klasterizacija) péc pirmapstrades

Iidzekliem un izmantota zivju veida
FR — kiipinatas brétlinas no saldétam brétlinam, F — kiipinatas brétlinas no atvésinatam brétlinam. 1 — 3Na2Ca; 2
—NaCa; 3 — 2Na3Ca; 4 — NaAce; 5 — CaAce; 6 — Na; 7 — Ca; 8 — Ace; 9 — 3Na3CaAce; 10 — 3Na2CaAce; 11 —
Control.

Ka atspogulo Klasteri, Control paraugs, kas izgatavots, izmantojot saldétas vai
Atvesinatas brétlinas, ir 11dzigi Sava starpa, kamér pargjos klasteros lidzigakas ipasibas uzrada
produkti tikai no atvésinatajam brétlinam ka paraugi 3Na2Ca (F1) un CaAce (F5) ar 2Na3Ca
(F3). Etalona noteiktas vertibas ir visvairak lidzigas ar paraugu Ace no atvesinatam brétlinam.
Analizgjot iegiitos datus pa nozvejas periodiem, ir konstatéts, ka kiipinatas brétlinas no saldétam
vai atvésinatam brétlinam rudent vairak atskiras neka pavasari

3.5. nodalas kopsavilkums

Sezonai un pirmapstrades lidzekliem ir bitiska ietekme uz kiipinato brétlinu kvalitati, ja
tas razo NO atvésinatam vai saldétam brétlinam. Brétlinu kvalitati ietekmé& dazadi faktori, no
kuriem, izvert&jot ar multikrit€riju analizi, ir iesp&jams atlasit visatbilstosako izejvielu sezonas
katra posma. Paraugiem 3Na2Ca un CaAce pielietotie pirmapstrades lidzekli sezonas ietvaros
atv€sinatajam un ar1 saldétajam zivim tiek atziti ka visatbilstosakie, neatkarigi no nozvejas
perioda, tacu pavasari saldéto brétlinu apstradei ieteicams izmantot natrija hlorida un etikskabes
kombinaciju (NaAce), ka visneatbilstosakie sezonas katra posma ir noveértéti paraugi Ace un
paraugs Na.

Brétlinu kvalitates 1pasibu noteikSana izskiroSa nozime ir apstrades metodei (atvEsinata
vai sald@ta), sezonalitatei un fizikali kimiskajam 1pasibam. Paraugi, kas razoti no saldétam vai
atvésinatam brétlinam, veido atSkirigas grupas, izcelot bitiskas 1paSibu atSkiribas. Saldéto
brétlinu paraugi grup€jas ciesak, noradot uz lielaku fizikali kimisko stabilitati, savukart
atvésinatiem paraugiem ir lielaka mainiba. Atv€sinato brétlinu paraugi ir daudz vairak atkarigi
no argjiem faktoriem (uzglabasanas apstakliem un paSas izejvielas kvalitates) neka sald&to
brétlinu paraugi, [idz ar to kvalitates kontrole tieSi atv€sinatajam brétlinam ir bitiskaka.
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SECINAJUMI

1. Peétijuma iegiitie rezultati apstiprina hipotézi, ka sezonali mainigo kiipinato brétlinu
kvalitati iesp&jams panakt, izmantojot pirmapstrades lidzek]us.

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 dal&ji aizvietojamo
aminoskabju (glutaminskabe, asparaginskabe) saturs samazinas 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
vertibas ir viszemakas.

5. Kipinato brétlinu sensorais novertejums ir lidzigs zivim, kas razotas no atvésinatam
un saldétam brétlinam, tacu tas biitiski mainas sezonas laika un pirmapstrades lidzeklu
ietekmeg.

6. Kipinasanas zudumi un nozuvums kontroles paraugam bija Iidzveértigi kiipinatam
brétlinam, kas razotas no atvésinatam vai saldétam brétlinam, ap 30%, un nozuvums
ap 1.6% lidz 1.8% pé&c 24 h uzglabasanas. lzmantojot apstradi ar natrija hloridu vai ta
kombinaciju ar etikskabi, ir iespg€jams samazinat kiipinasanas zudumus, ja izmanto
atvésinatas brétlinas un, izmantojot natrija hlorida un etikskabes kombinaciju, ja
izmanto sald€tas brétlinas. Nozuvumu ir iesp&jams samazinat Iidz 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 lidzeklus iesp&jams sekmét garaku kiipinato brétlinu
deriguma terminu. Izmantojot natrija hlorida un etikskabes kombinaciju, ir iesp&jams
vairak kavét MAFAM skaita palielinasanos vienas ned€las uzglabasanas laika.

8. lzmantotais pirmapstrades Iidzeklis butiski ietekmé kiipinato brétlinu un izejvielu pH
un ar1 kupinato brétlinu sals saturu, ta¢u mazak ietekme& mitruma saturu un tdens
aktivitati. Kiipinatu brétlinu pH gan no atvésinatam, gan saldétam brétlinam ir [1dzigs.

9. Gaisakas kupinatas brétlinas var iegiit, izmantojot apstradi ar natrija hloridu vai ta
kombinaciju ar etikskabi. Saldétas brétlinas ir gaiSakas, ja tas nozvejotas rudeni un
ziema, bet atvesinatas brétlinas ir gaisakas, ja tas nozvejotas pavasari.

10. Stingrakas p&c struktiiras kiipinatas brétlinas var iegiit, izmantojot natrija un kalcija
hloridu kombinaciju. No atvesinatam brétlinam sarazotajam kipinatajam brétlinam ir
stingraka struktiira neka no saldétam brétlinam raZotajam kiipinatajam brétlinam.

11. P&c kiuipinato brétlinu kvalitates raditaju multikrit€riju izvertéjuma ir konstatéts, ka
visatbilstosakas kapinatas 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
atvesinatam, ta ari no saldétam brétlinam, var pielietot pirmapstrades lidzeklus, kuri
attiecigi ir japielago péc nozvejas perioda, ko galvenokart raksturo izejvielas mitruma
un tauku saturs.

2. Lai iegttu vislabakos sensoros raditajus kopvért€§juma (struktiru, garSu, pecgarsu,
aromatu un krasu), svaigas brétlinas ieteicams apstradat ar natrija hlorida un etikskabes
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maisijumu, bet sald€tas ar natrija hlorida un etikskabes vai kalcija hlorida un etikskabes
maisjjumu.

3. Lai samazinatu kiipinasanas zudumus zem 30%, razo$anas procesa ir ieteicams izmantot
etikskabi, ka pirmapstrades Iidzekli, ja razoSana izmanto atveésinatas brétlinas, tadejadi
kiipinasanas zudumus ir iesp&jams samazinat lidz 22%. Ja izmanto sald&tas brétlinas,
rekomendgéts pielietot natrija hloridu kombinacija ar etikskabi, kur kiipinaSanas zudumi
ir 26%.

4. Lai péc 24 stundu uzglabaSanas nebiitu augsts nozuvums, ja razoSana izmanto
atvésinatas vai saldétas brétlinas, ieteicams izmantot natrija un kalcija hlorida
kombinaciju ar natrija hlorida parakumu, tadgjadi nozuvumu samazinot Iidz 0.3 — 0.4%.
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Abstract

Smoked sprats (Sprattus sprattus balticus) from the Baltic sea are one of the most popular processed fish products in
Latvia. The amount of catching and demand is annually increasing. For producers, it is important to provide stable
quality throughout the year, which sometimes is challenging due to many factors. Smoked fish quality depends not
only on the seasonality, but also on the applied technologies. The aim of the current study was to review research
findings about factors affecting the smoked fish quality. The databases of Science Direct, Web of Science, Wiley
Online Journals and Google Scholar were searched. The first parameter that affects quality of fish till processing
is raw material, its catching place and season, as well as whether it is fresh or frozen fish, that includes not only
microbiological parameters, but also physical and chemical changes in fish depending on the storage conditions. The
second parameter is the applied pre-treatment methods (using salt, acids) before processing, which can improve fish
texture and make better result for smoked fish. The third parameter is the used technology for the fish processing, heat
treatment methods use of wood chips or liquid smoke, or adjustment of smoking conditions. These all together make
a lot of sensorial and textural changes in the final product. If any of these parameters is changed during processing,
they can affect the smoked fish quality. Therefore, to ensure constant quality of smoked fish, in-depth knowledge of

parameters is extremely important.

Key words: pre-treatment, smoked sprat, seasonality, fresh and frozen sprats, smoking.

Introduction

Each year catching amount of sprats (Sprattus
sprattus balticus) is increasing because of increased
consumption of fish products. Besides the increased
consumption, customers pay more attention to the

quality — sensory parameters including textural
parameters (consistency, juiciness) as well as
nutritional components (lipids, protein). Fish

consumption has a positive effect on human health. It
is nutritionally valuable product, and good source of
protein; it also contains valuable lipids (omega-3 fatty
acids), minerals and vitamins (Mohanty et al., 2019).
Fish lipids contain polyunsaturated fatty acids (PUFA)
with up to 6 double bonds - eicosapentaenoic acids
(EPA) and docosahexaenoic acid (DHA) (Stotyhwo,
Kotodziejska, & Sikorski, 2006).

Sprats are small commercial fish from Clupeidae
family and their size from the sea is about 10—20 cm.
They live in shoals and feed on zooplankton, spawning
season usually varies depending on a geographical
location, but in the Baltic sea it is from March till June
(Timberg et al., 2014). Sprats contain a lot of water
(57-73%) and lipids (10—24%). There is inverse
relationship between water and lipids, which means
that lower water content makes higher lipid content
and contrary (Timberg et al., 2011). Sprats are rich in
vitamin D, minerals like potassium, iron, zinc, iodine
(Usydus, Szlifder-Richert, & Adamczyk, 2012). Baltic
sprats are rich source of PUFA and stability of these
fatty acids is influenced by the storage conditions and
pre-treatment methods.

Raw product quality is the main parameter,
which affects finished products quality. Fish is
easily spoiled due to oxidation and developing off-
flavours. Cooling can maintain freshness, but it

does not eliminate microorganisms or enzymatic
activity, the psychotropic bacteria will still live under
chilled conditions (Wu, Pu, & Sun, 2019). As quality
changes along the year, it is important to find the main
technological parameters, which should be adjusted to
ensure constant quality of the final product.

The aim of the current study was to review
research findings about factors affecting the smoked
fish quality.

Materials and Methods

The research was performed by using monographic
method to review factors influencing smoked fish
quality. The databases of Science Direct, Web of
Science, Wiley Online Journals and Google Scholar
were searched. No time restrictions were applied,
and all articles were selected in January — February,
2020. The aim of the current study was to review
research findings about factors affecting the smoked
fish quality parameters, which can affect the quality of
the product, find out the main quality parameters, and
determine how to ensure the constant quality using
some pre-treatment methods or selecting the most
appropriate heat treatment method.

Results and Discussion

The smoked fish quality depends on various
factors, which can be grouped as shown in Figure 1.
To provide constant quality of the finished product
all parameters should be considered and necessary
adjustments made in the processing technologies.

Raw material

The raw material quality is the main factor affecting
smoked fish quality. Raw material quality has intrinsic
factors like size, fat content and skin properties, that
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Figure 1. The main factors affecting smoked fish quality.

mean small fish like sprats spoil faster than large fish
(Zugarramurdi et al., 2004). Quality parameters are
affected by seasonality, sex, age, and geographical
location, these all make changes in fish lipids and
proteins (Abbas et al., 2008). Sprats are fatty fish and
valuable dietary source of proteins, polyunsaturated
fatty acids from n-3 family. Cooling or transporting
conditions have great influence on processed fish
quality. Fatty fish does not store as long as lean fish in
aerobic conditions, because of fat oxidation processes.
They also have higher influence on the quality of final
products (Zugarramurdi et al., 2004). There are no
correlations established between lipid oxidation and
content of lipids in thawed fish. Temperature and some
smoke compounds can affect fish lipids and proteins
(Kotodziejska & Sikorski, 2004).

According to Timberg et al. (2011) in spring, when
is spawning season, the Baltic sprat lipid content
was low 13 + 1.6%, but in autumn, end of feeding
season (October, November) the highest 22 + 3%.
Similar trend was reported by Usydus, Szlifder-
Richert, Adamczyk (2012), see Table 1. Protein was
stable through seasons, being about 15%. That means
that autumn sprats (the end of feeding season and
all wintering season) have the highest lipid content,
but in spring (spawning season) — the highest water

content. In spring and summer, the content of lipids
is the lowest and it has influence on the textural and
sensorial properties. It makes changes in sensorial
parameters — less intense aroma and flavour and makes
softer texture (Timberg et al., 2011). Additionally,
it has been reported that proximate composition and
fatty acids profile in muscle depend on seasonality
of Baltic sprats. Fish up to 10 cm have different
indicators than class 10—13 and over 13 cm (Usydus,
Szlifder-Richert, & Adamczyk, 2012).

Raw material freshness and quality of the finished
product have close relationship. For all fish products,
its freshness has the most essential role. It includes
shelf life of fish, bacterial flora, and storage conditions.
Abbas et al., (2008) reported that pH of European
sea bass (Dicentrarchus labrax) increased from 6.39
till 6.69, trimethylamine — N (from trimethylamine
volatile basis) from 0.20 till 1.25 N 100 g flesh, total
volatile basic — N from 17.22 till 30.58 mg N 100 g
flesh, free fatty acids from 1.78 till 2.73 g oleic acid
per 100 g lipids, but content of trimethylamine oxide
decreased from 22.08 till 12.55 mg N 100 g' flesh
during storage period from 1 till 22 days in ice. Initial
pH decrease occurs because glycogen in the fish
muscle has been metabolized to lactic acids. Fresh live
fish pH is 7, and during further storage it increases

Table 1

Proximate nutritional composition in muscle of Baltic sprat depending on catch season
(Usydus, Szlifder-Richert, & Adamczyk, 2012)

Indicator Feeding season Wintering season Spawning season
(July — October) (November — February) (March — June)
Moisture, % 66.40 + 1.69 70.71 £2.43 77.48 +1.81
Protein, % 17.06 £ 0.46 16.74 £ 0.41 16.61 +£0.33
Lipid, % 15.46 +2.02 11.34 +£2.07 5.10+0.87
Saturated fatty acids, % 28.37+0.24 29.08 + 1.55 28.64 £2.12
gggzi?ngﬂ;awd 3278+ 1.07 31.56 4 5.96 35.63 + 4.41
Eﬁiﬁﬁi‘ﬁffﬁclu ding: 38.85 £ 0.96 39.28 +4.73 3575236
-eicosapentaenoic acid, % 8.40 £ 0.65 8.05+1.42 497+1.29
-docosahexaenoic acid, % 17.67 £0.69 18.17 £2.20 17.93 +1.18
Individual weight, g 12.48 £2.87 12.38+£4.03 12.00 £1.93
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because of production of alkaline enzymes, and if fish
spoiling starts, there can be an increase in total volatile
basic — N. Abbas et al. (2008) suggest to use fish pH
as an indicator of fish freshness.

Wild fish can be harvested by a large variety
of methods. To control stress produced by these
conditions, it is necessary to control mainly fishing
method and time. Incorrect handling can determine
the quality changes during storage. If fish are caught
in a highly stressed state, their lactic acid produced
in muscle combined with high muscle temperature
results in a dull muscle, and it makes acidic or metallic
aftertaste (Borderias & Sanchez-Alonso, 2011). In
this case, rigor mortis proceeds faster and quality is
lower. The stiff and rigid condition of muscle tissues
is rigor mortis, it starts about 1 till 6 hours after death
(Hamada-Sato et al., 2005). If large fish are killed
faster, stress is less and quality is better. Stress before
catching and before death have effect on quality.
From biochemical factors after catch, its muscle cells
contain more lactic acids from anaerobic respiration
and rigor mortis sets sooner. Post-mortem pH in
fish flesh on fish catching vessels have the effect on
texture of fish, in that case it is very important to make
faster cooling on vessels (Zugarramurdi ef al., 2004).
Chilling rate has an important role in the final product
quality and especially in texture. In highly stressed
fish all muscles enter rigor mortis very quickly all
fish go very stiff and difficult to process. Texture of
stressed fish was softer during storage (Borderias &
Sanchez — Alonso, 2011).

Spoilage of fish starts as soon as the fish die after
fishing, and spoilage varies with species, handling
methods, hygienic and chilling conditions and
methods; there is an influence from microorganisms
(Solanki et al., 2016). Thiobarbituric acid (TBA)
and peroxide value (PV) are two commonly used
parameters for the evaluation of lipid oxidation and
decomposition of protein (Wu, Pu, & Sun, 2019).

High moisture content and nutrients in fish
facilitate the growth of many microorganisms
including pathogens (Listeria monocytogenes,
Escherichia coli, Salmonella spp.), which can affect
not only the fish quality, but also product safety.
Listeria spp. and Salmonella spp. are naturally present
in aquatic environment and their presence can be
contaminated with already infected fish. Escherichia
coli indicates poor hygiene conditions during storage
or transporting (Eizenberga et al., 2015). As sprats
are cold-water fish, they can carry Shewanella
putrefaciens and can spoil faster than warm water fish.
Storage conditions using 40% ice and 60% water or
with additionally injected ozone can increase shelf life
up to 13 — 16 days, but it is prolonged by 8 days when
normal ice is used. Ozone and organic acids have
natural antioxidants (Sampels, 2015b). Free histidine

is generally found in fatty fish, red meat fish and
Enterobacteriaceae, Clostridium and Lactobacillus
produce histidine decarboxylase and for growing
histamine forming bacteria most important is coliform
bacteria. Histamine forming bacteria naturally exist
on the gills and in salt water fish. Only rapid chilling
after catch immediately can prevent forming of these
bacteria, and enzyme, bacteria can be inactivated by
cooking, but once histamine is produced, it cannot be
eliminated by heating or freezing. Fish may contain
pathogenic bacteria Clostridium botulinum (type E),
Staphylococcus aureus, Vibrio parahaemolyticus and
it grows in raw fish. Its growth is decreased in frozen
fish, or in cold storage (0 till 4 °C) (Kose, 2010). In
fresh fish (sprats) the histamine was detected from 5
samples in 3 samples when fish were smoked. And if
in fresh fish amount of histamine were determined 1.4
till 5.2 mg kg'!, in smoked it increased to 1.8 till 24.1
mg kg (Pawul-Gruba, Michalski, & Osek, 2014).
Freezing and thawing of raw material

Freezing slows the biological, chemical, and
physical deterioration of food, degradation of food
quality (colour, texture, lipid oxidation, enzymatic
activity). Quality loss in frozen fish has been attributed
to protein denaturation, which correlates strongly with
loss of sensory quality. During freezing microbiological
growth is suspended, but not enzymatic activity (Ruiz-
Capillas, 2000). Biological and chemical reactions
such as enzymatic activity and lipid oxidation have
significant impact on fish quality during long-term
frozen storage. The total lipid and ash content vary
with size and catching season of the fish. Storage time
and temperature affect quality loss and the shelf life
of fish, lipid content decreased from 9.72% till 7.20%
in tilapia (Oreochromis niloticus) (Dawson, Al-
Jeddawi, & Remington, 2018). Red muscles contain
high levels of lipids and are sequentially subject to
lipid oxidation. Trimethylamine oxides are found
within the red muscle that can be enzymatically or
non-enzymatically degraded, resulting in products
such as dimethylamine and formaldehyde. Some
researchers — Dawson, Al-Jeddawi, & Remington
(2018) — found fatty acid (C16:1) decrease in meat
fat during frozen storage, while no decrease in
polyunsaturated fatty acids (PUFA). Peroxide value is
an early indicator of oxidation.

Freezing preserves fish longer time, but it also
may have negative effect on structural and chemical
properties of muscle. The faster and more homogeneous
freezing proceeds, the smaller ice crystals are made and
it makes less textural damage to muscle fibre (Sampels,
2015b). Slow freezing can result in formation of big
ice crystals, which can destroy cell membranes and it
increases a risk of oxidation, texture damage and loss
of water holding capacity. During frozen fish storage it
is very important to keep stable temperature to prevent
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the growth of ice crystals (Sampels, 2015a). During
thawing, ice crystals melt, and if formed intracellularly
or around muscle tissue, moisture would remain within
the fish. Water holding capacity is commercially very
important to appearance and texture.

Frozen fish storage leads to reduction of protein
extractability and reduction of water holding capacity.
Freezing before smoking has small physicochemical
characteristic on flesh. In frozen fish storage, the
myofibrillar proteins can lead to denaturation in the
functional properties of fish muscle proteins and
make changes in texture due to the loss of water
holding capacity. Protein denaturation reduces
amount of soluble proteins. Freezing before smoking
has a negative effect on fish flesh adhesiveness,
cohesiveness (textural properties), smoke odour
intensity and colour intensity (Martinez et al., 2010).
Generally, sprats made from frozen thawed raw
materials has the same texture as the same product
made from fresh sprats. However, it is possible that
sprats made from frozen thawed fish had a tendency
to be harder and sour, the rancid taste developed more
rapidly than samples made from fresh fish. Freezing
and thawing may damage the protein native structure
making it susceptible to further reactions (Timberg et
al.,2014).

Pre-treatment methods

Preserving fisheries products for a long storage
time can be done by either lowering water activity (a)
or changing pH of products. Preservation can also be
carried out by applying antibacterial activity of salt
and smoke components. Pre-treatment methods have
not only preservation options, but also provide better
sensorial properties of products.

Salting is one of the traditional preservation
processes, when salt works as preservative that
penetrates the tissue. Salt separates water from fish
and replaces it with salt. Thus, water concentration in
fish decreases. During salting, water activity a can
reach 0.8 to 0.7. (Many pathogenic organisms cannot
survive these conditions. Salting protected chub
mackerel from oxidation (Sampels, 2015a). Replacing
NaCl to KCl as well as the addition of ascorbic acid to
the brine solution decreased lipid oxidation in salted
mackerel. Replacing sodium with potassium about
25% can reduce amount of sodium in human dietary,
but sodium and potassium have similar properties.
If the amount is more than 25%, it makes a bitter
taste. The uptake of salt into fish muscle depends on
salting procedure, salt concentration used in brine,
fish species, size, thickness. Protein loss depends
also on the salt content (Sampels, 2015a). The size,
thickness of the fish, with or without skin and scales,
if fish is or not in rigor mortis, the freshness of fish it
all affects the ripening process. The ripening of salted
fish is a biochemical process, where enzymes cause

degradation of fish muscle compounds. If pH increases,
the quality of fish decreases (Bonoco & Kurt Kaya,
2018). Salting preserves fish from decomposition and
minimize oxidation of the lipids. It reduces moisture
in fish muscle. During salting characteristic flavour
and texture of finished products are developed.

Brine concentration and brining time affected the
texture development. There is little information about
salt concentration effect on the shelf life of smoked
fish (Yanar, Celik, & Akamca, 2006). The flavour,
odour and texture changed during the storage at rates
depending on the storage temperature. The higher salt
concentrations prevented some growth of halophiles.
Storage in lower temperature with higher salt
concentration increased shelf life of brined anchovies
(Karagam, Kutlu, & Kose, 2002). The highest water
content in canned catfish was in 3% brine solution.
That means that the use of different brine concentration
of solution has an effect on nutrient values (Herawati
etal., 2016).

Marinating preserves fish  through the
simultaneous action of salt and organic acids.
Marinating is used to tenderize, change textural and
structural properties of raw material. It increases ionic
strength and decreases the pH, it also makes tender
texture, better structural properties and changes the
taste (Caglak, 2015). Salt and acids diffuse into the fish
muscle, denature the protein and lower the pH value
and activating the lysosomal cathepsins, which makes
typical flavour. Texture is very important quality
parameter. Low pH induced protein denaturation
and makes harder texture (Serdaroglu et al., 2015).
Marinating improves flavour and textural properties,
it slows down the bacterial and enzyme activity and
provides taste, tenderness, textural and structural
changes. In marinating process relative amounts of
fat, protein, ash increases, because of water loss by
penetration of salt into meat. Containing 10% NaCl
and 4% acetic acid can extend the shelf life of the
product in refrigerated storage conditions (Pop &
Frunza, 2015).

Application of salting or brining prior to smoking
improves functional properties. Toughness and
hardness are important textural attributes, and they
depend on the connective tissue containing collagen,
which is responsible for tensile strength and the
myofibrils consisting of myosin and actin (Burgaard,
2010). Dhanapal et al. (2013) advised fish dipped
in 10% salt concentration for 60 min were found
improving the colour and textural quality based on
sensory evaluation. Fish brined with 8—10% salt about
an hour was sufficient to remove slime and harden
the fish flesh. Brining 15 min in salt solution makes
1.1-1.6% as NaCl in finished product. Adding 25%
calcium chloride to 75% NaCl for 3 hour provides a
proper firm texture to the meat (Zakipour Rahimabadi
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& Faralizadeh, 2016). Cooked fish usually tend to
become soft in texture comparing with raw fish,
because the heat induces the conversion of collagen to
gelatin in fish flesh, and darkening of the fish muscle
because of Maillard reaction (Dhanapal et al., 2013).
Processing conditions

Smoking creates new products with specific
sensorial characteristics and texture. Already in ancient
times smoking was used as a fish preservation method,
which added not only specific flavour and colour to
the product, but also it made smoke compounds work
as antimicrobial agents (Tahsin er al., 2017). It is
critical to understand the changes occurring in the fish,
because it may reduce the quality in processing.

Hot smoking is carried out in several stages, when
the temperature is increased from 40 till 100 °C, while
in the product it reaches at least 85 °C. The content
of polycyclic aromatic hydrocarbons (PAH) depends
on temperature of smoke generation (Stotyhwo &
Sikorski, 2005). The smoking itself also has a drying
effect, and it decreases the water activity and increases
inhibition of bacterial growth. Combination of liquid
smoke with traditional smoke inhibited lipid oxidation
(Sampels, 2015a).

Over 400 compounds identified in wood smoke,
so far 40 acids, 22 alcohols, 131 carbonyls, 22 esters,
46 furans, 16 lactones and 75 phenols. Wood smoke
contains also about 61 compounds of PAH (Stolyhwo
& Sikorski, 2005). According to the report of the
European Food Safety Authority (EFSA) beech (Fagus
sylvatica) wood is the most common wood used for
smoking food. All smoke compounds arise during the
pyrolysis of the wood compounds, and are responsible
for preservation and antimicrobial effect of the smoke.
The typical smoke flavour is mainly related to the
phenolic compounds in the smoke. The most active
wood smoke compounds in traditional smoking are
pyrogallol, resorcinol, 4-methylguaiacol, less active
is syringol, guaiacol (Stolyhwo, Kotodziejska, &
Sikorski, 2006). In liquid smoke, traditional compounds
in smoke are syringol and cresols that give cold smoke
sensory attributes. The content of syringol in hardwood
smoke is higher than the content of guaiacol due to the
different structure of lignin in hardwood and softwood
(Hitzel et al., 2014). Toledo (2008) observed that some
of phenols in smoke are similar to spices, eugenol like
cinnamon, pepper, and nutmeg. The flavour of smoke
components depends on concentration. Lingbeck
et al. (2014) found the amount of phenols in liquid
smoke condensates is about 9.9 till 11.1 mg mL".
Recommended amount to use liquid smoke varies from
0.4% till 4%. But smoke compounds depend on smoke
generation (kind of wood, wood moisture, temperature,
air quantity) (Sérot ef al., 2009).

Smoking increases shelf life of fish due to
dehydration; it has antimicrobial and antioxidant

effects from the smoke components such as
formaldehyde, phenols and carboxylic acids.
Stotyhwo, Kotodziejska, & Sikorski, (2006) found
out that due to phenols ring structure with conjugated
double bonds, which are able to build stable radicals,
the phenolic smoke compounds have antioxidative
effects, but that effect has an influence from the extent
of water loss in smoking process.

The smoking decreased the content of saturated
fatty acids and increased content of PUFA. The
higher PUFAs content can be explained by the fact
that saturated fatty acids and mono unsaturated fatty
acids are largely represented in neutral lipids and are
more prone to migration from processing (Zakipour
Rahimabadi & Faralizadeh, 2016). Stotyhwo,
Kotodziejska, & Sikorski, (2006) found out that by
using liquid smoke the values of peroxide and TBA
are lower than in traditional methods. Dry salting with
addition of sugar before immersion in a liquid smoke
makes product with lower oxidation, lower hardness,
elasticity value (Sampels, 2015a).

After smoking the amount of most important
amino acids, glycine and alanine were reduced, but
glutamic acid gave fish umami taste (Swastawati et
al., 2016).

Texture is also one of the important properties of
thermally processed food. Heating decreased water
holding capacity of the muscle which resulted in loss
of the muscle tenderness (Dhanapal ef al., 2013).

Colouris formed when smoke and food components
react chemically at the elevated temperature and
the combination of cold staining and heat induced
Maillard reactions take place. Maillard and Strecker
aldehydes are largely responsible for colour in smoked
fish. Colour varies from golden yellow to dark brown
according to the nature of the wood and intensity
of smoking process (Varlet, Prost, & Serot, 2007).
Toledo (2008) researched, when the product is heated,
the carbonyl compounds react with the proteins in a
Maillard reaction to produce the brown colour. Cold
smoked products do not change colour, because
there are not enough phenols to produce a stain and
the Maillard reaction does not proceed far enough to
develop the colour (Toledo, 2008).

Liquid smoke is one of the methods, which is
becoming popular nowadays. Liquid smoke is easy to
apply and easy to control (Swastawati et al., 2012).
For the use of liquid smoke, simple equipment is
required, and concentration of smoke compounds is
controlled. The best use is from 1% till 5%. Liquid
smoke has not only bactericidal, but also bacteriostatic
effect, and together they act as synergic preservative.
It can inhibit all pathogenic bacteria (i.e. Escherichia
coli, Listeria  monocytogenes,  Staphylococcus
aureus). As sprats belong to the Clupeidae family
fish, there is naturally occurring histidine in fish flesh.
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Fish meat contains very little connective tissue and
high natural cathepsin enzyme, so it is very easy to
be digested by that autolysis enzyme, which makes
softer the meat and makes it a good source for the
growth of microorganisms — pathogenic bacteria
and histamine-forming bacteria. Total bacteria count
should not exceed 5 x 10° CFU g (Dien, Montolalu,
& Berhimpon, 2019). The application of liquid
smoke lowers pH (5.56—5.58), which is caused by
organic acids of condensation in smoking process
(Dien, Montolalu, & Berhimpon, 2019). The use
of liquid smoke produces high quality smoked fish
products, less moisture content, and lower salt, and
microbiological parameters are better compared to the
traditionally smoked fish products.

Conclusions

Raw material quality and its storage conditions
are the important parameters for the smoked fish
quality. Better raw fish quality can be provided,
when reaching low storage temperature as fast as
possible after catching. The selection of proper pre-
treatment methods and technology can provide and
ensure constant quality. Smoking conditions have a
significant influence on the shelf life of product, and
make changes in volatile compounds, and provide
better sensory parameters and texture. Therefore,
systematic research of factors and their combinations
is necessary in order to achieve stable quality of
smoked sprats (Sprattus sprattus balticus) from the
Baltic sea.
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Seasonal Variations in Baltic Sprat (Sprattus sprattus balticus)
Chemical Composition and Their Impact on
Smoked Sprat Quality
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This study aimed to evaluate the chemical composition of Baltic sprats throughout the fishing season (November-March)
while examining the texture and color of smoked sprats produced after that. Smoked sprats were produced from fresh fish
and fish from the same batches after one year of frozen storage and thawing. The protein content in raw sprats remained
stable with lysine and leucine exhibiting the highest content among essential amino acids. The lipid content showed an
inverse correlation with moisture content during fishing season. Throughout the fishing season, there was a notable reduc-
tion in fatty acid content, particularly in n3 fatty acids. The lowest values of atherogenicity and thrombogenicity indexes were
recorded in the autumn sprats, while the hypocholesterolemic to hypercholesterolemic fatty acid ratio was the highest in this
fish, indicating its higher nutritional value. The moisture content increased from 62.4 g/100 g in the fish from the autumn
catch to 70.0 g/100 g in those from the spring; thereby, impacting the physical properties of smoked sprats such as texture,
color, and pH. The observed decrease in hardness, as well as reduced redness and yellowness of smoked fish sourced from
the spring catches was likely attributed to the higher moisture content. Smoked sprats produced from frozen sprats exhibited

lower hardness and slightly darker color.

Keywords: color, seasonality, sprat, texture

ABBREVIATIONS

DL, drying loss; HH, hypocholesterolemic to hypercholesterolem-
ic fatty acid ratio; IA, index of atherogenicity; IT, index of throm-
bogenicity; MUFA, monounsaturated fatty acids; PUFA, polyun-
saturated fatty acids; SFA, saturated fatty acids; SL, smoking loss.

INTRODUCTION

Fish represents a vital source of nutrients essential for maintaining
human health. Numerous scientific studies highlight the ben-
eficial impact of fish consumption on various aspects of human
well-being, particularly in cardiovascular disease prevention
[Milicevi¢etal,2022; Shalinietal, 2021]. Among the range of fish

products, smoked fish holds a prominent position due to its
traditional appeal and widespread popularity. The quality of raw
sprats is the primary factor affecting the quality of the smoked
product. However, it is well-established that the quality of fish,
particularly within the fishing season, is subject to fluctuations
influenced not only by the inherent quality of the raw material
butalso by factors such as the method of catch and storage con-
ditions preceding further processing [Sabu & Sasidharan, 2020].

Typically, in the Baltic Sea, the sprat fishing season starts
in September or October and ends in April or May. Fish flesh
quality parameters are influenced by seasonality, sex, age, size,
skin properties, and geographical location, all contributing to
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changesinitslipids and proteins [Abbas et al,, 2008]. In the spring,
the Baltic sprat lipid content is low, but in the autumn (October,
November), it reaches its highest level. The lipid and moisture
contents influence texture, while protein content remains stable
throughout the fishing season, although amino acid composition
varies [Usydus et al, 2012].

To ensure a year-round supply of raw material, sprats are
frozen, but it is essential to maintain the stability of the nutri-
tional composition in fish during freezing and storage. Freezing
is a preservation method that ensures longer shelf-life of fish but
causes structural damage to muscle cells, leading to changes
in meat quality. Before use, frozen fish needs to be thawed,
which alters its sensory attributes and nutritional value [Trigo
etal, 2018]. Proper thawing aims to minimize quality changes,
but impacts texture, moisture loss, and microbiological activity
[Yang et al, 2019]. The pH of fresh fish or thawed fish is close
to neutral. Babikova et al. [2020] reported a positive correlation
between pH, moisture content, and textural properties. The pH
is also responsible for changes in fish color. The main physical
changes which occurin fish upon processing are those observed
in texture and color, which are the main factors influencing
consumer acceptance [Abraha et al,, 2018].

While extensive literature exists regarding Atlantic fish
and their processing techniques [Dawson et al., 2018; Fernandes
etal,2024; Jiang et al, 2024], including smoking and quality en-
hancement methods [Glngoren etal, 2023; Liu et al, 2023; Sutik-
no etal., 2019] and similar research on sardines and their practical
applications [Scheuer et al., 2024; Serdaroglu et al., 2015], there is
a dearth of data concerning Baltic sprats — a staple in many parts
of Europe — and the seasonal variations in their quality. Sparse
are also investigations on applying prior processing techniques
tofresh and frozen fish forimprovement of the production yield
by mitigating smoking losses and minimizing drying in storage
chambers while enhancing quality indicators such as texture,
color, pH, sensory attributes, and microbiological safety.

In light of these gaps in knowledge, this study aimed to
evaluate the chemical composition of Baltic sprats through-
out the fishing season, while examining the texture and color
of smoked sprats produced thereafter. Smoked sprats were
produced from fresh fish and fish from the same batches after
one year of frozen storage and thawing.

MATERIALS AND METHODS

= Fish collection and processing

Fresh Baltic Sea sprats caught during the fishing season from
November to March 2020 in the Baltic Sea FAO27, I1.d.28.2 us-
ing a trawl were used in the present study. The fresh fish were
transported to the producing company within 48 h, and the in-
ternal temperature of the fish was maintained at 2+2°C. The fish
belonged to freshness category A and size category 1 for sprats
described in Council Regulation (EC) No. 2406/96 [EC Regula-
tion, 1996]. Sprats were stored until processing in a container
covered with ice (in a proportion of fish to ice of 1:3) at 2+2°C
in a refrigerated room. Fish from the same batches were fro-
zen and packed in plastic bags, then placed inside cardboard
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boxes. To produce frozen sprats, fresh sprats were sorted by size
and placed in polyethylene bags (with thickness not exceed-
ing 0.15 mm) in 10-kg portions. These bags were placed on
horizontal frames and quickly frozen at temperatures between
—-35°C and -39°C for at least 3 to 5 h using a tunnel freezer with
periodic operation. The frozen sprats were then stored for one
year at —18+2°C with a relative humidity above 85%.

Frozen sprats, packaged in blocks within plastic bags, were
thawed in a defrost chamber using water spray and hot water
steam until their internal temperature reached 2+2°C, a pro-
cess took 1 to 2 h). Both fresh and frozen sprats were smoked
in a batch-type hot smoking chamber (Reich Foodsystems,
Urbach, Germany) using beech wood chips (with moisture be-
low 15%, wood chip size 5-8 mm). Three independent batches
of 300-350 g were prepared per sample type. The main param-
eters for the hot smoking process were 35-40 min of drying
at 45 to 60°C, 10-12 min of cooking at 60 to 75°C, 2-5 min
of steaming at 75 to 77°C, 10-15 min of adding smoke at 77
to 80°C and cooling to 10°C to facilitate cutting of heads or
tails after smoking. All smoked fish samples were analyzed one
day after smoking.

®  Analysis of fresh sprats

Moisture analysis of sprats was conducted following the method
of International Organization for Standardization [ISO 1442:1997].
Briefly, a 3-g homogenized sample of fresh sprat carcass (without
the head, blended into a paste) was mixed with 9 g of pre-heated
sand. The mixture was dried at 150°C for 60 min until a constant
weight was reached. After drying, the sample was placed in a des-
iccator to cool and then weighed.

The sprat pH analysis was performed using a pH meter
(Jenway 3520, EU). To measure pH, a 1-g homogenized fish
sample was mixed with 9 g of distilled water and immediately
tested for pH.

The protein content was determined in triplicate using
the Kjeldahl method [ISO 5983-2:2009], with 2 g of the sample
analyzed on a Kjeltec 2300 automatic analyzer (Foss Analytical,
Hogands, Sweden). The protein content of sprats (g/100 g) was
calculated using a nitrogen conversion factor of 6.25.

The lipid content of the raw fish was measured in triplicate
via Soxhlet extraction using an Soxtec Avanti 2050 instrument
(Foss Analytical, Hogands, Sweden) and petroleum ether, follow-
ing a standard procedure [ISO 1443:1973].

Amino acid and fatty acid profiles were analyzed in the ac-
credited laboratory J. S. Hamilton Sp. z.0.0. (Gdynia, Poland). All
results were expressed as g/100 g of product. The fatty acid
profile was determined using gas chromatography after fatty
acid transmethylation under alkaline conditions according to
standard procedures [ISO 12966-1:2015-01;1SO 12966-2:2017-05;
ISO 12966-4:2015-07].

The ratio between the saturated fatty acids (SFA) and the un-
saturated fatty acids (UFA) was demonstrated by the index of ath-
erogenicity (IA). This index was initially established in 1991 by
Ulbricht & Southgate [1991], and can be calculated from Equa-
tion (1):
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4 xC14:0+C16:0
MUFA + PUFAN6 + PUFAN3

IA= m
where: MUFA means the sum of monounsaturated fatty acids,
PUFAn6 is the sum of n6 polyunsaturated fatty acids and PUFAN3
is the sum of n3 polyunsaturated fatty acids.

The index of thrombogenicity (IT) represents the ratio be-
tween pro-thrombogenic (SFA) and anti-thrombogenic fatty
acids (MUFA, PUFANn6, and PUFAn3), and was calculated using
Equation (2):

C140+C16:0+C180
0.5 X MUFA + 0.5 x PUFAN6 + 3 x PUFAN3 +

IT=

PUFAns @

PUFAN6

The hypocholesterolemic to hypercholesterolemic fatty acid
ratio (HH index), as detailed in the study by Chen & Liu [2020],
interprets the dynamics of cholesterol metabolism and was
calculated using Equation (3):

C18:1n9 + C18:2n6 + C18:3n3
C14:0+ C16:0
C20:5n3 4+ C22:5n3 + C22:6n3
C14:0+ C16:.0

HH =

Proteinogenic amino acid profile was analyzed as outlined
in [PB-53/HPLC ed. Il of 30.12.2008], where aspartic acid was
the sum of asparagine, aspartic acid and its salts; glutamic acid
was the sum of glutamine, glutamic acid and its salts; cysteine
was the sum of cystine and cysteine.

= Analysis of smoked sprats
Moisture content and pH of smoked sprats were evaluated ac-
cording to the same methods as applied to fresh sprats.

The smoking losses (SL) were calculated using weight (W)
in g before and after smoking, as shown in Equation (4):

Wbefore smoking — VVafter smoking

SL (%) =

x 100 4)

Whefore pretreatrnent
The drying losses (DL) are observed during smoked sprat
cooling and storage. Therefore, for the study purposes, fish after
smoking was stored in perforated plastic boxes at 2+1°C for cool-
ing. The DL was determined 24 h after smoking and calculated
according to the Equation (5):

Wbefore storage ~— VVafter storage

DL (%) =

x 100 ©)

Wbefore storage

The texture analysis was conducted using a Texture Analyzer
TX. HD Plus, equipped with the Warner-Bratzler knife blade set
(Stable Microsystems, Godalming, UK). Before analysis, each
smoked fish specimen was cut to remove the bone, resulting
in two separate pieces of smoked sprat fillet. The width of each
fillet was measured before cutting and entered into the software.
Subsequently, each fillet was placed longitudinally on the slot-
ted platform of the texture analyzer. The blade was then set to
move at a speed of 2 mm/s for a distance of 10 mm. This process
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yielded the cutting strength (measured in N/mm), indicating
the firmness of the fish. Seven measurements were performed
for each sample.

The color assessment was conducted using a ColorTec-
PCM color meter (Accuracy Microsensors Inc., Vernon Hills, IL,
USA) equipped with Color Tec-Color Soft QCW software. Color
measurements were taken on the surface of 5 to 7 smoked fish
specimens, with no more than two different locations measured
on each fish side. A total of 10 measurements were obtained,
capturing variations across the samples. In the CIEL*a*b* system,
the value L* represents lightness on a scale from 0 to 100, rang-
ing from black to white, while the value a* indicates redness
(+) or greenness (-), and the value b* reflects yellowness (+) or
blueness (-).

m  Statistical analysis

Samples underwent triplicate testing, except for color and tex-
tural parameters, which were analyzed with at least 7 repetitions.
Means and standard deviations were calculated using MS Office
Excel 2016 (Microsoft, Redmond, WA, USA) software. Analysis
of variance (ANOVA) and t-tests were conducted using XLSTAT
2020 (Addinsoft, New York, USA). Comparisons were made at
a significance level of p<0.05.To investigate the relationship be-
tween chemical compositions and fishing periods, correspond-
ence analysis (CA) was employed. Differences in categorical
variables were analyzed using the t-test (p<0.05).

RESULTS AND DISCUSSION
u  Composition of fresh Baltic sprats depending on
the season

The nutritional composition of sprats varied significantly across
individual periods of the fishing season (Table 1). This study
revealed a high moisture content in the sprats caught during
the spring, which was consistent with findings from other stud-
ies [Timberg et al,, 2011; Usydus et al., 2012], while the highest
lipid content was found in the sprats from the autumn catch
when the moisture content was the lowest. Results showed that
the protein content remained stable throughout the season. Ac-
cording to Rasul etal.[2021] the variations in fish composition are
influenced by environmental factors such as water temperature,
pH, salinity, and food availability during the season. The moisture
content varies due to osmoregulation during the migration
process. Regarding lipids, it is known that fish utilize those as
an energy source during certain periods. Additionally, changes
in fish composition are also affected by factors such as fish spe-
cies, age, size, sex, habitat, and breeding season [Chen & Liu,
2020; Jiang et al., 2024; Usydus et al., 2012].

Sprats were recognized as a source of proteins with valu-
able amino acid profile. The highest contents among essential
amino acids were found for lysine and leucine (Table 2). During
the fishing seasons, noteworthy changes occurred in content
of histidine, which decreased from 0.47 g/100 g in the autumn to
0.34 g/100 g in the spring. The highest contents were observed
for non-essential amino acids such as aspartic acid and glutamic
acid, which is consistent with the findings reported by Vazquez
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Table 1. Fresh sprat composition across the fishing season.

e s T e T

Protein content (g/100 g) 16.4+1.3°
Lipid content (g/100 g) 19.2£1.7°
Moisture (g/100 g) 624+1.2°

1494122 16.8+1.3
12.9+1.1° 1214110
69.2+1.2° 70.0+1.22

Average value (n=3) + standard deviation. Different letters in the same row show significant differences at p<0.05 (t-test).

Table 2. Amino acid content of sprats across the fishing season (g/100 g of product).

Non-essential amino acids

Arginine (Arg) 0.86+0.14°
Aspartic acid (Asp) 1.36+0.22°
Cysteine (Cys) 0.11£0.02°
Glutamic acid (Glu) 2.02+0.322
Glycine (Gly) 0.73+0.122
Serine (Ser) 0.57+0.09°

Essential amino acids

Histidine (His) 047+0.08°
Isoleucine (lle) 0.58+0.09°
Leucine (Leu) 1.07£0.17°
Lysine (Lys) 1.25+0.20°
Methionine (Met) 044+0.07°
Phenylalanine (Phe) 0.57+0.09°
Threonine (Thr) 0.65+0.10°

092+0.15° 0.86+0.14°
1.16+0.19° 1.1440.18°
0.10+£0.02° 0.10+£0.02°
21340342 1.98+0.32°
076+0.12° 0.74+0.12°
057+0.06° 0.56+0.09°
038+0.06° 0344005
0.59+0.09° 0.58+0.09°
11440172 1114018
1.25+0.21° 1.24+0.20°
046+0.08 046+0.07°
0.58+0.09° 0.58+0.09°
067+0.11° 0.64+0.10°

Average value (n=3) + standard deviation. Different letters in a row show significant differences at p<0.05 (t-test).

et al. [2023]. Sprats contain a significant amount of red muscle,
which correlates with a higher content of free amino acids [Bo-
din et al, 2022]. This is influenced by pH, which in fresh sprats
is higher in the winter, resulting in reduced decarboxylation
of certain amino acids [Jadskeldinen et al,, 2023].

Throughout the fishing season, there was a notable reduc-
tion in fatty acid content, particularly in n3 fatty acids, which
exhibited a threefold decrease (Table 3, Table S1in Supplemen-
tary Materials). Specifically, total n3 fatty acids decreased from
6.3g/100 g in the autumn to 1.9 g/100 g in the spring. As high-
lighted by Merdzhanova et al. [2018], sprats, being oily fish, are
naturally rich in n3 fatty acids. The highest levels of n3 fatty acids
were determined in the sprats caught in the autumn, indicating
their elevated nutritional value during this period. This seasonal
variation can be attributed to the weakening of protein-lipid
linkages and reduction in lipid autoxidation as season progresses,
as suggested by Beltran & Moral [1991].

The primary fatty acids in sprats predominantly consist
of n3 fatty acids, a finding consistent with previous research
[Scheuer et al., 2024]. In autumn, the fatty acid composition
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follows the pattern PUFA > MUFA >SFA. By spring, this pat-
tern shifts, with MUFA becoming dominant followed by SFA
and PUFA. This seasonal variation differed from the findings
reported by Merdzhanova et al. [2018], but may be explained
by changes in the sprat diet during spring, particularly a lower
intake of lipids and a higher MUFA content. This suggests a re-
duced presence of cold-water copepods, which are typically
part of the sprat diet in colder months. The seasonal changes
in fatty acid composition were further confirmed by Jiang et
al. [2024], reinforcing the idea that diet and environmental
factors significantly influence the nutritional profile of sprats
throughout the fishing season.

The plot diagram (Figure 1) illustrating the association be-
tween the analyzed periods of the fishing season and chemical
composition shows that 97.87% of the variability was attributed
to factor 1 (F1), while 2.13% was attributed to factor 2 (F2).
Moisture and n3 fatty acid contents were the most important
contributors to F1, each with a contribution of 0.252. In turn,
protein content was the most significant contributor to F2, with
a contribution of 0.522. The correspondence analysis indicates
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Table 3. Fatty acid groups in sprats across the fishing season (g/100 g of product).

S N E R NN

Total saturated fatty acids (SFA) 49+0.6° 3.2+04° 23+03°¢
Total monounsaturated fatty acids (MUFA) 6.6+0.9° 46+0.6° 3.6+0.5¢
Total polyunsaturated fatty acids (PUFA) 70+09° 3.6+0.5° 22+0.3¢
Total n3 fatty acids 6.3+0.8 3.1£04° 1.940.2¢
Total né fatty acids 0.7£0.1° 04+0.1° 0.3+0.1°
Total n9 fatty acids 4.9+0.6° 3.5+0.5° 2.8+04¢
Average value (n=3) + standard deviation. Different letters in a row show significant differences at p<0.05 (t-test).
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Figure 1. Correspondence analysis (CA) plot using chemical compositions and periods across the fishing season, including autumn (1), winter (2), and spring (3).

alinear relationship between moisture and lipid contents. Winter
and spring fish were more similar in their chemical composition
profiles, whereas the autumn fish showed more pronounced
differences.

The nutritional value of fish is often assessed based on
the PUFA/SFA ratio, which demonstrates the balance between
polyunsaturated and saturated fatty acids. For sprats, this ratio
ranged from 1.42 to 0.95 towards the end of the fishing season,
while for other fish species, it varies from 0.5 to 1.62 [Chen &
Liu, 2020]. The IA, which indicates the relationship between
saturated and unsaturated fatty acids, increased from 0.43 to
0.66 during the whole fishing season (Table 4). Its lower value
suggests a healthier lipid profile, implicated in a reduced risk
of heart disease development. In turn, the IT of the sprats ranged
from 0.14t0 0.21.This index, reflects the ratio between saturated
fatty acids and the combined amount of monounsaturated
fatty acids, n6, and n3 fatty acids. Lower IT values are associated

403

with a reduced risk of cardiovascular problems due to reduced
proportion of saturated fatty acids, which may increase the risk
of clot formation. tuczyniska et al. [2017] determined its values at
0.70 for herring and 0.31 for carp, with a range of 0.14 to 0.87 for
most fish species. Furthermore, the HH index, which character-
izes cholesterol metabolism, fluctuated throughout the fishing
season (Table 4). Its higher value indicates a lipid profile that is
more beneficial for lowering cholesterol levels, thus promoting
better cardiovascular health.

The lowest values of atherogenicity and thrombogenicity
indices were recorded in the autumn sprats, while the HH
index was the highest in this season, indicating a higher nu-
tritional value of the sprats. According to Chen & Liu [2020],
IAand IT are the most commonly used to assess the composi-
tion of fatty acids. However, while these indices can be useful
for comparing foods, no specific recommended values have
been developed.
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Table 4. Nutritional indices of sprats across the fishing season.

Index of atherogenicity (IA) 0.43+0.04° 048+0.03° 0.66+0.03°

Index of thrombogenicity (IT) 0.14+0.04¢ 0.15+0.02° 0.21+0.022

Hypocholesterolemic to hypercholesterolemic fatty acid

a b a
ratio (HH) 2.52+0.02 2.44+0.02 2.50+0.02

Average value (n=3) + standard deviation. Different letters in a row show significant differences at p<0.05 (t-test).

Table 5. The pH of raw sprats and physicochemical characteristics of smoked sprats across the fishing season.

pH of raw sprats 6.70+0.02° 6.24+0.02¢ 6.98+0.02° 6.50+0.03% 6.93+0.06° 6.15£0.01¢
pH of smoked sprats 7010012 6.48+0.07° 7.06+0.05° 6.70+0.17° 7.12+0.02° 6.52+008°
Moisture of smoked sprats (g/100 g) 62.4+0.01¢ 62.5+0.05¢ 65.0+0.03° 61.6+0.05¢ 67.50+0.03° 62.20+0.02°
Smoking losses (%) 29.57+0.06° 22.30+0.03¢ 25.90+0.04° 17.30+£0.03¢ 22.10£0.02° 17.30+£0.04¢
Drying losses (%) 1.60+0.06° 1.04£0.10¢ 1.55£0.13° 1.1940.04 1.77£0.03° 1.44+0.05°

Average value (n=3) + standard deviation. Different letters in a row show significant differences at p<0.05 (t-test).

= Physiochemical characteristics of smoked sprats The color values L*, a* and b* determined for the smoked
Similar to fresh fish, the significantly higher moisture content sprats changed throughout the fishing season, indicating differ-
was determined in smoked sprats produced from the fish ences in the product made from fresh or frozen fish (Figure 2).
caught during the spring season and the highest lipid con- When comparing smoked sprats produced from fresh vs. frozen
tent in those from the autumn catch fish, when the moisture sources, distinct differences in redness (a*) and yellowness
content was the lowest (Table 5). However, smoked sprats (b*) were evident. The color of the fish changes during heat
produced from frozen fish did not exhibit the same pattern. treatment, primarily influenced by the non-enzymatic Mail-
Reduced moisture content was observed in the smoked sprats lard reaction [Liu et al, 2022]. During heat treatment, protein
produced from frozen winter and especially frozen spring fish reduces the porosity in the product’s structure and increases
compared to those produced from fresh fish. This difference opacity, thereby enhancing light reflection. It is well known that
may be related to the higher moisture content and distinctive opacity increases when myosin and actin denature [Valentim
water distribution patterns in raw fish tissue [Loje et al., 20071, et al, 2024]. Smoking significantly decreases lightness and in-
coupled with increased tissue damage induced by ice crystals creases yellowness but has less impact on redness [Astruc et al,,
[Martinez et al.,, 2012; Ruiz-Alonso et al., 2021]. Our study results 2022]. The yellowness and redness were observed to be lower
indicate that a higher moisture loss occurred during freezing, in smoked spring fish, likely due to the lower lipid content
subsequent frozen storage, and thawing in the sprat samples in raw fish, which may correlate with a reduced concentration
with a higher initial moisture content. This resulted in lower of fat-soluble pigments [Nie et al, 2011]. Significantly lower
smoking and drying losses in these samples compared to their redness was also found for Atlantic mackerel when comparing
fresh counterparts (Table 5). fresh and frozen fillets [Fernandes et al., 2024]. When compar-
The pH of sprats was affected by both frozen storage ing fresh and frozen sprats, the color changes as the sprats
and smoking. Following one year of frozen storage, a decrease are frozen and during storage, pigments from fish surface are
in pH was noted, with the most significant decline observed released from tissues and begin oxidation, causing the sprat
in the sprats caught in the spring season (Table 5). Conversely, tissue to darken and fade.
smoking led to an increase in the pH of the sprats compared to The smoked sprats produced from fresh sprats caught
that of raw fish. The impact of analyzed periods of the fishing in the autumn exhibited higher hardness, measuring 0.99 N/mm,
season was evident in the moisture content of the smoked fish, in contrast to those produced from fresh spring catch fish,
as well as in smoking and drying losses. In production, smok- for which 0.49 N/mm was recorded (Figure 3). Throughout
ing losses typically range from 35% to 50%. The results below the fishing season, texture parameters decreased by at least
30% are considered excellent, while losses exceeding 50% are two times. Likewise, smoked sprats manufactured from frozen
deemed unacceptable. sprats demonstrated a decrease in hardness across the seasons.
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Figure 2. Color values determined for smoked sprats produced from fresh or frozen sprats: (A) lightness value, L*; (B) redness value, a*; (C) yellowness value, b*.
Bars show average value (n=7). Error bars represent standard deviation. Different letters above/below bars show significant differences p<0.05 (t-test).
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At the beginning of the fishing season, the hardness was at
0.77 N/mm, whereas by the fishing season’s end, it decreased
t0 0.36 N/mm.

Our study results suggest that smoked sprats produced from
the fresh autumn fish exhibited the highest texture values. Tex-
ture characteristics may be related to moisture and lipid content;
as excessive lipid content can lead to decreased muscle strength
[Jiang et al,, 2024]. Changes in hardness can result from muscle
shear resistance, protein extraction capacity, solubility, and vis-
cosity changes during frozen storage [Xie et al, 2023]. Conversely,
the reduced hardness observed in smoked sprats manufactured
from the spring catch may be attributed to the higher moisture
content in raw sprats. This increase in moisture could lead to
adecrease in water-holding capacity due to protein denaturation
and aggregation caused by ice crystals [Martinezet al, 2010]. To
address thisissue, various strategies can be employed to improve
the water-holding capacity, such as salting and brining before
smoking, which should be further investigated.

CONCLUSIONS

Baltic sprats are nutrient-rich fish, consistently high in protein
throughout the fishing season. However, their lipid content
undergoes significant changes over the season, significantly
decreasing from autumn to spring. Autumn-caught sprats
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showed the highest n3 levels and the most favorable lipid pro-
file, suggesting greater nutritional value during this period. In
spring, the moisture contentincreased, which affected the physi-
cal characteristics of smoked sprats, including texture, color,
and pH. The reduced hardness, along with reduced redness
and yellowness in smoked sprats produced from the fish caught
in the spring was likely a result of the increased moisture con-
tent. To ensure consistent quality in smoked sprats year-round,
future research should focus on strategies to enhance the quality
of spring catches.

SUPPLEMENTARY MATERIALS

The following are available online at https://journal.pan.olsz-
tyn.pl/Seasonal-Variations-in-Baltic-Sprat-Sprattus-sprat-
tus-balticus-Chemical-Composition,195389,0,2.html; Table
S1. Fatty acid profile in Baltic sprats across the fishing season
(9/100 g of product).

RESEARCH FUNDING
The research was financially supported by Latvia University of Life
Sciences and Technologies (project Z43).

CONFLICT OF INTERESTS
The authors have no conflict of interest to declare.


https://journal.pan.olsztyn.pl/Seasonal-Variations-in-Baltic-Sprat-Sprattus-sprattus-balticus-Chemical-Composition,195389,0,2.html
https://journal.pan.olsztyn.pl/Seasonal-Variations-in-Baltic-Sprat-Sprattus-sprattus-balticus-Chemical-Composition,195389,0,2.html
https://journal.pan.olsztyn.pl/Seasonal-Variations-in-Baltic-Sprat-Sprattus-sprattus-balticus-Chemical-Composition,195389,0,2.html

Pol. J. Food Nutr. Sci., 2024, 74(4), 399-407

ORCID IDs

R. Galoburda https://orcid.org/0000-0002-5804-516X
S.Puke https://orcid.org/0000-0003-1420-4760
REFERENCES

1.

Abbas, KA, Mohamed, A, Jamilah, B., Ebrahimian, M. (2008). A review on
correlations between fish freshness and pH during cold storage. American
Journal of Biochemistry and Biotechnology, 4(4), 416-421.
https://doi.org/10.3844/ajbbsp.2008.416.421

Abraha, B, Admassu, H, Mahmud, A, Tsighe, N., Shui, X. W, Fang, Y. (2018). Ef-
fect of processing methods on nutritional and physico-chemical composition
of fish: a review. MOJ Food Processing & Technology, 6(4), 376-382.
https://doi.org/10.15406/mojfpt.2018.06.00191

Astruc, T, Vénien, A, Clerjon, S, Favier, R, Loison, O., Mirade, PS., Portanguen,
S. Rouel, J, Lethiec, M., Germond, A. (2022). Effect of dry salt versus brine
injection plus dry salt on the physicochemical characteristics of smoked
salmon after filleting. Heliyon, 8(11), art. no. e11245.
https://doi.org/10.1016/j.heliyon.2022.e11245

Babikova, J, Hoeche, U., Boyd, J, Noci, F. (2020). Nutritional, physical, microbio-
logical, and sensory properties of marinated Irish sprat. International Journal
of Gastronomy and Food Science, 22, art. no. 100277.
https://doi.org/10.1016/j.ijgfs.2020.100277

Beltran, A, Moral, A. (1991). Changes in fatty acid composition of fresh
and frozen sardine (Sardina pilchardus W.) during smoking. Food Chemistry,
42(1),99-109.

https://doi.org/10.1016/0308-8146(91)90010-L

Bodin, N., Amiel, A, Fouché, E, Sardenne, F, Chassot, E., Debrauwer, L.,
Guillou, H., Tremblay-Franco, M., Canlet, C. (2022). NMR-based metabolic
profiling and discrimination of wild tropical tunas by species, size category,
geographic origin, and on-board storage condition. Food Chemistry, 371,
art. no. 131094. DOI:

https://doi.org/10.1016/j.foodchem.2021.131094

Chen, J, Liu, H. (2020). Nutritional indices for assessing fatty acids: A mini-
review. International Journal of Molecular Sciences, 21(16), art. no. 5695.
https://doi.org/10.3390/ijms21165695

Dawson, P, Al-Jeddawi, W, Remington, N. (2018). Effect of freezing on the shelf
life of salmon. International Journal of Food Science, 2018, 12, art.no. 1686121.
https://doi.org/10.1155/2018/1686121

EC Regulation No 2406/96. Council Regulation (EC) No 2406/96 of 26 No-
vember 1996 laying down common marketing standards for certain fishery
products. Official Journal of the European Communities, 23.12.96, No L 334/1.
Fernandes, CM., Sveinsdéttir, H.l, Témasson, T, Arason, S., Gudjénsdottir, M.
(2024). Impact of frozen storage on quality and cold storage stability of smoked
deep-skinned fillets from well-fed Atlantic mackerel. Journal of Food Composi-
tion and Analysis, 125, art. no. 105771.
https://doi.org/10.1016/j.jfca.2023.105771

Glngdren, A, Patir, B, Ozpolat, E. (2023). The effect of propolis application on
quality properties of vacuum-packed hot smoked rainbow trout (Oncorhyn-
chus Mykiss, Walbaum 1792) fillets during cold storage. LWT — Food Science
and Technology, 184, art. no. 115084.
https://doi.org/10.1016/j.lwt.2023.115084

ISO 1442:1997. Meat and meat products — Determination of moisture con-
tent (Reference method). The International Organization for Standardization.
ISO 1443:1973. Meat and meat products — Determination of total fat content.
The International Organization for Standardization.

1SO 5983-2:2009. Animal feeding stuffs — Determination of nitrogen content
and calculation of crude protein content. The International Organization for
Standardization.

ISO 12966-1:2015-01. Animal and vegetable fats and oils — Gas chroma-
tography of fatty acid methyl esters. Part 1: Guidelines on modern gas
chromatography of fatty acid methyl esters. The International Organization
for Standardization.

1SO 12966-2:2017. Animal and vegetable fats and oils — Gas chromatography
of fatty acid methyl esters. Part 2: Preparation of methyl esters of fatty acids.
The International Organization for Standardization.

ISO 12966-4:2015. Animal and vegetable fats and oils — Gas chromatography
of fatty acid methyl esters Part 4: Determination by capillary gas chromatog-
raphy. The International Organization for Standardization.

Jaéskeldinen, E, Sdde, E., Ronkko, T, Hultman, J,, Johansson, P, Riekkola, M.L.,
Bjorkroth, J. (2023). Marination increased tyramine levels in rainbow trout
fillet strips packaged under modified atmosphere. Food Microbiology, 109,
art. no. 104099.

https://doi.org/10.1016/j.fm.2022.104099

Jiang, Q, Chen, H, Gao, P, Yu, P, Yang, F, Wang, L., Xia, W. (2024). Seasonal
variations in the channel catfish (Ictalurus punctatus): Nutritional composi-
tion, texture, and physicochemical properties of myofibrillar protein. Food
Bioscience, 59, art. no. 104034.
https://doi.org/10.1016/j.fbio.2024.104034

406

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Liu, L., Jiao, W, Xu, H., Zheng, J, Zhang, Y., Nan, H.,, Huang, W. (2023). Effect
of rapid freezing technology on quality changes of freshwater fish during
frozen storage. LWT - Food Science and Technology, 189, art. no. 115520.
https://doi.org/10.1016/j.Iwt.2023.115520

Liy, S, Sun, H, Ma, G, Zhang, T, Wang, L, Pei, H, Li, X, Gao, L. (2022). Insights
into flavor and key influencing factors of Maillard reaction products: A recent
update. Frontiers in Nutrition, 9, art. no. 973677.
https://doi.org/10.3389/fnut.2022.973677

Loje, H., Jensen, KN, Hyldig, G., Nielsen, N.H., Nielsen, J. (2007). Changes
in liquid holding capacity, water distribution and microstructure during
chill storage of smoked salmon. Journal of the Science of Food and Agriculture,
87(14), 2684-2691.

https://doi.org/10.1002/jsfa.3031

tuczynska, J., Paszczyk, B, Nowosad, J., tuczyrski, M.J. (2017). Mercury,
fatty acids content and lipid quality indexes in muscles of freshwater
and marine fish on the polish market. Risk assessment of fish consump-
tion. International Journal of Environmental Research and Public Health,
14(10), art. no. 1120.

https://doi.org/10.3390/ijerph14101120

Martinez, O, Salmeron, J., Guillén, M.D., Casas, C. (2010). Effect of freezing
on the physicochemical, textural and sensorial characteristics of salmon
(Salmo salar) smoked with a liquid smoke flavouring. LWT - Food Science
and Technology, 43(6), 910-918.
https://doi.org/10.1016/j.lwt.2010.01.026

Martinez, O, Salmerén, J, Guillén, M.D, Pin, C, Casas, C. (2012). Physicochemi-
cal, sensorial and textural characteristics of liquid-smoked salmon (Salmo
salar) as affected by salting treatment and sugar addition. International
Journal of Food Science and Technology, 47(5), 1086-1096.
https://doi.org/10.1111/j.1365-2621.2012.02945.x

Merdzhanova, A., Dobreva, D.A,, Panayotova, V. (2018). The comparison
of proximate composition, fatty acids and fat- soluble vitamins content
of the black sea sprat (Sprattus Sprattus) during catching seasons. Annals
Food Science and Technology, 19(2), 191-19.

Mili¢evi¢, T, Romani¢, S.H., Popovi¢, A, Musta¢, B., Binovi¢-Stojanovi¢, J.,
Jovanovi¢, G, Reli¢, D. (2022). Human health risks and benefits assessment
based on OCPs, PCBs, toxic elements and fatty acids in the pelagic fish species
from the Adriatic Sea. Chemosphere, 287(Part 1), art. no. 132068.
https://doi.org/10.1016/j.chemosphere.2021.132068

Nie, X.P, Zie, J, Haubner, N, Tallmark, B., Snoeijs, P. (2011). Why Baltic herring
and sprat are weak conduits for astaxanthin from zooplankton to piscivorous
fish. Limnology and Oceanography, 56(3), 1155-1167.
https://doi.org/10.4319/10.2011.56.3.1155

PB-53/HPLC ed. Il of 30.12.2008. Agriculture products. Amino acids profile.
High performance liquid chromatography method with spectrophotometric
detection (HPLC-UV/Vis) and diode array detection (HPLC-DAD).

Rasul, M., Jahan, I, Yuan, C, Sarkar, M., Bapary, M., Baten, M,, Shah, A. (2021).
Seasonal variation of nutritional constituents of some freshwater and marine
fishes of South Asian Countries: A critical review. Fundamental and Applied
Agriculture, 6(2), 193-209.

https://doi.org/10.5455/faa.65131

Ruiz-Alonso, S.A,, Girén-Hernandez, L.J., Lépez-Vargas, J.H., Muhoz-Ramirez,
AP, Simal-Gandara, J. (2021). Optimizing salting and smoking conditions for
the production and preservation of smoked-flavoured tilapia fillets. LWT -
Food Science and Technology, 138, art. no. 110733.
https://doi.org/10.1016/j.Iwt.2020.110733

Sabu, S, Sasidharan, A. (2020). Impact of fishing on freshness and quality
of seafood: A review. International Journal of Fisheries and Aquatic Studies,
8(2),193-198.

Scheuer, F, Sterzelecki, F.C,, Wagner, R, Xavier, A.C, de Souza, M.P, Brasil, EM,,
Fracalossi, D., Cerqueira, V.R. (2024). Proximate and fatty acids composition
in the muscle of wild and farmed sardine (Sardinella brasiliensis). Food Chem-
istry Advances, 4, art. no. 100637.
https://doi.org/10.1016/j.focha.2024.100637

Serdaroglu, M., Baris, P, Urgu, M., Doostifard, E., Yildiz-Turp, G. (2015). Quality
changes of sardine fillets marinated with vinegar, grapefruit and pomegran-
ate marinades. Electronic Journal of Polish Agricultural Universities. Series Food
Science and Technology, 18(4), art. no. 09.

Shalini, R, Jeyasekaran, G., Shakila, RJ, Sundhar, S., Arisekar, U., Jawahar, P,
Aanand, S, Sivaraman, B, Malini, AH., Surya, T. (2021). Dietary intake of trace
elements from commercially important fish and shellfish of Thoothukudi
along the southeast coast of India and implications for human health risk
assessment. Marine Pollution Bulletin, 173(Part A), art. no. 113020.
https://doi.org/10.1016/j.marpolbul.2021.113020

Sutikno, LA, Bashir, KM.I, Kim, H., Park, Y, Won, N.E., An, JH., Jeon, JH., Yoon,
S.J, Park, SM,, Sohn, JH,, Kim, J.S., Choi, J.S. (2019). Improvement in physico-
chemical, microbial, and sensory properties of common squid (Todarodes
pacificus Steenstrup) by superheated steam roasting in combination with
smoking treatment. Journal of Food Quality, 2019, art. no. 8721725.
https://doi.org/10.1155/2019/8721725


https://orcid.org/0000-0002-5804-516X
https://orcid.org/0000-0003-1420-4760
https://doi.org/10.3844/ajbbsp.2008.416.421
https://doi.org/10.3844/ajbbsp.2008.416.421
https://doi.org/10.15406/mojfpt.2018.06.00191
https://doi.org/10.15406/mojfpt.2018.06.00191
https://doi.org/10.1016/j.heliyon.2022.e11245
https://doi.org/10.1016/j.heliyon.2022.e11245
https://doi.org/10.1016/j.ijgfs.2020.100277
https://doi.org/10.1016/j.ijgfs.2020.100277
https://doi.org/10.1016/0308-8146(91)90010-L
https://doi.org/10.1016/0308-8146(91)90010-L
https://doi.org/10.1016/j.foodchem.2021.131094
https://doi.org/10.1016/j.foodchem.2021.131094
https://doi.org/10.3390/ijms21165695
https://doi.org/10.3390/ijms21165695
https://doi.org/10.1155/2018/1686121
https://doi.org/10.1155/2018/1686121
https://doi.org/10.1016/j.jfca.2023.105771
https://doi.org/10.1016/j.jfca.2023.105771
https://doi.org/10.1016/j.lwt.2023.115084
https://doi.org/10.1016/j.lwt.2023.115084
https://doi.org/10.1016/j.fm.2022.104099
https://doi.org/10.1016/j.fm.2022.104099
https://doi.org/10.1016/j.fbio.2024.104034
https://doi.org/10.1016/j.fbio.2024.104034
https://doi.org/10.1016/j.lwt.2023.115520
https://doi.org/10.1016/j.lwt.2023.115520
https://doi.org/10.3389/fnut.2022.973677
https://doi.org/10.3389/fnut.2022.973677
https://doi.org/10.1002/jsfa.3031
https://doi.org/10.1002/jsfa.3031
https://doi.org/10.3390/ijerph14101120
https://doi.org/10.3390/ijerph14101120
https://doi.org/10.1016/j.lwt.2010.01.026
https://doi.org/10.1016/j.lwt.2010.01.026
https://doi.org/10.1111/j.1365-2621.2012.02945.x
https://doi.org/10.1111/j.1365-2621.2012.02945.x
https://doi.org/10.1016/j.chemosphere.2021.132068
https://doi.org/10.1016/j.chemosphere.2021.132068
https://doi.org/10.4319/lo.2011.56.3.1155
https://doi.org/10.4319/lo.2011.56.3.1155
https://doi.org/10.5455/faa.65131
https://doi.org/10.5455/faa.65131
https://doi.org/10.1016/j.lwt.2020.110733
https://doi.org/10.1016/j.lwt.2020.110733
https://doi.org/10.1016/j.focha.2024.100637
https://doi.org/10.1016/j.focha.2024.100637
https://doi.org/10.1016/j.marpolbul.2021.113020
https://doi.org/10.1016/j.marpolbul.2021.113020
https://doi.org/10.1155/2019/8721725
https://doi.org/10.1155/2019/8721725

S. Puke & R. Galoburda

37.

38.

39.

40.

41.

Timberg, L., Koppel, K, Kuldjarv, R, Paalme, T. (2011). Sensory and chemical
properties of Baltic sprat (Sprattus sprattus balticus) and Baltic herring (Clupea
harengus membras) in different catching seasons. Agronomy Research, 9(SI
1), 489-494.

Trigo, M., Rodriguez, A, Dovale, G, Pastén, A, Vega-Gélvez, A, Aubourg, S.P.
(2018). The effect of glazing based on saponin-free quinoa (Chenopodium
quinoa) extract on the lipid quality of frozen fatty fish. LWT - Food Science
and Technology, 98, 231-236.

https://doi.org/10.1016/j.lwt.2018.08.031

Ulbricht, TLV, Southgate, D.AT. (1991). Coronary heart disease: seven dietary
factors. The Lancet, 338(8773), 985-992.
https://doi.org/10.1016/0140-6736(91)91846-M

Usydus, Z, Szlifder-Richert, J,, Adamczyk, M. (2012). Variations in proximate
composition and fatty acid profiles of Baltic sprat (Sprattus sprattus balticus).
Food Chemistry, 130(1), 97-103.
https://doi.org/10.1016/j.foodchem.2011.07.003

Valentim, J,, Afonso, C., Gomes, R, Gomes-Bispo, A, Prates, JAM, Bandarra,
N. M., Cardoso, C. (2024). Influence of cooking methods and storage time on

407

42.

43.

44,

colour, texture, and fatty acid profile of a novel fish burger for the prevention
of cognitive decline. Heliyon, 10(5), art. no. 27171.
https://doi.org/10.1016/j.heliyon.2024.e27171

Vézquez, J.A, Valcarcel, J, Sapatinha, M., Bandarra, N.M., Mendes, R, Pires, C.
(2023). Effect of the season on the production and chemical properties of fish
protein hydrolysates and high-quality oils obtained from gurnard (Trigla
spp.) by-products. LWT - Food Science and Technology, 177, art. no. 114576.
https://doi.org/10.1016/j.lwt.2023.114576

Xie, X, Zhai, X, Chen, M, Li, Q, Huang, Y., Zhao, L, Wang, Q, Lin, L. (2023).
Effects of frozen storage on texture, chemical quality indices and sensory
properties of crisp Nile tilapia fillets. Aquaculture and Fisheries, 8(6), 626-633.
https://doi.org/10.1016/j.aaf.2022.11.007

Yang, H., Chen, Q, Cao, H,, Fan, D., Huang, J, Zhao, J,, Yan, B, Zhou, W,, Zhang,
W, Zhang, H. (2019). Radiofrequency thawing of frozen minced fish based
on the dielectric response mechanism. Innovative Food Science and Emerging
Technologies, 52, 80-88.

https://doi.org/10.1016/j.ifset.2018.10.013


https://doi.org/10.1016/j.heliyon.2024.e27171
https://doi.org/10.1016/j.heliyon.2024.e27171
https://doi.org/10.1016/j.lwt.2023.114576
https://doi.org/10.1016/j.lwt.2023.114576
https://doi.org/10.1016/j.aaf.2022.11.007
https://doi.org/10.1016/j.aaf.2022.11.007
https://doi.org/10.1016/j.ifset.2018.10.013
https://doi.org/10.1016/j.ifset.2018.10.013
https://doi.org/10.1016/j.lwt.2018.08.031
https://doi.org/10.1016/j.lwt.2018.08.031
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.1016/j.foodchem.2011.07.003
https://doi.org/10.1016/j.foodchem.2011.07.003

§ sciendo

PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B,

Vol. 76 (2022), No. 1 (736), pp. 69-75.

DOI: 10.2478/prolas-2022-0011

EFFECT OF PRE-TREATMENT ON THE QUALITY
OF SMOKED BALTIC SPRATS

Santa Pﬂke#, Ruta Galoburda, and Evita Straumite

Faculty of Food Technology, Latvia University of Life Sciences and Technologies, 22 Rigas Str., Jelgava, LV-3004, LATVIA

# Corresponding author, santa_puke @inbox.lv

Communicated by Tatjana Kince

Baltic sprats (Sprattus sprattus balticus) are a good source of protein, vitamins D3, B12, minerals,
and unsaturated fats. In response to consumer demand, various types of fish products of stable
quality are available all year round. Pre-treatment with brine containing acetic acid, salt (NaCl),
and/or granulated CaClz in various concentrations and proportions can be used to stabilise qual-
ity. The aim of the study was to evaluate the effect of various pre-treatment methods on smoked
Baltic sprat sensory and technological parameters. Prior to smoking, fish was treated in a solution
of additives in various proportions for 30 min. Untreated sprats were used as a control sample.
The use of pre-treatment allowed reduction of the smoking losses; the combination of NaCl and
acetic acid resulted in about 26% smoking loss. If no pre-treatment was applied, the drying losses
after 24-hour storage were 1.6%, while using the solution of NaCl and CaClz it decreased to
0.3%. Both the pre-treatment method and freezing affected fish pH. The pH of smoked fresh
sprats was 6.73 and for smoked frozen sprats, it was 6.38. Sensory testing using the Just About
Right (JAR) method demonstrated that the use of acetic acid made smoked fish texture firmer.

Keywords: fresh and frozen sprats, brine, smoking, texture, sensory attributes.

INTRODUCTION

Sprats are one of the most used fish in Latvian fish process-
ing companies, because the demand is growing and the an-
nual catch is continuously increasing, and is annually
300 000 tonnes in the Baltic sea (Usydus et al., 2012). Bal-
tic sprats are seasonal fish with no stable quality all year
round, with changing chemical composition, and it has an
impact on raw material quality. The quality of raw material
is a main factor affecting the quality of the final product.
Baltic sprats (Sprattus sprattus balticus) are small (10-20
cm long), easily perishable and fatty fish, which are very
nutritionally valuable. They contain high levels of proteins
15-17%, water 57-73%, lipids 10-24% and ash 2-4%
(Timberg et al., 2011). They are a good source of vitamins
(B, and D)5, minerals (iodine, selenium), and unsaturated
fatty acids (omega-3 fatty acids — eicosapentaenoic acid
and docosahexaenoic acid) (Merdzhanova et al., 2018).
Timberg et al. (2011) reported correlation between lipid and
water content; the lipid content increases and water content
decreases in autumn and typically, all producers prefer the
use of sprats caught in autumn. Composition parameters
vary during the season and sprats caught in autumn have the
best sensory characteristics.
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The main parameters that affect the final product quality are
raw material quality, processing technology, storage time
and temperature. pH is an indicator of fish freshness; fresh
fish pH is about 7 (Abbas et al., 2008), for smoked fish it is
about 6.7-6.8. During storage, the pH increases because al-
kaline bacteria start growing and due to histidine decar-
boxylase synthesis. Abbas et al. (2008) reported that sen-
sory attributes have a key role in quality assessment.
Sensory evaluation in the fish industry allows quick identi-
fication of defects. However, to provide stable quality, there
is an option to use some pre-treatment methods, like appli-
cation of NaCl, CaCl, and acetic acid. These additives are
cheap, easy to obtain and are usual additives in fish process-
ing company.

The use of some pre-treatment methods and smoking are
among the traditional and oldest methods to prevent food
oxidation and natural degradation of compounds, to ensure
stable quality all year. In the smoking process, lipid, pro-
tein, salt content increases along with a decrease in water
content (Lerfall and Osterlie, 2011). Salt together with
smoke or other additives are important factors to reduce mi-
crobiological activity. An increase of salt concentration de-
creases water content in fish and makes the texture firmer
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(Bjornevik et al., 2018). Pre-treatment improves quality. It
tenderises muscle cells of fish, because water holding ca-
pacity decreases, there are water losses and additives diffuse
in muscle cells (Ozden, 2005). The use of acetic acid in
pre-treatment allows decreasing pH. It involves ionic
strength increase, it tenderise the texture and extends the
shelf life of the final product (Serdaroglu et al., 2015). Fro-
zen fish muscle texture changes during storage. The product
becomes hard and dry, the water holding capacity decreases
and textural properties such as juiciness decrease (Andrews,
2014). Freezing and thawing affect fish hardness, colour
changes and oxidation of lipids, and promotes free amino
acid formation (Timberg, 2012). Textural changes during
cooking affects proteins. Myofibril (myosin and actin) starts
shrink above 60 °C and muscle starts to toughen, and stro-
mal protein hydrolyses connective tissue, weakening it. Dif-
ferences in pH are responsible for changes in colour (Ade-
bisi and Virginia, 2012).

The aim of the study was to evaluate the effect of various
pre-treatment methods on smoked Baltic sprat sensory and
technological parameters.

MATERIALS AND METHODS

Raw material. In the experiments two types of sprats
caught in the Baltic Sea West of Gotland (FAO27. III. d. 28.
2) were used — fresh and frozen. Fresh samples were ob-
tained from fish caught in September 2020 using an otter
trawl method (OTM), fish size 1 and freshness category A.
Frozen samples were obtained from fish caught in Septem-
ber 2019 using an OTM, and stored at —18 + 2 °C with
relative air humidity 75 + 5%; the freshness and the size
category were the same as that of fresh sprat. Sprats were
frozen in 10 kg blocks covered with polyethylene bag,
packaged in the cardboard boxes and delivered to the com-
pany freezer for further storage.

The following ingredients were used for fish pre-treatment:
acetic acid (E260) purchased from supplier company
“Safrans” (Riga, Latvia), fine NaCl salt “Ekstra” (Mozirsol,
Belarus), and granulated calcium chloride anhydrous CaCl,
(E509, CaCl, content (97%), 110.99 g~mol'1, Lachner,
Czech Republic).

Preparation of fish samples. First, the brine solutions were
prepared according to the concentrations indicated in Ta-
ble 1. The frozen fish before use was defrosted in a water
spray defroster until the internal temperature reached 0 °C,
and then the fish were soaked in brine for 30 minutes.

After pre-treatment, the fish were hot smoked in a commer-
cial smoking chamber (Rauch Spectrum, Germany) with an
automatic control system using beech wood chips. The
main processing parameters were selected as follows: dry-
ing 35-38 minutes, cooking 10—12 minutes, steam 2—5 min-
utes, smoke 10-15 minutes, and cooling 5-10 minutes.
Three batches of smoked fish were made per pre-treatment

type.
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Table 1. Sample abbreviations and pre-treatment methods applied

Identification of Ingredients per 1 kg of brine, g

samples NaCl \ CaCl, Acetic acid
Control - - -
Na 29.13 - -
3Na2Ca 28.64 16.71 -
2Na3Ca 16.70 28.64 -
Ace - - 9.90
NaAce 28.84 - 7.14
CaAce - 28.84 7.14

Sensory evaluation. The smoked fish samples were ana-
lysed using Just-About-Right (JAR) scaling to measure the
sensory attribute (colour, texture, flavour, and taste) inten-
sity and acceptability. Each smoked fish sample was rated
on a 5-point JAR non-structured scale with the following
description — 1 “too little” to 5 “too much” and 3 middle
“Just-About-Right” where “the right” was ideal for
descriptor and endpoints (too high and too low). Eight ex-
perts (three male and four female, average age 42 years)
from the fish processing company participated in the sen-
sory evaluation of smoked fish. The evaluation was per-
formed in two sessions, with 14 samples in two days. Fresh
smoked sprat samples were evaluated on the first day, and
frozen smoked sprat samples on the second day. Smoked
fish samples for the sensory evaluation were served ran-
domly and each sample was marked with random 3-digit
number. Warm black tea and crackers were provided to
clean the palate between samples.

Determination of smoking and drying losses. The smok-
ing loss (SL) is one of the main technological parameters of
interest to the producer. Lower smoking losses provide
larger income from the final product. The smoking losses
were calculated using weight before pre-treatment and
weight after smoking in g:

SL,% =

weight before pretreatment, g —weight after smoking, g <100

weight before pretreatment, g

Values below 30% are considered very good, because typi-
cally in production smoking loss ranges between 35-50%,
where 50% or above is considered unacceptable.

After smoking, the fish can be used immediately or stored
in cooling chambers at 2 + 1 °C for 48 hours till further pro-
cessing. Fish was stored in perforated plastic boxes.
Typically, the highest drying losses (DL) are observed
within first 24 hours with further changes below 0.5%.
Therefore, for study purposes, fish after smoking was
cooled for 24 hours before evaluation of drying loss accord-
ing to the following formula.
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DL,% =

_ weight before storage, g —weight after storage, g <100

weight before storage, g

Determination of pH. For pH testing, 1 g of blended
smoked fish sample was mixed to make a homogenous
mass and 9 g of distilled water was added, stirred and tested
immediately using a pH-meter JENWAY 3520 (Jenway,
EU). Each sample was tested in triplicate.

Determination of colour. For testing of smoked fish col-
our, the sample was placed on a wooden pad and covered
with polyethylene film. For colour measurements, a
ColorTec-PCM (Accuracy Microsensors Inc., ASV) with
software Color Tec — Color Sowf QCW for data analysis
was used. Colour was measured on the surface of 5-7
smoked fish, obtaining at least ten measurements, not more
than three per one fish.

Determination of texture. For texture analysis, a texture
analyser TA.HD.Plus (Stable Microsystems, UK) equipped
with a Warner-Bratzler blade set with a knife was used.
Each fish was cut longitudinally and the bone removed, re-
sulting in two pieces of sprat fillet. The width of each piece
was measured before cutting and added as a parameter in
the software. Then the fish was placed longitudinally on the
slotted platform, and the blade was moved at 2 mm~s'1 for
10 mm. Each fillet was cut once to obtain cutting strength
(N-mm'l), which shows the firmness of the fish. At least
seven measurements were made per sample.

Statistical analyses. All results were reported as average
values. Averages and standard deviations (xSD) were calcu-
lated using MS Office Excel 2016 software. The results of
sensory evaluation were analysed using Penalty analysis
software XLSTAT 2020 (Addinsoft, USA). Penalty analysis
was used to identify sensory quality, i.e. overall liking,
based on the sensory attributes presented to experts.

RESULTS

The pre-treatment method applied affected fish weight after
soaking. Fish weight loss may reach 5% during soaking, but
as the diffusion of additives in fish muscle cells has been
started before smoking, it can decrease smoking losses in
technological process. Smoking includes also drying, cook-
ing, adding smoke, and cooling. Smoking and drying losses
are reported in Table 2.

The smoking losses without any pre-treatment were similar
for fresh and frozen sprats (about 30%): 1.6% and 1.8%, re-
spectively. Overall, lower losses for fresh fish were ob-
served compared to frozen sprats. The use of NaCl resulted
in smoking losses similar to the control sample. Using this
method drying losses in the cooling chamber were about
3.4-3.5%, and using NaCl in combination with acetic acid
decreased smoking losses by about 4-5%, reached the low-
est value (loss of 25-26%) among the treatments. Using this
combination, the drying losses were 2.10-2.20% and the

Proc. Latvian Acad. Sci., Section B, Vol. 76 (2022), No. 1.

Table 2. Smoked sprat technological losses

Samples Smoking losses, % Drying losses, %

fresh (F) frozen (FR) fresh (F) frozen (FR)
Control 29.57+0.64 29.68+0.27 1.60+0.16 1.80+0.06
Na 28.04+0.17 30.39+0.58 3.40+0.34 3.50+0.07
3Na2Ca 3231 +0.26 30.76£0.56 0.30+0.03 0.40+0.07
2Na3Ca 30.73 044 3195+0.07 1.70+0.17 1.70+0.03
Ace 22.09+0.09 33.02+0.17 490+0.56 4.80+0.40
NaAce 26.05+0.20 2567154 210+0.24 2.20+0.10
CaAce 3221+£0.02 36.09+0.11 0.60+0.06 0.80=+0.03

Means and standard deviations are presented (n = 3).

sum of losses after 24 hours was below 30%, which was the
best result in our study. That means that treatment with
cooking salt and acetic acid can reduce smoking losses.
Acetic acid for fresh smoked sprats allowed reducing smok-
ing losses to 22% and for frozen smoked sprats — 36%.

Smoking losses reached 32% when the combination of salt
(CaCl,) and acetic acid was used, and this treatment low-
ered the drying losses after 24-hour storage to 0.6-0.8%.

The pre-treatment method had an influence on smoked sprat
sensory attributes (colour, texture, taste, flavour) intensity
and liking. The results were similar for fresh smoked and
frozen smoked sprats, except for texture (Tables 3—4). For
both control samples, all analysed sensory properties were
less pronounced and acceptable to the experts (Tables 3 and
4). From analyses of the obtained data, it can be concluded
that the texture of the control sample was not significantly
affected by the pre-treatment method; it was too soft (75%
of the experts recorded too little). Based on the penalty
analysis of fresh smoked and frozen smoked sprats colour,
we can recommend to use combinations of NaCl and CaCl,
(2Na3Ca and FR_2Na3Ca) and CaCl, and acetic acid
(CaAce and FR_CaAce) to improve product colour (Tables
3 and 4). Penalty analysis results showed that for fresh
smoked sprats, addition of different ingredients can influ-
ence flavour intensity and overall acceptance. However, for
frozen smoked sprats, the addition of acidic acid gives a
sour aroma, which gives ambiguous results — some liked it
(37.5% — JAR), while some indicated it being too pro-
nounced (25% — too much) or insufficient (37.5% — too
little). Taste of samples Ace, FR Ace was too acid (75% and
63%) and the intensity needs to be reduced. The addition of
different salts (NaCl and CaCl, combination) can improve
smoked sprats taste.

For fresh fish, the pH was about 7, and after smoking it de-
creased to 6.38 for frozen and 6.73 for fresh smoked sprats
(Table 5). The pH of fresh smoked sprats without treatment
was the highest. Pre-treatment with acetic acid and CaCl,
reduced pH to 5.74 for fresh and 5.51 for frozen fish The
pH is responsible for microbiological activity and ensures
product shelf life. The combination of CaCl, and NaCl, irre-
spective of the proportion decreased pH to 5.88 and 5.94
for frozen and fresh sprats, respectively.
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Table 3. Penalty values (%) of fresh smoked sprats

Sensory Parameter Control Na 3Na2Ca 2Na3Ca Ace NaAce CaAce
attribute
Colour Too little 62.5 37.5 12.5 0 0 0 0
JAR 37.5 375 50.0 62.5 75.0 62.5 87.5
Too much 0 25.0 37.5 375 25.0 37.5 12.5
Penalties 0.133 0
Texture Too little 75.0 37.5 12.5 12.5 0 0 0
JAR 25.0 62.5 75.0 50.0 37.5 87.5 62.5
Too much 0 0 12.5 375 62.5 12.5 375
Penalties —0.5 0.25
Flavour Too little 87.5 25.0 0 0 0 12.5 12.5
JAR 12.5 62.5 62.5 87.5 62.5 87.5 75.0
Too much 0 12.5 375 12.5 375 0.0 12.5
Penalties 0 0.667
Taste Too little 87.5 25.0 12.5 25.0 0 0 12.5
JAR 12.5 375 75.0 62.5 375 75.0 50.0
Too much 0 375 12.5 12.5 62.5 25.0 375
Penalties 0.333 -0.500 0.200 0.25
Table 4. Penalty values (%) of frozen smoked sprats
Sensory Parameter FR_Control FR_Na FR_3Na2Ca FR_2Na3Ca FR_Ace FR_NaAce FR_CaAce
attribute
Colour Too little 87.5 62.5 75.0 0 375 12.5 12.5
JAR 12.5 375 25.0 62.5 62.5 50.0 75.0
Too much 0 0 0 37.5 0 37.5 12.5
Penalties 0.500 —0.333
Texture Too little 75.0 62.5 37.5 37.5 12.5 0 0
JAR 25.0 375 62.5 37.5 25.0 75.0 62.5
Too much 0 0 0 25.0 62.5 25.0 37.5
Penalties -0.200 0.500
Flavour Too little 62.5 37.5 37.5 12.5 37.5 12.5 37.5
JAR 25.0 50.0 62.5 75.0 37.5 75.0 50.0
Too much 12.5 12.5 0.0 12.5 25.0 12.5 12.5
Penalties 0 —0.500 0 0.533 0.667 0
Taste Too little 62.5 37.5 12.5 25.0 0.0 12.5 0
JAR 25.0 25.0 75.0 75.0 25.0 50.0 87.5
Too much 12.5 37.5 12.5 0 75.0 37.5 12.5
Penalties -0.167 -0.167 0.167 -0.250

Table 5. Sprat pH after pre-treatment

Samples Fresh (F) Frozen (FR)
Control 6.73 £0.01 6.38 £0.03
Na 6.43 +0.01 6.53 +0.01
3Na2Ca 5.94£0.03 5.88 £0.02
2Na3Ca 5.91+0.01 5.90+ 0.04
Ace 6.36 £0.03 6.28 £0.05
NaAce 6.22 +0.03 6.12 +£0.04
CaAce 5.74 £ 0.06 5.51+0.10

Means and standard deviations are presented (n = 3).

The lightness (L*) was 58.19 for samples of fresh smoked
sprats without pre-treatment and 54.04 for frozen smoked
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sprats (Table 6). The L* value for fresh smoked sprat de-
creased to 39.91-47.41 in samples treated with the
combination of CaCl, and NaCl. This confirmed that sam-
ples of fresh smoked sprats are lighter than frozen samples.
Additionally, more yellow colour was observed for frozen
smoked sprats pre-treated with acetic acid (b* value 36.51)
compared to fresh smoked sprats (b* value 28.48).

For all samples, using NaCl or CaCl, without acetic acid,
lightness increased more for frozen smoked sprats than for
fresh, but with acetic acid it increased more for fresh
smoked sprats.

One of the most important smoked sprat quality parameters
is the texture. If it is low, the texture is too soft. The texture
is better if the cutting strength is higher (Fig. 1).
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Table 6. Colour of smoked fish

Samples L* a* b*
fresh frozen frozen fresh frozen
Control 58.16 = 11.09 54.04 £9.31 -10.32 £ 1.99 -6.29 +6.91 26.81 = 10.84 27.97 £ 12.42
Na 56.97 £ 14.61 62.11 £ 12.53 -6.09 +3.25 -4.82 +10.29 25.01 £ 13.98 21.11 £9.04
3Na2Ca 47.41 =12.78 55.78 £6.84 -8.19 +£9.33 -5.04 £9.21 25.80 = 15.49 20.45 £ 17.76
2Na3Ca 3991 £8.27 50.69 = 11.77 -5.82+7.13 -4.86 = 14.10 20.55 = 14.00 26.51 = 14.82
Ace 50.75 £14.73 61.15+8.34 -10.76 +£9.40 —11.55 +8.89 28.48 + 14.20 36.51 £ 10.69
NaAce 54.43 £10.97 50.43 £8.93 -9.91 +£5.06 -13.83 +£9.77 33.43+£9.83 28.25 £ 10.73
CaAce 59.05 £ 11.77 58.62 £ 12.1 -10.99 +8.71 -8.81+9.13 30.48 = 12.01 28.00 + 6.84

Means and standard deviations are presented (n = 10).
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Fig. 1. Cutting strength required to shear fish fillet.

Significantly softer texture was observed for fresh smoked
sprats compared to frozen sprats. The pre-treatment method
had various effects on the texture of fresh or frozen fish.
The pre-treatment of frozen sprats with NaCl caused soften-
ing of the texture, reaching similar values to fresh sprats.

DISCUSSION

The use of pre-treatment can improve the quality of smoked
sprats, but there is a need to determine which methods can
improve quality during the particular catching season. Dur-
ing the season there are changes in the quality of Baltic
sprats and the composition, and there is a correlation with
lipid and water content, with the highest lipid amount in
autumn (Timberg et al., 2011). Pre-treatment and freezing
(ice crystal formation, protein denaturation, lipid oxidation
etc.) (Dawson et al., 2018) affect fresh or frozen sprat qual-
ity and technological changes; it can improve and give bet-
ter results than using fish without pre-treatment (Babikova
et al., 2020). However, the used pre-treatment methods
have different effect on fresh or frozen sprats for drying and
smoking losses, but similar in the sensory evaluation (Moll-
mann et al., 2004).

It is important to obtain lower technological losses in pro-

duction; smoking and drying losses for frozen sprats were
higher than those for fresh sprats.
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If smoked fish is stored till production, the drying losses are
important. For frozen sprats, drying losses were higher than
for fresh sprats, but using pre-treatment methods it was pos-
sible to decrease them to 0.3-0.4%.

According to Martinez et al. (2012), salting induces
changes in muscle proteins, which causes modification of
fish texture and water holding capacity. In our study, sam-
ples 3Na2Ca and 2Na3Ca demonstrated harder texture,
which is in agreement with other researchers, who reported
an increased hardness of fish filets with increased brine con-
centration (Bjernevik et al., 2018; Ruiz-Alonso et al.,
2021). Acetic acid use in brine may result in protein denatu-
ration, thus leading to increased hardness of the smoked
sprats (Bjernevik et al. 2018).

The sensory evaluation was performed using the JAR
method (%). The results were similar for fresh and frozen
sprats, and there was no effect of the storage time. How-
ever, without treatment, there was a bigger difference be-
tween fresh and frozen sprats, with JAR values between 13
and 50%. Means drops were plotted versus the percentage
of expert values for fresh and frozen sprat’s sensory attrib-
utes (Fig. 2). Control samples for fresh sprats (Control) and
for frozen (FR_Ace) sprats treated acetic acid resulted in
too low intensity for texture, colour and flavour to obtain a
tasty product.

Using pre-treatment methods, the pH decreased, which af-
fects microbiological activity and increases product shelf
life (Kose, 2010). Frozen sprats and sprats processed using
acids result in a harder texture compared to fresh sprats
without treatment (Serdaroglu ef al., 2015).

CONCLUSIONS

The use of pre-treatment allowed to improve quality pa-
rameters of smoked sprats and reduce both drying and
smoking losses. The sensory evaluation results showed
similar results for fresh and frozen sprats. Among the sen-
sory tests, the best result was found for fish treated with 6 g
NaCl and 2 g of acetic acid. Pre-treatment method and
freezing affected the smoked fish pH, which was higher (pH
6.73) for smoked fresh sprat compared to the smoked frozen
sprat (pH 6.38), and using the pre-treatment with acetic acid
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Fig. 2. Mean drop plot vs. % of smoked sprat sensory attributes: (a) colour; (b) texture, (c) flavour, (d) taste. Too little is marked by “~*, too much is marked

by “+”. The dashed line presents 20% of samples.

and CaCl, the pH decreased to 5.74 for fresh and 5.51 for
frozen fish.
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PIRMAPSTRADES IETEKME UZ KUPINATU BRETLINU KVALITATI

Baltijas brétlinas (Sprattus sprattus balticus) ir labs olbaltumvielu, vitaminu, ka arl mineralvielu un nepiesatinato taukskabju avots.
Patéretaji pieprasa nemainigas kvalitates zivju produktus visu gadu. Lai to nodroSinatu, var lietot dazadas zivju pirmapstrades metodes,
izmantojot etikskabi, sali (NaCl) un/vai granulas veida CaCl dazadas koncentracijas un proporcijas. Petijuma meérkis bija novertét dazadu
pirmapstrades metozu ietekmi uz kipinatu Baltijas brétlinu sensorajiem un tehnologiskajiem raditajiem. Pirms kiipinaSanas zivis tika
izturétas $kiduma ar piedevam dazadas proporcijas 30 mindtes. Paraugs bez pirmapstrades tika izmantots ka kontroles paraugs. Izmantojot
brétlinu pirmapstradi, iespgjams samazinat kiipinaSanas zudumus. Ja pirmapstrades Skidums satur NaCl un etikskabi, iespgjams samazinat
kitipinasanas zudumus par 26%. NoZuvums uzglabaSanas kamera paraugiem bez pirmapstrades bija 1,6%, bet, izmantojot pirmapstradi ar
NaCl un CaCly, tas samazinajas lidz 0,3%. Pirmapstrade un ari saldéSana ietekmé zivju pH. Kupinatu brétlinu pH — 6,73, bet saldétu un tad
kapinatu brétlinu pH — 6.38. Sensora novertésana, izmantojot JAR (Just-About-Right) metodi, paradija, ka to kaipinato brétlinu struktira,

kuras apstradatas, izmantojot etikskabi, ir stingraka.
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Pre-treatment Effect on Physical and Microbial Parameters
of Smoked Baltic Sprats
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Abstract. Smoked sprats are delicious and nutritionally valuable product. Besides protein, it contains high amount of
unsaturated fatty acids and fat soluble vitamins. Nowadays, human interest for fish product consumption is increasing. It leads
to the demand for increased shelf life of the smoked sprats. One way to prolong the shelf life is to use some pre-treatment prior
to smoking. The aim of study was to analyse the effect of pre-treatment on smoked Baltic sprat quality and microbiological
parameters. Various compositions of brine using salts (NaCl, CaCl,) and acetic acid in different proportions were used for fresh
sprat pre-treatment. Pre-treatment had the influence on physical parameters; pre-treated samples had higher salt and lower
moisture content, and lower pH, which allowed prolonging the shelf life of smoked sprats. The highest pH was in the control
sample 6.6, and it allowed growth of yeasts, moulds, Pseudomonas spp., and mesophilic and facultative anaerobic
microorganisms. The results demonstrated that after two-week storage of the smoked sprats the growth of moulds (1x10* CFU
g") was observed only for smoked sprats without pre-treatment (control sample), indicating the positive effect of pre-treatment.
Salmonella spp., Clostridium perfingens, Listeria monocytogenes, and Escherichia coli were not detected in any of the
analysed samples. After pre-treatment in brine, containing combination of NaCl and CaCl,, smoked fish had darker colour
compared to control sample or sample with sodium chloride only. Any of applied pre-treatments, except brine containing NaCl,

made firmer texture of the smoked fish.

Keywords: smoked sprats, microorganisms, physical parameters, texture, colour.

Introduction

Sprats (Sprattus sprattus balticus) are nutritionally
valuable product, which is rich in proteins, contains
unsaturated fats, fat soluble vitamins, and essential minerals
(Babikova et al., 2020). According to Central Statistical
Bureau of Latvia the amount of sprats caught from 2019 till
2020 decreased from 38.7 till 28.9 thousand million tons in
Latvia, but it is foreseen that fishing option for fisherman's
will increase in 2021 for sprats by 6% (till 30 817 tons)
(Muceniece, 2020). Fish were eaten already since ancient
times, it was valuable and available product for everybody.
Nowadays the demand for variety of fish products increases.
However, it is hard to ensure the required amount and quality,
because of fish spoilage, which starts soon after the catch.
Therefore, it is necessary to refrigerate fish immediately after
it is being caught to prevent microbial spoilage or ensure
higher safety.

Smoking is one of the oldest methods, which has been
used for fish processing to obtain delicious products.
Traditional smoking is also used to preserve fish, when

*Corresponding Author's email:
santa_puke@inbox.lv

smoking compounds such as phenols have a considerable
importance for the preservation and sensory properties
(flavour and colour) of the smoked products (Sérot et al.,
2004). There are identified at least 400 different compounds
in wood smoke (acids, alcohols, esters, etc.), and each of
them has a functional role in smoking process (Toledo, 2008).
Typically, smoked and preserved fish products have very
short shelflife, from hours till some days, that means it is hard
to be stored longer or exported to other countries. Fresh
smoked sprat shelf life can be a few days (72 h) till one week
according to the manufacturer's internal regulations, but for
sprats to be used in canned product 'Smoked sprats in oil',
storage time should not exceed 16 h (“Requirements for Food
Quality Schemes, Procedures for the Implementation,
Operation, Monitoring, and Control Thereof,” 2014). The use
of pre-treatment allows to ensure microbiological safety of
sprats for 2 weeks. Therefore, it is necessary to apply
additional preservation for fish products to ensure safety and
good quality of the products with sufficient shelflife.
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Pre-treatment Effect on Physical and
Microbial Parameters of Smoked Baltic Sprats

Fish is highly perishable product, and it may have
different microflora depending on the environmental factors
and chemical composition of fish (Tahsin ef al., 2017). The
microbiological spoilage is the main process which affects
fresh fish quality and later also quality of the produced fish
products. Microbial spoilage affects the sensorial properties,
which initially cannot be seen. Total plate count (TPC),
Enterobacteriaceae and Escherichia coli are often used as the
indicators to assess the quality according to the legislation on
safety of sea foods handling hygiene. TPC is used to assess
the general microbiological quality of fish and can be a
quality indicator for raw fish microbiological quality
according to the EC Regulations 2073/2005; 852/2004;
853/2004; 1441/2007. Several pathogenic bacteria may
either be present in the environment or contaminate fish
during handling. Salmonella and Listeria monocytogenes are
reported to cause foodborne infections in humans by the
ingestion of raw or inadequately processed contaminated fish
or fish products (Eizenberga et al., 2015). Contamination by
microorganisms can cause different human infections, which
can even be lethal. One of the fish spoilers in cold storage
process is Pseudomonas spp., which is harmful due to the
enzyme produced toxic metabolites. Production of various
alcohols, aldehydes and ketones (ethanol, 2-methylbutanal,
2-heptanone, 3-hydroxy-2-butanone or other) has been
reported as a result of metabolic activity by microorganisms,
such as Pseudomonas spp. or Enterobacteriaceae (Parlapani
etal.,2014). Typically for smoked fish the Pseudomonas spp.
are not detected (Olayemi, Raji, & Adedayo, 2012). Vibrio
parahaemolyticus is a halophilic bacterium usually is present
in the marine environment (Wawire et al., 2019). To decrease
or stop microbiological spoilage in fresh fish, it is necessary
to control other physical parameters, which can ensure stable
quality during processing of fish such as pH, amount of added
salt, moisture, and storage conditions (temperature and time).
According to Yanar, Celik, & Akamca (2006) the brine
concentration, brine composition and time have influence on
the fish product textural properties and microbiota. There is a
trend to reduce amount of preservatives used in the
production. However, before reducing the amount of
preservatives, the fish processing industry needs to estimate
survival and growth of microorganisms affecting the changes
in product quality and safety.

The antimicrobial effect of organic acids depends on the
nature of the acid, i.e. a degree of dissociation, nature of food
and microorganisms. The use of pre-treatment has not only
effect on microbiological properties, but it also affects the
physical parameters. Preservation of fish inhibits bacterial
growth in fish if acid is added in a brine. As a result, it reduces
pH, and increases salt amount in fish flesh, it ensures longer
product safety (Ayuba, Alhassan, & Jimmy, 2013) and makes
also textural changes of the product. Acid and salt diffuse in
the fish flesh; decrease water holding capacity bonds and
makes firmer texture and has influence on water activity. Low
water activity together with low pH reduce microbiological

growth (Kuda ef al., 2013). Sprats are fatty fish, fat content
even in spawning season can be more than 10% (Timberg et
al., 2011), and as fatty fish it absorbs less salt than lean fish
(Ruiz-Alonsoetal.,2021).

One of the problems to ensure stable quality of the final
product is unstable quality of the fresh fish (nutritional
elements protein, lipids, water) during the season. The
changes are observed due to the variability in fish chemical
composition. In the feeding season (July till October) sprats
contain more lipids (about 15%), but less moisture (about
66%) compared to the spawning season (March till June)
were lipid content is approximately 5%, but moisture till 77%
(Usydus, Szlifder-Richert, & Adamczyk, 2012). Some
studies show that using pre-treatment it is possible to
improve quality of products (Sengun et al., 2021) and fish,
brining inhibits microorganism growth (Babikova et al.,
2020). Typically used materials, which have no impact on
organoleptic attributes and are available to producers, are
acids, salts, and other additives.

The aim of the study was to analyse the effect of pre-
treatment on smoked Baltic sprat quality and microbiological
parameters.

Materials and Methods

Fish. In the experiments, fresh Baltic Sea sprats (Sprattus
sprattus balticus) caught in March, 2021 were used. Fish
were transported to producing company within 48 hours, the
temperature inside the fish was kept below 242 °C. Fish was
of the freshness category A and size category for sprats 1
(Council of the European Union, 1997). Fresh sprats were
stored till processing (pre-treatment) in a container covered
with ice (proportion fish to ice was 1:3) at 242 °C in a
refrigerated room not more than 48 hours to ensure fresh fish
quality.

Pre-treatment materials. As the pre-treatment materials
were used, food grade acetic acid CH,COOH (E260), acetic
acid amount 80%, (Safrans, Latvia), NaCl (Mozirsol,
Belarus), granulated CaCl, (E509, CaCl, content (97%),
110.99 g mol") (Lachner, Czech Republic). The additives
CH,COOH and Ca(l, are food additives and can be used in
quantum satis.

Fish sample preparation using pre-treatment. The brine
solutions were prepared using different proportions of
ingredients combined with cold water, no added ice (Table 1).
The concentrations were selected according to the production
experience and preliminary tests to find the best
concentration of brine providing sufficiently firm fish texture.
Six different pre-treatment methods were applied. Fish was
soaked in proportion fish: brine (1:2) for 30 minutes
periodically stirring, ensuring temperature not higher than
412 °C, if necessary, chopped ice was added. Chopped ice
can be used as an additional tool to ensure the required
temperature. The sample without any pre-treatment was used
asacontrol sample.

Table 1
Composition of the brine used for the pre-treatment of fresh sprats
Ingredients per 1 kg of brine, g
Identification of samples
NaCl CaCl, CH,COOH
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Control - - -
Na 29.13 - -
3Na2Ca 28.64 16.71 -
2Na3Ca 16.70 28.64 -
Ace - - 9.90
NaAce 28.84 - 7.14
CaAce - 28.84 7.14

After soaking in brine, fish was smoked in the hot
smoking chamber (Rauch Spectrum, Germany) of the fish
producing company using beech wood chips (with moisture
below 15%). The main parameters for hot smoking (80 °C) —
drying (35 minutes), cooking (10 minutes), steaming (2
minutes), adding smoke (10 minutes), and cooling (5
minutes). After smoking, fish was stored till at least 10 °C was
reached and then placed in cutting machine to cut heads and
tails (if necessary for packaging) and moved to the cooling
chambers in plastic (HDPE) boxes for storage (2+2 °C). Each
treatment was repeated in triplicate to make an average
sample for analyses, the experiment was done in smoked fish
producing company in Latvia. Samples were stored till
analysing (next day after smoking, one week and two weeks)
at2+2 °C.

Determination of physical parameters. All smoked fish
samples were analysed one day after smoking. The main
control parameters were water activity (a,) (method PN-ISO
21807:2005), pH (method PN-A-86782:1987), moisture
content (method PN-A-86783:1962) and sodium chloride
calculated from Na content (Nax2.5) according to the test

report, received from the external laboratory J. S. Hamilton
(Poland). The samples were delivered to the laboratory in a
cool box to ensure the same temperature as in the storage
room (2£2 °C). Fresh smoked sprats were analysed for
firmness using TA.HD.Plus texture analyser (Stable
Microsystems, UK) equipped with Warner-Bratzler blade set
with knife and colour in CIE L*a*b* system using Color Tec
— PCM colour meter (Accuracy Microsensors Inc., USA)
with software Color Tec — Color Soft QCW.

Determination of microbiological parameters.
Microbiological parameters of sprats were analysed in the
external laboratory J. S. Hamilton, one day after smoking and
then after one and two-week storage to evaluate changes
during storage. The samples were randomly selected from the
plastic boxes stored in the cooling chamber (2+2 °C). The
smoked sprats with different pre-treatments were analysed to
check influence of pre-treatment method on the
microbiological parameters indicated in Table 2.

Table 2

The methods used for the microbiological evaluation of smoked sprats

Microbiological parameters

Test method

Yeast

LVS ISO 21527-2:2008

Moulds

LVS ISO 21527-2:2008

Total plate count

LVS EN ISO 4833-1:2014

Bacillus cereus

LVS EN ISO 7932:2005

Salmonella spp.

LVS EN ISO 6579-1:2017

Listeria monocytogenes

LVS ENISO 11290-2:2017

Pseudomonas spp.

PN-EN ISO 13720:2010

Clostridium perfingens

LVS EN ISO 7937:2005

[-glucuronidase positive Escherichia coli

LVS ISO 16649-2:2007

Vibrio parahaemolyticus

PN-EN ISO 21872-1:2017-10
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Statistical analyses. Each sample was tested in triplicate,
except colour and firmness, which were analysed in seven
repetitions. The average values are reported. Averages and
standard deviations were calculated using MS Office Excel
2016 (Microsoft, USA) software. Statistical analysis was
performed using XLSTAT 2021 (Addinsoft Inc, USA).
Comparisons were done by one-way ANOVA followed by t-
testat the significance p <0.05.

Results and Discussion
Pre-treatment effect on physical parameters
of smoked sprats

Microbiological changes - spoilage, starts from the
internal organs and gills, skin, and gut soon after fish have
been caught. It is important to cool quickly to stop spoilage
and to process fish in the fastest way to ensure the quality of
finished products without any changes (Svanevik &
Lunestad, 2011). Further the pre-treatment was applied with
the aim to improve physical and microbiological parameters
ofthe smoked sprats. In the sprat, smoking was used at least at
80 °C temperature; therefore, a lot of changes occurred in fish
— changes of textural, flavour, and microbiological
parameters. Because the product was cooked, proteins were
denatured, and it decreased moisture content. Thus, it is
possible to prolong the shelf life of smoked sprats and
maintain the quality for longer time.

The pH of fresh fish is 7, which after smoking decreased
till 6.6 in the sample without pre-treatment (Table 3). The

smoke led to a drop in pH, compared with the raw material
values possibly due to the greater ionic strength of the internal
solution in fish muscle cells associated with salt uptake (Rizo
et al., 2016). Pre-treatment reduced pH of smoked sprats
depending on the brine composition. The lowest pH was
5.6+0.2 in sprats treated with calcium chloride and acetic acid
(CaAce) or 5.8+0.2 when treated with brine containing the
combination of sodium chloride and calcium chloride
(2Na3Ca). The most similar pH to control sample was in fish
treated with sodium chloride only (6.4+0.2), which increased
the amount of salt in fish. Typically during storage the pH
increases, and it reflects the production of alkaline bacteria
metabolites which starts to spoil the fish and starts increasing
total volatile basic nitrogen (Abbas et al., 2008). Rizo et al.
(2016) compared smoked cod with fresh cod, the smoking
reduced moisture, increased the NaCl concentration and
lowered the a, values probably due to NaCl uptake and
dehydration. Analysing differences in water activity and
moisture content among experimental samples after various
pre-treatment methods no differences between average
values was found, but significant differences were established
for pH and sodium chloride content.

Brining reduced pH, water activity and increased salt
content in flesh, the moisture decrease is affected by salt
action and reduced water absorption availability. Acetic acid
with or without salt can also inhibit microbiological growth
and ensure longer shelf life of product (Kim & Lee, 2021).
According to Abbas et al. (2009), water activity with
moisture content has nonlinear relationship.

Table 3
Physical parameters of smoked sprats
ID of samples pH Water activity Moisture, % Sodium chloride, %
Control 6.6+0.2 a 0.951+0.028 a 67.5+3.4 a 0.35+0.07 ¢
Na 6.4+0.2 ab 0.948+0.028 a 66.7£3.3 a 0.70+0.13 ab
3Na2Ca 6.0£0.2 be 0.937+0.028 a 62.5£3.1a 0.90+0.17 a
2Na3Ca 58402 ¢ 0.949+0.028 a 61.5£3.1a 0.62+0.12 ab
Ace 6.1+£0.2 be 0.950+0.028 a 65.7+33 a 0.3240.06 ¢
NaAce 6.0+0.2 be 0.948+0.028 a 629+3.1a 0.85+0.16 ab
CaAce 5.6£0.2d 0.946+0.028 a 61.7£3.1a 0.40+0.08 be

Average value (n = 3) + SD. Means with the same letter in a column are not significantly different at p < 0.05 (t-test).

In our study, smoked fish had high moisture content — up
to 67% for control sample (Table 3), but it may vary by
smoking technologies, fish type and size. Salt and acids has
the effect on proteins, it results in the destruction of proteins
in brine while salt enters the muscle tissue (Martinez ef al.,
2012). The highest salt content among the studied samples
was 0.904+0.17 in sample 3Na2Ca. The use of acids or salts
decrease smoked fish moisture content, because the additives

diffuse in fish tissues, decrease juiciness, acetic acid degrades
the connective tissue and its membranes, decreasing the
water holding capacity with protein denaturation. The sample
with the highest salt content 0.90% had the lowest water
activity 0.937, while for the control sample with the lowest
salt content, water activity was the highest (0.951+0.028),
which is in agreement with the study of Ruiz-Alonso et al.
(2021), who reported that increasing the salt amount makes
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lower water activity. Moisture decrease is similar using salt or
acid because it starts enzymatic process and microbiological
changes. Salt amount has the impact on bacteria growth. The
addition of NaCl at a concentration of about 5.5-6.5% w/w,
decreases the water activity (a,) (Timberg, 2012).

Smoking of fish is one of the conventional procedures for
reducing water activity (a,) which expresses the moisture
requirement of microorganisms. This is an effective tool in
fish preservation as the nature and extent of fish spoilage
depends on water activity, an important constituent of
biological systems. Bjernevik et al. (2018) analysed hot
smoked fish and revealed that water activity must be less than
0.85 to make products stable at room temperature for a longer
time. In fresh fish, water activity is close to 1, but for fresh
sprats 0.97, and during processing it is typically decreased.
The water activity could vary even if the moisture content
does not change significantly it can be accelerated by up-take
of moisture from the environment by the product, thus
changing the water activity of the product during storage
before equilibrium is reached (Wawire ef al., 2019). Water
activity indicates possibility of microbiological activity.
During storage it typically increases because these are good
conditions (temperature, moisture, oxygen availability, time
of storage, acidity and food nutrition's for future
development) for microorganism growth. The highest water
activity (0.9514+0.028) was observed in control sample
without pre-treatment, but the lowest — using 3Na2Ca
(0.937+0.028); however, differences were not significant at p
< 0.05. It shows that using pre-treatment it is possible to
reduce a, value, which is important for the microbiological
activity reduction. Timberg (2012) found out when a,
decreases to 0.96, some Gram-negative bacteria are inhibited
(e. g., Pseudomonas spp.) but some other may grow, while
(Abbas et al., 2009) reported, that water activity at least 0.91
is required for microorganism growth, and below 0.90 a lot of

bacteria cannot grow, only Staphylococcus aureus can grow
till 0.85. Preservation was achieved by reducing the
marinated product's pH value and water activity and
increasing the salt content thereby inhibiting all microbial
growth across all curing stages. Loss of moisture from the fish
flesh caused by acetic acid decreased the total water content
of sprat fillets. Babikova et al. (2020) also reported that water
activity of marinated anchovies (Engraulis anchoita) was
reduced from 0.99 to 0.94.

The smoked fish colour (Table 4) depends on smoking
technique and also on pH, and salt content. There exists very
strong linear correlation between pH and moisture (r = 0.93)
increasing moisture the pH increases in linear proportion.
Chan et al. (2020) finalised, higher pH results in darker colour
(lower L* value), but in the current research, there was no
correlation between these parameters. Darker sprats were the
ones, which were treated using 3Na2Ca and 2Na3Ca with pH
6 and 5.8, respectively, were increases pH, the same was
observed by, no browning was observed when different salt at
pH 4.5 was used. The control sample which had the highest
pH 6.6 had an average L* value but 3Na2Ca and 2Na3Ca had
similar results for samples L* value. Redness (a*) had a weak
negative correlation with water activity (r = -0.55), lower
water activity increased redness of fish, for other colour
parameters no correlations with physical parameters were
established. In the production process (temperature above 70
°C) of smoking Maillard reaction also occurs, which affects
smoked fish quality, changes organoleptic parameters, colour
intensity and also protein functionality (heat stability and
solubility of protein, textural properties). Metal ions have the
ability to inhibit or promote production of Maillard reaction
browning products. Ca'ions and Na+ together with Cl slow
down browning (Kwak & Lim, 2004). Higher salt
concentrations slow down browning reactions (Yamaguchi et
al.,2009).

Colour and texture of smoked fish after pre-treatment and smoking febled
Colour Texture
ID of
samples L o b Work of shear, Cutting strength,
N mm's N mm’!

Control 57.28+6.7 a -5.14+6.2 a 15.54+9.0 ¢ 1.27+0.28 b 0.54+0.12 ¢
Na 63.65+11.8 a -13.84+13.5b 32.42+12.8 ab 0.94+0.21 d 0.37+0.08 d
3Na2Ca 45.58+8.9 b -1.04+12.1 a 26.20£15.6 abc 2.38+0.92 abc 1.05+0.49 abc
2Na3Ca 47.59+139b -6.9+£9.9 ab 16.88+12.2 be 1.42+0.25 be 0.62+0.13 ac
Ace 52.66£13.0 ab -6.71£59 b 26.56+5.1 ab 1.754+0.30 abc 0.714£0.14 abc
NaAce 62.89+10.2 a -8.32+104 b 17.19£13.0 abc 1.76+0.54 abc 0.71+0.24 abc
CaAce 61.19+10.5a -7.19+16.2 b 26.38+17.2 abc 1.7340.26 abc 0.82+0.12 abc
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Average value (n = 7) = SD. Samples with the same letter
have no significant difference in a column at p < 0.05
according to t-test.

Smoked sprats texture was affected by pH and moisture
content. The decreased moisture content and lower pH
resulted in a firmer texture. Work of shear differed between
1.27+0.28 N mm’ s (control) and 1.76+0.54 N mm" s, when
brine contained acetic acid. The use of acids in the pre-
treatment increases the ionic strength (Caglak, 2015) and
decreases pH values, which makes firmer texture. In the
sample with the highest salt content Ruiz-Alonso ez al. (2021)
obtained similar results for work of shear fillets with brining
at 7% and 10% salt were firmer than 5% treated fillet samples
because of salt penetration in fish flesh. The combined use of
salt and acetic acid increased work of shear more than any
separate pre-treatment agent. Increased sodium chloride
amount in sample 3Na2Ca made texture firmer (2.38+0.92 N
mm’ s) than the texture of control sample without pre-
treatment (1.27+0.25 N mm" s). Salting makes internal
protein changes which results in modification in fish texture
and water holding capacity (Martinez et al., 2012). Acids also
made texture firmer for smoked pre-treated fish because of
acid penetration in fish flesh. There exists a moderate
correlation between water activity and texture that shows the
increased water activity decreasing work of shear (r =-0.75)
and cutting strength (r=-0.78), it may also have an influence
onmicrobiological parameters.

Pre-treatment effect on microbiological parameters of
smoked sprats

Fish contains a lot of bacteria, but during processing some
of them are inactivated, but some only start their activity.
Shelflife of fresh or smoked sprats typically is some days, but

using the pre-treatment it is possible to improve these
microbiological parameters without significant sensory
changes. Huong (2014) also researched that smoking inhibits
the formation of toxins in products and reduce the growth of
microorganism, due to lower water activity, or pre-treatment
(salting, acid use) which creates a physical surface barrier for
microbiological growth. The spoilage microflora of smoked
fish can be impacted from smoking parameters or pre-
treatment method, but also time and temperature of storage,
packaging material type are important.

Total plate count for fresh fish is allowed to be not more than
1x10° CFU g", but in smoked or smoked brined fish it should
not exceed 1x10° CFU g"' (“Texuuueckuii permameHT
€BPA3UIICKOT0 HYKOHOMHUYECKOr0 COI03a 'o 0e30IacHOCTH
pei0oer u peioHOW mponyknuu' (TP EADC 040/2016)
(Technical Regulation No. 040/2016 On safety of fish and
fish products,” 2016), pathogens Pseudomonas spp. (for fish
typically including Pseudomonas aeruginosa, Pseudomona
anguilliseptica “red spot disease™) or moulds are not allowed
in smoked fish, yeasts in smoked fish are allowed up to 1x10’°
CFU g, but need to follow Good Hygiene and
Manufacturing practice program, because yeasts indicate the
efficiency of cleaning and disinfection. Typically, yeasts are
present in fresh fish, but during processing it can be
additionally contaminated from processing environment and
equipment (Bagge-Ravn et al., 2003). On the 1¥ day after
smoking the lowest TPC was determined in the sample pre-
treated with combination of sodium chloride and acetic acid.
Sengun et al. (2021) reported that the acid has an inhibiting
role for microbial growth. The lowest result for TPC after
smoking and in storage was obtained using any of pre-
treatment methods even on the 2™ week of storage only in the
control sample rapid growth till 3.3x10° CFU g' was
observed (Table 5).

Table 5
Microbiological parameters during storage of smoked sprats
-1
Total plate count, CFU g Pseudgll?[c}an Yeasts, CFU g" Moulds, CFU g
ID of Spp-, g
samples
1" day I” 2" week I” 1" week I* 1" week | 2™ week I” 1* 2" week
week day day day | week
Control | 4.2x10° | 2.3x10" | 3.3x10° | <10 | 7.0x10° | <10 | 3.9x10° 1.2x10° | <10 | <10 1.0x10°
Na 5.6x10° | 3.5x10° | 9.5x10° | <10 | 2.9x10° | <10 | 1.1x10° | 4.2x10° | <10 | <10 <10
3Na2Ca | 3x10° 2.6x10° | 7.2x10° | <10 | 1.0x10° | <10 | 1.5x10° 9.5x10" | <10 | <10 <10
2Na3Ca | 4.5x10° | 9.6x10° | 3.4x10" | <10 <10 <10 | 5.8x10° 3.4x10" | <10 | <10 <10
Ace 7.0x10" | 5.2x10° 1.2x10° | <10 <10 <10 | 3.7x10° 8.3x10" | <10 | <10 <10
NaAce | 6.0x10' | 2.6x10" | 2.1x10° | <10 <10 <10 | 2.5x10° 1.7x10° | <10 | <10 <10
CaAce | 8.0x10' | 6.4x10° | 4.4x10° | <10 <10 <10 | 7.5x10° 2.5x10° | <10 | <10 <10
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Some moulds and yeasts are salt tolerant, but using pre-
treatment (salts, acids) it is possible to decrease mould
activity (Musa et al., 2018). Without pre-treatment yeasts
started growing after the 1" week 3.9x10° CFU g while in
the samples Ace or Na lowest growth 10° CFU g"'. Moulds
need water activity around 0.85, but yeasts can grow at
higher water activity (Tournas ef al., 2001) and experiment
showed similar results, because yeasts started growing
after the 1" week of storage and moulds after the 2" week of
storage in the control sample because it had higher pH. At
the beginning, yeasts and moulds were below <10 CFU g,
but after one week the number of yeast colonies started to
increase fast. Moulds stayed stable after the 1" week. In the
sample 3Na2Ca, the yeast count was the lowest (1.5x10
CFU g, but in the sample NaAce the highest 2.5x10° CFU
g" and in 2" week the highest were also NaAce 1.7x10°
CFU g"). Using pre-treatment, it is possible to inhibit
mould growth, because only in control sample after two-
week storage moulds (1.0x10° CFU g') were detected.
Moulds are not allowed in processed fish, moulds
metabolite products are mycotoxins, which are
carcinogenic (Ayuba, Alhassan, & Jimmy (2013)). Thus,
using any of the selected pre-treatments, it is possible to
reduce mould activity.

The microbiological parameters are the main factor that
can have an impact on the smoked fish safety during its
storage. Ayuba, Alhassan, & Jimmy (2013) investigated
bacterial pathogens, which may be transferred from fish to
human beings include: Clostridium botulinum type E
(botulism), Pseudomonas aeruginosa (wound infections),
and Vibrio parahaemolyticus. Gonzalez-Rodriguez et al.
(2002) also confirmed Salmonella spp. and Listeria
monocytogenes are food poisoning pathogens. In the
current study, neither in freshly smoked nor stored fish
these bacteria were detected. If fish contain Salmonella
spp. or Listeria monocytogenes or other pathogen spores,
only the application of sterilization or high pressure can
destroy them; in smoking process the spores preserve their
activity (Evelyn & Silva, 2019). But if Listeria
monocytogenes, Salmonella or Clostridium botulinum
were in smoked sprats, there is a possibility to destroy
them, because Mejlholm, Devitt, & Dalgaard (2012)
reported Listeria monocytogenes and Salmonella were not
able to grow at 7.7 °C in brined (together lactic acid 0.32%,
acetic acid 0.28 % of organic acids in the water phase) and
drained modified atmosphere packaged shrimp that
resembled commercial products with either acetic and
lactic acids or benzoic, citric acids. Vibrio
parahaemolyticus were not detected in the smoked fish, but
using brine (0.21% benzoic acid, 1.65% citric acid, 0.10%
sorbic acid and salt 3.30% percentage of chemicals (w/v)
(Mejlholm, Devitt, & Dalgaard (2012)) it is possible to
inactivate also V. parahaemolyticus (at 2.2+0.4 °C, pH 4.0
till pH 4.4). V. parahaemolyticus was reduced more than
3.0 log CFU g in mussels that were dipped in 2% (v/v)
lactic acid brine for 15 min (Belleggia ef al., 2020). Using
pre-treatment, it is possible to stop growth or inactivate V.
parahaemolyticus pathogens. Clostridium perfingens was
not detected in storage time of smoked sprats using pre-
treatment or without treatment; the same was observed for
Escherichia coli (hygiene conditions) and Bacillus cereus,
which was lower than 10 CFU g"'. Smoked sprats during
storage did not contain any of these pathogens which
means that no effect of the pre-treatment on pathogen

growth can be observed according to this research.

Pseudomonas one day after smoking were less than 10
CFU g' (Abd El-Aziz, 2015) for all tested samples, but
during storage the amount started to increase in the samples
without pre-treatment; after the 1" week it started to
increase in the control sample as it had the highest pH 6.6
and had the highest count (7.0x10" CFU g") after the 1"
week of storage. Duman ef al. (2021) reported that
Pseudomonas spp. stability and growth application vary
with salt amount, temperature and pH. Using acetic acid in
combination with salt (Ace, NaAce, CaAce) or only salt
with CaCl, (2Na3Ca) it stays the same as one day after
smoking <10 CFU g'. Wang et al. (2014) research on
freshwater grass carp during storage for 12 days indicated
the increased Pseudomonas spp. growth from 3% till 37%.
SterniSa et al. (2020) found correlation with fish weight and
Pseudomonas species (Duman et al., 2021). Thus, the use
of acetic acid or CaCl, in majority of cases allowed to slow
down the growth of Pseudomonas spp., and the product is
acceptable for use in further production after one week of
storage.

Conclusions

The use of brine ensures migration of salt and acid
evenly in fish tissues, and it results in lower moisture
content and lower pH, which demonstrates the influence of
pre-treatment on both physical and microbiological
parameters. The pre-treatment can improve texture and
colour of freshly smoked sprats. Textural parameters, such
as cutting strength and work of shear are influenced by
moisture content and pH. Colour is affected both by salt
content and pH. The pre-treatment also ensures better
microbiological parameters, which can ensure longer shelf
life of smoked sprats, reducing the growth of TPC, moulds
and yeasts. Pre-treated smoked sprats have higher salt
content compared to fish without pre-treatment, and it
ensures safer use of sprats in further processing, when
different products from smoked fish (canned, pasteurized)
are made. The pre-treatment in a brine, containing
combination of sodium chloride and calcium chloride,
improved textural parameters and ensured improvement of
microbiological parameters of the smoked Baltic sprats.

References

Abbas, K. A., Saleh, A. M., Mohamed, A., & Lasekan, O.
(2009). The relationship between water activity and
fish spoilage during cold storage: A review. Journal
of Food, Agriculture and Environment, 7(3—4),
86-90.

Abbas, K. A., Mohamed, A., Jamilah, B., & Ebrahimian,
M. (2008). A review on correlations between fish
freshness and pH during cold storage. American
Journal of Biochemistry and Biotechnology, 4(4),
416-421.DOI: 10.3844/ajbbsp.2008.416.421

Abd El-Aziz, D. M. (2015). Detection of Pseudomonas
spp. in chicken and fish sold in markets of Assiut
City, Egypt. Journal of Food Quality and Hazards
Control, 2(3), 86—89.

Ayuba, V. O., Alhassan, M. ., & Jimmy, U. U. (2013).
Assessment of the microbial load of smoked sardine (
Sardina pilchardus, Walbaum, 1792) sold in
Makurdi Markets. International Journal of Current
Microbiology and Apllied Sciences, 2(9),277-287.

28

RURAL SUSTAINABILITY RESEARCH 46(341), 2021



*Santa Puke, Ruta Galoburda

Pre-treatment Effect on Physical and
Microbial Parameters of Smoked Baltic Sprats

Babikova, J., Hoeche, U., Boyd, J., & Noci, F. (2020).
Nutritional, physical, microbiological, and sensory
properties of marinated Irish sprat. International
Journal of Gastronomy and Food Science, 22(August),
100277.DOI: 10.1016/].1jgfs.2020.100277

Bagge-Ravn, D., Ng, Y., Hjelm, M., Christiansen, J. N.,
Johansen, C., & Gram, L. (2003). The microbial
ecology of processing equipment in different fish
industries - Analysis of the microflora during
processing and following cleaning and disinfection.
International Journal of Food Microbiology, 87(3),
239-250.DOI: 10.1016/S0168-1605(03)00067-9

Belleggia, L., Aquilanti, L., Ferrocino, I., Milanovi¢, V.,
Garofalo, C., Clementi, F., Cocolin, L., Mozzon, M.,
Foligni, R., Naceur Haouet, M., Scuota, S., Frambos,
M., Osimani, A. (2020). Discovering microbiota and
volatile compounds of surstromming, the traditional
Swedish sour herring. Food Microbiology,
91(September2019). DOI: 10.1016/j.fm.2020.103503

Bjernevik, M., Cardinal, M., Vallet, J. L., Nicolaisen, O., &
Arnarson, G. O. (2018). Effect of salting and cold-
smoking procedures on Atlantic salmon originating
from pre-or post rigor filleted raw material. Based on
the measurement of physiochemical characteristics.
LWT - Food Science and Technology, 91(January),
431-438.DOI:10.1016/j.1wt.2018.01.047

Caglak, E. (2015). Determination of shelf life of marinade
and brine injected rainbout trout (Oncorhynchus
mykiss, Walbum 1792) at refrigerator conditions.
Journal of Food and Health Science, 1(4),199-2110.
DOI:10.3153/jths15019

Chan, S. S., Roth, B., Skare, M., Hernar, M., Jessen, F.,
Levdal, T., Nordeng Jakobsen, A., Lerfall, J. (2020).
Effect of chilling technologies on water holding
properties and other quality parameters throughout the
whole value chain: From whole fish to cold-smoked
fillets of Atlantic salmon (Salmo salar). Aquaculture,
526 (February), 735381. DOLI:

10.1016/j.aquaculture.2020.735381

Council of the European Union. Council Regulation (EC) No
2406/96 of 26 November 1996 laying down common
marketing standards for certain fishery products.
(1997).

Duman, M., Mulet, M., Altun, S., Saticioglu, I. B., Ozdemir,
B.,Ajmi, N., Lalucat, J., Garcia-Valdés, E. (2021). The
diversity of Pseudomonas species isolated from fish
farms in Turkey. Aquaculture, 535(July 2020). DOI:
10.1016/j.aquaculture.2021.736369

Eizenberga, 1., Terentjeva, M., Valcina, O., Novoslavskij, A.,
Strazdina, V., OSmjana, J., & Berzins, A. (2015).
Microbiological Quality of Raw Fish At Retail Market
in Latvia. “Nordic View to Sustainable Rural
Development”, Proceedings of the 25th NJF Congress,
(October 2014),324-328. Retrieved from

https://www.bior.lv/sites/default/files/publikacijas/269 NJF
2015 _Proceedings_Latvia-324-328 0.pdf

Evelyn, & Silva, F. V. M. (2019). Heat assisted HPP for the
inactivation of bacteria, moulds and yeasts spores in
foods: Log reductions and mathematical models.
Trends in Food Science and Technology, 8§8§(March),
143-156.DOI:10.1016/j.1if5.2019.03.016

Gonzalez-Rodriguez, M. N., Sanz, J. J., Santos, J. A., Otero,
A., & Garcia-Léopez, M. L. (2002). Numbers and types
of microorganisms in vacuum-packed cold-smoked

freshwater fish at the retail level. International Journal
of Food Microbiology, 77(1-2), 161-168. DOI:
10.1016/S0168-1605(02)00048-X

Huong, D. T. T. (2014). The effect of smoking methods on the
quality of smoked Mackerel. United Nations
University Fisheries Training Programme, Iceland
[final project].

http://www.unuftp.is/static/fellows/document/huong13prf.p
df

Kim,J. H., & Lee, S. Y. (2021). Effect of NaCl addition on the
antibacterial effectiveness of acetic acid and its salts
against pathogenic bacteria. Food Control,
123(August), 107704. DOI:

10.1016/j.foodcont.2020.107704

Kuda, T., Yazaki, T., Takahashi, H., & Kimura, B. (2013).
Effect of dried and vinegar flavored squid products on
acid resistance of Salmonella Typhimurium and
Staphylococcus aureus. Food Control, 30(2),
569-574.DOI: 10.1016/j.foodcont.2012.09.011

Kwak, E., & Lim, S. (2004). The effect of sugar, amino acid,
metal ion, and NaCl on model Maillard reaction under
pH control. Amino Acids, 27, 85-90.

Martinez, O., Salmerodn, J., Guillén, M. D., Pin, C., & Casas,
C. (2012). Physicochemical, sensorial and textural
characteristics of liquid-smoked salmon (Salmo salar)
as affected by salting treatment and sugar addition.
International Journal of Food Science and
Technology,47(5),1086—-1096. DOI: 10.1111/5.1365-
2621.2012.02945.x

Mejlholm, O., Devitt, T. D., & Dalgaard, P. (2012). Effect of
brine marination on survival and growth of spoilage
and pathogenic bacteria during processing and
subsequent storage of ready-to-eat shrimp (Pandalus
borealis). International Journal of Food Microbiology,
157(1),16-27.DOI:
10.1016/j.ijfoodmicro.2012.04.006

Muceniece, D. (2020). Griitas sarunas Latvija atseviskam
sugam panak labakas zvejas iesp&jas Baltijas jlira
2021. gadam, neka sakotngji tika piedavats (In difficult
negotiations, Latvia achieves better fishing catch
opportunities for certain species in the Baltic Sea by
2021 tha. Retrieved from
https://www.zm.gov.lv/zemkopibas-
ministrija/presei/grutas-sarunas-latvija-atseviskam-
sugam-panak-labakas-zvejas-iespejas-?id=11790

Musa, H., Kasim, F. H., Nagoor Gunny, A. A., & Gopinath, S.
C. B. (2018). Salt-adapted moulds and yecasts:
Potentials in industrial and environmental
biotechnology. Process Biochemistry, 69(February),
33-44.DOI: 10.1016/j.procbio.2018.03.026

Olayemi F., Raji A., & Adedayo M. (2012). Microbiological
quality of catfish (Clarias gariepinus) smoked with
Nigerian Stored Products Research Institute (NSPRI)
developed smoking kiln. International Research
Journal of Microbiology (IRJM), 3(13), 2141-5463.
Retrieved from http://www.interesjournals.org/IRJM

Parlapani, F. F., Mallouchos, A., Haroutounian, S. A., &
Boziaris, 1. S. (2014). Microbiological spoilage and
investigation of volatile profile during storage of sea
bream fillets under various conditions. /nternational
Journal of Food Microbiology, 189, 153—-163. DOI:
10.1016/j.ijfoodmicro.2014.08.006

Requirements for Food Quality Schemes, Procedures for the
Implementation, Operation, Monitoring, and Control

RURAL SUSTAINABILITY RESEARCH 46(341), 2021

29



*Santa Puke, Ruta Galoburda

Pre-treatment Effect on Physical and
Microbial Parameters of Smoked Baltic Sprats

Thereof. (2014). Retrieved from
https://likumi.lv/ta/en/en/id/268347

Rizo, A., Fuentes, A., Fernandez-Segovia, 1., & Barat, J. M.
(2016). Feasibility of processing temperatures on the
quality and shelf-life of smoke-flavoured cod. LWT -
Food Science and Technology, 69, 546-553. DOI:
10.1016/j.1wt.2016.02.021

Ruiz-Alonso, S. A., Giron-Hernandez, L. J., Lopez-Vargas,
J. H., Mufoz-Ramirez, A. P., & Simal-Gandara, J.
(2021). Optimizing salting and smoking conditions
for the production and preservation of smoked-
flavoured tilapia fillets. Lw¢, 138(December 2019).
DOI:10.1016/j.1wt.2020.110733

Sengun, I. Y., Yildiz Turp, G., Cicek, S. N., Avci, T., Ozturk,
B., & Kilic, G. (2021). Assessment of the effect of
marination with organic fruit vinegars on safety and
quality of beef. International Journal of Food
Microbiology, 336(June 2020), 108904. DOI:
10.1016/j.ijfoodmicro.2020.108904

Sérot, T., Baron, R., Knockaert, C., & Vallet, J. L. (2004).
Effect of smoking processes on the contents of 10
major phenolic compounds in smoked fillets of
herring (Clupea harengus). Food Chemistry, 85(1),
111-120.DOI: 10.1016/j.foodchem.2003.06.011

SterniSa, M., Bucar, F., Kunert, O., & Smole Mozina, S.
(2020). Targeting fish spoilers Pseudomonas and
Shewanella with oregano and nettle extracts.
International Journal of Food Microbiology,
328(January), 108664. DOI:
10.1016/j.ijfoodmicro.2020.108664

Svanevik, C. S., & Lunestad, B. T. (2011). Characterisation
of the microbiota of Atlantic mackerel (Scomber
scombrus). International Journal of Food
Microbiology, 151(2),164—-170. DOLI:
10.1016/j.ijfoodmicro.2011.08.016

Tahsin, K. N., Soad,A. R.,Ali,A. M., & Moury, I. J. (2017).
A Review on the Techniques for Quality Assurance
of Fish and Fish Products. International Journal of
Advanced Research in Science, Engineering and
Technology, 4(July). Retrieved from
www.ijarset.com

Timberg, L. (2012). Spice-Cured Sprats Ripening, Sensory
Parameters Development, and Quality Indicators. In
Journal of Aquatic Food Product Technology (Vol.
23, Issue2).

Timberg, L., Koppel, K., Kuldjirv, R., & Paalme, T. (2011).
Sensory and chemical properties of Baltic sprat (Sprattus
sprattus balticus) and Baltic herring (Clupea harengus
membras) in different catching seasons. Agronomy
Research, 9(SPPL.ISS. 2),489-494.

Toledo, R. T. (2008). Wood smoke components and functional
properties. 55—61.DOI: 10.4027/isscp.2008.12

Tournas, V., Stack, E. M., Mislivec P. B., Koch, H. A., Bandler,
R. (2001). BAM Chapter 18: Yeasts, Molds and
Mycotoxins. Retrieved from

https://www.fda.gov/food/laboratory-methods-food/bam-
chapter-18-yeasts-molds-and-mycotoxins

Usydus, Z., Szlifder-Richert, J., & Adamczyk, M. (2012).
Variations in proximate composition and fatty acid
profiles of Baltic sprat (Sprattus sprattus balticus). Food
Chemistry, 130(1),97-103. DOI:
10.1016/j.foodchem.2011.07.003

Wang, H., Luo, Y., Huang, H., & Xu, Q. (2014). Microbial
succession of grass carp (Ctenopharyngodon idellus)
filets during storage at 4°C and its contribution to
biogenic amines 'formation. International Journal of
Food Microbiology, 190,66-71. DOI:

10.1016/j.ijfoodmicro.2014.08.021

Wawire, M., Tsighe, N., Mahmud, A., Abraha, B., Wainaina, .,
Karimi, S., & Abdulkerim, Z. (2019). Effect of salting
and pressing on quality characteristics of spotted sardine
(Amblygaster sirm) during different storage conditions.
Journal of Food Composition and Analysis,
79(February), 47-54.DOI: 10.1016/j.jfca.2019.03.008

Yamaguchi, K., Noumi, Y., Nakajima, K., Nagatsuka, C.,
Aizawa, H., Nakawaki, R., ... Van Chuyen, N. (2009).
Effects of salt concentration on the reaction rate of Gle
with amino acids, peptides, and proteins. Bioscience,
Biotechnology and Biochemistry, 73(11), 2379-2383.
DOI:10.1271/bbb.90252

Yanar, Y., Celik, M., & Akamca, E. (2006). Effects of brine
concentration on shelf-life of hot-smoked tilapia
(Oreochromis niloticus) stored at 4°C. Food Chemistry,
97(2),244-247.DOI: 10.1016/j.foodchem.2005.03.043

Tehniceskii reglament evraziiskogo ekonomiceskogo souza “o
bezopasnosti ryby i rybnoi produkcii” (TP EAD3C
040/2016) (Technical Regulation No. 040/2016 On
safety of fish and fish products. (2016). Retrieved from
https://docs.cntd.ru/document/420394425. (in Russian)

Acknowledgment
This work was supported by the programme “Strengthening research capacity in the Latvia University of Life Sciences and
Technologies” project Z43 and fish producing company SIA “NS ESTATE”.

30

RURAL SUSTAINABILITY RESEARCH 46(341), 2021



friried applied
e sciences

Article

Influence of Pre-Treatment on the Seasonal Variation of Smoked
Baltic Sprat Texture and Color

Santa Puke (7, Olga Dmitrijeva 2 and Ruta Galoburda -*

check for
updates

Citation: Puke, S.; Dmitrijeva, O.;
Galoburda, R. Influence of
Pre-Treatment on the Seasonal
Variation of Smoked Baltic Sprat
Texture and Color. Appl. Sci. 2024, 14,
504. https://doi.org/10.3390/
app14020504

Academic Editor: Daniel Cozzolino

Received: 22 November 2023
Revised: 28 December 2023
Accepted: 4 January 2024
Published: 6 January 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Food Institute, Latvia University of Life Sciences and Technologies, Rigas Street 22, LV-3004 Jelgava, Latvia
Research and Project Development Centre, Latvia University of Life Sciences and Technologies, Liela Street 2,
LV-3001 Jelgava, Latvia

Correspondence: ruta.galoburda@lbtu.lv

Abstract: The seasonal variation of Baltic sprat chemical composition leads to a change in smoked
fish texture and color, which may pose challenges for industrial processing. This research aimed to
evaluate the dependence of smoked sprat texture and color on the catching season and pre-treatment
applied before the smoking of fish, following one year of frozen storage. Various proportions of
sodium chloride (NaCl), calcium chloride (CaCl,), and acetic acid were used in the solution for fish
pre-treatment. The introduction of salts during the pre-treatment process for late-season fish has
been found to enhance the texture of the smoked product. The color components of the lightness (L*)
and redness (a*) measured on the smoked fish surface remained consistent throughout the catching
season, whereas the yellowness (b*) showed a tendency to decrease towards the end of the season.
Moreover, when acetic acid was applied to late-season fish, the yellowness of the smoked sprat
surface increased compared to that of the sample without this pre-treatment. These findings suggest
that the choice of pre-treatment methods can significantly improve the texture and color attributes
of the smoked sprat, which is crucial for maintaining quality standards, especially in the context of
industrial processing.

Keywords: catching season; frozen storage; work of shear; pre-treatment

1. Introduction

Baltic sprat (Sprattus sprattus balticus) is a fast-growing, short-lived fish from the
Clupeidae family, typically reaching a size of 10-16 cm [1]. It is recognized as a valuable
source of proteins and lipids [2]. The spawning season in the Baltic Sea generally spans
from March until June, depending on the weather conditions [1]. The catching season,
geographical location, fish size, weight, and age affect the chemical composition of sprat [3].
The protein content remains relatively stable throughout the catching period. However,
Usydus et al. [4] documented a substantial variation in the lipid content, ranging from
5.10% during the spawning season to 15.46% in the fish-feeding season. Timberg et al. [5]
identified a strong negative correlation between the water and lipid contents in Baltic
sprat. This variance in the chemical composition may lead to changes in sensory attributes,
resulting in a higher sensory quality of autumn fish having the highest lipid content
compared to fish caught in other seasons (winter and spring).

Following catching, fish undergo fast freezing as a preservation method to maintain
their quality throughout the supply chain, extending their shelf-life up to 12 months.
This practice ensures a continuous supply during the non-catching season. Freezing
effectively slows or stops biological, chemical, and physical changes in fish. However,
enzymatic activity linked to lipid oxidation can lead to the degradation of food quality
attributes such as color, taste, and texture. Additionally, the freezing and thawing process
introduces structural damage from ice crystals with potential impacts on the ultimate
quality of the final product [6]. The freezing process can induce the denaturation and
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aggregation of proteins, diminishing their extractability. This, in turn, may contribute to
muscle toughening and a decrease in the water-holding capacity [7].

Baltic sprats have widely been used to produce various nutritionally valuable products
including smoked, salted, marinated, and canned sprats. Traditionally, the preservation of
fish and the enhancement of their sensory attributes have been achieved through salting
and smoking [8]. However, the predominant methods for fish preservation are canning
and freezing [9]. In the Baltic and Eastern European countries, canned smoked sprats in
oil are known as a local delicacy. Furthermore, innovative products have emerged from
smoked sprat, such as dried smoked sprat snacks, marinated smoked sprat preserves, and
smoked sprat pate. During the smoking processes, the increased temperature leads to
protein denaturation, potentially resulting in a softer texture, particularly in spring, when
fish contain a higher water content. The varied lipid content may lead to differences in
the water distribution. Therefore, to ensure an acceptable texture in smoked sprats, raw
fish should possess sufficient firmness, influenced by such factors as the fat and moisture
content, pH, storage time, and processing methods.

The ionic strength and pH play crucial roles in the water-binding ability of muscle
proteins; the addition of a low amount of salt (1-2%) can enhance the water-holding
capacity. A 2-5% NaCl brine causes myosin to swell strongly, leading to firmer binding in
tissues [7]. After salting and smoking, the structural properties of the fish are altered, and
shrinkage of the muscle fibers occurs [10].

The salting and smoking processes contribute to a reduction in the lightness value L*,
attributed to water loss and protein degradation [2]. While no studies on factors affecting
the smoked sprat color were found, Babikova et al. [2] reported that marinated sprats were
lighter, with a decreased redness compared to that of thawed sprats used as raw material.
This phenomenon was linked to the effects of acids, as reported by Chow et al. [11], which
influenced discoloration and increased the autooxidation of myoglobin in the fish tissue.
The brining before marination decreased yellowness, which subsequently increased in the
marination process, possibly due to freezing affecting protein solubility, lipid oxidation,
and pigments in fish [2].

To our knowledge, the application of the fish pre-treatment in a solution containing
sodium chloride (NaCl), calcium chloride (CaCl,), and acetic acid before sprat smoking has
not been published. Thus, this research aimed to evaluate the dependence of the texture
and color of smoked sprat on the season and pre-treatment applied before the smoking of
fish, following one year of frozen storage.

2. Materials and Methods
2.1. Raw Materials

Fish caught in the Baltic Sea West of Gotland (FAO27. III. d. 28. 2) at the begin-
ning (September/October), middle (November/December), and end (March/April) of the
catching season, using OTM (otter trawl methods), freshness, and the size category A (EC
Regulation No 2406/96, 2005), was used in the study. Sprats were frozen in 10 kg blocks
using shock freezing until the temperature in the center of the fish block reached —16 to
—18 °C. Frozen sprats were packed in polyethylene bags, placed in cardboard boxes, and
delivered to the company freezer. Frozen sprats were stored at —18 £ 2 °C and relative
air humidity 75 4= 5% for one year (Figure 1). After one year of storage, the sprats were
thawed using the water—steam spray system until the temperature inside the block reached
0 °C, within 30 to 40 min. Three independent batches were made for each pre-treatment
type and subsequent smoking.
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eEarly-season

Processing Analysis of smoked fish

*Freezing (-18 °C) *Moisture content

(September/October) eFrozen storage (12 months) *pH
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*Thawing (0 °C) eTexture (work of shear,

(November/December) *Pre-treatment (NaCl, CaCl,, cutting strength)
eLate-season (March/April) acetic acid) eColour (L*a*b*)

eThermal treatment (smoking)

Figure 1. Experimental procedure for sprat quality evaluation depending on the season and pre-
treatment material used.

The following ingredients were used for the fish pre-treatment: acetic acid (E260)
purchased from a supplier company “Safrans” (Riga, Latvia), fine NaCl salt “Ekstra”
(Mozirsol, Belarus), and granulated calcium chloride anhydrous CaCl, (Lachner, Brno,
Czech Republic).

2.2. Fish Sample Pre-treatment and Smoking

First, the pre-treatment solutions (Table 1) were made according to the concentrations
developed and described by Puke et al. [12]. Pre-treatment materials were selected after
the literature study and preliminary testing, aiming for texture and color improvement
while maintaining an acceptable sensory quality.

Table 1. The composition of the solution used for defrosted sprat pre-treatment [12].

o Ingredients (% from Solution Mass)
Identification of Samples

NaCl CaCl, Acetic 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

Thawed fish were soaked for 30 min in a pre-treatment solution containing the in-
gredients specified in Table 1. After pre-treatment, the fish were dried in a tunnel for
20 to 25 min and then hot-smoked in a commercial smoking chamber (Rauch Spectrum,
Rheinmiinster, Germany) with an automatic control system using beech wood chips. The
main processing parameters were selected as follows: drying for 35—40 min at 45 to 60 °C,
cooking for 10-12 min at 60 to 73-75 °C, steaming for 2-5 min at 75-77 °C, smoking for
10-15 min at 77 to 80 °C, and cooling for 5-10 min until 72 °C. Three batches (200 g each) of
smoked fish were made per pre-treatment type.

2.3. Determination of Raw Sprat Moisture, Protein, and Fat Content

Moisture analyses were performed using the standard method ISO 1442:1997. Briefly,
a homogenized sample was combined with pre-heated sand and dried until a constant
weight in the Memmert oven (Memmert, Buechenach, Germany).

The protein content was determined in triplicate by the Kjeldahl method ISO 5983-
2:2009, using 2 g of the sample with a Kjeltec 2300 automatic analyzer (Foss Analytical,
Hogands, Sweden). The nitrogen conversion factor of 6.25 was used to calculate the
percentage of protein.
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The fat content of the raw fish was measured in triplicate by Soxhlet extraction on an
SOXTEC AVANTI 2050 instrument (Foss Analytical, Hogands, Sweden) using petroleum
ether, according to ISO 1443:1973.

2.4. Determination of the Moisture, pH, Color, and Texture of Smoked Sprats

The determination of the smoked sprat moisture content followed the standard ISO
1442:1997 procedure. The pH of smoked sprats was analyzed using 1 g of blended fish and
9 g of distilled water, mixed, and tested immediately. The determination of pH was carried
out in triplicate per sample using a calibrated JENWAY 3520 digital pH-meter (Jenway, EU).

Color analyses were performed using a ColorTec-PCM colorimeter (Accuracy Mi-
crosensors Inc., Vernon Hills, IL, USA) with a CIE Lab color space system, where L* shows
the lightness (L* = 0 black; L* = 100 white), a* shows the redness (—a* green, +a* red), and
b* shows the yellowness (—b* blue, +b* yellow). Fish were placed on the wooden cutting
board and covered with polyethylene film. The color was measured on the surface of the
whole smoked sprat in 10 different surface locations. No more than two measurements
were made per fish. Software Color Tec—Color Sowf QCW was used for the data collection.

The smoked sprat texture was analyzed by the texture analyzer TA.HD.Plus (Stable
Microsystems, Godalming, UK) with the blade set knife Warner-Bratzler (speed 2 mm/s
for a 10 mm distance) at room temperature. Separated smoked sprat fillets without bone
were used to obtain two parameters for the texture: the work of shear (N/mm) and cutting
strength (Ns/mm). The width of each fillet was measured before the test. At least seven
measurements were made per sample.

2.5. Statistical Analyses

Mean values with standard deviations (=SD) were calculated using MS Office Excel
2016 (Microsoft, Redmond, WA, USA) software. Statistical analyses were conducted using
IBM SPSS Statistics, Version 28.0.1.1.(15) (SPSS Inc., Chicago, IL, USA) software with one-
way ANOVA, followed by a Post Hoc Tukey test, and reported at a significance level of
p <0.05,p <0.01, and p < 0.001.

3. Results and Discussion

The chemical composition of the fresh sprat varied during the season (Table 2). The
protein content remained stable throughout the catching season. The fat content was 36%
lower, while the moisture content increased significantly in late-season fish in comparison
to early-season fish. The results are consistent with those reported earlier by Usydus
et al. [4] and Timberg et al. [5], who also revealed a higher water content and lower fat
content in late-season sprats.

Table 2. The chemical composition of fresh Baltic sprat during the catching season.

Content (g/100 g)
Parameters
Early * Mid Late
Protein 164 +1.32 149+ 122 16.8 £ 132
Fat 192 +1.72 129+11b 121+11b
Moisture 624+ 12Pb 69.2 +1.22 700+ 122

* Early-season—September / October; mid-season—November/December; late-season—March / April. > Differ-
ent lowercase letters indicate significant differences between values in rows at p < 0.05, per Tukey’s test.

3.1. The Moisture Content and pH of Smoked Sprats

The moisture content in the smoked sprat was not affected by the season (Table 3),
indicating that more moisture was lost from mid- and late-season fish during the smoking
process. The highest moisture content was detected in the control samples, irrespective of
the season. Pre-treatment with salt and/or acid reduced the smoked sprat moisture content,
especially in late-season fish.
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Table 3. The moisture content of smoked sprat, depending on the season and pre-treatment.
Moisture Content (%)
Pre-Treatment
Early Mid Late
Control 67.5 +2.63A 69.2 +0.82A 69.5 4+ 0.8 a4
Na 66.7 + 1.1 3bA 65.8 + 2.1 3bA 65.0 + 1.4PA
3Na2Ca 62.5 + 1.8PA 61.6 + 1.5dA 62.2 +1.2bA
2Na3Ca 61.5+1.5bA 60.6 + 0.9 cdA 59.8 4+ 0.9 beA
Ace 65.7 + 2.03bA 64.1 + 0.9 beA 64.0 + 2.5bA
NaAce 62.9 + 1.63bA 62.2 + 0.9 cdA 58.6 + 1.6 b<B
CaAce 61.7 £23bA 59.0 + 1.2dA 57.0 +1.19B

Average value (n = 9) 4 SD. For sample abbreviations, see Table 1. 4 Different lowercase letters indicate
significant differences between values in columns; 4B different uppercase letters indicate significant differences
in rows at p < 0.05, per Tukey’s test.

Sprats subjected to pre-treatment with the solutions containing CaCl, exhibited a de-
creased moisture content in comparison to the other samples. According to Zhang et al. [13]
this could be attributed to the formation of protein—protein linkages upon the addition
of calcium ions, leading to the creation of rough protein aggregates and subsequently
reducing the water binding capacity.

The pH of the smoked sprat was reduced after the application of any pre-treatment
material selected compared to the control sample without pre-treatment (Table 4).

Table 4. The pH of smoked sprat, depending on the catching season and pre-treatment applied.

Season
Pre-Treatment
Early Mid Late
Control 7.01 + 0.09 24 7.06 + 0.04 24 7.12 + 0.05 24
Na 6.74 + 0.03 bA 6.79 + 0.01 bA 6.74 +0.01 bA
3Na2Ca 6.41 + 0.05 <A 5.96 + 0.07 B 6.23 + 0.04 ¢AB
2Na3Ca 6.11 +0.14 9A 5.95 + 0.10 A 6.08 & 0.03 94
Ace 6.48 + 0.02 ¢A 6.27 4+ 0.05 <A 6.32 4+ 0.03 A
NaAce 6.48 4+ 0.03 A 6.30 & 0.02 <A 6.08 + 0.03 9B
CaAce 6.02 &+ 0.03 9A 5.50 + 0.06 9B 6.24 + 0.01 ¢dA

Average values (n = 9) & SD. For sample abbreviations, see Table 1. a-d Different lowercase letters indicate
significant differences between values in columns; A-B different uppercase letters indicate significant differences
in rows at p < 0.05, per Tukey’s test.

The application of both calcium chloride and acetic acid caused a bigger change in the
pH of smoked sprat compared to the application of sodium chloride solely. Similar results
were revealed by Horita et al. [14], indicating that the pH of frankfurter sausages with
dicationic salts added decreased. In the current study, the pH of the sprats remained above
the isoelectric point of the myofibrillar protein, which is pH 5.3. The pH is an important
factor influencing the water-binding capacity of muscle proteins [7].

3.2. Smoked Sprat Texture

Figure 2 shows the textural properties of smoked sprat depending on the catching
season. Both variables of the texture, the work of shear and the cutting strength, tended to
reduce throughout the season for the sample without any pre-treatment (control). This is
in agreement with the sensory evaluation of steamed Baltic sprat completed by Timberg
et al. [5], who also reported the hardest texture for fish caught in autumn. The reduction
in hardness could be attributed to the increased moisture and reduced fat content in fish
used for smoked sprat production. Thus, in the early season (autumn), the fresh sprat
moisture content was 62.4% (Table 2), whereas it increased to 70.2% in the late season
(spring). A negative correlation was observed between the water and fat contents. Texture
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softening in a fish from the late season may affect the appearance of smoked sprat, making
it unacceptable for further processing in canned produce, fish pate, or fish snacks.
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Figure 2. Texture of smoked sprat depending on the season and pre-treatment: (A) work of shear;
(B) cutting strength. Average values (n = 21) with the standard deviation. For sample abbreviations,
see Table 1.

Pre-treatment did not show a significant effect on the early-season fish texture (Table 5),
possibly due to the higher fat content and lower water content, which resulted in the slower
migration of the pre-treatment agent in the fish tissue. According to Martinez et al. [15],
lipids in fatty fish present a physical barrier to salt transport due to fat hydrophobicity.

The hardness of smoked mid- or late-season fish increased when acetic acid was
applied either alone or combined with sodium or calcium salt. Babikova et al. [2] also
described the hardness increase in Irish sprat after marination, attributing an increase to
the protein denaturation, which may result in decreased water adsorption. Kotakowski
and Bednarczyk [16] reported a reduced elasticity of Baltic herring with an increased acid
concentration in the range of 1-5%. In our study, the texture analysis of sprat indicated
a weak negative correlation between the cutting strength and smoked fish pH (—0.488),
which is in agreement with Babikova et al. [2], who revealed that the hardest texture for
Irish sprat was observed at the lowest pH.
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Table 5.

The significance of the season and pre-treatment effect on the smoked sprat texture.

Treatment Season Treatment X Season
Item Treatment One-Way ANOVA One-Way ANOVA Three by Seven Factorial Design
(Post Hoc Tukey) (Post Hoc Tukey) ANOVA (Post Hoc LSD)
Control F (12; 161) = 3.48,
Na F (6; 153) = 4.05, p<0.001
3Na2Ca p=0.001 F (2;157) = 11.09, Control: ns
2Na3Ca Ace * > Control p <0.05 Na: S3 > 51 **, 52 **
Work of shear Ace 3Na2Ca *, 2Na3Ca *, G3 > Q1 *** QD ** 3Na2Ca: S1 < S2 *** G3 **
NaAce Ace ** > Na 2Na3Ca: S3 > S] ***, G2 ***
Ace: ns
CaAce NaAce: ns
CaAce: S1 < S3 **
Control F (12; 161) = 3.89,
Na F (6; 153) = 4.26, p <0.001
3Na2Ca p=0.001 F (2; 157) = 10.08, Control: ns
2Na3Ca Ace * > Control p <0.001 Na: 52 <53 **
Cutting strength Ace 2Na3Ca **, Ace **, 53 > S1 *** 52 ** 3Na2Ca: S1 < 52 ***
NaAce CaAce * > Na 2Na3Ca: S3 > S] ***, 52 ***
Ace: 53 > 52 **
CaAce NaAce: ns

CaAce: S1 < S3 **

For sample abbreviations, see Table 1. Sl—early-season (September/October); S2—mid-season (Novem-
ber/December); S3—late-season (March/April). Statistically significant differences are marked with * p < 0.05;
**p <0.01; and *** p < 0.001. ns—no significant differences.

The use of salts for fish pre-treatment before smoking did not significantly affect the
texture of early- or mid-season sprat, whereas the application of salts in the pre-treatment
of late-season fish significantly increased both the work of shear and cutting strength,
indicating a harder texture. The seasonal effect may be ascribed to the higher water content
(Table 2) in late-season fish and differences in the water distribution within tissue, which
may vary significantly [10]. A higher water content facilitates salt migration. The role of
sodium chloride in the texture formation of muscle foods is well established. According to
the systematic review performed by Gomes et al. [17], salt plays an essential role in texture
by aiding the solubilization of protein, triggering protein extraction, and enhancing the
water-holding capacity. Salt prompts structural alterations via electrostatic interactions
among muscle proteins and sodium as well as chloride ions. These interactions lead to the
swelling of myofibrils, the depolymerization of myofilaments, and the dissociation of the
actomyosin complex [18]. In turn, the introduction of CaCl, may cause a transformation
in the myosin structure, transitioning it from an x-helix to 3-turn and 3-sheet configura-
tion [19]. Upon heating, the myosin structure unfolds, and calcium ions interact with the
active groups on myosin, creating salt bridges. Subsequently, myosin aggregates and forms
a gel network structure.

Additionally, the freezing and thawing cycle applied to samples with a higher water
content may cause greater ice crystal damage and also the denaturation and aggregation of
the myofibrillar proteins, leading to a loss of the water holding capacity [8,20]. Freezing
and thawing may damage the protein’s native structure, making it susceptible to further
reactions [21]. The greater shear force for salted fish was observed by many other au-
thors [8,22,23], who attributed an increase in hardness to an increased salt content in fish
muscle, causing protein aggregation and degradation.

3.3. Smoked Sprat Color

In the smoking process, fish undergo a process of thermal treatment and drying,
leading to non-enzymatic browning reactions, contributing to the color of the final product.
The smoked sprat color components in the CIE Lab system of the lightness (L*) and the
redness (a*) were stable through the catching season, whereas the yellowness (b*) tended
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to decrease towards the end of the catching season (Figure 3), possibly due to the reduced
fat content.
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Figure 3. Color of smoked sprat depending on the season and pre-treatment: (A) color component L*
black-white; (B) color component a* green—red; (C) color component b* blue-yellow. Average values
(n = 30) with standard deviation. For sample abbreviations, see Table 1.

Pre-treatment only affected the lightness of the early-season fish samples (Table 6). It
did not affect the lightness of the pre-treated samples in the mid- or late-season. Treatment
with acetic acid combined either with sodium salt or calcium salt made the sprat surface
darker. A moderate negative correlation existed between the fat content and L* value
(lightness) for smoked sprat (r = —0.646). A weak positive correlation was found between
the fat content and color component a* (redness) and the fat content and color component
b* (yellowness).
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Table 6. The significance of the season and pre-treatment effect on the smoked sprat color.
Effect
Treatment Season Treatment X Season
Item Treatment One-Way ANOVA One-Way ANOVA Three by Seven Factorial Design
(Post Hoc Tukey) Post Hoc Tukey) ANOVA (Post Hoc LSD)
Control F (12;161) = 6.01,
Na p < 0.001
3Na2Ca F (6; 157) = 2.50, F (2; 161) = 24.16, Control: ns
2Na3Ca p <0.05 p <0.001 Na: 52 < 53 **
L* Ace CaAce >2Na3Ca *, NaAce * S1 < G2 ##* G3 x4+ 3Na2Ca: S1 < 52 ***, 53 ***
NaAce 2Na3Ca: S1 < 52 *** G3 ***
Ace: ns
CaAce NaAce: S1 < 82 *** G3 ***
CaAce: S1 < S3 ***
Control F (12;161) = 6.01,
Na p <0.001
3Na2Ca . _ F(2,161) =14.14, Control: ns
2Na3Ca F(6;157) =1.70, b < 0.001 Na: S3 < S2 **
a* Ace p=ns S1 > §2 *#* G3 #ex 3Na2Ca: S1 > S2 **
NaAce 2Na3Ca: S1 > S2 *** S3 **
Ace: S1 > S2 **, 53 ***
CaAce NaAce: ns
CaAce: S3 < S1 ***; 52 **
Control F (12; 161) = 6.01,
Na p <0.001
3Na2Ca F (6; 157) = 2.60, F (2;161) =13.12, Control: ns
2Na3Ca p <0.05 p < 0.001 Na: S1 > 52 *** G§3 **
b* Ace NaAce <Naf, Acet, CaAcet S1>G2 *** G3 *** 3Na2Ca: ns
NaAce90 2Na3Ca: 52 > S3 **
Ace: S1 > 52 *** G3 **
CaAce NaAce: ns

CaAce: S1 > S2 ***

For sample abbreviations, see Table 1. L*—the lightness, a*—the redness, b*—the yellowness. S1—early-season
(September/October); S2—mid-season (November/December); S3—Ilate-season (March/April). Statistically signif-
icant differences are marked with * p < 0.05; ** p < 0.01; and *** p < 0.001. *—tendency. ns—no significant differences.

The most important values are color component L* because it shows the lightness
of the sample and yellowness (b*), which appears as a golden skin color. The smoked
sprat produced from early-season fish after one year of frozen storage, irrespective of the
treatment method, was redder and less yellow. The reduced yellowness in the late-season
sprat may be observed due to the lower content of carotenoid astaxanthin, a fat-soluble
pigment [24]. Acetic acid possibly acts as a solvent, releasing pigment and improving the
yellowness of smoked fish skin. However, the color was pre-treatment material-dependent.
The application of the pre-treatment with acetic acid for late-season sprat allowed for
increasing the surface yellowness compared to the sample without pre-treatment.

Some authors have reported that acidic conditions greatly affect discoloration, due
to the autooxidation of myoglobin [25]. According to Babikova et al. [2], freezing may
not only transform the protein and lipid fraction in fish, but it can affect pigments as
well. The smoking step can cause carbonyl-amino reactions of Maillard browning and the
denaturation of astaxanthins from alterations in the protein composition in salmon [26].
The color changes occur on the fish surface, especially because of salt and acid migration
inside fish tissue. Some substances present in smoke react with compounds present in
the fish’s outer layer, creating specific smoked fish sensory attributes such as color, taste,
and texture.

In further studies, the sensory quality of products produced from pre-treated smoked
sprat should be evaluated. From the current study, the pre-treatment of defrosted sprat in a
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solution with sodium chloride combined with calcium chloride would be used to improve
the texture of smoked Baltic sprats.

4. Conclusions

The use of pre-treatment enhanced the texture and color of smoked Baltic sprats
produced from late-season frozen fish after one year of storage. The texture of the control
sample without the pre-treatment exhibited variations based on the catching season, with
the softest texture observed in the late-season catch. An improvement in the late-season
fish texture can be reached by introducing pre-treatment with a combination of sodium and
calcium chlorides, which significantly increased both the work of shear and cutting strength,
resulting in a significantly firmer texture. The color components of smoked sprats, evalu-
ated in the CIE Lab system (lightness (L*) and redness (a*)), remained consistent across the
catching season. However, yellowness (b*) of smoked sprat surface displayed a tendency to
decrease in the late-season fish. Furthermore, the application of pre-treatment with acetic
acid for late-season sprats led to an increased surface yellowness compared to the sample
without pre-treatment. This finding underscores the nuanced impact of pre-treatment meth-
ods on both the texture and color attributes of smoked sprats, offering valuable insights for
optimizing product quality in the context of processing late-season catches.
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