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IVADAS

Pieno produktai yra svarbi Zzmoniy mitybos dalis, tod¢l Zaliavinis pienas
privalo buti aukSc¢iausios kokybés. Taciau pieno perdirbimo jmonés ir tki-
ninkai, besiver¢iantys pienininkyste, susiduria su problemomis. Viena jy —
mastitas, taip pat aukstas somatiniy lasteliy skaicius (SLS) ir bendras bakte-
rijy skaicius (BBS), kurie daznai priklauso nuo karviy laikymo ir higienos
salygy bei melzimo technologijy. Laikantis tikio higienos, gerinant sanitari-
jos biikle ir naudojant tinkamus teSmens paruoSimo metodus, pieno bakterinis
uzterStumas gali sumazéti iki 90 proc., o mastito atvejy skaicius — 50—
75 proc. Siekiant uzkirsti kelig infekcijos plitimui iikiuose, mastito preven-
cijai taikomos jvairios priemon¢s. Viena jy yra speniy antiseptika, atlickama
prie§ ir po melzimo [1]. Tam naudojami jvairts purskalai, valikliai ir vilgik-
liai. Pla¢iausiai taikoma procediira — speniy vilgymas. Si procediira laikoma
esminiu metodu, mazinant bakterijy skai¢iy ant speniy odos ir piene.

Pamerkus spenj i antiseptinj vilgiklj, ant jo galo susidaro laSas tirpalo,
kuris veikia kaip fizinis barjeras, saugantis teSmenj nuo uzkraty patekimo.
Siuo biidu vilgiklis apsaugo spenio kanalg tarp melZzimy, uZkirsdamas kelia
uzkre¢iamojo ir aplinkos mastito etiologiniy veiksniy plitimui bei naikin-
damas mikroorganizmus ant speniy odos [1-3].

Pagal Ozsvari ir Ivanyos [4] apraSyma, vilgiklis, skirtas speniy higienai
po melzimo, turi biiti antimikrobiskai aktyvus, tinkamo klampumo, lipnus,
gerai laikytis ant spenio pavirSiaus ir vienodai jj padengti. Be to, vilgiklis turi
sudaryti barjering plévele, kuri apsaugoty spenj nuo patogeniniy mikroorga-
nizmy patekimo, nedirginty odos, o sudétyje esancios medziagos drékinty
speniy oda, kad ji i$likty minksta, netriikinéty ir greiciau gyty. Be to, vilgiklis
turi biiti matomas ant spenio, todél jo sudétyje turéty biiti daziklio arba veik-
liosios medziagos, suteikiancios produktui spalva.

Antiseptiniai vilgikliai, skirti karviy teSmens ir speniy odos higienai po
melzimo, yra biocidiniai produktai, kuriy tiekima i rinka ir naudojima nustato
Europos Sajungos reglamentas (ES) Nr. 528/2012 [5] dé¢l biocidiniy produkty
tiekimo rinkai ir jy naudojimo, taip pat kiti su tuo susij¢ ES reglamentai ir
Lietuvos teisés aktai. Siuose dokumentuose nurodoma, kokias veikliasias
medZziagas gamintojai gali naudoti biocidiniy produkty gamyboje.

Efektyvi antiseptiné priemoné turi veikti greitai ir uztikrinti platy anti-
mikrobinio poveikio spektra, nesukeldama Zalos speniy odai ir nepalikdama
inhibitoriy piene. Skirtingy veikliyjy medziagy panaudojimas biociduose
garantuoja platy antiseptiniy savybiy spektra. Veterinariniuose biociduose
dazniausiai naudojamos veikliosios medziagos yra chlorheksidinas, jodas ir



jo kompleksiniai junginiai, pieno riigstis, vandenilio peroksidas ir peracto
rugstis [1, 6-8].

Kuriant speniy vilgiklius atsizvelgiama j tris esminius reikalavimus:
pirma, jy sudétyje turi biiti baktericidiskai veikian¢iy medziagy; antra, biitini
komponentai, kurie saugo oda; trecia, turi biiti naudojamos klampumg su-
teikiancios medziagos. Suvilgius spenio oda, turi susidaryti vientisa plévelé,
apsauganti spenio kanalg nuo infekcijas sukelian¢iy mikroorganizmy pate-
kimo. Vilgikliy klampumas reguliuojamas pasirenkant jvairiy tipy tirStiklius
ir jy skirtingas koncentracijas [9—11].

Vilgikliai kuriami naudojant plataus poveikio antibakterines medziagas,
pasizymincias tiek bakteriostatiniu, tiek bakteriocidiniu poveikiu prie§ gram-
teigiamas ir gramneigiamas bakterijas.

Vilgiklis turi gerai padengti speni, nesudaryti pernelyg storos plévelés.
Klampg reguliuojancios medziagos suteikia vilgikliams tinkamg konsisten-
cija, leidziancig tirpalui i$silaikyti ant spenio pakankamai ilgai. Be to, vil-
veikliosios antiseptinés medziagos koncentracija bei sudedamyjy medziagy
suderinamumu [12, 13]. Vilgikliai turi uztikrinti ne tik apsaugg nuo patoge-
niSky mikroorganizmy, bet ir odos drékinimg bei minkstinimg. Vilgikliuose
naudojami dazikliai ir augaliniai ekstraktai, kurie suteikia vilgikliams spalva,
kvapa ir turi uzdegimg mazinanciy bei odg tausojanciy savybiy.

Lietuvos rinkoje yra produkty, skirty karviy speniy ir teSmens higienai
po melzimo. Taciau pastebima, kad pienininkystés iikiuose naudojami ne-
autorizuoti ir nepakankamai efektyvis vilgikliai. Naujy vilgikliy kiirima
skatina besivystantis bakterijy atsparumas tkiuose naudojamiems antisep-
tikams, taip pat nurodomas neigiamas §iy produkty sausinamasis poveikis
speniy odai. Gyvulininkystés specialisty nuomone, triiksta vilgikliy, kuriy
kokybé¢ ir efektyvumas biity pagristi moksliniais tyrimais, jie bty saugts
gyviinams ir aplinkai, pasizyméty tvarumu.

Darbo tikslas

IS organiniy medziagy deriniy sukurti melziamoms karvéms po melzimo
skirtus speniy vilgikliy eksperimentinius prototipus ir jvertinti jy savybiy
atitikimg vilgikliams keliamiems reikalavimams.

10



Darbo uzdaviniai

1. Sukurti eksperimentines speniy vilgikliy kompozicijas, derinant
antimikrobines medziagas (pieno riigstj, chlorheksidino digliuko-
natg, jodo povidong) su naturaliais tirStikliais, dazikliais ir augali-
niais ekstraktais.

2. Nustatyti eksperimentiniy vilgikliy reologines savybes in vivo.

3. Nustatyti eksperimentiniy vilgikliy stabiluma, tekstiirg ir antimik-
robiniy medziagy skvarbg i speniy oda.

4. Nustatyti eksperimentiniy vilgikliy antimikrobinj poveikj referen-
tinéms ir klinikinéms mikroorganizmy kulttiroms.

Mokslinio darbo naujumas

Pirmg kartg suderintos antimikrobinés medziagos (pieno rtigstis, chlor-
heksidino digliukonatas, jodo povidonas) su natiiraliais tirStikliais, dazikliais
ir augaliniais ekstraktais.

Pagal originalig metodikg iStirta in vivo lipy ir dazy koncentracijos jtaka
vilgikliy reologinéms savybéms. Kuriamy vilgikliy prototipams panaudoti
natiiraliy odag minkStinanciy ir tausojanciy augaliniy ekstrakty ir eteriniy
aliejy deriniai, suteikiantys produktams tvarumg ir turintys kompleksinj
antioksidacinj, prieSuzdegiminj, antimikrobinj bei Zaizdy gijima skatinantj
poveiki.

Pirmg kartg kompleksiniais tyrimais nustatytas naujai sukurty vilgikliy
funkcionalumas, reologings ir tekstiiros savybés, antiseptiniy medziagy skvar-
ba j oda bei antimikrobinis efektyvumas.

Pirma karta naujai sukurtiems vilgikliams nustatyta nattiralios kilmés
lipy itaka sukurty vilgikliy tekstiiros savybéms, jvertinta guaro ir ksantano
lipy jtaka vilgikliy klampumui, lipnumui, tvirtumui, stabilios plévelés for-
mavimui.

Pirmg kartg vertinant antiseptiniy medziagy skvarbos | oda savybes,
eksperimente ex vivo buvo naudojama karviy speniy oda, kurios sudétis ir
struktiira skiriasi nuo itin daznai medziagy skvarbos | odg tyrimams ex vivo
naudojamos gyviny (kiauliy, juros kiauly¢iy, ziurkiy, peliy, triusiy) arba
bioinzinerinés odos.

Pirma karta Lietuvoje sukurtiems vilgikliams in vitro atliktas palygi-
namasis antimikrobinio poveikio vertinimas su referentinémis ir klinikinémis
mikroorganizmy kultiiromis.
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Praktiné reikSmé

Sukomponuoti ir pateikti j rinkg nauji tvaris vilgikliai speniy higienai po
melzimo su skirtingomis antiseptinémis medziagomis, skirtingais klampa
formuojanciais lipais, nattraliais augaliniais ekstraktais, dazais, pagalbiné-
mis medziagomis. Naudojant vilgiklius tikslinga jvertinti jy efektyvuma pries
cirkuliuojancius patogeninius mikroorganizmus konkreciame tkyje.

Atlikty tyrimy rezultatai yra svarbiis produkty, skirty karviy speniy
higienai po melzimo, tolimesniam karimui ir tobulinimui. Gauti tekstiiros
tyrimo rezultatai pagrindzia rysj tarp formuluoc€iy reologiniy savybiy ir klam-
pa formuojanciy lipy rusies. Tyrimais in vitro ir in vivo nustatyta, kad mode-
liuojamuose vilgikliuose pagristai gali biiti naudojama ksantano ir guaro lipai
mazesnémis ekonomisSkomis koncentracijomis nei rekomenduoja gamintojai.

Gauti biofarmaciniy tyrimy ex vivo rezultatai pagrindzia antiseptiniy
medziagy bei vilgiklio klampa formuojanciy sudedamyjy daliy skvarbos j oda
skirtumus. Pasitelkiant §j tyrimo metoda galima optimizuoti vietinio poveikio
speniy vilgikliy sudétis, atrinkti sudedamasias dalis, kurios neskatinty skvar-
bos ir taip antimikrobinés medziagos nepasiekty gilesniy odos sluoksniy.

Sukurti nauji produktai (PROFIDIP vilgikliy linija, gamintojas UAB
Ruvera), iStobulinta gamybos technologija, produktai naudojami pieninin-
kystes tikiuose Lietuvoje ir uzsienyje, atlickama sklaida praktiniuose semi-
naruose ir konferencijose, mokymuose.
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1. LITERATUROS APZVALGA

1.1. Aplinkos veiksniy ir melZimo higienos jtaka pieno kokybei

Karviy fiziné buklé ir aplinka, kurioje karvés laikomos ir melziamos,
melzimo ir pieno laikymo jranga — veiksniai, nuo kuriy priklauso Zalio pieno
mikrobiologinio uzter§tumo lygis. Zaliame piene, i$melztame i§ sveikos
karvés teSmens, yra labai mazai mikroorganizmy— maziau nei 100 000
kolonijas sudaranciy vienety (KSV) mililitre (ml). Bakterijos | piena gali
patekti i§ pieno liaukos, nuo teSmens odos, 1§ aplinkos, nuo pieno laikymo ir
Saldymo jrenginiy. Taigi speniy ir teSmens pavirSius su ant jy esanciais
patogeniniais mikroorganizmais ir melzimo bei pieno laikymo jrenginiy
pavirSiai yra pagrindiniai bakterijy atsiradimo piene $altiniai. Karviy, kuriy
speniai yra neSvaris, bendras bakterinis pieno uzterStumas biina didesnis nei
100 000 KSV/ml. Jeigu piene koliforminiy bakterijy yra arti 1000 KSV/ml,
tai rodo, kad speniai prie§ melzima nebuvo tinkamai paruosti arba ne§varumai
atsirado pienui besilieCiant su kitais pavirSiais. Tokiu biidu | pieng patenka
patogeniniai mikroorganizmai, sukeliantys susirgimus Zzmonéms, kaip tuber-
kulioze, brucelioze, streptokoky ar salmoneliy sukeltos infekcijos [14, 15].
Pagal patvirtintas Pieno supirkimo taisykles Zalias pienas atitinka kriterijus,
jei bendras bakterijy skaic¢ius (BBS) 30 °C (viename ml) <100 000, o
somatiniy lgsteliy skaicius (SLS) (viename ml) <400 000 [16].

Pieno kokybé¢ tiesiogiai priklauso nuo aplinkos, kurioje yra laikoma
karvé. Karvés oda yra vienas svarbiausiy pieno uZter§imo mikroorganizmais
Saltiniy. Tvartiniu laikotarpiu } pieng tiesiog i§ karviy patenka 5-10 karty
daugiau bakterijy nei per ganiava. Pakratuose biina jvairiy bakterijy (pieno
rugsties, puvimo), mieliy ir pelésiy. Daug dulkiy, o kartu ir mikroorganizmy
] tvarty org patenka nuo stambiyjy paSary, kurie daznai uZterSti. Pieng
mikroorganizmais labai uztersia j jj patek¢ méslo gabaléliai, sruty laseliai.

Mikroorganizmy Saltiniai karvés aplinkoje yra ir skraidantys bei ropo-
jantys vabzdziai. Ant musés kiino pavirSiaus yra streptokoky, stafilokoky,
puvimo bakterijy, mieliagrybiy, aktinomicety. Ant melzéjy ir kity pieno fer-
mos darbininky ranky, ypa¢ panagése, odos jtrikimuose, zaizdelése, visada
yra jvairiy bakterijy, net ir patogeniniy. Gyviinus aptarnaujantys darbuotojai
gali susirgti jvairiomis infekcinémis ligomis ir neSioti patogeninius mikro-
organizmus [14]. Taipogi karvés teSmens odos salycio su grindy pavirSiumi
metu mikroorganizmai yra perneSami ant teSmens ir véliau patenka j pieng.

Pienas svarbus Zmogaus mitybai ir sveikatai, §io maisto produkto pati-
kimumas bitinas. Pienas i§ sveiko teSmens turi natiiralia mikrobiotg, taciau
gali biiti uzterStas patogeniniais mikroorganizmais, todé¢l yra biitina fenoti-
piSkai iStirti patogeniniy mikroorganizmy profilj [15]. Tyrimo rezultatai

13



parodo, kad higienos efektyvumg galima jvertinti imant éminius i§ galvijy
spenio kanalo. Nustatyta teigiama koreliacija tarp ant speniy odos ir spenio
kanale esanciy patogeniniy mikroorganizmy skai¢iaus [15]. Kliniskai sveiky
galvijy 84,5 proc. speniy kanaly buvo kolonizuota bent viena patogeniniy
mikroorganizmy grupiy, o S. aureus, S. uberis ir E. coli i§skirta daugiausiai.
IS 72,2 proc. speniy kanaly iSskirtas S. aureus. Autoriai nustaté, kad spenio
galo pazeidimo intensyvumas hiperkeratoze balais teigiamai koreliuoja su
E. coli, S. uberis kolonizacija speniy kanale [17]. Autoriy teigimu, spenio
odos bakterijos, spenio latako mikrobiota priklauso nuo pieno tikiy valdymo.
galima sumazinti 10-20 karty. Mikroorganizmy kolonizacijai spenio kanale
itakos turi gyviiny aplinka, speniy odos priezitira ir antiseptika bei melzimo
aparaty sureguliavimas. Dél vakuumo svyravimy melzimo metu spenio ka-
nalg kolonizuojantys mikroorganizmai gali jsiskverbti  galvijy pieno liauka
ir ten sukelti infekcijas. Mechanizuotai melziant pienas nuolat kontaktuoja su
spenio oda ir bakterijos patenka j pieng. Vidinis melzimo jrangos ir pieno
cisternos pavirSius yra didelis ir gali i$laikyti dideles bakterijy populiacijas,
terSiancias pieng. Nuoplovose, paimtose nuo 5 m? melzimo jrangos pavir-
Siaus, randama 100 mln./ml bakterijy. Mikrokokai sudaro 10—16 proc., ente-
robakterijos — 0,8-30 proc., kitos gramneigiamos — 11-27 proc. ir sporas
gaminancios aerobinés bakterijos — 0,5-3,6 proc. Taipogi sveiko teSmens
pieno cisternoje ir kanaluose randama Lactobacillus, Staphylococcus, Strep-
tococcus, Bacillus, Alcaligenes, Aeromonas, Flavobacterium, Achromo-
bacter, Micrococcus, Corynebacterium, Enterobacteriaceae, Clostridium,
Microbacterium, Listeria gentCiy mikroorganizmy, kurie j pieng gali patekti
nuo gyviino odos, melzéjy ranky, melzimo indy, i8S oro [14, 18, 19]. Mbuk ir
kity bendraautoriy [20] tyrimuose i§ melzimo aparato ir pieno méginiy buvo
iSskirtos jvairiy rusiy mielés. Candida genties mielés iSskirtos daugiausiai
(77 proc.) méginiy, tarp jy C. rugosa, Candida catenula. Paskelbti duome-
nys, kad didesnis Enterococcus genties bakterijy skaiCius buvo susijgs su
silosu racione, palaidu laikymu, su Siaudiniais pakratais, nepakankama melzi-
mo higiena, o taip pat vyresnémis karvémis. Sis tyrimas dar karta patvirtino,
kad melziamy karviy amzius, higiena, Gikininkavimo biidas turi jtakos kieky-
binei ir kokybinei speniy odos mikrobiotos risinei jvairovei [21].

Berhe ir bendraautoriy [22] teigimu per pieng plintan¢ios patogeninés
bakterijos yra apie 90 proc. visy su zalio pieno vartojimu susijusiy zmoniy
ligy. Autoriy teigimu Staphylococcus aureus (S. aureus), Salmonella spp.,
L. monocytogenes, E. coli O157:H7 ir Campylobacter spp. yra pagrindiniai
patogenai zaliame piene. Taip pat Hohmann ir bendraautoriy [17] tyrimais
nustatyta, kad gramteigiamy bakterijy, ypa¢ koagulaze¢ gaminanciy ir nega-
minanciy stafilokoky, ant speniy odos buvo daugiausia, o laktobacily, ente-
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rokoky, gramneigiamy bakterijy, pelésiy ir mieliy kiekis buvo maZesnis.
Nustatyta, kad ant speniy odos yra stafilokoky, streptokoky ir gramneigiamy
bakterijy santykiu 100:10:1, bet tai labiausiai priklauso nuo kraiko. Stafilo-
koky ir mieliy buvo maZiau ant tely&iy speniy odos. Siuos teiginius i§ple¢ia
E. Cereskienés [23] tyrimas, kuriame, apibendrinusi valstybinés jmonés (V])
,,Pieno tyrimai“ duomenis, autore teigia, kad pieno mikrobiota priklauso nuo
bandos dydzio: didziausiose pagal karviy skaiciy bandose (daugiau kaip 200
karviy) daugiausia nustatyta misri mikrobiota — 8,6 proc. ir Staphylococcus
spp. — 6,9 proc. Net 72,7 proc. visy E. coli atvejy ir 60,8 proc. gramteigiamy
lazdeliy, 59,5 proc. Streptococcus agalactiae (S. agalactiae) ir 46,5 proc.
S. aureus atvejy buvo nustatyti 50-100 karviy bandose. Mety laikas keicia
mikrobiotg ant spenio odos ir piene: ziemos laikotarpiu dominavo Staphylo-
coccus spp. (21,6 proc.), S. aureus (21,6 proc.) ir S. agalactiae (13,5 proc.).
Pavasari daugiausiai buvo randama miSrios mikrobiotos (22,6 proc.),
S. aureus (16,6 proc.), gramneigiamy lazdeliy ir Staphylococcus spp. (13,6—
13,9 proc.). Rudens laikotarpiu daugiausiai buvo nustatyta misri mikrobiota
(24,9 proc.), S. aureus (14,6 proc.) ir Staphylococcus spp. (14,1 proc.).

Spenio odos kolonizacija mikroorganizmais autoriy apibtidinama kaip
galima invazija | galvijy pieno liauka ir intramaminés infekcijos (IMI) rizika.
Bakterijos j teSmenj patenka pro spenio kanalélj, o vyresniy karviy §j kanalélj
uzdarantys raumenys yra silpnesni negu jaunesniy, tod¢l mikroorganizmai
pro ji i teSmenj patenka lengviau. Norint i§vengti mastita sukelian¢iy mikro-
organizmy patekimo j pieno liauka, svarbu iSlaikyti gera speniy galy biikle.
Tyréjai nurodo, kad spenio kanalas ir spenio galo bukl¢ vaidina pagrindinj
vaidmen] patogeny patekimui j teSmenj. Spenio galo hiperkeratoz¢ dél nesu-
reguliuoty melzimo aparaty, sukelia speniy galy SiurkStumg ir padidina
mastitg sukelian¢iy patogeny galimybe sukelti infekcijas. Yra nustatytas
rySys tarp klinikinio mastito atsiradimo ir spenio galo biiklés. Tyréjai siiilo
kontroliuoti speniy galy biikle norint iSvengti mastito. Mikroorganizmai
teSmenyje kolonizuojasi spenio kanalélyje ir spenio cisternoje, o alveolése
paprastai jy nebtina, nes jy veikimg slopina baktericidinés pieno medziagos.
Ivertinant §ig aplinkybe, kai karvés palieka melzimo aikStelg, joms biitina
turéti pri¢jima prie Sviezio pasaro ir vandens, taip skatinant jas stovéti 20-30
minuciy, kol visiSkai uzsidarys spenio kanalas [1, 24, 25].

1.2. Aplinkos ir patogeniniy mikroorganizmy jtaka
teSmens sveikatingumui

Mastito atvejai aprasomi jau nuo 1942 m., tac¢iau didelio masto problema
Si infekcija imta laikyti tik po keturiy deSimtmeciy, kai stambéjo karviy
bandos, didéjo primilzis i§ karvés. E. Cereskienés [23] duomenimis, ma-
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Ziausias pieno primilzis ir pieno riebumas nustatytas, kai piene identifikuotos
mielés, o maziausias pieno baltymingumas — nustacius G grupes Strepto-
coccus spp. Nustacius S. agalactiae ir Streptococcus dysgalactiae (S. dysga-
lactiae) piene rasta maZziausiai laktozes.

Mastitg 95 proc. atvejy sukelia S. aureus, S. agalactiae, S. dysgalactiae,
E. coli, Corynebacterium bovis (C. bovis) bakterijos ir Candida spp. mielés.
Enterobakterijos, streptokokai ir enterokokai patenka j teSmenj i§ aplinkos,
kurioje laikomos karvés (guléjimo vieta, méslas, dirvozemis). D¢l aplinkos
patogeniniy mikroorganizmy i$sivysto 46 proc. mastito susirgimy, o daugelis
mais [26-28]. Mikroorganizmai zaliaviniame piene, pavyzdziui, Campylo-
bacter jejuni ar S. aureus, gali sukelti susirgimy protriikius Zmoniy tarpe. Kai
karvés aplinkoje jsigali mieliagrybiai, sudarantys biopléveles, uzkrato elimi-
nacija i§ bandos sudétinga, gydymas apsunkintas [29, 30].

Lietuvoje kaip dazniausi mastity sukéléjai nustatyti misri mikrobiota
(23,8 proc.), S. aureus (15,3 proc.) ir Staphylococcus spp. (14 proc). Pirmo-
sios laktacijos karviy pieno méginiuose dominavo misri mikrobiota (26,5 proc.)
bei gramneigiamos lazdelés (16,1 proc.), antraverSéms ir treciosios bei vy-
resniy laktacijy karvéms — S. aureus. S. agalactiae paplitimas antrojoje lakta-
cijoje buvo 2 kartus, o treciojoje ir vyresnése laktacijose — 3,3 karto didesnis
nei pirmaverSiy [23]. Tuo tarpu Suomijoje dazniausi mastito sukéléjai:
Staphylococcus spp. (43 proc.), S. aureus (21 proc.), Streptococcus spp.
(17 proc.), C. bovis (7 proc.), E. coli (5 proc.) [31].

Literatiiros duomenimis, S. aureus ir S. agalactiae dazniausi patoge-
niniai mikroorganizmai, kuriy altinis yra uzkréstas teSmuo. Sie patogeniniai
sukéléjai karviy tarpe plinta melzimo metu per melzimo jranga, pasSluostes,
neSvarias melz¢jy rankas. Subklinikiniy S. aureus sukelty infekcijy trukmes
Nors Sio sukéléjo sukeliamas mastitas pirmaverSeéms retesnis nei vyresnéms
karvéms, bet jis gali buti pagrindiné telyCiy klinikinio mastito priezastis. Kaip
uzkreciamas patogeninis mikroorganizmas melziamy karviy bandose nusta-
tytas ir Staphylococcus hyicus bakterija, kuria uzsikrec¢iama per infekuotus
teSmenis. Staphylococcus chromogenes jvardijama kaip labiausiai paplitusi
koagulazés negaminanciy stafilokoky rasis (KNS), kuri padidina SLS piene
[32-34]. S. dysgalactiae, S. uberis, Enterococcus spp. dazniau uzsikre¢iama
per aplinkg ir infekuotus teSmenis, plinta melzimo metu. E. coli, Klebsiella
spp., Enterobacter spp., Serratia spp., Pseudomonas spp., Proteus spp. uzsi-
kre¢iama per aplinka, pakratus, mésla, dirvozemj. Net 21,9-34,7 proc.
klinikiniy karviy mastito atvejy sukelia aplinkos patogeninis mikroorganiz-
mas E. coli. Taipogi atrajotojai yra nattiralus verotoksing gaminancios E. coli
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(VTEC) rezervuaras, dél to zmonéms sukelia hemolizinj-ureminj sindromg ir
hemoraginj kolitg [15, 22].

Klebsiella pneumoniae (K. pneumoniae) ir Serratia marcescens (S. mar-
cescens) yra retai iSskiriami i§ mastitinio pieno, tac¢iau sukeltas jy infekcijas
sunku gydyti. Mastitu sergan¢iy karviy sergamumas S. marcescens yra
nedaznas, atitinkamai 3,1-4,7 proc. Listeria monocytogenes (L. monocyto-
genes) sukeltas galvijy klinikinis mastitas irgi retas, o subklinikinis mastitas
gali biti ir neidentifikuotas. C. bovis, Bacillus spp. uzkre¢iama nuo infekuoty
teSmeny, sunkiai gydoma net plataus spektro antibiotikais. Arcanobacterium
pyogenes uzkre¢iama esant teSmens mechaniniams pazeidimams, plinta per
muses. Sio sukéléjo pazeidimy gydymas yra drastidkas, t.y. panaikinti
pazeista spenj [35, 36].

Mastitus gali sukelti ir grybeliai bei mielés, nors jie laikomi jprasta
karviy aplinkos mikrobiota, taciau gausiu bei netikslingu antibiotiky naudo-
jimu daznai sutrikdoma mikrobiotos pusiausvyra spenio kanale, teSmenyje,
sudaromos salygos mieliy ir grybeliy dominavimui, kurie sukelia teSmens
infekcijas. Sie mikroorganizmai randami ant karvés odos, kraike, patalpose,
guoliavietése, pasaruose ir net vandenyje bei melzimo jrangoje. Kaip
etiologinis mastito faktorius dazniau nustatomas Cryptococcus neoformans
(C. neoformans) ar Candida spp. bei Aspergillus spp., Trichospron spp.,
Rhodotrulosis spp., Geotrichum spp., Tolurlopsis spp., Saccharomyces spp.
ir retai — Malassezia spp. C. neoformans sukelia gana stipry teSmens uzde-
gimg ir yra pavojingas ne tik karvéms, bet ir Zzmonéms. Kandidoz¢ sukelian-
Cios mielés 1 spenio kanalg dazniausiai patenka dél blogy higienos salygy.
[27, 37-39].

Aplinkos mikroorganizmai, t.y. neSvari aplinka ir higienos trukumas
bandoje vaidina labai svarby vaidmenj mastito etiologijoje [27, 28]. Labai
agresyvus ir sunkiai kontroliuojamas aplinkos patogeninis mikroorganizmas
Prototheca zopfii nustatytas kaip karviy mastito priezastis pienininkyste
vystanciose pasaulio Salyse [27, 40, 41]. Prototheca genties dumbliui daugi-
nantis pieno liaukoje ir regioniniuose limfmazgiuose i8sivysto létinis granu-
liacinis uzdegimas, pazeidziama pieno liaukos parenchima, atrofuojasi
uzkresti teSmens ketvir€iai, sumazéja pieno primilzis, SLS padidéja daugiau
nei 1 min./ml [42, 43]. Prototheca mastitas dazniausiai atsiranda dél salycio
su uZzter§to vandens Saltiniais ar jranga, o kai karvé uzsikrecia, Prototheca
spp. plinta melzimo metu ir per Zindomus verSelius. Veiksmingy ar patvir-
tinty Prototheca mastito gydymo biidy néra. Ligos sukéléjo iSnaikinimas i$
bandos yra sudétingas ir pagrjstai nejmanomas uzdavinys, uzkréstos karvés
turi biiti pasalintos i§ bandos, o ligos kontrolei lieka tik prevencinés priemo-
nés, tokios kaip speniy antiseptika ir jrangos dezinfekcija [44].
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1.3. Atspariy antibiotikams mikroorganizmy jtaka
teSmens sveikatingumui ir pieno kokybei

Didelis mastito sukéléjy atsparumas antimikrobiniams vaistams gali biiti
sietinas su mazai kontroliuojamu antimikrobiniy vaisty skyrimu, pardavimu
ir sunaudojimu [45]. Valstybiné maisto ir veterinarijos tarnybos 2021 m.
pateiktame praneSime [46] nurodoma, kad Lietuvoje maistui auginamiems
gyviinams 2017 m. antimikrobiniy vaisty teko 34,8 mg/kg biomasés (ES —
107,3 mg/kg biomasés), o per 2020 m. parduota 6,3 t antimikrobiniy vaisty,
i$ jy 47 proc. skirti galvijy gydymui. Chiara Tommasoni su bendradarbiais
paskai¢iavo, kad mazdaug 60-70 proc. visy antimikrobiniy medziagy,
naudojamy pieniniy galvijy fermose, skiriamos biitent mastito gydymui [47].
Lietuvoje populiariausi antimikrobiniai vaistai: amoksicilinas, sulfachlorpiri-
dazinas, enrofloksacinas [46].

Netinkamo antimikrobinio vaisto skyrimas neatlikus mikrobiologiniy
tyrimy ir nepakankama gydymo dozé ne tik sutrikdo normaliosios mikro-
biotos santykj teSmenyje, bet ir lemia atspariy padermiy atsiradima ir plitima.
Skowron ir bendraautoriy [28] duomenimis, Listeria spp., izoliuotos is karvés
pieno ir pieno produkty, buvo atsparios bent vienai antimikrobinei medZziagai,
o 71,4 proc. i§ pieno iSskirty L. monocytogenes padermiy buvo atsparios
kelioms antimikrobinéms medziagoms.

Mastitu sergancios karvés per pieng platina vaistams atsparias mikroor-
ganizmy padermes. Jy perdavimas vyksta per melzimo jranga, teSmens
gydymo ir higienos priemones, darbuotojus. Pienas su tokiomis bakterijomis
kelia grésme ne tik vartotojams, bet ir aptarnaujanciam personalui [48, 49].

Breen ir bendraautoriy [45] nuomone, mastito kontrol¢ tebéra pieno
augintojy, veterinarijos gydytojy démesio centre dél jos poveikio karviy
sveikatai ir gerovei, pieno kokybei, tvariai gamybai ir finansiniy islaidy,
susijusiy su gydymu ir profilaktika. Kontroliuojamas antibiotiky naudojimas
pienininkystéje (ypa¢ naujy infekcijy prevencijai), ieSkoma alternatyviy
gydymo ir profilaktikos priemoniy, kuriamos strategijos. Ilgalaikis antibio-
tiky naudojimo mazinimas ir racionalizavimas mastito kontrolei pasiekiamas
tobulinat vadyba, uzkertant kelia naujoms infekcijoms ir taip iSvengiant
butinybés gydyti mastita. Tai pasiekiama iSsiaiSkinus epidemiologinj infek-
cijos ,,modelj“ bandoje ir tikslingai jgyvendinant profilaktines priemones,
siekiant sumazinti naujos infekcijos daznj tiek laktacijos metu, tiek uztrukimo
laikotarpiu. Daugumoje pieniniy bandy vyrauja aplinkos mastito sukéléjai,
tod¢l karviy laikymas, tvarka ir Svara, melzimo higiena yra pagrindinés
mastito kontrolés dalys, tuo paciu mazinant antibiotiky naudojimo poreikj
pienininkyst¢je.
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1.4. MelZimo higienos jtaka pieno kokybei
ir teSmens sveikatingumui

Karviy teSmens higiena turi jtakos bendrajam bakteriniam pieno uzters-
tumui, nes kai speniai ir teSmuo yra neSvaris, atsiranda galimybé bakterijoms
patekti | teSmenj. Tode¢l tkyje higienos praktikos vadyba turi biiti organizuo-
jama taip, kad i8laikyty sveikg karvés teSmens oda, sumazinty bakterijy kiekj
spenio kanale ir aplink jj. Viskas, kas yra uzterSta ir kg paliecia speniai, yra
mikroorganizmy perdavimo kelias. Pagrindinis biidas sumazinti bakterijy
skai¢iy ant karvés speniy odos yra efektyvi karviy speniy higiena. Labai
svarbu, kad speniy galy antiseptika buty atlickama taisyklingai [50, 51].

Pra¢jusio amziaus septintajame deSimtmetyje JAV sukurtos mastito
kontrolés programos [52], kurios pagristos karviy laikymo ir melzimo
higiena, jskaitant speniy antiseptika, gydyma antibiotikais ir nuolat uzkrésty
karviy eliminavimu i§ bandos. Siy priemoniy priémimas ir taikymas leido
pasiekti didel¢ pazanga kovojant su mastito sukéléjais. Taciau tos pacios
priemonés yra maziau veiksmingos prie§ aplinkos patogeninius mikroor-
ganizmus [52]. Mastitg sukelia daug skirtingy patogeniniy mikroorganizmy,
tod¢l svarbus melziamy karviy speniy panardinimas j atitinkamus bakteri-
cidinius preparatus prie$ ir po melzimo, tokiu biidu sumazinant speniy odos
kolonizacija mastita sukelianiomis bakterijomis ir patogeniniy mikroor-
ganizmy prasiskverbimg | spenio kanalg [53-55]. Moksliniuose darbuose
apraSyta per 300 eksperimentiniy ir komerciniy preparaty veiksmingumo
tyrimy. Prieita prie iSvados, kad speniy vilgymo produkty veiksmingumas
buvo zenklus, nes sumazino sergamumg mastitu 50-95 proc. D¢l mastito
atvejy sumazejimo vien tik JAV pieninése bandose sutaupyta milijonai
doleriy per metus [50, 51, 56]. Autoriai pabrézia, kad labai svarbu laikytis
visy mastito kontrolés programos etapy, ypac¢ stengiantis iSlaikyti Svarig ir
sausg galvijy gyvenamaja aplinkg ir teSmens higieng, naudoti antiseptines
priemones pries ir po melzimo [57-59].

Daugelyje moksliniy tyrimy vertintas speniy vilgikliy po melzimo
veiksmingumas mastito profilaktikai. Nustatyta, kad spenio panardinimas po
melzimo yra veiksminga priemoné apsauganti spenj nuo uzkre¢iamyjy ligy
sukelejy bei padeda apsaugoti nuo aplinkos bakterijy, kol spenio anga
uzsidaro. Be to, ilgai naudojant vilgiklius nustatyta, kad mikrobiotos kieky-
biné ir rii§iné jvairové ant speniy odos kinta. Atlikus karviy speniy antiseptika
vien tik pamelzus, stafilokoky ir streptokoky sukelty mastity skai¢ius suma-
z¢ja 20-61,5 proc. [50, 57, 60].

Tyrimais patvirtinta, kad speniy vilgymas po melzimo yra veiksmin-
giausia melzimo higienos praktika siekiant uzkirsti kelig naujoms infekci-
joms bei labai (50-70 proc.) sumazina naujy IMI, ypac¢ ty, kurias sukelia
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uzkre¢iamojo mastito sukel¢jai, bei yra poveikis aplinkos patogeniniams
mikroorganizmams [51, 57, 59]. Karvés, kurioms po melzimo buvo atlikta
speniy antiseptika, reCiau uzsikrété S. aureus, S. uberis, Corynebacterium
spp. ir koagulazés negaminanciais stafilokokais, laktacijos metu buvo ma-
zesnis SLS piene, o speniy odos anomalijy buvo maziau, palyginti su karve-
mis, kuriy speniams nebuvo taikyta antiseptika vilgikliais (p < 0,05). Speniy
antiseptika po melzimo daugelyje pasaulio Saliy tapo mastito kontrolés
programy kertiniu akmeniu. Pradzig davé JAV Nacionalinio pienininkystes
tyrimy instituto penkiy taSky mastito kontrolés plano jvedimas praéjusio
amziaus septintajame deSimtmetyje [50, 58, 61].

Mokslininky [2, 3, 62] darbuose apibendrinta, kad higienos po melzimo
priemoniy naudojimo tikslas — uzkirsti kelig mastitui ir uZtikrinti gera speniy
biikle. Tai vienas svarbiausiy mastito prevencijos ir kontrolés programos
komponenty. Higienos po melzimo priemonés pasalina patogeniSkus mikro-
organizmus nuo speniy, yra uztikrinama apsauga, kad spenio kanalas bus
apsaugotas nuo uzkrétimo, speniai yra drékinami, grei¢iau uzgyja zaizdelés
ir jtrikimai. Svarbu iSsaugoti spenio mikrobiota, nes speniy odos mikrobiotos
vientisumo iSsaugojimas yra potencialiai svarbus dél jos vaidmens gyviny
sveikatai bei gaminamy produkty i§ pieno kokybei, technologijai [63]. Kamal
ir bendraautoriy, B6hm ir bendraautoriy [62, 64] tyrimuose speniy mirkyma
po melzimo naudojo labai uzkréstose bandose. Jie irodé¢, kad tai labai veiks-
minga priemoné naujo mastito prevencijai, viena efektyviausiy procediry,
mazinan¢iy subklinikiniy ir klinikiniy mastito atvejy skaiciy laktacijos
laikotarpiu. Rezultatai parodé, kad biitent veiklioji medziaga turi jtakos
speniy odos tarSai bakterijomis. Skirtingos sudéties antiseptiniai tirpalai
bakterijy rasis veiké skirtingai. Tyréjai akcentuoja, kad tirty vilgikliy
biocidinio efektyvumo skirtumy yra, svarbu parinkti tinkama biocida speniy
higienai [60, 65]. Speniy vilgymo priemones reikia rinktis tokias, kurios ne
tik biity efektyvios kovojant su patogeniniais mikroorganizmais, bet ir biity
ekonomiskos, lengvai taikomos ir palaikyty gera odos bukle [1].

TeSmens sveikatingumg tausojantys antiseptiniai tirpalai padengia oda
plona plévele, ant spenio galo susidaro laSas, kuris neleidzia mikrobiotai
paklititi j spenio kanalg. Tai gerokai sumaZina patogeniniy mikroorganizmy
kiekj, neleidzia teSmens odai dziati ir trukinéti. Priklausomai nuo tkio
higienos ir sanitarinés biiklés bei teSmens paruosimo budo, vilgikliy naudo-
jimo po melzimo, Zalio pieno bakteriné tarSa gali sumazéti. Nickerson ir
Olivier [50] teigimu, net 90 proc., o mastito atvejy — 50—75 proc. Lopez-
Benavides ir bendraautoriy [66] duomenimis, speniy antiseptika po melzimo
taikoma 84 proc. bandy Jungtinése Valstijose.

R. Miseikiené¢ [1] paskelbtame tyrime daro i§vada, kad naudojant speniy
antiseptika prie§ melzima ir po melzimo SLS sumazéjo beveik 2 kartus.

20



Gleeson ir bendraautoriai [67] tyrime nustaté, kad pavieniy ketvir¢iy SLS
buvo skaiciai didesni nevilgytiems speniams, palyginti su vilgytais speniais
(p <£0,09). Bendras nevilgyty speniy pieno uzterStumas bakterijomis buvo
reik§Smingai didesnis nei pieno i§ vilgyty speniy (p < 0,10). Tai sutampa su
kity autoriy paskelbtais tyrimy rezultatais [68]. Speniy vilgymas po melzimo
yra IMI prevencijos metodas, kuris sumazina mastito rizika, gamybos
sanaudas ir mazina neigiamg vaisty poveikj gyviinams ir pieno vartotojams
[69].

1.5. TeSmens higienos po melZimo ypatumai

Speniy antiseptikai po melzimo naudojami jvairiis purSkalai, valikliai ir
vilgikliai, kurie turi pasizyméti antimikrobiniu aktyvumu, gerai padengti
spenio pavirsiy ir laikytis ant jo, nedirginti odos ir jg drékinti. Tyr¢jai ieSko
kuo natiiralesniy, maziau kenksmingy medziagy, nepatenkanciy j kraujotaka,
nedidinanc¢iy inhibitoriniy medziagy kiekio [52, 70-74].

PamelZzty karviy teSmens spenius biitina apdoroti antiseptiniu tirpalu ar
tepalu, kurie iSlieka iki kito melzimo. Ypac svarbu Siuos veiksmus atlikti
kiekvienai karvei po kiekvieno melzimo ir nepraleisti né vienos. Sios taiko-
mos priemonés sumazina tikimybe¢ mikroorganizmams plisti nuo vienos
karvés kitai. Pamerkus i specialy antiseptinj tirpalg ant spenio galo susidaro
Sio tirpalo lasas, kuris apsaugo teSmenj nuo bakterijy. Vilgant spenius tirpalas
turi buti Siltas. Sveiko spenio odos i§saugojimas yra bitinas, norint i$laikyti
natiiralig apsaugg nuo infekcijos. Skaudamuose, sausuose, sutriikin¢jusiuose
speniuose pazeidziamas odos barjeras, dél ko patogeniniai mikroorganizmai
sukelia mastita. Ziemos salygos gali sukelti greita dehidratacija ir spenio
audinio jtrikimus, spenio oda skilinéja ir padidéja speniy galy hiperkeratoze,
padidé¢ja bakterijy kolonizacija speniy galuose, did¢ja SLS piene ir dar labiau
padidéja rizika susirgti mastitu [50, 60].

Atlikus tyrimus didelése bandose, baktericidinius produktus panaudojus
purkstuvais, aerozoliy balionéliais ar purskimo buteliais prieita prie iSvados,
kad 8i procediira, nepriklausomai nuo pasirinkto aplikacijos biido, yra veiks-
minga, jeigu spenio oda visiSkai padengiama produktu. PurSkimas vyksta
greiCiau, taciau palyginti su vilgymu sunaudojama daugiau produkto. Kad
bty toks pat efektyvus kaip speniy mirkymas, visas spenio pavirsius turi buti
padengtas Ciurksle, deja, darbuotojai dazniausiai purSkia tik vieng speniy
puse. Dél to rekomenduojama mirkyti spenius, o ne purksti, kad bity
suvilgytas visas speniy pavirsius [75, 76].

Speniy vilgymo btidas panardinant j puodelj su vilgikliu reikalauja, kad
tokio tipo aplikatorius biity Svarus ir neuzterStas organinémis medziagomis.
Nickerson [56] duomenimis, per vilgymo puodelius uzterSimas mastito
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sukéléjais mazai tikétinas, jei yra veiksmingas antiseptikas ir puodelis néra
uzterstas, nors autorius pripazjsta, kad buvo atvejy, kai speniy vilgikliai tapo
mastito sukelto Pseudomonas spp. ir Serratia spp. protriikio priezastimi.

Speniy mirkymo produktai gali dirginti speniy oda, sukelti skilin¢jima,
pazeidimus, iSsaus¢jima.

Kaip dirgiklis gali biiti jvardijama ir pati antimikrobinés medziagos
cheminé¢ sudétis, per zemas arba per didelis pH, skilimo produktai, atsiran-
dantys del produkto netinkamo temperatiirinio rezimo, gamybos problemy,
skiedziant produkta ne pagal instrukcijas arba sanitariniy higienos normy
neatitinkanc¢iu vandeniu [50].

Esant itin Saltam orui, véjuotoms salygoms speniy antiseptika atlickama
pamerkiant tik spenio gala ] baktericidinj tirpalg, pertekliy nuvalant popie-
riniu rank$luosc¢iu. Sitlloma naudoti miltelinj apsaugos biida. Tyrimai parode,
kad speniy aseptika milteliais tokia pat veiksminga kaip vilgymas, SLS
zenkliai sumazéja [76, 77].

JAV Nacionalin¢ mastito taryba (NMC) [78] nurodo, jog speniy anti-
septika po melzimo yra veiksminga kovojant su patogeninés kilmés bakteri-
jomis, nors pieno liaukoje jau esan¢ioms infekcijoms jtakos neturi. NMC
rekomenduoja po melZzimo naudoti antiseptinius tirpalus teSmeniui ir spe-
niams, net jei bakterijos buvo pasalintos ir somatiniy Igsteliy kiekis yra ma-
zas, nes tolimesnis vilgikliy naudojimas pagerina teSmens fizing bukle ir
pieno kokybe. Teigiama, kad antiseptiniy vilgikliy naudojimas islieka viena
i§ pieno pramonés priemoniy mastitui kontroliuoti [78, 79].

Po melzimo spenio anga lieka atvira, tuo metu patogeniski mikroorga-
nizmai gali patekti j spenio kanalg ir sukelti infekcijg. Norint uzkirsti tam
kelig yra naudojami vilgikliai, kurie veikia baktericidiskai, bakteriostatiskai,
vilgiklio laSu uzdaro spenio kanalg ir neleidzia patogeniskiems mikroorga-
nizmais patekti j spenio kanalg.

1.6. Antiseptikai, biocidai ir dezinfektantai pienininkystéje

Antiseptinés priemonés, skirtos teSmens ir speniy antiseptikai, savo
sudétyje jprastai turi baktericidiskai veikian¢ia medziaga, kuri sumaZzina
patogeniniy mikroorganizmy kiekj ant speniy odos. Antiseptikai neselek-
tyviai veikia mikroorganizmy dauginimasi, slopina ar juos naikina. Antisep-
tikos efektyvumas priklauso nuo cheminés medZziagos rusies, koncentracijos,
tirpalo temperattros, ekspozicijos, mikroorganizmy risies, jy kiekio.
Paprastai mikroorganizmus efektyviau veikia didesnés koncentracijos tirpa-
lai. Antiseptikams keliami Sie reikalavimai: geras mikrobiocidinis veikimas,
greitas, ekologiskai Svarus ir nekenksmingas veikimo efektas, ilga tirpalo
veiksmingumo trukmé, nekenksmingas gyviinui ir personalui. Antiseptikos
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kokybé priklauso nuo gero saly¢io su mikrobine lgstele, antiseptinés me-
dziagos savybiy ir jos tirpaly patvarumo, infekcijos sukéléjy skaiciaus ir jy
atsparumo antiseptinéms medziagoms, objekty pavirSiy uzterStumo organi-
némis medziagos (jos neutralizuoja antiseptikg), antiseptiko tipo ir koncent-
racijos, procediiros trukmes, antiseptinio tirpalo ir aplinkos temperatiiros bei
tirpalo pH [28].

Veterinariniams tikslams naudojamos antimikrobinés medziagos yra
dazniausiai jodo ir chlorheksidino turintys produktai ir natrio hipochloritas,
pieno riigstis, peracto riigstis, vandenilio peroksidas, nes jie turi kumuliacinj
poveikj. Ant karves speniy jie iSlieka aktyviis iki 6 valandy [7, 80, 81].

Speniy vilgymui skirti produktai turi biiti saugiis ir veiksmingi. Dezin-
fekantai, remiantis reglamento (ES) Nr. 528/2012 d¢l biocidiniy produkty
tiekimo rinkai ir jy naudojimo V priedu [5], skirstomi | penkis tipus pagal
paskirtj, tarp jy — ir 3-ias tipas — veterinarinés higienos biocidiniai produktai.
Tokie biocidiniai produktai turi turéti platy veikimo spektra pries§ bakterijas,
taciau neturéty neigiamai paveikti gyviiny ar melzimo jrangos.

Antiseptinis tirpalas turi baktericidiskai veikti speniy oda, sumazinti
naujy pieno liaukos uzdegimy kiekj, neturéti neigiamos jtakos pienui, nepa-
zeisti speniy odos, nebiiti toksiskas ir gydyti speniy pazeidimus [69]. Dél
biocidiniy produkty poveikio gali sutrikti zmoniy ar gyviiny sveikata, jos gali
stipriai pakenkti aplinkai. Tam, kad bty jvertinta biocidinio produkto
sudétis, veiksmingumas ir jo keliama rizikai Zzmogui, gyviinams bei aplinkai
yra privaloma biocidinio produkto autorizacija. Neautorizuoti biocidiniai
produktai negali biiti tiekiami ir naudojami.

Norint tiekti j ES rinka biocidinius produktus bitina atlikti dviejy
veiksmy procediira: veiklioji medziaga, kurig planuojama naudoti gaminant
biocidinj produktg ar apdoroti gaminj, turi biti patvirtinta ES lygmeniu (t. y.
turi biiti teigiamai jvertintas jos veiksmingumas ir saugumas) atitinkamam
produkto tipui; kad biocidinj produkta buty galima pateikti rinkai arba nau-
doti, jis turi biiti autorizuotas nacionaliniu arba ES lygmeniu. Jei veiklioji
medZziaga dar nepatvirtinta, bet jtraukta j perziiiros programg, biocidinis
produktas gali biiti teikiamas rinkai arba naudojamas laikantis nacionalinés
teisés akty reikalavimy. Be to, nuo 2015 m. rugs¢jo 1 d. visi biocidiniai
produktai gali biiti teikiami rinkai tik tuo atveju, jei veiklioji medziaga ir jos
tiekejas jtraukti j veikliyjy medziagy ir tiekéjy sarasa pagal ES Reglamento
528/2012 95 straipsnj [5].

IS 2020 metais autorizuoty veterinarinés higienos dezinfekanty 73 proc.
sudaré produktai melziamy gyviny speniams dezinfekuoti, o 13 proc. — pro-
duktai melzimo jrangai dezinfekuoti. Speniy dezinfekcijai skirti biocidiniai
produktai skyrési savo sudétimi ir naudojimo btuidu. Buvo autorizuoti penki
biocidiniai produktai su chlorheksidinu bei Sesi biocidiniai produktai su pieno

23



ragstimi, taciau tik vienas jodo pagrindu pagamintas biocidinis produktas.
Lietuvoje yra autorizuoti biocidiniai produktai su jodu, skirti speniams
dezinfekuoti. Tod¢l pieno riigsties bei chlorheksidino turintys produktai yra
puiki alternatyva jodui alergisky gyviiny speniams dezinfekuoti. Be to,
biocidai su chlorheksidinu gali pagerinti bandos sveikata tais atvejais, kai
vyrauja jodui ir pieno riig§ciai atspariis mastito sukéléjai. Vertinant pagal
naudojimo btidg buvo autorizuoti astuoni produktai, skirti speniams dezinfe-
kuoti po melzimo, du produktai — naudoti LELY melZzimo robotuose uzpurs-
kiant ant speniy po melzimo bei du produktai — speniams apdoroti putomis
pries melzimg [82].

1.7. Speniy vilgikliy kiirimo principai

Teigiama, kad ilgalaikis vilgikliy naudojimas lemia mikrobiotos kieky-
bings ir rusines jvairovés pokycius ant speniy odos. Vis délto, ne visi rinkoje
prieinami vilgikliai pasizymi pakankamu efektyvumu; kai kurie i§ jy yra
neefektyvis, o kiti veiksmingi tik esant tam tikroms antimikrobinéms me-
dziagoms kartu arba veikia tik prie§ tam tikras mikroorganizmy rasis [1, 54].

Tirpalai po melzimo turi turéti antimikrobinj aktyvuma, gerai padengti
spenio pavirsiy ir ant jo i$silaikyti, drékinti nedirgindami odos. Tod¢l karviy
speniy antiseptikai skirtuose produktuose turi biiti antiseptinés medziagos,
odg sauganc¢iy komponenty ir klampumg formuojancios medziagos. Speniy
mirkymo tirpalai turi nekenkti gyviinui ar aptarnaujanciam personalui.
Tirpalai turi uzdengti spenj ir ant pavirSiaus i$likti tam tikra laika; turi bati
tinkamo pH, kad nedirginty odos; turi turéti drékinamaji poveiki, kad oda
buty minksta, nejtriikusi, o bet kokios nedidelés zaizdelés greiciau gyty [55,
83]. Antiseptikai, kurie naudojami karviy teSmenims po melzimo, turi
pasizyméti baktericidiniu ir bakteriostatiniu veikimu, o jvairiy veikliyjy
medziagy (pavyzdZziui biociny ar augaliniy priedy) naudojimas biociduose
suteikia platy veiksmingumo spektra [55, 83, 84].

Antiseptinis poveikis ir pakankamas sudaromos plévelés storis ir vienti-
sumas yra svarbiis biocidiniams speniy vilgikliams. Vienas svarbiausiy
reikalavimy speniy mirkymo tirpalams — klampumas. UZtepus priemong ant
speneliy odos turi susidaryti iStisiné plévelé, kurios paskirtis — speneliy
kanalo apsauga nuo mastita sukelian¢iy mikroorganizmy patekimo [9]. Tir-
paly klampumag galima reguliuoti parenkant jvairaus tipo tirStiklius. Nattira-
lios kilmés tirStikliai paplite veterinarijos farmacijoje, maisto pramong¢je [ 10].
Klampumas turi biiti pakankamas, kad susidaryty nelaSanti emulsija, kai
speniy vilgiklis tepamas ant speniy odos. Klampumas yra svarbus fizikinis
speniy mirkymo tirpalo parametras, atspindintis produkto kokybe [11, 85,
86]. Svarbi veterinariniy biocidy savybé yra ta, kad tirpalo formulés sta-
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bilumas turi i$likti visg produkto galiojimo laika [5]. Tai reiSkia, kad speniy
vilgiklis turi i8laikyti fiziniy, cheminiy savybiy stabilumg. D¢l stabilumo
stokos sumaz¢ja antimikrobinés savybes.

Kuriant speniy vilgiklius svarbu, kad produktas nebiity kenksmingas
gyvunui ir aplinkai. Todél kuriant naujos formulés speniy vilgiklius atsi-
zvelgiama | naudojamo tirstiklio ir antimikrobinés medziagos klasifikacija
pagal reglamenta (EB) Nr. 1272/2008 [87].

Kuriant naujus produktus su antiseptinémis savybémis daugiau démesio
skiriama produkto ingredientams, jy sudéciai. Stebimas didesnis susidome-
jimas inovatyviomis produkty sudétimis, ypa¢ turiniomis natiiraliy ingre-
dienty, gaunamy i§ ekologiniy tkiy [73, 88, 89]. Svarbu, kad sukurtas pro-
duktas nesukelty alerginio kontaktinio dermatito, odos deginimo pojiicio,
niezulio [90]. Nors skirtingy dermatologiniy preparaty sudétis, poveikis ski-
riasi, taciau, siekiant uztikrinti jy veiksminguma, reikia parinkti tinkamas
pagalbines medziagas, leidZiancias iSlaikyti aktyviyjy komponenty stabiluma
bei tinkama sgveika su oda. Ivairiy ingredienty jtaka yra nuolat tiriama
siekiant sukurti veiksmingus vartoti produktus [4].

Ant odos naudojami preparatai turi nepazeisti odos. Tai ypa¢ svarbu
siekiant apsaugoti odg nuo patogeniniy mikroorganizmy. Formuojant naujus
produktus svarbu atsizvelgti j jy paskirt] ir numatoma poveikj. Antiseptiniy
medziagy turintys produktai, skirti odai, turi i§likti ant odos pavirSiaus, su-
daryti apsauging plévelg, sumazinti odos dehidratacija, todel jy komponentai
iSlieka ant raginio sluoksnio ar jsiterpia i ji. Klasikinéje farmakologijoje
jterpiant vaisting medziaga ar aktyvyji ingredientg preparato pagalbiniy me-
dziagy savybés turi uztikrinti vaistinés ar aktyviosios medziagos stabiluma
sistemoje bei tinkamg veikima ir patekimag i poveikio vieta. Pirmiausia
medZiaga turi difunduoti i§ preparato ant odos pavirsiaus [91, 92].

1.8. Speniy vilgikliy po melZimo sudétinés medzZiagos

Norint, kad vilgiklis buty veiksmingas, reikia parinkti tinkama sudétj,
medZziagy proporcijas ir jvertinti kokybés parametrus. Vilgikliy veikliosios
medZiagos turi biiti registruotos pagal Europos Biocidiniy produkty direktyva
ir reikalavimus Lietuvoje [93].

1.8.1. Antibakterinés medziagos vilgikliy sudétyje

Antibakteriniy medZziagy, jeinanciy j vilgikliy po melzimo sudétj, pa-
grindinis reikalavimas — baktericidiSkai veikti patogeniskus ir aplinkos mikro-
organizmus esandius ant spenio odos. Sig funkcija produktuose atlicka jodas,
chlorheksidinas, chloras, pieno riigstis, peroksidas ir kitos medziagos, ana-
logiSkos kaip ir taikomos zmogaus odai. Apzvelgdami moksling literatiira,
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kurioje aptariama vietiniai antiseptiniai produktai, tyréjai daro iSvada, kad
nors nanotechnologinés formos jrodé¢ privalumus, taciau nepaisant to, vis dar
yra galimybiy kurti produktus i§ tradiciniy Zzaliavy ir juos tobulinti,
optimizuoti [6, 55, 94].

1.8.1.1. Pieno rugstis

Pieno rugstis (jos druskos — laktatai), yra nedidelés molekulinés masés
organing¢ riigstis, dalyvaujanti jvairiuose biocheminiuose procesuose. Pieno
rugstis susidaro natiiralios fermentacijos metu kefyre, riigpienyje, stiriuose,
jogurte, sojos padaze, raugintose darzovése. Pieno riigStis yra natiiraliai
aptinkama Zmogaus ir gyviiny organizmuose. L-pieno riigsties izomeras pa-
sizymi zemu pH ir yra stiprus dirgiklis. Organiniy riig§¢iy antibakterinis
aktyvumas yra paremtas nedisocijuotos rtgsties formos gebéjimu prasi-
skverbti per Iasteliy membrang ir disocijuoti Igstelés viduje. Dél to mazéja pH
reikSmeé Igsteléje, kuri yra biitina adenozino trifosfato (ATP) sintezés
kontrolei, ribonukleino rugsties (RNR) ir baltymy sintezei, deoksiribonuk-
leino raigsties (DNR) replikacijai ir lasteliy augimui. Irodyta, kad pieno
rugsties produktai turi antibakterinj aktyvumga prie§ gramteigiamas ir gram-
neigiamas bakterijas [68, 95, 96].

Pieno rugstis kartu su kitomis medziagomis vilgiklyje suformuoja plé-
vele kaip barjera, neleidziantj mikroorganizmams patekti j speniy kanalus.
Autoriai teigia, kad tokiu biidu spenio kanalas yra apsaugomas nuo galimy
infekcijy ar uzdegimy [7]. Kai kuriy tyrimy duomenimis, speniy mirkymo
tirpalai, kuriuose yra 5 proc. pieno rugsties, turi pastebima antimikrobinj
poveikj pries E. coli, slopino Shigella spp., S. enteritidis ir L. monocytogenes
augima [97], o Fitzpatrik ir kiti [54] tyrime nustatytas streptokoky padermiy
augimo sumaz¢jimas 70,1 proc.

Tiriant vilgikliy su pieno rigstimi antibakterinj veiksminguma nustatyta,
kad pieno rugsties koncentracija vilgikliuose svyravo nuo 1,76 proc. m/m iki
8 proc. m/m. Vilgikliai su 5 proc. m/m pieno rigsties sumazino streptokoky
skai¢iy 70,1 proc. Vilgiklis su 2 proc. pieno riigsties ir 0,6 proc. m/m
chlorheksidino buvo 100 proc. efektyvus pries stafilokokus. Vilgiklis, kurio
sudétyje yra 1,6 proc. m/m pieno riigsties ir vandenilio peroksido, sumazino
streptokoky ir stafilokoky skai¢iy atitinkamai 89,9 proc. ir 59,4 proc. [54].
Sis tyrimas rodo, kad kai kurie speniy antiseptikai skirti produktai specifines
bakterijy grupes, izoliuotas nuo speniy odos, veikia skirtingai. Taip pat
svarbu, kad tyrimai dél sumazgjusio jautrumo pieno riigsties speniy
antiseptinéms priemonéms dar nepaskelbti [98, 99].

Yra poreikis ieskoti natiiralesniy alternatyvy, kurios gali biiti naudo-
jamos kartu arba pakei¢iant esamus cheminius junginius. Kai kurios pieno

26



rugst] iSskiriancios bakterijy padermés, tokios kaip Lactococcus spp. gamina
nizing — bakteriocing, kuris paveikus prie§ gramteigiamas bakterijas. Bakte-
riocinai buvo pasitlyti naudoti speniy vilgikliuose, pakeiciant jprastinius
komercinius tirpalus. Lactococcus spp. pagrindu pagaminto preparato
naudojimas parodé panasy veiksmingumg kaip komercinés dezinfekavimo
priemonés, uzkertant kelig naujoms IMI ir palaikant teSmens sveikata [74].
Kitame tyrime karviy, apdoroty laktobacily ar jodo pagrindu pagamintais
vilgikliais, SLS piene buvo panasus. Gauti duomenys, kad laktobacily turin-
¢iu vilgikliy galima apsaugoti spenio kanalg ir teSmens sveikatinguma [25].
Ekologiski produktai mastito profilaktikai svarbts dél gyviiny ir Zmoniy
sveikatos.

1.8.1.2. Chlorheksidinas

Chlorheksidinas yra sudarytas i§ dviejy simetrisky 4-chlorofenilo ziedy
ir 2 guanidino liekany, centre sujungty heksametileno tilteliu. Chlorheksi-
dinas gali buti 3 formy: digliukonatas (tirpus vandenyje), acetatas (tirpus
vandenyje), hidrochloridas (mazai tirpus vandenyje) [100]. Chlorheksidinas
pasizymi placiu antibakteriniu veikimu prie§ gramteigiamas ir gramnei-
giamas bakterijas, anaerobus, aerobus ir mieles, bet nesunaikina spory, gry-
beliy bei tuberkuliozés mikobakterijy, poliovirusy ir adenovirusy [101, 102].
Chlorheksidinas yra mazai toksiskas, placiai naudojamas kaip antibakterine
ir antiseptiné medziaga [60]. Chlorheksidinas, kaip sudétinis produkto
komponentas, vartojamas daugiau nei 60-yje skirtingy vaistiniy ar kosmeti-
niy preparaty. Placiai naudojamas dél savo saugumo, plataus antimikrobinio
poveikio spektro, stabilumo bei patogaus naudojimo ant odos, be to, chlor-
heksidinas lieka ant odos [101, 103]. Gyviinams chlorheksidinas naudojamas
vietinei zaizdy antiseptikai ir odos infekcijoms gydyti. Kuriami tepalai,
geliai, skirti veterinariniams tikslams, turintys antibakterinio aktyvumo ir
terapinio efektyvumo [104]. Antiseptiniai produktai chlorheksidino pagrindu
naudojami pieno tkyje [99, 105]. Pateiktame tyrime [28] chlorheksidinas
parod¢ didesnj veiksminguma prie§ gramteigiamas bakterijas, be to, chlor-
heksidinas buvo efektyvus pries S. aureus ir L. monocytogenes.

Chlorheksidinas turi teigiamg elektros kriivj, yra hidrofobiné ir lipofilin¢
molekulé, saveikauja su fosfolipidais ir lipopolisacharidais, kurie randami
bakterijos lastelés membranoje. Tokiu biidu chlorheksidinas aktyvaus ar
pasyvaus transporto mechanizmais patenka i lastele [106]. Esant fiziolo-
giniam pH chlorheksidino druskos disocijuoja ir iSskiria teigiamo kriivio
chlorheksidino katijong. Baktericidinis poveikis atsiranda dél Sios katijoninés
molekulés prisijungimo prie neigiamo kriivio bakterijy Iasteliy sieneliy. Esant
mazoms chlorheksidino koncentracijoms tai sukelia bakteriostatinj poveikj;
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esant dideléms koncentracijoms, membranos pazeidimas lemia lgsteliy mirtj.
Chlorheksidino digliukonato antibakterinis poveikis priklauso nuo tirpalo pH
reik§mes, o esant pH reikSmei tarp 5,5 ir 7,0 Sis poveikis yra optimalus [101].
Pagal Karpinski ir bendraautorius [107] bakteriostatinis veikimas nustatytas
esant mazoms chlorheksidino koncentracijoms (0,02—0,06 proc.). Tada
chlorheksidinas pakeicia bakterinés lastelés osmosinj balansg ir skatina
mazos molekulinés masés molekuliy (kalio, fosforo ir kt.) iSsiskyrimag is$
lastelés. Esant dideléms chlorheksidino koncentracijoms (0,12-0,2 proc.)
nustatytas baktericidinis veikimas. Chlorheksidinas gali sukelti lasteliy
citolize, didindamas lastelés membranos pralaidumg jvairioms molekuléms.
Maisto ir vaisty agentiira (FDA) rekomenduoja vartoti 0,12-0,2 proc.
chlorheksidino koncentracijos skalavimo skys€ius, vietinio vartojimo gelius
ar purSkalus. Taciau antimikrobinis chlorheksidino poveikis skirtingoms
bakterijoms prie tam tikro pH yra nevienodas. Esant aukstesnei pH reikSmei
antimikrobinis poveikis yra prie§ S. aureus ir E. coli, bet neZenklus prie§
Pseudomonas aeruginosa (P. aeruginosa). Skirtingy koncentracijy chlor-
heksidino junginiai pasiZymi skirtingu poveikiu skirtingoms bakterijy rusims
[100].

Abbaszadegan ir kity [108] tyrime nustatyta, jog chlorheksidino
minimali slopinanti koncentracija prie$ aerobus yra 14,17 pg/ml, anaerobus —
13,22 pg/ml, o Enterococcus faecalis (E. faecalis) — 18,75 pg/ml. 1 proc.
chlorheksidino gelis yra efektyvus net 82,14 proc. atvejy prie§ E. coli.
Chlorheksidinu galima atlikti gyviny odos antiseptika, Sios rusies preparatai
placiai paplite karviy teSmens higienai prie§ ir po melzimo [9]. Po melZimo
naudojant higienos priemones, kuriose yra chlorheksidino, anot autoriy,
teSmuo apsaugomas nuo jvairiy uzdegimy ir mikroorganizmy, galin¢iy pa-
tekti j spenio kanalg. Kaip teigia Cieplik ir kiti [109], esant dideléms kon-
centracijoms (> 0,1 proc.) CHD sukélé visy pagrindiniy tarplasteliniy kom-
ponenty nutekéjima i$ lastelés, todel atsirado baktericidinis poveikis. Esant
mazoms koncentracijoms (0,02-0,06 proc.), CHD sukélé kalcio jony (Ca®*)
ir magnio jony (Mg?") i§stimimag, taip pat kalio jony (K") praradimg i$ lgs-
telés sienelés, tode¢l atsirado bakteriostatinis poveikis. Esant dideléms kon-
centracijoms (> 0,1 proc.) CHD sukelia visy pagrindiniy tarplasteliniy kom-
ponenty nutekéjima 1§ Iastelés ir sukelia baktericidini poveiki.

1.8.1.3. Jodas

Jodo junginiai kaip antiseptinés ir dezinfekcinés priemonés naudojamas
nuo XIX amziaus. Jodas lengvai prasiskverbia pro mikroorganizmy lasteliy
sieneles, suardo nukleino rugsciy ir baltymy strukttira bei sinteze. In vitro
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jodo junginiai turi baktericidinj, mikobaktericidinj, antivirusinj poveikj, o
naudojant ilgesnj laikg sunaikina grybelius ir bakterijy sporas [13, 110, 111].

Jodo povidonas yra stabilus cheminis polivinilpirolidono ir elementinio
jodo kompleksas. Jame yra nuo 9,0 proc. iki 12,0 proc. jodo, §j unikaly
kompleksa 1955 m. Filadelfijos pramoninés toksikologijos laboratorijose
atrado H. A. Shelanski ir M. V. Shelanski. Jie atliko bandymus in vitro, nu-
staté¢ antibakterinj aktyvuma, toksiSkuma peléms bei patvirtino geresnj vei-
kima nei jodo tinktiira [112].

Jodo povidonas veikia baktericidiskai, fungicidiskai, sporocidiSkai, pro-
tozoocidiSkai ir virucidiskai dél mikroorganizmy gyvybiniy struktiiry joda-
vimo ir oksidacijos, kai jodas atsipalaiduoja i§ polivinilpirolidono ir jodo
komplekso. Labiausiai paplitgs 10 proc. vandeninis jodo povidono tirpalas,
taip pat daznai naudojamas geliuose, nes sudaro plévelg [113].

Jodas ir jo junginiai placiai pritaikomi ir veterinarin¢je medicinoje. Vie-
nas placiausiai paplitusiy naudojimo biidy — karviy speniy antiseptika pries ir
po melzimo proceso [114, 115]. Vilgikliy su jodu kompozicijy privalumus —
ry$ki ruda jodo suteikiama spalva, dél kurios antiseptikas yra lengvai
pastebimas ant odos.

Silva kartu su bendraautoriais [116] tyré karviy speniams naudojamy
antiseptiniy priemoniy veiksminguma. Tikslas buvo ivertinti in vitro vilgiklio
su jodu veiksminguma prie$ koagulazés negaminancius stafilokokus (KNS).
Tyrimo iSvadoje paskelbta, kad stipriausig in vitro antibakterinj poveiki
koagulazés negaminantiems stafilokokams turéjo vilgikliai, kuriuose buvo
0,375 proc., 0,5 proc. ir 1,0 proc. jodo esant 60 sekundziy poveikio trukmei.

Ingawa ir kiti [117] jvertino, kad gelis su 0,5 proc. jodo Zymiai sumazino
mikroorganizmy kiekj, esantj ant speniy galy. Tyrime speniy vilgikliy,
sudétyje turinciy 0,25 proc. ir 1,0 proc. jodo, ekspozicijos laikas 30 sekun-
dziy buvo toks pat veiksmingas, kaip 45 sekundziy ekspozicijos laikas.
Sumazinus ekspozicijos laikg iki 15 sekundziy baktericidinis poveikis buvo
mazesnis. Gleeson ir kiti [67] nenustaté jokiy reikSmingy skirtumy tarp jodo,
chloro, chlorheksidino ar alkoholio naudojimo sumazinant speniy odos
uzterStumg koliforminémis bakterijomis. Bohm ir kiti [64] tyrime vertino
penkias skirtingas jodo koncentracijas speniy vilgikliuose (250; 500; 1000;
2000 ir 3000 ppm) ir nenustaté reikSmingy skirtumy tarp jodo koncentracijos
mazinant speniy odos mikroorganizmy kiekj. Rezultatus paaiSkino laisvo
jodo kiekiu tirpale. Jy teigimu, laisvas jodas yra atsakingas uz antimikrobinj
veikimg. Tiek zemesné, tiek auksStesné koncentracija nebuty naudinga, nes
250 ppm speniy antiseptikos priemoné buvo tokia pat veiksminga, kaip
3000 ppm speniy antiseptikos priemoné. Martins ir kiti [80] tyrimuose
patvirtinta, kad speniy antiseptikos po melzimo priemoné, turinti barjeriniy
savybiy ir didesnj laisvojo jodo kieki, sumazina klinikinio mastito rizika.
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Aktyvus jodas yra molekulinio jodo koncentracijos matas, kuris yra labai
reaktyvus ir todel baktericidinis. Laisvasis jodas yra vienintel¢ jodo forma,
turinti jrodyta koreliacijg tarp koncentracijos ir baktericidinio aktyvumo
produkte. Produktas, turintis didel¢ (12—16 mg/kg) laisvojo jodo koncentra-
cija, sumazino IMI 55 proc., palyginti su maZesniu (5-8 mg/kg) laisvo jodo
turin¢iu produktu.

Phillips ir kiti [118] paskelbé tyrimo rezultatus, kad laktuojanciy karviy
speniy pamirkymas 0,1 iki 0,5 proc. jodo tirpaluose sumazino IMI sukelto
S. aureus 63,3-88,2 proc. Teigiama, kad vilgiklio su jodu lasas spenio gale
baktericidiskai veikeé S. aureus ir uzkirto kelig naujy IMI tarp telyCiy ir lak-
tuojanciy karviy. Skowron su bendraautoriais [28] tyré jodo, stabilizuoto
jodo, povidono jodo ir chlorheksidino efektyvumg mastita sukeliancioms
bakterijoms. Bakterijy skai¢iaus sumazéjimas panaudojus antiseptines prie-
mones buvo labai didelis (> 90 proc.). Jautriausi naudotiems preparatams
buvo L. monocytogenes (99,6-99,9 proc.). Stabilizuotas jodas buvo veiks-
mingiausia priemon¢ visoms tirtoms bakterijoms, dé¢l kurios bakterijy skai-
¢ius sumazéjo nuo 99,80 proc. (E. coli) iki 99,99 proc. (S. aureus, L. mono-
cytogenes). Cabeca ir kiti [119] pranesé apie maza jodo efektyvuma L. mo-
nocytogenes paderméms, kurios formuoja biopléveles (2,0 log KSV/ml).

Apibendrinus vilgikliy efektyvuma kontroliuojant mastitg nustatyta, kad
vilgikliuose jodo pagrindu optimaliausia aktyviosios medziagos kon-
centracija— 0,5-1,0 proc. [120]. Tokiuose produktuose esantis jodas ar
kompleksiniai jodo junginiai gali sukelti speniy odos dirginima. D¢l Sios
priezasties ] daugeli vilgikliy kompozicijy jeina oda drékinantys kompo-
nentai. Vilgikliai jodo pagrindu turi biiti naudojami tik tada, kai gyviino oda
yra $variai nuplauta ir nusausinta, ant jos neturi buti pieno likuciy. Tyréjai
nustaté, kad mazos jodo koncentracijos (25, 30 ir 80 ppm) neefektyvios pries
stafilokokus, bet sumazina bendra bakterijy skai¢iy 30—80 proc. Tuo tarpu
200 ppm koncentracijg efektyvi mazinant stafilokoky, koliforminiy ir BBS.
Antiseptinés medziagos, kuriy veikiamoji medziaga yra chlorheksidinas
(koncentracija 0,35 proc.), jodoformas (0,1 proc. ir 0,25 proc. koncent-
racijos), mazina patogeniniy stafilokoky kieki. Atlikus karviy speniy antisep-
tikg 0,1-0,5 proc. jodoformo tirpalu pamelzus, stafilokoky ir streptokoky
sukelty mastity skai¢ius sumazejo 20-61,5 proc. [121].

Tyrimuose [122, 123] teigiama, kad grybeliy ir mieliy dauginimosi
galima iSvengti, jei naudojama melzimo jranga yra kruopsciai plaunama
karstu 50 °C ir aukstesnés temperatiiros vandeniu, speniai yra gerai nuplau-
nami ir mirkomi jodo tirpale, kuris turi fungicidinj poveik].

Krukowski ir bendraautoriai bei Salerno ir bendraautoriai [124, 125] tyré
dumblj Prototheca zopfii, iSskirta 1§ karviy pieno. Tyrimo tikslas buvo
jvertinti poveikj chlorheksidino ir jodo P. zopfii paderméms, nes jprastinis
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antimikrobinis ir prieSgrybelinis gydymas nepasiteisina. [n vitro tyrimai
parodé¢, kad chlorheksidino ir jodo biocidy taikymas melzimo aparatams ir
speniams padeda iSvengti dumbliy sukelty infekcijy.

Jodo antiseptinés plévelés svarba buvo iSmatuota naudojant in vitro
speniy modelj su skirtingais barjeriniais produktais. Nustatyta, kad ilgiau
i8silaikanti apsauginé plévelé sumazino infekcijos daznj 30 proc., o didesnis
laisvojo jodo kiekis ir apsauginé plével¢ IMI atvejy skaiiy sumazino
21 proc., lyginant su paprasta speniy antiseptika po melzimo [80].

1.8.2. Klampa reguliuojancios medzZiagos

Vilgiklis turi gerai padengti spenj, nenubégti ir nesudaryti per storo
sluoksnio. Klampg reguliuojancios medziagos suteikia vilgikliams tinkama
konsistencija, dél to tirpalas iSsilaiko ant spenio reikiamg laikg. Pamerkus
spenj, ant odos sukuria apsauging plévelg, kuri apsaugo spenio kanalg nuo
patogeniniy mikroorganizmy. Speniy vilgymo produktuose naudojami nati-
raliis ir dirbtiniai tirStikliai. Klampuma galima reguliuoti pasirenkant skirtin-
gy tipy tirStiklius ir jy skirtingas koncentracijas [54, 81, 86]. Produkte gali
biti naudojamos ir pavirSiaus aktyvumo medziagos, kurios produktui suteikia
homogeniskuma, pavyzdziui, polisorbatas 20, polisorbatas 10, polisorbatas
80 ar kitos. Jie taip pat padeda iSlaikyti vilgiklio stabiluma, gerina reologines
savybes [10, 11].

1.8.2.1. Guaro lipai

IS kampuotosios pupenés (lot. Cyamposis tetragonoloba) sékly (pupe-
niy) gaminamas pupeniy tirstiklis, pupenés sékly lipai, kuriy pagrindiné
medziaga yra galaktomananas — medziaga, sudaranti drebu¢ius. Si medziaga
yra naudojama maisto, farmacijos, popieriaus, tekstilés, kosmetikos ir kitose
Sakose. Sis produktas pasizymi stingdanéiomis ir tir§tinan¢iomis savybémis,
suteikia gaminiui klampumo, 1étina ledo kristalizacija. Vos 1 proc. pupeniy
milteliy labai padidina produkto klampg. O 1éta ledo kristalizacija ir produkto
struktiiros stabilumas net keiCiantis uzSalimo ir tirpimo ciklams leidzia
uzSaldyti gaminius ir juos saugiai atSildyti. Kampuotoji pupené iSsaugo ir
atkuria odos lipidy sluoksnj, drékina ir stangrina oda [126, 127].

Guaro lipai gali buti naudojama kompozicijose kaip tirstiklis arba kaip
kompozicija stabilizuojantis agentas. Si medziaga — tai hidrofiliniy karbo-
hidraty kompleksas, kurio struktiira yra artima polimerams. Struktiirg suda-
rantys galaktozés fragmentai B-1,4-glikozidiniu ry$iu yra prijungti prie gran-
dinés suformuotos i§ manozés fragmenty. D-galaktozés fragmentai tarpusa-
vyje yra susijunge 1,6-gliozidiniu rysiu [128].
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Polimero granding apsupus vandens molekuléms prie manozés prisi-
junge galaktozés fragmentai sgveikauja su vandens molekulémis ir sudaro
intra-molekulines grandines, kurios nulemia tirpalo tirSté€jimo procesa.
1 proc. vandeninis guaro lipy tirpalas gali pasiekti 10 000 mPa-s klampa.
Guaro lipy tirpumas ir klampos sudarymo laipsnis didéja maze¢jant daleliy
dydziui, pH ir kylant temperatiirai [129]. Svarbiausia $io tirStiklio charakte-
ristika — gebé&jimas iSbrinkti ir suteikti tirpalui klampa Zemoje temperattiroje.
Tirpalai, kurie ruoSiami aukstoje temperatiiroje su Siuo tirStikliu, pasiekia
maksimalig klampg grei¢iau nei ruoSiami zemoje temperatiiroje. Taciau per
ilgas aukStos temperatiiros poveikis gali sukelti guaro makromolekuliy
destrukcijg ir stebésime klampos mazéjimo efekta. Guaro lipai yra stabiliis
placiame pH reikSmiy intervale, kai tirpalai yra laikomi kambario tempe-
ratiiroje. Stabilumas kintant pH intervalui siejamas su nejoniniu krivio
veikimo mechanizmu. Greitas tirStumo sumaz¢jimas pastebimas riigStinéje
terpéje, esant aukStai temperattrai [130]. Guaro lipai atlieka ne tik tirstiklio,
bet ir apsauginés plévelés sudarymo, emulsiklio, stabilizatoriaus vaidmenj
kuriamuose produktuose [131].

1.8.2.2. Ksantano lipai

Ksantano lipai — didelés molekulinés masés polisacharidas, kurj anglia-
vandeniliy fermentacijos metu iSskiria bakterijos Xanthomonas campestris.
Pramongje ksantano polimeras yra gaunamas i§ bakterijy aerobinés fermen-
tacijos proceso metu. Ksantano lipy polimerin¢ grandin¢ yra sudaryta i$
B-D-gliukozés fragmenty, susijungusiy 1,4-glikozidiniu rySiu. Prie kas antro
B-D-gliukozés fragmento prisijungusi trisacharido Soniné grandiné. Sig $o-
ning struktiirg sudaro du manozés fragmentai, tarp kuriy jsiterpé gulurono
rugsties fragmentas [11, 132].

Ksantano lipai yra tirpiis auk$tos ir Zemos temperatiiros vandenyje.
Medziaga | vandeninj tirpalg turi biiti dedama intensyviai maisant, tokiu biidu
iSvengiama sausy dariniy susiformavimo, kurie prailgina tirpalo paruoSimo
laikg [133]. Sio polimero tirpalai pasizymi unikalia savybe i§laikyti stabilius
klampos parametrus keliant temperatiirg. Ksantano lipy tirpalai yra jautris
aukStoms ir zemoms pH reik§méms. D¢l ypatingos ksantano lipy strukttiros
Sis polimeras yra placiai pritaikomas daugelyje sri¢iy, ksantano derva yra
naudojama produkty klampai didinti. Ksantano lipai yra ypatingi tuo, kad gali
biti naudojami produktuose, kuriuose yra iki 50 proc. alkoholio, jos savybes
gerina kalcio drusky priedas [85, 132]. Mokslingje publikacijoje teigiama,
kad produkto klampos reguliavimui pasirinkus ksantano polimera galima ne
tik sukurti geromis reologinémis savybémis pasiZymintj produkta, bet ir
pagerinti produkto struktiiros vientisuma, Svelnumg. Didinant polimero
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koncentracija tirpale pastebéta, jog pH reikSmé nekinta. Literatiroje teigia-
ma, kad ksantano lipai gali biiti svarbus ingredientas asmens sveikatos prie-
zitros ir biocidinése priemonése [11, 134]. Dazniausiai tokio pobtidzio
priemonése ksantano lipai naudojami produkto plévelei sudaryti ant odos
pavirSiaus ir taip neleisti mikroorganizmams prasiskverbti j gilesnius odos
sluoksnius. Pasizymi pakankamai mazu klampos pokyciu placiose tempera-
turinése ribose. Stabili placiose pH ribose. Tinkama naudoti, kai yra dideli
drusky ir pavirSinio aktyvumo medziagy kiekiai. Gaminant produktus reika-
lingi mazi kiekiai 0,2—1 proc. Nustatyta, kad ksantano lipy norma, palyginti
su kitomis dervomis, yra maza, o atlikus tyrimus su grauzikais nebuvo
nustatyta, kad ksantano derva bty toksiska [132].

1.8.3. Oda drékinancios medZiagos

Drékinancios medziagos naudojamos tam, kad karviy speniai nebiity
SiurkStas ir sausi. Taip speniai apsaugomi nuo papildomy jtrikimy (jie yra
dar vienas kelias patogeniskiems mikroorganizmams patekti | galvijo orga-
nizma ir sukelti ligg), be to, kai palaikoma tinkama speniy drégmé, zaizdelés
grei¢iau gyja.

Riebaliniy liauky yra palyginti nedaug speniy odoje. Daznas speniy
plovimas, Saltis, véjas gali pasalinti apsaugines riebaly riigstis ir sukelti odos
jtrikimus. Dél $iy priezasCiy, minkstikliai kaip lanolinas ar glicerolis,
naudojami speniy vilgikliuose. Tokiais komponentais gali biiti propilengli-
kolis, sorbitolis, alavijas ir kitos medziagos. Kai kuriuose preparatuose
surinkama alavijo ir alantoino, tai natiiraliai augaluose, bakterijose ir gyvi-
nuose randamos medZziagos, kurios, kaip jrodyta, saugo, ramina ir kondicio-
nuoja oda, turi oda gydanciy savybiy. Dél Siy savybiy panaudojamos tva-
riuose gaminiuose [8, 25].

Glicerolis — tai bespalvis, bekvapis, aliejingas, klampus skystis, turintis
saldy skonj, labai higroskopiSkas. MaiSosi su vandeniu ir 96 proc. etanoliu,
Siek tiek tirpsta acetone, praktiSkai netirpsta riebaliniuose aliejuose ir eteri-
niuose aliejuose. Glicerolis yra stabilus esant kambario temperatiirai ir nedi-
deliems temperattiros svyravimams, nes esant 54 °C temperatiirai gali skilti.
Tai pagalbiné medziaga, kuri gali atlikti Sias funkcijas produkte: antimikro-
binis konservantas, tirpiklis, minkstiklis, drékiklis, plastifikatorius, saldiklis
[135, 136]. Glicerolis drékina raginj odos sluoksnj, didina elastinguma, ap-
saugo nuo iSorés dirgikliy ir gerina Zaizdy gijima. Yra duomeny, jog
glicerolis gali veikti antimikrobiskai [137].

Propilenglikolis — tai pagalbiné medZziaga, kuri gali atlikti Sias funkcijas
produkte: antimikrobinis konservantas, dezinfekantas, minkstiklis, drékiklis,
tirpiklis, stabilizuojanti medziaga. Pagal mokslinés literatiros duomenis,
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gana daznai medziagy skvarbai j/pro oda tyrinéti tirpikliu pasirenkamas
propilenglikolis, nes jame tirpsta daugelis vaistiniy medziagy ir jis nesukelia
odos dirginimo [138-140].

Sorbitolis — organinis junginys, gliukozés redukcijos produktas:
H(CHOH)gH. Tai natiiralios kilmés maisto priedas, natiiralus angliavandenis
alkoholis, esantis daugelio vaisiy bei uogy sudétyje, taip pat ir Zmogaus
organizme. Turi savybe iSlaikyti drégme. Naudojamas kaip drékiklis,
emulsiklis, saldiklis, stabilizatorius [141].

1.8.4. Augaliniai ekstraktai ir eteriniai aliejai speniy vilgikliy
sudétyje

Augaliniai ekstraktai yra pla¢iai naudojami pasaulyje ir turi didelés
reik§més ne tik Zmoniy, bet ir gyviiny sveikatai [142, 143].

Kaip apraso Rasool su bendraautoriais [73], spenio kanalo apsaugos po
melzimo teorija atsirado 1916 m., kai buvo naudojamas ananasy aliejus
sumazinti S. agalactiae i$plitima. Siuolaikiniuose tyrimuose nustatyta, kad
augaliniai priedai vilgikliuose sumazina subklinikinio mastito kiekj, apsaugo
nuo naujy IMI, pagerina pieno gamyba. Autoriai nurodo, kad eteriniuose
aliejuose yra daug ingredienty, kurie turi antibakteriniy, antioksidaciniy
savybiy ir yra saugiis naudoti ant speniy odos. Taip pat néra paskelbta apie
i8sivysciusj antibakterinj atsparumg naudojamiems eteriniams aliejams.

Fitoterapiniai preparatai neturi Salutinio poveikio, neturi iSlaukos, jie
nesukelia bakterijy atsparumo. Gydymui ar profilaktikai tinka eteriniai alie-
jai, zoleliy tinkturos ar augaliniai ekstraktai. Augalinés kilmés priedai pa-
sizymi antioksidacinémis savybémis ir turi antimikrobinj veikima B. cereus,
Bacillus subtilis (B. subtilis), E. coli, P. aeruginosa, S. aureus, meticilinui
atsparioms S. aureus (MRSA), Edwardsiella spp., Vibrio spp., Aeromonas
spp., Salmonella spp., Flavobacterium spp., Streptococcus spp., Candida spp.
paderméms [144]. Augaly gydomosios savybés priklauso nuo to, kiek ir
kokiy veikliyjy medziagy (alkaloidy, flavonoidy, glikozidy, raugy, eteriniy
aliejy, vitaminy, pektiny, mineraliniy medziagy, organiniy ragsciy) jie
kaupia. D¢l minéty savybiy augaliniai priedai panaudojami ir speniy anti-
septikuose. Tuo tikslu tiriama eteriniy aliejy, probiotiky, augaliniy ekstrakty
galimybés ir nauda Sioje srityje [70, 71, 145]. Chaisri ir bendradarbiy teigimu
[72], augaliniy komponenty naudojimas speniy vilgikliuose gali zenkliai
sumazinti antibiotiky naudojimg pienininkystéje, tokiu biidu sumazinant
patogeniniy bakterijy atsparumg antimikrobinéms medZziagoms ir antibiotiky
likuCius piene. Teiginius pagrindzia savo tyrimu, kuriame ciberZolés
ekstraktas kartu su vandenilio peroksidu veiksmingai mazino SLS piene. Sie
tyrimai parodo, kad galima pla¢iau naudoti augalines medZziagas. Autoriai
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tikisi, kad ateityje bus galima augaliniais antiseptikais palaikyti pieniniy
galvijy produktyvuma ir uztikrinti maisto sauga, iSlaikyti pieno kiekj ir
kokybe [145]. Todé¢l reikalingi tyrimai, kad suprasti natiiraliy medziagy
potencialg uztikrinant melziamy karviy teSmens sveikata [88].

Vaistiniu medetku (Calendula officinalis L.) Ziedai, literatiiros Saltiniy
duomenimis, kaupia didelius kiekius karotenoidy (iki 3 proc.). Daugiausiai
aptinkama P-karoteno (iki 30 mg%) bei randama ksantiny (violaksantino,
riboksantino, flavoksantino), likopino ir neolikopino ir kity veikliyjy me-
dziagy [146-148]. Sudétyje esantys flavonoidai, o ypa¢ kvercetinas, turi
prieSuzdegiminj poveiki, kuris slopina nedideliy odos Zzaizdy infekcijas,
sumazina niezulj, paraudima, patinima, skausma, vabzdziy jkandimy Zzala,
bérimg, pragulas, ramina odg nudegus saul¢je, subraizius, iSsaus€jus ar su-
skilingjus. In vitro atlikty moksliniy tyrimy metu nustatyta, kad Calendula
officinalis L. pasizymi antibakteriniu, antimutageniniu, antioksidaciniu,
baktericidiniu poveikiu pries S. aureus, B. subtilis, S. epidermidis, E. coli,
K. pneumonia, P. aeruginosa, Proteus mirabilis (P. mirabilis). Medetky
ekstraktas veikia fakultatyvines aerobines ir anaerobines bakterijas in vitro,
del sudétyje esanéiy eteriniy aliejy veikia kai kuriy rasiy grybelius. Sis
efektas sulyginamas su amfotericino B ir nistatino efektu. PrieSgrybeliniu
poveikiu pasizymi 10 proc. metanoliniai medetky ekstraktai. Gydomojoje
praktikoje medetky Ziedy fitoliai veikia antiseptiSkai ir prieSuzdegimiskai
[149-152].

Méty eterinis aliejus, iSgautas i§ Mentha Arvensis L., turi specifinj
kvapg ir skonj, sukeliantj Sal¢io pojitj. Pagrindiné sudedamoji dalis — ciklinis
terpenas mentolis (33—55 proc.). Jis sgveikauja su Sal¢iui jautriais TRPMS
receptoriais odoje, kurie atsakingi uz vésinamojo poveikio jutimg.
Farmacijoje mentolis naudojamas kaip antiseptiné, vésumo jausma sukelianti
ir niez¢jimg mazinanti medziaga [153].

Vaistinés ramunés (Matricaria recutita) 0,05 proc. eterinis aliejus
veikia gramteigiamas bakterijas (S. aureus, B. subtilis) ir gramneigiamas
bakterijas (E. coli, P. aeruginosa), taip pat ir C. albicans. Antibakterinis efek-
tas priklauso nuo chamazuleno, bisabololio ir bisabololio oksido kiekio,
esancio eteriniame aliejuje. Nustatyta, kad ramuniy hidroalkoholinis ekstraktas
stabdo S. aureus, Streptococcus mutans, B grupés Streptococcus bei
Streptococcus salivarius augima [154, 155]. Vaistinés ramun¢lés flavonoid-
dai — apigeninas, liuteolinas — absorbuojasi i gilesnius odos sluoksnius, tai
rodo, kad vaistiné ramunélé gali buti naudojama uzdegimui gydyti giles-
niuose odos sluoksniuose. Stimuliuoja regeneracinius procesus, gerina epi-
telizacijg ir odos granuliacijg. Tyrimas parodé, kad, lyginant su kortikoste-
roidais, ramun¢ yra efektyvesnis zaizdas gydantis agentas [156—159]. ISoris-
kai ramuniy Ziedy preparatai yra naudojami dermatologijoje gydant derma-
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toze, tinka saulés nudegintai, nusalusiai, itrukusiai odai, esant piilinéms odos
ligoms, sumusimams, vabzdziy jkandimams, jvairiems iSbérimams, infekci-
joms, sunkiai gyjan¢ioms zaizdoms gydyti [160, 161].

KasStono (Aesculus hippocastanum L.) zaliavy ekstrakty biologinj po-
veikj lemia jvairiy grupiy biologiskai aktyviis junginiai [162, 163]. Irodyta,
kad prieSedemin] ir vazoprotekcinj paprastyjy kastony vaisiy poveikj lemia
B-escinas: slopina uzdegima, mazina patinimg, pasiZymi venotoniniu po-
veikiu [164]. Paprastyjy kaStony zaliavy ekstraktai turi karS¢iavima mazi-
nan¢iy savybiy, mazina skausma, gerina odos elastinguma [165, 166].

Séjamosios aviZzos (Avena sativa L.) s¢klose, daiguose yra baltymuy,
skaiduly, mineraly, vitaminy, amino ragsciy ir antioksidanty (beta karoteno,
polifenoliy, chlorofilo ir flavonoidy) [167]. Avizy sékly ekstraktai pasizymi
dideliu priesgrybeliniu aktyvumu [168]. Kim ir bendraautoriai [169] teigia,
kad avizose esanti avenakozidaz¢ ir flavono glikozido funkcinés medziagos
kontroliuoja uzdegima odoje. Krakmolo ir beta gliukany koncentracija avi-
zose yra atsakinga uz jy apsaugines ir vandens sulaikymo funkcijas, padeda
sumazinti odos sausuma, pleiskanojimg ir niez¢jimg, teikdamos intensyvy
drékinimg. Tyrimai parode, kad avizos gali padidinti odos drégmes lygj,
moduliuodamos jungiamyjy baltymy ekspresija.

1.8.5. Kitos pagalbinés medZiagos
1.8.5.1. Izopropilo alkoholis

Izopropilo alkoholis (propan-2-olis, izopropanolis, 2-propanolis, IPA) —
bespalvis, degus cheminis junginys su stipriu aromatu. Cheminé formulé
C3H70H. Izopropilo alkoholis — mazos molekulinés mases ingredientas, jis
skatina kity medziagy patekimg j oda, gerai maisosi su kitomis cheminémis
medziagomis, kurios turi panasias chemines struktiiras. Si izopropilo alko-
holio savybé leidzia jj naudoti iStirpinant daugelj organiniy junginiy, kuriy
kiti tirpikliai, pavyzdZziui, vanduo, negali iStirpinti. Izopropilo alkoholis (IPA)
farmaciniuose preparatuose naudojamas kaip tirpiklis bei kaip dezinfekcine
ar antiseptiné priemoné, nes tai uzkerta kelig mikroorganizmy proliferacijai
ir augimui. Taciau jis dirgina oda, gali sukelti kontaktinj dermatita [170, 171].

1.8.5.2. pH reguliuojancios medzZiagos

Natrio hidroksidas — balti arba beveik balti kristalai, plokstelés arba
granulés, lazdelés. Labai gerai tirpsta vandenyje, 96 proc. etanolyje. Naudo-
jamas kaip pagalbiné¢ medziaga, atliekanti Sias funkcijas: Sarminanti me-
dziaga, buferiné medziaga [138, 172, 173].

Citrinos rigstis yra organing rugstis, kuri randama jvairiuose vaisiuose,
naudojama maisto ir gérimy pramonéje dé¢l savo antioksidaciniy savybiy
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maistui konservuoti arba kaip riigstinimo priemon¢, pagerina skonj ir aro-
matg. Farmacijos pramong¢je ji naudojama kaip antioksidantas vitaminams
iSsaugoti, pH korektorius, konservantas. Jungtiniy Tauty maisto ir zemes tikio
organizacijos (FAO)/Pasaulio sveikatos organizacijos (PSO) maisto priedy
eksperty komitetas patvirtino, kad citrinos riigStis pripazjstama kaip saugus
produktas [174]. Dél savo sekvestruojamojo poveikio, pvz., askorbo rigsties
stabilizavimo ir gero buferinio pajégumo, citrinos rtigstis ir jo druskos placiai
naudojamos farmacijos pramongje kaip bufering sistemg sudarancios ir
palaikancios farmacinio produkto veikliyjy medziagy stabiluma.

1.8.5.3. Dazikliai

Dazikliai vilgikliuose reikalingi tuo atveju, jei veiklioji antiseptiné me-
dziaga ar sudétyje naudojamos kitos medziagos nesuteikia aiskiai matomos
spalvos. Kai vilgiklio sudétyje naudojami dazikliai arba spalva suteikianti
veiklioji medziaga (pvz., jodas), tuomet aiSkiai matoma, ar vilgiklis gerai
padengé spenj, ar yra jo liku¢iy ant spenio prie§ melzimg. Tai jgalina kont-
roliuoti, ar sékmingai vykdomas vienas i§ mastito prevencinés programos
etapy [175]. Spalva turi itakos produkty atpazinimui ir priimtinumui, nes tai
yra jutiminiy pojuciy atspindys.

1.9. Vilgikliu kokybés ir stabilumo vertinimas

1.9.1. Stabilumas

Vienas svarbiausiy kuriamo produkto kokybés reikalavimy — preparato
stabilumo ir saugumo uZztikrinimas gamybos, saugojimo ir naudojimo metu.
Yra nustatyti bendri reikalavimai pusiau kiety vaisty formoms, t. y. produktai
turi buti reikiamos konsistencijos, kad biity galima kokybiskai uztepti ant
odos; vienalytiski; iSlikti stabiliis saugojimo metu (saugojimo ir naudojimo
metu sudétis neturi kisti); reikiamas kiekis veikliosios medziagos; geros
tepumo savybés, lengvai paimamos i§ indo, lengvai ir lygiai pasiskirstyty
[55]. Chang ir kiti [176] paskelbtame straipsnyje nurodé rekomenduojamus
produkty, skirty naudoti ant odos, testus, kurie gali biiti naudingi vertinant
produkty kokybe (organoleptiniy savybiy tyrimas, vizualinio homogenis-
kumo jvertinimas, nustatant pH, jvertinant produkto konsistencija ir pan.).
Dauguma $iy bandymy néra reglamentuojami kaip privalomi, taciau reko-
menduojami siekiant patikrinti ir patvirtinti modeliuojamo gaminio kokybe.
Gamintojas atlikdamas stabilumo tyrimus nustato gaminio tinkamumo
naudoti laikg. Farmakop¢joje nurodoma, kad modeliuojamoms farmacinéms
formoms yra svarbu organoleptinis patikrinimas, fizinis stabilumas,
konsistencijos pokytis, spalvos pasikeitimas, kvapo pokytis [177].
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Farmakologinio produkto stabilumas parodo technologiniy gamybos procesy
efektyvuma, sudedamyjy daliy jtakg produkto kokybei. Sumodeliuoty pro-
dukty kokybés tyrimai uztikrina, kaip produktas islaiko savo fizinj vienti-
suma bei fizikinj ir mikrobiologinj stabiluma per visg jo galiojimo laika [178].
Produkty kokybei jvertinti atliekamas centrifugavimo testas, patikrinamas
tvirtumas ir farmacinés vaisto formos stabilumas, kurj jrodo faziy atsiskyrimo
ar suskystéjimo nebuvimas mechaninio jtempio salygomis [179]. Vizualinis
produkto homogeniSkumo testas gali biiti naudingas siekiant uztikrinti, kad
preparate nebiity faziy atsiskyrimo, sinerezés (vandens iSstimimo i$ gelio) ir
jokiy pasaliniy medziagy. pH gali turéti jtakos vaistinés medZiagos stabi-
lumui. Rekomenduojama nustatyti preliminary 24 ménesiy galiojimo laika,
jei pateikiami atitinkami stabilumo duomenys pagreitintomis salygomis.
Neturint priimtiny stabilumo duomeny pagreitintomis saglygomis, kambario
temperatiiros stabilumo duomenys naudojami sitilomam preliminariam galio-
jimo terminui pagrijsti [176].

1.9.2. Tekstiira

Tekstiira — produkto fizikiniy ir cheminiy savybiy rinkinys. Tai produkto
mechaninés, geometrinés ir pavirSiaus savybeés, juntamos mechaniniais,
lytéjimo ir net klausos receptoriais [180]. Tekstiiros analizés yra naudojamos
norint nustatyti produkto savybes: kietuma, trapumg, tepuma, lipnuma,
tempiamajj stipruma ir tamprumga jvairiuose gaminiuose. Sios analizés
atliekamos naudojant bazinius, empirinius ir imitacinius bandymus, susiju-
sius su medziagy mokslu ir kiety, pusiau kiety, klampiy skysc¢iy ar kity
medziagy reologija. Tekstiiros analizé pirmiausia pradéta naudoti maisto
pramong¢je, o véliau — kosmetikos, farmacijos srityse, siekiant istirti gaminiy
mechanines savybes, kurios yra susijusios su jy juslinémis savybémis.
Teksttros profilio analiz¢ (TPA) kaip tinkama metoda pusiau kietoms vaisty
farmacinéms formoms apibiidinti i§ pradziy pasitlé Jones su bendradarbiais
apie 1997 m. Mokslininky tyrimuose tirti mechaniniai parametrai, tokie kaip
kietumas, lipnumas ir suspaudziamumas bei jy koreliacija su terapiniu re-
zultatu ir, Zinoma, vaisto farmacine forma [181]. Vaisto farmacinés formos
tekstiiros savybeés yra svarbus parametras optimizuojant vietinio naudojimo
preparatus. Sios savybeés turi jtakos preparato pritaikymui naudojimo vietoje
ir gydymo rezultatams. [prastai tekstiiros analizé atlieckama naudojant teks-
tiros analizatorius. Gana paprastas metodas suteikia tiesioging informacija
apie gaminio riSluma, lipnuma ir kietuma [182, 183].

Pagal Gupta ir kiti [184], vietinio odos pazeidimo gydymo tikslas yra
sukurti pazangias sistemas, galin€ias uztikrinti glaudy ir ilgalaikj vaisto for-
mos ir pazeistos odos ploto kontakta. Produktas turi biiti lipnus, elastingas,
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patvarus ir nepralaidus bakterijoms. Farmacinés formos, skirtos naudoti ant
odos, turi turéti optimalias mechanines savybes — tepuma, biologinj sukibima
(ilga salyCio laika naudojimo vietoje), priimting klampuma, veikliyjy
medziagy i$siskyrima, o farmakologinio produkto lipnumas tiesiogiai pa-
veiks gydymo rezultatus. Autoriai nurodo, kad sklandus tepimas ant odos yra
kokybisko preparato bruozas. Siuo tikslu sutelkiamas démesys j produkto
mechanines ir tekstliros savybes. Tekstliros analizé atliekama griez¢iau
apibréztomis ir kontroliuojamomis saglygomis. Dazniausiai tiriamos mecha-
nin¢s farmacinio produkto savybés, susijusios su produkto reagavimu i
spaudimg. Nustatomas méginiy kietumas, kuris parodo meéginio tvirtuma:
kuo Sio dydzio skaitineé verté didesn¢, tuo meginys kietesnis. Konsistencija —
pagal §] rodmenj galima spresti apie méginio tankuma, tirStuma, kuo §i verté
didesné, tuo méginys tirStesnis, tankesnis. Vertinant riSlumg arba kohezija
parodoma kohezijos jéga — kuo didesné kohezijos jéga, tuo méginys
lipnesnis. Sis rodiklis yra labai svarbus, nes vienas pagrindiniy vilgikliams
keliamy reikalavimy — gerai laikytis ant spenio, sudaryti plévelg. Klampos
indeksas parodo méginio atsparumg atsiskyrimui, nubégimui ir priklauso-
mybe nuo temperatiiros poveikio — kuo didesné $i verté, tuo reikia didesnés
jégos méginiui suardyti, méginys nenubégs nuo spenio, bus mazesni klampos
poky¢iai veikiant temperatirai, susidarys pakankamo storio plévele. Yra
matuojami ir kiti parametrai, kaip stangrumas, tamprumas, kibumas, adhe-
ziSkumas, trapumas, tagsumas [185]. Atliekamas tepumo (angl. spreadability)
testas, kuriuo jvertinama méginiy tekstiira, nustatant tvirtumo ir Slyties jégos
reikSmes, kurios leidzia apibudinti meéginiy pasiskirstyma ant pavirSiy.
Meéginiy tvirtumas ir Slyties darbas did¢ja, kai didéja sukibimo jégos prepa-
rato meéginio viduje (padidéja molekuliy sgveika). Kuo didesnis méginiy
tvirtumas ir Slyties jéga, tuo meéginys ilgiau iSliks poveikio vietoje. Analizuo-
jamos ir produkty geometrinés savybés, susijusios su daleliy dydziu, forma ir
Jy i8sidéstymu produkte, t. y. griidétumas. PavirSiaus savybés yra susijusios
su pojuciais, kurivos sukelia drégmés ir (arba) riebaly kiekis, nustatomas
drégnumas [186].

Kiti tyréjai taip pat analizavo farmaciniy formy mechanines/reologines
savybes, galimybes keiciant sudedamyjy daliy koncentracija, formulés pH
reikSme ir priedy buvimg jvertinti parametrus, susijusius produkto riSlumu,
lipnumu ir kietumu [187, 188]. Tekstiira yra svarbi kokybei, turi itakos pro-
dukty iSvaizdai ir galiojimo laikui. Jprastai farmacijos, kosmetikos, maisto
pramong¢je taikomi tekstiiry analizés metodai kaip kokybés kontrolés dalis
tiek naujy produkty kiirimo, tiek gamybos etapuose, atliekami jvairiis mata-
vimai, kad biity iSanalizuotos zaliavos ar pagalbinés medziagos [189].
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1.9.3. Antimikrobiniy medZziagy skvarbos j oda tyrimai

Oda yra pagrindinis iSorinis organas, kuris saugo nuo aplinkos jtakos,
kenksmingy antigeny ir chemikaly, dehidratacijos, ultravioletiniy spinduliy.
Oda suteikia strukttirinj vientisuma bei yra sudétinga biologiné struktiira,
dalyvaujanti lasteliy signaly perdavime, metabolizmo ir baltymy sintezés
procesuose bei gyvybiskai svarbiuose nervy, imuninés ir endokrininés siste-
mos komponentuose [190]. Sudétinga odos struktiira pavercia ja efektyvia
iSorine gynybos linija nuo iSoriniy veiksniy ir padeda palaikyti viding orga-
nizmo homeostaze. Sj vaidmen] atlicka epidermio barjeras su raginiu
sluoksniu [191]. Ant odos naudojami vietinio poveikio antiseptiniai, anti-
grybeliniai, antibakteriniai, prieSuzdegiminiai, vietiSkai anestezuojantys vaistai
bei oda minkStinantys ir ja apsaugantys preparatai ir kosmetinés priemonés.
Ant odos naudojami preparatai veikia oda bei skverbiasi j gilesnius odos
sluoksnius. Odos raginis sluoksnis yra barjeras, selektyviai pralaidus
vaistams prasiskverbti 1 oda [192, 193]. VirSutinis odos sluoksnis stratum
corneum atlicka odos barjero funkcijg, ne visos medziagos gali jj praeiti.
Viena i§ skvarbg skatinan¢iy medziagy — vanduo, o taip pat etanolis, padidi-
nantis odos raginio sluoksnio pralaiduma, ekstrahuodamas odos lipidus ir
baltymus. Be to, lengviau skverbiasi mazesnés ar turin¢ios hidrofobiniy ir
hidrofiliniy savybiy veikliyjy medziagy molekulés [194, 195].

Europos alternatyviy metody patvirtinimo centro iSleistas protokolas
[196] nusako, kaip vertinamas vaistiniy medziagy pralaidumas j oda. Jame
nurodoma, kad biitina pakeisti su gyvinais atlieckamus in vivo testus | testus
su izoliuota oda [197, 198]. Vartotojy produkty mokslinis komitetas yra
iSleides rekomendacijas, kaip vertinti kosmetikos produkty prasiskverbima j
oda exvivo [199]. Rekomendacijose difuziniy celiy metodas nurodomas
standartiniu, be to, Sis metodas lengvai atliekamas ir vertinamas, nes kinta-
mieji yra tik du (oda ir tyrin¢gjama medziaga). Pagal Sias rekomendacijas,
vaistiniy medziagy atpalaidavimui tyrinéti naudojamos jvairiy konstrukcijy
difuzinés celés (Franz, Hanson, VanKel, Mutimer). Siuo metodu ex vivo
nustatomas vaistiniy medziagy atpalaidavimas i§ produkty, pagal iSsikeltus
tikslus galima parinkti modeliuojamo produkto sudétj. Tyrimy metu gauti
rezultatai parodo bei leidzia interpretuoti vaistiniy medziagy skvarbg i§ pro-
dukto 1 odg in vivo atveju.

Vaistiniy medziagy skvarbos j oda tyrimams ex vivo, nepriklausomai nuo
medZziagos strukttiros, gaunami ekvivalentiski rezultatai, tyrimams naudojant
pratakias difuzines sistemas. Medziagy skvarbai i oda ex vivo tyrime
naudojama izoliuota oda. Jos kilmé gali buti pasirenkama: zmogaus, kiauliy,
ziurkiy, peliy, jury kiauly€iy, gyvaciy ar dirbtine. Odos storis gali svyruoti
nuo 200 iki 600 pm su poodziu ar be jo. Ex vivo eksperimentuose izoliuota
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oda (zmogaus, gyviuno ar dirbtiné) dedama tarp dviejy difuzinés celés seg-
menty. Eksperimento metu vyksta medziagy atpalaidavimas i§ vaisto formos—
nesiklio ir jy skverbimasis pro odg j akceptoring terpg, palaikant 32 °C odos
temperattrg [200, 201]. Tyrimas trunka iki 48 val., per kurias imami akcep-
torinés terpés meéginiai, kuriuose nustatomas prasiskverbusios per odg me-
dziagos kiekis. Po viso tyrimo ekstrahuojama oda ir prasiskverbusi medziaga
nustatoma odoje ir jos sluoksniuose pasitelkiant chromatografijos metodus ir
pritaikant tinkamus jy detekcijai biidus.

Tyréjai, kurie kuria iSorinio naudojimo preparatus, pabrézia svarby as-
pekta, kad renkantis gaminio sudedamagsias dalis butina atsizvelgti | jy
skverbimosi | oda charakteristikas ir gebéjima iSlikti ant odos pavirSiaus.
Naudojant ex vivo tyrimo metoda, galima optimizuoti vietinio poveikio spe-
niy vilgikliy sudétis, atrenkant tas sudedamasias dalis, kurios neskatina
skvarbos ir nejsiskverbia i gilesnius odos sluoksnius [199].
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2. TYRIMO METODAI IR MEDZIAGOS

2.1. Tyrimy atlikimo vieta, laikas, etapai ir tyrimo planas

Eksperimentiné tyrimy dalis buvo atlikta 2017-2024 metais UAB
,Ruvera“ naujy produkty kiirimo ir tyrimy laboratorijoje (Siauliai, Lietuva),
komerciniame pieno iikyje (Siauliy regionas, Lietuva), Lietuvos sveikatos
moksly universiteto (LSMU) Veterinarijos akademijos (VA) Mikrobiologijos
ir virusologijos institute (Kaunas, Lietuva), Chelab S. R. L. laboratorijoje
(Resana, Italija), LSMU Farmacijos fakulteto laboratorijoje (Kaunas, Lietu-
va) ir Nacionalinés visuomengs sveikatos priezitiros laboratorijoje (NVSPL)
(Vilnius, Lietuva). Tyrimai atlikti laikantis mokslo ir mokymo tikslais naudo-
jamy gyviiny laikymo, priezitiros ir naudojimo reikalavimy (Nr. B1-866, 2012)
[202]. Gyviiny savininkas buvo supaZindintas su vykdomu tyrimu ir jo tikslu,
gautas jo sutikimas dalyvauti tyrime. Tyrimo planas pateiktas 2.1.1 pav.

Karviy speniy vilgikliy tiriamyjy eksperimentiniy kompozicijy (EK)
kiirimas ir gamyba (n = 9)

EK su pieno riigstimi ~ EK su chlorheksidino digliukonatu ~ EK su jodo povidonu

(PR-1, PR-2, PR-3) (CHD-1, CHD-2, CHD-3) (JP-1,JP-2, JP-3)
v
| EK reologiniy savybiy nustatymas in vivo ir atranka (n = 25) |
Realaus laiko stabilumo programa Pagreitinto stabilumo programa
(n=3 x 3%) (n=3 x 3%)
Fizikiniy savybiy bei mikrobiologinio poky¢io jvertinimas stabilumo tyrimy metu
Klampos pH Centrifugavimo ISvaizdos Jodo kiekio Df;l;;g:loi?ﬁll :ses

matavimas matavimas testas stebésena nustatymas @ iy?,)

v

EK tekstiiros analizés palyginamasis tyrimas (n = 3 x 3%*)

Antimikrobiniy medziagy i§ EK skvarbos i oda ex vivo palyginamasis tyrimas (n = 2 x 7%*)

v

Mikrobiologiniai tyrimai in vitro

EK antimikrobinio poveikio tyrimas EK antimikrobinio poveikio tyrimo
in vitro su referentinémis mikroorganizmy  in vitro su klinikinémis mikroorganizmy
kultGromis (n = 3) kultGromis (n = 62)

2.1.1 pav. Tyrimo planas

* — kartoty matavimy skaicius tyrime.
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2.2. Vilgikliy eksperimentiniy kompozicijy (EK) kiirimas
ir gamybos metodika

Vilgikliy EK sukurtos pagal literattiroje pateiktus duomenis, sudedamyjy
medZziagy gamintojy rekomendacijas, gamyboje dirbanciy specialisty pasta-
bas bei atsizvelgiant j ankstesniy gamybiniy bandymy duomenis.

Tyrimams buvo panaudotos trys skirtingos antimikrobinés medziagos
(pieno rigstis, chlorheksidino digliukonatas ir jodo povidonas) ir buvo sukur-
tos ir pagamintos tolimesniems tyrimams 9 EK, t. y. po 3 skirtingas EK kiek-
vienai antimikrobinei medziagai.

EK su pieno riagstimi buvo sukurta naudojant pieno rigstj, odg minksti-
nanc¢ias medziagas, augalinius ekstraktus, dazus ir klampuma reguliuojancia
medZziaga. Sudétis pateikta 1 priede. EK gamyba: augaliniai ekstraktai, dazai
iStirpinami dalyje i§gryninto vandens ir nufiltruojami. Filtratas buvo maiSo-
mas su sorbitolio ir glicerolio miSiniu iki kol tirpalas visiskai nuskaidréjo.
Intensyviai maiSant buvo suberiami ksantano lipai, véliau pridéjus likusia
iSgryninto vandens dali laboratorinio homogenizatoriaus (IKA T25 Ultra
Turrax, Vokietija) pagalba tirpalas buvo homogenizuojamas iki tolygios kon-
sistencijos. Pridéjus pieno rugst; (aktyviaja medziagg) tirpalas dar kartg labo-
ratorinés maiSyklés (IKA Eurostar 20 digital, Vokietija) pagalba buvo maiSo-
mas iki vienalytés masés. Pagamintos EK buvo perkeliamos  sandary indg ir
palickamos 24 valandoms (20-22 °C). Po 24 valandy buvo atlieckami
fizikiniy parametry nustatymai.

EK su jodo povidonu buve sukurta naudojant odg minkstinancius pro-
duktus, ramunéliy (Chamomilla recutita) ekstrakty ir klampuma reguliuojan-
¢ig medziagg. Trys eksperimentinés kompozicijos paruostos analogisku me-
todu, taciau buvo naudojamos skirtingos tirstiklio koncentracijos (2 priedas).
EK gaminimas: augalinis ekstraktas, sorbitolis ir glicerolis buvo istirpinami
dalyje iSgryninto vandens ir nufiltruojami. Intensyviai maisant laboratorinio
homogenizatoriaus (IKA T25 Ultra Turrax, Vokietija) pagalba létai buvo su-
beriami ksantano lipai, tirpalas homogenizuojamas iki tolygios konsistenci-
jos. Pridéjus jodo povidono (aktyvioji medziaga) tirpalas dar kartg laboratori-
nés maisyklés (IKA Eurostar 20 digital, Vokietija) pagalba buvo maiSomas
iki vienalytés masés. Sukurtos EK buvo perkeltos i sandary indg ir paliktos
24 valandoms (20-22 °C). Po 24 valandy buvo atliekami fizikiniy parametry
nustatymai.

EK su chlorheksidino digliukonatu buvo sukurta parinkus odg minksti-
nancias medziagas, tirStiklj (guaro lipus), méty eterinj aliejy, paprastojo kas-
tono ekstrakty (Horse chesnut), pH reguliuojancias medziagas, dazus. Trys
EK buvo sukurtos analogisku metodu, taciau naudojant skirtingas tirStiklio ir
dazy koncentracijas (3 priedas). EK gaminimas: guaro lipai laboratorinio
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homogenizatoriaus (IKA T25 Ultra Turrax, Vokietija) pagalba buvo disper-
guojami dalyje vandens ir pagal biitinybe buvo reguliuojamas Sio tirpalo pH
citrinos rigstimi. Méty eterinis aliejus ir glicerolis buvo itirpinti izopropilo
alkoholyje. Paprastojo kastono ekstraktas ir dazai buvo iStirpinami dalyje
i§gryninto vandens ir nufiltruojami. Likusiame iSgrynintame vandenyje buvo
iStirpinamas polisorbatas 80 ir pagal reikm¢ reguliuojamas Sio tirpalo pH
natrio hidroksidu. | guaro lipy tirpalg palaipsniui buvo supilamas izopropilo
alkoholio, glicerolio ir méty eterinio aliejaus miSinys. Po to buvo pridedamas
augalinio ekstrakto ir dazy miSinys ir gerai iSmaiSius — i§gryninto vandens ir
polisorbato 80 tirpalas. Paskutiniame etape buvo pridedamas chlorheksidino
digliukonato 20 proc. tirpalas (aktyvioji medZziaga) ir tirpalas dar karta labo-
ratorinés maiSyklés (IKA Eurostar 20 digital, Vokietija) pagalba buvo maiSo-
mas iki vienalytés masés. Pagamintos EK buvo perkeliamos j sandary indg ir
paliekamos 24 valandoms (20-22 °C). Po 24 valandy buvo atliekami fizikiniy
parametry nustatymai.

2.3. EK reologiniy savybiy vertinimo metodika in vivo

Speniy vilgikliy kiirimo metu buvo iskeltas uzdavinys — pasirinktoms skir-
tingoms antiseptinéms medziagoms parinkti tirStiklio bei dazy koncentracija,
sukurti produkta, kuris tinkamai padengty spenio oda, laikytysi reikiama laika
ir po vilgymo tinkamai nudazyty speniy oda. Kuriant EK svarbiausia buvo
tirStiklio koncentracijos parinkimas, kad naujai kuriamas vilgiklis atitikty
reikalavimus, t.y. biity pageidaujamos konsistencijos, nelaséty, susidaryty
laSas spenio gale.

In vivo tyrimas buvo atliktas siekiant jvertinti sukurty ir laboratoriniu bi-
du pagaminty eksperimentiniy kompozicijy atitiktj numatytiems reikalavi-
mams. Pieno tikyje, kuriame buvo atliktas tyrimas, laikoma 450 Lietuvos Za-
lyjy veislés karviy, kuriy vidutinis produktyvumas — 10 500 kg per laktacija.
Karvés melziamos melzimo aiksteléje du kartus per diena. In vivo tyrimas
buvo atliktas su 75 karvémis; t. y., trims EK su ta pacia antimikrobine me-
dziaga jvertinti buvo sudarytos trys bandomosios grupés po 25 karves. Véliau
tyrimas pakartotas siekiant jvertinti kitas EK, su kitomis dviem antimikrobi-
némis medziagomis. Po melZzimo karviy speniai buvo nedelsiant panardinami
i EK tirpalus iki 3/4 speniy ilgio. Sio tyrimo metu buvo jvertinti vizualiniai
rodikliai pagal originaliag metodika [55]. Pasirinkti rodikliai ir vertinimo kri-
terijai nurodyti 2.3.1 lenteléje.
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2.3.1 lentelé. Eksperimentiniy speniy vilgikliy kompozicijy vertinimo kriteri-
Jjai balais in vivo

Rodiklis | Vertinimo kriterijus
Spalva
1 balas |Po vilgymo spalva sunkiai matoma.
Po 60 minuéiy spalvos nesimato.
2 balai | Po vilgymo spalva yra ryski ir gerai iSsilaiko 10 min.
Po 60 minuciy spalva sunkiai pastebima.
3 balai | Po vilgymo spalva yra ryski ir gerai issilaiko 10 min.
Po 60 minuciy spalva nepasikeite.
Po 12 valandy spalvos liku¢iy nesimato.
4 balai |Po vilgymo spalva yra ryski ir gerai iSsilaiko 10 min.
Po 60 minuciy spalva nepasikeite.
Po 12 valandy spalvos liku¢iai matomi tik ant dalies speniy.
5 balai | Po vilgymo spalva yra ryski ir gerai i$silaiko 10 min.
Po 60 minuciy spalva nepasikeité.
Po 12 valandy matosi spalvos likuciai.
Nula$éjimas iSkart po vilgymo
1 balas |Po vilgymo nulasé¢jimas intensyvus (daugiau nei 6 lasai per pirma minutg).
2 balai | Po vilgymo nulaséjimas intensyvus (per pirmaja minute 4—6 lasai).
3 balai |Po vilgymo nulas¢jimas vidutinio intensyvumo (2—4 lasai per pirmaja minute).
4 balai | Po vilgymo nula$¢jimas neintensyvus (ne daugiau kaip 2 laSai per pirmg minute).
5balai |Po vilgymo nulaséjimas neintensyvus (ne daugiau kaip vienas lasas per pirma
minutg).
LaSo susidarymas ant spenio galo
1 balas |LasSas nesusidaro; nulaséjimas per intensyvus.
2 balai |Po 5 minuciy susidaro pailgas lasas, kuris nenukrenta.
Po 30 minuciy kabancio laSo nebesimato.
3 balai |Po 5 minuciy susidaro pailgas lasas, kuris nenukrenta.
Po 60 minuciy kabancio laSo nebesimato.
4 balai | Po keliy (2-3) minuciy susidaro stabilus kabantis lasas, kuris kabo ne trumpiau
kaip 40 min.
Po 60 minuciy kabancio laSo nebesimato.
5 balai |Po keliy (2-3) minuciy susidaro stabilus kabantis lasas.
Po 60 min matomas kabantis lasas.
Spenio padengimas plévele
1 balas | Padengia labai stora plévele, didelé produkto iSeiga.
2 balai |Padengia stora plévele, didelé produkto iSeiga.
3 balai |Padengia plona plévele, kuri dél stipraus laséjimo tampa dar plonesné ir nestabili.
4 balai |Padengia spenio oda plévele su nezymiais netolygumais, beveik lygiu sluoksniu.
5 balai |Padengia spenio oda tolygia plévele, lygiu sluoksniu.
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2.3.1 lentelés tesinys

Rodiklis | Vertinimo kriterijus

Spenio padengimo tolygumas

1 balas |Padengia netolygiai.

2 balai |Padengia patenkinamai tolygiai.

3 balai |Padengia vidutiniskai tolygiai.

4 balai |Padengia pakankamai tolygiai.

5 balai | Padengia tolygiai.

Bendras eksperimentiniy speniy vilgikliy formuliy jvertinimas

IS viso baly

Protokoluose buvo fiksuojamos tyrimo rodikliy reikSmés vizualiai tai-
kant 5 baly sistema. Tolimesniam tyrimui buvo atrinktos trys EK su
skirtingomis antibakterinémis medZziagomis (daugiausia baly surinkusios
kompozicijos).

2.4. Stabilumo programos metodika

EK stabilumo tyrimy procesas buvo vykdytas remiantis Colipa ,,Kosme-
tikos gaminiy stabilumo bandymy gairés* [203].

Vykdytos 2 stabilumo programos: realaus laiko ir pagreitinto stabilu-
mo, kuriy metu buvo tirti ir vertinti EK fizikiniy savybiy bei mikrobiologinio
pokyc¢io parametrai.

Tyrimams reikalingas éminiy skaicius buvo atidedamas pagal i§ anksto
parengta numatomg tyrimy plang. Eminiai buvo atrenkami ir paimami vado-
vaujantis ir remiantis LST EN ISO 9001 (Kokybés vadybos sistemos) ir LST
EN ISO 227716 (Kosmetikos gaminiy Geros gamybos praktika) standartais
[204, 205].

Realaus laiko stabilumo tyrimy metu produktas buvo laikomas 2542 °C
temperatiiroje esant 60+5 proc. santykiniam oro drégniui bei buvo stebimi
produkto savybiy pokyciai po 24 val. 6, 12, 24 mén. po pagaminimo.

Tiriant produkta pagreitintu biidu, méginiai buvo laikyti klimatinése
spintose Binder KBF (Binder GmbH, Vokietija), t. y. sandariose talpyklose,
taikyti tyrimy intervalai: po 24 valandy pagaminus produkta; po 2 mén. laiky-
mo +45 °C temperatiroje (santykinis oro drégnis — 75+5 proc.); po Saldy-
mo/Sildymo ciklo (10 dieny laikoma esant +4 °C; 10 dieny laikoma esant
+45 °C; 10 dieny laikoma esant +4 °C; 10 dieny laikoma esant +45 °C;
10 dieny laikoma esant +15 °C (santykinis oro drégnis — 75+5 proc.).
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Testai stabilumo programy metu buvo sudaryti taip, kad bty galima
patikimai jvertinti Siuos aspektus: fizikiniy savybiy ir mikrobiologinj stabilu-
ma ir nustatyti EK galiojimo laika.

2.5. Fizikiniy savybiu bei mikrobiologinio poky¢io
jvertinimas stabilumo tyrimy metu

2.5.1. Klampos matavimo metodika

Kiekvienos EK klampos reik§mé buvo nustatoma praéjus 24 valandoms
nuo pagaminimo ir stabilumo tyrimo metu po 6, 12, 24 mén. Vilgikliy EK
dinaminé klampa buvo matuojama esant 20 °C temperatiirai rotaciniu visko-
zimetru NDJ-1 (COMECTA S.A., Italija). Matavimai buvo atlikti naudojant
standartinj tyrimo metoda (STM), kuris parengtas pagal prietaiso instrukcija
ir Europos farmakop¢ja [177]. Tyrimo principas: sinchroninis variklis sukasi
vienodu greiiu, prijungia skalés plokste ir privercia rotatoriy suktis per
spyruokle ir besisukantj veleng. Rotatoriaus veikimas priklauso nuo sukimo
momento, proporcingo skyscio klampumui rySium su skysc¢io klampos histe-
reze. Davikliai fiksuoja sukimo momenta, kuris konvertuojamas i klampumo
rodiklj ir vizualizuojamas ekrane. Absoliutus klampumas buvo apskaiciuotas
pagal formule: n =k x a, ¢ia n — absoliuti klampa; k — koeficientas (parenka-
mas pagal prietaiso instrukcijos lentel¢); ir o — rodiklio reikSme rodantis
skai€ius. Buvo atliekami kiekvieno méginio 3 matavimai ir apskai¢iuojamas
vidurkis. Rezultatai pateikiami nurodant absoliuting klampa.

2.5.2. pH matavimo metodika

Matavimai buvo atlikti naudojant laboratorinj pH-metrg InoLab pH 7310
(Xylem Analytics Germany GmbH, Oberbayern, Vokietija). Matavimo meto-
dika buvo parengta pagal prietaiso instrukcijg ir Europos farmakope¢ja [177].
Principas: potenciometrinis metodas. Pries§ atliekant tyrimus pH-metras buvo
kalibruojamas standartiniais buferiniais tirpalais pagal prietaiso instrukcija.
Matavimai buvo atliekami tiriamajj méginj patalpinus i laboratoring stikling
ir pH-metro elektroda jmerkiant i tiriamaji éminj, esantj stiklinéje. Buvo
fiksuojama ir uzraSoma parametro verté. Kokybés uztikrinimui buvo atlieka-
mi 3 paraleliniai matavimai. Rezultatai pateikiami iSvedus tyrimo metu gauty
duomeny aritmetinj vidurkj.

2.5.3. Centrifugavimo testo metodika

EK centrifugavimo bandymas buvo atliktas pra¢jus 24 val. po pagami-
nimo, po Saldymo /§ildymo ciklo ir po 2 ménesiy, laikant +45 °C temperati-
roje. Centrifugavimo testas buvo atliktas EBA 20 laboratorine centrifuga
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(Andreas Hettich GmbH, Tuttlingen, Vokietija). ]| CLEARLine® centrifugi-
nius mégintuvelius buvo jpilta po 8 ml eksperimentinio, naujai sukurto speniy
vilgiklio tirpalo ir centrifuguojama 8 minutes 4500 aps./min. Tirpalo formu-
lés stabilumui jvertinti buvo stebimas faziy atsiskyrimo ir drumstumo atsira-
dimas.

2.5.4. Produkto iSvaizdos stebésena

Kvapas, spalva ir homogeniskumas buvo jvertinti naudojant STM pa-
rengtus pagal Europos farmakopéja [177]. Homogeniskumui jvertinti buvo
naudotas vizualinis metodas. Ant dviejy objektiniy stikleliy buvo paruoSiami
keturi tiriamojo produkto apie 0,02 g méginiai. Buvo uzdengiama antru tokiu
pat stikleliu ir stipriai prispaudziama, ko pasékoje susidaro mazdaug 2 cm
diametro démeés. Ziirint pro §viesa mazdaug 30 cm atstumu neturi biti paste-
bima atskiry daleliy trijuose i§ keturiy méginiy. Jei dalelés buvo pastebimos
didesniame démiy skai¢iuje, bandymas pakartojamas papildomai su 8 meégi-
niais. Matomos dalelés Siuo atveju gali biiti pastebimos ne daugiau kaip 2 mé-
giniuose. Jei dalelés pastebimos didesniame méginiy skai¢iuje, produktas
néra homogeniskas.

Spalvos nustatymas buvo atliekamas vizualiniu metodu. Tyrimo eiga:
plonas gaminio sluoksnis apzitirimas baltame fone. Esant teigiamiems tyrimo
rezultatams tyrimo iSvada turi sutapti su produkto specifikacijoje nurodyta
spalva. Tiek spalvos, tiek homogeniSkumo tyrimas buvo atlickamas $viesos
spintoje (Byko-Spectra basic, JAV).

Kvapo jvertinimo tyrimas buvo atlickamas taip: nedidelis méginio kiekis
(0,5-2,0 g) ipilamas j cheming stikling ir po 15 min. nustatinéjamas kvapas.
Vertinimas pateikiamas nurodant tam produktui budingg kvapa. Pvz., speci-
finis jodo kvapas.

Rezultatai buvo pateikiami nurodant gautg vertinimo rezultatg.

2.5.5. Jodo kiekio nustatymo metodika

Cheminis tyrimas buvo atliekamas jodometrijos metodu. | 5-10 g mé-
ginio, buvo jpilama 2 ml vandens, 1 ml praskiestos acto riigSties (12 g ledinés
acto ruigsties praskiestos analizés vandeniu iki 100 ml), iSmaiSoma, prideda-
ma 50 ml vandens. [SmaiSoma ir titruojama 0, 1N natrio tiosulfatu (Na>S>03),
kaip indikatoriy naudojant krakmolo tirpalg (5 g tirpaus krakmolo iStirpinama
30 ml vandens ir supilama j 1000 ml verdancio vandens). Buvo titruojama
tol, kol iSnyksta spalva.

48



Jodo kiekio skai¢iavimas: jodo kiekis proc. buvo apskai¢iuojamas pagal
formule:
cxV

Q=12,69 x

kur: m — méginio masé¢, g;
V — nutitruoto natrio tiosulfato taris, ml;
¢ — natrio tiosulfato koncentracija mol/l.

2.5.6. Bakterinés tarSos tyrimo metodika

Metodika buvo parengta pagal galiojancius Europos farmakopéjos
straipsnius: 20612 Nesteriliy produkty mikrobiologinis tyrimas: mikroorga-
nizmy kiekio nustatymo testai; 20613 Nesteriliy produkty mikrobiologinis
tyrimas: specifiniy mikroorganizmy nustatymo testai [177].

I plastikinj sterily maiSeli buvo pasveriama 10 g produkto. Skysti pro-
duktai buvo matuojami pipete. Buvo jpilama 90 ml skiediklio (fosfatinis bu-
ferinis tirpalas su peptonu ir 0,1 proc. polisorbatu 80). Kad mikroorganizmai
nepatirty streso, skiediklis buvo aplinkos temperatiiros. Misinys buvo homo-
genizuojamas 60 s ir gaunama pradiné suspensija (1071).

1 ml paruostos pradinés suspensijos (107!) buvo jpilama j sterilig Petri
lekstele. | kitg sterilig Petri 1¢kstele kita pipete buvo jpilama po 1 ml pirmo
desimtkarcio skiedinio (1072).

I 1eksteles buvo jpilama apie 15-20 ml triptozes sojos agaro (TSA, Oxoid
Ltd, Jungtin¢ Karalysté), atvésinto vandens vonelé¢je iki 44—47 °C. Buvo su-
maiSoma, leidziama sustingti. Lékstelés buvo apverc¢iamos ir inkubuojamos
5 paras termostate 30 °C temperatiiroje.

Aerobiniai mikroorganizmai skaic¢iuojami tose 1¢kstelése, kuriose uzau-
go maziau nei 250 kolonijy.

Bendras aerobiniy mikroorganizmy skai¢ius 1 g/ml méginio buvo apskai-
¢iuojamas pagal formulg:

N= 2C
V x[n; + (0,1 xny)] xd

kur: £C — dviejy, serijiniy skiedimy kolonijy suma, suskaiciuoty Petri lekSte-
lése (t. y., kuriose uzaugo ne daugiau kaip 250 kolonijy vienety);
V —uzsétos medziagos tiiris 1eksStel¢je mililitrais;
n; — pirmojo skiedinio vertinamy léksteliy skaicius;
n2— antrojo skiedinio vertinamy léksteliy skaicius;
d — pirmojo vertinamo skiedinio skiedimo koeficientas (pvz., 10!, 102).
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Jeigu dviejose 1¢kstelése su tiriamuoju méginiu néra kolonijy, rezultatas
pateikiamas taip: < 1,0 x 10, t. y. maZiau nei 10.

Bendro aerobiniy mikroorganizmy skaiCiaus rezultatas pateikiamas is-
reikStas skai¢iumi tarp 1,0 ir 9,9, padaugintu i§ atitinkamu laipsniu pakelto 10,
arba sveikuoju skai¢iumi i§ dviejy reikSminiy skaitmeny.

2.6. Méginiy tekstiiros analizés tyrimo metodika

Buvo atlikti atgalinio iSstimimo (angl. Back extrusion) ir paskirstymo
(angl. Spreadability) testai [189]. Atgalinio iSstimimo testo metu buvo ana-
lizuotas méginiy kietumas, konsistencija, kohezija bei klampos indeksas, o
pasiskirstymo testo metu — tvirtumas ir Slyties darbas. Vertinant Siy charak-
teristiky rodiklius buvo galima objektyviai jvertinti preparato juslines charak-
teristikas ir preparato sudéties jtakg produkto teksttiros savybéms.

Tyrime buvo naudota aparatiira — teksttiros analizatorius Stable Micro
Systems Texture Analyser TA. XT plus (Jungtiné Karalysté). Prie analizatoriaus
platformos suklio buvo prisukta A/BE disko formos plokstele (skersmuo
45 mm). | 50 mm skersmens 100 ml talpos indelj dedamas tiriamasis prepara-
tas (uzpildoma mazdaug 3/4 indo tiirio). Rezultatai buvo vertinami kompiute-
rine programa Exponent (programos versija 6.1.5.0, Jungtin¢ Karalyst¢). Pries
pradedant testa suklys su plokstele buvo nuleidziamas prie méginio pavir-
Siaus ir pradedamas matavimas (tyrimo parametrai: atstumas— 15 mm/s,
greitis — 3 mm/s). Exponent programos lange buvo bréziamas grafikas, kuria-
me matomi gauti tiriamieji rodmenys. Bandymas buvo kartojamas tris kartus
ir vedamas gauty rezultaty vidurkis.

2.7. Antimikrobiniy medzZiagy skvarbos i oda
ex vivo tyrimo metodika

Skvarbos 1 odg tyrimui buvo panaudoti karvés speniy odos méginiai,
paruosti VA Veterinarinés patobiologijos katedros Patologijos centre i§ kar-
veés teSmens, kuris buvo gautas i§ UAB Krekenavos agrofirma skerdyklos
paskerdus kliniSkai sveika 4 mety karve. Speniy oda buvo atpreparuota
histomorfologinio tyrimo metu. Paruosti prie§ tyrimg méginiai buvo laikomi
—20 °C temperatiiroje ne ilgiau kaip 6 ménesius. Ex vivo skvarbos i odg tyri-
mui buvo naudotos Bronaugh tipo pratakios difuzinés celés. Difuzinés celés
su karvés spenio odos méginiais (1,77 cm?) buvo patalpinamos ant specialaus
37 °C palaikancio Sildymo bloko. Efektyvus difuzijos plotas celéje buvo
0,64 cm?. EK galutinio produkto tirpalas (0,51+0,01 g), kaip donoriné faze,
buvo uZnestas ant karvés spenio odos 8 val. laikotarpiui. Siekiant apsaugoti
tirlamgjj produkta nuo iSorés poveikio difuzinés celés buvo uzdengtos aliu-
minio folija. Po 8 val. donoriné fazé buvo pasalinta nuo karvés spenio odos
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pavirSiaus ir keleta karty perplaunama iSgrynintu vandeniu. Nuo odos mégi-
niy (0,64 cm?) pasalinus iSorinius liku¢ius pastarieji buvo 30 minuciy ekstra-
huoti 1 ml grynu metanoliu, naudojant Bandelin Sonorex Digitec ultragarso
vonele (DT 156, Bandelin electronic GmbH & Co. KG, Berlynas, Vokietija).
Véliau méginiai (PR-2 tyrimas) buvo analizuojami dujy chromatografijos ir
ultra-efektyviosios skysciy chromatografijos (CHD-2 tyrimas) (UESC) me-
todu [206]. Analizés duomeny kaupimui ir apdorojimui buvo naudota
SurfaceLab 6 programiné jranga (ION-TOF GmbH, Miunsteris, Vokietija).

2.8. EK antimikrobinio poveikio in vitro su referentinéms
mikroorganizmy kultiiromis tyrimo metodika

Pagaminty optimaliy EK su skirtingomis antimikrobinémis medziagomis
baktericidinis, fungicidinis aktyvumas pagal standartus EN 1656 ir EN 1657
buvo jvertintas skiedimo neutralizacijos metodu [207, 208]. Standartuose
aprasSytais bandymo metodais buvo siekiama jvertinti, ar veiksmingi tiria-
mieji skirtingos sudéties vilgikliai, siekiant sumaZinti bandyme naudojamy
gyvybingy mikroorganizmy skaiciy. Atliekant §j tyrimg buvo analizuojamas
vilgikliy aktyvumas prie§ referentinius mikroorganizmus: Staphylococcus
aureus ATCC 6538, Escherichia coli ATCC 10536, Streptococcus uberis
ATCC 19436, Candida albicans ATCC 10231 ir Aspergillus niger (A. niger)
ATCC 16404. Aktyvumas apibiidinamas referentinio mikroorganizmo gyvy-
bingumo sumazéjimu 10° arba daugiau, esant Sioms pasirinktoms bandymo
salygoms (temperatiira 30+1 °C, ekspozicijos laikas 5 min., produkto 80 proc.,
50 proc. ir 10 proc. tiriamosios koncentracijos, pridedant trukdanciaja me-
dziagat. y. lieso pieno 10 g/I). Naudotos mitybinés terpés: triptozés sojos aga-
ras (TSA) Sigma-Aldrich Chemie GmbH, Vokietija), salyklo ekstrakto agaras
(MEA) (Sigma-Aldrich Chemie GmbH, Vokietija). Vilgiklio aktyvumo
rodiklis prie§ tyrime naudotus mikroorganizmus buvo isreiskiamas logarit-
mu. Logaritmas buvo skai¢iuojamas pagal formul¢ Log R = LogN, — LogN.
(R — gyvybingumo sumaz¢jimas; No— yra KSV/ml skaicius tiriamajame
tirpale; Na— yra KSV/ml skaicius po produkto antimikrobinio aktyvumo
tyrimo procediiros). Remiantis standartais EN 1656 ir EN 1657, vilgiklis
laikomas baktericidiskai aktyviu, jei tyrimo metu gauta logaritmo reikSme
virsija 5, t. y. log R > 5, o fungicidiskai aktyviu, jei gauta logaritmo reikSmeé
vir§ija 4, t. y. log R > 4.
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2.9. EK antimikrobinio poveikio in vitro su klinikinémis
mikroorganizmy kultiiromis tyrimo metodika

Tyrimas buvo atliekamas taikant metoda, pagrista tiriamosios medziagos
sugeb¢jimu difunduoti mitybinéje terpéje (difuzijos j agara metodas) [209].
Eksperimentiniy kompozicijy antimikrobinis aktyvumas buvo nustatomas
standzioje terpéje Sulinéliy metodu aseptinémis salygomis. Bakterijy atsparu-
mas méginiams buvo vertinamas Mueller-Hinton agare (BBL, Cockeysville,
JAV) ir Saburo agare (BD DifcoTM, Franklin Lakes, NJ, JAV) aseptinémis
salygomis naudojant i§ klinikinés medziagos iSskirtus mikroorganizmus.
Mikroorganizmy suspensija buvo gaminama i§ iSauginty kultiiry fiziolo-
giniame natrio chlorido (0,9 proc.) tirpale, standartizuojama McFarland’o
standartiniu indikatoriumi (,,Standart indikator McFarland* Biosan, Latvija),
kuris matuoja meégintuvélyje esancios suspensijos drumstumg. Mikroorga-
nizmy suspensija buvo laikoma standartizuota, kai indikatoriaus reikSme lygi
0,5 (tai reiSkia, kad 1 ml bakterijy suspensijos yra 1,5 x 108 bakteriniy dale-
liy). Etaloninés mieliagrybio C. albicans ir dumblio P. zopfii kultiros buvo
auginamos 24 val. 30 °C temperatiroje ant Saburo agaro (Liofilchem, Italija).
Mikroorganizmy suspensija buvo gaminama i§ uzauginty kultiry fiziolo-
giniame tirpale, standartizuojama McFarland’o standartiniu indikatoriumi.
Mikroorganizmy suspensija (20 ml) agaro gelyje buvo jpilama | sterilias
90 mm diametro Petri 1€kstelés (F. L. Medical, Italija). Sustingusiame gelyje
buvo padaromi 7 mm vidinio diametro Sulin¢liai, jie pripildomi testuojamo
vilgiklio (0,1 ml). Petri 1€kstelés buvo inkubuojamos 30 °C termostate. Po
24 valandy inkubavimo buvo matuojamas skaidrios zonos skersmuo, susida-
res aplink Sulinélius esant antimikrobiniam aktyvumui. Grybeliy ir dumbliy
atsparumas vilgikliy EK buvo vertinamas po 48 valandy inkubacijos. Tose
agaro dalyse, kuriose koncentracija yra pakankama, kad slopinty mikroorga-
nizmy augima, buvo matoma skaidri zona, kurios dydis nusako antimikrobinj
aktyvumag (tiesiné priklausomyb¢). Duomeny jvertinimui buvo apskaiciuotas
eksperimentiniy tyrimy duomeny matematinis vidurkis bei standartinis

nuokrypis.

2.10. Statistiné duomeny analizé

Gauti tyrimy rezultatai buvo statistiSkai apdoroti naudojant statistinius
duomeny analizés paketus: Microsoft Office Excel 2021, IBM SPSS Statis-
tics 29.0.0.0.

Dél rezultaty patikimumo bandymas buvo kartojamas maZziausiai 3 kartus
ir iSvedamas aritmetinis vidurkis bei skai¢iuojamas standartinis nuokrypis.
Skirtumai buvo laikyti statistiSkai reikSmingais, kai p < 0,05.
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Eksperimentiniy speniy vilgikliy kompozicijos buvo vertintos balais.
Buvo sudaryti vertinimo baly skirstiniai, skirtumai tarp vilgikliy jvertinti Chi-
kvadrato testu. Taip pat buvo apskaiciuoti vertinimo baly vidurkiai, variacija
jvertinta pateikiant vidurkiy paklaidas. Skirtumai tarp vilgikliy buvo jvertinti
dispersinés analizés metodu su Tukey B host hoc kriterijumi. Koreliacijos
koeficientas buvo apskaiciuotas pagal Pearson. Skirtumai buvo laikyti statis-
tiSkai reikSmingais, kai p < 0,05.

Buvo apskaiciuoti pH, klampos ir jodo koncentracijy vidurkiai lygina-
mose imtyse, variacija jvertinta pateikiant vidurkio paklaida. Skirtumai tarp
vilgikliy jvertinant pokycius laike buvo jvertinti tiesiniais modeliais su laiko
ir vilgiklio faktoriais. Skirtumai tarp vilgikliy fiksuotu laiku bei poky¢iai del
vilgiklio poveikio bégant laikui buvo jvertinti Tukey B host hoc kriterijumi.

Teksttiros analizés metu buvo apskaiciuoti teksturos vidurkiai lygina-
mose imtyse, variacija jvertinta pateikiant vidurkio paklaida. Skirtumai tarp
vilgikliy buvo jvertinti dispersinés analizés metodu su Tukey B host hoc
kriterijumi. Skirtumai buvo laikyti statistiSkai reikSmingais, kai p < 0,05.

Antimikrobinio poveikio in vitro ir skvarbos i oda ex vivo tyrimo metu
buvo skaiciuoti im¢iy vidurkiai, santykiniai standartiniai nuokrypiai, standar-
tinés paklaidos. Skirtumai buvo laikyti statistiSkai reikSmingais, kai p < 0,05.
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3. TYRIMU REZULTATAI

3.1. Speniy vilgikliy tiriamyjy kompoziciju karimas ir gamyba

Buvo pagamintos devynios EK, po tris su kiekviena antimikrobine me-
dziaga. EK buvo vienalytiSkos homogeninés iSvaizdos, tur¢jo atitinkamai
spalva ir biidingg konsistencija bei specifinj sudedamyjy medziagy kvapa.

Panaudojus antimikrobing medziaga — pieno rugstj, sukurtos ir tolimes-
niems in vivo tyrimams buvo pagamintos trys EK su skirtingomis ksantano
lipy ir daziklio CI 15985 koncentracijomis atitinkamai: EK su pieno riig§timi
Nr. 1 (PR-1) - 0,5 proc. ir 0,01 proc.; EK su pieno riig§timi Nr. 2 (PR-2) —
0,67 proc. ir 0,03 proc.; EK su pieno riigs§timi Nr. 3 (PR-3) — 0,85 proc. ir
0,05 proc. Panaudojus nurodytas ksantano lipy koncentracijas gaunama EK
PR-1 - klampa 650-700 mPa‘s, EK PR-2 — 900-950 mPa-s, EK PR-3 —
1050-1100 mPa-s. Pagaminty EK pH vertés svyravo 2,6-2,8 ribose. EK buvo
vienalytiSkos homogeninés iSvaizdos, tur¢jo oranzing spalva, specifinj pieno
rugsties kvapa ir biidingg konsistencija.

Panaudojus antimikrobine medziagg — jodo povidona, buvo sukurtos ir
tolimesniems in vivo tyrimams pagamintos trys EK su skirtingomis ksantano
lipy koncentracijomis, bet nenaudojant pridétinio daziklio. Ksantano lipy
koncentracija EK su jodo povidonu Nr. 1 (JP-1)— 0,5 proc., EK su jodo
povidonu Nr. 2 (JP-2) — 0,67 proc. ir EK su jodo povidonu Nr. 3 (JP-3) —
0,85 proc. atitinkamai. Naudojant nurodytas ksantano lipy koncentracijas
gaunama EK JP-1 klampa — 650-700 mPa-s, EK JP-2 — 850900 mPa-s, EK
JP-3 —1050-1100 mPa-s. Pagaminty kompozicijy pH vertés svyravo 2,1-2,3
ribose. EK buvo vienalytiSkos homogeninés iSvaizdos, rudai oranzinés
spalvos, specifinio jodo kvapo ir buidingos konsistencijos.

Panaudojus antimikrobing medziaga — chlorheksidino digliukonata,
buvo sukurtos ir tolimesniems in vivo tyrimams pagamintos trys EK su
skirtingomis guaro lipy ir daziklio CI 16255 koncentracijomis atitinkamai:
EK su chlorheksidinu Nr.1 (CHD-1)- 0,5 proc. ir 0,02 proc.; EK su
chlorheksidinu Nr. 2 (CHD-2) — 0,89 proc. ir 0,05 proc.; EK su chlorheksi-
dinu Nr. 3 (CHD-3) — 1,2 proc. ir 0,12 proc. Atlikus matavimus nustatyta, jog
EK CHD-1 klampa — 1250-1300 mPa-s, EK CHD-2 — 1450-1500 mPa-s, EK
CHD-3 — 1700-1750 mPa-s. Pagaminty kompozicijy pH vertés svyravo
ribose 5,8-6,1. EK buvo vienalytiSkos homogeninés iSvaizdos, tur¢jo raudo-
ng spalva, méty kvapa ir biidinga konsistencija.

Siame etape buvo jgyvendintas uzdavinys sukurti EK derinant antimik-
robines medziagas (pieno ruigstj, chlorheksidino digliukonata, jodo povidong)
su natiiraliais tirStikliais, dazikliais ir augaliniais ekstraktais.
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3.2. Eksperimentiniy kompozicijy reologiniy savybiu vertinimo
in vivo ir atrankos rezultatai

Tyrimo metu buvo jvertintas tirty eksperimentiniy kompozicijy spenio
padengimas plévele ir padengimo tolygumas, barjerinio laso susidarymas ant
spenio galo, matomumas (vertinama spalva) ir ekonomiskumas (vertintas
nulaséjimas po vilgymo).

EK su pieno riigStimi vertinimo in vivo metu (3.2.1 pav.) buvo nustatyta
(3.2.1 lentele, 4 priedas), kad PR-1 kompozicijoje ksantano lipy koncentra-
cija (0,5 proc.) yra netinkama. Nors dengé spenio odg tolygia plévele ir
formavo po 5 minuciy pailgg stabily lasa, po 60 minuciy kabancio laso nebe-
simaté. Viena priezas¢iy — i§ karto po vilgymo eksperimentinis produktas
pernelyg intensyviai nula$¢jo.

PR-3 kompozicija su pieno riig§timi ir 0,85 proc. ksantano lipy produkte
kiekiu spenius dengé plona, nestabilia ir tik vidutiniskai tolygia plévele. Be
to, ir paciam produktui triko vizualiai kokybiskam gaminiui tinkamos
iSvaizdos (homogeniskumo). Po vilgymo buvo fiksuotas vidutinis nulasé¢jimo
intensyvumas, nors po keliy (2-3) minuciy susidarydavo stabilus kabantis
laSas, kuris kabo ne trumpiau kaip 60 min.

Sios dvi kompozicijos neatitiko produktui keliamy reikalavimy. PR-2
kompozicijai su 0,67 proc. ksantano gumos kiekiu buvo nustatytas neinten-
syvus lagéjimas po vilgymo (ne daugiau kaip 2 lasai per pirmg minute). Si
EK bandymo metu padengé tolygia plévele pavilgyta spenio plota, po keleto
minuciy susidaré stabilus lasas spenio gale, kuris iSsilaiko maziau kaip
60 minuc¢iy. PR-2 kompozicija surinko didesnj baly (3.2.1 lentel¢) kiekj nei
PR-1 ir PR-3.

3.2.1 pav. Sukurty EK su pieno rigstimi bandymo in vivo vizualizacija
(matomas spenio padengimas vilgiklio suformuota barjerine plévele)
(aut. nuotraukos)
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3.2.2 pav. Sukurty EK su jodo povidonu bandymo in vivo vizualizacija
(matomas spenio padengimas vilgiklio suformuota barjerine plévele)
(aut. nuotraukos)

EK su jodo povidonu vertinimo in vivo metu (3.2.2 pav.) buvo nustatyta
(3.2.1 lentelé, 4 priedas), kad JP-1 kompozicijoje ksantano lipy koncentracija
(0,5 proc.) taipogi yra per zema, produkto savybés neatitinka reikalavimy.
Tyrimo eigoje buvo nustatyta, kad §i kompozicija spenj padengia pakankamai
tolygia, taciau plona ir nestabilia plévele, pasizymi intensyviu nulas¢jimu i$
karto po vilgymo, po 5 minuciy susiformuoja pailgas lasas, kuris nenukrenta,
taciau po 60 min. kabancio laso jau nebesimato. Po vilgymo spalva yra ryski
ir gerai iSsilaiko 10 min., taciau jau po 60 minuciy sunkiai pastebima.

JP-3 kompozicija su 0,85 proc. ksantano lipy kiekiu produkte spenius
dengeé plona ir tik patenkinamai tolygia plévele, kuri, be to, ir nestabili. Po vil-
gymo buvo fiksuotas vidutinis nulas¢jimo intensyvumas, nors po keliy (2-3)
minuciy susidarydavo stabilus kabantis lasas, kuris kabo ne trumpiau kaip
40 min. Po vilgymo spalva ryski, taciau nevientisa d¢l netolygaus vilgiklio
padengimo. Po valandos spalvos intensyvumas nesumazgja.

Vertinant JP-2 eksperimenting kompozicija buvo nustatyta, kad po vil-
gymo spalva matosi ryskiai ir iSsilaiko geriausiai i visy bandyty kompozicijy
su jodo povidonu, nes pats spenio padengimas pakankamai tolygus, lygiu
sluoksniu. Po keliy minu¢iy po vilgymo susidaro stabilus kabantis laSas
spenio gale, kuris nenukrenta, i$silaiko ne trumpiau kaip 60 minuciy.

Tyrimo metu (3.2.3 pav.) buvo nustatyta (3.2.1 lentele, 4 priedas), kad
EK CHD-1 tirstiklio koncentracija (hidroksipropilo guaro lipai — 0,5 proc.)
buvo nepakankama, nes i§ karto po vilgymo eksperimentinis produktas inten-
syviai las¢jo, padengé spenio oda plona plévele, kuri buvo nestabili dél stipraus
la8¢jimo, o spenio gale nesusidaré¢ lasas. CHD-3 eksperimentiné speniy vil-
giklio kompozicija, kurioje buvo 1,2 proc. hidroksipropilo guaro lipy, nebuvo
patenkinama, nes i$ karto po vilgymo eksperimentinis produktas intensyviai
ir gausiai laséjo (46 lasai per minutg), spenio oda buvo padengta per stora
plévele, todél buvo gauta didelé produkto iSeiga, produktas neekonomiskas.
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3.2.3 pav. Sukurty EK su chlorheksidino digliukonatu bandymo
in vivo vizualizacija (matomas spenio padengimas vilgiklio suformuota
barjerine plévele) (aut. nuotraukos)

3.2.1 lentelé. EK in vivo tyrimy rezultatai balais pagal EK in vivo vertinimo
metodikqg (n = 25)

Eksperimentinés kompozicijos ir vertinimo rezultatai (vidutinis balas + paklaida)

Savybé PR-1 PR-2 | PR-3 JP-1 JP-2 JP-3 | CHD-1 | CHD-2 | CHD-3

4,0+0,09{4,0+0,08|3,8+0,11|2,2+0,07 {4,1+0,09 |4,0+0,04 |2,8+0,07|4,9+0,06 (4,9+0,07

Spalva c c c a c c b d d
Nulasejimas |, 6 17 |3 840,11 |2.8+0,07[2.2+0,07[4,120,07|2.8+0,08 | 1,120,06|3,0+0,06|1,9+0,07
i$ kart po

. b d c b d c a c b
vilgymo
LasSo susi-

3,0+0,07 |4,9+£0,07(3,9+0,07|2,9+0,11 |4,9+0,06 3,8+0,13 |1,2+0,09|4,1+0,07|2,8+0,07

darymas ant b e cd b e c a d b
spenio galo

Spenio 14 9.0,06(4,9:0,06|2,8+0,08 |3, 1:0,08[4,9:0,06(3,040,07 |3,2+0,07|4,9:0,07|2,1:0,08
padengimas

plévele d d b c d be c d a
Spenio 1y ¢.10,00(4,960,06[3,2:0,07[3,8£0,08 [3,8£0,07 2,040,04|3,8+0,07|3,9£0,07|4, 10,12
padengimo

toly as d d b c c a c c c

Bendras eksperimentiniu speniy vilgikliu kompoziciju jvertinimas

IS viso baly | 18,7 22,4 16,5 14,2 21,8 15,6 12,1 20,8 15,8

Ksantano 0.5 0,67 0,85 0,5 0,67 0,85 - - —

lipai (proc.)

Guaro lipai _ _ _ _ _ _ 0,5 0,89 1,20
(proc.) ’ ’ ’
Daziklis 0,01 0,03 0,05 _ _ — 0,02 0,05 0,12
(proc.)

a, b, c, d, e —skirtingomis raidémis pazyméti vidurkiai eilutéje skiriasi tarpusavyje statistiskai
reikSmingai (p < 0,05, Tukey B kriterijus).

CHD-2 eksperimentiné kompozicija (hidroksipropilo guaro lipy kon-

centracija 0,89 proc.) padengé¢ speni lygia plévele, po keliy minuciy spenio
gale susidare stabilus kabantis laSas, kuris kabojo ne trumpiau 40 min. Antro-
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sios eksperimentinés kompozicijos klampa sieké 1450-1500 mPa-s. Visose
trijose eksperimentinése kompozicijose buvo naudojami skirtingi dazy
kiekiai (atitinkamai 0,02—0,05-0,12 proc.). Po vilgymo spalva buvo aiskiai
matoma (raudona) bei i§liko matoma net po 60 min., tac¢iau ir véliau antrojoje
bei tre¢iojoje eksperimentinése kompozicijose spalvos intensyvumas praktis-
kai nepakito. Taigi, priklausomai nuo dazy koncentracijos po 12 val., spalvos
likuciai buvo matomi tik panaudojus 0,05-0,12 proc. dazy koncentracija.
Ivertinus lentel¢je pateiktus duomenis tolesniam tyrimui buvo parinkta opti-
mali antroji eksperimentiné kompozicija su 0,89 proc. hidroksipropilo guaro
lipy ir 0,05 proc. daziklio.

Tyrimo metu nebuvo nustatyta, kad dazy koncentracija galéty turéti
tiesioginés jtakos spenio padengimui plévele, taciau buvo galima teigti, kad
dazy koncentracija EK PR-2 ir CHD-2 tur¢jo jtakos padengimo matomumui,
bet matomumui turéjo jtakos spenio padengimas plévele ir plévelés tolygu-
mas, salygotas tirstiklio koncentracijos.

Tyrimy in vivo ikiuose metu nustatyta, kad EK CHD-2 su chlorheksidinu
ir guaro lipy 0,89 proc. koncentracija, JP-2 su jodo povidonu ir ksantano lipy
0,67 proc. koncentracija bei PR-2 su pieno riig§timi ir ksantano lipy 0,67 proc.
koncentracija labiausiai atitiko kuriamam produktui keliamus reikalavimus
(3.2.4 pav.). Remiantis vertinimo rezultatais, pateiktais 3.2.1 lentel¢je, daugiau-
sia baly (22,4) surinko PR-2 kompozicija, kuri tolygiau dengé spenio oda,
greiciau formavo lasa spenio gale.

3.2.4 pav. Tyrimais patvirtintos geriausiai atitinkancios keliamus
reikalavimus vilgikliy EK (PR-2, CHD-2, JP-2) (aut. nuotrauka)
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3.3. EK fizikiniy savybiuy bei mikrobiologinio pokycio rezultatai
stabilumo tyrimy metu

3.3.1. Realaus laiko stabilumo programos rezultatai

Sukurty optimalios sudéties EK su chlorheksidino digliukonatu, jodo
povidonu ir pieno rugStimi realaus laiko stabilumo programos rezultatai
pateikti 3.3.1.1 lenteléje.

3.3.1.1 lentelé. EK savybiy vertinimo rezultatai realaus laiko stabilumo
programoje pagal Colipa ,, Kosmetikos gaminiy stabilumo bandymy gairés “
[203]
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PR-2

Po 24 val. |Homoge- | Oranzin¢ |Pieno 2,70+0,10 | 936,67+5,77 | <1,0 x 10! | Nerasta
niskas rugsties A a

Po 6 mén. |Homoge- | Oranzin¢ |Pieno 2,6740,12 | 903,33+5,77 | <1,0 x 10! | Nerasta
niskas rugsties A b

Po 12 mén. | Homoge- | Oranzin¢ |Pieno 2,73+£0,06 | 866,67+5,77 | <1,0 x 10" | Nerasta
niskas rugsties A c

Po 24 mén. | Homoge- | Oranzin¢ |Pieno 2,60+0,00 | 826,67+5,77 | <1,0 x 10! | Nerasta
niskas rugsties A d

JP-2

Po 24 val. |Homo- Rudai Jodo 2,20+0,10 |886,67+15,28| <1,0 x 10! | Nerasta
geniskas | oranziné B a

Po 6 mén. | Homo- Rudai Jodo 2,20+0,10 | 856,67+5,77 | <1,0 x 10! | Nerasta
geniskas | oranziné B b

Po 12 mén. | Homo- Rudai Jodo 2,20+0,10 |820,00+10,00| <1,0x 10! | Nerasta
geniskas | oranziné B c

Po 24 mén. | Homo- Rudai Jodo 2,20+0,10 | 786,67+20,82| <1,0 x 10! | Nerasta
geniskas | oranziné B c
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3.3.1.1 lentelés tegsinys

. S g
g E ) 55F E|ist
Q P ~ =
£, | P3| = g 2, |EEffs §i3
€3 £ E = = EI EE52>| 883
g cE 2 ¢ T & |BEP33|SSS
> S == @ M =9 ¥ E RESHTE|RNUAT
CHD-2
Po 24 val. |Homoge- |Raudona |Méty 5,93+0,15 | 1478,3£17,6 | <1,0 x 10" | Nerasta
niskas eterinio aC a
aliejaus
Po 6 mén. |Homoge- |Raudona |Méty 5,93+0,15 | 1460,0£14,0 | <1,0 x 10" | Nerasta
niskas eterinio aC ab
aliejaus
Po 12 mén. | Homoge- |Raudona |Méty 5,93+0,15 | 1435,0£15,0 | <1,0 x 10" | Nerasta
niskas eterinio aC bc
aliejaus
Po 24 mén. | Nehomo- |Raudona |Méty 5,2340,06 | 1420,0+10,0 Netirta Netirta
geniskas, eterinio bC c
stebimos aliejaus
tamsios
nuosédos

a, b, c, d — skirtingomis raidémis pazymeéti vidurkiai stulpelyje (kiekvienam vilgikliui atskirai) skyrési
statistiSkai reikSmingai (p <0,05, Tukey B kriterijus); A, B, C — skirtingomis raidémis pazyméti
vidurkiai stulpelyje (tuo paciu tyrimo laiku lyginami vilgikliai) skyrési statistiSkai reikSmingai
(p <0,05, Tukey B kriterijus); pateiktos tiriamyjy savybiy vidutinés vertés ir vidurkio paklaidos
(vidurkis + paklaida).

Vertinant EK PR-2 buvo nepastebéta jusliniy savybiy neatitikimo
iSsikeltiems reikalavimams, stebéjimo laika jos iSliko homogeniskos, ryskios
oranzinés spalvos, biidingo pieno riig§¢iai kvapo ir nesusidrumsteé, neissi-
sluoksniavo praéjus 6, 12, 24 mén. nuo pagaminimo. Vertinant realaus laiko
stabilumo programoje, per 12 mén. EK PR-2 pH verté statistiSkai reikSmingai
nepasikeité. Po 24 ménesiy vidutiné pH verté sumazgjo iki 2,6 (p > 0,05).
Atlikus koreliacing analiz¢ buvo nustatyti statistiSkai reikSmingi tiesiniai
rySiai tarp pH visose Sio vilgiklio EK serijose (r = 0,97).

Buvo nustatyta, kad EK PR-2 klampos rodiklis maZzéjo statistiSkai
patikimai (p < 0,05), po 6 ménesiy — 3,4 proc. mazesnis nei pagaminus, po 12
ménesiy — 7,5 proc. ir po 24 ménesiy — 11,7 proc. (3.3.1.1 lentel¢).

Atlikus EK JP-2 pH matavimus buvo nustatyta, kad rodmuo isliko
nepakites visg steb¢jimo laika. Skirtingose JP-2 serijose klampos rodmuo
statistiSkai reikSmingai kito (p < 0,05). VidutiniSkai klampos rodmuo realaus
laiko stabilumo programoje maz¢jo nuo 886,67 iki 786,67 mPa-s. Klampa po
24 mén. 11,3 proc. sumazéjo visose produkto serijose.
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EK CHD-2 méginiy juslinés savybés nepakito 12 mén. Sukurtos kompo-
zicijos konsistencija buvo homogeniska, tolygi, spalva isliko ryski raudona,
kvapas stabilus méty eterinio aliejaus (3.3.1.1 lentelé). Stabilumo tyrimo
rezultatai parodé¢, kad EK CHD-2 pH vertés tarp skirtingy serijy buvo artimos
ir produkte iSliko stabilios 12 ménesiy. Sukurto vilgiklio duomeny skirtumai
nustatyti po 24 ménesiy, kai pH vert¢ sumaz¢jo iki 5,23 visose serijose
(p <0,05) (3.3.1.1 pav.). Tolimesnio steb¢jimo laikotarpiu $is produktas kito
vizualiai, nei$laike fizikiniy savybiy. EK CHD-2 klampumo rodmenys stebé-
jimo metu mazgjo tolygiai, statistiskai reikSmingi (p < 0,05) kitimai nustatyti
po SeSiy ménesiy. Po 12 ménesiy — 2,6 proc., po 24 ménesiy — 3,9 proc.
maze¢jo klampa produkte. Tarp skirtingy serijy klampos parametry buvo
nustatytas Pearsono koreliacijos koeficientas — r = 0,96—0,99, poky¢iai vyko
tolygiai visose serijose.

Pateikti 3.3.1.1 pav. pH kitimo duomenys rodo, kad skiriasi vilgikliy pH,
o vilgikliy viduje patikimi skirtumai nustatyti tik CHD-2 vilgiklyje.

7,0 Realaus

6,0 1 = (po 24 meén.)
5,0 = Pagreitinto
4,0 (po 2 mén.)
3,0
2,0 - = =
1,0
0,0

— o g

a b a a a a
5,233 5,967 2,200 2,200 2,600 2,667
CHD-2 JP-2 PR-2
3.3.1.1 pav. pH palyginimas stabilumo tyrimo pabaigoje

a, b — skirtingomis raidémis pazymeti vidurkiai skyrési statistiSkai reikSmingai
(p < 0,05, Stjudento kriterijus).

Matuojant sukurty EK klampa ir pH verte buvo pastebéta, kad Sie dydziai
iSlieka tarpusavyje glaudziai susieti. Atlikus koreliacing analiz¢ buvo nusta-
tyta (3.3.1.2 pav.), jog yra statistiSkai reikSmingi tiesiskai stipriis rySiai tarp
klampos ir pH visose EK serijose (koreliacijos koeficientas r= 0,986
(p <0,001). Pateikti duomenys paveiksle rodo, kad pH ir klampa labai stipriai
susije, kuo didesnis pH, tuo didesné klampa (p < 0,001).
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Klampa Realaus Pagreitinto
1800

1600 - .
1400 - & e 1
1200 - .
1000 - .
800 + e .
r=0,986 (p < 0,001) r=0,995 (p <0,001)
000 30 40 50 60 7020 30 40 50 60 70
pH pH
Vilgiklis: ® CHD-2 @ JP-2 @ PR-2 — Regresijos tiesé

3.3.1.2 pav. pH ir klampos (mPa-s) tarpusavio priklausomybé

Sukurty EK mikrobiologiné¢ kokybé buvo vertinama pagaminus ir
pavyzdZziuose, kurie buvo saugomi ir tiriami realaus stabilumo programoje
numatytais intervalais. Sterilumo salygos gamybos metu bei sukurty formu-
luo¢iy sudétyje esantys antimikrobiniu veikimu pasizymintys komponentai
salygojo, kad EK su jodo povidonu, chlorheksidino digliukonatu, pieno
rigStimi mikroorganizmy augimas buvo nenustatytas. Bendras aerobiniy
bakterijy skai¢ius buvo < 1,0 x 10! KSV/g (ml). P. aeruginosa, S. aureus,
C. albicans 1 g vilgikliy tiriamosios medZziagos taip pat nenustatyta. Skirtin-
gos sudéties EK bandiniy antimikrobinis stabilumas iSliko visg tyrimo laika.

Proc. Realaus Pagreitinto
0,254
0,250 1 I I
T
0,246 = -
I
0,242 - =
0,238 - a b ® d a b c
0.234 0,250 0,247 0,244 0,241 0,250 0,248 0,247

Po 24 val. Po 6 mén. Po 12 mén. Po 24 mén. Po 24 val. Po Saldymo/ Po 2 mén.
Sildymo ciklo

3.3.1.3 pav. Aktyvaus jodo kiekio (proc.) kitimas sukurtoje
EK JP-2 realaus ir pagreitinto stabilumo metu

a, b, ¢, d — skirtingomis raidémis pazZymeéti vidurkiai skyrési statistiskai reikSmingai
(p < 0,05, Tukey B kriterijus).
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Siekiant jvertinti jodo atpalaidavima i§ sukurtos EK, buvo atliktas jodo
kiekio tyrimas realaus laiko stabilumo programoje. Jodo kiekis pagaminus
vidutiniskai buvo 0,25 proc. (3.3.1.3 pav.), skirtingose serijose kito nuo 0,249
iki 0,251 proc.

Numatytais tyrimo in vitro laikotarpiais buvo nustatyta jodo kiekio ma-
z¢jimo tendencija. Vidutiniskai bandiniuose jodo kiekis po 6 mén. vilgiklyje
sumazejo 1,2 proc., po 24 mén. — 3,6 proc. (p < 0,05).

3.3.2. Pagreitinto laiko stabilumo programos rezultatai

Pagaminty EK spalva, homogeniskumas, kvapas pagreitinto stabilumo
programos metu iSliko nepakite (3.3.2.1 lentel¢). Atlikus centrifugavimo
testus tiriamieji produktai nepakito, i§liko stabiliis viso tyrimo metu, produkto
fazés neatsiskyré. Siame tyrimy etape bendras aerobiniy mikroorganizmy
skaiCius 1 g (ml) nevirsijo leidziamy kiekiy, pagreitinto stabilumo programos
salygos, mikrobiologinés tarSos neinicijavo.

3.3.2.1 lentelé. EK savybiy vertinimo rezultatai pagreitinto stabilumo prog-
ramoje pagal Colipa ,,Kosmetikos gaminiy stabilumo bandymy gairés”
[203]

@ = =

g 7] .E on g

s |35 | &
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e 2 8 & 5 )

s » @ =
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PR-2
Po 24 val. Homoge- |Oranziné | Pieno 2,70+0,06 936,7+4,08 | <1,0 x 10! | Stabilu
niskas rugsties A A
Po Saldymo/ | Homoge- | Oranzin¢ | Pieno 2,70+0,00 T/N* <1,0x 10' | Stabilu
Sildymo ciklo | niSkas rugsties A
Po 2 mén. Homoge- |Oranziné | Pieno 2,67+0,07 T/N* <1,0x 10' | Stabilu
niskas rugsties A
JP-2
Po 24 val. Homoge- |Rudai Jodo 2,20+0,06 886,7£10,8 | <1,0 x 10" | Stabilu
niskas oranziné B B
Po Saldymo/ |Homoge- |Rudai Jodo 2,204+0,06 T/N* <1,0 x 10" | Stabilu
Sildymo ciklo | niSkas oranziné B
Po 2 mén. Homoge- | Rudai Jodo 2,204+0,06 T/N* <1,0 x 10" | Stabilu
niskas oranziné B
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3.3.2.1 lentelés tegsinys

@»n B S 4
= E E
% = 558 o z
g g - g 2 5 ZE 2
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5 g E £ E g = s % =E% E
> = z 2 & M = 2 BEEY| O
CHD-2
Po 24 val. Homoge- | Raudona | Méty 5,93+0,09 | 1478,3£12,4 | < 1,0 x 10' | Stabilu
niskas eterinio C C
aliejaus
Po Saldymo/ |Homoge- | Raudona | Méty 5,93+0,03 T/N* <1,0x 10" | Stabilu
Sildymo ciklo | niSkas eterinio C
aliejaus
Po 2 mén. Homoge- | Raudona | Méty 5,97+0,07 T/N* <1,0 x 10" | Stabilu
niskas eterinio C
aliejaus

Pastaba: T/N* — tyrimas netaikomas. A, B, C — skirtingomis raidémis pazyméti vidurkiai stulpelyje
(tuo paciu tyrimo laiku lyginami vilgikliai) skyrési statistiSkai reik§mingai (p < 0,05, Tukey B
kriterijus); pateiktos tiriamyjy savybiy vidutinés vertés ir vidurkio paklaidos (vidurkis + paklaida).

Laikant EK bandinius aukstesnéje temperatiiroje, pH vertés nukrypimas
nuo pradinés reikSmés buvo nepastebimas (3.3.2.1 lentel¢). Taip pat galima
teigti, jog Saldant/Sildant perioduose bandiniuose su jodu pH vertés pokyc¢io
neatsirado ir $is dydis iSliko stabilus. IS 3.3.2.1 lenteléje pateikty duomeny
matyti, jog apsunkintos eksperimento saglygos neturi statistiSkai reikSmingos
(p > 0,05) jtakos pH vertei — visy tirty vilgikliy pH verté svyruoja stabiliose,
budingose produktui ribose. Tai jrodo EK stabiluma.

Pagreitinto stabilumo tyrimo metu buvo nustatyta, kad apsunkintos
eksperimento salygos neturi reik§Smingos itakos sukurtoms EK fizikinéms bei
iSvaizdos charakteristikoms. EK pagreitinto laiko stabilumo programos metu
mikroorganizmy augimas nenustatytas. Bendras aerobiniy mikroorganizmy
skai¢ius buvo <1,0 x 10! KSV/g (ml). Skirtingos sudéties EK bandiniy
antimikrobinis stabilumas iSliko visg 2 meén. tyrimo laika.

Tyrimas pagreitinto stabilumo programoje parodeé, kad pakitusios ekspe-
rimento salygos jtakoja jodo kiekj. Saldymo ir $ildymo cikly metu EK jodo
kiekis sumaze¢jo vidutiniskai 0,8 proc. Testuojamy EK JP-2 laikymas du
ménesius +45 °C temperatiroje lémé jodo kiekio sumazéjimg 1,2 proc.
(p <0,05) 3.3.1.3 pav.
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3.4. Tekstiiros analizés tyrimo rezultatai

Tyrimas buvo atliktas EK (PR-2, JP-2, CHD-2), kurios buvo atrinktos
in vivo tyrime, buvo jvertintos stabilumo tyrimo programoje, atliktas antimik-
robinis efektyvumas.

Remiantis atgalinio iSstiimimo testo rezultatais (3.4.1 pav. ir 5 priedas)
buvo nustatyta, kad didesniu kietumu ir konsistencija (p < 0,05) pasizymejo
EK, kuriy sudétyje buvo ksantano lipai. EK JP-2 buvo nustatytas didZiausias
kietumo rodmuo. Didesnis kietumo rodmuo rodo EK JP-2 tvirtuma, $i
kompozicija kietesng, atsparesné mechaniniams poveikiams. Mazesniu kietu-
mu pasizyméjo EK PR-2 méginiai, tarp jy buvo nustatyti patikimi statistiniai
skirtumai (p < 0,05). Analizuojant EK kietuma buvo galima teigti, kad ksan-
tano lipy jterpimas jtakojo kietumo rodiklio parametra, nes EK CHD-2 megi-
niai, kuriy klampg formavo guaro lipai, buvo maziau kieti (p < 0,05). Tokia
pat tendencija nustatyta tiriant EK méginiy konsistencija. Konsistencijos
rodmuo, apibiidinantis produkto tepumo, tirStumo charakteristikas, buvo
aukStesnis EK, su ksantano lipais. TirS¢iausi buvo EK JP-2 méginiai
(3.4.1 pav.), o EK CHD-2 maziau tirsti, mazesnio tankumo, nes $io vilgiklio
klampg formavo guaro lipai (3.4.1 pav.).

b

g gxs
20 166,84 120
18 : . .

8 136.63 144,18 160
16 - _ = _ - 140
141 = 120
121 - 100
10 -

8 - a a b b C C - 80

. 15,32 16,03 17,96 15,07 16,14 13,83 L 60

4 a b C 40

2 B2 6,71 5,62 - 20

0+— ] — —+0

CHD-2 JP-2 PR-2
Kietumas, g -o- Konsistencija, g X s

Kohezija / sukibimas, g -e- Klampos indeksas, g X s

3.4.1 pav. Testuojamy vilgikliy tekstiiros analizés duomenys,
atlikus atgalinio isstiimimo testq (n = 3)

a, b, ¢ — skirtingomis raidémis pazymeéti vidurkiai (tarp CHD-2, JP-2, PR-2 vilgikliy)
skiriasi statistiSkai reikSmingai (p < 0,05).
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I visy testuoty EK didziausiu klampos indeksu pasizyméjo EK CHD-2
meéginiai. Mechaninis darbas, reikalingas zondui i$imti i§ EK CHD-2 megi-
nio, buvo vidutiniskai 9,524+0,25 g x s (3.4.1 pav.). Kitoms testuojamoms EK
Sis mechaninis darbas buvo mazesnis (p < 0,05). Didesnis CHD-2 méginiy
klampos indeksas parodé¢ méginio gebéjima islikti naudojimo vietoje,
meéginys maziau nubégs nuo spenio pavirSiaus, susidarys pakankamo storio
plévele, reiks didesnés jégos vientisumui suardyti. MaZziausias klampos
indeksas buvo nustatytas EK PR-2 méginiuose, tod¢l i§ visy tirty méginiy
PR-2 i8liks trumpiausiai naudojimo vietoje (3.4.1 pav.).

Didziausia kohezijos (lipnumo, sukibimo) reiksmé (16,03+0,03 g), t. y.
rodmuo gautas atitraukiant zonda i§ meéginio giluminiy sluoksniy, buvo
nustatyta CHD-2 méginiuose (3.4.1 pav.). CHD-2 kohezijos jégos rodmuo
parodé, kad Sioje EK geriausiai produkto dalelés sukibusios tarpusavyje
lyginant su kitomis testuojamomis EK, méginys, paskleistas ant pavirsiaus,
ilgiau iSlieka poveikio vietoje, sudaro tinkamo storio plévelg. Kohezijos ro-
diklis nusako lipnuma, todé¢l yra labai svarbus spenio vilgikliams. Tyrimo
duomenys leidzia prognozuoti, kad sukurta EK CHD-2 geriausiai laikytysi
ant spenio. Guaro lipai suformuoja EK CHD-2 lipnesng ir optimalaus storio
plévelg, lyginant su ksantano lipy EK JP-2 ir PR-2 suformuota plévele
(p <0,05).

g gxs
20 a 9
18 - 7,84 5
16 -7
14 -6
o] b b

3,37 -4

5 b

-3

67 1,76

4 -2

7 a b b -1

0 18,29 12,04 10,65 0

CHD-2 JP-2 PR-2

Kietumas, g - Slyties darbas, g x s

3.4.2 pav. Testuojamy vilgikliy tekstiiros analizés duomenys,
atlikus tepumo testq (n = 3)

a, b — skirtingomis raidémis pazymeéti vidurkiai (tarp CHD-2, JP-2, PR-2 vilgikliy)
skiriasi statistiskai reikSmingai (p < 0,05).
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Tepumo testas buvo atliktas siekiant nustatyti kietumo ir Slyties jégos
reikSmes, kurios jvertina méginiy pasiskirstyma ant pavir$iy. Tyrimo rezul-
tatai pateikiami 3.4.2 pav. ir 6 priede. DidZiausias méginiy kietumas ir Slyties
jéga buvo nustatyta EK CHD-2 (p < 0,05). Gauti tyrimo rezultatai rodo, kad
EK CHD-2 méginiy viduje labiausiai did¢ja sukibimo jégos, padidéja mole-
kuliy sgveika, dél to CHD-2 ilgiau i$liks poveikio vietoje.

EK su ksantano lipais meéginiai (PR-2 ir JP-2) pasizyméjo statistiskai
reikSmingai (p < 0,05) mazesnémis kietumo ir Slyties jégos charakteristiko-
mis. Remiantis tyrimo rezultatais galima teigti, kad PR-2 ir JP-2 trumpiau
idliks poveikio vietoje nei CHD-2 méginiai. Siuos tyrimo rezultatus pagrin-
dzia ir atgalinio iSstimimo testo rezultatai.

Nustatytos EK kietumo ir konsistencijos charakteristikos parodo, kaip
lengvai preparatas pasiskirsto ant tepamo pavirSiaus. Mazos $iy parametry
reik§meés siejamos su lengvu méginio uztepimu ir lengvu jo iSémimu i$
talpyklos. Visos pagamintos EK buvo tinkamos uzneSimui ant speniy odos
pavirSiaus. Nustatytos vertés tarp skirtingos sudéties EK patikimai skyré
(p <0,05). Guaro lipai turéjo jtakos EK tekstiirinéms savybéms, nes méginio
kietumas tvirtumas (1,7-1,5 karto), Slyties jéga (4,4-2,3 karto), kohezija
(1,06—1,15 karto) ir klampos indeksas (1,6—1,4 karto) buvo didesni lyginant
su EK pagamintoms su ksantano lipais.

3.5. Antimikrobiniy medZiagy skvarbos i oda
ex vivo tyrimo rezultatai

Skvarbai | karviy speniy audinius jvertinti buvo pasirinktos vilgikliy
PR-2 ir CHD-2 formuluotés, o kontrolei atlikti buvo naudoti analizuojamy
antiseptiniy medziagy (5,04 proc. pieno rigsties ir 2,5 proc. chlorheksidino
digliukonato) metanoliniai (CH3OH) tirpalai.

Atlikus tyrimus naudojant dujy chromatografija su masiy spektrometrija
po metanoliniy méginiy derivatizacijos nustatéme, kad pieno riigstis skver-
biasi pro raginj odos sluoksnj. Tyrimo metu po 8 valandy pieno rugstis kieky-
bisSkai buvo nustatyta speniy odoje. Buvo nustatyta, kad pieno rugsties i$
vilgiklio PR-2 méginiy i karviy speniy odg prasiskverbé 9,86+0,257 proc.
(buvo nustatyti srautai — 3,96+0.088 mg/cm?). Skirtinguose bandiniuose
skirtumas nebuvo statistiskai reikSmingas (tyrimo chromatogramos pateikia-
mos 7-14 prieduose) (p > 0,05). Skvarba 1§ visy bandiniy buvo statistiskai
reik§Smingai mazesné¢ (p <0,05) lyginant su kontroliniu 5,04 proc. pieno
rigsties metanoliniu tirpalu, kurio buvo nustatyta skvarba j odg 15,73+
4,635 proc. (buvo nustatyti srautai — 6,22+1.832 mg/cm?) (p < 0,05). Pieno
rugsties skvarbos i$ vilgiklio PR-2 rezultatai pateikti 3.5.1 pav.
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Pieno rugsties kiekis, aptiktas karviy teSmens odoje, kai ant gyvtino audi-
nio buvo uzdedamas PR-2 vilgiklis, buvo statistiSkai reikSmingai (p < 0,05)
1,6 karto maZesnis nei nustatytas po to kai ant audinio buvo uzdedamas
kontrolinis pieno riigsties tirpalas metanolyje. Odos raginis sluoksnis sudaré
dalinj barjerg vilgiklio sudedamosioms dalims prasiskverbti.

R 25

< 20-

2

_qg g- 15 A

=D

£ = 10 —

=

g 5

& 0 9,86 15,73*

PR-2 Kontrolinis

tirpalas

3.5.1 pav. PR-2 vilgiklio sudétyje esancios pieno riigsties skvarbos méginiy
tyrimas ex vivo, proc. (*p < 0,05)

Buvo jvertinta odos barjero jtaka CHD skvarbai i§ vilgiklio formuluotés
CHD-2. Tyrimas parodé¢, kad CHD i§ EK i oda nepatenka arba skvarba buvo
mazesné uz aptikimo ribg tyrime po penkiy eksperimentinio kontakto minu-
¢iy (3.5.2 pav.). Galima teigti, kad CHD patekimas | oda néra identifikuo-
jamas, nes CHD koncentracija buvo Zemiau ultra-efektyviosios skysciy
chromatografijos (UESC) metodo kiekybinio nustatymo ribos.

Atlikus skvarbos tyrimus su CHD-2 vilgiklio méginiais, rezultatai leidzia
spresti, kad chlorheksidinas nesiskverbia j gyviino odos méginius ir pilnai
lieka ant odos pavirSiaus (3.5.2 pav.). Pritaikius ex vivo tyrimo metodikg ir
UESC chromatogramose po 5 min. chlorheksidino nebuvo nustatyta nei vie-
name tirtame odos méginyje (3.5.2 pav.).
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3.5.2 pav. CHD UESC chromatogramos (kontrolé — skvarba po 5 min.)

A — kontrolé (CHD sulaikymo laikas 5 min); B — chlorheksidino i§ odos méginiy
skvarbos chromatograma (kur 1-7 odos méginiai).

Pateiktose chromatogramose (3.5.2 pav.) CHD skvarba j spenio oda
buvo nenustatyta. Antiseptinés medziagos atpalaidavimas i§ emulsinés vaisto
formos priklauso nuo medziagos molekuliy tirpumo ir nuo modeliuojamo
vilgiklio klampos. Guaro gumos suteikta klampa buvo dvigubai didesné nei
ksantano gumos (kuo didesné¢ klampa, tuo léCiau atpalaiduoja vaisting
medziagg dél leto molekuliy difuzijos proceso). Polisorbatas yra pazymimas
kaip skvarbos skatintojas, bet Siuo atveju, jo poveikis nebuvo zenklus.

3.6. EK antimikrobinio poveikio in vitro su referentinéms
mikroorganizmy kultiiromis tyrimo rezultatai

Tiriant sukurty eksperimentiniy vilgikliy kompozicijas su pieno rugsti-
mi, jodo povidonu, chlorheksidinu pagal tarptautinius standartus, buvo nusta-
tyta, kad EK buvo baktericidiskai ir fungicidiskai aktyvios, analizuojant
veiksminguma prie§ mikroorganizmus buvo gautas log R > 5 bakterijoms ir
log R >4 grybeliams (3.6.1-3.6.3 lentelés). Tyrimas buvo atliktas su 80, 50
ir 10 proc. EK tirpalais.
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3.6.1 lentelé. EK PR-2 (80 proc., 50 proc., 10 proc.) antimikrobinis efekty-
vumas (log R) pagal UNI EN 1656 ir UNI EN 1657 standartus

Testuojamieji Testuojama Rezultatai PR-2
mikroorganizmai suspensija 80 proc. 50 proc. 10 proc.
S. aureus 107%: > 330 —> 330*|Vc: > 330 —> 330 |Ve:>330->330 [Ve:>330->330
ATCC 6538 1077: 46-35% Na > 3300 Na > 3300 Na > 3300
N: 4,05 x 108 log Na > 3,52 log Na > 3,52 log Na > 3,52
No: 4,05 x 107 log R < 4,09 log R < 4,09 log R < 4,09
log No: 7,61 Ne aktyvu Ne aktyvu Ne aktyvu
S. uberis 107%:>330 ->330*%|Vc: <14 -<14  |Ve:<14-<14  |Ve:>330->330
ATCC 19436 1077: 42-30% Na < 140 Na < 140 Na > 3300
N: 3,60 x 10® log Na<2,15 log Na<2,15 log Na > 3,52
No: 3,60 x 107 log R > 5,41 log R > 5,41 log R < 4,04
log No: 7,56 Aktyvu Aktyvu Ne aktyvu
E. coli 10%:>330 ->330*%|Vc: <14 -<14 |Ve:<14-<14  |Vc:>330->330
ATCC 10536 1077: 44-49% Na < 140 Na <140 Na > 3300
N: 4,65 x 108 log Na <2,15 log Na=2,15 log Na > 3,52
No: 4,65 x 107 log R < 5,52 log R =5,52 log R < 4,15
log No: 7,67 Aktyvu Aktyvu Ne aktyvu
C. albicans 107%: > 330 —> 330*|Vc: > 330 —> 330 |Ve:>330->330 [Ve:>330->330
ATCC 10231 10°%: 49-46* Na > 3300 Na > 3300 Na > 3300
N: 4,75 x 107 log Na > 3,52 log Na > 3,52 log Na > 3,52
No: 4,75 x 109 log R< 3,16 log R <3,16 log R <3,16
log No: 6,68 Ne aktyvu Ne aktyvu Ne aktyvu
A. niger 107%: > 165 —> 165*|Vc: > 165 —> 165 |Ve: > 165 -> 165 |Vc: > 165 —> 165
ATCC 16404 1076: 22-20% Na < 140 Na < 1650 Na > 1650
N: 2,10 x 107 log Na > 3,22 log Na > 3,22 log Na > 3,22
No: 2,10 x 10° log R <3,1 log R <3,1 log R <3,1
log No: 6,32 Ne aktyvu Ne aktyvu Ne aktyvu

No — KSV/ml skaicius testuojamojoje suspensijoje; R — gyvybingumo sumazéjimas; Na — KSV/ml
skaiCius testuojamojoje suspensijoje po produkto antimikrobinio aktyvumo tyrimo procediros;
Ve — gyvybingy mikroorganizmy skaicius; N — KSV/ml skaicius pirmingje testuojamojoje suspensi-
joje;* — KSV testuojamos suspensijos skiediniuose.
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3.6.2 lentelé. JP-2 (80 proc., 50 proc., 10 proc.) antimikrobinis efektyvumas
(log R) pagal UNI EN 1656 ir UNI EN 1657

Testuojami Testuojama Rezultatai JP-2
mikroorganizmai suspensija 80 proc. 50 proc. 10 proc.
S. aureus 10%:>330->330% |Vc:<14—-<14 |Vc:<14—-<14 |Vc:<14—-<14
ATCC 6538 107: 40-46* Na < 140 Na < 140 Na < 140

N: 4,30 x 108 log Na<2,15 log Na <2,15 log Na<2,15
No: 4,30 x 107 log R > 5,48 log R > 5,48 log R > 5,48
log No: 7,63 Aktyvu Aktyvu Aktyvu
S. uberis 109 >330->330% |Ve:<14-<14 |Ve:<14—-<14 |Ve:21-16
ATCC 19436 1077: 40-40* Na < 140 Na < 140 Na =185
N: 4,00 x 108 log Na<2,15 log Na<2,15 log Na =227
No: 4,00 x 107 log R > 5,45 log R > 5,45 log R=5,33
log No: 7,60 Aktyvu Aktyvu Aktyvu
E. coli 109 >330->330% |[Ve:<14—-<14 |Ve:<14—-<14 |Ve:<1l4-<14
ATCC 10536 1077: 50-45% Na <140 Na <140 Na < 140
N: 4,75 x 108 logNa<2,15 logNa<2,15 logNa<2,15
No: 4,75 x 107 log R > 5,53 log R > 5,53 log R > 5,53
log No: 7,68 Aktyvu Aktyvu Aktyvu
C. albicans 10°%:>330->330*% |Ve:<14-<14 |Ve:<l1l4—-<14 |Ve:<l14-<14
ATCC 10231 10°: 48-47* Na < 140 Na <140 Na < 140
N: 4,75 x 107 logNa<2,15 logNa<2,15 logNa<2,15
No: 4,75 x 10° log R > 4,53 log R > 4,53 log R > 4,53
log No: 6,68 Aktyvu Aktyvu Aktyvu
A. niger 107%:> 165 —> 165* |Vc: > 165 —> 165 |Ve: > 165 —> 165 |Ve: > 165 —> 165
ATCC 16404 107%: 30-31* Na > 1650 Na < 1650 Na > 1650
N: 3,05 x 107 log Na > 3,22 log Na > 3,22 log Na > 3,22
No: 3,05 x 10° log R<3,26 log R<3,26 logR<3,1
log No: 6,48 Ne aktyvu Ne aktyvu Ne aktyvu

No — KSV/ml skaiCius testuojamojoje suspensijoje; R — gyvybingumo sumazéjimas; Na — KSV/ml
skaiCius testuojamojoje suspensijoje po produkto antimikrobinio aktyvumo tyrimo procediiros;
Vc — gyvybingy mikroorganizmy skaicius; N — KSV/ml skaicius pirmingje testuojamojoje suspensi-
joje; * — KSV testuojamos suspensijos skiediniuose.
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3.6.3 lentelée. EK CHD-2 (80 proc., 50 proc., 10 proc.) antimikrobinis efekty-
vumas (log R) pagal UNI EN 1656 ir UNI EN 1657

Testuojami Testuojama Rezultatai CHD-2
mikroorganizmai suspensija 80 proc. 50 proc. 10 proc.
S. aureus 107%:>330 ->330*%|Vc: <14 -<14 |Ve:<14-<14 |Vc: 189-171
ATCC 6538 107: 39-42% Na < 140 Na < 140 Na = 1800
N: 4,05 x 108 log Na<2,15 log Na<2,15 log Na=3,26
No: 4,05 x 107 log R > 5,46 log R > 5,46 log R =4,35
log No: 7,61 Aktyvu Aktyvu Ne aktyvu
S. uberis 10°%: > 330 —>330*|Vc: < 14-< 14  |Vc: <14-<14 Ve: >330 —>330
ATCC 19436 107: 38-48* Na < 140 Na < 140 Na >3300
N: 4,30 x 10® log Na<2,15 log Na<2,15 log Na > 3,52
No: 4,30 x 107 log R > 5,48 log R > 5,48 log R <4,11
log No: 7,63 Aktyvu Aktyvu Ne aktyvu
E. coli 10%:>330 —>330%|Ve: < 14—-<14 |Ve:<14-<14 |Vc: 18-<14
ATCC 10536 107: 42-46* Na < 140 Na < 140 Na < 160
N: 4,40 x 108 log Na<2,15 log Na<2,15 log Na <22
No: 4,40 x 107 log R > 5,49 log R > 5,49 log R > 5,44
log No: 7,67 Aktyvu Aktyvu Aktyvu
C. albicans 10°:> 330 —>330*|Ve: < 14—-<14 |Ve:<14-<14 |Vc:>330->330
ATCC 10231 10°6: 38-44* Na < 140 Na < 140 Na > 3300
N: 4,10 x 107 log Na<2,15 log Na<2,15 log Na > 3,52
No: 4,10 x 109 log R > 4,46 log R > 4,46 log R< 3,09
log No: 6,61 Aktyvu Aktyvu Ne aktyvu
A. niger 107%: > 165 —> 165*|Vc: > 165 —> 165 [Vc: > 165 —> 165 |Ve: > 165 —> 165
ATCC 16404 10°6: 28-32% Na> 1650 Na >1650 Na> 1650
N: 3,00 x 107 log Na> 3,22 log Na > 3,22 log Na > 3,22
No: 3,00 x 108 log R <3,26 log R <3,26 log R <3,26
log No: 6,48 Ne aktyvu Ne aktyvu Ne aktyvu

No — KSV/ml skaiCius testuojamojoje suspensijoje; R — gyvybingumo sumazéjimas; Na — KSV/ml
skaiCius testuojamojoje suspensijoje po produkto antimikrobinio aktyvumo tyrimo procediros;
V¢ — gyvybingy mikroorganizmy skai¢ius; N — KSV/ml skai¢ius pirminéje testuojamojoje suspensijo-
je; * — KSV testuojamos suspensijos skiediniuose.

Didziausig antimikrobinj aktyvuma turéjo EK JP-2, kurios sudétyje buvo
2,36 proc. jodo povidono (aktyvaus jodo kiekis 2500 ppm). Esant ir 10 proc.
koncentracijai vilgiklis slopino S. aureus, E. coli ir S. uberis referentiniy
kultiiry augima. 80 proc. ir 50 proc. EK CHD-2 tirpaly koncentracijos gerai
slopino testuojamy bakterijy augima, taciau 10 proc. Sio vilgiklio tirpalas
buvo veiksmingas tik prie§ E. coli. Tuo tarpu PR-2 80 proc. ir 50 proc. EK
tirpalai buvo antimikrobiskai aktyvis prie§ E. coli ir S. uberis referentines
padermes (log R = 5,52 ir log R > 5,41).
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Sukurta EK JP-2 slopino referentiniy C. albicans padermiy augimg. Tuo
tarpu EK PR-2 §iai referentinei padermei aktyvumo neparod¢, kaip ir 10 proc.
EK CHD-2 tirpalas. EK, kuriy sudétyje buvo pieno rigsties, bakterijy augima
slopino silpniau, lyginant su EK, kuriy sudétyje buvo jodo ar chlorheksidino.
Nei viena sukurta EK neslopino referentiniy A. niger padermiy augimo,
nepriklausomai nuo antiseptinés medziagos, esancios EK sudétyje. Gauti
rezultatai yra pateikiami 3.6.1-3.6.3 lentelése.

3.7. EK antimikrobinio poveikio in vitro su klinikinémis
mikroorganizmy kultiiromis tyrimo rezultatai

Palyginus testuojamy EK antimikrobinio aktyvumo duomenis in vitro
buvo nustatyta, kad EK pasizymejo skirtingu aktyvumu pries tiriamus mikro-
organizmus, aktyviausiai EK slopino S. aureus (20,27+ 3,29 mm), KNS pa-
dermes (23,90+3,16 mm) ir maziau efektyvios prie§ gramneigiamas bakte-
rijas (15,24+£2,94 mm, p < 0,05) (3.7.1 pav.).
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Mikroorganizmy rusis
PR-2 163 | 17,3 | 142 | 19,1 | 17,7 | 17,7 | 13,3 [18,25| 20,9 | 12,0 | 0,0 | 22,5
) %) 12,6 | 13,0 | 10,3 | 145 | 12,2 | 11,1 | 11,0 | 18,5 | 23,6 | 14,7 | 20,3 | 11,3
CHD-2 | 17,3 | 203 | 13,7 | 15,3 | 18,6 | 163 | 18,4 |24,07| 27,2 | 19,0 | 18,2 | 20,0

3.7.1 pav. Is gyvino aplinkos isskirty mikroorganizmy (n = 62) augimo
slopinimo zony dinamika, paveikus sukurtais speniy vilgikliais

* — statistiskai reikSmingi skirtumai tarp mikroorganizmy risiy (p < 0,05).
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Vertinant EK tyrimo rezultatus buvo nustatyta, kad testuojama EK, kuri
yra aktyvi prie§ viena mikroorganizma, nebiitinai bus aktyvi prie§ kita.
Aktyviausia prie§ visas naudotas tyrime bakterijas buvo EK CHD-2, jos
veikimas statistiSkai patikimai stipresnis (p < 0,05) prie§ gramneigiamas
bakterijas (buvo nustatyta 17,12+2,22 mm skaidri zona) ir prie§ gramtei-
giamas (22,57+3,78 mm). EK su chlorheksidinu gramneigiamy bakterijy
(E. cloacae, P. mirabilis, S. enterica, C. freundii, E. coli, P. aeruginosa)
augima geriau slopino (p < 0,05) nei EK su jodu (skaidriosios zonos vidurkis
12,40£1,3 mm, p<0,05). Taciau jos aktyvumas prie§ P. mirabilis ir
K. pneumoniae buvo zemesnis (skaidrios zonos vidurkis buvo 14,50+1,13
mm, p < 0,05) nei EK PR-2 (atitinkamai 16,65+3,47 mm) (3.7.1 pav.). Petri
lekstelese su EK PR-2 buvo nustatyta, kad prie§ gramneigiamas (16,51+
2,08 mm) ir prie§ gramteigiamas (18,41+4,62 mm) bakterijas ji buvo efekty-
vesné nei EK su jodo povidonu (atitinkamai 12,1041,43 mm ir 17,02+
5,28 mm, p < 0,05).

EK JP-2 tyrime buvo efektyvesnis nei kitos testuojamos eksperimentinés
kompozicijos prie§ mieliagrybi C. albicans (20,3+£0,28 mm, p < 0,05).

Ivertinus aktyvuma prie§ E. faecium buvo nustatyta, kad testuojamos EK
nepasizyméjo iSreikStu efektyvumu prie§ §j mikroorganizma. Efektyvesné
buvo EK CHD-2 (19,00+0,54 mm, p < 0,05) (3.7.1 pav.). Ivertinus aktyvuma
pries S. aureus buvo nustatyta, kad visos sukurtos EK pasizyméjo veikimu
prie§ §j mikroorganizmg (skaidriyjy zony vidurkis — 18,25-24,07 mm,
p <0,05). Pries E. coli aktyviausia — EK CHD-2 (20,30+£0,56 mm) ir EK PR-2
(17,30+0,34 mm, p < 0,05). PrieS KNS buvo aktyvios visos testuojamos EK,
buvo nustatytos placiausios slopinimo zonos — 20,9-27.2 mm (p < 0,05).
3.7.1 pav. pateikti duomenys leidzia teigti, kad efektyviausia EK yra CHD-2,
ji pasizymegjo stipriomis antibakterinémis ir mieliagrybio C. albicans augima
slopinanc¢ioms savybémis.

Ivertinus testuojamy EK aktyvuma prie§ P. zopfii kultiirg buvo nustatyta,
kad EK pasizyméjo skirtingomis savybémis prie§ §j mikroorganizmg. Po
48 val. inkubavimo termostate buvo matuotas augimo slopinimo zony skers-
muo. EK JP-2 aktyviai slopino P. zopfii augima dvi paras. EK JP-2 poveikyje
buvo nustatyta vidutin¢ slopinimo zona — 31,4+0,9 mm (p < 0,05), negausus
dumblio augimas buvo matyti tik puséje Petri leksteliy (3.7.2 pav.). Tesiant
inkubavimga termostate dar penkias paras buvo nustatytas l¢kstelése neinten-
syvus dumblio P. zopfii augimas, skaidriosios zonos skersmuo mazéjo iki
26,2+0,8 mm. 3.7.2 pav. pateikti duomenys leidzia teigti, kad EK JP-2 pasi-
zyméjo stipriomis P. zopfii augima slopinaciomi savybémis tyrime in vitro,
jo veikimas patikimai (p < 0,05) buvo efektyvesnis nei kity testuojamy EK.
EK CHD-2 efektyvumas prie§ P. zopfii buvo Zenkliai mazesnis (p < 0,05),
skaidri zona buvo 19,1+0,6 mm. EK PR-2 nebuvo nustatyta poveikio dumb-
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liui P. zopfii, nes po 48 val. inkubavimo termostate Petri l¢kstelése dumblis
augo, skaidriy zony nebuvo. EK su pieno riigS§timi neslopino dumblio

P. zopfii.

EK CHD-2 poveikis po 48 val. EK JP-2 poveikis P. zopfii kultiirai
inkubavimo P. zopfii po 48 val. inkubavimo

Skaidri zona\ \ Sulinélis Visiskas augimo slopinimas

3.7.2 pav. EK poveikio po 48 val. inkubavimo P. zopfii paderméms
vizualizacija (matomas skaidrios zonos skersmuo, susidares aplink
Sulinélius) (aut. nuotraukos)

3.8. Sukurty vilgikliy savybiu palyginimas

Sumodeliuoti naujos formuluotés vilgikliai buvo vienalytés homogeni-
nés iSvaizdos, reikiamo klampumo, puikiai dengé spenio oda. Turéjo oran-
zing, rudai oranzin¢ ir raudong spalvas, kas leidzia kontroliuoti speniy
antiseptikos atlikimg. Be to, bidingu iterpty augaly ekstrakty ar antiseptinés
medziagos specifiniu kvapu. Sumodeliuoty vilgikliy panasumai, skirtumai,
pritaikymas pateikti 3.8.1 lenteléje.
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3.8.1 lentelé. Sukurty EK vilgikliy savybiy palyginimas

Eksperimentinés JP-2 PR-2 CHD-2
kompozicijos
TeSmens higienai po melZimo
Paskirtis | Speniy antiseptika| Antimikrobinis poveikis
Speniy odos Drékina, minkstina speniy oda
priezifira
Spenio kanalo Formuoja apsauginj barjera
uzdarymas
Apsauga nuo Prevenciné priemoné
mastito
Sudétis | Veiklioji Jodo povidonas L-(+)-pieno rugstis | Chlorheksidino
medziaga digliukonatas
Veikliosios 2500 ppm (aktyvaus | 6,3 proc. 5000 ppm
medziagos jodo)

koncentracija EK

Stabilizatorius Ksantano lipai Ksantano lipai Guaro lipai
Odos minkstiklis, | Glicerolis, sorbitolis | Glicerolis, sorbitolis | Glicerolis
drekiklis
Augaliniai Vaistiniy ramunéliy | Vaistiniy medetky Méty eterinis aliejus,
komponentai ekstraktas ir s¢jamyjy avizy kastony ekstraktas
ekstraktai
Savybés | Spalva Rudai oranziné Oranziné Raudona
Kvapas Jodo Pieno rugsties Meéty eterinio aliejaus
Klampa 850-900 mPa-s 900-950 mPa-s 1450-1500 mPa-s
pH 2,1-2,3 2,6-2,8 5,8-6,1
ekstiiros savybiy palyginimas tarpusavyje
Kietumas Kieciausia EK, atspa- | Kietesné EK, atspari | Minks¢iausia EK, ma-
riausia mechaniniams | mechaniniams povei- |Ziau atspari mechani-
poveikiams kiams niams poveikiams
Konsistencija Tirs¢iausia, Tirsta, didesnio Maziausio tankumo

didziausio tankumo

tankumo

Klampos indeksas

Mazas klampos

Maziausias klampos

Didziausias klampos

indeksas trumpai indeksas trumpiausiai | indeksas, ilgiausiai
i8liks naudojimo i§liks naudojimo i§liks naudojimo
vietoje vietoje vietoje

Kohezija (lipnumas) Produkto dalelés Maziausia kohezijos | DidZiausia kohezijos

gerai sukibusias
tarpusavyje, méginys
iSlieka ilgai poveikio
vietoje, sudaro
tinkamo storio
plévele

(lipnumo) reik§me,
silpniausiai produkto
dalelés sukibusias tar-
pusavyje, méginys pa-
skleistas ant
pavirsiaus islieka
trumpiausiai

(lipnumo) reikSmé.
Geriausiai produkto
dalelés sukibusias
tarpusavyje, méginys
iSlieka ilgiau poveikio
vietoje, sudaro tinkamo
storio plévele
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3.8.1 lentelés tesinys

Eksperimentinés Jp-2 PR-2 CHD-2
kompozicijos
Tekstiiros savybiy palyginimas tarpusavyje

Tvirtumas (kietumas) ir Kietumas ir Slyties Kietumas ir Slyties Didziausias méginiy

Slyties jéga jéga méginiy viduje, |jéga méginiy viduje | kietumas ir Slyties jéga,
mazesné nei CH EK, | maZziausi, mazesné méginiy viduje labiau-
molekuliy saveika molekuliy saveika, siai didéja sukibimo
mazesneé, trumpiau trumpiausiai isliks jégos, padidéja moleku-
i8liks poveikio poveikio vietoje. liy saveika, dél ko EK
vietoje. ilgiau i8liks poveikio

vietoje

EK antimikrobinio poveikio in vitro testuotoms referentinéms kultiiroms (80 proc.)

Antibakterinis poveikis Aktyvu (logR>5) | Aktyvu (logR>5), |Aktyvu (logR>5)
i$skyrus S. aureus

Prie§ C. albicans poveikis | Aktyvu (log R >4) |Neaktyvu (log R <4) | Aktyvu (log R > 4)

Prie$ A. niger poveikis Neaktyvu (log R <4) | Neaktyvu (log R <4) | Neaktyvu (log R <4)
EK antimikrobinio poveikio in vitro testuotoms klinikinéms kultiiroms

Antibakterinis poveikis Aktyvus Aktyvus Aktyvus

Prie§ C. albicans poveikis | Aktyvus Neaktyvus Aktyvus

Pries P. zopfii poveikis Aktyvus Neaktyvus Aktyvus

Sukurti vilgikliai skirti mastito profilaktikai. Visi trys buvo antimikro-
biskai aktyvis prie§ testuotas referentines ir i§ karviy aplinkos iSskirtas
bakterijas. Stipresniu antimikrobiniu veikimu pasizymejo JP-2 ir CHD-2.
Efektyviausias prie§ P. zopfii veikimas nustatytas JP-2 vilgikliui. D¢l sufor-
muoto pakankamo ksantano (850-950 mPa:-s) ir guaro (1450—-1500 mPa-s)
lipy klampumo naujieji vilgikliai tolygiai denge spenius, laikési reikiama
laika, formavo apsauginj barjera. Be to, sudétyje esancios medziagos glice-
rolis, sorbitolis bei augaliniy vaistiniy medziagy priedai drékina, minkstina,
saugo speniy odg. Skirtingos sudedamosios dalys formavo vilgikliy tekstt-
rines savybes, kaip lipnuma, sukibima, tirStuma, kietuma. Tirs¢iausi, kieciau-
si, atspariausi mechaniniam poveikiui ksantano lipy sudétyje turintys JP-2 ir
PR-2 naujieji vilgikliai. Guaro lipy sudétyje turintis CHD-2 vilgiklis buvo
lipniausias ir klampiausias.
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4. TYRIMU REZULTATU APTARIMAS

Lietuvos pienininkystéje per 10 mety didéjo melziamy karviy bandos, o
kontroliuojamy karviy bandose i§ karvés primelziamo pieno kiekis iSaugo
27 proc. Didesnio produktyvumo karvés yra imlesnés teSmens infekcijai, o
teSmens sveikatingumas ir kokybiska pieno produkcija nulemia pieno verte.
Mastito sukeléjy, kurie kolonizuoja karviy spenius, skaicius turi tendencija
didéti didéjant karviy bandai [23, 210, 211]. Karviy mastito profilaktikai,
SLS ir BBS sumazinimui zaliaviniame piene svarbu naudoti vilgiklius po
melzimo. Naudojant vilgiklius speniy kanalai yra apsaugomi nuo mikroorga-
nizmy patekimo. Naujy vilgikliy po melzimo kiirimas, iSbandymas, pritaiky-
mas yra gyvulininkystés specialisty liikes¢iy ir poreikiy patenkinimas, o tai
nuolatinis i85tkis mokslui ir mokslo bendradarbiavimui su verslu.

Naujai sukurtuose speniy vilgikliuose yra tokiy komponenty kaip tirstik-
lis, antimikrobin¢ veiklioji medziaga, drékinamieji ir speniy odg saugantys
ingredientai bei pagalbinés technologinj vaidmen;j atliekanc¢ios medziagos.
Daugiausia démesio buvo skirta speniy vilgikliy svarbiausiems parametrams,
t. y. antimikrobiniam efektyvumui ir reologinéms savybéms, kad antiseptiné
medziaga iSlaikyty tinkama salyt] su spenio oda, nenutekéty. Antiseptiné
medZiaga yra vienas svarbiausiy speniy vilgikliy komponenty. Disertacinia-
me darbe, kuriant vilgikliy prototipus, antimikrobinés medZziagos pasirinktos
vadovaujantis Lietuvos teisés aktais [93] ir Europos Sajungos reglamentu [5]
bei zaliavy gamintojy rekomendacijomis [212], nes jos yra skirtos veterinari-
niy preparaty gamybai, tarp jy — ir vilgikliy po melzimo. Skirtingy veikliyjy
medZziagy naudojimas speniy vilgikliuose uztikrina platy antiseptikos spektra,
taciau atkreipiamas démesys, kad daugelyje komerciniy produkty, be daz-
niausiy veikliyjy medziagy (jodo, vandenilio peroksido, chloro, chlorheksi-
dino), yra junginiy, kurie gali sukelti odos dirginimg ir atsparuma bakterijoms
[7, 8]. Tod¢l kuriant naujus produktus ar ruosiant cheminius misinius svarbu
iSvengti minétos problemos — kuriamas produktas turi biiti nekenksmingas
gyvinui ir aplinkai. Speniy vilgikliams, kaip ir kitiems odos pavirSiaus anti-
septikams, cheminio miSinio klasifikavimas yra labai svarbus. Modeliuojant
naujos formulés speniy vilgiklius atsizvelgta j antimikrobinés medziagos kla-
sifikacijg pagal reglamenta (EB) Nr. 1272/2008 [87]. Pieno riigsties pasirin-
kima vilgiklyje PR-2 nulémé tai, kad ji yra placiai naudojama veterinarijos
srityje, pasiZymi aktyvumu prie§ gramteigiamas ir gramneigiamas bakterijas,
néra toksiska ar pavojinga medziaga, be to, nesukelia odos alerginés reakci-
jos, nedirgina. Fitzpatrick ir bendraautoriy [54] tyrime teigiama, kad speniy
mirkymo tirpalai su pieno riig§timi apsaugo speniy kanalg nuo galimy infek-
cijy ar uzdegimy, o susidariusi plével¢ veiksminga iki pirmojo plovimo.
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Vilgiklis PR-2 padengé spenio oda tolygia plévele, lygiu sluoksniu, formuo-
jamos plévelés likuciai buvo matomi ir po 12 val., o atlikti tyrimai in vitro
parod¢ vilgiklio PR-2 antimikrobinj efektyvuma.

Kita antiseptiné medziaga, kuri pasirinkta vilgiklyje JP-2, yra jodo povi-
donas, nes jodas ir jo junginiai taip pat placiai pritaikomi veterinarin¢je
medicinoje. Vienas placdiausiai paplitusiy naudojimo biidy — karviy speniy
antiseptika prie§ ir po melzimo proceso. Nurodoma, kad vilgikliuose jodo
pagrindu optimali aktyviosios medziagos koncentracija — 0,5—1,0 proc. [213,
214]. Palyginus vilgikliy veiksminguma, kuriuose buvo skirtinga jodo kon-
centracija (1 proc., 0,25 proc. ir 0,1 proc.), tyrime nenustaté reikSmingo skir-
tumo tarp naujy mastito atvejy pasireiSkimo skirtingose grupése, bei, kad
veikliosios medziagos koncentracija vilgiklyje nekoreliuoja su antimikro-
biniu efektyvumu [215]. Sumodeliuotas vilgiklis JP-2, turintis aktyviosios
medziagos tik 0,25 proc., kaip parode¢ atlikti tyrimai in vitro, buvo efektyvus
prie§ referentines ir klinikines mikroorganizmy padermes ir tuo paciu
ekonomiskas, nedidelés savikainos.

Be to, kaip teigiama tyrimuose, didesnés kaip 1 proc. jodo koncentracijos
speniy vilgikliai Zenkliai padidina jodo kiekj piene (80-100 pg/l) [213].
Jodas gali sukelti speniy odos dirginimg, todé¢l vilgiklyje bitini odg tauso-
jantys komponentai. Tuo tikslu panaudoti glicerolis, sorbitolis, vaistiniy ra-
muniy ekstraktas, kurie taip pat suteiké iSskirtinumo pries kitus rinkoje
esancius vilgiklius. Reikia pastebéti, kad vilgiklio su jodu privalumas tai, kad
jodas suteikia ryskig ruda spalva, dél kurios antiseptikas yra lengvai paste-
bimas ant odos. Be to, vilgiklyje panaudotas jodo povidono kompleksas
uztikrina jodo stabilumg ir maksimaly antiseptiniy savybiy iSlaikyma pro-
dukte, kg ir patvirtino atlikti aktyvaus jodo kiekio tyrimai stabilumo progra-
my metu bei in vitro antimikrobiniy savybiy tyrimai. EK JP-2 (2,36 proc.
jodo povidono) suformavo stabilig kokybiska barjering plévele, kuri, kaip
nurodyta kity tyréjy darbuose [115], yra svarbi mazinant klinikiniy ir subkli-
nikiniy mastity atvejy skaiciy bandoje.

Vilgiklyje CHD-2 kaip antiseptiné medziaga teSmens higienai po melzi-
mo parinktas chlorheksidino digliukonatas. Sio antiseptiko pasirinkima lemé
tai, kad chlorheksidinas nepatenka j gyvinines kilmés produktus, jam nenu-
statyta iSlauka, be to, chlorheksidinas gali buti naudojamas ir speniy odos
antiseptikai, ir pazeidimams gydyti. Chlorheksidinas gerai veikia dauguma
gramteigiamy ir gramneigiamy bakterijy, pasizymi plac¢iu antimikrobiniu
poveikiu, nedirgina odos. Si medziaga yra vienas pla¢iausiai naudojamy
antiseptiky veterinarijoje ir gyvulininkystéje. Tai stiprus bakterijy membrang
veikiantis agentas, slopinantis bakterijy spory augima. Jis pasizymi dideliu
aktyvumu pries E. coli [81, 216]. Vianna ir kt. [217], Gilbert, Moore [218] ir
Brookes ir kiti [219] tyré CHD skirtingy koncentracijy (0,2 proc., 1 proc. ir
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2 proc.) antimikrobinj aktyvuma prie§ patogeninius mikroorganizmus ir
nustaté, kad 2 proc. CHD buvo baktericidiSkai aktyvus prie§ S. aureus ir
C. albicans po 15 s poveikio. Jy duomenimis, baktericidinis poveikis E. faecalis
kulttirai fiksuojamas per 1 min. Evans ir kiti [220], Babickaité ir kiti [221]
tyré skirtingy koncentracijy CHD vilgiklj ir gelj. Jie atkreipé démesj, kad
norint pasiekti laukiamg rezultata svarbiausi veiksniai yra tinkama chlorhek-
sidino koncentracija ir salyCio laikas. Atlikti tyrimai su EK CHD-2 Siuos
teiginius patvirtino, nes naudota salyginai maza (0,5 proc.) CHD koncentra-
cija, be pridétiniy kity antimikrobiniy medziagy, pasizyméjo iSreikStu
antimikrobiniu efektyvumu prie$ dauguma testuoty referentiniy ir klinikiniy
mikroorganizmy padermiy.

Be antiseptinio poveikio, svarbus vilgiklio klampumas, t. y. reologinis
speniy vilgiklio parametras, atspindintis produkto kokybe [11, 85]. Todel
savo tyrime daug démesio skyréme klampos gavimui. Modeliuojamy kompo-
zicijy kirimo in vitro ir bandymo in vivo metu buvo iSkeltas uzdavinys
kei¢iant ir parenkant guaro, ksantano lipy koncentracijas sukurti efektyvius,
veiksmingus ir ekonomiskai naudingus speniy vilgiklius teSmens higienai po
melzimo. Sudarant kompozicijy receptiiras visada svarbu produkto kokybis-
kumas, stabilumas bei ekonomiskumas. D¢l Sios priezasties, vadovaujantis
zaliavos tiekéjo nustatytomis ribomis, bandymai atlikti nuo Zemiausios kon-
centracijos ir ji vis didinta, kol buvo pasiekta pageidaujama klampa sunau-
dojant optimaly tirstiklio kiekj. NustaCius pageidaujamg eksperimentinés
kompozicijos klampa, parinkus daziklius ir augalinius komponentus, buvo
atliktas tyrimas in vivo, kuris leido atrinkti technologiskai optimalias, ekono-
miskas modelivojamy vilgikliy kompozicijas. Atlikus tyrimg in vivo su
eksperimentinémis vilgikliy kompozicijomis atrinktos labiausiai iSsikeltus
tikslus atitinkancios kompozicijos, kurios ant spenio sudaré vientisg ir gerai
matoma apsauging plévelg, padengé spenio oda, laikési nustatyta laika ir
nudaz¢ speniy oda reikiama kontrolei spalva. Tokiu tyrimu buvo iSsiaiskinta,
kokia tirstiklio koncentracija reikalinga, kad biity gaunamas parametrus ati-
tinkantis klampus tirpalas, kuris sudaryty stabilig plévele ant spenio pavir-
Siaus, kad ant karvés speniy uZtepus $ias priemones susidaryty nenubégantis
laSas, kuris laikui bégant sudzitity ir sudaryty patvary barjera, saugantj spenio
kanalg nuo mikroorganizmy.

Vilgikliy klampa reguliuojama skirtingy tipy tirStikliais, pasirenkami
natiiraliis, pusiau sintetiniai arba sintetiniai polimerai, kurie pasizymi skirtin-
gomis fizikinémis savybémis [10]. Pagal tyré¢jus, jie parenkami kaip stabili-
zuojancios, emulsijas formuojancios medziagos, be to, pagerinanc¢ios produk-
to teksttirines savybes. Kuriant vilgiklius pasirinkti natiiralios kilmés tirStik-
liai, kurie, i$tirp¢ vandenyje, sudaré tanky hidrofiliniy polimery tinkla, dél to
susidaré¢ pakankamg klampg turintys tirpalai. Panaudoti tirStikliai tyrime
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in vivo pasizymejo geromis plévele sudaranciomis savybémis (formavo fizinj
barjera), o tai ypac svarbu kuriant veterinarinius speniy apsaugos produktus.
Be to, guaro ir ksantano lipai nepavojingi zmogaus sveikatai ar aplinkai ir
pagal reglamentg (EB) Nr. 1272/2008 néra klasifikuojami [87].

Kuriant eksperimentines formuluotes su pieno riig§timi ir jodo povidonu
pasirinkti ksantano lipai, o vilgikliui su chlorheksidinu — guaro lipai dél
gamintojo praktiniy rekomendacijy, geresnio suderinamumo su antimikro-
bine medziaga [212]. Ksantano lipy specifikacijoje nurodomas koncentra-
cijos intervalas yra platus — 0,5-2,5 proc. Istirti kiekvienos koncentracijos
Siame intervale klampuma uztruko daug laiko, bet reikalingos klampos
koncentracijos intervalas buvo iSbandytas in vivo ir nustatyta kaip pakankama
0,67 proc. koncentracija. Kaip nurodo tyréjai, ksantano lipai yra tirpts aukstos
ir Zemos temperatiiros vandenyje. Sio polimero tirpalai pasizymi unikalia
savybe islaikyti stabilius klampos parametrus didinant temperatiirg [132].

Guaro lipai atlieka ne tik tirStiklio vaidmenj, bet ir sudaro apsauging
plévelg, formuoja emulsijas ir stabilizuoja gaminj kiirimo metu [85].
Gaminiuose naudojamy guaro lipy kiekis svyruoja nuo 0,1 iki 0,3 proc. [222].
Naudojome hidroksipropilo guaro polimera C3HgO:2 x (izomerg), kuris yra
iSgrynintas ne joninis guaro dervos darinys. Jis veikia kaip puikus tirStiklis
kosmetikos preparatuose, kuriuose yra daug poliniy tirpikliy. Jis taip pat
veikia kaip O/V emulsijos stabilizatorius ir ypa¢ naudingas stabilizuojant
emulsijas, kuriose yra alkoholio [212]. Dél savo polimerinés struktiiros Sis
guaro darinys palieka Svelny pojiiti po uztepimo ant odos [222]. Tyrimo metu
hidroksipropilo guaro lipy modeliuojamame vilgiklyje pakako 0,89 proc. Si
tirStiklio koncentracija iSlaiké sumodeliuoto produkto fizikines savybes
stabiliose ribose, t. y. stebint 1 metus po pagaminimo. Tyréjai nurodo, jog
guaro lipai tirpalg pradeda tirstinti, kai pH reikSmé yra Zemiau 6,0, o guaro
lipy tirpumas ir klampos sudarymo laipsnis didéja mazéjant daleliy dydziui,
pH ir kylant temperattirai [129]. Taciau svarbiausia $io tirStiklio charakte-
ristika — gebé&jimas iSbrinkti ir suteikti tirpalui klampa Zemoje temperattiroje.
Todél sumodeliuota kompozicija su CHD veiksminga esant iki —5 °C aplin-
kos temperatirai. Tyréjai taip pat teigia, kad guaro lipy polimeras yra stabilus
placiame pH reikSmiy intervale, kai tirpalai yra laikomi kambario tempera-
turoje. Greitas tirStumo sumaz¢jimas pastebimas rugstinéje terpe¢je, esant
aukStai temperatiirai [ 130]. Misy atveju modeliuojamy PR-2 ir JP-2 vilgikliy
tiek realaus laiko, tiek apsunkintomis tyrimo salygomis pH ribos isliko nepa-
kite, o taip pat ir klampos rodmuo kito nezenkliai.

Kumar ir kiti [194] nurodo, kad pagalbiniy medziagy parinkimas yra
svarbus kuriant iSoriSkai ant odos naudojamus produktus. Kiekvienas ingre-
dientas gaminyje atliecka savo funkcijg. Tinkamai parinkus pagalbines
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medZziagas galima veiksmingai suformuoti stabilias sistemas. Modeliuojant
vilgikliy formuluotes izopropilo alkoholis ir polisorbatas 20 buvo pasirinkti
kaip technologinés medziagos, kurios puikiai maiSosi su kitais ingredientais.
Si izopropilo alkoholio savybeé leidzia jj naudoti tirpinant daugelj organiniy
junginiy, jis daznai naudojamas kaip tirpiklis farmacijoje ir kosmetikoje [170,
171]. Sis alkoholis taip pat naudojamas kaip antiseptiné priemoné, nes nelei-
dzia daugintis mikroorganizmams [223].

Kaip emolientai buvo pasirinkti glicerolis ir sorbitolis, nes Sios medzia-
gos intensyviai drékina ir minkStina speniy oda, apsaugo nuo nepalankiy
aplinkos salygy, atkuria barjering odos funkcija. Sios medziagos ypa¢ daznai
aptinkamos veterinariniuose produktuose, kurie skirti naudoti ant odos
pavirsiaus. Glicerolis drékina raginj odos sluoksnj, didina elastinguma, saugo
nuo iSoriniy dirgikliy, gerina Zzaizdy gijima. Yra duomeny, kad glicerolis taip
pat gali turéti antimikrobinj poveikj [137]. Dazikliai skirti tam, kad biity
paliktas jrodymas, jog higiena po melzimo atlikta. Kosmetikoje ir maisto
pramonéje naudojamy dazikliy parinkimas modeliuojant EK vilgiklius PR-2
ir CHD-2 pasiteisino, nes suteiké ryskia, stabilig spalva, deréjo su kitomis
sudedamosiomis dalimis, nesikristalizavo.

Modeliuojant vilgiklius dél jusliniy savybiy, didelio antioksidacinio ir
antimikrobinio aktyvumo bei savity naudingyjy biologiSkai aktyviy medzia-
gy juose buvo panaudoti augaly ekstraktai. Augaly ekstraktai ir jy veikliosios
medziagos jeina j farmaciniy produkty sudéti dél antioksidaciniy, prieSuzde-
giminiy, antibakteriniy, zaizdy gijimg skatinanciy savybiy ir kity zinomy
biologiniy poveikiy. Literatiiroje nurodoma, kad augaliniai ekstraktai odos
prieziliros priemoniy gamyboje gali pakeisti sintetinius konservantus. Kai
kurie augaliniai ekstraktai praturtina antioksidantais, apsaugo nuo mikroorga-
nizmy augimo ir vystymosi 3 ménesius. Augaliniai ekstraktai ir jy kompo-
nentai gali buti naudojami kaip technologing funkcija atliekantys ingredientai
(klampos modifikatoriai, konservantai, pavirSiui aktyvios medziagos), sie-
kiant pakeisti ar sumazinti sintetiniy ingredienty kiekj farmacinése formose.
Teigiama, kad augaliniy ekstrakty jterpimas j emulsijos sudétj sustiprina
emulsijos stabiluma, kokybe [224].

Séjamyjy avizy sékly (4vena sativa L.) ekstraktas buvo pasirinktas ir
jterptas j vilgiklio PR-2 sudétj del gerai Zinomy ir moksliniais tyrimais
irodyty oda minkstinanciy ir drékinanciy savybiy [169, 225] bei dél augalinés
kilmeés B-gliukany antioksidacinio, odos gijimg skatinancio, drékinancio
poveikio odai, bet ir atlieka technologing funkcija — modifikuoja farmacinio
ar kosmetinio produkto klampa [167]. Pasirinkimg nulémé duomenys, kad
daugianarés emulsijos, stabilizuotos augaliniais ekstraktais, kambario tempe-
ratliroje neiSsisluoksniuoja net 2 metus, pageré¢ja pagrindo savybés ir meginiy
stabilumas. Vaistiniy medetky ekstraktas minkstina oda, dél augale esanciy
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flavonoidy turi prieSuzdegiminiy savybiy. Kastony ekstraktas stiprina teSmens
odos kraujagysles, normalizuoja kraujotaka, mazina speniy pabrinkima, deél
sudétyje esancio escino veikia prieSuzdegimiskai. Kastony ekstraktas gerina
odos elastinguma, padeda sergant odos ligomis, be to, B-escinas lemia pries-
edeminj ir vazoprotekcinj poveikj, kuris slopina uzdegima, maZzina patinima
ir malSina skausma [163, 164]. Ramun¢liy ekstraktas turi antiseptiniy, anti-
bakteriniy ir prieSgrybeliniy savybiy, ramina sudirgusig oda, skatina odos
lasteliy atsinaujinima, veikia kaip Svelni antiseptiné priemone, regeneruoja
oda, mazina niezulj. Méty eterinis aliejus maloniai vésina oda, atbaido vabz-
dzius, veikia prieSuzdegimiskai, pasizymi specifiniu dezodoruojanciu kvapu
ir uztikrina vésinantj, stimuliuojantj, Sildantj ir gaivinantj poveiki [226]. Jis
saveikauja su Salc¢iui jautriais TRPMS receptoriais odoje, kurie yra atsakingi
uz vésinimo efekto jutimg [227]. Méty eterinio aliejaus sudedamoji dalis
mentolis turi antiseptiniy, antivirusiniy savybiy, kurios stabdo mikroorga-
nizmy ir grybeliy augimag [228]. Augaliniai priedai naujose vilgikliy formu-
luotése parinkti terapiniam poveikiui sustiprinti, speniy odos vésinimui,
drékinimui ir minkS$tinimui. Tai svarbu, nes preparatai, kurie veikia odos
pavirSiuje, turi pasizyméti antiseptiniu ar apsauginiu poveikiu [229].

Naujy vilgikliy formuluociy kiirimo metu vadovautasi Europos cheminiy
medZziagy agentiiros parengtomis biocidiniy produkty reglamento gairémis
[87]. Pagal jas speniy vilgiklis turi pasizymeéti stabiliais fizikiniais rodikliais,
t. y. kompozicijos stabilumas turi iSlikti visg produkto galiojimo laikotarpi,
nes nesant pakankamam stabilumui vilgiklis gali prarasti antiseptines savy-
bes. Be to, norint Europos Sajungoje iregistruoti biocidinj produkta biitina
pateikti stabilumo tyrimy rezultatus, pagal kuriuos nustatoma biocidinio pro-
dukto galiojimo trukmé. Stabilumo tyrimy svarba yra apibrézta reglamentu
(ES) Nr. 528/2012 [5]. Stabilumo jvertinimas yra sunkiausia uzduotis mode-
liuojant naujas formuluotes. Siekiamybé¢ yra sumodeliuoti tokia kompozicija,
kuri laikymo metu i$laiko savo struktiirg bei vilgymo metu lengvai pasiskirsto
ant odos. Stabilumo tyrimai jvertina produkty kokybe viso galiojimo laiko
metu. Produktui nesant stabiliam veikliosios medziagos gali chemiSkai
pakisti ir produktas gali prarasti antiseptines savybes. Kai sumazéja klampa
vilgiklyje, nesusiformuoja plévelé ant spenio odos, kuri i$laiko aktyvigsias
medZziagas salycio vietoje. Tiek realaus laiko, tiek pagreitinto stabilumo prog-
ramos testai skirti patikimai jvertinti Siuos aspektus: gaminiy fizinj ir mikro-
biologinj stabilumg. Atlikus EK méginiy stabilumo tyrimus ir jvertinus gautus
rezultatus nustatyta, kad vilgikliai i§laiké stabilumg rekomenduojamomis ir
stresinémis saglygomis, méginiy pH ir klampumo rezultatai buvo stabilis, t. y.
laikymo salygos neturéjo reikSmingos jtakos reologinéms savybéms ir fizinei
produkto iSvaizdai. Realaus laiko stabilumo tyrimas, kuris paprastai trunka
dvejus metus, svarbus, kad biity jmanoma vertinti fizikiniy savybiy pokytj ir
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leidzia pagristi biocidinio produkto tinkamumo naudoti terming. PR-2 ir
JP-2 vilgikliai islaiké savo stabilias fizikines savybes dvejus metus. Sumo-
delivoty vilgikliy spalva, homogeniSkumas ir kvapas stabilumo programy
metu i8liko nepakite, neatsiskyré produkto fazes. Kity moksliniy tyrimy metu
nustatyta, kad klampa maz¢ja ilgéjant laikymo trukmei [230]. Sumodeliuoty
CHD-2, PR-2 ir JP-2 vilgikliy formuluociy tyrimo metu tai buvo patvirtinta
(p <0,05), be to CHD-2 vilgiklis realaus laiko programose stabilus buvo tik
metus. Sukurto vilgiklio duomeny skirtumai nustatyti po 24 ménesiy, kai pH
verté sumazejo iki 5,2-5,3 visose serijose (p < 0,05). Tolimesnio steb¢jimo
laikotarpiu Sis produktas kito vizualiai, neiSlaike fizikiniy savybiy.

Produktui, kuris naudojamas ant odos, yra labai svarbus pH, nes veikia
iprastas odos lasteliy funkcijas, turi jtakos epidermio apsauginéms funkcijos,
keratinizacijos procesams, sudaro palankias salygas vegetuoti jprastai odos
mikrobiotai [229, 231]. Modeliuojamy vilgikliy formuluoc¢iy pH reikSmés
abiejose stabilumo tyrimo programose nereik§mingai keitési j rugsting puse,
o pagreitintos eksperimento saglygos neturi statistiSkai reikSmingos jtakos pH
vertei — PR-2 ir JP-2 vilgikliy pH verté svyravo stabiliose, produktui biidin-
gose ribose. Sumodeliuotose formuluotése stebétas klampos parametry kiti-
mas, bet vilgikliai laikymo metu neprarado pirminés strukttiros. Modeliuoja-
muose speniy vilgikliuose mikrobiologinis uzterStumas realaus laiko ir pa-
greitinto stabilumo programy metu nebuvo aptiktas. Farmaciniy produkty
mikrobiologiné kokybés kontrolé yra biitina siekiant uZztikrinti jy sauga
aplinkai, gyviinams ir juos naudojanciy sveikatai.

Gaminant speniy vilgiklius siekiama, jog jy tekstiira pasizyméty estetiska
iSvaizda ir tinkamomis mechaninémis savybémis — tolygiai ir lengvai pasi-
skirstyty ant pavirSiaus, tam tikrg laiko tarpa ilikty naudojimo vietoje, biity
patogu produkta paimti i§ talpyklos. Tekstiiros analizés metu gauti duomenys
apibiidina svarbiausius produkty fizikinius mechaninius parametrus, pagal
kuriuos galima objektyviai vertinti preparaty juslines savybes. Teksttiros ana-
lizés tyrimas atliktas siekiant nustatyti, kuris i$ tiriamyjy preparaty méginiy
pasiZymi geriausiomis ir naudojimui priimtiniausiomis teksttiros savybémis,
juos tarpusavyje palyginti. Sumodeliuoto vilgiklio JP-2 su jodo povidonu ir
ksantano lipais méginiai buvo kieciausi, tvirCiausi, tirS¢iausi. Vilgiklio
CHD-2 méginiams nustatyta didesné kohezijos jéga, vadinasi, méginiai lip-
nesni, gerai laikysis ant spenio, sudarys plévelg. Tai vienas pagrindiniy
tekstiiros reikalavimy vilgikliams. Be to, vilgiklio CHD-2 méginiy klampos
indeksas buvo didziausias, parodé meginio atsparumg atsiskyrimui ir nubégi-
mui. Kuo didesné $i verté, tuo didesnés jégos reikia méginiui suardyti ir
méginys nenubégs nuo spenio, susidarys pakankamo storio plévelé. Vietiskai
ant spenio naudojamiems vilgikliams rekomenduojama rinktis sudétis, pasi-
zymincias mazesniu kietumu ir maZesne konsistencijos reikSme, taciau dides-
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némis klampos indekso ir kohezijos reikSmémis. Tokie preparatai tolygiai
pasiskleis ant spenio, sudarys tinkamo storio ir tvirtumo pléveles, ilgiau isliks
poveikio vietoje. Todél apibendrinant tekstiiros analizés rezultatus nustatyta,
kad geriausiomis tekstiirinémis savybémis pasizyméjo EK CHD-2. Siuos
tyrimo rezultatus pagrindzia tiek tepumo, tiek atgalinio iSstimimo testo
rezultatai.

Siekiant iSanalizuoti antiseptiniy medziagy skvarbos j oda galimybes
buvo atliktas skvarbos j oda ex vivo tyrimas i§ antiseptiniy medziagy stan-
darty tirpaly bei 1§ pasirinkto vilgiklio. Tyrimai atlikti lyginant skvarba |
sveika speniy oda. Gauti rezultatai parodé, jog prasiskverbes i oda CHD
kiekis buvo mazesnis uz nustatymo riba. Miisy tyrimo duomenys sutampa su
kity autoriy duomenimis, paskelbtais mokslin¢je literaturoje. Kakadia ir
Conway [232] nurodo, jog chlorheksidino digliukonatas (CHD) yra placiai
naudojamas antiseptikas, skirtas odos lokalinei antiseptikai, nes pasizymi
maza skvarba | oda. Jy tyrime po 24 valandy poveikio CHD buvo nustatytas
tik odos virSutiniuose 100 um pjivivose (7,88+1,37 pg/mg), dar mazesni
kiekiai nustatyti (maziau nei 1 pg/mg) 300 um gylyje. Nebuvo nustatyta CHD
prasiskverbimo per visg odos storj. Kirkby su bendraautoriais [233] nurodo,
kad vandeninis CHD tirpalas pras€iau nei tirpalas izopropilo alkoholyje
prasiskverbia i gilesnius odos sluoksnius. Autoriai mazg CHD skvarba | oda
aiSkina junginio didele molekuline mase (897,8 g/mol), mazu log P (0,0133)
ir jonizacijos biisena esant fiziologinei pH reik§mei, mazu CHD ir kity sude-
damyjy daliy afinitetu. Tyréjai taip pat teigia, kad CHD koncentracijos didini-
mas preparate padidina CHD prasiskverbimg in vitro. Jy nuomone, didesné
vaisto koncentracija ant odos pavirSiaus padidina spontaniska daleliy judéji-
m3g i§ didelés koncentracijos srities (odos pavirSius) i1 mazos koncentracijos
sritj (gilesni odos sluoksniai). Be to, autoriy teigimu, padidéjes vaisto klam-
pumas sumazina laisva vaisto daleliy jud¢jima formuluotéje, sumazina vaisto
daleliy sgveika su odos pavirSiumi, tuo paciu maziau difunduoja per barjera.
PR-2 ir CHD-2 vilgikliuose klampa skyrési. Miisy sumodeliuotame vilgiklyje
CHD-2 guaro lipai suteiké produktui 1,6 karto didesn¢ klampg nei PR-2
vilgiklyje su ksantano lipais. Pieno rtgsties i§ PR-2 vilgiklio skvarba buvo
patikimai zemesné nei kontrolinio tirpalo. Taciau pieno riigSties skvarba j oda
i§ vilgiklio PR-2 buvo statistiskai reikSmingai didesné nei vilgiklio su CHD-2.
Vilgiklio PR-2 sudétyje yra beveik du kartus didesnis glicerolio kiekis bei
sorbitolio priedas. Pastarosios medziagos gali veikti kaip cheminis skvarbos
skatintojas, iSstumdamos vandens molekules i$ tarplgstelinés erdvés, padidin-
damas medziagy pasiskirstymo koeficientg ir tirpuma raginiame sluoksnyje.
Tai hipoteze, kurig ateityje reikty tirti. Be to, i§ vilgiklio PR-2 per 8 val.
prasiskverbé 9,86 proc. pieno riigSties. Tai inicijuoja papildomus tyrimus,
kokios jtakos pieno riigsties skvarbos kinetikai turéjo vilgiklio klampa bei
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kitos farmakologinés sudéties medziagos. Kobayashi ir kiti [234] teigia, kad
rugstys gali prasiskverbti | oda dél savo mazos molekulinés masés, o absorb-
cija linkusi didéti, kai pH maz¢ja. Jy tyrime patvirtinta, kad skvarba | oda
didZiausia, kai junginyje yra L-pieno rigsties, etanolio ir izopropilo miristato
derinys (LEI sistema). L-pieno riigties arba etanolio sgveika padidino ragi-
nio sluoksnio pralaidumo koeficienta. Tyréjai pri¢jo prie iSvados, kad izopro-
pilo miristatas daugiausia daré¢ poveikj raginio sluoksnio lipidy domenui,
etanolis padidino vaisto prasiskverbimg i visa odos sriti; L-pieno riigstis
paveiké raginio sluoksnio vandeninj domeng ir po jo esantj sluoksnj.

Tyrimas ex vivo leido jvertinti ir palyginti antiseptiniy medziagy atpalai-
davimg 18 skirtingos sudéties vilgikliy. Pasitelkiant §j tyrimo metoda galima
optimizuoti vietinio poveikio speniy vilgikliy sudétis, atrinkti sudedamasias
dalis, parinkti vaistines medziagas, kurios neskatinty skvarbos ir veikligsias
medZziagas palikty neperéjusias raginio sluoksnio. Moksliniai tyrimai, tyriné-
jantys skvarbos i oda procesus su skirtingomis medziagomis, teigia, kad afini-
teto laipsnis tarp tirpiklio ir besiskverbian¢io komponento yra vienas svar-
biausiy faktoriy, lemianciy skvarba i oda [233]. Todél komponuojant
vilgikliy sudétis labai svarbu jvertinti visy sudedamyjy daliy kaip skvarbos
skatintojy vaidmenj. Be to, tyrime ateityje reikia analizuoti vilgikliuose
esanciy augaliniy priedy skvarbos rezultatus, jy skvarbos itaka i odos pavir-
Sinius ar gilesnius sluoksnius.

Ne visi karviy speniy antiseptikai po melzimo veiksmingi [235], todél
prie§ pradedant juos naudoti gamybinémis saglygomis pirmiausia reikéty istirti
in vitro ir nustatyti, kaip Sios medziagos veikia iikyje vyraujancius mastity
sukelejus. Tyrime, kurj atliko Fitzpatrik ir kiti [54], buvo nurodyta, kad Euro-
pos Sajungos valstybése narése turi biiti bendras speniy antiseptiky vertinimo
standartas. Europos standartas BS EN 1656 ir BS EN 1657 naudojamas jvai-
rioms dezinfekcinéms ir antiseptinéms priemonéms palyginti. Atlikome
tyrimg pagal Siuos standartus sumodeliuotiems vilgikliams. Misy sukurti
speniy vilgikliai turé¢jo antimikrobinj poveikj. Tiriant pagal EN standartus
vilgikliy 80 proc. ir 50 proc. koncentracijos turéjo baktericidinj aktyvumag
etaloninéms kultiroms (log R > 5). Efektyviausias antimikrobinis poveikis
nustatytas sumodeliuotam vilgikliui JP-2. Pastarojo vilgiklio 80 ir 50 proc.
koncentracijos slopino S. aureus (log R >5,48), S. uberis (log R > 5,45),
E. coli (logR>5,53) ir C. albicans (log R >4,53) padermiy augimg, Sio
vilgiklio 10 proc. koncentracija taip pat buvo efektyvi, taciau neveiké pries
A. niger grybelio paderme. Vilgiklio PR-2 80 proc. ir 50 proc. tirpalai efekty-
viis pries S. uberis ir E. coli padermes. Mazos 10 proc. vilgikliy koncentra-
cijos buvo mazesnio antimikrobinio efektyvumo. Visi trys sumodeliuoti spe-
niy vilgikliai gali buti vertinami kaip perspektyvi priemoné karviy teSmens
infekcijy, kurias sukelia daugybé bakterijy rasiy ir tik kai kuriais atvejais —
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grybeliai, profilaktikai. Apibendrinus mikrobiologiniy tyrimy su referentiné-
mis mikroorganizmy kulttiromis rezultatus sukurtiems vilgikliams dar atlikti
papildomi tgstiniai mikrobiologiniai tyrimai su klinikinémis mikroorganizmy
padermémis i§ karviy aplinkos. Tyrime vilgikliams nustatytas iSreikstas anti-
mikrobinis veikimas prie$§ gramteigiamas ir gramneigiamas bakterijas, mieles.
Didesniu antimikrobiniu efektyvumu EK slopino S. aureus, KNS padermes.
Taciau, priklausomai nuo testuojamoje EK sudétyje esancios antimikrobinés
medZziagos, aktyvumas pries skirtingus mikroorganizmus jvairavo. Aktyviau-
sia prie$ visas naudotas tyrime bakterijas buvo EK CHD-2. Si EK su chlor-
heksidinu gramneigiamy bakterijy augima geriau (p < 0,05) slopino nei EK
su jodu. Taciau jos aktyvumas prie§ P. mirabilis ir K. pneumoniae buvo
zemesnis nei EK PR-2. Sumodeliuotas vilgiklis JP-2 pasizyméjo efektyvumu
pries S. aureus, KNS, C. albicans bei zenkliai iSreikStomis prie§ P. zopfii
savybémis tyrime in vitro. Kai tuo tarpu vilgikliui PR-2 nenustatyta poveikio
dumbliui P. zopfii.

Per pastaruosius metus tyréjai analizavo daugelj speniy vilgikliy, jy
sudétis, efektyviausias antimikrobines medziagas. Daugiausia analizuojama
pieno riigstis, jodo povidonas, chlorheksidinas. Airiy mokslininky atliktame
iSsamiame tyrime [54] nurodoma, kad vilgikliai su chloro dioksidu ir jodu ar
1,6 proc. m/m pieno rugsties ir vandenilio peroksidu veiksmingiausiai suma-
zino streptokoky kiekj ant speniy. Taip pat vilgikliai su jodu ir pieno ragstimi
ar pieno rigsties ir 0,6 proc. m/m chlorheksidinu sudétyje, lémé didZiausia
stafilokoky sumazéjimg. Vilgikliai, kuriy sudétyje yra 2,4 proc. pieno rugs-
ties, 0,29 proc. jodo arba 0,8 proc. pieno rigsties ir 0,5 proc. jodo veiksmin-
giausi pries S. uberis padermes. Jy tyrime konstatuota, kad nenustatyti reiks-
mingi skirtumai tarp veiksmingumo ir veikliyjy medziagy koncentracijos
vilgiklyje. Vilgikliuose PR-2, CHD-2, JP-2 parinktos nedidelés veikliyjy
medziagy koncentracijos suformulavo optimaly modelj su pakankamu anti-
mikrobiniu efektu.

Sukurti originalios skirtingos sudéties karviy teSmens higienai po mel-
zimo skirti vilgikliai. Siy tyrimy pagrindu pradéti gaminti PROFIDIP linijos
produktai (gamintojas UAB Ruvera). Sukurti produktai buvo pirmieji Lietu-
voje, sudar¢ konkurencijg jveztiniams speniy vilgikliams. Vilgikliy kiirimo
nustatant vilgikliy stabiluma, reologines ir tekstiirines savybes, antiseptiniy
medziagy skvarbg | oda, antimikrobinj efektyvumg. Gauti tyrime rezultatai
yra svarbiis s¢kmingai karviy speniy higienai po melzimo skirty produkty,
naudojamy ant odos, kiirimui ir optimizavimui. Remiantis atliktais tyrimais,
gautais rezultatais, ateityje bus siekiama kurti vilgiklius, natiiraliy ir ekolo-
giSky medziagy pagrindu, biitinus tvarios pieninés gyvulininkystés plétotei.
Tyrimy tegstinumas buty vilgiklio atitinkancio reglamento ES 2021/1165
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modeliavimas ir vertinimas. Atlikti tyrimai jrodé¢, kad antiseptinés medzia-
gos, esancios vilgikliy sudétyje, skirtingai veikia antimikrobiskai, todel pries
naudojima biitina jvertinti tkyje cirkuliuojan¢iy patogeniniy mikroorga-
nizmy paplitimg. Gauti biofarmaciniy tyrimy ex vivo rezultatai pagrindzia ir
jvertina antiseptiniy medziagy bei vilgiklio klampa formuojanciy sudeda-
myjy daliy skvarbos j oda skirtumus ir désningumus.
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ISVADOS

Eksperimentiniy tyrimy metu sumodeliuotos devynios eksperimentinés
kompozicijos (EK), derinant skirtingas antimikrobines medziagas (pieno
rugsti (PR-1, PR-2, PR-3), jodo povidong (JP-1, JP-2, JP-3) ir chlorhek-
sidino digliukonatg (CHD-1, CHD-2, CHD-3) su natiiraliais tirstikliais,
dazikliais ir augaliniais ekstraktais.

EK PR-2 ir JP-2 (ksantano lipy kiekis sudétyje — 0,67 proc.) ir EK CHD-2
(guaro lipy kiekis sudétyje — 0,89 proc.) palyginamojo tyrimo metu pasi-
Zyméjo geriausiomis reologinémis savybémis: matomai nudazé bei
tolygiai padengé speniy oda, laSas laikesi nustatytg laikg ir formavo fizinj
barjera.

Nustatyta, kad:

3.1. EK PR-2 ir JP-2 (kambario temperatiiroje) iSlieka stabilios ne maziau
nei 24 mén., o CHD-2 — ne maziau kaip 12 ménesiy laikotarpi.
Visose EK tarp klampos ir pH parametry nustatyti statistiSkai
reikSmingi tiesiskai stipris rySiai (koreliacijos koeficientas r = 0,986
(p <0,001).

3.2. Geriausiomis tekstiiros savybémis pasizyméjo EK CHD-2, kurioje
klampa suformuluota hidroksilpropilo guaro lipy pagalba. Tai lémé
mazesnj produkto tir§tumg ir tankuma (p < 0,05), taciau tuo paciu jis
buvo lipnesnis ir ilgiau iSliekantis ant spenio pavir§iaus. Guaro lipai
léme galimybe EK CHD-2 formuoti lipnesn¢ ir optimalaus storio
plévele.

3.3. Nustatyta skirtinga antiseptiniy medziagy skvarba j karviy speniy

oda:

3.3.1. pieno rugstis skverbiasi | speniy odg i§ EK PR-2 1,6 karto
(p <0,05) maziau, nei i§ kontrolinio pieno riigsties tirpalo
metanolyje. Odos raginis sluoksnis sudaré¢ dalinj barjera
vilgiklio antimikrobinei medziagai prasiskverbti;

3.3.2. chlorheksidinas i§ CHD-2 vilgiklio nesiskverbia j spenio oda
ir licka ant odos pavirSiaus, uZztikrindamas lokalig speniy
odos antiseptik3.
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4. Nustatyta, kad:

4.1. EK PR-2, JP-2 ir CHD-2 buvo baktericidiskai ir fungicidiskai akty-
vios nustatant poveikj referentinéms bakterijy ir mieliagrybio
C. albicans kultiroms, tik referentiné grybelio A. niger paderme
buvo atspari testuojamiems vilgikliams;

4.2. antimikrobiskai aktyviausia yra EK JP-2, net ir 10 karty atskiesta Si
EK slopino referentiniy kulttry S. aureus, E. coli ir S. uberis augima;

4.3. EK PR-2, JP-2 ir CHD-2 buvo efektyvesnés prieS klinikines
S. aureus ir KNS padermes, taciau silpniau veiké gramneigiamas
bakterijas, tuo tarpu, EK CHD-2 tur¢jo platy veikimo spektrg ir buvo
efektyvi prie§ visas tirtagsias bakterijas;

4.4. patogeninius dumblius (P. zopfii) geriausiai veiké EK JP-2.
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REKOMENDACIJOS

Atrinktus eksperimentinius vilgikliy prototipus su skirtingomis veiklio-
siomis medziagomis rekomenduojama naudoti komerciniy preparaty
gamybai.

Komercinj vilgiklj, pagaminta prototipo JP-2 jodo povidono pagrindu,
rekomenduojama naudoti karviy speniy antiseptikai, bandoje, kurioje
mastitus sukelia S. aureus, KNS, S. uberis, P. zopfii ir C. albicans.

Komercinj vilgiklj, pagaminta prototipo CHD-2 chlorheksidino pagrin-
du, rekomenduojama naudoti, kai tarp mastitus sukelian¢iy mikroorga-
nizmy dominuoja S. aureus bei aplinkos patogeniniai mikroorganizmai,
kaip S. agalactiae, KNS, E. coli, K. pneumoniae, E. cloacae, P. aerugi-
nosa, P. mirabilis, S. enterica, C. freundii, E. faecium, P. zopfii, C. albi-
cans.

Komercinj vilgiklj, pagamintg prototipo PR-2 pieno riigsties pagrindu,
rekomenduojama rinktis, kai mastitus sukelia aplinkos patogeniniai
mikroorganizmai, tokie kaip S. agalactiae, KNS, E. coli, K. pneumoniae,
E. cloacae, P. aeruginosa, P. mirabilis, S. enterica, C. freundii, E. faecium.
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SUMMARY

1. INTRODUCTION

Dairy products occupy an important place in the human diet; therefore,
milk must be of the highest quality. Milk processing companies and dairy
farmers are faced with problems. One of them is mastitis, high somatic cell
count (SCC) and total bacteria count (TBC), which are caused by the
conditions of keeping and hygiene of cows, and milking technologies.
Bacterial contamination of milk can be reduced by up to 90% and mastitis
rate — up to 50-75%, depending on the hygiene and sanitation condition of
the farm and the method of udder preparation. In order to prevent the spread
of infection on farms, various measures are used to prevent mastitis. One of
such measures is teat antiseptics, performed before and after milking [1].
Various sprays, cleaners and teat dips are used for this purpose. The most
widely used procedure is teat dipping. This procedure is considered an
essential method for reducing the number of bacteria on the teat skin and in
the milk.

When the teat is dipped in antiseptic teat dip, a drop of this solution forms
on the end of the teat, acting as a physical barrier, which protects the udder
from infection. Teat dips protects the teat canal between milkings, preventing
the spread of infectious and environmental mastitis etiological factors, and
destroys microorganisms on the skin of the teats [1-3].

According to the description of Ozsvari and Ivanyos [4], a dip for teat
hygiene after milking must have antimicrobial properties, have suitable
viscosity, be adhesive, hold well on the surface of the teat and cover it evenly.
In addition, it must form a barrier film to prevent pathogenic microorganisms
from entering the teat, not to irritate the skin, while the substances in the
composition must moisturise the skin of the teats so that it is soft, does not
crack, and heals faster. In addition, the teat dip must be visible on the teat,
therefore, it must contain a colourant or its active ingredient must give colour
to the product.

Antiseptic teat dips for the hygiene of the udder and teat skin of cows
after milking are biocidal products, the placing on the market and use of
which is regulated by European Union Regulation (EU) No 528/2012 [5]
concerning the placing on the market and use of biocidal products, as well as
other related EU regulations and Lithuanian legislation. These documents
specify which active substances manufacturers may use in the production of
biocidal products.

An effective antiseptic agent must act quickly and ensure a broad
spectrum of antimicrobial activity, without causing damage to the teat skin
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and without leaving inhibitors in the milk. The use of different active
substances in biocides guarantees a wide range of antiseptic properties. The
most commonly used active substances in veterinary biocides are chlor-
hexidine, iodine and its complexes, lactic acid, hydrogen peroxide and
peracetic acid [1, 6-8].

There are three main requirements for udder teat dips to be developed:
first, the composition must include a bactericidal active substance; second,
skin-protecting components; and third, viscosity-forming substances. After
dipping the skin of the teat, a solid film should be formed, which will protect
the teat canal from the entry of infectious microorganisms. The viscosity of
teat dips is regulated by choosing different types of thickeners and their
different concentrations [9—11].

Teat dips are created by selecting broad-spectrum antibacterial agents
with bacteriostatic and bactericidal effects against Gram-positive and Gram-
negative bacteria.

The teat dip must cover the teat well, without forming a film that is too
thick. Viscosity-regulating agents give the teat dip the right consistency,
allowing the solution to remain on the teat for a sufficiently long time.
Furthermore, the teat dip must be characterised by stable physical and chemi-
cal parameters, a constant concentration of the active antiseptic substance and
compatibility of the components [12, 13]. Teat dips must ensure not only
protection against pathogenic microorganisms, but also skin hydration and
softening. Dyes and plant extracts are also used, which provide colour, fra-
grance and have an anti-inflammatory and skin-friendly effect.

Lithuanian market offers products for post-milking teat and udder
hygiene. However, it is noted that unauthorised and insufficiently effective
teat dips are used on dairy farms. The creation of new teat dips is encouraged
by the developing resistance of bacteria to antiseptics used on farms, and the
negative drying effect of these products on teat skin is also indicated. In the
opinion of livestock specialists, there is a lack of teat dips the quality and
efficiency of which would be based on scientific research, and which would
be safe for animals and the environment, and be characterised by sustain-
ability.

The aim of the study

To create experimental prototypes of post-milking teat dips for dairy
cows from combinations of organic materials, and to evaluate the compliance
of their properties with the requirements that cover teat dips.
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Objectives of the study

1. To create experimental compositions of teat dips by combining
antimicrobial substances (lactic acid, chlorhexidine digluconate,
iodine povidone) with natural thickeners, dyes and plant extracts.

2. To determine the rheological properties of experimental teat dips in
vivo.

3. To determine the teat dips stability, texture and penetration of
antimicrobial agents into the teat skin.

4. To determine the antimicrobial effect of experimental teat dips on
reference and clinical cultures of microorganisms.

Scientific novelty

For the first time, antimicrobial substances (lactic acid, chlorhexidine
digluconate, iodine povidone) were combined with natural thickeners, dyes
and plant extracts.

According to the original methodology, the influence of the concent-
ration of gums and dyes on the rheological properties of teat dips was studied
in vivo. For the prototypes of the teat dips being developed, combinations of
natural skin-softening and skin-protecting plant extracts and essential oils
were used, which provide the products with sustainability and have a complex
antioxidant, anti-inflammatory, antimicrobial and wound healing-promoting
effect.

For the first time, complex studies have determined the functionality,
rheological and textural properties, penetration of antiseptic substances into
the skin and antimicrobial efficiency of the newly developed teat dips.

For the first time, the influence of natural origin gums on the textural
properties of newly developed teat dips was determined, and the influence of
guar and xanthan gums on the viscosity, stickiness, strength, and stable film
formation of lubricants was evaluated.

For the first time, when assessing the properties of antiseptic substance
penetration into the skin, an ex vivo experiment used the skin of cow teats,
the composition and structure of which is different from that of animals (pigs,
guinea pigs, rats, mice and rabbits), which are very often used for ex vivo
studies of substance penetration into the skin) or bioengineered skin.

For the first time, a comparative in vitro evaluation of antimicrobial
effects was performed on the teat dips developed in Lithuania with reference
and clinical cultures of microorganisms.
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Practical significance

New sustainable teat dips for post-milking teat hygiene with different
antiseptic substances, different viscosity-forming adhesives, natural plant
extracts, dyes, and excipients have been formulated and introduced to the
market. When using teat dips, it is appropriate to evaluate their effectiveness
against circulating pathogenic microorganisms on a specific farm.

The results of the conducted studies are important for the further
development and improvement of products for post-milking teat hygiene in
cows. The obtained results of the texture study confirm the relationship
between the rheological properties of the formulations and the type of
viscosity-forming liposomes. /n vitro and in vivo studies have shown that
xanthan gum and guar gum can be reasonably used in the created teat dips at
economic concentrations lower than recommended by manufacturers.

The obtained results of ex vivo biopharmaceutical studies justify the
differences in the skin penetration of antiseptic substances and the viscosity-
forming components of the teat dip. Using this study method, it is possible to
optimise the composition of topical teat dips and select ingredients that would
not promote penetration and thus prevent antimicrobial substances from
reaching the deeper layers of the skin.

New products have been created (PROFIDIP line of teat dips; manu-
facturer: UAB Ruvera), production technology has been improved, products
have been introduced in dairy farms in Lithuania and abroad, dissemination
is carried out at practical seminars, conferences and trainings.

2. MATERIALS AND METHODS

2.1. Time, place, and plan of research

The experimental part of the study was carried out between 2017 and
2024 at the new product development and research laboratory of Ruvera UAB
(Siauliai, Lithuania), a commercial dairy farm (Siauliai District, Lithuania),
LSMU VA Institute of Microbiology and Virology (Kaunas, Lithuania),
Chelab S.R.L. laboratory (Resana, Italy), LSMU Faculty of Pharmacy labora-
tory (Kaunas, Lithuania) and National Public Health Surveillance laboratory
(NVSPL) (Vilnius, Lithuania). The study was conducted in compliance with
the requirements for keeping, caring for and using animals destined for
scientific and educational purposes [202]. The work plan is presented in
Fig. 2.1.1.

95



Development and production of experimental formulations (EF)
of cow feat dips (n =9)

EF with lactic acid ~ EF with chlorhexidine digluconate ~ EF with iodine povidone
(PR-1, PR-2, PR-3) (CHD-1, CHD-2, CHD-3) (JP-1, JP-2, JP-3)
v

| Determination of EF rheological properties in vivo and selection (n = 25) |

v

Real-time stability programme Accelerated stability programme
(n=13 x3%) (n=3 x3%)

Assessment of physical properties and microbiological change during stability studies

Viscosit . . Appea- Determina- Microbiological
Y pH measu-  Centrifugation bp . . 008
measu- rance tion of iodine  contamination

rement test o
rement monitoring content study (n = 3)

!

Comparative study of EF texture analysis (n =3 x 3%*)

v

Ex vivo comparative study of skin penetration of antimicrobial substances from EF
(n=2x7%)

v

Microbiological studies in vitro

In vitro study of EF antimicrobial effect In vitro study of EF antimicrobial effect
with reference cultures of microorganisms  with clinical cultures of microorganisms
(n=3) (n=062)

Fig. 2.1.1. Work plan

* — number of repeated measurements in the study.

2.2. Development and production methodology of experimental
formulations (EF) of teat dip

Teat dips EF were developed based on data provided in the literature,
recommendations of component manufacturers, remarks of specialists
working in production and taking into account the data of previous production
tests.

Three different antimicrobial agents (lactic acid, chlorhexidine diglu-
conate and povidone iodine) were used in the study and 9 EFs were developed
and produced for further studies, i.e. 3 different EFs for each antimicrobial
agent.
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2.3. Methodology for evaluation of EF rheological properties in vivo

The in vivo study was conducted to assess the compliance of the
developed and laboratory-produced experimental formulations with the
provided requirements. An in vivo study was performed on 75 cows; i.e. to
evaluate three EF with the same antimicrobial substance three test groups of
25 cows each were made. Later, the study was repeated to evaluate other EF,
with two other antimicrobial substances. After milking, the udders of the
cows were immediately dipped in EF solutions up to 3/4 of the teat length.
During this study, visual indicators were evaluated according to the original
methodology [55]. During the in vivo study, the values of the study indicators
were recorded in the protocols by visually applying a 5-point system. Three
EF compositions with different antibacterial substances with the highest
scores were selected for further study. Evaluation criteria: colour intensity,
visibility; dripping immediately after dipping; formation of a drop on the tip
of the teat; covering the teat with a film; evenness of nipple coverage.

2.4. Stability programme methodology

The EF stability testing process was carried out based on the Colipa
guidelines: Guidelines on Stability Testing of Cosmetic Products [203]. Two
stability programs were carried out: real-time and accelerated stability, during
which the parameters of the change in EF physical properties and micro-
biological contamination were studied and evaluated. The number of samples
required for study was set aside in accordance with the anticipated research
plan prepared in advance. Samples were selected and taken in accordance
with LST EN ISO 9001 (Quality Management System) and LST EN
ISO 227716 (Good Manufacturing Practices for Cosmetic Products) stan-
dards [204, 205].

During real-time stability studies, the product was stored at a tempe-
rature of 2542 °C at a relative weather humidity of 60+5%, and changes in
product properties were monitored in 24 hours, 6, 12 and 24 months after
manufacturing. When testing the product in an accelerated program, the
samples were stored in climate chambers Binder KBF (Binder GmbH,
Germany), i.e. in sealed containers; applicable test intervals: in 24 hours after
manufacturing the product; after 2 months of storage at +45 °C (relative
weather humidity — 75+£5%); after cooling/heating cycle (10 days stored at
+4 °C; 10 days stored at +45 °C; 10 days stored at +4 °C; 10 days stored at
+45 °C; 10 days stored at +15 °C (relative weather humidity — 75+5%)).
Tests during stability programmes are designed to reliably assess the
following aspects: physical properties and microbiological stability, and
determine EF shelf life.
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2.5. Assessment of physical properties and microbiological
change during stability studies

2.5.1. Viscosity measurement methodology

The viscosity value of each EF was determined 24 hours after production
and during the stability testing after 6, 12 and 24 months. The EF dynamic
viscosity of teat dips was measured at a temperature of 20 °C with a rotary
viscometer NDJ-1 (COMECTA S.A., Italy). Measurements were performed
using the standard test method (STM), which was prepared according to the
device instructions and the European Pharmacopoeia [177]. The results were
presented in terms of absolute viscosity.

2.5.2. pH measurement methodology

Measurements were performed using a pH-meter InoLab pH 7310 (Xylem
Analytics Germany GmbH, Oberbayern, Germany). The measurement
methodology was developed according to the device instructions and the
European Pharmacopoeia [177]. Principle: potentiometric method. The
results are presented after deriving the arithmetic mean of the data obtained
during the study.

2.5.3. Centrifugation test methodology

The EF centrifugation test was performed in 24 hours after production,
after a cooling/heating cycle and after 2 months of storage at +45 °C. The
centrifugation test was performed with an EBA 20 laboratory centrifuge
(Andreas Hettich GmbH, Tuttlingen, Germany), centrifuged for 8 minutes at
4500 rpm. To evaluate the stability of the solution formulation, phase
separation and turbidity were observed.

2.5.4. Monitoring of product appearance

Odour, colour and homogeneity were evaluated using STM prepared
according to the European Pharmacopoeia [177]. Colour and homogeneity
tests were performed in the Light Booth (Byko-Spectra basic, JAV) using the
visual method. The odour rating is provided by indicating the characteristic
odour of that product. The results are presented indicating the obtained
evaluation result.
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2.5.5. Iodine content determination methodology

The chemical test was carried out by the lodometric method. The amount
of iodine in % was calculated according to the following formula:

cxV

Q=12.69 x

where: m — sample mass, g;
V — volume of nitrated sodium thiosulfate, ml;
¢ — sodium thiosulfate concentration mol/L.

2.5.6. Methodology for examination of bacterial contamination

The methodology was prepared according to the valid articles of the
European Pharmacopoeia: 20612 Microbiological examination of non-sterile
products: Microbial enumeration tests, 20613 Microbiological examination
of non-sterile products: Test for specified microorganisms [177].

2.6. Methodology of a samples texture analysis study

Back extrusion and spreadability tests have been performed [189]. The
hardness, consistency, cohesiveness and viscosity index of the samples were
analysed during the back extrusion test, as well as the firmness and work of
shear during the spreadability test. By evaluating the indicators of these
characteristics, it was possible to objectively evaluate the sensory characte-
ristics of the substance and the influence of the composition of the substance
on the texture properties of the product. The hardware used in the research —
texture analyser Stable Micro Systems Texture Analyzer TA.XT plus (United
Kingdom). The results were evaluated with the computer programme Expo-
nent (programme version — 6.1.5.0, United Kingdom). A graph was drawn in
the Exponent programme window, which shows the obtained test readings.
The test was repeated three times and the results obtained were averaged.

2.7. Methodology of ex vivo skin penetration
of antimicrobial substances testing

For the skin penetration test, cow udder skin samples were used, which
were stored at a temperature of —20 °C for a period no longer than 6 months
prior to testing. For the ex vivo skin penetration test, Bronaugh-type flow-
through diffusion cells were used. Diffusion cells with cow udder skin samp-
les (1.77 cm?) were placed on a special heating block maintained at 37 °C.
The effective diffusion area in the cell was 0.64 cm?. EF solution (0.51+
0.01 g), as a donor phase, was applied to the cow’s teat skin for a the period

99



of 8 hours. After 8 hours, the donor phase was removed from the surface of
the cow’s udder skin and rinsed several times with purified water. After
removing external residue from the skin samples (0.64 cm?), the latter were
extracted for 30 minutes with 1 ml of pure methanol using a Bandelin Sonorex
Digitec ultrasonic bath (DT 156, Bandelin electronic GmbH & Co. KG,
Berlin, Germany). Later, the samples (PR-2 test) were analysed with gas
chromatography and high-performance liquid chromatography (CHD-2 test)
[206].

2.8. Methodology for the study of EF antimicrobial effect
in vitro with reference cultures of microorganisms

The bactericidal and fungicidal activity of the produced optimal EF with
different antimicrobial substances was evaluated by the dilution-neutralisa-
tion method according to standards EN 1656 and EN 1657 [207, 208]. In this
study, the activity of teat dips against reference microorganisms was analy-
sed: Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 10536,
Streptococcus uberis ATCC 19436, Candida albicans ATCC 10231 and
Aspergillus niger ATCC 16404. Test conditions: temperature 30+1 °C,
exposure time 5 min, test concentrations of the product 80%, 50% and 10%,
with the addition of the interfering substance skimmed milk 10 g/L. The
logarithm was calculated according to the formula Log R = Log N, — Log Na.
Pursuant to standards EN 1656 and EN 1657, the teat dip is considered to
have bactericidal activity if the logarithm value obtained during the test
exceeds 5, i.e. logR > 5, and to have fungicidal activity if the obtained
logarithm value exceeds 4, i.e. log R > 4.

2.9. Methodology for the study of EF antimicrobial effect
in vitro with clinical cultures of microorganisms

The test was carried out using a method based on the ability of the tested
substance to diffuse in the nutrient medium [209]. Bacterial resistance to EF
samples was evaluated in Mueller-Hinton agar (BBL, Cockeysville, USA)
and Saburo agar (BD DifcoTM, Franklin Lakes, NJ, USA) aseptic conditions
using microorganisms isolated from clinical material. A suspension of micro-
organisms is produced from grown cultures in a physiological sodium chlo-
ride (0.9%) solution, standardised with McFarland’s standard indicator
(“Standart indikator McFarland”, Biosan, Latvia), which measures the turbi-
dity of the suspension in the test tube. A standardized (0.5 macF) suspension
of microorganisms (20 mL) in agar gel was poured into sterile 90 mm
diameter Petri dishes (F.L. Medical, Italy). Wells with an inner diameter of
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7 mm were made in the solidified gel and filled with the test dye (0.1 mL).
Petri dishes were incubated in a thermostat, and after 24 hours of incubation,
the diameter of the clear zone was measured, the size of which determines the
antimicrobial activity (linear dependence). The resistance of fungi and algae
to teat dip EF was evaluated after 48 hours of incubation.

2.10. Analysis of statistical data

The obtained results were statistically processed using statistical data
analysis packages: Microsoft Office Excel 2021 and IBM SPSS Statistics
29.0.0.0.

To ensure the reliability of the results, the test was repeated at least
3 times and the arithmetic mean and standard deviation were calculated.
Differences were considered statistically significant where p < 0.05.

The compositions of the experimental teat dips were scored. The
distributions of the evaluation scores were compiled, and the differences
between the teat dips were assessed using the Chi-squared test. The averages
of the evaluation scores were also calculated, and the variation was estimated
by presenting the errors of the averages. Differences between teat dips were
assessed by analysis of variance with Tukey’s B host hoc test. The correlation
coefficient was calculated according to Pearson’s method. Differences were
considered statistically significant where p < 0.05.

Mean values of pH, viscosity and iodine concentrations in the compared
samples were calculated, and the variation was estimated by presenting the
error of the mean. Differences between the teat dips in assessing changes over
time were estimated by linear models with factors of time and dip.
Differences between the teat dips at a fixed time and changes due to teat dip
effect over time were assessed by Tukey’s B host hoc test.

During the texture analysis, the texture averages were calculated in the
compared samples, and the variation was estimated by presenting the error of
the mean. Differences between teat dips were assessed by analysis of variance
with Tukey’s B host hoc test. Differences were considered statistically
significant where p < 0.05.

3. RESEARTCH RESULTS

3.1. Development and production of experimental
formulations of teat dips

After using the antimicrobial agent — lactic acid, three EFs with different
concentrations of xanthan gum and dye CI 15985 were developed and
produced for further in vivo studies, respectively: EF with lactic acid No 1
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(PR-1) — 0.5% and 0.01%; EF with lactic acid No 2 (PR-2) — 0.67% and
0.03%; EF with lactic acid No 3 (PR-3)— 0.85% and 0.05%. EF had a
uniform homogeneous appearance, an orange colour, a specific smell of lactic
acid and a characteristic consistency.

After using the antimicrobial agent — povidone iodine, three EFs with
different concentrations of xanthan gum, but without the use of added dye,
were developed and produced for further in vivo studies. Concentration of
xanthan gum in EF with povidone iodine No 1 (JP-1) — 0.5%, EF with povi-
done iodine No 2 (JP-2) — 0.67% and EF with povidone iodine No 3 (JP-3) —
0.85% respectively. EF had a uniform homogeneous appearance, brown co-
lour, specific iodine smell and characteristic consistency.

After using the antimicrobial agent — chlorhexidine digluconate, three
EFs with different concentrations of guar gum and dye CI 16255 were deve-
loped and produced for further in vivo studies, respectively: EF with chlor-
hexidine No 1 (CHD-1)— 0.5% and 0.02%; EF with chlorhexidine No 2
(CHD-2) — 0.89% and 0.05%; EF with chlorhexidine No 3 (CHD-3) — 1.2%
and 0.12%. EF had a uniform homogeneous appearance, a red colour, a minty
smell and a characteristic consistency.

At this stage, the task of creating EF was implemented by combining
antimicrobial substances (lactic acid, chlorhexidine digluconate, iodine
povidone) with natural thickeners, dyes and plant extracts.

3.2. Results of in vivo evaluation and selection of rheological
properties of experimental compositions

During the study, the teat coating of the studied experimental
compositions with a film and the uniformity of the coating, the formation of
a barrier drop on the tip of the teat, visibility (evaluated colour) and economic
value (by evaluating dripping after dipping) were evaluated.

During the in vivo evaluation of EF with lactic acid, it was found that two
compositions PR-1 and PR-3 did not meet the requirements set for the pro-
duct. The PR-2 formulation with 0.67% xanthan gum content in the product
recorded non-intensive dripping after dipping, during the test it covers the
dipped teat area with an even film, after a few minutes a stable hanging drop
was formed, which does not fall down, and lasts for at least 60 minutes. The
colourant CI 15985, which gives the product an orange colour, regardless of
the amount in the experimental formulations, met the requirements, because
the colour was clearly visible after dipping, and it lasted well for at least
60 minutes. The PR-2 formulation scored higher than PR-1 and PR-3
(Table 3.2.1).
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During the in vivo evaluation of EF with povidone iodine, it was found
that the experimental formulation JP-2 scored higher, the colour was clearly
visible after dipping, and the colour was sustained the best of all the tested
formulations with povidone iodine, because the teat coating was sufficiently
uniform and has an even layer. A few minutes after dipping, a stable hanging
drop was formed at the end of the teat, which does not fall down and lasts for
at least 60 minutes.

EF CHD-2 collected a higher amount of points, covered the teat with a
smooth film, after a few minutes a stable hanging drop was formed at the end
of the teat, which lasted for at least 40 minutes. After dipping, the colour was
clearly visible (red) and remained visible even after 60 min (Table 3.2.1).

Table 3.2.1. EF in vivo evaluation results by points according to EF in vivo
evaluation methodology (n = 25)

Experimental compositions and evaluation results (mean score * error)

Charac- | pp1 | PR2 | PR3 | JP-1 | JP2 | JP3 |CHD-1|CHD-2 | CHD-3

teristic
Colour 4.0+0.09 (4.0+0.08 [3.840.11{2.2+0.07|4.1+0.09|4.0+0.04 | 2.8+0.07 |4.94+0.06 |4.9+0.07

c c c a c c b d d
Dripping  |2.0+0.12{3.840.11|2.84+0.07|2.2+0.07|4.1£0.07 | 2.8+0.08 | 1.1£0.06 {3.0+0.06 | 1.9+0.07
immedia- b d c b d c a c b
tely after
dipping
Formation |3.0+0.07(4.940.07|3.9+0.07|2.9+0.11|4.9+0.06|3.8+0.13 |1.2+0.09 {4.1+0.07|2.8+0.07
of a drop b e cd b e c a d b
on the teat
end
Teat cove- [4.940.06|4.9+0.06|2.8+0.08|3.1£0.08 |4.9+0.06 (3.0+0.07 {3.24+0.07 |4.9+0.07|2.1+0.08
red with d d b c d be c d a
a film
Evenness  |4.840.09(4.9+0.06|3.2+0.07|3.8+0.083.8+0.07|2.0+0.04 |3.8+0.07 {3.9+0.07 |4.1+0.12
of teat d d b c c a c c c
coverage
General evaluation of experimental compositions of the teat dip solution

Total points | 18.7 224 16.5 14.2 21.8 15.6 12.1 20.8 15.8
Xanthan 0.5% | 0.67% | 0.85% | 0.5% | 0.67% | 0.85% — — -
gum
Guar gum - - - - - - 0.5% | 0.89% | 1.20%
Colorant 0.01% | 0.03% | 0.05% - - - 0.02% | 0.05% | 0.12%

a, b, ¢, d, e — averages marked with different letters in the row are statistically significantly different
from each other (p < 0.05, Tukey B test).
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During the study, it was not found that the dye concentration could have
a direct effect on the film coating of the teat, but it can be said that the dye
concentration in EF PR-2 and CHD-2 had an effect on the visibility of the
coating; however, the visibility was affected by the teat film coating and the
uniformity of the film caused by the thickener concentrations.

During in vivo studies on farms, it was found that EF CHD-2 with chlor-
hexidine and guar gum 0.89% concentration, JP-2 with povidone iodine and
xanthan gum 0.65% concentration, and PR-2 with lactic acid and xanthan
gum 0.67% concentration most closely matched the requirements for the
product being developed. According to the evaluation results presented in
Table 3.2.1, the highest score (22.4 points) was obtained by the PR-2 formu-
lation, which covered the skin of the teat more evenly and formed a drop at
the end of the teat faster.

3.3. Results of EF physical properties and microbiological
change during stability studies

3.3.1. Real-time stability programme results

The results of the real-time stability programme of the developed EFs
with chlorhexidine digluconate, povidone iodine and lactic acid are presented
in Table 3.3.1.1.

Table 3.3.1.1. Evaluation results of EF properties in real-time stability pro-
gramme according Colipa guidelines “Guidelines on stability testing of
cosmetic products” [203]

£
> @ B g
= 2382 |8
£ g 3 S3E [§¢3
R 2 5 k5 o | SEm|f53
=2 g e E = S & 52 |¥8§%
2 & = S S S 58 SEC |NuU
PR-2
After Homoge- |Orange | Characteristic | 2.70+£0.10 | 936.67+5.77 | < 1.0 x 10' | Not
24 h neous lactic acid A a found
After Homoge- |Orange | Characteristic | 2.67+0.12 | 903.334+5.77 | < 1.0 x 10' | Not
6 months | neous lactic acid A b found
After Homoge- |Orange | Characteristic | 2.73+£0.06 | 866.67+5.77 | < 1.0 x 10' | Not
12 neous lactic acid A c found
months
After Homoge- |Orange |Characteristic | 2.60+0.00 | 826.67+5.77 | < 1.0 x 10! | Not
24 neous lactic acid A d found
months
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Table 3.3.1.1. Continued

=
> @ 2 g
= 2382 |8
g g = EZE |§¢8
3 & 5 . Z - SSw 8%
£E £ S E S = S£5 |§3%
S5 S S ] = 2 & S22k |SS°¢
=2 = &} o = > E HEQ |[KNUACT
JP-2
After Homoge- | Brownish | Characteristic | 2.20+£0.10 |886.67+£15.28| < 1.0 x 10' | Not
24 h neous orange iodine B a found
After Homoge- | Brownish | Characteristic | 2.20+£0.10 | 856.67+5.77 | < 1.0 x 10' | Not
6 months | neous orange iodine B b found
After Homoge- | Brownish | Characteristic | 2.20+0.10 |820.00+£10.00| < 1.0 x 10' | Not
12 months| neous orange iodine B c found
After Homoge- | Brownish | Characteristic | 2.20+£0.10 |786.67+20.82| < 1.0 x 10' | Not
24 months| neous orange iodine B c found
CHD-2
After Homoge- |Red Characteristic | 5.93£0.15 | 1478.3+17.6 |< 1.0 x 10! | Not
24 h neous mint essential aC a found
oil
After Homoge- |Red Characteristic | 5.93£0.15 | 1460.0+14.0 |< 1.0 x 10! | Not
6 months | neous mint essential aC ab found
oil
After Homoge- |Red Characteristic | 5.93£0.15 | 1435.0+15.0 |< 1.0 x 10! | Not
12 months| neous mint essential aC be found
oil
After Not homo- | Red Characteristic | 5.23+0.06 | 1420.0+10.0 | Not inves- | Not
24 months| geneous, mint essential bC c tigated found
dark preci- oil
pitate
observed

a, b, ¢, d — averages marked with different letters in the column (for each teat dip separately) differed
statistically significantly (p < 0.05, Tukey B test); A, B, C — averages marked with different letters in
the column (the teat dips compared at the same time of the study) differed statistically significantly
(p <0.05, Tukey B test); mean values and errors of the mean (mean + error) of the studied characte-
ristics have been presented.
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When evaluating EF PR-2, no inconsistency of sensory properties with
the set requirements was observed, during the observation period it remained
homogeneous, bright orange in colour, had a typical lactic acid smell and did
not become cloudy and no layering was observed in 6, 12 and 24 months after
production. The pH value of EF PR-2 did not change statistically significantly
over 12 months. After 24 months, the mean pH decreased slightly till 2.6
(p > 0.05). Correlation analysis revealed statistically significant linear rela-
tionships between pH in all EF series of this teat dip (r = 0,97).

It was found that the viscosity index of EF PR-2 decreases insignificantly
(p <0.05), after 6 months it is 3.4% lower than before production, after
12 months — 7.5% and after 24 months — 11.7% (Table 3.3.1.1).

After performing pH measurements of EF JP-2, it was found that the
reading value remained unchanged throughout the observation period. In
different JP-2 series, the viscosity readings was statistically significantly dif-
ferent (p <0.05). On average, the viscosity reading in the real-time stability
programme decreased from 886.67 to 786.67 mPa-s. After 24 months, visco-
sity decreases in all product series by 11.3%.

Sensory properties of EF CHD-2 samples did not change for 12 months.
The consistency of the created composition was homogenous, even, the
colour remained bright red, and the smell was stable — mint essential oil
(Table 3.3.1.1). The results of the stability study showed that the pH values
of EF CHD-2 were close between different batches and the product remained
stable for 12 months. Differences in the developed teat dip data were found
after 24 months, when the pH value decreased to 5.23 in all series (p < 0.05).
During the period of further observation, this product changed visually and
did not retain its physical properties.

EF CHD-2 viscosity readings decreased steadily during monitoring, sta-
tistically significant (p < 0.05) changes were found after six months. Visco-
sity of the product decreased by 2.6% and 3.9% after 12 and 24 months
respectively. The Pearson correlation coefficient was determined between the
viscosity parameters of different series —r = 0.96-0.99, the changes occurred
evenly in all series.

The pH variation data presented in Fig. 3.3.1.1 show that the pH of the
teat dips varies, and reliable differences within teat dips were found only in
the CHD-2 teat dip.
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pH
7.0

Real-time

6.0 1 = (after 24 months)
5.0 = Accelerated
4.0 - (after 2 months)
3.0 — -
2.0 = =
10- a b a a a a

) 5.233 5.967 2.200 2.200 2.600 2.667
0-0 CHD-2 ‘ Jp-2 ‘ PR-2

Fig. 3.3.1.1. Comparison of pH at the end of the stability study

a, b — means marked with different letters are statistically significantly different
(p <0.05, Student’s test).

When measuring the viscosity and pH value of the created EFs, it was
observed that these values remain closely related to each other. After
performing the correlation analysis, it was determined (Fig. 3.3.1.2) that there
are statistically significant linear strong relationships between viscosity and
pH in all EF series (correlation coefficient r = 0.986 (p <0.001). The data
presented in the Fig. 3.3.1.2 show that pH and viscosity are highly correlated,
the higher the pH, the higher the viscosity (p < 0.001).

Viscosity Real-time Accelerated
1800

1600 - 1
1400 - & ° 1
1200 - 1
1000 1

800 B e :
r=0.986 (p < 0.001) r=0.995 (p < 0.001)
600 | |

20 30 40 50 60 7020 30 40 50 60 7.0
pH pH
Teat dip: ® CHD-2 @ JP-2 ©PR-2 — Fit line for Total

Fig. 3.3.1.2. Relationship between pH and viscosity (mPa-s)
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Sterile conditions during production and the components with antimicro-
bial action contained in the created formulations resulted in no microbial
growth detected in EF with iodine povidone, chlorhexidine digluconate and
lactic acid. Total aerobic bacterial counts were < 1.0 x 10" CFU/g (ml). Pathogens
P. aeruginosa, S. aureus, and C. albicans were also not detected in 1 g of teat
dip test material. The antimicrobial stability of EF samples with different
compositions remained throughout the study period.

% Real-time Accelerated
0.254
0.250 4 I =ls
T
0.246 = =
I

0.242 =
0.238 a b c d a b c
0.234 0.250 0.247 0.244 0.241 0.250 0.248 0.247

. After After After After After After cooling/ After

24 hours 6 months 12 months 24 months 24 hours heating cycle 2 months

Fig. 3.3.1.3. Variation of the active iodine content (%) in the created
EF JP-2 during real and accelerated stability

a, b, ¢, d — means marked with different letters are statistically significantly different
(p <0.05, Tukey B test).

In order to evaluate the release of iodine from the created EF, an iodine
content test was performed in a real-time stability programme. The average
iodine content after production was 0.25% (Fig. 3.3.1.3), and varied from
0.249% to 0.251% in different series.

A decreasing trend of iodine content was found during the intended
periods of the in vitro study. On average, the amount of iodine in the samples
after 6 months in the teat dip decreased by 1.2%, after 24 months — by 3.6%
(p <0.05).

3.3.2. Accelerated stability programme results

The colour, homogeneity, and odour of the produced EFs remained
unchanged during the accelerated stability programme (Table 3.3.2.1). After
the centrifugation tests the tested products did not change, they remained
stable during the entire test and did not separate during the product phase.
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Table 3.3.2.1. Evaluation results of EF properties in accelerated stability
programme according Colipa guidelines “Guidelines on stability testing of
cosmetic products” [203]

Eval Total aero- Centri-
Valua- | Homo- Viscosity, | bic micro-
tion . Colour Odour pH . fuga-
eriod geneity mPa-s bial count, tion
P CFU/g (ml)
PR-2
After Homo- |Orange |Characteristic | 2.70+0.06 | 936.744.08 | <1.0 x 10' | Stable
24 h genic lactic acid A
Heating/ |Homo- |Orange | Characteristic | 2.70+0.00 *N/A <1.0 x 10' | Stable
cooling | genic lactic acid A
cycles
After Homo- |Orange |Characteristic | 2.67+0.07 *N/A <1.0x10' | Stable
2 months | genic lactic acid A
JP-2
After Homo- |Brownish |Characteristic | 2.20+0.06 | 886.7+10.8 | <1.0 x 10' | Stable
24 h genic orange iodine B B
Heating/ |Homo- |Brownish | Characteristic | 2.20+0.06 *N/A <1.0 x 10' | Stable
cooling |genic |orange iodine B
cycles
After Homo- | Brownish | Characteristic | 2.20+0.06 *N/A <1.0 x 10' | Stable
2 months | genic orange iodine B
CHD-2
After Homo- |Red Characteristic | 5.93+£0.09 | 1478.3+12.4 | <1.0 x 10! | Stable
24 h genic mint essential C C
oil
Heating/ |Homo- |Red Characteristic | 5.93+0.03 *N/A <1.0 x 10' | Stable
cooling | genic mint essential C
cycles oil
After Homo- |Red Characteristic | 5.97+0.07 *N/A <1.0 x 10' | Stable
2 months | genic mint essential C
oil

*N/A — not applicable. A, B, C — averages marked with different letters in the column (the teat dips
compared at the same time of the study) differed statistically significantly (p < 0.05, Tukey B test);
mean values and errors of the mean (mean + error) of the studied characteristics have been presented.

During storage of EF samples at higher temperatures, no deviation of the
pH value from the initial value was observed (Table 3.3.2.1). It can also be
stated that the change in pH value did not occur during cooling/heating
periods in the samples and this value remained stable. From the data
presented in the Table 3.3.2.1, it can be seen that the difficult experimental
conditions do not have a statistically significant effect on the pH value
(p > 0.05) — the pH value of all tested bleaches fluctuates within the stable
limits characteristic of the product. This proves the stability of EFs.
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During the accelerated stability study, it was found that the difficult
experimental conditions do not significantly affect the physical and appearan-
ce characteristics of the created EFs. No growth of microorganisms was
detected during the EF accelerated time stability programme. Total aerobic
microorganisms counts were < 1.0 x 10! CFU/g (ml). The antimicrobial
stability of EF samples with different compositions remained throughout the
2-month study period.

Testing in the accelerated stability programme showed that the changed
experimental conditions affect the iodine content. During cooling and heating
cycles, EF iodine content decreased by an average of 0.8%. Storage of tested
EF JP-2 for two months at a temperature of +45 °C caused a 1.2% decrease
in iodine content (p < 0.05) (Fig. 3.3.1.3).

3.4. Results of a texture analysis study

Tensile firmness and work of shear were evaluated by the spreadability
test. Based on the results of the back extrusion test (Fig. 3.4.1), it was found
that EFs with viscosity formulated with xanthan gum were characterised by
higher hardness and consistency (p < 0.05). EF JP-2 has the highest hardness
reading. A higher hardness reading indicates the strength of EF JP-2; this
composition was harder and more resistant to mechanical effects. EF PR-2
samples were characterised by lower hardness, reliable statistical differences
were found between them (p < 0.05). Analysing the hardness of EFs, we can
say that the inclusion of xanthan gum influenced the parameter of the
hardness index, because EF CHD-2 samples, where viscosity was formed
with guar gum, were less hard (p <0.05). The same trend was found when
studying the consistency of EF samples. The consistency index describing the
spreadability and thickness characteristics of the product was higher for EF
formulated with xanthan gum. The thickest were the EF JP-2 samples
(Fig. 3.4.1), and the viscosity of guar gum formulated in EF CHD-2, made
the product less thick and with lower density.
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Fig. 3.4.1. Results of the back extrusion test (n = 3)

a, b, c — averages marked with different letters (between CHD-2, JP-2, PR-2 teat dips)
differ statistically significantly (p < 0.05).

Among all tested EFs, EF CHD-2 samples had the highest viscosity
index. The mechanical work required to remove the probe from the EF CHD-
2 sample was on average 9.52+0.25 g x s (Fig. 3.4.1). This mechanical work
was lower for other tested EFs (p < 0.05). The higher viscosity index of the
CHD-2 samples showed EF’s stickiness and ability to remain at the place of
use, the sample will run off less from the surface of the teat, a film of
sufficient thickness will be formed, and greater force will be needed to break
the integrity. The lowest viscosity index was found in EF PR-2 samples,
therefore, out of all the tested samples, PR-2 should remain the shortest at the
place of use (Fig. 3.4.1).

The highest value of cohesiveness, where the reading was obtained by
withdrawing the probe from the deep layers of the sample, was determined in
the CHD-2 samples (Fig. 3.4.1). The CHD-2 cohesiveness strength reading
showed that in this EF, the product particles adhere best to each other
compared to other tested EFs, after being spread on the surface, the sample
stays longer at the site of exposure and forms a film of suitable thickness. The
cohesiveness index describes the stickiness, so it is very important for teat
dips. The study data allow to predict that the developed EF CHD-2 is best
suited to stay on the teat. Guar gum gives EF CHD-2 a more sticky and
optimal film thickness, which was lower in EF with xanthan gum JP-2 and
PR-2, although statistically insignificant (p < 0.05).

111



20 a 9
124 7.84 g
16 - L5
14 -6
" b s
3.37 i
8 - . 4
| L3
6 176
4. )
2 a b b -1
. 18.29 12.04 10.65 .
CHD-2 JP-2 ‘ PR-2

Firmness, g - Work of Shear, g x s

Fig. 3.4.2. Data of the texture analysis of the tested teat dips
after the spreadability test (n = 3)

a, b — averages marked with different letters (between CHD-2, JP-2, PR-2 teat dips)
differ statistically significantly (p < 0.05)

The spreadability test was performed to determine the values of hardness
and shear force, which evaluate the distribution of the samples on the surfa-
ces. The maximum hardness and shear strength of the samples was deter-
mined in EF CHD-2 (p < 0.05) (Fig. 3.4.2). The results obtained in the study
show that within the EF CHD-2 samples, the adhesion forces increase the
most, the interaction of molecules increases, as a result of which CHD-2 will
remain longer at the site of exposure. EF samples with xanthan gum showed
statistically significantly (p < 0.05) lower hardness and shear force characte-
ristics. Based on the results of the study, it can be said that PR-2 and JP-2 will
remain at the site of exposure for a shorter time than CHD-2 samples
(Fig. 3.4.2).

Guar gum affected the textural properties of EF as sample hardness-
toughness (1.7-1.5 times), work of shear (4.4-2.3 times), cohesiveness
(1.06—1.15 times) and viscosities index (1.6—1.4 times) was higher compared
to EF made with xanthan gum.
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3.5. Results of ex vivo into skin penetration
of antimicrobial substances testing

The PR-2 and CHD-2 formulations of teat dip were chosen to evaluate
the penetration into cow udder tissues, and the methanolic (CH3OH) solutions
of analysed antiseptics (5.04% lactic acid and 2.5% chlorhexidine digluco-
nate) were used for control.

After conducting studies using gas chromatography with mass spectro-
metry following derivatization of methanolic samples, we found that lactic
acid penetrates through the stratum corneum of the skin. During the study,
after 8 hours, lactic acid was quantitatively determined in the skin of the teats.
It was found that 9.86+0.257% of lactic acid from teat dip PR-2 samples
penetrated into the skin of cows’ udders. (flows were determined — 3.96+
0.088 mg/cm?). In different samples, the difference was not statistically
significant (p > 0.05). The penetration of all samples was statistically signifi-
cantly lower (p <0.05) compared to the 5.04% control methanolic solution
of lactic acid, the skin penetration of which was determined to be
15.7344.635% (flows were determined — 6.22+1.832 mg/cm?) (p < 0.05). The
results of lactic acid penetration from teat dip PR-2 are presented in Fig. 3.5.1.

The amount of lactic acid detected in the udder skin of cows when teat
dip PR-2 was applied to the animal tissue was statistically significantly
(p <0.05) 1.6 times lower than that found after the control solution of lactic
acid in methanol was applied to the tissue. The stratum corneum of the skin
formed a partial barrier to the penetration of the components of the teat dip.
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=] 9.86 15.73%*

< 0 :
PR-2 Control solution

Fig. 3.5.1. Examination of ex vivo samples of lactic acid penetration
contained in PR-2 dip, % (*p < 0.05)

The influence of the skin barrier on the CHD penetration from the dip
formulation CHD-2 was evaluated. The study showed that CHD from the EF
did not penetrate the skin or the penetration was below the detection limit in
the study after five minutes of experimental contact (Fig. 3.5.2). It can be
stated that skin exposure of CHD is not identifiable because the concentration
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of CHD was below the quantification limit of the ultra-performance liquid
chromatography (UPLC) method.

After conducting penetration tests with CHD-2 teat dip samples, the
results allow to conclude that chlorhexidine does not penetrate the animal
skin samples and remains completely on the skin surface. After applying ex
vivo study methodology and UPLC, after 5 min chromatograms did not detect
chlorhexidine in any of the skin samples tested (Fig. 3.5.2).
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Fig. 3.5.2. CHD UESC chromatograms (control - penetration after 5 min)

A — control (CHD retention time 5 min); B — chromatogram of permeation
of chlorhexidine from skin samples (where skin samples 1-7).

In the presented chromatograms (Fig. 3.5.2), penetration of CHD into the
skin of the teat has not been established. The release of an antiseptic substance
from an emulsion dosage form depends on the solubility of the substance
molecules and on the viscosity of the modelled teat dip. The viscosity
provided by guar gum was twice that of xanthan gum (the higher the visco-
sity, the slower the drug release due to the slow diffusion process of the
molecules). Polysorbate is noted as a penetration enhancer, but in this case,
its effect was not significant.
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3.6. Results of the in vitro antimicrobial effect of EF
with reference cultures of microorganisms

When studying the compositions of the developed experimental teat dip
formulations with lactic acid, iodine povidone and chlorhexidine according
to international standards, it was found that EF were bactericidally and fungi-
cidally active, when analysing the effectiveness against microorganisms,
log R > 5 was obtained for bacteria and log R >4 for fungi (Tables 3.6.1—
3.6.3). The study was conducted with 80, 50 and 10% EF solutions.

Table 3.6.1. EF PR-2 (80%, 50%, 10%) antimicrobial efficiency (log R)

according to UNI EN 1656 and UNI EN 1657 standards

Test micro- Results PR-2
. Test suspension
organisms 80% 50% 10%
S. aureus 10 >330—->330* |Vc:>330—>330 [Vc:>330->330 |Vc:>330->330
ATCC 6538 107: 46-35* Na >3300 Na > 3300 Na > 3300
N: 4.05 x 108 log Na >3.52 log Na >3.52 log Na >3.52
No: 4.05 x 107 log R <4.09 log R <4.09 log R <4.09
log No: 7.61 Not active Not active Not active
S. uberis 10%:>330->330*% |Ve:<l14-<14 Ve:<14-<14 Ve:>330->330
ATCC 19436 |107: 42-30* Na < 140 Na < 140 Na > 3300
N: 3.60 x 108 log Na<2.15 log Na<2.15 log Na>3.52
No: 3.60 x 107 log R>5.41 log R >5.41 log R <4.04
log No: 7.56 Active Active Not active
E. coli 10%:>330->330* |Ve:<l14-<14 Ve:<14-<14 Ve:>330->330
ATCC 10536 |107: 44-49* Na < 140 Na < 140 Na > 3300
N: 4.65 x 108 log Na<2.15 log Na=2.15 log Na>3.52
No: 4.65 x 107 log R <5.52 log R=5.52 log R <4.15
log No: 7.67 Active Active Not active
C. albicans 10%:>330 —>330* |Vc:>330->330 [Ve:>330->330 |Ve:>330->330
ATCC 10231 |10 49-46* Na > 3300 Na > 3300 Na > 3300
N: 4.75 x 107 log Na >3.52 log Na > 3.52 log Na>3.52
No: 4.75 x 10° log R <3.16 log R <3.16 log R <3.16
log No: 6.68 Not active Not active Not active
A. niger 10%:> 165 —>165* |Vec:>165—>165 |[Vc:>165->165 |Vc: > 165—> 165
ATCC 16404 |10°:22-20* Na < 140 Na < 1650 Na > 1650
N:2.10 x 107 log Na>3.22 log Na>3.22 log Na>3.22
No: 2.10 x 10° log R <3.1 log R<3.1 log R <3.1
log No: 6.32 Not active Not active Not active

No = number of CFU/mL in the test mixture; R = reduction in viability; Na = number of CFU/mL of
the test mixture; Ve = viable count; N =number of CFU/mL of the test suspension; * number of colonies
(CFU) in test suspension dilutions.
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Table 3.6.2. JP-2 antimicrobial efficiency according to UNI EN 1656 and

UNI EN 1657
Test micro- . Results JP-2
. Test suspension
organisms 80% 50% 10%
S. aureus 10%:>330->330* |Vc:<14-<14 Ve:<14-<14 Ve: 189-171
ATCC 6538 | 107: 39-42% Na < 140 Na < 140 Na = 1800
N: 4.05 x 108 log Na<2.15 log Na<2.15 log Na=3.26
No: 4.05 x 107 log R > 5.46 log R > 5.46 log R=4.35
log No: 7.61 Active Active Not active
S. uberis 10°6: >330 —>330* Ve:<14-<14 Ve:<14-<14 Ve: >330->330
ATCC 19436 | 107: 38—48* Na < 140 Na < 140 Na > 3300
N:4.30 x 10® log Na<2.15 log Na<2.15 log Na >3.52
No: 4.30 x 107 log R > 5.48 log R > 5.48 log R<4.11
log No: 7.63 Active Active Not active
E. coli 10%:>330->330*% |Vc:<14-<14 Ve:<14-<14 Ve: 18-<14
ATCC 10536 | 107: 42-46* Na < 140 Na < 140 Na < 160
N: 4.40 x 108 log Na<2.15 log Na<2.15 log Na<2.2
No: 4.40 x 107 log R >5.49 log R >5.49 log R > 5.44
log No: 7.67 Active Active Active
C. albicans 10%:>330->330*% |Vc:<14-<14 Ve:<14-<14 Ve: >330->330
ATCC 10231 | 10°6: 38—44* Na < 140 Na < 140 Na > 3300
N: 4.10 x 107 log Na<2.15 log Na<2.15 log Na >3.52
No: 4.10 x 10° log R > 4.46 log R > 4.46 log R <3.09
log No: 6.61 Active Active Not active
A. niger 107%:> 165 ->165*% |Vc:>165->165 |Vc:>165->165 |Vc:>165->165
ATCC 16404 | 10°: 28-32* Na > 1650 Na > 1650 Na > 1650
N: 3.00 x 107 log Na>3.22 log Na>3.22 log Na>3.22
No: 3.00 x 108 log R <3.26 log R <3.26 log R <3.26
log No: 6.48 Not active Not active Not active

No = number of CFU/mL in the test mixture; R = reduction in viability; Na = number of CFU/mL of
the test mixture; V¢ = viable count; N =number of CFU/mL of the test suspension; * number of colonies
(CFU) in test suspension dilutions.

Table 3.6.3. EF CHD-2 antimicrobial efficiency according to UNI EN 1656

and UNI EN 1657
Test micro- . Results CHD-2
. Test suspension
organisms 80% 50% 10%
S. aureus 10%:>330->330* |Vc:<14-<14 Ve:<14-<14 Ve: 189-171
ATCC 6538 | 107: 39-42% Na < 140 Na < 140 Na = 1800
N: 4.05 x 108 log Na<2.15 log Na<2.15 log Na=3.26
No: 4.05 x 107 log R > 5.46 log R > 5.46 log R=4.35
log No: 7.61 Active Active Not active
S. uberis 10%: >330->330* |Vc:<14-<14 Ve:<14-<14 Ve: >330->330
ATCC 19436 | 107: 38—48* Na < 140 Na < 140 Na > 3300
N:4.30 x 10® log Na<2.15 log Na<2.15 log Na >3.52
No: 4.30 x 107 log R > 5.48 log R > 5.48 log R<4.11
log No: 7.63 Active Active Not active

116




Table 3.6.3. Continued

Test micro- . Results CHD-2
. Test suspension
organisms 80% 50% 10%
E. coli 106: > 330 ->330* |Ve:<14-<14 Ve:<14-<14 Ve: 18—< 14
ATCC 10536 | 107: 42-46* Na < 140 Na < 140 Na < 160
N: 4.40 x 108 log Na<2.15 log Na<2.15 log Na<2.2
No: 4.40 x 107 log R >5.49 log R >5.49 log R > 5.44
log No: 7.67 Active Active Active
C. albicans |107:>330->330* |Vc:<14-<14 Ve:<14-<14 Ve: >330->330
ATCC 10231 | 10°: 38-44* Na < 140 Na < 140 Na>3300
N: 4.10 x 107 log Na<2.15 log Na<2.15 log Na >3.52
No: 4.10 x 10° log R > 4.46 log R > 4.46 log R <3.09
log No: 6.61 Active Active Not active
A. niger 10: > 165 —>165* |Ve:>165->165 | Vc: > 165—>165 |Ve:>165-> 165
ATCC 16404 | 10°%: 28-32* Na> 1650 Na> 1650 Na> 1650
N: 3.00 x 107 log Na>3.22 log Na>3.22 log Na>3.22
No: 3.00 x 108 log R <3.26 log R <3.26 log R <3.26
log No: 6.48 Not active Not active Not active

No = number of CFU/mL in the test mixture; R = reduction in viability; Na = number of CFU/mL of
the test mixture; V¢ = viable count; N =number of CFU/mL of the test suspension; * number of colonies
(CFU) in test suspension dilutions.

The highest antimicrobial activity was observed in EF JP-2, which
contains 2.36% povidone-iodine (active iodine content 2,500 ppm). In the
presence of 10% concentration, the teat dip inhibited the growth of S. aureus,
E. coli and S. uberis reference cultures. At 80% and 50% concentration of EF
CHD-2 solution, it inhibited the growth of the tested bacteria well, but 10%
teat dip solution was only effective against E. coli. PR-2 80 and 50% EF
solutions were antimicrobially active against E. coli and S. uberis reference
strains (log R = 5,52 and log R > 5,41).

The developed EF JP-2 inhibited the growth of the reference strains
C. albicans. Meanwhile, EF PR-2 did not show activity to this reference
strain, as did 10% EF CHD-2 solution. EFs containing lactic acid inhibited
bacterial growth less than EFs containing iodine or chlorhexidine. None of
the generated EFs inhibited the growth of the reference A. niger strains,
regardless of the antiseptic agent contained in the EF. The obtained results
are presented in Tables 3.6.1-3.6.3.

3.7. Results of in vitro antimicrobial activity of EF
with clinical cultures of microorganisms

After comparing the antimicrobial activity data of tested EF in vitro, it
was found that EF had different activity against the tested microorganisms,
where most active EF inhibition was exerted on S. aureus (20.27+3.29 mm)
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and CoNS strains (23.90+3.16 mm) and less effective against Gram-negative

bacteria (15.24£2.94 mm, p < 0.05) (Fig. 3.7.1).
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CHD-2 | 17.3 | 203 | 13.7 | 153 | 18.6 | 16.3 | 18.4 |24.07| 27.2 | 19.0 | 18.2 | 20.0

Fig. 3.7.1. Dynamics of growth inhibition zones of microorganisms
(n = 62) isolated from the animal environment after being exposed
to the created teat dips, *p < 0.05

* — statistically significant differences between microorganism species (p < 0.05).

When evaluating the EF test results, it was found that the tested EF,
which is active against one microorganism, will not necessarily be active
against another. EF CHD-2 was the most active against all bacteria used in
the study: its activity was statistically significantly stronger (p < 0.05) against
Gram-negative bacteria (17.1242.22 mm clear zone) and against Gram-
positive bacteria (22.57+3.78 mm). EF with chlorhexidine inhibited the
growth of Gram-negative bacteria (E. cloacae, P. mirabilis, S. enterica,
C. freundii, E. coli, and P. aeruginosa) better (p < 0.05) than EF with iodine
(clear zone mean 12.40+1.3 mm, p < 0.05). However, its activity against
P. mirabilis and K. pneumoniae (clear zone mean 14.50+1.13 mm, p <0.05)
was lower than that of EF PR-2 (16.65+3.47 mm respectively). In Petri dishes
with EF PR-2, it was found that it was more effective against Gram-negative
(16.51+£2.08 mm) and against Gram-positive (18.41+4.62 mm) bacteria than
EF with povidone iodine (respectively 12.10+1.43 mm and 17.02+5.28 mm,
p <0.05).
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During the study, EF JP-2 was more effective against the yeast C. albicans
than other tested experimental formulations (20.30+£0.28 mm, p < 0.05).

After evaluating the activity against E. faecium, it was found that the
tested EFs did not show pronounced efficiency against this microorganism.
EF CHD-2 was more effective (19.00+0.54 mm, p < 0.05) (Fig. 3.7.1). After
evaluating the activity against S. aureus, it was found that all developed EFs
were characterised by activity against this microorganism (the average of
clear zones — 18.25-24.07 mm, p < 0.05). EF CHD-2 (20.30+0.56 mm) and
EF PR-2 (17.30+£0.34 mm, p < 0.05) are the most active against E. coli. All
tested EFs were active against KNS, with the widest inhibition zones were
determined — 20.9-27.2 mm (p <0.05). The data presented in Fig. 3.7.1
suggest that the most effective EF is CHD-2, which exhibited strong antibac-
terial and growth-inhibiting properties of the yeast C. albicans.

After evaluating the activity of the tested EFs against the P. zopfii
culture, it was found that the EFs exhibited different properties against this
microorganism. EF JP-2 reliably inhibited the growth of P. zopfii for two
days. In the effect of EF JP-2, the average zone of inhibition determined was
31.4+0.9 mm (p < 0.05), scarce algal growth was visible only in half of the
Petri dishes. Continuing the incubation in the thermostat for another five
days, a non-intensive growth of the algae P. zopfii was found in the dishes,
the diameter of the clear zone decreased to 26.2+0.8 mm. The data presented
in Fig. 3.7.2 suggest that EF JP-2 exhibited strong growth inhibitory proper-
ties of P. zopfii in an in vitro study, its performance is reliably (p < 0.05) more
effective than other tested EFs. Against P. zopfii EF CHD-2 efficiency
(Fig. 3.7.2) was significantly lower (p <0.05), the clear zone was—
19.1+0.6 mm. EF PR-2 has not been found to affect the algae P. zopfii.
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Effect of EF CHD-2 after 48 h Effect of EF JP-2 on P. zopfii culture
incubations on P. zopfii after 48 h incubation

Clear zone Well Complete growth inhibition

Fig. 3.7.2. Visualization of the effect of EF after 48 h of incubation
on P. zopfii strains (visible diameter of the clear zone formed
around the wells) (author’s photos)

3.8. Comparison of the properties of the created teat dips

The modelled teat dips of a new formulation had a uniform homogeneous
appearance, the required viscosity, and perfectly covered the skin of the teat.
It had orange, brown and red colours, which allow to control the performance
of post-milking antiseptic. In addition, it is characterised by the specific odour
of embedded plant extracts or antiseptic substances. The similarities, diffe-
rences and application of the modelled dips are presented in Table 3.8.1.

120



Table 3.8.1. Comparison of the properties of the created EF teat dips

Experimental formulations | JP-2 PR-2 CHD-2
Udder hygiene after milking

Application | Teat antiseptic Antimicrobial effect
Teat skin care Moisturises and softens the skin of the teats
Closure of the Forms a protective barrier
teat duct
Protection against | Preventive measure
mastitis

Composition | Active substance | Povidone iodine L-(+)-lactic acid Chlorhexidine

digluconate
Active substances | 2,500 ppm 6.3 % 5,000 ppm
concentration in | (available iodine)
EF
Stabiliser Xanthan gum Xanthan gum Guar gum
Skin softener, Glycerine, sorbitol | Glycerine, sorbitol | Glycerine
moisturiser
Herbal Calendula officina- | Chamomilla flower | Mentha Arvensis
components lis dry extract dry and Avena Herb Oil, Aesculus
sativa dry extracts | hippocastanum dry
extract

Properties Colour Orange brown Orange Red
Smell lodine Lactic acid Mint essential oil
Viscosity 850-900 mPa-s 900-950 mPa-s 1450-1500 mPa-s
pH 2.1-2.3 2.6-2.8 5.8-6.1

Comparis

on of texture properties with each other

Firmness (Hardness)

Hardest EF, the
most resistant to

Harder EF, resistant
to mechanical

Softest EC, less
resistant to

mechanical effects | effects mechanical effects
Consistency Thickest, highest Thick, higher Lowest density
density density

Index of Viscosity

Low viscosity index
will remain at the
application site for a
short time

Lowest viscosity
index will remain at
the application site
for a shortest time

Highest the viscosi-
ty index will remain
the longest at the
application site

Cohesiveness

The product partic-
les adhere well to
each other, the
sample remains in
the place of expo-
sure for a long time,
and forms a film of
suitable thickness

The lowest value of
cohesiveness, the
product particles
adhere to each other
the weakest, the
sample spread on
the surface remains
the shortest

The highest value of
cohesiveness. The
best adhesion of pro-
duct particles to each
other, the sample
remains longer at the
place of exposure,
forms a film of
suitable thickness
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Table 3.8.1. Continued

Shear

of shear inside the
samples, lower than
CH EF, molecular
interaction is lower,
it will remain at the
exposure site for a
shorter time

work of shear inside
the samples are the
lowest, less interac-
tion between the
molecules, they will
remain at the expo-
sure site shorter

Experimental formulations | JP-2 PR-2 CHD-2
Comparison of texture properties with each other
Firmness (Hardness) and Work of | Hardness and work | The hardness and The highest sample

hardness and work
of shear, the adhe-
sion forces increase
the most inside the
samples, the interac-
tion of molecules
increases, as a result
of which CHD-2
will remain longer
at the site of

exposure
EF antimicrobial effect in vitro with tested reference cultures (80%)
Antimicrobial effect Active (logR>5) | Active (logR>5), |Active (logR>Y5)
except S. aureus
Effect against C. albicans Active (log R>4) |Not active Active (log R > 4)
(logR < 4)
Effect against 4. niger Not active Not active Not active
(logR < 4) (logR < 4) (logR <4)
EF antimicrobial effect in vitro with tested clinical cultures
Antimicrobial effect Active Active Active
Effect against C. albicans Active Not active Active
Effect against P. zopfii Active Not active Active

The developed teat dips are intended for the prevention of mastitis. All
three were antimicrobially active against the tested reference bacteria and
bacteria isolated from the cow’s environment. JP-2 and CHD-2 showed
stronger antimicrobial activity. The most effective action against P. zopfii was
determined for JP-2 teat dip. Due to the formed sufficient viscosity of xanthan
(850-950 mPa-s) and guar (1450-1500 mPa's) gum, the new dips evenly
covered the teats, held on for the required time, and formed a protective
barrier. In addition, the ingredients glycerol, sorbitol and herbal medicinal
substance additives moisturise, soften and protect the skin of the teats.
Different components formed the textural properties of bleaches, such as
stickiness, adhesion, thickness and hardness. The thickest, hardest and most
resistant to mechanical effects are JP-2 and PR-2 new dips containing xanthan
gum. CHD-2 dip containing guar gum was the most sticky and viscous.
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4. DISCUSSION

For the prevention of mastitis in cows, the reduction of somatic cells and
the total number of bacteria in raw milk, as well as the use of post-milking
teat dips is important. The teat ducts are protected from the entry of micro-
organisms by using the teat dips. The development, testing, and application
of new post-milking teat dips is the fulfilment of the expectations and needs
of animal husbandry specialists, which is a continuous challenge for science.

Newly developed teat dips contain components such as a thickener, an
antimicrobial active ingredient, moisturising and teat skin-protecting ingre-
dients and auxiliary substances with a technological role. The greatest atten-
tion was paid to the most important parameters of teat dips, i.e. antimicrobial
effectiveness and rheological properties, so that the antiseptic substance
maintains proper contact with the skin of the teat without dripping off. Anti-
septic material is one of the most important components of teat dips. In the
dissertation, when developing teat dip prototypes, antimicrobial substances
were selected in accordance with Lithuanian legislation [93] and European
Union regulation [5] and recommendations of raw material manufacturers
[212], as they are intended for the production of veterinary products, in-
cluding post-milking teat dips.

The use of different active substances in teat dips ensures a wide spect-
rum of disinfection, in addition, the developed product must be harmless to
the animal and the environment [7, 8]. The choice of lactic acid in the teat dip
PR-2 was determined by the fact that it is widely used in the field of veterinary
medicine, is characterised as being active against Gram-positive and Gram-
negative bacteria, not a toxic or dangerous substance, and does not cause
allergic skin reactions or irritation. A study by Fitzpatrick at al. [54] indicates
that teat dipping solutions with lactic acid protect the teat canal from potential
infections or inflammation, and the resulting film is effective until the first
wash. PR-2 dip covered the teat skin with an even film and with a smooth
layer, the remains of the formed film were visible even after 12 hours, while
the in vitro studies showed the antimicrobial effectiveness of the PR-2 dip.

Another antiseptic agent chosen in JP-2 is povidone-iodine, as iodine and
its compounds are also widely used in veterinary medicine. One of the most
widespread uses is the antiseptic of cow udders before and after the milking
process. It is indicated that in iodine-based dips, the optimal concentration of
the active substance is 0.5-1.0% [213, 214]. Comparing the effectiveness of
teat dips with different concentrations of iodine (1%, 0.25% and 0.1%), the
study found no significant difference in the occurrence of new cases of
mastitis in the different groups, and that the concentration of the active
ingredient in the dip did not correlate with antimicrobial effectiveness [215].
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The modelled JP-2 dip containing only 0.25% of the active substance, as
shown by in vitro studies, was effective against reference and clinical strains
of microorganisms and, at the same time, economical and cost-efficient.

Iodine can cause teat skin irritation, so skin-friendly components are
necessary in teat dips. For this purpose, glycerol, sorbitol and medicinal
chamomile extract were used, which also gave it a distinctiveness against
other bleaches on the market. It should be noted that teat dips with iodine
have an advantage — iodine provides a bright brown colour that makes the
antiseptic easily visible on the skin. In addition, the povidone-iodine complex
used in the dip ensures the stability of iodine and the maintenance of
maximum antiseptic properties in the product, which was confirmed by the
available iodine quantity tests during stability programmes and in vitro anti-
microbial properties tests. EF JP-2 (2.36% povidone-iodine) formed a stable,
high-quality barrier film, which, as indicated in the works of other researchers
[115], is important in reducing the number of clinical and subclinical mastitis
cases in the herd.

Chlorhexidine digluconate was selected as an antiseptic agent for udder
skin hygiene after milking in teat dip CHD-2. The choice of this antiseptic
was determined by the fact that chlorhexidine does not enter products of
animal origin, it does not have a withdrawal period, in addition, chlorhexidine
can be used as an antiseptic for teat skin and for the treatment of lesions.
Chlorhexidine has a broad antimicrobial effect and does not irritate the skin.
It is a strong agent affecting the bacterial membrane, inhibiting the growth of
bacterial spores. It has high activity against E. coli, S. aureus and C. albicans
[81, 219]. The conducted studies with EF CHD-2 confirmed these statements,
as a relatively small (0.5%) CHD concentration used, without the addition of
other antimicrobial agents, showed pronounced antimicrobial efficacy
against most of the tested reference and clinical strains of microorganisms.

In addition to the antiseptic effect, viscosity of the teat dip is important,
i.e. theological parameter of teat dip that reflects product quality [11, 85].
Therefore, in our study, we focused a lot attention on obtaining the viscosity.
Product quality, stability and cost-effectiveness are always important when
modelling formulation recipes. After determining the desired viscosity of the
experimental formulation, selecting dyes and plant components, an in vivo
study was conducted, which allowed the selection of technologically optimal
and economical compositions of created teat dips. After conducting an in vivo
study with experimental teat dip formulations, the formulations that met the
set requirements the best, which formed a solid and highly visible protective
film on the teat, adequately covered the teat skin, lasted for the specified time,
and properly coated the teat skin with the colour required for the control. This
study determined the concentration of thickener needed to produce a viscous
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solution within the parameters that would form a stable film on the surface of
the teat, so that when applied to the cow’s udder, a hanging drop would form
which would dry over time and form a durable barrier protecting the teat canal
against microorganisms.

The viscosity of teat dips is regulated by different types of thickeners,
and selecting natural, semi-synthetic or synthetic polymers, which have
different physicochemical properties [10]. When creating the teat dips, we
chose thickeners of natural origin, which, when dissolved in water, formed a
dense network of hydrophilic polymers, resulting in solutions with sufficient
viscosity. The thickeners used in the in vivo study showed good film-forming
properties (forming a physical barrier), which is especially important in the
formulation of veterinary teat protection products. In addition, guar and
xanthan gum do not pose a risk to human health or the environment, and
according to the Regulation (EC) No 1272/2008 are not classified [87].

When creating experimental formulations with lactic acid and povidone
iodine, xanthan gum was chosen, and guar gum was chosen for the teat dip
with chlorhexidine, due to the manufacturer’s practical recommendations and
better compatibility with the antimicrobial substance [212]. The specification
for xanthan gum has a wide concentration range of 0.5-2.5%. The required
viscosity concentration range was tested in vivo and found to be a sufficient
concentration of 0.67%. According to the researchers, xanthan gum is soluble
in high and low temperature water. Solutions of this polymer have the unique
property of maintaining stable viscosity parameters with increasing
temperature [132].

Guar gum not only acts as a thickener, but also forms a protective film,
has an emulsifying effect and stabilises the product during development [85].
The amount of guar gum used in the products ranges from 0.1 to 0.3% [222].
We used hydroxypropyl guar polymer C3HgO> x (isomer), which is a purified
nonionic derivative of guar gum. It acts as an excellent thickener in cosmetics
and also acts as an O/W emulsion stabiliser, and is particularly useful in stabi-
lising emulsions containing alcohol [212]. In the study, 0.89% of hydroxypro-
pyl guar gum was sufficient in the modelled teat dip. This thickener concent-
ration maintained the physical properties of the modelled product within
stable limits, i. . monitoring 1 year after manufacture.

Kumar et al. [194] indicated that the selection of excipients is important
in the development of products for use on the skin. Each ingredient has its
own function in the product. With proper selection of excipients, stable systems
can be effectively formed. Isopropanol and polysorbate 20 were selected as
process materials that mix well with other ingredients when creating teat dip
formulations. This property of isopropyl alcohol allows it to be used to dis-
solve many organic compounds, it is often used as a solvent in pharmaceu-
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ticals and cosmetics [170, 171]. This alcohol is also used as an antiseptic
because it prevents the reproduction of microorganisms [223].

Glycerol and sorbitol were chosen as emollients, because these substan-
ces intensively moisturise and soften the skin of the teats, protect against
adverse environmental conditions, and restore the barrier function of the skin.
These substances are especially often found in veterinary products that are
intended for use on the surface of the skin. Glycerol moisturises the horny
layer of skin, increases elasticity, protects against external irritants, and
improves wound healing. Some data state that glycerol can also have an anti-
microbial effect [137]. Dyes are intended to leave evidence of post-milking
hygiene. The selection of dyes used in the cosmetics and food industry in the
modelling of teat dip EF PR-2 and CHD-2 proved successful, as they pro-
vided a bright and stable colour, were in combination with other ingredients,
and did not crystallise.

Plant extracts were used in the modelling of teat dips due to their sensory
properties, antioxidant and antimicrobial activity, and specific beneficial
biologically active substances present in them. Plant extracts and their active
substances are included in the formulations of pharmaceutical forms due to
their antioxidant, anti-inflammatory, antibacterial, wound healing properties
and other known biological effects. It is also claimed that the inclusion of
plant extracts in the composition of the emulsion strengthens the stability and
quality of the emulsion [224].

The extract of oat (Avena sativa L.) was selected and included in the
composition of the teat dip PR-2 due to its well-known and scientifically
proven skin softening and moisturising properties [169, 225] and due to the
antioxidant, healing and moisturising effect of plant-derived B-glucans on the
skin, and it also performs a technological function — modifies the viscosity of
a pharmaceutical or cosmetic product [167]. Calendula extract softens the
skin, has anti-inflammatory properties due to the flavonoids present in the
plant. Horse chestnut extract strengthens blood vessels in udder skin, norma-
lises blood circulation, and reduces teat oedema. It contains aescin which
prevents inflammation. Chestnut extract improves skin elasticity, helps with
skin diseases; furthermore, B-escin leads to anti-oedematous and vasoprotec-
tive effects, which suppresses inflammation, reduces swelling and relieves
pain [163, 164]. Chamomile extract has antiseptic, antibacterial and antifun-
gal properties. It also soothes irritated skin, promotes skin cell regeneration,
acts as a mild antiseptic, regenerates skin and reduces itching. Mint essential
oil pleasantly cools the skin, repels insects, has an anti-inflammatory effect,
has a specific deodorising smell and provides a cooling, stimulating, warming
and refreshing effect [226]. It interacts with cold-sensitive TRPMS receptors
in the skin, which are responsible for sensing the cooling effect [227].
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Menthol, a component of mint essential oil, has antiseptic, antiviral properties
that inhibit the growth of microorganisms and fungi [228]. The herbal
additives in the new teat dip formulations were selected due to their therapeu-
tic effect on teat skin, as well as their cooling, moisturizing and softening
properties.

Teat dips must have stable physicochemical indicators, i.e. the stability
of the formulation must remain throughout the product’s shelf life, because
in the absence of sufficient stability, the teat dip may lose its antiseptic
properties. The importance of stability studies is defined by the Regulation
(EU) No 528/2012 [5]. Both real-time and accelerated stability programme
tests are designed to reliably assess the following aspects: physical and
microbiological stability of products. After carrying out stability tests of EF
samples and evaluating the obtained results, it was found that the teat dip
maintained stability under recommended and stressful conditions, the pH and
viscosity results of the samples were stable, i.e. storage conditions did not
significantly affect the rheological properties and physical appearance of the
product. A real-time stability study, which usually takes two years, is impor-
tant to allow the evaluation of the change in physical properties and to justify
the shelf life of the biocidal product.

PR-2 and JP-2 dips maintained their stable physical and chemical proper-
ties for a period of two years. The colour, homogeneity and odour of the mo-
delled teat dips remained unchanged during the stability programmes and did
not separate the product phase.

Other studies have found that viscosity decreases with increasing storage
time [230]. This was confirmed (p < 0.05) during the study of the experi-
mental formulations CHD-2, PR-2 and JP-2 teat dips.

However, the CHD-2 teat dip was stable only for a year in real-time
programmes. Differences in the developed teat dip data were found after
24 months, when the pH value decreased to 5.2—-5.3 in all series (p < 0.25).
During the period of further observation, this product changed visually and
did not retain its physical properties.

pH is very important for products that are used on the skin, because it
affects the normal functions of skin cells, affects the protective functions of
the epidermis, keratinization processes, and creates favourable conditions for
normal microbiota of the skin to grow [229, 231]. The pH values of the mo-
delled teat dip formulations in both stability test programmes changed
insignificantly towards the acidic side, and the accelerated experimental con-
ditions did not have a statistically significant effect on the pH value — the pH
value of PR-2 and JP-2 dips fluctuated within stable, product-specific limits.
A change in viscosity parameters was observed in the modelled formulations,
however the dyes did not lose their original structure during storage.

127



Microbiological contamination was not detected in the modelled teat dips
during the real-time and accelerated stability programmes. Microbiological
quality control of pharmaceutical products is necessary to ensure their safety
for the environment, animals and the health of those who use them.

In the production of teat dips, the aim is to achieve texture that is
characterised by an aesthetic appearance and suitable mechanical properties —
it should be possible to distribute them evenly and easily on the surface, it
should remain on the site of exposure for a certain period of time, and it
should be convenient to remove the product from the container. During the
texture analysis, the obtained data describe the most important physical and
mechanical parameters of the products, according to which the sensory pro-
perties of the products can be objectively assessed. The texture analysis study
was carried out in order to determine which of the samples of the tested pro-
ducts has the best and most acceptable texture properties for consumption and
compare them with each other. The samples of the modelled teat dip JP-2
with povidone iodine and xanthan gum were the hardest, strongest and
thickest. It is recommended to choose compositions characterised by lower
hardness and lower consistency values, but higher viscosity index and cohesi-
veness values for topically applied teat dips. Such products will spread evenly
on the teat, form films of suitable thickness and strength, and will remain
longer at the site of exposure. The CHD-2 teat dip samples have a higher
cohesiveness force, which means that the samples are more sticky, will hold
well on the teat, and will form a film. This is one of the main texture require-
ments for teat dips. Moreover, the viscosity index was the highest for CHD-2
teat dip samples, which showed the resistance of the sample to separation and
run off: the higher this value, the more force is needed to break the sample
and the sample will not run off the teat, and a sufficiently thick film will be
formed. It is recommended to choose compositions characterised by lower
hardness and lower consistency values, but higher viscosity index and cohesi-
veness values for topically applied teat dips. Such products will spread evenly
on the teat, form films of suitable thickness and strength, and will remain
longer at the site of exposure. Therefore, when summarizing the results of the
texture analysis, it was found that the best textural properties were obtained
with the help of guar gum formed by EF CHD-2. These test results are
supported by both spreadability and back extrusion test results.

In order to analyse the possibilities of penetration of antiseptic substances
into the skin, an ex vivo skin penetration study was performed from standard
solutions of antiseptic substances and from the selected teat dip. The studies
were performed by comparing the penetration through the healthy skin of the
teats. The obtained results showed that the amount of CHD penetrated
through the skin was below the detection limit. The data of our study coincide
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with those published by other authors in the scientific articles. Kakadia and
Conway [232] indicate that chlorhexidine digluconate (CHD) is a widely
used antiseptic for topical skin antiseptic because it is characterised with low
skin penetration. In their study, after 24 h exposure, CHD was only detected
in superficial 100 um sections of the skin (7.88+1.37 ug/mg), with even lower
levels (less than 1 pg/mg) at 300 um depth. No full-thickness skin penetration
of CHD was detected. Kirkby et al. [233] indicate that an aqueous solution of
CHD penetrates the deeper layers of the skin worse than a solution in iso-
propyl alcohol. The researchers also report that increasing the concentration
of CHD in the formulation increases the penetration of CHD in vitro.
According to researchers, a higher concentration of the medicine on the
surface of the skin increases the spontaneous movement of particles from an
area othigh concentration (skin surface) to an area oflow concentration
(deeper layers of the skin). In addition, according to the authors, the increased
viscosity of the medicine reduces the free movement of drug particles in the
formulation, reduces the interaction of drug particles with the skin surface,
and at the same time diffuses less through the barrier. PR-2 and CHD-2 in
teat dips had different viscosity. In our modelled teat dip, CHD-2 guar gum
added to the product 1.6 times more viscosity than in PR-2 dip with xanthan
gum.

The penetration of lactic acid from the PR-2 teat dip was reliably lower
than that of the control solution. However, skin penetration of lactic acid from
teat dip PR-2 was statistically significantly greater than that of chlorhexidine
from teat dip CHD-2. PR-2 teat dip contains almost twice the amount of gly-
cerine and sorbitol additive. The latter substances can act as a chemical pene-
tration promoter, displacing water molecules from the intercellular space,
increasing the distribution coefficient and solubility of substances in the
stratum corneum.

The ex vivo study allowed to evaluate and compare the release of
antiseptic substances from teat dips of different compositions. With the help
of this study method, it is possible to optimise the composition of topical teat
dips, select the components, select medicinal substances that would not
promote penetration and leave the active substances without passing through
the stratum corneum. Scientific studies investigating skin penetration proces-
ses with different substances claim that the degree of affinity between the
solvent and the penetrating component is one of the most important factors
determining skin penetration [233]. Therefore, it is very important to evaluate
the role of all components as penetration promoters when composing the
formulation of the teat dips.

Not all cow udder antiseptic products used after milking are effective
[235], therefore, before starting to use them in production conditions, it

129



should first be studied in vitro, and it should be determined how these sub-
stances affect the agents of mastitis prevailing on farms. In a study by
Fitzpatrick et al. [54] it was indicated that there must be a common standard
for the evaluation of teat antiseptics in the member states of the European
Union, that is, the European standard BS EN 1656 and BS EN 1657 used to
compare various disinfectants and antiseptics. When tested against these
standards, 80% and 50% concentrations of the modelled teat dips had bacteri-
cidal activity against the reference cultures log R > 5. The most effective
antimicrobial effect was determined in the created teat dip JP-2. This teat dip
with concentrations of 80% and 50% inhibited the growth of S. aureus
(log R>5.48), S. uberis (log R >5.45), E. coli (log R >5.53) and C. albicans
(log R > 4.53) strains, a 10% concentration of this dip was also effective, but
not against A. niger fungal strain. Teat dip PR-2 80% and 50% solutions are
effective against S. uberis and E. coli strains. Low 10% concentrations of teat
dips were of lower antimicrobial efficacy. After summarising the results of
microbiological tests with reference microorganism cultures, additional
continuous microbiological tests with clinical microorganism strains from the
cow’s environment were carried out for the modelled teat dips. In this study,
the teat dips have been determined to have a pronounced antimicrobial effect
against Gram-positive and Gram-negative bacteria and yeasts. The EF
inhibited S. aureus and CoNS strains with higher antimicrobial efficiency.
However, depending on the antimicrobial substance contained in the tested
EF, the activity against different microorganisms varied. EF CHD-2 was the
most active against all bacteria used in the study. This EF with chlorhexidine
inhibited the growth of Gram-negative bacteria better (p < 0.05) than EF with
iodine. However, its activity against P. mirabilis and K. pneumoniae was
lower than that of EF PR-2. The modelled teat dip JP-2 showed effectiveness
against S. aureus, CoNS and C. albicans, and significantly expressed anti
P. zopfii properties in an in vitro study.

In recent years, researchers have analysed a number of teat dips, their
composition and the most effective antimicrobial substances. Lactic acid,
iodine povidone and chlorhexidine are the most frequently analysed. A com-
prehensive study by Irish researchers [54] found small differences between
the effectiveness and the concentration of the active ingredients in the teat
dip. Selected small concentrations of active substances in PR-2, CHD-2 and
JP-2 dips formulated an optimal model with a sufficient antimicrobial effect.

Teat dips of original different composition for cows’ udder hygiene after
milking have been created. The manufacture of the PROFIDIP line of teat
dips (manufacturer: UAB Ruvera) was started on the basis of these studies.
The created products were the first in Lithuania to compete with imported
teat dips. During the development of the teat dips, physical, microbiological
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and clinical biopharmaceutical tests were carried out, determining the stabi-
lity, rheological and textural properties of dips, penetration of antiseptic sub-
stances into the skin and antimicrobial efficiency.

The results obtained in the study are important for the successful deve-
lopment and optimisation of post-milking cow udder hygiene products for
use on the skin.

Based on the conducted testing and the obtained results, in the future it
will be aimed to create teat dips based on natural and organic materials, which
are necessary for the development of sustainable dairy farming. The conti-
nuation of the study would concern the modelling and evaluation of the
EU 2021/1165 compliant teat dip.

Conducted studies have proven that the antiseptic substances contained
in teat dips have different antimicrobial effects, so it is necessary to assess the
prevalence of pathogenic microorganisms circulating in the farm before use.
The obtained results of ex vivo biopharmaceutical studies justify and evaluate
the differences and regularities in the skin penetration of antiseptic substances
and the viscosity-forming components of the teat dip.

CONCLUSIONS

1. During experimental studies, nine experimental formulations (EF) were
modelled, combining different antimicrobial substances (lactic acid
(PR-1, PR-2, PR-3), iodine povidone (JP-1, JP-2, JP-3) and chlorhexi-
dine digluconate (CHD-1, CHD-2, CHD-3) with natural thickeners, dyes
and plant extracts.

2. EF PR-2 and JP-2 (in xanthan gum composition — 0.67%) and EF CHD-2
(in guar gum composition — 0.89%) had the best rheological properties
during the comparative study: they visibly painted and evenly coated the
skin of the teat, the drop remained for the set time and formed a physical
barrier.

3. It was found that:

3.1. EF PR-2 and JP-2 remain stable (at room temperature) for at least
24 months and CHD-2 — for at least 12 months. In all EFs, statisti-
cally significant linear strong relationships were established bet-
ween viscosity and pH parameters (correlation coefficient r = 0.986
(p <0.001).

3.2. EF CHD-2 was characterised by the best textural properties, in
which the viscosity is formulated with the help of hydroxylpropyl
guar lip. This led to a lower thickness and density of the product
(p <0.05), but at the same time it was stickier and remained longer
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4.

on the surface of the teat. Guar gum resulted in the ability of EF
CHD-2 to form a more sticky and optimal film thickness.

3.3. Different penetration of antiseptic substances into the skin of cows’
udders was determined:
3.3.1.lactic acid penetrates the teat skin from EF PR-2 1.6 times
(p <0.05) less than from the control solution of lactic acid in
methanol. The stratum corneum of the skin formed a partial
barrier to the penetration of the teat dip’s antimicrobial agent;
3.3.2.chlorhexidine from CHD-2 dip does not penetrate the skin of
the teat and remains on the surface of the skin, ensuring a local
antiseptic of the teat skin.

It was found that:

4.1. EFs PR-2, JP-2 and CHD-2 were bactericidally and fungicidally
active when determining the effect on the reference cultures of
bacteria and yeast C. albicans, only the reference strain of the fungus
A. niger was resistant to the tested teat dips;

4.2. the most antimicrobially active is EF JP-2: even when diluted 10 times,
this EF inhibited the growth of reference cultures S. aureus, E. coli
and S. uberis;

4.3. EF PR-2, JP-2 and CHD-2 were more effective against clinical
S. aureus and CoNS strains, but had a weaker effect on gram-
negative bacteria, whereas, EF CHD-2 had a broad spectrum of
activity and was effective against all tested bacteria;

4.4. pathogenic algae (P. zopfii) was best affected by EF JP-2.
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RECOMMENDATIONS

Selected experimental prototypes of teat dips with different active ingre-
dients are recommended for the production of commercial preparations.

The commercial teat dip, produced on the basis of the prototype JP-2
iodine povidone, is recommended for use as an antiseptic for cow teats
in a herd where mastitis is caused by S. aureus, KNS, S. uberis, P. zopfii
and C. albicans.

The commercial teat dip, produced on the basis of the prototype CHD-2
chlorhexidine, is recommended for use when mastitis-causing micro-
organisms are dominated by S. aureus and environmental pathogenic
microorganisms, such as S. agalactiae, KNS, E. coli, K. pneumoniae,
E. cloacae, P. aeruginosa, P. mirabilis, S. enterica, C. freundii, E. faecium,
P. zopfii, and C. albicans.

The commercial teat dip, produced on the basis of the prototype PR-2
lactic acid, is recommended for mastitis caused by environmental patho-
genic microorganisms, such as S. agalactiae, KNS, E. coli, K. pneu-
moniae, E. cloacae, P. aeruginosa, P. mirabilis, S. enterica, C. freundii,
and E. faecium.
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A Study of Stability and Antimicrobial Efficacy of a New Model
Teat Dip Solution Containing Lactic Acid
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Abstract. The aim of this study was to make a new teat dip formula containing lactic acid and
evaluate its stability and antibacterial activity by physico-chemical and microbiological tests.

After selecting the concentrations of the thickener xanthan gum (0.67%) and lactic acid (6.3%),
a teat dip solution was composed, which contains teat skin saving components: glycerol, sorbitol, oat
and calendula extracts. According to the recipe, a teat dip solution of orange colour, homogeneous
appearance, and a specific lactic acid smell was composed, the viscosity of which was 930—940 mPa¥*s.,
pH 2.7. Product physical, chemical properties and stability for 24 months were confirmed by real-
time and accelerated stability studies. The teat dip solution remains homogenous, orange colour with
a typical lactic acid smell, and did not become cloudy or flaky after 24 months following production.
Viscosity reduction was determined after 6 months 33 mPa*s, i.e. it was 3.4%, while after 24 months,
it was 12.7%. The measured pH value remains stable between 2.6 and 2.8 (P > 0.05). An antimicrobial
study was performed according to EN 1656 by 80%, 50% and 10% concentrations with reference
Staphylococcus aureus, Streptococcus uberis and Escherichia coli strains. The teat dip solution showed
bactericidal efficiency (log R > 5) against S. uberis and E. coli reference strains. An antimicrobial effect
to S. aureus was insufficient and the product was not effective against this bacteria. Teat dip at 10% did
not show an antimicrobial effect to all tested strains.

According to these data, the new model teat dip solution containing lactic acid, teat skin saving
substance and thickener xanthan gum retains unchanged physical parameters and shows bactericidal
activity against the reference E. coli and S. uberis strains.

Introduction

The bacterial colonization on teat skin is an
important source for intramammary infection (Hassan
et al., 2016). Good sanitation practices can reduce the
number of bacteria on teat skin and improve the milk
quality, especially the pre-milking and post-milking
teat dip (Kucevi¢ et al., 2013). Teat disinfection is an
important step in the control of mastitis within a dairy
herd (Breen, 2019; Fitzpatrik et al., 2021). Depending
on the hygiene and sanitary condition of the farm
and the method of udder preparation, bacterial
contamination of raw milk can decrease by 90%, and
the cases of mastitis by 50-75%. Many studies have
shown that well-performed teat hygiene reduces the
spread of microorganisms that cause inflammation of
the mammary gland, and the quality of milk improves.
Various sprays, cleaners and teat dip solutions are
used today for this purpose. The most widely used
procedure is teat dipping. Post-milking dip solutions
must have antimicrobial activity, cover the teat surface
well and stay on it, moisturize without skin irritation
(Oliver & Murinda, 2012; MiSeikiené et al., 2015).
Therefore, products intended for cow udder and teat
antiseptic — biocides — must contain a bactericidal,
disinfecting substance, skin-protecting components

Correspondence to Modestas Kybartas, Microbiology and
Virology Institute of Lithuanian University of Health Sciences.
E-mail: kmodestas@yahoo.com

and a thickener — a viscosity-forming substance. The
following active substances can be found in veterinary
biocides: chlorhexidine, iodine and its compounds,
lactic acid, peracetic acid, hydrogen peroxide, and
natural polymers guar or xanthan gum are used as
thickening components (Nickerson, 2001; Fitzpatrick
& Garvey, 2019; Chotigarpa & Lampang, 2019). There
are certain requirements for teat dip solutions which
are intended for the disinfection of cow udders. One of
the most important is the viscosity. After applying this
product to the nipple skin, a continuous film should
be formed; its purpose is the nipple canal protection
from the entry of infectious microorganisms (Garvey
& Curran, 2016). The viscosity of solutions can be
adjusted by selecting different types of thickeners, so
natural thickeners are more common in veterinary
medicine pharmacy as well as food industry (Alves,
2020).

Teat dip solutions must contain a disinfectant that
does not harm the animal or veterinary and husbandry
staff. Lactic acid is widely used in veterinary medicine
because it is active against gram-positive and gram-
negative bacteria and is not a toxic or dangerous
substance. Teat dip solutions based on lactic acid are
less harmful to the animal’s skin. According to some
studies, teat dip solutions which contain 5% lactic
acid have noticeable antimicrobial activity against E.
coli. The previous results have shown that the lactic
acid inhibited the growth of other Gram-negative
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bacteria such as Shigella sp., Salmonella Enteritidis,
and Listeria monocytogenes at 0.5% (In et al., 2013;
Wang et al., 2015). Fitzpatrick et al. (2021) also
say that, for streptococcal isolates, the product (5%
w/w lactic acid) resulted in the numerically largest
bacterial reduction of 70.1%.

An important feature of veterinary biocides is
that the stability of the solution formula should
stay throughout the product’s shelf life (European
chemicals agency, Guidance on the Biocidal Products
Regulation). It means that the teat dip solution should
retain stability of physical, chemical properties and
show no changes of active substance. Lack of stability
leads to diminishing antimicrobial properties.

The aim of this study was to create a new formula
teat dip and antimicrobial efficacy and stability
evaluation of the new model teat dip solution by
physico-chemical and microbiological tests.

Materials and methods

The investigation was carried out in the Institute
of Microbiology and Virology (LUHS) and Good
Laboratory Practice laboratory (Vimodrone, Italy).
A solution formula was developed by selecting and
changing the concentration of xanthan gum and dyes
so that teat dip properly covered the teat skin, persisted

on the teat a required time and properly coloured
the teat skin after dipping. The teat dip solution
with lactic acid was produced using pharmacological
substances (see Table 1 for composition) according to
the technology where dry plant extracts and dyes are
dissolved in a portion of purified water and filtered.
The filtrate is mixed with sorbitol and glycerine
compound and stirred until the solution becomes
clear completely. Xanthan gum with the rest of the
purified water is added with intensive mixing, and the
suspension is homogenized to uniform consistency
by a homogenizer (IKA T25 Ultra Turrax). Lactic
acid (active substance) is added, and the solution
is mixed again with the help of a laboratory mixer
(IKA Eurostar 20 digital) to a homogeneous mass.
This product is left in a sealed container and, after 24
hours, physico-chemical parameters are determined.
The stability testing was carried out according to the
guidelines on stability testing of cosmetic products
(Colipa, 2004) and guidelines for assessing shelf
life using real-time and accelerated stability tests
(Magari, 2003). In the real-time study, the product
was stored under recommended conditions, and
changes of product properties were observed during
time intervals (after 24 hours, 6 months, 12 months,
and 24 months). When testing the teat dip in an
accelerated way, it was placed in stressful conditions:

Table 1. The new model teat dip solution composition (100 g of the final product)

thlrmacul?glcal composition/ Producer CAS Molecular mass Compound, Notes
Chemical compound Number g
L-(+)-lactic acid C,H O, . .
Lo 12,83 Purac Biochem, B pH adjustment
Also indicated as 1_7(+)_727 The Netherlands 79-33-4 M = 90 g/mol 6.3 and disinfectant
hydroxypropanoic acid
Xanthan gum C,.H, O,  (monomer) FraCnI:CK;lrcaicc 11138-66-2 M ;/3118011‘21 0.67 Thickener
Dye CI 15985 Disodium 6-Hydroxy- | Neelikon Food M = 452.37
5-[(4-Sulphonatophenyl)Azo|Naph- | Dyes & Chemi-| 2783-94-0 7/mol' 0.03 Dye
thalene-2-Sulphonate cals Ltd, India &
The extract is
AP the mixture Antioxidant and
Calenc(it}f:ttfffilgaltlis d;?ll fxtract Gonmisol, Spain| 84776-23-8 of different 0.03 anti-inflamma-
act Ratio o substances (no tory effect
molecular mass)
The extract is
. ) . the mixture Antioxidant,
Avena sativa dry extract nVH Ttalia stl, 1 g401226-0 | of different 0.02 moisturizing
(Extract Ratio 4:1) Italy substances (no effect
molecular mass)
Aarhus Kars- M = 92 o/mol
Glycerol 1,2,3-propantriol, C.H_(OH hams Sweden 56- 81-5 B g/mo 9.00 Skin emollient
y prop: 310 3 Purity — 100%
AB, Sweden unty 0
Cargill
Sorbitol H(CHOH) H Degf:fbh;“d 50704 | M ; /fj'” 1.00 Moisturizer
Germany
Water, H,0 7732-18-5 | M= 1801 | Upto 100 |y o
g/mol final product
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higher temperature, more intense freezing-heating
cycle. The accelerated stability test program was
carried out after 24 hours of manufacture, and after
2 months. Tests evaluate chemical, physical stability
and sensory properties: colour, smell, homogeneity.

Samples of the developed teat dip containing lactic
acid were used for further stability studies. Samples
were selected and taken in accordance with LST EN
ISO 9001 (Quality Management System) and LST
EN ISO 227716 (Good Manufacturing Practices for
Cosmetic Products) standards. Viscosity was measured
at 20°C with a rotary (NDJ-1, COMECTA SA)
viscometer. The pH measurement was carried out by a
standard potentiometric test method with a laboratory
pH-meter (InoLab pH 7310). Homogeneity, smell,
and colour were determined by a visual method in
the Light Cabinet (Byko-Spectra basic).

The microbiological examination was carried
out according to MP-S_SVP-6:2020 (Edition I) and
the European Pharmacopoeia (7th edition, 2.6.12).
Bacteria colonies were counted on Mueller-Hinton
Agar II, (BBL, Cockeysville, USA) after incubation
at 35°C for 24 hours in aerobic conditions. The total
number of aerobic microorganisms CFU/g in the
test sample was calculated according to the formula
and the final result was given as the number of
microorganisms (CFU)/g: N = Y C/V x 1.1 x d, kr:
>'C is the sum of the colonies counted in the two
evaluated plates from two serial (one by one) dilutions.

Bactericidal activity of the teat dip containing
lactic acid was determined according to the standard
EN: 1656/2010/AC: 2011 at Good Laboratory
Practice laboratory (Vimodrone, Italy). Briefly: 80%,
50%, and 10% concentration teat dip was tested on
S. aureus ATCC 6538, S. uberis ATCC 19436, E. coli
ATCC 10536. Test conditions: temperature 30 = 1°C.
Exposure time: 5 min. The nutrient medium Tryptone
Soya Agar (TSA) was used in these tests. The indicator
of biocide activity against the microorganisms used
in the study is expressed as a logarithm. A teat dip
solution is considered as bactericidal active if the
logarithm value obtained during the test exceeds 5,
i.e.log R > 5.

The final product was tested for contamination of
S. aureus, P. aeruginosa and C. albicans.

Statistical analysis. Obtained research results were
statistically processed using statistical data analysis
packages: SPSS 19.0, Microsoft Office Excel 2007.
Statistically reliable differences in arithmetic means
when P < 0.05 between two groups were determined.

Results

The manufacturer’s specification for xanthan
gum as a thickener has a wide concentration range
from 0.5% to 2.5%. According to the limits set by
the supplier, the tests were started from the lowest
concentration, and it was increased until the required
viscosity value was reached and the minimum amount
of the thickener was used.

Thus, the determination of the xanthan gum
composition started from the lowest amounts, and
during the tests, the amount of xanthan gum was
increased to 0.67%. We found that this concentration
of a thickener was sufficient for the product to meet
the viscosity requirements. After laboratory tests,
the final teat dip solution viscosity was set to 930—
940 mPa*s. After a series of tests, according to the
recipes (Table 1), a teat dip solution of orange colour,
homogeneous appearance, specific lactic acid smell
and pH 2.7 was created. Quality assurance tests were
made for possible variation of pH, viscosity, sensory
properties (colour, odour and homogeneity) and
microbiological parameters.

The tested teat dip solution remained homogeneous
throughout the whole stability testing period, bright
orange in colour, characteristic of a lactic acid smell.
It did not become cloudy, and did not fade after 6, 12,
and 24 months after production (Table 2). Changes in
the teat dip solution with lactic acid sensual properties
were not detected.

Measuring the pH value showed that it remained
stable (P > 0.05). Evaluation in a real-time programme
showed that the pH value did not change statistically
significantly. The pH value was in the range of 2.6—
2.8, so it was found that the teat dip solution met
the initially set requirements. After 24 months, the
average value of pH decreased slightly — 0.01 (P >
0.05) in the samples from the three tested series in the
real-time stability program. After correlation analysis
evaluation, it was found that there were statistically
significant linear relationships between pH in all
teat dip solutions lots. The pH value stability test
showed that the teat dip solution containing lactic
acid properties did not change significantly (P > 0.05)
during the 24-months stability testing period. The
obtained data are presented in Table 2.

Teat dip solutions viscosity decreased insignificantly
during the real-time stability program (P > 0.05). A
decrease of viscosity was determined after 6 months
to 33 mPa*s, compared with the manufactured
product: it was 3.4% lower than after production after
6 months, 7.5% after 12 months, and 12.7% after 24
months (Table 2).

The microbiological quality of the new formulated
teat dip solutions containing lactic acid was assessed
after preparation (emulsion) and the samples were
stored and tested at intervals specified in the real
stability program (Table 2).

High manufacturing standards of hygiene and
components with antimicrobial activity ensure that
microbial growth was mostly inhibited in the newly
manufactured teat dip solution (Table 2). Total
aerobic bacteria count was 1.0 x 10' CFU/g (mL).
Microorganisms such P aeruginosa, S. aureus, C.
albicans in 0.1g of the tested final teat dip solution
samples were not detected. During the accelerated
stability program, colour, homogeneity, and odour
of the new formulated teat dip solution remained
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Table 2. The new model teat dip solution containing lactic acid stability data

Time of Viscosit Total count of | P. aeruginosa,
evaluation Homogeneity Colour Smell pH n’]Pa‘*SY' aerobic bacteria | S. aureus,
v CFU/g (mL) C. albicans
Batch No. 1
After 24 h | Homogeneous Orange Specific lactic acid | 2.7 940 < 1.0 x 10 Unidentified
ﬁ;g;ihi Homogeneous Orange Specific lactic acid | 2.6 910 < 1.0 x 10 Unidentified
ﬁf:ﬁtﬁf Homogeneous Orange Specific lactic acid | 2.7 870 < 1.0 x 10 Unidentified
ﬁf::ﬂz]f Homogeneous Orange Specific lactic acid | 2.6 820 < 1.0 x 10 Unidentified
Batch No. 2
After 24 h | Homogeneous Orange Specific lactic acid | 2.8 940 < 1.0 x 10 Unidentified
r‘/;i::hi Homogeneous Orange Specific lactic acid | 2.8 900 < 1.0 x 10 Unidentified
Z::f:)enrt}llsz Homogeneous Orange Specific lactic acid | 2.8 870 < 1.0 x 10 Unidentified
if:)enrtﬁj Homogeneous Orange Specific lactic acid | 2.6 830 < 1.0 x 10 Unidentified
Batch No. 3
After 24 h | Homogeneous Orange Specific lactic acid | 2.6 930 < 1.0 x 10! Unidentified
23:51165 Homogeneous Orange Specific lactic acid | 2.6 900 < 1.0 x 10! Unidentified
j?rf:)e;tkllsz Homogeneous Orange Specific lactic acid | 2.7 860 < 1.0 x 10 Unidentified
A/r\nf:lrtﬁj Homogeneous Orange Specific lactic acid | 2.6 830 < 1.0 x 10 Unidentified

unchanged (Table 3). After the centrifugation tests
(speed 45 rpm, time 8 min), the investigated samples
of the product did not change; they remained stable
during the entire study. Samples are considered
stable if the product phase does not separate during
centrifugation at the specified mode. At this stage of
testing, the total number of aerobic microorganisms
in 1 g (mL) did not exceed the permitted amounts,
no microbial strains of P. aeruginosa, S. aureus, and
C. albicans were detected. The accelerated stability
program did not detect possible microbiological
contamination.

No pH value deviation from the initial value
was observed (Table 3) when samples were stored
at a lower temperature. It can also be stated that no
change in pH value occurred in the samples during
freezing/heating cycles and these data remain stable;
no statistically reliable decrease in pH value (P> 0.05)
was found. From the data presented in Table 3, it can
be seen that the harder experimental conditions did
not have a statistically significant effect on the pH
value; the pH value varies in stable and appropriate
characteristic limits of the product. During this study,
antibacterial activity (in vitro) of teat dip solutions was
determined by the ability to reduce the total number
of microorganisms used in testing. Results were

evaluated according to the standard.

The teat dip solution antimicrobial efficiency
test was carried out by evaluating bactericidal tests
against reference strains S. aureus S. uberis, and E.
coli, according to the EN 1656 standard. The teat dip
solution is considered as bactericidal effective if the
logarithm value obtained during the test exceeds 5. The
test was performed with 80%, 50% and 10% teat dip
solution concentrations. Bactericidal testing showed
that 80% and 50% teat dip solution concentrations
were bactericidal active against S. uberis ATCC 19436
and E. coli ATCC 10536 strains (log R > 5, Table 4).
After diluting the teat dip solution to 10%, it was not
effective in the performed study.

Discussion

The new formulated teat dip solution contains
components such a thickener, an antimicrobial
active ingredient, moisturizing, teat skin-friendly
ingredients, and water. When developing new products
and preparing chemical mixtures, it is important that
the product is not harmful to the animal and friendly
to the environment. For teat dip solutions and
other skin surface disinfectants, classification of the
chemical mixture is very important. Therefore, during
the creation of a new formula teat dip solution, the

Veterinarija ir Zootechnika 2022;80(2)

153



A Study of Stability and Antimicrobial Efficacy of a New Model Teat Dipa Solution Containing Lactic Acid

57

Table 3. The new model teat dip solution containing lactic acid data during accelerated stability program

. IR . Total aerobic microorgan- | Centrifugation, speed
Time of evaluation | Homogeneity | Colour Smell pH isms count CFU/g (mL) | 45 rpm, time 8 min
Batch No. 1
After manufacturing | Homogenic | Orange Sp.eaﬁ? 2.7 < 1.0 x 10* Stabile
lactic acid
Heating/cooling
cycles
(10 d. at +4°C; Specific
10 d. +45°C; Homogenic | Orange 1 I’: id 2.7 < 1.0 x 10! Stabile
10 d. +4°C: actic aci
10 d. +45°C;
10 d. 15°C)
After 2 months. keep . Specific 1 .
at 145°C Homogenic | Orange lactic acid 2.6 <1.0x 10 Stabile
Batch No. 2
After manufacturing | Homogenic | Orange Spgc1f1§ 2.8 < 1.0 x 10" Stabile
lactic acid
Heating/cooling
cycles
(10 d. +4°C;
10 d. +45°C; . Specific 1 .
10 d. +4°C: Homogenic | Orange lactic acid 2.7 <1.0x 10 Stabile
10 d. +45°C;
10 d. 15°C)
After 2 months at . § Specific 1 .
1450 C Homogenic | Orange lactic acid 2.8 <1.0x 10 Stabile
Batch No. 3
After manufacturing | Homogenic | Orange Sp§c1f1§ 2.6 < 1.0 x 10* Stabile
lactic acid
Heating/cooling
cycles
(10 d. +4°C;
10 d. +45°C; - Specific | .
10 d. +4°C: Homogenic | Orange lactic acid 2.7 < 1.0 x 10 Stabile
10 d. +45°C;
10 d. 15°C)
After 2 months at . Specific 1 .
145°C Homogenic | Orange lactic acid 2.6 <1.0x 10 Stabile

classification of the used thickener and antimicrobial
substance was taken into account according to the
European Parliament and Council Regulation (EC)
No. 1272/2008. Xanthan gum is a natural polymer
and does not pose a risk to animal health or the
environment under this regulation. Also, lactic acid
is recognized as safe for use in animal husbandry for
surface disinfection.

Disinfectant effect and sufficient thickness are
important in biocidal teat dip solutions. Viscosity
should be sufficient to form a non-drop emulsion
when the teat dip solution is applied to the skin of
the teat. Therefore, viscosity is an important physico-
chemical parameter of the teat dip solution, reflecting
the quality of the product (Elella, 2020; Petri, 2015).

In our study, we paid high attention to obtain the
required viscosity. In the study, we chose the natural
material that forms the viscosity in the new formula
product. Xanthan gum is sufficient when inserted
into the product at 0.67%. The product viscosity was
statistically reliably stable throughout the entire study
period, i.e., 24 months after manufacture.

A disinfectant is a necessary component in teat
dip. In veterinary and animal husbandry, one of
the most widely used biocides is lactic acid. Lactic
acid is recognized by the US and the European
Union Commission as a safe food additive for health
and its quantities are unlimited. This compound is
environmentally friendly and exhibits antimicrobial
activity (Storton, 2010). Also, the 2017 EU regulation
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Table 4. Antimicrobial activity (log R) of the new model teat dip solutions containing lactic acid (80%, 50%, 10%) ac-
cording to standard UNI EN 1656

Results
Test microorganisms Test suspension
80% 50% 10%
10 >330->330* Ve: >330->330 Ve: >330->330 Ve:>330->330
S. aureus ATCC 107: 46-35* Na > 3300 Na > 3300 Na > 3300
o 6538 : N:4.05 x 10° log Na > 3.52 log Na > 3.52 log Na > 3.52
No:4.05 x 107 log R < 4.09 log R < 4.09 log R < 4.09
log No:7.61 Not active Not active Not active
10°%: >330->330* Ve <14-<14 Ve <14-<14 Ve: >330->330
. . 107: 42-30* Na < 140 Na < 140 Na > 3300
S ”b‘f;’i;zmc N:3.60 x 10° log Na < 2.15 log Na < 2.15 log Na > 3.52
No: 3.60 x 107 log R > 5.41 log R > 5.41 log R < 4.04
log No:7.56 Active Active Not active
10°%: >330->330* Ve <14 - <14 Ve <14-<14 Ve: >330->330
107: 44-49* Na < 140 Na < 140 Na > 3300
E. coli ATCC 10536 N:4.65 x 10° log Na < 2.15 log Na = 2.15 log Na > 3.52
No: 4.65 x 107 log R < 5.52 log R = 5.52 log R < 4.15
log No:7.67 Active Active Not active

*

number of colonies (CFU) in test suspension dilutions; N = number of CFU/mL of the test suspension; V¢ = viable

count; Na = number of CFU/mL of the test mixture; R = reduction in viability. No — number of CFU/mL in the test

mixture (diluted).

(https://eur-lex.europa.eu/legal-content/EN/
ALL/?uri=CELEX:32017R2002) confirmed that
lactic acid can be used in different types of veterinary
products intended for animal skin or surface
disinfection. Lactic acid products have been shown
to have antibacterial activities against Gram-positive
and Gram-negative bacteria (Boomsma et al., 2015).
These ingredients are used in food and cosmetics as
preservatives and also have low toxicity; lactic acid is
less sensitive to skin irritation (Alsaheb et al., 2015).
Many commercial teat antiseptic products have
various active ingredients including iodine, hydrogen
peroxide, chlorine, and chlorhexidine. Some
may cause skin irritation and bacterial resistance
(Sadakane et al., 2015). Therefore, pre-parations of
natural products are desirable. The study of Chivero
and Gohtani (2015) states that teat dip solutions
with lactic acid protect the teat canal from possible
infections or inflammations, and the moisturizer film
remains effective until the first washing of the skin.
Our newly formulated teat dip solution showed a
bactericidal effect. It was confirmed by in vitro study
against reference isolates. Our study according to the
EN 1656 standard showed bactericidal activity at 80%
and 50% concentration to reference cultures, as log
R > 5 was obtained. World scientists have analyzed
the antibacterial effectiveness of teat dip containing
lactic acid. Extensive research has been conducted
(Fitzpatrick et al., 2021). These researchers tested
products containing lactic acid as the main active
ingredient. Lactic acid concentrations in these products
ranged from 1.76% w/w to 8% w/w. For streptococcal
isolates, the product with 5% w/w lactic acid resulted
in a numerically largest bacterial reduction of 70.1%.
The product with 2% lactic acid combined with 0.6%

w/w chlorhexidine obtained the largest bacterial
reduction of 100% against staphylococcal isolates.
The product with 1.6% w/w lactic acid combined with
hydrogen peroxide was found to result in bacterial
reductions of 89.9% and 59.4% for streptococcal
and staphylococcal isolates, respectively. This study
suggests that some teat disinfectant products achieve
a higher reduction in bacterial levels against different
specific bacterial groups on teat skin than other teat
disinfectant products. However, Chotigarpa (2019)
found that no relationship was observed between
a higher concentration of active ingredient and
increased effectiveness. The scientist notes that the
use of a lactic acid-based teat disinfectant reduced
the bacterial load on the teat skin and decreased the
prevalence of mastitis due to coliforms such as E.
coli. Important studies on reduced susceptibility to
lactic acid teat disinfectants have not been published
yet; only resistance mechanisms of lactic acid
bacteria coping with acid stress have been observed
(Wang, 2018; Schwenker, 2022).

In assessing the quality of pharmaceutical products,
stability of physio-chemical parameters is important.
When conducting stability studies for biocidal
products, it is important to determine whether the
quality of disinfectant products is sufficient during
the entire shelf life, whether the product maintains
its original physical and chemical properties. In case
of a decrease of viscosity, film would not form on the
skin, which ensures the lowest disinfectant properties
by the inability to keep the active substances where
they are needed. The importance of stability studies
is also defined in Regulation (EU) of the European
Parliament and Council no. 528/2012, Title 2 of
Annex III, which states that in order to register a
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biocidal product in the European Union, it is ne-
cessary to submit the results of stability studies at
low and ambient temperatures, according to which
the shelf life of the biocidal product is determined.
For this purpose, two types of stability programs were
implemented: real-time and accelerated stability. In
real-time stability studies, the product was stored
under recommended conditions and monitored for
changes in product properties. When testing the
product in an accelerated way, the product is placed
under stressful conditions: +45°C temperature,
heating-freezing cycle. Both real-time and accelerated
stability program tests are designed to reliably assess
the following aspects: stability and physical integrity
of products, chemical and microbiological stability.
After carrying out stability tests of the samples and
evaluating the obtained results, it was observed that
the teat dip solution maintained sufficient stability
when stored at low and room temperature; the pH
and viscosity results of the samples also showed the
stability of the composition. During the stability
study, it was found that the storage conditions did not
significantly affect the physical product appearance
and chemical characteristics of the new formulated
teat dip solution.

Microbiological quality control of pharmaceutical
products is necessary to ensure their safety for the
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Simple Summary: Bovine mastitis is one of the most widespread cow diseases, which causes high
economic losses. Local treatment using natural ingredients instead of the systematic use of antibiotics
can decrease the development of antimicrobial resistance. The aim of the study was to determine
the physico-chemical properties, stability and antimicrobial effect of a newly formulated biocide
for post-milking udder hygiene containing a thickener made from hydroxypropyl guar gum, an
antiseptic chlorhexidine digluconate and teat skin-friendly components, including glycerol, Mentha
Arvensis herbal oil and Aesculus hippocastanum extract. The product remains stable and homogenous
for at least 12 months. The product also has good antimicrobial properties against the main mastitis
pathogens, including Staphylococcus aureus, Streptococcus uberis, Escherichia coli, Candida albicans and
Aspergillus niger.

Abstract: Despite much focus on mastitis as an endemic disease, clinical and subclinical mastitis
remains an important problem for many herds. Reducing the usage of antibiotics for mastitis
treatment allows the risks to be minimized related to the development of antimicrobial resistance
and the excretion of antibiotics into the environment. The aim of the study was to determine the
physico-chemical properties, stability and antimicrobial effect of a newly formulated biocide for post-
milking udder hygiene containing a thickener made from hydroxypropyl guar gum, an antiseptic
chlorhexidine digluconate and teat skin-friendly components including glycerol, Mentha Arvensis
herbal oil and Aesculus hippocastanum extract. Hydroxypropyl guar gum was used as a thickener to
provide the physical parameters and to retain the viscosity at 1438 mPa.s. The physical and chemical
properties of the product, including the 12-month stability, were tested in long-term and accelerated
stability studies. The product was effective against the primary mastitis pathogens, including
Staphylococcus aureus, Streptococcus uberis, Escherichia coli, Candida albicans and Aspergillus niger.

Keywords: teat dip solution; chlorhexidine; antimicrobial efficacy; stability; viscosity; hydroxypropyl
guar gum

1. Introduction

Despite the extensive focus on mastitis as an endemic disease, clinical and subclinical
mastitis remains an important problem for many herds. The disinfection of teats after
milking reduces the number of new mastitis infections (IMIs) by 50-70%, particularly
those caused by contagious mastitis pathogens, and it achieves more variable effects for
environmental pathogens [1]. Teat disinfection is a very integral part of the prevention of
mastitis, which helps to reduce the risk of pathogens transmission between animals [2].
There is clear evidence that the incidence of new IMIs caused by a wide variety of pathogens
was much lower after post-milking teat disinfection. Moreover, this inexpensive and

Vet. Sci. 2023, 10, 510. https:/ /doi.org/10.3390/ vetsci1l0080510 https:/ /www.mdpi.com/journal /vetsci

158



Vet. Sci. 2023, 10, 510

20f 14

simple technique ensured reduced bulk milk SCC during lactation and had fewer teat skin
abnormalities compared with cows without disinfection [1,3]. For this reason, post-milking
teat disinfection is included into many mastitis control programs.

Post-milking dip solutions should include certain features suitable for teat hygiene:
they must have antimicrobial activity, quickly cover the teat and properly remain on the
surface for a certain period; they must be the right pH in order not to irritate the skin; and
they must perform a moisturizing effect to keep the skin soft, rather than cracked, and
help any minor wounds to heal more quickly [4,5]. Therefore, antiseptics which are used
for cow udders after milking may contain bactericidal and bacteriostatic substances. The
use of different active substances in biocides provides a broad spectrum of disinfection.
Polymers of guar or xanthan or guar gum provide thickening viscosity to biocides. As a
result, the teat dip solution stays on the teat for the right amount of time [6-9].

The teat dip products should contain a disinfecting agent which is friendly to the skin
of the teats and is not harmful to people working with animals. That agent is chlorhexidine,
which is extensively utilized in veterinary medicine. Chlorhexidine can be used to disinfect
the skin of animals; antiseptics of this type are widespread for the udder hygiene of cows
before and after milking [6]. Thanks to using post-milking hygiene products containing
chlorhexidine, according to the authors, the udder is protected from various inflammations
and microorganisms that can enter into the teat canal. At high concentrations (>0.1%),
CHX caused a leakage of all the main intracellular components out of the cell, resulting
in a bactericidal (cell lysis and death) effect. At low concentrations (0.02-0.06%), CHX
caused a displacement of Ca?* and Mg2+ and losses of K* from the cell wall, resulting in a
bacteriostatic effect. Therefore, teat disinfection with chlorhexidine is an important tool in
reducing the incidence of bovine mastitis [10].

Despite the biocidal properties, an important physical aspect is viscosity and thickness.
After the dipping on the teat, skin creates a protective film that protects the teat canal from
pathogens [11]. Viscosity can be adjusted by choosing different types of thickeners and their
different concentrations. They also help maintain product stability and improve rheological
properties [12]. In our opinion, the color of the teat dip is not of less importance, as the teat
dip should be seen on the skin; i.e., the substance should contain a dye that gives a color to
the product that acts as a control marker for the personnel and equipment. The efficient teat
dip should be chosen taking into account its composition, the proportion of the materials
and the combined stability and effectiveness. Biocidal products must maintain sufficient
stability throughout their shelf life. The viscosity, pH, color, homogeneity stability, and
odor intensity must remain.

The aim of this study was to determine the physico-chemical properties, stability
and antimicrobial effect of a newly formulated biocide for post-milking udder hygiene
containing a thickener made from hydroxypropyl guar gum, an antiseptic chlorhexidine
digluconate and teat skin-friendly components, including glycerol, Mentha Arvensis herbal
oil and Aesculus hippocastanum extract.

2. Materials and Methods
2.1. Place and Study Design

Investigations were carried out at the Institute of Microbiology and Virology, Lithua-
nian University of Health Sciences, as well as at the laboratory of Chelab S.R.L. in com-
pliance with Good Laboratory Practices, Resana, Italy. The research was carried out in
compliance with the Republic of Lithuania’s Animal Welfare and Protection Act (no. 108-
2728; 2012, no. 122-6126). The study approval number was G2-227, which was issued by
the Lithuanian State Food and Veterinary Service. The study design is presented in Table 1.

2.2. Development and Preparation of Teat Dip Solution

The solution formula was formulated by carefully selecting and adjusting the con-
centrations of the hydroxypropyl guar gum in order to achieve an appropriate viscosity
and teat skin color after dipping. Chlorhexidine was used as the antimicrobial substance
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whereas plant extracts were included as antiseptic and skin-conditioning ingredients. All
ingredients used for the development of the new model of teat dip solution are presented
in Table 2.

Table 1. Short study design for development and testing of the teat dip solution.

Development of experimental compositions of teat dip solution

Evaluation and selection of experimental formulations (in vivo)

Evaluation of the stability of the physico-chemical parameters of the selected composition

Viscosity

pH

Appearance of teat
dip solution

Stability

Study of the antibacterial and antifungal effects of the selected composition

Table 2. Composition of the developed new model teat dip solution (100 g product).

Product Composition CAS No. Molecular Mass Manufacturer Quantity, g Function
Chlorhexidine digluconate
(D-gluconic acid, compound with Active substance
N,N"-bis(4-chlorophenyl)-3,12-diimino- 18472-51-0 M =897.77 1 Medichem, S.A., 08970 0.50 timicrobial
2,4,11,13-tetraazatetradecanediamidine 77 g/mol Sant Joan Despi, Spain ’ (a}[)‘rg;é?t-ioesl)a
(2:1),
C22H30CI2N10 x 2C6H1207
Hydroxypropyl guar, Lamberti SpA, 21013 Nol 0% Stabilizer,
" 4 39421-75-5 M =536.44 g/mol . No.2 0.89 thickener,
C3HB802 x (isomer) Gallarate, Italy viscosity modifier
No.3 120
Dye CI 16255 (Trisodium . No.l  0.02
(82)-7-0x0-8-[(4-sulfonatonaphthalen-1- gﬁgﬁgﬁfﬁi}; [iggil&g
yl)hydrazin;éliiilelrf\sl‘r;ig)hthalene-l,3— 2611827 M=60446g/mol e Mahatashtra, ~_No2 0.5 Colorant
C20H11N2Na3010S3 fndia No3 012
Aarhus Karshams Sweden 5 .
Glycerol (1,2,3-propantriol), C3H5(OH)3 56-81-5  M=9209g/mol  AB,37431 Karlshamn, 510 Skin emollient,
moisturizer
Sweden
Mentha arvensis herb oil o . Cooling,
(L-Menthol > 35.0%, Menthone 0063971 heollisblendof D“gbe’g Kolgze';'z'a 010 antisept%c,
(17.0-25.0%, Cineole < 1.0%, Isomenthone 7 suggtr;?\;l:s . G;n{b f‘ CO‘G G, 22335 . perfuming
> 13.0%, Menthylacetate 2.0-6.0%) amburg, Lermany function
Aesculus hippocastanum dry extract from
seeds (Aescin 18.0-22.0%) The extract is Antioxidant, skin
(Extract Ratio 7:1) ° 8053-39-2 blend of various Dgigﬁigﬁu&;{r:ﬁa{)g 0.01 conditioning and
(Extraction solvent: Ethanol /Water substances * i protecting effect
(40/60 v/v)
Polysorbate 80, C64H124026 9005-65-6 M=131000  Oleon NV, 9940 Evergem, 3.00 Emulsifier
g/mol Belgium
Rebain | International NL,
Isopropyl alcohol, C3H7OH 67-63-0 M =60.10 g/mol 3059 LM Rotterdam, The 5.00 Solvent
Netherlands
. . _ Stanchem Sp. z 0.0., 21025 .
Sodium hydroxide, NaOH 1310-72-2 M =92.09 g/mol Niemce, Poland q.s. pH adjustment
Citric acid monohydrate, C6HSO7 x H20 ~ 5949-29-1 M =210.14 g/mol Ié‘;;iﬂfg;g‘l’ogi?j qs. PpH adjustment
Purified water, H20 7732-18-5 M =18.01 g/mol Upto100 g Solvent

P.S.—* no molecular mass.

The modeling of the initial experimental compositions used for the teat dip solution
was carried out through an analogous method and by varying the amounts of the viscosity-
regulating material and dye, with three experimental compositions being prepared. See
Table 2 for the compositions. Hydroxypropyl guar gum was dispersed in purified water
using an IKA ULTRA-TURRAX® T 25 digital laboratory homogenizer (IKA-Werke GmbH
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& Co. KG, Staufen, Germany), and, if necessary, the pH of this solution was adjusted to
6.5-6.8 with citric acid. Mentha arvensis herb oil and glycerol were dissolved in isopropyl
alcohol. Aesculus hippocastanum dry extract and dye were dissolved in purified water and
filtered. Polysorbate 80 was dissolved in the remaining purified water, and the pH of this
solution was adjusted with sodium hydroxide when needed to achieve an appropriate pH
range of 5.8-6.1. A mixture of isopropyl alcohol, glycerol and Mentha Arvensis herb oil was
gradually added to the hydroxypropyl guar gum solution. Thereafter, a mixture of Aesculus
hippocastanum dry extract and dye was added, mixed and then polysorbate 80 was added.
During the last stage of the mixing process, a 20% solution of chlorhexidine digluconate
was added to the mixture, and the solution was mixed again using a EUROSTAR 20 digital
laboratory stirrer (IKA-Werke GmbH & Co. KG, Germany) at a speed of 1250 rpm for
10 min to obtain a homogeneous mass. The equilibration of the modeled experimental
compositions (EC) was carried out for 24 h at room temperature (15-25 °C).

2.3. In Vivo Testing

The in vivo study was carried out in order to evaluate the compliance of the simulated
three experimental compositions with the provided requirements. The in vivo study was
carried out in 2019-2021 at a dairy cow farm located in Siauliai district, Lithuania. The
dairy farm houses 450 cows of the Lithuanian Red breed, with an average productivity
of 10,500 kg per lactation. Cows are milked in the milking parlor twice a day. The in vivo
study was carried out with 75 cows; i.e., three test groups of 25 cows each were formed to
evaluate each experimental composition. After milking, cow teats were dipped immediately
with EC solution up to 3/4 of the teat length. During the in vivo study, physical tests of the
experimental compositions were performed: color, dripping immediately after dipping,
formation of a drop on the teat end, teat covered with a film, evenness of teat coverage.
The protocols record the values of the research indicators by visually applying a 5-point
system. The evaluation criteria are presented in Table 3. The composition with the highest
score was selected for further study.

Table 3. Evaluation criteria of experimental teat dip solutions in vivo.

Parameters Evaluation Criteria

Color
1 point After dipping, the color is hard to see.
pomn After 60 min, no color is visible.
2 points After dipping, the color is bright and lasts well for 10 min.

After 60 min, the color is hard to see.

After dipping, the color is bright and lasts well for 10 min.
3 points After 60 min, the color did not change.
After 12 h, the remains of the color are not visible.

After dipping, the color is bright and lasts well for 10 min.
4 points After 60 min, the color did not change.
After 12 h, the color residues are visible only on part of the teats.

After dipping, the color is bright and lasts well for 10 min.
5 points After 60 min, the color did not change.
After 12 h the remains of the color are visible.

Dripping immediately after dipping

1 point After dipping, the dripping is intense (more than 6 drops in the first minute).

2 points After dipping, the dripping is intense (4-6 drops in the first minute).

3 points After dipping, the dripping is moderate (2—4 drops in the first minute).
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Table 3. Cont.

Parameters Evaluation Criteria

4 points After dipping, the dripping is slow (no more than 2 drops in the first minute).

5 points No dripping after dipping (no more than one drop in the first minute).

Formation of a drop on the teat end

1 point The drop does not form; dripping is too intense.

After 5 minutes, an elongated drop is formed that does not fall off.

2 points After 30 min, the hanging drop is no longer visible.

After 5 minutes, an elongated drop is formed that does not fall off.

3 points After 60 min, the hanging drop is no longer visible.

After a few (2-3) minutes, a stable hanging drop is formed, which lasts for about 40
4 points min.
After 60 min, the hanging drop is no longer visible.

After a few (2-3) minutes, a stable hanging drop is formed.

5 points After 60 min, the hanging drop is visible.

Teat covered with a film

1 point Covers with a very thick film, high product yield.

2 points Covers with a thick film, high product yield.

Covers with a thin film, which becomes even thinner and unstable due to heavy

3 points dripping.
4 points Covers the skin of the teat with a sufficiently even film, in a sufficiently even layer.
5 points Covers the skin of the teat with an even film, in an even layer.

Evenness of teat coverage

1 point Covers unevenly.

2 points Covers satisfactory evenly.
3 points Covers averagely evenly.
4 points Covers evenly enough.

5 points Covers evenly.

General evaluation of experimental formulations of the teat dip solution

Total points

2.4. Stability Testing

The stability evaluation was conducted in accordance with the guidelines for the
stability testing of cosmetic products [13,14]. In the study conducted in an accelerated
way, a regime of increased temperature was applied (2 months at +45 °C and 75 & 5%
relative humidity), more intense heating/cooling cycles (10 days at +4 °C; 10 days at +45 °C;
10 days at +4 °C; 10 days at +45 °C; 10 days at 15 °C, and 75 & 5% relative humidity).
The accelerated stability tests were performed twice: one day after manufacturing and
after storage at the specified conditions. When testing a teat dip solution in the long-term
study, the product samples were stored, and changes of the product characteristics were
assessed after a day, after half a year, after 1 year, and after 2 years, under the recommended
study conditions (25 & 2 °C temperature and 60 £ 5% relative humidity). A “Binder
KBF” (Binder GmbH, Tuttlingen, Germany) climate box was used for the long-term and
accelerated stability test. The samples were stored in sealed containers, and their protection
from light was ensured by covering the containers with a layer of foil. Evaluation of the
chemical composition, physical stability and sensory properties, including color, odor and
homogeneity were further investigated.
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2.5. Evaluation of Physical Properties and Chemical Composition

The viscosity of the newly formulated teat dip solution was determined using the stan-
dard test method (STM), which was prepared according to the European Pharmacopoeia
(Ph.Eur.) [15]. Viscosity measurements were performed at 20 °C utilizing a rotary NDJ-1
viscometer manufactured by COMECTA S.A. (Italy).

Three measurements were taken for each sample, and the average was calculated. Ab-
solute viscosity was calculated using the following formula: n = k x «, where n—absolute
viscosity; k—coefficient (selected according to the table in the viscosimeter instructions);
and «—a number showing the value of the indicator.

The pH measurement was conducted with a laboratory InoLab pH 7310 pH-meter
(Xylem Analytics Germany GmbH, Oberbayern, Germany) using a standard potentiometric
test method, which was prepared according Ph.Eur. [15]. The centrifugation test of the final
product was performed after a heating/cooling cycle and after 2 months keeping the dip at
+45 °C. Briefly, 8 mL of experimental, newly formulated teat dip solution was added to the
CLEARLine® centrifuge tubes and centrifuged at a speed of 4500 rpm for 8 min. In order
to evaluate the stability of the experimental new teat dip solution formula, separation of
the aqueous phase and turbidity were observed. The centrifugation test was performed
with an EBA 20 laboratory centrifuge (Andreas Hettich GmbH, Tuttlingen, Germany).

Odor, color and homogeneity were assessed using the Light Cabinet (Byko—Spectra
Basic). The visual method was used for the evaluation of the homogeneity. Briefly, four
samples of 0.02 g of the test product were prepared using two glass slides. The dip solution
was placed on a single slide and pressed by the other slide firmly. Spots with a diameter
of 2 cm were formed. When viewed through the light at a distance of 30 cm, at least three
of the four samples are free of individual particles. If particles were observed in a larger
number of samples, the product was considered to be non-homogeneous.

For the odor testing, a small (0.5-2.0 g) sample was added to a chemical beaker, and
after 15 min, an odor was detected organoleptically [15]. The evaluation was given by
referring to the characteristic odor of the product.

Color determination was performed by a visual method [15]. The test procedure
involved examining a thin layer of the product against a white background, and the rating
was given by referring to the color characteristic for the product.

2.6. Antimicrobial Testing of the Prepared Teat Dip

The antimicrobial activity of the teat dip solution containing chlorhexidine was as-
sessed using the dilution-neutralization method under experimental conditions according
to the BS EN 1656:2019 and BS EN 1657:2016 standards [16]. For antimicrobial activity
testing, the strains used were Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 10536,
Streptococcus uberis ATCC 19436, Candida albicans ATCC 10231 and Aspergillus niger ATCC
16404. The logarithm was used to express the indicator of product activity against the
microorganisms used in the study. If the logarithm value obtained during the test exceeded
5 (log R > 5), the teat dip solution was considered as acting as a bactericidal substance.
Antifungal (against the yeasts and fungi) activity was considered if the log exceeded 4, i.e.,
log R > 4. The logs were counted according to the formula: Log R = Log N, — Log Na.

2.7. Statistical Analysis

The results were analyzed using statistical data analysis packages: SPSS 17.0 and
Microsoft Office Excel 2010. Applying the paired-samples t-test, the significance of the
differences in the results was determined, which is recorded when p < 0.05.

3. Results

During the study, the simulation of the teat dip with chlorhexidine was carried out
according to the instructions in the methodology, and the selected ingredients were used
(Table 2).
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While optimizing and selecting the composition for the experimental solution, an
in vivo study was performed. The formation of a simulated teat dip solution drop on the
end of the teat and its retention time were evaluated, i.e., whether the teat dip solution
properly covered (“closed”) the teat channel and its integrity, the formation of a protective
film, visibility (the color was evaluated) and economy (the dripping after dipping was

evaluated). The data are presented in Table 4.

Table 4. Evaluation study of different experimental teat dip solutions in vivo.

Experimental Formulas and the Results of the Evaluation of the Tested Parameters

Parameters Composition 1 Composition 2 Composition 3
(Hydrnxg'pmpyl Guar Gum (Hydroxypropyl Guar Gum (Hydroxypropyl Guar Gum
0.5%, Dye 0.02%) 0.89%, Dye 0.05%) 1.2%, Dye 0.12%)
Color
3 points 5 points 5 points
Evaluation: After dipping, the color is After dipping, the color is After dipping, the color is

(not visible—1, clearly
visible—5)

bright and lasts well for 10
min. After 60 min, the color
did not change. After 12 h, the
color disappeared.

bright and lasts well for 10 min.

After 60 min, the color did not
change. After 12 h, the remains
of the color are visible.

bright and lasts well for 10 min.
After 60 min, the color did not
change. After 12 h, the remains
of the color are visible.

Dripping immediately after dipping

Evaluation:
(intense dripping—1, no
dripping—?5)

1 point
After dipping, the dripping is
intense (about two minutes).

3 points

After dipping, the dripping is
moderate (3—4 drops in the first
minute).

2 points
After dipping, the dripping is
intense (4-6 drops in the first
minute).

Formation of a drop on the teat end

Evaluation:
(not properly formed—1,
properly formed—?5)

1 point
The drop does not form;
dripping is too intense.

4 points

After a few minutes, a stable
hanging drop is formed, which
lasts for about 40 min. After 60
min, the hanging drop is no
longer visible.

3 points

After five minutes, an elongated
drop is formed that does not fall
off. After 60 min, the hanging
drop is no longer visible.

Teat covered with a film

Evaluation:

(covered with a thick
film—1, covered with a
thin film—>5)

3 points

Covers with a thin film, which
becomes even thinner and
unstable due to heavy

dripping.

5 points
Covers the skin of the teat with
an even film in an even layer.

2 points
Covers with a thick film, high
product yield.

Evenness of teat coverage

Evaluation:
(covers unevenly—1,
covers evenly—?5)

4 points
Covers evenly enough

4 points
Covers evenly enough

4 points
Covers evenly enough

General evaluation of experimental formulations of the teat dip solution

12 points

21 points

16 points

During the study, it was found (Table 4) that the first experimental composition with a
concentration of 0.5% thickener was insufficient, because immediately after dipping, the
experimental product dripped intensively, covered the skin of the teat with a thin film,
which was unstable due to heavy dripping, and did not form a drop at the end of the teat.

The third experimental composition of the new model of teat dip solution with a 1.2%
amount of hydroxypropyl guar gum was not satisfactory (Table 4), because immediately
after dipping, the experimental product dripped intensively and abundantly (4-6 drops
per minute), the teat was covered with a too thick film, which resulted in a high yield of
the product. The second experimental composition, when the hydroxypropyl guar gum
concentration of 0.89% was used, which covered the teat with an even film, after a few
minutes, a stable hanging drop was formed at the end of the teat, which did not fall off,
and it lasted for about 40 min. The viscosity of the second EC was 1450-1500 mPa.s. All
three experimental formulations used different amounts of dye, selected respectively, at
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0.02-0.05-0.12%. After dipping, the color was clearly visible (red), and the color remained
visible even after 50-60 min, but later, the intensity of the color remained practically
unchanged in the second and third experimental compositions. So, depending on the
dye concentration after 12 h, the color residues were visible only after using 0.05-0.12%
of dye. After evaluating the data presented in Table 4, the optimal second experimental
composition with a 0.89% amount of hydroxypropyl guar gum and 0.05% of dye was
selected for further study.

In the second stage, stability studies of the optimal teat dip solution composition
were carried out, i.e., the experiments were carried out in order to evaluate the possible
changes in the composition’s visual/sensual properties (color, odor and homogeneity), pH,
and viscosity parameters. Three batches of the experimental composition of the modeled
optimal composition were produced for the stability study.

The cosistency of the modeled composition was homogene-ous, the color remained
bright red as its odor characteristic being retained, and all these properties did not changed
on the 6th and 12th months after production date (Table 5). During the follow-up period,
after 24 months, this product changed visually, while delamination and turbidity of the
modeled compositions were found during preliminary tests.

Table 5. Long-term stability test results.

Evaluation Period Homogeneity Color Odor pH Viscosity, mPa.s
After 24 h Homogeneous Red Characteristic mint 59 £018 1478 + 18
essential oil
Characteristic mint
After 6 months Homogeneous Red . 59 +0.18 1460 + 14
essential oil
Characteristic mint
After 12 months Homogeneous Red . 59+0.18 1435 £ 15
essential oil
After 24 months Vot homogeneous, dark Red Characteristic mint 524005 1420 + 10
precipitate observed essential oil

The results of the stability study showed that the pH value of the modeled teat dip
solution remained stable in the long-term program, unchanged over 12 months (Table 5),
while the pH of EC in the optimal composition was within 5.8-6.1 (p > 0.05). The pH was
close between different batches and remained stable in the modeled product for 12 months
(p = 0.83). The statistical data analysis showed that there were differences after 24 months,
where the pH value was 5.2-5.3, but these were not significantly different (p = 0.25).

The viscosity readings of the modeled teat dip solution 24 h after production in
different series of samples were, on average, within the limits of 1478 + 18 mPa.s (Table 5),
and no differences were found between the teat dip solutions series (p > 0.05). Viscosity
readings during storage varied evenly, although they were not significantly different
(p = 0.72), and the Pearson correlation coefficient was r = 0.96-0.99. The long-term stability
program determined the viscosity changes after 12 months (2.6% decrease) and 24 months
(3.9%), but these were not significantly different (p = 0.48).

The color, homogeneity and odor remained unchanged during the accelerated stability
program. After the centrifugation tests, the investigated products did not change, they
remained stable during the entire test, and the product phases did not separate (Table 6).
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Table 6. Results of the accelerated stability tests.

Centrifugation, Speed

Evaluation Period Homogeneity Color Odor pH 4500 rpm, Time 8 min
After manufacturing Homogenic Red Character%stlc o int 59402 Not layered, stable
essential oil
Heating /cooli 1 H . Red Characteristic mint 59+ 0.1 Not 1 d stabl
eating/cooling cycles omogenic e essential oil . . ot layered, stable
. Characteristic mint
After 2 months Homogenic Red 59+0.2 Not layered, stable

essential oil

During storage of the samples for the new modeled teat dip solution at a +45 °C
temperature for 2 months, no significant (p = 0.75) deviation in the pH value from the initial
value was found (Table 6). Furthermore, it can be affirmed that the pH value of the samples
remained constant during the heating/cooling cycles, and the readings exhibited stability
(p = 0.25). The stressful experiment conditions did not cause a change between the batches,
with the pH value remaining strongly correlated between the batches (r = 0.96-0.98).

The third task in evaluating the new modeled teat dip solution was to check its
bactericidal, anti-yeast and antifungal activities. The test method described in the standard
evaluated the effectiveness of the teat dip solution in order to reduce the number of viable
microorganisms used in the test. The study showed that the 50% and 80% teat dip solution
concentrations were bactericidally active against all the bacteria tested strains (log R > 5,
Table 7). After diluting the teat dip solution to 10%, it lost effectiveness. However, a 10%
teat dip solution was effective against Gram-negative bacteria (E. coli). The 80% and 50%
teat dip solution concentrations inhibited the growth of reference Candida albicans yeast
strains, whereas the 10% teat dip solution had no anti-yeast effect. The results are presented
in Table 7.

Table 7. Teat dip solutions containing chlorhexidine (80%, 50%, 10%) antimicrobial activity (log R)
according to the UNI EN 1656 and UNI EN 1657 standards.

Test < . Results
Y f Test
Microorganisms 3 80% 50% 10%
10 g: >330->330*  Active Active Not active
: 1077: 3942 * log R >5.46 log R >5.46 log R=4.35
g-sgg"f”b ATCC N: 4.05 x 10° Ver <14-<14 Ver <14-<14 Ve: 189-171
No: 4.05 x 107 N, <140 N, < 140 N, = 1800
log No: 7.61 log N, <2.15 log N, <2.15 log N, =3.26
10’;; >330->330*  Active Active Not active
;. 10-7:38-48* log R >5.48 log R >5.48 logR<4.11
5 beris ATCC N: 430 x 108 Vg <14-<14 Vi <14-<14 V,? >330->330
No: 4.30 x 107 N, < 140 N, < 140 N, > 3300
log No: 7.63 log N, <2.15 log N, <2.15 log N, >3.52
1076: >330->330*  Active Active Active
1077 4246 * log R > 5.49 log R > 5.49 log R > 5.44
E. coli ATCC 10536  N:4.40 x 108 Ve <14—<14 Ve <14—<14 V. 18-<14
No: 4.40 x 107 N, <140 N, <140 N, <160
log No: 7.67 log N, <2.15 log N, <2.15 log N; <22
10’2: >330->330*  Active Active Not active
i 107°: 3844 * log R > 4.46 log R > 4.46 log R < 3.09
G lbicans ATCC N 410 % 107 Ve <l4—<14 Ve <l4—<14 Vi >330->330
No: 4.10 x 10° N, <140 N, <140 Na > 3300
log No: 6.61 log N, <2.15 log N, <2.15 log N, > 3.52
10 Z >165->165*  Not active Not active Not active
iTlus i 1075:28-32 % log R <3.26 log R<3.26 log R <3.26
ﬁ%”é” ’112202@” N: 3.00 x 107 Ve: >165->165 Ve: >165->165 Ve: >165->165
No: 3.00 x 108 N, > 1650 N, > 1650 N, > 1650
log No: 6.48 log N, >3.22 log N, >3.22 log N, >3.22

P.S—N, = number of CFU/mL in the test mixture; R = reduction in viability; N; = number of CFU/mL of the test
mixture; V. = viable count; N = number of CFU/mL of the test suspension; * number of colonies (CFU) in test
suspension dilutions.
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4. Discussion

During the development of the teat dip solution, the first task was to model a product
that would properly cover the skin of the teat, would last for the required time and would
properly color the skin of the teat after dipping.

Following the identification of the suitable hydroxypropyl guar thickener (guar gum),
CI 16255 dye and chlorhexidine digluconate concentrations, a new teat dip solution was
created that also contained glycerol, polysorbate 80, isopropyl alcohol, Mentha arvensis
herb oil and Aesculus hippocastanum dry extract. The teat dip solution was modulated for
post-milk udder hygiene with a viscosity of 1478 + 18 mPa.s. When such a viscosity is
introduced for in vivo investigation, the product spread quickly on the skin and achieved
the desired consistency, forming the drop at the end of the teat, dying the skin of the
teat and holding the consistency during the storage period. The 5.9 £ 0.18 pH of the
solution was very close to natural pH for the teat skin. While modeling the product, the
main ingredients provided viscosity, color and the antimicrobial effect, while the other
ingredients performed technological and auxiliary roles.

In biocidal teat dip solutions, the most important parameters are the disinfecting
effect and sufficient viscosity. Product viscosity is an important physical parameter that
reflects product quality [17,18]. Therefore, we paid great attention to obtaining the suitable
viscosity in our study. As other researchers indicate, guar gum performs the role not only
of a thickener but also forms a protective film, performs an emulsifying effect and stabilizes
the product during development [17]. While evaluating the literature data, it was found
that the amount of guar gum used in the product formulations varies from 0.1 to 0.3% [19].
We have used the hydroxypropyl guar polymer, C3H802 x (isomer), which is a purified non-
ionic derivative of guar gum. It works as an excellent thickener in cosmetic formulations
containing a high polar solvent content. It also works as an O/W emulsion stabilizer and is
particularly useful in stabilizing emulsions containing alcohol [20]. Thanks to its polymeric
structure, this guar derivative is compatible with the skin, leaving a soft feeling after
application [19]. During the research, we chose hydroxypropyl guar gum, which forms
the viscosity of the new product. Hydroxypropyl guar gum is sufficient in the product at
0.89%. This thickener concentration kept the formulated product stable statistically reliably
throughout the study period, i.e., monitoring for 1 year after manufacture. If it is stored
for a longer period (after 24 months), the viscosity reduces, the product changes its visual
appearance and the pH reduces to 5.2 + 0.05.

Developing new products, it is very important that products are not hazardous to
animals, human health or the environment. Therefore, attention was drawn to the clas-
sification of thickener and antimicrobial substance according to EU legislation [21]. The
classification of the chemical mixture is a particularly important factor in teat dip solutions.
According to EU legislation, the hydroxypropyl guar gum polymer in our product does not
pose a risk to animal health or the environment. In addition, the chlorhexidine withdrawal
period is not applied for the diary animals.

While modeling the product, a red dye was selected, the concentration of which in the
product met the raised requirements; the color remained bright and stable until the next
milking, and its optimal concentration in the modeled product was 0.05%.

As Kumar et al. (2014) [22] indicate, the selection of auxiliary materials is important for
the production of local effect products. Each ingredient has its function in the product. The
proper selection of the excipients can effectively form stable systems. Auxiliary substances
used as supplements in the product also protected and preserved the skin of the teat. It
is indicated in the literature that glycerol moisturizes the stratum corneum of the skin,
increases elasticity, protects against external irritants and improves wound healing. There
is indicative data that glycerol can also have an antimicrobial effect [23,24]. Plant extracts
are widely used in the world and are of great importance not only for human health but
also animal health [25]. In dairy farming, it is important that phytotherapeutic preparations
have no side effects, no shelf life and do not cause bacterial resistance. The mint essential
oil was chosen for our products, as it has a specific deodorizing odor and ensures a cooling,
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stimulating, warming and refreshing effect [26]. It interacts with cold-sensitive TRPM8
receptors in the skin, which are responsible for sensing the cooling effect [27]. Menthol has
antiseptic, antiviral features that stop the growth of microorganisms and fungi [28]. Another
herbal preparation that we have used is chestnut extract. According to the researchers,
horse chestnut extract improves skin elasticity, helps with skin diseases and, in addition,
fB-escin determines the anti-edematous and vasoprotective effect of horse chestnut fruits,
which inhibits inflammation, reduces swelling and relieves pain [29,30].

While modeling our product, isopropanol and polysorbate 20 were chosen as techno-
logical materials which mix well with other ingredients. This feature of isopropyl alcohol
allows it to be used for dissolving many organic compounds, and it is frequently used
as a solvent in pharmaceuticals and cosmetics. This alcohol is also used as a disinfectant
because it prevents the proliferation and growth of microorganisms [31]. Technological
substances, such as citric acid and sodium hydroxide, allowed us to model the required
pH of the product, which is close to the natural pH of cattle skin. It is important to ensure
the correct pH so that the product would not irritate the skin. Therefore, this optimally
formulated moisturizer has the right pH to moisturize the skin of the teat.

When evaluating the quality of biocidal products, the stability studies of physical and
chemical parameters are important. The testing of stability indicates the quality sufficiency
of manufactured products throughout the shelf life and the product’s retaining of its
original chemical and physical properties. If the product is unstable, its active substances
can change, and the product itself can lose its disinfecting characteristics. When the viscosity
in the teat dipping solution is reduced, no film is formed on the teat, which would ensure
the disinfectant properties while retaining the active substances at the destination area.

Chang R.K. and colleagues, in an article dating back to 2013 [32], indicated the recom-
mended tests for products which are intended to be used on the skin and which can be
useful in assessing the quality of products (testing of organoleptic features, assessing visual
homogeneity, determining pH, assessing product consistency etc.). Most of these tests are
not regulated as mandatory but are recommended to verify and confirm the quality of the
modeled product. To register a biocidal product in the European Union, it is it is imperative
to provide the findings of stability studies, which determine the shelf life of the product [18].
We evaluated the parameters defining the stability of the developed products in long-term
and accelerated stability programs. The product’s physical integrity, stability and chemical
stability were tested. After evaluating the test results, it was found that the teat dip was
stable at low, high and room temperatures. The viscosity and pH results of the samples
were also within the initial limits (p > 0.05), i.e., stable. The results of the study show that
the change in storage conditions does not have a significant impact on the physical and
chemical properties of the newly developed teat dipping solution as well as the product’s
appearance and organoleptic properties.

A disinfectant is a necessary component in udder hygiene, and we have chosen
chlorhexidine. This substance is one of the most widely used biocides in veterinary and
animal husbandry. Chlorhexidine is a clinically important antiseptic, disinfectant and
preservative. It is a potent membrane-active agent against bacteria, and it inhibits out-
growth but not the germination of bacterial spores, although it is not sporicidal. It shows a
high activity against wild-type and outer membrane mutants of E. coli [33]. Chlorhexidine
digluconate (CHX) has been known as an antiseptic since the early 1950s for clinical use. It
is widely used in medicine and veterinary as a broad-spectrum antimicrobial substance that
destroys cell membranes. Vianna et al. [34] demonstrated the antimicrobial efficacy of CHD
in a study. Analyzing in vitro the antimicrobial activity of different CHD concentrations
(0.2%, 1% and 2%) against pathogens, it was found that 2% CHD (in gel or solution form)
was bactericidal active against S. aureus and C. albicans in 15 s of exposure; meanwhile, the
bactericidal effect on the E. faecalis culture was fixed within 1 min. Also, Gilbert, Moore
(2005) [35] and Brookes et al. (2020) [36] additionally extended the analysis of the antimicro-
bial activity of CHD and found out that the antifungal effect of CHX is also related to the
prevention of biofilm formation: it is not only destined to damage the microbial structure
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or the cell membrane. This has been proven in studies with C. albicans cultures. Evans
etal. (2009) [37] and Babickaite et al. (2016) [38] were investigating the CHX soak and gel
in different concentrations. They pointed out that for the expected result, the appropriate
chlorhexidine concentration and contact time are the most important factors.

In the research carried out by Riffon et al. (2001) [39] and Fitzpatrik et al. (2021) [40], it
was indicated that within the European Union member states, there must be a common
standard to evaluate teat disinfectant products. This European standard (EN), which is
known as BS EN 1656, can be used to compare a range of disinfectants. We conducted
a study under these standards with a modeled product as well. Our newly developed
teat dip solution demonstrated a bactericidal effect. It was confirmed by an in vitro study
against reference microbial isolates. Our research, according to the BS EN 165601:2019 or
BS EN 1657:2016 standards, showed a bactericidal activity at 80% and 50% concentration to
Gram-positive, Gram-negative bacteria and C. albicans.

Although the antifungal effect was not detected in the developed teat dip solution, it
could be treated as a promising tool for the prevention of cow udder infections, which is
known to be caused by multiple species of bacteria and only in some cases by fungi.

5. Conclusions

The modeled product has a homogeneous appearance, a red color and a specific odor
of mint essential oil and lasted for the required time; after dipping, it properly covered the
skin of the teats, had the desired consistency, did not drip and formed a drop at the end of
the teat.

The desired features of the product were modeled using a chlorhexidine digluconate
20% solution of 2.5 g, the viscosity-forming polymer hydroxypropyl guar gum (0.89%) and
the dye (CI 162551) (0.05 g). Product viscosity was 1450-1500 mPa.s, and the pH value was
5.8-6.1.

The quality of the modeled product did not change for 12 months in the long-term
stability program: the consistency was homogeneous, the color remained bright, the odor
was characteristic of the product and the pH value was stable. Difficult experimental
conditions did not have a statistically significant effect on the pH value: the pH value of
the modeled product fluctuated within stable product-specific limits.

Both 80% and 50% concentrations of the simulated teat dip solution inhibited the
growth of S. aureus, S. uberis, E. coli and C. albicans strains. Aspergillus niger was not
susceptible to the tested product; therefore, improved formulas for the teat protection from
the pathogens should be explored further.
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4 priedas

EK in vivo tyrimo rezultatai (pasiskirstymas pagal balus)

CHD-3
CHD-2 _
CHD-1 16
JP-3
JP-2

JP-1 84
4

PR-3 4

PR-2
- __________________________
PR-1

T T T T T

0 20 40 60 80 100
Proc.
Spalvos jvertinimo balai: @1 =2 m3 H4 ES

3.2.5 pav. Pasiskirstymas pagal spalvos jvertinimo balus
(- =412,7;lls =24, p < 0,001)

CHD-3 12 88

!
T T T T T

0 20 40 60 80 100

Proc.
Nulaséjimo iskart po vilgymo jvertinimo balai: =1 =2 m3 H4 ES5

3.2.6 pav. Pasiskirstymas nulaséjimo is kart po vilgymo jvertinimo balus
(O =470,6, lls = 32; p < 0,001)
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CHD-3
CHD-2
CHD-1
JP-3
JP-2
JP-1
PR-3
PR-2

PR-1

T T T T

0 20 40 60 80 100
Proc.
Laso susidarymo ant spenio galo jvertinimo balai: =1 =2 m3 m4 mS

3.2.7 pav. Pasiskirstymas laso susidarymo ant spenio galo jvertinimo balus
(O = 546,4, lls = 32; p < 0,001)

CHD-3 84
CHD-2
CHD-1 e e ——
JP-3
JP-2
JP-1

PR-3

PR-2

PR-1

0 20 40 60 80 100
Proc.
Spenio padengimo plévele jvertinimo balai: =1 =2 m3 m4 m5

3.2.8 pav. Pasiskirstymas pagal spenio padengimo plévele jvertinimo balus
(¢ =343,5; lls =32; p < 0,001)
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CHD-3 | 4
CHD-2
CHD-1
JP-3
JP-2
JP-1
PR-3
PR-2

PR-1

0 20 40 60 80 100
Proc.
Spenio padengimo tolygumo jvertinimo balai: =1 =2 m3 m4 mS5

3.2.9 pav. Pasiskirstymas pagal spenio padengimo tolygumo jvertinimo
balus (y* = 461,4; lls = 24, p < 0,001)
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5 priedas

EK méginiy atgalinio iSstimimo testo grafiné iSraiSka

Force (g) None
17.5
15.0

ime
-5.0 (sec)

~10.0
-12.5
~15.0 D

A — kietumas (teigiamos kreivés maksimumas), g; B — konsistencija (plotas po teigiama kreive), g x s;
C — klampos indeksas (plotas vir§ neigiamos kreivés), g x s; D — kohezija (neigiamos kreivés maksi-
mumas), g.
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6 priedas

EK méginio tepumo testo grafiné iSraiSka

Force (g) ) None

Time
(sec)

Force (g) None

0.0 n pminbsp o

Time
(sec)

E — kietumas (teigiamos kreivés maksimumas), g; F — §lyties darbas (plotas vir$ neigiamos kreiveés),
gxs.
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7 priedas

Pieno rugsties chromatogramy sulyginimas su kontrole
AV
1,00
0,90 — l
0,80 — Pienor.

0,70 —
0,60 —

0,50 Méginys
0,40 — *
0,30 — \ | % Standartas

0,20 —
0,10 — |

0,00 o i ———)

_0’ 1 0 | | | | } | | | |
10,0 12,5 150 17,5 20,0 22,5 250 27,5 30,0 325
Laikas, min.

Méginys — PR-2; standartas — pieno r. standartinis tirpalas; kontrolé — méginys be tiriamosios medzia-
gos (pieno r.).
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8 priedas

Pieno rigsties i§ EK PR-2 skvarbos tyrimo chromatograma (1 méginys)

Analyzed by
Analyzed
Sample Type
Level #

Sample Name
Sample ID

Tray

IS Amount
Sample Amount
Dilution Factor
Vial #

Injection Volume

Sample Information

: Admin

:12023.10.25 17:55:16
: Unknown

01

: Meginys 1

2
1=l
01
01
134
1 1.00

Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 1.qgd

Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 1.qgd

Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Report File

Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt

Modified by : Admin

Modified :12023.10.26 11:15:45

Chromatogram Meginys 1 C:\GCMSsolution\Data\Project1'\Briedzio\Meginys 1.qgd
TIC
300,000,000
| T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name

1

13.668 735763938 100.00 MI Lactic acid, 2TBDMS derivative

735763938 100.00
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9 priedas

Pieno rigsties i§ EK PR-2 skvarbos tyrimo chromatograma (2 méginys)

Analyzed by
Analyzed
Sample Type
Level #

Sample Name
Sample ID

Tray

IS Amount
Sample Amount
Dilution Factor
Vial #

Injection Volume

: Admin

:12023.10.25 18:45:17
: Unknown

01

: Meginys 2

2
(1=l
01
1
135
1 1.00

Sample Information

Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 2.qgd
Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 2.qgd
Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Report File
Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt
Modified by : Admin
Modified :12023.10.26 11:16:57
Chromatogram Meginys 2 C:\GCMSsolution\Data\Project1\Briedzio\Meginys 2.qgd
TIC
00,000,000
A I} A i\ s A A
T
| T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name
1 13.625 388645258 100.00 MI Lactic acid, 2TBDMS derivative
388645258 100.00
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10 priedas

Pieno rigsties i EK PR-2 skvarbos tyrimo chromatograma (3 méginys)

Analyzed by
Analyzed
Sample Type
Level #

Sample Name
Sample ID

Tray

IS Amount
Sample Amount
Dilution Factor
Vial #

Injection Volume

Sample Information

: Admin

:2023.10.25 19:35:22
: Unknown

01

: Meginys 3

2
1=l
01
01
136
1 1.00

Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 3.qgd

Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 3.qgd

Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Report File

Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt

Modified by : Admin

Modified :12023.10.26 11:17:36

Chromatogram Meginys 3 C:\GCMSsolution\Data\Project1\Briedzio\Meginys 3.qgd
TIC
300,000,000
A A
T T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name

1

13.622 356112081 100.00 MI  Lactic acid, 2TBDMS derivative
356112081 100.00

185



11 priedas

Pieno rigsties i EK PR-2 skvarbos tyrimo chromatograma (4 méginys)

Sample Information

Analyzed by : Admin
Analyzed :2023.10.25 20:25:26
Sample Type : Unknown
Level # 01
Sample Name : Meginys 4
Sample ID :
Tray 12
IS Amount [1]=1
1

Sample Amount
Dilution Factor 1

Vial # 137
Injection Volume 1 1.00
Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 4.qgd
Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 4.qgd
Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Report File
Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt
Modified by : Admin
Modified :12023.10.26 11:18:32
Chromatogram Meginys 4 C:\GCMSsolution\Data\Project1'\Briedzio\Meginys 4.qgd
TIC
100,000,000 _
SRS | WSS SN 0 UV WO ¥ Y (G V. wo
T T T T T T |
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name
1 13.603 226484053 100.00 MI  Lactic acid, 2TBDMS derivative

226484053 100.00
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12 priedas

Pieno rigsties i EK PR-2 skvarbos tyrimo chromatograma (5 méginys)

Analyzed by
Analyzed
Sample Type
Level #

Sample Name
Sample ID

Tray

IS Amount
Sample Amount
Dilution Factor
Vial #

Injection Volume

Sample Information

: Admin

:2023.10.25 21:15:29
: Unknown

01

: Meginys 5

2
1=l
01
01
138
1 1.00

Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 5.qgd

Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 5.qgd

Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Report File

Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt

Modified by : Admin

Modified :12023.10.26 11:19:17

Chromatogram Meginys 5 C:\GCMSsolution\Data\Project1\Briedzio\Meginys 5.qgd
TIC
00,000,000
A A 1 L A A
T
T T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name

1

13.606 238874640 100.00 MI  Lactic acid, 2TBDMS derivative
238874640 100.00
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13 priedas

Pieno rigsties i§ EK PR-2 skvarbos tyrimo chromatograma (6 méginys)

Sample Information

Analyzed by : Admin
Analyzed :2023.10.25 22:05:34
Sample Type : Unknown
Level # 01
Sample Name : Meginys 6
Sample ID :
Tray 12
IS Amount [1]=1
Sample Amount 01
Dilution Factor 1
Vial # 139
Injection Volume 1 1.00
Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 6.qgd
Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 6.qgd
Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm
Report File
Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt
Modified by : Admin
Modified :12023.10.26 11:19:58
Chromatogram Meginys 6 C:\GCMSsolution\Data\Project1'\Briedzio\Meginys 6.qgd
TIC
300,000,000
A A A
T
T T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name

1

13.608 258085288 100.00 MI Lactic acid, 2TBDMS derivative
258085288 100.00
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14 priedas

Pieno rigsties i§ EK PR-2 skvarbos tyrimo chromatograma (7 méginys)

Analyzed by
Analyzed
Sample Type
Level #

Sample Name
Sample ID

Tray

IS Amount
Sample Amount
Dilution Factor
Vial #

Injection Volume

Sample Information

: Admin

:2023.10.25 22:55:38
: Unknown

01

: Meginys 7

2
1=l
01
01
140
1 1.00

Data File : C:\GCMSsolution\Data\Project 1\Briedzio\Meginys 7.qgd

Org Data File : CMSsolution\Data\Project1\Briedzio\Meginys 7.qgd

Method File CMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Org Method File \GCMSsolution\Data\Gintaras\Metodai\Amino r split10.qgm

Report File

Tuning File : C:\GCMSsolution\System\Tune1'20230413.qgt

Modified by : Admin

Modified :2023.10.26 11:21:52

Chromatogram Meginys 7 C:\GCMSsolution\Data\Project1'\Briedzio\Meginys 7.qgd
TIC
300,000,000
7 "
| T T T
10.0 20.0 300 36.0
min
Peak Report TIC
Peak# R.Time Area  Area% Mark Name

1

13.607 239951053 100.00 MI Lactic acid, 2TBDMS derivative

239951053 100.00

189



CURRICULUM VITAE

Surname, Name: Modestas Kybartas

Address: Institute of Microbiology and Virology, Veterinary
Academy, Lithuanian University of Health Sciences,
Tilzés 18, LT-47181 Kaunas, Lithuania

Telephone: +370 612 51240; +370 671 18535

E-mail: modestas.kybartas@lsmu.lt, kmodestas@yahoo.com

Education

2015-2024 PhD studies in Veterinary, Lithuanian University of
Health Sciences, Kaunas, Lithuania

2001-2007 Master degree in Veterinary Medicine at the

Veterinary Academy, Kaunas, Lithuania

Work experience

11/2013—until now UAB Ruvera, Siauliai
Qualified person (QP), production of non-sterile
veterinary drugs:
+ Batch release
* Qualification of production equipment
* Choosing of technological equipment
» Suggestion technological solution
+ Key person in the team implementing GMP

12/2020-until now UAB Ruvera, Siauliai

Head of Quality Control, production of

veterinary cosmetics, biocides, human cosmetic,

medical devices

* Production process control

* Control of starting materials, packaging mate-
rials, intermediate, bulk and finished products

» Development of specifications, procedures, test
methods and quality programs

* Development and Control of Quality systems

190



UAB Ruvera, Siauliai

Head of Quality Control, production of

veterinary cosmetics, biocides, human cosmetic,

medical devices

* Production process control

* Control of starting materials, packaging
materials, intermediate, bulk and finished
products

» Development of specifications, procedures, test
methods and quality programs

* Development and Control of Quality systems

06/2019-12/2020 UAB Ruvera, Siauliai
Innovation specialist
* Achieving the development goals
» Assessment and search for new market
opportunities
» Cooperation with scientific institutions
* Analysis and improvement of existing products

08/2007-10/2013 UAB Ruvera, Siauliai
Head of production, production of non-sterile
veterinary drugs, veterinary cosmetics, biocides,
human cosmetic, medical devices
* Choosing of technological equipment
» Suggestion technological solution
* Process optimization

04/2007-07/2007 UAB Ruvera, Siauliai
Assistant Head of production
+ Assistance to Head of production

05/2006—04/2007 UAB Senuky prekybos centras, Kaunas
* Junior storekeeper

Certificates

* License for Veterinary Pharmacy Qualified person (No. VFKA-3)

* License for Veterinary Pharmacy (No. FVF-177) till 2023-02-01

* License for Veterinary Practice (No. VP-500)

* Industrial Drug Technology (Certificate No 128), issued of Kaunas
University of Medicine

*  Two days training course ECA — Microbiology for Non-Microbiologists
(Berlin)

191



Two days training course “The Changing Role of the QP in the EU and
the Supporting Pharmaceutical Quality Management Systems (PQMS)”
Two days training course “Commissioning & Qualification”

Two days training course “Risk analysis”

Vet congress Lithuania 2016 (poultry disease, cattle disease)

External training in microbiological resistance topics

External training on treatment and prevention of animal diseases
External training in animal nutrition, health and product quality topics
External training in dairy cows farming, calves growing topics

External training in pest control topics

192



PADEKA

Dékoju savo darbo vadovui dr. Raimundui Mockelitinui uz kantry vado-
vavimg, motyvacija, pamokymus, pastabas ir visapusiska pagalba atliekant
tyrimus, rengiantis konferencijoms, rasant straipsnius ir disertacija.

Uz vertingas pastabas, patarimus ir taiklias jzvalgas rengiant disertacinj
darba dékoju prof. dr. Modestui Ruzauskui.

Dékoju visiems LSMU Mikrobiologijos ir virusologijos instituto darbuo-
tojams uz pagalbg atliekant laboratorinius tyrimus bei rengiant publikacijas.

Dékoju savo Seimai: Kristijonui, Justinui, Ernestai ir visiems artimie-
siems, kurie visada buvo kartu ir palaiké doktoranttros studijy metu.

193



	TURINYS
	SANTRUMPOS
	ĮVADAS
	Darbo tikslas
	Darbo uždaviniai
	Mokslinio darbo naujumas
	Praktinė reikšmė

	1. LITERATŪROS APŽVALGA
	1.1. Aplinkos veiksnių ir melžimo higienos įtaka pieno kokybei
	1.2. Aplinkos ir patogeninių mikroorganizmų įtaka tešmens sveikatingumui
	1.3. Atsparių antibiotikams mikroorganizmų įtaka tešmens sveikatingumui ir pieno kokybei
	1.4. Melžimo higienos įtaka pieno kokybe iir tešmens sveikatingumui
	1.5. Tešmens higienos po melžimo ypatumai
	1.6. Antiseptikai, biocidai ir dezinfektantai pienininkystėje
	1.7. Spenių vilgiklių kūrimo principai
	1.8. Spenių vilgiklių po melžimo sudėtinės medžiagos
	1.8.1. Antibakterinės medžiagos vilgiklių sudėtyje
	1.8.1.1. Pieno rūgštis
	1.8.1.2. Chlorheksidinas
	1.8.1.3. Jodas

	1.8.2. Klampą reguliuojančios medžiagos
	1.8.2.1. Guaro lipai
	1.8.2.2. Ksantano lipai

	1.8.3. Odą drėkinančios medžiagos
	1.8.4. Augaliniai ekstraktai ir eteriniai aliejai spenių vilgiklių sudėtyje
	1.8.5. Kitos pagalbinės medžiagos
	1.8.5.1. Izopropilo alkoholis
	1.8.5.2. pH reguliuojančios medžiagos
	1.8.5.3. Dažikliai


	1.9. Vilgiklių kokybės ir stabilumo vertinimas
	1.9.1. Stabilumas
	1.9.2. Tekstūra
	1.9.3. Antimikrobinių medžiagų skvarbos į odą tyrimai


	2. TYRIMO METODAI IR MEDŽIAGOS
	2.1. Tyrimų atlikimo vieta, laikas, etapai ir tyrimo planas
	2.2. Vilgiklių eksperimentinių kompozicijų (EK) kūrimas ir gamybos metodika
	2.3. EK reologinių savybių vertinimo metodika in vivo
	2.4. Stabilumo programos metodika
	2.5. Fizikinių savybių bei mikrobiologinio pokyčio įvertinimas stabilumo tyrimų metu
	2.5.1. Klampos matavimo metodika
	2.5.2. pH matavimo metodika
	2.5.3. Centrifugavimo testo metodika
	2.5.4. Produkto išvaizdos stebėsena
	2.5.5. Jodo kiekio nustatymo metodika
	2.5.6. Bakterinės taršos tyrimo metodika

	2.6. Mėginių tekstūros analizės tyrimo metodika
	2.7. Antimikrobinių medžiagų skvarbos į odą ex vivo tyrimo metodika
	2.8. EK antimikrobinio poveikio in vitro su referentinėms mikroorganizmų kultūromis tyrimo metodika
	2.9. EK antimikrobinio poveikio in vitro su klinikinėmis mikroorganizmų kultūromis tyrimo metodika
	2.10. Statistinė duomenų analizė

	3. TYRIMŲ REZULTATAI
	3.1. Spenių vilgiklių tiriamųjų kompozicijų kūrimas ir gamyba
	3.2. Eksperimentinių kompozicijų reologinių savybių vertinimo in vivo ir atrankos rezultatai
	3.3. EK fizikinių savybių bei mikrobiologinio pokyčio rezultatai stabilumo tyrimų metu
	3.3.1. Realaus laiko stabilumo programos rezultatai
	3.3.2. Pagreitinto laiko stabilumo programos rezultatai

	3.4. Tekstūros analizės tyrimo rezultatai
	3.5. Antimikrobinių medžiagų skvarbos į odą ex vivo tyrimo rezultatai
	3.6. EK antimikrobinio poveikio in vitro su referentinėms mikroorganizmų kultūromis tyrimo rezultatai
	3.7. EK antimikrobinio poveikio in vitro su klinikinėmis mikroorganizmų kultūromis tyrimo rezultatai
	3.8. Sukurtų vilgiklių savybių palyginimas

	4. TYRIMŲ REZULTATŲ APTARIMAS
	IŠVADOS
	REKOMENDACIJOS
	SUMMARY
	BIBLIOGRAFIJOS SĄRAŠAS
	PASKELBTOS PUBLIKACIJOS
	DOKTORANTO STRAIPSNIŲ KOPIJOS, KURIOSE SKELBIAMI SVARBIAUSI TYRIMŲ REZULTATAI
	PRIEDAI
	CURRICULUM VITAE
	PADĖKA



