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Streszczenie

Wilasciwosci funkcjonalne pedow drzew iglastych i nowe mozliwosci ich wykorzystania

w projektowaniu zywnosci funkcjonalnej

Na calym $wiecie obserwuje si¢ wzrost zapotrzebowania na funkcjonalne produkty
spozywcze. Obecnie pedy drzew iglastych sa rzadko stosowane jako skladnik zywnosci,
pomimo ich szerokiej dostgpnosci w wielu czegsciach §wiata. Badania prowadzone w ostatnich
latach potwierdzaja, ze zwigzki obecne w pedach drzew iglastych moga by¢ bogatym zrédtem
wielu zwigzkow bioaktywnych m.in. weglowodoréw terpenoidowych, tanin i zwigzkéw
fenolowych.

Celem pracy byla ocena pedow wybranych drzew iglastych pod wzglgdem zawartosci
zwigzkéw bioaktywnych o potencjalnych wlasciwosciach funkcjonalnych 1 mozliwosci
zastosowania ich jako surowca w produkcji zywno$ci. Materialem badanym byly pedy 6
wybranych drzew iglastych ($Swierk pospolity Picea abies L., modrzew europejski Larix
decidua Mill, sosna zwyczajna Pinus sylvestris L., daglezja zielona Pseudotsuga menziesii,
jodta pospolita Abies alba i jatowiec pospolity Juniperus communis L). Wykazano, ze pedy
badanych drzew iglastych i ich ekstrakty wodne oraz wodno-etanolowe sa dobrym zrodtem
m.in. sktadnikéw mineralnych oraz zwigzkow fenolowych tj.: kwas kawowy, kwas ferulowy,
kwas chlorogenowy i kwas 4-hydroksybenzoesowy, oraz charakteryzuja si¢ wlasciwosciami
przeciwutleniajagcymi, hamujagcymi aktywno$¢ hialuronidazy w modelu in vitro,
przeciwdrobnoustrojowymi i przeciwgrzybiczymi. W badaniach stwierdzono, ze p¢dy sosny
zwyczajnej umozliwiaja wytworzenie piw tradycyjnych i niskoalkoholowych bedacych
zrodlem zwigzkow aktywnych o atrakcyjnych wilasciwo$ciach sensorycznych. Zastgpienie
cz¢$ci chmielu pedami sosny na etapie gotowania brzeczki nie wpltywalo negatywnie na
przebieg procesu fermentacji a otrzymane piwa, cechowaly si¢ wlasciwosciami
przeciwutleniajagcymi w badaniach in vitro i dobrym profilem sensorycznym. Wyniki uzyskane
w ramach pracy wskazuja na wtasciwosci funkcjonalne peddéw drzew iglastych i ich potencjat

jako sktadnikéw w produkcji zywnosci funkcjonalnej w tym piwa rzemieslniczego.

Stowa kluczowe: pedy drzew iglastych, Pinus sylvestris, polifenole, przeciwutleniacze,

zywno$¢ funkcjonalna, piwo, fermentacja



Summary

Functional properties of coniferous shoots and new possibilities for their use in

functional food design

There is an increasing demand for functional food products all over the world. Currently,
conifer shoots are rarely used as a food ingredient, despite their wide availability in many parts
of the world. Research conducted in recent years confirms that compounds present in shoots of
coniferous trees can be a rich source of many bioactive compounds, e.g. terpenoid
hydrocarbons, tannins and phenolic compounds.

The aim of the study was to evaluate the shoots of selected coniferous trees in terms of the
content of bioactive compounds with potential functional properties and the possibility of using
them as a raw material in food production. The test material consisted of shoots of 6 selected
coniferous trees (Spruce Picea abies L., European Larch Larix decidua Mill, Scots Pine Pinus
sylvestris L., Douglas Fir Pseudotsuga menziesii, Silver Fir Abies alba and Juniperus communis
L.). It was shown that the shoots of the studied coniferous trees and their water and water-
ethanol extracts are a good source of minerals and phenolic compounds. Extracts from the tested
shoots are rich in phenols, including: caffeic acid, ferulic acid, chlorogenic acid and 4-
hydroxybenzoic acid, and are characterized by antimicrobial, antifungal, antioxidant properties
and inhibit hyaluronidase activity in an in vitro model. In the further stages of the research, it
was found that Scots pine shoots allow the production of traditional and low-alcohol beers rich
in bioactive compounds with the desired sensory profiles. The addition of shoots at the stage of
wort boiling did not adversely affect the course of the fermentation process and allowed to
obtain beers that were characterized by antioxidant properties in in vitro tests, as well as an
acceptable sensory profile. The results obtained as part of the doctoral dissertation indicate the

bioactive properties of conifer shoots and the possibility of their use in functional food.

Keywords: conifer shoots, Pinus sylvestris, polyphenols, antioxidants, functional food, beer,

fermentation
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1. WPROWADZENIE

1.1. Wstep teoretyczny

Wstep

Nowe badania wskazuja, ze spozywanie zywnos$ci funkcjonalnej o potencjale
antyoksydacyjnym moze by¢ kluczowe w zachowaniu zdrowia. Nadmierny wzrost st¢Zenia
wolnych rodnikow na skutek czynnikow endogennych oraz egzogennych w organizmie moze
sprzyja¢ uszkodzeniom mig¢dzy innymi takich struktur biologicznych jak DNA, btony lipidowe
i biatka (El-Demerdash et al., 2018). Homeostaza oksydacyjno-redukcyjna komorek jest
jednym z najwazniejszych elementéw regulujacych funkcje organizmu na poziomie
molekularnym, jej zaburzenie moze sprzyja¢ dysfunkcjom, zwlaszcza pod wzgledem
aktywno$ci enzymatycznej (Sies et al., 2017). Obecnie, poszukuje si¢ naturalnych,
ekologicznych i pozyskiwanych w zréwnowazony sposob sktadnikow roslinnych, ktére moga
wspiera¢ funkcje antyoksydacyjne organizmu.

Pedy drzew iglastych sa rzadko stosowane jako sktadnik Zywnos$ci mimo ich szerokiej
dostepnosci w wielu czgsciach §wiata. Aktualnie na rynku dostgpne takie produkty jak np.
syropy z pedow sosny oraz piwa z dodatkiem skltadnikéw z igliwia sosnowego oraz pedow,
jednakze nadal s3 to produkty mato popularne (Penkina et al., 2017; Semeniuc et al., 2016). W
sprzedazy dostgpne sg takze syropy z pedow sosny z dodatkiem innych sktadnikéw np. cytryny,
malin, miodu i innych surowcéw naturalnych. Pedy sosny wystepuja takze jako sktadnik
herbatek (np. Dary Natury, Plantago, Brown House & Tea) oraz mieszanek do przygotowania
naparo6w z innymi ziotami lub owocami. W przesztosci pedy drzew iglastych czesto byly
stosowane w medycynie ludowej, m. in. w starozytnym Rzymie, w tradycyjnej medycynie
chinskiej oraz islamskiej. Zaréwno kora, pedy oraz zywice stosowane byty w leczeniu chorob
uktadu moczowego, uktadu pokarmowego, nerwowego, oddechowego oraz choréb skornych
(Akaberi et al., 2020; Bradley et al., 2014; Glaser & Zhao, 2012). Przeprowadzone w ostatnich
latach badania potwierdzaja, ze zwiazki zawarte w pedach drzew iglastych wykazuja dziatanie
terapeutyczne, a pedy sa bogatymi zrédtami polifenoli oraz cechuja si¢ wlasciwosciami
przeciwutleniajagcymi (Dziedzinski et al., 2020; Salehi et al., 2019). Pedy drzew iglastych sa
zrédlem pinenu, w formie izomerow alfa oraz beta. Alfa i beta-pinen moga stanowi¢ prekursor
zwigzkoéw aromatycznych w produkcji zywnosci (Salehi et al., 2019). Zwiazki zawarte w

drzewach iglastych wykazuja rowniez dzialanie antyoksydacyjne (Emami et al., 2013).



(Burdock & Carabin, 2019). Literatura wskazuje na mozliwe zastosowanie takich sktadnikow
w napojach, produktach mlecznych, produktach miesnych czy nawet pieczywie. Wskazano
takze na mozliwos¢ zwigkszenia potencjalu antyoksydacyjnego i przedtuzenia trwatosci
produktow z duzym udziatem thuszczu (Lopez-Nicolés et al., 2014).

Stan wiedzy na temat wiasciwosci i zastosowan komponentéw drzew iglastych
rosngcych w Polsce jest niepelny. Nie przeprowadzono kompleksowych badan nad
mozliwo$ciami zastosowania ich w zywnos$ci. Surowce te moga by¢ obiecujacym sktadnikiem
zarowno lekow, ale takze zywnoS$ci funkcjonalnej lub suplementéw diety, ktore naleza do
szybko rozwijajacego si¢ segmentu rynku zywnosciowego. Dlatego w ramach pracy wykonano
badania towaroznawcze oraz badania podstawowe dotyczace pedow modrzewia europejskiego,
sosny zwyczajnej, daglezji zielonej, jodly pospolitej i jatowca pospolitego oraz badania

aplikacyjne z wykorzystaniem wybranych pedéw sosny zwyczajnej.

Charakterystyka botaniczna sosny zwyczajne;j.

Pinus (Pinaceae) jest uznawany za najbardziej liczny rodzaj wsrod drzew iglastych,
do ktérego nalezy ponad 100 réznych gatunkéw (Tabela 1 i1 Tabela 2) (Dziedzinski et al.,
2021). Sosna (Pinus L.) jest najwigkszym i najbardziej heteromorficznym rodzajem roslin
z rodziny sosnowatych (Pinaceae Lindl.), wystgpujacym prawie wylacznie na potkuli
péinocnej. Jest to rodzaj wszechstronny ekologicznie, rosnacy od linii tundry w Eurazji po
tropikalne sawanny przybrzezne w Nikaragui i od strefy mgty solnej na wybrzezu Pacyfiku po
lini¢ drzew alpejskich w Europie i1 zachodnich Stanach Zjednoczonych. Niektore gatunki sa
rowniez szeroko rozpowszechnione w regionach poétpustynnych (Gernandt et al., 2005).
Wysoko$¢ sosny jest gatunkowo zréznicowana, P. sylvestris moze osiagga¢ 20-35 m, gdzie
P. nigra nawet 45 m (Gernandt et al., 2005). Okres wegetacji sosny jest zalezny od
klimatycznych uwarunkowan oraz specyfiki gatunku. Przewaznie wegetacja sosny rozpoczyna
si¢ na wiosng i trwa do jesieni (Gifford & Foster, 1989). Podloze glebowe odgrywa kluczowa
role w rozwoju sosny. Optymalne warunki to zyzna gleba o dobrym drenazu. Optymalne pH

gleby dla sosny wynosi od umiarkowanie kwasnego do oboj¢tnego (Gernandt et al., 2005).



Tabela 1. Hierarchia taksonomiczna rodzaju Pinus L. (Gifford & Foster, 1989)

Krolestwo
Podkroélestwo
Nadgromada
Gromada
Podgromada
Nadklasa
Klasa

Rzad
Rodzina
Rodzaj

rosliny

rosliny zielone
rosliny telomowe
rosliny naczyniowe
Rosliny nasienne
nagonasienne

iglaste

sosnowce
sosnowate

sosna

Tabela 2. Klasyfikacja podrodzaju Pinus (Gernandt et al., 2005)

Sekcja Pinus Sekcja Trifoliae
Podsekcja Pinus Podsekcja Podsekcja Podsekcja Podsekcja
Pinaster Contortae Australes Ponderosae
P. densata, P. brutia, P. banksiana, P. attenuata, P. cooperi,
densiflora, canariensis, clausa, caribaea, coulteri,
hwangshanensis, halepensis, contorta, cubensis, donnell-smithii,
kesiya, heldreichii, virginiana, echinata, devoniana,
luchuensis, pinaster, pinea, elliottii, glabra, douglasiana,
massoniana, roxburghii. greggii, durangensis,
merkusii, mugo, herrerae, engelmannii,
nigra, resinosa, Jjaliscana, hartwegii,
sylvestris, lawsonii, Jeffreyi,
tabuliformis, leiophylla, maximinoi,
taiwanensis, lumholtzii, montezumae,
thunbergii, muricata, nubicola,
tropicalis, occidentalis, ponderosa,
uncinata, oocarpa, pseudostrobus,
yunnanensis palustris, sabineana,
patula, torreyana,
praetermissa, washoensis.
pringlei,
pungens,

radiata, rigida,
serotina, taeda,
tecunumanii,
teocote

Poszczegodlne czgsci sosny cechuja si¢ r6zng zawartoscig sktadnikéw odzywczych. Nasiona

zawierajga sumarycznie najwig¢cej badanych sktadnikow odzywczych, z wyjatkiem witaminy C,

ktoérej zawarto$¢ wyzsza jest w igliwiu. Nasiona moga by¢ dobrym Zrédlem magnezu, fosforu,

a szczegdlnie cynku (Nergiz & Donmez, 2004). Rézne czesci roslin charakteryzuja sie
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zréznicowang zawartoscig zwiazkéw odzywcezych (Edelman & Colt, 2016). Nasiona na ogo6t
cechujg si¢ nizsza zawarto$cig witamin niz zielone czgsci roslin, natomiast wyzszg zawartoscia
makrosktadnikow, szczegolnie tlhuszczow (Sayeed et al., 2004). Pobieranie skladnikow
mineralnych i ich zawarto$¢ w roslinie uzalezniona jest nie tylko od zawartosci w glebie

w formie dostepnej dla roslin, ale i od wzajemnego iloSciowego stosunku poszczegdlnych
sktadnikéw mineralnych w $rodowisku i poziomu zalesienia (Jelonek et al., 2016; Szulc,
Ambrozy-Deregowska, et al., 2020; Szulc, Barlog, et al., 2020; Usowicz & Lipiec, 2017). Nie
bez znaczenia sg tez inne czynniki takie jak pH gleby, pogoda i zmiany klimatyczne, roczne

i dobowe wahania temperatury, nawodnienie, dostep swiatta, (Borreani et al., 2018; Kohler et

al., 2019; Kyriacou et al., 2018).

1.2. Zwiazki fenolowe

Polifenole s3 wtornymi metabolitami ro$lin, ktére umozliwiajg wzrost 1 ich rozw@j. Chronia
réwniez rosliny przed owadami i innymi czynnikami (Aggarwal et al., 2010; Ghahremani et
al., 2020; Ren et al., 2021). Polifenole roslin biorg udziat w ksztalttowaniu wlasciwosci
sensorycznych, tj.: koloru, goryczy i cierpkosci (Debnath-Canning et al., 2020; Soares et al.,
2020). Pod wzgledem budowy, wspolng cechg polifenoli jest obecno$¢ pierscieni benzenu i
grup hydroksylowych. Sa jednak bardzo zr6znicowane i mozna je podzieli¢ na kilka podgrup.
Istnieja rézne sposoby kategoryzacji tych zwigzkéw w oparciu o ich zrodlo pochodzenia,
funkcje biologiczng, lub strukture chemiczng (Tsao, 2010). Czgsto stosuje si¢ klasyfikacje
wedtug liczby obecnych pierscieni fenolowych i sktadnikow strukturalnych, ktére lacza te
pierscienie, rdznicujac czasteczki na kwasy fenolowe, flawonoidy, stylbeny i lignany (Manach
et al., 2004; Manasa et al., 2021). Proste fenole i flawonoidy odpowiadaja wigkszosci
naturalnych substancji fenolowych. Ponadto najbardziej rozpowszechniong grupa tych
zwigzkow sg flawonoidy. Ich wspolna organizacja to C6 — C3 — C6, co odpowiada dwoém
pier§cieniom aromatycznym (pier§cieniom A i B) potaczonym z trzema atomami wegla w celu
wytworzenia utlenionego heterocyklu (pierscien C). W wyniku rodzaju hydroksylacji i r6znic
w pierscieniu chromanowym (pierscien C), flawonoidy mozna dalej podzieli¢ na odrgbne
podgrupy, w tym antocyjany, flawan-3-ole, flawony, flawanony i flawonole (Cutrim & Cortez,
2018; Debelo et al., 2020; Wang et al., 2020).

Zapotrzebowanie na kwasy fenolowe jest bardzo wysokie w przemys$le, poniewaz
stosowane s3 jako prekursory innych istotnych bioaktywnych czasteczek, ktére sg niezbedne w

celach leczniczych, kosmetycznych i spozywczych. Kwasy fenolowe sg réwniez dostgpne w

11



handlu jako suplementy diety (Ferreira-Santos et al., 2020). Do ekstrakcji polifenoli mozna
wykorzysta¢ rozne czesdci sosny (igly, nasiona, kora i szyszka) oraz rézne rozpuszczalniki.
Chociaz wszystkie ekstrakty z sosny zawieraja znaczace ilo$ci polifenoli, zawartos$¢ ich w
ekstrakcie zalezy od rozpuszczalnika, metody ekstrakcji, uzytej czesci rosliny czy gatunku
sosny. Wynika to z naturalnej zmiennosci, takiej jak genotyp, réznice w uprawie i warunki
zbioru, klimatu, rodzaj gleby itp. (Bindes et al., 2019; Ferreira-Santos et al., 2020). Ustalono,
ze polifenole zmniejszaja zachorowalno$¢ i spowalniajg postep chordb sercowo-naczyniowych,
neurodegeneracyjnych i nowotworowych. Mechanizm dziatania polifenoli silnie wigze si¢ z ich
aktywnos$cig przeciwutleniajaca i redukcja reaktywnych form tlenu w organizmie czlowieka
(Dzah et al., 2020; Gorzynik-Debicka et al., 2018). Oprécz tego prozdrowotne wiasciwosci
polifenoli  ro$linnych  obejmuja  dzialanie = przeciwzapalne,  przeciwalergiczne,
przeciwmiazdzycowe, przeciwzakrzepowe i przeciwutagenne (Gabaston et al., 2017).

Obecnie na rynku dostepne sa preparaty z sosny, ktore sg skoncentrowanym zrédtem polifenoli.
Najpopularniejszym jest Pycnogenol® (Horphag Research Ltd., UK, Geneve, Switzerland),
ktory jest ekstraktem z sosny P. pinaster. Jako$¢ tego ekstraktu jest okreslona w Farmakopei
Stanow Zjednoczonych (USP 28). Gtownymi sktadnikami Pycnogenolu® sg procyjanidyny,
sktadajace z podjednostek katechiny i epikatechiny o réznych dlugosciach tancucha. Inne
sktadniki to monomery polifenolowe, kwasy fenolowe lub cynamonowe oraz ich glikozydy.

Jak wynika z wielu badan, sktadniki piknogenolu s3 wysoce biodostepne (D’ Andrea, 2010).

1.3. Wlasciwosci funkcjonalne skladnikow drzew iglastych w zywnoSci

Wykazano, ze kora, igly, pylek jak i inne czg¢sci wielu gatunkow drzew iglastych sa dobrymi
surowcami do wytwarzania produktéw i byly wykorzystywane od wielu lat (Li et al., 2015).
Pierwsze udokumentowane zastosowanie ekstraktow z kory sosny siega 1535 roku, kiedy
francuski odkrywca Jacques Cartier opisal wydarzenia, w ktérych on i jego zaloga unikneli
$mierci w wyniku szkorbutu, choroby spowodowanej niedoborem witaminy C, poprzez picie
naparéw z kory sosny. W 1951 r. francuski badacz Jacques Masquelier rozpoczat badania and
surowcami ros$linnymi w celu zidentyfikowania sktadnikow bioaktywnych, gdzie udato mu si¢
wyekstrahowaé proantocyjanidyny z kory P. pinaster, w ilo$ciach, ktére mogly by¢
zastosowane w celach komercyjnych (D’Andrea, 2010).

Obecnie wiele standaryzowanych ekstraktow réznych gatunkéw sosny jest stosowanych

jako sktadniki suplementéw diety i preparatow wspomagajacych leczenie wielu jednostek
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chorobowych m.in. przewlektych stanéw zapalnych, zaburzen ukladu krazenia i astmy.
Przeprowadzono wiele badan in vitro, a takze z udziatem zwierzat oraz ludzi, ktore wskazuja
na profilaktyczny i terapeutyczny efekt ekstraktow z roznych gatunkow sosny (Robertson et
al., 2020). W opublikowanym przez Cochrane Collaboration przegladzie, przeanalizowano 27
kontrolowanych randomizowanych badan klinicznych oceniajacych wplyw suplementéw,
zawierajacych ekstrakty z kory sosny, na choroby przewlekle tj. astma, zesp6t nadpobudliwosci
psychoruchowej z deficytem uwagi, choroby uktadu krazenia cukrzyca, choroba
zwyrodnieniowa stawow, osteopenia 1 in. Wykazano, Ze ograniczona liczba badan
laboratoryjnych, zmienno$¢ wynikéw pomiarow wynikéw 1 rézny sposdb przeliczania
wynikow sprawia, ze nie jest mozliwe sformutowanie jednoznacznych wnioskéw dotyczacych
efektywnosci i bezpieczenstwa suplementéw zawierajacych ekstrakt z kory sosny (Robertson
et al.,, 2020). Aktualna literatura wskazuje jednak na mozliwo$¢ zastosowania skladnikéw
drzew iglastych w napojach, produktach mlecznych, produktach migsnych czy nawet
pieczywie. Dodatek ekstraktow P. pinaster zwigkszal potencjal antyoksydacyjny sokow i
produktéw mlecznych (Frontela-Saseta et al., 2011; Lopez-Nicolas et al., 2014). Wykazano, ze
kefir wzbogacony syropem z pakoéw sosny charakteryzowat si¢ wysoka pozadalnosciag pod
wzgledem zaré6wno smaku jak i aromatu (Semeniuc et al., 2016). Ponadto potwierdzono, ze
dodatek ekstraktu z sosny do pieczywa i mielonego migsa, wpltywat zaréwno na cechy
sensoryczne jak rowniez ograniczal rozwdj niepozadanych drobnoustrojow oraz opodzniat
zmiany oksydacyjne we frakcji ttuszczowej (Ahn et al., 2002, 2007). Wskazuje to, ze ekstrakty
z sosny mogg znalez¢ w przyszlosci szerokie zastosowanie jako dodatki konserwujace. Na
chwile obecng wiele ekstraktow z roslin iglastych znajduje si¢ w bazie danych Everything
Added to Food in the United States (EAFUS), ktore zostaly zatwierdzone przez Food and Drug
Administration (FDA) jako dodatki dozwolone do stosowania w produkcji zywnoS$ci 1 sg
uznane za bezpieczne i posiadajag status Generally Recognized as Safe (GRAS) (Ahn et al.,
2007).

Niniejszy rozdziat zostal opracowany na podstawie publikacji 1:

Dziedzinski, M., Kobus-Cisowska, J., Szymanowska, D., Stuper-Szablewska, K.,
Baranowska, M. (2020). Identification of polyphenols from coniferous shoots as natural
antioxidants and  antimicrobial = compounds. Molecules, 25(15),  3527.  DOI:
10.3390/molecules25153527
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2. CEL PRACY I HIPOTEZY BADAWCZE
2.1.Cel pracy

Problemem badawczym i celem nadrz¢dnym pracy byta ocena wlasciwosci funkcjonalnych
pedow drzew iglastych i nowe mozliwosci ich wykorzystania w projektowaniu zywnosci

funkcjonalne;.

Cel glowny zrealizowano w oparciu o cele szczegolowe, ktore sprecyzowano

nastepujaco:

1. Ocena towaroznawcza i zawarto$¢ sktadnikow aktywnych pedoéw wybranych drzew
iglastych jako SUrowcow 0 wlasciwo$ciach przeciwutleniajacych,
przeciwdrobnoustrojowych i wlasciwosciach hamujacych aktywnos$¢ hialuronidazy.

2. Ocena wptywu suszenia na zawarto$¢ wybranych sktadnikéw aktywnych 1 wlasciwosci
funkcjonalne pedéw sosny Pinus sylvestris L.

3. Ocena przydatno$ci pedow sosny Pinus sylvestris L. jako sktadnika recepturowego
w technologii wytwarzania funkcjonalnego piwa pszenicznego typu Hefe-Weizen.

4. Ocena przydatnosci pedow sosny Pinus sylvestris L. jako sktadnika recepturowego

w technologii wytwarzania funkcjonalnego piwa niskoalkoholowego typu IPA.

2.2. Hipotezy badawcze

Na podstawie zaplanowanych zadan sformulowano nast¢pujace hipotezy
badawcze:

H.1. Pedy drzew iglastych sa zrodlem skladnikow o potencjale przeciwutleniajacym,
przeciwdrobnoustrojowym  oraz  posiadaja  skladniki hamujgce  aktywnos$é
hialuronidazy.

H.2. Zawarto$¢ zwigzkéw aktywnych w pedach drzew iglastych, potencjal
przeciwutleniajacy i aktywno$¢ przeciwdrobnoustrojowa ekstraktow zaleza od gatunku
drzewa, z ktorego pozyskano pedy, metody suszenia surowca i sposobu ekstrakcji.

H.3. Pedy sosny zwyczajnej (Pinus sylvestris L.) nie wptywaja negatywnie na aktywnos¢
drozdzy w procesie produkcji piwa typu Hefe-Waizen, a ich dodatek powoduje
zwigkszenie zawarto$ci polifenoli i wzrost potencjatu przeciwutleniajacego jak rowniez

uzyskanie atrakcyjnego profilu sensorycznego piwa.
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H.4. Pedy sosny zwyczajnej (Pinus sylvestris L.) nie wptywaja negatywnie na aktywnos¢
drozdzy w procesie produkcji piwa niskoalkoholowego, a ich dodatek powoduje
zwigkszenie zawartos$ci polifenoli 1 wzrost potencjatu przeciwutleniajacego jak réwniez

uzyskanie atrakcyjnego profilu sensorycznego piwa.

. PRZEDMIOT I METODY BADAN

3.1. Material badany

Materiatem do badan byly pedy wybranych drzew iglastych: $wierku pospolitego (Picea
abies L.), modrzewia europejskiego (Larix decidua Mill), sosny zwyczajnej (Pinus
sylvestris L. ), daglezji zielonej (Pseudotsuga menziesii), jodty pospolitaej (Abies alba)

i jatowca pospolitego (Juniperus communis L.), pozyskane w tym samym okresie
wegetacyjnym z Arboretum Lesnego w Zielonce (17°06°33°’E, 52°06°33°°N) nalezacego
do Le$nego Zaktadu Doswiadczalnego Uniwersytetu Przyrodniczego w Poznaniu. Materiat
badany przechowywano w stanie zamrozonym (-28°C), a nastgpnie przetwarzano zgodnie

z metodyka badawcza w danym etapie.

3.2. Metody badan

W pracy zbadano:

e Wydajnos¢ ekstrakcji (Pham et al., 2015)

e Barwe i osmolalno$¢ ekstraktow (Szczepaniak et al., 2021)

e Zawarto$¢ sktadnikéw mineralnych (oznaczona technika ICP-OES) (Lante et al., 2006)

e Zawarto$¢ witaminy C (metoda spektrofotometryczna) (Ajila et al., 2007)

e Zawarto$¢ polifenoli ogotem (metoda spektrofotometryczna) (Singleton et al., 1999)

e Zawarto$¢ flawonoidow ogoétem (metoda spektrofotometryczna) (Meda et al., 2005)

e Zawarto$¢ indywidualnych zwigzkéw polifenolowych (wysokosprawna chromatografia
cieczowa, HPLC) (Stuper-Szablewska et al., 2017)

e Zawarto$¢ chlorofili i karotenoidéw (metoda spektrofotometryczna)

e Obecnos¢ fitozwigzkow tj. alkaloidy, saponiny, taniny, steroidy, terpenoidy, glikozydy,
kumaryny (Auwal et al., 2014; Djaafar & Ridha, 2014; Morris, 2003)

e Aktywnos¢ przeciwutleniajaca (metoda spektrofotometryczna: zdolno$¢ do zmiatania

rodnikéw DPPH, zdolno$§¢ do wygaszania kationorodnikéw ABTS, zdolno$¢ do
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redukowania jonow zelaza (FRAP), aktywnos$¢ chelatujaca (O’Sullivan et al., 2013;
Thaipong et al., 2006)

e Wiasciwosci przeciwdrobnoustrojowe (metoda studzienkowo-dyfuzyjna) (Smith et al.,
1985)

e Aktywnos¢ inhibicyjng wobec hialuronidazy (metoda spektrofotometryczna) (Chanaj-
Kaczmarek et al., 2020)

e  Wiasciwosci fizyko-chemiczne piwa (metody instrumentalne) (Christensen et al., 2005)

e Liczebnos¢ wybranych drobnoustrojow w brzeczce i piwie (metoda ptytkowa) (Clark,
1965)

e Wpygaszanie  wolnych  rodnikbw na  liniach  komoérkowych  (metoda
spektrofotometryczna) (Pereira et al., 2017)

e Trawienie in vitro piwa suplementowanego pedami (Minekus et al., 2014)

e Analizg sensoryczng (profilowanie sensoryczne oraz ocena konsumencka) (PN-EN ISO
8589:2010 Analiza Sensoryczna -- Ogolne Wytyczne Dotyczgce Projektowania
Pracowni Analizy Sensorycznej, 2010)

e Analizg statystyczng (Statistica 13.1, TIBCO Software Inc.; RStudio 1.1.4, Posit
Software)

Szczegotowy opis poszezegdlnych metodyk zostat uwzgledniony w publikacjach stanowigcych

osiggnigcie naukowe.
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3.3.

Model badan

Pedy
(ekstrakcja wodna,
wodno-etanolowa)
Modrzew europejski Jodta pospolita Jak_:wmc pospollty_ Swierk pospolity Daglezja zielona Sosna pospolita
3 5 n s (Juniperus communis 5 . (Pseudotsuga 5 5
(Larix decidua) (Abies alba Mill.) (Picea abies L.) e (Pinus sylvestris L.)
(L)) menziesii)
Ocena jako$ciowa
? " P . Aktywnos¢
Charakterystyka te(raI::I:i:ljy' ::r':x‘i . Za\.uam;f‘ciz\?l:aiktﬁui EOte'}qa.' oy przeciwdrobnoustrojowa Aktywnos¢ inhibicyjna
towaroznawcza P Y, steroidy, V! (bakterie Gram+, Gram- i wobec hialuronidazy
glikozydy, saponiny, mineralnych (ABTS, FRAP, DPPH,
kumaryny) grzyby)
Sosna pospolita (Pinus
sylvestris L.)
Opracowanie technologii produkcji piwa niksoalkoholowego typu IPA
Opracowanie technologii produkcji piwa pszenicznego wzbogaconego pedami wzbogaconego pedami Pinus zi‘g:zgv:‘a:z;?;?mwane@ z wykorzystaniem 4
Pinus sylvestris L. 1) Saccharomyces cerevisiae var. chevalieri SAFBREW™ LA-01;
2) Saccharomyces cerevisiae Safale US-05
L J 3) Saccharomyces cerevisiae var. boulardii
Y 4) Pichia kluyveri NEER™
Préba - L .
éwieia 1 miesigc 2 miesiagc 3 miesiac | Y
przechowywanie
Préba $wieza
\ J \
I |
Zawarto$¢ zwigzkéw Ocena Ocena
| bio.’skwar\ychk i sensoryczna Ocena sensoryczna
Ocena L (profilowanie Ocena mikr ‘: ‘. i ) Wi i (profilowanie
fizykochemiczna Ocena s sensoryczne) fizvkochemiczna gool bioaktywne sensoryczne)
. mikrobiologiczna badania
(ezisxmﬁrit“uc (ogdlna liczebnos¢ (1::“';0“ komérkowe poli(f:?'l‘:),ﬁr;:f‘:?em
’ ekstraktu, (licrebnodé ,
zawartosé etanoly,  drobnoustrojéw, R aanen o ygaszanie DPPH,
At liczebno$¢ drozdzy, J ‘drozdz‘y, wpltyw NO!
praef e‘:;’::{'owani liczebnos¢ bakterii PH, goryczka) piwa kr‘\)a"gw:;noﬁt /
e kwasu rel
a, pH, kwasowosé, miekowego)

barwa, goryczka)

Rysunek 1. Model badan

4. OMOWIENIE WYNIKOW

4.1. Ocena przydatnosci i charakterystyka towaroznawcza pedow

wybranych drzew iglastych jako surowcow o wlasciwosciach
przeciwutleniajacych, przeciwdrobnoustrojowych i inhibicyjnych
wzgledem enzymow

Celem pierwszego etapu badan byta ocena pedow wybranych drzew iglastych pod wzgledem

towaroznawczym 1 zawarto$ci sktadnikow mineralnych, oraz ich ekstraktéw pod wzgledem
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obecno$ci i/lub zawarto§ci wybranych metabolitow roslin, oceny aktywnosci
przeciwutleniajacej, przeciwdrobnoustrojowej i hamujacej aktywnos¢ hialuronidazy.

Materiatem badanym byly pedy drzew iglastych tj. $wierk pospolity (Picea abies L.),
modrzew europejski (Larix decidua Mill), sosna zwyczajna (Pinus sylvestris L. ), daglezja
zielona (Pseudotsuga menziesii), jodla pospolita (4bies alba) 1 jatowiec pospolity (Juniperus
communis L.). Wytworzono ekstrakty wodne i etanolowo-wodne.

Najwyzsza catkowita zawarto$¢ sktadnikow mineralnych stwierdzono w probece jodly
pospolitej. Sposrdd analizowanych sktadnikow mineralnych, najwyzsza zawarto$¢ stwierdzono
potasu: w zakresie od 27 653,46 mg/kg w probie jalowca pospolitego do 19 118,44 mg/kg
w probcee sosny pospolitej. Ponadto stwierdzono wysoka zawarto$¢ wapnia i magnezu
w badanych probach. We wszystkich ekstraktach stwierdzono obecno$¢ garbnikow,
terpenoidow, saponin i kumaryn.

Najwyzszg aktywnos$¢ redukujaca mierzong z odczynnika Folina-Ciocélteu (FCR) (zwartos¢
zwigzkéw reagujacych z odczynnikiem F-C) oraz catkowita zawarto$¢ flawonoidoéw
stwierdzono w ekstrakcie z pgdow modrzewia europejskiego (14,83 mg GAE/g s.m.) i daglezji
zielonej (14,53 mg GAE/g s.m.).

Najwyzszg sume¢ badanych zwigzkow fenolowych stwierdzono w ekstrakcie ze $wierku
pospolitego (13,95 pg/g s.m.). Dominujagcym kwasem byt kwas ferulowy, kwas chlorogenowy
i kwas 4-hydroksybenzoesowy. Otrzymane ekstrakty z pedow roslin iglastych wykazaly
wlasciwosci przeciwutleniajagce 1 przeciwdrobnoustrojowe in vitro. Ekstrakty ze $wierku
charakteryzowaly si¢ najwyzszg aktywno$cig zmiatania rodnika DPPH (404,18 uM Trolox/g
s.m.), a nastgpnie ekstrakty z pedow jatowca (384,30 uM Trolox/g s.m.) Wyzszg aktywno$¢
hamowania hialuronidazy (enzymu depolimeryzujacego kwas hialuronowy) stwierdzono dla
ekstraktow etanolowych niz wodnych badanych pedow, a spos$rdd nich probka ekstraktu
modrzewia europejskiego charakteryzowata si¢ najwyzszym potencjatem (78,16%). Ekstrakty
otrzymane z pedow §wierku pospolitego i sosny zwyczajnej wykazywaly najwyzsza aktywno$¢
przeciwdrobnoustrojowa wobec badanych bakterii Gram-ujemnych, Gram-dodatnich

1 grzybow.

PODSUMOWANIE

1. Pedy drzew iglastych takich jak swierk pospolity (Picea abies L.), modrzew europejski
(Larix decidua Mill), sosna zwyczajna (Pinus sylvestris L. ), daglezja zielona

(Pseudotsuga menziesii), jodta pospolita (4bies alba) 1 jalowiec pospolity (Juniperus
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communis L.). zawieraja skladniki mineralne, a spo$rdd nich dominujacymi sg potas,
magnez i wapn.

2. Ekstrakty wodne pozyskane z pedow drzew iglastych sg zrédlem zwigzkow aktywnych
o dziataniu przeciwutleniajagcym i przeciwdrobnoustrojowym.

3. Ekstrakty wodne z pgdow jalowca pospolitego oraz $wierku pospolitego wykazaty
najwyzsza zdolno$¢ do wygaszania wolnych rodnikéw DPPH.

4. Ekstrakty etanolowe z pedow wybranych drzew iglastych wykazuja aktywnos¢
hamowania hialuronidazy.

5. Ekstrakty otrzymane z peddéw $wierku pospolitego i sosny zwyczajnej wykazywaty
najwyzsza aktywno$¢ przeciwdrobnoustrojowg wobec bakterii Gram-ujemnych, Gram-

dodatnich i grzybow.

Na podstawie badan potwierdzono hipotezy:

H.1. Pedy drzew iglastych sa zrédlem skladnikow o potencjale przeciwutleniajacym,
przeciwdrobnoustrojowym oraz posiadaja skladniki hamujace aktywnos¢ hialuronidazy.
H.2. Zawarto$s¢ zwiazkow aktywnych w pedach drzew iglastych, potencjal
przeciwutleniajacy i aktywnos¢ przeciwdrobnoustrojowa ekstraktow zaleza od gatunku

drzewa, z ktorego pozyskano pedy, metody suszenia surowca i sposobu ekstrakcji.

Powyzsze wyniki zostaly opisane na podstawie nastgpujacych publikacji wchodzacej w sktad
rozprawy doktorskiej:

Dziedzinski, M., Kobus-Cisowska, J., Szymanowska, D., Stuper-Szablewska, K.,
Baranowska, M. (2020). Identification of polyphenols from coniferous shoots as natural
antioxidants  and  antimicrobial = compounds. Molecules, 25(15),  3527.  DOI:
10.3390/molecules25153527

Dziedzinski, M., Kobus-Cisowska, J., Stuper-Szablewska, K., Cielecka-Piontek, J., Wilk,
R., Ludowicz, D. (2022). Antioxidant potential, mineral composition and inhibitory effects
of conifer needle extract on hyaluronidase-prospects of application in functional
food. Journal of Elementology, 27(4). DOI: 10.1016/j.ejbt.2023.01.001
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4.2.  Ocena wplywu suszenia na zawarto$¢ wybranych skladnikow
bioaktywnych i wlasciwosci funkcjonalne pedow sosny (Pinus
sylvestris L.)

Celem etapu bylo zweryfikowano wpltywu roéznych metod suszenia tj. liofilizacja (PSL),
suszenie prozniowe (PSP) i suszenie naturalne, na wolnym powietrzu (PSN) na zawarto$¢
wybranych sktadnikow bioaktywnych i wlasciwosci funkcjonalne peddéw P. sylvestris L.
Wykazano, ze zastosowane metody suszenia maja istotny wplyw na wlasciwosci
fizykochemiczne, zawarto$¢ zwigzkow bioaktywnych oraz aktywnos$¢ przeciwutleniajaca
ekstraktow etanolowo-wodnych z pedow sosny zwyczajnej (Pinus sylvestris L.). Najwyzsza
catkowitg zawarto$¢ flawonoidow wykazano w probce PSP, wynoszacej 5,51 mg kwercetyny/g
s.m. Natomiast zdolno$¢ redukujaca ksztaltowata si¢ nastepujaco: PSN>PSP>PSL w zakresie
od 13,4 do 5,73 mg kwasu galusowego/g s.m. Najwyzszg zawarto$cig sumy polifenoli (HPLC)
charakteryzowat si¢ ekstrakt z surowca liofilizowanego (91,51 mg/g), nastepnie suszonego
prozniowo (8,26 mg/g), a najnizsza zawarto$¢ zwigzkow fenolowych stwierdzono w ekstrakcie
z pedow suszonych konwekcyjnie (7,62 mg/g). Badane ekstrakty wykazaty wilasciwosci
przeciwutleniajace, zar6wno w te$cie badania aktywnosci do redukowania jonow Zzelaza
(FRAP), jak réwniez w tescie zmiatania wolnych rodnikow (DPPH). Wszystkie badane
ekstrakty wykazywaty wtasciwosci przeciwdrobnoustrojowe i grzybobdjcze, a w szczegdlnosci

aktywne byly wobec bakterii Gram-ujemnych.

PODSUMOWANIE

1. Liofilizacja (PSL), suszenie prozniowe (PSP) i suszenie naturalne (PSN) majg istotny
wplyw na wlasciwosci fizykochemiczne, zawarto$¢ zwigzkéw bioaktywnych
1 aktywno$¢ przeciwutleniajaca ekstraktow wodno-etanolowych.

2. Najwyzsza zawartos$¢ polifenoli stwierdzono w ekstrakcie z liofilizowanego surowca,
a nastgpnie w proézniowo suszonym, a najnizsza zawarto$¢ zwigzkow fenolowych
zaobserwowano w suszonych konwekcyjnie.

3. Badane ekstrakty wykazywaty wilasciwosci przeciwutleniajace zardwno w tescie
FRAPjak i w pomiarze hamowania rodnikéw DPPH.

4. Wszystkie badane ekstrakty wykazywaly wlasciwosci przeciwbakteryjne
1 przeciwgrzybicze, a szczegdlnie skuteczne byty w przypadku bakterii Gram-

ujemnych.
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Na podstawie badan potwierdzono hipotez¢ badawcza:
H.2. Zawarto$s¢ zwiazkow aktywnych w pedach drzew iglastych, potencjal
przeciwutleniajacy i aktywnos¢ przeciwdrobnoustrojowa ekstraktow zaleza od gatunku

drzewa, z ktorego pozyskano pedy, metody suszenia surowca i sposobu ekstrakcji.

Powyzsze wyniki zostaly opisane na podstawie nastepujacej publikacji wchodzacej w sktad
rozprawy doktorskiej:

Dziedzinski, M., Kobus-Cisowska, J., Szymanowska-Powalowska, D., Stuper-Szablewska,
K., Baranowska, M. (2020). Polyphenols composition, antioxidant, and antimicrobial
properties of Pinus sylvestris L. shoots extracts depending on different drying methods.
Emirates Journal of Food and Agriculture, 229-237. DOI: 10.9755/ejfa.2020.v32.13.2080

4.3. Opracowanie innowacyjnej technologii wytwarzania piwa z
udzialem pedow Pinus sylvestris L. (badania przechowalnicze,
ocena sensoryczna oraz wlasciwosci funkcjonalne napoju
alkoholowego z pedami Pinus sylvestris L.)

Celem etapu byla ocena mozliwo$ci zastosowania p¢dow sosny jako sktadnika piwa typu Hefe-
Weizen. W procesie produkcyjnym zastapiono czg$¢ chmielu przewidzianego receptura pedami
sosny 1 oceniono ich wptyw na wilasciwosci funkcjonalne i sensoryczne piwa. Na podstawie
wczesniejszych badan i przegladu literatury dokonano ewaluacji mozliwo$ci zastosowania
pedow Pinus sylvestris L. w ksztalttowaniu cech antyoksydacyjnych i sensorycznych piwa
pszenicznego. Analizie poddano podstawowe parametry fizykochemiczne, st¢zenie i profil
polifenoli, stan mikrobiologiczny piwa oraz jego jakos$¢ sensoryczng (piwa doswiadczalnego

z pedami sosny oraz piwa kontrolnego).

Zawarto$¢ alkoholu w piwie do§wiadczalnym po przechowywaniu wynosita 4,04% v/v,

a goryczka ksztaltowata si¢ na poziomie 15,83 IBU (jednostek goryczy). W badanej probie
stwierdzono wyzszy poziom goryczki w porOéwnaniu z piwem kontrolnym. Pozostale
analizowane parametry fermentacji (ekstrakt, stopien przefermentowania) oraz parametry
fizykochemiczne (pH, kwasowo$¢ miareczkowa, barwa) byty podobne dla obu rodzajow piwa.
Stwierdzono, ze dodatek pedoéw sosny na etapie warzenia wplynat na profil zwigzkow

biologicznie czynnych — zar6wno kwasow polifenolowych jak i flawonoli. Zawarto$¢ obu grup
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tych zwigzkow byta o prawie 30% wyzsza w probce z pedami sosny w poréwnaniu z proba
kontrolng. Ocena sensoryczna potwierdzita wysokg atrakcyjnos¢ piwa z pedami sosny. Podczas
trzymiesigcznego okresu przechowywania badane probki byly stabilne pod wzgledem
mikrobiologicznym.

Stwierdzono, ze pedy sosny moga by¢ atrakcyjnym dodatkiem funkcjonalnym
do smakowych piw rzemie$lniczych. Ich dodatek nie wptywa negatywnie na atrakcyjnosé
sensoryczng a jednoczes$nie wplywa na zwigkszenie zawarto$ci zwigzkéw czynnych

i potencjale antyoksydacyjnym.

PODSUMOWANIE

1. Pedy sosny nie wplywaja negatywnie na proces fermentacji i wiasciwosci
fizykochemiczne piwa typu Hefe-Weizen.

2. Dodatek pedoéw sosny na etapie warzenia zwigksza zawarto$¢ zwigzkow biologicznie
czynnych — zaréwno kwasow polifenolowych jak i flawonoli w piwie typu
Hefe-Weizen.

3. Piwo wzbogacane w pedy sosny na etapie warzenia cechuje si¢ dobra
jakos$cig organoleptyczng.

Na podstawie badan potwierdzono hipoteze badawcza:

H.3. Pedy sosny zwyczajnej (Pinus sylvestris L.) nie wplywaja negatywnie

na aktywno$¢ drozdzy w procesie produkcji piwa typu Hefe-Waizen, a ich dodatek

powoduje zwi¢kszenie zawartoSci polifenoli i wzrost potencjalu przeciwutleniajacego

jak rowniez uzyskanie atrakcyjnego profilu sensorycznego piwa.

Powyzsze wyniki zostaly opisane na podstawie nastgpujacych publikacji wchodzacej w sktad
rozprawy doktorskiej:

Dziedzinski, M., Stachowiak, B., Kobus-Cisowska, J., Koztowski, R., Stuper-Szablewska,
K., Szambelan, K., Gérna, B. (2023). Supplementation of beer with Pinus sylvestris L. shoots
extracts and its effect on fermentation, phenolic content, antioxidant activity and sensory
profiles. Electronic Journal of Biotechnology, 63, 10-17. DOI: 10.1016/].ejbt.2023.01.001
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4.4. Opracowanie innowacyjnej technologii piwa niskoalkoholowego z
udzialem pedow Pinus sylvestris L. (ocena przechowalnicza,
sensoryczna oraz ewaluacja wlasciwosci funkcjonalnych piwa
niskoalkoholowego z pedami Pinus sylvestris L.)

W ostatnim etapie badan oceniono mozliwos¢ wykorzystania pedow sosny (Pinus sylvestris
L.) oraz standardowych i nieckonwencjonalnych szczepdéw drozdzy do produkcji piwa
o obnizonej zawartos$ci alkoholu.

W tym celu przygotowano brzeczki kontrolne bez dodatku pedéw oraz brzeczki
wzbogacane w pedy sosny w ilosci 10 g/L. Brzeczki zaszczepiono drozdzami Saccharomyces
cerevisiae var. chevalieri SAFBREW™ LA-01; Saccharomyces cerevisiae var. boulardii,
Pichia kluyveri NEER™, Saccharomyces cerevisiae Safale US-05. Do$wiadczalne piwo
zostatlo zbadane pod katem liczebnosci drozdzy, podstawowych wlasciwosci
fizykochemicznych  piwa, oddziatywania na linie komorkowe 1  wlasciwosci
przeciwutleniajacych.

Wykazano, ze pedy sosny oraz badane szczepy drozdzy umozliwiaja otrzymanie piw
niskoalkoholowych o potencjalnym dziataniu funkcjonalnym. Pedy sosny nie wplywaja
negatywnie na proces produkcji piwa i moga zwigksza¢ jego potencjat przeciwutleniajacy. Nie
zauwazono negatywnych zmian po miesigcu przechowywania. Wykazano, ze piwa
suplementowane pgdami sosny charakteryzuja si¢ wyzszg aktywnos$cia do wygaszania wolnych
rodnikbw DPPH, natomiast wszystkie badane piwa niskoalkoholowe cechowaly sie¢
aktywnoscig redukujaca stan oksydacyjny indukowany na liniach komérkowych RAW?264.7.
W zalezno$ci od uzytych drozdzy pedy sosny wptywaja w rézny sposéb na profil smakowy
i zapachowy, mogac maskowaé obce posmaki i zapachy, wynikajace z zastosowania

niekonwencjonalnych drozdzy.

PODSUMOWANIE

1. Pedy sosny w stgzeniu 10g/L brzeczki nie wptywaja negatywnie na aktywno$¢ drozdzy
Saccharomyces cerevisiae Safale US-05; Saccharomyces cerevisiae var. chevalieri
SAFBREW™ [ A-01; Saccharomyces cerevisiae var. boulardii and Pichia kluyveri
NEER™, a zastosowanie tych drozdzy i pedow sosny pozwala na uzyskanie piwa

niskoalkoholowego przechowywanego przez 1 miesiac.
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2. Szczep drozdzy tj. Saccharomyces cerevisiae Safale US-05; Saccharomyces cerevisiae
var. chevalieri SAFBREW™ LA-01; Saccharomyces cerevisiae var. boulardii 1 Pichia
kluyveri NEER™ oraz pedy sosny Pinus sylvestris wptywaja na smak i aromat piwa

o obnizonej zawartos$ci alkoholu.

Na podstawie badan potwierdzono hipoteze badawcza:

H.4. Pedy sosny zwyczajnej (Pinus sylvestris 1.) nie wplywaja negatywnie na
aktywnos$¢ drozdzy w procesie produkcji piwa niskoalkoholowego, a ich dodatek
powoduje zwi¢kszenie zawartosci  polifenoli 1  wzrost potencjalu
przeciwutleniajacego jak rowniez uzyskanie atrakcyjnego profilu sensorycznego

piwa.

Powyzsze wyniki zostaly opisane na podstawie nastepujacej publikacji wchodzacej w sktad
rozprawy doktorskiej:

Dziedzinski, M., Stachowiak, B., Kobus-Cisowska, J, Faria M., Ferreira I. (2023). Properties
of Functional Low-Alcoholic Beer Fermented with Pinus sylvestris L. Shoots and Novel
Yeast Strains. Open Chemistry. DOL:

S. PODSUMOWANIE I WNIOSKI

Wyniki przeprowadzonych badah pozwolity na wysunigcie nastepujacych stwierdzen
1 wnioskow:

e Pedy drzew iglastych tj. $wierk pospolity (Picea abies L.), modrzew europejski (Larix
decidua Mill), sosna zwyczajna (Pinus sylvestris L. ), daglezja zielona (Pseudotsuga
menziesii), jodta pospolita (4bies alba) 1 jatowiec pospolity (Juniperus communis L.).
r6znig si¢ istotnie pod wzgledem cech fizykochemicznych i towaroznawczych.

e Pedy wybranych drzew iglastych mogg by¢ Zrédlem sktadnikéw mineralnych tj. potas,
magnez i wapn.

e Ekstrakty wodne oraz wodno-etanolowe z badanych pedéw drzew iglastych cechuja si¢

wysoka zawarto$cig zwigzkéw fenolowych, oraz potencjalem przeciwutleniajagcym
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mierzonym in vitro w testach FRAP, ABTS, DPPH. Zawarto$¢ ta jest zalezna od
metody ekstrakcji. Wykazano, ze sposdb utrwalania pgedow sosny pospolitej (P.
sylvestris) wptywa na wlasciwos$ci przeciwutleniajace 1 zawartos¢ fenoli.

W ekstraktach wykazano obecno$¢ garbnikow, terpenoidéw, saponin i kumaryn.
Badane ekstrakty wodne 1 wodno-etanolowe cechuja si¢  dziataniem
przeciwdrobnoustrojowym wobec bakterii Gram-ujemnych, Gram-dodatnich

1 grzybow.

Ekstrakty etanolowe wykazaly zdolno$¢ do inhibcji hialuronidazy in vitro.
Najsilniejszym  efektem inihbicyjnym cechowal si¢ ekstrakt z modrzewia
europejskiego.

Dodatek peddéw sosny zwyczajnej w dodawane w stezeniu 10g/L. brzeczki nie
oddziatuje negatywnie na proces technologiczny warzenia konwencjonalnego piwa
pszenicznego oraz piwa niskoalkoholowego typu IPA. Sktadniki pedow nie wplywaja
negatywniena aktywno$¢ drozdzy tj.: Saccharomyces cerevisiae Safale US-05;
Saccharomyces cerevisiae var. chevalieri SAFBREW™ LA-01; Saccharomyces
cerevisiae var. boulardii and Pichia kluyveri NEER™,

Piwo pszeniczne wytworzone z dodatkiem peddéw sosny zwyczajnej w ilosci 10g/L
istotnie zwigksza ilo$¢ zwiazkoéw fenolowych w konwencjonalnym piwie pszenicznym.
Piwo niskoalkoholowe suplementowane pedami sosny cechuje si¢ wysoka zdolno$cia
do wygaszania wolnych rodnikéw DPPH in vitro.

W zaleznosci od zastosowanego szczepu drozdzy, pedy sosny w rézny sposéb wptywaja

na postrzegany smak i aromat piwa alkoholowego i niskoalkoholowego.

6. ZASTOSOWANIE PRAKTYCZNE

Wyniki pracy wskazuja na mozliwos$ci zastosowania sktadnikow pedow drzew iglastych, w

tym przede wszystkim pedoéw sosny zwyczajnej Pinus sylvestris L., w technologii produkcji

produktow spozywczych lub suplementow diety. Dodatek pedow sosny moze wptynaé na

zwigkszenie zawarto$ci zwigzkéw czynnych w $rodku spozywczym, ktore moga dziataé

przeciwdrobnoustrojowo, przeciwutleniajaco i przeciwzapalnie. W pracy wykazano, ze pedy

sosny zwyczajnej moga podwyzsza¢ zarbwno potencjal przeciwutleniajacy jak 1 wptywaé na
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walory sensoryczne piwa typu Hefe-Weizen oraz niskoalkoholowego piwa typu IPA, co

wskazuje na szerokie mozliwosci zastosowania pedow sosny w tego typu produktach.

7. ZRODLA FINANSOWANIA

Badania zrealizowane w ramach niniejszej pracy doktorskiej zostaty sfinansowane ze §rodkow:

e statutowych Katedry Technologii Gastronomicznej i Zywno$ci Funkcjonalnej

Uniwersytetu Przyrodniczego w Poznaniu (grant nr 506.751.03.00);

programu Ministerstwa Nauki i Szkolnictwa Wyzszego ,,Regionalna Inicjatywa
Doskonatosci” (nr 005/RID/2018/19); ,,Zintegrowanego Programu Uniwersytetu
Przyrodniczego w Poznaniu na rzecz Innowacyjnej Wielkopolski” (nr POWR.03.05.00-
00-ZR42/18)

projektu rozwojowo-wdrozeniowego finansowanego przez ARiIMR, program M]16,
Wspolpraca, ,,Opracowanie innowacji produktowej i procesowej zwigzane] z
technologia ~wytwarzania piwa ekologicznego zawierajacego drobnoustroje
probiotyczne, utrwalonego z zastosowaniem procesu refermentacji, prowadzonej z
udziatem drobnoustrojow probiotycznych oraz wytwarzania dodatku spozywczego na
bazie mitdta bedacego produktem ubocznym w procesie wytwarzania piwa, do
przygotowania mieszanek wzbogacajacych pieczywo", Grupa Operacyjna: Biata

Wrona (PROW 00053.DDD.6509.00062.2019.15, 2021-2023).
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Abstract: The pine (Pinus L.) is the largest and most heteromorphic plant genus of the pine family
(Pinaceae Lindl.), which grows almost exclusively in the northern hemisphere. The demand for
plant-based remedies, supplements and functional food is growing worldwide. Although pine-based
products are widely available in many parts of the world, they are almost absent as food ingredients.
The literature shows the beneficial effects of pine preparations on human health. Despite the wide
geographical distribution of pine trees in the natural environment, there are very few data in the
literature on the widespread use of pine in food technology. This study aims to present, characterise
and evaluate the content of phytochemicals in pine trees, including shoots, bark and conifer needles,
as well as to summarise the available data on their health-promoting and functional properties,
and the potential of their use in food and the pharmaceutical industry to support health. Various
species of pine tree contain different compositions of bioactive compounds. Regardless of the solvent,
method, pine species and plant part used, all pine extracts contain a high number of polyphenols.
Pine tree extracts exhibit several described biological activities that may be beneficial to human
health. The available examples of the application of pine elements in food are promising. The reuse of
residual pine elements is still limited compared to its potential. In this case, it is necessary to conduct
more research to find and develop new products and applications of pine residues and by-products.

Keywords: Pinus; pine; antioxidants; functional food; bioactive compounds

1. Introduction

Pinus (Pinaceae) is considered the largest genus of conifers, which includes more than
100 different species (Tables 1 and 2) [1].

Table 1. Taxonomic hierarchy of genus Pinus L. [2].

Kingdom Plantae
Subkingdom Viridiplantae
Infrakingdom Streptophyta
Superdivision Embryophyta
Division Tracheophyta
Subdivision Spermatophytina
Class Pinopsida
Subclass Pinidae
Order Pinales
Family Pinaceae
Genus Pinus L.
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Table 2. Classification of subgenus Pinus [1].

Section Pinus

Section Trifoliae

Subsection Pinus

Subsection Pinaster

Subsection Contortae = Subsection Australes Subsection Ponderosae

P. densata, densiflora,
hwangshanensis, kesiya,
luchuensis, massoniana,

merkusii, mugo, nigra,

resinosa, sylvestris,
tabuliformis,
taiwanensis, thunbergii,
tropicalis, uncinata,
yunnanensis

P. brutia, canariensis,
halepensis, heldreichii,
pinaster, pinea,

P. attenuata, caribaea,
cubensis, echinata,
elliottii, glabra, greggii,
herrerae, jaliscana,
lawsonii, leiophylla,
lumholtzii, muricata,
occidentalis, oocarpa,
palustris, patula,
praetermissa, pringlei,
pungens, radiata, rigida,
serotina, taeda,
tecunumanii, teocote

P. cooperi, coulteri,
donnell-smithii, devoniana,
douglasiana, durangensis,
engelmannii, hartwegii,
jeffreyi, maximinoi,
montezumae, nubicola,
ponderosa, pseudostrobus,
sabineana, torreyana,
washoensis.

P. banksiana, clausa,
contorta, virginiana;
roxburghii.

Pinus is a term first applied by Lineus in his work “Species Plantarum” for a group
of 10 species, only five of which are currently included in this genus, i.e., P. cembra, P.
pinea. P. strobus, P. taeda and P. sylvestris [3]. Because of the prevalence and morphological
diversity of pines that can be found in many countries, many conflicting affiliations are
known, particularly because many early affiliations to this genus were based on a very
small number of morphological discriminants [3]. Pinus belongs to Pinaceae as a result
of having shoot dimorphism, which includes short shoots (fascicles) that have one to
eight narrow needles surrounded by bud scales at the base. Strong woody cone scales
with the apical structure exposed after the first growing season (bump) and in the mature
cone are also typical of the genus Pinus. Currently, Pinus is treated as a monophyletic
taxon [1]. The subgenus Pinus (diploxylon or hard pines) has two fibrovascular bundles
per needle, diverging pulvini at cataphyll bases (“fascicle breaks”), which usually have
persistent sheaths. There are two to eight needles per fascicle and the position of the resin
canals is polymorphic (septa; internal, medial external); the seed wings are articulated
or oppressed [4]. In this subgenus, section Trifoliae, which is characterised by persistent
fascicle sheaths, can be distinguished. Most species have cones with thick, woody scales
that open at maturity; however, a few species have serotine pine cones. The section includes
all North American hard pines, excluding P. tropicalis and P. resinosa [1]. The Pinus section
has persistent fascicle sheaths. The number of needles ranges from one to three. External
or medial resin canals are usually found [1]. Mature cones open at maturity (excluding P.
pinea) and have thick scales. In most species, the seed wings are articulated; however, in P.
canariensis and P. roxburghii, they have a decorative function. The section is widespread
throughout Eurasia and the Mediterranean basin, as well as includes two species from the
Americas: P. resinosa from eastern North America and P. tropicalis from western Cuba [1].

2. Nutritional Value and Mineral Content

Table 3 shows data on the nutritional value of different parts of trees of the genus
Pinus. The nutritional value was identified in seeds, needles, bark and shoots.
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Table 3. Nutritional value and mineral content.

Index Species Part of the Tree Content Reference
Energy value P. contorta L. needles 500 kcal/100 g [5]
Energy value P. pinea L. seeds 583 kcal/100 g [6]

P. sylvestris L. shoots 13.98% [71
Dry mass stem 30.74% [8]
P taeda L. needles 1.55% [8]
crude protein P. contorta L. needles 3.63% [5]
crude protein P. pinea L. seeds 31.6g/100 g [6]
fat P. pinea L. seeds 449¢g/100 g [6]
inner bark 3340 mg/g [9]
triglycerides outer bark 1.71mg/g [9]
conifer needles 10.3 umol/g dry weight [10]
Mono- and diglycerides inner bark 226 mg/g [9]
of fatty acids outer bark 546 mg/g [9]
conifer needles 2.3 umol/g dry weight [10]
inner bark 1.54mg/g [9]
steryl esters outer bark 0.19mg/g [9]
P. sylvestris L. inner bark 0.63mg/g [9]

free fatty acids
outer bark 1.68 mg/g [9]
conifer needles 10.3 umol/g [10]
o inner bark 716 mg/g [9]
resin acids outer bark 2.39mg/g [9]
sterols and inner bark 450mg/g [9]
triterpenic alcohols outer bark 298 mg/g 9]
fatty alcohols inner bark 1.33mg/g [9]
outer bark 1.25mg/g [9]
carbohydrates P. pinea L. seeds 13.3g/100 g [6]
total soluble sugar P. pinea L. seeds 515g/100 g [6]
reducing sugar P. pinea L. seeds 0.7g/100 g [6]
glucose P. sylvestris L. needles 121.8 umol/g [10]
fructose P. sylvestris L. needles 151.3 umol/g [10]
galactose/arabinose P. sylvestris L. needles 5.2 umol/g [10]
sucrose P. sylvestris L. needles 59.6 umol/g [10]
sucrose P. pinea L. seeds 43g/100g [6]
raffinose /melibiose P. sylvestris L. needles 4.1 pmol/g [10]
starch P. sylvestris L. needles 124.8 umol/g [10]
Na P. pinea L. seeds 11.7g/100 g [6]
Ca P. pinea L. seeds 13.8 mg/100 g [6]
Ca P. sylvestris L. bark 0.38% [11]
Ca P. sylvestris L. needles 0.53% [12]
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Table 3. Cont.

Index Species Part of the Tree Content Reference
Ca P. taeda L. stem 0.09% [8]
Ca P. taeda L. needles 0.31% [8]
K P. pinea L. seeds 713 mg/100 g [6]
K P. sylvestris L. Needles 0.54% [12]
K P. sylvestris L. bark 0.172% [11]
K P. taeda L. stem 0.08% [8]
K P. taeda L. needles 0.54% [8]
Mg P. pinea L. seeds 325mg/100 g [6]
Mg P. sylvestris L. Needles 0.09% [12]
Mg P. sylvestris L. bark 0.059 [11]
Mg P. taeda L. stem 0.14% [8]
Mg P. taeda L. needles 0.18% [8]
P P. pinea L. seeds 512mg/100 g [6]
P. sylvestris L. Needles 0.095% [12]
Fe P. pinea L. seeds 10.2mg/100 g [6]
Fe P. sylvestris L. Needles 61.7 ug/g [12]
Mn P. pinea L. seeds 6.9mg/100 g [6]
Mn P. sylvestris L. Needles 275.6 ug/g. [12]
Zn P. pinea L. seeds 6.4mg/100 g [6]
Zn P. sylvestris L. Needles 53.63 ug/g [12]
Cu P. pinea L. seeds 1.5mg/100 g [6]
Cu P. sylvestris L. Needles 53ug/g [12]
Cu P. sylvestris L. bark 298 mg/kg [11]
N P. sylvestris L. bark 0.49% [11]
N P. taeda L. stem 0.35% [8]
N P. taeda L. needles 1.39% [8]
ascorbic acid P. pinea L. seeds 2.5mg/100 g [6]
ascorbic acid P. sylvestris L. shoots 293 mg/g [7]
Thiamine P. pinea L. seeds 1.5% [6]
Riboflavin P. pinea L. seeds 0.28% [6]

The seeds have the highest energy value due to a high fat content [6]. The seeds also
generally have the highest content of the tested nutrients, excluding vitamin C, which
is higher in the conifer needles. The seeds of P. pinea can be a good source of Mg, P
and especially Zn [6]. These seeds have higher zinc content than sesame seeds (approx.
4.5 mg/100 g) and seeds of some pumpkin species (0.54-1.31 mg/100 g), which are consid-
ered to be good dietary sources of zinc [13,14]. It is well known that different parts of plants
have different nutritional content [15]. Seeds are generally lower in vitamins than the green
parts of plants; however, they are higher in macronutrients, especially fats [16]. The uptake
of mineral nutrients and their content in a plant depends not only on their content in the
soil in the form available for plants, but also on the mutual quantitative ratio of individual
mineral nutrients in the environment and on the afforestation level [17-20]. Other fac-
tors, such as soil pH, temperature, water supply, rainfall, access to sunlight, precipitation,
weather and climate change, are also of great importance [21-23]. Nutrients, which can be
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categorized as macro- and micronutrients, have a nutritional role in plants [24]. Macronu-
trients affect biochemical processes, physiological responses and yield quantity [17,25].
When it comes to macronutrients, their role in plant organisms includes many life processes
that determine plant functioning [24,26]. Therefore, it is very difficult to clearly indicate a
specific role of elements because they act in a complex way. The role of micronutrients, on
the other hand, is more specific, as it is related to specific, well-defined life processes in the
plant and to plant growth [27,28]. Nutrient deficiency results in various disorders in terms
of the normal growth and development of the plant [29,30]. Some nutrients, because of
their specific functions in the plant, may limit the growth of certain pathogens [31]. Those
constituents include zinc, sulphur, calcium and potassium [32]. Plant raw materials are a
good source of minerals in the diet. This includes brews such as tea brews, coffee brews
and herbal mixtures. As indicated by the results of many works, pine shoots can also be a
valuable raw material for the preparation of brews in nutrition [33,34]. Pine seeds were
found to be a good source of magnesium—an electrolyte essential for many metabolic
and biological processes in the body, including acting as a cofactor in over 300 enzyme
reactions [35]. Pine seeds were also found to be high in phosphorus and zinc, which are key
minerals in terms of metabolic processes and energy metabolism [36]. Both the outer and
inner bark is rich in resinous acids. These compounds may be toxic and allergenic; however,
a positive effect has also been shown—abietic acid, which is found mainly in the inner bark,
can act as an inhibitor of testosterone 5x-reductase [37]. Testosterone reductase inhibitors
are used for treatment of benign prostatic hyperplasia, prostate cancer and pattern hair
loss [38].

3. Polyphenol Content

Polyphenols are chemical compounds found in herbs, vegetables and fruit that have
a wide range of uses. Currently, more than 8000 phenolic compounds are known. They
include flavonoids, tannins, phenolic acids and their derivatives such as polymers [39].
Polyphenols are essential secondary metabolites that allow plants to grow and develop.
They also protect plants from insects and other factors [38,40,41]. Polyphenols found in
plants are involved in functions related to sensory properties such as colour, bitterness
and sourness [42,43]. The presence of benzene rings and hydroxyl groups is common
to all polyphenols. However, they are very diverse and can be divided into several
subgroups. There are different ways to categorise these compounds based on their source
of origin, biological function or chemical structure [39]. Polyphenols can be divided into
different categories. Classifications are frequently used according to the number of present
phenolic rings and structural components, which combine these rings, by differentiating the
molecules into phenolic acids, flavonoids, stilbenes and lignans [44,45]. Simple phenols and
flavonoids correspond to most natural phenolic substances. Moreover, flavonoids belong
to the most common group of these compounds. Their common order is C6-C3-C6, which
corresponds to two aromatic rings (rings A and B) bonded to three carbon atoms to produce
an oxidised heterocycle (ring C). As a result of the type of hydroxylation and differences
in the chromate ring (C ring), flavonoids can be further divided into distinct subgroups,
including anthocyanins, flavan-3-ols, flavones, flavanones and flavonols [46-48]. The
demand for phenolic acids is very high in many industries because they are used as
precursors to other important bioactive molecules that are regularly needed for therapeutic
and cosmetic purposes, as well as for food industry. Phenolic acids are also commercially
available as dietary supplements [49].

Various parts of a pine (needles, seeds, bark and cones) and different solvents can
be used to extract polyphenols. The pine bark is the best-examined part. Although all
pine extracts have significant amounts of polyphenols, their content in the extract de-
pends on the solvent type, extraction method, plant part used or pine species (Table 4).
This results from natural variability, such as genotype, crop differences and harvesting
conditions, climate, soil type, etc. [49,50]. Polyphenols were found to reduce morbidity
and slow the progression of cardiovascular, neurodegenerative and cancer diseases. The
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mechanism of action of polyphenols is strongly associated with their antioxidant activity
and reduction of reactive oxygen species in the human body [51,52]. Furthermore, the
health-promoting properties of plant polyphenols include anti-inflammatory, anti-allergic,
anti-atherosclerotic, anticoagulant and antimutagenic effects [53]. There are now pine tree
preparations on the market, which are concentrated sources of polyphenols. The most
popular pine tree preparation is an extract from P. pinaster—Pycnogenol® (Horphag Re-
search Ltd., Geneva, Switzerland). The quality of this extract is defined in the United States
Pharmacopeia (USP 28). Between 65% and 75% of Pycnogenol are procyanidins comprising
catechin and epicatechin subunits with varying chain lengths. Other constituents include
polyphenolic monomers, phenolic or cinnamic acids and their glycosides. According to
many studies, the constituents of Pycnogenol are highly bioavailable [54]. The daily intake
of polyphenols among the general population ranges from 0.1 to 1.0 g per day. Fruit,
vegetables, herbs, spices, coffee, tea and wine are the main source of polyphenols [55,56].

Table 4. Polyphenol content.

Compound Species Part of the Tree Content Reference
gallic acid 208.38 £ 069 pg/g dw [71
2,5-dihydroxybenzoic acid 16.63 + 0.54 pug/g dw [7]
4-hydroxybenzoic acid 1084.92 £ 39.04 pg/g dw [7]
caffeic acid 1502.03 £ 52.53 ug/g dw [71
syringic acid 145.44 +3.28 ug/g dw [7]
p-coumaric acid 387.89 + 15.83 ug/g dw [7]
ferulic acid 2088.89 + 56.89 pg/g dw [71
chlorogenic acid 518.25 +£4.90 ug/g dw [7]
sinapic acid 54.09 £ 2.06 pg/g dw [7]
t-cinnamic acid P sylvestris L. shoots 111.44 + 34 pug/gdw [7]
vanillic acid 0.46 £0.01 ug/g dw [7]
salicylic acid 0.36 + 0.00 ug/g dw [7]
naringenin 1.59 +0.02 pg/g dw [71
vitexin 0.61 £0.01 ug/g dw [7]
rutin 0.63 +0.02 ug/g dw [7]
quercetin 0.98 £0.03 ug/g dw [71
apigenin 0.30 £ 0.01 ug/g dw [7]
kaempferol 0.38 £ 0.01 ug/g dw [7]
luteolin 0.30 £0.01 ug/g dw [7]
P. radiata bark 46.2 £ 1.1 ug/mg [57]
protocatechuic acid 49.2 + 0.5 mg/100 g dw [58]
(+)-Catechin 52.5 £ 0.6 mg/100 g dw [58]
vanillic acid 85.5 £+ 1.0 mg/100 g dw [58]
epigallocatechin gallate 47.0 £ 1.4mg/100 g dw [58]
syringic acid P. sibirica seeds 101 £ 0.3 mg/100 g dw [58]
()-epicatechin; 125 £ 3.1 mg/100 g dw [58]
taxifolin 172 £3.1mg/100 g dw [58]
eriodictyol 383 + 1.0 mg/100 g dw [58]
(E)-cinnamic acid 12.2 + 1.2 mg/100 g dw [58]

naringenin

37.0 + 2.1 mg/100 g dw [58]
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Table 4. Cont.

Compound Species Part of the Tree Content Reference
catechin 117.0 £ 8.0 mg/L [59]
gallocatechin 16.8 £ 49 mg/L [59]
taxifolin 447.7 £ 32.5mg/L [59]
quercetin 105.5 £ 2.7 mg/L [59]
3,4 hydroxybenzoic acid 173 £ 24 mg/L [59]
gallic acid 3.6 £0.7mg/L [59]
caffeic acid P. sinaster bark 20.6 = 1.1 mg/L [59]
o-coumaric acid 47.5 £ 253 mg/L [59]
ferulic acid 472+ 0.8 mg/L [59]
rosmarinic acid 725+ 4.0mg/L [59]
ellagic acid 402.2 £514mg/L [59]
naringin 173.4 + 55.5 mg/L [59]
apigenin 53.9 £ 0.1 mg/L [59]
resveratrol 40.0 £ 0.4 mg/L [59]
trans-ferulic acid 59+ 0.1 ug/mg [57]
trans-caffeic acid 26+0.1pg/mg [57]
()-epicatechin; 21.6 £1.7 ug/mg [57]
(+)-Catechin P radiata bark 198.5 + 6.4 ug/mg [57]
cis-taxifolin 73.6 £ 2.7 ug/mg [57]
trans-taxifolin 3825+ 12.1 ug/mg [57]
quercetin 152+ 1.0 ug/mg [57]
quercetin, resin acid (abietic acid,
neoabietic acid), taxifolin, catechin,
quercetin derivative, taxifolin
derivative, catechin and gallocatechin,
kaempferol, rhamnetin isorhamnetin,  P. wallichiana and stem and needle
myricetin, 3,4-dihydroxybenzoic acid, P. roxburghii, P. presence found [60,61]
. . . . : extract
3,4-dihydroxycinnamic acid, gerardiana
pinosylvin 3-methyl ether,
dihydromonomethyl pinosylvin,
resveratrol, glycoside, pinoresinol,
secoisolariciresinol
1,5-diliydroxy-3,6,7-triniethoxy-8-
allyloxyxanthone,
1-hydroxy-3,6-diinethoxy-2-3
glucopyranoxanthone, friedelin, ceryl
alcohol, b-sitosterol, taxifolin,
quercetin, catechin, kaempferol, .
thamnetin, 34-dihydroxybenzoic acid, P. roxburghii bark presence found [62,63]
3,4-dihydroxycinnamic acid,
pinosylvin, pinoresinol, resin acid,
sterols, gallocatechin and tannins
was found.
hexacosyl ferulate
12-hydroxydodecanoic acid,
14-hydroxytetradecanoic acid and needle wax presence found [64]

16-hydroxy-hexadecanoic acid

Abbreviation dw—dry weight.
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4. Essential Oils

Essential oils are volatile, natural, complex compounds with strong odours, which are
generated by aromatic plants as secondary metabolites. They are usually obtained through
steam or water distillation. Because of their known antiseptic, bactericidal, virucidal,
fungicidal, medicinal and aromatic properties, they are used in the food industry and
pharmacy to increase shelf life. They are also used as antibacterial, analgesic, sedative, anti-
inflammatory, spasmolytic substances and local anaesthetics [65-67]. Most constituents
of essential oils can be classified as lipophilic terpenoids, phenylpropanoids, or short-
chain aliphatic hydrocarbon derivatives of low molecular weight; the former are the
most common and characteristic. These include allylic, mono, bi- or tricyclic mono- and
sesquiterpenoids from different classes that constitute the major part of essential oils, such
as hydrocarbons, ketones, alcohols, oxides, aldehydes, phenols or esters [68,69]. Moreover,
organic acids, phenols, coumarins, nitrogen and sulphuric substances are also found in
essential oils. A single essential oil can have from 20 to 200 components, of which only
one is ever dominant and gives a scent to the whole mixture of compounds. Variations
in the composition of essential oils depend on environmental factors, plant varieties and
the plant parts from which the oil is extracted [70]. Therefore, the chemical composition
of oil is closely related to its storage conditions, as well as the environment in which
the starting material was stored before its distillation. Since terpenes, i.e., x-pinene, are
volatile and thermolabile, they are easily oxidised and hydrolysed [71-73]. The essential
oil content is only a small percentage of the total weight of the plant. The oils can be
found in plant cell tissue, glands or canals located in several parts of the plant (leaves,
bark, roots, flowers, fruit, seeds). The presence of this mixture in living tissue is not fully
explained. It is believed to be related to attracting insects that pollinate the plant or to
repelling potential pests [74-76]. Pine essential oils are most frequently used as perfume
and repellent ingredients. Turpentine is used for manufacturing many cosmetics, air
fresheners and aromatherapy products [77-79]. The product that remains after distillation
is the rosin that is a non-volatile fraction of oleoresins. It usually contains approx. 90%
of resin acids and 10% of neutral components, monocarboxylic acids and diterpenoid
acids, whereas the most common acids are abietic or pimaranic ones [80]. Rosin is used for
manufacturing of adhesives, printer’s inks, soldering fluxes, varnishes and sealing waxes.
It is also used as a glazing agent in many food products, including medicines and chewing
gums [81].

Pine essential oils contain more than 50 ingredients. Their concentrations vary de-
pending on the plant variety, crop, distillation method and part of the plant (Table 5).
The following compounds are found in the greatest quantity: «-pinene, (3-pinene, (3-
phellandrene, -caryophyllene, camphene, a-terpineol, germacrene D, bornyl acetate,
citronellol, 3-caryophyllene and tricyclene [82-84]. Alpha-pinene (x-pinene) and beta-
pinene (3-pinene) belong to bicyclic monoterpenes, commonly found in various species of
pine trees of the genus Pinus [85]. Studies have shown that these phytochemicals exhibit
diverse biological activity, which contributes to their various uses and applications. They
can be used as fungicides, flavours and fragrances, as well as antiviral and antimicrobial
agents [86]. The uses of x- and p-pinene go beyond therapeutic and nutritional applica-
tions. They are versatile compounds that are used in polymer synthesis [87]. Pinenes are
generally recognised as safe (GRAS); thus, they are recognised by the U.S. Food and Drug
Administration (FDA) as compounds that can be used in food products [88].
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Table 5. The composition of essential oils extracted from pine [82].
Part of the Plant Bioactive Components Average Concentration (%)

a-pinene 31.6
-pinene 13.8

-phellandrene 9.8

Needles germacrene D 9.2
o-Terpineol 6.2

camphene 7.7

bornyl acetate 4.4
B-phellandrene 34.4
-pinene 17.7
[-pinene 174

twigs germacrene D 6.5

bornyl acetate 4.3

camphene 32

o-Terpineol 21

Tricyclene, Sabinene, Myrcene,
3-Carene, 3-Z-Ocimene, y-Terpinene,
Terpinolene, E-Pinene hydrate,
«-Campholenal, iso-3-Thujanol,
Z-Verbenol, Borneol, Terpinene-4-ol,
Myrtenal, E-Piperitol, Linalool acetate,
a-Terpineol acetate, x-Copaene,
-Bourbonene, 3-Elemene,
-Caryophyllene, 3-Copaene,
a-E-Bergamotene, x-Humulene,
Z-Muurola-4(14),5-diene, y-Cadinene,
5-Cadinene, x-Cadinene, E-Nerolidol,
Germacrene-4-ol, Spathulenol,
Caryophyllene oxide, Humulene
epoxide II, Z-Cadin-4-en-7ol, Cubenol,
o-Muurolol, e-Cadinol,
Eudesma-4(15),7-diene-1-f3-ol,
Oplopanone, Cembrene

Needles and twigs <1

5. Antioxidant Activity

Free radicals and other reactive oxygen species, such as superoxides, hydroxyl radicals
and hydrogen peroxide, are generated by either exogenous substances or endogenous
metabolic processes of the human body, or in food products, react very rapidly with DNA,
lipids and proteins, causing cell damage. Antioxidants, whose action is based on their
ability to donate hydrogen atoms to free radicals, are compounds that protect against
them [89,90]. In recent years, the interest in natural antioxidants has increased, which
resulted in an intensification of research on them in various scientific fields. As a result,
numerous articles concerning natural antioxidants, including polyphenols, flavonoids,
vitamins and volatile compounds, have been published. Various assays were developed to
evaluate the antioxidant activity of plants and food ingredients [91-94]. The use of at least
two different methods of testing the antioxidant activity of samples is a generally accepted
good practice. A combination of electron- or free radical capture assays, such as DPPH,
ABTS, ACA or FRAP, as well as lipid peroxidation assays, is also recommended [95-98].

Different parts of trees (bark, needles, shoots, seeds), as well as various extraction
methods and solvents, were used in the study on antioxidant properties of trees from the
Pinus genus. As a result, extracts were correlated with various components and, thus, differ-
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ent antioxidant potentials, measured using multiple methods (Table 6). Several correlations
may be observed. In the study of total polyphenol content using the Folin-Ciocalteu reagent,
alcoholic extracts obtained from the tree bark, particularly from P. radiata (1610 mg of gallic
acid equivalents/200 mL) and P. brutia (412.42 £ 7.56 mg gallic acid /g extract), adopting
higher values compared to the aqueous extracts obtained from the shoots of P. sylvestris
(0.86 £ 0.09 mg gallic acid/g dw) [7,99,100]. In free radical tests, which determined the
value of EC50, the ethanolic extracts from P. koraiensis seeds (0.023 £ 0.004 mg/mL) and
methanolic extracts from P. bruti bark (9.17 & 0.13 pg/mL) assumed the lowest values of
EC50, and thus, exhibited the strongest antioxidant activity [100,101]. Many existing stud-
ies explicitly state that the application of aqueous mixtures of water and organic solvents,
such as ethanol, methanol, acetone, isopropanol or acetonitrile, significantly increases the
antioxidant efficacy of many plant products [102]. In research studying the effect of solvent
on the antioxidant activity of P. densiflora needle extracts using various concentrations of
water and ethanol (0-100%), it was observed that 40% ethanolic needle extracts exhibited
the highest radical scavenging capacity, followed by extracts containing 60%, 20%, 80%,
0% and 100% of ethanol, respectively [103]. Similar results were observed in the study on
P. densiflora bark, which compared the content of phenolic compounds and antioxidant
potential of extracts containing ethanol in the range of 0, 20, 40, 60, 80 or 100%, 20 or 40% of
methanol, isopropanol and acetonitrile, as well as used acetone with distilled water (v/v)
as extraction solvents [102]. Experiments revealed that bark extracts containing 20% of
ethanol, 40% of ethanol and 20% of acetronile displayed the highest antioxidant potential
and the highest content of phenolic compounds [102].

Table 6. Antioxidant properties of various Pinus species.

Method Species Material Result Reference
Total phenolic content P. koraiensis Seed 40% ethanolic extract 264 + 10.52 mg of gallic acid equivalents/g [101]
P. pinaster Bark ethanolic extract 890 mg of gallic acid equivalents/200 mL [99]
P. radiata Bark ethanolic extract 1610 mg of gallic acid equivalents /200 mL [99]
Bark 80% aqueous P ,
P. cembra L. methanol extract 299.3 + 1.4 mg of gallic acid /g extract [104]
Needle 80% aqueous S
P. cembra L. methanol extract 78.22 £ 0.44 mg of gallic acid /g extract [104]
P. sylvestris L. Shoot aqueous extract 0.86 % 0.09 mg of gallic acid/g dw [7]
. Air-dried shoot 40% A
P. sylvestris L. aqueous ethanol extract 13.4 £ 4.07 mg of gallic acid /g dw [105]
. Vacuum-dried shoot 40% A
P. sylvestris L. aqueous ethanol extract 8.34 £ 2.01 mg of gallic acid/g dw [105]
. Freeze-dried shoot 40% S
P. sylvestris L. aqueous ethanol extract 5.73 4 2.55 mg of gallic acid/g dw [105]
. Bark 80%aqueous N
P. brutia methanol extract 412.42 + 7.56 mg of gallic acid /g extract [100]

OH scavenging o o .
activity EC50 P. koraiensis Seed 40% ethanolic extract 0.391 % 0.055 mg/mL [101]
P brutia iizlt‘higlgfg:;?gf 0.5+ 0.0 mg/mL [100]
DPPH radical P koraiensis Seed 40% aqueous EC50 value 0.023 % 0.004 mg/mL [101]
scavenging activity ethanol extract
P cembra L. Br;rel;}ffn/(‘; pdueous EC50 value 71.1 £ 0.5 pg /mL [104]
P. cembra L. Nfﬁftlﬁi?o/{’fi‘r‘j&“s EC50 value 186.1 & 1.7 ug/mL [104]

P. sylvestris L.

Shoot aqueous extract

200.94 £ 23.47 mg of gallic acid/g dw

(71

P. sylvestris L.

Air-dried shoot 40%
aqueous ethanol extract

332.25 £ 10.49 dw uM Trolox/g dw

[105]
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Table 6. Cont.
Method Species Material Result Reference
. Vacuum-dried shoot 40%
P. sylvestris L. aqueous ethanol extract 299.72 £ 15.97 dw uM Trolox/g dw [105]
. Freeze-dried shoot 40%
P. sylvestris L. aqueous ethanol extract 339.00 £19.61 dw puM Trolox/g dw [105]
P. radiata Aqueous bark extract 36.3 £5.0% at 2.0 pg/mL [57]
. Bark 80%aqueous .
P. brutia methanol extract 1.47 + 0.02 Trolox equivalent mg/mL [100]
02 inhibition activity P. sylvestris L. Z?ﬁ;?;iiﬁ:ni}fzﬁiif 8.34 4 2.01 mg of gallic acid/g dw [105]
ABTS rad.lcal cation P. sylvestris L. Freeze-dried shoot 40% 5.73 & 2.55 mg of gallic acid/g dw [105]
scavenging assay aqueous ethanol extract
Needle 80% aqueous . )
P. cembra L. methanol extract 0.3 £ 0.0 uM Trolox equivalent to 1 pg/mL extract [104]
P. radiata Aqueous bark extract 55.1 & 5.8% at 1.0 ug/mL [57]
Reducing power Bark 80% aqueous )
assay EC50 P cembra L. methanol extract 260+ 0.3 mg/mL [104]
Needle 80% aqueous
P. cembra L. methanol extract 104 £+ 2 mg/mL [104]
. Bark 80%aqueous
P. brutia methanol extract 9.17 £+ 0.13 pg/mL [100]
Ferrous ion chelating Needle 80% aqueous _ )
ability assay P. cembra L. methanol extract EC50 =1.755 £ 22 ug/mL [104]
P. sylvestris L. Shoot aqueous extract 42.76 £ 5.7 uM FeSO4 /g dw [7]
. Air-dried shoot 40%
P. sylvestris L. aqueous ethanol extract 37.79 £3.64 uM FeSO, /g dw [105]
. Vacuum-dried shoot 40%
P. sylvestris L. aqueous ethanol extract 47.25 £14.06 pM FeSO4 /g dw [105]
. Freeze-dried shoot 40%
P. sylvestris L. aqueous ethanol extract 21.79 £ 4.36 uM FeSO4 /g dw [105]
Superoxide anion P. radiata Aqueous bark extract 47.6 £+ 5.8% at 23.0 ug/mL [57]
. Bark 80%aqueous
P. brutia methanol extract 39.37 £ 0.85 ug/mL [100]
Hydrogen peroxide P. radiata Aqueous bark extract 47.8 +12.3% at 8.0 ug/mL a [57]
15-LO inhibition assay P brutia Bark 80%aqueous EC50 = 22.47 + 075 ug/mL [100]

methanol extract

6. Pharmacological Properties

People around the world use herbal supplements and medicines due to their beneficial
effects on human health [106]. Bark, needles, pollen and other parts of numerous pine
species have been used for many years and proven to constitute excellent raw materials
in the production of goods [107]. The first documented use of pine bark extracts dates
back to 1535, when French explorer Jacques Cartier described events in which he and his
crew avoided death from scurvy—a disease caused by vitamin C deficiency—by drinking
pine bark brew. In 1951, French researcher Jacques Masquelier began studying herbal raw
materials to identify their bioactive components. He was able to extract proanthocyanidins
from the P. pinaster bark in the amount that could be used for manufacturing purposes [54].
Despite their acknowledged medicinal properties, the timber industry had regarded tree
bark and shoots as inconvenient waste products; only in recent years have they been
widely recognised as a rich source of natural polyphenols, containing potentially beneficial
nutritional, health and medicinal properties [99]. Many standardised extracts of various
pine species are currently used as dietary supplements and phytochemicals aiding in the
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treatment of various diseases around the world, including chronic inflammation, circulatory
disorders and asthma (Table 7).

Several in vitro, animal and human studies have indicated the prophylactic and ther-
apeutic effects of extracts from various pine species [107-130]. In a systematic review,
published by the Cochrane Collaboration, which included 27 RCTs evaluating the effects
of supplements containing pine bark extracts on 10 different chronic diseases: asthma,
Attention Deficit Hyperactivity Disorder, cardiovascular disease and risk factors, chronic
venous insufficiency, diabetes, erectile dysfunction, female sexual dysfunction, osteoarthri-
tis, osteopenia and traumatic brain injury, it was concluded that small sample sizes, a
limited number of RCTs, variability in outcome measures and poor reporting of the RCTs
included, rendered it impossible to draw definitive conclusions about the efficacy or safety
of supplements containing pine bark extract [108]. However, the aforementioned review
did not take into account many other studies, including particularly interesting research
on skin health and protection. Both the study on photoprotective and anti-photoaging
effects presented a positive influence of P. pinaster bark extracts [109,110]. Furthermore,
the role of antioxidants from the pine extracts in neuroprotective activity may prove to be
fundamental, as P. radiata bark extracts exhibited effectiveness in two cases of RCT [111,112].
Nervous system inflammation and oxidative stress are believed to be the most characteristic
symptoms of Alzheimer’s disease and play a key role in neurotoxicity. Thus, a suitable an-
tioxidant strategy may improve the treatment of neurodegenerative diseases and dementia.
Numerous studies have confirmed the neuroprotective effects of polyphenolic compounds,
which protect neurons from the neurotoxin-induced injuries, as well as provide the ability
to inhibit nervous system inflammations and the potential to advocate memory, learning
and cognitive functions [113].

Table 7. Pharmacological properties of Pinus.

Activity Material Experimental Model Result Source
A group of Wistar-Kyoto rats—a
normotensive group—was orally
administered tap water. Four
groups of spontaneously
hypertensive rats were orally
administered tap water,
captopril (a positive control),
50 mg/kg/day of KRPBE P. Blood pressure of rats served
densiflora bark extract (Korean with captopril and KRPBE was
red pine bark extract; KRPBE) significantly lower than that of
and 150 mg/kg/day of KRPBE, the SHR control group. The
Antihypertensive P. densiflora Sieb. et respectively. The blood pressure activity of ACE, as well as the [114]

Zucc. extract

of rats was measured once a
week during the seven weeks of
oral administration of drugs.
After seven weeks, the
researchers collected the rats’
lungs, kidneys and serum, and
subsequently determined the
activity of
angiotensin-converting enzyme
(ACE), as well as the content of
angiotensin I and
malondialdehyde (MDA).

content of angiotensin II and
MDA, was significantly lower in
groups administered with
captopril and KRPBE than those
in the SHR control group.
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Table 7. Cont.

Activity

Material Experimental Model Result

Source

Anti-adipogenic

Compared to the HFD group,
the PX50 group was
characterised by statistically
lower body weight and body fat
mass (p < 0.05 and p < 0.001,
respectively). In the PX50 group,
concentrations of hepatic
triglycerides, total cholesterol
and low-density lipoprotein
cholesterol were lower than
those in the HFD group
(p < 0.01). The levels of acetyl
Four-week-old male C57BL/6 CoA carboxylase (p < 0.01),
mice were fed with regular feed  elongase of a very long chain of
(18% kcal from fat) or HFD (60%  fatty acids 6 (p < 0.01), stearoyl
P. densiflora aqueous  kcal from fat). Animals fed with CoA desaturase 1 (p < 0.05),
bark extract HFD were additionally subjected = microsomal triglyceride transfer
to PineXol treatment at 10 or 50 protein (p < 0.01) and sterol
mg/kg body weight (PX10 or regulatory element-binding
PX50, respectively). protein 1 (p < 0.05) in the PX50
group were significantly lower
compared to their respective
levels in the HFD group. In the
white adipose tissue, the levels
of CCAAT enhancer-binding
protein alpha (p < 0.05),
peroxisome
proliferator-activated receptor
gamma (p < 0.001) and perilipin
(p <0.01) in the PX50 group were
lower than those in the
HFD group.

[115]

Hepatoprotective

Noticeably high levels of serum
aspartate aminotransferase,
alanine aminotransferase,
The administration of P. alkaline phosphatase, total
roxburghii wood oil at 200, 300 bilirubin, malondialdehyde
P. roxburghii and 400 mg/kg body weight (MDA) and low levels of
wood oil was examined in terms of its reduced glutathione (GSH) and
hepatoprotective activity on rat total protein induced by
liver damage induced by carbon hepatotoxins, significantly
tetrachloride and ethanol. inclined towards adopting
normal levels due to the wood
oil administered at 200 and
300 mg/kg.

[117]

Hepatoprotective

Noticeably high levels of serum
aspartate aminotransferase,
alanine aminotransferase,
The administration of P. alkaline phosphatase, total
roxburghii wood oil at 200, 300 bilirubin, malondialdehyde
and 400 mg/kg body weight (MDA) and low levels of
was examined in terms of its reduced glutathione (GSH) and
hepatoprotective activity on rat total protein induced by
liver damage induced by carbon hepatotoxins, significantly
tetrachloride and ethanol. inclined towards adopting
normal levels due to the wood
oil administered at 200 and
300 mg/kg.

P. roxburghii
wood oil

[117]
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Table 7. Cont.

Activity

Material

Experimental Model

Result

Source

Antidiabetic

P. roxburghii
ethanolic bark
extract

Rats were induced with diabetes
through alloxan injection
(120 mg/kg body weight).

Control rats were either healthy

and untreated, or induced with
diabetes, untreated and
provided only with distilled
water. The acute effect of
ethanolic extract was evaluated
by administering 100, 300 and
500 mg/kg body weight p.o. of
the extract to normoglycemic
rats. In the chronic model, the
ethanolic extract was
administered to normal and
alloxan-induced, diabetic rats at
100, 300 and 500 mg/kg body
weight p.o. per day for 21 days.
Levels of blood glucose and the
values of body weight were
monitored at specific intervals
using different biochemical
parameters.

Statistical data indicated a
significant (p < 0.01) increase in
the body weight, as well as a
decrease in the level of blood
glucose, glycated haemoglobin,
total cholesterol and serum
triglycerides. The level of HDL
cholesterol was significantly
(p < 0.01) increased in rats
administered with the extract.

[116]

Antidyslipidemic

P. roxburghii
needles, hexane (B),
chloroform (C),
n-butanol soluble
(D) and n-butanol
insoluble (E)
fractions.

Dyslipidemic hamsters were
divided into six groups and fed
with five solvent fractions (A, B,

C, D and E) of P. roxburghii
needles.

Extract from P. roxburghii
needles exhibited the significant
potential to decrease the level of
the plasma lipid profile, as well

as having a beneficial effect on
the HDL-C and its ratio with
total cholesterol in a
dyslipidemic hamster model.

[118]

Analgesic

P. roxburghii Sarg,.
stem bark ethanolic
extract

Analgesic activity was evaluated
using acetic acid-induced
writhing and tail immersion tests
in Swiss albino mice.

Alcoholic extract from Pinus
roxburghii Sarg. (at 100, 300 and
500 mg/kg) significantly and
dependently reduced the
number of abdominal
constrictions induced in mice by
administering a 1% solution of
acetic acid. This dose-dependent
protective effect reached a
maximum pain inhibition of

80.95% at 500 mg/kg.

[119]
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Table 7. Cont.

Activity

Material

Experimental Model

Result

Source

Hepatoprotective

P. roxburghii
wood oil

The administration of P.
roxburghii wood oil at 200, 300
and 400 mg/kg body weight
was examined in terms of its
hepatoprotective activity on rat
liver damage induced by carbon
tetrachloride and ethanol.

Noticeably high levels of serum
aspartate aminotransferase,
alanine aminotransferase,
alkaline phosphatase, total
bilirubin, malondialdehyde
(MDA) and low levels of
reduced glutathione (GSH) and
total protein induced by
hepatotoxins, significantly
inclined towards adopting
normal levels due to the wood
oil administered at 200 and
300 mg/kg.

[117]

Anticonvulsant

P. roxburghii
alcoholic extract

Anticonvulsant activity was
evaluated by means of maximal
electroshock (MES) and
pentylenetetrazole-induced
(PTZ) seizures in Wistar albino
rats at various doses (i.e., 100,
300 and 500 mg/kg).

In the MES-induced seizure
model, AEPR at 300 and
500 mg/kg body weight
significantly reduced all phases
of convulsion (p < 0.01). In the
PTZ-induced seizure model,
administration of the extract at
300 and 500 mg/kg half an hour
before the injection of PTZ
significantly delayed the onset of
clonic seizures (p < 0.01).

[120]

Anti-viral (HIV-1)

P. pinaster ssp.
atlantica extract
(Pycnogenol)

The inhibitory effect of the
extract on virus binding to MT-4
cells was examined by infecting

the MT-4 cells with
IIB-env-Hiv-1 in the presence or
absence of extract.

Addition of the compound at the
time of injection resulted in a
dose-dependent inhibition of the
cytopathic effect, as well as a
dose-dependent reduction
in p24.

[121]

Anti-viral
(Epstein-Barr virus)

P. massoniana
aqueous bark
extract

Inhibition of the immediate-early
viral gene transpiration by the
extract was assessed by transient
transfection assay.

P. massoniana bark extract
(PMBE) at 60 microg/mL or a
higher dose, inhibits the
expression of the Epstein-Barr
virus (EBV) lytic proteins, such
as Rta, Zta and EA-D. The EBV
lytic cycle was blocked by the
inhibition of the immediate-early
gene transcription.

[122]

Wound healing

Methanol and P.
longifolia roxburghii
aqueous leave
extracts

Extracts were examined in terms
of wound healing properties on
excision and incision wound
models in Wistar albino rats.

Both extracts exhibited
significant wound healing
activity. However, the rate of
wound contraction and
epithelialisation was faster in
groups administered with
methanol extract.

[123]

Anti-cancer

P. roxburghii
essential oil

The essential o0il was tested
against human cancer cell lines,
i.e., cultured HCT-116 (colon
cancer), KBM-5 (myelogenous
leukaemia), U-266 (multiple
myeloma cells), MiaPaCa-2
(pancreatic cancer cells), A-549
(lung carcinoma cells) and SCC-4
(squamous cell carcinoma) cell
lines by means of the MTT assay.

The percentage inhibition of
PREO activity was found to be
concentration-dependent. U-266
exhibited maximum inhibition of
83%, while HCT-116, SCC4,
MiaPaCa-2, A-549 and KBM-5
manifested 71, 69, 73, 73 and 76%
of inhibition, respectively.

[124]
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Table 7. Cont.

Activity Material Experimental Model Result Source
Noticeably high levels of serum
aspartate aminotransferase,
alanine aminotransferase,
The administration of P. alkaline phosphatase, total
roxburghii wood oil at 200, 300 bilirubin, malondialdehyde
P. roxburghii and 400 mg/kg body weight (MDA) and low levels of
Hepatoprotective wood oil was examined in terms of its reduced glutathione (GSH) and [117]
hepatoprotective activity on rat total protein induced by
liver damage induced by carbon hepatotoxins, significantly
tetrachloride and ethanol. inclined towards adopting
normal levels due to the wood
oil administered at 200 and
300 mg/kg.
Petroleum ether, Effect of Pinus roxburghii Sarg.
ethyl acetate, extracts on the growth of human  Petroleum ether and chloroform
chloroform and . IMR32 neuroblastoma cancer cell extracts were the only extracts [125]
roxburghii Sarg. line was studied using the that exhibited anticancer activity.
ethanolic extract SRB assay.
Twenty-three patients with In CAD patients, treatment with
coronary artery disease (CAD)  Pycnogenol was associated with
completed this randomised, an improvement of FMD from
double-blind, placebo-controlled 5.3 + 2.6 to 7.0 & 3.1 (p < 0.0001),
cross-over study. Apart from the = while no change was observed in
standard cardiovascular therapy, case of placebo (5.4 + 2.4 to 4.7
patients received Pycnogenol +2.0; p=0.051).
(200 mg/day) for 8 weeks Isoprostane—which influences
followed by the placebo, or vice the oxidative stress
P. pinaster ssp. versa. At a baseline and after index—significantly decreased
Cardio-protective atlantica extract each treatment period, the from 0.71 + 0.09 to 0.66 + 0.13 [126]
(Pycnogenol) endothelial function, assessed in  after treatment with Pycnogenol,
a non-invasive manner via while no change was observed in
flow-mediated dilatation (FMD)  the group treated with placebo
of the brachial artery using (mean difference 0.06 pg/mL
high-resolution ultrasound, with an associated 95% CI (0.01,
biomarkers of oxidative stress 0.11), p = 0.012). Inflammation
and inflammation, platelet markers, platelet adhesion and
adhesion and 24 h blood blood pressure levels did not
pressure monitoring were change following the treatment
evaluated. with Pycnogenol or placebo.
Noticeably high levels of serum
aspartate aminotransferase,
alanine aminotransferase,
The administration of P. alkaline phosphatase, total
roxburghii wood oil at 200, 300 bilirubin, malondialdehyde
P. roxburghii wood and 400 mg/kg body weight (MDA) and low levels of
Hepatoprotective ' was examined in terms of its reduced glutathione (GSH) and [117]

oil hepatoprotective activity on rat
liver damage induced by carbon

tetrachloride and ethanol.

total protein induced by
hepatotoxins, significantly
inclined towards adopting
normal levels due to the wood
oil administered at 200 and
300 mg/kg.
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Activity Material Experimental Model Result Source
Pretreatment of PC-12 cells with
Neuroprotective effect Kextract decreased the oxidative
(anticholinesterase activity) was Sﬁ:ﬁiz :oi(isea_rde?ipteo njeeﬁlst
determined using the AChE and exposed solelp to oxidative
P. densiflora aqueous ~ BChE assays while intracellular P soely
S stress. Inhibition of AChE and [127]
bark extract oxidative stress was evaluated
. . BChE occurred at 10 ug/mL and
using the fluorescent assay using 100 e /mL in TE
DCFH-DA on neuronal PC-12 "8
cells values—approx. 68.3 nM and
’ 15.1 nM for the inhibition of
AChE and BChE, respectively.
P. roxburghii exhibited significant
cell viability at 10, 50 and 100
Neuroprotective

The in vitro cell viability activity
of P. roxburghii was assessed

using the PC-12 cell lines. The

in vivo neuroprotective activity
of P. roxburghii was tested on

Wistar albino rats (both sexes).
ICV-STZ (3 mg/kg, bilateral)

was administered to induce a

memory deficit.

P. roxburghii Sarg,.
methanolic extract

pg/mL in an in vitro assay on
PC-12 cell lines. In the in vivo
activity, ICV-STZ significantly
deteriorated memory, cognition,
tissue oxidative stress and the
AchE activity. P. roxburghii (at
100, 200 and 300 mg/kg p.o.)
and donepezil (at 3 mg/kg, p.o.)
significantly (p < 0.05) reversed
the behavioural changes in rats
when tested in a morris water
maze and elevated plus maze.
Increased levels of lipid

[128]

peroxidation, AchE activity and

decreased the level of
glutathione were significantly
(p < 0.05) antagonised by P.

roxburghii, similarly to the case of

donepezil in rat brain.

Sixty adults who sustained a
mild TBI 3-12 months before
recruitment and were
experiencing persistent cognitive
difficulties (CFQ score > 38),
were randomised in order to
receive enzogenol
(1000 mg/day)
or a corresponding dose of
placebo for 6 weeks.
Subsequently, all participants
received
enzogenol for a further 6 weeks,
followed by placebo for 4 weeks.
Compliance, side-effects,
cognitive failures, working and
episodic memory,
post-concussive symptoms and
mood were evaluated at baseline,
as well as in the 6th, 12th and
16th week.

P. radiata bark

Enzogenol was found to be safe
and well-tolerated. Trend and

breakpoint

analyses revealed a significant

reduction in cognitive failures

after 6 weeks (mean CFQ score,
95% CI, Enzogenol versus

[111]
placebo 6.9 (10.8 to 4.1)).

Improvements in the frequency
of self-reported cognitive failures
were estimated to continue
until the 11th week before

stabilising.
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Activity Material Experimental Model Result Source
The speed of the response to the
spatial working memory and
immediate recognition tasks
During the period of 5 weeks,  improved after supplementation
the participants (42 males aged  with Enzogenol combined with
50-65) were supplemented either vitamin C, whereas
with Enzogenol combined with  supplementation with vitamin C
vitamin C, or vitamin C only. A alone did not induce any
P. radiata battery of computerised improvement. A trend in the [112]
cognitive tests was administered reduction of systolic blood
while cardiovascular and pressure was observed in
haematological parameters were patients supplemented with
assessed before and after Enzogenol combined with
supplementation. vitamin C, but not with vitamin
C alone. The blood safety
parameters remained
unchanged.
A total of .Zl.volunteers were An increase in MED was
administered oral .
lementation of Pvenogenol: observed after supplementation
Supp YENOBENOL  wyith 1.10 mg/kg b. wt./d of PBE
1.10 mg/kg body weight (b.
. for 4 weeks (mean MED 5
wt.)/day (d) for the first 4 weeks 2 aro
34.62 mJ/cm*, 95% CI 5 from
and 1.66 mg/kg b. wt./d for the
- . 31.87 t0 37.37). A
. . following 4 weeks. The minimal - .
Photoprotective P. pinaster supplementation with [109]
erythema dose (MED) was
. 1.66 mg/kg b. wt./d of PBE for
measured twice before the
) . the last 4 weeks of the study
supplementation (baseline caused an even further increase
MED), once after the first -
4 weeks of supplementation and in MED (mean MED 5
. 39.62 mJ/cm?, 95% CI 5,
the last time at the end of
from 37.51 to 41.73).
the study.
A total of 112 women with mild A significant decrease in clinical
to moderate skin photoaging grading of skin photoaging
symptoms were randomised to  scores was observed during both
either take part in a 12-week 100 mg and 40 mg of PBE daily
Anti-photoaging P. pinaster open trial regimen of 100 mg supplementation regimens. [110]

PBE supplementation once a day
or to be in a parallel-group—a
trial regimen of 40 mg PBE
supplementation once a day.

Furthermore, a significant
reduction in the pigmentation of
age spots was demonstrated
using skin colour measurements.

Abbreviations: KRPBE—Korean red pine bark extract; SHR—spontaneously hypertensive rats; ACE—angiotensin-converting enzyme;
MDA—malondialdehyde; HFD—high fat diet, PX—PineXol; GSH—glutathione; AEPR—alcoholic extract of bark of Pinus roxburghii Sarg.;
MES—maximal electroshock; PTZ—pentylenetetrazole; EBV—Epstein-Barr virus; PREO—P. roxburghii essential oil; MED—minimal ery-
thema dose; CAD—coronary artery disease; FMD—flow-mediated dilatation; AChE—acetylcholinesterase; BChE—butyrylcholinesterase;
ICV-STZ—Intracerebroventricular Streptozotocin Injections; CFQ—Cognitive Failures Questionnaire; b. wt./d—body weight/day; PBE—

pine bark extract.

7. Antimicrobial Activity

The increasing incidence of infectious diseases, severe side effects related to the
intake of many antibiotics and the development of antibiotic resistance substantiate the
growing interest in the identification of new antimicrobial compounds, both natural and
synthetic agents [131-133]. Plant resin has been applied to treat diseases in folk medicine for
thousands of years. It was also used in the pharmaceutical industry before the introduction
of modern antibiotics. Many of the secondary metabolites of trees adopt a protective
function against predators and pathogenic microorganisms. The antimicrobial activity of
extracts, oils and resins from trees of the Pinus genus may be related to various organic
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compounds, such as alkaloids, phenols and terpenes (Tables 4 and 5) [82,134]. The discovery
of biological effects of the Pinus spp. compounds suggests that they may be applied in the
creation of environmentally friendly and biocompatible pharmaceuticals.

The most common human pathogen, colonising one-third of healthy people through-
out the world, is Staphylococcus aureus [135]. S. aureus is also an etiologic agent contributing
to the development of many human infections, including pneumonia, meningitis, toxic
shock syndrome, bacteremia and endocarditis. S. aureus is further known for its rapidly
advancing resistance to antibiotics [136-139]. The studies proved that extracts and essential
oils from P. cembra, P. koraiensis, P. brutia, P. densiflora and P. sylvestris inhibit the growth
of many S. aureus strains, including: ATCC 25923, 25923, 503, 29213, ATCC BAA-977 and
ATCC 13565 (Table 8) [104,140-142]. Trees from the Pinus species display properties aiding
in the fight against many strains of various bacteria. The highest inhibition was observed
in M. luteus NRRL B-4375, Proteus vulgaris ATCC 13315, Shigella flexneri AT CC 12026 and
Streptococcus faecalis ATCC 19433 [141,142]. Shigella flexneri is a gram-negative bacterium
causing the most contagious bacterial shigellosis. Shigellosis generates 1.1 million deaths
and more than 164 million cases each year. The majority of said cases involve children in
developing countries. Pathogenesis of S. flexneri is based on its ability to invade and repli-
cate within the colonic epithelium, leading to severe inflammation and destruction of the
epithelium itself [143]. Despite intensive research, conducted for over 60 years using vari-
ous vaccination strategies, a safe and effective vaccine is not yet available [144]. Numerous
studies indicate that plant secondary metabolites can inhibit the spread of phytopathogens,
by acting both as antimicrobial agents and elicitors of other defensive responses. Many
of the aforementioned metabolites negatively affect the clinically relevant pathogens and
their use as “antibiotic enhancers” or “virulence attenuators” fighting against infectious
diseases in humans is promising [145].

Table 8. Commercial pharmacological products from pine.

Name of Formulation Plant Part Used Pharmacological Activity Declared by the Manufacturer = References
Polyherbal oil extract Oleoresin of P. roxburghii Analgesic and anti-inflammatory [129]
Rumalaya gel Resin from P. roxburghii Lowers the joint and bone pain associated with various [119]
orthopedic ailments
Antimicrobial activity and treatment of asthma, Attention
Pycnogenol® P. pinaster bark Deficit Hyperactivity Disorder, chronic venous insufficiency, [108]
diabetes, erectile disorders and osteoarthritis
Cardiovascular and vein health, antioxidant, treatment of
Oligopin® P. pinaster bark male sexual disorders and ADHD (Attention Deficit [130]
Hyperactivity Disorder)
PineXol® P. densiflora bark Antl—lnﬂammat(?ry agent, en.hances .b.100d circulation and [146]
improves skin conditions
Lowers blood pressure and improves glycemic control,
Flavangenol® P maritima bark plasm.a lipoprotein p.r(.)flle, body weight, ant10x1da.tlve [147]
capacity, level of anti-inflammatory markers and liver
function tests
Enzogenol® P radiata bark Antioxidant, anti-inflammatory, neuroprotective and [148]

anti-diabetic properties.

Compounds extracted from the trees of the Pinus genus presented in many studies
exhibited different levels of antimicrobial activity against yeast, gram-positive and gram-
negative bacteria, which validates the traditional application of these substances [140].
Additionally, such extracts, oils and resins display the insecticidal, phytotoxic and antiox-
idant potential [141]. Therefore, it is necessary to conduct research aided by biological
studies with recovery, identification and testing of a single compound and/or multiple
compounds to determine its/their biological effects [142].



Plants 2021, 10, 1306

20 of 28

8. Food Application of Pinus

There is an increasing demand for health-promoting plant products all over the
world [149]. Today, conifer shoots are virtually unused as a food ingredient, despite their
common availability in many parts of the world. An exception is a common juniper, whose
berry-like cones are a valued seasoning in Europe [150]. Pine shoot products, such as pine
shoot syrup, pine shoot-based beer and herbal teas are available on the market. Despite its
many potential applications, currently, the shoot products are not very popular [151].

To date, there has been little research on the use of pine tree elements in food products
(Table 9). However, current literature indicates a possible application of such ingredients
in beverages, dairy products, meat products or even bread. The addition of P. pinaster
extracts increases the antioxidant potential of juices and dairy products. With regard to
juices, polyphenols derived from pine extracts may also have a negative, inhibitory effect
on the microflora [151-154]. Moreover, in terms of sensory experience, kefir enriched with
pine bud syrup was assessed higher than the control sample, which indicates that it may
also serve as an ingredient providing flavour and aroma [151]. In the case of the addition
of pine extract to bread and meat, the substance acted as a shelf life extender by inhibiting
the growth of bacteria and oxidisation of fats [155,156]. Moreover, pine extracts can be
possibly applied in the future as additives and preservatives, as they are commercially
sold as dietary supplements. Many of these extracts are listed on the Everything Added to
Food in the United States (EAFUS) database that the Food and Drug Administration (FDA)
approved as food additives or affirmed as Generally Recognised as Safe (GRAS) [157].

Table 9. Application of Pinus in food products.

Food Application

Material Used Application Result References

Fruit juices supplementation

Fresh fruit juices enriched with PBE exhibited the
highest inhibitory effect on the growth of
pathogenic intestinal bacteria, primarily E. coli and
Enterococcus faecalis. The in vitro digestion process
reduced the antibacterial effect of juices on the
majority of pathogenic bacteria by approx. 10%.

[152]

ROS production increased in the inflamed cells
exposed to digested commercial red fruit juice
(86.8 £ 1.3%) in comparison with the fresh juice
(77.4 £ 0.8%) and increased in the inflamed cells [158]
exposed to digested enriched red fruit juice
(82.6 £ 1.6%) in comparison with the fresh
enriched juice (55.8 + 6%)

P pinaster Ait bark extract Following the in vitro digestion, the level of

detectable phenolic compounds (expressed as
gallic acid equivalent) was higher in both
pineapple and red fruit juices enriched with
Pycnogenol than non-enriched commercial juices
(155.6 mg/100 mL vs 94.6 mg/100 mL and
478.5 mg/100 mL vs 406.9 mg/100 mL
respectively). Increased antioxidant activity
(measured by 2,2’-azino-bis [153]
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
and oxygen radical absorbance capacity (ORAC)
methods) was observed in digested enriched juices,
contrary to the same samples before digestion.
Undigested, enriched with Pycnogenol pineapple
juice displayed a higher antiproliferative effect
between the 24th and 72nd hour of incubation in
comparison with the non-enriched juice.
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Table 9. Cont.

Food Application Material Used Application Result References
The paper shows that juices enriched with pine
P. brutia, P. pinea bark extracts, —bark extracts exhibit higher antioxidant capacities
® L [154]
Pycnogenol®. and ascorbic acid contents compared to the control

group, thereby providing improved functionality.

Addition of Pycnogenol neither significantly
affected the growth of microorganisms nor caused
any modifications in nutritional parameters during

the storage of yoghurt. Data indicate that neither
the content of total polyphenol nor selected
phenolic substances (catechin, epicatechins,
chlorogenic acid and caffeic acid) was affected
during the shelf life. In conclusion, these results
indicate Pycnogenol as a valuable ingredient for
the enrichment of yoghurt preparations.

Yoghurt supplementation French marine bark extract [159]

This study used yoghurt samples to identify the
LAB strains generated by the pine cone addition
and determined the physicochemical properties of
these samples. The genotypic identification
revealed that in yoghurt samples, Streptococcus
P. nigra cones thermophilus strains were the main force [160]

conducting the fermentation process, while
Lactobacillus plantarum strains appeared in three
yoghurt samples as an adjunct culture. The time of
pine cones collection significantly affected the
physicochemical properties of yoghurt.

The pine bud syrup used to enrich kefir contains a
lot of polyphenols and terpenes, as well as
exhibiting a high antioxidant activity. The addition
of pine bud syrup resulted in an increase in total
solids, as well as a decrease in the content of fat,
proteins and pH levels. The kefir sample
containing 10% pine bud syrup was the most
appreciated by the sensory panel. Its overall
acceptability score was higher (6.71 points) than
that of the regular kefir (5.57 points). The addition
of 10% pine bud syrup improved the texture and
consistency of regular kefir.

Kefir Pine bud syrup [151]

The pine bark extract (Pycnogenol®) significantly
Pine bark extract improved the oxidative stability of cooked beef [155]
(Pycnogenol) and reduced the hexanal content by 73% after 3
days of refrigerated storage.

Meat

Supplementation of pine needle extract at 1, 2, 4
and 8% in the control diet and mixed groups
Tea Pine needles significantly decreased the weight gain and [34]
visceral fat mass in comparison with the
corresponding values of the control group.
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Table 9. Cont.

Food Application

Material Used Application Result References

Beer

The addition of needles increases the beer
gustatory properties and decreases the methanol
content. The content of ascorbic acid in
ready-made drinks amounts to 3.52 mg/100 g. The
antioxidant activity of elaborated beer is
178.1 C/100 g and determines its high biological
value. In the study, the influence of beer enriched
with needle extract was evaluated concerning the
antioxidant system of organisms of biological
objects. Under acute pathological conditions, a
beer with needle extract decreases its oxidative
influence on brains of the biological objects.

P. sylvestris needles [161]

Bread

Bread with a higher content of pine needle extract
syrup demonstrated a slower increase of bread
hardening during the storage period, suggesting a
slowdown of bread retrogradation. The addition
of pine needle extract syrup in bread dough also
inhibited the growth of aerobic bacteria and
moulds on the bread surface (by 0.8~24 in log
Fermented pine needle (CFU/g) during the 4-day storage). The use of
extract syrup concentration higher than 11% initially gave the
bread a strong, fine needle flavour, which
disappeared after 2 days. Generally, the addition
of pine needle extract syrup had no negative effect
on the quality (including sensory) of bread.
Therefore, the addition of needle extract syrup
could improve storage stability and extend the
shelf life of bread.

[156]

Abbreviations: PBE—pine bark extract; ABTS—2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid; ORAC—oxygen radical absorbance
capacity; LAB—lactic acid bacteria; CFU—colony-forming unit.

9. Conclusions

Residues and by-products constitute an important source of industrially significant
biocomponents. Various species of pine tree contain different compositions of bioactive
compounds. However, even though the pine bark extracts are commercially available,
there is no universal method of extraction that is suitable for all phenols. Depending
on the ultimate goal of extraction, an individual examination should be performed to
ensure the most appropriate extraction procedure. Regardless of the solvent, method,
pine species and plant part used, all pine extracts contain a high number of polyphenols.
Nevertheless, individual compounds are characterised by different concentrations, types
and levels of their bioactivity. There are few studies on the identification and even fewer
studies presenting the quantitative determination of individual polyphenols contained in
pine extracts. Pine tree extracts exhibit several described biological activities that may be
beneficial to human health. The available examples of the application of pine elements in
food are promising. Pine tree extracts, syrups and other intermediates may be components
that impart functional properties, extend the shelf life and assign desirable qualities to food
products. Pine extracts and oils exhibit great potential as formulation ingredients for food,
cosmeceutical and pharmaceutical industries. The reuse of residual pine elements is still
limited compared to its potential. In this case, it is necessary to conduct more research to
find and develop new products and applications of pine residues and by-products.

Author Contributions: Conceptualisation, writing—original draft preparation, M.D.; writing—
review and editing, ] K.-C.; supervision, B.S. All authors have read and agreed to the published
version of the manuscript.
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Abstract: Currently, coniferous shoots are almost absent as a food ingredient despite their wide
availability in many parts of the world. The aim of the study was to assess and compare the
composition of selected plant metabolites, evaluate the antioxidant and antimicrobial properties
of selected shoots collected in 2019 from the arboretum in Zielonka (Poland), including individual
samples from Picea abies L. (PA), Larix decidua Mill (LD), Pinus sylvestris L. (PS), Pseudotsuga menziesii
(PM) and Juniperus communis L. (JC). The present work has shown that aqueous extracts obtained
from tested shoots are a rich source of phenols such as caffeic acid, ferulic acid, chlorogenic acid,
4-hydroxybenzoic acid and many others. Obtained extracts exhibit antioxidant and antimicrobial
properties in vitro. The highest sum of the studied phenolic compounds was found in the PA
sample (13,947.80 ug/g dw), while the lowest in PS (6123.57 ug/g dw). The samples were particularly
rich in ferulic acid, chlorogenic acid and 4-hydroxybenzoic acid. The highest values regarding the
Folin-Ciocalteu reagent (FCR) and ferric reducing ability of plasma (FRAP) reducing ability tests,
as well as the total flavonoid content assay, were obtained for the LD sample, although the LD
(14.83 mg GAE/g dw) and PM (14.53 mg GAE/g dw) samples did not differ statistically in the FCR
assay. With respect to free radical quenching measurements (DPPH), the PA (404.18-uM Trolox/g dw)
and JC (384.30-uM Trolox/g dw) samples had the highest radical quenching ability and did not differ
statistically. Generally, extracts obtained from PA and PS showed the highest antimicrobial activity
against tested Gram-negative bacteria, Gram-positive bacteria and fungi.

Keywords: bioactive compounds; phytochemicals; antioxidant and antimicrobial properties;
polyphenols; coniferous trees; shoots

1. Introduction

The demand for plant health products is increasing worldwide [1]. Currently, coniferous shoots
are almost absent as a food ingredient despite their wide availability in many parts of the world.
The exceptions are the common juniper, whose berry-like cones are a spice valued in Europe and
pine shoots [2]. Products with pine shoots are available on the market, including pine shoot syrup,
beer made with pine shoots or herbal teas. Despite this, products with shoots are currently not very
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popular [3,4]. However, these raw materials were often used in folk medicine in the past, among
others in ancient Rome or traditional Chinese and Islamic medicine. Bark, shoots and resins were
used as a panacea for, e.g., diseases of the urinary tract, digestive tract, nervous system, respiratory
and skin diseases [5-7]. Research carried out in recent years has confirmed that compounds present
in conifer shoots exhibit therapeutic effects, and shoots are rich sources of polyphenols and have
antioxidant properties [8,9]. Coniferous shoots are a particularly rich source of terpenoid hydrocarbon,
pinene, in the form of alpha and beta isomers, which as one of the main components of the resin
belongs to water-insoluble fraction. Alpha- and beta-pinene may serve as precursors of aromatic
compounds in food production, they are also components of renal and hepatic drugs [9]. In rodent
studies, alpha-pinene showed, inter alia, gastroprotective, analgesic and anti-convulsive properties;
it has also exerted therapeutic effects in some cancers and allergies [10-13]. Compounds present in
conifers also show antioxidant and reducing effects [14]. New studies have indicated that functional
foods with antioxidant potential can be crucial in maintaining health. Excessive increase in free radical
concentration due to endogenous and exogenous factors in the body may be conducive to damage to,
i.e., biologic structures such as DNA, lipid membranes and proteins [15]. Cell oxidation-reduction
homeostasis is one of the most important elements regulating the body’s functions at the molecular
level, its disorders can promote dysfunctions, especially in terms of enzymatic activity [16].

Currently, the state of knowledge about the properties and applications of coniferous components
is incomplete, thus far no experiments have been conducted on the use of the most popular coniferous
trees in food, and these raw materials are a promising component not only of drugs or dietary
supplements, but also functional food, which is currently one of the fastest-growing food market
segments [17].

The aim of the study was to assess and compare the composition of selected plant metabolites,
evaluate the antioxidant and antimicrobial properties of selected shoots samples from various conifers,
including Picea abies L. (PA), Larix decidua Mill (LD), Pinus sylvestris L. (PS), Pseudotsuga menziesii (PM)
and Juniperus communis L. (JC).

2. Results

2.1. Shoot Commodity Assessment

The tested shoots samples differed visually significantly (Figure 1). As shown in the Table 1,
needles obtained from the shoots of individual trees were of different shapes and dimensions, the longest
needles had the PS sample (54.84), while the shortest the JC sample (8.74). Shoots differed in color
measured in the CIELab space. The PM sample had the highest brightness (L* = 33.74) while the
PA sample was the darkest (L* = 26.09). In terms of parameter L*, the JC, LD and PS samples did
not differ statistically. The values a* and b* expressed the color in the range from green to red and
from blue to yellow, respectively; the highest value for the parameter a* was found in the PA sample
(8.26), the lowest in JC (=5.25). The highest b* value was found in the JC sample (24.48), the lowest for
PS (10.73). Samples differed significantly in terms of dry weight except for the PM and PA samples.
The top-level dry weight content, significantly higher than in the other samples, was recorded for
the PS sample. Extracts from dried shoots did not differ significantly in osmolality. The PA sample
freezing point was the lowest (0.09), but the differences between the samples were small.
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Figure 1. Fresh conifer shoots. Abbreviations: Picea abies L. (PA), Larix decidua Mill (LD), Pinus sylvestris L.
(PS), Pseudotsuga menziesii (PM) and Juniperus communis L. (JC).
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Table 1. Commodity assessment of tested coniferous shoots.

40f13

Parameter Pseudotsuga Juniperus Larix decidua  Pinus Picea abies L.
menziesii communis L. Mill sylvestris L.
Needle Shape Flattened, Wide, flattened Thin, filamentous Elongated
cylindrical diamonds filamentous diamond
Needle Length (mm) 23.272 +£2.99 8.74° +3.08 25.31¢+5.26 54849 +991  14.32°+291
Color L* 337424250 3883b+035 29.31¢+0.14 30.33¢+0.78 26.09 4 +0.56
a* —-0.182 +0.99 -525b +0.20 2.14¢+0.22 -1.142 +1.19 8.264 +0.91
b* 13432 +0.18 24.48° +0.21 15.28 € +0.71 10.739 +0.23 14.82 € +0.36
Dry Weight (%) 13.25% +0.35 10.95° + 0.35 16.16 € + 0.49 3222944049 13982 +0.49
Extract Osmolality 0.04 +0.00 0.04® +0.00 0.05 ¢ +0.00 0.024 £ 0.00 0.05 € +0.00
(mOsm/kg H>0)
Freezing —0.08 +0.00 —0.07 + 0.00 -0.09 + 0.00 —0.04 + 0.00 -0.09 + 0.00

Temperature (°C)

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are
not significantly different (p < 0.05).

2.2. Phytochemical Shoot Content

There was a wide variation for other phenolic acids tested (Table 2). The highest sum of the
studied phenolic compounds was found in the PA sample (13,947.8 ng/g dw), while the lowest in PS
(6123.57 pg/g dw). The samples were particularly rich in caffeic acid, ferulic acid, chlorogenic acid and
4-hydroxybenzoic acid. The highest variation was found in the case of ferulic acid, where in the PM
sample it was 5002.20 ug/g dw and 1129.85 ug/g dw for PA. Salicylic acid, naringenin, vitexin, rutin,
quercetin, apigenin, kaempferol, and luteolin were present in very low concentrations in all samples.

Table 2. HPLC analysis of phenolic compounds in tested conifer shoot extracts.

Phenolic Acid (ug/g dw) LD JC PM PS PA

Gallic Acid 10.86 " + 0.48 99472¢ +4749 57049 1+127 208.38 € + 069 695.88 f £ 5.29
2,5-Dihydroxobenzoic Acid  130.11° + 6.8 25.55 € +0.15 7.18¢ £ 0.16 16.63 € + 0.54 62439 +1.95
4-Hydroxybenzoic Acid 622.99° + 2461 2296 +1.44 1148.62° +23.72 108492 +39.04  4014.44 € +58.25
Caffeic Acid 299435P +£104.77 5999.36 ¢ + 156.04 1499.61 9 + 36.84 1502.03 9 £52.53  5094.84 € + 228.14
Syringic Acid 139.15° + 3.89 50.12°€ +1.79 113974 + 4.2 145.44% +3.28 301.96 © + 9.55
p-Coumaric Acid 298.03 " + 6.58 82.49 ¢ + 426 68.75 € + 3.39 387899 +1583  168.582 +10.89
Ferulic Acid 3708.83° +127.71 1379.03¢ +14.44 5002209 +£212.87  2088.89° +56.89  1129.85f + 31.1
Chlorogenic Acid 501.97P +£22.84  2093.81°+34.93 984.099 +23.28 518.25 + 4.90 4534.29°¢ +227.15
Sinapic Acid 4361° +1.64 214.18 € + 3.68 6.86% +0.18 54.09° +2.06 1172.00 9 + 24.37
t-Cinnamic Acid 819.74P +2933 127532 +1.91 55.86 € + 2.63 111442 + 3.4 781.83 4 +40.05
Vanillic Acid 0.33° +0.00 0.47 € +0.01 0.954 +0.02 0.46 ¢ + 0.01 1.56 ¢ + 0.01
Salicylic acid 0.36° + 0.00 0.75¢ + 0.01 1.044 +0.01 0.36° + 0.00 0.342 +0.01
Naringenin 1.00° +0.02 1.03 € + 0.08 1.04° +0.02 1.594 +0.02 1.42¢ +0.06
Vitexin 0.53° +0.00 1.11¢ +0.02 0.78 4 +0.02 0.61¢ +0.01 0.30 f +0.00
Rutin 052 +0.01 1.14 € + 0.02 0.734 +0.03 0.63 ¢ +0.02 0.31f+0.01
Quercetin 0.63° +0.00 0.64° +0.01 1.38 € + 0.06 0.984 +0.03 1.24¢ +0.04
Apigenin 0.62° +0.02 0.302 +0.01 0.302 +0.00 0.302 +0.01 0312 +0.01
Kaempferol 0.302 + 0.01 0.312 + 0.00 0.33% +£0.01 0.38 ¢ + 0.01 0.36 9 +0.01
Luteolin 0.302 +0.01 0.302 +0.01 0.312 +0.01 0.302 +0.01 0.302 +0.01
Total Content 9274.23 10,995.8 8951.04 6123.57 13,947.80

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are
not significantly different (p < 0.05). Abbreviations: Picea abies L. (PA), Larix decidua Mill (LD), Pinus sylvestris L. (PS),
Pseudotsuga menziesii (PM) and Juniperus communis L. (JC).

2.3. Antioxidant and Antiradical Extract Properties

Antioxidant and antiradical properties of extracts obtained from coniferous shoots were examined
using spectrophotometric methods (Table 3). The highest values regarding the FCR and FRAP reducing
ability tests, as well as the total flavonoid content assay, were obtained for the LD sample, although
the LD (14.83 mg GAE/g dw) and PM (14.53 mg GAE/g dw) samples did not differ statistically in the
FCR assay. With respect to free radical quenching measurements (DPPH), the PA (404.18-uM Trolox/g
dw) and JC (384.30-uM Trolox/g dw) samples had the highest radical quenching ability and did not
differ statistically.
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Table 3. Radical scavenging and antioxidant properties of tested conifers shoots using
spectrophotometric methods.

Species DPPH (uM FRAP (uM FCR (mg Total Flavonoid
Trolox/g dw) FeSOy4/g dw) GAE/g dw) Content (mg QE/g dw)

Picea abies L. 404.182 +£10.15 15372 +2.55 13.302 £ 0.55 3.542 +0.19

Pinus sylvestris L. 200.94P +2347 4276P +57 0.86°+009 829 +094

Pseudotsuga menziesii  269.55 © + 6.31 5432 +1.58 1453°+0.64 7.46°¢+0.27

Juniperus communis L. 384.30 2 + 10.88  62.88  + 0.36 82541101 6344 +0.09

Larix decidua Mill 326939 £21.21 1479491218 14.83°+030 9.90¢+0.12

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are
not significantly different (p < 0.05). Abbreviations: Folin-Ciocalteu reagent (FCR), the ferric reducing ability of
plasma (FRAP), 2,2-diphenyl-1-picrylhydrazyl. (DPPH), gallic acid equivalents (GAE), quercetin equivalents (QE).

2.4. Antimicrobial Screening

The effect of water extracts from against indicator microorganisms of both Gram-positive and
Gram-negative bacteria as well as mold and yeast was studied. The results obtained are summarized
in Table 4. The highest antimicrobial activity was shown for PA extract against P. aeruginosa (32 mm),
while the lowest activity was shown for PM extract against S. aureus (2 mm) and L. fermentum
(3 mm). Generally, extracts obtained from PA and PS showed the highest antimicrobial activity, against
Gram-negative bacteria, Gram-positive bacteria and against fungi, but the growth inhibition zone is
significantly smaller in case of fungi than in tested bacteria.

Table 4. Antimicrobial properties of tested conifer shoots.

PM JC LD PS PA

Mi .
icroorganism Growth Inhibition Zone (mm)

Gram-Negative Bacteria

1 Klebsiella pneumoniae ATCC 31,488 83 +2 12b+2  5°+1 2d+2  28¢+3
2 Salmonella enteritidis ATCC 13076 63 +1 9b 42 3¢+1 169 +£2 29¢€+3
3 Pseudomonas aeruginosa ATCC 27853 112 +2 102 +2 9P +2 27¢+3 324412
4 Acinetobacter baumannii ATCC 19606 82 + 1 11P+2  3°+1 2094+2  26°+3
Gram-Positive Bacteria
5 Enterococcus faecium ATCC 27270 4241 12°+2  9°+1 18d+2  199+2
6  Staphylococcus aureus ATCC 25923 2240 15°+3  11°+2  199+2  22¢€+2
7 Lactobacillus fermentum ATCC 14932 32+ 1 17P+3  13°x2  13°x2 29943
8  Clostridium butyricum ATCC 860 93 +2 16°+2 10°+1 179+2 28¢+3
9  Listeria monocytogenes ATCC 19,115 823 +2 150 +2 7% +1 19¢+2 254 +3
10  Bacillus coagulans GBI-30, 6086 73+2 120 +1 10¢+2 19d+2 21¢+3
Fungi
11 Candida utilis ATCC 9950 3241 5P 41 32+1 6°+1 8d+2
12 Aspergillus sp. 42+1 4241 6P +1 5¢+1 5¢+1
13 Fusarium sp. 2240 5P +1 2240 52+1 9b+2

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are
not significantly different (p < 0.05). Abbreviations: Picea abies L. (PA), Larix decidua Mill (LD), Pinus sylvestris L. (PS),
Pseudotsuga menziesii (PM) and Juniperus communis L. (JC).

Conducted correlation analysis of antioxidant assays, antimicrobial parameters and phenolic
compound showed a small number of statistically significant correlations between different assays and
compounds (Figure 2). The strongest statistically significant negative correlations are observed between
FCR assay and inhibition of Aspergillus sp., between total flavonoid content assay and chlorogenic
and sinapic acid content. Strongest statistically significant positive correlations are observed between
DPPH assay and caffeic acid content.



Molecules 2020, 25, 3527 60f 13

(52
0 © o~
%w§§2§§ = g
S E ~ N - (2] =1
- QO ~ Q ~ © o
D90 QN 08 o® a
Q '—OOUO o 12 £
O Q<LE 50 EQP© I
EOegIPR<O0ga i) o
<t 8=l ek a8 ] 2
D<ccEg3 O M & € bl S
E.‘L"a,m:oEECoo ] Lo 5 =
CEEE'GE“’E%MIQ S SN 2
2Eg 38mmEEgER g g S
Esc8Fuwsonsl o S o T 2 o5 =
3Ew - w3 ©383 L4 =l S N S g 2%
g_“’g-“-’ﬁu%"cgzmd 2 X8 528 5 g0l ®E
mgagﬁg;&ooggw o;c_;e-g,~ag-:-5'agg.“..’
ST EQ 068 T3 EC G2E 3 o9 X6 , %8 g0 , E§
°c58¢88282 882822, =0£L¢BEe28 83
S E3 e 883 8T 288 s32eE328¢EEs
el b5 80583 LcaERRSITSaalsalr
1
Klebsiella pneumoniae ATCC 31488 Rk o .ok 2k 3 k%% *
Salmonella enteritidis ATCC 13076 ki 3 33 *%* *
Pseudomonas aeruginosa ATCC 27853 B .30 . dk .3k .3 * %k %k %k * 0.8
Acinetobacter baumannii ATCC 19606 [ i i i ) ' Exx3 B3 O
Enterococcus faecium ATCC 27270 §3 *kkkk*kk *
Staphylococcus aureus ATCC 25923 *k*kkk*k*k * 06
Lactobacillus fermentum ATCC 14932 *kk kX EHE
Clostridium butyricum ATCC 860 . & 35 30 30 30 0 b b 3 3 3 *
Listeria monocytogenes ATCC 19115 B U SR SETAEU T SpU Pty B3 r o4

Bacillus coagulans GBI-30 6086 k.4 *k*k*k*k*k*k*k*k *
Candida utilis ATCC 9950 B, 3k S 3 3 35 35 30 0 3 *.*
Aspergillus sp.

Fusarium sp.

DPPH

FRAP

FCR

Total flavonoid content
Gallic acid
2,5-dihydroxobenzoic acid
4-hydroxybenzoic acid _
Caffeic acid

Syringic acid

p-Coumaric acid

Ferulic acid

Chlorogenic acid

Synapic acid

t-Cinnamic acid

Total content of phenolic compounds -_.

-0.6

-0.8

Figure 2. Correlation matrix. The intensity of the color is proportional to the correlation coefficient;
white asterisk indicates a significantly statistical correlation (p < 0.05).

3. Discussion

The use of raw materials such as coniferous shoots can contribute to the development of a
functional food sector. Food enriched with ingredients containing active phytochemicals allows
reducing the incidence of diseases, which is desirable [18,19]. Thus, the production of inexpensive,
natural health-promoting products is of great importance in the current socio-economic situation of
many countries in the world, especially in the context of the incidence of civilization diseases [20].
Many products perceived as health-promoting are known in natural medicine, including coniferous
shoots, which are not currently widely used in this field. In this publication, individual samples of shoots
of selected popular conifers, i.e., Picea abies L.; Larix decidua Mill; Pinus sylvestris L.; Pseudotsuga menziesii;
Juniperus communis L. were characterized. It was shown that the content of polyphenolic compounds
depended on the species, which significantly contributed to the antioxidant capacity.

Visual perception is extremely important for consumers when selecting food products in terms
of attractiveness and perception of health-promoting properties The use of plant raw materials as
ingredients in food products can affect not only the taste and aroma but also their color, thus is
important to assess raw materials in this respect [21]. In the present study, it was noticed that the
PA sample, which was the darkest, i.e., with the lowest parameter L*, was characterized by, among
others, the highest total content of phenolic compounds measured by HPLC and the strongest ability to
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quench free DPPH radicals. A relationship between phenolic compounds and color hue was observed,
i.e., in studies on honey, where darker samples were richer in these compounds [22]. However, it should
be noted that some compounds, including anthocyanins and lycopene, can give similar color to raw
materials, but they differ significantly in antioxidant capacity. The relationship between color and
antioxidant content should not be generalized to all raw materials, but it can be stated that differences
in color usually mean different content of bioactive compounds [23].

The tested shoots, in addition to the color, differed noticeably in length, shape and dry matter
content, which had an impact on the content of bioactive compounds in the extracts. In the current
study, all raw materials were dried under the same conditions, although earlier studies indicated that
the drying process significantly affected the content of bioactive compounds as well as antioxidant and
antimicrobial properties of coniferous shoots [8]. In the present study, distilled water was used for
extraction, which allowed to obtain a high content of phenolic compounds in extracts that had high
antioxidant potential, although water is not the most effective solvent. As many authors have shown
earlier for vegetable raw materials, such as Pistacia terebinthus L. or Limnophila aromatica, methanol and
acetone are much more effective solvents, allowing obtaining extracts with higher antioxidant potential
and a higher concentration of bioactive compounds [24]. However, evaluation of the efficiency of
water extraction allows us to determine, from the point of view of practical application, whether
raw materials could be components of functional products in the future, i.e., infusions, beverages,
smoothies or yogurts [25].

The extracts obtained differed significantly in the content of phenolic compounds, however,
4-hydroxybenzoic acid, caffeic acid, ferulic acid and chlorogenic acid were dominant among most
the trees studied. Conducted statistical analysis showed strong positive correlation between total
content of phenolic compounds and sinapic and chlorogenic acid, but strong negative correlations
between these compounds and total flavonoid content assay. This trend may be caused because the
amounts of phenolic acids are higher than flavonoids and used methods in present study may not have
covered the measurement of all individual phenolic compounds [26] In study of cones and berries from
16 different Turkish coniferous species authors used 95% acetone as an extractant and also identified
many phenolic compounds, such as 4-hydroxybenzoic acid, 3,4-dihydroxybenzoic acid, catechin, the
total amount of phenolics was determined in range of 60-6390 nug/g dw depending on the species,
which is lower than in present study [27]. On the other hand, in study conducted on needles from
Norway spruce, authors used 95% ethanol for extraction and detected the same compounds as in
present study, i.e., chlorogenic acid, gallic acid, kaempferol, quercetin but in concentrations below the
quantification limit of about 0.02 pmol/g dw. The dominant compound, similarly to the previously
mentioned study was catechin, which was not tested for in this study [28], Phenolic compounds play
protective functions in plants, but they can have health-promoting effects in the human body as well as
positively affect the quality and safety of food products. The study of Raitanen et al. demonstrated
that tannins from pine and spruce bark protected meat snacks against fat oxidation without affecting
smell and taste [29]. Many studies have demonstrated the antioxidant activity of phenolic compounds,
recent findings also point to possible genoprotective and neuroprotective effects, as well as those
reducing the risk of metabolic diseases, cardiovascular diseases and cancers [30]. All of the tested
extracts also showed antioxidant and reducing properties demonstrated by DPPH, FRAP and FCR
methods. The highest DPPH inhibition was demonstrated for the PA and JC samples, they also had
the highest total phenolic content. Studies by other authors have confirmed the strong antioxidant
activity of extracts obtained from juniper and pine, although there is no such data on other conifers [31].
Differences between the samples were significant in the FRAP and FCR tests. It is concluded that
differences between individual methods may be due to different reactivity of individual compounds in
the extracts, including compounds that have not been tested in this publication. FCR and FRAP are
non-specific tests for phenolic compounds and other compounds, e.g., ascorbic acid, may also influence
the result [32]. Conducted correlation analysis also shows small amount of statistically significant
correlations between assays and identified compounds, which may indicate that obtained extracts
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are complex mixture of compounds and should be evaluated further. Strong positive correlations
were observed between DPPH and total phenol content, as well as total flavonoid content and FRAP
assay, but they were not statistically significant. In the study of different types of honey derived
from Mount Olympus in Greece, authors observed similar effect, which can be explained by fact, that
the antioxidant properties depend not on the quantity, but mainly on the chemical composition of
polyphenols and other factors may affect results of conducted assays, such as the concentration of
mineral contents, organic acids, amino acids [33]. Lack of correlation between conducted antiradical
ant antioxidant assays can be explained by various complex mechanisms of neutralizing free radicals,
e.g., Brand-Williams et al. and Tagashira et al. found no correlation between the content of phenolic
acids and their antioxidant activity [34,35].

All extracts were characterized by antimicrobial properties in the screening test, where the
strongest were pine and spruce extracts. In study on antimicrobial activity of aqueous extracts of
Juniperus phoenicea, Pistacia atlantica and Oudneya africana tested extracts of Juniperus exhibited similar
bacterial inhibition against Listeria ivanovii RBL30, Listeria innocua RBL29 and Listeria monocytogenes
LSD530 [36]. In study of essential oils from Pinus halepensis Mill., essential oils showed strong
inhibiting activity against L. monocytogenes and Klebsiella pneumoniae, There is much evidence in the
literature for the antimicrobial effect of pine and juniper, however, tested properties are usually
found in concentrated essential oils or ethanol extracts [37]. Pearson’s correlation test revealed strong
positive correlation between sinapic acid content and inhibition of Salmonella enteritidis ATCC 13,076.
In the literature there are mentions about antimicrobial effects of phenolic compounds on Salmonella
bacteria, notwithstanding sinapic acid is not widely recognized as antimicrobial compound, but many
phenolic compounds may exhibit significant antibacterial activity, however mechanisms of antibacterial
action of phenolic compounds are not yet fully deciphered [38,39]. Correlation analysis showed also
statistically significant negative correlations between inhibition of Staphylococcus aureus ATCC 25,923
and ferulic acid content, Aspergillus spp. Inhibition and FCR assay. Different authors also observed
negative correlations or lack of thereof between FCR assay and antimicrobial properties, therefore
synergistic or antagonistic interactions between compounds cannot be fully explained by a simple
linear relation [33,40].

4. Materials and Methods

4.1. Materials

The study material consisted of shoots samples from six different coniferous trees: Picea abies L.
(PA), Larix decidua Mill; (LD), Pinus sylvestris L. (PS), Pseudotsuga menziesii (PM) and Juniperus communis L.
(JC) collected in 2019 from the arboretum in Zielonka (Poland, 17°06"33” E, 52°06’33” N), a part of the
Forest Experimental Department of Poznan University of Life Sciences. The shoots were collected in
August and subjected to natural air-drying at 21 °C for 72 h. The dried needles were sampled from
three different shoots, crushed in a Grindomix GM 200 (Retsch GmbH, Haan, Germany) for 15s at a
rate of 500 rpm at 21 °C to a particle size of 0.5-0.9 mm.

4.2. Methods

4.2.1. Extraction

Water extracts were obtained by mixing 5 g of raw material with 150 mL of distilled water.
The samples were shaken in a water bath for 30 min at 80 °C at constant amplitude. Extracts were
decanted and filtered using Whatman No. 4 paper three times. The obtained extracts were stored at
—21 °C for no more than two weeks before further analyses. Each measurement and analysis for each
extract were conducted in triplicate.
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4.2.2. Commodity Assessment, Color and Osmolality of Extracts

Shoots were subjected to commodity assessment in terms of characteristics and shape in the
laboratory in daylight. Needle dimensions were determined by measuring the length of 100 needles of
each species using a caliper and calculating the average. Dry weight of the shoots was determined
using Sartorius MA 30 (Sartorius AG, Goettingen, Germany), where 1 g of the sample was incinerated
at 130 °C for 30 min.

Colors of leaf extracts were measured. Color measurement was run in the L* a* b* CEN unit
system using a CM-5 spectrometer (Konica Minolta, Tokyo, Japan) according to the methodology
described by the device producer. D 65 was applied as a source of light and color temperature was
6504 K. The observation angle of the standard colorimetric observer was 10°. Measurements for each
sample was repeated five times. Instrument calibration was performed using the black pattern.

4.2.3. HPLC Determination of Phenolic Acids and Flavonols

Extracts were evaporated to dryness in a stream of nitrogen. Next they were placed in sealed
17-mL culture test tubes, where first alkaline and then acid hydrolysis was run. In order to run
alkaline hydrolysis 1 mL distilled water and 4 mL 2-M aqueous sodium hydroxide was added to
test tubes. Tightly sealed test tubes was heated in a water bath at 95 °C for 30 min. After cooling
(approx. 20 min) test tubes was neutralized with 2 mL 6-M aqueous hydrochloric acid solution (pH = 2).
Next, samples were cooled in water with ice. Flavonoids were extracted from the inorganic phase
using diethyl ether (2 x 2 mL). Formed ether extracts were continuously transferred to 8-mL vials.
Next acid hydrolysis was run. For this purpose, the aqueous phase was supplemented with 3 mL 6 M
aqueous hydrochloric acid solution. Tightly sealed test tubes were heated in a water bath at 95 °C for
30 min. After being cooled in water with ice the samples were extracted with diethyl ether (2 X 2 mL).
Produced ether extracts were continuously transferred to 8-mL vials, after which they were evaporated
to dryness in a stream of nitrogen. Prior to analyses samples were dissolved in 1 mL methanol.
Phenolic compounds analysis was performed using an Acquity H class UPLC system equipped with a
Acquity PDA detector (Waters Corp, Milford, MA, USA). Chromatographic separation was performed
on an Acquity UPLC® BEH C;g column (100 mm x 2.1 mm, particle size—1.7 um) (Watersy, Dublin,
Ireland). Elution was carried out in a gradient using the following mobile phase composition: A:
acetonitrile with 0.1% formic acid, B: 1% aqueous formic acid mixture (pH = 2). Concentrations of
phenolic compounds were determined using an internal standard at wavelengths A = 320 nm and
280 nm and finally expressed as mg/100 g dw of sample. Compounds were identified by comparing
the retention time of the analyzed peak with the retention time of the standard and by adding a specific
amount of the standard to the analyzed samples and repeated analysis. Detection level was 1 pg/g.
Retention times for phenolic acids were as follows: gallic acid—4.85 min, p-coumaric acid—=8.06 min,
2,5-dihydroxybenzoic acid—9.55 min, 4-hydroxybenzoic acid—9.89 min., chlorogenic acid—12.00 min,
caffeic acid—15.20 min, syringic acid—15.60 min, vanillic acid—16.80 min, sinapic acid—17.10 min,
ferulic acid—17.50 min, salicylic acid—17.85 min., {- cinnamic acid—19.50 min Retention times
for flavonoids were as follows: vitexin—1.10 min, apigenin—=8.00 min, kaempferol—11.00 min.,
luteolin—16.90 min., quercetin—17.00 min, naringenin—17.50 min, rutin—17.90 min [30].

4.2.4. Folin-Ciocalteu Reagent Assay

Reducing capacity of the obtained extracts was determined using the Folin-Ciocélteu reagent
(FCR) and the method of Kobus-Cisowska et al. with minor modifications [41]. Reducing capacity
was expressed as mg of gallic acid (Sigma-Aldrich, Steinheim, Germany) equivalents (GAE) per1 g
(mg/1 g) of dry mass. The standard curve in the range of 0-500 mg/mL of gallic acid was used.
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4.2.5. Total Flavonoid Content

Total flavonoid content was determined using a procedure described by Meda et al. [42].
Total flavonoid content was determined using a standard curve with quercetin (Sigma-Aldrich,
Germany) concentration in range of 1-100 pg/mL. The mean of three readings was used and expressed
as mg of quercetin equivalents QE/1 g raw material.

4.2.6. Ferric Reducing Antioxidant Power Assay

The antioxidant properties of water extracts were determined using the ferric reducing/antioxidant
power assay (FRAP method) according to the procedure described by O’Sullivan et al. [43].
The calibration curve was constructed using FeSO4-7H,O in concentrations of 100-1000 pM.
Samples were incubated for 30 min and the absorbance was measured at 593 nm (Metertech SP880,
Metertech Inc., Taipei Taiwan). Data were expressed as pM FeSO,/g dry mass.

4.2.7. DPPH Radical Scavenging Activity

DPPH inhibition capacity was investigated according to the procedure described by
Szczepaniak et al. [44]. The calibration curve was prepared using Trolox standard solution in
concentrations of 100-1000 uM. The decrease in DPPH absorbance was measured at 517 nm according
to the blank. Inhibition capacity of DPPH was expressed as pM Trolox/g dw.

4.2.8. Antimicrobial Screening

Indicator microorganisms Klebsiella pneumoniae ATCC 31,488, Salmonella enteritidis ATCC 13,076,
Pseudomonas aeruginosa ATCC 27853, Acinetobacter baumannii ATCC 19606, Enterococcus faecium ATCC
27,270, Staphylococcus aureus ATCC 25,923, Lactobacillus fermentum ATCC 14,932, Clostridium butyricum
ATCC 860, Listeria monocytogenes ATCC 19,115, Bacillus coagulans, GBI-30, 6086, Candida utilis ATCC
9950, Aspergillus spp. and Fusarium spp. were transferred to test tubes containing Mueller-Hinton (for
bacteria), yeast extract sucrose (for yeast), potato dextrose (for mold) medium. They were cultured
at 37 °C for 24 h. Next, liquefied agar medium was inoculated with 10% (v/v) 24-h indicator culture
and poured into Petri dishes to obtain a distinct confluent layer. After solidification of the broth
medium inoculated with the indicator microorganisms, wells were made with a cork borer. Each well
was supplemented with 150 uL of aqueous extracts of coniferous shoots. Next, the diameters of the
growth inhibition or reduction zone of indicator microorganisms were measured. The inhibition of
the growth of the indicator microorganism was manifested by complete lightening around the place
where the liquid extract or slime was transferred. It indicated bactericidal activity of the bacterial
strain. Bacteriostatic properties were determined by measuring the diameter of the growth inhibition
zone (indicator strain growth limitation).

4.2.9. Statistical Analysis

All assays were conducted in triplicate and the results were expressed as mean + SD.
One-way ANOVA was used to analyze statistical differences between different extracts in terms
of phenolic compound contents and different antioxidant assays with the least significant difference
(LSD). A p-value less than 0.05 was considered to be statistically significant. Correlation analysis
was conducted using Pearson parametric correlation test. Statistical analyses were calculated using
Statistica 13.3 software (TIBCO, Palo Alto, CA, USA) and RStudio (RStudio PBC, 1.3.1056, Boston,
MA, USA).

5. Conclusions

The present work has shown that aqueous extracts obtained from sample shoots of Picea abies L.,
Larix decidua Mill, Pinus sylvestris L., Pseudotsuga menziesii and Juniperus communis L. exhibit
antioxidant and antimicrobial properties in vitro. They are characterized by a high content of
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phenolic compounds—among others—4-hydroxybenzoic acid, caffeic acid, ferulic acid and chlorogenic
acid, i.e., compounds considered to have a wide spectrum of pro-health effects. Shoots of the studied
conifers differ from each other in terms of physical parameters as well as antioxidant and antimicrobial
properties; however, the results of the research allow to conclude that after further necessary analyses,
i.e., cytotoxicity and sensory tests, these raw materials could potentially be used as components of
functional food with programmed health-promoting properties, as antioxidant ingredients and those
extending the shelf life of the products.
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ABSTRACT

Scots pine (Pinus sylvestris L.) shoots have been increasingly commonly used as functional food or its component, the shoots contain
various active components, unknown from other raw materials. The objective of the study was to assess the influence of the drying
method on the content of bioactive compounds and antioxidative and antimicrobial activity of pine shoots. It was demonstrated that
freeze drying (PSL), vacuum drying (PSP) and natural drying (PSN) have significant impact on the physicochemical properties, content
of bioactive compounds and antioxidative activity of the prepared ethanol-water extracts. The content of the studied compounds varied
significantly in the tested shoots. In spectrophotometric testing the highest total flavonoid content was demonstrated in the PSP sample,
at 5.51 mg quercetin/g dw. On the other hand, the reducing capacity was as follows: PSN>PSP >PSL in the range from 13.4 t0 5.73 mg
gallic acid/g dw. However in assay conducted using HPLC methods the highest content of polyphenols characterized extract from freeze-
dried raw material (9151.15 ug/g), followed by vacuum-dried (8264.57 ug/g), and the lowest content of phenolic compounds was found
in convection-dried shoots (7621.76 ug/g). The studied extracts demonstrated antioxidative properties, both in ferric reducing antioxidant
power assay (FRAP) as well as in free radical quenching measurement (DPPH). All of the studied extracts demonstrated antimicrobial and
fungicidal properties, and they were particularly efficient in the case of gram-negative bacteria.

Keywords: Antioxidant properties; Drying conditions; Microbial growth; Pinus sylvestris L.; Polyphenols

INTRODUCTION

and low price, as well as the belief in the efficiency of these
preparations (Ramana et al., 2018). Obtaining extracts at a
large scale requires use of various drying methods in order
to fix raw materials and retain their bioactive properties.

Researchers are currently looking natural sources of health-
promoting compounds that could be used in food. The

growing interest in food products characterized by high
antioxidative potential results from the efficiency of these
compounds in prevention of diseases associated with
systemic oxidative stress, i.e. cardiovascular diseases, tumors,
neurodegenerative disorders and metabolic disturbances
(Roleira et al., 2015). As a result of new reports on the role
of antioxidants, products rich in these compounds (especially
of vegetable origin) have become increasingly desirable on
the market, although numerous cultures have traditionally
used vegetable products for hundreds and even thousands
of years to treat various diseases, as well as to support health,
stemming from the traditional use, abundant availability

Traditional and thus natural and the least expensive raw
material drying methods include sun drying and air drying.
Dehydration under the impact of these factors, due to the
prolonged duration, possible contaminants and limited
efficiency may not be used for numerous raw materials
(Villalobos et al., 2016). Modern drying methods that
are gaining popularity include, among others, microwave
drying, vacuum drying, freeze drying, which may help enable
retaining high quality of considerable amount of bioactive
compounds, while optimizing parameters significant in
economic terms. These methods largely enable minimizing
sutface overheating, and reduce the drying time.
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Scots pine is along-lived coniferous tree of high economic
significance, whose shoots and leaves are characterized
by high content of bioactive compounds. These trees
comprise 68% of Polish forests and have been traditionally
used to produce liqueurs, ointments and syrups considered
to have therapeutic properties (Baczek et al, 2017). Extracts
from bark of Pinus sylvestris showed antioxidant activity in
AAPH and DPPH assays as well as reducing and metal
chelating properties (Nazari et al., 2013; Sokot-Letowska
etal., 2007). It has been demonstrated that the shoots and
leaves of these trees contain, among others, essential oils
rich in monoterpenes, i.e. alpha-pinene, beta-pinene, delta-
3-carene, beta-myrcene, limonene, p-cymene, exhibiting
strong antibacterial, antifungal, antiviral and antioxidative
properties (Acs et al., 2018). Currently, the majority of
researchers focus on the use of isolated essential oils,
although the extracts alsho exhibit therapeutic potential,
for example as chemopreventive or chemotherapeutic
agent (Hoai et al., 2015; Nicolato et al., 2009). Recently
there were attempts to use pine’s components in food
fortification, fore example in kefir and beer. Such products
show higher antioxidant capacity, better storage stability
and can positively influence quality of product (Penkina
et al.,, 2017; Semeniuc et al., 2016). Currentliterature
contains data on the use of shoots in food technology, as
well as in pharmacy, yet the mode in which drying would
influence the products’ activity has not yet been studied.
The objective of the study was to determine antioxidative
and antimicrobial properties of Pius Sylvestris L. shoots and
impact of different drying methods on physicochemical,
antimicrobial and antioxidative properties of Scots
pine shoot extracts. Therefore, in the present study the
shoots were dried via freeze drying, natural-air drying and
vacuum drying and evaluated by physical, chemical and
microbiological assays.

MATERIALS AND METHODS

Material

The study material consisted of Piuus sylvestris .. shoots
collected in 2019 from the arboretum in Zielonka
(Poland, 17°06’33”E, 52°06’33”N), a part of the Forest
Experimental Department of Poznan University of Life
Sciences. The shoots were collected in August and fixed
using three different drying methods: (1) freeze drying
(PSL) for 48h in an Alpha 1-2 LSC freeze drier (Christ,
Germany); (2) vacuum drying (PSP) at 60 °C under the
pressure of 470 mbar for 48h in a VO29 drier (Memmert,
Germany); (3) natural-air drying (PSN) at 21 °C for 72h.
The dried needles were crushed in a Grindomix GM 200
by Retsch (Haan, Germany) for 15 seconds at a rate of
500 rpm at 21 °C to a patticle size of 0.5 - 0.9 mm.

230

Extraction

Ethanol-water extract (40%) was obtained by mixing 5 g
of raw material with 150 mL of solvent (Sigma-Aldrich,
Germany). The samples were shaken in a water bath for
15 min at 21 °C at constant amplitude. The extract was
decanted and filtered using Whatman No. 4 paper three
times. Obtained supernatants were stored at -21 °C for
no more than two weeks before further analyses. Hach
measurements and analysis for each extract were conducted
in triplicate.

Density and extraction yield

Extractable yield was measured and calculated according
to methodology by Pham et al (Pham et al., 2015) and
expressed as % dried extract. Density was measured by
pipetting 1 ml of extract with automatic single channel
pipette (Thermo Fisher Scientific, USA) on weighing vessel
and weighed using laboratory scale, expressed in g/ml.

Instrumental analysis of color

The color of the extracts (reflectance values: L*, a*
and b*) was measured using CM-5 spectrometer (Konica
Minolta, Japan) according to methodology described by
the device producer. L¥*, a*, b* values were determined
using lluminant D65 and an observer angle of 107, color
temperature equaled 6504 K.

Ascorbic acid content

Vitamin C (ascorbic acid) content was determined
according to the modified method described by Ajila et al.
(Ajila et al., 2007). The absorbance drop was calculated.
Ascorbic acid was used as a standard. The calibration cutve
was performed using AA standard solutions. The linearity
of the curve coefficient — r*equaled 0.98. The final results
are given in mg AA/g dw.

Folin—-Ciocalteu reagent assay

Reducing capacity was determined using Folin-Ciocalteu
reagent (FCR) of the obtained extracts was determined
using the method of Kobus-Cisowska et al. with minor
modifications (Kobus-Cisowska et al., 2020). The reducing
capacity was expressed as mg of gallic acid (Sigma-Aldrich,
Germany) equivalents (GAE) per 1 g (mg/1 g) of dry mass
using the calibration curves of gallic acid.

Total flavonoid content

The total flavonoid content was determined using the
procedure described by Meda et al. (Meda et al., 2005).
The total flavonoid content was determined using a
standard curve with quercetin (Sigma—Aldrich, Germany)
as the standard. The mean of three readings was used and
expressed as mg of quercetin equivalents QE/1 g of raw
material.
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Content of flavonols and phenolic acids
The procedure was based on the method published by
Kobus et al. (Kobus-Cisowska et al., 2019b).

Content of chlorophylls and carotenoids

The carotenoids and chlorophyll were determined using
the standard method (Kobus-Cisowska et al., 2019b) and
expressed in mg/g of dry product.

Ferric reducing/antioxidant power assay

The antioxidant properties of the water-ethanol extracts
were determined using a ferric reducing/antioxidant power
assay (FRAP method) according to procedure described
by O’Sullivan et al. (O’Sullivan et al., 2013). A calibration
curve was constructed using FeSO, 7H,O. Samples were
incubated for 30 min and the absorbance was measured at
593 nm (Metertech SP880, Taiwan). Data were expressed
as uM FeSO, /g dry mass.

DPPH radical scavenging activity

The inhibition capacity of DPPH was investigated
according to the procedure performed by Szczepaniak et al.
(Szczepaniak et al., 2019). A calibration curve was prepared
using a Trolox standard solution. The decrease in DPPH
absorbance (A) was measured at 517 nm according to the
blank (A’). The inhibition capacity of the DPPH radical
was calculated and expressed as a percentage.

Antimicrobial activity

Antimicrobial activity of extracts was measured according
to Kobus-Cisowska et al. as the inhibition of the growth
of the indicator microorganisms: Klebsiella pnenmoniae
ATCC 31488, Salmonella enteritidis NTCC 13076, Pseudononas
aeruginosa NTCC 27853, Acinetobacter banmannii ATCC
196006, Enterococcus faecinm ATCC 27270, Staphylococcus anrens
ATCC 25923, Staphylococcus anreus NTCC 25923, Lactobacillus
Sfermentum NTCC 14932, Clostridium butyricum ATCC 860,
Listeria monocytogenes ATCC 19115, Bacillus coagulans, GBI-30,
6086, Candida ntillis NTCC 9950, Aspergillus sp., Fusarinm sp.
(Kobus-Cisowska et al., 2019b). Bacteriostatic properties
were determined by measuring the diameter of the growth
inhibition zone (indicator strain growth limitation).

Statistical analysis
All assays were conducted in triplicates and results
expressed as mean * SD. One way ANOVA testing

Table 1: Yield of Pinus sylvestris L. needles extraction.

was used to analyze statistical differences amongst the
various extracts for phenolic compound contents and
different antioxidant assays with least significant difference
(LSD). The P value less than 0.05 was assumed as a level
of significance. Correlations between the content of
components and antioxidant attributes were determined by
Pearson’s correlation coefficients. Additionally, the analysis
of the principal components was used (PCA). Statistical
analyses were calculated using Statistica 13.3 software
(Statsoft, Poland).

RESULTS

Extraction yield and physical properties of extracts
Extraction yield, density, pH and extract color were
examined and are presented in Table 1. The yield level
was as follows: PSL>PSP>PSN; these values correlated
with pH, but did not correlate with extract density. In the
case of material dried using freeze drying, high yield of
32.05% was obtained, for the natural-air-dried raw material
in room temperature, a 10-fold lower yield was obtained.
The density remained at a similar level between all samples,
with the highest density (0.973 g/ml) characterizing PSL
sample, whereas lowest PSP (0.932). The indicative of
hydrogen ion concentration was similar for PSL and PSP
samples (4.07 and 4.15, respectively), indicating their acidity,
whereas higher for PSN, demonstrating its more alkaline
pH. The extracts differed significantly in terms of color
measured in the CIELab space. The PSL sample had the
highest lightness value (L* = 75.01), whereas PSN was the
darkest sample (L* = 62.03). The a*and /* values indicating
colors in the range from yellow and blue, also differed
significantly between the samples, showing the impact of
drying on the content of pigments in the extracts.

Content of ascorbic acid, flavonoids, chlorophylls and
carotenoids

The content of the studied compounds varied significantly
in the tested shoots. The highest content of vitamin C
characterized PSP sample (59.12 mg/g), where this value
was close to 3-fold higher than in PSN sample (20.96 mg/¢)
and as much as 7.5 fold higher than in PSL sample
(7.81 mg/g), although the difference was not statistically
significant. The highest concentration of total chlorophyll
and carotenoids was observed in the extract of air-dried

Sample pH Density (g/ml) Extract yield (%) Color

L* a* b*
PSN 5,482+0,00 0,961 3,212+0,01 62,032+£0,05 5,76°+£0,11 61,682+0,15
PSL 4,07°+0,02 0,973 32,05°+6,66 75,01°+0,01 1,08°+0,01 26,66°+0,36
PSP 4,15°+0,00 0,932 20,84°+1,60 70,32°+0,27 2,22°+0,05 57,41°+0,03

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a column are not significantly different (p < 0.05).
PSN - air-dried needles of Pinus sylvestris L.; PSP — vacuum-dried needles of Pinus sylvestris L; PSL — freeze-dried needles of Pinus sylvestris L
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shoots (PSN), respectively 126.11 mg/g dw and 49.34 mg /¢
dw, the lowest content of these compounds was exhibited
by the extract from vacuum-dried leaves (PSP). The
difference of total chlorophyll concentration was not
statistically significant between PSN and PSP, and between
PSP and PSL. In terms of total flavonoid content the
values are analogous to the content of ascorbic acid, the
highest content was demonstrated in the PSP sample, at
5.51 mg quercetin/g dw, in case of PSN and PSL samples
the content of flavonoids was similar and amounted to 4.44
and 4.22 mg quercetin/g dw and the difference between
these samples was not statistically significant. These values
show that drying has a significant impact on the content
of individual compounds in the raw material.

Content of flavonols and phenolic acids by HPLC

The content of polyphenols and phenolic acids
depended on the applied drying method. The highest
content of polyphenols characterized extract from
freeze-dried raw material (9151.15 pg/g), followed by
vacuum-dried (8264.57 nug/g), and the lowest content
of phenolic compounds was found in convection-dried

Fig 1. Ground dried shoots and of Pinus sylvestris L. and extracts.
Order of samples from left: PSL, PSN, PSP

shoots (7621.76 pg/g). The most abundant phenolic
compound found in the extracts was naringenin (3221.25 —
3868.04 pg/g), ferrulic (1222.65- 1380.69ug/g) and caffeic
acid (954.89 - 1432.17 pg/g). In addition, high contents of
hydroxybenzoic, chlorogenic, coumaric and vanillic acid
have been identified in the extracts.

Antioxidative properties

The studied extracts demonstrated high antioxidative
properties, both in ferric reducing antioxidant power assay
(FRAP) as well as in free radical quenching measurement
(DPPH) and Folin-Cicoalteau reagent assay (FCR). In the
case of Fe’* reduction to Fe*" the most pronounced activity
was shown by the PSP extract (47.25 puM FeSO4/g dw),
but was not statistically different than PSN (37.79 pM
FeSO,/g dw), the smallest activity was pronounced by
PSL (21.79 uM FeSO4/g dw), but the difference was
not significant compared to PSN. Free radical quenching
capacity DPPH was expressed in % of quenching, but
also in the form of Trolox equivalent. The assessment
demonstrated that all samples are characterized by the
capacity to scavenge free radicals to a similar level,
with the strongest properties found for the PSL sample
(66.7% and 339 pM Trolox/g dw), and PSN (64.90% and
332.25 pM Trolox/g dw), statistically different was PSP
sample (55.92% and 299.72 uM Trolox/g dw). On the
other hand, according tothe FCR assay reducing capacity
was as follows: PSN>PSP>PSL in the range from 13.4 to
5.73 mg gallic acid/g dw.

Antimicrobial activity

All of the studied extracts demonstrated antimicrobial and
fungicidal properties, and they were particularly efficient
in the case of gram-negative bacteria. The results were
variable, however the PSL extract was characterized by
the strongest biocidal properties towards the majority of
microorganisms.

PCA projection (biplot) of results for qualitative analysis of
Pinus sylvestris L. leaf extracts in set of two first components
(PC1 and PC2), responsible for approximately 58%
composition deviation, presented heterogeneity of tested

o 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 200 2400 2500 2600 2700 2800 2900 30
e

Fig 2. HPLC chromatogram of acids and standards. Legend: PSL — black line, PSP — blue line, PSN — green line, standards - light blue line
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samples in terms of bioactive ingredients composition and
the degree of influence of selected compounds on extracts’
characteristic (Figure 3). The position of extracts on the
right part of the figure indicates high deviation between
samples in terms of the content of analyzed compounds
and assayed antioxidative activity.

DISCUSSION

Considering the continuing growth of interest for
vegetable products with health-promoting properties, it
is necessary to evaluate these raw materials in order to
provide consumers with functional products having the
desired, efficient action (Griffiths et al., 2016). The main
compounds with antioxidative nature in plants include
phenolic compounds, carotenoids, chlorophylls and
vitamins, and thus in vitro determination of the content
of these compounds is the basic method of evaluation
for the potential antioxidative properties of products
(Bungau et al., 2019). Considering that determination of
each component individually in complex systems such as
food products would be impossible to carry out, methods
such as FRA assay, FCR assay, DPPH scavenging are used,
allowing a rapid, simple and sensitive determinations. Thus,
these methods have been applied in the present study
(Benzie and Choi, 2014).

The conducted study demonstrated that the method
and conditions of the applied raw material drying
have considerable impact on physical properties and
antioxidant content, as well as antioxidative properties
of an extract. Drying method impact on extraction yield

and content of bioactive compounds is well documented
regarding many raw materials as a consequence of the
matrix changes during the drying process (Gornas et
al., 2014; Youssef and Mokhtar, 2014). Low efficiency
characterized the air-dried shoots, whereas vacuum-
dried and freeze-dried shoots were characterized by
considerably higher extraction yields. This may be caused
by the specificity of pine shoots containing waxes, resins
and essential oils, differing from the majority of plant
materials. Similar relationship was demonstrated in the
study of Pham et al., where drying at 30 °C and 25 °C
resulted in very low extraction efficiency, which was
most likely linked to the differences in the permeability
and solubility of the dried material (Pham et al., 2015).
The authors noted significant differences in the color,
indicating considerable impact of drying on the content
of bioactive compounds, in particular of pigments (Pham
et al., 2015). Spectrophotmetric testing demonstrated
that pine shoots can be a source of vitamin C, which
is a strong antioxidant, and fulfills a wide range of
biological functions. The content of ascorbic acid differed
significantly depending on the drying method. Literature
includes reports on vitamin C degradation as a result of
drying is frequently observed due to its susceptibility
to numerous factors, i.e. light, temperature, humidity
(Deng etal., 2018). In addition, vitamin C content in pine
shoots, varies depending on the season of the year or the
pollution level (Kalugina et al., 2018). Temperature and
relative humidity are among the most important factors
influencing the change of coloration and thus pigment
degradation (Shahabi et al., 2014). The relationship
between temperature growth and decrease of chlorophyll
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Fig 3. Principal component scatter diagram for tested samples (a) and principal components projection (b).Variables numbers as follows: 1. Gallic
acid; 2. 2,5.dihydroxybenzoic acid; 3. 4.hydroxybenzoic acid; 4. caffeic acid; 5. syringic acid; 6. p.coumaric acid; 7. ferulic acid; 8. chlorogenic
acid; 9. sinapic acid; 10. t.cinnamic acid; 11. vanilic acid; 12. salicylic acid; 13. Naringenin; 14. Vitexin; 15; Rutin 16. Quercitin; 17. Apigenin; 18.
Kaempferol; 19. Luteolin; 20. Color L*; 21. Color a*; 22. Color b*; 23. Ascorbic acid; 24. Chlorophyll a; 25. Chlorophyll b; 26. total carotenoids 27.
total flavonoids; 28. total polyphenol; 29. DPPH; 30. FRAP; 31. Klebsiella pneumoniae ATCC 31488; 32. Salmonella enteritidis ATCC 13076; 33.
Pseudomonas aeruginosa ATCC 27853; 34. Acinetobacter baumannii ATCC 19606; 35. Enterococcus faecium ATCC 27270; 36. Staphylococcus
aureus ATCC 25923; 37. Lactobacillus fermentum ATCC 14932; 38. Clostridium butyricum ATCC 860; 39. Listeria monocytogenes ATCC 19115;
40. Bacillus coagulans; 41. Candida utillis ATCC 9950; 42. Aspergillus sp.; 43. Fusarium sp.; 44. pH; 45. Density; 46. extraction yield.
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Table 2: The content of chlorophyll and carotenoids in Pinus sylvestris L.

Extract Ascorbic acid Chlorophyll A Chlorophyll Total Chlorophyll Carotenoids Total flavonoids (mg
(mg/g dw) (mg/g dw) B(mg/g dw) (mg/g dw) (mg/g dw) quercetin/g dw)

PSN 20,96°+8,46 43,30°+9,96 71,662 £9,04 126,112+12,49 49,34°+2,07 4,442+0,34

PSP 59,12°+12,25 13,43°+4,44 11,512+2,24 23,05%+3,15 17,72°+2,74 5,51°+0,52

PSL 7,812£1,77 32,53°+9,31 45,482+9,58 68,95°+7,78 24,18°+4,75 4,22°+0,64

The mean values in the column marked with different small letters indicate the significance of differences (p < 0.05). dw - dried weight of raw material

Table 3 : HPLC analysis of phenolic compounds in Pinus sylvestris L.

Compound (ug/g dw) PSN PSP PSL
gallic acid 134,57°+2,38 174,12°+5,22 184,54°+8,58
2,5-dihydroxybenzoic acid 10,65°+0,59 13,12°+0,97 18,66°+0,73
4-hydroxybenzoic acid 674,092+2,27 619,94°+1,57 671,682+29,67
caffeic acid 954,89°+0,60 1336,18°+31,73 1432,17°+66,86
syringic acid 92,112+2,07 108,76°+0,55 117,21°£3,63
p-coumaric acid 234,89+0,99 220,61°+3,08 256,45°+14,92
ferulic acid 1380,69°+1,9 1222,65°+4,09 1330,81°+37,18
chlorogenic acid 311,712+2,15 347,65°+1,88 418,68°+8,57
sinapic acid 36,95°+0,06 62,59°+4,03 42,92°+1,4
t-cinnamic acid 72,35%+1,43 114,50°+2,97 120,49°+1,38
vanilic acid 198,55°+0,65 223,36°+0,42 222,14°+9,85
salicylic acid 6,50%+0,44 13,04°+0,88 21,47°+0,53
naringenin 3221,252+5,87 3456,63°+5,01 3868,04°+79,99
vitexin 18,922+1,36 24,13°+3,83 56,97°+2,28
rutin 103,16%+4,21 111,90°+4,33 124,80°+4,55
quercetin 155,76%+7,49 187,68°£10,98 243,74°+7,4
apigenin 10,36°+0,62 12,54°+0,51 11,82°+0,44
kaempferol 0,26°+0,06 10,15°+2,69 0,30%+0,02
luteolin 4,122+0,25 5,02°+0,43 8,26°+0,22

Total phenolic compounds

7621,76%+14,43

8264,57°+48,09

9151,15°+118,31

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are not significantly different (p < 0.05)

Table 4: Radical scavenging and antioxidant activity of Pinus sylvestris L. with DPPH and FRAP methods

Assay PSN PSP PSL
DPPH scavenging effect (%) 64,90%+2,9 55,92°+4,41 66,76%+5,42
DPPH (uM Trolox/g dw) 332,25°+10,49 299,72°+15,97 339,00%+19,61
FRAP (uM FeSO4/g dw) 37,79°+3,64 47,25%+14,06 21,79%°+4,36
FCR (mg GAE /g dw) 13,42+4,07 8,34°+2,01 5,73°+2,55

Results are mean values of three determinations + standard deviation. Values sharing the same letter in a line are not significantly different (p < 0.05)

content and carotenoids in plant material in the process
drying has also been demonstrated (Oliveira et al., 2015).
Similarly to this study, numerous other works showed
that the freeze-drying method enables high pigment
concentration to be retained. Feng et al.,, who studied
lettuce cubes, demonstrated that freeze-drying allowed
retention of higher amount of chlorophylls as compared
with hot air drying and microwave drying, both in vacuum
conditions as well as in bed drying (Feng et al., 2012).
Freeze drying was also the most favorable method in the
study of green tea, where this method enabled obtaining
several-fold higher content than for fresh leaves, as well
as sun dried and shade dried leaves (Roshanak et al.,
2016). On the other hand, Barisa et al. demonstrated
minor differences between the content of chlorophyll
and carotenoids between samples dried with the following
methods: convection oven drying, microwave drying,
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air drying with and without sun exposure and food
dehydrator drying. In turn, Kumar et al. demonstrated that
drying leaves of Hibiscus sabdariffa L. at room temperature
was more favorable than freeze drying and other methods
(Branisa et al., 2017; Kumar et al., 2015). Lower yields of
these compounds in present study in PSL sample could be
also attributed to characteristic structure of Pine shoots.
As the outer layer is covered by epicuticular waxex, freeze-
drying of whole shoots could contribute to build-up of
internal pressure and lead up to material damage, making
it more susceptible to external conditions (Bhatta et al.,
2020). Therefore, it can be expected that raw material type
also has a decisive impact on the stability of pigments
during drying with different methods. Numerous studies
determined that the content of flavonoids determines
the antioxidative properties of extracts (Kobus-Cisowska
et al., 2019a; Kulczynski et al., 2016; Szczepaniak et
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Table 5. Antibacterial activity of Pinus sylvestris L.

Microrganism Growth inhibition
zone [mm]

PSN PSP PSL

Gram(-) bacteria
Klebsiella pneumoniae ATCC 31488

Salmonella enteritidis ATCC 13076 16x2 18+7 203
Pseudomonas aeruginosa ATCC 27853 27+3 25+2 2815

Acinetobacter baumannii ATCC 19606 20£2 18+2 23:3
Gram(+) bacteria

22+2 12+2 251

Enterococcus faecium ATCC 27270 182 19+2 19+9

Staphylococcus aureus ATCC 25923 19:2 1923 21x7

Lactobacillus fermentum ATCC 14932 13+2 153 1448

Clostridium butyricum ATCC 860 17:2 162 20+4

Listeria monocytogenes ATCC 19115 19£2 18+2 215

Bacillus coagulans GBI-30, 6086 19+2 20+1 228
Fungi

6+1 7+x1 9+1
5+1 4+1 745

Candida utillis ATCC 9950

Aspergillus sp.
Fusarium sp. 5+1 5+1 64

al., 2019). The test of total flavonoids content showed
that the extract obtained from freeze-dried shoots was
characterized by lower content of these compounds Based
on the example of numerous plant raw materials, it was
demonstrated that drying at elevated temperature may lead
to increased concentration of phenolic compounds, which
is caused by altered activities of various key enzymes
of phenolic biosynthetic pathways, increased activity
of enzymes such as polyphenol oxidase, phenoloxidase
cause abiotic stress and decreased water content in cells
[39]. On the other hand, the content of 19 flavonoids
and phenolic acids determined via HPLC exhibited
highest concentration for the PSL and lowest for the
PSN sample. In line with observations of numerous
authors, pine needles were characterized by high quercetin
content, whereas narginenin and ferrulic acid were
predominant among phenolic acids (Metsimuuronen
and Sirén, 2019). All samples were characterized by high
antioxidative activity in the free radical DPPH assay and
in ferric reducing antioxidant power assay. The order of
activity was as follows: PSL>PSP>PSN for DPPH and
PSP>PSN>PSL for FRAP. The results for FCR assay
were slightly different, the sample with highest reducing
capacity was PSN and PSL sample had the lowest reducing
activity. These differences showed between different
methods may stem from the different reactivity of the
tested components in extracts towards the studied reagent.
For example, FC reagent is nonspecific to phenolic
compounds and can be reduced by many nonphenolic
compounds such as vitamin C, which concentration was
lowest in PSL sample (G6rnas$ et al., 2016). However, in
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the case of numerous phenolic compounds, relationship
explained via bell-shaped curves has been observed, as
many compounds can be efficient antioxidants at very
low concentrations but rather inefficient or pro-oxidative
depending on the concentration, conditions and co-
occurrence of other compounds (Eren-Guzelgun et al.,
2018). Pine shoots have wide antimicrobial and fungicidal
action, which has also been demonstrated herein. Other
authors refer to the essential oils contained in coniferous
trees as compounds with highest antimicrobial potential,
however some phenolic compounds also demonstrate
this effect, such as quercetin, ferrulic acid and apigenin
contained in Scots pine (Nazzaro et al., 2017).

CONCLUSIONS

Pine shoots form a raw material characterized by
containing numerous bioactive compounds with high
antioxidative, reducing and antimicrobial properties. This
raw material may be applied in functional foods due to
the wide spectrum of potential health promoting action,
low price and good availability. However, the conducted
study provide evidence that the applied fixing methods,
i.e. drying leave marked impact on the physicochemical
properties of the obtained extracts and further research
is needed in order to optimize the process and to evaluate
the applicability of pine shoots.
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Abstract

Conifers have long been used as a source of compounds with therapeutic and health-promoting
potential, as well as raw materials containing characteristic aromatic and flavour substances.
The aim of this study was to characterise the mineral composition of the needles of selected
conifers, i.e. Picea abies L., Larix decidua Mill., Pinus sylvestris L., Pseudotsuga menziesii and
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while extracts obtained from Picea abies L. and Larix decidua Mill. were characterised by the
highest content of phenolic compounds. Extracts from the needles of Larix decidua Mill. showed
the highest antioxidant activity in DPPH and FRAP radical assays. The presence of tannins,
terpenoids, saponins and coumarins was demonstrated in all the extracts tested by qualitative
screening tests. Conifer needles, i.e. needles of Picea abies L., Larix decidua Mill, Abies alba,
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INTRODUCTION

In recent years, interest in the use of unusual plants in medicine and
functional foods has been growing steadily. Many plants that were valued
in traditional medicine are now being sought as natural and diverse sources
of compounds to complement modern pharmacological approaches as well
as enrich conventional foods and produce novel foods (Przeor 2022). Reports
indicate that up to 80% of the world’s population use plants and plant
extracts as medication and that 60% of medical products are based on com-
pounds derived from plants (Kumari et al. 2019). Consumers are increasing-
ly aware of recommendations for healthier and more sustainable food con-
sumption, which translates into an increased interest in plant-based foods
and the popularity of herbal supplements (Medawar et al. 2019). Conifers
are known in the traditional medicine of many nations (e.g. Korea, China,
Poland), are common throughout the world, and include eight families
(Pinaceae, Araucariaceae, Cupressaceae, Podocarpaceae, Cephalotaxaceae,
Taxaceae, Phyllocladaceae, Sciadopityaceae), 70 genera and 630 species
(BharDMaj et al. 2020). New research indicates the possible use of extracts
from various conifers in the treatment of many diseases, including diabetes,
neurological disorders, inflammation and cancer. Phytochemicals present
in conifer extracts are non-toxic at therapeutic levels, with polyphenolic
compounds, terpenoids, alkaloids having significant biological activity
(BharDMaj et al. 2021). These constituents can positively influence the activ-
ity of many enzymes. Meanwhile, minerals act as cofactors for antioxidant
enzymes, including superoxide dismutase, catalase and peroxidase, which
are essential for optimal function of the immune system (Tirkan et al. 2020).
On the other hand, plant secondary metabolites often have the ability
to inhibit enzymes, the high activity of which can promote disease and lead
to health disorders (Zengin et al. 2017). Plant extracts, including those
derived from conifers, were shown to have the ability to inhibit enzymes
such as cholinesterase, tyrosinase, a-amylase, a-glucosidase, angiotensin-
-converting enzyme, hyaluronidase and others (Zengin et al. 2017, Khouja
et al. 2020). Hyaluronic acid is a glucose-based polymer that is found
in tissues and body fluids, especially in the dermis and epidermis
(Jiratchayamaethasakul et al. 2020). Hyaluronidase is an enzyme that
degrades hyaluronic acid. The main direction of action of hyaluronic acid
is the effect on the skin; the activity of this acid contributes to the loss
of elasticity, reduced hydration and premature aging of the skin (Jiratchaya-
maethasakul et al. 2020). However, the degradation of hyaluronan is also
associated with a wide range of physiological and pathological processes.
Therefore, the inhibition of the hyaluronidase enzyme is important as an
approach to treating various diseases and disorders. Hyaluronidase inhibi-
tors may be used in anticancer therapy, antimicrobial therapy, and as com-
ponents of anti-venom and anti-toxin agents (Bhatti, Karim 2021).
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The aim of this study was to evaluate the needles of selected conifers,
1.e. Picea abies L., Larix decidua Mill., Pinus sylvestris L., Pseudotsuga
menziesii, Abies alba and Juniperus communis L., in terms of mineral con-
tent, presence of secondary metabolites, antioxidant activity and inhibitory
activity towards hyaluronidase.

MATERIALS AND METHODS

Material

Samples of shoots were collected from six different species of coniferous
trees: Picea abies L. (PA), Larix decidua Mill; (LD), Abies alba (AA), Pinus
sylvestris L. (PS), Pseudotsuga menziesii (PM) and Juniperus communis L.
(JC) from the arboretum in Zielonka (Poland, 17°06'33"E, 52°06'33"N), which
belongs to the Forest Experimental Department of Poznan University of Life
Sciences. The raw material collected was subjected to vacuum drying at 60°C
under the pressure of 470 mbar for 48 h in a VO29 drier (Memmert, Germa-
ny). The dried needles were sampled from three different shoots, crushed in
a Grindomix GM 200 (Retsch, Haan, Germany) for 15 s at a rate of 500 rpm
at 21°C, to a particle size of 0.5-0.9 mm.

Extraction

Depending on the assay, two different methods of extraction were con-
ducted. In the first case, 2 g of ground needles were weighed and extracted
with 40 ml of ethanol in an ultrasonic bath for 1 hour. After the first
extraction, the liquid above the needles was decanted by filtering it through
a filter, the needles were refilled with 40 ml of ethanol and the extraction
was continued under the same conditions. After the extraction was comple-
ted, the extract was filtered through a filter, pressing the liquid from
the needles as much as possible, and the two collected extracts were com-
bined to obtain the initial concentration of about 25 mg ml*! for the extracts.
The extracts prepared in this way were used to conduct DPPH, FRAP, hyal-
uronidase inhibition assay and qualitative tests. For the HPLC analysis,
water extracts were obtained by mixing 2 g of ground needles with 40 ml
of distilled water. The samples were shaken in a water bath for 1 h at 80°C
at constant amplitude, and the liquid above the needles was decanted
by filtering it through a filter. The extracts obtained were centrifuged and
the supernatants were stored at -21°C for no more than two weeks before
further analyses.

Qualitative phytochemical screening

Alkaloids and saponins were estimated according to the method
of Amarasingham et al. (1964). In the alkaloid test, about 0.5 g of the extract
and 5 ml of 1% aqueous HCl were mixed and heated (30°C). After filtration,
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2-3 drops of Dragendorff’s reagent were added to the filtrate. The presence
of alkaloids showed a precipitated orange-red colour. Saponin test was con-
ducted using about 0.5 g of the extract, which was dissolved with hot
distilled water. The formation of a 1 ¢m layer of foam after 1 min of shaking
was the preliminary evidence for saponins. Tests for tannins, phenolic con-
stituents, flavonoids, steroids, terpenoids, and cardiac glycosides were
conducted according to Auwal et al. (2014). The presence of phenolic acids
was assessed by mixing 1 ml of the extract with 2 ml of distilled water and
subsequently adding five drops of 10% FeCl, solution. The appearance
of dark green or blue colour is evidence of the presence of phenolic com-
pounds. A tannins test was performed by dissolving the extract in 10 ml
of distilled water and adding 1% aqueous solution of FeCl, after filtration.
Green-purple colour confirmed the presence of tannins. The presence
of flavonoids was assessed using 0.5 ml of extract to which 4 ml of 1% NH,
and then 1 ml of concentrated H,SO, were added. After a few seconds,
the yellow colour indicated a positive result. A steroid test was performed
with acetic anhydride (2 ml) and 2 ml of H,SO, were added into a test tube
with 0.5 g of the crude extract. The appearance of green or blue colour con-
firmed the presence of steroids in the sample. Terpenoids (Salkowski’s test)
test used an extract (5 ml) and 2 ml of CHCI, were added into a test tube,
followed by 1 ml of conc. H,SO,. A positive result for terpenoids was the for-
mation of a reddish-brown coloured layer at the interface. Cardiac glycosides
(Keller Killiani test) test was performed using 5 ml of the extracts and 2 ml
of glacial acetic acid mixed in the test tube, with 1-2 drops of 2% FeCl, added
after that. 1 ml of conc. H,SO, was carefully added to this solution. Cardiac
glycosides were characterised by the presence of a brown ring and a violet-
-green ring below. A coumarin test was performed according to the method
of Djaafar and Ridha (2014). 1 ml of ethanol was added to a test tube that
contained 0.1 g of crude extract and subsequently filtered. Afterwards, 1.5 ml
of 10% NaOH was added into the filtrate.

Mineral composition

The mineral composition analysis was made with a Vario MACRO Cube
CN analyzer (Elementar Analysensysteme GmbH, Germany) according to the
method of Telichowska et al. (2021). The analysis of the elemental composi-
tion of shoots was performed using an ICP-OES iCAP 6500 Axial and Radial
Vista (Thermo Scientific, Waltham, Massachusetts, USA. Prior to multi-
elemental analysis, the samples (approx. 0.5 g of dry mass — d.m.) underwent
the mineralisation process (with 5.0 ml of 69% HNO,) in Teflon bombs using
a microwave oven Milestone Start D (Milestone S.r.l., Sorisole, Italy).

Quantative determination of phenolic acids and flavonols

Phenolic compounds in the samples were analysed after alkaline and
acidic hydrolysis (Stuper-Szablewska et al. 2017). The analysis was per-
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formed using an Aquity H class UPLC system equipped with an Acquity
PDA detector (Waters, USA). Chromatographic separation was performed
on an Acquity UPLC® BEH C18 column (100 mm X 2.1 mm, particle size —
1.7 pm, Waters, Ireland). Elution was carried out in a gradient using the
following mobile phase composition: A — acetonitrile with 0.1% formic acid,
B — 1% aqueous formic acid mixture (pH=2). Concentrations of phenolic
compounds were determined using an internal standard at wavelengths
A=320 nm and 280 nm, and finally expressed as mg 100 g DM of the sam-
ple. The compounds were identified by comparing the retention time
of the analysed peak with the retention time of the standard and by adding
a specific amount of the standard to the samples analysed and conducting
a repeated analysis. The detection level was 1 ug g'. The retention times for
phenolic acids were as follows: gallic acid — 4.85 min, p-coumaric acid — 8.06 min,
2,5-dihydroxybenzoic acid — 9.55 min, 4-hydroxybenzoic acid — 9.89 min, chloro-
genic acid — 12.00 min, caffeic acid — 15.20 min, syringic acid — 15.60 min,
vanillic acid — 16.80 min, sinapic acid — 17.10 min, ferulic acid — 17.50 min,
salicylic acid — 17.85 min., t-cynnamic acid — 19.50 min. Retention times
for flavonoids were as follows: apigenin — 1.10 min, vitexin — 8.00 min,
kaempferol — 11.00 min, luteoline — 16.90 min, quercetin — 17.00 min, narin-
genin — 17.50 min, rutin — 17 90 min.

Antioxidant capacity screening

The DPPH assay was conducted according to the method of Studzins-
ka-Sroka et al. (2021). The study was carried out with the use of 96-well
plates. 25 ul of the appropriate extract dilution and 175 pl of DPPH reagent
were added to each well, making 4 replications for each of the species’ needle
extract dilutions. Incubation in a dark place for 30 min was allowed. After
this time, the absorbance of A = 517 nm was measured using a plate reader.
The IC50 value was determined. The reference was vitamin C. FRAP assay
was conducted according to a modified method by O’Sullivan et. al (2013).
The study was carried out with the use of 96-well plates. 25 uL of the appro-
priate extract dilution and 175 pL of FRAP reagent were added to each well,
making 4 replicates for each of the species’ needle extract dilutions. Incuba-
tion in the dark at 37°C for 30 min was allowed. After this time, the absor-
bance was measured with a plate reader at a wavelength of A = 593 nm.
The reference was vitamin C.

Hyaluronidase inhibition

An assay was performed according to the methodology of Chanaj-
-Kaczmarek et al. (2020). The assay was carried out with the use of 96-well
plates. During the analysis, the turbidance formed as a result of the precipi-
tation of hyaluronic acid, which was not degraded by the action of hyaluroni-
dase, was measured spectrophotometrically because its action was inhibited
by the extracts tested. The greater the turbidity, the more enzyme was inhib-
ited, the more hyaluronic acid remained in the mixture.
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Statistical analysis

All measurements were performed on three plants (i.e. three biological
replicates). All data were expressed as a meantstandard deviation and sub-
jected to one-way analysis of variance (ANOVA) using the RStudio software
version 1.4 (RStudio, PBC, Delaware, USA). Statistical differences were mea-
sured at p<0.05.

RESULTS AND DISCUSSION

In this study, the needles of the studied trees were compared for the
content of 15 selected mineral components (Table 1). The highest amount of
mineral components was found in sample AA (39 248 mg kg'!), slightly lower
in samples PM (37 042.5 mg kg') and PA (35 529.62 mg kg'), while the low-
est content of mineral components was found in JC needles (150.26 mg kg™).
In terms of quantity, potassium was the dominant element, ranging from
27 653.46 in the JC sample to 19 118.44 mg kg in the PS sample. Calcium
and magnesium were also present in high concentrations, ranging from
6687.46 in the JC sample to 3427.08 mg kg! in the PA sample, respectively,
and from 3750.23 in the JC sample to 2718.76 mg kg in the PA sample.
Molybdenum was present in trace amounts. A particularly high variation
was observed in terms of the Si content in the samples (160.16 -33.08 mg kg?).
The mineral content of tree needles is influenced by many factors, including
species, variety, tree age, climate zone, soil condition, ecosystem or environ-
mental pollution (Pietrzykowski et al. 2013). In the study by Pongrac et. al.
(2019), where mineral content was examined in Pinus sylvestris L. from
Neris Regional Park (Lithuania), the contents of Fe, B, Mg, Cu were similar
and the differences occurred in the range of 10-40%, while in the case
of Si, K, Mn, P, Al, the differences were much higher, e.g. 5 times higher
in the potassium content (Pongrac et al. 2019). In another study on the
mineral content of Pinus sylvestris L., where the effect of industrial pollution
in the Irkutsk region (Russia) on the level of nutrients in conifers was
studied, the results for P, Ca, Mg, S, Al, Mn did not exceed several dozen per
cent, except for K, the content of which was studied in this publication and
was several times higher, both in the case of trees subjected to low and high
exposure to technogenic pollution (Mikhailova et al. 2017). Similar trends are
observed in studies where trees of Juniperus communis L., Picea abies L.
species were analysed, and where the concentration of elements is similar
apart from few differences (Gruwez et al. 2017, Jyske et al. 2020).

Qualitative screening in the conifer extracts tested revealed the presence
of several primary and secondary metabolites or phytonutrients, which are
summarised in Table 2. Tannins, terpenoids, saponins and coumarins were
found in all the extracts studied. No steroids or cardiac glycosides were
detected in any of the samples, whereas the Dragendorff reagent test only
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Table 2
Qualitative phytochemical screening of conifer needles extracts
Sample Screening result
Compound PM AA PA JC PS LD
Alkaloids + *
Tannins + + + + +
Terpenoids + + + + +
Steroids
Cardiac glycosides
Saponins + + + +
Coumarins + + + +

Abbreviations: Picea abies L. (PA), Abies alba (AA), Larix decidua Mill. (LD), Pinus sylvestris L.
(PS), Pseudotsuga menziesii (PM) and Juniperus communis L. (JC); (+) detected; (-) not detected

showed the presence of alkaloids in samples AA and LD. As reported
by other authors, proanthocyanidins (condensed tannins) are commonly
found in conifer needles, shoots and bark in the form of flavan-3-ols, which
contain catechin and epicatechin ( Yang et al. 2021). Triterpene glycosides
(saponins) and other terpene compounds are commonly found in the tissues
of many trees, especially the bark but also leaves and needles (Mroczek
2015, Wang et al. 2018). Among secondary plant metabolites, it is well docu-
mented that polyphenols, alkaloids, and triterpenoids function as repellents
and toxic agents that protect trees. The bioactivity of saponin mixtures
of individual saponins in vitro and in vivo include cytotoxic, immunomodula-
tory, hepatoprotective, antidiabetic, hypolipidemic, anti-osteoporotic, antivi-
ral and antifungal activities. Thus, plant extracts can be considered as promi-
sing and highly available sources of biologically active triterpene saponins
(Q1 et al. 2020).

The analysis of the polyphenolic compound content was deepened by
running HPLC assays (Table 3). Significant variation in the phenolic content
was found between the studied shoots of different conifers. The predominant
phenolic compounds present in the samples were caffeic acid> chlorogenic
acid>ferulic acid>4-hydroxybenzoic acid. Caffeic acid was found in the highest
concentration (from 522.6 in sample AA to 5775.76 pg g* DM in sample JC),
while sinapic acid and 2,5-dihydroxybenzoic acid were present in the lowest
concentration. Among the samples tested, sample PA (18 727.27 pug g DM)
was the richest in phenolic compounds, followed by LD (10 906.67 pg g DM),
JC (10 875.45 pg g' DM), PM (9436.36 nug g* DM) and PS (6605.45 ug g* DM).
The presence and concentration of individual secondary metabolites and
their accumulation is strongly dependent on various environmental factors,
including light, temperature, soil fertility and salinity (Yang et al. 2018).
In the analysis of the phenolic content, the results obtained are consistent
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with those obtained in previous studies, where conifer shoots dried by differ-
ent methods were analysed, as well as in studies where extraction was per-
formed using ethanol, which yielded more compounds (Dziedzinski et al.
2020a). In another study (Sahin Yaglioglu, Eser 2017) on methanolic extracts
of needles from 4 different juniper species (J. communis, J. excelsa, <J. foeti-
dissima, J. oxycedrus subsp. oxycedrus), the authors identified catechin as the
major phenolic compound in the needle extracts at 273.36-274.85 mg g'! DM
and rutin at 146.57 mg g! DM, which were not detected in this study.
In turn, in a study conducted on needles of common spruce, the authors used
95% ethanol for extraction and detected the same compounds as in the pre-
sent study, 1.e. chlorogenic acid, gallic acid, kaempferol, quercetin, but at
concentrations below the limit of quantification of approx. 0.02 umol g DM.
The dominant compound, as in the previously mentioned study, was catechin
(Ganthaler et al. 2017). The result of extraction of phytochemical compounds
1s critically influenced by the composition of the solvent used, extraction time
and temperature; in the case of phenolic compounds in plants, many authors
observe that ethanol often yields the highest concentrations of polyphenols
(Mohd Hazli et al. 2019).

Figure 1 summarises results related to the antioxidant capacity of coni-
fer extracts evaluated by DPPH and FRAP methods. The lowest IC50 value
for the inhibition of DPPH radical was 2.73 mg ml! for LD sample, while the
highest value was 7.94 mg ml* for AA sample. The results for PM, PA, and
JC samples ranged from 6.83 - 5.09 mg ml* and were not statistically signifi-
cantly different. In the FRAP assay, LD extract (1.51 mg ml!) showed the

3 ab
7 c
ab
6
g
o a
g5
g
-8 4
e ; ; \
+ - a
: d .
S 2 2
1 |
0
PM AA PA JC LD

u DPPH IC50 FRAP IC0.5

Fig. 1. Antioxidative capacity of conifer extracts measured by DPPH and FRAP assays
The results are mean values of three determinations+standard deviation. The values sharing
the same letter in a line were not significantly different (p<0.05). Abbreviations: Picea abies L.
(PA), Abies alba (AA), Larix decidua Mill. (LD), Pinus sylvestris L. (PS), Pseudotsuga menziesii
(PM) and Juniperus communis L. (JC)
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lowest 1C0.5 value, followed by PA extract (2.1 mg ml?!). PM (3.05 mg ml?)
and AA (2.99 mg ml?) samples, which were not statistically significantly dif-
ferent from each other, showed the highest result in the study. For pine
needle extracts (PS), neither IC50 nor 1C0.5 values could be determined with
DPPH and FRAP. DPPH and FRAP are among the most commonly used
methods to estimate antioxidant activity (Tang et al. 2020). The IC, values
obtained from the DPPH assay are comparable to those obtained by
other authors for essential oils from Pinus sylvestris var mongolica needles
(14.36 mg ml'), while the results are significantly higher for both DPPH
from essential oils obtained from Pinus pinea needles and methanol extracts
from Juniperus oxycedrus subsp. oxycedrus (Chaouche et al. 2013, Halloum
et al. 2019, Namshir et al. 2020). The relatively low antioxidant activity com-
pared to some studies by other authors may be due to the difference in sol-
vent used and extraction method. For many plant raw materials, the highest
levels of phenols, flavonoids, alkaloids and terpenoids are observed in meth-
anol extracts, which also significantly affects the measured biological activi-
ty, which was lower due to the use of ethanol in the study (Truong et al.
2019). The content of polyphenols and their antioxidant activity is often
a determining factor for the functionality of plant raw materials and further
of food products due to the potential of polyphenols to have protective effects
in acute and chronic diseases, including obesity, neurodegenerative diseases,
type 2 diabetes, and cardiovascular diseases (Cory et al. 2018).

The hyaluronidase inhibition assay compared the activity of ethanolic
extracts (Figure 2). The LD sample had the highest ability to inhibit the hyalu-

PM

PA[lab
JC lab

PS | ab

LD b
\ \ \ \ \ \ \

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

inhibition of hyaluronidase activity for extracts (%)

Fig. 2. Inhibition of hyaluronidase activity by conifer needle extracts
The results are mean values of three determinations+standard deviation. The values sharing
the same letter in a line were not significantly different (p<0.05). Abbreviations: Picea abies L.
(PA), Abies alba (AA), Larix decidua Mill. (LD), Pinus sylvestris L. (PS), Pseudotsuga menziesii
(PM) and Juniperus communis L. (JC)
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ronic acid depolymerising enzyme (78.16% inhibition effect), which was sta-
tistically significantly higher compared to the other samples. The AA sample
had the lowest ability to inhibit hyaluronidase (0.75% inhibition effect).
The remaining samples had varying degrees of inhibition (7.95-1.26%) but
the differences between them were not statistically significant. mong other
things, the ability of polyphenols to inhibit dermal proteases and photopro-
tective activity, mostly studied using dermal fibroblasts or epidermal kerati-
nocytes cell lines in cosmetics, as well as the ability of polyphenols to inhibit
certain digestive enzymes were observed, which may be the basis for deve-
loping new and more effective anti-obesity and antidiabetic agents. (Zillich
et al. 2015, Martinez-Gonzalez et al. 2017)

A study on the inhibition of hyaluronidase activity showed a relatively
low inhibitory effect for most of the samples tested, except for Larix decidua
Mill., where the inhibitory effect was 78%. In a study on essential oils
of needles from different pine species (Pinus brutia Ten., Pinus halepensis
Mill., Pinus nigra Arn., Pinus pinea L. and Pinus sylvestris L.), hyaluroni-
dase inhibition was moderate, ranging from 10.14-30.28% (Stntar et al.
2012). Hyaluronidase is a mucopolysaccharide related to inflammation by the
histamine released from mast cells. Hyaluronidase inhibitors can effectively
reduce allergic and inflammatory reaction (Furusawa et al. 2011). Anti-hyal-
uronidase and anti-elastase properties were observed for tannin-rich plant
materials, 1.e. Lythrum salicaria L. or Geum urbanum L., which are charac-
terised by a high concentration of polyphenols (Piwowarski et al. 2011).

CONCLUSIONS

Conifer needles, i.e. needles of Picea abies L., Larix decidua Mill, Abies
alba, Pinus sylvestris L., Pseudotsuga menziesii and Juniperus communis L.,
can be a valuable and ecological source of polyphenols and minerals.
The presence of tannins, terpenoids, saponins and coumarins was demon-
strated in all the extracts tested by qualitative screening tests. Among
phenolic compounds, a high content of 2,5-dihydroxybenzoic acid, 4-hydroxy-
benzoic acid and caffeic acid was found. Needles from Abies alba shoots had
the highest antioxidant capacity in DPPH and FRAP assays. Needles may
be a potential raw material that could find wide applications in pharma-
cology, cosmetics, as well as health-promoting and functional foods.
This is a promising new source of bioactive compounds that has not yet been
sufficiently developed.
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ABSTRACT

Background: The aim of this study was to determine the role of Pinus sylvestris L. shoots in the develop-
ment of antioxidant and sensory features of wheat beer.

Results: After storage, the alcohol content of the experimental beer was 4.04%v/v, and its bitterness was
15.83 IBU (bitterness units). Higher levels of bitterness were found compared to the control beer. Other
analyzed fermentation parameters (extract, degree of fermentation) and physicochemical parameters
(pH, titratable acidity, color) were similar for both types of beer. The addition of pine shoots at the brew-
ing stage affected the profile of biologically active compounds - both polyphenolic acids and flavonols.
The content of both groups of those compounds was almost 30% higher in the sample with pine shoots
compared to the control sample. The sensory evaluation confirmed the high attractiveness of the beer
with pine shoots. During the three-month storage period, the tested samples were microbiologically
stable.bd268

Conclusions: It was concluded that pine shoots may be an attractive functional addition to flavored craft
beer. It can increase both sensory attractiveness and quantity of bioactive compounds, which results in
functional properties such as antioxidant potential.

Peer review under responsibility of Pontificia Universidad Catélica de Valparaiso

* Corresponding author.

E-mail address: marcin.dziedzinski@up.poznan.pl (M. Dziedzifiski).

https://doi.org/10.1016/j.ejbt.2023.01.001
0717-3458/© 2023 Pontificia Universidad Catélica de Valparaiso. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejbt.2023.01.001&domain=pdf
https://doi.org/10.1016/j.ejbt.2023.01.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:marcin.dziedzinski@up.poznan.pl
https://doi.org/10.1016/j.ejbt.2023.01.001
http://www.sciencedirect.com/science/journal/07173458
http://www.elsevier.com/locate/ejbt

M. Dziedzifiski, B. Stachowiak, J. Kobus-Cisowska et al.

Electronic Journal of Biotechnology 63 (2023) 10-17

How to cite: Dziedzifiski M, Stachowiak B, Kobus-Cisowska ], et al. Supplementation of beer with Pinus

sylvestris L. shoots extracts and its effect on fermentation, phenolic content, antioxidant activity and sen-

sory profiles. Electron ] Biotechnol 2023;63. https://doi.org/10.1016/j.ejbt.2023.01.001.

© 2023 Pontificia Universidad Catélica de Valparaiso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Beer is one of the oldest and most popular alcoholic beverages
in the world. In 2020, the global consumption of that beverage
was 177.5 million kiloliters. The leader in beer consumption is
China (360 million hectoliters), followed by the USA (241 million
hectoliters), Brazil (138 million hectoliters), Russia (86 million hec-
toliters) and Germany (77 million hectoliters) [1]. In 2021, in the
EU, the production of alcoholic beer amounted to 33.1 billion liters
and of beer that contained less than 0.5% alcohol reached 1.7 bil-
lion liters [2]. The traditional raw materials for beer production
are water, malt and hops, from which a hopped wort is prepared,
which is then fermented with bottom- or top-fermenting yeast in
the next stage. The addition of unconventional raw materials
shapes the sensory qualities of beer, first of all, but it can also affect
the content of bioactive compounds with functional effects, includ-
ing antioxidants [3]. The source of such raw materials can be the
forest environment, including pine species, individual elements
of which, such as bark, cones, shoots, have been and are used in
traditional medicine for various ailments, most often in the treat-
ment of respiratory and dermatological diseases. The preparations
obtained from them (resin, extracts, ointments, lotions, oils) show
antimicrobial, antioxidant, anti-inflammatory and cytoprotective
properties. They can also be used in the treatment of neurodegen-
erative disorders such as Alzheimer’s or Parkinson’s diseases, as
well as in the treatment of wounds [4]. Pycnogenol, an extract from
the bark of the French maritime pine, is the most powerful antiox-
idant known to modern medicine. It contains polyphenolic com-
pounds (mainly procyanidins, organic acids and bioflavonoids).
The quality of this extract is determined by the United States Phar-
macopeia (USP 28) [5]. In turn, the extract from Pinus sylvestris
aetheroleum is officially listed in the European Pharmacopoeia
[6]. It has antibacterial, expectorant and analgesic properties and
is used as an antiseptic for respiratory tract, urinary tract and kid-
ney infections. It facilitates the dissolution of kidney stones [6]. The
shoots of the Scots pine (Pinus sylvestris L.) are also a rich source of
bioactive compounds. Among those, the most important are essen-
tial oil (0.4%) phenolic compounds (flavonoids, tannins, phenolic
acids and their derivatives), vitamin C (lithium). Young shoots of
Pinus sylvestris are used to treat respiratory diseases (e.g. asthma,
cough and tracheitis). Pine shoot extract has been used as a folk
remedy in the treatment of chronic inflammation, circulatory dis-
orders and asthma, and now, it is an ingredient of pharmaceutical
supplements [4].

Phenolic compounds are well-known antioxidants capable of
reducing oxidative stress, which is the direct cause of most civiliza-
tion diseases, such as cardiovascular diseases, cancer, and neurode-
generative diseases (Parkinson, Alzheimer). There are more than 50
components in pine shoot essential oils. Their concentration
depends on the species, growing conditions, morphological part
of the plant. The following components of essential oils are added
in the largest amount: o-pinene, B-pinene, B-phellandrene, B-
caryophyllene, camphene, a-terpineol, germacrene D, bornyl acet-
ate, citronellol. They can determine the sensory properties of the
final products [7]. Additionally, they are characterized by antiviral
and antimicrobial properties. Pinens have the GRAS status, i.e. they
can be used as food ingredients [8].
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Beer that contains coniferous tree extracts, mainly from pine
shoots, appear on the craft beer market; however, the impact of
the extracts on the antioxidant activity of beer, polyphenol content
and sensory properties of that beverage has not been analyzed so
far. The aim of this study was to determine the role of Pinus sylves-
tris L. shoots in the development of antioxidant and sensory prop-
erties of wheat beer. To evaluate the effect on the addition of pine
shoots on the characteristics of the beer, a test beer and a control
beer were produced under laboratory conditions and stored for
one month. Basic physicochemical properties, concentration of
polyphenols and their profile, the microbiological condition of beer
and its sensory quality were analyzed.

2. Materials and methods
2.1. Material

The test material was pine shoots (Pinus sylvestris L). Shoots col-
lected in 2021 from the arboretum in Zielonka (Poland, 17°06'33"E,
52°06'33"N), a part of the Forest Experimental Department of Poz-
nan University of Life Sciences. The material was air-dried at 20°C
with 55% humidity and stored before usage. A ready-made brew-
kit BA Hefeweizen (Browamator, Poland) was used to prepare the
beer. The kit included a blend of ground malts in the following
proportions: pale wheat Weyermann® — 58%, pilsner Weyermann®
- 37%, carmel Carahell® - 5%; granulated aromatic hop Relax
(Germany) - 30 g; dried top-fermenting Saccharomyces cerevisiae
yeast (Safbrew™ WB-06) - 11.5 g.

2.2. Methods

2.2.1. Laboratory beer production

In the first stage, the infusion mashing with stirring was carried
out under laboratory conditions. For that process, 15 1 of top water
and 4.3 kg of blend of malts (a weight ratio: 3.5:1) were used at the
beginning. The temperature of mash was adjusted to 45°C and
maintained for 10 min. Then, the temperature of mash was raised
as follows: to 53°C for 15 min (for B-glucan denaturation); to 63°C
for 30 min (for protein denaturation) and to 72°C up to the nega-
tive iodine test (for starch denaturation). Then, the mash-out tem-
perature was raised to 76°C for 10 min (for enzyme denaturation).
The ready mash was transferred to a plastic filter tank. The mash
was left for about 30 min to create a filter bed from the malt spent
grains of mainly the husk fraction. After this time, the proper filtra-
tion stage took place. After separating the first wort, the grains
were washed with water at the temperature of 75°C until 20 1 of
liquid was obtained. The obtained wort was boiled for 80 min.
Hops (15 g/1) were added after 15 min of boiling, and then, pine
shoots (15 g/L) were added after 30 min. The control sample was
prepared with the addition of hops, in two portions of 15 g, which
were added in the same way as in the case of the pine shoot sam-
ple. The boiled wort was cooled down to the temperature of 25°C.
The content of the extract was measured with the use of the Balling
hydrometer by cooling down the wort to the temperature of 20°C.

Yeast was added to the cooled wort. Fermentation was carried
out in a closed 30 I plastic fermentation vessel, at the temperature
of 20°C for 10 d in a thermostat with a cooling system (ST700,
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POL-EKO Aparatura, Poland). Next, the beer was poured into
500 ml glass bottles and kept refrigerated (4°C) for one month.
They were analyzed at 3 stages of production - as wort (W), as beer
after fermentation (FB), and beer after one month of storage (B1).

Explanations of sample acronyms used in the manuscript are
provided below.

CW - control wort

EW - experimental wort, wort with pine shoots addition

CB - control beer after main fermentation

EB - experimental beer, beer with pine shoots after main
fermentation

CB1 - control beer after one month of storage

EB1 - experimental beer, beer with pine shoots after one month
of storage

2.2.2. Basic physico-chemical parameters

For the physico-chemical analysis, the samples of beer were
degassed by manual shaking (5 min), filtrated through a layer of
cotton wool and centrifuged (2000 x g for 15 min, 20°C).

The alcohol concentration by volume was determined after dis-
tillation (Super Dee Digital Distillator Gibertini, Italy) using auto-
matic densitometer (DDM-2910, Rudolph Research Analytical,
USA) by mechanical oscillator method. The extract content/the
density in the samples was measured with the use of the Balling
hydrometer at 20°C. The pH was determined using a pH-meter
(Elmetron CP-411, Poland). To determine the titratable acidity,
25 ml of each sample was titrated with 0.1 N NaOH solution from
the initial pH to 7.0. Total acidity was expressed in units of ml 1 M
NaOH /100 ml beer. The color of beer was determined with the use
of a spectrophotometer (Halo SB-10, Dynamica Scientific Ltd) at
430 nm wavelength.

The beer bitterness analysis was performed according to
Analytica-EBC (2010) recommendation. An amount of 10 ml
degassed beer was transferred to Falcon tubes (50 ml), and then,
0.5 ml of a hydrochloric acid solution (6 N HCI) and 20 ml of isoac-
etate were added. The tubes were shaken for 5 min. Next, 10 ml of
the sample was placed into 15 ml Falcon tubes and centrifuged
(3000 rpm, 5 min). For analysis of beer bitterness, the absorbance
A275 of the isooctane layer was measured in quartz cuvettes at a
wavelength of 275 nm (spectrophotometer Halo SB-10, Dynamica
Scientific Ltd.) against pure isooctane. The value of bitterness is
expressed in units of bitterness (IBU).

2.2.3. Microbial analysis

The pour plate method was used to determine the total count of
microorganisms (nutrient agar — NA, BTL, £6dZ, Poland; 30°C, 48 h),
the total count of lactic acid bacteria (LAB) (de Man, Rogosa and
Sharpe agar - MRS, Oxoid) under anaerobic conditions (30°C,
72 h), the total count of yeast (Yeast Extract Glucose Chloram-
phenicol - YGC Agar, BTL, £6dz, Poland; 25°C, 72 h).

2.2.4. Polyphenol content

Phenolic compounds in samples were analyzed after alkaline
and acidic hydrolysis [9]. The analysis was performed using an
Aquity H class UPLC system equipped with Waters Acquity PDA
detector (Waters, USA). Chromatographic separation was per-
formed using Acquity UPLC® BEH C18 column (100 mm x 2.1 m
m, particle size 1.7 um) (Waters, Ireland). The elution was carried
out gradient using the following mobile phase composition: A: ace-
tonitrile with 0.1% formic acid, B: 1% aqueous formic acid mixture
(Ph = 2). Concentrations of phenolic compounds were determined
using an internal standard at wavelengths A = 320 nm and 280 nm.
The compounds were identified based on a comparison of the
retention time of the analyzed peak with the retention time of
the standard and by adding a specific amount of the standard to
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the analyzed samples and a repeated analysis. The detection level
is 1 pg/e.

2.2.5. DPPH assay

The extract’s antiradical scavenging potential against DPPH rad-
icals was analyzed. To that end, a methanolic solution of DPPH was
used to evaluate the free-radical scavenging potential of the sam-
ples [10]. The degree of the solution’s discoloration indicated the
scavenging efficacy of the added substance. For this analysis,
1 ml of the tested solution was supplemented with 2 ml of pure
methanol (Honeywell, United Kingdom), followed by 0.25 ml of
1 mM DPPHe ethanolic solution. The mixture was vortexed for
~60 s and left for 20 min at room temperature. Absorbance was
recorded at A = 517 nm (Meterek SP 830, Taiwan). Methanol was
used to prepare a reference sample and the control. To plot a cali-
bration curve, the absorbance values were measured simultane-
ously for samples containing respective concentrations of Trolox
(Sigma-Aldrich, Germany) as a standard (0.5, 1.0, 1.5, and
2.0 mg/ml; r2 = 0.9639). The results are expressed as % of
inhibition.

2.2.6. Sensory evaluation

The sensory evaluation of beer and beer supplemented with
shoots of Pinus sylvestris L. was carried out at sensory laboratory
of Poznan University of Life Sciences. It was performed by a panel
of 20 assessors (14 women and 6 men), at the age from 21 to 55, all
of them were university staff members or students trained in per-
forming sensory analysis of various alcoholic beverages (including
beer). During preliminary sessions, the panelists generated 10 taste
descriptors (sweet, sour, bitter, tart, fruity, yeasty, pine, malty
honey, hop) and 8 aroma descriptors (citrus, malty, hoppy, yeasty,
pine, caramel, foreign, fruity). The panelists were seated in sepa-
rate purpose-made booths, and the environment was free of inter-
ference in terms of noise, visual stimulation and ambient odor. The
samples were evaluated in duplicate and were placed in random
order into standard tasting glasses filled with 50 ml of beer, and
marked with a three-digit code. The beer samples were served at
12°C under white light. The panelists used an unstructured scale
with boundary markings to rate the intensity of each attribute
(0 = very weak, 10 = very intense), and the mean scores of attri-
butes were submitted to quantitative descriptive analysis in order
to generate the sensory profile of the two types of beer.

2.2.7. Statistical analysis

All measurements were performed using three samples (differ-
ent bottles). All data were expressed as a mean * standard devia-
tion and subjected to one-way analysis of variance (ANOVA)
using the RStudio software version 1.4 (RStudio, PBC, Delaware,
USA). Statistical differences were measured at P < 0.05.

3. Results
3.1. Physico-chemical and microbiological parameters of beer

The results of physicochemical and microbiological tests of the
wort and the produced beer are presented in Table 1. The deter-
mined base wort extract of the experimental beer (with pine
shoots) and the control beer was 12% and 11.5%v/v, respectively.
As a result of the wort fermentation, the actual amount of the
extract in the beer decreased and was: 5.20% v/v for CB and
5.00% for SB. During storage, further, but small, consumption of
the extract took place and, after a month, the parameter reached
the value of 4.30% v/v for both types of beer. The content of ethanol
in beer with pine shoots was higher compared to the control sam-
ple, at all controlled production stages. After one month of storage,
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Table 1

Physico-chemical and microbial parameters of the prepared worts (CW, SW) and beer - young beer after main fermentation (CB, SB) and beer after a month of storage in a fridge

(CB1, SB1).
Analyzed Ethanol Extract Degree of Acidity Bitterness Color Yeast
sample fermentation count

% v[v real apparent real apparent active titratable IBU EBC log
%w[w %w[w % % pH 1 M NaOH/ cfu/ml
100 ml

cw nd 11.50 nd nd nd 544 £0.01* 0.42 17.95+0.21° 17.01 £0.19a"¢ 7.39
N nd 12.00 nd nd nd 517 £ 0.00° 0.54 16.70 £+ 0437 15.00 £ 0.29%°¢  7.39
CB 4.27 £ 0.06° 5.20 £ 0.08%  4.10 £ 0.1 54.78 64.35 4.31 £0.00° 2.70 + 0.02? 1539 + 0.07°  16.94 + 0.42%> 6.95
SB 490 +0.07% 500+0.11% 3.70+0.13" 5833 69.17 431 +0.019 246 +0.03" 16.39+0.61% 17.36 £ 0.09° 6.74
CB1 481 +0.02°® 430%0.02"® 310£0.03 6261 73.06 4.06 + 0.05° 3.04 +0.01° 10.37 + 0.69°¢ 10.47 + 0.13%° 7.00
SB1 536 +0.03°"  4.30+0.057 250+0.065" 64.17 79.17 4.04 £0.00" 3.25+0.01¢% 15.83 £+0.74" 9.77 £ 0.39% 7.30

Values are expressed as the mean (n = 3) + standard deviation. Mean values with different letters (a, b, c, etc.) within the same column are statistically different (P

value < 0.05).
* - original extract; nd - no data was collected at this point.

its concentration in the experimental beer was 5.36% v/v, while in
the control beer - it was 4.81% v/v. Also, the actual attenuation,
determined after fermentation and after one month of storage,
was higher for the beer with the shoots and was 58.33% for SB
and 64.17% for SB1. For the control sample, the extract was
54.78% for CB and 62.61% for CB1. The pH of the control wort
was 5.44 and was higher than that of the wort that included pine
shoots — 5.04. During primary fermentation and storage, the pH
of both types of beer decreased, reaching approximately 4.0. The
total acidity of the control wort was 0.41 and that of the wort with
the shoots was 0.55. During fermentation and storage, an increase
in the total acidity of both types of beer was noticed.

The bitterness in the control wort was 17.95 IBU, and it was
higher than the bitterness in the wort with the pine shoots. Bitter-
ness in the tested types of beer decreased during fermentation and
storage; in the case of the control beer, it reached the final value of
10.37 IBU, while in the case of the experimental beer - it reached
15.83 IBU.

The color of the wort with pine shoots was lighter - at 15 EBC,
while that of the control wort was 17 EBC. No changes in the wort
color were observed after the turbulent fermentation process. In

turn, after a month of storage, the color of both types of beer
was definitely lighter. Once yeast was added to the wort, the yeast
count was 7.39 log/ml. After fermentation, the count decreased in
both types of beer, in the CB beer to 6.95 log/ml and in the SB to
6.74 log/ml. A significant increase in yeast count was found in
the beer with pine shoots after one month of storage. In both types
of tested beer, mesophilic bacteria and lactic acid bacteria were not
found at any stage of the production process.

3.2. Polyphenols and antioxidant activity

The polyphenol content and their profile are included in Table 2.
It was found that ferulic acid, caffeic acid, cinnamic acid and 4-
hydroxybenzoic acid predominated among the phenolic acids
found in the analyzed wort and beer samples. Naringenin was
dominated among the flavonols. In the control wort, the dominant
polyphenols were ferulic acid and naringenin. In contrast, the high-
est content of ferulic acid was noticed in beer with pine shoots. In
the entire production process, the lowest level of the tested
polyphenols was found for luteolin and kaempferol.

Table 2
Polyphenol content in the tested beer.
Samples

Compounds cw CB CB1 SW SB SB1
Gallic acid 1.89 + 0.04° 1.83 + 0.07° 1.73 £ 0.04° 11.53 + 0.25 11.63 + 0.11% 12.34 + 0.08%°
2.5-Dihydroxybenzoic acid 0.67 + 0.02%° 0.89 + 0.04% 1.31 + 0.02? 0.68 + 0.05" 0.80 + 0.1¢ 1.20 + 0.1%¢
4-hydroxybenzoic acid 0.23 + 0.022 0.43 + 0.02° 1.60 + 0.02%° 50.13 + 0.31%° 57.25 + 1.03%® 59.27 + 1.04%®
Protocatechuic acid 1.30 £ 0.22 1.65 + 0.06° 1.50 £ 0.1¢ 2.17 £0.12%¢ 2.49 +0.2%¢ 2.50 + 0.04*
Caffeic acid 0.35 + 0.03? 0.45 + 0.04° 0.82 + 0.03? 50.37 + 0.25% 81.63 + 1.4 85.60 + 0.44%°
Syringic acid 0.66 + 0.022 0.75 + 0.03" 1.79 + 0.06% 6.30 + 0.2%° 7.72 £ 0.2%° 10.30 + 0.12%°
P-coumaric acid 0.28 £ 0.01° 0.38  0.03% 0.36 + 0.03" 18.37 + 0.25% 20.67 + 0.21%¢ 26.37 £ 0.19%¢
Ferulic acid 56.67 + 0.78° 58.60 + 0.7° 48.37 +1.2% 195.47 + 2.36%¢ 107.41 + 2.01%* 139.33 + 0.713%
Chlorogenic acid 3.50 + 0.12 410 £0.1° 4.37 £ 0.09% 52.67 + 0.87% 26.45 + 0.57"¢ 29.10 + 0.6%°
Sinapinic acid 2.80 £0.1° 1.74 £ 1.15° 2.17 £ 0.04° 4.60 £ 0.1 3.37 £ 0.31° 3.63 £ 0.25%
Cinnamic acid 10.60 + 0.26* 11.43 £ 0.32° 13.57 £ 0.11%° 35.73 £+ 0.5%° 6.14 + 0.15%° 7.37 + 0.21°f
Vanillic acid 220+0.12 4.88 + 0.09%° 4.40 + 0.16° 1.57 + 0.15" 6.41 + 0.28% 6.80 + 0.1%¢
Salicylic acid 0.13 + 0.06% 0.21 + 0.04° 0.13 + 0.06° 0.44 + 0.04 0.88 + 0.072><4 0.90 + 0.05%><d
Total phenolic acids 81.28 + 17.43 87.34 + 17.96 82.12 + 14.81 430.03 * 59.33 332.85 + 37.35 384.71 + 45.68
Naringenin 68.57 + 0.83% 65.00 + 0.79° 53.33 £ 0.93%¢ 105.20 + 1.35"° 107.13 + 0.57% 107.47 + 0.74%
Vitexin 0.44 + 0.02° 0.50 + 0.03° 0.50 % 0.05 < 0.62 + 0.04%"¢ 0.62 + 0.03%¢ 0.79 + 0.07%"¢
Rutin 2.70 £ 0.1° 2.20 + 0.09° 241 + 0.04° 2.16 + 0.03%f 3.50 + 0.1%d¢ 3.50 + 0.21°4°
Quercetin 1.57 + 0.15° 1.83 + 0.09° 1.13 £ 0.03% 3.60 + 0.2%% 5.30 + 0.2%% 5.36 + 0.14%¢
Apigenin 0.10 £ 0? 0.30 + 0.03% 0.13 + 0.04"¢ 0.17 + 0.06f 0.28 + 0.07*¢ 0.36 + 0.06%4f
Kaempferol 0 0 0 0 0 0.02 + 0.01?
Luteolin 0 0 0 0 0.11 + 0.02* 0.17 + 0.04°
Catechine 1.11 £ 0.04° 1.44 + 0.04° 0.86 + 0.04" 1.20+0.1 < 1.25+0.14 < 2.12 +0.03%
Total flavonols 74.49 t 23.96 71.27 + 22.68 58.36 + 18.62 112.95 * 36.82 118.19 * 37.37 119.79 * 37.42

Values are expressed as the mean (n

value < 0.05).
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Antioxidant activity was determined by testing the ability to
quench DPPH radicals (Fig. 1). It was found that the antiradical
activity of the worts was 53.16% for the CW and 58.60% for the
SW wort. It was shown that the anti-radical activity of beer was
53.16% in the case of the CW test and 64.74% for the SB1 sample.
In all storage periods, samples containing the active components of
pine shoots had a higher capacity but statistical analysis of the
results showed that the differences were not statistically significant.

50

40
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DPPH reduction (%)

10

Electronic Journal of Biotechnology 63 (2023) 10-17
3.3. Sensory evaluation

The sensory profile was visualized in the form of a flavor and
aroma profile (Fig. 2). For the control sample, the taste profile
was characterized as intensely sweet and malty. The bitter and fru-
ity tastes were at similar levels, while the sour and astringent
tastes were of very low intensity. In the case of the sample with
pine shoots, the profile was characterized as more complex, where

a a a
a a
a I I I I [
0 I
Ccw SW CB SB CB1 SB1

Samples

Fig. 1. DPPH scavenging effectiveness of wort and beer samples. Values are expressed as the mean (n = 3) + standard deviation. Mean values with different the same letter

(a) are not statistically different (P value < 0.05).

OVERALL CITRUS (A)
DESABRILTY 2 MALTY (A)
HOPSY (F) 7 HOPSY (A)
6
HONEY(F) YEASTY (A)
MALTY (F) PINE (A)
1
PINE (F) CARAMELIC (A)
DRY (F) FOREIGN (A)
FRUITY (F) FRUITY (F)
SOUR (F) SWEET (F)
BITTER (F) SOUR (F)

e CB e SB

Fig. 2. Sensory profile of fresh beer samples. CB: control young beer; SB: young beer supplemented with P. sylvestris shoots; (F): flavour descriptor; (A): aroma descriptor.
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bitter and pine flavors were also found. The level of the malt and
sour tastes was determined as low.

The profile assessment of the aroma showed significant differ-
ences between the samples of the tested beer. The profile of the
control sample was characterized as malty and fruity. Caramel
and hop aromas were also noticeable. The level of intensity of
citrus and yeasty odor descriptors was assessed as low. The exper-
imental beer sample had an intense pine and fruit aroma. The level
of intensity of citrus and malt flavor was assessed as moderate,
while that of hop and yeast flavor was assessed as very low. No for-
eign smell was noticed in both beer samples. With regard to the
assessment of overall desirability, the pine shoot sample got a
higher score: 5.7, while the control sample received an average
score of 4.5. However, based on statistical analysis, there were no
statistically significant differences.

PCA was used to identify aroma and flavor descriptors best dis-
criminating the two produced types of beer. The scores for each
beer descriptor for the two components are presented in Fig. 3 rep-
resenting the bi-plot, which globally explained 100% of the total
variance. The first principal component (PC1) explained the varia-
tion across samples. Moreover, looking at the bi-plots, the differen-
tiation of sensory profiles across samples can be noticed. There are
also evident sensory variables that characterize the beer produced
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with the use of pine shoots, suggesting a greater complexity of the
flavor profile and smaller complexity of the aroma profile, which
was dominated by the pine descriptor. In the latter, a correlation
could be assumed between yeasty, pine, tart and bitter flavor
descriptors and pine, citrus aroma descriptors.

4. Discussion

Pine shoots are a raw material that is relatively rarely used in
food production at the moment. There are attempts to use them
as a food ingredient or as a raw material for the production of tinc-
tures, as well as an additive to beer [11]. As part of the study, beer
similar to the Hefe-Weizen type of that beverage, which comes
from Bavaria, was produced, to which Scots pine shoots were
added at the wort brewing stage. The purpose of the study was
to assess the possibility to demonstrate whether the compounds
in the shoots would enable the fermentation process and whether
beer with new sensory properties could be obtained.

Unconventional raw materials and additives can affect not only
sensory qualities or functional properties but they can also change
the basic physicochemical parameters of beer or determine the
course of the fermentation process. Reports on the antioxidant
and antimicrobial properties of pine shoots may be important con-
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Fig. 3. Principal component analysis bi-plot of flavor (a) and aroma (b) descriptors of the control beer (1) and beer supplemented with pine shoots (2). PC1 vs PC2 accounts for

100% of the explained variation.
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sidering the beer production process, during which high yeast
activity is necessary [12]. Due to the potential contamination in
the beer production process, microbiological quality control at
every stage is an important task. The amount of brewing yeast
and the total number of mesophilic microorganisms or lactic acid
bacteria (LAB) is analyzed, due to their similar nutritional and envi-
ronmental requirements. Their growth can cause the most undesir-
able consequences, such as delaying or disrupting the wort
fermentation process or introducing undesirable sensory changes
in beer. LAB spoil beer through acidification, haze formation, and/
or diacetyl production, which gives the beer an intense aroma of
artificial butter. Many strains can also produce exopolysaccharides
(EPSs) in beer [13]. The presence of undesirable microorganisms,
i.e. lactic acid bacteria and mesophilic bacteria, was not confirmed
in the beer produced as part of the study. The only microorganisms
present in the beer were yeasts. A well-known fact is that failure to
adjust the inoculum to the conditions of the fermentation process
prolongs the process of cell adaptation and delays proliferation and
the fermentation process. Subsequently, the alcohol present in
beer, as well as other changes to the parameters of the fermenta-
tion medium (e.g. lowering the pH, loss of substrates in the wort)
slow down yeast metabolism and contribute to the deactivation
of the weakest cells [14]. In our experiment, the largest amount
of yeast in the beer wort was noticed before alcoholic fermentation
started and after its completion, the number decreased in both
types of beer due to the above-described regularities.

Adding pine shoots during brewing made it possible to obtain
a slightly richer extract of the basic wort compared to the control
wort, a higher alcohol content and actual attenuation rate in the
beer after the fermentation process and after a storage period of
one month. Pine shoots contain a number of soluble components
that are found in the extract. Among them, there are approxi-
mately 5.15 g/100 g of soluble sugars, including glucose, fructose
and sucrose. The metabolic processes of yeast are related not only
to the production of ethanol but also to the production of organic
acids, as a result of which the pH of beer changes (compared to
the pH of the wort) [14]. Such a correlation can also be noticed
in the research conducted for this thesis - the pH of the wort
reached a higher value than that of the beer. Usually, the pH of
beer wort varies between 5.3 and 5.5 [15]. It should also be noted
that a lower value was achieved by the wort with pine shoots,
due to the effect of the shoots on the pH values. In turn, the
pH of wheat beer after fermentation usually reaches a value of
approximately 4.3, which is also comparable to the results
obtained in this study as it oscillated around 4 and 4.3 pH [16].
Both the control and test samples showed similar values of total
acidity from the beginning of the performance of the tests -
immediately after fermentation - until the end of the fermenta-
tion process and the completion of the tests on the samples after
storage. Changes in total acidity during fermentation should be
considered normal as the processes involving yeast cause an
increase in total acidity, in contrast to pH - as described earlier
in the case of changes in pH [17].

Beer, in studies on bitterness in beer and standards, is not clas-
sified based on that value [18]. However, in the case of light beer,
the IBU level of less than 40 is considered as standard, therefore
both samples - the control sample and the sample with pine shoots
- should be considered valid and as meeting the standards for the
level of bitterness in beer [18]. The observed discrepancy in bitter-
ness values between wort and fresh beer may be due to the con-
centration of polyphenols and may be the result of the processes
occurring during fermentation. The study conducted by Lazzari
et al. showed a negative correlation between total flavonoid con-
tent and IBU [19]. In contrast, Kishimoto et al. noticed a decrease
in IBU values during fermentation as a result of the disappearance
of AA alpha-acids, e.g, as the pH decreases during fermentation, the
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hydrophobic components become insoluble in beer and interact
with the cell walls of yeast [20].

The polyphenols and terpenes in the plant material are respon-
sible for the typical bitter aftertaste. Therefore, their addition to
food can significantly affect the sensory qualities and also the
nutritional and health-promoting value [21]. With regard to the
phenolic acids, chlorogenic and caffeic acids are responsible for
the tangy and bitter taste [22]. In studies of polyphenol content
in beer, the concentration of that compound ranged between 40
and 600 mg/l, depending on the adopted methodology and test
material [23]. When comparing the values from the aforemen-
tioned study to the results obtained for the control sample in this
research, it should be noted that the results are similar, as the
results range from 125 to 160 mg/l, depending on the beer storage
period and the fermentation process. The test sample that con-
tained pine shoots had a significantly higher polyphenol content,
of 450-600 mg/l.

The characteristics that determine the sensory quality of beer
include the following: aroma, flavor, palatability, saturation, bitter-
ness, clarity, color and the amount of the frothy foam. The most
important feature is the palatability of beer, which depends on
the amount of perceptible positive and negative features in taste
and aroma [24]. Due to the complexity of the human sense of taste,
it is difficult to determine at what level the above-mentioned qual-
ity characteristics should be present for the final effect - the high
consumer acceptance - to be the best possible. The taste of beer
is influenced by many factors, including the quality of malt, the
strain and quality of yeast, the conditions under which the individ-
ual technological processes are performed, and the storage condi-
tions of the finished product [25]. Factors that negatively affect
the quality are as follows: too high or too low fermentation tem-
perature, osmotic pressure, inadequate oxygenation of the wort,
deficiency of nutrients in the wort, inappropriate pH, toxic agents
(e.g. too high concentration of ethanol due to the inappropriate
adaptation of the yeast strain to the style or disinfectants being
the residue after disinfection of technical installations), and the
water content in freeze-dried yeast [26]. The study showed that
the control sample was a higher clarity beer and more brown com-
pared to the sample with pine shoots, which was most likely due to
the phenolic compounds in the shoots. Studies have shown that
the concentration of those compounds and their transformation
in beer can significantly affect its color [27]. The observed changes
of color and a lighter color after storage may result from the insta-
bility of color compounds that show relative instability and are
susceptible to several factors such as storage temperature, pH, oxy-
gen, light, chemical structure, concentration and the presence of
enzymes, proteins and metallic ions, as reported in studies [27].
Both samples were free of foreign flavor and smell, which is crucial
in assessing the quality of beer [18]. The current development of
the craft beer market indicates that consumers are looking for
new flavors and aromas of beer more and more often [28]. Based
on consumer preference studies, assessment of beer characteristics
varies depending on whether or not the consumers have previ-
ously tried craft beer; generally, that type of beer is perceived as
better quality than commercial beer due to the type of raw mate-
rials used in brewing [29].

5. Conclusions

The active compounds in pine shoots can be used as ingredients
of functional beer, as they affect the composition of polyphenols
and flavor. The research has confirmed that replacing half of the
amount of hops indicated in the recipe with pine shoots enables
fermentation and obtaining beer of good quality. Beer with pine
shoots has a slightly acidic character, tested both on the pH and
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total acidity scale. It is a relatively low-bitterness beer. A broad
spectrum of biologically active compounds was present in the pro-
duced beer. It was shown that replacing hops with pine shoots did
not reduce antioxidant properties. At the same time, it was found
that the new beer was characterized by a high content of antioxi-
dant compounds - polyphenols, among which ferulic acid, caffeic
acid and naringenin predominated. The content of those com-
pounds was statistically significantly higher in beer with pine
shoots. Adding Scots pine shoots (Pinus sylvestris L.) at the brewing
stage of wheat beer changed the sensory characteristics and did
not impair the microbiological quality during storage, nor did it
reduce physico-chemical quality parameters compared to the con-
trol sample.
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Abstract: The study investigated the potential use of pine
(Pinus sylvestris L.) shoots and standard and unconven-
tional yeast strains for the production of low-alcohol IPA
beer. For this purpose, control worts without added shoots,
and worts enriched with pine shoots at 10 g/L. were prepared.
Worts were inoculated with yeast: Saccharomyces cerevisiae
var. chevalieri SafBrew™ LA-01, Saccharomyces cerevisiae var.
boulardii, Pichia kluyveri NEER™, and Saccharomyces cerevi-
siae Safale US-05. The final beer was tested for yeast cell
number, basic physicochemical properties, effects on cell
line and antioxidant properties. Pine shoots and the tested
yeast strains were shown to be suitable for developing low-
alcohol beers with potential functional effects. Pine shoots
have no negative impact on the beer-making process and
may increase the antioxidant potential of beer. Beers sup-
plemented with pine shoots were shown to increase the
ability to quench DPPH free radicals in vitro, while all
low-alcohol beers tested were found to have the ability to
reduce nitrite production by lipopolysaccharide-induced
RAW?264.7. Depending on the yeast used, pine shoots
affect the flavour and aroma profile differently, possibly
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masking foreign aftertastes and odours resulting from the
use of unconventional yeast.

Keywords: Pinus sylvestris L., low-alcoholic beer, Saccharomyces
cerevisiae var. chevalieri SafBrew™ LA-01, Saccharomyces cerevi-
siae var. boulardii, Pichia kluyveri NEER™, Saccharomyces cerevi-
siae Safale US-05

1 Introduction

Beer is one of the most widely consumed alcohols in the
world. It is a fermented alcoholic beverage produced with
water, malted barley, and Saccharomyces cerevisiae yeast
[1]. The most popular lager beer’s distinctive features are
its light, clear colour, carbonation, presence of foam, and
ethanol content of 4.5-5.5% [1]. Since the beginning of the
twenty-first century, however, there has been a clear diver-
sification in the beer market and changes in consumer
preferences [2]. Currently, the Beer Judge Certification Pro-
gram distinguishes more than 80 different styles of beers,
which vary significantly in terms of physicochemical and
sensory parameters [3]. In addition to the differentiation
among styles, there are also new assortment groups, clas-
sifying beers by alcohol by volume (ABV), i.e. alcohol-free
(20.5% ABV) and low-alcohol (<3.5% ABV) beers [4]. Beer
contains B vitamins, minerals, polyphenols, fibre, and pre-
biotics. However, excessive alcohol consumption has nega-
tive health and social consequences, which is why the
range of products with reduced ethanol content is devel-
oping rapidly [5]. Low-alcohol beer can be seen as a func-
tional beverage, i.e. a beverage in which herbal ingredi-
ents, amino acids, vitamins, minerals, and ingredients
derived from vegetables or fruit are found that enhance
the nutritional value of this group of beverages [6]. The use
of herbs and additives in beer production is a well-known
practice and is aimed at enhancing flavour and aroma [6].
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Nowadays, many plant raw materials are used at various
stages of the production of this beverage to provide health-
promoting effects. Xu et al. used okra (Abelmoschus escu-
lentus L.) pulp as an additive for wheat beer [7]. The study
revealed that incorporating okra resulted in heightened
cloudiness, improved foam texture, and enhanced stabi-
lity in the beers. Furthermore, the beers exhibited ele-
vated levels of terpenes, specifically styrene, which con-
tribute to the characteristic flavour of hazy wheat beer
[7]. Ducruet et al. added dried goji berries (Lycium chi-
nense) to ale-type beers and assessed the effect on the
composition and sensory properties [8]. They found that
independently adding 50 g/L. of goji berries at the wort
boiling stage increased the antioxidant potential of the
beer [8]. Besides the addition of plant-based raw materials,
unconventional yeast strains have also been increasingly
used. Such yeasts include a wide range of strains of Sacchar-
omyces cerevisiae, wild strains of Saccharomyces eubayanus,
in addition to a wide array of various species comprising
Mrakia gelida, Torulaspora delbrueckii, and Lachancea ther-
motolerans [9]. Compared to conventional brewer’s yeasts,
such strains offer a number of functional advantages,
including the possibility of obtaining aromatic low-alcohol
beers, reduced caloricity, reduced acidity, the possibility of
improving existing beer styles, creating new styles, or faith-
fully recreating traditional or ancient beer styles [9]. Pre-
vious studies have shown that the consumption of alcohol-
free beers has a positive effect on human health through
the supplementation of biologically active polyphenols and
phenolic acids and an increase in the diversity of the intest-
inal microflora in beneficial bacteria, whereas the presence
of alcohol in standard beers impairs this effect [10]. In the
present study, the use of cell line research, which is an
unusual method for beer analysis, has allowed a preli-
minary evaluation of the functional effect of hitherto unex-
plored low-alcohol beers and the possibility of their positive
protective effect on the human digestive system [11].

The aim of this study was to investigate the possibility
of using unconventional yeast i.e. Saccharomyces cerevi-
siae var. chevalieri SafBrew™ LA-01, Saccharomyces cerevi-
stae var. boulardii, and Pichia kluyveri NEER™ pine shoots
(Pinus sylvestris L.) to obtain low-alcohol IPA beer with
Pinus sylvestris shoots addition. The study was carried
out to assess the impact of these factors on the brewing
process, basic physicochemical properties of the final pro-
duct, antioxidant activity, and cell lines cultures. It is also
aimed to evaluate the effect of pine shoots on the flavour
and aroma profile of the beer.
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2 Materials and methods

2.1 Material

The experimental samples comprised of air-dried pine shoots
(Pinus sylvestris L.) harvested in 2021 from the arboretum
located in Zielonka, Poland (17°06'33"E, 52°06'33"N). These
shoots were maintained at a temperature of 20°C with a rela-
tive humidity of 55%. Material also comprised hopped malt
extract Coopers Brew A IPA (Coopers Brewery Limited,
Australia) and four different strains of yeast: Saccharomyces
cerevisiae Safale US-05 (Lesaffre, France), Saccharomyces cere-
visiae var. chevalieri SafBrew™ LA-01 (Lesaffre, France),
Saccharomyces cerevisiae var. boulardii (BART Sp. z o.0.,
Poland), and Pichia kluyveri NEER™ (Chr. Hansen Poland
Sp. z 0.0, Poland).

2.2 Methods
2.2.1 Beer production

In the first stage, hopped malt extract was mixed with an
adequate quantity of water and transferred to 1L glass
flasks. Half of the worts were pitched with Pinus sylvestris
L. shoots in a concentration of 10 g/L (S) and the remaining
half were without shoots as controls (C). Worts were pas-
teurised and cooled to the temperature of 25°C. Prepared
worts were inoculated with 10 x 10° yeast cells per millilitre
and fermented for 10 days at 20°C and bottled. Then, they
were fermented in brown glass bottles for 14 days. After
fermentation, the beer was stored at 4°C for 14 days.

2.2.2 Basic physicochemical parameters

To conduct the physicochemical analysis, the beer samples
were subjected to degassing through manual agitation for a
duration of 5min. Subsequently, the degassed samples
were filtered using a layer of cotton wool and then centri-
fuged at a speed of 448 RCF for 15 min at a temperature of
20°C (Thermo Fisher Scientific, United Kingdom).

The alcohol content by volume was determined fol-
lowing a distillation process using the Super Dee Digital
Distillator (Gibertini, Italy). An automatic densitometer
(DDM-2910, Rudolph Research Analytical, USA) employing
the mechanical oscillator method was utilised for this
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analysis. The extract content in the samples was measured
at 20°C using the Balling hydrometer. The measurement of
PH was conducted utilizing a CP-411 pH-meter (Elmetron,
Poland) based on the PN-A-79093-4:2000 standard.

To assess the bitterness of the beer, the recommended
protocol outlined in Analytica-EBC was followed [12]. Initi-
ally, 10 mL of degassed beer sample was moved into 50 mL
Falcon tubes, to which 0.5mL of a 6 N hydrochloric acid
solution and 20 mL of isoacetate were added. The mixture
was vigorously shaken for a duration of 5min. Subse-
quently, 10 mL of the resulting sample was transferred
into 15mL Falcon tubes and subjected to centrifugation
(Thermo Fisher Scientific, United Kingdom) at a speed of
1,008 RCF for 5 min. For the bitterness analysis, the absor-
bance of the isooctane layer was measured against pure
isooctane utilizing a Halo SB-10 spectrophotometer (Dyna-
mica Scientific Ltd) at a wavelength of 275 nm. The level of
bitterness was quantified using international bitterness
units (IBU).

2.2.3 Microbiological analysis

To ascertain the overall yeast count, the pour plate tech-
nique was employed [13]. All the plates were incubated at
25°C for 72 h. Results showing 30-300 colony-forming units
(CFU) were used to analysis.

2.2.4 Polyphenol content

The determination of the total polyphenolic index (TPI)
involved the utilisation of Folin—Ciocalteu reagent (FCR),
following a procedure outlined by Singleton and Rossi [23].
The measurement involved assessing the colour change of
the radical, transitioning from light blue to dark blue, after
a 30 min incubation period at 760 nm using a Shimadzu
UVmini-1240 UV-Vis spectrophotometer (Kyoto, Japan). The
quantification of total polyphenols (TP) involved the crea-
tion of a calibration curve using gallic acid (3-20mg L™,
R*=0.9961). Finally, the TPI was calculated and reported as
milligrams of gallic acid equivalent (GAE) per litre of beer.

2.2.5 Free radical scavenging activity

The assessment of antioxidant activity was conducted using
a DPPH radical, following a modified method described by
Brand-Williams et al. [24]. A stock solution was prepared by
dissolving 24 mg of DPPH in 100 mL of methanol. The DPPH
stock solution was then filtered using methanol, resulting in
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a usable mixture with an absorbance of approximately 0.973
at 517 nm. In a test tube, 3 mL of the prepared DPPH solution
was combined with 100 uL of beer, while another tube con-
tained a solution of 3 mL of DPPH in 100 pL of methanol as a
control. Subsequently, the tubes were placed in complete
darkness for a duration of 30 min. The absorbance was mea-
sured at 517 nm. To calculate the percentage of antioxidant
activity or RSA, the following formula was applied [19]:

%of free radical scavenging activity
= [(Ac - As) + Ac] x 100,

where Ac is the absorbance of the control reaction; and As
is the absorbance of the testing specimen.

2.2.6 Effect on induced nitric oxide (NO) production in
RAW264.7 cell line

The RAW264.7 macrophage-like cell line was seeded at a
density of 35,000 cells per well in 96-well plates and incu-
bated for 24h to evaluate the effect of beer samples on
induced NO production. After the incubation period, the
cell culture medium was removed, and the cells were
then pre-treated with either beer samples or the control
medium alone. After a 2h interval, the cells were stimu-
lated with 1mgmL™ of lipopolysaccharide (LPS) for 22h
[14]. To measure NO production, the level of nitrites, a
stable end-product of NO metabolism, was determined
[15]. Nitrites present in the cell culture medium were
detected by combining 75 mL of the medium with an equal
volume of Griess reagent, consisting of 1% sulphanilamide
and 0.1% N-(1-naphthyl)ethylenediamine in 2% H3PO,. The
plate was then incubated for 10 min in the dark at room
temperature, and the absorbance was measured at 560 nm
using a microplate reader (BioTek, Winooski, VT, USA). The
absorbance values were standardised in relation to the
non-pretreated cells that were stimulated with LPS (posi-
tive control), serving as the reference value of 100%. The
outcomes are presented as relative percentages of the posi-
tive control, reflecting the extent of the response compared
to the cells that were fully stimulated.

2.2.7 Measurement of cytotoxic potential of beer
samples and beer digest on cancerous Caco-2/HT-
29 intestinal epithelial cells

To assess the potential cytotoxic effects of beer and in vitro-
digested beer, an MTT assay was conducted on a Caco2/HT-
29 co-culture. To simulate gastrointestinal conditions, an
harmonised static protocol, as described by Minekus et al.
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was employed for in vitro gastrointestinal digestion [16].
Prior to the cell assays, the in vitro-digested beer samples
were thawed at room temperature and diluted 12 times in a
culture medium [17]. Prior to incubation for 24 h, the Caco2/
HT-29 co-culture was subjected to pre-treatment with beer,
in vitro-digested beer, or the complete medium as the con-
trol. After the incubation period, the medium was removed,
and the cells were exposed to a 0.5mgmL " stock solution
of MTT for 3h. Afterward, dimethyl sulfoxide was intro-
duced to facilitate the dissolution of the formazan crystals.
Absorbance values were measured at 570 nm using a micro-
plate reader (Biotek, Winooski, VT, USA). The results are
expressed as a percentage of the absorbance value of the
control group (medium only), with the control group set to
100%. This allows for comparison and determination of the
relative impact of the beer and in vitro-digested beer on cell
viability.

2.2.8 Sensory evaluation

The sensory evaluation of the beer samples took place at the
sensory laboratory of Poznan University of Life Sciences,
facilitated by a professional panel consisting of 20 judges
(14 women and 6 men). These judges, aged between 21
and 55, possessed extensive training in the sensory analysis
of beer. To establish a comprehensive understanding of the
beer's characteristics, the panel conducted preliminary ses-
sions where they identified 8 aroma descriptors (citrus,
fruity, malty, caramel, hoppy, piney, yeasty, and foreign) as
well as 10 taste descriptors (hoppy, malty, yeasty, honey-like,
piney, fruity, tart, hitter, sour, and sweet). During the sensory
evaluation, the judges were comfortably situated in individual
specialised booths, ensuring an environment devoid of distur-
bances such as noise, visual distractions, and extraneous

Table 1: Physicochemical and microbial parameters of the prepared beer
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odours. The beer samples, each marked with a unique
three-digit code, were presented in standard tasting glasses
containing 50 mL of beer. The samples were randomised to
prevent any order bias. The beer was served at a tempera-
ture of 12°C, under white lighting conditions. To assess the
sensory attributes, the judges employed an unstructured
scale with clearly defined boundaries, allowing them to
rate the intensity of each attribute on a scale from 0 (very
weak) to 10 (very intense). The mean scores of these attri-
butes were collected and subjected to quantitative descrip-
tive analysis, enabling the generation of a sensory profile for
both types of beers.

2.2.9 Statistical analysis

A total of three samples from distinct bottles were utilised
for all measurements. The data obtained were presented
as the mean value + standard deviation and subjected
to statistical analysis using one-way analysis of variance
through the implementation of RStudio software version
1.4 (RStudio, PBC, Delaware, USA). Statistical significance
was determined at a threshold of p < 0.05, indicating the
presence of notable differences.

3 Results

The physicochemical parameters of the beer varied depending
on the yeast strain used and the addition of pine shoots (Table 1).
The ethanol content (% v/v) of the beer ranged from 0.98 +
0.02 in the SC sample to 2.26 + 0.11 in the LC sample. Beers
without shoots had a slightly higher ethanol content than
these supplemented, although the differences between the

Analysed sample  Ethanol (% v/v) Extract Acidity (PH)  Bitterness (IBU) Yeast count (log CFU/mL)
Real (% w/w) Apparent (% w/w)
cc 2.16 + 0.03%° 3.00 £ 0.00°  2.10 + 0.00®° 426 +0.08°  28.99 + 0.48%° 1.60 x 10°
cP 2.06 + 0.01%° 3.10 £ 0.00®®  2.47 + 0.29%° 423 +0.06° 2779 + 0.41%° 2.42 x 10°
SC 0.98 + 0.02° 317+£029%®  2.87 + 0.06® 3.97 £ 0.03° 2776 + 0.07%° 5.60 x 10°
sp 1.56 + 0.02%° 3.77 + 0.06° 3.00 + 0.00° 427 £0.03d 2873 £ 0.12%° 7.20 x 10°
LC 2.26 + 0.117 2.67 + 0.06° 1.97 + 0.06 437 +£0.02°  24.95+ 0.33° 112 x 10°
LP 2.18 £ 0.022 2.80 + 0.00° 2.10 + 0.00% 474 £0.01 3019 £ 0.14° 5.00 x 10°
NC 1.49 + 0.01%° 3.57 +0.06®  2.80 + 0.00% 418 +0.03°  28.62 + 0.67%° 1.80 x 10°
NP 134 + 0.03%° 3.47 £ 0.06®° 270 + 0.17% 422 +0.09°  29.95 + 0.29° 1.98 x 108

Values are expressed as the mean value (n = 3) £ standard deviation. Mean values with different letters (a, b, ¢, etc.) within the same column are

statistically different (p value < 0.05).
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sample beers were not statistically significant. There was
less variation between beers for real and apparent extracts.
The acidity of the beers described in terms of pH ranged
between 3.97 + 0.03 for the SC sample and 4.37 + 0.02 for
the LC sample. The beers with added shoots had higher
pH. Bitterness as described in terms of IBU was not widely
varied, except in the LC beer where IBU was 24.95 + 0.33.
Due to the lack of a pasteurisation process, all beer
samples contained yeast. The CC beer had the lowest log
CFUmL™ content (1.60 x 10%), while the SC beer had the
highest (5.60 x 10°).

3.1 Physicochemical and microbiological
parameters of beer

3.1.1 Polyphenol content and free radical scavenging
activity (RSA)

The analysed beers contained polyphenols as measured
with the FC method and the ability to quench DPPH free
radicals (Table 2). The content of TP ranged from 222.42 +
12.5 mg GAE L™ for the CP beer to 294.72 + 27.05 mg GAE L™
for the SC beer, while free RSA (% RSA) ranged from 31.72 +
6.52 for the CP beer to 52.91 + 1.40 for the CC beer, but
the differences were not statistically significant. No cor-
relation was observed between polyphenol content and
% RSA. For free radical quenching, beers supplemented
with pine shoots showed greater efficacy, while for poly-
phenol content, such a relationship did not exist for all
beers and most differences between samples were not
statistically significant.

Table 2: Polyphenol content and free RSA of beer samples

Properties of beer fermented with pine shoots and novel yeast strains

Analysed sample TPI DPPH
mg GAE L™ % RSA

cp 222.42 +12.51° 3172  6.52%
ccC 222.58 + 37.65° 52.91 + 1.40°
SC 294.72 + 27.05° 44.98 + 2.76%°
SP 277.85 + 15.06%° 46.56 + 3.32%°
LC 221.39 £ 11.16° 52.09 + 5.08%°
LP 274.59 + 21.48%° 79.67 + 1.53¢
NC 270.08 + 29.84%° 39.23 + 2.66%°
NP 244.80 + 2.51%° 42.98 + 6.28%

Values are expressed as the mean value (n = 3) + standard deviation.
Mean values with different letters (a, b, ¢, etc.) within the same column
are statistically different (p value < 0.05). Abbreviations: GAE - gallic acid
equivalent; DPPH - 2.2-diphenyl-1-picrylhydrazyl; RSA - radical scaven-
ging activity.

- 5

3.2 Cell line assays

3.2.1 Effect on induced NO production in RAW264.7
cell line

The pre-treatment of LPS-stimulated RAW264.7 cells with
beer samples reduced the induced NO production (Figure 1).
The lowest % NO compared to the control was shown for
NP, which meant that this sample had the highest protective
effect. There was a significant difference in NP activity
compared to the LP sample, which showed the lowest
protective effect, but no statistically significant differ-
ences were observed between the other samples.

Figure 2 presents the results for the effect of beer
samples and in vitro-digested beer on the viability of the
Caco2/HT-29 co-culture. Depending on the sample, cell via-
bility ranged from 64.54% + 6.16 for the LP beer sample to
100.28% + 0.18 for the NC in vitro-digested beer sample. In
most samples, in vitro-digested samples resulted in greater
cell viability.

3.3 Sensory properties

Sensory testing of taste (Figure 3) and aroma (Figure 4)
showed variations in profiles depending on the addition
of pine shoots and the yeast strain used. The flavour
defined as piney was only noticeable in beers supple-
mented with pine shoots. Apart from this descriptor, no
particular correlations were noted in the taste profiles.
The CC sample had the highest bitterness and hop flavour
sensation, while the LC beer was an outlier in terms of
flavour described as foreign, malty and yeasty.

In terms of aroma, higher variation was observed than
in the taste profile (Figure 4).

As in the flavour profile, the pine aroma was only
perceived in the pine-supplemented beers. In terms of
aroma, the beers with added shoots also had an aroma
described as citrus. A foreign aroma was perceived in the
NP, SC, and NC beers.

4 Discussion

The study indicated the potential for the use of unconven-
tional yeast strains and pine shoots in the production of
low-alcohol functional beer. This study is of particular rele-
vance as far as the needs of today’s consumers are con-
cerned, as they often seek to reduce alcohol in beer and are
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Figure 1: Effect of beer samples on nitrite production by LPS-induced RAW264.7. Values are expressed as the mean value (n = 3) + standard deviation.
Mean values with different letters (a, b, ¢, etc.) are statistically different (p value < 0.05).
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Figure 2: Effect of in vitro digested beer and undigested beer samples against induced cytotoxicity of Caco2/HT-29 coculture. Values are expressed as
the mean value (n = 3) £ standard deviation. Mean values with different letters (a, b, ¢, etc.) are statistically different, those without any letter do not

differ statistically (p value < 0.05).

looking for new original functional products [6]. The yeast
used in the study, such as Saccharomyces cerevisiae var.
chevalieri SafBrew™ LA-01, Saccharomyces cerevisiae var.
boulardii, Pichia kluyveri NEER™, and Saccharomyces cer-
evisiae Safale US-05, had good technological and sensory
properties. The Saccharomyces cerevisiae var. chevalieri
SafBrew™ LA-01 yeast has not been described in detail in
the literature so far. In one of the few studies on the use of
this yeast, Simdes et al. indicated that this yeast showed

high potential for the production of lager beer, and beers
made with it had high sensory acceptability and contained
volatile compounds in desirable concentrations [18]. In this
study, it was confirmed that IPA beers fermented with
unconventional yeasts with pine shoots of Pinus sylvestris
addition showed typical physicochemical characteristics
and balanced taste and aroma. The Saccharomyces cerevi-
siae var. boulardii and Pichia kluyveri NEER™ are consid-
ered as useful in the production of low-alcohol beer, while
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Sweet (f)
9
Foreign (f) 8
7
6
5
Caramel (f) 4
3

Malt (f)
Pine (f)
Yeast (f)
—CP —CC LP LC —SP

Properties of beer fermented with pine shoots and novel yeast strains == 7

Sour (f)

Bitter (f)

Tart (f)

Citrus (f)

SC NP NC

Figure 3: Flavour profile of tested beer samples. Intensities of the specific attributes are according to the compiled flavour classes, where 0 is not

perceivable, 10 is very strong, and (f) stands for flavour.

in the current study, it was showed that this yeast modified
the aroma of control beers and supplemented beers [19].
This may be due to the higher alcohol content in the

control beers and consequently a lower content of residual
sugars. Moreover, in the beers with the Pinus sylvestris
shoots addition, the taste was found as more bitter, which

Foreign (a) Malt (a)

Caramel (a) Hops (a)
Pine (a)

—CP —CC LP IC ——SPp —SC =——NP —NC

Figure 4: Aroma profile of tested beer samples. Intensities of the specific attributes are according to the compiled aroma classes, where 0 is not

perceivable, 10 is very strong, and (a) stands for aroma.
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may be due to the presence of compounds such as alkaloids
and tannins. The addition of shoots to the wort could influ-
ence the yeast fermentation activity [19]. The technological
challenge with S. boulardii is that these microorganisms
can convert fermentable wort sugars into ethanol even at
2°C, which makes it very difficult to produce commercial
low-alcohol beers containing live probiotic cultures and
fermentable sugars [20]. It can be observed in the current
study that ethanol content in beers fermented with S. bou-
lardii is in the range of 0.98-1.56% v/v.

Functional beers are often enriched with the use of
plant-based raw materials and their extracts. The litera-
ture indicates the use of, inter alia: Coriandrum sativum,
Brassica nigra, Artemisia vulgaris, Juniperus communis, Melissa
officinalis, Mentha spicata, Origanum vulgare, Pimpinella anisum,
Rosmarinus officinalis, Thymus serpyllum [21]. Commercial
beers are available on the market that have been produced
using pine shoots, e.g. “Milostaw Sosnowe APA” (Fortuna
Brewery, Poland), Forest IPA (Nepomucen Brewery, Poland),
and Pine Shoot NEIPA (Austmann Bryggeri, Norway), but so
far these have only been beers with standard or high alcohol
content (4.8-7.8% ABV). No information was found in the
literature on the possible use of pine shoots, while a few
studies have used needle extract [22,23]. In the study, the
authors noted that the addition of pine needle (Pinus sylves-
tris L.) aqueous extract increased the antioxidant capacity of
the beer and could serve as a partial substitute for hops due
to similar levels of bitterness and positive effects on sensory
properties [22,23]. In the current study, pine shoots showed
effects on IBU, and most tested beers supplemented with
pine shoots were perceived as more bitter; however, in gen-
eral, for IPA beers, the addition of pine shoots showed a
positive effect on organoleptic properties. Perhaps this is
since IPA-style beers are characterised by a higher bitter-
ness expected by the consumer. Parts of other coniferous
trees are also used in beer production. In a study by Balik
et al., knots, aqueous extracts, or alcoholic extracts of spruce
knots (Picea abies) were added to the wort at various stages
of boiling, and then the content of lignans was measured in
pilsner beers [24]. It was shown that the highest content of
lignans was found in the sample where the sawdust was in
the wort for 65-75min of boiling, while the lowest was
observed when alcohol extract was added, confirming the
validity of using shoots as opposed to extracts in the current
study [24]. In another study, juniper berries (Juniperus com-
munis L.) were added to the wort at different concentrations,
ie. 0.24, 048, and 0.72g L™ [25]. In contrast to pine shoots,
juniper berries negatively affected yeast activity and reduced
fermentation, while the enriched beers showed higher poly-
phenol content and oxygen radical absorbance capacity
measured in vitro in contrast to the control sample [25].

DE GRUYTER

Compared to supplementation with pine shoots, beers made
with juniper berries had a higher polyphenol content and a
greater free RSA [25]. When it comes to cell line research, beer
is not a common object of study. This may be related to the
fact that it is only in recent years that an increased interest
in low-alcohol and alcohol-free beer has been noted [26].
According to Kokole et al. alcohol-free beer accounted for
3.8% of total beer volume in 2019 [26]. However, as the litera-
ture indicates, studies using cell lines may be unreliable at
low ethanol concentrations, i.e. below 2.5% [27]. All of the
beers in the study had ethanol concentrations ranging from
0.98 + 0.02 to 2.26 + 0.11, which is comparable to the alcohol
content of functional drinks such as kefir or kombucha
[28,29]. In the current study, it was decided that intestinal
epithelial cell lines and macrophage lines would be used
that can tolerate the ethanol concentrations present in the
investigated beers as they can be a good indicator in the study
of potential cytotoxic and anti-inflammatory effects [27,30]. A
study by Di Domenico et al. analysed the effects of brewing
fractions from the mashing, filtration, and boiling process
with the addition of hops (solution after hopping) of “La
Meridionale” beer from Birrificio Bari (Italy), with the addi-
tion of Gargano’s IGP orange, coriander, and borage on D-dSC
stem cells and Caco-2 intestinal epithelial lines [31]. The find-
ings of the investigation demonstrate that at low concentra-
tions, beer fractions elicit a notable enhancement in cell pro-
liferation. Conversely, when administered at higher doses,
these fractions exhibit an inhibitory effect on cell prolifera-
tion [31]. The authors conclude that this effect may be due
to the higher sugar content of the beer fractions as they are
not yet fermented, which may explain the effect seen in the
present study, given that low-alcohol beers are richer in
sugar. In current study, in vitro digested beer in most cases
showed higher cell viability. One possible explanation for the
observed results is the good tolerance yeast on low pH of
stomach and the presence of nutrient compounds in beer,
which could have become more available and easier to
assimilate after digestion process. Beer is known to be rich
in various compounds with potential health benefits,
including amino acids, prebiotics, minerals, and B vitamins,
which could have contributed to the increased cell viability
observed [32]. The results also suggest a potential variability
in the effects of different beer samples on cell viability, this
may be due to differences in the composition of the beer,
which might include variation in the quantity and types of
nutrient compounds present, their availability, or their
interactions with other beer components [33]. In an experi-
ment where oxidative stress was induced with H,0,, the
results indicate that the fractions counteract the oxidative
effects in D-dSC and Caco-2 cells, which is analogous to the
results obtained in the current study on nitrite production
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by LPS-induced RAW264.7, where a 60-80% reduction in NO
production was observed.

5 Conclusion

The presented study showed that pine shoots at a concen-
tration of 10 g L ™! of wort did not adversely affect the activity
of the yeasts, namely, Saccharomyces cerevisiae Safale US-
05, Saccharomyces cerevisiae var. chevalieri SafBrew™ LA-
01, Saccharomyces cerevisiae var. boulardii, and Pichia kluy-
veri NEER™, and the use of these yeasts and pine shoots
makes it possible to obtain low-alcohol beer. Pine shoots
do not adversely affect the physicochemical parameters of
beer, while they can positively affect the oxygen radical
absorbance capacity, as observed in the case of the study
on antiradical activity with DPPH, and in the study on nitrite
production by LPS-induced RAW264.7. Depending on the
yeast strain used, they can affect the perceived taste and
aroma in different ways, for example by masking the for-
eign aroma of a low-alcohol beer made with Pichia kluyveri
NEER™ yeast.

Abbreviations

CC control beer/Saccharomyces cerevisiae Safale
US-05

Cp beer with pine shoots/Saccharomyces cerevisiae
Safale US-05

LC control beer/Saccharomyces cerevisiae var. che-
valieri SafBrew™ LA-01

LP beer with pine shoots/Saccharomyces cerevisiae
var. chevalieri SafBrew™ LA-01

SC control beer/Saccharomyces cerevisiae var.
boulardii

SP beer with pine shoots/Saccharomyces cerevisiae

var. boulardii
NC control beer/Pichia kluyveri NEER™
NP beer with pine shoots/Pichia kluyveri NEER™
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