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STRESZCZENIE 

Obecne trendy Ī\ZLHQLRZH�L�ĞZLDGRPRĞü�NRQVXPHQWyZ�]RULHQWRZDQH�Vą�QD relacjĊ PLĊG]\�VSRĪ\ZDQą�
Ī\ZQRĞFLą�L�VWRVRZDQLHP�QDWXUDOQHM�GLHW\�D�ZSá\ZHP�QD�VWDQ�]GURZLD�L�SUHZHQFMą�chorób. Konsekwentnie, 
URVQąFH�]DJURĪHQLD�]GURZRWQH�]ZLą]DQH�]�QLHRGSRZLHGQLP�RGĪ\ZLDQLHP�]ZLĊNV]DMą�SUHVMĊ�UR]ZRMX�LQQRZDFML�
i produktów funkcjonalnych XNLHUXQNRZDQ\FK� QD� VXURZFH� URĞOLQQH� R� XGRZRGQLRQ\P� G]LDáDQLX�
prozdrowotnym. :� W\P�NRQWHNĞFLH, owoce rokitnika pospolitego (Hippophaë rhamnoides L.) ZSLVXMą� VLĊ�
Z� VWUDWHJLĊ� SRV]XNLZDQLD� QDWXUDOQ\FK� F]\QQLNyZ� SURILODNW\NL� FKRUyE� QLH]DNDĨQ\FK�� MHGQDN� LFK� ZDORU\�
sensoryczne i ]áRĪRQRĞü�ID]\�K\GURILORZR-lipidowej VWDQRZLą�Z\]ZDQLH�QLH�W\ONR�GOD�NRQVXPHQWyZ��DOH WDNĪH�
GOD�SU]HP\VáX�VSRĪ\ZF]HJR� 

&HOHP�SUDF\�E\áR�RNUHĞOHQLH�SURILOX�SUR]GURZRWQHJR�RZRFyZ�URNLWQLND�SRVSROLWHJR� L�opracowanie 
technologii otrzymywania funkcjonalnych i atrakcyjnych sensorycznie produktów o ukierunkowanych 
ZáDĞFLZRĞFLDFK�SUR]GURZRWQ\FK�QD�ED]LH�RZRFyZ�WHM�URĞOLQ\. 2VLąJQLĊFLH�FHOX�RSDUWR�R�UHDOL]DFMĊ�� etapów 
badawczych: (1) analiza frakcji biologicznie aktywnej rokitnika pospolitego; (2) optymalizacja procesu 
IHUPHQWDFML�MDEáNRZR-mlekowej soków na bazie owoców rokitnika pospolitego; (3) opracowanie recepturowe 
i optymalizacja technologii otrzymywania produktów funkcjonalnych z sokiem z owoców rokitnika 
pospolitego; (4) aQDOL]D� ZáDĞFLZRĞFL� IL]\NRFKHPLF]Q\FK� L� SRWHQFMDáX� SUR]GURZRWQHJR� PLNURNDSVXáHN�
otrzymanych z soku z owoców rokitnika pospolitego. 

:\QLNL�X]\VNDQH�Z�SLHUZV]\P�HWDSLH�SR]ZROLá\�QD stwierdzenie, ĪH�MDJRG\�URNLWQLND�SRVSROLWHJR�PDMą�
XQLNDWRZą� NRPSR]\FMĊ� OLSRILORZ\FK� L� K\GURILORZ\FK� ]ZLą]NyZ� ELRDNW\ZQ\FK LVWRWQLH� PRGXOXMąF\FK 
DNW\ZQRĞü SU]HFLZFXNU]\FRZą��SU]HFLZ�RW\áRĞFL��SU]HFLZVWDU]HQLRZą��SU]HFLZ]DSDOQą�L�SU]HFLZXWOHQLDMąFą��
2NUHĞORQR�UyĪQRURGQRĞü�DQDWRPLF]Q\FK�F]ĊĞFL�URNLWQLND�SRVSROLWHJR��VNyUND��PLąĪV]��QDVLRQD��HQGRNDUS��SĊG\�
L� OLĞFLH�� SRG� Z]JOĊGHP� ]ZLą]NyZ� IHQRORZ\FK�� WULWHUSHQyZ� L� VNáDGQLNyZ� PLQHUDOQ\FK� Analiza soków, 
SRZV]HFKQHM� NRPHUF\MQLH� IRUP\� SU]HWZRU]HQLD� RZRFyZ� URNLWQLND� SRVSROLWHJR�� SRWZLHUG]LáD� G]LDáDQLH�
przeciwcukrzycowe, SU]HFLZ�RW\áRĞFL�L�SRWHQFMDá�]ZLĊNV]HQLD�IXQNFMRQDOQRĞFL�VRNyZ�Z�RJUDQLF]DQLX�]PLDQ�
QHXURGHJHQHUDF\MQ\FK� ]� XZDJL� QD� REHFQRĞü� ILWRSURVWDQyZ�� ILWRIXUDQyZ�� WRNRIHUROL�� WRNRWULHQROL�
i aminokwasów. 

:�GDOV]HM�NROHMQRĞFL�UR]ZDĪRQR�SRWHQFMDá�MDNLP�RZRFH�URNLWQLND�SRVSROLWHJR�VLĊ�FKDUDNWHU\]XMą�SU]H]�
aspekt technologiczn\�]ZLą]DQ\�]�projektowaniem Ī\ZQRĞFL�R�XNLHUXQNRZDQ\P�SRWHQFMDOH�SUR]GURZRWQ\P.
2NUHĞORQR G\QDPLNĊ ]PLDQ� ]DZDUWRĞFL� NZDVyZ� RUJDQLF]Q\FK�� FXNUyZ�� ]ZLą]NyZ� IHQRORZ\FK� RUD]�
DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM�SRGF]DV�IHUPHQWDFML�MDEáNRZR-mlekowej soku z owoców rokitnika pospolitego 
i soku mieszanego rokitnik ± MDEáNR�� :\EUDQH� V]F]HS\ Lactobacillus plantarum i L. plantarum subsp. 
argentoratensis FKDUDNWHU\]RZDáD� Z\VRND� DNW\ZQRĞü� PHWDEROLF]QD�� VSU]\MDá\� DNXPXODFML� IODZRQROL�
L�Z]URVWRZL�DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM��VWąG�IHUPHQWDFMĊ�MDEáNRZR-POHNRZą�]�LFK�]DVWRVRZDQLHP�X]QDQR�
]D�RELHFXMąFą�PHWRGĊ�ELRORJLF]QHJR�RGNZDV]DQLD�VRNyZ�QD�ED]LH�RZRFyZ�Uokitnika pospolitego.

=DSURMHNWRZDQR� SURGXNW\� W\SX� VPRRWKLH� ]DZLHUDMąFe Z\VRNL� XG]LDá� VRNX� ]� RZRFyZ� URNLWQLND�
pospolitego (25% i 50%), MHGQRF]HĞQLH�R�Z\VRNLP�SRWHQFMDOH�SUR]GURZRWQ\P�L�DNFHSWDFML�NRQVXPHQFNLHM� 
1RZDWRUVNLH�IRUPXá\�SURGXNWRZH�QDOHĪ\ traktowDü�MDNR�X]XSHáQLHQLH�GLHW\�R�SRWHQFMDOQ\FK�ZáDĞFLZRĞFLDFK�
SU]HFLZXWOHQLDMąF\FK�� SU]HFLZVWDU]HQLRZ\FK� L� SU]HFLZFXNU]\FRZ\FK. Komponowanie soku z owoców 
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rokitnika pospolitego z innymi owocami i warzywami, SRZV]HFKQLH�GRVWĊSQ\PL�GOD�SU]HP\VáX�SU]HWZyUF]HJR�
w Polsce, ZSá\QĊáR�WDNĪH�QD�poprawĊ DWUDNF\MQRĞci smaku, barwy i aromatu produktów. 

%DGDQLD� QDG� RSW\PDOL]DFMą� SURFHVX� PLNURenkapsulacji soku z owoców rokitnika pospolitego 
SR]ZROLá\� QD� ZVND]DQLH� PDOWRGHNVWU\Q\� MDNR� VXEVWDQFML� SRZOHNDMąFHM konkurencyjnej w porównaniu 
do inuliny, ]H� Z]JOĊGX� QD� Z\ĪV]H� VWĊĪHQLH� ]ZLą]NyZ� IHQRORZ\FK�� DNW\ZQRĞü� SU]HFLZXWOHQLDMąFą, 
QLHVSU]\MDQLH� EUą]RZLHQLX� QLHHQ]\PDW\F]QHPX� L� DNXPXODFML� +0)� Z� PLNURNDSVXáNDFK� W pracy 
SU]HGVWDZLRQR�ZSá\Z�QRĞQLNyZ�SROLVDFKDU\GRZ\FK L�URG]DMyZ�VXV]HQLD�Z�NRQWHNĞFLH VWDELOQRĞFL�Z\EUDQ\FK�
]ZLą]NyZ�FKHPLF]Q\FK�i DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM�VRNX�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�SR�SURFHVLH�
suszenia i przechowywania. 

1D� SRGVWDZLH� SU]HSURZDG]RQ\FK� EDGDĔ� wskazano�� ĪH rokitnik SRVSROLW\� VWDQRZL� ZDUWRĞFLRZ\�
VXURZLHF� GR� SURGXNFML� MHGQRF]HĞQLH� IXQNFMRQDOQ\FK� L� DWUDNF\MQ\FK� VHQVRU\F]QLH� SURGXNWyZ� Stwierdzono 
Z\VRNL� SRWHQFMDá� RZRFyZ� URNLWQLND� SRVSROLWHJR� MDNR� VNáDGQLND� Ī\ZQRĞFL� ERJDWHM� Z� ]ZLą]NL bioaktywne 
o potencjale przeciwutlenLDMąF\P�� SU]HFLZFXNU]\FRZ\P�� SU]HFLZ� RW\áRĞFL�� SU]HFLZ]DSDOQ\P
i przeciwstarzeniowym. 

6áRZD�NOXF]RZH� rokitnik pospolity, F]ĊĞFL� DQDWRPLF]QH�� VRNL�� VPRRWKLH�� IHUPHQWDFMD� MDEáNRZR-mlekowa, 
PLNURNDSVXáNL�� ]ZLą]NL�ELRDNW\ZQH�� SU]HFLZXWOHQLDMąFy, przeciwstarzeniowy, przeciwcukrzycowy, przeciw 
RW\áRĞFL��SU]HFLZ]DSDOQ\ 
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ABSTRACT 

Current dietary trends and consumer awareness focus on the relationship between the consumed food, 
a natural diet and its impact on health and disease prevention. Therefore, growing health risks related 
to inadequate nutrition increase the pressure to develop innovative and functional products based on plant raw 
materials with proven health-promoting effects. In this context, sea buckthorn (Hippophaë rhamnoides L.) 
berries fit in the strategy of searching for natural agents that may help prevent non-communicable diseases. 
However, their sensory qualities and the complexity of their hydrophilic-lipid phase pose a challenge not only 
for consumers but also for the food industry. 

The aim of the study was to determine the health-promoting profile of sea buckthorn berries and 
to develop a technology for the production of functional and tasteful products with targeted health-promoting 
properties based on sea buckthorn fruits. This objective was implemented in four research steps: (1) analysis 
of the biologically active fraction of sea buckthorn; (2) optimization of the malolactic fermentation of juices 
based on sea buckthorn fruits; (3) development of recipes and optimization of technology for obtaining 
functional products with sea buckthorn fruit juice; (4) analysis of physicochemical properties and health-
promoting potential of microcapsules obtained from sea buckthorn fruit juice. 

The results obtained in the first step demonstrated a unique composition of lipophilic and hydrophilic 
bioactive compounds of sea buckthorn berries that significantly modulate anti-diabetic, anti-obesity, 
anti-aging, anti-inflammatory, and antioxidant activities. The diversity of the anatomical parts of sea buckthorn 
(skin, pulp, seeds, endocarp, shoots, and leaves) was determined in terms of their content of phenolic 
compounds, triterpenes, and mineral nutrients.  Analysis of juices, a commercially common form of processing 
sea buckthorn fruits, confirmed their anti-diabetic and anti-obesity properties. It also indicated the potential 
to increase the functionality of juices in reducing neurodegenerative changes due to their content 
of phytoprostanes, phytofurans, tocopherols, tocotrienols, and amino acids. 

Further, the potential of sea buckthorn fruits was considered in the technological aspect related to the 
design of foods with targeted health-promoting properties. The dynamics of changes in the content of organic 
acids, sugars, phenolic compounds, and antioxidant activity during malolactic fermentation of sea buckthorn 
fruit juice and mixed sea buckthorn-apple juice was determined. Selected strains of Lactobacillus plantarum 
and L. plantarum subsp. argentoratensis were characterized by high metabolic activity. They promoted 
accumulation of flavonols and increased the antioxidant activity of the juices. Malolactic fermentation was 
therefore considered a promising method of biological deacidification of sea buckthorn fruit-based juices.

The designed smoothie products, containing high proportion of sea buckthorn fruit juice (25% and 
50%), achieved both high health-promoting potential and consumer acceptance. Novel product formulations 
should be considered as dietary supplements with potential antioxidant, anti-aging, and anti-diabetic 
properties. Mixing sea buckthorn fruit juice with other fruits and vegetables, commonly available for 
processing industry in Poland, improved the taste, color, and aroma of the final products. 

Studies on the optimization of microencapsulation of sea buckthorn fruit juice identified maltodextrin 
as a coating agent more valuable than inulin due to a higher content of phenolic compounds, greater antioxidant 
activity, lower non-enzymatic browning, and HMF accumulation in the microcapsules. This paper presents the 
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effects of polysaccharide carriers and drying method type on the stability of selected chemical compounds 
and antioxidant activity of sea buckthorn fruit juice after drying and storage. 

The study confirmed that sea buckthorn is a valuable raw material for the production of both functional 
and palatable products. It corroborated a high potential of sea buckthorn berries as a food component rich 
in bioactive compounds with antioxidant, antidiabetic, anti-obesity, anti-inflammatory, and anti-aging 
properties. 

Key words: sea buckthorn, anatomical parts, juices, smoothies, malolactic fermentation, microcapsules, 
bioactive compounds, antioxidant, anti-aging, anti-diabetic, anti-obesity, anti-inflammatory 
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1. :67ĉ3

Rokitnik pospolity (Hippophaë rhamnoides L.) jest OLĞFLDVW\P� L� RZRFXMąF\P krzewem z rodziny 
oliwnikowatych Elaeagnaceae. Obecnie rozpoznanych MHVW� V]HĞü�JDWXQNyZ�Hippophaë i 12 podgatunków, 
w tym QDMZDĪQLHMV]H�o znaczeniu gospodarczym, ekonomicznym i RGĪ\ZF]\P Vą�VVS� sinensis, ssp. mongolica 
i ssp. rhamnoides. Rokitnik pospolity QDWXUDOQLH�Z\VWĊSXMH�Z�ZLHOX�UHJLRQDFK�SyáNXOL�SyáQRFQHM. Globalna 
powierzchnia dzikiej i uprawianej URĞOLQ\ szacowana jest na 3,0 mln ha, z czego okRáR 85% REHMPXMą tereny 
&KLQ��QDVWĊSQLH�0RQJROLi, Indii i Pakistanu. W niektórych krajach Europy, w Chinach, Japonii, Rosji, Chile 
L�.DQDG]LH�URNLWQLN�SRVSROLW\�Z\NRU]\VW\ZDQ\�MHVW�QD�VNDOĊ�SU]HP\VáRZą��5DIDOVND�L� LQ���������5XDQ�L� LQ���
2013). 

KXOLVWH� OXE� RZDOQH�� Eá\V]F]ąFH MDJRG\� URNLWQLND� SRVSROLWHJR� SU]\ELHUDMą barwĊ VNyUNL� L� PLąĪV]X�
w odcieniach RG� ĪyáWHj do czerwonej. To charaktHU\VW\F]QH� ]DEDUZLHQLH� VSRZRGRZDQH� MHVW� Z\VRNą�
]DZDUWRĞFLą�]ZLą]NyZ�NDURWHQRLGRZ\FK�]�FR�QDMPQLHM�VLHGPLRPD�VSU]ĊĪRQ\PL�ZLą]DQLDPL�SRGZyMQ\PL��3RS 
L� LQ���������� -DJRG\�Vą�NLONDNURWQLH�]DVREQLHMV]H�Z�ZLWDPLQĊ�&�QLĪ�SRSXODUQH�RZRFH�� WDNLH� MDN� WUXVNDZNL��
cytr\Q\�F]\�MHĪ\Q\��L�Z\UyĪQLD�MH�wysoka ]DZDUWRĞü WáXV]F]X��ĞUHGQLR�����ĞZLHĪHM�PDV\�RZRFyZ��ERJDWHJR�
Z�NZDV\�WáXV]F]RZH�RPHJD-3, omega-6, omega-7 i omega-9 (Publikacja 1; Teleszko i in., 2015). 

Zastosowanie rokitnika pospolitego do celów terapeutycznych wywoG]L�VLĊ�]�PHG\F\Q\�W\EHWDĔVNLHM, 
mongolskiej i VWDURĪ\WQHM�*UHFML��D�EDGDQLD�ZVSyáF]HĞQLH�SURZDG]RQH�SRWZLHUG]DMą��ĪH�]ZLą]NL�ELRORJLF]QLH�
DNW\ZQH�ZSá\ZDMą�QD�V]HUHJ�ZáDĞFLZRĞFL�SUR]GURZRWQ\FK�URĞOLQ\��3LáDW�L�LQ���������5DIDOVND�L�LQ����������Testy 
pU]HSURZDG]RQH� ]� XG]LDáHP�SDFMHQWyZ�NDUGLRORJLF]Q\FK�ZVND]Dá\�� ĪH� IODZRQRLG\� ]� URNLWQLND� SRVSROLWHJR�
SU]\F]\QLá\� VLĊ� GR� REQLĪHQLD� SR]LRPX� FKROHVWHUROX� FDáNRZLWHJR�� WULDF\ORJOLFHU\GyZ� L� IUDNFML� OLSRSURWHLQ�
o QLVNLHM�JĊVWRĞFL��/'/��RUD]�]ZLĊNV]HQLD�IUDNFML�OLSRSURWHLQ�R�GXĪHM�JĊVWRĞFL��+'/���5DIDOVND�L�LQ���������
Guo i in. (2017b) dowiedli��ĪH�NDUGLRSURWHNF\MQH�G]LDáDQLH�URNLWQLND�pospolitego PRĪQD�SU]\SLVDü�]DZDUWRĞFL�
flawonoidów i ȕ-sitosterolu. Ponadto, olej z rokitnika pospolitego R�Z\VRNLP�VWĊĪHQLX�NDURWHQRLGyZ�PRĪH�E\ü�
NRU]\VWQ\�Z� OHF]HQLX� L� SURILODNW\FH�PLDĪGĪ\FRZ\FK�FKRUyE� WĊWQLF�� SRQLHZDĪ� VNXWHF]QLH� KDPXMH�DJUHJDFMĊ�
Sá\WHN�NUZL��;X i in., 2011). Enkhtaivan L�LQ���������GRZLHGOL��ĪH�DNW\ZQRĞü�Z�NLHUXQNX�LQIHNFML�Z\ZRáDQHM�
]DNDĪHQLHP�ZLUXVHP�JU\S\�VLOQLH�NRUHORZDáD�]�]DZDUWRĞFLą�DJOLNRQyZ�L�PRQRJOLNR]\GyZ�IODZRQROL��SRGF]DV�
gdy di- L� WULJOLNR]\G\� IODZRQROL� ZVND]Dá\� VLOQą� NRUHODFMĊ� ]� G]LDáDQLHP� F\WRWRNV\F]Q\P� wobec komórek 
SUDZLGáRZ\FK� L� QRZRWZRURZ\FK� :�SU]HP\ĞOH� NRVPHW\F]Q\P� URĞOLQD�Z\NRU]\VW\ZDQD� MHVW� Z prewencji 
i terapii chorób GHUPDWRORJLF]Q\FK��SLHOĊJQDFML�ZáRVyZ�� UHZLWDOL]DFML� UDQ� L�RSDU]HĔ� VNyU\�RUD]� MDNR� IRUPD�
naturalnej ochrony przed promieniowaniem UV-B (Rafalska i in., 2017). Zainteresowanie rokitnikiem 
pospolitym stale wzrasta ZUD]�]�SRZLĊNV]DMąFą�VLĊ�SXOą Z\QLNyZ�EDGDĔ�in vitro i in vivo SRWZLHUG]DMąF\FK 
PRĪOLZH� NRU]\VWQH� LPSOLNDFMH� GOD� ]GURZLD� F]áRZLHND�� Z� W\P VNXWHF]QRĞü� HNVWUDNWyZ� Z� ]DSRELHJDQiu 
KLSHUJOLNHPLL�� KLSHULQVXOLQHPLL� L� KLSHUOLSLGHPLL�� DNW\ZQRĞü� KHSDWRSURWHNF\MQą�� NDUGLRSURWHNF\MQą��
QHXURSURWHNF\MQą�� F\WRSURWHNF\MQą�� UDGLRSURWHNF\MQą, LPPXQRPRGXOXMąFą�� SU]HFLZQRZRWZRURZą��
SU]HFLZXWOHQLDMąFą�� SU]HFLZGUREQRXVWURMRZą�� D� WDNĪH� SR]\W\ZQH� IXQNFMRQRZDQLH� XNáDGX� SRNDUPRZHJR�
i wzroku (Arimboor i in, 2008; Kim i in., 2010;  Suryakumar i Gupta, 2011; Dulf i in., 2012; Patel i in., 2012; 
Guo i in., 2017b; Rafalska i in., 2017). 

2EHFQLH� Z� FHQWUXP� XZDJL� ]QDMGXMą� VLĊ� WUDG\F\MQLH� XSUDZLDQH� URĞOLQ\�� D� ]DSRWU]HERZDQLH� QD� LFK 
SURGXNFMĊ�Z]UDVWD�G]LĊNL�VWUDWHJLL�KDPRZDQLD�OXE�RSyĨQLDQLD�FKRUyE�]D�SRPRFą�QDWXUDOQHM�GLHW\��&LHVDURYá 
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i in., 2020). 5RVQąFD� WHQGHQFMD ]DJURĪHQLDPL� ]GURZRWQ\PL� ]ZLą]DQ\PL� ]� QLHRGSRZLHGQLP� RGĪ\ZLDQLHP�
]ZLĊNV]D� SUHVMĊ� QD� SRV]XNLZDQLH� DXWHQW\F]QRĞFL�� F]\VW\FK� HW\NLHW� L� ]DWZLHUG]RQ\FK� RĞZLDGF]HĔ 
Ī\ZQRĞFLRZ\FK. .RQVHNZHQWQLH�WUHQG\�NRQVXPHQFNLH�]RULHQWRZDQH�Vą�QD�SURGXNW\�URĞOLQQH�L�prozdrowotne, 
D�SU]HP\Vá�VSRĪ\ZF]\�UR]ZLMD�LQQRZDF\MQH�L�DOWHUQDW\ZQH�receptury z dodatkami funkcjonalnymi, ciekawymi 
SRáąF]HQLDPL� VPDNRZ\PL�� ]DSRPQLDQ\PL� URĞOLQDPL�RUD]� VXSHURZRFDPL� L�ZDU]\ZDPL� �%DLDQR i in., 2012; 
Di Cagno i in., 2011). :� W\P� NRQWHNĞFLH, prowadzono badania nad owocami rokitnika pospolitego 
SRFKRG]ąF\PL�] UyĪQ\FK�UHJLRQów ĞZLDWD��MHGQDN�ZLHG]D�R�]ZLą]NDFK�ELRORJLF]QLH�DNW\ZQ\FK�L�SRWHQFMDOH�
prozdrowotnym odmian uprawianych w Polsce jest ograniczona��2EHFQLH��3ROVND�MHVW�MHGQ\P�]�QDMZLĊNV]ych 
NUDMyZ�Z�(XURSLH�]DLQWHUHVRZDQ\FK�XSUDZą�URNLWQLND�SRVSROLWHJR�QD�VNDOĊ�SU]HP\VáRZą. 0DMąF�QD�XZDG]H�
SRZ\ĪV]H, ZDĪQH�E\áR� VFKDUDNWHU\]RZDQLH�Z\EUDQ\FK�RGPLDQ URNLWQLND�SRVSROLWHJR� MDNR�ERJDWHJR�ĨUyGáD�
VNáDGQLNyZ�RGĪ\ZF]\FK�L�PHWDEROLWyZ�wtórnych o ukierunkowan\P�G]LDáDQLX�prozdrowotnym. 

Badania przeprowadzone nad wybranymi odmianami uprawianymi w Polsce zaprezentowane 
w Publikacji 1 SR]ZROLá\�QD�VWZLHUG]HQLH��ĪH�MDJRG\�URNLWQLND�SRVSROLWHJR�Vą�]DVREQH�Z kwasy organiczne, 
]ZLą]NL� IHQRORZH�� NDURWHQRLdy, tokoferole i NZDV\� WáXV]F]RZH�� NWyUH� ]ZLą]DQH� Vą� ]� DNW\ZQRĞFLą 
SU]HFLZFXNU]\FRZą�� SU]HFLZ� RW\áRĞFL�� SU]HFLZ]DSDOQą� L� SU]HFLZXWOHQLDMąFą� 1DVWĊSQLH�� Z UDPDFK� EDGDĔ�
zreferowanych w Publikacji 2��ZVND]DQR�Z\VRNL�SRWHQFMDá�KDPRZDQLD�FKROLQRHVWHUD]�SU]H]�RZRFH�URNLWQLND�
SRVSROLWHJR�� NWyUH�PRJą� VWDQRZLü� VNáDGQLN� QRZ\FK� IXQNFMRQDOQ\FK� L�ZDUWRĞFLRZ\FK� SURGXNWyZ�ERJDW\FK�
ZH�IODZRQROH�L�NDURWHQRLG\�R�G]LDáDQLX�SU]HFLZVWDU]HQLRZ\P. &R�ZLĊFHM, zgodnie z LGHą�]UyZQRZDĪRQHJR�
UR]ZRMX� L� WHFKQRORJLL� EH]RGSDGRZHM� GRVWU]HĪRQR� SRWHQFMDá� ]DJRVSRGDURZDQLD� SR]RVWDáRĞFL� SR� ]ELRU]H 
rokitnika pospolitego L�SURFHVDFK�SU]HWZyUF]\FK�]�MHJR�XG]LDáHP��Zawansowanie EDGDĔ�ZáDVQ\FK�L�UyZQROHJá\�
QLHGREyU�GRQLHVLHĔ literaturowych QD�WHPDW�VNáDGX�FDáHM�URĞOLQ\�]DRZRFRZDá\ badaniami, w ramach których 
stwierdzono UyĪQRURGQRĞü WULWHUSHQRLGyZ��]ZLą]NyZ�IHQRORZ\FK�RUD]�PDNUR- L�PLNURHOHPHQWyZ�Z�]DOHĪQRĞFL 
od DQDWRPLF]Q\FK� F]ĊĞFL� URNLWQLND� SRVSROLWHJR�� VNyUki, PLąĪV]X�� QDVLRQ�� HQGRNDUSu, SĊGyZ L� OLĞFL, 
Z\VRNRSORQXMąF\FK� RGPLDQ� XSUDZLDQ\FK� Z� (XURSLH� ĝURGNRZR-Wschodniej (Publikacja 3). 6WąG�� GREyU�
surowca, MHJR�ZVWĊSQD�REUyEND, zastosowane parametry i rodzaje procesów technologicznych EĊGą� LVWRWQH 
w uzyskaniu produktów o zachowanych i ukierunkowanych walorach prozdrowotnych. 3RWZLHUG]Lá\�
WR� EDGDQLD� ZáDVQH� QDG� VRNDPL� VWDQRZLąF\PL� NRPHUF\MQLH� SRZV]HFKQą� IRUPą� SU]HWZRU]RQHgo rokitnika 
pospolitego (Publikacja 4)��:\QLNL�EDGDĔ�zamieszczone w Publikacji 4 GRZLRGá\ WDNĪH��ĪH soki z owoców 
rokitnika pospolitego WR�SURSR]\FMD�SURGXNWyZ�Ī\ZQRĞFLRZ\FK R�G]LDáDQLX�SU]HFLZFXNU]\FRZ\P, przeciw 
RW\áRĞFL�L�przeciwstarzeniowym Z\QLNDMąF\P�] ]DVREQRĞFL�Z fitoprostany, fitofurany, tokoferole, tokotrienole 
i aminokwasy. 

-HGQDNĪH�� pomimo szerokiego Z\VWĊSRZDQLa rokitnika pospolitego, QLHZLHONLFK� Z\PDJDĔ�
co do warunków uprawy oraz niepowtarzalnego VNáDGu chemicznego L� G]LDáDQLa prozdrowotneJR�� ZFLąĪ�
RGQRWRZXMH� VLĊ niskie VSRĪ\FLe jagód RUD]� QLNáH� ]DLQWHUHVRZDQLH� RG� VWURQ\� SU]HP\VáX. :HGáXJ�
0LĊG]\QDURGRZHJR� 6WRZDU]\V]HQLD� 5RNLWQLND� �,6$�� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� SURGXNRZDQa jest 
Ī\ZQRĞü�JáyZQLH�Z�VNDOL� ORNDOQHM��Z�W\P VRNL��QDSRMH�EH]DONRKRORZH��KHUEDW\��GĪHP\��SU]HNąVNL� L� OLNLHU\� 
2OHM� SR]\VNLZDQ\� ]� QDVLRQ� L� PLD]JL� VWRVRZDQ\� MHVW� MDNR� NRVPHW\N� L� VXSOHPHQW� GLHW\�� ]DĞ� SR]RVWDáRĞFL�
SURGXNF\MQH�PRJą�E\ü�IXQNFMRQDOQ\P�VNáDGQLNLHP�SDV]��%DO�L�LQ���������5DIDOVND�L�LQ����������&KRFLDĪ�URĞOLQD�
ta MHVW� FHQQ\P� VXURZFHP�Z� SU]HP\ĞOH� NRVPHW\F]Qym i farmaceutycznym, to MHM� SRWHQFMDá� MDNR� VNáDGQLN�
Ī\ZQRĞFL� ZFLąĪ� SR]RVWDMH� QLHZ\NRU]\VWDQ\. SWDQRZL� Z\]ZDQLH� ]DUyZQR� GOD� SU]HP\VáX� VSRĪ\ZF]HJR� 
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MDN�L�NRQVXPHQWyZ�]H�Z]JOĊGX�QD�XWUXGQLRQ\�]ELyU�L�REUyENĊ�WHFKQRORJLF]Qą��D�SU]HGH�ZV]\VWNLP�SRVWU]HJDQą�
MDNRĞü�VHQVRU\F]Qą (Ciesarová i in., 2020). 

:�VPDNX�MDJyG�GRPLQXMH�LQWHQV\ZQD�NZDVRZRĞü�Z\QLNDMąFD�]e skrajnie niskiego stosunku cukrów 
do kwasów organicznych�� D� WDNĪH� FLHUSNRĞü� VNRUelowana z niektórymi glikozydami flawonoli, 
proantocyjanidynami, etylo-ȕ-D-JOXNRSLUDQR]\GHP� L� NZDVHP� MDEáNRZ\P� RUD]� JRU\F]� ]ZLą]DQD�
ze stosunkiem kwasów organicznych L�]ZLą]NyZ�IHQRORZ\FK��$URPDW�MHVW�RSLV\ZDQ\�MDNR�LQWHQV\ZQLH�RVWU\�
z nutami fermentacyjnymi��=�NROHL�NRQV\VWHQFMD�F]\VWHJR�VRNX�MHVW�QLHMHGQRURGQD�]H�Z]JOĊGX�QD�SRGDWQRĞü 
ID]\�WáXV]F]RZHM�L�RVDGX QD�VHSDUDFMĊ (Laaksonen i in., 2016; Ma i in., 2020; Tiitinen i in., 2006; Publikacja 
1). :FLąĪ�EUDN�Z�OLWHUDWXU]H�QDXNRZHM�GRQLHVLHĔ�R�SURGXNWDFK�]�GXĪ\P�XG]LDáHP�MDJyG rokitnika pospolitego, 
NWyUH� E\á\E\� DWUDNF\MQH� GOD� SRWHQFMDOQHJR� NRQVXPHQWD� MHGQRF]HĞQLH� SRG� Z]JOĊGHP� ZáDĞFLZRĞFL�
prozdrowotnych i VHQVRU\F]Q\FK�� 5R]ZLą]DQLHP� GOD� ]ZLĊNV]HQLD� VSRĪ\FLD� L� ]DVWRVRZDQLD� URNLWQLND�
pospolitego w SU]HP\ĞOH�VSRĪ\ZF]\P�PRĪH�E\ü VNRU\JRZDQLH�NZDĞQHJR�VPDNX�soku SRSU]H]�IHUPHQWDFMĊ�
MDEáNRZR-POHNRZą� �PDORODNW\F]Qą; MLF) (Publikacja 5)�� 3URFHV� WHQ� REHMPXMH� GHNDUERNV\ODFMĊ� NZDVX�
MDEáNRZHJR� GR� NZDVX� POHNRZHJR� L� GZXWOHQNX� ZĊJOD oraz jest szeroko stosowany w celu REQLĪHQLD 
NZDVRZRĞFL�� ]ZLĊNV]HQLD� VWDELOQRĞFL� PLNURELRORJLF]QHM� RUD]� PRG\ILNDFML� DURPDWX�� VPDNX� L� WHNVWXU\� ZLQ�
F]HUZRQ\FK�L�QLHNWyU\FK�ZLQ�ELDá\FK��:RMG\áR i in., 2020). 3RWHQFMDOQH�]DVWRVRZDQLH�0/)�EDGDQR�UyZQLHĪ�
w sokach i miazgach owocoZ\FK�L�ZDU]\ZQ\FK��:\QLNL�VXJHURZDá\��ĪH�IHUPHQWDFMD�]�XĪ\FLHP�Lactobacillus 
plantarum PRĪH� PLHü� NRU]\VWQ\� ZSá\Z� QD� ZáDĞFLZRĞFL� IL]\NRFKHPLF]QH�� ]DZDUWRĞü� L� SURILO� ]ZLą]NyZ�
ELRDNW\ZQ\FK��SRWHQFMDá�SU]HFLZXWOHQLDMąF\� L�RFHQĊ� VHQVRU\F]Qą�P�LQ��ROLZHN� �.DFKRXri i in., 2015), kiwi 
(Zhou i in., 2020), owoców granatu (Mousavi i in., 2013) i morwy (Kwaw i in., 2018). 

Owoce rokitnika pospolitego VWRVRZDQH� Vą� MDNR� NLONXSURFHQWRZ\� GRGDWHN� Z]ERJDFDMąF\� ZDORU\�
SUR]GURZRWQH� L� ]ZLĊNV]DMąF\� NZDVRZRĞü� SU]HWZRUyZ� RZRFRZR-warzywnych. Jednak niwelacji problemu 
braku DWUDNF\MQRĞFL�VHQVRU\F]QHM�PRĪQD�XSDWU\ZDü�Z�NRPSRQRZDQLu soku z owoców rokitnika pospolitego 
z wyselekcjonowanymi surowcami powszechnie stosowanymi w przetwórstwie owocowo-warzywnym 
(Publikacja 6). Selvamuthukumaran i in. (2007) opracowali galaretki na bazie jagód rokitnika pospolitego 
i winogron (1:1), które X]\VNDá\ wysoką� DSUREDWĊ w ocenie sensorycznej w porównaniu do produktów 
z rokitnika pospolitego z papaMą i arbuzem. Poprzednio, w badaniu przeprowadzonym przez Hartvig i in. 
(2014), W\ONR� G]LHFL� ZĞUyG� NRQVXPHQWyZ� ]� 'DQLL� DSURERZDá\� VáRGNR-NZDĞQ\� VRN� ]� owoców rokitnika 
pospolitego��NWyU\�MHVW�SRZV]HFKQ\P�VNáDGQLNLHP�GLHW\ nordyckiej. 

$OWHUQDW\Zą�wykorzystania owoców rokitnika SRVSROLWHJR�PRĪH�E\ü�SURFHV�mikroenkapsulacji soku 
]� QRĞQLNDPL� SROLVDFKDU\GRZ\PL� w oparciu o proces suszenia (Publikacja 7). Dotychczas z sukcesem 
otrzymano PLNURNDSVXáNL�]�VRNyZ��HNVWUDNWyZ�L�Z\WáRNyZ�RZRFRZ\FK��m.in. z manJR��MDEáHN��SRPDUDĔF]\� 
HNVWUDNWyZ� IHQRORZ\FK� ]� F]DUQHM� SRU]HF]NL� L� VNyUNL� ZLQRJURQ�� PHWRGDPL� VXV]HQLD� UR]S\áRZHJR�
i sublimacyjnego z zastosowaniem maltodekstryn, inuliny, gumy arabskiej, gumy karagenowej, 
NDUERNV\PHW\ORFHOXOR]\�� VNUREL��SHNW\Q� L�ELDáND� Verwatki (Caparino i in., 2012; Barbosa i in., 2015; Kuck 
i Norexa, 2016; Michalska i Lech, 2018). Proces mikroenkapsulacji zapewnia RFKURQĊ�FHQQ\FK��ZUDĪOLZ\FK�
OXE�GRFHORZ\FK�VNáDGQLNyZ�Z�PDWHULDOH�SRZáRNRZ\P��GODWHJR�Z�MHJR�]DVWRVRZDQLX�XSDWUXMH�VLĊ Z\GáXĪenia 
okresu SU]\GDWQRĞFL�GR�VSRĪ\FLD��SRSUDZy ZáDĞFLZRĞFL�IL]\F]Qych��ZDUWRĞci RGĪ\ZF]ych i prozdrowotnych, 
jednoczeĞQLH ]DSHZQLDMąF QLĪV]\ koszt transportu i przechowywania innowacyjnych PLNURNDSVXáHN (dam 
i in., 2014; Michalska i Lech, 2018).
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2. CEL I HIPOTEZA %$'$ē

Celem QLQLHMV]HM� SUDF\� E\áo RNUHĞOHQLH� SURILOX� SUR]GURZRWQHJR� RZRFyZ� URNLWQLND� SRVSROLWHJR�
(Hippophaë rhamnoides L.) i opracowanie technologii otrzymywania funkcjonalnych i atrakcyjnych 
VHQVRU\F]QLH�SURGXNWyZ�R�XNLHUXQNRZDQ\FK�ZáDĞFLZRĞFLDFK�SUR]GURZRWQ\FK�QD�ED]LH�RZRFyZ�tej roĞliny. 

&HO� JáyZQy pracy realizowano w oparciu o FHOH� V]F]HJyáRZH Z\QLNDMąFH� EH]SRĞUHGQLR�
z monotematycznego cyklu publikacji ZFKRG]ąFHJR�Z�VNáDG�QLQLHMV]HM�UR]SUDZ\�GRNWRUVNLHM: 

1. $QDOL]D�DNW\ZQRĞFL�ELRORJLF]QHM�Z�RGQLHVLHQLX�GR�Z\EUDQ\FK�VNáDGQLNyZ�bioaktywnych (flawonole,
kwasy fenolowe, ksantofile, karoteny, estryfikowane karotenoidy, tokoferole, tokotrienole, kwasy
WáXV]F]RZH�� i SRGVWDZRZHJR� VNáDGX� FKHPLF]QHJR� �FXNU\�� NZDVy organiczne, sucha masa, ekstrakt
ogólny�� S+��NZDVRZRĞü��SRSLyá��SHNW\Q\��Zitamina C) owoców V]HĞFLX�SRZV]HFKQLH�XSUDZLDQ\FK
w Polsce odmian rokitnika pospolitego (Publikacja 1).

2. 6]F]HJyáRZD�LGHQW\ILNDFMD�L�R]QDF]DQLH�LORĞFLRZH�]ZLą]NyZ�IHQRORZ\FK�L�NDURWHQRLGów oraz ocena
DNW\ZQRĞFL�SU]HFLZstarzeniowej owoców wybranych odmian rokitnika pospolitego (Publikacja 2).

3. -DNRĞFLRZH� L� LORĞFLRZH� R]QDF]HQLH� WULWHUSHQów�� ]ZLą]NyZ� IHQRORZ\FK, makro- i mikroelementów
F]ĊĞFL� DQDWRPLF]Q\FK� jagód �VNyUD��PLąĪV]�� HQGRNDUS�� QDVLRQD��� SĊGyZ L� OLĞFL� Z\EUDQ\FK� RGPLDQ
rokitnika pospolitego (Publikacja 3).

4. -DNRĞFLRZH�L�LORĞFLRZH�R]QDF]HQLH�ILWRSURVWDQyZ, fitofuranów, tokoferoli, tokotrienoli, karotenoidów
L� ZROQ\FK� DPLQRNZDVyZ� RUD]� RFHQD� SRWHQFMDáX� SU]HFLZstarzeniowego, przeciwcukrzycowego,
przeFLZ�RW\áRĞFL��SU]HFLZ]DSDOQHJR�L�SU]HFLZXWOHQLDMąFHJR komercyjQLH�GRVWĊSQ\FK soków z owoców
rokitnika pospolitego (Publikacja 4).

5. 2NUHĞOHQLH� DNW\ZQRĞFL� PHWDEROLF]QHM� wybranych szczepów bakterii ZUD]� ]� G\QDPLNą zmiany
]DZDUWRĞFL�NZDVyZ�RUJDQLF]Q\FK��FXNUyZ��]ZLą]NyZ�IHQRORZ\FK i DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM
podczas fermentacji MDEáNRZR-mlekowej soku z owoców rokitnika pospolitego i soku mieszanego
rokitnik ± MDEáNR�(1:1) (Publikacja 5).

6. 2FHQD� SRWHQFMDáX� przeciwstarzeniowego, przeciwcukrzycowego, SU]HFLZ� RW\áRĞFL
i SU]HFLZXWOHQLDMąFHJR��DQDOL]D�]ZLą]NyZ�IHQRORZ\FK��SRGVWDZRZHJR�VNáDGX�FKHPLF]QHJR�L�MDNRĞFL
sensorycznej nowatorskich smoothies na bazie owoców rokitnika pospolitego (Publikacja 6).

7. 2FHQD�ZSá\ZX�PHWRG� VXV]HQLD� L� QRĞQLNyZ�polisacharydowych QD�ZáDĞFLZRĞFL� IL]\F]QH, VNáDGQLNL
chemiczne i DNW\ZQRĞü� SU]HFLZXWOHQLDMąFą�PLNURNDSVXáHN z soku z owoców rokitnika pospolitego
(Publikacja 7).

Weryfikacji poddano KLSRWH]Ċ�EDGDZF]ą ]DNáDGDMąFą��ĪH�RZRFH�rokitnika pospolitego charakteryzuje
unikatowy profil ]ZLą]NyZ� ELRDNW\ZQ\FK� R� RNUHĞORQym potencjale prozdrowotnym przez co PRJą� one 
VWDQRZLü� ZDUWRĞFLRZ\� VXURZLHF� GR� SURGXNFML MHGQRF]HĞQLH� funkcjonalnych i atrakcyjnych sensorycznie 
produktów.
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3. 25*$1,=$&-$�%$'$ē

3.1. 0DWHULDá�i zakres badDĔ 

Przedmiotem baGDĔ�QLQLHMV]HM�SUDF\�E\áy owoce rokitnika pospolitego (Hippophaë rhamnoides L.). 
W pierwszym etapie GRĞZLDGF]HĔ analizowano jagody V]HĞFLX odmian: µAromatnaja¶, µBotaniczeskaja-
Lubitelskaja¶, µJózef¶, µLuczistaja¶, µMoskwiczka¶ i µPodarok Sadu¶, pozyskane QD�SU]HáRPLH�OLSFD�L�VLHUSQLD�
2018 roku z 6DGX�'RĞZLDGF]DOQHJR�'ąEURZLFH�Instytutu Ogrodnictwa Z�6NLHUQLHZLFDFK�������ƍ1������ƍ(��
(Publikacje 1 i 2). 

ZDNUHV�EDGDĔ�pierwszego etapu SRV]HU]RQR�R�DQDOL]\�F]ĊĞFL� DQDWRPLF]Q\FK� jagody, w tym skórki, 
PLąĪV]X�� QDVLRQ� L� HQGRNDUSX, oraz OLĞFL, srebrzysto-]LHORQ\FK� SĊGyZ� MHGQRURF]Q\FK� L RZRFXMąF\FK� SĊGyZ 
dwuletnich SRNU\W\FK�VUHEU]\VWą�NRURZLQą��GDOHM�RNUHĞODQ\FK�MDNR��ÄSĊG\´) rokitnika pospolitego. MDWHULDá�
badawczy frakcjonowano z krzewów siedmiu odmian: µ%RWDQLF]HVNDMD-/XELWHOVNDMD¶�� µ*ROGHQ� 5DLQ¶��
µ/XF]LVWDMD¶��µ0DU\MD¶��µ3RGDURN�6DGX¶��µ3UR]URF]QDMD¶�L�µ7DWLDQD¶� Z�SRáRZLH�ZU]HĞQLD������roku z plantacji 
*RVSRGDUVWZD�2JURGQLF]HJR�6WDQLVáDZ�7U]RQNRZVNL�Z�6RNyáFH (Publikacja 3). 

:� SLHUZV]\P� HWDSLH� EDGDĔ� SU]Hbadano soki z owoców rokitnika pospolitego RJyOQRGRVWĊSne 
na polskim rynku detalicznym w porównaniu z sokiem wykonanym w skali laboratoryjnej z owoców odmiany 
µ-y]HI´ (Publikacja 4). 

W drugim etapie EDGDĔ�SU]HSURZDG]RQR� IHUPHQWDFMĊ� MDEáNRZR-POHNRZą soku z owoców rokitnika 
SRVSROLWHJR� RGPLDQ\� µ-y]HI´� L� VRNX� PLHV]DQHJR (1:1) z owoców rokitnika pospolitego i jDEáek odmiany 
µ&KDPSLRQ¶ (Stacja 'RĞZLDGF]DOQD�2FHQ\�2GPLDQ�Z�=\ELV]RZLH��N��:URFáDZLD�. Zastosowano liofilizowane 
kultury szczepów Lactobacillus plantarum (DSM 100813, DSM 13273, DSM 20174, DSM 10492 i DSM 
6872), Lactobacillus plantarum subsp. argentoratensis (DSM 16365) i Oenococcus oeni (DSM 20255) 
pozyskane z the Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures GmbH 
(Brunszwik, Niemcy) (Publikacja 5). 

(WDS�WU]HFL�REHMPRZDá�DQDOL]Ċ�produktów typu smoothies wytworzonych w skali laboratoryjnej z soku 
z RZRFyZ�URNLWQLND� SRVSROLWHJR� RGPLDQ\� µ-y]HI¶ oraz z przecieru otrzymanego z owoców: gruszy (Pyrus 
communis���MDEáoni (Malus domestica), moreli (Prunus armeniaca), brzoskwini (Prunus persica���SRPDUDĔF]\�
(Citrus sinensis) i zielonych winogron (Vitis vinifera), oraz korzeni warzyw: selera (Apium graveolens), 
marchwi (Daucus carota), pietruszki (Petroselinum crispum). 6XURZFH� ]DNXSLRQR� Z� SLHUZV]HM� SRáRZLH�
ZU]HĞQLD 2020 roku na rynku detalicznym (Publikacja 6). 

W czwartym etapie badano PLNURNDSVXáNL XWUZDORQH� SRSU]H]� SURFHV� VXV]HQLD� UR]S\áRZHJR��
sublimacyjnego L� SUyĪQLRZHJR, VNáDGDMąFe VLĊ� ]� VRNX� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� RGPLDQ\� Ä-y]HI´�
z 20%-owym dodatkiem wagowym inuliny, PDOWRGHNVWU\Q\�L�PLHV]DQHN�LQXOLQ\�]�PDOWRGHNVWU\Qą�(BENEO-
Orafti S.A., Oreye, Belgia) w proporcjach 2:1 i 1:2 (Publikacja 7). 
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3.2. Procesy technologiczne 

6RNL� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� L� MDEáHN� przygotowano RGSRZLHGQLR� ]D� SRPRFą� SUDV\�
hydraulicznej (SRSE, Warszawa, Polska) i wyciskarki wolnoobrotowej (Hurom HG 2G, Puregreen S.C., 
6áDZQR��3ROVND���Publikacje 4, 5 i 7). 

Proces IHUPHQWDFML� MDEáNRZR-mlekowej (Publikacja 5�� SURZDG]RQR� ]JRGQLH� ]� SURFHGXUą�
przygotowania zawiesin bakteryjnych, zaszczepiania i 72-JRG]LQQHM�IHUPHQWDFML�]�SRELHUDQLHP�SUyEHN�ZHGáXJ�
Tkacz i in. (2020a). 

Produkcja smoothies (Publikacja 6��VNáDGDáD�VLĊ�]�F]WHUHFK�HWDSyZ�� 

(1) przygotowanie soku z owoców rokitnika pospolitego,  

(2) przetwarzania owoców i warzyw na przecier,  

����SRáąF]HQLD�VNáDGQLNyZ�Z�VPRRWKLHV�� 

����REUyEND�WHUPLF]QD��]JRGQLH�]�SURWRNRáHP�ZHGáXJ�7NDF]�L�LQ�������b). 

3URFHV� SURGXNFML� PLNURNDSVXáHN� ]� VRNX� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� ]� GRGDWNLHP� QRĞQLNyZ�
polisacharydowych (Publikacja 7) w\NRQDQR� PHWRGDPL� VXV]HQLD� UR]S\áRZHJR�� VXEOLPDF\MQHJR�
L� SUyĪQLRZHJR�� ]JRGQLH� ]� SURFHGXUą� ZHGáXJ� 7NDF]� L� LQ�� �����b��� 7HVW\� SU]HFKRZDOQLF]H� PLNURNDSVXáHN�
(Publikacja 7��SURZDG]RQR�SU]H]�RNUHV�V]HĞFLX�PLHVLĊF\�Z�ZDUXQNDFK�SRGDQ\FK�SU]H]�7NDF]�L�LQ������b). 

3.3. (WDS\�EDGDĔ 

Cele pracy realizowano w oparciu o IV JáyZQH�HWDS\�EDGDĔ zaprezentowane na Schemacie 1, gdzie 
SU]HGVWDZLRQR� RUJDQL]DFMĊ� EDGDĔ� ]� XZ]JOĊGQLHQLHP� DQDOL]� VNáDGX� FKHPLF]QHJR�� SDUDPHWUyZ� IL]\F]Q\FK��
DNW\ZQRĞFL�ELRORJLF]QHM�L�DQDOL]\�sensorycznej. 
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Schemat 1. 2UJDQL]DFMD�EDGDĔ QDG�RZRFDPL�URNLWQLND�SRVSROLWHJR�Z�SURMHNWRZDQLX�Ī\ZQRĞFL�
o ukierunkowanym potencjale prozdrowotnym

Etap I

CzĊĞci anatomiczne jagyd 
(skyrka, miąĪsz, nasiona, endocarp), 

pĊdy i liĞcie rokitnika pospolitego

Skáad chemiczny: 
- związki fenolowe (UPLC-PDA)
- karotenoidy (UPLC-PDA)
- tokoferole i tokotrienole (UPLC-FL)
- kwasy táuszczowe (GC-MS)
- podstawowy skáad chemiczny

AktywnoĞci biologiczne in vitro:
- przeciwcukrzycowe
- przeciw otyáoĞci
- przeciwzapalne
- przeciwutleniające

Etap IVEtap IIIEtap II

Owoce rokitnika pospolitego

Skáad chemiczny: 
- związki fenolowe (UPLC-PDA-ESI-Q/TOF-MS)
- karotenoidy (UPLC-PDA-ESI-Q/TOF-MS)

AktywnoĞü przeciwstarzeniowa in vitro

Profilowanie on-line przeciwutleniaczy 
(HPLC-PDA sprzĊĪone z ABTS�+)

Publikacja 1

Publikacja 2

Skáad chemiczny: 
- związki fenolowe (UPLC-PDA-ESI-Q/TOF-MS)
- polimery procyjanidyn (UPLC-FL)
- triterpeny (UPLC-PDA)
- makro- i mikroelementy (FAAS)

Publikacja 3

Skáad chemiczny: 
- fitoprostany i fitofurany (UPLC-ESI-QqQ-MS/MS)
- karotenoidy (UPLC-PDA-ESI-Q/TOF-MS)
- tokoferole i tokotrienole (UPLC-FL)
- wolne aminokwasy (FAAS)

Publikacja 4
AktywnoĞci biologiczne in vitro:
- przeciwcukrzycowe
- przeciwstarzeniowe
- przeciw otyáoĞci
- przeciwzapalne
- przeciwutleniające

Publikacja 5

Fermentacja jabákowo-mlekowa

Parametry fizyczne: 
- analiza mikroskopowa
- gĊstoĞü optyczna

Skáad chemiczny: 
- związki fenolowe (UPLC-PDA)
- kwasy organiczne (UPLC-PDA)
- cukry (HPLC-ELSD)
- pH, ekstrakt

AktywnoĞü przeciwutlaniająca in vitro

Publikacja 6
Skáad chemiczny: 
- związki fenolowe (UPLC-PDA-FL)
- kwasy organiczne (UPLC-PDA)
- cukry (HPLC-ELSD)
- podstawowy skáad chemiczny

Analiza sensoryczna

AktywnoĞci biologiczne in vitro:
- przeciwcukrzycowe
- przeciwstarzeniowe
- przeciw otyáoĞci
- przeciwutleniające

Suszenie metodami:
- rozpyáową
- sublimacyjną
- pryĪniową

Produkcja smoothies

Parametry fizyczne: 
- aktywnoĞü wody
- gĊstoĞü rzeczywista i nasypowa
- porowatoĞü
- indeks brązowienia
- parametry barwy

Skáad chemiczny: 
- związki fenolowe (UPLC-PDA)
- HMF (UPLC-PDA)
- cukry (HPLC-ELSD)
- podstawowy skáad chemiczny

Smoothies na bazie owocyw 
rokitnika pospolitego z innymi 

owocami i warzywami 
(1:1, 1:3) Proszki z soku z owocyw 

rokitnika pospolitego z 20% 
noĞnikyw polimerowych

Sok z owocyw rokitnika 
pospolitego i sok mieszany 

rokitnik ± jabáko (1:1)

Publikacja 7

Profilowanie on-line przeciwutleniaczy 
(HPLC-PDA sprzĊĪone z ABTS�+)

AktywnoĞü przeciwutlaniająca in vitro

Testy 
przechowalnicze

Soki z owocyw rokitnika pospolitego
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3.4. Metody EDGDĔ 

Analizy VNáDGu chemicznego 

0DWHULDá�EDGDZF]\ (surowiec i produkty)��Z�]DOHĪQRĞFL�RG�HWDSX�EDGDĔ (Publikacje 1-7), poddano 
QDVWĊSXMąF\P�DQDOL]RP�VNáDGX�FKHPLF]QHJR� 

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� ]ZLą]NyZ� IHQRORZ\FK� PHWRGą� chromatografii cieczowej
]�XNáDGHP�IRWRGLRGRZ\P�VSU]ĊĪRQHM�]�WDQGHPRZ\P�VSHNWURPHWUHP�PDV�W\SX�NZDGUXSRO-analizator
czasu przelotu (UPLC-PDA-ESI-Q/TOF-MS) zgodnie z :RMG\áR�L�LQ���������]�PRG\ILNDFMDPL�ZHGáXJ
Tkacz i in. (2020c);

x R]QDF]HQLH� LORĞFLRZH� SROLPHUyZ� SURF\MDQLG\Q� PHWRGą� EH]SRĞUHGQLHM� IORURJOXF\QROL]\� ]� XĪ\FLHP
XOWUDVSUDZQHM�FKURPDWRJUDILL�FLHF]RZHM��83/&��VSU]ĊĪRQHM�]�GHWHNFMą�IOXRUHVFHQF\MQą��FL) ZHGáXJ
Teleszko i :RMG\áR�L�LQ������5);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� NDURWHQRLGyZ� PHWRGą� UPLC-PDA-ESI-Q/TOF-MS ZHGáXJ
:RMG\áR i in. (2018);

x o]QDF]HQLH�LORĞFLRZH�L� LGHQW\ILNDFMD�WRNRIHUROL� L� WRNRWULHQROL�PHWRGą�UPLC-FL wHGáXJ Tkacz i in.
(2019b);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� ZROQ\FK� DPLQRNZDVyZ� PHWRGą�UPLC-PDA-ESI-Q/TOF-MS
wHGáXJ Turkiewicza i in. (2020);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� NZDVyZ� WáXV]F]RZ\FK� PHWRGą� chromatografii gazowej
VSU]ĊĪRQHM�]H�VSHNWURPHWULą�PDV��GC-MS) wHGáXJ Nowackiego i in. (2017);

x o]QDF]HQLH�LORĞFLRZH�L�LGHQW\ILNDFMD�WULWHUSHQyZ�PHWRGą�UPLC-PDA-ESI-Q/TOF-MS wHGáXJ�Zhang
i in. (2013);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� ILWRSURVWDQyZ� L� ILWRIXUDQyZ� PHWRGą� ultrawysokosprawnej
FKURPDWRJUDILL� FLHF]RZHM� VSU]ĊĪRQHM� ]� SRWUyMQą� NZDGUXSRORZą� VSHNWURPHWULą� PDV� �UHPLC-ESI-
QqQ-MS/MS) wHGáXJ Collado-González i in. (2015)

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� NZDVyZ� RUJDQLF]Q\FK� PHWRGą� ultrasprawnej chromatografii
FLHF]RZHM��83/&��VSU]ĊĪRQHM�]�GHWHNFMą�IRWRGLRGRZą��3'$��wHGáXJ�:RMG\áR�L�LQ. (2018);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� FXNUyZ� PHWRGą� wysokosprawnej chromatografii cieczowej
�+3/&��VSU]ĊĪRQHM�]�GHWHNWRUHP�UR]SURV]HQLD�ĞZLDWáD��ELSD) wHGáXJ�:RMG\áR�L�LQ� (2018);

x o]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� K\GURNV\PHW\ORIXUIXUDOX� �+0)� PHWRGą�83/&-3'$�ZHGáXJ
Tkacz i in. (2020b);

x R]QDF]HQLH� LORĞFLRZH� L� LGHQW\ILNDFMD� PDNURHOHPHQWyZ� L� PLNURHOHPHQWyZ� PHWRGą� atomowej
VSHNWURPHWULL�DEVRUSF\MQHM�]�DWRPL]DFMą�Z�SáRPLHQLX��)$$6��ZHGáXJ�7NDF]�L�LQ�������a);

x podstawowe analizy chemiczne:
- ]DZDUWRĞü�ekstraktu RJyOQHJR�PHWRGą�UHIUDNWRPHWU\F]Qą�ZHGáXJ PN-90/A-75101/02,
- ]DZDUWRĞü�suchej masy PHWRGą�ZDJRZą�ZHGáXJ PN-90/A-75101/03,
- NZDVRZRĞü RJyOQD�PHWRGą�PLDUHF]NRZą�ZHGáXJ PN-90/A-75101/04,
- pH PHWRGą�SRWHQFMRPHWU\F]Qą�ZHGáXJ PN-90/A-75101/06,
- ]DZDUWRĞü�SRSLRáX�RJyOQHJR�PHWRGą�ZDJRZą�ZHGáXJ�PN-90/A-75101/08;
- ]DZDUWRĞü�witaminy C PHWRGą�PLDUHF]NRZą�wHGáXJ PN-90/A-75101/11;
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- ]DZDUWRĞü�SHNW\Q�PHWRGą�0RUULVD�ZHGáXJ :RMG\áR�L�LQ��������� 

Analizy parametrów fizycznych 

Analizy mikroskopowe ]DZLHVLQ� V]F]HSyZ� EDNWHULL� XĪ\W\FK� Z� SURFHVLH� IHUPHQWDFML� MDEáNRZR-
mlekowej soków na bazie owoców rokitnika pospolitego (Publikacja 5) wykonano z XĪ\FLem imersji olejowej 
(100-krotne SRZLĊNV]HQLe obiektywu) ]JRGQLH�]�SURWRNRáHP Tkacz i in. (2020a). 

*ĊVWRĞü�RSW\F]Qą��2'560��RNUHĞODMąFą�Z]URVW�NRPyUHN�EDNWHU\MQ\FK��Publikacja 5��PLHU]RQR�PHWRGą�
VSHNWURIRWRPHWU\F]Qą�SU]\�����QP�ZHGáXJ�7NDF]�L�LQ�������a). 

0LNURNDSVXáNL� z soku z owoców rokitnika pospolitego (Publikacja 7) analizowano SRG� NąWHP�
parametrów fizycznych�� WM�� DNW\ZQRĞü� ZRG\�� JĊVWRĞü� U]HF]\ZLVWD�� JĊVWRĞü� QDV\SRZD�� SRURZDWRĞü�� LQGHNV�
EUą]RZLHQLD��DQDOL]RZDQR�wHGáXJ�Michalskiej i Lecha (2018). Parametry barwy w przestrzenie CIE L*a*b*, 

parametr nasycenia C (Chroma���NąW�EDUZ\��Kƕ) i FDáNRZLWą�UyĪQLFĊ�EDUZ\��G(��analizowano ZHGáXJ�Kuck
i Norexa (2016) i âXPLü�L�LQ��������� 

Analizy DNW\ZQRĞFL biologicznej 

Analizy DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM Z\NRQDQR�SRVáXJXMąF�VLĊ�QDVWĊSXMąF\PL�PHWRGDPL� 

x oznaczenie aNW\ZQRĞci SU]HFLZXWOHQLDMąFej z kationorodnikiem ABTSx+ ZHGáXJ�5H�L�LQ� (1999);

x R]QDF]DQLD�]GROQRĞFL�UHGXNRZDQLD�MRQyZ�)H3+ (FRAP) weGáXJ�%HQ]LH�L�Strain (1996);

x R]QDF]DQLD�]GROQRĞFL�DEVRUSFML�URGQLNyZ�WOHQRZ\FK��25$&��ZHGáXJ�2X�L�LQ� (2001);

x profilowanie on-OLQH�SU]HFLZXWOHQLDF]\�PHWRGą�+3/&-3'$�VSU]ĊĪRQą ]�GHU\ZDW\]DFMą

SRNROXPQRZą�]�XĪ\FLHP�RGF]\QQLND�$%76x+ zgodnie z Kusznierewicz i in. (2011) z modyfikacjami
ZHGáXJ�Tkacz i in. (2019a).

$NW\ZQRĞFL�ELRORJLF]QH�]ZLą]DQH�]�UHJXODFMą�DNW\ZQRĞFL�HQ]\PyZ wyznaczono w oparciu 
o metody in vitro:

x oznaczenie aNW\ZQRĞci przeciwstarzeniowej MDNR�]GROQRĞci inhibicji enzymów acetylocholinoesterazy
(AChE) i butylocholinoesterazy (BuChE) ZHGáXJ Gironés-Vilaplana i in. (2015);

x o]QDF]HQLH� DNW\ZQRĞFL przeciwcukrzycowej MDNR� ]GROQRĞci inhibicji enzymów Į-amylazy
i Į-glukozydazy wHGáXJ�Nowicka i in. (2018);

x oznaczenie DNW\ZQRĞFL�SU]HFLZ�RW\áRĞFL�MDNR�zGROQRĞci inhibicji enzymu lipazy trzustkowej wHGáXJ
3RGVĊGHN i in. (2014);

x o]QDF]HQLH� DNW\ZQRĞFL� przeciwzapalnej MDNR� ]GROQRĞci inhibicji enzymu 15-lipooksygenazy
(15-LOX) wHGáXJ Chung i in. (2009).
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Analiza sensoryczna 

AnalizĊ sensoryczną� SURGXNWyZ� QD� ED]LH� RZRFyZ� URNLWQLND� SRVSROLWHJR (Publikacja 6) 
SU]HSURZDG]RQR�ZĞUyG����SU]HV]NRORQ\FK�SDQHOLVWyZ RFHQLDMąF\FK�DWU\EXW\��EDUZĊ��DURPDW��NRQV\VWHQFMĊ��
smak, posmak kwaĞQ\��SRVPDN�REF\�L�RJyOQą�DNFHSWDFMĊ�Z��-stopniowej skali hedonicznej, z zachowaniem 
VWDQGDUGyZ�SURFHVX�ZHGáXJ�,62�������������Tkacz i in., 2021b). 

3.5. Analiza statystyczna 

Wyniki R]QDF]HĔ�VNáDGX�FKHPLF]QHJR�L�SDUDPHWUyZ�IL]\F]Q\FK��DNW\ZQRĞFL�ELRORJLF]QHM oraz analizy 
sensorycznej poddano analizie statystycznej. Celem testowania iVWRWQRĞci UyĪQLF� PLĊG]\� ĞUHGQLPL, dane 
poddano analizie wariancji (ANOVA) L� WHVWRZL� UR]VąGQHM� LVWRWQHM� UyĪQLF\� �5,5�� DQJ�� +6'�� 7XNH\D 
(Publikacje 1-3, 5-6) lub testowi wielozakresowemu Duncana (Publikacja 7). Dane GRW\F]ąFH� VRNyZ�
komercyjnych z owoców rokitnika (Publikacja 4) poddano nieparametrycznej analizie ZDULDQFML�VWRVXMąF test 
Kruskala-:DOOLVD��D�QDVWĊSQLH�WHVW ZLHORNURWQ\FK�SRUyZQDĔ Dunna. 5yĪQLFH�VWDW\VW\F]QH�QD�SR]LRPLH�S��������
oznaczono w tabelach i na rysunkach kolejnymi literami �D��E��F��«�. Wszystkie pomiary przeprowadzono 
Z�WU]HFK�SRZWyU]HQLDFK��D�Z\QLNL�SU]HGVWDZLRQR�MDNR�ZDUWRĞü�ĞUHGQLą��Q� ������RGFK\OHQLH�VWDQGDUGRZH��6'���
Dodatkowo, przedstawiono ZVSyáF]\QQLNL� NRUHODFML� 3HDUVRQD� �U��� DQDOL]Ċ� JáyZQ\FK� VNáDGRZ\FK� �3&$� 
w oparciu o macierz korelacji i z zastosowaniem autoskalowania oraz aglomeracyjne klastrowanie 
hierarchiczne (AHC) uzyskane na podstawie odmiennych RGOHJáRĞFL�HXNOLGHVRZych��VWRVXMąF�aglomeracyjną�
PHWRGĊ grupowania Warda. Analizy statystyczne i opracowanie graficzne wynikóZ�Z\NRQDQR�SU]\�XĪ\FLX�
RSURJUDPRZDĔ�Statistica 13.1 (StatSoft, Kraków, Polska) oraz XLSTAT Statistical Software w wersji 2016.4 
(Addinsoft Inc, New York, NY, USA) zintegrowanego z Microsoft Excel 2010/2017/2019 (Microsoft Corp., 
Redmond, WA, USA).
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4. OMÓWIENIE I DYSKUSJA WYNIKÓW

4.1. Analiza frakcji biologicznie aktywnej rokitnika pospolitego 

W pierwszym etapie pracy analizom poddano owoce V]HĞFLX��SRZV]HFKQLH�XSUDZLDQ\FK�Z�3ROVFH��
odmian rokitnika pospolitego (Hippophaë rhamnoides /���� µ$URPDWQDMD¶�� µ%RWDniczeskaja-/XELWHOVNDMD¶��
µ-y]HI¶�� µ/XF]LVWDMD¶�� µ0RVNZLF]ND¶� L� µ3RGDURN� 6DGX¶�� &HOHP� tego badania E\áR� RNUHĞOHQLH� DNW\ZQRĞFL�
biologicznej in vitro MDNR�SRWHQFMDáX�SU]HFLZXWOHQLDMąFHJR� L� ]GROQRĞFL� LQKLELFML�Į-DP\OD]\��Į-glukozydazy, 
lipazy trzustkowej i 15-OLSRRNV\JHQD]\�� Z� VWRVXQNX� GR� VNáDGQLNyZ� ELRDNW\ZQ\FK� �NZDVów fenolowych, 
flawonoli, ksantofili, karotenów, zestryfikowanych karotenoidów, tokoferoli, tokotrienoli i kwasów 
WáXV]F]RZych��RUD]�SRGVWDZRZHJR�VNáDGX�FKHPLF]QHJR�MDJyG�URNLWQLND pospolitego. 

Wyniki przedstawiono w Publikacji 1: 
Tkacz K., :RMG\áR� $��� 7XUNLHZLF]� ,�3��� %REDN� à��� 1RZLFND� 3�� ������ Anti-oxidant and anti-enzymatic 
activities of sea buckthorn (Hippophaë rhamnoides L.) fruits modulated by chemical components. 
Antioxidants, 8, 618. doi:10.3390/antiox8120618. 

Owoce rokitnika pospolitego poddano analizom podstawowego VNáDGX�FKHPLF]QHJR��czyli ]DZDUWRĞci 
cukrów, kwasów organicznych, suchej masy, ekstraktu ogólnego, popiRáX�� SHNW\Q�� ZLWDPLQ\� &�� S+�
L� NZDVRZRĞci ogólnej (Publikacja 1, Tab. 1). Niektóre z odmian H. rhamnoides VWDQRZLá\� SU]HGPLRW�
]DLQWHUHVRZDQLD�WDNĪH�LQQ\FK�naukowców��MHGQDN�E\á\�XSUDZLDQH�Z�RGPLHQQ\FK�ZDUXQNDFK�NOLPDW\F]Q\FK�
i glebowych, w tym na terenie 6]ZHFML��%LDáRUXVL��)LQODQGLL�L�.DQDGy��&R�ZLĊFHM��wyniki zawarte w Publikacji 
1 stanowią SLHUZV]H�GRQLHVLHQLH�OLWHUDWXURZH�QD�WHPDW�QRZHM�RGPLDQ\�µ-y]HI¶�wyselekcjonowanej w Polsce. 

Zgodnie z analizą LORĞFLRZą i identyfikacją�FXNUyZ�Z�URNLWQLNX�SRVSROLW\P ]�XĪ\FLHP�PHWRG\�+3/&-
ELSD��Z�QDMZ\ĪV]HM�LORĞFL�Z\VWĊSRZDáD�JOXNR]D��RG��������GR��������FXNUyZ�RJyáHP���QDVWĊSQLH�VRUELWRO��
fruktoza i ramnoza (Publikacja 1, Tab. 1). Kwasy organiczne EDGDQH�PHWRGą�83/&-PDA uszeregowano pod 
Z]JOĊGHP�LFK� LORĞFL w odmianach rokitnika pospolitego w nDVWĊSXMąFHM�NROHMQRĞFL��NZDV�MDEáNRZ\�!�NZDV�
chinowy > kwas izocytrynowy > kwas cytrynowy > kwas szczawiowy. Wyniki zaprezentowane w Publikacji 
1 ZVND]Dá\�QD�NRQLHF]QRĞü�korekty smaku owoców wybranych odmian rokitnika pospolitego��Z�V]F]HJyOQRĞFL�
tych, w których stosunek FXNUyZ� GR� NZDVyZ� RUJDQLF]Q\FK� Z\QLyVá SRQLĪHM� ����� WM�� µBotaniczeskaja-
Lubitelskaja¶, µLuczistaja¶, µPodarok Sadu¶ oraz nowej RGPLDQ\�µJózef¶. W\MąWNRZR�NZDĞQ\�VPDN�RZRFyZ�
SRWZLHUG]Láa analiza pH�� NWyUH� Z\QRVLáR od 2,89 do 2,95 RUD]� NZDVRZRĞü miareczkowa równa 
od 2,48 g GR� ����� J� NZDVX� MDEáNRZHJR����� J� ĞP (ĞZLHĪHM� PDV\�. Owoce rokitnika pospolitego 
FKDUDNWHU\]RZDáD�WDNĪH�Z\ĪV]D�QLĪ�Z�SU]\SDGNX�LQQ\FK�RZRFyZ�MDJRGRZ\FK�]DZDUWRĞü�ZLWDPLQ\�&��RG�������
GR� ������PJ����� J� ĞP��� NWyUD� ]H�Z]JOĊGX� QD� EUDN� aktywnego enzymu askorbinazy w jagodach rokitnika 
pospolitego pozostaje stabilna po zbiorze i podczas przechowywania (Kallio i in., 2002). 

3RVáXJXMąF� VLĊ� WHFKQLNą UPLC-PDA oznaczono w owocach rokitnika pospolitego kwasy fenolowe 
i flawonole (Publikacja 1, Tab. 1)�� &DáNRZLWD� ]DZDUWRĞü� ]ZLą]NyZ� IHQRORZ\FK�Z\QLRVáD� RG� �������PJ�
do 901,11 mg/100 g sm (suchej masy���2NRáR�������]ZLą]NyZ�IHQRORZ\FK� RJyáHP�VWDQRZLá\� IODZRQROH��
D�NROHMQRĞü�RGPLDQ�SRG�Z]JOĊGHP�ich ]DZDUWRĞFL�E\áD�QDVWĊSXMąFD��µ0RVNZLF]ND¶�!�µ-y]HI¶�!�µ$URPDWQDMD¶�
!�µ3RGDURN�6DGX¶�!�µ%RWDQLF]HVNDMD-/XELWHOVNDMD¶�!�µ/XF]LVWDMD¶� Na podstawie porównania badanych odmian 
z odmianami uprawianymi w Europie Wschodniej i Azji (Pop i in., 2013; Ma i in. 2016) stwierdzono 



20 

]PLHQQRĞü�SURILOX�IODZRQROL��FR�]QDMGXMH�VZRMH�RG]ZLHUFLHGOHQLH�Z\QLNDMąFH�z RGG]LDá\ZDQLa odmiennych 
F]\QQLNyZ� NOLPDW\F]Q\FK�� JHRJUDILF]Q\FK�� GDW\� ]ELRUX�� WUDQVSRUWX� L� SU]HFKRZ\ZDQLD� RUD]� VWDQRZL� FHFKĊ�
podgatunkRZą i odmianRZą�(Zheng i in., 2016). 

Owoce rRNLWQLND� SRGGDQR� DQDOL]LH� NDURWHQRLGyZ� ]� XĪ\FLHP� techniki UPLC-PDA, która SR]ZROLáD�
na wyznaczenie cDáNRZLWHgo VWĊĪHQLa karotenoidów od 46,61 mg do 508,57 mg/100 g sm (Publikacja 1, Tab. 
1). 8]\VNDQH�ZDUWRĞFL�E\á\� LVWRWQLH�Z\ĪV]H� (p < 0,05) QLĪ raportowane dla owoców rokitnika pospolitego 
zebranych w Szwecji (od 11,99 mg do 142,49 mg/100 g sm) (Andersson i in., 2008) i Rumunii (od 53 mg 
do 97 mg/100 g sm) (Pop i in., 2014). Jagody odmiany µ-y]HI¶�]DZLHUDá\�3-NURWQLH�ZLĊFHM karotenoidów QLĪ�
odmiany µ/XF]LVWDMD¶��a w owocach RGPLDQ\�µ$URPDWQDMD¶�VWZLHUG]RQR�RG�2 do 25 razy w\ĪV]ą�]DZDUWRĞü�
NDURWHQyZ� ��������PJ����� J� VP�� QLĪ� Z� LQQ\FK� RGPLDQDFK��NDMZ\ĪV]\m XG]LDáem ksantofili w stosunku 
GR� NDURWHQRLGyZ� RJyáHP, ponad 74%, FKDUDNWHU\]RZDá\� VLĊ owoce odmian µBotaniczeskaja-Lubitelskaja¶�
i µLuczistaja¶. 

Przeprowadzona analiza z wykorzystaniem metody chromatograficznej (UPLC-FL) SR]ZROLáD�
QD� VWZLHUG]HQLH�� ĪH� IUDNFMD� OLSRILORZD� MDJyG� URNLWQLND� pospolitego ]DZLHUDáD RERN� NDURWHQRLGyZ� WDNĪH 
tokoferole i tokotrienole (Publikacja 1, Tab. 1). 6XPDU\F]QD�]DZDUWRĞü� WRNRIHUROL� L� WRNRWULHQROL�Z\QLRVáD�
od 27,12 mg do 34,27 mg/100 g sm, odpowiednio dla owoców odmian µLuczistajD¶�L�µ$URPDWQDMD¶� 

3RVáXJXMąF� VLĊ PHWRGą chromatografii gazowej (GC-MS)�� ]LGHQW\ILNRZDQR� V]HĞü� NZDVyZ�
WáXV]F]RZ\FK SU]\QDOHĪQych do omega-3, omega-6, omega-7 i omega-9, w tym dwa kwasy nasycone (SFA; 
palmitynowy i stearynowy), dwa kwasy jednonienasycone (MUFA, oleopalmitynowy i oleinowy) oraz dwa 
kwasy wielonienasycone (PUFA; linolowy i linolenowy) (Publikacja 1, Tab. 1)��'RPLQXMąF\P E\á�NZDV�
palmitynowy (C16:0), a RJyOQ\� SURILO� NZDVyZ� WáXV]F]RZ\FK� owoców rokitnika pospolitego ustalono 
QDVWĊSXMąFR������kwasy nasycone, 42% kwasy jednonienasycone i 20% kwasy wielonienasycone. Wysoka 
]DZDUWRĞü�kwasu palmitynowego, palmitoleinowego, oleinowego i linolowego jest charakterystyczna dla oleju 
z owoców rokitnika SRVSROLWHJR��Z�SU]HFLZLHĔVWZLH�GR�QDVLRQ�ERJDW\FK�Z�NZDV\�ZLHORQLHQDV\FRQH��3RS�L�LQ���
2014; Vescan i in., 2010). 

W Publikacji 1, po raz pierwszy w literaturze, ]DSUH]HQWRZDQR� Z\QLNL� ]ZLą]DQH� ]� DNW\ZQRĞFLą�
SU]HFLZFXNU]\FRZą, SU]HFLZ� RW\áRĞFL�� przeciwzapalną L� SU]HFLZXWOHQLDMąFą jagód odmian rokitnika 
pospolitego uprawianych w Polsce, w tym nowej RGPLDQ\�µ-y]HI¶� 1DMZ\ĪV]\�SRWHQFMDá�SU]HFLZXWOHQLDMąF\�
oznaczony meWRGDPL� $%76�� )5$3� L� 25$&� ]EDGDQR� Z� SU]\SDGNX� RZRFyZ� RGPLDQ\� µ$URPDWQDMD¶, 
D�QDMQLĪV]\�GOD�RZRFyZ�RGPLDQ�µ/XF]LVWDMD¶�L�µ%RWDQLF]HVNDMD-/XELWHOVNDMD¶ (Publikacja 1, Tab. 2). =GROQRĞü�
DEVRUSFML� URGQLNyZ� WOHQRZ\FK� �PHWRGD�25$&��Z\QLRVáD� do 34,68 mmol Trolox/100 g sm, podobnie jak 
w przypadku jagód rokitnika pospolitego podgatunków turkestanica i sinensis zebranych w Chinach (Guo 
i in., 2017a). Gao i in. (2000) GRZLHGOL�� ĪH oEQLĪHQLH� DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM� ABTS podczas 
dojrzewania jagód NRUHORZDáR�] REQLĪHQLHP�VWĊĪHĔ�]ZLą]NyZ�IHQRORZ\FK�L�NZDVX�DVNRUELQRZHJR podczas 
gdy aNW\ZQRĞü�IUDNFML�OLSLGRZHM�Z]UastaáD w procesie dojrzewania G]LĊNL�V\QWH]LH�NDURWHQRLGyZ. 

1DMZ\ĪV]ą DNW\ZQRĞü�przeciwcukrzycową (IC50 = 26,83 mg/ml), DQDOL]RZDQą�MDNR�]GROQRĞü�LQKLELFML�
Į-amylazy, VWZLHUG]RQR� GOD� MDJyG� RGPLDQ\� µ$URPDWQDMD¶�� =� NROHL�� Z\VRNą� DNW\ZQRĞü� Z� NLHUXQNX�
Į-glukozydazy�� GUXJLHJR� HQ]\PX� ]DDQJDĪRZDQHJR�Z�PHWDEROL]P� FXNUyZ�� ]EDGDQR� GOD� RZRFyZ�RGPLDQ\�
µ%RWDQLF]HVNDMD-LXELWHOVNDMD¶��,&50 = 41,78 mg/ml). Dla wszystkich badanych odmian rokitnika pospolitego 
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KDPRZDQLH�Į-DP\OD]\�E\áR�VLOQLHMV]H�QLĪ�Į-glukozydazy. (IHNW�KLSRJOLNHPLF]Q\�SRWZLHUG]Lá\�WDNĪH�badania 
]� XG]LDáHP ludzi, NWyUH� GRZLRGá\�� ĪH SRVLáNL� ]DZLHUDMąFH� MDJRG\� URNLWQLND� SRVSROLWHJR� PRJą� zmniejszDü 
L�RSyĨQLDü SRSRVLáNRZą�RGSRZLHGĨ�LQVXOLQRZą�RUD]�SRSUDZLDü�profil glikemiczny (Mortensen i in., 2018). 

:�Z\QLNX�EDGDĔ�zaprezentowanych w Publikacji 1 sWZLHUG]RQR�Z\VRNą�DNW\ZQRĞü�MDJyG�URNLtnika 
pospolitego w kierunku inhibicji 15-OLSRRNV\JHQD]\� ]DDQJDĪRZDQHM�Z� UHJXODFMĊ� SURFHVyZ� ]DSDOQ\FK� RUD]�
lipazy trzustkowej, która GHWHUPLQXMąF� LORĞü� SU]\VZDMDQ\FK� WáXV]F]yZ, RGJU\ZD� NOXF]RZą� UROĊ�
Z�PHFKDQL]PDFK�RW\áRĞFL��QDGZDJL�L�SRZLNáDĔ�cukrzycy typu 2. Wyniki analizy NRUHODFML�3HDUVRQD�ZVND]Dáy 
na silne korelacje PLĊG]\� ]DZDUWRĞFLą� NDURWHQRLGyZ� D� ]GROQRĞFLą� KDPRZDQLD� Į-amylazy (r = 0,747) 
i 15-lipooksygenazy (r = 0,668). 1DV\FRQH� NZDV\� WáXV]F]RZH� VLOQLHM� NRUHORZDá\� ]� SRWHQFMDáHP�
SU]HFLZ]DSDOQ\P�QLĪ�]�DNW\ZQRĞFLą�SU]HFLZXWOHQLDMąFą owoców rokitnika pospolitego. 

Analiza JáyZQ\FK�VNáDGRZ\FK��3&$��SR]ZROLáD�QD�Z\]QDF]HQLH�czterech grup relacji (Publikacja 1, 
Fig. 2): 

(1) jagody odmiany µPodarok Sadu¶ E\á\� ERJDWH�Z�ZLHORQLHQDV\FRQH� NZDV\� WáXV]F]RZH� L�PLDá\� VLOQH�
G]LDáDQLH�w kierunku inhibicji 15-lipooksygenazy; 

(2) DNW\ZQRĞü� SU]HFLZXWOHQLDMąFD� L� w kierunku inhibicji Į-DP\OD]\� E\á\� VNRUHORZDQH� ]� ]DZDUWRĞFLą�
karotenoidów i witaminy C, w które szczególnie zasobne E\á\�RZRFH�odmiany µ$URPDWQDMD¶; 

(3) jagody odmiany µ0RVNZLF]ND¶� ]DZLHUDá\� Z\VRNLH� VWĊĪHQLD� QDV\FRQ\FK� NZDVyZ� WáXV]F]RZ\FK, 
]ZLą]NyZ� IHQRORZ\FK� L� JOXNR]\�� FR� ]� NROHL� NRUHORZDáR� ]H� ]GROQRĞFLą� LQKLELFML� OLSD]\� WU]XVWNRZHM�
i Į-glukozydazy; 

(4) owoce odmian µ%RWDQLF]HVNDMD-/XELWHOVNDMD¶�� µ/XF]LVWDMD¶� L� µ-y]HI¶� WZRU]\á� QDMEDUG]LHM� UR]OHJá\�
klaster R� Z\VRNLHM� ]DZDUWRĞFL� NZDVyZ� RUJDQLF]Q\FK� MHGQRQLHQDV\FRQ\FK� NZDVyZ� WáXV]F]RZ\FK, 
tokotrienoli i tokoferoli. 

Badania zaprezentowane w Publikacji 1 GRZLRGá\��ĪH�MDJRG\�URNLWQLND�pospolitego PDMą�XQLNDWRZą�
NRPSR]\FMĊ� OLSRILORZ\FK� L� K\GURILORZ\FK� ]ZLą]NyZ� ELRDNW\ZQ\FK� 8]\VNDQH� Z\QLNL� SR]ZROLá\�
QD�Z\W\SRZDQLH�GR�GDOV]\FK�EDGDĔ�RGPLDQ�R�QDMZ\ĪV]\P�SRWHQFMDOH�ELRDNW\ZQ\P� 

'RW\FKF]DV� Z� OLWHUDWXU]H� QLH� SU]HSURZDG]RQR� DQDOL]\� ]ZLą]NyZ� IHQRORZ\FK� L� NDURWHQRLGyZ�
Z� URNLWQLNX� SRVSROLW\P� SRG� NąWHP� LFK� G]LDáDQLD� SU]HFLZVWDU]HQLRZHJR�� LVWRWQHJR� Z� WHUDSLL� FKRURE\�
$O]KHLPHUD�F]\�3DUNLQVRQD��:�W\P�NRQWHNĞFLH��FHOHP�NROHMQHM�F]ĊĞFL�EDGDĔ�E\áD�V]F]HJyáRZD�LGHQW\ILNDFMD�
L�R]QDF]HQLH�LORĞFLRZH�]ZLą]NyZ�IHQRORZ\FK�L�NDURWHQRLGów SU]\�XĪ\FLX�metody UPLC-PDA-ESI-Q/TOF-
MS RUD]� RFHQD� SRWHQFMDáX� SU]HFLZVWDU]HQLRZHJR� MDNR� LQKLELFML� acetylocholinoesterazy (AChE) 
i butylocholinoesterazy (BuChE) owoców wybranych odmian rokitnika pospolitego. 

Wyniki przedstawiono w Publikacji 2: 
Tkacz K., :RMG\áR�$���7XUNLHZLF]�,�3���)HUUHUHV�)���0RUHQ��'��$���1RZLFND�3��������UPLC-PDA-Q/TOF-
MS profiling of phenolic compounds and carotenoids and their influence on anticholinergic potential for AChE 
and BuChE inhibition and on-line antioxidant activity of selected Hippophaë rhamnoides L. cultivars. Food 
Chemistry, 309: 125766. doi: 10.1016/j.foodchem.2019.125766. 

:VWĊSQLH�]LGHQW\ILNRZDQR�L�RNUHĞORQR�]DZDUWRĞü����]ZLą]NyZ�IHQRORZ\FK, w tym dwóch kwasów 
fenolowych i reszty jako pochodnych flawonoli (Publikacja 2, Tab. 1). 3DVPD�DEVRUSFML�89�L�JáyZQH�MRQ\�
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IUDJPHQWDF\MQH� RGSRZLDGDá\� Sochodnym kwasu hydroksycynamonowego, odpowiednio O-heksozydowi 
kwasu p-kumarowego i O-heksozydowi kwasu ferulowego. Dotychczasowe badania nad rokitnikiem 
pospolitym zebranym w indyjskim rejonie Himalajów VXJHURZDá\�GRPLQDFMĊ�obu oznaczonych kwasów, wraz 
z kwasem galusowym i p-hydroksybenzoesowym, jednak badane w literaturze owoce rokitnika pospolitego 
]DZLHUDá\�QDZHW do 107 mg kwasów fenolowych w 100 g sm (Arimboor i in., 2008; Guo i in., 2017a; Teleszko 
i in., 2015). 

Oznaczono osiem pochodnych kwercetyny, 15 pochodnych izoramnetyny i aglikon izoramnetyny oraz 
dwie pochodne kemferolu (Publikacja 2, Tab. 1). *áyZQ\PL� VWUXNWXUDPL� JOLNR]\GyZ� IODZRQROX� E\á\��
-O-rutynozyl, -O-glukozyl, -O-soforozyl i -O-ramnozyl, podobnie jak wskazano to w innych badaniach nad 
rokitnikiem pospolitym (Zheng i in., 2016; Guo i in., 2017a). Badanie identyfikuje pochodne flawonolu 
podstawione Z�SR]\FML�&������]ZLą]NyZ��RUD]�Z�SR]\FMDFK�&��L�&������]ZLą]NyZ��MDNR�SUHIHUHQF\MQH�SR]\FMH�
glikozylacji. 

Owoce URNLWQLND� QDOHĪ\� uznaü MDNR� ERJDWH� ĨUyGáR� SRFKRGQ\FK� L]RUDPQHW\Q\� �RG� ��% do 72% 
IODZRQROL�RJyáHP���D�QDVWĊSQLH pochodnych kwercetyny (od 25% GR�����IODZRQROL�RJyáHP�� W przypadku 
ZV]\VWNLFK� RGPLDQ� QDMZ\ĪV]ą� NRQFHQWUDFMĊ, od 16% GR� ���� IODZRQROL� RJyáHP�� wyznaczono 
dla 3-O-rutynozydu izoramnetyny�� ]ZLą]NX�ZDĪQHJR�Z� DVSHNFLH� SUR]GURZRWQym. Badania Boubaker i in. 
������� GRZLRGá\�� ĪH� 3-O-rutynozydu izoramnetyny pochodzenia naturalnego sprzyjaá apoptozie ludzkich 
komórek szpikowej erytroleukemii, z kolei badania QD� NRPyUNDFK� WáXV]F]RZ\FK� OLQLL� �7�-L1 wsND]Dá\��
ĪH�flawonol ten PRĪH�ZSá\ZDü�QD�NRQWUROĊ�PDV\�WNDQNL�WáXV]F]RZHM��SRprzez hamowanie adipogenezy (Sekii 
i in., 2015). Badane jagody rokitnika pospolitego FKDUDNWHU\]RZDá\� VLĊ� WDNĪH� wysokim VWĊĪHQLem: 
3-O-glukozydu i 3-O-glukozydu-7-O-ramnozydu izoramnetyny oraz 3-O-glukozydu i 3-O-rutynozydu 
kwercetyny. 

Wyniki zaprezentowane w Publikacji 2 stanowią SLHUZV]\� Z� OLWHUDWXU]H� V]F]HJyáRZ\� UDSRUW�
GRW\F]ąF\� NDURWHQRLGyZ� EDGDQ\FK� RGPLDQ� RUD]� RZRFyZ� URNLWQLND� SRVSROLWHJR� XSUDZLDQ\FK� Z� 3ROVFH��
Porównanie czasów retencji, widm absorpcji UV i ich struktury oscylacyjnej, absorpcji pików cis oraz 
ZáDĞFLZRĞFL�MRQyZ�L�IUDJPHQWyZ�PROHNXODUQ\FK�SR]ZROLáR�QD�ZVWĊSQą�LGHQW\ILNDFMĊ�16 karotenoidów, w tym 
11 ksantofili, czterech karotenów i jednego estru. :ĞUyG�NVDQWRILOL�R]QDF]RQR��DOO-trans-OXWHLQĊ�L�MHM�L]RPHU\��
all-trans-]HDNVDQW\QĊ�L�MHM�L]RPHU\�RUD]�DOO-trans-ȕ-kryptoNVDQW\QĊ. Z grupy karotenów zbadano all-trans-ȕ-
karoten i jego izomery oraz OLNRSHQ�� D� WDNĪH zidentyfikowano estryfikowany karotenoid, tj. dipalmitynian 
zeaksantyny (Publikacja 2, Tab. 2). 

Analiza UPLC-3'$�SR]ZROLáD�Z\]QDF]\ü�]DZDUWRĞü�NVDQWRILOL�Z�LORĞFL�od 16% do 81% karotenoidów 
RJyáHP (Publikacja 2, Tab. 2). 6WZLHUG]RQR��ĪH�RZRFH�URNLWQLNa pospolitego wybranych odmian uprawianych 
w Polsce Z\UyĪQLDáR NLONXNURWQLH� Z\ĪV]H� VWĊĪHQLH� DOO-trans-]HDNVDQW\Q\� QLĪ� RGPLDQ� H. rhamnoides 
z innych regionów (Andersson i in., 2009; Pop i in., 2014). Badania ZVND]XMą, ĪH�NDURWHQ\�VWDQRZLá\�RG���% 
do 47% NDURWHQRLGyZ�RJyáHP��D�]DZDUWRĞü�GRPLQXMąFHJR ]ZLą]Nu, all-trans-ȕ-karotenu, wynLRVáD od 8,85 mg 
(µLuczistaja¶) do 162 mg/100 g sm (µAromatnaja¶).  

1DVWĊSQLH�� RNUHĞORQR� DNW\ZQRĞü� SU]HFLZVWDU]HQLRZą�� EDGDQą� MDNR� ]GROQRĞü� GR� KDPRZDQLD�$&K(�
i BuChE (Publikacja 2, Tab. 3)�� (Q]\P\� WH� ELRUą� XG]LDá� Z� UR]SDG]LH� QHXURSU]HNDĨQLND� DFHW\ORFKROLQ\��
którego niski poziom jest W\SRZ\� GOD� QLHXOHF]DOQHM� L� SRVWĊSXMąFHM� FKRURE\�$O]KHLPHUD�� RWĊSLHQLD� L� ZLHOX�
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LQQ\FK� ]DEXU]HĔ� QHXURGHJHQHUDF\MQ\FK�� Jagody RGPLDQ� µ$URPDWQDMD¶�� µ-y]HI¶� L� µ0RVNZLF]ND¶�
FKDUDNWHU\]RZDáa QDMZ\ĪV]a wyznaczona DNW\ZQRĞü. 3RWHQFMDá� owoców RNUHĞORQR� MDNR� XPLDUNRZDQ\�
w kierunku AChE (IC50 od 20,16 do 40,60 mg/ml) i silny w kierunku BuChE (IC50 < 0,01 mg/ml). $NW\ZQRĞü�
BuChE Z]UDVWD�ZUD]�]�SRVWĊSHP�XSRĞOHG]HQLD�IXQNFML�Py]JX��VWąG�wskazanie, iĪ badane odmiany rokitnika 
SRVSROLWHJR�PRJą�VWDQRZLü�WHUDSHXW\F]QH�X]XSHáQLHQLH�codziennej diety chorego.  

8VWDORQR� WDNĪH� DNW\ZQRĞü� SU]HFLZXWOHQLDMąFą� IUDNFML� IHQRORZHM� URNLWQLND� SRVSROLWHJR� ]D� SRPRFą�
metody HPLC-3'$�VSU]ĊĪRQHM�]�GHU\ZDW\]DFMą�SRVWNROXPQRZą�]�XĪ\FLHP�RGF]\QQLND�$%76��, dotychczas 
nie opisanej w literaturze dla H. rhamnoides�� %DGDQLH� ZVND]DáR�� ĪH� NZDV\� IHQRORZH� FKDUDNWHU\]XMą� VLĊ�
silniejszą�]GROQRĞFLą�GR�wygaszania ZROQ\FK�URGQLNyZ�QLĪ�IODZRQROH��FR�WáXPDF]RQe jest QLVNą�DNW\ZQRĞFLą 
3-O-JOLNR]\GyZ�Z�SRUyZQDQLX�GR�DJOLNRQyZ� L�EUDNLHP� LFK�]GROQRĞFL�GR� WZRU]HQLD� VWUXNWXU�FKLQRQRZ\FK�
przez utlenianie (Rösch i in., 2004). 

3RGVXPRZXMąF��Zyniki korelacji Pearsona PLĊG]\�]GROQRĞFLą�LQKLELFML�AChE i BuChE D�]DZDUWRĞFLą�
IODZRQROL�E\á\�Z\VRNLH��U� �������L���������XPLDUNRZDQH�GOD�NDURWHQRLGyZ��U� ��������L�QLVNLH�Z�SU]\SDGNX�
kwasów fenolowych (r = 0,388 i 0,355) (Publikacja 2, Tab. 4). =� NROHL�� V]F]HJyá\� DQDOL]\� JáyZQych 
VNáDGRZ\FK� �3&$� (Publikacja 2, Fig. 2) ZVND]Dá\� QD� UHODFMH� PLĊG]\� DNW\ZQRĞFLą� przeciwVWDU]HQLRZą 
a all-trans-ȕ-NU\SWRNVDQW\Qą�� 3-O-glukozydem kwercetyny, 3-O-heksozydem-7-O-ramnozydem kemferolu 
oraz 3-O-(2-ramnozylo)glukozydem, 3-O-(6-ramnozylo)heksozydem, 3-O-rutynozydem i 3-O-glukozydem 
izoramnetyny. 

PRWHQFMDá� Z\NRU]\VWDQLD� FDáHM� URĞOLQ\� H. rhamnoides postrzegany przez pryzmat gospodarki 
bezodpadowej skupia VLĊ�QD�]DJRVSRGDURZDQLX�SR]RVWDáRĞFL, takich jak SĊG\ i OLĞcie po mechanicznym zbiorze 
RZRFyZ� L� Z\WáRNL� ]DZLHUDMąFH� VNyUNL� L� QDVLRQD� ]� HQGRNDUSHP��w SURGXNFML� R�Z\VRNLHM� ZDUWRĞFL� GRGDQHM 
(Ciesarová i in., 2020; Radenkovs i in., 2018). 3RVWĊS�EDGDĔ�ZáDVQ\FK nad odmianami rokitnika pospolitego 
i jednoczesny niedobór GRQLHVLHĔ� OLWHUDWXURZ\FK� QD� WHPDW� SURILOX� PHWDEROLWyZ� ZWyUQ\FK� L� VNáDGQLNyZ�
RGĪ\ZF]\FK� F]ĊĞFL� DQDWRPLF]Q\FK� URNLWQLND� SRVSROLWHJR ]DLQLFMRZDá\� EDGDQLD�PDMąFH� QD� FHOX� MDNRĞFLRZH�
L� LORĞFLRZH� R]QDF]HQLH� SHQWDF\NOLF]Q\FK� WULWHUSHQRLGyZ�� ]ZLą]NyZ� IHQRORZ\FK� RUaz makro-  
L�PLNURHOHPHQWyZ�F]ĊĞFL�DQDWRPLF]Q\FK�MDJyG��VNyUNL��PLąĪV]X��HQGRNDUSX��QDVLRQ���SĊGyZ L�OLĞFL�Z\EUDQ\FK�
odmian rokitnika pospolitego. 

Wyniki przedstawiono w Publikacji 3: 
Tkacz K., :RMG\áR�$���7XUNLHZLF]�,�3���1RZLFND�3��������Triterpenoids, phenolic compounds, macro- and 
microelements in anatomical parts of sea buckthorn (Hippophaë rhamnoides L.) berries, branches and leaves. 
Journal of Food Composition and Analysis, 103, 104107. doi: 10.1016/j.jfca.2021.104107. 

Badania omówione w Publikacji 3 SRGNUHĞODMą� UyĪQRURGQRĞü� DQDWRPLF]Q\FK� F]ĊĞFL� URNLWQLND�
SRVSROLWHJR� SRG� Z]JOĊGHP� ZHU\ILNRZDQ\FK� VNáDGQLNyZ� L ]DSHZQLDMą� NRPSOHNVRZH� SRUyZQDQLH�
Z\VRNRSORQXMąF\FK� RGPLDQ� uprawianych w (XURSLH� ĝURdkowo-Wschodniej, tj. µ%RWDQLF]HVNDMD-
/XELWHOVNDMD¶��µ*ROGHQ�5DLQ¶��µ/XF]LVWDMD¶��µ0DU\MD¶��µ3RGDURN�6DGX¶��µ3UR]URF]QDMD¶�L�µ7DWLDQD¶� 

Analiza przeprowadzona PHWRGą� 83/&-PDA-ESI-Q/TOF-06� SR]ZROLáD� QD� LGHQW\ILNDFMĊ�
L� R]QDF]HQLH� LORĞFLRZH� VLHGPLX� SRFKRGQ\FK� NZHUFHW\Q\�� ��� SRFKRGQ\FK� L]RUDPQHW\Q\� RUD]� GZyFK�
pochodnych kemferolu (Publikacja 3, Tab. 1). 3RFKRGQH� L]RUDPQHW\Q\� Vą� GREU]H� UR]SR]QDQH� MDNR�
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GRPLQXMąFD�IUDkcja fenolowa��VWDQRZLą�ponad 65% flawonoli FDá\FK�MDJyG�JDWXQNyZ�QDOHĪąF\FK�GR�URG]LQ\�
rokitnikowatych (Elaeagnaceae) XSUDZLDQ\FK�Z�UyĪQ\FK lokalizacjach geograficznych (Fatima i in., 2015; 
Ma i in., 2016; Publikacja 1��� -HGQDN� WR� EDGDQLH� F]ĊĞFL� DQDWRPLF]Q\FK� URNLWQLND� SRVSROLWHJR� ZVND]DáR�
QD�ZLĊNV]H�]UyĪQLFRZDQLH�SRFKRGQ\FK�L]RUDPQHW\Q\�QLĪ�NZHUFHW\Q\�L�NHPIHUROX��DOH� MHGQRF]HĞQLH�Z\ĪV]H�
VWĊĪHQLe pochodnych kwercetyny w skórce��PLąĪV]u, SĊGDFK i OLĞFLach��1DMZ\ĪV]H�]DZDUWRĞFL��-O-glukozydu, 
3-O-rutynozydu i 3-O-glukozydu-7-O-ramnozydu izoramnetyny oraz 3-O-glukozydu kwercetyny oznaczono 
Z� VNyUNDFK�� SU]\� F]\P� Z� PLąĪV]X� GRPLQRZDá� �-O-glukozyd kwercetyny. 3-O-Glukozyd-7-O-ramnozyd 
izoramnetyny E\á� UyZQLHĪ� JáyZQ\P� IODZRQROHP�Z� QDVLRQDFK� L� HQGRNDUSLH�� F]HJR�ZF]HĞQLHM� QLH� RSLVano 
w literaturze naukowej. 

W SĊGDFK� L� OLĞFLDFK� ]EDGDQR� LVWRWQLH� Z\VRNLH� LORĞFL� �-O-glukozydu-7-O-ramnozydu kwercetyny 
�S����������D�ZLĊNV]RĞü�OLĞFL�E\áD�]DVREQD�UyZQLHĪ�Z��-O-glukozyd i 3-O-rutynozyd kwercetyny. Oprócz OLĞFL, 
3-O-rutynozyd kwercetyny zidentyfikowano�� WDNĪH�Z� VNyUNDFK��PLąĪV]X� L� HQGRNDUSLH�� Z� SU]HFLZLHĔVWZLH�
GR� RGPLDQ� XSUDZLDQ\FK�Z�.DQDG]LH�� Z� W\P� UyZQLHĪ� DQDOL]RZDQHM� Z� W\P� EDGDQLX� µ*ROGHQ� 5DLQ¶�� JG]LH�
]ZLą]HN�WHQ�]LGHQW\ILNRZDQR�W\ONR�Z�OLĞFLDFK��)DWLPD�L�LQ��������� 

2EHFQRĞü� SRFKRGQ\FK� NHPIHUROX� E\áD� VHOHNW\ZQD�� ]DOHĪQD� RG� IUDNFML� L� RGPLDQ\�� GOD� SU]\NáDGX�
QDVLRQD� ]DZLHUDá\� W\ONR� �-O-rutynozyd, natomiast pochodnych kemferolu nie zidentyfikowano w SĊGach. 
Stwierdzono, ĪH� im bardziej zHZQĊWU]QD F]ĊĞü� MDJRG\� �RG� QDVLRQ do skórki), tym Z\ĪV]D E\áD� ]DZDUWRĞü�
pochodnych kemferolu. Ponadto, aQDOL]D�LORĞFLRZD�SU]HSURZDG]RQD�PHWRGą�83/&-3'$�GRZLRGáD��ĪH�OLĞFLH�
URNLWQLND�SRVSROLWHJR�E\á\�ĞUHGQLR�2-NURWQLH�]DVREQLHMV]H�Z�NZDV\�IHQRORZH�QLĪ�PLąĪV]�L�VNyUNL� 

=JRGQLH� ]� R]QDF]HQLHP� PHWRGą� 83/&-PDA, ZĞUyG flawan-3-oli oznaczono (+)-katechinĊ, 
(-)-epikatechinĊ�(EC), galusan (-)-epikatechiny (ECG) i (-)-epigallokatechiny (EGC) (Publikacja 2, Tab. 2). 
Frakcje rokitnika pospolitego SRG�Z]JOĊGHP� ]DZDUWRĞFL� flawan-3-ROL� XSRU]ąGNRZDQR QDVWĊSXMąFR�� SĊG\ > 
endokarp !� OLĞFLH� !� VNyUNL� !�PLąĪV]�!� QDVLRQD� Analiza UPLC-)/� NRĔFRZ\FK� MHGQRVWHN� SROLPHU\F]Q\FK�
procyjanidyn (PP), SRZVWDá\FK� Z� Z\QLNX� UHDNFML� IORURJOXF\QROL]\�� ZVND]DáD SU]HZDJĊ (+)-katechiny 
Z�LORĞFLRZR�]UyĪQLFRZDQ\FK�VWUXNWXUDFK�SROLPHURZ\FK��&]ĊĞFL�ZHJHWDW\ZQH�L�QDVLRQD�E\á\�OHSV]\P�ĨUyGáHP�
33� QLĪ� PLĊNNLH� WNDQNL jagód. /LĞFLH� SRZV]HFKQLH� XSUDZLDQ\FK� MDEáRQL�� SLJZ\� SRVSROLWHM�� SLJZRZFD�
MDSRĔVNLHJR��ĪXUDZLQ\�ZLHORRZRFRZHM�L�SRU]HF]NL�F]DUQHM�]DZLHUDá\ od 239 mg do 11 215 mg PP w 100 g sm 
�7HOHV]NR�L�:RMG\áR���������VWąG�OLĞFLH�URNLWQLND�SRVSROLWHJR�X]QDQR�]D�ĨUyGáR�33�R�XPLDUNRZDQHM�]DZDUWRĞFL� 

ĝUHGQL� VWRSLHĔ� SROLPHU\]DFML� SURF\MDQLG\Q� �'3�� ZVND]XMąF\� liczbĊ jednostek flawan-3-olu 
w polimerach, oznaczono od 2,4 w SĊGach do 8,0 w nasionach��2EHFQRĞü�GLPHU\F]Q\FK�L�ROLJRPHU\F]Q\FK�
flawan-3-ROL�RUD]�VáDEH�XMHPQH�NRUHODFMH�PLĊG]\�DP i PP oraz DP i flawan-3-olami (odpowiednio r = -0,30 
i -������ ZVND]Dá\� QD� QLVNą� LQWHQV\ZQRĞü� FLHUSNRĞFL� frakcji�� ZDĪQHM� z punktu widzenia potencjalnych 
zastosowaĔ VSRĪ\ZF]\ch. 

'RW\FKF]DVRZH�GDQH�OLWHUDWXURZH�DNFHQWRZDá\�NLONXNURWQLH�Z\ĪV]ą�]DZDUWRĞü�]ZLą]NyZ�IHQRORZ\FK�
Z� OLĞFLDFK�Z\áąF]QLH�w porównaniu do FDá\FK� MDJód rokitnika pospolitego i innych owoców jagodowych 
L� ]LDUQNRZ\FK��SRPLMDMąF�]QDF]HQLH�F]ĊĞFL� DQDWRPLF]Q\FK� �%LWWRYi� L� LQ���������7HOHV]NR� L�:RMG\áR��������
Criste i in., 2020). Wyniki badaĔ zaprezentowane w Publikacji 3 ZVND]XMą�QD�ponad 4-NURWQLH�Z\ĪV]ą�LORĞü�
]ZLą]NyZ�IHQRORZ\FK�Z�SĊGDFK�QLĪ�OLĞFLDFK��NROHMQR�RNRáR���UD]\�Z\ĪV]ą�QLĪ�Z�QDVLRQDFK�L���UD]\�Z\ĪV]ą�
QLĪ�Z�skórkach. Suma mono-, di-, oligo- i polimerycznych flawan-3-ROL�Z�HQGRNDUSLH�L�QDVLRQDFK�VWDQRZLáD�
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SRQDG������D�Z�SU]\SDGNX�SĊGyZ SRQDG�����]ZLą]NyZ�IHQRORZ\FK�RJyáHP��:�ZLĊNV]RĞFL�VNyUHN�L� OLĞFL�
stosunek flawan-3-ROL�GR�IODZRQROL�Z\QLyVá�����i proporcje te E\á\�determinowane czynnikiem odmianowym. 

3RVáXJXMąF� VLĊ� PHWRGą� 83/&-PDA-ESI-Q/TOF-MS ]LGHQW\ILNRZDQR� L� R]QDF]RQR� LORĞFLRZR�
11 pentacyklicznych triterpenoidów, które podzielono na dwie grupy (Publikacja 3, Tab. 3). Pierwsza z nich 
VNáDGDáD� VLĊ� ]� R]QDF]oQ\FK� Z� Z\VRNLFK� LORĞFLDFK� NZDVów: maslinowego, pomolowego, korozolowego, 
betulinowego, oleanolowego i ursolowego oraz betuliny. 'UXJą�IUDNFMĊ� VWDQRZLá\ kwas tormentowy, kwas 
Į-bosweliowy, uwaol i erytrodiol �Z\VWĊSXMąF\�W\ONR�Z�SĊGDFK�L�OLĞFLDFK�, których VXPD�VWDQRZLáD�RNRáR����
WULWHUSHQRLGyZ�RJyáHP. Kwasy pomolowy, korozolowy, betulinowy, tormentowy i Į-bosweliowy, EHWXOLQĊ��
uwaol i erytrodiol, ]LGHQW\ILNRZDQH� SR� UD]� SLHUZV]\� Z� F]ĊĞFLDFK anatomicznych jagód, SĊGDFK 
L�OLĞFLDFK�UyĪQ\FK�RGPLDQ�H. rhamnoides.  

&HFKą�Z\UyĪQLDMąFą�F]ĊĞFL�DQDWRPLF]QH�MDJRG\ �VNyUNL��PLąĪV]X��HQGRNDUSX��QDVLRQ��E\áD�GRPLQDFMD�
NZDVX� SRPRORZHJR�� NWyU\� VWDQRZLá� RG� ���� GR� ���� WULWHUSHQRLGyZ� RJyáHP�� RGSRZLHGQLR� GOD� VNyUHN�
i endokarpu. =DZDUWRĞFL�NZDVX�PDVOLQRZego L�NZDVX�SRPRORZHJR�E\á\�VLOQLH�VNRUHORZDQH��U� ��������D�PLąĪV]�
E\á�SRQDG���-krotnie ]DVREQLHMV]\�Z�WH�PHWDEROLW\�QLĪ�OLĞFLH��6NyUNL�FKDUDNWHU\]RZDáD�QDMZ\ĪV]D�LORĞü�NZDVX�
oleanolowego i kwasu ursolowego, SRZV]HFKQLH�Z\VWĊSXMąF\FK�Z niskopolarnych i niepolarnych frakcjach 
ZLHOX� URĞOLQ. 3ĊG\ X]QDQR� MDNR�QDMOHSV]H�ĨUyGáR�NZDVX�NRUR]RORZHJR� L kwasu betulinowego, podczas gdy 
OLĞFLH�]DZLHUDá\�NZDV�XUVRORZ\�Z�LORĞFL�����WULWHUSHQRLGyZ�RJyáHP��Ustalono��ĪH�SURILO�WULWHUSHQRLGyZ�skórek 
L� OLĞFL� URNLWQLND� SRVSROLWHJR�PRĪH�PLHü� ]QDF]HQLH�Z� SU]\SDGNX� ich zastosowania w zapobieganiu stanom 
zapalnym, ponLHZDĪ�EDGDQLD�in vitro i in vivo, w tym ostatnie nad SĊGDPL H. rhamnoides, VXJHUXMą�KDPRZDQLH�
promocji nowotworu przez kwas ursolowy (Yasukawa i in., 2009; Marciniak i in., 2021). Zidentyfikowane 
WULWHUSHQRLG\� PDMą� UyZQLHĪ� ZVSyOQH� G]LDáDQLH� SU]HFLZGUREQRXVtrojowe, hepatoprotekcyjne 
L�SU]HFLZXWOHQLDMąFH��5yĪDOVND�L�LQ��������� 

1DVWĊSQLH��]DVWRVRZDQie metody FAAS skoncentrowano na detekcji czterech makroelementów: sodu, 
SRWDVX��ZDSQLD�L�PDJQH]X�RUD]�F]WHUHFK�PLNURHOHPHQWyZ��ĪHOD]D��PLHG]L��F\QNX�L�manganu (Publikacja 3, 
Tab. 4). 6yG� VWDQRZLá� ]DOHGZLH� RG� ��� GR� ��� badanych makroelementów. Natomiast kluczowym 
SLHUZLDVWNLHP� E\á� SRWDV� Z� LORĞFL� od 74% do 93% wszystkich makroelementów odpowiednio w SĊGDFK 
i PLąĪV]X��]�Z\MąWNLHP�OLĞFL��Z�NWyU\FK�]QDF]Q\�XG]LDá�VWDQRZLá�ZDSĔ�- 55% makroelementów. 1DGFLĞQLHQLX�
WĊWQLF]HPX�WRZDU]\V]\�QLVNLH�VWĊĪHQLH�SRWDVX��ZDSQLD�L�PDJQH]X�Z�RUJDQL]PLH��VWąG�X]DVDGQLRQH�Z\GDMH�VLĊ�
VSRĪ\ZDQLH produktów na bazie frakcji rokitnika pospolitego, ]DVREQ\FK�Z� WH� VNáDGQLNL�PLQHUDOQH, przez 
NRQVXPHQWyZ� ]PDJDMąF\FK� VLĊ� ]� Wą�FKRUREą�� &R�ZLĊFHM�� GRVWU]HĪRQR� SRWHQFMDá�Z� UHJXODUQ\P� VSRĪ\ZDQLX�
SRNDUPyZ�]DZLHUDMąF\FK�jagody rokitnika pospolitego celem wspomagania utrzymania równowagi jonowej 
i ZáDĞFLZHM�SREXGOLZRĞFL�WNDQHN Z\QLNDMąFHM�]�UROL�SRWDVX�Z�RUJDQL]PLH�F]áRZLHND��%DO�L�LQ��������� 

%DGDQLD�GRZLRGá\��ĪH�QDMOHSV]\P�ĨUyGáHP�PDJQH]X�E\á\�QDVLRQD (15% makroelementów)��QDVWĊSQLH�
SĊG\ L�OLĞFLH��:\VRND�]DZDUWRĞü�PDJQH]X�RUD]�SU]HZDJD�ĪHOD]D�L�F\QNX�QDG�VRGHP�E\á\�FKDUDNWHU\VW\F]QH 
UyZQLHĪ�dla nasion rokitnika pospolitego badanych przez Zeb i Malook (2009). Jednak dane zaprezentowane 
w Publikacji 3 GRNáDGQLH�VSUHF\]RZDá\�25-NURWQLH�Z\ĪV]ą�DNXPXODFMĊ�ZDSQLD�w endokarpie QLĪ�Z�QDVLRQDFK, 
NWyUH� ]DZLHUDá\ LVWRWQLH� QLĪV]H� VWĊĪHQLe tego makroelementu (p < 0,05) QLĪ� SR]RVWDáH� F]ĊĞFL anatomiczne 
rokitnika pospolitego. 
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$QDOL]D� PLNURHOHPHQWyZ� ZVND]DáD Īelazo jako GRPLQXMąF\� mikroelement, Z� LORĞFL od 36% 
w przypadku endokarpu do ���� PLNURHOHPHQWyZ� RJyáHP� Z� QDVLRQDFK�� 2]QDF]RQR� ���-NURWQLH� Z\ĪV]ą�
NRQFHQWUDFMĊ� ĪHOD]D�Z� QDVLRQDFK� L� ���-NURWQLH�Z\ĪV]ą� ]DZDUWRĞü�Z� VNyUNDFK� L� HQGRNDUSLH� QLĪ�Z�PLąĪV]X��
'ODWHJR� WHĪ, SU]HFLHU\� L� VRNL� PĊWQH�� F]\OL� SURGXNW\� ]H� ]ZLĊNV]RQą� ]DZDUWRĞFLą� F]ĊĞFL� VWDá\FK� �skórek 
i endokarpu)�� GRVWDUF]ą� ]QDF]QLH� ZLĊFHM� ĪHOD]D� QLĪ� VRNL� SRGGDQH� NODURZDQLX� L� ILOWURZDQLX�� Dodatkowo, 
pRSU]HGQLH�EDGDQLD�GRZLRGá\��ĪH�RZRFH�URNLWQLND�SRVSROLWHJR�PDMą�Z\VRNLH�VWĊĪHQLH�ZLWDPLQ\�&��Publikacja 
1, Tab. 1���NWyUD�]ZLĊNV]D�SU]\VZDMDOQRĞü�ĪHOD]D��VWąG�VSRĪ\ZDQLH�SURGXNWyZ�]�WHM�URĞOLQ\�PRJáRE\ ZVSLHUDü�
]DUyZQR�SUDZLGáRZH�IXQNFMRQRZDQLH�XNáDGX�RGSRUQRĞFLRZHJR��MDN�L�SU]HPLDQ�metabolicznych - transportu 
elektronów, tlenu, aktywacji tlenu (Gutzeit i in., 2008). 

%DGDQLD�VNáDGQLNyZ�PLQHUDOQ\FK�SR]ZROLá\�QD�VWZLHUG]HQLH��ĪH�����J�VSURV]NRZDQ\FK�OLĞFL�EDGDQ\FK�
RGPLDQ�URNLWQLND�SRVSROLWHJR�PRĪH�SRNU\ü�]DOHFDQH�G]LHQQH�VSRĪ\FLH��5'$��ZDSQLD�������PJ���ĪHOD]D����PJ�
± PĊĪF]\ĨQL��18 mg - kobiety), miedzi (0,9 mg) i manganu (2,3 mg - PĊĪF]\ĨQL, 1,8 mg - kobiety). Podobnie,
endokarp, nasiona i SĊG\ PRJą� VWDQRZLü� NRU]\VWQH� QLHNRQZHQFMRQDOQH� ĨUyGáR� ĪHOD]D��PLHG]L� L� PDQJDQX��
EOLVNLH�]DSRWU]HERZDQLX�QD�VNáDGQLNL�RGĪ\ZF]H� 

5HODFMH�PLĊG]\�F]ĊĞFLDPL� DQDWRPLF]Q\PL� URNLWQLND� SRVSROLWHJR� D� VNáDGHP�FKHPLF]Q\P� RNUHĞORQR�
poprzez analizĊ JáyZQ\FK�VNáDGRZ\FK��3&$���Z�Z\QLNX�NWyUHM�Z\UyĪQLRQR�V]HĞü�VNXSLHĔ��Publikacja 3, Fig. 
2): 

(1) VNyUNL� FKDUDNWHU\]XMąFH� VLĊ� ]QDF]Qą� ]DZDUWRĞFLą� SRFKRGQ\FK� L]RUDPQHW\Q\�� NZHUFHW\Q\�
i kempferolu, kwasów fenolowych, betuliny, kwasu oleanolowego i kwasu ursolowego; 

(2) PLąĪV]�]DVREQ\�Z�NZDV�SRPRORZ\��NZDV�PDVOLQRZ\�L�SRWDV� 
(3) endokarp R�Z\VRNLP�VWĊĪHQLX�SRWDVX�L�VRGX� 
(4) QDVLRQD�NXPXOXMąFH�SROLPHU\F]QH�SURF\MDQLG\Q\��NZDV�EHWXOLQRZ\��PDJQH]�L�F\QN� 
(5) SĊG\ zasobne w polimeryczne procyjanidyny, flawan-3-ole, kwas korozolowy i kwas betulinowy; 
(6) OLĞFLH�MDNR�QDMEDUG]LHM�UR]OHJáD�JUXSD�UHSUH]HQWXMąFD�V]F]HJyOQLH�Z\VRNą�]DZDUWRĞü�flawonoli, wapnia, 

SRWDVX��VRGX��ĪHOD]D��PLHG]L��PDQJDQX�L�NZDVX�XUVRORZHJR� 

3RGVXPRZXMąF�� DQDOL]D� Z\QLNyZ� ]DSUH]HQWRZDQ\FK� Z� Publikacji 3�� SR]ZROLáD� QD� VWZLHUG]HQLH��
ĪH�DQDWRPLF]QH�F]ĊĞFL�URNLWQLND�SRVSROLWHJR��VNyUND��PLąĪV]��QDVLRQD��HQGRNDUS��SĊG\�L�OLĞFLH��PDMą�SRWHQFMDá�
GR�SURGXNFML�Ī\ZQRĞFL�ERJDWHM�Z�]ZLą]NL�IHQRORZH�L� WULWHUSHQ\ R�Z\VRNLHM�DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM�
i przeciwzapalnej�� D� WDNĪH� GR� X]XSHáQLDQLa jonów �V]F]HJyOQLH� SRWDVX��ZDSQLD�� ĪHOD]D��PLHG]L� L�PDQJDQX��
i utrzymania ich odpowiedniej równowagi w organizmie. 

1DVWĊSQH�� G]LDáDQLD� EDGDZF]H� VNXSLRQR� QD� DQDOL]LH� ]DOHĪQRĞFL� PLĊG]\� IUDNFMą� ILWR]ZLą]NyZ�
a DNW\ZQRĞFLą�ELRORJLF]Qą soków z owoców rokitnika pospolitego (Publikacja 4). Produkcja soków ZFLąĪ�
pozostaje V]\ENR�UR]ZLMDMąF\P�VLĊ�VHJPHQWHP�Z�VHNWRU]H�SU]HP\VáX�RZRFRZR-warzywnego, MHGQRF]HĞQLH�
VWDQRZLąc SRZV]HFKQą�NRPHUF\MQLH�IRUPĊ�SU]HWZRU]enia owoców rokitnika pospolitego. Dotychczas, brak 
w liWHUDWXU]H� GRQLHVLHĔ� QD� WHPDW� ]UyĪQLFRZDQLD� SURILOX� ILWRFKHPLF]QHJR� L� ZáDĞFLZRĞFL� SUR]GURZRWQ\FK�
GRVWĊSQ\FK�Z�KDQGOX� VRNyZ�]�RZRFyZ� WHM� URĞOLQ\��'ODWHJR� WHĪ�� FHOHP�EDGDĔ�E\áR� MDNRĞFLRZH� L� LORĞFLRZH�
oznaczenie tokoferoli i tokotrienoli�� NDURWHQRLGyZ� L� ZROQ\FK� DPLQRNZDVyZ� RUD]� RFHQD� SRWHQFMDáX�
SU]HFLZVWDU]HQLRZHJR�� SU]HFLZFXNU]\FRZHJR�� SU]HFLZ� RW\áRĞFL�� SU]HFLZ]DSDOQHJR� L� SU]HFLZXWOHQLDMąFHJR�
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Z�GRVWĊSQ\FK�QD�U\QNX�GHWDOLF]Q\P�VRNDFK�]�RZRFyZ�URNLWQLND�SRVSROLWHJR��-�-J5) i soku laboratoryjnym 
]� RZRFyZ� RGPLDQ\� µ-y]HI¶� �-��� Dodatkowym novXP� E\áD� DQDOL]D� LORĞFLRZD� L� MDNRĞFLRZD� ]ZLą]NyZ�
RNUHĞODQ\FK�PLDQHP�fitoprostanów (PhytoP) i fitofuranów (PhytoF). 

Wyniki przedstawiono w Publikacji 4: 
Tkacz K., Gil-Izquierdo Á., Medina S., Turkiewicz I.P., Domínguez-3HUOHV�5���1RZLFND�3���:RMG\áR��$��������
Phytoprostanes, phytofurans, tocopherols, tocotrienols, carotenoids and free amino acids and biological 
potential of sea buckthorn juices. Journal of the Science of Food and Agriculture, 11345. 
doi: 10.1002/jsfa.11345. 

Po raz pierwszy zidentyfikowano fitoprostany i fitofuran w sokach z owoców rokitnika pospolitego 
(Publikacja 4, Tab. 1). $QDOL]D�Z\NRQDQD�PHWRGą�UHPLC-QqQ-MS/MS SR]ZROLáD�QD�MDNRĞFLRZH�L�LORĞFLRZH�
R]QDF]HQLH�RĞPLX�ILWRSURVWDQyZ�)1, D1, B1 i L1, ich odpowiednich enancjomerów oraz mniej powszechnej 
RNV\OLSLQ\�Z�PDWU\FDFK�URĞOLQQ\FK�± fitofuranu. 'RPLQXMąFą�NODVą�E\á\�)1-fitoprostany (od 66% do 100% 
ILWRSURVWDQyZ� RJyáHP��� QDVWĊSQLH� SRFKRGQH� '1 �GR� ���� ILWRSURVWDQyZ� RJyáHP��� =H�Z]JOĊGX� QD� URVQąFH�
znaczenie fitoprostanów w ludzkiP� PHWDEROL]PLH�� ELRGRVWĊSQRĞFL� L� LPSOLNDFMDFK� SU]HFLZZLUXVRZ\ch, 
SU]HFLZ]DSDOQ\FK��LPPXQRPRGXOXMąF\FK��F\WRWRNV\F]Q\FK�L�F\WRSURWHNF\MQ\FK (Medina i in., 2018), od 20 
do niemal 50-NURWQLH�Z\ĪV]ą�VXPĊ�ILWRSURVWDQyZ�Z�VRNDFK�-���-��L�-��Z�SRUyZQDQLX�]�SR]RVWDá\PL�VRNDPL�
X]QDQR�]D�SRWHQFMDOQLH�NRU]\VWQH��:DUWR�]DXZDĪ\ü��ĪH�LORĞFL�ILWRSURVWDQyZ Z�VRNDFK�]�RZRFyZ�URNLWQLND�E\á\�
SRUyZQ\ZDOQH� ]� W\PL�Z� URĞOLQDFK� L� Ī\ZQRĞFL� XZDĪDQ\FK� ]D� ERJDWH� ĨUyGáD� Z� RNV\OLSLQ\��PLĊG]\� LQQ\PL�
Z�PDUDNXL��PLJGDáDFK� L� RU]HFKDFK� RUD] UyĪQ\FK� F]ĊĞFLDFK� DQDWRPLF]Q\FK� URĞOLQ� R� SRWHQFMDOH� OHF]QLF]\P�
(Medina i in., 2018). 

:ĞUyG� ILWRIXUDQyZ��RNUHĞORQR� MHG\QLH�Ent-9-(RS)-12-epi-ST-ǻ10-13-fitofuran w sokach J1, J4 i J6. 
2GPLDQ\� URNLWQLND� SRVSROLWHJR� L� ZDUXQNL� DJURQRPLF]QH� ]ZLą]DQH� ]� QDVLOHQLHP� VWUHVX� RNV\GDF\MQHJR��
D� QDVWĊSQLH� SURFHV� SURGXNFML� L� SU]HFKRZ\ZDQLD� VRNyZ� PRJá\� LVWRWQLH� PRGXORZDü� ]DZDUWRĞü� EDGDQ\FK�
RNV\OLSLQ��]H�Z]JOĊGX�QD�SRWHQFMDOQ\�Z]URVW�XWOHQLDQLD�NZDVX�Į-OLQROHQRZHJR��$/$��SRZRGRZDQ\�REUyENą�
FLHSOQą��FR�SRSU]HGQLR�EDGDQR�Z�ROHMDFK�URĞOLQQ\FK�(Collado-Gonzilez i in., 2015). 

$QDOL]D�SU]HSURZDG]RQD�PHWRGą�83/&-)/�XMDZQLáD�w sokach z owoców rokitnika pospolitego cztery 
kongenery tokoferolu: Į��ȕ� Ȗ L�į� oraz trzy kongenery tokotrienolu: Į� Ȗ L�į (Publikacja 4, Fig. 1). =DZDUWRĞü�
tokoferoli E\áa od 3,6 do 6,7 razy w\ĪV]a QLĪ LORĞü�tokotrienoli. Wysoka koncentracja Į-tokoferolu w sokach 
]�RZRFyZ�URNLWQLND�SRVSROLWHJR��JáyZQLH�-���-��L�-���X]QDQR�]D�QLHZąWSOLZLH�FHQQą, JG\Ī forma Į�MHVW�MHG\Qą 
DNW\ZQą� IRUPą� VSHáQLDMąFą ]DSRWU]HERZDQLH� F]áRZLHND� QD� ZLWDPLQĊ� (� Nasiona rokitnika pospolitego 
zawieraá\ Z\ĪV]H�LORĞFL�Ȗ-tokoferolu (od 20% GR������QLĪ�PLĊNNLH�F]ĊĞFL�MDJyG��]DĞ�į-tokoferol dominRZDá 
w skórkach (Ranjith i in., 2006; Pop i in., 2015). :� ]ZLą]NX� ]� W\P� REUyEND� ZVWĊSQD� VXURZFD� PRJáD�
PRGXORZDü� NRĔFRZą� ]DZDUWRĞü� W\FK� IRUP� Z� VRNDFK�� ]ZáDV]F]D� Z� VRNX� ]� RZRFyZ� RGPLDQ\� Ä-y]HI´�
R QDMZ\ĪV]\FK�R]QDF]RQ\FK�VWĊĪHQLDFK�IRUP�Ȗ�L�į.

2SLHUDMąF�DQDOL]Ċ�Z\NRQDQą�PHWRGą�83/&-PDA-ESI-Q/TOF-MS R�FKDUDNWHU\VW\NĊ�SURWRQRZDQ\FK�
F]ąVWHF]HN�L�MRQyZ�IUDJPHQWDF\MQ\FK, oznaczono 18 karotenoidów, w tym 10 ksantofili (izomery all-trans-
luteiny, all-trans-zeaksantyny i all-trans-ȕ-kryptoksantyny), 7 karotenów (all-trans-ȕ-karoten, cis-ȕ-karoten, 
Į-, Ȗ-�� į-, İ- L� ȗ-karoten) oraz fitofluen (Publikacja 4, Tab. 2). OEHFQRĞü� NDURWHQRLGyZ� GHWHUPLQXMH�
SRPDUDĔF]RZ\��QLHPDO czerwony kolor produktów z rokitnika pospolitego��D� W\P�VDP\P�LFK�DWUDNF\MQRĞü��
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:�VRNX�-��GRPLQRZDá\�NDURWHQ\����% karotenoidów RJyáHP), dla soku J6 stosunek karotenów do ksantofili 
wynLyVá niemal 1:1, a w SR]RVWDá\FK�VRNach ksantofile VWDQRZLá\�od 64% do 100% karotenoidów RJyáHP. 
Zatem, QLH�]QDOH]LRQR�NRUHODFML�PLĊG]\�W\PL�GZLHPD�JUXSDPL�NDURWHQRLGyZ��U� ��������DOH�NDURWHQ\�VLOQLH�
NRUHORZDá\� ]� ILWRIOXHQHP� �U�  � ������� NWyUHJR� REHFQRĞü� PRJáD� Z\QLNDü� ]� zanieczyszczenia QLHGRMU]Dá\mi 
jagodami. Co istotne, all-trans-ȕ-kryptoksantyna, jeden z charakterystycznych karotenoidów w rokitniku 
pospolitym opisany w Publikacji 2�� QLH� ]RVWDá� oznaczony Z� VRNDFK� -�� L� -��� NWyUH� QLH� ]DZLHUDá\� WDNĪH�
pochodnych karotenów (all-trans-ȕ-karoten, cis-ȕ-karoten, Į-, Ȗ-�� į-, İ- L� ȗ-karoten)�� 1LVNLH� LORĞFL� W\FK�
metabolitów wtórnych Z\QLNDMą�] eliminacji ID]\�WáXV]F]RZHM�]�VRNyZ�OXE�WHFKQRORJLi przetwarzania, w której 
surowiec podlega ZVWĊSQej obróbce Z\áąF]QLH� QD� ]LPQR, QLH� VSU]\MDMąFHM Z\VRNLHM� Z\GDMQRĞFL� HNVWUDNFML�
karotenów (Seglina i in., 2006). 

ZLGHQW\ILNRZDQR� L� R]QDF]RQR� LORĞFLRZR� ��� ZROQ\FK� DPLQRNZDVyZ�� Z� W\P� RVLHP� DPLQRNZDVyZ�
HJ]RJHQQ\FK� �($$�� L� SLĊü� DPLQRNZDVyZ� ZDUXQNRZR� QLH]EĊGQ\FK� GOD� RUJDQL]PX� F]áRZLHND� �&($$� 
(Publikacja 4, Tab. 3). %DGDQH� VRNL� PLDá\� kompleksowy SURILO� ($$� L� &($$�� DOH� LFK� ]DZDUWRĞü� E\áD�
XPLDUNRZDQD��RG�����GR�����DPLQRNZDVyZ�RJyáHP��=DWHP��W\ONR�Z\VHOHNFMRQRZDQH�produkty uznano jako 
DWUDNF\MQH�ĨUyGáR�DPLQRNZDVyZ.  

6WRVXQNRZR� Z\VRNą� L� ]UyĪQLFRZDQą� ]DZDUWRĞü asparaginy (Asn�� Z� LORĞFL� RG� ���� GR� ����
DPLQRNZDVyZ�RJyáHP��QDVWĊSQLH kwasu asparaginowego (Asp) i alaniny (Ala) w sokach z owoców rokitnika 
pospolitego QDOHĪ\� UR]SDWU\ZDü� Z� NRQWHNĞFLH� U\]\ND� Z\VWąSLHQLD� UHDNFML� 0DLOODUGD� SRZRGXMąF\FK�
powstawanie SRWHQFMDOQLH�WRNV\F]Q\FK�]ZLą]NyZ�R�QHJDW\ZQ\P�ZSá\ZLH�QD�]GURZLH��DNU\ODPLGu - ACR, 
hydroksymetylofurfuralu - HMF, amin heterocyklicznych, furanu) (Collado-González i in. 2014; Constantin 
i in., 2019). Z drugiej strony Constantin i in. (2019) zidentyfikRZDOL� RSW\PDOQą� WHPSHUDWXUĊ� L� VHNZHQFMĊ�
F]DVRZą�Z� FHOX� ]PQLHMV]HQLD� WZRU]HQLD� VLĊ�$&5� L� �-HMF podczas obróbki termicznej purée z rokitnika, 
tj. 134,87 °C przez 14,82 min. 

Co ZDĪQH��ZĞUyG�DPLQRNZDVyZ�QLHSURWHRJHQQ\FK, *$%$�VWDQRZLá�GR�����, a aminokwas siarkowy 
homocysteina (HCys) do 3,3% aminokwasów RJyáHP��&KRFLDĪ�WH�DPLQRNZDV\�QLH�Vą�ZEXGRZDQH�Z�ELDáND��
LFK�REHFQRĞü�Z�VRNDFK�] owoców rokitnika pospolitego PRĪH�E\ü�]ZLą]DQD�]H�]GURZLHP��SRQLHZDĪ�G]LDáDMą�
MDNR�JáyZQH�QHXURSU]HNDĨQLNL synaptyczne R�G]LDáaniu KDPXMąFym L� Vą� VLOQ\Pi przeciwutleniaczami (Wu, 
2010; Collado-González i in. 2014). W dotychczasowych danych literaturowych nie analizowano 
aminokwasów w sokDFK� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� SU]\� XĪ\FLX�PHWRG\�/&-MS, a badanie opisane 
w Publikacji 4 MHVW� SLHUZV]\P�� Z� NWyU\P� ]LGHQW\ILNRZDQR� L� R]QDF]RQR� LORĞFLRZR� +&\V� L� *$%$� GOD�
produktów z H. rhamnoides. 

3RWHQFMDá�SUR]GURZRWQ\�VRNyZ�z owoców rokitnika pospolitego VHOHNW\ZQLH�NRUHORZDá�]�LFK�VNáDGHP� 
Soki FKDUDNWHU\]RZDáa QLĪV]D aktywQRĞü� w kierunku inhibicji AChE i BuChE jako potencjalny sposób 
KDPRZDQLD� ]PLDQ� ]Z\URGQLHQLRZ\FK� SRSU]H]� ]ZLĊNV]HQLH� WUDQVPLVML� Z� XNáDG]LH� FKROLQHUJLF]Q\P� QLĪ 
w przypadku jagód (Publikacji 2, Tab. 3). Jednak sok uzyskany w skali laboratoryjnej PLDá�QDMZ\ĪV]\ ZĞUyG�
badanych soków SRWHQFMDá inhibicji AChE i BuChE. Jest to tym bardziej istotne, JG\Ī�Rstatnie doniesienia 
OLWHUDWXURZH�VXJHURZDá\��ĪH�QLHNWyUH�L]RSURVWDQ\��,VR3���L]RIXUDQ\��,VR)��L�QHXURIXUDQ\��1HXUoF) PRJą�E\ü�
potencjalnymi biomarkerami stresu oksydacyjnego w zaburzeniach neurologicznych, w tym choroby 
$O]KHLPHUD� L� 3DUNLQVRQD� �$KPHG� L� LQ��� ������� -HGQDN� UROD� RNV\OLSLQ� URĞOLQQ\FK�� Z� W\P� ILWRSURVWDQyZ�
L�ILWRIXUDQyZ��Z�UHJXODFML�]DEXU]HĔ�QHXURGHJHQHUDF\MQ\FK�QLH�]RVWDáD�Z\MDĞQLRQD�L�MHVW�WR�SLHUZV]H�GRQLHVLHQLH�
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na temat soków jako SRWHQFMDOQ\FK�ĞURGNyZ�R�DNW\ZQRĞFL�KDPXMąFHM�$&K(�L�%X&K( w profilaktyce przyczyn 
RWĊSLHQLD� 

+LSRJOLNHPLF]Q\�ZSá\Z�VRNyZ�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�DQDOL]RZDQR�SRG�NąWHP�KDPRZDQLD�
Į-DP\OD]\�L�Į-glukozydazy (Publikacja 4, Tab. 4)��3RWHQFMDá�KDPRZDQLD�Į-JOXNR]\GD]\�E\á�VLOQLHMV]\�QLĪ�
DNW\ZQRĞü�KDPRZDQLD�Į-amylazy, ]�Z\MąWNLHP�VRNX�-�� 7RNRIHUROH��WRNRWULHQROH�L�ZLĊNV]RĞü�DPLQRNZDVyZ 
umiarkowanie lub VLOQLH�NRUHORZDá\�] DNW\ZQRĞFLą�KDPXMąFą�Į-DP\OD]Ċ��U��������� 

W\ND]DQR�� ĪH� Zszystkie analizowane soki FKDUDNWHU\]RZDá\� VLĊ� inhibicją lipazy trzustkowej. 
:LDGRPR�� ĪH� FXNU]\FD� W\SX� �� VLOQLH� NRUHOXMH� ]� SU]\URVWHP� WNDQNL� WáXV]F]RZHM� L� VWRSQLHP�RW\áRĞFL�� =DWHP�
hamowanie lipazy trzustkowej, NOXF]RZHJR�HQ]\PX�Z�WUDZLHQLX�L�ZFKáDQLDQLX�OLSLGyZ��PRĪH�PLHü�ZSá\Z�
na leczenie zarówno cukrzycy, jak L� RW\áRĞFL� �-XVWLQR� L� LQ��� ������� $QDOL]D� NRUHODFML� 3HDUVRQD� XMDZQLáD�
NVDQWRILOH��NU\SWRNVDQW\QĊ��OXWHLQĊ��]HDNVDQW\QĊ��L�QLHNWyUH�ILWRSURVWDQ\�]DZDUWH�Z�VRNDFK�]�RZRFyZ�URNLWQLND�
pospolitego jako potencjalne LQKLELWRU\� OLSD]\� WU]XVWNRZHM� �U����������1LHGawne badania epidemiologiczne 
]�XG]LDáHP�OXG]L�GRZLRGá\��ĪH�Z\ĪV]H�VSRĪ\FLH�Z�GLHFLH�SU]HNáDGDáR�ViĊ�QD Z\ĪV]H�VWĊĪHQLH�NDURWHQRLGyZ�
w surowicy krwi i istotnie ZSá\ZDáo na zmniejszenie stopnia RW\áRĞFL� �%RQHW� L� LQ��� ������� Dotychczas 
w literaturze nie wLą]DQR�]GROQRĞFL�KDPRZDQLD�OLSD]\�WU]XVWNRZHM�]�REHFQRĞFLą�ILWRSURVWDQyZ. 

PRWHQFMDá� SU]HFLZ]DSDOQ\� VRNyZ� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� prezentowany jako procent 
KDPRZDQLD� DNW\ZQRĞFL� ��-lipoksygenazy VLOQLH� NRUHORZDá� ]� ]DZDUWRĞFLą� ILWRSURVWDQyZ� L� ILWRIXUDQyZ��
]�Z\MąWNLHP�Ent-16-epi-16-F1t-fitoprostanu i Ent-16-F1t-ILWRSURVWDQX��SRZV]HFKQLH�Z\VWĊSXMąF\FK�Z�EDGDQ\FK�
sokach (Publikacja 4, Tab. 4). :\QLNL�E\á\�zgodne z poprzednimi badaniami Karg i in. (2007) VXJHUXMąF\PL�
G]LDáDQLH� SU]HFLZ]DSDOQH� ILWRSURVWDQyZ, LFK� ]GROQRĞü� GR� PRGXORZDQLD� PHFKDQL]PyZ� NRPyUNRZ\FK�
]DDQJDĪRZDQ\FK�Z�DGDSWDF\MQą�RGSRZLHGĨ�LPPXQRORJLF]Qą, oraz silną analogiĊ VWUXNWXUDOQą z endogennymi 
SURVWDJODQG\QDPL�Z�RGQLHVLHQLX�GR�SLHUĞFLHQLD�F\NORSHQWHQRQX�L�jego elektrofilowego charakteru. 

$NW\ZQRĞü�SU]HFLZXWOHQLDMąFD�badana metodami ORAC, ABTS i FRAP w soku otrzymanym w skali 
laboratoryjnej (J6) E\áD�]EOLĪRQD�GR�ĞUHGQLHM�DNW\ZQRĞFL�Voków handlowych (Publikacja 4, Tab. 4). Karoteny, 
Į-tokoferol, $UJ�L�*OQ�Z\GDá\�VLĊ�E\ü�QDMVNXWHF]QLHMV]\PL�SU]HFLZXWOHQLDF]DPL�ZĞUyG�EDGDQ\FK�]ZLą]NyZ�
chemicznych. 

3RGVXPRZXMąF wyniki zawarte w Publikacji 4�� VRNL� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� PRJą� E\ü�
DWUDNF\MQą Ī\ZQRĞFLą� R� G]LDáDQLX� SU]HFLZFXNU]\FRZ\P� L� SU]HFLZ� RW\áRĞFL� ]H� Z]JOĊGX� QD� ]DZDUWRĞü�
SRWHQFMDOQ\FK�LQKLELWRUyZ�Į-DP\OD]\��Į-glukozydazy (tokoferole, tokotrienole, wybrane aminokwasy) oraz 
lipazy trzuVWNRZHM� �ILWRSURVWDQ\� L� NVDQWRILOH���2EHFQRĞü� RNV\OLSLQ�� WRNRIHUROL�� WRNRWULHQROL� L� DPLQRNZDVyZ�
PRĪH� ]ZLĊNV]\ü� IXQNFMRQDOQRĞü� VRNyZ� Z� RJUDQLF]DQLX� ]PLDQ� QHXURGHJHQHUDF\MQ\FK�� FR� F]\QL�
MH� SRWHQFMDOQ\PL� ĞURGNDPL� SU]HFLZVWDU]HQLRZ\PL� Z� SURILODNW\FH� QDMF]ĊVWV]HJR� W\SX� RWĊSLHQLD� ± choroby 
Alzheimera. 
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4.2. Optymalizacja procesu IHUPHQWDFML�MDEáNRZR-mlekowej soków na bazie owoców 
rokitnika pospolitego 

:\QLNL� X]\VNDQH� Z� SLHUZV]\P� HWDSLH� EDGDĔ� GRZLRGá\� ĪH� IUDNFMH� �MDJRG\�� SĊG\�� OLĞFLH�� 
i soki z URNLWQLND�SRVSROLWHJR�PDMą�XQLNDWRZą�NRPSR]\FMĊ�K\GURILORZ\FK�L�OLSRILORZ\FK�]ZLą]NyZ�R�G]LDáDQLX�
SUR]GURZRWQ\P��VWąG�ZSLVXMą�VLĊ�Z�VWUDWHJLĊ�SRV]XNLZDQLD�QDWXUDOQ\FK�F]\QQLNyZ�SURILODNW\NL�SU]HZOHNá\FK�
FKRUyE�QLH]DNDĨQ\FK� Niemniej jednak, surowiec ten stanowi dla SU]HP\VáX�VSRĪ\ZF]HJR�LVWRWQH�Z\]ZDQLH�
]ZLą]DQH�]�RSUDFRZDQLHP�Z�SHáQL�DNFHSWRZDOQHJR�SURGXNWX�SRG�Z]JOĊGHP�VHQVRU\F]Q\P�SU]\�]DFKRZDQLX�
Z\VRNLFK� ZDORUyZ� SUR]GURZRWQ\FK�� -DJRG\� FHFKXMH� LQWHQV\ZQD� NZDVRZRĞü�� FLHUSNRĞü�� RVWU\� DURPDW� 
i niejednorodQD� NRQV\VWHQFMD� Z\QLNDMąFD� ]� VHSDUDFML� ID]\� WáXV]F]RZHM� L� RVDGX�� :áDĞFLZRĞFL� WH� ]QDMGXMą�
RG]ZLHUFLHGOHQLH�Z�QLVNLP�VSRĪ\FLX�L�SURGXNFML�Ī\ZQRĞFL�]�URNLWQLND�pospolitego JáyZQLH�Z�VNDOL�ORNDOQHM�OXE�
stosowaniu tylko jako kilkuprocentowy dodatek do produktów owocowo-warzywnych. 'ODWHJR�WHĪ��Z�GUXJLP�
HWDSLH�EDGDĔ�SRGMĊWR�SUyEĊ�RSW\PDOL]DFML�SURFHVX�UHGXNFML�NZDVRZRĞFL�VRNyZ�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�
na drodze fermentacji MDEáNRZR-mlekowej. Celem tego etapu E\áR� RNUHĞOHQLH� DNW\ZQRĞFL� PHWDEROLF]QHM�
szczepów Lactobacillus plantarum, Lactobacillus plantarum subsp. argentoratensis i Oenococcus oeni wraz 
]� G\QDPLNą ]PLDQ\� ]DZDUWRĞFL� NZDVyZ� RUJDQLF]Q\FK�� FXNUyZ�� ]ZLą]NyZ� IHQRORZ\FK� RUD]� DNW\ZQRĞFL�
SU]HFLZXWOHQLDMąFHM�SRGczas 72-godzinnej fermentacji soku z owoców rokitnika pospolitego RGPLDQ\�µ-y]HI¶�
i soków mieszanych rokitnik ± MDEáNR�RGPLDQ\�µ&KDPSLRQ¶������� 

Wyniki przedstawiono w Publikacji 5: 
Tkacz K., &KPLHOHZVND�-���7XUNLHZLF]�,�3���1RZLFND�3���:RMG\áR�$��������Dynamics of changes in organic 
acids, sugars and phenolic compounds and antioxidant activity of sea buckthorn and sea buckthorn-apple juices 
during malolactic fermentation. Food Chemistry, 332: 127382. doi: 10.1016/j.foodchem.2020.127382. 

FHUPHQWDFMD� MDEáNowo-mlekowa powszechnie stosowana jest w produkcji win czerwonych  
L� QLHNWyU\FK�ZLQ� ELDá\FK�� FHOHP�PRG\ILNDFML� EXNLHWX� L� ]ZLĊNV]HQLD� VWDELOQRĞFL�PLNURELRORJLF]QHM� Wyniki 
opisane w Publikacji 5 po raz pierwszy QDZLą]XMą�GR�DNW\ZQRĞci metabolicznej i selekcji szczepów bakterii 
fermentacji MDEáNRZR-mlekowej VRNyZ�QD�ED]LH�RZRFyZ�URNLWQLND�SRVSROLWHJR�]DSHZQLDMąFych UHGXNFMĊ�LORĞFL�
NZDVX� MDEáNRZHJR� SU]\� MHGQRF]HVQ\P� ]ZLĊNV]HQLX� SRWHQFMDáX� SUR]GURZRWQHJR� SRSU]H]� Z]URVW� LORĞFL�
]ZLą]NyZ�IHQRORZ\FK�L�DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM� 

:F]HĞQLHMV]H�EDGDQLD�QDG� IHUPHQWDFMą� VRNyZ�RZRFRZ\FK� L�ZDU]\ZQ\FK�GRZLRGá\�� ĪH�Z\ĪV]H�S+�
VSU]\MD�]GROQRĞFL�PHWDEROLF]QHM�ZLHOX�V]F]HSyZ�EDNWHULL��)LODQQLQR�L�LQ��������:HL�L�LQ����������0RG\ILNDFMĊ�
pH (o 0,1) zbadano jedynie w sokach mieszanych zaszczepionych L. plantarum (Publikacja 5, Tab. 1, 2). 
Proces fermentacji MDEáNRZR-mlekowej SU]\F]\QLá�VLĊ�GR�zmian ]DZDUWRĞFL�HNVWUDNWX�RJyOQHJR�QLH�ZLĊFHM�QLĪ�
o 1,2 °Bx, co silnie dodatnio NRUHORZDáR ]�LORĞFLą�NZDVX�MDEáNRZHJR��U� �������L�VLOQLH�XMHPQLH�]�LORĞFLą�NZDVX�
mlekowego (r = -0,78 i -0,85 odpowiednio dla soków jednorodnych i mieszanych). &R�ZDĪQH��EDGDQH�VRNL�
ELRSU]HWZDU]DQH� VSHáQLDá\� RERZLą]XMąFH� SU]HSLV\� EUDQĪRZH� ]DZDUWH� Z�&RGH[�*HQHUDO� 6Wandard for Fruit 
Juices and Nectars (Codex STAN 247±������ RNUHĞODMąFH� PLQLPDOQ\� VWRSLHĔ� %UL[� GOD� VRNyZ� ]� RZRFyZ�
URNLWQLND�SRVSROLWHJR�UyZQ\������D�GOD�VRNX�MDEáNRZHJR�- 10,0. 

:VNDĨQLNLHP� SURFHVX� IHUPHQWDFML� E\áD� NRQZHUVMD� NZDVX� MDEáNRZHJR� GR� áDJRGQLHMV]HJR kwasu 
POHNRZHJR��6WZLHUG]RQR�XPLDUNRZDQH�REQLĪHQLH�]DZDUWRĞFL�NZDVX�MDEáNRZHJR, od 3,5% do 20,9%, w sokach 
z owoców rokitnika pospolitego (Publikacja 5, Tab. 1). We wszystkich sokach jednorodnych zaobserwowano 
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Z� WUDNFLH� SURFHVX� Z]URVW� LORĞFL� NZDVX� POHNRZHJR�� MHGQDN� W\ONR� Z� SU]\SDGNX� VRNyZ� IHUPHQWRZDQ\FK�
]H�V]F]HSDPL�'60�������L�'60�������]PLDQ\�WH�E\á\�istotne statystycznie. 8GRZRGQLRQR��ĪH�URG]DM�V]F]HSX�
determLQRZDá� LORĞü� SRZVWDMąFHJR� NZDVX� POHNRZHJR�� QLH� QDUXV]DMąF� SLHUZRWQHM� ]DZDUWRĞFL� FXNUyZ��
1D� SU]\NáDG�Z� VRNX� MHGQRURGQ\P� WUDNWRZDQ\P� V]F]HSHP�'60������� R]QDF]RQR� RNRáR� 2-NURWQLH�ZLĊFHM�
NZDVX�POHNRZHJR�QLĪ�Z�VRNDFK�]H�V]F]HSHP�'60��������L�'60�������SRPLPR�SRGREQHM�UHGXNFML�LORĞFL�
NZDVX� MDEáNRZHJR, ĞUHGQLR� ������� :� SU]\V]áRĞFL� FHQQD� PRĪH� E\ü� SUyED� RGNZDV]DQLD� VRNX� ]D� SRPRFą�
zrekombinowanych komórek L. plantarum��NWyUH�]ZLĊNV]DMą�HIHNW\ZQRĞü�IHUPHQWDFML��6FK�PDQQ�L�LQ��������� 

5HGXNFMD�]DZDUWRĞFL�NZDVX�MDEáNRZHJR�E\áD�istotniejsza dla soków mieszanych rokitnik ± MDEáNR�������
L�Z\QLRVáD� GR� ������GOD� VRNX� WUDNWRZDQHJR� V]F]HSHP�'60������ (Publikacja 5, Tab. 2). Najsilniejsze 
REQLĪHQLH� LORĞFL� NZDVX� MDEáNRZHJR� QDVWąSLáo podczas pierwszych 24 godzin fermentacji ze szczepami 
L. plantarum��:�]ZLą]NX�]�QLHZLHONLPL�UyĪQLFDPL�Z�VWĊĪHQLX�NZDVX�MDEáNRZHJR�Z�NROHMQ\FK�GREDFK�SURFHVX��
optymalny czas fermentacji dla szczepów DSM 6872, DSM 100813 i DSM 20174 ustalono jako 48 godzin 
(Publikacja 5, Fig. 2)��'RGDWHN�VRNX�MDEáNRZHJR�]ZLĊNV]\á�S+�VRNX�SU]H]QDF]RQHJR�GR�SURFHVX�fermentacji, 
]DSHZQLDMąF�ZDUXQNL�procesu ]EOLĪRQH�GR�RSW\PDOQ\FK�GOD�EDNWHULL��MDN�UyZQLHĪ�GRVWDUF]\á�QLH]EĊGQ\FK�GR�
LFK� DNW\ZQRĞFL� FXNUyZ�� DPLQRNZDVyZ� L� ZLWDPLQ�� 3RQDGWR�� Z\EyU� MDEáHN� X]QDQR� ]D� SRĪąGDQH� G]LDáDQLH�
ekonomicznie i sensorycznie. 

Zastosowany szczep O. oeni QLH� Z\ND]Dá� DNW\ZQRĞFL� Z� NLHUXQNX� NRQZHUVML� NZDVX� MDEáNRZHJR�
podczas 72-JRG]LQQHM�IHUPHQWDFML��=�GUXJLHM�VWURQ\��VWRVXMąF�WHQ�JDWXQHN�EDNWHULL�GR�VRNu z rokitnika odmiany 
µ2UDQ]KHYD\D¶�� RVLąJQLĊWR� SRQDG� ���-RZą� UHGXNFMĊ� LORĞFL� NZDVX� MDEáNRZHJR� �7LLWLQHQ� i in., 2006). Dane 
OLWHUDWXURZH�SRGNUHĞODMą�GRPLQDFMĊ�O. oeni w procesie fermentacji MDEáNRZR-mlekowej L�LFK�GREUą�DGDSWDFMĊ�
do trudnych ZDUXQNyZ�ZLQLDUVNLFK��&LQTXDQWD�L�LQ����������1LHPQLHM�MHGQDN��EUDN�DNW\ZQRĞFL�WáXPDF]RQH�MHVW 
PRĪOLZ\P�REQLĪHQLHP�]DZDUWRĞFL�NRPyUHN�EDNWHULL�SRQLĪHM�PLQLPDOQHM�ZDUWRĞFL�QLH]EĊGQHM�GR�XWU]\PDQLD�
fermentacji jDEáNRZR-mlekowej��REHFQRĞFLą�QDWXUDOQ\FK�]ZLą]Nów przeciwdrobnoustrojowych owoców oraz 
]E\W�QLVNLP�S+�VRNyZ�L�Z\VRNą�NZDVRZRĞFLą�Z�SRUyZQDQLX�GR�Z\UREyZ�ZLQLDUVNLFK� 

:�VRNDFK�Z\NU\WR� WRZDU]\V]ąFH� NZDV\� RUJDQLF]QH�� WM��NZDV\� FKLQRZ\�� F\WU\QRZ\�� L]RF\WU\QRZ\�
i szczawiowy, ale SURFHV�IHUPHQWDFML�QLH�ZSá\Qąá�QD�LVWRWQą�]PLDQĊ�LFK�]DZDUWRĞFL (p > 0,05) (Publikacja 5, 
Fig. 3). Kwas chinowy ma gorzki i cierpki smak, dlatego potencjalne modyfikacje MHJR�]DZDUWRĞFL�Vą ZDĪQe 
]�SXQNWX�ZLG]HQLD�MDNRĞFL�VHQVRU\F]QHM�VRNyZ� 

)HUPHQWDFMD�MDEáNRZR-mlekowa VRNyZ�MHGQRURGQ\FK�L�PLHV]DQ\FK�QLH�SRZRGRZDáa redukcji cukrów, 
w tym glukozy, sacharozy, sorbitolu, fruktozy i ramnozy (Publikacja 5, Tab. 1, 2). Prawdopodobnie, 
]H�Z]JOĊGX�QD�QLVNLH�S+�VRNX�]�RZRFyZ�URNLWQLND�SRVSROLWHJR��L. plantarum Z\ND]Dá�ZLĊNV]ą�SUHIHUHQFMĊ�
NZDVyZ� MDNR� ĨUyGáD� ZĊJOD�� D� QLHSHáQD NRQZHUVMD� NZDVX� MDEáNRZHJR� Z� NZDV� POHNRZ\� QLH� VNXWNRZDáD�
NRQLHF]QRĞFLą�EDNWHU\MQHM�GHJUDGDFML�FXNUyZ��0DUNNLQHQ�L� LQ����������1LHPQLHM� MHGQDN��VPDN�MDJyG�]DOHĪ\�
RG�VWRVXQNX�FXNUyZ�GR�NZDVyZ�RUJDQLF]Q\FK��NWyU\�NRUHOXMH�GRGDWQLR�]H�VáRG\F]ą��D�XMHPQLH�]�NZDĞQRĞFLą�
L� FLHUSNRĞFLą� �7LLWLQHQ� i in��� ������� )HUPHQWDFMD� Z\áąF]QLH� VRNyZ� PLHV]DQ\FK� VNXWNRZDáD� maksymalnie 
2-krotnym VSDGNLHP�WHJR�ZVNDĨQLND. 

Wyniki uzyskane w pierwszym etapie EDGDĔ�Z\ND]Dá\��ĪH�MDJRG\�URNLWQLND�SRVSROLWHJR�Vą�ERJDW\P�
ĨUyGáHP�]ZLą]NyZ�IHQRORZ\FK��Z�W\P�IODZRQROL��NWyUH�VWDQRZLą�SRQDG�����FDáRĞFL��D�SR]RVWDáH�WR pochodne 
kwasów hydroksycynamonowych (Publikacje 1 i 2��� 'ODWHJR� WHĪ� ]PLHU]RQR� G\QDPLNĊ� ]PLDQ� LORĞFL� tych 
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metabolitów podczas 72-godzinnej fermentacji soków. Reduktazy i dekarboksylazy niektórych szczepów 
L. plantarum PHWDEROL]XMą� NZDV\� ]DZDUWH� Z� RZRFDFK� URNLWQLND� SRVSROLWHJR�� NZDV� IHUXORZ\�
do p-winylogwajakolu, a kwasu p-kumarowy do kwasu floretowego i p-ZLQ\ORIHQROX��F]\OL�QLHSRĪąGDQ\FK�
prekursorów sfermentowanego smaku (Rodríguez i in., 2008; Filannino i in., 2015). Poprzednie badania 
ZVND]Dá\�QD�VLOQą�UHGXNFMĊ�LORĞFL�NZDVyZ�K\GURNV\F\QDPRQRZ\FK�Z�IHUPHQWRZDQ\P�VRNX�]�DURQLL�F]DUQHM��
Z]URVW� ]DZDUWRĞFL� NZDVX� SURWRNDWHFKRZHJR�Z� VRNX� ]� RZRFyZ�URNLWQLND� SRVSROLWHJR� SRGGDQHJR� G]LDáDQLX�
V]F]HSX� '60� ������ �0DUNNLQHQ� L� LQ��� ������ RUD]� REQLĪHQLH� ]DZDUWRĞFL� NZDVX� IHUXORZHJR� L� NZDVX�
p-kumarowego w soku z borówki bagiennej zaszczepionej O. oeni �&KHQ�L�LQ����������-HGQDNĪH��]DV]F]HSLHQLH�
soków z owoców rokitnika pospolitego i soków mieszanych rokitnik ± MDEáNR� ������ bakteriami kwasu 
POHNRZHJR�QLH�VSRZRGRZDáR�LVWRWQ\FK�]PLDQ�]DZDUWRĞFL�NZDVyZ�IHQRORZ\FK (p > 0,05). 

5RG]DM�V]F]HSX�EDNWHULL�NZDVX�POHNRZHJR�GHWHUPLQRZDá�UyĪQLFH�Z�VWĊĪHQLX�IODZRQROL (Publikacja 
5, Tab. 1). 5yĪQLFH�Z�]DZDUWRĞFL�]ZLą]NyZ�IHQRORZ\FK�RJyáHP�w sokach z owoców rokitnika pospolitego 
po 72-JRG]LQQHM�IHUPHQWDFML�Z\QLRVá\�PDNV\PDOQLH������SRGREQLH�MDN�]PLDQ\�IODZRQROL��Fermentacja soków 
MHGQRURGQ\FK�]�XG]LDáHP�V]F]HSX�'60�������VSU]\MDáD�SU]\URVWRZL�LORĞFL�IODZRQROL��SU]HFLZQLH�GR�SURFHVX�
]�XG]LDáHP�V]F]HSyZ�'60�������� L�'60�������� 3RWHQFMDOQH�Z\WUąFDQLH��XWOHQLDQLH� L� áąF]HQLH�]ZLą]NyZ�
IHQRORZ\FK� OXE� LFK�DGVRUSFMD�Z�FLDáDFK� VWDá\FK� L�SROLPHU\]DFMD�PRJá\ VSRZRGRZDü�REQLĪHQLH LORĞFL tych 
]ZLą]NyZ��&KHQ�i in., 2018). 

Fermentacja MDEáNRZR-mlekowa SURPRZDáD� Z]URVW� ]DZDUWRĞFL� ]ZLą]NyZ� IHQRORZ\FK� Z sokach 
mieszanych rokitnik ± MDEáNR��������]�Z\MąWNLHP�VRNX�WUDNWRZDQHJR�V]F]HSHP�'60������ (Publikacja 5, 
Tab. 2). W sokach traktowanych szczepami DSM 16365 i DSM 100813 zmierzono Z]URVW�IODZRQROL�R�RNRáR�
27%. ,QDF]HM�QLĪ�Z�SU]\SDGNX�L. plantarum��Z�VRNDFK�SRGGDQ\FK�G]LDáDQLX�O. oeni zaobserwowano wzrost 
IODZRQROL� R� ���� SR� ��� JRG]LQDFK�� QDVWĊSQLH� VLOQą� UHGXNFMĊ� LFK� LORĞci o 20% w ostatniej dobie procesu. 
=DOHĪQRĞFL�WH�Z\QLNDMą�]�indywidualnej adaptacji szczepów bakteryjnych oraz indukcji degradacji struktury 
ĞFLDQ�NRPyUNRZ\FK i hydrolizy JOLNR]\ORZDQ\FK�IODZRQROL�GR�DJOLNRQyZ�Z�Z\QLNX�G]LDáDQLD�ȕ-glikozydazy 
uwalnianej przez szczepy L. plantarum (Wei i in., 2018)��RUD]�NRQZHUVMą�NRPSOHNVyZ�IHQRORZ\FK�GR�IRUP�
ZROQ\FK�L�GHSROLPHU\]DFMą�SRGMHGQRVWHN�R�GXĪHM�PDVLH�F]ąVWHF]NRZHM�PRĪOLZą�Z�UHDNFMDFK�NDWDOL]RZDQ\FK�
SU]H]�IHQRORRNV\GD]Ċ��FKDUDNWHU\VW\F]Q\FK�GOD DNW\ZQRĞFL bakterii kwasu mlekowego (Hur i in., 2014; Kwaw 
i in., 2018). 

Fermentacja ]�XG]LDáHP�V]F]HSu DSM 20174 SU]\F]\QLá�VLĊ�GR�]ZLĊNV]HQLD�GRVWĊSQRĞFL�]ZLą]NyZ�
R ZáDĞFLZRĞFLDFK� SU]HFLZXWOHQLDMąF\FK� Z� VRNDFK� MHGQRURGQ\FK� �Publikacja 5, Tab. 1��� D� SRGREQą
efektyZQRĞü� tego szczepu stwierdzono w badaniach, gdzie fermentacji poddano sok z owoców granatu 
(Mousavi i in., 2013). W przypadku soków mieszanych po profesie fermentacji, ]� Z\MąWNLHP� próby 
prowadzonej ze szczepem bakterii DSM 10492, zmierzono istotnie Z\ĪV]ą� DNW\ZQRĞü� SU]HFLZXWOHQLDMąFą 
PLHU]RQą� PHWRGą� 25$&� (p < 0,05) (Publikacja 5, Fig. 4). 3RWZLHUG]RQR�� ĪH� L. plantarum ZSá\ZD�
QD�NRQZHUVMĊ� OXE�RFKURQĊ�]ZLą]NyZ�bioaktywnych o DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFej��3U]\F]\Qą�PRĪH�E\ü�
]GROQRĞü� EDNWHULL� GR� REURQ\� SU]HFLZXWOHQLDMąFHM� SU]HG� JHQHURZDQLHP� URGQLNyZ� WOHQRZ\FK� SopU]H]� XG]LDá�
WOHQX� Z� UHGXNF\MQHM� NRQZHUVML� IHQROL�� =ZLą]NL� SU]HFLZXWOHQLDMąFH uwalniane lub syntetyzowane podczas 
IHUPHQWDFML�PRJą�G]LDáDü� MDNR F]\QQLNL� UHGXNXMąFH� wygaszacze tlenu singletowego, chelatory metali oraz 
donory wodoru��:�U]HF]\ZLVWRĞFL, na G]LDáDQLH�SU]HFLZXWOHQLDMąFH ZSá\ZD�ZLHOH�F]\QQLNyZ��Z�W\P�URG]DM�
V]F]HSX�L� MHJR�UyĪQRURGQRĞü�QD�SR]LRPLH�IHQRW\SRZ\P��HNRORJLF]Q\P�L�JHQRW\SRZ\P��VWĊĪHQLH�NRPyUHN��
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]GROQRĞü�PHWDEROLF]QD�L�]GROQRĞü�URG]DMX�Lactobacillus GR�KDPRZDQLD�DNW\ZQRĞFL�RNV\GD]\�SROLIHQRORZHM�
(Hur i in., 2014; Zheng i in., 2020). W tym badaniu fermentacja MDEáNRZR-mlekowa SURPRZDáD�
ELRWUDQVIRUPDFMĊ� VNáDGQLNyZ�ELRDNW\ZQ\FK�Z� VRNDFK GRVWDUF]DMąF� VLOQLHMV]\FK� SU]HFLZXWOHQLDF]\� Wzrost 
DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM E\á�ZLĊF�VLOQLH�VNRUHORZDQ\�]�]DZDUWRĞFLą�IODZRQROL�Z�VRNDFK�jednorodnych 
i sokach mieszanych, odpowiednio r = 0,92 i 0,99. 

5HDVXPXMąF wyniki zaprezentowane w Publikacji 5�� IHUPHQWDFMĊ� MDEáNRZR-POHNRZą uznano  
]D�RELHFXMąFą�PHWRGĊ�ELRORJLF]QHJR�RGNZDV]DQLD�VRNyZ�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�L�VRNyZ�PLHV]DQ\FK�
z jego Z\VRNą�]DZDUWRĞFLą��6]F]HS\ Lactobacillus plantarum DSM 10492 i DSM 20174 oraz L. plantarum 
subsp. argentoratensis '60� ������ FKDUDNWHU\]RZDá\� QDMZ\ĪV]D� DNW\ZQRĞü� PHWDEROLF]QD�� VSU]\MDá\�
DNXPXODFML� IODZRQROL� L�Z]URVWRZL� DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM�Z� VRNDch z owoców rokitnika i sokach 
mieszanych rokitnik ± MDEáNR������� 
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4.3. Opracowanie recepturowe i optymalizacja technologii otrzymywania produktów 
funkcjonalnych z sokiem z owoców rokitnika pospolitego 

W kolejnym etapie EDGDĔ�]DSURMHNWRZDQo produkty funkcjonalne ]DZLHUDMąF\FK�Z\VRNL�XG]LDá�soku 
z owoców rokitnika pospolitego (25% i 50%)��MHGQRF]HĞQLH o wysokim potencjale prozdrowotnym i akceptacji 
konsumenckiej. &HOHP� EDGDQLD� E\áD� RFHQD� SRWHQFMDáX� SU]HFLZstarzeniowego, przeciwcukrzycowego  
L� SU]HFLZXWOHQLDMąFHJR�� DQDOL]D� ]ZLą]NyZ� IHQRORZ\FK�� SRGVWDZRZHJR� VNáDGX� FKHPLF]QHJR� L� MDNRĞFL�
sensorycznej 18 nowatorskich smoothies na bazie owoców rokitnika pospolitego. 

Wyniki przedstawiono w Publikacji 6: 
Tkacz K., :RMG\áR�$���7XUNLHZLF]�,�3���1RZLFND�3��������Anti-diabetic, anti-cholinesterase, and antioxidant 
potential, chemical composition and sensory evaluation of novel sea buckthorn-based smoothies. Food 
Chemistry, 338, 128105. doi: 10.1016/j.foodchem.2020.128105. 

1DOHĪ\� SRGNUHĞOLü�� ĪH� w GRVWĊSQ\FK� danych literaturowych dotychczas nie przeprowadzono 
NRPSOHNVRZHM�DQDOL]\�SRPLĊG]\�VNáDGem chemicznym, DNW\ZQRĞFLą biologiczną in vitro Z�NRUHODFML�]�RFHQą�
VHQVRU\F]Qą�SURGXNWyZ�]�URNLWQLND�SRVSROLWHJR� 

Smoothies poddano analizie podstawowych ZáDĞFLZRĞFL FKHPLF]Q\FK��WM��NZDVRZRĞü�PLDUHF]NRZD��
S+�� ]DZDUWRĞü� VXFKHM� PDV\�� HNVWUDNWX� RJyOQHJR�� SRSLRáX� L� SHNW\Q� �Publikacja 6, Tab. 1). Zastosowanie 
dodatków owoców i warzyw VSRZRGRZDáo wzrost pH, REQLĪHQLH�NZDVRZRĞFL�PLDUHF]NRZHM�L�]ZLĊNV]HQLH�
HNVWUDNWX� RJyOQHJR� ZLĊNV]RĞFL� VPRRWKLHV. &R� ZLĊFHM� zastosowanie korzeni pietruszki i selera, marchwi, 
gruszki i moreli LVWRWQLH�Z]ERJDFLáR�SURGXNW\�Z�SHNW\Q\ (p < 0,05), co jest tym bardziej ]QDF]ąFH��ĪH�EDGane 
owoce rokitnika pospolitego nie Vą zasobne we IUDNFMĊ�UR]SXV]F]DOQHJR�EáRQQLND�SRNDUPRZHJR��Publikacja 
6, Tab. 1). 

.ROHMQ\P�Z\UyĪQLNLHP�MDNRĞFL�opracowanych SURGXNWyZ�E\á�SURILO�FXNUyZ�L�NZDVyZ�organicznych 
oznaczony odpowiednio metodami HPLC-ELSD i UPLC-PDA (Publikacja 6, Tab. 2). Pomimo znacznego 
wzrostu naturalnych wolnych cukrów��ZLĊNV]RĞü� VPRRWKLHV QDOHĪ\�X]QDü jako QLVNRVáRG]RQe, JG\Ī 100 g 
produktu zawieraáR QLH� ZLĊFHM� QLĪ �� J� FXNUyZ� RJyáHP �5R]SRU]ąG]HQLH� �:(�� QU� ����������� Produkty 
Z]ERJDFDQH�SU]HFLHUHP�]�JUXV]NL�L�MDEáND�]H�Z]JOĊGX�QD�SURILO�FXNURZ\�(wysoka ]DZDUWRĞü fruktozy o niskim 
IG w odniesieniu do IG glukozy czy sacharozy) QDOHĪ\�X]QDü�]D produkty o niskim indeksie glikemicznym 
(IG). Wszystkie produkty PLDá\�WDNĪH�niski áDGXQHN�JOLNHPLF]Q\��GL)��SRQLĪHM���, co jest kluczowe z uwagi 
na zachowanie niskiego poziomu JOXNR]\� ZH� NUZL� SR� VSRĪ\FLX� VPRRWKLHV� L� LFK� potencjalnie 
przeciwcukrzycowego charakteru. 

&DáNRZLWD� ]DZDUWRĞü� NZDVyZ� RUJDQLF]Q\FK� Z� VPRRWKLHV E\áD� QLĪV]D� Z� SRUyZQDQLX� GR� VRNX� 
]�RZRFyZ�URNLWQLND�SRVSROLWHJR� L�Z\QLRVáD�RG�����J�GR������J�����J� Ğm. Profil kwasów PRĪQD� ]HVWDZLü�
QDVWĊSXMąFo��NZDV�MDEáNRZ\�!�NZDV�F\WU\QRZ\�§�NZDV�FKLQRZ\�!�NZDV�V]F]DZLRZ\�!�NZDV�V]LNLPRZ\�!�
kwas bursztynowy (Publikacja 6, Tab. 2). :LĊNV]RĞü�EDGDĔ�SU]\SLVXMH�SUR]GURZRWQH�ZáDĞFLZRĞFL�ZDU]\Z� 
L�RZRFyZ��Z�W\P�URNLWQLND�SRVSROLWHJR��ZLWDPLQRP�L�]ZLą]NRP�IHQRORZ\P��]DĞ�PDáR�XZDJL�SRĞZLĊFD�VLĊ�
NZDVRP� RUJDQLF]Q\P� Z� NRQWHNĞFLH� ZáDĞFLZRĞFL� WHUDSHXW\F]Q\FK�� Niemniej jednak, ostatnie badania 
Izquierdo-9HJD�L�LQ���������ZVND]Dá\�QD�XG]LDá�NZDVX�F\WU\QRZHJR�Z�SRSUDZLH�ELRGRVWĊSQRĞFL�VNáDGQLNyZ�
mineralnych, regulacji równowagi kwasowo-]DVDGRZHM�� G]LDáDQLH� SU]HFLZ]DSDOQH�� SU]HFLZXWOHQLDMąFH� 
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i przeciwzakrzepowe, z NROHL�FHQQ\PL�ZáDĞFLZRĞFLDPL�NZDVX�MDEáNRZHJR�MHVW�MHJR�SRWHQFMDá�SUHELRW\F]Q\��
SREXG]DQLH�Z\G]LHODQLD�VRNX�ĪRáąGNRZHJR�RUD]�UR]ZRMX�QLHSDWRJHQQ\FK�EDNWHULL�� 

=DZDUWRĞü FXNUyZ� L�NZDVyZ�RUJDQLF]Q\FK�GHWHUPLQXMH�NOXF]RZH�SRVWU]HJDQLH� VPDNX� L� DNFHSWDFMĊ 
owoców L�SURGXNWyZ�]�XG]LDáHP� rokitnika pospolitego (Yang, 2009), a niski stosunek cukrów do kwasów 
organicznych równy 0,3 determinuje silnie odczuwanie NZDĞQHJR�VPDNX� Zastosowanie dodaWNX�SRPDUDĔF]\��
ZLQRJURQ�� MDEáND�� EU]RVNZLQL�� korzenia pietruszki i marchwL� SR]ZROLáR� QD� ]ZLĊNV]HQLH� VWRVXQNX� FXNUyZ� 
GR� NZDVyZ� RUJDQLF]Q\FK� SRZ\ĪHM� ��� (Publikacja 6, Tab. 2). &KRFLDĪ ZVNDĨQLN� WHQ� VLOQLHM� NRUHORZDá� 
z odczuciem NZDĞQHJR� VPDNX� produktów RZRFRZ\FK� QLĪ� ]� dodatkiem warzyw (odpowiednio r = -0,77  
i -0,49), to korelacja PLĊG]\�RJyOQą�DNFHSWDFMą a SURSRUFMą�cukrów do kwasów organicznych E\áD�Z\ĪV]D�GOD�
smoothies z warzywami (r = 0,66). 

=JRGQLH� ]� SU]HSURZDG]RQą� DQDOL]ą� VHQVRU\F]Qą�� produkt ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� E\á�
QLHDNFHSWRZDOQ\�VHQVRU\F]QLH��RFHQD�������]H�Z]JOĊGX�QD�MHJR�LQWHQV\ZQLH�NZDĞQ\��FLHUSNL� L�JRU]NL�VPDN�� 
D�QDVWĊSQLH nieVDW\VIDNFMRQXMąFą NRQV\VWHQFMĊ ]�WHQGHQFMą�GR�UR]G]LHODQLD�QD�ID]Ċ�WáXV]F]RZą��sok ZáDĞFLZ\� 
i osad (Publikacja 6, Rys. 1). ZDVWRVRZDQLH� GRGDWNX� SU]HFLHUyZ� RZRFRZ\FK� L� ZDU]\ZQ\FK� ZSá\QĊáR� 
QD�LVWRWQą�SRSUDZĊ�RJyOQHM�DNFHSWDFML�SURGXNWyZ��S��������� 8VWDORQR�VLOQą�SU]HZDJĊ�DWUDNF\MQHJR�VPDNX�
smoothies nad sokiem z owoców rokitnika pospolitego, zatem doznania smakowe GHWHUPLQRZDá\ ogólną 
ocenĊ�produktów (r = 0,99). :�W\P�NRQWHNĞFLH�wsad 75% owoców i 50% warzyw ]DSHZQLDá�QDMZ\ĪV]H�RFHQ\� 
6PDN� NZDĞQ\� MHVW� MHGQRF]HĞQLH� QDMEDUG]LHM� LQWHQV\ZQ\� L� NUyWNRWUZDá\ (Obrist i in., 2014), dlatego E\á 
NOXF]RZ\P� Z\UyĪQLNLHP� Z� RFHQLH� VPDNX� QRZ\FK� SURGXNWyZ�� 6WZLHUG]RQR�� ĪH� LP� QLĪV]H odczucie 
NZDVRZRĞFL��W\P�Z\ĪV]D E\áD ogólna ocena smoothies (r = -0,60). Najefektywniejsze Z�áDJRG]HQLX�NZDĞQHJR�
smaku rokitnika pospolitego RND]Dá\�VLĊ�ZDU]\ZD�± marchew, seler i pietruszka. 

Sok z owoców rokitnika pospolitego zawieraá�jedynie 2 PJ�NZDVyZ�IHQRORZ\FK�Z�����J�ĞP� jednak 
zastosowanie dodatku przecierów z JUXV]NL��EU]RVNZLQL��MDEáND��SRPDUDĔF]\��PDUFKZL�L�SLHWUXV]NL�]ZLĊNV]\áo 
XG]LDá�W\FK�]ZLą]NyZ�RG���do 7 razy (Publikacja 6, Tab. 3). Wzbogacenie smoothies w kwasy fenolowe jest 
tym bardziej korzystne�� ĪH� ]ZLą]NL� WH� Vą� GREU]H� ]QDQ\PL� substancjami R� XGRZRGQLRQ\P� G]LDáDQLX�
KHSDWRSURWHNF\MQ\P�� LPPXQRPRGXOXMąF\P� hipotensyjnym, SU]HFLZXWOHQLDMąF\P, przeciwzapalnym, 
przeciwcukrzycowym i SU]HFLZPLDĪGĪ\FRZ\P (Izquierdo-Vega i in., 2020). W produktach z przecierem 
MDEáNowym Z� REX� ZDULDQWDFK� LORĞFLRZ\FK�� ]� 75%-owym XG]LDáHP� SRPDUDĔF]\ oraz z 25%-RZą� LORĞFLą�
marchwi kwasy fenolowe stanRZLá\�SRQDG�����]ZLą]NyZ�IHQRORZ\FK RJyáHP, podczas gdy w SR]RVWDá\FK�
smoothies E\áR�WR ĞUHGQLR������ 

Flawonole E\á\�GRPLQXMąF\PL�]ZLą]NDPL�IHQRORZ\PL�ZH�ZV]\VWNLFK�VPRRWKLHV��D�QDMZ\ĪV]H�LORĞFL�
zbadano w SURGXNWDFK�]�SRPDUDĔF]ą��QDVWĊSQLH�]�PRUHOą��EU]RVNZLQLą�L�ZLQRJURQHP��ĞUHGQLR����PJ�����J�
ĞP� (Publikacja 6, Tab. 3). Zaprojektowane receptury ]DSHZQLDMą� V]F]HJyOQLH� Z\VRNLH� LORĞFL� IODZRQROL��
SRFKRG]ąF\FK�JáyZQLH�]�URNLWQLND�SRVSROLWHJR��FR�RGUyĪQLD je od dotychczas badanych smoothies owocowych, 
Z�NWyU\FK�IODZRQROH�VWDQRZLá\�QDMPQLHM�OLF]Qą�JUXSĊ�]ZLą]NyZ�IHQRORZ\FK (Nowicka i in., 2016; Teleszko  
L�:RMG\áR�������. &R�ZLĊFHM��GRQLHVLHQLD�WH�ZVND]Dá\�QD�WUXGQRĞFL�Z�]DSURMHNWRZDQLX�SURGXNWyZ�RZRFRZ\FK�
R� Z\VRNLHM� ]DZDUWRĞFL� SROLIHQROL� L� DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM� Z� NRUHODFML� ]� Z\QLNDPL� RFHQ\�
konsumenckiej�� %DGDQLH� SU]HSURZDG]RQH� Z� UDPDFK� WHM� SUDF\� GRZLRGáR� MHGQDN�� Īe wybrane kompozycje 
owocowo-ZDU]\ZQH�]�VRNLHP�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�]DSHZQLDMą�Z\VRNL�SRWHQFMDá�SUR]GURZRWQ\�
SU]\�GXĪHM�DNFHSWDFML�VHQVRU\F]QHM� 
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6WZLHUG]RQR�� ĪH� NRPSRQRZDQLH� VRNX� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� ]� LQQ\PL� RZRFDPL�
i warzywami istotnie ]ZLĊNV]\áR VWĊĪHQLe polimerów procyjanidyn w smoothies (Publikacja 6, Tab. 3). 
:� EDGDQLX� GRW\F]ąF\P� URNLWQLND� pospolitego, Ma i in. (2020) zbadali szerokie ]UyĪQLFRZDQLH� LORĞFL�
procyjanidyn Z� ]DOHĪQRĞFL� RG� RGPLDQy�� MDN� UyZQLHĪ RNUHĞOLOL VLOQ\� ]ZLą]HN� PLĊG]\� FLHUSNRĞFLą�
a proantocyjanidynami RJyáHP�� -HGQDN� ]D� JRU\F]� L� FLHUSNRĞü� RGSRZLDGDMą� JáyZQLH� QLVNRF]ąVWHF]NRZH�
procyjanidyny (Tkacz i in., 2019a). =�XZDJL�QD�IDNW��LĪ�FHOHP�WHJR�EDGDQLD�E\á\�SURGXNW\�R�Z\VRNLHM�DNFHSWDFML�
sensorycznej, D�LORĞü�SURF\MDQLG\Q�Z]URVáD�Z�SRUyZQDQLX GR�VRNX�]�RZRFyZ�URNLWQLND�SRVSROLWHJR��RNUHĞORQR�
VWRSLHĔ� SROLPHU\]DFML� �'3��� :VNDĨQLN� '3� Z]UyVá� ĞUHGQLR� ���-NURWQLH� �VPRRWKLHV� ]� VHOHUHP�� MDEáNLHP��
EU]RVNZLQLą�� GR� 3-krotnie w przypadku smoothies z winogronem. Ogólna akceptacja produktów 
XPLDUNRZDQLH�NRUHORZDáD�]�]DZDUWRĞFLą�SURF\MDQLG\Q��U� �������RUD]�]�LFK�'3��U� ��������]�NROHL�VLOQLH�XMHPQLH�
]H�VWĊĪHQLHP�IODZRQROL��U� �-0,68), co PRJáR�Z\QLNDü�] FLHUSNRĞFL�SRFKRG]ąFej od pochodnych izoramnetyny. 

=GROQRĞü� UHGXNFML� MRQyZ� ĪHOD]D� RNUHĞORQD� metodą FRAP w VPRRWKLHV� ]� JUXV]Ną�� EU]RVNZLQLą�
L�SRPDUDĔF]ą�E\áD�LVWRWQLH�Z\ĪV]D��S����������RG�3,38 mmol do 7,31 mmol Trolox/100 g ĞP��QLĪ�DNW\ZQRĞü�
soku z owoców rokitnika pospolitego (Publikacja 6, Tab. 4). Z kolei, zastosowanie dodatku ZDU]\Z��MDEáND��
winogron i brzoskwini ]DSHZQLáR� Z\ĪV]ą� ]GROQRĞü� VPRRWKLHV� GR� DEVRUSFML� URGQLNyZ� WOHQRZ\FK� ZHGáXJ�
metody 25$&�QLĪ�DNW\ZQRĞü�SU]HFLZXWOHQLDMąFD�)5$3� 

6WZLHUG]RQR�Z\ĪV]ą�DNW\ZQRĞü�SU]HFLZVWDU]HQLRZą�MDNR�]GROQRĞü�GR�Kamowania enzymów AChE 
L�%X&K(�GOD�SURGXNWyZ�RZRFRZ\FK�QLĪ�Z]ERJDFDQ\FK�ZDU]\ZDPL (Publikacja 6, Tab. 4). Mieszanie soku 
z owoców rokitnika pospolitego ]� LQQ\PL� SyáSURGXNWDPL�PRĪH� LVWRWQLH� ]ZLĊNV]\ü� DNW\ZQRĞü� hamowania 
AChE (p < 0,05) w porównaniu do samego soku (14,72%). &KRFLDĪ�sok z rokitnika pospolitego VLOQLH�KDPRZDá�
%X&K(�����������WR�GRGDWHN�LQQ\FK�RZRFyZ�L�NRU]HQLD�VHOHUD�REQLĪ\á�DNW\ZQRĞü�produktów R�QLH�ZLĊFHM�QLĪ�
10%. Kwestia RGG]LDá\ZDQLD ]ZLą]NyZ� IHQRORZ\FK� ]� $&K(� L� %X&K(� MHVW� ZFLąĪ� VáDER� ]EDGDQD�
i nieZ\MDĞQLRQD�� D� UyĪQLFH� ZLGRF]QH� Vą� Z� VWRSQLX� SRZLQRZDFWZD� LQKLELWRUyZ� GR� F]ąVWHF]HN� HQ]\PyZ��
Niemniej jednak, EDGDQLD�QDG�QHXURSURWHNFMą�]ZLą]NyZ�IHQRORZ\FK�ZVND]XMą�QD�Z\ĪV]\�SRWHQFMDá�NZDVyZ�
fenolowych i flawonoli (w tym kwasu ferulowego, kwasu p-kumarowego i kwercetyny obecnych w rokitniku 
pospolitym��QLĪ�IODZDQ-3-oli (Jabir i in., 2018; Szwajgier, 2015). 

Wszystkie nowo zaprojektowane smoothies PLDá\�]GROQRĞü hamowania Į-amylazy L�Į-glukozydazy, 
DOH� ZSá\Z� QD DNW\ZQRĞü Į-glukozydazy E\á� istotnie silniejszy (p < 0,05). Dodatek moreli, winogron, 
SRPDUDĔF]\�L�NRU]HQLD�SLHWUXV]NL�RND]Dá�VLĊ�E\ü�QDMEDUG]LHM korzystnym dla DNW\ZQRĞFL�LQKLELFML�Į-amylazy 
L� Į-glukozydazy. Z kolei, sLOQ\PL� LQKLELWRUDPL� OLSD]\� WU]XVWNRZHM� E\á\� SURGXNW\� ]� EU]RVNZLQLą�� QDVWĊSQLH�
JUXV]Ną��SRPDUDĔF]ą, MDEáNLHP i korzeniem pietruszki. $NW\ZQRĞü�KDPRZDQLD�Į-DP\OD]\�L�Į-glukozydazy 
NRUHORZDáD�]D�]DZDUWRĞFLą�IODZRQROi (odpowiednio r = 0,54 i 0,50), zDĞ�]GROQRĞü�LQKLELFML�OLSD]\�WU]XVWNRZHM 
PRĪH�Z\QLNDü� ] REHFQRĞFL polimerycznych procyjanidyn (r = 0,50). Wyniki te ]QDMGXMą� RG]ZLHUFLHGOHQLH�
]DOHĪQRĞFL�Z analizie grupowania hierarchicznego (AHC) i analizie JáyZQ\FK�VNáDGRZ\FK��3&$���Publikacja 
6, Fig. 2). Badania in vitro i z zastosowaniem modeli ]ZLHU]ĊF\FK� ZsND]Dá\�� ĪH� SHUVSHNW\ZD�
SU]HFLZFXNU]\FRZD� ]ZLą]DQD� ]� IODZRQRLGDPL� Z\QLND� ]� LFK� PRGXOXMąFHJR� ZSá\ZX� QD� PHWDEROL]P�
ZĊJORZRGDQyZ��SRSUDZ\�IXQNFML�NRPyUHN�EHWD�WU]XVWNL�L�G]LDáDQLD�LQVXOLQ\��]PQLHMV]HQLD�LQVXOLQRRSRUQRĞFL��
stanu zapalnego i stresu oksydacyjnego Z� PLĊĞQLDFK� RUD]� ]PQLHMV]HQLa syntezy cholesterolu i poziomu 
triglicerydów (Vinayagam i Xu, 2015). .RQWURORZDQD�UHGXNFMD�DNW\ZQRĞFL�HQ]\PyZ�MHVW�]DWHP�RELHFXMąF\P�
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UR]ZLą]DQLHP� Z� SURILODNW\FH� L� OHF]HQLX� FXNU]\F\� W\SX� �� Z� SRáąF]HQLX� ]H� ]PQLHMV]RQą� GDZNą� OHNów, 
WRZDU]\V]ąFą�QDGZDJą�L�ZF]HVQ\P�VWDGLXP�RW\áRĞFL�RUD]�LFK�SRZLNáDQLDPL��&RVWDPDJQD�L�LQ��������� 

Wobec SRZ\ĪV]HJR, kompozycje VPRRWKLHV�RSUDFRZDQH�Z�UDPDFK�EDGDĔ�]DZDUW\FK�Z�Publikacji 6, 
PRĪQD� WUDNWRZDü� MDNR� LVWRWQą� SURSR]\FMĊ� X]XSHáQLHQLa GLHW\� R� SRWHQFMDOQ\FK� ZáDĞFLZRĞFLDFK�
SU]HFLZXWOHQLDMąF\FK��przeciwstarzeniowych i przeciwcukrzycowych i atrakcyjnych sensorycznie.
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4.4. $QDOL]D�ZáDĞFLZRĞFL�IL]\NRFKHPLF]Q\FK�L�SRWHQFMDáX�SUR]GURZRWQHJR�PLNURNDSVXáHN 
otrzymanych z soku z owoców rokitnika pospolitego 

:UD]�]�SRVWĊSHP�SUDF�QDG�SURGXNWDPL�]�RZRFyZ�URNLWQLND�SRVSROLWHJR�GRVWU]HĪRQR�SRWHQFMDá�VRNX�
w procesie mikroenkapsulacji, który obejmuje ]DPNQLĊFLH� FHQQ\FK��ZUDĪOLZ\FK L� GRFHORZ\FK� VNáDGQLNyZ�
Z�PDWHULDOH�SRZáRNRZ\P��6WąG��]DNUHV�EDGDĔ�UR]V]HU]RQR�Z�NLHUXQNX�SU]HWZDU]DQLD�URNLWQLND�SRVSROLWHJR�
GR� XWUZDORQHM� IRUP\� PLNURNDSVXáNL� R� Z\GáXĪRQ\P� RNUHVLH� SU]\GDWQRĞFL� GR� VSRĪ\FLD�� D� W\P� VDP\P�
SRSUDZLRQ\FK�ZáDĞFLZRĞFLDFK�IL]\F]Q\FK�RUD]�ZDUWRĞFL�SUR]GURZRWQHM��&HOHP�WHJR�HWDSX�EDGDĔ�E\áD�RFHQD�
ZSá\ZX� PHWRG� VXV]HQLD� L� QRĞQLNyZ� polisacharydowych QD� ZáDĞFLZRĞFL� IL]\F]QH�� VNáDGQLNL� FKHPLF]QH�
L�DNW\ZQRĞü�SU]HFLZXWOHQLDMąFą�PLNURNDSVXáHN z soku z owoców rokitnika pospolitego. 

Wyniki przedstawiono w Publikacji 7: 
Tkacz K., :RMG\áR A, Michalska-Ciechanowska A., Turkiewicz I.P., Lech K., Nowicka P. 2020. Influence 
carrier agents, drying methods, storage time on physico-chemical properties and bioactive potential 
of encapsulated sea buckthorn juice powders. Molecules, 25(17), 3801. doi: 10.3390/molecules25173801. 

2FHQLRQR� ZSá\Z� PHWRG� VXV]HQLD� UR]S\áRZHJR� ���� °C), sublimacyjnego (od -30 do 30 °C) 
i SUyĪQLRZHJR� �Z� WU]HFK� ZDULDQWDFK� WHPSHUDWXURZ\FK� ���� ��� L� �� �&�� RUD]� URG]DMyZ� QRĞQLNyZ�
polisacharydowych (inulina, maltodekstryna, mieszaniny inuliny i maltodekstryny w stosunku 1:2 i 2:1) 
QD� ]DZDUWRĞü� ZRG\�� DNW\ZQRĞü� ZRG\�� JĊVWRĞFL� U]HF]\ZLVWą� L� QDV\SRZą�� SRURZDWRĞü�� SDUDPHWU\� EDUZ\��
ZVNDĨQLN� EUą]RZLHQLD�� ]DZDUWRĞü� K\GURNV\PHW\ORIXUIXUDOX� L� ]ZLą]NyZ� IHQRORZ\FK� RUD]� DNW\ZQRĞü�
SU]HFLZXWOHQLDMąFą 20 wariantów PLNURNDSVXáHN� z soku z owoców rokitnika pospolitego nowej odmiany 
µ-y]HI´ (Publikacja 7, Fig. 1), SU]HG�L�SR�V]HĞFLX�PLHVLąFDFK�SU]HFKRZ\ZDQLD. Nowatorski charakter wyników 
zaprezentowanych w Publikacji 7 wynika z zastosowania ]DUyZQR�UyĪQ\FK�PHWRG�VXV]HQLD�� MDN�L�UyĪQ\FK�
QRĞQLNyZ�polimerowych Z�SURFHVLH�WZRU]HQLD�PLNURNDSVXáNRZDQHJR�VRNX�]�RZRFyZ�URNLtnika pospolitego. 

Zbadano LVWRWQLH�ZLĊNV]\ ZSá\Z�PHWRG\�VXV]HQLD�QD�PRGXODFMĊ�DNW\ZQRĞFL�ZRG\�QLĪ�Z�SU]\SDGNX�
URG]DMX� QRĞQLND (p < 0,05) (Publikacja 7, Tab. 1). IQXOLQD� SRZRGRZDáD� VLOQLHMV]H� ]DWU]\P\ZDQLH� ZRG\�
w PLNURNDSVXáNDFK QLĪ� PDOWRGHNVWU\QD� �RGSRZLHGQLR� ����� L� ������, co jest uzasadnione Z\VRNą�
KLJURVNRSLMQRĞFLą�LQXOLQ\�Z\QLNDMąFą�]�UR]JDáĊ]LRQHM�VWUXNWXU\�VSU]\MDMąFHM� WZRU]HQLX�ZLą]DĔ�ZRGRURZ\FK�
i absorpcji wody z otoczenia (Lacerda i in., 2016). Niemniej jednak, nowo otrzymane formXá\� VSHáQLDá\�
NU\WHULXP�ZLOJRWQRĞFL� SRQLĪHM� ��� GOD� EH]SLHF]HĔVWZD�PLNURELRORJLF]QHJR (Aziz i in., 2018). $NW\ZQRĞü 
ZRG\�PLNURNDSVXáHN SRQLĪHM�����E\áD�zasadnicza dla ]PLQLPDOL]RZDQLD�UR]ZRMX�SOHĞQL��GURĪGĪ\�L�EDNWHULL�RUD]�
]DSRELHJDQLD�GHJUDGDFML�]ZLą]NyZ�ELRORJLF]QLH�DNW\ZQ\FK�L�EUXQDWQLHQLD�QLHHQ]\PDW\F]QHJR� 

&R� ZLĊFHM�� produkty ]� LQXOLQą� FHFKRZDá\� Z\ĪV]H� ZDUWRĞFL� JĊVWRĞFL� U]HF]\ZLVWHM� QLĪ� tych 
]�PDOWRGHNVWU\Qą, odpowiednio 1472 i 1423 kg/m3 (Publikacja 7, Tab. 1).  *ĊVWRĞü�QDV\SRZD�L�SRURZDWRĞü�
]QDF]QLH�UyĪQLá\�VLĊ�]H�Z]JOĊGX�QD�PHWRG\�VXV]HQLD��D�VXV]HQLH�SUyĪQLRZH�Z\GDMH�VLĊ�E\ü�XĪ\WHF]Qą�WHFKQLNą�
otrzymywania PLNURNDSVXáHN R�GXĪHM�JĊVWRĞFL�QDV\SRZHM��3RURZDWRĞü�mLNURNDSVXáHN VXV]RQ\FK�UR]S\áRZR�
i sublimacyMQLH� E\áD� LVWRWQLH� Z\ĪV]D� QLĪ� IRUPXá SRGGDQ\FK� VXV]HQLX� SUyĪQLRZHPX� �S� �� �����. 2EQLĪRQD�
WHPSHUDWXUD�L�FLĞQLHQLH�Z�SURFHVLH�suszenia sublimacyjnego zapewniDMą RGSRZLHGQLą�V]\ENRĞü�VXEOLPDFML, nie 
QDUDĪDMąF�PDWHULDáX�QD� VNXUF]��dlatego otrzymano SURGXNW\�R�GXĪHM�SRURZDWRĞFL� L� ]GROQRĞFL� UHK\GUDF\MQHM�
(Caparino i in., 2012). =DWHP� SRURZDWRĞü� L� JĊVWRĞü� QDV\SRZD� PLNURNDSVXáHN Vą ZDĪQ\P� NU\WHULXP�
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aplikacyjnym, ze wzgOĊGX�QD�ZDUXQNL�SU]HFKRZ\ZDQLD��URG]DM L�SRVWDü�SURGXNWX�NRĔFRZHJR�RUD]�VWDELOQRĞü 
RNV\GDF\MQą i aromatów. 

1DVWĊSQLH��RNUHĞORQR�SDUDPHWU\�barwy w SU]HVWU]HQL�&,(�/
D
E
��NąW�EDUZ\��K���FKDUDNWHU\]XMąF\�
SHUFHSFMĊ�EDUZ\��SDUDPHWU�FKURPD��&��ZVND]XMąF\�QD�F]\VWRĞü�L�LQWHQV\ZQRĞü�EDUZ\�RUD]�FDáNRZLWą�UyĪQLFĊ�
barwy (dE) (Publikacja 7, Tab. 2). =H�Z]JOĊGX� QD� LQWHQV\ZQą� ĪyáWą� EDUZĊ� PLNURNDSVXáHN z dodatkiem 
PDOWRGHNVWU\Q\� �SDUDPHWU� EDUZ\� E
�  � ������ SU]\� LQWHQV\ZQRĞFL� &�  � �������� VWRVRZDQLH� WHJR� QRĞQLND�
SROLPHURZHJR� E\áR� NRQNXUHQF\MQH�Z� SRUyZQDQLX� ]� LQXOLQą. 0LNURNDSVXáNL� Z\WZRU]RQH�PHWRGą� VXV]HQLD�
UR]S\áRZHJR� i sublimacyjnego FKDUDNWHU\]RZDá\� Z\VRNLH� ZDUWRĞci parametru MDVQRĞFL L*, dlatego 
uzasadnione jest wykorzystanie tych procesów suszenia w produkcji wyrobów o korzystnej, minimalnie 
zmienionej barwie. Uzyskane wyniki wskazDá\ na widoczny L�UR]UyĪQLDOQy kontrast barw\�PLNURNDSVXáHN�dla 
ludzkiego oka (dE > 5,0), ale nie sugerRZDá\ jednoznacznej oceny sensorycznej barwy (Lacerda i in., 2016). 

SXV]HQLH�UR]S\áRZH��sublimacyjne L�SUyĪQLRZH�Z�WHPSHUDWXU]H��� °C oraz dodatek maltodekstryny 
QLH� VSU]\MDá\� EUą]RZLHQLX nieenzymatycznemu i tworzeniu hydroksymetylofurfuralu (HMF) 
Z� PLNURNDSVXáNDFK� Inulina z kolei SURPRZDáD� wzrost indeksu EUą]RZLHQLD PLNURNDSVXáHN ĞZLHĪ\FK�
i przechowywanych (Publikacja 7, Tab. 2). Niskie pH L�SRGZ\ĪV]RQD�WHPSHUDWXUD�SURFHVyZ�VXV]HQLD�PRJą�
VSU]\MDü� K\GUROL]LH� LQXOLQ\�Z� UR]WZRUDFK�ZRGQ\FK�� ]ZLĊNV]DMąF�Z� WHQ� VSRVyE� LORĞü� FXNUyZ� UHGXNXMąF\FK�
XF]HVWQLF]ąF\FK� Z� UHDNFMDFK� Miliarda (Mensink i in., 2015)�� 1DOHĪ\� WR� XZ]JOĊGQLü� szczególnie przy 
stosowaniu soku z owoców rokitnika pospolitego R�QDWXUDOQLH�QLVNLP�S+�RNRáR���� (Publikacja 1 i 5). 

ĝUHGQLD� ]DZDUWRĞü� +0)� Z� PLNURNDSVXákach ]� PDOWRGHNVWU\Qą� E\áD� od 28 do ��� UD]\� QLĪV]D� QLĪ�
w PLNURNDSVXáNDFK� ]� LQQ\PL�QRĞQLNDPL, co wskazuje nD�]DVDGQRĞü�Z\NRU]\VWDQLD�F]\VWHM�PDOWRGHNVWU\Q\�
do produkcji PLNURNDSVXáHN�PHWRGą�SUyĪQLRZą�Z�SRGZ\ĪV]RQHM�temperaturze (Publikacja 7, Tab. 3). 1DOHĪ\�
jednak ]D]QDF]\ü��ĪH�NUyWNRWUZDáH�VXV]HQLH�UR]S\áRZH�Z�180 �&�QLH�VNXWNRZDáR�DNXPXODFMą +0)�QLH]DOHĪQLH�
od rodzaju QRĞQLNa. Wzrost HMF Z�IRUPXáDFK SR�SU]HFKRZ\ZDQLX�E\á�]QDF]QLH�QLĪV]\�dla PLNURNDSVXáHN 
VXV]RQ\FK�UR]S\áRZR��FR�PRJáR Z\QLNDü�]�WZRU]HQLD�VIHU\F]Q\FK�NDSVXáHN�SRGF]DV�VXV]HQLD�UR]S\áRZHJR��
pozbawionych porów i tym samym SHáQą�RFKURQą�UG]HQLD (Pasrija i in., 2015). 

=JRGQLH� ]� DQDOL]ą� ]ZLą]NyZ� IHQRORZ\FK� Z\NRQDQą� PHWRGą� 83/&-3'$�� VXV]HQLH� UR]S\áRZH�
L� VXV]HQLH� SUyĪQLRZH� Z� ��� �&� QDMEDUG]LHM� VSU]\MDá\ zachowaniu odpowiednio kwasów fenolowych 
(2,51 mg/100 g sm) i flawonoli (271,71 mg/100 g sm) Z�PLNURNDSVXáNDFK (Publikacja 7, Tab. 3). Degradacja 
flawonoli po procesie suszenia sublimacyjnego E\áD� QDMQLĪV]D� �R� ������� ]DWHP� LFK� VWĊĪHQLH� Z� W\FK�
PLNURNDSVXáNDFK�E\áR�QDMZ\ĪV]H��RNRáR��������PJ�����J�VP���W PLNURNDSVXáNDch ]�PDOWRGHNVWU\Qą�]EDGDQR�
ZLĊFHM� ]ZLą]NyZ� IHQRORZ\FK�� MHGQDN to LQXOLQD� ]DSHZQLáD� PLQLPDOQą UHGXNFMĊ LFK� ]DZDUWRĞFL podczas 
przechowywania (o 10,6%). (ODVW\F]QRĞü� V]NLHOHWX inuliny Z�SRáąF]HQLX�]�Z\VRNą� WHPSHUDWXUą�]HV]NOHQLD�
�7J��F]\QLą� WHQ� ĞURGHN�RGSRZLHGQLP�VWDELOL]DWRUHP�VNáDGQLNyZ�RGĪ\ZF]\FK� L�ELRDNW\ZQ\FK��QD�SU]\NáDG�
ELDáND�Z�VWDQLH�VXFK\P�Z�]DVWRVRZDQLDFK�VSRĪ\ZF]\FK�L�IDUPDFHXW\F]Q\FK�(Mensink i in., 2015)��:�]ZLą]NX�
z tym, uzyskane wyniki Vą X]DOHĪQLRQH� RG� VWRSQLD� UHWHQFML� ]ZLą]NyZ� IHQRORZ\FK L� LFK� VWDELOQRĞFL�
w PLNURNDSVXáNDFK� VWDELOL]RZDQ\PL� QRĞQLNDPL�� NWyUH� Z\ND]XMą� UyĪQH�ZáDĞFLZRĞFL� RFKURQQH� L� SDUDPHWU\�
kinetyczne. Ponadto, VWĊĪHQLH�IODZRQROL�NRUHORZDáR�]�SRURZDWRĞFLą�RWU]\PDQ\FK�IRUPXá (r = 0,913), FR�PRĪH�
WáXPDF]\ü�wydajne uwalnianie polifenoli w procesie ekstrakcji, jak równieĪ� LFK�PQLHMV]ą�UHWHQFMĊ�SRGF]DV�
przechowywania, i W\P�VDP\P�QDUDĪHQLH�QD�GHJUDGDFMĊ� 
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0LNURNDSVXáNL�RWU]\PDQH�PHWRGDPL�VXV]HQLD�UR]S\áRZHJR��sublimacyjnego L�SUyĪQLRZHJR�Z�����&�
PLDá\�QDMZ\ĪV]ą�DNW\ZQRĞü�SU]HFLZXWOHQLDMąFą�RNUHĞORQą�PHWRGą�$%76��RNRáR������PPRO�7UROR[�����J�VP��
(Publikacja 7, Tab. 3). 3URFHV� SU]HFKRZ\ZDQLD� VSU]\MDá� Z]URVWRZL� DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM�
PLNURNDSVXáHN��Z�W\P�SR�SURFHVLH�VXV]HQLD�UR]S\áRZHJR�L�sublimaF\MQHJR�ĞUHGQLR�R������Stwierdzono niemal 
50%-owy wzrost DNW\ZQRĞFL�wobec rodników kationowych IRUPXá�suszonych Z�ZDUXQNDFK�SUyĪQL�w 90 °C, 
ale ich DNW\ZQRĞü� E\áD� QDMQLĪV]D� VSRĞUyG� EDGDQ\FK� :HGáXJ� 5RFKD-Parra i in. (2016)�� VWUDW\� ]ZLą]NyZ 
fenolowych w F]HUZRQ\P�ZLQLH�NDSVXáNRZDQ\P�PHWRGą�VXEOLPDFML UyZQLHĪ�QLH�]QDOD]á\�RG]ZLHUFLHGOHQLD�
w zmianLH� DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM�� 5HDNFMH�PLĊG]\� XWOHQLRQ\PL� IHQRODPL�PRJą� ]DWHP� ]ZLĊNV]\ü�
]GROQRĞü KDPRZDQLD�F]\QQLNyZ�XWOHQLDMąF\FK� 

Przeprowadzono profilowanie on-line przeciwutleniaczy celem weryfikacji potencjalnej DNW\ZQRĞci 
HMF i furozyny, SURGXNWyZ� SRZVWDMąF\FK� w wyniku obróbki termicznej i podczas przechowywania 

(Publikacja 7, Fig. 2). Brak negatywnych odpowiedzi po reakcji postkolumnowej z odczynnikiem ABTSx+ 

VXJHURZDá��ĪH�+0)�L�IXUR]\QD QLH�PLDá\�]GROQRĞFL�]PLDWDQLD�URGQLNyZ�NDWLRQRZ\FK��Ponadto, nie stwierdzono 
NRUHODFML�PLĊG]\�]DZDUWRĞFLą�+0)�D�Z]URVWHP�DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM�PLNURNDSVXáHN� 

:\QLNL� X]\VNDQH� Z� UDPDFK� WHJR� HWDSX� EDGDĔ, zaprezentowane w Publikacji 7, SR]ZROLá\�
na VWZLHUG]HQLH��ĪH�]DVWRVRZDQLH�PDOWRGHNVWU\Q\�E\áR�NRQNXUHQF\MQH�Z�SRUyZQDQLX�GR�LQXOLQ\�L�PLHV]DQHN�
SROLPHURZ\FK�PDOWRGHNVW\Q\� L� LQXOLQ\� ����� L������� ]H�Z]JOĊGX�QD�Z\ĪV]H� VWĊĪHQLH�]ZLą]NyZ�IHQRORZ\FK��
DNW\ZQRĞü� SU]HFLZXWOHQLDMąFą� L� QLHVSU]\MDQLH� EUą]RZLHQLX� nieenzymatycznemu i akumulacji HMF 
Z�PLNURNDSVXákach.
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5. PODSUMOWANIE I WNIOSKI 

Wyniki przedstawione w niniejszym cyklu publikacyjnym rozprawy doktorskiej SR]ZROLá\� 
na potwierdzenie hipotezy badawczej��ZVND]XMąF��ĪH�RZRFH�rokitnika pospolitego charakteryzuje unikatowy 
SURILO� ]ZLą]NyZ� ELRDNW\ZQ\FK� R� RNUHĞORQym potencjale prozdrowotnym RUD]� VWDQRZLą� RQH� ZDUWRĞFLRZ\�
VXURZLHF�GR�SURGXNFML�MHGQRF]HĞQLH�IXQNFMRQDOQ\FK�L�DWUDNF\MQ\FK�VHQVRU\F]QLH�SURGXNWyZ� 

5R]ZLą]DQLD� problemu badawczego ]ZLą]DQHJR� ]� EUDNLHP� DNFHSWDFML� VHQVRU\F]QHM� URNLWQLND�
pospolitego QDOHĪ\�XSDWU\ZDü�Z�]DVWRVRZDQLX� fermentacji jDEáNRZR-mlekowej soków z owoców rokitnika 
pospolitego, komponowaniu soku z owoców rokitnika pospolitego z surowcami powszechnie stosowanym  
w przetwórstwie owocowo-warzywnym oraz mikroenkapsulacji soku z owoców rokitnika pospolitego. 

3U]HSURZDG]RQH�EDGDQLD�SR]ZROLá\�QD�VIRUPXáRZDQLH�QDVWĊSXMąF\FK wniosków: 

1. 2ZRFH�URNLWQLND�SRVSROLWHJR�RGPLDQ�XSUDZLDQ\FK�Z�3ROVFH�UyĪQLá\�VLĊ�VNáDGHP�FKHPLF]Q\P, w tym 
NRPSR]\FML� OLSRILORZ\FK� L� K\GURILORZ\FK� ]ZLą]NyZ� ELRDNW\ZQ\FK� Analizowane odmiany, wraz  
z QRZą�odmianą µ-y]HI¶��FKDUDNWHU\]RZDá istotny SRWHQFMDá�przeciwcukrzycowy, przeciwstarzeniowy, 
SU]HFLZ�RW\áRĞFL��SU]HFLZ]DSDOQy i przeciwuWOHQLDMący in vitro Z�NRUHODFML�]�]DZDUWRĞFLą�]ZLą]NyZ�
fenolowych (697,56 mg/100 g sm), karotenoidów (157,93 mg/100 g sm), tokoferoli i tokotrienoli 
(28,23 mg/100 g sm)�� NZDVyZ� WáXV]F]RZ\FK (38% SFA, 42% MUFA, 20% PUFA) i witaminy C 
�������PJ�����J�ĞP�. StZDU]D�WR�RELHFXMąFH�SHUVSHNW\Z\�GOD�NRPHUF\MQHM�SURGXNFML�tej odmiany i jej 
Z\NRU]\VWDQLD� Z� SU]HP\ĞOH� VSRĪ\ZF]\P� MDNR� ĨUyGáD� VXEVWDQFML� L� ZáDĞFLZRĞFL� SUR]GURZRWQ\FK� 
Badane odmiany jagód rokitnika pospolitego FKDUDNWHU\]RZDá\� VLĊ Z\VRNą� ]DZDUWRĞFLą� IUDNFML�
ELRORJLF]QLH� DNW\ZQ\FK� ]ZLą]NyZ� R wysokim potencjale biologicznym, FR� VWDQRZL� SRGVWDZĊ� 
do dalszego zastosowania w projektowaniu innowacyjnych produktów funkcjonalnych, 
nutraceutyków i kosmetyków, oraz do wykorzystania w planowaniu i rozpowszechnianiu upraw. 

2. 3RQDG� ���� ]ZLą]NyZ� IHQRORZ\FK� RZRFyZ� URNLWQLND� SRVSROLWHJR� VWDQRZLá\� IODZRQROH�� QDVWĊSQLH�
kwasy fenolowe. Kwasy fenolowe FKDUDNWHU\]RZDá\�VLĊ silniejszyP�SRWHQFMDáHP przeciwutleniaMąF\P 
QLĪ� IODZRQROH�� NWyUe podobnie jak karotenoidy wVND]Dá\� QD� ]GROQRĞü� KDPRZDQLD� DNW\ZQRĞFL�
acetylocholinoesterazy i butylocholinoesterazy. 2ZRFH�EDGDQ\FK�RGPLDQ�URNLWQLND�SRVSROLWHJR�PRJą�
VWDQRZLü� VNáDGQLN� QRZ\FK� IXQNFMRQDOQ\FK� L� ZDUWRĞFLRZ\FK� SURGXNWyZ� ERJDW\FK� ZH� IODZRQROH� 
i karotenoidy o G]LDáDQLX� SU]HFLZVWDU]HQLRZ\P� stosowanych w profilaktyce zmian 
QHXUR]Z\URGQLHQLRZ\FK�L�SU]\F]\Q�RWĊSLHQLD, w tym chorobie Alzheimera i Parkinsona.  

3. 6WZLHUG]RQR� UyĪQRURGQRĞü� DQDWRPLF]Q\FK� F]ĊĞFL� RZRFyZ� �VNyUNi�� PLąĪV]u, endokarpu, nasion), 
SĊGyZ L� OLĞFL� URNLWQLND� SRVSROLWHJR� Z� RGQLHVLHQLX� GR� WULWHUSHQRLGyZ�� ]ZLą]NyZ� IHQRORZ\FK� RUD]�
makro- i mikroelementów. SkórkD� L� PLąĪV]� E\á\� FHQQ\P� ĨUyGáHP� WULWHUSHQRLGyZ (maksymalnie  
76,38 mg i 76,23 mg/100 g sm, odpowiednio)��Z�SU]HFLZLHĔVWZLH�GR�OLĞFL��NWyUH JURPDG]Lá\�]QDF]QH�
VWĊĪHQLD� VNáDGQLNyZ� PLQHUDOQ\FK �JáyZQLH� ZDSQLD�� ĪHOD]D�� PLHG]L� L� PDQJDQX�, pochodnych 
kwercetyny i izoramnetyny (odpowiednio 729,07 mg i 173,40 mg/100 g sm). 3ĊG\ i nasiona  
z endokarpem stanowiá\ ĨUyGáR flawan-3-oli i polimerycznych procyjanidyn (maksymalnie  
2 021,31 mg i 7 275,98 mg/100 g sm). Analizowane frakcje rokitnika pospolitego uznano za korzystne 
QLHNRQZHQFMRQDOQH�ĨUyGáR�SRWDVX (553,41 mg - 794,39 mg/100 g sm)��D�Z�SU]\SDGNX�OLĞFL�UyZQLHĪ�
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wapnia (964,97 mg/100 g sm)�� :\QLNL� GRVWDUF]\á\� ZDĪQ\FK� LQIRUPDFML� GR� XNLHUXQNRZDQLD�
L�ZGUDĪDQLD�IRUPXá�IXQNFMRQDOQ\FK�L�QXWUDFHXW\F]Q\FK��MHGQRF]HĞQLH�ZVND]XMąF�Z\NRU]\VWDQLH�FDáHM�
URĞOLQ\�Z�SURGXNFML�EH]RGSDGRZHM zgodnie z RERZLą]XMąF\PL�WUHQGDPL. 

4. Soki z owoców rokitnika pospolitego Vą�bogatym ĨUyGáem karotenoidów (133,65 mg - 839,89 mg/100
g sm), tokoferoli (22,23 mg - 94,08 mg/100 g sm), aminokwasów (175,92 mg - 1 822,69 mg/100 g
sm), fitoprostanów (32,31 ng - 1 523,51 ng/100 g sm) i fitofuranów (do 101,47 µg/100 g sm)
ZVND]XMąF\FK� QD� SRWHQFMDá� ]DVWRVRZDQLD� w prewencji stanów zapalnych, procesów starzenia,
KLSHUJOLNHPLL�SRSRVLáNRZHM i obronie organizmu przed UHDNFMDPL�Z\ZRáDQ\PL�SU]H]�wolne rodniki.
NLHZąWSOLZ\P� RVLąJQLĊFLHP� E\áDE\� NRPHUFMDOL]DFMD� L� JOREDOL]DFMD� produkcji owoców rokitnika
pospolitego oraz szerokiej gamy produktów z nich otrzymanych, w tym produktów o charakterze
Sá\QQ\P�L�SyáSá\QQ\P��=UyĪQLFRZDQLH�VNáDGX�L�ELRDNW\ZQRĞFL�analizowanych soków komercyjnych
ZVND]DáR� QD� LVWRWĊ� Z\ERUX� SU]H]� NRQVXPHQWD� VRNyZ� z deklarowanych odmian i upraw rokitnika
pospolitego.

5. )HUPHQWDFMĊ�MDEáNRZR-POHNRZą X]QDQR�]D�RELHFXMąFą�PHWRGĊ�UHGXNFML NZDVRZRĞFL�VRNyZ�]�RZRFyZ
rokitnika pospolitego i soków mieszanych z MHJR�Z\VRNLP�XG]LDáHP��SU]\�MHGQRF]HVQ\P�]ZLĊNV]HQLX
SRWHQFMDáX� SUR]GURZRWQHJR� SRSU]H]� Z]URVW� LORĞFL� ]ZLą]NyZ� IHQRORZ\FK (maksymalnie o 23%)
L� DNW\ZQRĞFL�SU]HFLZXWOHQLDMąFHM (maksymalnie o 52%). 1DMNRU]\VWQLHMV]\P�Z� W\P�NRQWHNĞFLH�E\á
proces 72-godzinnej fermentacji soku mieszanego rokitnik ± MDEáNR�(1:1) z zastosowaniem szczepów
Lactobacillus planarum DSM 10492 i DSM 20174. 8]\VNDQH� Z\QLNL� SR]ZROą� ]DWHP� QD� GREyU
warunków i szczepów bakteryjnych dR� RGNZDV]HQLD� QD� VNDOĊ� SU]HP\VáRZą� RUD]� SU]\F]\QLą� VLĊ
GR� RSUDFRZDQLD� QRZ\FK� SURGXNWyZ� R� ZDUWRĞFL� GRGDQHM�� ]ZLĊNV]DMąF� W\P� VDP\P� VSRĪ\FLH� MDJyG
URNLWQLND�SRVSROLWHJR��Z�W\P�Z�SURILODNW\FH�SU]HZOHNá\FK�FKRUyE�QLH]DNDĨQ\FK.

6. Komponowanie soku z owoców rokitnLND� SRVSROLWHJR� ]� LQQ\PL� RZRFDPL� L�ZDU]\ZDPL� SRSUDZLáR
DWUDNF\MQRĞü� VPDNX��barwy i aromatu produktów typu smoothie, szczególnie przy XNáDG]LH�����GOD
owoców i 1:1 dla warzyw. Opracowane produkty rokitnikowe typu smoothies na bazie owoców
L� ZDU]\Z� FKDUDNWHU\]RZDá\� VLĊ� Z\ĪV]ą� ]DZDUWRĞFLą pektyn (maksymalnie 7-NURWQą�, kwasów
fenolowych (maksymalnie 7-NURWQą��i polimerów procyjanidyn (maksymalnie 6-NURWQą��w porównaniu
do soku z owoców rokitnika pospolitego. Dodatek gruszki, brzoskwini, winogURQ��MDEáND�L�SLHWUXV]NL
VSRZRGRZDá� 3-krotny Z]URVW� DNW\ZQRĞFL produktów w kierunku inhibicji acetylocholinoesterazy.
Nowe IRUPXá\ smoothies Vą�propozycją X]XSHáQLHQLa diety o ukierunkowaniu Z�VWURQĊ�SRGQLHVLHQLD
SRWHQFMDáX przeciwstarzeniowego, przeciwcukrzycowego L� SU]HFLZXWOHQLDMącego. Uzyskane wyniki
EDGDĔ� VWDQRZLą� SRGVWDZĊ� GR� GDOV]HJR projektowania LQQRZDF\MQ\FK� SURGXNWyZ� MHGQRF]HĞQLH
o ]QDF]ąF\FK ZáDĞFLZRĞFLDFK� VHQVRU\F]Q\FK� L� Z\VRNLP� SRWHQFMDOH� prozdrowotnym opartych
na jagodach rokitnika pospolitego ± ZFLąĪ�QLHGRFHQLDQych SU]H]�SU]HP\Vá�VSRĪ\ZF]\. 

7. %DGDQLD� QDG� RSW\PDOL]DFMą� SURFHVX� PLNURenkapsulacji soku z owoców rokitnika pospolitego
XNLHUXQNRZXMą�Z� ]DNUHVLH� GRERUX� QRĞQLNyZ� L� RSW\PDOL]DFML�ZDUXnków suszenia do potencjalnego
]DVWRVRZDQLD�Z�VNDOL�SU]HP\VáRZHM��VWDELOQRĞFL�Z\EUDQ\FK�]ZLą]NyZ�biologicznie aktywnych oraz
DNW\ZQRĞFL� SU]HFLZXWOHQLDMąFHM� VRNX� ]� RZRFyZ� URNLWQLND� SRVSROLWHJR� SR� SURFHVLH� VXV]HQLD
i przechowywania. Zastosowanie maltodekstryny MDNR� QRĞQLND� SROLPHURZHJR VSU]\MDáR Z\ĪV]HM
o 20% ]DZDUWRĞFL ]ZLą]NyZ�IHQRORZ\FK�QLĪ�Z�PLNURNDSVXáNach ]�LQXOLQą��MHGQRF]HĞQLH RJUDQLF]DMąF
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reakcje EUą]RZLHQLD� QLHHQ]\PDW\F]QHJR� L� DNXPXODFMĊ HMF. 0LNURNDSVXáNL� VXV]RQH� UR]S\áRZR�
L� SUyĪQLRZR� Z� �� °C FKDUDNWHU\]RZDáD� QDMZ\ĪV]D� LORĞü� RGSRZLHGQLR� kwasów fenolowych 
(2,51 mg/100 g sm) i flawonoli (271,71 mg/100 g sm), z kolei suszenie sublimacyjnego zapewniáR 
QDMZ\ĪV]ą� RFKURQĊ� flawonoli podczas 6-PLHVLĊF]QHJR� SU]HFKRZ\ZDQLD. Proces mikroenkapsulacji 
ogranicz\á QLHVWDELOQRĞü ELRDNW\ZQ\FK� ]ZLą]NyZ� URNLWQLND� SRVSROLWHJR� SRGF]DV� SU]HWZDU]DQLD�
i przechowywania, FR� MHVW� RGSRZLHG]Lą� QD obecne oczekiwania producentów FR� GR� VWDELOQRĞFL�
VNáDGQLNyZ� ELRDNW\ZQ\FK�� V]F]HJyOQLH� ZDĪQ\FK�Z� SU]\SDGNX� IDNFML� OLSLGRZR-hydrofilowej jagód 
rokitnika pospolitego. 

3RGVXPRZXMąF�� ]H� Z]JOĊGX� QD� Z\VRNL� SRWHQFMDá� SUR]GURZRWQ\� RZRFyZ� URNLWQLND� SRVSROLWHJR��
DOH�QLVNL�VWRVXQHN�FXNUyZ�GR�NZDVyZ�RUJDQLF]Q\FK��QDOHĪ\�GąĪ\ü�GR�SRSUDZ\�ZDORUyZ�VHQVRU\F]Q\FK�MDJyG�
i produktów z nich otrzymanych. :\PLHUQ\P� HIHNWHP� EDGDĔ nad innoZDF\MQ\PL� UR]ZLą]DQLDPL�
zastosowania owoców rokitnika pospolitego E\á dobór warunków i szczepów bakterii do potencjalnej 
IHUPHQWDFML� MDEáNRZR-mlekowej VRNX� Z� VNDOL� SU]HP\VáRZHM�� ZVND]DQLH RGSRZLHGQLFK� QRĞQLNyZ�
polimerowych i metod suszarniczych w procesie mikroenkapsulacji soku, opracowanie kompozycji rokitnika 
pospolitego z owocami i warzywami wykorzystywanymi w przetwórstwie, co PRĪH przyczyniü� VLĊ�
do rozszerzenia upraw H. rhamnoides Z� 3ROVFH�� RSUDFRZDQLD� QRZ\FK� SURGXNWyZ� R� ZDUWRĞFL� GRGDQHM��
]ZLĊNV]DMąF� W\P� VDP\P� VSRĪ\FLH� URNLWQLND pospolitego, w tym w profilaktyce SU]HZOHNá\FK� chorób 
QLH]DNDĨQ\FK.
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Abstract: The aim of this study was to analyze in vitro biological activities as anti-oxidant, anti-΅-
amylase, anti-΅-glucosidase, anti-lipase, and anti-lipoxygenase activity, relative to bioactive 
components (phenolic acids, flavonols, xanthophylls, carotenes, esterified carotenoids, tocopherols, 
tocotrienols, and fatty acids) and the basic chemical composition (sugars, organic acid, dry matter, 
soluble solid, pH, titratable acidity, ash, pectins, and vitamin C) of Hippophaë rhamnoides berries. Six 
sea buckthorn cultivars commonly grown in Poland were analyzed including Aromatnaja, 
Botaniczeskaja-Lubitelskaja, Józef, Luczistaja, Moskwiczka, and Podarok Sadu. Berries contained 
1.34–2.87 g of sugars and 0.96–4.22 g of organic acids in 100 g fresh weight, 468.60–901.11 mg of 
phenolic compounds, and 46.61–508.57 mg of carotenoids in 100 g dry mass. The fatty acid profile 
was established: palmitic > palmitoleic > oleic and linoleic > stearic and linolenic acids. The highest 
anti-oxidant (34.68 mmol Trolox/100 g dry mass) and anti-΅-amylase potential (IC50 = 26.83 mg/mL) 
was determined in Aromatnaja, anti-΅-glucosidase in Botaniczeskaja-Lubitelskaja (IC50 = 41.78 
mg/mL), anti-lipase in Moskwiczka and Aromatnaja (average IC50 = 4.37 mg/mL), and anti-
lipoxygenase in Aromatnaja and Podarok Sadu fruits (100% inhibition). The studied sea buckthorn 
berries may be a raw material for the development of functional foods and nutraceutical products 
rich in compounds with high biological activity. 

Keywords: sea buckthorn berries; 2,2’-Azobis(2-amidinopropane)dihydrochloride (ABTS);  ferric 
reducing ability of plasma (FRAP); oxygen radical absorbance capacity (ORAC); ΅-amylase; ΅-
glucosidase; lipase; lipoxygenase; fatty acids; vitamins 

1. Introduction

Sea buckthorn (Hippophaë rhamnoides L.) is a thorny, deciduous shrub belonging to the 
Elaeagnaceae family. Six species of Hippophaë and 12 subspecies are currently recognized, including 
ssp. sinensis, ssp. mongolica, and ssp. rhamnoides, which are the most economically and commercially 
important. There are over 150 cultivars of sea buckthorn, but new thornless and easier-to-harvest 
varieties are still being selected. Sea buckthorn naturally grows on sea coasts and river valleys of 
Central and Northern Europe, Russia, China, Mongolia, Central Asia, and slopes of the Caucasus and 
Himalayas. The plant is cultivated mainly in the Northern Hemisphere and its largest producer is 
China [1–4]. 
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Fleshy and soft sea buckthorn fruits are yellow, orange, or red, round or oblong, and 6–15 mm 
in diameter [5]. Due to the similarity of berries, the plant is commonly confused with scarlet firethorn 
(Pyracantha coccinea), rock cotoneaster (Cotoneaster horizontalis), or rowan (Sorbus aucuparia), whose 
raw fruits are poisonous. The sea buckthorn aroma is compared to strawberries, peach, mango, 
apricot, papaya, and citrus, but mostly to pineapple, which results from a similar ester profile [6]. In 
the food industry, sea buckthorn is used as a raw material enriching the pro-health value or 
increasing the acidity of fruit products. Berries are intended for the production of jams, juices, soft 
drinks, liqueurs, wine, or as an addition to beers, kefir, and cheeses. By contrast, oil obtained from 
seeds and pulp is used as a cosmetic and dietary supplement, and is used less frequently as a culinary 
product. Production residues can be a functional ingredient in meat or animal feed [1,2,5,7]. 

The therapeutic properties of bark, leaves, and fruits were already known in ancient Greece as 
well as in Tibetan and Mongolian medicine. In the cosmetics industry, the plant is used in 
dermatological diseases, hair care, revitalization of wounds and skin burns, and as a form of natural 
protection against UV-B radiation. The results of previous in vitro and in vivo studies [2,5,7–10] 
confirm the effectiveness of sea buckthorn extracts in the prevention of hyperglycemia, 
hyperinsulinemia, and hyperlipidemia, together with hepatoprotective, anti-carcinogenic, 
antibacterial, and antifungal effects, as well as positive functioning of the digestive system and 
eyesight. The properties of sea buckthorn are due to the high concentrations of flavonoids (mainly 
flavonols), carotenoids (principally Ά-cryptoxanthin and Ά-carotene), ascorbic acid, vitamin E (the 
most active form, ̈́ -tocopherol, dominates), and fatty acids (omega-3, omega-6, omega-7, and omega-
9) present in seeds, skin, and flesh [6,11,12].

A number of studies have been carried out on sea buckthorn in different world regions, but the 
knowledge about biologically active compounds and pro-health potential of cultivars grown in 
Poland is limited. Given the above, the aim of this study was to analyze biological activities (anti-
oxidant, anti-΅-amylase, anti-΅-glucosidase, anti-lipase, and anti-lipoxygenase effects) relative to 
selected bioactive components (flavonols and phenolic acids, xanthophylls, carotenes, esterified 
carotenoids, tocopherols and tocotrienols, fatty acids), and the basic chemical composition (sugars, 
organic acid, dry matter, soluble solid, pH, titratable acidity, ash, pectins, vitamin C) of berries of six 
commonly grown H. rhamnoides cultivars in Poland. 

΅-Amylase and ΅-glucosidase break down polysaccharides to glucose. Therefore, their 
inhibition is one of the methods of postprandial hyperglycemia reduction. This effect plays a key role 
in treating type 2 diabetes, which, according to WHO, affects 8.5% of the global adult population. In 
turn, pancreatic lipase breaks down dietary triglycerides into bioavailable forms – fatty acids and 
glycerol. Its inhibition can reduce energy intake at a meal, which is part of the strategy of overweight 
and obesity therapy. The lipoxygenase pathway, including lipoxygenase 5-LOX, 12-LOX, and 15-
LOX, is associated with the production of hydroperoxy fatty acids and leukotrienes. Increased 
concentrations of these products correlate with the progression of, inter alia, inflammatory bowel 
disease, asthmatic bronchitis, rheumatoid arthritis, cancers, and cardiovascular diseases [13]. 

Therefore, it was assumed that the results will allow the identification of significant differences 
in the pro-health potential and composition of the studied sea buckthorn cultivars for further use in 
the design of innovative functional products, nutraceuticals, and cosmeceuticals. Additionally, this 
study should indicate cultivars with the highest biological potential for further use in planning and 
expanding cultivations. Furthermore, the results of the cultivar Józef, bred in Poland, are presented 
for the first time. This creates promising perspectives for commercial production of this sea buckthorn 
cultivar and use in the food industry as a source of health-promoting substances and antioxidant 
properties. 

2. Materials and Methods

2.1. Chemicals 

Standards of sugars, organic acids, phenolic compounds, and carotenoid compounds were 
purchased from Extrasynthese (Genay, France), and the rest of the reagents were bought from Merck 
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KgaA (Darmstadt, Germany). The samples before chromatographic analysis were filtered through a 
Hydrophilic PTFE 0.20 ΐm membrane (Millex Samplicity Filters, Merck KgaA, Darmstadt, Germany). 

2.2. Plant Materials 

The fruits of six sea buckthorn (Hippophaë rhamnoides L.) cultivars—Aromatnaja, Botaniczeskaja-
Lubitelskaja, Józef, Luczistaja, Moskwiczka, and Podarok Sadu—were tested (Figure 1). Ripe berries 
were collected in early July and August 2018 from the Research Institute of Horticulture in 
Skierniewice (Poland). Fresh fruits were used to analyze the basic chemical composition. The second 
portion of selected berries was frozen, freeze-dried for 24 h (Christ Alpha 1–4 LSC, Martin Christ 
GmbH, Osterode am Harz, Germany) and crushed by a laboratory mill (A11, IKA, Darmstadt, 
Germany). The homogeneous materials were stored in a freezer at –80 °C until undergoing the other 
analysis. 

Figure 1. Berries of sea buckthorn cultivars. 

2.3. Basic Chemical Composition 

The soluble solids content was expressed in °Bx using a digital refractometer (Atago RX-5000, 
Atago Co. Ltd., Saitama, Japan). The instrument was calibrated using distilled water. Liquid and 
homogenized raw material was applied to the dry prism surface. The measurement was taken at 20 
°C. The dry matter was determined by mixing the sample with diatomaceous earth, pre-drying, and 
final drying under reduced pressure. Titratable acidity (TA) was analyzed by the titration of 
homogenous fresh fruits with 0.1N NaOH to pH 8.1 and the result were expressed as g malic acid/100 
g FW (fresh weight). TA and pH were determined using an automatic pH titrator system (TitroLine 
5000, Xylem Analytics GmbH, Weilheim in Oberbayern, Germany). The soluble solids content, dry 
matter, and titratable acidity were taken according to European Standards, PN-EN 12143:2000, PN-
EN 12145:2001, and PN-EN 12145:2000, respectively. Pectin content (g/100 g FW) was measured 
according to the Morris method reported by Pijanowski et al. [14]. Ash (%), L-ascorbic acid (mg/100 
g FW), sugars, and organic acids contents (g/100 g FW) were determined, as reported previously by 
WojdyÙo et al. [15]. Sugars and organic acids were analyzed using high pressure liquid 
chromatography including the evaporative light scattering detector (HPLC-ELSD) and ultra 
performance liquid chromatography-photodiode array detector (UPLC-PDA) methods. All 
measurements were taken three times. 
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2.4. Analysis of Phenolic Compounds 

The extraction of the samples for phenolic compounds and their chromatographic analysis were 
performed exactly as described by WojdyÙo et al. [15]. The samples were analyzed by an Ultra-
Performance Liquid Chromatography Photodiode Array Detector (UPLC-PDA; Acquity UPLC 
System, Waters Corp., Milford, MA, US). The study identified phenolic acids and flavonols, and their 
sums were calculated as p-coumaric acid and isorhamnetin-3-O-rutinoside, respectively, which is 
based on dominant compounds and compared with reference standards. All results were taken in 
triplicate and shown as mg/100 g DM of berries (dry mass). 

2.5. Analysis of Carotenoids, Tocopherols, and Tocotrienols 

The extraction of the samples for carotenoid compounds was made as previously described by 
WojdyÙo et al. [15] and Nowicka et al. [16]. The determination of carotenoids was made using the 
equipment as in subSection 2.4, according to the protocol given by WojdyÙo et al. [15]. The powder 
samples of fruits (0.20 g) containing 10% MgCO3 and 1% butylhydroxytoluene (BHT) to prevent 
oxidation were continuously shaken with 5 mL of a ternary mixture of methanol/acetone/hexane 
(1:1:2, v:v:v) at 300 rpm (DOS-10L Digital Orbital Shaker, Elmi Ltd., Riga, Latvia) for 30 min in the 
dark. Recovered supernatants were obtained after 4–5 times being re-extracted of solid residue. All 
combined fractions collected after centrifugation (4 °C, 7 min at 19,000× g, MPW-350, Warsaw, 
Poland) were evaporated to dryness. The pellet was diluted using 2 mL of 100% methanol, filtered 
through a hydrophilic polytetrafluoroethylene (PTFE) 0.20-ΐm membrane (Millex Samplicity Filter, 
Merck, Darmstadt, Germany) and used for analysis. 

Carotenoids were carried out on an ACQUITY UPLC BEH RP C18 column being protected by 
the guard column of the same materials (1.7 mm, 2.1 mm 100 mm, Waters Corp., Milford, MA, USA) 
operated at 30 °C. The elution solvents were linear gradient of acetonitrile:methanol (70:30, v:v) (A) 
and 0.1% formic acid (B). The runs were monitored at 450 nm. The photodiode array detector PDA 
spectra were measured over the wavelength range of 200–700 nm in steps of 2 nm. The retention 
times and spectra were compared to those of the authentic standards. All incubations were done in 
triplicate. The results were expressed as mg per kg of dm. Samples for the analysis of tocopherols 
and tocotrienols were prepared as follows. The fresh sea buckthorn berries (3׽g) were homogenized 
with two times as much of the ethanol portion mixed with 0.05% butylated hydroxytoluene (BHT). 
Saponification was carried out using 60% CaOH, at a temperature of 50 °C for 2 h. Then, the samples 
were mixed with hexane:ethyl acetate with 0.05% BHT. After that, NaOH (saturated solution) was 
added. The upper layer was collected, evaporated, and dissolved in methanol with 0.05% BHT. The 
solutions were filtered through a Hydrophilic PTFE 0.20 ΐm membrane and used for UPLC analysis. 
The analysis of tocopherols and tocotrienols was carried out by using Ultra-Performance Liquid 
Chromatography with a fluorescence detector (UPLC-FL). The column ACQUITY UPLC BEH RP C18 
(1.7 mm, 2.1 mm × 100 mm, Waters Corp., Milford, MA, US) being protected by a guard column of 
the same materials was operated at 30 °C. Identification and quantification was performed based on 
reference standards and calibration curves. The samples (5 ΐL) were injected, and the elution was 
completed in 12 min with an isocratic method of methanol with water (88:12, v:v) flow rates of 0.45 
mL/min. All incubations were done in triplicate. The results were expressed as mg per kg of dm.  

2.6. Analysis of Fatty Acids 

Fatty acids were extracted and tested with the technique of gas chromatography with mass 
spectrometry (GC-MS), in the same way as described by Nowacki et al. [17]. The samples were 
analyzed using a GC 6890 gas chromatograph coupled with a 5983 MS mass spectrometer (Agilent 
Technologies Inc., Santa Clara, CA, US) equipped in a quadrupole mass detector. Measurements were 
taken in triplicate. The results of fatty acid studies were expressed as the percentage of total fatty 
acids of sea buckthorn berries. 
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2.7. Determintation of Biological Activity: Anti-Oxidant, Anti-΅-amylase, Anti- ΅-glucosidase, Anti-Lipase, 
and Anti-Lipoxygenase 

The extraction procedure was the same for all determinations and was carried out identically, 
as described by Nowicka et al. [16]. The ABTS, FRAP, and ORAC assays were conducted as 
previously reported by Re et al. [18], Benzie and Strain [19], and Ou et al. [20], respectively. The 
ABTS•+ (2,2ȝ-azine-bis-(3-ethylene-benzothiazoline-6-sulfonic acid) scavenging test is based on 
measuring the decrease in the color intensity inversely proportional to the antioxidant content. An 
ABTS•+ solution was prepared with an absorbance of 0.700 ± 0.02 at a wavelength of 734 nm. Sea 
buckthorn extracts and the ABTS•+ solution were mixed and, after 6 min, the absorption at the 
wavelength above was measured. Distilled water was blank. The results were calculated based on 
the calibration curve (R2 = 0.9950) for Trolox concentrations 0.100 to 0.900 mM. 

The FRAP method involves determining the ability to reduce Fe3+ ions by antioxidant substances 
contained in sea buckthorn extracts to the blue Fe2+ ions complex. Sea buckthorn extracts were mixed 
with distilled water. The absorbance of the samples was measured 10 min after the addition of the 
FRAP reagent (acetate buffer, 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) in HCl and FeCl3 × 6H2O in a 
volume ratio of 10:1:1, v:v:v), at a wavelength of 593 nm. The results were calculated based on the 
calibration curve (R2 = 0.9899) for Trolox concentrations 0.050 to 0.900 mM. 

The analysis of oxygen radical absorbance capacity (ORAC) consists of a spectrofluorometric 
measurement of the decrease in fluorescence caused by oxidation of a fluorescent substance under 
the influence of free radicals, but in the presence of antioxidant substances. Samples containing sea 
buckthorn extract, phosphate buffer, and fluorescein were incubated at 37 °C throughout the analysis 
period. 2,2’-Azobis(2-amidinopropane)dihydrochloride was added and the spectrofluorometric 
measurement was performed every 5 min at an excitation wavelength 493 nm and an emission 
wavelength of 515 nm. The blank was a phosphate buffer. The antioxidant activity of the tested 
samples was obtained by comparing the surface under the fluorescence decrease curves over time 
with the surface for pure Trolox solutions (12.5, 25.0, 50.0, and 75.0 ΐM). 

The ABTS, FRAP, and ORAC results were expressed in mmol TE (Trolox)/100 g sample. 
The anti-΅-amylase, anti-΅-glucosidase, and anti-lipase activity were studied, according to 

methods reported by Nowicka et al. [16] and Pods¿dek et al. [21]. Briefly, analysis of the anti-΅-
amylase inhibitory activity is based on a spectrophotometric measurement of the color change as a 
result of a reaction of iodine in potassium iodide with the remaining starch after enzymatic 
hydrolysis. Basic samples contained sea buckthorn extracts, starch solution, and ΅-amylase. After 
incubation at 37 °C, the reaction was stopped using 0.4 M HCl. A solution of potassium iodide with 
iodine was added. Reference samples contained phosphate buffer instead of an enzyme. The acarbose 
was included as a positive control and absorbance was measured at 600 nm. 

The analysis of ΅-glucosidase inhibitory activity consists of the reaction of the enzyme with a Ά-
D-glucosidase substrate producing a yellow solution upon cleavage. Basic samples containing sea 
buckthorn extracts and enzymes were incubated as above. After the addition of the substrate, the 
mixture was incubated again and measurement was made at 405 nm. As in the above analysis, the 
reference samples contained buffer instead of enzymes and the acarbose was included as a positive 
control. 

The analysis of lipase inhibitory activity is based on a spectrophotometric measurement of the 
amount of p-nitrophenol formed from p-nitrophenyl acetate. Basic samples contained sea buckthorn 
extracts, Tris-HCl buffer, and the enzyme. After 5 min of incubation at 37 °C, the substrate was added. 
Then incubation continued for 15 min. Reference samples contained buffer instead of the enzyme and 
the orlistat was used as a positive control. Absorbance was measured at 400 nm. The results of anti-
΅-amylase, anti-΅-glucosidase, and anti-lipase activity are presented as IC50 in mg/mL, i.e., the 
amount of the sample that is able to reduce enzyme activity by 50%. 

Inhibitory activity toward 15-lipoxygenase was measured in accordance with Chung et al. [13]. 
Basic samples containing sea buckthorn extract and enzymes were incubated at 37 °C. Then, linoleic 
acid was added and incubation continued for 20 min. The mixture was measured at 210 nm. 
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Reference samples contained Tris-HCl buffer instead of the enzyme. The results were expressed as a 
percentage inhibition (at the concentration of 30 mg/mL). 

All tests: anti-oxidant (ABTS, ORAC, FRAP), anti-΅-amylase, anti- ΅-glucosidase, anti-lipase, 
and anti-lipoxygenase were performed in triplicate using a microplate reader SynergyTM H1 (BioTek, 
Winooski, VT, US). 

2.8. Statistical Analysis 

One-way analysis of variance (ANOVA, p < 0.05), Tukey’s test, Pearson’s correlation coefficients, 
and Principal Component Analysis (PCA) were carried out using XLSTAT for Microsoft Excel 2010 
(Microsoft Corp., Redmond, WA, US) and Statistica 13.1 (StatSoft, Cracow, Poland). The results were 
presented as the mean value (n = 3) ± standard deviation (SD). 

3. Results and Discussion

3.1. Basic Chemical Composition of Sea Buckthorn Cultivars 

Table 1 presents the basic chemical composition of sea buckthorn cultivars: Aromatnaja, 
Botaniczeskaja-Lubitelskaja, Józef, Luczistaja, Moskwiczka, and Podarok Sadu. Analogous or closely 
related cultivars have been analyzed by other researchers but were cultivated in other climatic and 
soil conditions, including Sweden, Belarus, Finland, and Canada. However, this is the first report on 
the new cultivar Józef, bred in Poland. 

Dry matter of H. rhamnoides berries was statistically different and ranged from 11.78% 
(Luczistaja) to 13.08% (Aromatnaja). A soluble solid was examined from 5.7 (Luczistaja) to 7.2 °Bx 
(Moskwiczka and Aromatnaja) and was lower than indicated in berries cultivated in Canada [22] and 
Finland [23] (to 12.6 °Bx). Sea buckthorn fruits had a low pH (from 2.89 to 2.95 in the case of 
Moskwiczka and Aromatnaja, respectively) and titratable acidity (from 2.48 to 2.79 g malic acid/100 
g fresh weight (FW) for Moskwiczka and Podarok Sadu, respectively). The obtained results were in 
line with other reports, according to which pH was from 2.30 to 3.20 and titratable acidity from 2.00 
to 4.66 g malic acid/100 g [22–24]. Yang [24] stated that pH may be dependent on the harvest period 
of berries because values increased from late August to mid-October, and then decreased. 
Additionally, low ash content was determined, from 0.31% (Moskwiczka) to 0.43% (Aromatnaja), 
compared to data provided by Bal et al. [1], for sea buckthorn berries cultivated in Japan (1.78% and 
1.8%). Pectin content was from 0.21% (Józef) to 0.68% (Luczistaja). Aromatnaja berries were 
characterized by about half the amount of pectins (0.34%) and twice as high vitamin C content (158.81 
mg/100 g FW) compared to other examined berries. The new cultivar (cv.) Józef contained a similar 
amount of vitamin C since the cultivar was the poorest in it (64.92 mg/100 g FW). In studies by 
Teleszko et al. [12], Aromatnaja fruits were the richest in ascorbic acid (130.97 mg/100 g FW), followed 
by Podarok Sadu, Moskwiczka, Botaniczeskaja-Lubitelskaja, and Luczistaja (from 82.61 to 52.86 
mg/100 g FW). Kawecki et al. [25] reported two to three times more vitamin C content in Podarok 
Sadu and Botaniczeskaja berries than in our study. Research on sea buckthorn fruits from Germany 
[26], Finland [23], and Canada [22] reported a similar content of vitamin C as in the studied cultivars, 
and also proved that the factors determining the vitamin C content are mainly the cultivar, maturity 
stage, fruit size, and harvest season. Due to the lack of ascorbinase in berries and juice, vitamin C is 
stable for six days, whereas the annual frozen storage does not change its content [27]. 

The studied sea buckthorn fruits contained from 1.34 (Botaniczeskaja-Lubitelskaja) to 2.87 g of 
sugars/100 g FW (Moskwiczka) (Table 1). The most abundant sugar was glucose, which constituted 
86.58% to 92.68% of all sugars (in the case of Podarok Sad and Moskwiczka, respectively). 
Significantly lower concentrations of sorbitol and fructose were determined (maximum 6.36% and 
5.88% of total sugars, respectively). Only Luczistaja berries contained more fructose than sorbitol. In 
Luczistaja, Podarok Sadu, Józef, and Aromatnaja fruits, rhamnose below 3.5% of all sugars was 
quantitated, while, in other tested fruits, it was not detected. Our results corroborated those 
published by Kawecki et al. [25], Tiitinen et al. [23], and Zheng et al. [22]. For example, the tested cv. 
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Podarok Sadu contained 1.49% of sugars, compared to an analogous cultivar grown in Poland, tested 
by Kawacki et al. [25], and containing 1.99%. 

The content of organic acids (Table 1) was from 0.96 to 4.22 g/100 g FW (for Moskwiczka and 
Luczistaja, respectively). In all cultivars, organic acid concentrations were studied in the following 
order: malic acid (from 63.11% to 85.42% of acids) > quinic acid (from 6.77% to 32.04% of acids) > 
isocitric acid (to 15.79% of acids) > citric acid (from 0.32% to 4.44% of acids) > oxalic acid (from 0.32% 
to 2.08% of acids). The exceptions were cv. Moskwiczka, in which no isocitric acid was detected, cv. 
Józef, which contained more citric acid than isocitric acid, and cv. Aromatnaja, in which more isocitric 
acid than quinic acid was identified. Furthermore, maleic and shikimic acids were identified, but 
were in quantities below 0.01 g/100 g FW (results not shown in the table). The newly studied cv. Józef 
contained the amount of sugars and acids most similar to the average amounts of sugars and organic 
acids in the tested sea buckthorn cultivars, 1.93 and 2.23 mg/100 g FW, respectively. Studies on sea 
buckthorn cultivars grown in Canada, Finland, or Poland indicated the organic acid content from 
0.96% to 5.40% and the main acids were malic and then quinic [22–25]. 

The sugars/organic acids ratio was low and ranged from 0.40 to 2.99 (for Luczistaja and 
Moskwiczka, respectively). The results point to the need to correct the taste of selected cultivars, in 
particular those where the ratio was below 1.0, i.e., Botaniczeskaja-Lubitelskaja, Luczistaja, Podarok 
Sadu, and the new cv. Józef. 

3.2. Analysis of Phenolic Compounds of Sea Buckthorn Cultivars 

Among the phenolic compounds, phenolic acids and flavonols were quantified in tested sea 
buckthorn fruits and the results are summarized in Table 1. The total content of phenolic compounds 
in sea buckthorn berries ranged from 468.60 mg (Luczistaja) to 901.11 mg/100 g dry mass (DM) 
(Moskwiczka). Other reports indicated comparable phenolic compound values in H. rhamnoides 
berries from 385 to 1442 mg/100 g DM [7,28,29]. The tested Podarok Sadu fruits contained half the 
amount of phenolic compounds compared to the analogous cultivar collected in Belarus and studied 
by Zadernowski et al. [29]. 

The concentration of phenolic acids in studied berries was from 5.18 mg (Botaniczeskaja-
Lubitelskaja) to 8.94 mg/100 g DM (Podarok Sadu). The cultivar created in Poland – Józef – contained 
the same amount of organic acids as Aromatnaja (6.11 mg/100 g DM), and these were richer than 
Botaniczeskaja-Lubitelskaja and Luczistaja berries. Other reports indicated several times higher 
content of phenolic acids: from 37.9 mg to 443.92 mg/100 g DM [5,7,29]. Podarok Sadu contained 43 
times less phenolic acids than the analogous cultivar tested by Zadernowski et al. [29]. Research by 
Teleszko et al. [12] determined the phenolic acid concentration from 5.81 mg in Avgustinka to 3.11 
mg/100 g FW for Luczistaja berries. 

In berries of tested cultivars, approximately 98.94% of the total phenolic compounds were 
flavonols. Their quantity ranged from 463.14 mg to 893.92 mg/100 g DM, and the order of cultivars 
in terms of flavonols content was as follows: Moskwiczka > Józef > Aromatnaja > Podarok Sadu > 
Botaniczeskaja-Lubitelskaja > Luczistaja. Józef berries contained a statistically similar amount of 
flavonols as Aromatnaja and Podarok Sadu, and these values were higher than the average flavonol 
content in the studied cultivars (637.53 mg/100 g DM). Teleszko et al. [12] reported that, among 
cultivars grown in Poland, Botaniczeskaja-Lubitelskaja berries had the lowest flavonol concentration 
(212.89 mg/100 g FW). The obtained results were in line with those published by Pop et al. [30], where 
the flavonol content ranged from 563 to 1437 mg rutin equivalent/100 g DM (for Serpenta and Tiberiu, 
respectively). However, the analyzed berries were richer in flavonols than those examined by Ma et 
al. [31], who reported a concentration from 23 (Oranzhevaya collected in China) to 250 mg/100 g (wild 
berries of ssp. sinensis from China). Variation in quantitative and qualitative flavonol profile occurs 
within subspecies and cultivars, and is affected by the harvest date, climatic, genetic, and geographic 
factors, transport, and storage [32,33].
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Table 1. Basic chemical composition, phenolic compounds, carotenoids, tocopherols, and tocotrienols and fatty acids contents in sea buckthorn cultivars. 

Components Aromatnaja 
Botaniczeskaja- 

-Lubitelskaja 
Józef Luczistaja Moskwiczka Podarok Sadu

Dry matter (%) 13.08 ± 0.23 a 11.88 ± 0.44 b 12.03 ± 0.38 b 11.78 ± 0.19 b 12.84 ± 0.34 ab 12.71 ± 0.40 ab 
Soluble solid (°Bx) 7.2 ± 0.01 a 6.4 ± 0.00 a 7.1 ± 0.01 a 5.7 ± 0.01 a 7.2 ± 0.01 a 7.0 ± 0.00 a 

pH 2.95 ± 0.01 a 2.90 ± 0.00 a 2.90 ± 0.01 a 2.90 ± 0.02 a 2.89 ± 0.00 a 2.93 ± 0.01 a 
Titratable acidity (g malic acid/100 

g) FW) 2.44 ± 0.01 c 2.62 ± 0.00 b 2.59 ± 0.08 b 2.71 ± 0.11 ab 2.48 ± 0.03 bc 2.79 ± 0.00 a 

Ash (%) 0.43 ± 0.01 a 0.39 ± 0.01 a 0.40 ± 0.02 a 0.35 ± 0.04 a 0.31 ± 0.01 a 0.38 ± 0.05 a 
Pectins (%) 0.34 ± 0.04 b 0.67 ± 0.16 a 0.21 ± 0.17 c 0.68 ± 0.18 a 0.64 ± 0.06 a 0.58 ± 0.18 ab 

Vitamin C (mg/100 g FW) 158.81 ± 0.78 a 78.52 ± 0.64 b 64.92 ± 1.00 d 80.93 ± 2.32 b 71.32 ± 3.67 c 61.02 ± 0.21 d 
Sugars (g/100 g FW) 

Rhamnose 0.05 ± 0.02 b nd 0.04 ± 0.01 c 0.06 ± 0.00 a nd 0.04 ± 0.02 c 
Fructose 0.05 ± 0.00 d 0.04 ± 0.02 e 0.08 ± 0.02 b 0.10 ± 0.02 a 0.08 ± 0.02 b 0.07 ± 0.01 c 
Sorbitol 0.14 ± 0.01 a 0.07 ± 0.00 c 0.11 ± 0.02 b 0.08 ± 0.00 c 0.13 ± 0.04 a 0.09 ± 0.02 bc 
Glucose 1.96 ± 0.02 b 1.21 ± 0.02 d 1.73 ± 0.14 bc 1.49 ± 0.28 c 2.66 ± 0.65 a 1.29 ± 0.08 cd 
ǌ sugars 2.20 ± 0.01 b 1.34 ± 0.03 d 1.96 ± 0.19 c 1.70 ± 0.25 cd 2.87 ± 0.71 a 1.49 ± 0.13 cd 

Organic acids (g/100 g FW) 
Oxalic acid 0.01 ± 0.00 b 0.01 ± 0.00 b 0.02 ± 0.00 a 0.02 ± 0.01 a 0.02 ± 0.02 a 0.02 ± 0.00 a 
Citric acid 0.05 ± 0.00 b 0.01 ± 0.00 d 0.10 ± 0.05 a 0.03 ± 0.01 c 0.05 ± 0.01 b 0.02 ± 0.00 cd 

Isocitric acid 0.21 ± 0.0 a 0.11 ± 0.00 a 0.02 ± 0.00 b 0.17 ± 0.01 a nd 0.16 ± 0.00 a 
Malic acid 0.96 ± 0.07 cd 1.95 ± 0.00 b 1.84 ± 0.09 b 2.87 ± 0.21 a 0.82 ± 0.03 d 1.17 ± 0.13 c 

Quinic acid 0.09 ± 0.19 c 0.99 ± 0.03 a 0.27 ± 0.15 b 1.14 ± 0.22 a 0.07 ± 0.01 c 0.16 ± 0.09 c 
ǌ organic acids 1.33 ± 0.11 d 3.09 ± 0.27 b 2.25 ± 0.20 c 4.22 ± 0.13 a 0.96 ± 0.13 e 1.54 ± 0.14 d 

Sugar: organic acid ratio 1.65 b 0.43 d 0.87 c 0.40 d 2.99 a 0.97 c 
Phenolic compounds (mg/100 g DM) 

Phenolic acids 6.11 ± 1.98 c 5.18 ± 1.52 d 6.11 ± 1.88 c 5.46 ± 1.07 d 7.19 ± 2.52 b 8.94 ± 2.74 a 
Flavonols 655.21 ± 46.16 b 484.22 ± 24.80 c 691.45 ± 56.36 b 463.14 ± 30.48 c 893.92 ± 54.96 a 637.22 ± 42.75 b 

ǌ phenolic compounds 661.32 ± 48.14 b 491.20 ± 26.71 c 697.56 ± 58.34 b 468.60 ± 31.55 c 901.11 ± 57.48 a 646.16 ± 45.52 b 

Carotenoids (mg/100 g DM) 
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SFAs – saturated fatty acids. MUFAs - monounsaturated fatty acids. PUFAs - polyunsaturated fatty acids. The data shown are mean values ± SD (n = 3). nd - not detectable. 
DM – dry mass. FW – fresh weight. Different letters (a–d) in the same column denote a significant difference among varieties, according to Tukey’s test. p < 0.05. 

Xanthophylls 80.73 ± 10.22 a 45.71 ± 4.62 cd 65.04 ± 5.33 b 37.76 ± 4.77 d 51.13 ± 7.18 c 60.27 ± 8.11 b 
Carotenes 225.42 ± 12.27 a 16.03 ± 2.93 e 69.78 ± 4.60 c 8.85 ± 1.52 f 56.18 ± 4.27 d 115.62 ± 8.11 b 

Esterified carotenoids 202.42 ± 7.02 a nd 23.11 ± 2.04 c nd 14.78 ± 1.35 d 70.37 ± 3.20 b 
ǌ carotenoids 508.57 ± 29.54 a 61.73 ± 7.55 e 157.93 ± 11.97 c 46.61 ± 6.29 e 122.09 ± 12.80 d 246.26 ± 19.42 b 

ǌ tocopherols and tocotrienols 
(mg/100 g DM) 

27.12 ± 1.31 b 27.68 ± 1.42 b 28.23 ± 1.39 b 34.27 ± 2.00 a 29.29 ± 1.78 b 27.58 ± 1.55 b 

Fatty acids (%) 

Palmitic (C16:0) 34.29 ± 0.01 b 33.24 ± 0.01 b 33.45 ± 0.01 b 32.82 ± 0.01 b 38.19 ± 0.01 a 32.00 ± 0.01 b 
Palmitoleic (C16:1 n-7) 25.84 ± 0.02 b 23.67 ± 0.01 b 25.87 ± 0.01 b 31.25 ± 0.01 a 26.40 ± 0.01 b 26.17 ± 0.01 b 

Stearic (C18:0) 4.14 ± 0.01 a 3.71 ± 0.01 ab 3.89 ± 0.01 a 2.65 ± 0.01 b 4.49 ± 0.01 a 2.72 ± 0.01 b 
Oleic (C18:1 n-9) 14.90 ± 0.01 ab 17.83 ± 0.01 a 15.03 ± 0.01 ab 12.91 ± 0.01 b 14.81 ± 0.01 b 14.49 ± 0.01 b 

Linoleic (C18:2 n-6) 17.42 ± 0.03 b 17.60 ± 0.01 b 16.74 ± 0.01 b 16.93 ± 0.01 b 13.16 ± 0.01 c 20.13 ± 0.01 a 
Linolenic (C18:3 n-3) 3.43 ± 0.01 b 3.94 ± 0.01 ab 3.40 ± 0.01 b 3.44 ± 0.01 b 2.95 ± 0.01 c 4.49 ± 0.01 a 

ǌSFAs 38.42 ± 0.04 b 36.95 ± 0.02 c 37.34 ± 0.01 bc 35.47 ± 0.02 c 42.68 ± 0.02 a 34.71 ± 0.01 c 
ǌMUFAs 40.73 ± 0.05 b 41.50 ± 0.05 b 40.90 ± 0.06 b 44.16 ± 0.04 a 41.21 ± 0.04 b 40.66 ± 0.01 b 
ǌPUFAs 20.84 ± 0.03 b 21.54 ± 0.04 b 20.14 ± 0.01 b 20.37 ± 0.02 b 16.11 ± 0.01 c 24.62 ± 0.01 a 
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3.3. Analysis of Carotenoids, Tocopherols, and Tocotrienols of Sea Buckthorn Cultivars 

Carotenoids were classified as xanthophylls, carotenes, and esterified carotenoids. Their 
amounts for individual sea buckthorn cultivars are shown in Table 1. The total carotenoid 
concentration ranged between 46.61 mg and 508.57 mg/100 g DM, respectively, for Luczistaja and 
Aromatnaja. Józef berries were more than three times richer in carotenoids than Luczistaja and poorer 
than Aromatnaja. The values obtained were significantly higher than those observed for sea 
buckthorn fruits from Sweden [11] (from 11.99 mg to 142.49 mg/100 g DM) and growing in Romania 
[34] (from 53 mg to 97 mg/100 g DM). 

Aromatnaja berries contained the most xanthophylls (80.73 mg/100 g DM). Nevertheless, 
Botaniczeskaja-Lubitelskaja and Luczistaja fruits were characterized by the highest percentage of 
these compounds with more than 74% of the total carotenoids. Moskwiczka and the new Józef berries 
contained similar amounts of xanthophylls and carotenes (about 41% of xanthophylls and 45% of 
carotenes). Fruits of cv. Aromatnaja contained 2 to 25 times more carotenes (225.42 mg/100 g DM) 
than other cultivars. Therefore, these berries were not yellow-orange but red (Figure 1). The 
remaining cultivars can be presented according to the increasing content of carotenes: Podarok Sadu 
> Józef > Moskwiczka > Botaniczeskaja-Lubitelskaja > Luczistaja. By comparison, in H. rhamnoides 
berries grown in Sweden, the carotene content was on average 29.66 mg/100 g DM [11]. On the other 
hand, research of Kruczek et al. [35] indicated that Aromatnaja and Moskwiczka berries were rich in 
carotenes (average 23.01 mg/100 g FW), and Botaniczeskaja-Lubitelskaja, Luczistaja, and Podarok 
Sadu contained less than 1 mg/100 g FW. 

Esterified carotenoids were examined in four cultivars in the following order: Aromatnaja > 
Podarok Sadu > Józef > Moskwiczka. In the case of these berries, esterified carotenoids ranged from 
12.11% to 19.80% of total carotenoids (for Moskwiczka and Aromatnaja, respectively). These contents 
were lower than in studies of Pop et al. [34] and Andersson et al. [11] in which esterified carotenoids 
accounted for an average of 71% and 55% of total carotenoids, respectively. Research on the sea 
buckthorn collected from Romania identified mono-esters and diesters of zeaxanthin and lutein 
esterified with palmitic, myristic, and stearic acid residues [34]. 

The lipophilic fraction of sea buckthorn berries also contains tocopherols and tocotrienols. 
However, the quantities determined were low and ranged between 27.12 mg of tocopherols and 
tocotrienols for Aromatnaja and 34.27 mg/100 g DM for Luczistaja (on average 29.03 mg/100 g DM). 
Cultivars grown in Sweden contained from 40.6 mg to 80.1 mg/100 g DM [6], and those from Finland 
contained tocopherols and tocotrienols from similar concentrations to almost four times higher [27]. 

3.4. Analysis of Fatty Acids of Sea Buckthorn Cultivars 

In this research, omega-3, omega-6, omega-7, and omega-9 fatty acids were identified and 
divided into saturated fatty acids (SFAs) without C=C double bonds, monounsaturated fatty acids 
(MUFAs) with one such bond, and polyunsaturated fatty acids (PUFAs) with two or more double 
bonds between two connected carbon atoms. The fatty acid content in berries of sea buckthorn is 
summarized in Table 1. 

Six fatty acids were identified in berries of the studied sea buckthorn cultivars, including two 
unsaturated acids (palmitic and stearic), two monounsaturated acids (palmitoleic and oleic), and two 
polyunsaturated acids (linoleic and linolenic). The dominant fatty acid was palmitic acid (C16:0), 
which ranged from 32.00% (Podarok Sadu) to 38.19% (Moskwiczka) of total fatty acid content. The 
berries were also abundant in palmitoleic acid (C16:1 n-7). Similar contents of oleic (C18:1 n-9) and 
linoleic acids (C18:2 n-6) as well as stearic (C18:0) and linolenic acids (C18:3 n-3) were determined. 
MUFAs dominated in the sea buckthorn berries (from 40.66% to 44.16%), except for cv. Moskwiczka 
in which saturated acids predominated (SFAs). PUFAs ranged from 16.11% (Moskwiczka) to 24.62% 
(Podarok Sadu). Generally, the fatty acid profile of the studied cultivars, including the newly bred 
cv. Józef, can be presented as mean 37.60% SFAs, 41.53% MUFAs, and 20.60% PUFAs.  

The results obtained were in line with those given for the analogous Aromatnaja, Botaniczeskaja-
Lubitelskaja, Luczistaja, Moskwiczka, and Podarok Sadu, rich in palmitic, palmitoleic, and linoleic 
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acids (up to 38.25%, 38.51%, and 14.11%, respectively) [12]. Yang and Kallio [36] observed high 
contents of palmitic, palmitoleic, oleic, and linoleic acids (up to 29.2%, 31.0%, 24.8%, and 33.9%, 
respectively) in oil from whole berries grown in Finland. In sea buckthorn berries grown in Romania, 
the main acids were oleic (up to 45.9%) and palmitic acids (up to 40.2%), in contrast with seeds rich 
in polyunsaturated acids [9,34,37]. 

Other studies also examined vaccenic acid (C18:1 n-7) in the sea buckthorn fruits in an amount 
of 4.5% to 9.8%, as well as myristic (C14:0), pentadecanoic (C15:0), hexadecanoic (C16:1 n-9), margaric 
(C17:0), arachidic (C20:0), and eicosenoic acids (C20:1 n-9) below 1% of the total amount of fatty acids 
[12,27,37]. 

3.5. Analysis of Biological Activity of Sea Buckthorn Cultivars: Anti-Oxidant, Anti-΅-amylase, Anti-΅-
glucosidase, Anti-Lipase, and Anti-Lipoxygenase Effects 

Table 2 presents anti-oxidant capacity measured by ABTS, FRAP, and ORAC assays in analyzed 
sea buckthorn fruits. According to all three methods, the highest anti-oxidant potential was observed 
for Aromatnaja berries, and the lowest for Luczistaja and Botaniczeskaja-Lubitelskaja. In the oxygen 
radical absorbance capacity (ORAC) test, the results ranged from 15.47 mmol to 34.68 mmol TE/100 
g DM. The mean ABTS and FRAP activity values were 1.86 mmol and 2.59 mmol TE/100 g, 
respectively. Similarly, sea buckthorn berries harvested in China had ORAC activity from 26.6 to 36.9 
mmol TE/100 g DM, in Turkestanica and Sinensis subspecies, respectively [7]. In line with Sharma et 
al. [38], the diversity of activity may result from the method (higher results in DPPH than ABTS test) 
and extraction because microwave application caused the highest activity of sea buckthorn berries in 
comparison to maceration, ultrasound, and Soxhlet. In addition, Gao et al. [39] reported that the 
reduction of ABTS activity during maturation correlated with decreasing concentrations of phenolic 
compounds and ascorbic acid. The lipid fraction activity increased due to the carotenoid synthesis, 
but this fraction did not significantly affect the anti-oxidant activity of berries. For example, fractions 
from ripe Aromatnaja berries had activities equal to 1.30, 0.45, and 0.56 mmol TE/100 g, for the 
phenolic, ascorbic, and lipophilic fractions, respectively. 

Table 2 also shows anti-΅-amylase, anti-΅-glucosidase, and anti-lipase activity, as IC50 (mg/mL). 
The inhibitory activity against ΅-amylase ranged from 26.83 mg to 35.12 mg/mL (for Aromatnaja and 
Józef berries, respectively), while ΅-glucosidase inhibition was between 41.79 mg and 60.32 mg/mL 
(Botaniczeskaja-Lubitelskaja and Luczistaja, respectively). In all studied cultivars, ΅-amylase 
inhibition was stronger than that of ΅-glucosidase. In human trials, meals containing sea buckthorn 
berries reduced and delayed the postprandial insulin response and improved the glycemic profile 
[40,41]. Moreover, studies of Sharma et al. [38] and Xue et al. [42], carried out on rats and mice with 
type 2 diabetes, also confirmed the hypoglycemic effect of H. rhamnoides fruits. The inhibition toward 
pancreatic lipase in Aromatnaja and Moskwiczka berries was below 5.00 mg/mL. In the remaining 
cultivars, activity from 6.07 mg (Józef) to 14.02 mg/mL (Podarok Sadu) was recorded. The positive 
influence of sea buckthorn on lipid metabolism is confirmed by the examination of Linderborg et al. 
[43], according to which the addition of berries or their extract residues to meals delayed postprandial 
lipemia in humans. 

The potential effect of sea buckthorn berries in relation to 15-lipoxygenase activity was analyzed, 
and the results were presented as the percentage of inhibition (at the concentration of 30 mg/mL) 
(Table 2). High anti-lipoxygenase activity of all cultivars ranged from 92.01% (Moskwiczka) to 
100.00% (Aromatnaja and Podarok Sadu). Józef berries inhibited the enzyme activity equal to the 
others at 94.10%. The studied sea buckthorn berries can constitute a remedy in the concept of 
prevention and treatment of inflammatory diseases. Therefore, a good proposition is to use these 
fruits as a major component of functional foods. Zadernowski et al. [44] reported that lipophilic and 
ethanolic hydrophilic extracts from sea buckthorn decreased lipase activity, but the inhibition of 
lipoxygenase was higher than that of lipase.
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Table 2. Anti-oxidant (mmol TE/100g DM), anti-΅-amylase, anti- ΅-glucosidase, anti-lipase (IC50), and anti-lipoxygenase (percentage of inhibition) activities of sea 
buckthorn cultivars. 

Properties Aromatnaja 
Botaniczeskaja- 

-Lubitelskaja 
Józef Luczistaja Moskwiczka Podarok Sadu

Anti-oxidant activity 
ABTS 3.58 ± 0.36 a 1.27 ± 0.10 d 1.12 ± 0.40 d 1.28 ± 0.01 d 2.22 ± 0.04 b 1.69 ± 0.12 c 
FRAP 4.70 ± 0.14 a 1.84 ± 0.17 c 1.98 ± 0.12 c 1.85 ± 0.29 c 2.89 ± 0.09 b 2.29 ± 0.04 bc 
ORAC 34.68 ± 2.14 a 18.41 ± 0.79 d 20.04 ± 0.62 c 15.47 ± 2.38 e 28.71 ± 0.41 b 27.30 ± 1.15 b 

Enzyme inhibitory activity 
anti-΅-amylase 26.83 ± 0.22 a 32.84 ± 0.09 c 35.12 ± 0.11 d 32.93 ± 0.48 c 29.62 ± 0.41 bc 28.49 ± 0.34 b 

anti-΅-glucosidase 44.45 ± 0.35 ab 41.79 ± 0.42 a 54.76 ± 0.72 c 60.32 ± 0.87 d 46.26 ± 0.31 b 58.89 ± 0.11 cd 
anti-lipase 4.55 ± 0.16 a 9.20 ± 0.20 c 6.07 ± 0.19 b 10.07 ± 0.11 d 4.19 ± 0.17 a 14.02 ± 0.10 e 

anti-lipoxygenase 100.00 a 92.22 d 94.10 c 97.43 b 92.01 d 100.00 a 
The data shown are mean values ± SD (n = 3). ΅-amylase, ΅-glucosidase, and lipase inhibition are presented as IC50 in mg/mL, and anti-lipoxygenase effect as the 
percentage of inhibition (at the concentration of 30 mg/mL). DM – dry mass. Different letters (a–d) in the same column denote a significant difference among varieties, 
according to Tukey’s test. p < 0.05.
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3.6. Pearson’s Correlation and Principal Component Analysis (PCA) 

Pearson’s correlation coefficients (r) between chemical composition and biological activity were 
determined. According to Rösh et al. [26], the dominant anti-oxidant compound in sea buckthorn is 
ascorbic acid, which is followed by flavan-3-ols and phenolic acids with catechol structures, in which 
the tested cultivars were not abundant. High correlations of vitamin C content with ABTS and FRAP 
anti-oxidant effects (r = 0.864 and 0.886, respectively) and between flavonols and the oxygen radical 
absorbance capacity (ORAC) (r = 0.617) were found. Carotenoids strongly influenced ΅-amylase 
inhibition (r = 0.747), lipoxygenase (r = 0.668), and antioxidant potential measured by ABTS, FRAP, 
and ORAC methods (mean r = 0.875). Carotenes and esterified carotenoids had a stronger effect on 
these activities than xanthophylls. SFAs correlated more strongly with the anti-lipase and anti-
lipoxygenase potential (r = 0.601 and 0.710, respectively) than with antioxidant activity. Nevertheless, 
correlations of stearic acid were stronger with anti-oxidant, anti-΅-glucosidase, and anti-lipase 
activity than for palmitic acid. However, oleic acid positively correlated with anti-΅-glucosidase 
potential (r = 0.759). The correlation of linoleic and linolenic acids with the anti-lipoxygenase effect 
was positively moderate (r = 0.633). This could be due to the LOX function consisting in the catalysis 
of PUFAs. 

Nutritionally, pectin is one of the soluble fiber fractions and may delay gastric emptying, which, 
in turn, is associated with reducing glycemic response [45]. There was, however, no correlation 
between pectins and biological activity, including ΅-amylase inhibition. Weickert and Pfeiffer [46] 
stated that a diet rich in insoluble dietary fiber in the form of cereals and whole grains may 
significantly reduce diabetes risk. However, there is no indisputable evidence that soluble dietary 
fibers from fruits and vegetables play a key role in this process, which may explain our results. 

It should not be ruled out that the correlations between biological effects and lipophilic 
compounds may be apparent or false. The biological activities of sea buckthorn berries were tested 
on methanol-water solutions. Therefore, correlations for in vitro tests should be performed, with 
regard to lipophilic and hydrophilic compounds in H. rhamnoides. Other research on fruits also 
proved to be a selective correlation between chemical composition and biological activities. For 
example, Wang et al. [47] reported that flavonoids isolated from goji berries showed the most 
pronounced effect in scavenging free radicals (DPPH and ABTS) and chelating metal ions, while the 
zeaxanthin fraction was a strong scavenger of free hydroxyl radicals. In the studies of WojdyÙo et al. 
[48], figs with a high content of sugars did not correlate with high anti-diabetic activity, but 
glycosylated derivatives of kaempferol, cyanidin, apigenin, polymeric procyanidins, and (ƺ)-
epicatechin correlated with the ability to inhibit ΅-amylase and ΅-glucosidase, and with the anti-
oxidant effect (for the ORAC test). Ado et al. [49] found that a potent lipase inhibitor was kaempferol-
3-O-rhamnoside isolated from C. cauliflora leaves. According to Stahl and Sies [50], carotenoids are 
effective anti-oxidants scavenging singlet molecular oxygen and peroxyl radicals. Principal 
component analysis (PCA) was conducted on the average contents of each chemical component (basic 
chemical composition, phenolic and carotenoid compounds, fatty acids), biological effects (anti-
oxidant as ABTS, FRAP, and ORAC tests, enzyme inhibitory potential for ΅-amylase, ΅-glucosidase, 
lipase, and lipoxygenase), and berries of the tested H. rhamnoides cultivars. The outcomes are shown 
on the PCA biplot (Figure 2). The first two principal components (PC1 and PC2) explained 68.10% of 
the total variance (41.48% and 26.61%, respectively). The correlation biplot indicated the following: 
(1) Podarok Sadu berries were rich in PUFAs and had a strong anti-lipoxygenase effect, (2) anti-
oxidant and anti-΅-amylase activities were strongly correlated with the content of carotenoids and 
vitamin C, in which Aromatnaja fruits were particularly rich, (3) cv. Moskwiczka contained high 
concentrations of SFAs, phenolic compounds, and glucose, which, in turn, correlated with anti-lipase 
and anti-glucosidase activity, (4) Botaniczeskaja-Lubitelskaja, Luczistaja, and the new cv. Józef 
formed the most extensive berry cluster with high content of organic acids, MUFAs, tocotrienols, and 
tocopherols. 
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Figure 2. Principal component analysis biplot of chemical composition and biological effects of sea 
buckthorn cultivars. SFAs – saturated fatty acids. MUFAs - monounsaturated fatty acids. PUFAs - 
polyunsaturated fatty acids. 

4. Conclusions

The study confirmed biochemical and functional differences among six cultivars of sea 
buckthorn berries cultivated in Poland. In conclusion, the analyzed sea buckthorn cultivars, including 
cv. Józef (reach in tocopherols and tocotrienols, MUFAs, palmitoleic acid (C16:1 n-7), fructose, quinic 
and oxcalic acids, and pectin) with biological potency against anti-΅-glucosidase and anti-lipase 
activity, studied for the first time, can be a raw material in the development of innovative functional 
foods, nutraceuticals, and cosmeceuticals rich in chemical compounds with high biological activity. 
Research provides valuable information for selecting high-activity cultivars for further cultivation, 
and may also direct further in vivo testing for non-communicable diseases. 
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A B S T R A C T

This study aimed to identify by UPLC-PDA-Q/TOF-MS and quantify by UPLC-PDA phenolic compounds (26
flavonols and 2 phenolic acids) and carotenoids (16) from berries of different cultivars of Hippophaë rhamnoides
and determine correlations between these variables and in vitro anticholinergic and on-line antioxidant potential.
Isorhamnetin derivatives presented over 65% of total flavonols, but quercetin and kaempferol derivatives were
also determined. Carotenes accounted for 19 to 47%, xanthophylls 16 to 81% of total carotenoids. Pearson’s
correlations between AChE and BuChE inhibition and phenolic acid content were low (r= 0.388 and 0.355),
moderate for carotenoids (0.504 and 0.437) and high for flavonols (0.851 and 0.614). The PCA biplot showed
the highest correlation between anticholinergic activity and all-trans-ß-cryptoxanthin, quercetin-3-O-glucoside,
isorhamnetin-3-O-(2-rhamnosyl)glucoside, kaempferol-3-O-hexoside-7-O-rhamnoside, isorhamnetin-3-O-(6-
rhamnosyl)hexoside, isorhamnetin-3-O-rutinoside, and isorhamnetin-3-O-glucoside concentrations. The results
obtained can be used to identify sea buckthorn cultivars, develop crops and production, and design functional
products rich in flavonols and carotenoids with anticholinergic properties.

1. Introduction

Rich sources of flavonols include onions, broccoli, kale, red grapes,
apples, tea, and berries (Panche, Diwan, & Chandra, 2016; Testa,
Bonfigli, Genovese, De Nigris, & Cariello, 2016). But previous studies
also confirmed the high concentrations of these compounds in sea
buckthorn fruits (Guo, Guo, Li, Fu, & Liu, 2017; Ma et al., 2016; Pop
et al., 2013; Teleszko, Wojdyło, Rudzińska, Oszmiański, & Golis, 2015;
Zheng, Kallio, & Yang, 2016). Sea buckthorn (Hippophaë rhamnoides L.)
belongs to the Elaeagnaceae olive family and is a spiny fruiting and
deciduous shrub. In some countries, inter alia, Germany, Finland, Czech
Republic, Ukraine, Estonia, Belarus, Latvia, Russia, China, Japan, Slo-
vakia, Chile, and Canada, sea buckthorn is used on an industrial scale
(Rafalska, Abramowicz, & Krauze, 2017; Ruan, Rumpunen, & Nybom,
2013). The global area of wild and grown sea buckthorn is estimated at
about 3.0 mln ha, of which about 85% is in China, followed by Mon-
golia, India and Pakistan. In China, this area is successively expanded

by about 10,000 ha per year. Global yields of sea buckthorn fruits are
not established due to the use of shrubs not only for the production of
berries, but also for firewood, planting for soil remediation and har-
vesting methods. In Poland and other European countries, the average
yield from industrial crops is about 4 t/ha/year, using harvest with
cutting whole shoots with berries. For example, the crop obtained from
one shrub of cv. Podarok Sadu is within a range of 12.5–20.5 kg of fruits
(Piłat, Bieniek, & Zadernowski, 2015; Ruan et al., 2013). According to
the International Sea Buckthorn Association (ISA), juices, beverages,
tea, oils, jams, snacks, liquor, food supplements, cosmetics and feeding
stuff are produced from sea buckthorn fruits.

Sea buckthorn berries are spherical or oval, shiny, the color of the
skin and flesh varying from yellow to red. This characteristic coloration
is caused by the high content of carotenoid compounds with at least 7
conjugated double bonds (Andersson, Olsson, Johansson, & Rumpunen,
2009; Pop et al., 2014). Nevertheless, the primary sources of car-
otenoids in the human diet are yellow and orange vegetables and fruits.
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Carrots, sweet potatoes, pumpkins, peppers, and apricots contain high
concentrations of β-carotene; papayas and citruses are rich in α-cryp-
toxanthin and zeinoxanthin; tomatoes contain lycopene; and lutein,
violaxanthin and neoxanthin are present in green vegetables – kale,
spinach and broccoli (Saini, Nile, & Park, 2015). Sea buckthorn berries
may contain high concentrations of most carotenoids mentioned above,
which makes them unique (Andersson et al., 2009; Pop et al., 2014).

Application of sea buckthorn for therapeutic purposes is derived
from Tibetan and Mongolian medicine and ancient Greece, but
healthful properties of compounds from this plant are currently being
researched (Piłat et al., 2015; Rafalska et al., 2017). Studies conducted
on cardiac patients proved that flavonoids from sea buckthorn con-
tributed to lowering total cholesterol, triacylglycerides and the low-
density lipoprotein (LDL) fraction and increasing the high-density li-
poprotein (HDL) fraction (Rafalska et al., 2017). Guo, Yang, Cai, & Li
(2017) reported that the cardioprotective effect of sea buckthorn intake
can be attributed to its content of flavonoids and ß-sitosterol. Flavonol
extracts from sea buckthorn berries reduced levels of serum glucose,
serum triglyceride and serum cholesterol in mice, and effects on gly-
cometabolism may be associated with glycogenesis (Cao et al., 2003),
whereas Yohendra Kumar, Tirpude, Maheshwari, Bansal, and Misra
(2013) investigated the high inhibitory activity of the phenolic fraction
of H. rhamnoides towards E. coli, S. typhi, S. dysenteriae, S. pneumoniae
and S. aureus. Furthermore, sea buckthorn oil with a high concentration
of carotenoids may be beneficial in the treatment and prevention of
atherosclerotic artery diseases, because it effectively inhibits platelet
aggregation (Xu, Kaur, Dhillon, Tappia, & Dhalla, 2011). Chew et al.
(2014) reported that increased oral intake of lutein and zeaxanthin may
be more potent than ß-carotene in reducing the risk of age-related
macular degeneration.

Currently Poland is becoming one of the major countries in Europe
interested in growing sea buckthorn on an industrial scale. So far,
analysis of phenolic and carotenoid compounds in reference to antic-
holinergic activity in sea buckthorn has not been carried out. In this
context, the first aim of this paper was detailed identification and
quantification of phenolic and carotenoid compounds from berries of
selected H. rhamnoides cultivars grown in Poland. The second objective
was to assess the anticholinergic activity of berries and to determine the
correlations between the composition and pro-health potential, as well
as to establish the activity of the phenolic fraction in relation to the
ABTS%+ reagent by on-line HPLC-PDA analysis.

2. Materials and methods

2.1. Chemicals

The chemicals required to carry out anticholinergic activity ana-
lysis, antioxidant on-line profiling with post-column derivatization with
ABTS%+, and solvents for LC/MS grade were acquired from Sigma-
Aldrich (Steinheim, Germany). Acetonitrile for ultraperformance liquid
chromatography (UPLC; gradient grade) and ascorbic acid were bought
from Merck (Darmstadt, Germany). The standards of phenolic and
carotenoid compounds were bought from Extrasynthese (Genay,
France).

2.2. Plant materials

Six sea buckthorn (Hippophae rhamnoides L.) cultivars:
Botaniczeskaja-Lubitelskaja, Luczistaja, Moskwiczka, Podarok Sadu,
Józef, and Aromatnaja were analyzed. Mature raw fruits were collected
between July and August 2018 from orchard located in Dąbrowice
(51°56′N 20°06′E) of Research Institute of Horticulture (Skierniewice,
Poland). General samples were washed with cold water, frozen at 80℃,
freeze-dried for 24 h (Alpha 1–4 LSC, Martin Christ
Gefriertrocknungsanlagen GmbH; Osterode am Harz, Germany) and
milled (IKA, A11 basic analytical mill; Darmstadt, Germany). The

homogeneous laboratory samples were subjected to extraction.

2.3. Identification and quantification of phenolic compounds

For identification and quantification of phenolic compounds by
UPLC-PDA-Q/TOF-MS and UPLC-PDA methods, the extraction proto-
cols were the same as that applied by Tkacz, Wojdyło, Nowicka,
Turkiewicz, and Golis (2019). Briefly, the sea buckthorn samples
(~0.50 g) were mixed with 5mL methanol:water (3:7, v/v) with 2%
ascorbic acid and 1% acetic acid, and sonicated (Sonic-6D, Polsonic;
Warsaw, Poland). The extraction process was repeated after storage for
24 h at 4℃, and then, the samples were centrifuged (19,000g, 10min, 4
℃; MPW-350; Warsaw, Poland). Supernatants were filtered through a
hydrophilic membrane (PTFE, 0.20 μm; Millex Samplicity Filter, Merck;
Germany) and used for analysis.

The analysis of phenolic compounds was carried out using an
ACQUITY Ultra Performance Liquid Chromatography system (Waters
Corporation; Milford, MA, USA) with a binary solvent manager and
PDA detector coupled to G2 Q/TOF micro-mass spectrometer (Waters;
Manchester, UK) fitted with an electrospray ionization ESI source acting
on negative and positive modes. The parameters of the UPLC-PDA-Q/
TOF-MS analysis were analogous to that explained previously by
Wojdyło, Nowicka, and Bąbelewski (2018). The UPLC BEH C18 column
(2.1× 100mm, 1.7 μm; Waters Corporation; Milford, MA, USA) was
kept at 30 ℃. The injection volume was 5 μL, and the elution was
completed in 30min with a flow rate of 0.420mL/min. Solvent A (2.0%
formic acid) and solvent B (100% acetonitryle) were used in the fol-
lowing gradients: elution start with 98.0% A; next solvent A reduction
to 65% (to 32.00min), and to 0% (to 33.00min); 98% A from 33.50 to
35.00min to re-equilibrate the column. The PDA spectra for phenolic
acids and flavonols were measured at 320 and 360 nm, respectively.
The optimized MS parameters were as follows: source temperature of
100 ℃, desolvation temperature of 300 ℃, cone gas flow 40 L/h, des-
olvation gas flow 300 L/h, capillary voltage of 2500 V, and cone voltage
of 30 V. The MS analysis was performed using a mass scanning from m/
z 100 to 1200. Empower 3 software and MassLynx 4.0 ChromaLynx
Application Manager software were used to develop quantitative and
qualitative data. Quantification was made by injection of solutions of
known concentrations ranging between 0.05 and 5mg/mL
(R2≤ 0.9998) of coumaric and ferulic acids, isorhamnetin, quercetin,
and kaempferol-3-O-rutinoside, -glucoside, and -galactoside, as stan-
dards. The remaining flavonol derivatives were expressed as the cor-
responding 3-O-glucoside derivatives. The results of ULPC-PDA ana-
lyses were reported as the average of three replicates and expressed as
mg per 100 g of dry matter (dm).

2.4. Identification and quantification of carotenoids

For identification and quantification of carotenoids by UPLC-PDA-
Q/TOF-MS and UPLC-PDA assays, the extraction and all parameters
were the same as that given by Wojdyło et al. (2018). The sea buck-
thorn samples (~0.20 g) enriched with 10% MgCO3 were shaken in the
dark, with 5mL hexane:acetone:methanol (2:1:1, v/v/v) with 1% BHT
(300 rpm, 30min; DOS-10L Digital Orbital Shaker, ELMI; Riga, Latvia).
Then, the samples were centrifuged (as in subsection 2.3), supernatants
were collected, and the extraction procedure was repeated two more
times. The combined supernatants were evaporated to dryness. The
residues were dissolved in 2mL of 100% methanol, filtered through a
hydrophilic 0.20 μm membrane (as before) and used for analysis.

The ACQUITY UPLC system and software were used as previously
(subsection 2.3). A ACQUITY UPLC BEH RP C18 column (2.1mmx
100mm, 1.7 μm; Waters Corporation; Milford, MA, USA) with a C18
guard column were maintained at 32 ℃. The injection volume of sea
buckthorn extract was 10 μL. The mobile phase consisted and 0.1%
formic acid (solvent A) and acetonitrile:methanol (7:3, v/v) (solvent B).
A gradient with a flow rate of 0.500mL/min was used: 25% A
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0–0.60min; 4.9% A to 6.50min; 0% A to 13.60min; 25% A to
16.60min. The detection wavelength for carotenoid compounds was
450 nm. The MS parameters were as in subsection 2.3, except for des-
olvation gas flow equal 350 L/h. The MS analysis was performed using
a mass scanning from m/z 200 to 1100. The retention times and UV
spectra were compared to authentic standards of lutein, zeaxanthin, ß-
cryptoxanthin, lycopene, zeaxanthin dipalmitate, and ß-carotene.
Quantification was performed on the basis of standard curves con-
structed similarly as above. The results of ULPC-PDA studies were
shown as the average of three replicates and as mg per 100 g dm.

2.5. Determination of anticholinergic activity as AChE and BuChE
inhibition

The extraction procedure for this analysis was the same as that re-
ported by Turkiewicz, Wojdyło, Tkacz, Nowicka, and Hernández
(2019). The anticholinergic activity was examined as acet-
ylcholinesterase (AChE) and butylcholinesterase (BuChE) inhibition
methods reported by Wojdyło et al. (2018). The results were expressed
as IC50 (mg of dried sample/ml) and % of inhibition. Tests were per-
formed using multi-mode microplate reader Synergy™ H1 (BioTek;
Winooski, Vermont, U.S.).

2.6. Antioxidant on-line profiling by HPLC-PDA coupled with post-column
derivatization with ABTS%+ reagent

The antioxidant activity of individual phenolic peaks was studied
using an on-line HPLC antioxidant detector system. The procedure and
conditions of this assay were the same as reported by Tkacz et al.
(2019). Briefly, a Cadenza CD-C18 column (75mm× 4.6 mm, 3 μm;
Tokyo, Japan) being protected by C18 guard column was operated at 30
℃. The injection volume of sea buckthorn extract was 10 μL. The sol-
vents and gradient profile were analogous to those in Section 2.3. A
flow rate was 0.600mL/min. The detection wavelength for phenolic
compounds was set at 360 nm. The mobile phase after passing through
the PDA detector was mixed with the ABTS%+ solution (a flow rate was
0.2 mL/min). The mixture flowed through reaction coil (PTFE; 40℃;
25 m long, 0.25mm I.D.) to the UV detector. Decolorisation of the HPLC
eluate and ABTS%+ solution was monitored as a negative peaks at
734 nm. The results are presented in the form of chromatograms.

2.7. Statistical analysis

One-way analysis of variance (ANOVA; p < 0.05) and Tukey’s HSD
test were carried out using Statistica 13.1 (StatSoft; Cracow, Poland).
The statistical software XLSTAT for Microsoft Excel 2010 was used to
perform the Principal Component Analysis (PCA) and determine
Pearson’s correlation coefficients.

3. Results and discussion

3.1. Identification of phenolic compounds of H. rhamnoides

Liquid chromatography–mass spectrometry–photodiode array–qua-
drupole time-of-flight (UPLC-PDA-Q/TOF-MS) analysis was conducted
for extracts of six selected sea buckthorn cultivars and 28 phenolic
compounds were tentatively identified, including two phenolic acids,
and the rest were flavonol derivatives. The compounds were tested at
negative ionization and at 320 and 360 nm, respectively for phenolic
acids and flavonols. The identification was made on the basis of re-
ference standards, as well as MS fragmentation, the UV spectrum, and
literature data (tentative identification) (Ferreres et al., 2017; Ma et al.,
2016; Pop et al., 2013; Rösch, Krumbein, Mügge, & Kroh, 2004; Zheng
et al., 2016). The results are presented in Table 1 and Fig. 1 in the
example of Podarok Sadu berries.

In all cultivars, two hydroxycinnamic acid derivatives were

tentatively identified: p-coumaric acid-O-hexoside (compound 1) and
ferulic acid-O-hexoside (compound 2). UV spectrum analysis of both
compounds presented the absorption typical of these phenolic acids:
peak 1 (rt= 2.871min) showed absorption bands at 312 nm and
284 nm, and peak 2 (rt= 3.753min) at 323 nm and 251 nm. The major
fragment ion at m/z 163.04 corresponded to p-coumaric acid and m/z
193.02 was specific to ferulic acid.

The study tentatively identified 26 flavonol derivatives, including
eight derivatives of quercetin (compounds 3, 6, 8–10, 13, 15, 23), 15
isorhamnetin derivatives (compounds 4, 5, 7, 11, 12, 14, 16, 17,
19–22, 25–27), and aglycon (compound 28) and two derivatives of
kaempferol (compound 18 and 24). For all flavonols, the characteristic
wavelengths at band I (348–370 nm) and band II (248–266 nm) were
observed (Chen, Zhang, Xiao, Yong, & Bai, 2007). The flavonols were
detected at mass-to-charge ratio m/z equal to 301.03 for quercetin,
315.05 for isorhamnetin, and 285.00 in the case of kaempferol. The
study tentatively identified flavonol derivatives substituted at position
3 (13 compounds) and position 7 as preferential glycosylation position
(10 compounds). The main structures of flavonol glycosides were O-
rutinosyl, -O-glucosyl, -O-sophorosyl, and -O-rhamnosyl, as was in-
dicated in other research on sea buckthorn (Guo, Guo et al., 2017;
Rösch et al., 2004; Zheng et al., 2016).

Compound 3 (rt= 2.407min and [M−H]− at m/z 771.20) was
tentatively identified as quercetin-3-O-sophoroside-7-O-rhamnoside
due to the loss of 324 Da indicating sophorose. But according to the
specificity of the disaccharides linked at position 3, this fragment can
also be considered a combination of two hexosyls: hexosyl(1→ 2)
hexoside. Hence, this compound would be quercetin-3-O-(2-hexosyl)
hexoside-7-O-rhamnoside. An analogous situation can be concluded for
compound 7 isorhamnetin-3-O-sophoroside-7-O-rhamnoside
(rt= 5.164min and [M−H]− at m/z 785.20), which is the isomer of
compound 3 differing in the basic flavonol ring. Similarly, for peak 5
(rt= 4.213min and [M−H]− at m/z 785.20), with the loss of 308 Da
(rutinoside), two compounds can be labeled as isorhamnetin-3-O-ruti-
noside-7-O-glucoside and isorhamnetin-3-O-(6-rhamnosyl)glucoside-7-
O-glucoside. The variants of creating flavonol patterns were described
in detail by Ferreres et al. (2017) in a high-performance liquid chro-
matography–diode array detector–electrospray ionization–mass spec-
trometry (HPLC-DAD-ESI/MSn) study on Lathyrus cicera seeds. In re-
ports specifically on sea buckthorn berries, a series of flavonol
combinations with sophorosides and rutinosides were given (Ma et al.,
2016; Pop et al., 2013; Rösch et al., 2004; Teleszko et al., 2015; Zheng
et al., 2016).

The loss of 162 Da points to hexose, and according to previous re-
search on sea buckthorn extracts, glucose was the main sugar on the
molecules of flavonol glycosides (Ma et al., 2016; Pop et al., 2013;
Rösch et al., 2004). Thus, compound 4 isorhamnetin-3,7-O-dihexoside
(rt= 3.188min and [M−H]− at m/z 639.15) can be tentatively re-
cognized as isorhamnetin-3,7-O-diglucoside and equally for compounds
8, 11, 16, 18, 19.

Compound 6 (rt= 4.502min and [M−H]− at m/z 771.20) lost
−162/−180 Da, which is due to the loss of 18 Da (H2O) and indicates a
direct link of sugar residues. This compound should therefore be con-
sidered as quercetin-3-O-(2-rutinosyl)glucoside and such a structure has
not yet been identified in H. rhamnoides.

Analyzing compound 8 (rt= 6.678min), MS/MS fragmentation m/
z 755.20→ 609.14 resulted in loss of 146 Da (rhamnosyl) and then led
to m/z 301.03 by loss of 308 Da (rhamnosyl+ hydroxyl). Additionally,
the link in position 6 is more stable than in position 2 and, therefore,
during fragmentation there was an internal rupture of hexose linked
with rhamnose at position 6 and the loss of 120 Da. The confirmation is
the loss of 266 Da (m/z 755.20→ 489.11) (Ferreres et al., 2017).
Consequently, this peak was tentatively identified as quercetin-3-O-
(2,6-dirhamnosyl)hexoside. Compounds 8 and 12 (rt= 9.374min and
[M−H]− at m/z 769.21) belong to dirhamnosylglucosides (triglyco-
sides) and are isomers with two different flavonols – quercetin and
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Table 1
UPLC-PDA-Q/TOF-MS data of phenolic acids and flavonols identification and their quantification in H. rhamnoides cultivars.

Peak no. Rt (min) λmax (nm) MS [M−H]− (m/z) MS/MS [M−H]− (m/z) Phenolic content (mg/100 g dm)

Botaniczeskaja-Lubitelskaja Luczistaja Moskwiczka Podarok Sadu Józef Aromatnaja

Phenollic acids
1 2.871 284/312 325.09 163.04/119.05 2.84 ± 0.64 2.88 ± 0.32 4.19 ± 1.43 5.50 ± 1.24 3.12 ± 0.95 4.26 ± 1.06
2 3.753 251/323 401.14 193.02 2.34 ± 0.88 2.58 ± 0.75 3.00 ± 1.09 3.44 ± 1.50 2.99 ± 1.03 2.72 ± 0.85

Flavonols
3 2.407 258/356 771.20 625.20/301.03 7.28 ± 0.21 2.83 ± 0.22 8.16 ± 1.00 4.92 ± 0.51 5.22 ± 0.71 2.76 ± 0.28
4 3.188 254/356 639.15 477.10/315.05 5.35 ± 0.18 9.59 ± 1.11 12.1 ± 2.1 13.1 ± 1.4 10.5 ± 2.5 11.1 ± 1.8
5 4.213 256/352 785.20 623.16/315.03 7.03 ± 0.14 4.77 ± 0.14 16.8 ± 2.4 8.53 ± 1.27 5.06 ± 0.84 5.59 ± 0.73
6 4.502 258/352 771.20 609.14/591.20/301.03 6.30 ± 0.38 4.56 ± 0.27 11.4 ± 1.8 7.05 ± 1.08 8.13 ± 1.79 6.72 ± 1.00
7 5.164 256/355 785.20 639.15/315.05 21.4 ± 1.1 23.7 ± 2.1 41.4 ± 3.6 44.5 ± 3.5 40.8 ± 3.0 38.1 ± 2.7
8 6.678 254/352 755.20 625.20/609.14/489.11/301.03 26.1 ± 0.9 16.2 ± 2.0 29.7 ± 2.3 22.1 ± 1.9 24.4 ± 1.5 22.2 ± 1.4
9 7.716 258/354 609.14 447.04/301.03 1.02 ± 0.02 1.14 ± 0.11 0.992 ± 0.314 1.20 ± 0.23 1.10 ± 0.43 1.07 ± 0.55
10 7.908 256/356 609.14 447.04/301.03 6.32 ± 0.17 1.62 ± 0.05 5.07 ± 0.89 3.64 ± 2.02 3.19 ± 1.53 5.29 ± 0.91
11 8.961 248/336 977.31 831.18/771.20/639.03/625.20/445.12/315.05 1.34 ± 0.38 1.22 ± 0.43 1.93 ± 0.57 1.57 ± 0.53 1.04 ± 0.81 1.83 ± 0.40
12 9.374 254/356 769.21 623.16/605.09/503.22/315.05 2.31 ± 0.65 3.89 ± 0.76 3.53 ± 0.43 2.95 ± 1.34 4.09 ± 1.17 4.69 ± 1.74
13 9.758 260/354 609.15 301.03 43.0 ± 1.0 38.5 ± 2.1 67.9 ± 4.1 40.4 ± 2.0 54.4 ± 4.3 51.9 ± 3.0
14 10.200 254/352 623.16 477.10/315.05 40.4 ± 1.0 37.4 ± 4.0 83.6 ± 5.0 52.8 ± 3.4 86.2 ± 4.6 45.7 ± 2.8
15 10.776 256/354 463.08 301.03 62.7 ± 3.0 68.7 ± 3.0 98.3 ± 5.3 81.2 ± 4.7 79.1 ± 4.2 88.2 ± 4.5
16 11.668 255/353 623.16 461.01/443.04/315.05 17.2 ± 1.9 12.4 ± 1.1 24.7 ± 2.6 16.5 ± 1.1 22.7 ± 3.0 32.7 ± 3.6
17 12.297 254/360 593.04 447.04/315.05 2.01 ± 0.61 2.13 ± 0.54 1.98 ± 0.61 2.18 ± 0.26 2.03 ± 0.45 2.42 ± 0.11
18 14.057 265/348 593.04 447.04/285.00 6.25 ± 0.47 9.01 ± 0.76 19.6 ± 1.0 13.3 ± 1.6 14.1 ± 3.3 14.4 ± 2.4
19 14.555 257/348 623.16 461.01/315.05 3.88 ± 0.57 4.09 ± 1.62 5.43 ± 0.67 4.51 ± 1.33 4.79 ± 1.28 4.82 ± 1.27
20 15.036 255/354 623.16 315.05 96.4 ± 3.4 102 ± 4 228 ± 9 129 ± 4 172 ± 6 160 ± 6
21 15.575 255/353 477.10 315.05 79.4 ± 3.1 64.1 ± 2.1 208 ± 9 119 ± 3 105 ± 4 122 ± 6
22 19.960 254/350 447.04 315.05 2.66 ± 0.96 2.00 ± 0.05 nd 2.82 ± 0.84 2.75 ± 0.93 2.60 ± 0.94
23 22.256 256/366 447.04 301.03 3.69 ± 1.84 2.06 ± 0.14 4.95 ± 0.78 6.00 ± 0.05 3.72 ± 1.14 4.52 ± 1.37
24 24.768 265/352 593.04 285.00 3.72 ± 0.07 4.49 ± 1.53 1.02 ± 0.05 1.05 ± 0.35 3.01 ± 1.10 2.55 ± 0.16
25 25.567 256/368 461.01 315.05 2.02 ± 0.85 1.99 ± 0.77 nd 6.91 ± 1.63 2.09 ± 0.78 1.31 ± 0.05
26 27.007 260/354 707.21 545.16/477.10/315.05 5.95 ± 0.10 9.87 ± 1.04 2.71 ± 0.17 1.20 ± 0.84 2.74 ± 1.65 0.712 ± 0.113
27 27.217 256/358 707.21 545.16/477.10/315.05 25.8 ± 1.2 29.3 ± 2.4 15.6 ± 1.3 44.5 ± 2.2 30.3 ± 3.9 21.0 ± 2.0
28 28.158 256/370 315.05 301.01 4.69 ± 0.55 4.83 ± 0.84 0.743 ± 0.041 5.46 ± 1.60 3.28 ± 1.51 1.45 ± 0.23

Identification of peak numbers: (1) p-Coumaric acid-O-hexoside; (2) Ferulic acid-O-hexoside; (3) Quercetin-3-O-sophoroside-7-O-rhamnoside; (4) Isorhamnetin-3,7-O-dihexoside; (5) Isorhamnetin-3-O-rutinoside-7-O-
glucoside; (6) Quercetin-3-O-(2-rutinosyl)glucoside; (7) Isorhamnetin-3-O-sophoroside-7-O-rhamnoside; (8) Quercetin-3-O-(2,6-dirhamnosyl)hexoside; (9) Quercetin-3-O-galactoside-7-O-rhamnoside; (10) Quercetin-3-
O-glucoside-7-O-rhamnoside; (11) Isorhamnetin-3-O-hydroxyferuloyl-glucosyl-glucoside-7-O-rhamnoside; (12) Isorhamnetin-3-O-(2,6-dirhamnosyl)glucoside; (13) Quercetin-3-O-rutinoside; (14) Isorhamnetin-3-O-glu-
coside-7-O-rhamnoside; (15) Quercetin-3-O-glucoside; (16) Isorhamnetin-3-O-(2-rhamnosyl)hexoside; (17) Isorhamnetin-3-O-pentoside-7-O-rhamnoside; (18) Kaempferol-3-O-hexoside-7-O-rhamnoside; (19)
Isorhamnetin-3-O-(6-rhamnosyl)hexoside; (20) Isorhamnetin-3-O-rutinoside; (21) Isorhamnetin-3-O-glucoside; (22) Isorhamnetin-3-O-pentoside; (23) Quercetin-3-O-rhamnoside; (24) Kaempferol-3-O-rutinoside; (25)
Isorhamnetin-3-O-rhamnoside; (26) Derivative of isorhamnetin I; (27) Derivative of isorhamnetin II; (28) Isorhamnetin.
The data shown are mean values ± SD (n=3); nd - not detectable.
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Fig. 1. UPLC-PDA chromatogram of phenolic compounds at 360 nm (A) and carotenoids at 450 nm of Podarok Sadu (B) and chromatographic profile HPLC-PDA
obtained before and after the derivatization using the ABTS%+ reagent for Botaniczeskaja-Lubitelskaja (C). The identification of peak numbers is given in Table 1 for
phenolic compounds (A) and in Table 2 for carotenoids (B).
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isorhamnetin, respectively. Also, despite the most common glucose
substitution at positions 2 and 6, rhamnosyl substituents may also be
linked at positions 3/4 and 6. Hence these compounds may be called
quercetin-3-O-(3/4,6-dirhamnosyl)hexoside and isorhamnetin-3-O-(3/
4,6-dirhamnosyl)hexoside. Rösh et al. (2004) reported the presence of
quercetin dirhamnosylglucoside; however, this combination of sugars
with isorhamnetin was first tentatively identified.

Compounds 9 and 10 (rt= 7.716 and 7.908min, respectively) had
the same MS/MS fragmentation [M−H−162−146]− yielding an ion
at m/z 301.03. Because of the elution order of sugar residues, peaks
were recognized as quercetin-3-O-galactoside-7-O-rhamnoside and
quercetin-3-O-glucoside-7-O-rhamnoside (Wojdyło & Nowicka, 2019).
Flavonol 11 (rt= 8.961min and [M−H]− at m/z 977.31) was acylated
with hydroxycinnamic acid derivative which results from shifted bands
of spectra at 248 and 336 nm (Ma et al., 2016) and MS/MS fragmen-
tation which corresponded with the loss of hydroxyferulic acid
(192 Da), 2 molecules of glucose (162 Da) and rhamnose (146 Da). As in
the study of Rösh et al. (2004), this compound was considered to be
isorhamnetin-3-O-hydroxyferuloyl-glucosyl-glucoside-7-O-rhamnoside.
This research group also tentatively identified derivatives with cou-
maric, caffeic and hydroxyvanillic acids but our research, like the stu-
dies of Ma et al. (2016), Pop et al. (2013), and Zheng et al. (2016), did
not provide such results.

Compound 13 (rt= 9.758min and [M−H]− at m/z 609.15) had
identical mass as flavonols 9 and 10. However, its fragmentation caused
a direct loss of 308 Da (rutinoside) yielding an ion at m/z 301.03,
whereas the fragmentation of compounds 9 and 10 was gradual and led
to ions at m/z 447.04 and then m/z 301.03. Quercetin-3-O-glucoside-7-
O-rhamnoside (10) and quercetin-3-O-rutinoside (13) were commonly
present in sea buckthorn extracts examined by Ma et al. (2016), Pop
et al. (2013), Rösch et al. (2004), and Zheng et al. (2016). In all LC
analyses using the silica-based stationary phases, as well as in our work,
quercetin-3-O-glucoside-7-O-rhamnoside eluted before quercetin-3-O-
rutinoside. Compound 14 (rt= 10.200min and [M−H]− at m/z
623.16) lost rhamnose at position 7 in the first step of fragmentation,
yielding ions at m/z 477.10, and then glucose at position 3
[M−H−146−162]−. Thus, this compound was tentatively identified
as isorhamnetin-3-O-glucoside-7-O-rhamnoside and is an isomer of
compound 10.

In further retention times from 9.758 to 26.067min, 8 flavonol
monoglycosides were tentatively identified. MS/MS fragmentation de-
monstrated that compounds 13, 15 and 23 were the precursors of
quercetin ([M−H]− at m/z 301.03), peaks 20–22 and 25 corresponded
to isorhamnetin ([M−H]− at m/z 315.05), whilst compound 24 was a
derivative of kaempferol ([M−H]− at m/z 285.00). Compounds 15 and
21 were identified based on reference standards, as quercetin-3-O-
glucoside and isorhamnetin-3-O-glucoside, respectively. MS/MS frag-
mentation m/z 463.08→ 301.01 and m/z 477.10→ 315.05 (peaks 15
and 21, respectively) caused the loss of hexose units (162 Da).
Furthermore, the LC-MS analysis proved the formation of a dimer with
a proton of isorhamnetin-3-O-glucoside (compound 21), yielding an ion
at m/z 955.

Peaks 16, 19, and 20 (rt= 11.668, 14.555 and 15.036min, re-
spectively) had pseudomolecular ions at m/z 623.26 and were tenta-
tively identified as isorhamnetin derivatives considering the loss of
315.05 Da. MS/MS fragmentation of compound 20 explicitly indicated
a loss of rutinoside at position 3 [M−H−308]−; hence the peak was
identified as isorhamnetin-3-O-rutinoside, also based on the reference
standard. Referring to compounds 16 and 19, subsequent fragmenta-
tion steps resulted in the generation of ions at m/z 461.01, but in the
case of compound 16, there appeared an additional signal at m/z
443.04. Compound 19 was more stable during ion separation than
flavonol 16, so it can be assumed that the rhamnosyl residue was linked
by a bond difficult to splitting at position 6 (Ferreres et al., 2017).
Accordingly, compounds 16 and 19 were tentatively identified as iso-
rhamnetin-3-O-(2-rhamnosyl)hexoside and isorhamnetin-3-O-6-

rhamnosyl)hexoside, respectively.
Compounds 17 (rt= 12.297min and [M−H]− at m/z 583.04) and

22 (rt= 19.960min and [M−H]− at m/z 447.04) contained pentose
linked at position 3, but xylose may be assumed. Thus, these flavonols
can be tentatively identified as isorhamnetin-3-O-xyloside-7-O-rham-
noside and isorhamnetin-3-O-xyloside (peaks 17 and 22, respectively).
Kaempferol derivatives were found based on an ion at m/z 285.00 and
the UV spectrum which is specific at 265 nm for this flavonol compared
to others (Tallini et al., 2015). The MS/MS fragmentation
[M−H−146−162]− of compound 18 (rt= 14.057min) indicated the
presence of rhamnose and hexose molecules, whereas for flavonol 24
(rt= 25.068min) the loss of rutinose (308 Da) was examined. The
elution order was analogous to the compounds 10 and 13 described
above, and peaks 18 and 24 were denoted as kaempferol-3-O-hexoside-
7-O-rhamnoside and kaempferol-3-O-rutinoside, respectively. Quer-
cetin-3-O-rhamnoside and isorhamnetin-3-O-rhamnoside (compounds
23, rt = 22.256min and 25, rt= 26.067min, respectively) were con-
sidered as isomers that showed the main fragment ions at m/z 301.03
and 315.05, which arose after the loss of 146 Da (rhamnose).

At retention time 27.007 and 27.217min, there were tentatively
identified isorhamnetin derivatives (compounds 26 and 27) with the
loss of two hexose units, probably a combination of glucose and ga-
lactose, along with an unidentified acyl with m/z 68. HPLC-DAD-ESI-
MS studies on sea buckthorn fruits also reported isorhamnetin glyco-
sides with an undefined structure at high retention times (Ma et al.,
2016; Rösch et al., 2004; Zheng et al., 2016). Compound 28 giving a
single base peak at m/z 315.05 and with absorption maxima at band I
(370 nm) and II (256 nm), corresponded to an aglycon – isorhamnetin,
similarly as in a report by Pop et al. (2013).

3.2. Quantification of phenolic compounds of H. rhamnoides cultivars

The content of phenolic compounds listed in Table 1 was made on
the basis of the UPLC-PDA method and calculations using data from the
calibration curves.

The p-coumaric acid derivative dominated in all tested cultivars and
Podarok Sadu berries were the richest in this acid (5.50mg/100 g dm).
The content of the ferulic acid derivative ranged from 2.34 to 3.44mg/
100 g dm (in Botaniczeskaja-Lubitelskaja and Podarok Sadu, respec-
tively). In sea buckthorn berries collected from the region of the
Himalayas, both these acids together with gallic and p-hydroxybenzoic
acids were dominant (Arimboor, Kumar, & Arumughan, 2008). How-
ever, in sea buckthorn grown in Sweden, no hydroxycinnamic acid was
detected, while in blueberries and black chokeberries it was particularly
abundant (Olsson, Gustavsson, Andersson, Nilsson, & Duan, 2004). The
previous studies suggest that sea buckthorn may contain proto-
catechuic, vanillic, salicylic, cinnamic, and caffeic acids, and total
phenolic acids content may amount to 107mg/100 g dm (Arimboor
et al., 2008; Guo, Guo et al., 2017; Teleszko et al., 2015).

In the case of all samples, isorhamnetin-3-O-rutinoside (compound
20) had the highest concentration and a similar result was obtained by
Olas (2018) in the study of E. rhamnoides A. Nelson. It is worth men-
tioning that isorhamnetin-3-O-rutinoside of natural origin promotes
apoptosis of human myelogenous erythroleukaemia cells (Boubaker
et al., 2011). Other studies have shown that isorhamnetin-3-O-rutino-
side may affect the control of adipose tissue mass because it inhibits
adipogenesis in 3 T3-L1 adipocytes (Sekii et al., 2015). The content of
compound 20 ranged from 96.4 (Botaniczekaja-Lubitelskaja) to
228mg/100 g dm (Moskwiczka) and accounted for 20 and 16% of fla-
vonols content. Our results are in accordance with those obtained by
Zheng et al. (2016) for two sea buckthorn cultivars, Terhi and Tytti
(29% and 17% of total flavonols, respectively). In berries grown in
Finland and Canada, isorhamnetin-3-O-rutinoside was also the main
flavonol (from 11% to 43% of total flavonol glycosides) (Ma et al.,
2016).

Our study also proves high concentration of: isorhamnetin-3-O-
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glucoside, quercetin-3-O-glucoside, isorhamnetin-3-O-glucoside-7-O-
rhamnoside and quercetin-3-O-rutinoside (21, 15, 14 and 13, respec-
tively). Moskwiczka presented the highest contents of compounds 21,
15 and 13: 208, 98.3 and 67.9 mg/100 g dm, respectively. The highest
concentration of compound 14 was determined in cv. Józef (86.2 mg/
100 g dm), which has not been analyzed in the literature before. Chen
et al. (2007) reported that isorhamnetin-3-O-glucoside-7-O-rhamnoside
was the most abundant flavonol glycoside (2.17 mg/g) among several
sea buckthorn cultivars grown in China. Additionally, isorhamnetin-3-
O-pentoside and isorhamnetin-3-O-rhamnoside (compound 22 and 25,
respectively) were not identified in Moskwiczka.

Referring to Moskwiczka, Podarok Sadu, Józef and Aromatnaja, the
contents of isorhamnetin-3-O-sophoroside-7-O-rhamnoside (peak 7)
were two-fold higher than in the other cultivars. The amounts of
compounds 9, 11, 17, 22 and 25 were relatively low (below 2.82mg/
100 g dm), except isorhamnetin-3-O-rhamnoside in Podarok Sadu ber-
ries (6.91mg/100 g dm).

In all studied cultivars, flavonols were present in the following order
of concentration: monoglycosides (from 61% for Botaniczeskaja-
Lubitelskaja to 68% of total flavonols for Moskwiczka) > diglycosides
(from 24% for Luczistaja to 30% for Józef) > triglycosides (from 3.9%
for Moskwiczka to 6.1% for Botaniczeskaja-Lubitelskaja). Isorhamnetin
derivatives ranged from 66% (Botaniczeskaja-Lubitelskaja) to 72% of
total flavonols (Moskwiczka). By comparison, Zheng et al. (2016) found
that cultivars grown in Canada had over 85% of isorhamnetin glyco-
sides and from 10 to 15% of quercetin glycosides. Research by Ma et al.
(2016) found from 45 to 78% of isorhamnetin derivatives and from 22
to 50% of quercetin derivatives among all flavonols. In our study, the
percentage of quercetin derivatives ranged from 25% (Moskwiczka) to
32% (Botaniczeskaja-Lubitelskaja). The compounds containing
kaempferol had a low impact on the total flavonol content and con-
stituted ca. 2.4% of their amount. Nevertheless, in the sea buckthorn
berries collected in Finland and Canada (Ma et al., 2016; Zheng et al.,
2016), kaempferol derivatives were not identified, in contrast to fruits
grown Romania and Germany (Pop et al., 2013; Rösch et al., 2004).

In our research no flavan-3-ols were found, although Guo et al.
(2017) reported wide variation in the levels of these compounds de-
pending on the sea buckthorn subspecies. According to their studies, the
main forms were (+)-catechin and (−)-epicatechin, which maximum
content were 11.9 and 4.51 g/100 g dm for Yunnanensis. It should be
noted that Luczistaja fruits studied by Teleszko et al. (2015) were the
richest in polymeric proanthocyanidins (5.76mg/100 g fresh weight).

3.3. Identification of carotenoid compounds of H. rhamnoides

The carotenoid compounds were studied using UPLC-PDA-Q/TOF-
MS at positive ionization mode and at 425 and 450 nm. The identifi-
cation was done on the basis of reference standards, and also retention
time, UV–Vis spectra, MS fragmentation and literature data (tentative
identification) (Da Silva, Rodrigues, Mercadante, & de Rosso, 2014; De
Rosso & Mercadante, 2007; Petry & Mercadante, 2016; Pop et al.,
2014). The results are shown in Table 2 and Fig. 1. This is the first
detailed report on carotenoids from the studied cultivars as well as sea
buckthorn berries grown in Poland.

The analysis indicates that 16 compounds were tentatively identi-
fied, including 11 xanthophylls, four carotenes and one carotenoid
ester. Among the xanthophylls all-trans-lutein and its isomers ([M
+H]+ at m/z 569.40), all-trans-zeaxanthin and its isomers ([M+H]+ at
m/z 569.40) and all-trans-ß-cryptoxanthin ([M−H]+ at m/z 553.32)
were examined. Additionally, all-trans-ß-carotene and its isomers ([M
+H]+ at m/z 537.38) and lycopene ([M+H]+ at m/z 537.37) from
carotenes were tested, as well as an esterified carotenoid, i.e. zeax-
anthin dipalmitate ([M+H]+ at m/z 1045.10). MS/MS fragmentation
resulted in the loss of toluene ([M+H-92]+) deriving from intra-chain
fragmentation in most carotenoids, except for all-trans-ß-cryptoxanthin
and lycopene (compounds 11 and 12, respectively). Ta
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Signals derived from all-trans-lutein (compound 4) and all-trans-
zeaxanthin (compound 5) were identified at rt= 5.039 and 5.115min,
respectively. As expected, MS/MS fragmentations (m/z 569.40→
551.11→ 476.03) were the same for both compounds so did not allow
their unambiguous identification. But, the lower intensity of the pro-
tonated molecule peak ([M+H]+ at m/z 569.40) than the fragment
created after losing 18 Da ([M+H]+ at m/z 551.11) indicated lutein.
This diversity was caused by two ß-rings in zeaxanthin, while lutein
possesses one β-ring and one ε-ring (De Rosso et al., 2007).
Nevertheless, the identity of compounds 4 and 5 was confirmed by
commercial standards, and their derivatives were tentatively tested
according to the characteristic λmax values – 336/447/475 nm and 453/
481 nm for lutein and zeaxanthin, respectively. Peak 11
(rt= 7.384min) had the MS/MS fragmentation ([M+H−18–92]+)
yielding an ion at m/z 197.10 and was identified as all-trans-ß-cryp-
toxanthin, which was confirmed by comparison with the reference
standard. Lycopene (compound 12; rt = 8.101min) was confirmed via
the authentic standard as well as broad spectra (364/446/472/502 nm)
and protonated molecule at m/z 537.37. Compound 14
(rt= 8.701min) was identified based on reference standard, as all-
trans-ß-carotene with maximum absorbance at 425/454/478 nm. The
protonated molecule was detected at m/z 537.38 and a fragment at m/z
444.01 was generated from the loss of toluene. The cis-isomers of ß-
carotene were reported by comparison to literature data and tentatively
they may be 15- or 15′-cis-, 13- or 13′-cis- and/or 9- or 9′-cis-ß-carotene
(Da Silva et al., 2014; De Rosso & Mercadante, 2007). Other research on
sea buckthorn examined γ-, σ- and α-carotene, 15,15-cis-ß-carotene and
cis-ß-carotene (Andersson et al., 2009; Pop et al., 2014).

Compound 13 (rt= 8.165min) was eluted before ß-carotene and its
MS/MS fragmentation m/z 1045.10→ 789.20→ 533.06 resulted in the
loss of two palmitic acid molecules ([M+H−256–256]+), then led to
m/z 441.07 [M+H−256–256-92]+ (Petry & Mercadante, 2016). Based
on the above and comparing it with reference standard, this compound
was considered as physalien i.e. zeaxanthin diplamitate (C16:0, C16:0).
Our analysis did not identify chlorophylls and their derivatives, which
indicates the harvesting of ripe sea buckthorn berries.

3.4. Quantification of carotenoid compounds of H. rhamnoides cultivars

The quantification of carotenoids was determined based on the
UPLC-PDA analysis, standard curves and peak areas, and the results are
displayed in Table 2.

Our research indicated that xanthophylls concentration ranged from
16% (for Moskwiczka) to 81% of the total carotenoids (for Luczistaja).
The dominant compound in this group was all-trans-zeaxanthin (com-
pound 5) – from 22.3 for Podarok Sadu to 37.3 mg/100 g dm in
Botaniczeskaja-Lubitelskaja berries. The all-trans-zeaxanthin con-
centration was determined several times higher than in the H. rham-
noides cultivars studied by other authors: max of 2.5 mg/100 g dm in
the case of cv. Şerbăneşti and 9.50mg/100 g dm for cv. BHI 72,587
(Pop et al., 2014; Andersson et al., 2009, respectively). Zeaxanthin
dominated over lutein and ß-cryptoxanthin, similarly as in the study of
Andersson et al. (2009). All-trans-lutein (compound 4) was not identi-
fied in Moskwiczka and Józef berries, and all lutein isomers appeared
only in Podarok Sadu fruits (8.23mg/100 g dm). The tested lutein
content was comparable to the amount of lutein (1.56mg/100 g dm)
determined in sea buckthorn harvested in Sweden and tested by Olsson
et al. (2004). But cryptoxanthin was identified, and the contents of
lycopene, ß-carotene and carotoid ester were higher, in contrast to the
results of this research team. The concentration of all-trans-lutein
(compound 4; to 2.22mg/100 g dm for Aromatnaja), all-trans-ß-cryp-
toxanthin (compound 11; from 0.67 for Luczistaja to 2.35mg/100 g dm
for Józef), and lycopene (compound 12; to 9.93mg/100 g dm for Ar-
omatnaja) were tested, and our results corroborated those published by
Andersson et al. (2009) and Pop et al. (2014).

Comparatively, in sea buckthorn berries grown in Sweden

xanthophylls accounted for 9.1%, carotenes 36% and esterified car-
otenoids 55% of all carotenoids (Andersson et al., 2009). In studies on
analogous cultivars collected in Poland to those tested, carotenes pre-
dominated in Aromatnaja and Moskwiczka (above 80% of the car-
otenoids sum), whereas in Botaniczeskaja-Lubitelskaja, Luczistaja and
Podarok Sadu, xanthophylls were the main carotenoids (from 61 to
77% of the carotenoids sum) (Kruczek, Świderski, Mech-Nowak, & Król,
2012).

Our study showed that carotenes accounted for total carotenoids
from 19% (Luczistaja) to 47% (Podarok Sadu). In this group, all-trans-ß-
carotene (compound 14) was the main compound and amounted from
8.85mg (Luczistaja) to 162mg/100 g dm (Aromatnaja). The lycopene
concentration (compound 12) was between 2.06mg for Moskwiczka
and 9.93mg/100 g dm for Aromatnaja (not detected in Botaniczeskaja-
Lubitelskaja and Luczistaja berries) and it was in line with lycopene
content in berries from Romania – from 1.4mg to 2.3mg/100 g dm –
and not detected in cv. Tiberiu (Pop et al., 2014).

Zeaxanthin esterified with two molecules of palmitic acid (com-
pound 13) was not detected in Botaniczeskaja-Lubitelskaja and
Luczistaja fruits, while in other cultivars it represented from 12%
(Moskwiczka) to 40% of all carotenoids (Aromatnaja). Weller and
Breithaupt (2003) found that sea buckthorn fruits are a rich source of
zeaxanthin esters, alongside red pepper, wolfberry, zucchini blossom,
and Chinese lantern (fruit and husk), and the dominant ester was also
zeaxanthin dipalmitate, similar to the research of Pop et al. (2014).

The general carotenoids content in sea buckthorn berries increases
during maturation (Gao, Ohlander, Jeppsson, Björk, & Trajkovski,
2000). However, according to Andersson et al. (2009) the concentration
of esterified carotenoids and cryptoxanthin increased, while lutein
content decreased in sea buckthorn berries during ripening, but cultivar
has a greater impact on the carotenoid content than year and harvest
period.

3.5. Anticholinergic activity of H. rhamnoides cultivars

Anticholinergic activity of selected cultivars of H. rhamnoides was
examined as the ability to inhibit acetylcholinesterase (AChE) and bu-
tylcholinesterase (BuChE). The results are shown as IC50 (mg of dried
sample/ml) and percentage inhibition at the concentration of
35mg dm/ml enzyme (Table 3). These enzymes are involved in the
breakdown of the neurotransmitter acetylcholine, a low level of which
is typical for incurable and progressive Alzheimer's disease, dementia
and many other neurodegenerative disorders.

The anti-AChE activity, as IC50, fluctuated from 20.16 (Aromatnaja)
to 40.60 (Luczistaja). Statistically similar activity as in the case of
Aromatnaja was observed for Moskwiczka and Józef (IC50= 20.96 and
21.01, respectively). Wszelaki, Kuciun, and Kiss (2010) found that
among the plants used in traditional European medicine to treat central

Table 3
Anticholinergic activity of H. rhamnoides cultivars.

Cultivars Anticholinergic activity

IC50 % of inhibition

AChE BuChE AChE BuChE

Botaniczeskaja-
Lubitelskaja

35.34 ± 0.71b < 0.01a 41.00 ± 0.24b 98.86 ± 0.14a

Luczistaja 40.60 ± 0.11a < 0.01a 30.25 ± 0.13c 98.48 ± 0.20a
Moskwiczka 20.96 ± 0.50c < 0.01a 65.18 ± 0.59a 98.92 ± 0.61a
Podarok Sadu 32.89 ± 0.43b < 0.01a 43.66 ± 0.74b 98.80 ± 0.25a
Józef 21.01 ± 0.51c < 0.01a 63.72 ± 0.43a 99.01 ± 0.64a
Aromatnaja 20.16 ± 0.07c < 0.01a 63.37 ± 0.68a 98.95 ± 0.57a

The data shown are mean values ± SD (n= 3). Different letters in the same
column denote a significant difference among varieties according to Tukey’s
test, p < 0.05.
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nervous system diseases and improve memory, Arnicae flos, Hyperici
herba, and Rutae herba extracts (IC50 < 0.20 in the case of AChE
and < 0.08 for BuChE) were the most active. In our study, BuChE in-
hibition of all cultivars was stronger than AChE, at the level below 0.01.
Percent inhibition of AChE was from 30.25% for Luczistaja to 65.18%
for Moskwiczka, respectively. Referring to BuChE inhibition, the results
did not differ significantly and were ca. 99.00%. BuChE activity in-
creases with the progression of brain function impairment; hence tested
sea buckthorn berries should be a therapeutic supplement to the pa-
tient's diet.

3.6. Antioxidant on-line profiling by HPLC-PDA coupled with post-column
derivatization with ABTS%+ reagent

Fig. 1 shows the chromatographic profile of sea buckthorn extract
obtained before and after the derivatization process with ABTS%+ re-
agent serving as a negative control. Chromatograms are presented in
the example of Botaniczeskaja-Lubitelskaja berries but the results for all
tested cultivars were very similar. The upper chromatogram refers to
the absorbance at 360 nm (due to the high content of flavonols), and the
lower chromatogram is the response after the reaction with the radical
cation solution at 734 nm. So far, on-line profiling with ABTS•+ reagent
on H. rhamnoides berries has not been reported.

Negative responses after the post-column reaction suggest that
phenolic acids had a higher radical scavenging capacity than flavonols.
However, phenolic acid content was relatively low, so their activity
does not affect the antioxidant effect of the phenolic fraction of sea
buckthorn. Ferulic acid, which eluted as the second acid, contains one
methoxy group and therefore is more active than p-coumaric acid with
one hydroxyl group in its molecule. The activity of phenolic acids may
be modulated by the alkyl, methoxy groups and electron donors sub-
stituted at the ortho position (Tkacz et al., 2019).

Flavonols did not show or had very low activity against the ABTS%+

reagent. Generally, quercetin is a stronger antioxidant than iso-
rhamnetin, whilst -3-O-glycosides have lower antioxidant activity than
their aglycones. Our results are in line with the research on sea buck-
thorn juices, in which isorhamnetin-3-O-glycosides were tested using
electron spin resonance spectroscopy. These flavonols were unable to
form quinonic structures by oxidation; therefore, they were weak ra-
dical scavengers (Rösch et al., 2004; Rösch, Bergmann, Knorr, & Kroh,
2003). On the other hand, Chen et al. (2013) examined acylated fla-
vonol glycosides from sea buckthorn berries with high scavenging ac-
tivities towards DPPH and ABTS radicals. In the case of these studies,
the appearance of a sinapoyl moiety could significantly increase the
antioxidant potential of flavonol glycosides. The very low antioxidant
activity of the flavonol fraction from sea buckthorn should nevertheless
be confirmed by other methods including in vitro studies.

3.7. Pearson’s correlation and principal component analysis (PCA)

Table 4 contains Pearson’s correlation coefficients (r) of phenolic
and carotenoid concentrations with anticholinergic activity (% inhibi-
tion was used). The correlations between the amount of phenolic acids
and the inhibitory activity against AChE and BuChE were low
(r= 0.268 and 0.226, respectively).

The high anticholinergic potential of tested sea buckthorn cultivars
may be explained by the strong correlation with the total flavonol
content and activity against AChE and BuChE (0.834 and 0.616, re-
spectively). Regarding AChE inhibition, the highest correlation was
computed with the content of quercetin-3-O-rutinoside (r= 0.868),
isorhamnetin-3-O-(2-rhamnosyl)hexoside (r= 0.872), isorhamnetin-3-
O-(6-rhamnosyl)hexoside (r= 0.854), and isorhamnetin-3-O-rutinoside
(r= 0.867) (compounds 13, 16, 19, and 20, respectively). In the case
of BuChE inhibition, the strongest correlation was found for quercetin-
3-O-(2,6-di-rhamnosyl)hexoside (r= 0.754), isorhamnetin-3-O-(2-
rhamnosyl)hexoside (r= 0.740), and isorhamnetin-3-O-pentoside

(r= 0.852) (compounds 8, 16, and 22, respectively). The coefficients
of correlations above r= 0.600 were calculated for the inhibition of
both enzymes and the content of quercetin-3-O-(2-rutinosyl)glucoside,
quercetin-3-O-(2,6-dirhamnosyl)hexoside, quercetin-3-O-rutinoside,
isorhamnetin-3-O-glucoside-7-O-rhamnoside, isorhamnetin-3-O-(2-
rhamnosyl)hexoside, and isorhamnetin-3-O-pentoside (compounds 6, 8,
13, 14, 16, and 22, respectively). In the case of quercetin-3-O-ga-
lactoside-7-O-rhamnoside, kaempferol-3-O-rutinoside, isorhamnetin-3-
O-rhamnoside, two isorhamnetin derivatives, and isorhamnetin (com-
pound 9, 24–28), negative correlations were obtained. This result may
stem from the high variability of concentration of these compounds in
cultivars.

Pearson's correlation coefficients between the total carotenoids and
anticholinergic activity were higher than for phenolic acids and lower
than in the case of flavonols, and consequently amounted to 0.504 for
AChE and 0.437 for BuChE inhibition. The highest and at the same time
very strong correlations were determined between all-trans-ß-cryptox-
anthin concentration (compound 11) and AChE inhibition (r= 0.903)

Table 4
Pearson's correlation values of phenolic compound and carotenoids content and
anticholinergic activity of H. rhamnoides cultivars.

Peak no. Compounds AChE BuChE

1a p-Coumaric acid-O-hexoside 0.242 0.212
2 Ferulic acid-O-hexosice 0.304 0.233

Total phenolic acids 0.268 0.226
3 Quercetin-3-O-sophoroside-7-O-rhamnoside 0.258 0.417
4 Isorhamnetin-3,7-O-dihexoside 0.404 0.119
5 Isorhamnetin-3-O-rutinoside-7-O-glucoside 0.387 0.246
6 Quercetin-3-O-(2-rutinosyl)glucoside 0.765 0.639
7 Isorhamnetin-3-O-sophoroside-7-O-rhamnoside 0.689 0.564
8 Quercetin-3-O-(2,6-dirhamnosyl)hexoside 0.649 0.754
9 Quercetin-3-O-galactoside-7-O-rhamnoside −0.467 −0.442
10 Quercetin-3-O-glucoside-7-O-rhamnoside 0.392 0.629
11 Isorhamnetin-3-O-hydroxyferuloyl-glucosyl-

glucoside-7-O-rhamnoside
0.433 0.263

12 Isorhamnetin-3-O-(2,6-dirhamnosyl)glucoside 0.483 0.116
13 Quercetin-3-O-rutinoside 0.868 0.646
14 Isorhamnetin-3-O-glucoside-7-O-rhamnoside 0.752 0.621
15 Quercetin-3-O-glucoside 0.783 0.483
16 Isorhamnetin-3-O-(2-rhamnosyl)hexoside 0.872 0.740
17 Isorhamnetin-3-O-pentoside-7-O-rhamnoside 0.085 −0.010
18 Kaempferol-3-O-hexoside-7-O-rhamnoside 0.793 0.489
19 Isorhamnetin-3-O-(6-rhamnosyl)hexoside 0.854 0.559
20 Isorhamnetin-3-O-rutinoside 0.867 0.594
21 Isorhamnetin-3-O-glucoside 0.710 0.502
22 Isorhamnetin-3-O-pentoside 0.607 0.852
23 Quercetin-3-O-rhamnoside 0.451 0.553
24 Kaempferol-3-O-rutinoside −0.546 −0.494
25 Isorhamnetin-3-O-rhamnoside −0.240 −0.088
26 Derivative of isorhamnetin I −0.761 −0.807
27 Derivative of isorhamnetin II −0.491 −0.274
28 Isorhamnetin −0.841 −0.555

Total flavonols 0.834 0.616
1b Lutein isomer I −0.249 −0.095
2 Lutein isomer II 0.844 0.702
3 Lutein isomer III 0.221 0.300
4 All-trans-lutein −0.489 −0.292
5 All-trans-zeaxanthin −0.266 −0.078
6 Zeaxanthin isomer I 0.786 0.757
7 Zeaxanthin isomer II 0.690 0.512
8 Zeaxanthin isomer III 0.662 0.586
9 Lutein isomer IV 0.687 0.623
10 Lutein isomer V 0.500 0.449
11 All-trans-ß-cryptoxanthin 0.903 0.819
12 Lycopene 0.573 0.473
13 Zeaxanthin dipalmitate 0.419 0.346
14 All-trans-ß-carotene 0.570 0.499
15 Cis-ß-carotene I 0.536 0.451
16 Cis-ß-carotene II 0.328 0.291

Total carotenoids 0.504 0.437

a Peak numbers according to Table 1.
b Peak numbers according to Table 2.
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and BuChE inhibition (r= 0.819). Negative correlations were calcu-
lated for the inhibition of both enzymes and lutein isomer I, all-trans-
lutein, and all-trans-zeaxanthin (compound 1, 4, and 5). But positive
high correlations were found for most isomers of these compounds.
Anticholinergic activity correlated more strongly with the total amount
of xanthophylls (r= 0.706 for AChE and r= 0.696 for BuChE inhibi-
tion) than with the content of all carotenes (r= 0.535 for AChE and
r= 0.465 for BuChE inhibition).

Principal component analysis (PCA) was performed on the average
contents of each phenolic and carotenoid compounds, anti-cholinergic
activity and fruits of six sea buckthorn cultivars. The results are pre-
sented on the PCA biplot (Fig. 2), from which on the basis of links and
rays, the connections between variables were proposed. The first two
principal components (PC1 and PC2) explained 72% of total variance
(46% and 26%, respectively). The close position of the points suggests
the highest correlation between the ability to inhibit AChE and BuChE
and the concentration of flavonols 15, 18, 19, 20 and 21 and car-
otenoid 11. The most abundant in flavonols were Moskwiczka and
Józef berries. Flavonols had a stronger effect on anticholinergic ac-
tivity, but carotenoids formed a smaller coherent cluster with Ar-
omatnaja and Podarok Sadu. The content of flavonols 9, 25 and 26 and
carotenoids 1, 4 and 5 weakly correlated with the anticholinergic ac-
tivity as indicated by nearly perpendicular links between the vertices of
these elements. Considering the longest links, the highest variability (no
fixed proportion) was between anticholinergic activity and the amounts
of isorhamnetin (flavonol 28) and all-trans-lutein (carotenoid 4).

4. Conclusions

Analyses of phenolic and carotenoid compounds by UPLC-PDA-Q/
TOF-MS, and anticholinergic potential using the in vitro method of
Botaniczeskaja-Lubitelskaja, Luczistaja, Moskwiczka, Podarok Sadu,
Józef, and Aromatnaja berries were carried out for the first time.
Twenty-eight phenolic compounds were tentatively identified and the

content of each was determined; however, over 98% of phenolic com-
pounds were flavonols. Sea buckthorn berries were a rich source of
isorhamnetin derivatives (from 66% to 72% of total flavonols), fol-
lowed by quercetin (from 25% to 32% of total flavonols). The sub-
stitution of the flavonol structure of sea buckthorn compounds is pre-
dominant at the 3-position and 3,7–position. There were tentatively
identified 16 carotenoids, whereas xanthophylls predominated in
Botaniczeskaja-Lubitelskaja and Luczistaja berries (74 and 81% of total
carotenoids) and carotenes were the main compounds in the remaining
cultivars (from 44 to 45% of total carotenoids). The anticholinergic
potential was tested as the ability to inhibit AChE and BuChE and re-
spectively moderate and strong activity was found. The highest antic-
holinergic potential was tested for Aromatnaja, Józef, and Moskwiczka
berries. The post-column derivatization with ABTS%+ reagent proved
that phenolic acids were stronger free radical scavengers than flavonols
contained in tested H. rhamnoides fruits. According to Pearson’s corre-
lation coefficients and PCA analysis, this potential was dependent on
cultivar, phenolic and carotenoid compounds. The results obtained
provide information to determine identity and purity, check the origin
and perform quality control of sea buckthorn as well as to target the
selection of cultivars for industrial crops. Furthermore, the fruits of
tested sea buckthorn cultivars may be a component of new functional
and added-value products rich in flavonols and carotenoids.

Ethics statement
Research did not include any human subjects and animal experi-

ments.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Fig. 2. Principal component analysis biplot of
phenolic and carotenoid compounds and antic-
holinergic activity for H. rhamnoides cultivars.
(PC1 – principal component 1; PC2 – principal
component 2; A1-A2 – phenolic acids and F3-
F28 – flavonols with the numbers according to
Table 1; C1-C16 – carotenoids with the numbers
according to Table 2).
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2�F2�± 7�AF�
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E� '�������/���� A�FE�± 7�98����
��

97�;9�± 9�A7�
#���

99�;7�± 9�77�
���

9�FD�± 7�72�
�
�
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A� C���
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A�DD�± 7�A;��� 7�28�± 7�7E����
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���
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9D�<D�± 7�72����� AA�A<�± 7�<A�4��
��

9�D9�± 7�7;����
��

9�;E�± 7�7A�#� 9�AE�± 7�79��� 9�79�± 7�7A�
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2� ���!����#�� ;�FE�± 7�92����
��

28E�E7�± 22�F�
4��

A2�FD�± 9�77����
��

A<�87�± 7�8;����
4�

9�DA�± 7�7A����
��

7�AD�± 7�79�
���

9�A8�± 7�79��� 9�79�± 7�79�
���

;� 1��$#�� ;�;<�± 7�78����
��

E82�<F�± <2�8��#� 9F�D9�± 7�EA����� AE�7F�± 7�F;����
��

A�;A�± 7�7E���� 7�A;�± 7�79�
�(�

7�DF�± 7�79��� 9�AA�± 7�79����

E� '�������/���� E�<D�± 7�F9����� 28;�F;�± <2�F�
4��

AE�79�± A�F8����
��

AF�7A�± 9�9<����
4�

A�E2�± 7�7;���� 9�9F�± 7�79��� 9�;9�± 7�7A��� 9�AF�± 7�72�4��

<� '��!���!��#�� E�<A�± 7�E8����� F89�DA�± E8�7�
���

AE�F<�± 9�D2����
��

AD�;F�± 7�E9����
��

A�AA�± 7�7A����� 7�8A�± 7�79��� 9�28�± 7�79�#� 9�9F�± 7�72����

8� �������� <�7F�± 7�79����
��

;;2�AA�± <2�<�
���

A2�E;�± 7�92����
��

2A�87�± 7�E7����
��

;�EA�± 7�72�#� 7�;2�± 7�79��� 9�A9�± 7�79��� 9�2;�± 7�7A�
�4�
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99�AE�± 7�EE��� 27�F2�± 7�F2����� 9�A8�± 7�72��� 7�;E�± 7�79��� 9�A8�± 7�79��� 9�7<�± 7�79���

A� C���
��	���� 9D�DA�± 7�7<��� <E2�<;�± F<�<�
���

97�97�± 7�9D��� 9F�<;�± 7�D;��� 9�2F�± 7�72��� 7�F7�± 7�79�
��

9�A;�± 7�79��� 7�F2�± 7�7;�(�

2� ���!����#�� E�8;�± 7�79����
��

;2<�F9�± 88�D�
���

9<�7<�± 7�9A��� AA�<;�± 9�78�4��
��

9�22�± 7�72��� 7�A9�± 7�79�
(6�

9�9E�± 7�79�
��

7�FF�± 7�79�
�(�

;� 1��$#�� E�82�± 7�;9����
��

8;8�E2�± <E�9�
���

9;�89�± 7�8D��� 2E�D7�± 9�8E�#��� 9�<7�± 7�7;���� 7�98�± 7�79�6� 7�<<�± 7�79��� 9�AA�± 7�7;����

E� '�������/���� 8�7<�± 7�92�#��� F82�<7�± DA�2�
���

9A�77�± 7�E8��� 2<�<D�± 7�DD�#��� 9�;F�± 7�7A���� 7�EF�± 7�79�
�4�

7�DA�± 7�79�
��

9�A7�± 7�7A����

<� '��!���!��#�� 8�D<�± 7�79��#� D92�2D�± D7�9�
���

9;�<F�± 7�9A��� 2A�92�± 7�92����
��

9�E;�± 7�79���� 7�EE�± 7�7A�
�4�

9�AD�± 7�79�
���

9�99�± 7�7A����

8� �������� 97�DD�± 7�F;�
�
�

9297�F7�± <2�E�
��

9;�A9�± 9�98��� E8�E9�± 7�98��� 2�89�± 7�97��� 7�2<�± 7�79��� 9�9;�± 7�79�
��

9�EF�± 7�7;�
���

#�����	����������
9� 3�����#����
��� 98�97�± 7�9A��� <F;�AE�± E8�2�
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E8�9;�± 7�F;�
��
��

29�7;�± 9�8E����� A�8;�± 7�79��� 9�<8�± 7�7A��� 9�ED�± 7�79��� 9�8E�± 7�72�
���

A� C���
��	���� 9<�D8�± 7�9;��� E;A�EA�± ;2�9�
#��

EA�;9�± 9�;7�
��� A<�27�± 7�EF����
4�

A�;E�± 7�79���� 9�<7�± 7�7A�
� 9�E;�± 7�79�

�

9�;A�± 7�79�
���

2� ���!����#�� 9E�7A�± 7�97�
�
�

<2F�9<�± <7�9�
���

E<�7;�± 9�8A�
��
��

9D�79�± 9�A2���� A�<2�± 7�79���� 7�D2�± 7�79��� 9�EA�± 7�79�

�

9�2D�± 7�7A���

;� 1��$#�� 9E�E;�± 7�A2�
���

FD;�9;�± E8�2�
���

;A�<2�± 9�72����
��

AF�AA�± 9�;2����
4�

A�E8�± 7�79���� 9�ED�± 7�7A�
� 9�2F�± 7�79�#� 9�<D�± 7�79�
���

E� '�������/���� 9E�8;�± 7�7;�
���

8D9�97�± 2;�E�
���

EF�DD�± 9�87�
��
��

A<�F;�± 9�72����
4�

A�E<�± 7�79���� 9�E7�± 7�7A��� 9�E7�± 7�79�

�

9�<F�± 7�7A�
���

<� '��!���!��#�� 9<�A2�± 7�A;�
���

F72�<E�± <D�;�
���

EF�9E�± 9�8E�
��
��

A;�<E�± 9�E;����
��

A�;A�± 7�79���� 9�EF�± 7�7A�

��

9�<8�± 7�7A��� 9�87�± 7�7A�
���

8� �������� 9E�F7�± 7�9E�
���

F<2�7A�± 8;�E�
���

EE�82�± 9�;E�
��
��

AD�9;�± 7�D2����
��

A�89�± 7�79��� 7�D<�± 7�79��� 9�<7�± 7�79��� 9�F7�± 7�7A����
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9� 3�����#����
��� 2�<2�± 7�7D����

��
;FF�A7�± <;�7�
���

9�E9�± 7�9F��� 97F�F9�± 9�9D��� E�<2�± 7�79�
��
��

7�F;�± 7�79�
��

A�<F�± 7�79��� 9�A8�± 7�7;�4��

A� C���
��	���� 97�8E�± 7�F<�
�
�

2EF�FE�± 29�8�
4��

7�F<�± 7�7E��� D8�AE�± 9�<8��� ;�8F�± 7�79�
�#� 7�F7�± 7�79�
��

A�7D�± 7�79��� 7�F<�± 7�79�
�(�

2� ���!����#�� 9�FD�± 7�;8��� ;78�9D�± ;F�F�
���

9�A;�± 7�A;��� F9�D2�± A�9A�
�� ;�28�± 7�79�#�� 7�;E�± 7�79��� A�;2�± 7�79��� 7�8;�± 7�7A�(�

;� 1��$#�� 8�99�± 7�9A�#��� 88A�ED�± <7�E�
���

7�DE�± 7�79��� 977�F<�± 9�92��� ;�<D�± 7�72��#� 7�2F�± 7�79���� A�E2�± 7�79��� 7�F9�± 7�7A�(�

E� '�������/���� A�EF�± 7�98�4�� E8E�8A�± <F�F��#� A�78�± 7�AF��� DF�D2�± 7�DD��� ;�8F�± 7�79�
�#� 7�<7�± 7�79�
���

A�EA�± 7�79��� 9�98�± 7�79����

<� '��!���!��#�� 2�2<�± 7�A9����
��

<97�87�± <D�A�
����

E�;E�± 7�28��� FF�A7�± 9�DF�
� ;�D7�± 7�72���#� 7�8A�± 7�79��� A�2F�± 7�79�
���

9�7F�± 7�79���

8� �������� 2�78�± 7�7;����
��

<<7�ED�± F7�2�
���

2�77�± 7�A7��� 979�2D�± 7�<E��� ;�29�± 7�9A�#�� 7�28�± 7�79���� A�27�± 7�79�
���

7�FF�± 7�7E�
�(�

�	�����
���������
9� 3�����#����
��� 9A�7A�± 7�;<�

���
E9F�78�± E<�E�
#��

AA7�7<�± D�FF��� 977�;D�± 7�F;��� E�27�± 7�7<����� 9�<F�± 7�72��� 9�2;�± 7�79��� 2�E8�± 7�7F���

A� C���
��	���� 97�<<�± 9�78�
�
�

;8<�22�± A7�E�
���

<9�D8�± <�A<�
�#� 8F�9A�± 2�7<���� E�DD�± 7�7F�
�� ;�;<�± 7�7A��� 9�2D�± 7�79�#� 9�DD�± 7�79�#�

2� ���!����#�� ;�8F�± 7�72����
��

8<D�2E�± <E�A�
���

<D�A2�± 9�9<�
�� FE�82�± 7�E2�
� ;�<D�± 7�72��#� 7�EA�± 7�79�4� 9�8<�± 7�79�
� 9�DA�± 7�79�#��

;� 1��$#�� ;�;9�± 7�29����
4�

<AE�;<�± A9�2�
�
�

<<�ED�± 2�D7�
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Phytoprostanes, phytofurans, tocopherols,
tocotrienols, carotenoids and free amino
acids and biological potential of sea
buckthorn juices
Karolina Tkacz,a Ángel Gil-Izquierdo,b Sonia Medina,b
Igor Piotr Turkiewicz,a Raúl Domínguez-Perles,b Paulina Nowickaa and
Aneta Wojdyłoa*

Abstract

BACKGROUND: Juices are currently a fast-growing segment in the fruit and vegetable industry sector. However, there are still
no reports on the diversity of the phytochemical profile and health-promoting properties of commercial sea buckthorn (Hippo-
phaë rhamnoides) juices. This study aimed to identify and quantify phytoprostanes, phytofurans by ultra high-performance liq-
uid chromatography coupled with triple quadrupole mass spectrometry (UHPLC-QqQ-MS/MS), tocopherols, tocotrienols by
ultra-performance liquid chromatography coupled with a fluorescence detector (UPLC-FL), carotenoids, and free amino acids
by ultra-performance liquid chromatography coupled with a photodiode detector-quadrupole and tandem time-of-flight mass
spectrometry (UPLC-PDA-Q/TOF-MS), and assess their anti-cholinergic, anti-diabetic, anti-obesity, anti-inflammatory, and anti-
oxidant potential by in vitro assays of commercial sea buckthorn juices.

RESULTS: Phytoprostanes (PhytoPs) and phytofurans (PhytoFs) in sea buckthorn juices were identified for the first time. Juices
contained eight F1-, D1-, B1- and L1-phytoprostanes and one phytofuran (32.31–1523.51 ng and up to 101.47 ∼g/100 g dry
weight (DW)), four tocopherol congeners (22.23–94.08 mg 100 g–1 DW) and three tocotrienols (5.93–25.34 mg 100 g–1 DW).
Eighteen carotenoids were identified, including ten xanthophylls, seven carotenes and phytofluene, at a concentration of
133.65 to 839.89 mg 100 g–1 DW. Among the 20 amino acids (175.92–1822.60 mg 100 g–1 DW), asparagine was dominant,
and essential and conditionally essential amino acids constituted 11 to 41% of the total. The anti-enzyme and antioxidant
potential of juices correlated selectively with the composition.

CONCLUSION: Sea buckthorn juice can be a valuable dietary source of vitamins E and A, oxylipins and amino acids, used in the
prevention of metabolic syndrome, inflammation, and neurodegenerative processes. The differentiation of the composition
and the bioactive potential of commercial juices indicate that, for the consumer, it should be important to choose juices from
the declared berry cultivars and crops.
© 2021 Society of Chemical Industry.

Supporting information may be found in the online version of this article.

Keywords: Hippophaë rhamnoides; UHPLC–QqQ-MS/MS; UPLC-PDA-Q/TOF-MS; BuChE; ⊍-Glucosidase; 15-lipoxygenase

INTRODUCTION
Sea buckthorn (Hippophaë rhamnoides) is a thorny shrub of eco-
nomic and nutritional importance, native to Europe and Asia but
currently cultivated or growing wild in many regions of the North-
ern Hemisphere. Its berries are aptly defined as superfruits due to
the abundance of lipophilic and hydrophilic bioactive phyto-
chemicals, such as (on a fresh weight basis) vitamins C (0.3–
5 g kg–1), K (1.1–2.3 g kg–1) and E (0.03–0.21 g kg–1), carotenoids
(0.01–0.40 g kg–1), phytosterols (13–20 g kg–1), flavonoids (1.7–
10 g kg–1), organic acids (10–54 g kg–1), fatty acids, coumarins,
and triterpenes.1-3 The interest in its composition is constantly
growing, with an expanding pool of proven antioxidant, anti-

* Correspondence to: A Wojdyło, Department of Fruit, Vegetable and Plant
Nutraceutical Technology, The Faculty of Biotechnology and Food Science,
Wrocław University of Environmental and Life Sciences, 37 Chełmońskiego
Street, 51-630 Wrocław, Poland, E-mail: aneta.wojdylo@upwr.edu.pl

a Department of Fruit, Vegetable and Plant Nutraceutical Technology, The Fac-
ulty of Biotechnology and Food Science, Wrocław University of Environmental
and Life Sciences, Wrocław, Poland

b Research Group on Quality, Safety and Bioactivity of Plant Foods, Department
of Food Science and Technology, CEBAS (CSIC), Murcia, Spain

J Sci Food Agric 2021 www.soci.org © 2021 Society of Chemical Industry.

1

https://orcid.org/0000-0002-6596-8077
https://orcid.org/0000-0001-7646-0386
https://orcid.org/0000-0002-5626-2662
https://orcid.org/0000-0002-0067-0691
mailto:aneta.wojdylo@upwr.edu.pl


cancer, anti-stress, anti-diabetic, anti-atherosclerotic, antimicro-
bial, hepatoprotective, cardioprotective, neuroprotective, cyto-
protective, radioprotective, and immunomodulating
properties.1,3 The wide occurrence of sea buckthorn, undemand-
ing growing conditions, rich composition, and health-promoting
effects are not reflected in the global consumption of sea buck-
thorn and food production from it due to the difficult harvest,
technological processing, and sensory values.2,4 The plant is a
valuable raw material in the cosmetics and pharmaceutical indus-
tries but has strong untapped potential as a food ingredient.
The most common form of commercial and processed sea

buckthorn is juices, followed by beverages, preserves, jams,
jellies, powders, syrups, teas, beers, wines, and essential oils,
but such products are more often produced and available on
local markets than globally.5,6 Previous research on
H. rhamnoides focusedmainly on the assessment of the chemical
composition of its berries, seeds, leaves, roots, and oils, and the
study of the biosynthetic pathways of their metabolites, the
impact of composition variability depending on cultivars, grow-
ing conditions, harvest dates, and maturation over the years for
different geographic areas.7,8 In the literature there are several
reports of sea buckthorn juices. Mϋller et al.9 (2011) found that
sea buckthorn juice is significantly richer in carotenoids and vita-
min E than carrot, tomato and orange juices. Several reports indi-
cate a high concentration of vitamin C, selected mineral
elements, amino acids, and organic acids in juices from cultivars
of various origins.10,11 Rösh et al. (2003)12 identified flavonols as
the main phenolic compounds of sea buckthorn juices, and phe-
nolic acids and catechins represented minor components.
Ascorbic acid contributes to approximately 75% of the total anti-
oxidant activity of juices. Research on production methods of
sea buckthorn juices has proven that the vitamin C contained
in them is very stable, and that briefly heating fruits before press-
ing gives a higher recovery of carotenoids.13 In turn, Eccleston
et al.14 characterized the antioxidant profile of sea buckthorn
juice and assessed its positive effect on the regulation of risk fac-
tors for coronary heart disease in humans.
Juices are currently a fastest growing segment in the fruit and

vegetable industry sector. By 2023, EU fruit juice and nectar con-
sumption is forecast to stand at around 8.2 billion liters.15 The
main factors are the growing appreciation of Eastern European
consumers (in countries such as Poland, Hungary, and the Czech
Republic) for the wellness and health benefits of fruit juice and
an increase in their living standards. The growing interest in the
health risks associated with inadequate nutrition increases pres-
sure to seek authenticity, transparency, and ‘all-natural’ claims
for foods, shifting the focus to innovation and product develop-
ment with natural ingredients.16 However, there are still no
reports on the diversity of the phytochemical profile and health-
promoting properties of commercial sea buckthorn juices.
The role of vitamin E as the main antioxidant in human plasma

against oxidative stress is well established and the current
recommended dietary allowance (RDA) by Food and Nutrition
Board of the Institute of Medicine (in the US) for adults is
15 mg. Similarly, carotenoids, including ⊎-carotene – the major
precursor of vitamin A and a significant dietary source of it –
are potent antioxidants with proven effects on redox modula-
tion, inflammation, and prevention of cardiometabolic diseases.
The results of epidemiological studies have shown that the pre-
ventive health potential of carotenoids can be achieved with a
daily intake of 2 to 4 mg of ⊎-carotene.17 Nevertheless, the role
of amino acids in nutrition has been ignored until recently, but

nowadays the suggested daily intake of essential amino acids
is estimated at 184 mg kg–1 body weight. Amino acids are essen-
tial precursors for the synthesis of a wide range of nitrogenous
substances of biological importance, including neurotransmit-
ters and hormones, and are also key regulators of metabolic
pathways that are significant in growth, development, immu-
nity, and health.18,19 Moreover, sea buckthorn berries are among
the few fruits containing saturated, monounsaturated, and poly-
unsaturated fatty acids, in an approximate ratio of 2:2:1, with an
average ⊍-linolenic acid (C18:3 n-3) content of 3.60%.3 Phyto-
prostanes (PhytoPs) and phytofurans (PhytoFs), which are prod-
ucts of nonenzymatic oxidation of alanine (ALA) triggered by
reactive oxygen species (ROS), therefore seem to be an impor-
tant fraction of sea buckthorn berry juices. Data from the litera-
ture do not provide unequivocal evidence of a correlation
between PhytoPs and ALA20 but indicate moderate linear corre-
lations with fatty acids.21 Currently, the importance of PhytoPs
and PhytoFs is based not only on their use as biomarkers of oxi-
dative degradation of plant-derived foods but also on proven
biological effects despite the reduction of ALA. Previous studies
suggest the regulation of immune functions, anti-inflammatory,
and apoptosis-inducing activity, and a potential for action in the
pathophysiology of metabolic, respiratory, and cardiovascular
diseases.22 To the best of our knowledge, there are no previous
investigations of PhytoPs and PhytoFs in species belonging to
the genus Hippophaë and the family Elaeagnaceae.
Hence, the aim of this study was to perform the qualitative and

quantitative determination of phytoprostanes and phytofurans by
ultra high-performance liquid chromatography coupled with triple
quadrupole mass spectrometry (UHPLC-QqQ-MS/MS), tocopherols
and tocotrienols by ultra-performance liquid chromatography
coupled with a fluorescence detector (UPLC-FL), carotenoids, and
free amino acids by ultra-performance liquid chromatography
coupled with a photodiode detector-quadrupole and tandem
time-of-flight mass spectrometry (UPLC-PDA-Q/TOF-MS) and
assessment of the anti-cholinergic, anti-diabetic, anti-obesity, anti-
inflammatory, and antioxidant potential by in vitro assays in com-
mercially available sea buckthorn juices. The report is a valuable
comparison of commercial juices with juice from berries of the Pol-
ish cv. ‘Józef’. For the first time, plant oxylipins, and inhibitory
potential against key enzymes linked to metabolic syndrome,
inflammation, and neurodegenerative processes in sea buckthorn
juices were determined.

MATERIALS AND METHODS
Materials
The samples were sea buckthorn (Hippophaë rhamnoides) juices
generally available on the Polish retail market. All five commercial
juices were pasteurized, unfiltered, and not from concentrate.
Laboratory samples constituted three equal parts of fresh juices
of the same type (primary samples) and were labeled from J1 to
J5. The average energy value was 154 kJ 37 kcal per 100 mL–1 of
juice, with the following composition: fat – 1.1 g, including satu-
rated fatty acids – 0.4 g, carbohydrates – 5.6 g, including sugars
– 1 g, dietary fiber – 0.9 g, protein – 0.6 g, salt – 0 g. The dry weight
of the juices was on average 7.30 g 100 g–1 and the soluble solids
content was 5.5 °Brix (determined according to European Stan-
dards PN-EN). J6 was the juice from berries of the ‘Józef’ cultivar
collected in August 2018 from the Experimental Orchard in Dąb-
rowice of the Research Institute of Horticulture in Skierniewice
(Poland). Berries (0.60 kg) were harvested from three bushes,
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0.20 kg each batch. Sea buckthorn juice cv. ‘Józef’ was squeezed
from selected berries using a laboratory hydraulic press (SRSE,
Warsaw, Poland), and then pure juice was heated to 100 °C for
4 min, hot-filled into a 900 mL glass bottle, kept for 10 min at
95 °C, and finally cooled to 4 °C. The pasteurization parameters
used for the juice, with a low pH of 2.9, ensured the destruction
of pathogenic microorganisms and the extension of the shelf life
due to the almost complete neutralization of vegetative forms,
which was similar to the commercial juices. The products were
stored in refrigerated conditions without access to light, and after
opening they were sent for analysis.

Analysis of phytoprostanes and phytofurans by UHPLC-
ESI-QqQ-MS/MS
The extraction combined with a dispersive liquid–liquid extrac-
tion and solid-phase extraction (SPE), and liquid chromatography
coupled to mass spectrometry (LC–MS) conditions were
described by Collado-González et al.,23 with modifications. The
lyophilized juice sample was sonicated with methanol with 0.1%
butylhydroxyanisole (BHA), centrifuged, and the supernatant
mixed with hexane:methanol:Bis-Tris (5:1:1). Solid-phase extrac-
tion was performed using Strata™ x-Aw columns (weak anion
mixed mode phase). The process included conditioning with hex-
ane, methanol, and water (1:1:1), loading the sample, removing
undesirable compounds using hexane, water, 50% methanol,
and acetonitrile (1:1:1:1), and finally eluting PhytoPs and PhytoFs
with methanol. Compounds were dried using a SpeedVac™ vac-
uum concentrator (Savant™ SPD121P, Thermo Scientific, Wal-
tham, MA, USA), dissolved in 50% methanol and filtered using
MF-Millipore membrane filters (0.45 μm, Merck, Darmstadt, Ger-
many). The identification and quantification of PhytoFs and Phy-
toPs were performed using ultra-high performance liquid
chromatography (UHPLC) coupled to a 6460 triple quadrupole-
MS/MS (Agilent Technologies, Waldbronn, Germany), with a Ethyl-
ene Bridged Hybrid (BEH) C18 column (1.7 μm, 2.1 × 50 mm)
(Waters Corp., Milford, MA, USA), and gradient flow of water and
methanol (each with 0.01% acetic acid). Analysis was carried out
by multiple reaction monitoring (MRM) in the negative mode.
Results were expressed as ng PhytoP or μg PhytoF per 100 g of
DW (dry weight).

Analysis of tocotrienols and tocopherols by UPLC-FL
The extraction procedure and conditions for the ultra-
performance liquid chromatography (UPLC) analysis of tocotrie-
nols and tocopherols were previously described by Tkacz et al.3

Briefly, the juice sample was homogenized with ethanol with
0.05% BHT, saponified with 60% KOH at 50 °C for 2 h, then 1%
NaCl was added. The ice-cooled mixture was stirred with hexane:
ethyl acetate (9:1) with 0.05% BHT, then saturated NaCl solution
was added and the top layer of juice extracted was collected for
evaporation. The evaporation residue was dissolved in methanol
with 0.05% BHT and filtered before injection using polytetrafluor-
oethylene (PTFE) Millex Samplicity™ Filters (25 mm, 0.20 μm,
Merck, Darmstadt, Germany). Analysis of tocotrienols and tocoph-
erols was performed using UPLC (Acquity UPLC System) with a
binary solvent manager and a fluorescence (FL) detector (Waters
Corp., Milford, MA, USA). The separation was performed on an
Acquity UPLC BEH RP C18 column (1.7 μm, 2.1 mm × 100 mm,
Waters Corp., Milford, MA, USA) using isocratic flow of
methanol: water (88:12). The compounds were identified and
quantified with reference standards of ⊍-, ⊎-, γ-, Δ-tocotrienols
and -tocopherols (Extrasynthese, Lyon, France; Sigma-Aldrich,

Steinheim, Germany) and their calibration curves (R2 ≥ 0.998).
Results were expressed as mg per 100 g of DW.

Analysis of carotenoids by UPLC-PDA-Q/TOF-MS
The extraction procedure and conditions for the LC–MS analysis
of carotenoids were described previously by Tkacz et al.3 Briefly,
the lyophilized juice sample was shaken five times for 30 min with
methanol:acetone:hexane (1:1:2), 1% BHT and 4MgCO3 × Mg
(OH)2 × 5H2O. The decanted portions were centrifuged, the com-
bined supernatants evaporated and the residue was dissolved in
methanol. Samples were filtered before injection using hydro-
philic polypropylene membrane (GHP) Minispike syringe filters
(13 mm, 0.45 μm, Acrodisc®, Waters Corp., Milford, MA, USA),
and all analysis was carried out in the absence of light. Analysis
of carotenoids was performed using ultra performance liquid
chromatography (Acquity UPLC System) with a binary solvent
manager and a photodiode array (PDA) detector (Waters Corp.,
Milford, MA, USA). The separation was performed on an Acquity
UPLC BEH reversed-phase (RP) C18 column using a gradient flow
of acetonitrile:methanol (70:30) and 0.1% formic acid. The qualita-
tive determination of carotenoids was carried out using a mass
detector-quadrupole and tandem time-of-flight (Q/TOF) micro-
mass spectrometer (Waters, Manchester, UK) equipped with an
electrospray ionization (ESI) source operating in positive modes,
as given by Tkacz et al.24 Compounds were quantified according
with calibration curves (R2 ≥ 0.998) of reference standards of
lutein, zeaxanthin, ⊎-cryptoxanthin, ⊍-, ⊎-, γ-, Δ-, ε-, ζ-carotene,
and phytofluene (Extrasynthese, Lyon, France; CaroteNature
GmbH, Münsingen, Switzerland). Results were expressed as mg
per 100 g of DW.

Analysis of amino acids by UPLC-PDA-Q/TOF-MS
Analysis of free amino acids was determined as described previ-
ously by Collado-González et al.25 with modifications. Double
extraction of the lyophilized sample (∼20 mg) was carried out
using 50% methanol. Extracts centrifuged at 19000×g for 7 min
at 4 °C (MPW M-Universal, MPW MED. Instruments; Warsaw,
Poland) were directly intended for derivatization. Derivatization
consisted of mixing of derivatization buffer (0.2 mol L−1 boric acid
with 5 mmol L–1 ethylenediaminetetraacetic acid (EDTA) calcium
disodium salt; pH 8.8 established with NaOH), supernatant and
AQC solution (10 mmol L−1 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate in acetonitrile), in a proportion of 7:1:2 (v/v/v),
respectively. This solution was vortexed for 1 min and then
placed in a heating block (Eppendorf ThermoMixer® C, Eppen-
dorf AG, Hamburg, Germany) for 10 min at 55 °C. The samples
prepared were immediately used for directed to UPLC-PDA-
Q/TOF-MS analysis.
Qualitative (LC/MS Q-TOF) and quantitative (UPLC-PDA) estima-

tion of free amino acids was carried out using an Acquity UPLC
system equipped with a PDA detector with a binary solvent man-
ager (Waters Corp., Milford, MA, USA) series with a mass detector
G2 Q/TOF micro-mass spectrometer (Waters, Manchester, UK)
equipped with an ESI source operating in positive modes. The
separation of individual amino acids was carried out using a AccQ
Tag Ultra BEH column (2.1 × 100 mm, 1.7 μm) (Waters Corp., Mili-
ford, MA, USA). The column was kept at 50 °C, the samples at
20 °C, the injection volume was 3 μL, with a flow rate of
0.50 mL min−1. The mobile phase consisted of solvent A (50 mL
of solution: acetonitrile, formic acid, and 5 mmol L–1 ammonium
acetate in water (10:6:84, v/v/v) and 950 mL water) and solvent
B (acetonitrile and formic acid; 99.9:0.1, v/v). The optimized MS
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parameters were as follows: source temperature of 100 °C, deso-
lvation temperature of 350 °C, cone gas flow 40 L h–1, desolvation
gas flow 535 L h–1, capillary voltage of 2500 V, and cone voltage
of 30 V. Quantification was based on reference standards, reten-
tion times, and spectra. Results were expressed as mg per
100 g of DW.

Determination of enzyme inhibitory and antioxidant
potential by in vitro tests
Bioassays for the inhibition of enzymes and oxidants were per-
formed using spectrophotometric and spectrofluorometric
methods. Anti-cholinesterase activity was tested for acetylcholin-
esterase (AChE) and butylcholinesterase (BuChE) inhibition as
reported previously by Tkacz et al.24 The anti-diabetic potential
was examined as the ability to inhibit ⊍-amylase, ⊍-glucosidase,
the anti-obesity effect for pancreatic lipase inhibition, and the
anti-inflammatory effect for 15-lipoxygenase (15-LOX) inhibition.
The anti-cholinesterase and anti-diabetic effects were expressed
as IC50 (the half maximal inhibitory concentration; mg of sam-
ple/mL). The anti-15-LOX activity was given as percentage inhibi-
tion (%) at the concentration of 30 mg mL–1. The antioxidant
capacity was tested as oxygen radical absorbance capacity
(ORAC), ferric reducing ability (FRAP), and free radical-scavenging
activity (ABTS), and the results were expressed as mmol TE
(Trolox) 100 g FW–1. These activities were determined based on
the protocol previously described by Tkacz et al.3 All tests were
performed using a hybrid multi-mode microplate reader Syn-
ergy™ H1 (BioTek, Winooski, VT, USA).

Statistical analysis
Data were analyzed using the Kruskal–Wallis test, and then the
post hoc Dunn's multiple comparison test. Statistical differences
at P < 0.05 were marked with consecutive lowercase letters. All
results were means of three measurements ± standard deviation
(SD). Pearson's correlations coefficients (r) was determined
between chemical composition and biological potential of sam-
ples. XLSTAT Statistical Software version 2016.4 (Addinsoft Inc,
New York, NY, USA) integrated with Microsoft Excel 2017
(Microsoft Corp., Redmond, WA, USA) was used.

RESULTS AND DISCUSSION
Phytoprostanes and phytofurans of sea buckthorn juices
Ultra-high performance liquid chromatography coupled to a tri-
ple quadrupole (UHPLC–QqQ-MS/MS) analysis allowed the identi-
fication and quantification of eight F1-, D1-, B1- and L1-PhytoPs
and their respective enantiomers and one phytofuran (Table 1).
The most intense MRM transitions were characteristic of pairs of
PhytoP diastereoisomers. The F1t-PhytoP isomers corresponded
to two typical transition 327.2 à 251.2 (Ent-16-epi-16-F1t-PhytoP
and Ent-16-F1t-PhytoP, rt 1.81 min) and 327.2 à 171.1 for 9-F1t-
PhytoP and 9-epi-9-F1t-PhytoP (rt 1.91 min and 2.13 min). In turn,
a pair of D1t-PhytoP isomers, that is 9-epi-9-D1t-PhytoP and 9-D1t-
PhytoP (rt 2.14 min and 2.49 min), were identified for the transi-
tion 325.2 à 307.2. One B1- and L1-isomer each was detected
for the transitions 307.2 à 235.2 (16-B1-PhytoP, rt 3.23 min) and
307.2 à 185.2 (9-L1-PhytoP, 3.51 min), respectively, as described
by Collado-González et al.23

The total content of PhytoPs ranged from 32.31 (J1) to
1523.51 ng 100 g–1 DW in the juice of berries of cv. ‘Józef’ (J6),
in which all eight PhytoPs were determined (Table 1). The domi-
nant PhytoP class was F1-PhytoP (from 66 to 100% of the sum of

PhytoPs), followed by D1-PhytoP (up to 28% of the sum of Phy-
toPs). The F1-isomers were the only PhytoPs determined in J2, J4
and J5 juices. In this case, the sums of Ent-16-epi-16-F1t-PhytoP
and Ent-16-F1t-PhytoP were given together as they were indistin-
guishable by retention times. In turn, for J1, J3, and J6 juices, 9-epi-
9-F1t-PhytoP represented 50% and more of the sum of these
oxylipins. Due to the growing importance of PhytoPs in human
metabolism, bioavailability, and biological implications (antiviral,
anti-inflammatory, immunomodulatory, cytotoxic and
cytoprotective),22 a 20- to almost 50-fold higher sum of PhytoPs
in J1, J3 and J6 compared with the rest of the juices can be consid-
ered potentially beneficial.
As a result of this first analysis, statistically significantly different

amounts of these compounds were obtained in sea buckthorn
juices, and the concentration of PhytoPs correlated moderately
with the PhytoFs (r= 0.56). It is notable that the PhytoP concentra-
tions in the juices were comparable with those in plants and foods
considered rich in these compounds, for example passion fruit
(130 ng to 2166.0 μg 100 g–1 DW), almonds, and nuts (500 ng to
23.8 μg 100 g–1 DW), and various anatomical parts of plants with
medicinal potential (450 ng to 3244 μg 100 g–1 DW).22

Lastly, among the PhytoFs, only Ent-9-(RS)-12-epi-ST-Δ10-
13-PhytoF (rt 1.65 min) with MRM transition 344.0 à 300.0 was
determined. Three juices contained this compound (J1, J4 and
J6) at a concentration of 34.19 (J1) to 101.47 μg 100 g–1 DW (J6).
PhytoFs are less common oxylipins in plant matrices but can be
synthesized preferentially at higher partial pressure of oxygen,
that is above 21%.26 Previous liquid chromatography–tandem
mass spectrometry reports provided data for the presence of Phy-
toFs in rice, nuts and seeds, vegetable oils, and brown and red
macroalgae.22 Ent-9-(RS)-12-epi-ST-Δ10-13-PhytoF determined in
the juices was a characteristic PhytoF for pea26 and some cacao
beans,21 up to 50 μg and 0.30 μg 100 g–1 DW, respectively.
The berry cultivars and agronomical conditions related to the

rate of oxidative stress, and then the production process and stor-
age of juices could significantly modulate the content of PhytoPs
and PhytoFs, due to the potential increase in ALA oxidation by the
heat treatment, which was previously investigated in vegetable
oils.23 León-Perez et al.21 additionally reported the influence of
chemical composition on the PhytoP profile in relation to oleic,
linoleic, and ⊍-linolenic acids, other lipids, and tocopherols. This
research, however, showed a negligible Pearson's correlation
between PhytoP and PhytoF levels and tocopherol and tocotrie-
nol content (r close to zero). On the other hand, data in the litera-
ture provide information on the profile of PhytoPs and PhytoFs
based on such analytical methods as nuclear magnetic resonance
(NMR) spectroscopy, enzyme-linked immunosorbent assays
(ELISA), gas chromatography coupled to mass spectrometry
(GC–MS), high-performance liquid chromatography (HPLC), and
LC–MS. The latter method, used in this study, allows the separa-
tion and identification of isomers and is the most specific and
sensitive,22 which may also explain the quantitative variation
between juices as well as the results of other research teams.

Tocotrienols and tocopherols of sea buckthorn juices
A UPLC-FL analysis of the vitamin E-related compounds revealed
four tocopherol congeners: alpha (⊍-T), beta (⊎-T), gamma (γ-T)
and delta (Δ-T), and three tocotrienol congeners: alpha (⊍-T3),
gamma (γ-T3) and delta (Δ-T3) in sea buckthorn juices (Fig. 1).
The concentrations of tocopherols and tocotrienols strongly cor-
related (r = 0.82), but the sum of tocopherols was 3.6 to 6.7 times
higher than that of tocotrienols. The content of tocopherols
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ranged from 22.23 (J1) to 94.08 mg 100 g–1 DW (J4), and tocotrie-
nols from 5.93 (J1) to 25.34 mg 100 g–1 DW (J4). Thus, the total
amount of all vitamers in the juices was between 28.17 and
119.42 mg 100 g–1 DW, and tocopherols averaged 82% of the
total.
The dominant tocotrienol was γ-T3 (42 to 49% of the total), then

⊍- and Δ-T3 were roughly equal to the rest of tocotrienols. These
trends were in line with research on juices rich in lipophilic frac-
tions, including sea buckthorn, carrot, tomato and orange juices.9

In the case of tocopherols, ⊍-T accounted for between 71 and
79%, while the γ- and Δ-T, being the precursors of the ⊍- and
⊎-forms, represented 1.3 and 0.5% of the total tocopherols,
respectively. Previous studies also did not identify ⊎-T3 in sea
buckthorn berries; however, contrary to the results of Andersson
et al.,7 significant amounts of ⊎-T (23% of the total tocopherols)
were found in the juices. The dominance of ⊍-T (on average
40 to 85% of tocopherols and tocotrienols) was also found in
whole sea buckthorn berries,7,27 pulp oil and seed oils,5,28 seeds
and leaves, except for peels.29 The high concentration of ⊍-T in
sea buckthorn juices (mainly J3, J4 and J6) is especially valuable
as it is the only vitamer recognized to meet human vitamin E
requirements.
The content of tocopherols and tocotrienols in sea buckthorn

may be differentiated by cultivars, climate and growth condi-
tions, yearly variations, and the degree of berry ripeness;7 these
factors should therefore be taken into account in the production
of juices. The most extreme differences in the amount of tocoph-
erols between juices were found for ⊍- and Δ-T, which could
result from the strong influence of berry varieties on the profile
of these forms. The low content of Δ-T (0.14 to 0.53 mg 100 g–1

DW) in all juices could indicate the use of fruits in the early stage
of maturity, because this homologue increases with the ripening
period. In turn, average fourfold differences in the content of γ-T,
⊍-T3 and Δ-T3 can be explained by the correlation with matura-
tion conditions (temperature and irradiation), as proved by
research investigating the composition of sea buckthorn culti-
vars over the years.7 Sea buckthorn seeds also have a higher pro-
portion of γ-T (20–40%) than the soft parts of berry,27 and Δ-T is
dominant in peels.29 Therefore, the pre-treatment of the raw
material could modulate the final content of these forms in
juices, especially in the ‘Józef’ juice with the highest concentra-
tions of γ- and Δ-T.
The content of tocopherols and tocotrienols in the juice

obtained in the laboratory were similar to the average concentra-
tions for commercial juices (J1–J5). However, different results
were obtained by Górnaś et al.30 in their research on juices and
nectars available in Baltic countries. They explained the lower con-
centrations of these compounds in commercial sea buckthorn
products by the potential addition of cheaper substitutes or
removing the lipid fraction, different berry varieties and species,
and storage time and conditions.

Carotenoids of sea buckthorn juices
Eighteen carotenoids were identified in sea buckthorn
juices using UPLC-PDA-Q/TOF-MS analysis, including 10 xantho-
phylls, 7 carotenes, and phytofluene (Table 2). Among the
xanthophylls, all-trans-lutein (rt 5.04 min) and its three isomers,
all-trans-zeaxanthin (rt 5.11 min) and its four isomers, and all-
trans-⊎-cryptoxanthin were determined with protonated mole-
cules at m/z 553.32 and MS/MS fragment ions at m/z 535.20 and
497.10. Lutein and zeaxanthin, characterized by the same frag-
mentations, were identified based on the lower signal intensity
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of parental ions (m/z 569.40) than fragment ions (m/z 551.11 and
476.03) characteristic for lutein, and also different absorption
bands, as given in Table 2. Of the carotenes, Δ-, γ-, ⊍-, and ε-caro-
tene, all-trans-ß-carotene, and cis-ß-carotene (rt 7.53 to 8.77 min)
showed MS/MS fragmentation with toluene loss [M + H-92]+

yielding ions at m/z 444.01. Protonated ions at m/z 541.41 and
fragment ions at m/z 404.00 corresponded to ζ-carotene
(rt 8.39 min), while phytofluene (rt 9.84 min) was identified at m/
z 549.39 à 449.02, for the specific absorption band 323, 349,
and 367 nm, according to Pop et al.31 and Tkacz et al.24

The sum of xanthophylls ranged from 133.65 (J3) to
552.37 mg 100 g–1 DW (J1), and the dominant one was all-
trans-zeaxanthin, constituting 45 to 83% of total xanthophylls
for J2 and J5 juices, respectively. Interestingly, lutein and its iso-
mers were not determined in J3 and J5 juices, but this com-
pound is characteristic only for some sea buckthorn

cultivars.24,31 The content of these compounds decreases with
the maturation process and may depend on interaction of har-
vest date, year and cultivar.32 In turn, all-trans-⊎-cryptoxanthin,
one of the dominant compounds for sea buckthorn, was not
detected in J3 and J4 juices, which also did not contain caro-
tenes. The low amounts of these secondary metabolites can
be explained by the elimination of the fat phase from the juices
or by the processing technology with only cold pre-treatment
of the rawmaterial. Seglina et al.13 found that heating sea buck-
thorn berries (5 min, 98 °C) immediately before juice pressing
significantly increased the carotenoid amounts (up to 56%)
due to their release from a particularly abundant skin. In turn,
Andersson et al.32 explained the low amounts of zeaxanthin
and ⊎-cryptoxanthin by their presence in esterified caroten-
oids. However, this study did not investigate esters, even
though zeaxanthin dipalmitate was previously investigated

(B)

(A)

Figure 1. Tocotrienol and tocopherol content (A) and UPLC-FL chromatograph of ⊍-, ⊎-, γ-, and Δ-isomers in sea buckthorn juices (B). J1-J5, Juices 1–5;
Peaks: Δ-T3 (Δ-tocotrienol); γ-T3 (γ-tocotrienol); ⊍-T3 (⊍-tocotrienol); Δ-T (Δ-tocopherol); γ-T (γ-tocopherol); ⊎-T (⊎-tocopherol); ⊍-T (⊍-tocopherol).
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Table 2. LC/MS-QTOF data of carotenoid identification and their UPLC-PDA quantification in sea buckthorn juices

Peak no. Compounds Rt (min) ⊗ max (nm)
MS [M + H]+

(m/z)
MS/MS [M + H]+

(m/z)

Carotenoid content (mg/100 g DW)

J1 J2 J3 J4 J5 ‘Józef’ juice

1 Lutein isomer I 4.60 447/476 569.40 476.03 7.18 ± 0.82 a 5.14 ± 0.50 b nd nd nd nd
2 All-trans-lutein 5.04 447/476 569.40 551.11/476.03 7.09 ± 0.39 a 4.85 ± 0.65 b nd 3.05 ± 0.16 c nd nd
3 All-trans-zeaxanthin 5.11 453/481 569.40 551.11/476.03 367.36 ± 5.24 a 180.87 ± 3.11 b 106.59 ± 3.47 e 113.82 ± 4.04 d 126.17 ± 3.78 c 128.66 ± 4.03 c
4 Zeaxanthin isomer I 5.21 453/481 569.40 551.11/476.03 17.09 ± 1.54 a 12.52 ± 1.18 b nd nd nd nd
5 Zeaxanthin isomer II 5.55 453/481 569.40 551.11/476.03 28.22 ± 1.17 a 12.43 ± 1.44 b nd nd 3.83 ± 1.94 d 10.24 ± 1.73 c
6 Zeaxanthin isomer III 5.80 453/481 569.40 551.11/476.03 38.05 ± 2.35 b 41.35 ± 1.87 a 27.06 ± 1.30 c 35.99 ± 1.07 b 14.56 ± 1.37 d 26.65 ± 1.38 c
7 Zeaxanthin isomer IV 6.27 453/481 569.40 551.11/476.03 37.73 ± 2.48 b 68.10 ± 2.74 a nd nd nd 27.07 ± 2.46 c
8 Lutein isomer II 6.32 447/476 569.40 476.03 30.65 ± 1.05 b 49.85 ± 1.90 a nd nd nd 15.25 ± 1.70 c
9 Lutein isomer III 6.43 447/476 569.40 476.03 8.04 ± 1.44 b 15.87 ± 0.72 a nd nd nd 2.68 ± 0.15 c
10 All-trans-ß-cryptoxanthin 7.38 453/478 553.32 535.20/497.10 10.96 ± 1.20 a 11.04 ± 1.37 a nd nd 6.66 ± 0.88 b 7.17 ± 0.37 b
11 Δ-Carotene 7.53 432/457/489 537.38 444.01 Nd nd nd nd 0.66 ± 0.13 nd
12 γ-Carotene 8.10 436/461/492 537.38 444.01 nd nd nd nd 8.20 ± 0.96 nd
13 ⊍-Carotene 8.13 422/445/472 537.38 444.01 nd nd nd nd 15.82 ± 1.84 a 1.96 ± 0.10 b
14 ζ-Carotene 8.39 380/401/426 541.41 404.00 nd nd nd nd 5.04 ± 0.42 nd
15 ε-Carotene 8.49 417/441/470 537.38 444.01 nd nd nd nd 9.34 ± 0.66 nd
16 All-trans-ß-carotene 8.70 425/453/480 537.38 444.01 183.78 ± 3.37 b 179.19 ± 3.95 b nd nd 409.90 ± 6.15 a 149.99 ± 4.64 c
17 Cis-ß-carotene 8.77 363/450/482 537.38 444.01 44.79 ± 1.63 c 43.64 ± 2.35 c nd nd 238.55 ± 3.53 a 86.72 ± 1.36 b
18 Phytofluene 9.84 323/349/367 543.39 449.02 0.35 ± 0.31 b nd nd nd 1.16 ± 0.29 a nd

Total carotenoids 781.27 ± 5.30 b 624.85 ± 4.02 c 133.65 ± 3.51 f 152.86 ± 4.77 e 839.89 ± 6.23 a 456.39 ± 4.72 d

The data shown are mean values ± SD (n = 3); values followed by the same letter, within the row, were significantly different (P < 0.05); J1-J5, Juices 1–5; DW, dry weight; nd, not detectable.
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Table 3. LC/MS-QTOF data of free amino acid identification and their UPLC-PDA quantification in sea buckthorn juices

Peak no. Amino acid Rt (min) ⊗ max (nm)
Parent ion

[M + H]+ (m/z)
Daughter ion
[M + H]+ (m/z)

Free amino acid content (mg/100 g DW)

J1 J2 J3 J4 J5 ‘Józef’ juice

Essential amino acids
1 His 3.32 259 326.21 171.11 9.72 ± 0.32 a 9.55 ± 0.54 a 8.15 ± 0.31 c 5.59 ± 0.40 e 8.68 ± 0.19 b 7.03 ± 0.27 d
2 Thr 6.15 259 290.20 171.11 6.35 ± 0.44 b 4.32 ± 0.40 c 2.15 ± 0.26 d 6.92 ± 0.31 ab 7.14 ± 0.63 ab 7.44 ± 0.82 a
3 Lys 7.27 259 487.35/244.18 171.11 55.59 ± 2.40 a 10.46 ± 1.62 e 8.53 ± 1.53 f 34.26 ± 1.15 c 27.54 ± 1.85 d 41.91 ± 2.00 b
4 Val 8.48 260 288.22 171.11 7.99 ± 1.55 b 6.83 ± 1.45 c 3.45 ± 1.54 d 8.87 ± 1.99 ab 9.11 ± 1.40 a 8.37 ± 1.06 b
5 Ile 9.78 260 302.24 171.11 2.38 ± 0.38 a 1.48 ± 0.88 b 0.94 ± 0.25 c 2.06 ± 0.38 ab 1.92 ± 0.62 b 2.89 ± 0.29 a
6 Leu 9.84 260 302.24 171.11 0.78 ± 0.03 d 1.47 ± 0.13 c 1.10 ± 0.40 c 2.55 ± 0.45 b 2.21 ± 0.56 b 3.88 ± 0.96 a
7 Phe 9.38 260 336.24 171.11 34.81 ± 1.59 c 20.18 ± 1.36 d 16.70 ± 1.11 e 40.75 ± 2.06 b 22.47 ± 1.26 d 48.16 ± 2.13 a
8 Trp 10.04 260 375.25 171.11 8.60 ± 0.93 c 10.18 ± 0.99 b 16.44 ± 1.42 a 12.67 ± 1.64 b 15.14 ± 1.00 a 10.54 ± 0.88 b
Conditionally essential amino acids
9 Arg 4.12 259 345.24 171.11 6.71 ± 0.66 b 1.72 ± 0.28 e 2.85 ± 0.50 d 6.49 ± 0.33 b 7.69 ± 0.28 a 6.07 ± 0.91 c
10 Gln 4.50 259 317.21 171.11 23.91 ± 1.16 b 6.33 ± 1.25 d 6.95 ± 1.08 d 41.05 ± 2.10 a 40.48 ± 1.57 a 17.81 ± 1.12 c
11 Gly 4.83 259 246.16 171.11 4.83 ± 0.18 c 4.33 ± 0.76 c 2.29 ± 0.23 d 6.82 ± 0.38 b 4.74 ± 0.64 c 7.84 ± 0.53 a
12 Pro 7.44 259 286.20 171.11 4.73 ± 0.62 d 10.18 ± 0.81 b 1.39 ± 0.27 e 21.89 ± 1.11 a 8.42 ± 0.71 bc 7.38 ± 0.80 c
13 Tyr 8.12 260 352.23 171.11 3.71 ± 0.48 a 0.60 ± 0.10 c 1.85 ± 0.21 b 3.66 ± 0.31 a 3.93 ± 0.25 a 3.53 ± 0.28 a
Non-essential amino acids
14 Asn 3.74 259 303.02 171.11 818.70 ± 5.05 b 185.85 ± 4.10 e 53.04 ± 2.20 f 1467.97 ± 7.63 a 709.04 ± 5.93 c 563.96 ± 4.49 d
15 Ser 4.48 259 276.18 171.11 18.99 ± 0.72 c 24.41 ± 0.67 b 8.74 ± 0.32 d 19.61 ± 0.85 c 8.81 ± 0.94 d 34.21 ± 1.41 a
16 Asp 5.39 259 304.17 171.11 20.27 ± 0.60 a 7.08 ± 0.74 c 3.82 ± 0.47 d 23.96 ± 1.09 a 19.16 ± 0.88 a 14.95 ± 0.55 b
17 Glu 5.79 259 318.19 171.11 33.05 ± 1.72 a 28.26 ± 0.83 b 8.82 ± 0.73 c 26.18 ± 0.55 b 31.44 ± 1.01 a 31.19 ± 1.26 a
18 Ala 6.70 259 260.16 171.11 35.22 ± 1.37 d 31.10 ± 1.00 e 16.34 ± 1.04 f 52.95 ± 1.86 a 48.43 ± 1.80 b 39.34 ± 1.25 c
19 GABA 6.83 259 274.22 171.11 22.83 ± 1.02 b 16.23 ± 1.25 c 6.60 ± 0.46 d 30.92 ± 1.54 a 31.69 ± 1.59 a 30.25 ± 1.77 a
20 Hcys 7.76 259 306.01 171.11 5.47 ± 0.60 c 7.20 ± 0.52 b 5.77 ± 0.66 c 7.52 ± 0.74 ab 8.17 ± 0.46 a 5.20 ± 0.94 c
Total essential amino acids 126.22 ± 2.42 a 64.47 ± 1.65 d 57.46 ± 1.58 d 113.68 ± 2.09 b 94.21 ± 1.88 c 130.23 ± 2.16 a
Total conditionally essential amino acids 43.90 ± 1.20 c 23.17 ± 1.27 d 15.33 ± 1.11 e 79.91 ± 2.14 a 65.26 ± 1.60 b 42.63 ± 1.16 c
Total non-essential amino acids 954.53 ± 5.09 b 300.14 ± 4.14 e 103.13 ± 2.23 f 1629.10 ± 7.68 a 856.75 ± 5.95 c 719.11 ± 4.53 d
Total amino acids 1124.66 ± 5.11 b 387.77 ± 4.15 e 175.92 ± 2.21 f 1822.69 ± 7.66 a 1016.22 ± 5.96 c 891.98 ± 451 d

His, histidine; Thr, threonine; Lys, lysine;Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; Trp, tryptophan;Arg, arginine;Gln, glutamine;Gly, glycine; Pro, proline; Tyr, tyrosine;Asn, asparagine;
Ser, serine; Asp, aspartic acid; Glu, glutamic acid; Ala, alanine; GABA, γ-amino-n-butyric acid; HCys, homocysteine.
The data shown are mean values ± SD (n = 3); values followed by the same letter, within the row, were significantly different (P < 0.05); J1-J5, Juices 1–5; DW, dry weight.
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using the LC–MS method in berries of some sea buckthorn cul-
tivars grown in Poland.24

The concentration of carotenes in juices J1 and J2 and the juice
obtained on a laboratory scale were statistically similar (mean
230.02 mg 100 g–1 DW), whereas J5 juice contained all of the car-
otenes identified in the total amount of 687.51 mg 100 g–1

DW. All-trans-ß-carotene in these juices constituted from 60 to
80% of the total carotenes. This was in line with previous studies
that also found zeaxanthin and ß-carotene to be the predominant
carotenoids in H. rhamnoides fruits.9,31,32 Lycopene was not
detected in the juices, despite being present in a considerable
amount in previously tested berries of sea buckthorn varieties
(up to 8%)31 and commercially available sea buckthorn
juice (13%).9

It is known that the influence of cultivar on the carotenoid con-
tent is the strongest but in the case of carotenes, the year could
have had a greater influence than harvest date, and conversely
for xanthophylls. High variability could result from subspecies,
sea buckthorn origin, and growth conditions (temperature, insola-
tion, rainfall) during the vegetation period.31,32 Nevertheless, the
presence of carotenoids determines the yellow to almost red
color of sea buckthorn products and thus their attractiveness. Car-
otenes dominated in J5 juice (82 and 52% of total carotenoids), for
J6 juice the carotene: xanthophyll ratio was almost 1:1, and for the
rest of the juices xanthophylls were dominant (64 to 100% of total
carotenoids). Thus, no correlation was found between these two
carotenoid groups (r = 0.01), but carotenes strongly correlated
with phytofluene (r = 0.91). Its presence in J1 and J5 juices corre-
sponded to no more than 0.2% of the total carotenoids. Phyto-
fluene is a colorless acyclic intermediate in carotenoid
biosynthesis, so it could be concluded that its presence in juices
is caused by impurity of unripe berries. However, no chlorophylls
were detected in the juices, which indicates fully maturated
berries.32 On the other hand, Trebolazabala et al.33 observed an
increase in phytofluene in the middle stage of tomato ripening,
which could be due to the activation of the carotenoid biosynthe-
sis pathway before reaching full maturity. The presence of phyto-
fluene in sea buckthorn berries or juices has not been reported so
far, but significant amounts have been found in carrots, tomatoes,
peppers, watermelon, red grapefruits, and apricot. Its final

content in food has not been studied fully and probably does
not correlate with cultivar and growing conditions.34

Free amino acids of sea buckthorn juices
The amino acids analyzed by the UPLC-PDA-Q/TOF-MS method,
along with their corresponding retention times, maximum
absorption wavelengths, and specific parent and daughter ions
([M + H]+ m/z), are presented in Table 3. In the sea buckthorn
juices, 20 free amino acids were identified and quantified, includ-
ing eight essential (EAAs) and five conditionally essential amino
acids (CEAAs) for the human body.
The total sum of amino acids ranged from 175.92 (J3) to

1822.60 mg 100 g–1 DW (J4), including EAAs and CEAAs between
72.79 (J3) and 193.59 mg 100 g–1 DW (J4). The correlation
between these two groups of amino acids was moderate
(r = 0.60). The results obtained were in line with the data included
in the reviews by Bekker and Glushenkova35 and Zeb11 concern-
ing the composition of H. rhamnoides. These authors presented
18 free amino acids in sea buckthorn juices with a total content
of 94.5–188.3mg 100 mL–1 and 51.57 mg 100 g–1 of juice, respec-
tively, which in terms of the average dry weight of sea buckthorn
juices is about 706 to 2580 mg 100 g–1 DW. The juices tested
showed a rich profile of EAAs and CEAAs but their content was
moderate, from 11 (J4) to 41% of the total amino acid pool (J3).
Only selected juices can therefore be an interesting source of
amino acids and protein with nutritional importance. The
research of Zenkova and Pinchykova36 demonstrated that EAAs
in sea buckthorn berries were differentiated by cultivar (38 to
59% of total amino acids). Juice J3, with the lowest amino acid
content, was characterized by the highest percentage of EAAs
and CEAAs, 33 and 9% of total amino acids, respectively, similar
to the previously studied sea buckthorn juices (23 to 50% of
EAAs).35 The ratio of EAAs to CEAAs ranged from 1.4 (J4 and J5)
to 3.7 (J3). In the juice obtained on a laboratory scale, the contents
of EAAs and CEAAs were similar to those in J1 juice, followed by J4
and J5.
The contents of individual amino acids in the juices varied sig-

nificantly, but the dominant one – asparagine (Asn) – represented
from 30 (J3) to 81% (J4) of the total amino acids. In all juices, glu-
tamine (Gln), glutamic acid (Glu), alanine (Ala), γ-amino-n-butyric

Table 4. Inhibitory activity against acetyl- and butylcholinesterase, ⊍-amylase, ⊍-glucosidase, pancreatic lipase and 15-lipoxygenase and antioxi-
dant capacity of sea buckthorn juices

Biological potential

Sea buckthorn juices

J1 J2 J3 J4 J5 ‘Józef’ juice

Enzyme inhibitory activity
AChE (IC50) 110.43 ± 2.42 b 239.95 ± 4.56 f 128.99 ± 2.60 c 137.54 ± 2.05 d 186.5 ± 2.77 e 87.22 ± 1.44 a
BuChE (IC50) 174.10 ± 4.56 f 130.19 ± 3.53 d 140.56 ± 3.56 e 80.93 ± 2.04 b 101.28 ± 2.92 c 56.15 ± 1.13 a
⊍-Amylase (IC50) 80.25 ± 3.40 c 75.55 ± 2.43 b 81.17 ± 2.62 c 68.94 ± 1.98 a 74.52 ± 2.43 b 72.41 ± 2.30 b
⊍-Glucosidase (IC50) 37.94 ± 1.24 d 89.17 ± 3.54 f 33.35 ± 1.45 c 29.45 ± 1.28 b 44.10 ± 1.59 e 23.97 ± 1.14 a
Pancreatic lipase (IC50) 0.54 ± 0.14 b 0.05 ± 0.01 a 0.05 ± 0.03 a 3.39 ± 0.53 e 1.35 ± 0.31 d 1.12 ± 0.52 c
15-Lipoxygenase (% of inhibition) 15.21 ± 1.07 e 46.71 ± 2.26 c 56.29 ± 2.65 b 41.02 ± 2.17 d 47.01 ± 2.95 c 61.01 ± 3.61 a
Antioxidant capacity (mmol Trolox/100 g FW)
ORAC 9.27 ± 0.34 c 9.79 ± 0.54 c 9.47 ± 0.62 c 13.55 ± 0.24 a 13.45 ± 0.81 a 12.78 ± 0.35 b
FRAP 0.24 ± 0.05 c 0.25 ± 0.04 c 0.45 ± 0.07 b 0.47 ± 0.08 b 0.68 ± 0.10 a 0.45 ± 0.06 b
ABTS 0.16 ± 0.02 e 0.18 ± 0.03 e 0.36 ± 0.04 c 0.62 ± 0.04 a 0.29 ± 0.02 d 0.55 ± 0.04 b

The data shown are mean values ± SD (n = 3); values followed by the same letter, within the row, were significantly different (P < 0.05); AChE, ace-
tylcholinesterase; BuChE, butylcholinesterase; IC50, the half maximal inhibitory concentration (mg of sample/mL); J1-J5, Juices 1–5; FW, fresh weight.
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acid (GABA), lysine (Lys), and phenylalanine (Phe) were also
detected in significant amounts, and histidine (His), serine (Ser),
and tryptophan (Trp) were detected in J2 and J4 juices. According
to Bekker and Glushenkova (2001)35 and Zeb (2004),11 in juices
and berries, proline (Pro), aspartic acid (Asp) and threonine (Thr)
were also dominant in addition to Asn, Ser, Lys, and Phe,
highlighted in this study. However, the amino acid profile of the
juices studied was more similar to the recent report by Constantin
et al.,6 according to which the predominant amino acids in sea
buckthorn berries were Asn, Gln, Ala, and Asp (Table 3).
The relatively high and diverse content of Asn, Asp, and Ala in

the juices tested should be considered in the context of the risk
of Maillard reactions causing formation of potentially toxic com-
pounds with negative health effects (acrylamide, hydroxymethyl-
furfural, heterocyclic amines, furans).6,25 On the other hand,
Constantin et al.6 identified the optimal temperature and time
sequence to reduce ACR and 5-HMF formation during thermal
treatment of sea buckthorn purée, that is 134.87 °C for 14.82 min.
Sea buckthorn seeds are particularly rich in Asp, Glu, and Arg;37

hence the high content of these amino acids in juices could be
determined by the pressing process and potential crumbling of
seed coats. In turn, Prandi et al.38 found that, of the fruit waste,
sea buckthorn spent pulp contained significant amounts of EAAs
(35%), including high levels of Lys and Leu. Therefore, when asses-
sing the concentrations of these two amino acids in sea buck-
thorn juices (especially the high content of Lys in J1, J4, J5 and
J6), the pressing efficiency and composition of pomace should
be taken into account. In addition to the aforementioned factors,
amino acids could be determined by growing conditions (soil,
habitat and climatic conditions, irrigation) and extraction
conditions.6,25

In all juices tested, 18 proteinogenic amino acids were identi-
fied, without cysteine and methionine, contrary to the previous
reports on H. rhamnoides.6,11,36 However, according to the investi-
gation by Zenkova and Pinchykova36 cysteine was characteristic
only for some sea buckthorn cultivars. Importantly, among the
non-proteinogenic amino acids, GABA constituted from 1.7
(J4) to 4.5% (J2), and the sulfur-containing amino acid homocyste-
ine (HCys) from 0.4 (J4) to 3.3% of total amino acids (J3) were
determined. Although these amino acids are not incorporated
into proteins, their presence in sea buckthorn juices may be
health related as they act as principal neurotransmitters at inhib-
itory synapses and a potent antioxidant.18,25 Bekker and Glushen-
kova35 reported the presence of only the S-methylated derivative
of cysteine in sea buckthorn berries, determined by an automated
amino acid analyzer. However, to the best of our knowledge, there
is no amino acid analysis using LC–MS for sea buckthorn juices,
and this study is the first to identify and quantify HCys and GABA
for H. rhamnoides.

Enzyme inhibitory activity of sea buckthorn juices
In vitro anti-cholinesterase effect
In the therapy of neurodegenerative diseases, an important role is
played by cholinesterase inhibitors that inhibit the development
of lesions with relatively low side effects, although they do not
eliminate their causes. The activity of sea buckthorn juices against
acetyl- and butylcholinesterase as a potential way to inhibit
degenerative changes by increasing transmission in the choliner-
gic system was investigated (Table 4). IC50 values ranged from
87.22 (J6) to 239.95 mg mL–1 (J2) for AChE and between 56.15
(J6) and 174.10 mg mL–1 (J1) for inhibition of BuChE. In the case
of juices J2, J4, J5 and J6, the activity towards BuChE was stronger

than for AChE, whichwas in linewith previous results for sea buck-
thorn cultivars.24 The juices tested were significantly less active
than berries, but juice obtained on a laboratory scale had the
highest anti-aging potential.
PhytoPs, PhytoF and selected amino acids (Lys, Tyr, Ile, Phe) cor-

related strongly with anti-AChE activity (r ≥ 0.52), and the correla-
tion with HCys was strongly negative (r = −0.73) (supplementary
material Table S1). In the case of anti-BuChE activity, a strong cor-
relation with tocopherols and tocotrienols (r ≥ 0.63), selected
PhytoPs, PhytoF and amino acids (His, Gly, Thr, Ala, GABA, Pro,
Leu, Phe), and strong negative correlations with lutein, zeaxan-
thin, and some of their isomers were found. Previous reports indi-
cate the potential of vitamin E in slowing the progression of
dementia, modulating signaling and gene regulation.
⊍-Tocopherol was able to modulate pathways that are altered in
Alzheimer's disease (AD). Vitamin E supplementation normalized
behavioral and cognitive functions, was able to counteract oxida-
tive stress and ⊎-amyloid toxicity, and exerted beneficial effects in
AD animal models.39 Furthermore, recent reports suggest that
some isoprostanes (IsoPs), isofurans (IsoFs), and neurofurans
(NeuroFs), for example F2-IsoPs, 15-F2t-IsoP and F4-NeuroPs, may
be potential oxidative stress biomarkers of neuronal diseases,
including Alzheimer's and Parkinson's.40 However, the role of
plant oxylipins including PhytoPs and PhytoFs in the regulation
of neurodegenerative disorders has not been elucidated, and this
is the first report of their anticholinergic potential. Abnormal
amino acid levels may indicate a pathogenesis associated with
mild cognitive impairment and preclinical dementia. For instance,
a prospective cohort study indicated that the essential branched-
chain amino acids (Val, Ile, and Leu) are associated with lower
dementia risk and Alzheimer's disease.41 In this research, these
amino acids correlated more strongly with the anti-BuChE effect
(r = 0.45 for Val, Ile; r = 0.97 for Leu). The high content of PhytoPs,
PhytoFs, tocopherols, tocotrienols, and amino acids, in selective
correlation with anti-AChE and/or anti-BuChE activity, under-
scores the importance of sea buckthorn juices in the diet used
in the treatment of neurodegenerative diseases.

In vitro anti-diabetic and anti-obesity effects
The hypoglycemic effect of sea buckthorn juices was analyzed for
inhibition of ⊍-amylase and ⊍-glucosidase (IC50). The inhibitory
potential against ⊍-glucosidase (68.92 to 81.17 mg mL–1) was
stronger than for ⊍-amylase (23.97 to 89.17 mg mL–1), except for
J2 juice. The juice from the berries of cv. ‘Józef’was similarly active
to the J2 and J5 juices, and only the J4 juice was more active than
them. In the case of anti-glucosidase activity, laboratory juice was
the strongest, and J2 juice showed 2 to 3.7 times weaker potential
than the others.
Surprisingly, the anti-amylase and anti-glucosidase activities did

not correlate (r = 0.13), which could indicate a different effect of
bioactive compounds contained in H. rhamnoides on these activ-
ities. Correlations between anti-amylase and the sum of tocotrie-
nols, tocopherols, and most amino acids (Asn, Gln, Gly, Asp, Thr,
Ala, GABA, Pro, Val, Leu, Phe) were strong (r ≥ 0.50). However, in
contrast to vitamin E, amino acids were less closely correlated
with anti-glucosidase activity. Only Leu was able to positively
inhibit glucosidase (r = 0.65).
The analysis of the correlation for carotenoids and anti-

hyperglycemic activity of juices showed differences with regard
to the well-documented activities of some carotenoids, including
⊎-carotene and ⊎-cryptoxanthin, against type 2 diabetes.42
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However, in assessing the potential of sea buckthorn juices, the
potential isomerization of naturally occurring (all-E)-carotenoid
configuration to (Z)-isomers as a result of heat treatment and
exposure to light and acids, resulting in loss of provitamin A activ-
ity and changes in bioavailability, should be considered.9 On the
other hand, biological activity may result from synergistic or
antagonistic effects of compounds in juices, including those not
determined in this study, such as polyphenols, triterpenes, fruit
acids, and sugars contained in H. rhamnoides.
All juices showed high pancreatic lipase inhibitory activity, with

the highest levels of J2 and J3 juices (0.05 mg mL–1). Type 2 diabe-
tes is known to correlate strongly with adipose tissue gain and the
degree of obesity. Hence inhibition of pancreatic lipase (a key
enzyme in lipid digestion and absorption) may have implications
for the treatment of both diabetes and obesity.43 Studies on the
risk factors of coronary heart disease in humans indicated that
supplementation with sea buckthorn juice caused a moderate
decrease in the susceptibility of low-density lipoproteins (LDL)
to oxidation and an increase in the concentration of high density
lipoprotein cholesterol (HDL─C) and triacylglycerol (TAG) in
plasma.14 The Pearson correlation study revealed xanthophylls
(cryptoxanthin, lutein, zeaxanthin, and their isomers) and some
PhytoPs contained in juices as potent pancreatic lipase inhibitors
(r ≥ 0.50). Recent cell and animal tests have associated caroten-
oids and their derivatives with reducing obesity and influencing
key aspects of adipose tissue, while human epidemiological stud-
ies have shown that higher dietary intake of carotenoids and their
serum levels are associated with decreased adiposity.44 However,
to the best of our knowledge, this research is the first to show Phy-
toPs' ability to inhibit pancreatic lipase.

In vitro anti-inflammatory effect
The anti-inflammatory potential of sea buckthorn juices as a per-
centage of inhibition of 15-lipoxygenase activity at a concentra-
tion of 30 mg mL–1 was analyzed (Table 4). The inhibition results
were between 15.21 and 61.01%, and the juices in terms of activ-
ity can be ranked as follows: J6 > J3 > J2 ≈ J5 > J4 > J1. Phyto-
prostanes and PhytoFs (r = 0.95 and 0.50) correlated most
strongly with anti-15-LOX activity, except for Ent-16-epi-16-F1t-
PhytoP and Ent-16-F1t-PhytoP (r = −0.19), which were most com-
mon in sea buckthorn juices. The F1t-PhytoP isomers seemed to
have the strongest effect against 15-LOX (r = 0.94). The results
are in line with previous studies suggesting the anti-inflammatory
activity of PhytoPs and their ability to modulate the cellular mech-
anisms involved in the adaptive immune response. The biological
effects are explained by the strong structural analogy between
PhytoPs and endogenous prostaglandins, with regard to the
cyclopentenone ring and electrophilic character. Karg et al.20

reported that the cyclopentenone A1-PhytoPs and deoxy-J1-
PhytoPs exhibit potent anti-inflammatory and apoptosis-inducing
effects similar to A1- and deoxy-J2-prostaglandins. Immunomodu-
latory activity is also associated with the analogy between
E2-prostaglandin and 16-E1-PhytoP, while the ability to hinder sig-
nalingmediated by nuclear factor kappa B (NF-κB) suggests multi-
directional potential in immune and inflammatory processes,
oncogenesis, and tumor progression.22,45

For tocopherols and tocotrienols and carotenoids, the correla-
tion with anti-15-LOX activity was negligible (r = −0.22 and
− 0.07), but the effect of amino acids was varied. Most of them,
but not Asn, Gln, Ala, Pro and HCys, correlated weakly with activity
against 15-LOX (r between −0.46 and 0.31). Previous studies have
identified amino acids as anti-inflammatory, immunomodulatory,

and cytoprotective agents, as their role is related to the synthesis
of cytokines and antibodies, as well as the regulation of metabolic
pathways of the immune response to infectious pathogens. For
instance, Trp and Tyr are associated with inhibition of the produc-
tion of inflammatory cytokines and superoxide, GABA administra-
tion may inhibit development of a pro-inflammatory T-cell
response in mice, and Gly, in turn, reduced inflammatory
responses and improved the survival rate in pathogen-infected
animals.46

Antioxidant capacity of sea buckthorn juices
The antioxidant capacity of sea buckthorn juices was assessed as
oxygen radical absorbance capacity (ORAC), ferric reducing ability
(FRAP), and free radical-scavenging activity (ABTS) (Table 4). Activ-
ity in the ORAC test was the highest, between 9.27 (J1) and
13.55 mmol TE/100 g FW (J4), while the activities in the other
two tests were similar and ranged from 0.16 (J1) to 0.68 mmol
TE/100 g FW (J5). The activity of sea buckthorn juices varied
depending on the type of assay, similar to the studies by Mϋller
et al.,9 who observed the highest activity for sea buckthorn juice
(0.74 mmol ⊍-TE/100 g) in the luminol-chemiluminescence based
peroxyl radical scavenging capacity (LPSC) test based on peroxyl
radical scavenging capacity. Despite the differentiation, the
results of antioxidant activity strongly correlated (r = 0.71 for
ORAC-FRAP; r = 0.83 for ORAC-ABTS; r = 0.88 for ABTS-FRAP).
Thus, the J4 and J5 juices were 1.5 to 3.8 times more active
towards oxidants than the J1 and J2 juices. The activity of the juice
obtained on a laboratory scale was also close to the average anti-
oxidant activity of commercial juices.
No strong correlations were found between the antioxidant

activity of the juices and PhytoPs and PhytoF (supplementary
material Table S1). Currently, the influence of PhytoPs on human
physiological mechanisms is associated withmetabolic processes.
These oxylipins can activate the transcription factor Nrf2, which
regulates the resistance of cells to oxidants, and controls and
induces the expression of the antioxidant response. For sea buck-
thorn juices, the interactions of PhytoPs, carotenoids, polyphe-
nols, diterpenes, and triterpenes present in H. rhamnoides
berries may be particularly important in the context of these bio-
logical activities.21,47

Tocopherols and tocotrienols are known to have antioxidant
properties, it has been suggested that they prevent lipid peroxida-
tion in plantmembranes, and the ability of their antioxidant system
depends on the stress level.7 The total content of tocopherols and
tocotrienols in sea buckthorn juices moderately correlated with
their antioxidant activity (r = 0.38 to 0.54), and tocopherols were
more active than tocotrienols according to ABTS and FRAP tests.
⊍-Tocopherol was the most effective antioxidant of the tocochro-
manols tested (r = 0.48 to 0.55). This is agreement with antioxidant
activity of ⊎, γ and Δ forms from which represented 10 to 50% of
⊍-T activity.2 In research on antioxidant activity assays,9 the lipo-
philic extract of sea buckthorn juice was found to be more active
towards oxidants than tomato and carrot juice extracts, rich in
carotenoids and tocopherols, and showed 20 times higher activity
than orange juice. In this study, the antioxidant activity of sea buck-
thorn juices was more strongly related to the carotene content
(r = 0.24 to 0.81) than to xanthophylls, which negatively correlated
with the ORAC, FRAP, and ABTS effects (r = −0.33 to −0.91).
The results should be considered with regard to mechanisms of

antioxidant action and test conditions. Previous analyses of the ⊍-
and ⊎-carotene standards indicated their higher antioxidant activ-
ity than lutein and zeaxanthin in the ⊍-tocopherol equivalent

Phytochemical profile and health-promoting potential of sea buckthorn juices www.soci.org

J Sci Food Agric 2021 © 2021 Society of Chemical Industry. wileyonlinelibrary.com/jsfa

11

http://wileyonlinelibrary.com/jsfa


antioxidant capacity (⊍-TEAC test), in contrast with the FRAP test,
and significantly similar activities in the LPSC assay.9 However, in
sea buckthorn juices, a diverse effect of carotene forms on the
activity was found. SoΔ-, γ-, ⊍-, ζ- and ε-carotene correlated more
strongly with antioxidant activity than ß-carotene. The antioxi-
dant activity of carotenoids depends on their structural features,
including the number of double bonds, functional groups on
rings and type of ring, while the degree and pattern of methyla-
tion affect the potential of tocopherols and derivatives.27 The
accumulation of these metabolites during the ripening of sea
buckthorn berries corresponds to the increase in antioxidant
capacity of lipophilic extracts.27 However, the bioassays in this
study were carried out on water–methanol extracts, which may
explain the differences.
Antioxidant activity correlated positively with amino acids, and

especially strongly for the ORAC effect (r = 0.65). According to the
three measurements, Arg and Gln followed by Thr, Ala, GABA, Tyr,
Leu, and Trp had the strongest antioxidant effect (r above 0.50 for
at least two tests). Improving the oxidative defense of Arg, Gln,
Tyr, and Trp (along with Ser, Gly, Glu, Pro) has also been empha-
sized in previous reports.18,46 For example, supplementation with
Gln increased intestinal expression of genes necessary for cell
growth and removal of oxidants, and decreased expression of
genes promoting oxidative stress and immune activation.18 Litera-
ture data provide several mechanisms explaining the antioxidant
properties of amino acids, including quenching singlet oxygen,
chelating prooxidative metals, synergistic reactions with tocoph-
erols and other primary antioxidants, and the activity caused by
secondary compounds of the reactions between amino acids and
oxidized lipids. Moreover, the antioxidant activity of Arg, Lys, HCys,
and Trp in sea buckthorn juices could be due to the presence of
thiol or an additional amino group in these amino acids.48

CONCLUSIONS
Phytoprostanes and PhytoFs in sea buckthorn juices were identified
for the first time and their concentrations strongly correlated with
the inflammation alleviation potential investigated as 15-LOX inhibi-
tion. Sea buckthorn juices can be an interesting anti-diabetic and
anti-obesity food due to the content of potential inhibitors of ⊍-amy-
lase, ⊍-glucosidase (tocopherols, tocotrienols, selected amino acids)
and pancreatic lipase (PhytoPs, xanthophylls). The presence of Phy-
toPs, PhytoF, tocopherols, tocotrienols, and amino acids increases
the functionality of juices in reducing neurodegenerative changes,
which makes them potential anti-aging agents in the prevention of
the most common dementia type – Alzheimer's disease. Sea buck-
thorn juices may play an important role in the body's defensemech-
anism against pathologies related to free radical attack.
The commercialization and globalization of sea buckthorn

berries and a wide range of products from them, including juices,
would undoubtedly be an achievement. The differentiation of the
composition and the bioactive potential of commercial juices
indicates that it is important for the consumer to choose
juices from the declared berry cultivars and crops. The results of
the study may direct in vivo analyses of the pro-health potential
of juices, and in the future it will be valuable to supplement the
research with the profiles of other biologically active compounds.
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Dynamics of changes in organic acids, sugars and phenolic compounds and
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A B S T R A C T

Sea buckthorn (Hippophaë rhamnoides L.) berries have high biological value as a rich source of phenolic com-
pounds, fatty acids and vitamins A, C, E. Due to the high organic acid content and sour taste, the fruits are rarely
used in juice production. Therefore, the study aimed to determine the metabolic activity of Lactobacillus plan-
tarum, Lactobacillus plantarum subsp. argentoratensis and Oenococcus oeni strains along with the dynamics of
changes in organic acids, sugars, phenolic compounds, and antioxidant activity during 72-h fermentation of
100% sea buckthorn and mixed with apple (1:1) juices. The strongest malolactic conversion was in mixed juices
(to 75.0%). The most efficient strains were L. plantarum DSM 10492, 20174 and 6872. L. plantarum strains
caused an increase in flavonols and antioxidant activity of sea buckthorn-apple juices. The results can be used to
select conditions and strains in industrial-scale fermentation, to produce novel sea buckthorn products and
increase their consumption.

1. Introduction

Sea buckthorn (Hippophaë rhamnoides L.) is a shrub whose fruit can
be used as a remedy supporting treatment and prevention of gastro-
intestinal disorders, hyperlipidemia, hyperglycemia, hyperinsulinemia,
and nervous system and cardiovascular diseases (Bal, Meda, Naik, &
Satya, 2011). The positive effects of the plant on the functioning of
eyesight, hair and skin have been proven, and antiproliferative effects
have been investigated for colon, liver and breast cancer cells and
leukemia cells (Grey, Widén, Adlercreutz, Rumpunen, & Duan, 2010;
Bal et al., 2011; Guo, Guo, Li, Fu, & Liu, 2017). Previous studies have
shown that sea buckthorn berries are notably rich in flavonols, xan-
thophylls, carotenes, tocopherols and tocotrienols, vitamin C, and n-3,
n-6, n-7, and n-9 fatty acids (Tkacz, Wojdyło, Turkiewicz, Bobak, &
Nowicka, 2019). Hence, the use of the berries is mainly based on the
production of dietary supplements and cosmetics, while in food in-
dustry, fruit is only a component in products with added value and high
pro-health properties. The berries can also be used for production of

jams and jellies, oils, soft drinks, alcoholic beverages and dairy products
(Rafalska, Abramowicz, & Krauze, 2017).

Nevertheless, the taste of sea buckthorn fruit is unattractive and
described as sour, astringent and with low sweetness. This correlates
with the high amount of organic acids (up to 5.4%), including dominant
malic acid, low pH 2.9 and sugar:organic acid ratio of 1.2 on average
(Tiitinen, Hakala, & Kallio, 2005; Tkacz et al., 2019). In order to in-
crease the consumption and application in the food industry, the so-
lution may be to correct the sour taste of sea buckthorn berries through
malolactic fermentation (MLF). This process involves decarboxylation
of malic acid to lactic acid and carbon dioxide. MLF is widely used to
reduce acidity, increase microbiological stability and modify the aroma,
flavor and texture of red wines and some white wines. Among lactic
acid bacteria, genus Oenococcus, followed by Lactobacillus and Pedio-
coccus, shows high efficiency and adaptation to unfavorable conditions
(du Toit, Engelbrecht, Lerm, & Krieger-Weber, 2011; Bartowsky,
Costello, & Chambers, 2015; Wojdyło, Samoticha, & Chmielewska,
2020).
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The potential use of MLF has also been studied in fruit and vegetable
juices and pulps. The results suggested that fermentation with L. plan-
tarum may have a beneficial effect on the physico-chemical properties,
content and profile of bioactive compounds, antioxidant potential and/
or sensory evaluation of, among others, olives (Kachouri et al., 2015),
kiwifruit pulp (Zhou et al., 2020), pomegranate (Mousavi et al., 2013),
mulberry (Kwaw et al., 2018), and Momordica charantia juices (Gao
et al., 2019). Fermentation with L. plantarum and L. brevis enhanced the
antioxidant and immune modulation features of cactus cladode pulp
(Filannino et al., 2016). In addition, L. plantarum is commercially re-
levant as a starter culture for food fermentation, and as a probiotic
culture (Zheng et al., 2020). Hence, there is a growing interest in in-
novative fermented products based on vegetables and fruits as a good
source of probiotic bacteria (Di Cagno, Coda, De Angelis, & Gobbetti,
2013).

Reduction of acidity and astringency and the increase of fruity and
fermented taste were studied in fermented sea buckthorn juices by
Tiitinen, Vahvaselkä, Laakso, and Kallio (2007). However, the process
was carried out with unadapted O. oeni, the fermentation reaction
differed between berry cultivars, and the reaction size was not pro-
portional to the initial malic acid amount and pH in juices. On the other
hand, Markkinen, Laaksonen, Nahku, Kuldjärv, and Yang (2019)
showed that certain L. plantarum strains can perform MLF in sea
buckthorn juices without additional adaptation and nutrients.

There is still a lack of detailed and complete literature data on the
impact of fermentation using different strains on the chemical compo-
sition and antioxidant activity of sea buckthorn juice, including a new
cultivar grown in Poland. Therefore, this study aimed to determine the
metabolic activity of L. plantarum, L. plantarum subsp. argentoratensis
and O. oeni strains along with the dynamics of changes in the content of
organic acids, sugars, phenolic compounds, and antioxidant activity
during 72-h MLF of sea buckthorn and sea buckthorn-apple juices. It is
known that MLF in wine depends on pH and lasts longer than in fruit
juices. Cinquata, De Stefano, Formato, Niro and Panfili (2018) reported
that O. oeni and L. plantarum metabolized malic acid in white wines
with pH 3.2 for 35 and 56 d, respectively, but no conversion took place
in wines with a lower pH 3.2. The addition of apple juice will not only
increase the pH of sea buckthorn juice, but will also be a good medium
for O. oeni (Viljakainen & Laakso, 2002). Apples, in addition to lower
acidity, will provide sugars, amino acids and vitamins necessary for
bacterial activity, and their selection is economically and sensorially
attractive. This paper presents for the first time the appropriate con-
ditions and strains of malolactic fermentation in sea buckthorn and sea
buckthorn-apple juices to achieve maximum reduction of malic acid
while increasing the health-promoting potential by the rise in phenolic
compounds and antioxidant activity.

2. Materials and methods

2.1. Plant materials

Sea buckthorn berries of the cultivar ‘Józef’ were collected from the
Research Institute of Horticulture in Skierniewice (Poland). Apples of
the cultivar ‘Champion’ were purchased on the retail market. The
choice of apple variety was dictated by the lack of tendency to enzy-
matic darkening. Sea buckthorn and apple juices were squeezed using a
hydraulic press (SRSE, Warsaw, Poland) and slow juicer (Hurom HG
2G, Puregreen S.C., Sławno, Poland), respectively. The juices were
pasteurized and immediately cooled. 100% sea buckthorn juice and sea
buckthorn juice mixed with apple juice (in the ratio 1:1) were intended
for inoculation.

2.2. Malolactic fermentation

The process of biological deacidification was carried out using
malolactic fermentation. Freeze-dried cultures of strains of Lactobacillus

plantarum (DSM 100813, DSM 13273, DSM 20174, DSM 10492, and
DSM 6872), Lactobacillus plantarum subsp. argentoratensis (DSM 16365)
and Oenococcus oeni (DSM 20255; Leibniz Institute DSMZ-German
Collection of Microorganisms and Cell Cultures GmbH, Braunschweig,
Germany) were used for this purpose.

The rehydration of L. plantarum and L. plantarum subsp. argentor-
atensis was performed in MRS broth (casein peptone, tryptic digest,
meat extract, yeast extract, glucose, Tween 80, K2HPO4, Na-acetate,
(NH4)3 citrate, MgSO4·7H2O, MnSO4·H2O in distilled water; pH
6.2–6.5), and O. oeni in medium from casein peptone, tryptic digest,
yeast extract, glucose, fructose, Tween 80, (NH4)3 citrate, MgSO4·7H2O,
MnSO4·H2O, tomato juice, cysteine-HCl·H2O in distilled water (pH 4.8)
for up to 30 min. Then bacterial cells were cultured as recommended
for 24 h in 10 mL of sterile (autoclaved at 121 °C for 20 min) liquid
media (as above), transferred into 100 mL of dedicated media and in-
cubated at 30 °C (L. plantarum DMS 6872, DMS 10492 and DMS 20174,
L. plantarum subsp. argentoratensis DMS 16365 and O. oeni DMS 20255)
or 37 °C (L. plantarum DMS 100813 and DMS 13273) for 48 h. All
biomass was centrifuged at 5500 rpm for 10 min using an MPW-351R
centrifuge (MPW Med. Instruments, Warsaw, Poland). The supernatant
was decanted and the remaining biomass was suspended in 5 mL of
sterile 0.9% NaCl solution. The sea buckthorn and sea buckthorn-apple
juices were inoculated with a 1% (vol.) cell suspension. Fermentation
was carried out in sealed glass flasks for 72 h at 30 °C in the absence of
lights, in a laboratory incubator (ST2, POL-EKO-APARATURA,
Wodzisław Śląski, Poland). Samples were mixed regularly.

The above described steps were performed under sterile conditions.
Fermentation was carried out in duplicate. Three samples were taken
from the fermentation vessels. An additional vessel was a sample, from
which no juices were taken during the process, only at the beginning
and after 72 h. During the process, access to oxygen was inhibited, and
during sampling minimized. Samples of juices were taken for analyses
every 12 h and immediately placed at −80 °C before the next step of
analysis.

2.3. Microscopy

Microscopic images were obtained using a Zeiss Axio Imager M2
microscope (Carl Zeiss Meditec France S.A.S., Le Pecq, France) with a
100 × objective lens. Immersion was used. AxioVision 4.8 Software
(Carl Zeiss Meditec France S.A.S., Le Pecq, France) was used for image
acquisition. Pictures were taken just before inoculation of juices and are
shown in Fig. 1.

2.4. Optical density

Cell growth was examined by optical density (OD560) of bacterial
suspensions measured spectrophotometrically at 560 nm using a UV-
2401 PC spectrophotometer (Shimadzu Corp., Kyoto, Japan). The
measurement was made for bacterial suspensions just before inocula-
tion of the juices. The blank were pure bacterial media diluted as sus-
pensions of bacteria. All measurements were taken three times and the
results were expressed as mean with standard deviation.

2.5. Measurement of pH and soluble solids

pH of juices was determined using an automatic pH titrator system
TitroLine 5000 (Xylem Analytics GmbH, Weilheim in Oberbayern,
Germany). The soluble solids content (°Bx) was measured with a digital
refractometer (Atago RX-5000, Atago Co. Ltd., Saitama, Japan). All
measurements were taken three times and the results were expressed as
mean with standard deviation.

2.6. Determination of organic acids and sugars

Organic acids were studied using ultra performance liquid
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chromatography with photodiode array detector (UPLC-PDA, Acquity
UPLC System, Waters Corp., Milford, MA, US). Sugars were analyzed by
high pressure liquid chromatography (HPLC-ELSD, Merck-Hitachi L-
7455, Merck KGaA, Darmstadt, Germany) equipped with an evapora-
tive light scattering detector (ELSD, PL-ELS 1000, Polymers Labs Inc.,
Amherst, MA, US). The analyzes were carried out exactly as reported
previously by Wojdyło, Nowicka, and Bąbelewski (2018). Identification
of organic acids (malic acid, lactic acid, oxalic acid, citric acid, isocitric
acid, quinic acid) and sugars (rhamnose, fructose, glucose, sucrose) was
based on reference standards (Merck KGaA, Darmstadt, Germany). All
measurements were taken three times and the results were expressed in

g/100 mL as mean with standard deviation.

2.7. Determination of phenolic compounds

Phenolic compounds were analyzed using an ultra performance li-
quid chromatography with photodiode array detector (UPLC-PDA,
Acquity UPLC System; Waters, MA, USA) and the UPLC BEH C18
column (2.1 × 100 mm, 1.7 μm) (Waters Corp., Milford, MA, USA).
Before injection, the juice samples were centrifuged at 15,000 rpm for
7 min at 4 °C using MPW-150R centrifuge (MPW Med. Instruments,
Warsaw, Poland). The supernatants were then filtered through 0.20 μm

Fig. 1. Microscopic images of Lactobacillus plantarum (DSM 100813, DSM 13273, DSM 20174, DSM 10492, DSM 6872), Lactobacillus plantarum subsp. argentoratensis
(DMS 16365) and Oenococcus oeni (DSM 20255) under 100x magnification.
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Table 1
pH, soluble solids, content of organic acids, sugars and phenolic compounds, sugar:organic acid ratio and antioxidant activity of sea buckthorn juices fermented with different lactic acid bacteria strains.
Properties Uninoculated juice L. plantarum

DSM 100813 DSM 13273 DSM 20174

0 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

pH 3.012 ± 0.01b 3.012 ± 0.0b 3.013 ± 0.01b 3.012 ± 0.01b – – 3.019 ± 0.01b – – 3.021 ± 0.01b – – 3.108 ± 0.0-
1a

Soluble solids
(°Bx)

7.1 ± 0.1a 7.3 ± 0.1a 7.0 ± 0.0a 7.1 ± 0.1a 7.4 ± 0.0a 6.9 ± 0.1b 6.3 ± 0.1c 7.0 ± 0.1a 6.7 ± 0.1b 6.5 ± 0.1bc 7.4 ± 0.1a 6.8 ± 0.1b 6.0 ± 0.1c

Organic acids (g/100 mL)
Malic acid 6.06 ± 0.11a 6.06 ± 0.15a 6.09 ± 0.14a 6.08 ± 0.15a 5.83 ± 0.11a 5.74 ± 0.10ab 5.32 ± 0.11c 5.98 ± 0.12b 5.94 ± 0.10a 5.85 ± 0.10a 5.60 ± 0.10b 5.13 ± 0.10d 4.80 ± 0.10e
Lactic acid nd nd nd nd 0.48 ± 0.04d 0.49 ± 0.06d 0.57 ± 0.02d 0.42 ± 0.03d 0.43 ± 0.05d 0.51 ± 0.05d 0.89 ± 0.08c 1.45 ± 0.10b 1.82 ± 0.13a
Oxalic acid 0.10 ± 0.01a 0.10 ± 0.04a 0.09 ± 0.02a 0.10 ± 0.02a 0.10 ± 0.03a 0.11 ± 0.03a 0.11 ± 0.03a 0.10 ± 0.02a 0.10 ± 0.02a 0.09 ± 0.01a 0.08 ± 0.02a 0.10 ± 0.03a 0.08 ± 0.02a
Citric acid 0.26 ± 0.01a 0.26 ± 0.05a 0.26 ± 0.05a 0.25 ± 0.07a 0.25 ± 0.06a 0.23 ± 0.04a 0.23 ± 0.03a 0.24 ± 0.05a 0.21 ± 0.03a 0.21 ± 0.05a 0.24 ± 0.05a 0.25 ± 0.04a 0.25 ± 0.03a
Isocitric acid 0.18 ± 0.04a 0.19 ± 0.05a 0.20 ± 0.04a 0.20 ± 0.04a 0.20 ± 0.03a 0.20 ± 0.05a 0.22 ± 0.05a 0.17 ± 0.03a 0.20 ± 0.05a 0.18 ± 0.06a 0.19 ± 0.05a 0.20 ± 0.05a 0.23 ± 0.01a
Quinic acid 0.64 ± 0.06a 0.63 ± 0.10a 0.63 ± 0.09a 0.63 ± 0.09a 0.62 ± 0.08a 0.62 ± 0.10a 0.61 ± 0.07a 0.59 ± 0.05a 0.61 ± 0.06a 0.61 ± 0.09a 0.62 ± 0.09a 0.59 ± 0.05a 0.61 ± 0.04a
Total organic

acids
7.24 ± 0.10b 7.24 ± 0.09b 7.27 ± 0.08b 7.26 ± 0.10b 7.50 ± 0.07a 7.39 ± 0.09b 7.06 ± 0.09c 7.50 ± 0.10a 7.49 ± 0.08a 7.45 ± 0.08a 7.62 ± 0.09a 7.15 ± 0.08c 7.79 ± 0.09a

Sugars (g/100 mL)
Rhamnose 0.14 ± 0.01a 0.14 ± 0.01a 0.14 ± 0.02a 0.15 ± 0.01a 0.16 ± 0.02a 0.14 ± 0.01a 0.15 ± 0.01a 0.17 ± 0.02a 0.13 ± 0.02a 0.15 ± 0.01a 0.14 ± 0.01a 0.15 ± 0.03a 0.16 ± 0.01a
Fructose 0.10 ± 0.02a 0.10 ± 0.01a 0.11 ± 0.01a 0.12 ± 0.02a 0.11 ± 0.01a 0.11 ± 0.02a 0.10 ± 0.02a 0.09 ± 0.01a 0.11 ± 0.02a 0.10 ± 0.01a 0.09 ± 0.01a 0.10 ± 0.01a 0.12 ± 0.03a
Sorbitol 0.23 ± 0.04a 0.22 ± 0.03a 0.22 ± 0.04a 0.22 ± 0.04a 0.22 ± 0.03a 0.22 ± 0.03a 0.21 ± 0.04a 0.23 ± 0.02a 0.23 ± 0.02a 0.22 ± 0.02a 0.20 ± 0.03a 0.22 ± 0.03a 0.21 ± 0.03a
Glucose 3.15 ± 0.12a 3.12 ± 0.17a 3.25 ± 0.10a 3.28 ± 0.21a 3.11 ± 0.11a 3.18 ± 0.22a 3.20 ± 0.25a 3.20 ± 0.13a 3.20 ± 0.20a 3.25 ± 0.09a 3.18 ± 0.17a 3.24 ± 0.24a 3.29 ± 0.30a
Total sugars 3.62 ± 0.11a 3.58 ± 0.18a 3.72 ± 0.11a 3.77 ± 0.21a 3.60 ± 0.12a 3.65 ± 0.23a 3.66 ± 0.26a 3.69 ± 0.14a 3.67 ± 0.21a 3.72 ± 0.09a 3.61 ± 0.18a 3.71 ± 0.25a 3.78 ± 0.30a
Sugar:organic

acid
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Phenolic compounds (mg/100 mL)
Phenolic acids 0.63 ± 0.02a 0.63 ± 0.01a 0.62 ± 0.02a 0.60 ± 0.01a 0.59 ± 0.04a 0.62 ± 0.01a 0.64 ± 0.02a 0.62 ± 0.01a 0.63 ± 0.01a 0.62 ± 0.01a 0.63 ± 0.02a 0.63 ± 0.02a 0.63 ± 0.04a
Flavonols 45.40 ± 1.00b 41.52 ± 0.65c 44.38 ± 0.94b 44.59 ± 0.99b 41.50 ± 1.31c 41.52 ± 0.80c 40.88 ± 1.03c 41.54 ± 0.53c 44.25 ± 0.43b 44.36 ± 0.88b 45.62 ± 1.17b 46.13 ± 0.70b 49.26 ± 0.5-

7a
Total phenolic

compounds
46.03 ± 0.98b 42.15 ± 0.66c 45.00 ± 0.86b 45.19 ± 0.94b 42.09 ± 1.27c 42.14 ± 0.79c 41.52 ± 0.10c 42.16 ± 0.52c 44.88 ± 0.43b 44.98 ± 0.87b 46.25 ± 1.15b 46.76 ± 0.68b 49.89 ± 0.5-

3a
Antioxidant

activity
(mmol TE/
100 mL)

7.42 ± 1.00b 7.98 ± 0.94b 7.03 ± 0.82b 7.05 ± 0.78b 6.77 ± 1.21bc 6.90 ± 1.63c 5.32 ± 0.58c 7.11 ± 1.01b 7.24 ± 1.25b 7.94 ± 0.99b 7.32 ± 0.69b 8.60 ± 1.48a 9.40 ± 1.22a

Properties L. plantarum L. plantarum subsp. argentoratensis O. oeni

DSM 10492 DSM 6872 DSM 16365 DSM 20255

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h

pH – – 3.029 ± 0.01b – – 3.020 ± 0.01b – – 3.015 ± 0.01b – – 3.014 ± 0.01b
7.1 ± 0.1a 6.6 ± 0.1b 6.3 ± 0.1c 6.7 ± 0.1b 6.6 ± 0.1b 6.2 ± 0.1c 7.0 ± 0.1a 6.8 ± 0.1b 6.6 ± 0.1b 7.0 ± 0.1a 6.7 ± 0.1b 6.5 ± 0.1bc

(continued on next page)
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Table 1 (continued)

Properties L. plantarum L. plantarum subsp. argentoratensis O. oeni

DSM 10492 DSM 6872 DSM 16365 DSM 20255

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h

Soluble solids
(°Bx)

Organic acids (g/100 mL)
Malic acid 5.74 ± 0.11ab 5.45 ± 0.10bc 5.28 ± 0.10c 5.96 ± 0.10a 5.94 ± 0.10a 5.21 ± 0.10d 5.89 ± 0.10a 5.67 ± 0.10b 5.55 ± 0.10b 6.01 ± 0.10a 5.65 ± 0.10b 5.43 ± 0.10bc
Lactic acid 0.69 ± 0.03 d 0.92 ± 0.05c 1.02 ± 0.10c 0.38 ± 0.08d 0.43 ± 0.09d 0.47 ± 0.04d 0.48 ± 0.06d 0.56 ± 0.09d 0.64 ± 0.05d 0.38 ± 0.9d 0.39 ± 0.05d 0.39 ± 0.04d
Oxalic acid 0.10 ± 0.02a 0.09 ± 0.03a 0.12 ± 0.03a 0.11 ± 0.01a 0.11 ± 0.02a 0.08 ± 0.01a 0.11 ± 0.01a 0.10 ± 0.02a 0.10 ± 0.03a 0.08 ± 0.05a 0.10 ± 0.03a 0.11 ± 0.03a
Citric acid 0.24 ± 0.03a 0.25 ± 0.04a 0.22 ± 0.02a 0.25 ± 0.06a 0.25 ± 0.05a 0.23 ± 0.01a 0.24 ± 0.04a 0.21 ± 0.04a 0.23 ± 0.05a 0.27 ± 0.03a 0.24 ± 0.03a 0.23 ± 0.04a
Isocitric acid 0.21 ± 0.01a 0.21 ± 0.03a 0.23 ± 0.04a 0.19 ± 0.03a 0.20 ± 0.01a 0.22 ± 0.05a 0.20 ± 0.05a 0.20 ± 0.05a 0.21 ± 0.04a 0.19 ± 0.05a 0.21 ± 0.03a 0.23 ± 0.05a
Quinic acid 0.62 ± 0.07a 0.62 ± 0.09a 0.62± 0.08a 0.62 ± 0.10a 0.63 ± 0.11a 0.62 ± 0.08a 0.59 ± 0.08a 0.60 ± 0.11a 0.60 ± 0.05a 0.59 ± 0.07a 0.61 ± 0.05a 0.61 ± 0.07a
Total organic

acids
7.60 ± 0.09a 7.54 ± 0.08a 7.49 ± 0.10a 7.51 ± 0.09a 7.56 ± 0.10a 6.83 ± 0.09d 7.51 ± 0.09a 7.34 ± 0.10b 7.33 ± 0.07b 7.52 ± 0.08a 7.20 ± 0.06c 7.00 ± 0.09c

Sugars (g/100 mL)
Rhamnose 0.13 ± 0.02a 0.13 ± 0.01a 0.15 ± 0.02a 0.15 ± 0.01a 0.17 ± 0.02a 0.16 ± 0.01a 0.17 ± 0.01a 0.15 ± 0.02a 0.14 ± 0.03a 0.15 ± 0.01a 0.15 ± 0.02a 0.15 ± 0.01a
Fructose 0.08 ± 0.02a 0.09 ± 0.02a 0.08 ± 0.02a 0.11 ± 0.02a 0.11 ± 0.01a 0.10 ± 0.01a 0.12 ± 0.01a 0.12 ± 0.01a 0.13 ± 0.02a 0.09 ± 0.01a 0.09 ± 0.02a 0.10 ± 0.01a
Sorbitol 0.20 ± 0.04a 0.19 ± 0.03a 0.21 ± 0.03a 0.19 ± 0.01a 0.21 ± 0.01a 0.20 ± 0.02a 0.19 ± 0.06a 0.21 ± 0.02a 0.22 ± 0.07a 0.21 ± 0.05a 0.22 ± 0.05a 0.23 ± 0.07a
Glucose 3.22 ± 0.16a 3.25 ± 0.15a 3.29 ± 0.19a 3.21 ± 0.11a 3.24 ± 0.20a 3.24 ± 0.18a 3.21 ± 0.21a 3.28 ± 0.14a 3.28 ± 0.17a 3.21 ± 0.28a 3.21 ± 0.16a 3.30 ± 0.15a
Total sugars 3.63 ± 0.17a 3.66 ± 0.16a 3.73 ± 0.20a 3.66 ± 0.12a 3.73 ± 0.21a 3.70 ± 0.19a 3.69 ± 0.21a 3.76 ± 0.15a 3.77 ± 0.18a 3.66 ± 0.29a 3.67 ± 0.17a 3.78 ± 0.16a
Sugar:organic

acid
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Phenolic compounds (mg/100 mL)
Phenolic acids 0.61 ± 0.01a 0.62 ± 0.01a 0.64 ± 0.02a 0.60 ± 0.03a 0.59 ± 0.03a 0.59 ± 0.02a 0.63 ± 0.02a 0.64 ± 0.03a 0.63 ± 0.01a 0.60 ± 0.01a 0.63 ± 0.02a 0.61 ± 0.02a
Flavonols 41.75 ± 1.38c 46.23 ± 0.35b 40.01 ± 1.22c 45.72 ± 1.02b 45.12 ± 0.82b 44.33 ± 1.04b 46.06 ± 0.92b 46.10 ± 0.83b 44.20 ± 0.53b 40.04 ± 0.29c 44.87 ± 1.11b 45.94 ± 0.10b
Total phenolic

compounds
42.36 ± 1.37c 46.85 ± 0.34b 40.65 ± 1.18c 46.32 ± 0.98b 45.71 ± 0.66b 44.92 ± 1.06b 46.69 ± 1.02b 46.74 ± 0.86b 44.83 ± 0.52b 40.64 ± 0.28c 45.50 ± 1.09b 46.55 ± 0.09b

Antioxidant
activity
(mmol TE/
100 mL)

6.64 ± 1.05bc 5.88 ± 1.31c 5.02 ± 1.14c 7.14 ± 1.22b 7.24 ± 1.09b 7.99 ± 1.32b 7.54 ± 1.54b 7.84 ± 1.24b 7.43 ± 1.46b 7.27 ± 0.94b 7.00 ± 0.73b 7.07 ± 1.41b

Data are shown as mean (n = 3) ± standard deviation; for each parameter tested, values with different letters, within the row, differ significantly (Tukey’s test, p < 0.05); h-hours.
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PTFE hydrophilic membranes. Chromatographic analysis conditions
were the same as described by Tkacz et al. (2020), including injection
volume − 5 μL, flow rate − 0.420 mL/min, run time − 30 min, and
column temperature 30 °C. Solvent A (2.0% formic acid) and solvent B
(100% acetonitrile) were used in the following gradients: elution start
with 98.0% A; next solvent A reduction to 65% (to 32 min), and to 0%
(to 33 min); 98% A from 33.5 to 35 min to re-equilibrate the column.
The PDA spectra were measured over the wavelength range
200–800 nm, every 2 nm. The runs for phenolic acids and flavonols
were monitored at 320 and 360 nm, respectively. Quantitative de-
termination was based on injections of the phenolic calibration stan-
dards at concentrations ranging 0.05 to 5 mg/mL (R2 ≥ 0.9998). The
sums of phenolic acids and flavonols were calculated as p-coumaric acid
and isorhamnetin-3-O-rutinoside, respectively. These compounds were
the dominant phenolic compounds, as confirmed by reference standards
(Extrasynthèse S.A., Genay, France; Merck KGaA, Darmstadt, Ger-
many). Empower 3 software (Waters Corp., Milford, MA, US) was used
to develop data. All measurements were taken three times and the re-
sults were expressed in mg/100 mL as mean with standard deviation.

2.8. Determination of antioxidant activity

Antioxidant activity was tested as oxygen radical absorbance ca-
pacity (ORAC) and the analysis was conducted as previously described
by Ou, Huang, Hampsch-Woodill, Flanagan, and Deemer (2002).
Spectrofluorometric measurement of fluorescence decrease caused by
fluorescent substance oxidation by free radicals with the antioxidants
presence was measured using a microplate reader SynergyTM H1
(BioTek, Winooski, VT, US). Before analysis, the juice samples were
centrifuged the same as in subsection 2.7. Samples containing juice
supernatant, phosphate buffer, and fluorescein were incubated at 37 °C
until the end of the analysis. 2,2′-Azobis(2-amidinopropane)dihy-
drochloride was inserted and the spectrofluorometric measurement was
performed every 5 min at excitation and emission wavelengths of 493
and 515 nm, respectively. The phosphate buffer was blank. The anti-
oxidant activity was calculated by comparing the surface under the
fluorescence decrease curves over time with the surface for pure Trolox
solutions at 12.5, 25.0, 50.0, and 75.0 µM. All measurements were
taken three times and the results were expressed in mmol TE (Trolox)/
100 mL as mean with standard deviation.

2.9. Statistical analysis

Analysis of variance (ANOVA, p < 0.05), Tukey’s HSD test and
Pearson’s correlation coefficient (r) were done using a Statistica 13.1
software (StatSoft, Cracow, Poland) and XLSTAT for Microsoft Excel
2019 (Microsoft Corp., Redmond, WA, US). Data are shown as mean
(n = 3) ± standard deviation (SD). For each parameter tested, values
with different letters differ statistically significantly.

3. Results and discussion

3.1. Optical density

Optical density (OD560) was measured to compare bacterial growth
in suspension intended for inoculated juices. OD560 values of the bac-
terial suspension were 2.1 ± 0.1 to 2.3 ± 0.1 for L. plantarum strains,
2.0 ± 0.1 for the L. plantarum subsp. argentoratensis strain, and
1.9 ± 0.2 for the O. oeni strain. No significant differences (p > 0.05)
were found between these results. Measurement of optical density takes
into account inactive cells with preserved integrity of cytoplasmic
membranes; therefore the OD560 value does not fully reflect the phy-
siological state of the culture and its potential. No correlation was
found between the optical density and the malic acid conversion and
the phenolic content for both types of juice tested.

3.2. pH and soluble solids

Previous studies on the fermentation of fruit and vegetable juices
indicated that a higher pH promotes the metabolic capacity of bacterial
strains (Gao, Vasantha Rupasinghe, & Pitts, 2013; Filannino et al.,
2014; Wei et al., 2018). The pH values of uninoculated sea buckthorn
and sea buckthorn-apple juices were constant during 72-h incubation
and were 3.012 and 3.238. The changes in pH (Table 1) of sea buck-
thorn juices inoculated with bacteria were not significant (p > 0.05),
except for L. plantarum DSM 20174 strain with increase by 0.1 units.
Mixed juices inoculated with L. plantarum had the highest final pH,
from 3.299 to 3.324, respectively, for DSM 13273 and DSM 20174
strains. Inoculation of mixed juice with O. oeni did not change the pH
significantly compared (p > 0.05) to uninoculated juice.

In applying analogous L. plantarum strains, a rise in pH to 0.1 and
0.26 units was achieved for chokeberry and sea buckthorn juices, re-
spectively (Markkinen et al., 2019). Tiitinen et al. (2007) studied the
pH change in sea buckthorn juices treated with O. oeni, and the max-
imum increase was 0.2 units for Oranzhevaya and Avgustinka berry
juices. A similar change in pH, by 0.1–0.2 units, was found after mal-
olactic fermentation of white and black currant, apple, and bilberry
juices using O. oeni (Viljakainen & Laakso, 2002). In contrast, pH
changes during MLF were not significant (p > 0.05) for apple juices
(Gao, Vasantha Rupasinghe, & Pitts, 2013), lingonberry material
(Viljanen, Heiniö, Juvonen, Kössö, & Puupponen-Pimiä, 2014), and bog
bilberry juice (Wei et al., 2018).

The soluble solids content, one of the quality indicator, was 7.1 and
10.6 °Bx for uninoculated sea buckthorn and sea buckthorn-apple
juices, respectively (Tables 1–2). The fermentation process resulted in a
decrease in value by a maximum of 1.0 in the case of sea buckthorn
juice with DSM 20174 strain and by 1.2 for sea buckthorn-apple juice
with DSM 16365 strain. Changes in the soluble solids content were
strongly correlated with malic acid (r = 0.92) and lactic acid (r = -0.78
and −0.85 for sea buckthorn and sea buckthorn-apple juices, respec-
tively) (Table 3). In turn, the correlation with sugars, the major soluble
solids in juices, was low due to their constant concentration during
MLF. Codex General Standard for Fruit Juices and Nectars (Codex STAN
247–2005) defines the minimum °Bx level for sea buckthorn juices
equal 6.0, and for apple juice 10.0, which may naturally differ for
countries. Hence, both types of deacidified juices contain soluble solids
in accordance with applicable industry regulation.

3.3. Organic acids

3.3.1. Fermentation of sea buckthorn juices
An indicator of the fermentation process was the reduction of malic

acid, which is converted to lactic acid. For L. plantarum strains, the
largest reduction in malic acid content was observed between 48 and
72 h of incubation. The reduction of malic acid involving L. plantarum
subsp. argentoratensis (DSM 16365) and O. oeni (DSM 20255) was
stronger between 24 and 48 h, but the final acid reduction was rela-
tively small (below 10.5%) (Table 1). For the O. oeni strain, lactic acid
concentration was constant despite a slight reduction of malic acid. This
may indicate the course of other metabolic pathways using malic acid
as a carbon source through O. oeni or potentially yeast with the affinity
of malic enzyme to its substrate, through malate dehydrogenase activity
or during the tricarboxylic acid cycle (Subden, Krizus, Osothsilp,
Viljoen, & Van Vuuren, 1998; Volschenk, Van Vuuren, & Viljoen-Bloom,
2006).

Incubation had no effect on the content of organic acids, and the
malic acid amount in uninoculated sea buckthorn juice was on average
6.07 g/100 mL. Moderate malic acid conversion was found in sea
buckthorn juices and ranged from 3.5% to 20.9% (for inoculated juices
with DSM 13273 and DSM 20174 strains, respectively). The DSM 20174
and DMS 10492 strains showed the highest metabolic activity in black
chokeberry juice and sea buckthorn juice, respectively, with complete
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reduction of malic acid (Markkinen et al., 2019). In the future, an at-
tempt to deacidify the juice using recombinant L. plantarum cells that
increase fermentation efficiency may be valuable (Schümann et al.,
2012).

In all inoculated sea buckthorn juices, during the process there were
observed increasing amounts of lactic acid, ranging from 0.38 to
0.89 g/100 mL after 24 h, from 0.39 to 1.45 g/100 mL after 48 h, and
from 0.39 to 1.82 g/100 mL after 72 h of incubation. However, only in
the case of juices with DSM 20174 and DSM 10492 strains were these
changes significant, and the highest content of lactic acid, in proportion
to the strongest reduction of malic acid, was found in sea buckthorn
juice inoculated with the first strain. In the research of Markkinen et al.
(2019) analogous strains of L. plantarum – DSM 100813, DSM 20174,
DSM 10492, and DSM 16365 – were able to metabolize malic acid in
black chokeberry and sea buckthorn (except DSM 16365) juices, but not
in lingonberry juice rich in citric acid.

It was found that the type of strain determined the amount of lactic
acid formed. For example, approximately twice as much lactic acid as in
juices with DSM 100813 and DSM 6872 strains was determined in juice
with the DSM 10492 strain, despite similar malic acid reduction (13.2%
on average).

The sum of organic acids of sea buckthorn juices inoculated with
DSM 13273, DSM 20174 and DSM10492 strains increased compared to
the initial value (average 7.27 g/100 mL) due to the accumulation of
lactic acid. Additional organic acids in decreasing quantities were also
detected in sea buckthorn-apple juices – quinic > citric > isocitric >
oxalic acids (Table 2) – but their content did not change significantly
(p > 0.05) during juice fermentation. Quinic acid has a bitter and
astringent taste, which is relevant in terms of sensory quality of juices.
Fermentation of papaya juice by L. acidophilus and L. plantarum also did
not change the oxalic acid concentration (Chen, Chen, Chen, Zhang, &
Chen, 2018). Similarly, the metabolic activity of O. oeni did not affect
the quinic acid content of sea buckthorn juice in research of Tiitinen
et al. (2007). The reduction of quinic acid along with the shikimic acid
formation by L. plantarum was found in bog bilberry juice with pH 3.50
(Wei et al., 2018), and sea buckthorn juices inoculated with DSM 10492
and DSM 100813 strains after combination with enzymatic treatment
(Markkinen et al., 2019).

3.3.2. Fermentation of sea buckthorn-apple juices (1:1)
The kinetics of changes (every 12 h) in malic and lactic acid content

are shown in Fig. 2 comparing the dynamics of change in analyzed
juices during incubation with L. plantarum DSM 10492 strain (A), L.
plantarum subsp. argentoratensis DSM13635 (B), O. oeni DSM 20255 (C).
The reduction in malic acid was stronger for mixed juices (1:1) and was
up to 75.0% for juice inoculated with the DSM 10492 strain, following
by 63.8% for juice with the DSM 20174 strain (Table 2). Identification
and changes in organic acids after 12 and 72 h of MLF with DMS 10492
strain for sea buckhorn-apple juice are also shown in the UPLC-PDA
chromatograms (Fig. 3). Reduction of malic acid in juices with other
bacterial strains ranged from 55.6 to 60.9%, with a final acid content on
average 1.44 g/100 mL. The exception was juice inoculated with O.
oeni, in which there was no significant change (p > 0.05) in malic acid
content after 72-h incubation compared to uninoculated juice (3.40 g/
100 mL).

The largest reduction in malic acid occurred during the first 24 h of
incubation with L. plantarum strains, except for juice treated with L.
plantarum subsp. argentoratensis. Therefore, based on the slight differ-
ences in malic acid concentration between 48 and 72 h, the optimal
fermentation time for DSM 6872, DSM 100813, and DSM 20174 strains
can be determined as 48 h. In the research of Mousavi et al. (2013) the
same strain DSM 20174 was used for fermentation of pomegranate juice
at pH 3.1 at 30 °C. Weak metabolism of organic acids for the first 24 h
due to the lag phase and a significant increase in lactic acid in the
logarithmic growth stage between 24 and 48 h were found. In com-
parison, Markkinen et al. (2019) investigated the termination of

fermentation with the DSM 20174 strain after 30 h in black chokeberry
juice, but for sea buckthorn juices the optimal malolactic conversion
time was 72 h. The consumption of half malic acid content in apple
juice treated with O. oeni occurred within 2 d of the fermentation, then
during the next 14 d the conversion was slow and incomplete
(Viljakainen & Laakso, 2002).

Lactic acid concentration increased with fermentation time to
9.21 g/100 mL for sea buckthorn-apple juice inoculated with DSM
13273 and DSM 100813 strains. However, the application of DSM
20174, DSM 6872, and DSM 16365 strains was not conducive to such a
strong lactic acid increase (up to 5.68 g/100 mL).

In the case of O. oeni, lactic acid formation was weaker in sea
buckthorn-apple juice than in 100% sea buckthorn juice. A small in-
crease in lactic acid, with no significant changes in the reduction of
sugars and acids, was also found in black chokeberry juice treated with
O. oeni (Markkinen et al., 2019). Conversely, an over 90% reduction in
malic acid was achieved using this species for sea buckthorn juice of the
Oranzhevaya cultivar (Tiitinen et al., 2007). O. oeni completely de-
graded malic acid in white and black currant juices, incompletely in
bilberry juice, and was not able to ferment lingonberry juices
(Viljakainen & Laakso, 2002). Low O. oeni activity may result from
lowering of its cell content below the minimum value necessary to
maintain malolactic fermentation (106 CFU mL−1; Maicas, Natividad,
Ferrer, & Pardo, 2000; Viljakainen & Laakso, 2002), especially since a
decrease in O. oeni growth in the first stage of bog berry juice fer-
mentation has been proven (Chen et al., 2019). The causes may also be
associated with too low pH of juice and the presence of natural anti-
microbial compounds of fruits, including benzoic acid (Viljakainen &
Laakso, 2002; Gao et al., 2013), although UPLC-PDA analysis did not
show even trace amounts of this acid in the juices studied. Literature
data emphasize the dominance of O. oeni in MLF and their good
adaptation to difficult wine-making conditions. The optimum pH for
growth is from 4.3 to 4.8, but bacteria can also grow at pH 3.2
(Cinquanta, De Stefano, Formato, Niro, & Panfili, 2018). However, sea
buckthorn juice had higher acidity, lower pH and different chemical
compositions than wine. It should be noted that only one strain of O.
oeni was tested, therefore further research using many strains available
for industrial deacidification and modified will be desirable.

Sea buckthorn-apple juice also contained other organic acids in
decreasing contents: quinic > citric and isocitric > oxalic acids
(Table 2). Concentrations of these organic acids did not change sig-
nificantly (p > 0.05), similarly as during sea buckthorn juices’ fer-
mentation. Only in sea buckthorn-apple juices fermented with the most
efficient DSM 10492 and DSM 20174 strains, were trace amounts of
acetic acid, below 0.04 g/100 mL, detected (results not shown). L.
plantarum is one of the facultatively heterofermentative bacteria (het-
erolactic metabolism), which means that they are capable of forming
lactic acid and other compounds, including acetic acid, depending on
the conditions (Gerardi et al., 2019). Stronger acetic acid production
was observed in Prunus mahaleb fruits fermented by a mixed starter of L.
plantarum and S. cerevisiae (Gerardi et al., 2019), stored pomegranate
juice (Mantzourani et al., 2019), papaya juices (Chen et al., 2018), and
tomato, pineapple, cherry, and carrot juices as a result of activation of
the acetate kinase route of the phosphogluconate pathway by L. plan-
tarum strains (Filannino et al., 2014). In turn, the DSM 20174 strain
produced a considerable quantity of propionic acid rather than acetic
acid (Mousavi et al., 2013).

3.4. Sugars and sugar:organic acid ratio

Non-fermented sea buckthorn and sea buckthorn-apple juices con-
tained 3.62 and 8.11 g sugars/100 mL, respectively, and glucose was
dominant (Tables 1–2). Other sugars were identified in decreasing
concentrations in sea buckthorn juice (sorbitol > rhamnose >
fructose), and in sea buckthorn-apple juice (sucrose > fructose >
rhamnose). No differences in sugar concentration were found between
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Table 2
pH, soluble solids, content of organic acids, sugars and phenolic compounds and sugar:organic acid ratio of sea buckthorn-apple juices fermented with different lactic acid bacteria strains.
Properties Uninoculated juice L. plantarum

DSM 100813 DSM 13273 DSM 20174

0 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

pH 3.238 ± 0.01c 3.239 ± 0.01c 3.238 ± 0.01c 3.238 ± 0.01c – – 3.316 ± 0.01a – – 3.299 ± 0.01b – – 3.324 ± 0.0-
1a

Soluble solids
(°Bx)

10.6 ± 0.1a 10.6 ± 0.1a 10.6 ± 0.1a 10.7 ± 0.1a 10.3 ± 0.1b 9.7 ± 0.1c 9.5 ± 0.1c 10.4 ± 0.1c 9.7 ± 0.0c 9.6 ± 0.1c 10.3 ± 0.0b 9.8 ± 0.1c 9.9 ± 0.0bc

Organic acids (g/100 mL)
Malic acid 3.40 ± 0.20a 3.39 ± 0.21a 3.41 ± 0.24a 3.40 ± 0.22a 2.29 ± 0.18b 1.51 ± 0.12d 1.50 ± 0.11d 2.48 ± 0.19b 1.55 ± 0.10d 1.41 ± 0.11d 1.71 ± 0.12d 1.28 ± 0.13d 1.23 ± 0.12d
Lactic acid nd nd nd nd 2.47 ± 0.11 g 4.84 ± 0.14d 7.36 ± 0.18b 1.98 ± 0.09 g 6.14 ± 0.19c 9.21 ± 0.33a 2.85 ± 0.18 g 4.29 ± 0.25d 5.68 ± 0.24c
Oxalic acid 0.07 ± 0.01a 0.06 ± 0.02a 0.07 ± 0.01a 0.07 ± 0.02a 0.05 ± 0.01a 0.05 ± 0.01a 0.05 ± 0.01a 0.07 ± 0.01a 0.06 ± 0.02a 0.07 ± 0.01a 0.05 ± 0.02a 0.07 ± 0.01a 0.07 ± 0.01a
Citric acid 0.16 ± 0.02a 0.16 ± 0.04a 0.15 ± 0.05a 0.16 ± 0.08a 0.13 ± 0.03a 0.11 ± 0.05a 0.11 ± 0.03a 0.14 ± 0.04a 0.12 ± 0.07a 0.13 ± 0.02a 0.15 ± 0.04a 0.14 ± 0.06a 0.13 ± 0.07a
Isocitric acid 0.16 ± 0.05a 0.16 ± 0.06a 0.17 ± 0.04a 0.16 ± 0.07a 0.17 ± 0.08a 0.17 ± 0.03a 0.18 ± 0.08a 0.17 ± 0.09a 0.17 ± 0.05a 0.16 ± 0.06a 0.17 ± 0.04a 0.17 ± 0.04a 0.18 ± 0.03a
Quinic acid 0.45 ± 0.09a 0.45 ± 0.10a 0.45 ± 0.11a 0.43 ± 0.15a 0.44 ± 0.18a 0.44 ± 0.12a 0.45 ± 0.10a 0.42 ± 0.11a 0.44 ± 0.10a 0.44 ± 0.16a 0.41 ± 0.15a 0.43 ± 0.14a 0.41 ± 0.11a
Total organic

acids
4.24 ± 0.20f 4.22 ± 0.19f 4.25 ± 0.22f 4.22 ± 0.19f 5.55 ± 0.23e 7.12 ± 0.34c 9.65 ± 0.51b 5.26 ± 0.40e 8.48 ± 0.55b 11.42 ± 0.29a 5.34 ± 0.24e 6.35 ± 0.30d 7.70 ± 0.41c

Sugars (g/100 mL)
Rhamnose 0.07 ± 0.02a 0.08 ± 0.01a 0.06 ± 0.02a 0.06 ± 0.02a 0.08 ± 0.03a 0.08 ± 0.02a 0.07 ± 0.03a 0.09 ± 0.02a 0.07 ± 0.03a 0.06 ± 0.02a 0.08 ± 0.02a 0.08 ± 0.02a 0.07 ± 0.04a
Fructose 2.22 ± 0.11a 2.17 ± 0.13a 2.17 ± 0.20a 2.20 ± 0.19a 2.20 ± 0.18a 2.22 ± 0.17a 2.22 ± 0.25a 2.18 ± 0.18a 2.19 ± 0.15a 2.19 ± 0.16a 2.26 ± 0.17a 2.25 ± 0.13a 2.23 ± 0.20a
Glucose 3.18 ± 0.27a 3.17 ± 0.21a 3.20 ± 0.25a 3.22 ± 0.30a 3.17 ± 0.23a 3.17 ± 0.28a 3.16 ± 0.33a 3.22 ± 0.20a 3.30 ± 0.41a 3.16 ± 0.34a 3.21 ± 0.21a 3.21 ± 0.10a 3.18 ± 0.34a
Sucrose 2.64 ± 0.19a 2.62 ± 0.12a 2.65 ± 0.22a 2.65 ± 0.32a 2.57 ± 0.32a 2.60 ± 0.23a 2.66 ± 0.41a 2.64 ± 0.12a 2.57 ± 0.32a 2.70 ± 0.11a 2.67 ± 0.10a 2.51 ± 0.23a 2.64 ± 0.30a
Total sugars 8.11 ± 0.28a 8.04 ± 0.22a 8.08 ± 0.26a 8.13 ± 0.31a 8.02 ± 0.33a 8.07 ± 0.29a 8.11 ± 0.34a 8.13 ± 0.21a 8.13 ± 0.40a 8.11 ± 0.35a 8.22 ± 0.22a 8.05 ± 0.24a 8.12 ± 0.35a
Sugar:organic

acid
1.9 1.9 1.9 1.9 1.4 1.1 0.8 1.5 1.0 0.7 1.5 1.3 1.1

Phenolic compounds (mg/100 mL)
Phenolic acids 1.30 ± 0.01a 1.22 ± 0.01b 1.21 ± 0.02b 1.07 ± 0.03b 1.24 ± 0.01b 1.22 ± 0.04b 1.16 ± 0.06b 1.24 ± 0.03b 1.22 ± 0.01b 1.21 ± 0.01b 1.19 ± 0.02b 1.20 ± 0.04b 1.19 ± 0.02b
Flavonols 17.57 ± 1.35c 17.24 ± 1.22c 17.21 ± 1.09c 17.09 ± 1.42c 20.52 ± 1.54b 23.19 ± 1.06a 23.71 ± 1.32a 18.57 ± 1.00c 18.78 ± 1.03c 20.20 ± 1.21b 18.38 ± 1.00c 20.62 ± 0.99b 22.48 ± 1.1-

7ab
Total phenolic

compounds
18.87 ± 1.34c 18.46 ± 1.21c 18.42 ± 1.07c 18.16 ± 1.43c 21.76 ± 1.53b 24.41 ± 1.09a 24.87 ± 1.35a 19.81 ± 1.03c 20.00 ± 1.03c 21.41 ± 1.20b 19.57 ± 1.01c 21.82 ± 0.96b 23.67 ± 1.1-

8ab

Properties L. plantarum L. plantarum subsp. argentoratensis O. oeni

DSM 10492 DSM 6872 DSM 16365 DSM 20255

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h

pH – – 3.320 ± 0.01a – – 3.305 ± 0.01b – – 3.307 ± 0.01b – – 3.241 ± 0.01c
Soluble solids

(°Bx)
10.3 ± 0.1a 9.4 ± 0.1c 9.5 ± 0.1c 10.2 ± 0.1a 9.5 ± 0.1c 9.5 ± 0.1c 10.6 ± 0.1a 9.4 ± 0.1c 9.4 ± 0.1c 10.6 ± 0.1a 10.5 ± 0.1a 10.5 ± 0.1a

Organic acids (g/100 mL)
Malic acid 1.47 ± 0.10d 1.19 ± 0.10de 0.85 ± 0.10e 2.02 ± 0.10c 1.37 ± 0.10d 1.33 ± 0.10d 3.35 ± 0.10 a 1.55 ± 0.10d 1.51 ± 0.10d 3.35 ± 0.26a 3.17 ± 0.25a 3.47 ± 0.20a
Lactic acid 3.79 ± 0.21f 6.26 ± 0.40c 7.44 ± 0.39b 2.57 ± 0.13g 3.94 ± 0.16ef 4.42 ± 0.34e 2.24 ± 0.20g 4.06 ± 0.19e 5.33 ± 0.48d 0.24 ± 0.10h 0.27 ± 0.11h 0.29 ± 0.09h
Oxalic acid 0.06 ± 0.01a 0.05 ± 0.01a 0.05 ± 0.01a 0.06 ± 0.01a 0.06 ± 0.02a 0.07 ± 0.01a 0.06 ± 0.01a 0.06 ± 0.01a 0.07 ± 0.01a 0.05 ± 0.02a 0.06 ± 0.01a 0.06 ± 0.01a
Citric acid 0.14 ± 0.06a 0.14 ± 0.05a 0.14 ± 0.05a 0.15 ± 0.07a 0.14 ± 0.04a 0.14 ± 0.07a 0.16 ± 0.05a 0.14 ± 0.02a 0.14 ± 0.01a 0.17 ± 0.04a 0.16 ± 0.04a 0.15 ± 0.05a
Isocitric acid 0.17 ± 0.09a 0.18 ± 0.07a 0.16 ± 0.07a 0.15 ± 0.06a 0.16 ± 0.03a 0.17 ± 0.04a 0.16 ± 0.07a 0.16 ± 0.05a 0.16 ± 0.04a 0.15 ± 0.05a 0.17 ± 0.06a 0.18 ± 0.02a
Quinic acid 0.44 ± 0.12a 0.43 ± 0.09a 0.44 ± 0.15a 0.45 ± 0.08a 0.44 ± 0.09a 0.44 ± 0.11a 0.45 ± 0.10a 0.45 ± 0.07a 0.46 ± 0.14a 0.43 ± 0.12a 0.45 ± 0.13a 0.42 ± 0.10a
Total organic

acids
6.07 ± 0.42de 8.25 ± 0.52b 9.08 ± 0.57b 5.40 ± 0.47e 6.11 ± 0.38d 6.57 ± 0.39d 6.42 ± 0.32d 6.42 ± 0.43d 7.67 ± 0.80c 4.39 ± 0.36f 4.28 ± 0.45f 4.57 ± 0.56f

Sugars (g/100
mL)

(continued on next page)
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juicestreated
with

L.plantarum
strainsand

those
with

O.oeni.The
sugarcontentin

both
juicesinoculated

with
bacterialcellsdid

not
changesignificantly(p

>
0.05)after72-hincubation.Deacidification

ofberryjuicesfrom
variousseabuckthorn

cultivarswith
O.oenilike-

wise
did

notresultin
a
reduction

ofsugars,including
glucose

and
fructose,asdemonstratedbyTiitinenetal.(2007).Incontrast,theDSM
20174strainwasabletoreducereducingsugarsinpomegranatejuice
for72hafterinoculation(Mousavietal.,2013).

W
eietal.(2018)foundthatthedecreaseinreducingsugarsduring

thefermentation
by

L.plantarum
strainswasstrongerin

bog
bilberry

juicewithalowerpH
(2.65)thaninjuicewithapH

of3.50.Incontrast,
Markkinenetal.(2019)reportedthatprobablyduetothelow

pH
ofsea

buckthorn
juice,L.plantarum

revealed
a
higherpreference

foracids
than

sugarsasacarbon
source.However,thehigherpH

ofseabuck-
thorn-applejuice(1:1)in

ourstudy
wasnotconduciveto

theuseof
sugarsbythebacteriaused.Malicacidwasnotcompletelyconvertedto
lacticacid;hence

bacterialdegradation
ofsugarswasnotnecessary,

contraryto
thestudyofViljakainen

and
Laakso

(2002)on
acidityre-

duction
in

black
currant,white

currant,bilberry,and
lingonberry

juices.
The

taste
ofthe

berriesdependson
the

sugar:organic
acid

ratio,
which

correlatespositively
with

sweetnessand
negatively

with
sour-

nessandastringency(Tiitinenetal.,2005).Thisratioforseabuckthorn
juicedid

notchangeduring
fermentation

with
thetested

strainsand
was0.5

(Table1).In
thecaseofnon-fermented

sea
buckthorn-apple

juice,theratio
wasinverseand

was1.9
regardlessoftheincubation

time(Table2).Fermentation
ofthesejuicesresulted

in
adecreasein

sugar:organicacidratioovertime,exceptfortheprocessusingO.oeni
(DSM

20255strain).Thestrongestchangeintheratiowasnotedforsea
buckthorn-apple

juicesfermented
with

the
DSM

13273
strain

(1.5→
0.7),followedbytheDSM

100813strain(1.4→
0.8).

3.5.Phenoliccompounds

3.5.1.Fermentationofseabuckthornjuices
Previousstudieshaveproventhatseabuckthorn

berriesarearich
sourceofphenoliccompounds,includingflavonols,which

accountfor
over98%

ofthetotal,andtheothersarehydroxycinnamicacids(Tkacz
etal.,2020).Therefore,in

thisstudy,thedynamicsofconcentration
changesofthesecompoundsduringjuicefermentationwasmeasured.
Phenolicacidsandflavonolsinfreshseabuckthornjuicewereconstant
at0.63

and
45.40

mg/100
mL,respectively,and

theirconcentrations
didnotchangeaftera72-hincubationperiod(Table1).

Inoculationofseabuckthornjuiceswithlacticacidbacteriadidnot
cause

significant
changes

(p
>

0.05)
in

phenolic
acids

content
(Table1).However,Markkinen

etal.(2019)observedastrongreduc-
tion

ofhydroxycinnamic
acidsin

black
chokeberry

juice
and

an
in-

creaseinprotocatechuicacidcontentinseabuckthornjuiceusingthe
sameDSM

10492
strain.Thecontentofp-coumaricand

ferulicacids,
which

seabuckthornberriescontain(Tkaczetal.,2020),increasedin
mulberryjuicetreated

with
L.plantarum

(Kwaw
etal.,2018),butde-

creasedinbogbilberryjuiceinoculatedwithO.oeni(Chenetal.,2019).
Theresultscan

beexplained
by

metabolism
offerulicacid

to
4-vinyl

guaiacolandp-coumaricacidtophloreticacidandp-vinylphenol(fer-
mentedflavorprecursors)byreductasesanddecarboxylasesofcertain
L.plantarum

strains(Rodríguez,Landete,delasRivas&
Muñoz,2008;

Filannino,Bai,DiCagno,Gobbetti,&
Gänzle,2015;Kachourietal.,

2015).
Thetypeoflacticacidbacteriastraindeterminedthedifferencesin

flavonolconcentrations.A
decreasein

flavonolcontentwasobserved
afterfermentation

in
juicesinoculated

with
DSM

100813
and

DSM
10492

strains,by
8.3

and
10.3%,respectively.In

turn,the
juice

in-
oculated

with
theDSM

20174
strain

had
ahigherfinalflavonolcon-

centrationby9.5%
comparedtouninoculatedjuice.L.plantarum

subsp.
argentoratensisand

O.oenidid
notsignificantlyaffect(p

>
0.05)the

contentofflavonolsinseabuckthornjuices.Similartrendsinreducing

Table 2 (continued)

Properties L. plantarum L. plantarum subsp. argentoratensis O. oeni

DSM 10492 DSM 6872 DSM 16365 DSM 20255

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h

Rhamnose 0.09 ± 0.03a 0.11 ± 0.05a 0.09 ± 0.02a 0.08 ± 0.02a 0.10 ± 0.02a 0.11 ± 0.03a 0.09 ± 0.04a 0.10 ± 0.02a 0.08 ± 0.02a 0.09 ± 0.05a 0.08 ± 0.03a 0.07 ± 0.02a
Fructose 2.20 ± 0.34a 2.23 ± 0.17a 2.21 ± 0.33a 2.23 ± 0.11a 2.18 ± 0.32a 2.25 ± 0.28a 2.17 ± 0.26a 2.22 ± 0.20a 2.20 ± 0.28a 2.17 ± 0.23a 2.19 ± 0.27a 2.22 ± 0.27a
Glucose 3.16 ± 0.19a 3.20 ± 0.26a 3.28 ± 0.29a 3.26 ± 0.14a 3.30 ± 0.28a 3.28 ± 0.19a 3.28 ± 0.22a 3.20 ± 0.27a 3.23 ± 0.31a 3.30 ± 0.25a 3.27 ± 0.24a 3.34 ± 0.19a
Sucrose 2.60 ± 0.30a 2.65 ± 0.29a 2.71 ± 0.28a 2.54 ± 0.22a 2.61 ± 0.30a 2.64 ± 0.42a 2.64 ± 0.18a 2.64 ± 0.31a 2.70 ± 0.20a 2.54 ± 0.20a 2.55 ± 0.21a 2.61 ± 0.17a
Total sugars 8.05 ± 0.35a 8.19 ± 0.30a 8.29 ± 0.34a 8.11 ± 0.23a 8.19 ± 0.33a 8.28 ± 0.29a 8.18 ± 0.27a 8.16 ± 0.32a 8.21 ± 0.32a 8.10 ± 0.26a 8.09 ± 0.28a 8.24 ± 0.28a
Sugar:organic

acid
1.3 1.0 0.9 1.5 1.3 1.0 1.3 1.3 1.1 1.8 1.9 1.8

Phenolic compounds (mg/100 mL)
Phenolic acids 1.22 ± 0.04b 1.19 ± 0.05b 1.20 ± 0.03b 1.25 ± 0.07b 1.25 ± 0.02b 1.19 ± 0.06b 1.25 ± 0.03b 1.24 ± 0.05b 1.24 ± 0.02b 1.22 ± 0.02b 1.21 ± 0.04b 1.21 ± 0.05b
Flavonols 17.34 ± 1.28c 17.36 ± 1.52c 18.24 ± 1.35c 19.03 ± 1.11bc 20.43 ± 1.24b 20.56 ± 1.63b 20.53 ± 1.22b 21.03 ± 1.60b 23.33 ± 1.61a 18.20 ± 1.13c 24.02 ± 1.21a 19.00 ± 1.06bc
Total phenolic

compounds
18.56 ± 1.29c 18.55 ± 1.55c 19.44 ± 1.37c 20.28 ± 1.13c 21.68 ± 1.23c 21.75 ± 1.67b 21.78 ± 1.23b 22.27 ± 1.63b 24.57 ± 1.60a 19.42 ± 1.13c 25.23 ± 1.22a 20.21 ± 1.08bc

Data are shown as mean (n = 3) ± standard deviation; for each parameter tested, values with different letters, within the row, differ significantly (Tukey’s test, p < 0.05); h-hours.
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the total flavonol glycoside content were reported for chokeberry juices
inoculated with DSM 10492 and 100813 strains, but not for sea buck-
thorn (Markkinen et al., 2019). Fermentation of bog bilberry juice with
O. oeni promoted phenolic acid reduction (Chen et al., 2019), whilst
treatment of mulberry juice with L. plantarum resulted in an almost two-
fold increase in total flavonols (Kwaw et al., 2018).

The differences in total phenolic compound content in sea buck-
thorn juices after 72-h fermentation amounted to a maximum of 10%,
as did flavonol changes. Potential precipitation, oxidation and combi-
nation of phenolic compounds or their adsorption to solids and poly-
merization could cause a decrease in concentrations of these com-
pounds (Chen et al., 2018).

3.5.2. Fermentation of sea buckthorn-apple juices (1:1)
The phenolic acid content in sea buckthorn-apple juice was

1.30 mg/100 mL and decreased during 72-h incubation by 17.7%
(Table 2). Like in sea buckthorn juices, bacterial strains did not meta-
bolize phenolic acids, whose final content in juices had not changed
significantly (p > 0.05, Table 2).

Incubation of sea buckthorn-apple juice did not change the flavonol
content, equal to 17.57 mg/100 mL in fresh juice. Bacterial inoculation
promoted an increase in flavonol content in all fermented juices, except
for the juice treated with the DSM 10492 strain. Therefore, a strong
correlation was found between the malic acid conversion and the final
flavonol content in juices (r = 0.78). The largest increase after 72 h was
noted in juices inoculated with DSM 16365 and DSM 100813 strains (by
27.9 and 26.7%, respectively). Unlike in the case of L. plantarum, in
juices treated with O. oeni (DSM 20255) the largest amount of flavonols
was observed after 48 h of MLF (a rise of 28.9%); and in the next 24 h a
reduction of 20% relative to the maximum was found. The increase in
content of flavonols, isorhamnetin and kaempferol was studied in fer-
mented cactus cladode pulp by L. plantarum in the research of Filannino
et al. (2016). Glycosylated flavonols may have been hydrolyzed to the
corresponding aglycons due to the action of β-glycosidase released by L.
plantarum strains (Wei et al., 2018). Differences in concentrations of
phenolic compounds between the strains tested may result from their
individual adaptation. Fermentation induces the structural degradation
of plant cell walls and thus the release of compounds from the plant
matrix. L. plantarum have a special ability to efficiently produce hy-
drolytic enzymes and to deglycosylate phenolic compounds during
fermentation, thereby breaking down them into simpler forms.

Additionally, phenolic complex conversion into free forms and depo-
lymerization of high molecular weight subunits is possible in pheno-
loxidase-catalyzed reactions (laccase and tyrosinase) present in lactic
acid bacteria (Hur, Lee, Kim, Choi, & Kim, 2014; Kwaw et al., 2018).

The sum of phenolic acids and flavonols of fermented sea buck-
thorn-apple juices was higher (maximal to 24.87 mg/100 mL) in rela-
tion to fresh juice.

3.6. Antioxidant activity

Antioxidant activity of juices was analyzed as the oxygen radical
absorbance capacity (ORAC test). Seventy-two-hour incubation did not
affect the antioxidant activity of sea buckthorn juice, which was
7.35 mmol TE/100 mL on average (Table 1). DSM 100813 and DSM
10492 strains reduced antioxidant activity during the entire fermenta-
tion period, finally resulting in a drop by 24.5 and 28.8%, respectively
(Table 2). In turn, a rise in final antioxidant activity (after 72 h) by
25.0% was noted in sea buckthorn juice treated with the DSM 20174
strain. Fermentation with this bacterial strain also increased the anti-
oxidant activity of pomegranate juice analyzed by the DPPH test
(Mousavi et al., 2013). Finally, it was established that L. plantarum
strains contributed to increasing the availability of compounds with
antioxidant capacity more strongly than juices treated with O. oeni.

The antioxidant activity of fresh sea buckthorn-apple juice (1:1) was
5.54 mmol TE/100 mL and did not change during 72-h incubation. The
dynamics of changes in antioxidant activity during fermentation with
lactic acid bacterial strains are shown in Fig. 4. It was found that the
variations during MLF were dependent on bacteria, and all strains,
except for DSM 10492, significantly increased the antioxidant activity
(p < 0.05) of juices. There was also no significant (p > 0.05) change
in the amount of phenolic compounds in fermented juice with this
strain. Recent studies on the antioxidant capacity of lactobacilli have
shown that some strains can both reduce the risk of accumulation of
reactive oxygen species (ROS) and degrade hydrogen peroxide and
superoxide anion (Liu & Pan, 2010). However, strains differ in their
enzymatic and non-enzymatic antioxidant mechanisms and their ability
to minimize the ROS production. It is confirmed that L. plantarum in-
fluences the conversion or protection of bioactive compounds that po-
sitively participate in the increase of antioxidant activity. The cause
may be by the antioxidant defense ability of bacteria to oxygen radical
generation by oxygen involvement in reductive conversion of phenols.

Table 3
Pearson’s correlation matrix of selected chemical composition and antioxidant activity for juices after malolactic fermentation.

pH Soluble solids Malic acid Lactic acid Total organic acids Total sugars Phenolic acids Flavonols Total phenolic compounds

Sea buckthorn juices
pH –
Soluble solids −0,62 –
Malic acid −0,71 0,92 –
Lactic acid 0,91 −0,78 −0,82 –
Total organic acids 0,71 −0,18 −0,19 0,72 –
Total sugars 0,30 0,30 0,07 0,12 0,42 –
Phenolic acids 0,29 −0,35 −0,33 0,55 0,55 −0,16 –
Flavonols 0,62 −0,13 −0,24 0,36 0,31 0,66 −0,35 –
Total phenolic compounds 0,62 −0,13 −0,24 0,36 0,31 0,66 −0,34 1,00 –
Antioxidant activity 0,56 −0,19 −0,20 0,33 0,29 0,48 −0,41 0,92 0,92
Sea buckthorn-apple juices
pH –
Soluble solids −0,89 –
Malic acid −0,98 0,92 –
Lactic acid 0,85 −0,85 −0,88 –
Total organic acids 0,75 −0,77 −0,78 0,98 –
Total sugars 0,02 −0,18 −0,11 −0,17 −0,28 –
Phenolic acids 0,75 −0,61 −0,50 0,47 0,43 0,39 –
Flavonols 0,65 −0,62 −0,51 0,48 0,44 −0,31 0,46 –
Total phenolic compounds 0,65 −0,68 −0,51 0,49 0,45 −0,30 0,48 1,00 –
Antioxidant activity 0,58 −0,52 −0,42 0,38 0,33 −0,37 0,33 0,99 0,98
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Antioxidant compounds released or synthesized during fermentation
can act as singlet oxygen quenchers, metal chelators, hydrogen donors
to radicals and free radical terminators. In fact, many factors affect the
antioxidant effect, including the type of strain and their diversity at the
phenotypic, ecological and genotypic levels, cell concentration, meta-
bolic capacity and ability of genus Lactobacillus to inhibit polyphenol
oxidase activity (Hur et al., 2014; Kachouri et al., 2015; Zheng et al.,
2020). In this research, fermentation promoted the biotransformation
of bioactive components in juices, mainly flavonols, providing stronger
antioxidants. Therefore, the rise in antioxidant activity was strongly
correlated with the flavonol content in sea buckthorn juices (r = 0.92)

and sea buckthorn-apple juices (r = 0.99) (Table 3).
During the first 24 h, a significant increase (p < 0.05) in activity

was only observed in sea buckthorn-apple juices treated with DSM
16365 and DSM 100813 strains. Between 24 and 36 h of incubation, a
strong rise in activity was also noted in juices treated with DSM 20174
and DSM 6872 strains. It was found that O. oeni (DSM 20255 strain) did
not modulate activity as strongly as most L. plantarum strains. Zhou
et al. (2020) reported that L. plantarum was able to increase the anti-
oxidant activity of kiwifruit pulp just during 28-h fermentation at 37 °C.
In this study, incubation for the last 12 h (after 60 h of the process) did
not significantly change the activity (p > 0.05) in juices fermented
with DSM 6872, DSM 13273, DSM 20255, and DSM 10492 strains.
Finally, a considerable increase in antioxidant activity was recorded in
juices after fermentation with three strains (DSM 100813, DSM 16363
and DSM 20174) and reached a maximum increase of 46.6 to 51.6%
compared to fresh juice.

In vitro measurement of antioxidant activity provides a complete
picture and preliminary indications in one measure, and can be a quick
reference point for in vivo studies. However, it should be emphasized
the possible interference of measurement by factors unrelated to the
antioxidant concentration, it is highly dependent on the extraction
procedure, and different measurement methods provide dissimilar re-
sults (Pellegrini, Vitaglione, Granato, & Fogliano, 2018). Zhao, Zhang,
Zhang, Liu, and Meng (2019) and Di Cagno, Minervini, Rizzello, De
Angelis, and Gobbetti (2011) found significant decreases (p < 0.05) in
antioxidant activity of fermented jujube juice, and red and green
smoothies, respectively. Chen et al. (2018) reported a slight increase in
activity for fermented papaya juice. However, most previous studies, as
well as this, confirmed the positive effect of certain L. plantarum strains
on antioxidant activity, including those on cactus cladodes (Filannino
et al., 2016), mulberry (Kwaw et al., 2018), Momordica charantia (Gao
et al., 2019), kiwifruit (Zhou et al., 2020), and pomegranate juices
(Mantzourani et al., 2019).

4. Conclusions

In this study, biological deacidification of sea buckthorn and sea
buckthorn-apple juices was performed using malolactic fermentation.
The results provided information on the kinetics of changes in the
content of organic acids, sugars, phenolic compounds and antioxidant
activity during 72-h fermentation. The metabolic activity of lactic acid
bacteria can be ranked in the following descending order: L.
plantarum > L. plantarum subsp. argentoratensis > O. oeni. Low pH
inhibited the fermentation capacity of bacterial strains; therefore
stronger malolactic conversion was observed in sea buckthorn-apple
juices (up to 75%) than sea buckthorn juices (up to 21%). Fermentation
of sea buckthorn-apple juice with DSM 10492 and DSM 20174 strains
proved to be the most favorable. In addition, L. plantarum increased the
final flavonol content and antioxidant activity in sea buckthorn-apple
juices more effectively than O. oeni. During malolactic fermentation, no
significant changes in the content of phenolic acids, sugars (glucose,
sorbitol, fructose, rhamnose), or organic acids except for malic and
lactic acids (quinic, citric, isocitric, and oxalic acids) were observed. In
summary, malolactic fermentation can be considered as a promising
method of reducing malic acid in sea buckthorn juices or mixed juices
with high content of sea buckthorn addition. The results obtained will
allow the selection of appropriate conditions and bacterial strains for
industrial-scale deacidification. Reduction of excessive amounts of
malic acid may improve the sensory attractiveness and contribute to the
development of novel value-added fermented sea buckthorn products,
thus increasing its consumption. In the future, it will be valuable to
supplement these studies with the identification of other biologically
active compounds and their metabolic pathways, sensory analysis, in-
cluding volatile compounds, shelf life tests and broad assessment of the
health-promoting effects of fermented sea buckthorn juices.

Fig. 2. Dynamics of changes in the content of malic and lactic acids in juices
fermented with L. plantarum subsp. argentoratensis DSM13635 (A), O. oeni DSM
20255 (B), L. plantarum DSM 10492 strain (C).

K. Tkacz, et al. Food Chemistry 332 (2020) 1273�2

11



AU

-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

0.055

0.060

0.065

0.070

0.075

0.080

0.085

0.090

0.095

0.100

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

AU

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

AU

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.080

0.090

0.100

0.110

0.120

0.130

0.140

0.150

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

AU

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

Minutes
12.60 12.80 13.00 13.20 13.40 13.60 13.80 14.00 14.20 14.40 14.60 14.80 15.00 15.20 15.40 15.60 15.80 16.00 16.20 16.40 16.60 16.80 17.00 17.20 17.40 17.60 17.80 18.00 18.20 18.40 18.60 18.80 19.00 19.20 19.40 19.60 19.80 20.00

1

2

3

4

5

6

4

6

A

B

C

D

A
U

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.080

0.090

0.100

0.110

0.120

0.130

0.140

0.150

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

A
U

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

A
U

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

Minutes
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00

Fig. 3. UPLC–PDA chromatograms at 210 nm of organic acid standards (A), sea buckthorn-apple juice after 12 h (B) and after 72 h malolactic fermentation (C).
Changes in malic acid and lactic acid during malolactic fermentation (D). Peak number: 1 – oxalic acid, 2 – citric acid, 3 – isocitric acid, 4 – malic acid, 5 – quinic acid,
6 – lactic acid.
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Anti-diabetic, anti-cholinesterase, and antioxidant potential, chemical 
composition and sensory evaluation of novel sea buckthorn-based smoothies 
Karolina Tkacz, Aneta Wojdyło⁎, Igor Piotr Turkiewicz, Paulina Nowicka 
Wrocław University of Environmental and Life Sciences, The Faculty of Biotechnology and Food Science, Department of Fruit, Vegetable and Plant Nutraceutical 
Technology, 37 Chełmońskiego Street, 51-630 Wrocław, Poland  

A R T I C L E  I N F O
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A B S T R A C T

Sea buckthorn berries fit into the strategy of seeking natural factors in the non-communicable diseases pre-
vention, but their sensory qualities are a challenge for consumers and food industry. The study aimed to evaluate 
anti-cholinesterase (anti-acetylcholinesterase and -butylcholinesterase), anti-diabetic (anti-α-amylase, -α-gluco-
sidase, -pancreatic lipase) and antioxidant potential (FRAP, ORAC), phenolic compounds (UPLC-PDA-FL), basic 
chemical composition, and sensory quality of sea buckthorn-based smoothies. Eighteen novel products con-
taining sea buckthorn (25–50%) with other fruits and vegetables were analyzed. Sea buckthorn enriched the 
smoothies in flavonols (25.46–95.13 mg/100 g), and fruits and vegetables provided phenolic acids and pro-
cyanidins. The anti-BuChE effect was higher than anti-AChE, while products with apricot, orange, grape and 
parsley root were strong inhibitors of carbohydrates digesting enzymes. Lipase inhibition by all smoothies was 
over 50%. Products with 75% fruits or 50% vegetables were the most sensory attractive. The results will be 
valuable in designing innovative food with rarely used berries.   

1. Introduction

Regular consumption of fruits and vegetables has been found to be
related to a reduced risk of diet-related diseases such as heart disease, 
stroke, obesity, diabetes, some types of cancer, and others (Kuntz et al., 
2015). The World Health Organization (WHO) recommends a daily 
intake of at least 400 g of fruits and vegetables, while the U.S. De-
partment of Agriculture (USDA) suggests five to nine portions per day. 
Due to current lifestyle and eating habits, fruit and vegetable intake on 
a global scale is below recommended levels (Castillejo, Martínez- 
Hernández, Gómez, Artés, & Artés-Hernández, 2016; González-Tejedor 
et al., 2017). Consequently, consumer trends are oriented on ready-to- 
eat and ready-to-drink products, and the food industry develops in-
novative and alternative products with functional additives, interesting 
flavor combinations, forgotten plants, and superfruits and –vegetables 
(Baiano, Mastromatteo, & Del Nobile, 2012; Di Cagno, Minervini, 
Rizzello, De Angelis & Gobbetti, 2011). 

On the other hand, bioactive compounds in food have been gaining 
much attention due to their possible beneficial implications for human 
health (Agbenorhevi & Marshall, 2012). Many studies are underway to 
determine antioxidant capacity and the ability to inhibit various en-
zymes as potential pathways in minimizing many non-communicable 

diseases. The prevention and treatment of neurodegenerative disorders, 
including Alzheimer's disease and dementia, are currently focused on 
increasing levels of the neurotransmitter acetylcholine and preventing 
its rapid degradation. Inhibition of acetylcholinesterase (AChE) and 
butylcholinesterase (BuChE) activities can therefore be one of the main 
strategies (Nanasombat, Thonglong, & Jitlakha, 2015; Szwajgier & 
Borowiec, 2012). In turn, α-amylase and α-glucosidase break down 
polysaccharides into glucose, and pancreatic lipase breaks down tri-
glycerides into bioavailable fatty acids and monoglyceride or glycerol 
molecules, so their inhibition can reduce postprandial hyperglycemia 
and energy intake, respectively. The controlled reduction of enzyme 
activities is therefore a promising solution in the prevention and 
treatment of type 2 diabetes mellitus in combination with reduced dose 
of drugs, overweight and the early stage of obesity and their compli-
cations (Costamagna et al., 2016). 

Natural inhibitors are constantly being sought, and a plant which is 
an ideal complex of phenolic compounds, vitamins A, E, C, microele-
ments, fatty acids and phytosterols is sea buckthorn (Hippophaë rham-
noides L.). A number of reports indicate the potential of its berries as-
sociated with reducing the risk of cardiovascular disease, the 
prevention of hyperglycemia, hyperinsulinemia, hyperlipidemia and 
atherosclerosis, as well as hepatoprotective, anti-cancer, 
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neuroprotective effects, and many others (Bal, Meda, Naik, & Satya, 
2011; Ma et al., 2020; Tkacz, Wojdyło, Turkiewicz, Bobak, & Nowicka, 
2019b). However, sea buckthorn is a challenge for both the food in-
dustry and consumers because of the perceived sensory quality. The 
berry flavor is dominated by the intense acidity resulting from the very 
low ratio of sugars to organic acids, as well as astringency correlated 
with some flavonols glycosides, proanthocyanidins, ethyl-β-D-gluco-
pyranoside and malic acid, and bitterness related to the ratio of acids 
and phenolic compounds. The aroma is described as intensely pungent 
with fermented notes. In turn, the consistency of pure juice is hetero-
geneous due to the susceptibility of separation of the fat phase and 
sediment (Laaksonen, Knaapila, Niva, Deegan, & Sandell, 2016; Ma 
et al., 2020; Tang, Kälviäinen, & Tuorila, 2001; Tiitinen, Vahvaselkä, 
Hakala, Laakso, & Kallio, 2006). 

Several percent quantities of sea buckthorn are added to food pro-
ducts to improve acidity and health benefits. Voicu et al. (2009) applied 
only 2–3% of fruit juice to apple-quince nectar. Selvamuthukumaran, 
Khanum, and Bawa (2007) developed jellies based on sea buckthorn 
berries and grapes (1:1), which exhibited good organoleptic char-
acteristics with a high sensory score, compared to sea buckthorn jelly 
and sea buckthorn-papaya, and –watermelon jellies. According to  
Teleszko and Wojdyło (2014), even a small proportion of sea buckthorn 
(just 6.7%) reduced the taste of fruit smoothies with apple, quince, 
chokeberry, and blackcurrant, and was definitely unacceptable. Pre-
viously in a study conducted by Hartvig, Hausner, Wendin, and Bredie 
(2014) only children among consumers from Denmark accepted sweet 
and sour sea buckthorn juice, which is, however, a common component 
of the Nordic diet. There are still no reports on products with a high 
proportion of these berries that would be attractive to a potential 
consumer in terms of sensory but also pro-health properties. 

Therefore, the aim of the study was to evaluate anti-cholinesterase 
(anti-AChE and -BuChE), anti-diabetic (anti-α-amylase, -α-glucosidase 
and -pancreatic lipase) and antioxidant potential (ferric reducing ability 
– FRAP and oxygen radical absorbance capacity – ORAC), phenolic
compounds, basic chemical composition, and sensory quality of novel 
sea buckthorn-based smoothies. The paper will provide comprehensive 
knowledge about novel fruit and vegetable compositions with high 
proportions (25% and 50%) of sea buckthorn juice. It should be em-
phasized that so far there are no data on in vitro biological activity and 
composition analyzed by ultra performance liquid chromatography and 
high pressure liquid chromatography (UPLC-PDA-FL, HPLC-ELSD) 
methods in correlation with the consumer sensory assessment of novel 
sea buckthorn products. 

2. Materials and methods

2.1. Plant materials and production of smoothies 

Sea buckthorn (Hippophaë rhamnoides) berries of the cultivar ‘Józef’ 
were collected in August from the Experimental Orchard in Dąbrowice 
(51°56′N 20°06′E) of the Research Institute of Horticulture in 
Skierniewice (Poland). Some relevant agronomic conditions were as 
follows: soil category – medium; growing season average temperature 
(GST) − 16.6 to 20.7 °C; precipitation sum − 29.4 to 52.5 mm; irri-
gation and fertilization were used. Other raw materials such as pear 
(Pyrus communis), apricot (Prunus armeniaca), peach (Prunus persica), 
orange (Citrus sinensis), green grape (Vitis vinifera), apple (Malus do-
mestica), celery root (Apium graveolens), carrot (Daucus carota), and 
parsley roots (Petroselinum crispum) were purchased in the first half of 
September on the retail market in Poland. The origin of the raw ma-
terials was as follows: Poland – pear, apple, carrot, celery and parsley 
root; Spain – apricot, peach, orange; Italia – green grape. All of them 
were commercially mature, with no signs of post-harvest physiological 
disorders, stored under refrigerated conditions at a relative humidity 
(RH) of 90–95%, in gunny bags or corrugated fiber board boxes. Before 
further processing, the raw materials were washed in running water at 

50 °C, the roots were scraped but not peeled, in accordance with the 
industrial practice. 

The production of smoothies consisted of four main stages: (1) 
making of sea buckthorn juice, (2) processing of other fruit and vege-
table pulps, (3) creating smoothies by mixing the juice with fruit/ve-
getable pulps, (4) thermal treatment of products, as described below.  

(1) Sea buckthorn juice was squeezed from selected berries using a 
laboratory hydraulic press (SRSE, Warsaw, Poland).  

(2) Other fruits and vegetables were ground using a Thermomix device 
(Vorwerk & Co. KG, Wuppertal, Germany). Apricot and peach were 
previously pitted. To prevent enzymatic browning, ascorbic acid 
(10 mL 10% solution per 1 kg of raw material) was added to pears, 
peaches, apples and parsley roots. Fineness of raw materials was to 
form a pulp. Shredded grapes were passed through a sieve to re-
move seeds.  

(3) The pulps formed were combined with sea buckthorn juice in ratios 
of 50:50 and 75:25 on a weight/weight basis (w/w).  

(4) These smoothies were heated to 100 °C, then pasteurized in 80 g 
glass jars for 10 min at 90 °C, and finally cooled to 20 °C. The heat 
treatment conditions were established based on the pH values of the 
products ranged of 2.86 to 3.95, ensuring microbiological stability. 
The products were stored under refrigerated conditions and in-
tended for analysis 24 h after manufacture. 

In summary, eighteen smoothies containing sea buckthorn juice 
(SB) and one fruit/vegetable pulp in two weight proportions were 
created and labeled as: SB-PEAR, SB-APRICOT, SB-PEACH, SB- 
ORANGE, SB-GRAPE, SB-APPLE, SB-CELERY ROOT, SB-CARROT, and 
SB-PARSLEY ROOT. Each smoothie variant was prepared in triplicate, 
one of which was intended for sensory analysis. 100% sea buckthorn 
juice (SB 100%), after pasteurization as in stage 4, was analyzed as the 
19th variant. 

2.2. Basic chemical properties: Dry matter, soluble solids, titratable acidity, 
pH, ash, pectin content 

Basic chemical properties were determined according to European 
Standards (PN-EN) and as described previously by Tkacz et al. (2019b). 
Briefly, dry matter (%) was studied by mixing the smoothie sample with 
diatomaceous earth, pre-drying, and final drying by the vacuum-oven 
method at 70 °C and pressure of 100 Pa for 24 h, using a Vacucell ECO 
line (MMM Medcenter Einrichtungen GmbH, Planegg/München, Ger-
many). The soluble solids content at °Brix (°Bx) was measured with a 
digital refractometer (Atago RX-5000, Atago Co. Ltd., Saitama, Japan). 
Titratable acidity (g malic acid/100 g) and pH were determined using a 
dedicated automatic pH titrator system (TitroLine 5000, Xylem Ana-
lytics GmbH, Weilheim in Oberbayern, Germany). The ash content (%) 
was determined by dry mineralization. About 1.0 g of a homogeneous 
smoothie sample was weighed into a tared porcelain crucible. The 
sample was charred on an electric stove under a fume hood, and then 
placed in a muffle furnace at 550 °C to complete ashing. The sample 
cooled in the desiccator was weighed and the ash content calculated 
based on the weight difference with fresh sample. Pectin content (g/ 
100 g) was determined by a modified Morris method. Pectins were 
precipitated from a smoothie sample using acetone, filtered through 
filters, and then dried at 75 °C to constant weight. The pectins amount 
was calculated based on the weight of precipitate on the filter after 
drying. All data were mean of three measurements  ±  SD. 

2.3. Analysis of sugars by HPLC-ELSD and organic acids by UPLC-PDA 
methods 

Smoothie sample (~6 g) was diluted with 50 mL redistilled water 
and incubated at 90 °C for 30 min with constant shaking. The smoothie 
solution was centrifuged at 19,000 g for 10 min using MPW-350 (MPW 
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Med. Instruments, Warsaw, Poland); the supernatant was filtered 
through Sep-Pak C18 cartridges (Waters Corp., Milford, MA, US), and 
then - before injection - through a 0.20 µm pore size hydrophilic PTFE 
membrane (Millex SamplicityTM Filter, Merck KGaA, Darmstadt, 
Germany). Smoothie extracts thus prepared were directed for analysis 
of sugars and acids. 

The profile and content of sugars were determined by high pressure 
liquid chromatography (HPLC) method, as described previously by  
Wojdyło, Nowicka, Carbonell-Barrachina, and Hernández (2016). A 
Merck-Hitachi L-7455 liquid chromatograph (Merck KGaA, Darmstadt, 
Germany) with an evaporative light scattering detector ELSD (PL-ELS 
1000, Polymer Laboratories Inc., Amherst, MA, US) were used. The 
separation of sugars was performed on an Alltech�� PrevailTM Carbo-
hydrate ES HPLC Column-W (5 µm particle size, 250 × 4.6 mm, Co-
lumbia, MD, USA). 87% acetonitrile was used as the mobile phase for 
isocratic elution. The flow rate was 0.7 mL/min, sample injection vo-
lume − 4 µL, elution time − 17 min. Quantification of sugars was 
performed based on calibration curves (R2 = 0.9998) of reference 
standards of rhamnose, fructose, sorbitol, glucose, and sucrose injected 
at known concentrations and under the same conditions. Merck-Hitachi 
D-7000 HPLC System Manager was used to develop records. 

The profile and content of organic acids were determined by ultra 
performance liquid chromatography method, as described by Nowicka, 
Wojdyło, and Laskowski (2019). An Acquity UPLC System with pho-
todiode array detector PDA (Waters Corp., Milford, MA, US) were used. 
The separation of organic acids was performed on an Aminex��HPX- 
87H column (9 µm particle size, 300 × 7.8 mm, Bio-Rad, Hercules, CA, 
US). 1 mM phosphoric acid solution was used as the mobile phase for 
isocratic elution. The flow rate was 0.5 mL/min, sample injection vo-
lume − 10 µL, elution time − 19 min. Quantification of organic acids 
was performed based on calibration curves (R2 = 0.9998) of reference 
standards of oxalic, citric, malic, quinic, shikimic, and succinic acids 
injected at known concentrations and under the same conditions. Em-
power 3 Chromatography Data Software (Waters Corp., Milford, MA, 
US) was used to develop records. All data were mean of three mea-
surements  ±  SD, and results were expressed as g/100 g of sample. 

2.4. Sensory analysis 

The sensory analysis was carried out in accordance with ISO 
13299:2016 Sensory analysis — Methodology — General guidance for 
establishing a sensory profile. 23 trained panelists, including 13 women 
and 10 men, aged 19–60, evaluated the products in the laboratory. 
Products were given to panelists in random order, in coded plastic 
disposable 60 mL cups, at room temperature. The following attributes 
were assessed: color, aroma, consistency, taste, acidity flavor, foreign 
flavor, and overall acceptance on a 5-point scale with increments of 0.5. 
The color, aroma, consistency, taste, and overall acceptance were rated 
from very unattractive (1) to very attractive (5). In turn, sensations of 
acidity and foreign flavors were assessed between undetectable (1) to 
very intense (5). The results are presented in a graphic form. 

2.5. Analysis of phenolic compounds (phenolic acids, flavonols and 
polymeric procyanidins) by UPLC-PDA-FL method 

The profile and content of phenolic compounds were determined by 
ultra performance liquid chromatography (Acquity UPLC System) with 
photodiode array detector PDA for analysis of phenolic acids and fla-
vonols, and with fluorescence detector FL for analysis of polymeric 
procyanidins (Waters Corp., Milford, MA, US). Extraction and UPLC 
analysis of phenolic acids and flavonols were performed as previously 
described by Tkacz et al. (2020). The sums of phenolic acids and fla-
vonols were calculated as p-coumaric acid and isorhamnetin-3-O-ruti-
noside, respectively. Analysis of polymeric procyanidins was performed 
by direct phloroglucinolysis method, exactly as in the protocol pre-
viously described by Wojdyło, Teleszko, and Oszmiański (2014). The 

calibration curves were established using (+)-catechin, (−)-epica-
techin, and procyanidin B1 after phloroglucinol reaction as (+)-ca-
techin- and (−)-epicatechin-phloroglucinol adduct standards. Em-
power 3 Chromatography Data Software (Waters Corp., Milford, MA, 
US) was used to develop records. All data were mean of three mea-
surements  ±  SD, and results were expressed as mg/100 g of sample. 

2.6. Determination of biological activities: antioxidant, anti-cholinesterase, 
anti-α-amylase, anti-α-glucosidase and anti-lipase 

Smoothie sample (~3 g) was mixed with 6 mL of solvent metha-
nol–water (80:20; v/v) with 1% hydrochloric acid and sonicated twice 
for 20 min with an interval of 24 h (Sonic 6D, Polsonic, Warsaw, 
Poland). The smoothie solution was centrifuged at 19,000 g for 10 min 
using MPW-150R (MPW Med. Instruments, Warsaw, Poland), and be-
fore injection the supernatant was filtered through a 0.20 µm pore size 
hydrophilic PTFE membrane (Millex SamplicityTM Filter, Merck KGaA, 
Darmstadt, Germany). 

The antioxidant capacity was examined by spectrophotometric 
method as ferric reducing ability and spectrofluorometric method as 
oxygen radical absorbance capacity. The FRAP and ORAC results were 
mean of three measurements  ±  SD and expressed as mmol Trolox 
(TE)/100 g of sample. The anti-diabetic potential was tested as the 
ability to inhibit α-amylase, α-glucosidase, and pancreatic lipase. The 
antioxidant and anti-diabetic activities were investigated as given 
previously by Tkacz et al. (2019b). Anti-cholinesterase activity was 
tested for acetylcholinesterase and butylcholinesterase inhibition as 
reported previously by Tkacz et al. (2020). The results were mean of 
three measurements  ±  SD and expressed as percentages inhibition (at 
concentrations of 0.25 g/mL for anti-AChE, anti-BuChE, anti-α-amylase 
and anti-α-glucosidase effects, and 0.30 mg/mL for anti-lipase effect). 
All measurements were made using a multi-mode microplate reader 
SynergyTM H1 (BioTek, Winooski, Vermont, US). 

2.7. Statistical analysis 

Each variant of the product was prepared in duplicate (primary 
samples), and the laboratory sample was a combination of equal parts. 
Each analysis was performed for three analytical samples. All data were 
subjected to one-way analysis of variance (ANOVA) and then Tukey’s 
multiple-range test to compare the means. Values with different letters 
in tables differed significantly at p  <  0.05. Additionally, Pearson’s 
correlations coefficients (r), Principal Component Analysis (PCA) and 
Agglomerative Hierarchical Clustering (AHC) were determined. AHC 
was obtained by Euclidian distance dissimilarity using the aggregation 
criterion - Ward’s method. Statistical analyzes were done using XLSTAT 
Statistical Software for Microsoft Excel 2017 (Microsoft Corp., 
Redmond, WA, US). 

3. Results and discussion

3.1. Basic chemical properties (dry matter, soluble solids, titratable acidity, 
pH, ash, pectin content) of sea buckthorn-based smoothies 

Basic chemical properties such as dry matter, pH, soluble solid, ti-
tratable acidity, ash and pectin contents in sea buckthorn-based 
smoothies are presented in Table 1. The dry matter content depended 
on the type of semi-products and their proportions in smoothies. Pro-
ducts with a higher percentage of sea buckthorn juice had a lower dry 
matter. Thus, the dry matter ranged from 10.25% (SB-celery root 
50:50) to 20.23% (SB-parsley root 25:75). 

Sea buckthorn juice had the lowest pH, 2.86, which was consistent 
with previous studies on H. rhamnoides cultivars (Tkacz et al., 2019b). 
The addition of fruits and vegetables caused an increase in pH of 
smoothies, but at the same time keeping the pH below 4, ensuring the 
potential stability of final products. The largest change in pH – by more 
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than one unit – was observed in SB-parsley root 25:75. Smoothies with 
carrot, celery root, pear, and grape had a much higher pH than juice 
(p  <  0.05). 

Wide variation in soluble solid contents from 7.6 °Bx (SB 100%) to 
17.0 °Bx (SB-parsley root 25:75) was found. The use of other fruits 
(pear, apricot, peach, orange, grape, apple) and parsley root doubled 
the soluble solids, an important quality differentiator in the food in-
dustry. Soluble solids of the products were similar to the contents in 
other smoothies studied by Di Cagno et al. (2011), Castillejo et al. 
(2016), and Rodríguez-Verástegui et al. (2016), i.e. around 13 °Bx for 
fruit smoothies and 8 °Bx for smoothies with vegetables. 

The titratable acidity of all smoothies was significantly lower than 
SB 100% (2.54 g malic acid/100 g), especially in mixed products with 
vegetables (0.78 g malic acid/100 g for SB-carrot 25:75). 

In terms of reduction of the titratable acidity, fruits can be ordered 
as follows: apricot  <  peach  <  apple  <  orange  <  grape  <  celery 
and parsley roots ≈ carrot ≈ pear. Thus, the titratable acidity of 
smoothies with 50% of sea buckthorn was between 1.40 g (SB-pear) and 
2.41 g malic acid/100 g (SB-apricot), whereas with 25% of sea buck-
thorn it ranged from 0.78 g (SB-carrot) to 2.23 g malic acid/100 g (SB- 
apricot). 

The ash content was found to be in the range from 0.26% (SB-pear 
25:75) to 10.8% (SB-parsley root 25:75). The type of semi-product had 
a stronger effect on its content than the proportions in smoothies, which 
with vegetables had significantly higher (p  <  0.05) ash content. The 
ash content in 100% SB was close to the average amount in smoothies 
containing only fruits (0.41%). 

The content of pectin, which is one of the fractions of soluble dietary 
fiber, was also examined. As previous research on sea buckthorn cul-
tivars proved, its fruits are poor in pectin (Tkacz et al., 2019b). SB 
100% contained 0.61% pectin. However, it was found that the use of 
other vegetables and fruits, especially parsley and celery roots, carrot, 
pear, and apricot, can significantly enrich (p  <  0.05) sea buckthorn- 
based products with pectin. In the case of SB-parsley, this increase was 
seven times (4.21% and 3.73% for 25:75 and 50:50 variants, respec-
tively). Other smoothies in terms of pectin concentration can be ordered 
as follows: SB-pear  >  SB-celery root  >  SB-carrot  >  SB-apricot and 
SB-apple  >  SB-peach and SB-orange  >  SB-grape (2.09% to 0.21% 
pectin). Similarly, Nowicka, Wojdyło, and Samoticha (2016a) indicated 
peach fruit as a rich source of pectin in fruit smoothies. Moreover, 
products providing a minimum of 20% of the daily dietary fiber re-
quirement (25 g per day for adults) are recognized as an excellent 
source of fiber, and red vegetable smoothies can cover up to 50% of this 

requirement (Castillejo et al., 2016). According to the U.S. Food and 
Drug Administration (FDA) recommendations, one portion (250 g) of 
SB-parsley root, SB-pear and SB-celery root can certainly be considered 
a good source of fiber. 

3.2. Sugars, organic acid and their ratio in sea buckthorn-based smoothies 

The next quality attributes were sugars and organic acids, the 
quantitative and qualitative determination of which are presented in  
Table 2. The total sugar content of smoothies ranged from 1.44 (SB- 
celery root 25:75) to 7.45 g/100 g (SB-grape 25:75). Only in the case of 
SB-celery root did the total sugar content not differ significantly 
(p  >  0.05) with low sugar SB 100% (1.55 g/100 g). Other semi-pro-
ducts increased the sugar concentration in smoothies, which in this 
regard can be ranked as follow: SB-grape  >  SB-apple ≈ SB-pear  >  
SB-orange  >  SB-parsley root  >  SB-peach  >  SB-carrot ≈ SB-apricot. 
Sea buckthorn berries are known for their low sugar content compared 
to other fruits (Kallio et al., 2009; Ma et al., 2020; Tiitinen et al., 2006; 
Tkacz et al., 2019b; Yang, 2009). Despite the significant increase in 
natural free sugars, most smoothies can be considered low-sugar be-
cause they contain a maximum of 5 g of total sugars per 100 g (Reg-
ulation (EC) no 1924/2006). The exceptions were products enriched 
with 75% addition of pear, grape and apple with average sugar level 
near the lower limit. This is relevant with regard to smoothies as po-
tentially anti-diabetic pro-health products. The sugar profile can affect 
both sweetness and blood glucose level after smoothie consumption. 
Consequently, the glycemic index (GI), classifying products in terms of 
their effect on blood glucose increases, and the glycemic load (GL), 
determining how smoothies will affect postprandial glycemia, were 
calculated. Thus, SB-pear and SB-apple were considered products with 
low GI (27.2 to 46.6), which resulted from higher fructose concentra-
tions with a lower GI than glucose or sucrose. However, all smoothies 
had a low GL, below 10 (between 1.3 and 5.0 for SB-celery root and SB- 
grape 25:75, respectively). Given the effect of fiber and organic acids on 
the reduction of postprandial glycemia, obtained smoothies can be 
considered important for people with type 2 diabetes and cardiovas-
cular diseases (Izquierdo-Vega et al., 2020), especially since recent 
studies support dietary recommendations regarding the consumption of 
100% fruit products, which is not associated with the risk of developing 
type 2 diabetes (Murphy, Barrett, Bresnahan, & Barraj, 2017). 

In the smoothies with vegetables (carrot, celery and parsley roots) 
sugars were identified in decreasing concentration in the order glu-
cose  >  fructose  >  sucrose  >  rhamnose, while those with fruits 

Table 1 
Dry matter, pH, soluble solids, titratable acidity and ash and pectin contents of sea buckthorn-based smoothies.          

Smoothie Ratio (w/w) Dry matter (%) pH Soluble solids (°Bx) Titratable acidity (g malic acid/100 g) Ash (%) Pectin (%) 
SB-PEAR 25:75 17.83  ±  0.11b 3.26  ±  0.01d 14.7  ±  0.1b 0.85  ±  0.02 h 0.26  ±  0.02f 2.09  ±  0.14c  

50:50 16.03  ±  0.09bc 3.03  ±  0.01e 13.7  ±  0.0c 1.40  ±  0.02e 0.37  ±  0.05de 1.66  ±  0.11de 
SB-APRICOT 25:75 13.55  ±  0.14d 3.08  ±  0.02e 12.1  ±  0.1de 2.23  ±  0.01c 0.54  ±  0.01c 1.13  ±  0.07f  

50:50 12.88  ±  0.10d 2.96  ±  0.02e 11.8  ±  0.1e 2.41  ±  0.04b 0.50  ±  0.01 cd 1.36  ±  0.14e 
SB-PEACH 25:75 13.17  ±  0.08d 3.10  ±  0.02e 12.3  ±  0.0d 1.58  ±  0.02e 0.41  ±  0.02de 0.57  ±  0.08 g  

50:50 12.45  ±  0.12e 3.10  ±  0.02e 11.7  ±  0.0e 1.96  ±  0.02d 0.36  ±  0.02de 0.98  ±  0.09f 
SB-ORANGE 25:75 13.55  ±  0.10d 3.18  ±  0.06de 12.5  ±  0.1d 1.28  ±  0.02f 0.33  ±  0.02e 0.65  ±  0.11 g  

50:50 12.93  ±  0.05e 3.05  ±  0.01e 11.7  ±  0.1e 1.71  ±  0.02de 0.41  ±  0.02de 0.82  ±  0.18f 
SB-GRAPE 25:75 12.33  ±  0.05e 3.23  ±  0.03d 11.3  ±  0.1f 0.92  ±  0.02 g 0.46  ±  0.02d 0.29  ±  0.05 h  

50:50 11.80  ±  0.07e 3.08  ±  0.01e 10.6  ±  0.1 g 1.59  ±  0.01e 0.47  ±  0.01d 0.21  ±  0.09 h 
SB-APPLE 25:75 15.25  ±  0.10c 3.02  ±  0.04e 13.4  ±  0.1c 1.30  ±  0.02f 0.37  ±  0.03de 1.03  ±  0.15f  

50:50 14.50  ±  0.09c 2.90  ±  0.05ef 12.0  ±  0.0e 1.80  ±  0.01d 0.39  ±  0.01de 1.13  ±  0.04f 
SB-CELERY ROOT 25:75 10.48  ±  0.12f 3.68  ±  0.01b 8.2  ±  0.1i 0.92  ±  0.01 g 0.82  ±  0.01b 1.96  ±  0.09d  

50:50 10.25  ±  0.03f 3.20  ±  0.01de 8.1  ±  0.1i 1.46  ±  0.01e 0.67  ±  0.03bc 1.89  ±  0.09d 
SB-CARROT 25:75 12.11  ±  0.04e 3.55  ±  0.03b 9.8  ±  0.1 h 0.78  ±  0.02 h 0.58  ±  0.01c 1.65  ±  0.13de  

50:50 11.45  ±  0.06e 3.18  ±  0.03de 9.5  ±  0.0 h 1.41  ±  0.02e 0.55  ±  0.01c 1.53  ±  0.07e 
SB-PARSLEY ROOT 25:75 20.23  ±  0.11a 3.95  ±  0.01a 17.0  ±  0.0a 0.85  ±  0.04 h 1.08  ±  0.02a 4.21  ±  0.14a  

50:50 16.92  ±  0.08b 3.37  ±  0.01c 14.5  ±  0.0b 1.47  ±  0.01e 0.87  ±  0.01b 3.73  ±  0.10b 
SB 100% – 12.00  ±  0.09e 2.86  ±  0.07f 7.6  ±  0.0j 2.54  ±  0.01a 0.43  ±  0.03de 0.61  ±  0.15 g 

All data are mean of three measurements  ±  standard deviation. Values followed by the same letter, within the column, were significantly different (p  <  0.05; 
Tukey’s test); SB – sea buckthorn juice.  
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Table 2 
Contents of sugars (HPLC-ELSD) and organic acids (UPL-PDA) and sugar:organic acid ratios in sea buckthorn-based smoothies.         

Smoothie Ratio (w/w) Sugars (g/100 g) 

rhamnose fructose glucose sucrose total         

SB-PEAR 25:75 0.01  ±  0.11b 3.60  ±  0.15b 0.80  ±  0.05 h nd 6.17  ±  0.26b 
50:50 0.03  ±  0.01b 2.20  ±  0.12d 0.93  ±  0.07 g nd 4.21  ±  0.14d 

SB-APRICOT 25:75 0.01  ±  0.00b 0.89  ±  0.10 fg 1.55  ±  0.12e 0.24  ±  0.02c 2.79  ±  0.17f 
50:50 0.02  ±  0.01b 0.62  ±  0.11 g 1.45  ±  0.11ef 0.05  ±  0.02d 2.18  ±  0.10 g 

SB-PEACH 25:75 0.01  ±  0.01b 1.06  ±  0.10f 1.49  ±  0.03e 0.44  ±  0.05b 3.01  ±  0.18f 
50:50 0.03  ±  0.00b 0.83  ±  0.05 fg 1.60  ±  0.02e 0.11  ±  0.02d 2.58  ±  0.15f 

SB-ORANGE 25:75 0.02  ±  0.01b 1.70  ±  0.19e 2.30  ±  0.13c 0.36  ±  0.14bc 4.37  ±  0.21d 
50:50 0.04  ±  0.01b 1.15  ±  0.07f 2.06  ±  0.10d 0.09  ±  0.01d 3.34  ±  0.13e 

SB-GRAPE 25:75 0.01  ±  0.00b 3.07  ±  0.18c 4.37  ±  0.21a nd 7.45  ±  0.28a 
50:50 0.05  ±  0.01b 1.86  ±  0.09e 3.45  ±  0.16b nd 5.35  ±  0.20c 

SB-APPLE 25:75 0.01  ±  0.00b 4.76  ±  0.04a 1.58  ±  0.05e 0.24  ±  0.10c 6.62  ±  0.24b 
50:50 0.04  ±  0.01b 3.35  ±  0.20b 1.68  ±  0.05de 0.05  ±  0.02d 5.12  ±  0.20c 

SB-CELERY ROOT 25:75 0.03  ±  0.01b 0.13  ±  0.09 h 1.23  ±  0.01f 0.04  ±  0.02d 1.44  ±  0.09 h 
50:50 0.02  ±  0.01b 0.19  ±  0.04 h 1.38  ±  0.08ef nd 1.58  ±  0.13 h 

SB-CARROT 25:75 0.01  ±  0.00b 0.80  ±  0.09 fg 1.64  ±  0.11de 0.49  ±  0.08b 2.95  ±  0.17f 
50:50 0.02  ±  0.00b 0.57  ±  0.05 g 1.55  ±  0.14e 0.09  ±  0.01d 2.24  ±  0.09 g 

SB-PARSLEY ROOT 25:75 0.02  ±  0.01b 0.62  ±  0.11 g 1.85  ±  0.03d 1.07  ±  0.14a 3.56  ±  0.23e 
50:50 0.04  ±  0.01b 0.56  ±  0.13 g 1.88  ±  0.07d 0.23  ±  0.06c 2.71  ±  0.10f 

SB 100% – 0.08  ±  0.02a 0.03  ±  0.01i 1.40  ±  0.16ef nd 1.55  ±  0.19 h           

Smoothie  Organic acids (g/100 g) Sugar:organic 
acid  

oxalic acid citric acid malic acid quinic acid shikimic acid total           

SB-PEAR  0.03  ±  0.01gh 0.12  ±  0.02e 1.43  ±  0.07d 0.18  ±  0.02d 0.02  ±  0.01ab 1.77  ±  0.01f  3.5  
0.05  ±  0.01 g 0.18  ±  0.03e 3.78  ±  0.24a 0.49  ±  0.02b 0.03  ±  0.01a 4.53  ±  0.27a  0.9 

SB-APRICOT  0.02  ±  0.01 h 1.48  ±  0.06a 1.30  ±  0.10d 0.20  ±  0.02d nd 3.00  ±  0.12c  0.9  
0.02  ±  0.01 h 0.98  ±  0.03b 1.96  ±  0.09c 0.39  ±  0.02c 0.01  ±  0.01b 3.36  ±  0.21bc  0.6 

SB-PEACH  0.02  ±  0.01 h 0.29  ±  0.02d 1.65  ±  0.12 cd 0.19  ±  0.02d 0.01  ±  0.01b 2.15  ±  0.13e  1.4  
0.01  ±  0.01 h 0.23  ±  0.02de 2.28  ±  0.22bc 0.44  ±  0.02bc 0.01  ±  0.01b 2.97  ±  0.16c  0.9 

SB-ORANGE  0.02  ±  0.00 h 0.76  ±  0.08c 1.13  ±  0.09d 0.10  ±  0.02e 0.01  ±  0.01b 2.01  ±  0.10e  2.2  
0.02  ±  0.00 h 0.56  ±  0.07c 1.71  ±  0.15c 0.41  ±  0.02c 0.01  ±  0.01b 2.71  ±  0.10 cd  1.2 

SB-GRAPE  0.05  ±  0.01 g 0.60  ±  0.09c 1.56  ±  0.16d 0.18  ±  0.02d 0.01  ±  0.01b 2.44  ±  0.18d  3.1  
0.06  ±  0.01 g 0.61  ±  0.05c 2.57  ±  0.08b 0.36  ±  0.02c 0.01  ±  0.01b 3.61  ±  0.12b  1.5 

SB-APPLE  0.01  ±  0.01 h 0.03  ±  0.01f 1.86  ±  0.03c 0.22  ±  0.02d 0.01  ±  0.01b 2.13  ±  0.13e  3.1  
0.02  ±  0.00 h 0.12  ±  0.02e 2.59  ±  0.16b 0.51  ±  0.02b 0.01  ±  0.01b 3.25  ±  0.17bc  1.6 

SB-CELERY ROOT  0.29  ±  0.08d 0.12  ±  0.02e 2.25  ±  0.25bc 0.24  ±  0.02d nd 2.99  ±  0.11c  0.5  
0.42  ±  0.11c 0.13  ±  0.01e 1.10  ±  0.11d 0.34  ±  0.02c nd 1.99  ±  0.15e  0.8 

SB-CARROT  0.16  ±  0.01e 0.25  ±  0.05d 1.92  ±  0.15c 0.17  ±  0.02d nd 2.64  ±  0.14d  1.1  
0.10  ±  0.01f 0.13  ±  0.01e 1.97  ±  0.08c 0.31  ±  0.02c 0.01  ±  0.01b 2.58  ±  0.09d  0.9 

SB-PARSLEY ROOT  0.84  ±  0.13a 0.28  ±  0.02d 1.23  ±  0.11d 0.19  ±  0.02d nd 2.54  ±  0.22d  1.4  
0.52  ±  0.01b 0.20  ±  0.03de 1.96  ±  0.10c 0.41  ±  0.02c nd 3.08  ±  0.11c  0.9 

SB 100%  0.03  ±  0.01gh 0.36  ±  0.07d 3.58  ±  0.20a 0.89  ±  0.02a 0.01  ±  0.01b 4.87  ±  0.31a  0.3 

All data are mean of three measurements  ±  standard deviation. Values followed by the same letter, within the column, were significantly different (p  <  0.05; Tukey’s test); SB – sea buckthorn juice. The Table contains 
the main sugars and organic acids in smoothies. The sums of sugars consist of rhamnose, fructose, sorbitol, glucose, and sucrose. The sums of organic acids contain oxalic, citric, malic, quinic, shikimic, succinic, and 
maleic acids.  
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contained dominant glucose and fructose, as well as sucrose, sorbitol 
and/or rhamnose in quantities depending on semi-products. Glucose 
dominated in all smoothies with vegetables (up to 70% total sugars in 
SB-carrot and SB-parsley root 50:50) and with apricot, peach, orange 
and grapes (up to 65% total sugars for SB-grape 50:50). However, there 
were no significant differences (p  >  0.05) in the glucose content be-
tween 100% SB and smoothies with apricot, peach, apple, celery root 
and carrot. In sea buckthorn juice, glucose accounted for 90% of sugars, 
which was in line with previous studies on berries (Ma et al., 2020; 
Tkacz et al., 2019b). Recent reports have shown the active role of the 
biochemical pathway converting glucose into its derivatives in some 
subspecies and cultivars of sea buckthorn. In the sugar fraction of sea 
buckthorn, ethyl β-D-glucopyranoside, correlated with bitterness, was 
identified as major sugar metabolite in H. rhamnoides ssp. rhamnoides 
(Yang, 2009). Berries also contain cyclitol derivatives from sugars, 
methyl inositol and l-quebrachitol, with confirmed biological and 
physiological effects, in the field of regulation of sugar metabolism, 
protection of cells against oxidative, mutagenic and cytotoxic damage, 
and signal transduction of cells (Kallio et al., 2009). 

The concentration of rhamnose in smoothies was due to its presence 
in sea buckthorn berry juice (0.08 g/100 g) and averaged 0.02 g/100 g 
products. The use of pulp, especially fruity, enriched smoothies with 
fructose, and the most abundant in it were products with apples, fol-
lowed by pear and grape (1.86 to 4.76 g/100 g). Fructose accounted 
for < 40% and 27% of the total sugars in other smoothies with fruits 
and vegetables, respectively. Research of Kolniak-Ostek (2016) proved 
that pear pulp contains up to 60% fructose compared to total sugars. 
The same studies reported a high concentration of sorbitol in pear, 13% 
of total sugars. Therefore, high sorbitol concentration was only found in 
SB-pear smoothies (28.5% and 24.8% of total sugars for 75:25 and 
50:50 variants, respectively). Sorbitol in SB-apricot and SB-apple ac-
counted for < 3.7% of total sugars (below 0.10 g/100 g), whereas in 
other smoothies this sugar alcohol was not detected. 

Furthermore, the addition of semi-products (except pear and grape) 
enriched smoothies with sucrose, whose concentration was between 
0.04 (SB-celery root 75:25) and 1.07 g/100 g (SB-parsley). In products 
with vegetables, sucrose constituted up to 30.1% (SB-parsley 25:75), 
and in fruit smoothies up to 14.8% (SB-peach 25:75). Sucrose accounts 
for about 60% of total sugars in peaches (Nowicka et al., 2019), and the 
effect of peach, as well as apricot purees, on the enrichment of fruit 
smoothies with sucrose was previously found in studies by Nowicka 
et al. (2016a). 

The total organic acid content in smoothies was reduced compared 
to SB 100% (4.87 g/100 g) and ranged from 1.77 to 4.53 g/100 g (SB- 
pear 25:75 and 50:50, respectively) (Table 2). Smoothies with 50% 
fruits and vegetables contained more organic acids than in ratios 25:75, 
except SB-celery root and SB-carrot. The following organic acids were 
identified in decreasing concentrations: malic  >  citric ≈ quinic  >  
oxalic  >  shikimic  >  succinic acid. 

Smoothies with vegetables contained a higher concentration of 
oxalic acid (up to 33.1% total organic acids). The most abundant in 
citric acid were smoothies with apricot, followed by smoothies with 
orange and grape (16.9% to 49.3% total organic acids). At the same 
time, these products contained more citric acid than SB 100%. Most 
studies attribute the health promoting properties of vegetables and 
fruits, including sea buckthorn, to vitamins and phenolic compounds, 
and little attention is paid to organic acids in the context of therapeutic 
properties. Citric acid improves the bioavailability of minerals, in-
cluding calcium, non-heme iron and zinc, prevents the formation of 
kidney stones, regulates the acid-base balance, and has anti-in-
flammatory, antioxidant and anticoagulant effects (Izquierdo-Vega 
et al., 2020). 

Malic acid was dominant in smoothies and accounted for up to 
87.3% of total organic acids (SB-apple 25:75). However, the addition of 
semi-products reduced its content in smoothies compared to SB 100% 
(3.58 g/100 g). No significant differences were found between malic 

acid content in smoothies with vegetables and fruit smoothies 
(p  >  0.05). The extremely valuable properties of malic acid are its 
prebiotic properties, increasing peristalsis, stimulating the secretion of 
gastric juices and the development of non-pathogenic bacteria, while a 
higher concentration has a preservative effect and exhibits bacterio-
static and bactericidal properties (Hassaan, Soltan, Jarmołowicz, & 
Abdo, 2018; Izquierdo-Vega et al., 2020). This acid has been found to 
stimulate salivation and is clinically effective in the treatment of xer-
ostomia, and has a significant cytotoxic and apoptotic effect in human 
keratinocyte cell lines (HaCaT) (Izquierdo-Vega et al., 2020). 

Finally, in SB 100%, quinic acid constituted 18.3% of total organic 
acids, while in smoothies its content decreased significantly (p  <  0.05) 
and ranged from 4.95% (SB-orange 25:75) to 16.4% of total organic 
acids (SB-celery root 50:50). Shikimic acid constituted mean 0.45% of 
total organic acids, and was identified only in SB 100%, smoothies with 
pear, peach, orange, grape, apple (both variants), and in SB-apricot and 
SB-carrot 50:50. In most smoothies and 100% SB, no succinic acid was 
identified. Only the addition of carrot, celery root and grape enriched 
products in it (max 0.15 g/100 g, which was 5.7% of total organic acids 
for SB-carrot 25:75). In SB 100% and smoothies with pear, orange and 
apple, trace amounts of maleic acid were identified (below 0.01 g/ 
100 g). 

Both the absolute content and the relative abundance of sugars and 
organic acids determine the key perception of taste and consumer ac-
ceptance of sea buckthorn products (Tiitinen et al., 2006; Yang, 2009). 
The low ratio of sugars to organic acids in SB 100% (0.3) causes a 
strong sensation of sour taste. Similarly, research on sea buckthorn 
cultivars showed a strong relationship between the sugar:organic acid 
ratio and acceptance assessment (Tang et al., 2001; Tiitinen et al., 
2006). The addition of fruits and vegetables increased this ratio in all 
smoothies, mainly in 25:75 variants. Exceptions were smoothies with 
celery root due to having the lowest sugar content. The use of 75% pear, 
grape and apple resulted in the highest increase in sugar:organic acid 
ratio (to over 3.0). Interestingly, the same ratios were determined in SB- 
peach and SB-parsley root smoothies. A sugar:organic acid ratio above 
1.0 was achieved in SB-orange, SB-grape, and SB-apple, as well in 25:75 
variants of SB-peach, SB-carrot and SB-parsley root. 

Moreover, the ratio moderately correlated with the perception of 
sour taste and the general acceptance of smoothies (r = −0.48 and 
0.47, respectively). Although the sensation of sour taste correlated 
more strongly with sugar:organic acid ratio for fruit smoothies than 
those with vegetables (r = −0.77 and −0.49, respectively), the cor-
relation between overall acceptance and the ratio was higher for 
smoothies with vegetables (r = 0.66). However, the study should take 
into account the marked variability in sugar accumulation pattern and 
reduction of organic acids during ripening and harvesting, trends which 
depend on the genetic background of sea buckthorn and different local 
climates (Yang, 2009). 

3.3. Sensory analysis of sea buckthorn-based smoothies 

Fig. 1 shows sensory analysis profiles of sea buckthorn-based 
smoothies including color, aroma, consistency, taste, acidity and for-
eign flavors, and overall acceptance on a 5-point scale. SB 100% was 
not accepted (score 1.3), due to its intensely acidic, astringent and 
bitter taste, followed by consistency. The obtained results were in line 
with the sensory assessment of H. rhamnoides berry juices of various 
cultivars (Ma et al., 2020; Tang et al., 2001; Tiitinen et al., 2006). 
However, the use of fruit and vegetable supplements significantly im-
proved (p  <  0.05) the overall acceptance of smoothies. 

The analysis of smoothies clearly showed the attractiveness of their 
color depending on the orange tone. The color rating was more strongly 
determined by the type of semi-products than by their proportions. An 
increase in the color attractiveness compared to the SB 100% color was 
noted for smoothies with apricot and carrot (average 4.7 and 4.8 points, 
respectively). SB–celery root (both variants) and SB-parsley root 25:75 
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Fig. 1. Sensory analysis profiles of sea buckthorn-based smoothies with fruits and vegetables in ratios 25:75 (w/w) (A) and 50:50 (w/w) (B). SB – sea buckthorn juice; 
color, aroma, consistency, taste and overall acceptance ranged from very unattractive (1) to very attractive (5); sensations of acidity and foreign flavors were between 
undetectable (1) to very intense (5). 
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were rated the lowest in terms of color (average score 3.2). 
The aroma of all smoothies was considered as attractive, and the 

highest scores were given to products with a 25% share of celery root 
and apricot (4.6 and 4.5, respectively). The use of pear, orange, grape 
and apple did not significantly change (p  >  0.05) the aroma rate in 
relation to SB 100% (score 4.0). The results obtained were in line with 
research of Nowicka, Wojdyło, Teleszko, and Samoticha (2016b), in 
which aroma of apple and pear juices was highly rated, and their use as 
ingredients for smoothies with cherry puree positively affected the 
aroma. 

The consistency of the smoothies depended on the semi-products, 
but not their proportions. The most attractive consistency was obtained 
for products from pear, apple, carrot, celery and parsley roots (mean 
5.0 points). Sea buckthorn juice tends to separate into a fat phase, 
proper juice and sediment (Beveridge, Harrison, & Drover, 2002); hence 
the consistency was not rated as attractive (score 3.0). An improvement 
in consistency relative to SB 100% was not found for SB-orange and SB- 
grape. Changes in color, aroma and consistency had the least impact on 
the overall acceptance of smoothies (negligible correlations). Color and 
intensity of aroma – contrary to sweetness – also slightly affected 
pleasantness ratings of juices from berries of six sea buckthorn geno-
types (Tang et al., 2001). However, the overall assessment should take 
into account the impact of complex product matrices, and interaction of 
the attributes analyzed, including taste–aroma interaction (Ma et al., 
2020). 

Finally, a strong advantage of attractive taste of the smoothies over 
sea buckthorn juice was established. The taste experience determined 
the overall assessment of the products (r = 0.99). Smoothies with 75% 
fruits were rated the highest (3.7 for SB-apple to 4.6 for SB-apricot and 
SB-peach). In turn, compositions of sea buckthorn juice and vegetable 
pulp in a 50:50 ratio were more favorable in taste than proportions of 
25:75. Although previous research has shown that apple juice perfectly 
blends with other fruits, and the taste of smoothies with it was highly 
rated (Nowicka et al., 2016b; Teleszko & Wojdyło, 2014), SB-apple 
smoothies were the least attractive in taste (3.0 points) compared to 
products with other fruits. 

Acid taste is the most intense and short-lived (Obrist et al., 2014), 
and is therefore a key differentiator in taste evaluation during sensory 
analysis of new products. As expected, the perception of acidity was less 
intense in smoothies with 25% sea buckthorn content (1.3 for SB-carrot 

to 3.1 for SB-apricot). The lower the feeling of acidity, the higher the 
overall rating of smoothies (r = -0.60). The vegetables used – carrot, 
celery and parsley roots – turned out to be the most beneficial to alle-
viate the sourness of sea buckthorn (≤1.9 and ≤3.2 points for 25:75 
and 50:50 variants, respectively). Apricot, orange and grapes in 
amounts of 50% reduced the sour taste intensity by only 1 unit. In turn, 
in studies on sea buckthorn-based jellies, 50% grape significantly im-
proved the taste and overall acceptance of jelly (Selvamuthukumaran 
et al., 2007). 

Foreign flavors in the smoothies were unambiguously very weak 
(mainly 1.5 points), except for products with 75% celery and parsley 
roots (average score 3.0). 

3.4. Phenolic compounds of sea buckthorn-based smoothies 

3.4.1. Phenolic acids 
One of the analyzed groups of phenolic compounds was phenolic 

acids, whose contents in smoothies are listed in Table 3. Phenolic acids 
were measured in a wide range from 0.75 (SB-carrot 25:75) to 
13.87 mg/100 g (SB-parsley root 25:75). Sea buckthorn juice contained 
only 2.01 mg of phenolic acids, and therefore the addition of pear, 
peach, apple, orange, carrot and parsley root significantly (p  <  0.05) 
enriched smoothies with phenolic acids (two to seven times). This was 
in line with previous studies that identified the same fruits and vege-
tables, as well as apricot, as dietary sources of hydroxycinnamic acids 
(Naczk & Shahidi, 2006). The enrichment of sea buckthorn-based 
smoothies with phenolic acids is all the more beneficial because these 
compounds are well-known agents with proven hepatoprotective, im-
munomodulatory, antioxidant, anti-inflammatory, anti-diabetic, anti- 
cancer, anti-atherosclerotic, antihypertensive, anti-mutagenic, anti- 
parasitic and antimicrobial activity (Izquierdo-Vega et al., 2020). 

Smoothies with 75% addition of these semi-products can be ordered 
by decreasing phenolic acid content: SB-parsley root ≈ SB- 
orange  >  SB-apple  >  SB-carrot  >  SB-pear  >  SB-peach. 
Additionally, 50:50 variants of SB-orange, SB-apple and SB-parsley root 
did not differ significantly (p  >  0.05) in the content of phenolic acids, 
on average 9.55 mg/100 g. In turn, products with apricot, grape and 
celery root did not differ significantly (p  >  0.05) compared to SB 
100%. In SB-apple (both variants), SB-orange (75:25) and SB-carrot 
(50:50), phenolic acids constituted over 10% of the total phenolic 

Table 3 
Contents of phenolic compounds (UPLC-PDA-FL) in sea buckthorn-based smoothies.        

Smoothie Ratio (w/w) Phenolic acids Flavonols Procyanidin polymers DP 

mg/100 g  

SB-PEAR 25:75 7.40  ±  1.01d 31.89  ±  3.74 g 7.94  ±  1.86e  3.7 
50:50 6.98  ±  0.88d 58.77  ±  3.24c 4.01  ±  1.38hi  3.4 

SB-APRICOT 25:75 2.17  ±  0.34f 38.44  ±  2.55f 4.44  ±  1.28 h  1.9 
50:50 2.05  ±  0.42f 62.08  ±  4.00bc 3.00  ±  1.96j  2.3 

SB-PEACH 25:75 4.30  ±  0.52e 34.02  ±  3.72 g 18.31  ±  2.80a  3.2 
50:50 2.09  ±  0.32f 59.99  ±  3.48bc 8.29  ±  1.83e  2.9 

SB-ORANGE 25:75 13.32  ±  0.61a 48.77  ±  3.10d 5.50  ±  1.17 g  4.4 
50:50 9.71  ±  0.94c 65.26  ±  2.88b 3.84  ±  1.55i  3.0 

SB-GRAPE 25:75 1.98  ±  0.31f 32.64  ±  3.70 g 13.15  ±  2.51c  5.8 
50:50 2.21  ±  0.46f 59.33  ±  4.04bc 9.50  ±  1.36d  4.8 

SB-APPLE 25:75 11.71  ±  1.14b 25.46  ±  2.53 h 16.07  ±  3.03b  3.1 
50:50 9.41  ±  1.64c 46.43  ±  3.63e 9.55  ±  2.11d  2.2 

SB-CELERY ROOT 25:75 2.03  ±  0.30f 28.34  ±  3.22 h 1.33  ±  0.28 l  2.8 
50:50 1.12  ±  0.13 g 49.79  ±  3.33d 1.72  ±  0.68 k  2.4 

SB-CARROT 25:75 9.68  ±  1.66c 30.77  ±  3.14 g 0.81  ±  0.70 m  1.7 
50:50 0.75  ±  0.09 h 51.28  ±  3.08d 1.61  ±  0.73 k  2.0 

SB-PARSLEY ROOT 25:75 13.87  ±  1.82a 26.23  ±  2.04 h 6.27  ±  1.09f  4.7 
50:50 9.53  ±  0.10c 38.92  ±  3.12f 4.66  ±  1.93 h  4.9 

SB 100% – 2.01  ±  0.13f 95.13  ±  4.50a 2.92  ±  1.50j  1.9 

All data are mean of three measurements  ±  standard deviation. Values followed by the same letter, within the column, were significantly different (p  <  0.05; 
Tukey’s test); SB – sea buckthorn juice; DP- mean degree of polymerization.  
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compounds, while in other smoothies they constituted on average 3.4%. 

3.4.2. Flavonols 
The type of semi-products strongly modulated the flavonol content 

of smoothies (Table 3). Sea buckthorn berries are a good source of 
flavonols, as previously studied in various cultivars (Tkacz et al., 2020). 
Accordingly, SB 100% contained the largest amount of flavonols from 
the samples tested, 95.13 mg/100 g. As expected, smoothies with a 
smaller addition of other fruits and vegetables (50:50 variant) had a 
higher concentration of flavonols, between 38.92 and 65.26 mg/100 g 
(SB-parsley root and SB-orange, respectively). 

The most abundant in flavonols were smoothies with orange, fol-
lowed by apricot, peach, and grape (on average 60 mg/100 g). By 
contrast, the use of vegetables and apples was the least favorable with 
regard to flavonol concentration. The results obtained were in ac-
cordance with the research of Tsanova-Savova and Ribarova (2013), 
which proved that carrot, celery and parsley roots did not contain fla-
vonols, but are a rich source of flavones in the diet. 

An average three-fold lower concentration of flavonols compared to 
100% SB was measured in products with 25% sea buckthorn juice, 
except SB-orange. Among them, SB-pear, SB-peach, SB-grape, and SB- 
carrot did not differ significantly in flavonol contents (mean 32 mg/ 
100 g), nor did SB-apple, SB-celery root and SB-parsley root, which 
were the least abundant in flavonols (mean 27 mg/100 g). 

Furthermore, flavonols were the dominant phenolic compounds in 
all smoothies. In previously studied fruit smoothies (Nowicka et al., 
2016a; Teleszko & Wojdyło, 2014), flavonols were the smallest group of 
phenolic compounds. But Prunus fruits, among them peach and apricot, 
were found not rich in these compounds, which was in line with the 
results obtained. 

3.4.3. Procyanidin polymers 
The contents of procyanidin polymers in smoothies were de-

termined by direct phloroglucinolysis methods (Table 3). Sea buckthorn 
juice contained a relatively low concentration of procyanidins, 
2.92 mg/100 g. However, the use of fruits and vegetables increased 
their concentration in all smoothies, except for SB-celery root and SB- 
carrot. The other products in the 25:75 variant contained 4.44 to 

18.31 mg of procyanidin polymers/100 g and can be ranked according 
to decreasing concentration: SB-peach  >  SB-apple  >  SB-grape  >  
SB-pear  >  SB-parsley root  >  SB-orange  >  SB-apricot. The results 
obtained were in line with the naturally high content of these polymeric 
flavonoids in apple, grape, peach, and pear (Naczk & Shahidi, 2006). 
For instance, procyanidins accounted for about 50% in apple and pear 
juices (Nowicka et al., 2016b), 60% in pear pulp (Kolniak-Ostek, 2016), 
on average 85% in peach (Nowicka, Wojdyło, & Laskowski, 2018), and 
as much as 99% of total phenolic compounds in flesh of white grapes 
(Tkacz, Wojdyło, Nowicka, Turkiewicz, & Golis, 2019a). 

In a study on sea buckthorn, Ma et al. (2020) found large variation 
in procyanidin concentrations, from 74.3 to 221 mg/100 g of fresh 
berries, depending on the cultivars. The same research team also found 
a strong relationship between mouth-drying astringency and total 
proanthocyanidins. However, mainly low-molecular procyanidins are 
responsible for bitterness and astringency (Tkacz et al., 2019a). As this 
study targeted smoothies with good sensory acceptance, and the 
amount of procyanidins increased, the degree of polymerization (DP) 
was determined. Interestingly, the DP for SB 100% was the lowest, like 
for SB-apricot and SB-carrot. For other products, DP increased from an 
average of 1.5 times (SB-celery root, SB-apple, SB-peach) to three times 
in the case of SB-grape. The overall acceptance of smoothies moderately 
correlated with the content of procyanidins (r = 0.35), and with their 
DP (r = 0.40). Moreover, flavonols strongly correlated with the general 
acceptance of products (r = -0.68), which was in line with the studies 
of Ma et al. (2020) indicating some isorhamnetin derivatives as factors 
for the undesirable astringency of sea buckthorn fruits. 

As in the previous studies on fruit and vegetable-based smoothies 
(Agbenorhevi & Marshall, 2012; Baiano et al., 2012; Kuntz et al., 2015; 
Teleszko & Wojdyło, 2014), the content of phenolic compounds was 
attributed to their ingredients, and smoothies based on purees and 
pulps, especially with berries, were richer in these compounds than 
juices. It is important to consider the large variety of other phenolic 
compounds in semi-products. Sea buckthorn-based smoothies with high 
concentrations of flavonols, mainly isorhamnetin and quercetin glyco-
sides (Tkacz et al., 2020), can also be enriched with flavones such as 
apigenin, luteolin and diosmetin glycosides (orange, parsley and 
celery), flavanones such as hesperetin and naringenin derivatives 

Table 4 
Anti-oxidant capacity, anti-cholinesterase (anti-AChE and anti-BChE), anti-diabetic (anti-α-amylase, anti-α-glucosidase and anti-lipase) activities of sea buckthorn- 
based smoothies.            

Smoothie Ratio (w/ 
w) 

Antioxidant capacity (mmol TE/100 g)  Enzyme inhibitory activities (% inhibition) 

FRAP ORAC  anti-AChE anti-BuChE anti-α-amylase anti-α-glucosidase anti-lipase  

SB-PEAR 25:75 7.31  ±  0.18a 3.27  ±  0.19hi  47.57  ±  1.33ab 26.21  ±  0.95f 13.67  ±  0.57 g 63.77  ±  1.89f 89.71  ±  0.33b 
50:50 3.38  ±  0.05d 3.60  ±  0.12 h  41.06  ±  1.11b 46.31  ±  0.31b 25.17  ±  1.34e 60.48 g  ±  0.61 82.84  ±  1.58c 

SB-APRICOT 25:75 2.25  ±  0.02e 1.51  ±  0.10j  27.80  ±  1.86d 49.73  ±  1.54ab 41.61  ±  1.24c 90.59  ±  1.01b 50.80  ±  1.80 g 
50:50 2.40  ±  0.05e 3.68  ±  0.18 h  28.92  ±  1.34d 51.41  ±  1.58ab 46.71  ±  1.07b 90.92  ±  0.72b 58.20  ±  1.46f 

SB-PEACH 25:75 3.74  ±  0.04d 7.66  ±  0.29e  49.12  ±  2.01a 37.85  ±  1.36de 20.66  ±  1.40f 60.29  ±  0.96 g 96.31  ±  1.57a 
50:50 2.86  ±  0.12e 2.66  ±  0.31i  35.92  ±  1.30c 51.38  ±  1.88ab 20.78  ±  0.93f 82.21  ±  1.42c 81.21  ±  0.96c 

SB-ORANGE 25:75 4.48  ±  0.57c 2.28  ±  0.69i  24.39  ±  1.83de 40.35  ±  0.90 cd 20.53  ±  1.52f 63.45  ±  1.55f 79.44  ±  1.73c 
50:50 6.53  ±  0.23b 3.90  ±  0.29 h  44.73  ±  0.97b 47.95  ±  1.47b 32.47  ±  1.81d 86.68  ±  1.09b 87.15  ±  1.01b 

SB-GRAPE 25:75 2.09  ±  0.03f 4.52  ±  0.74 g  46.27  ±  2.01ab 43.51  ±  1.64c 24.25  ±  1.27e 83.27  ±  0.68c 74.59  ±  1.50d 
50:50 2.34  ±  0.01ef 5.34  ±  0.22f  42.33  ±  1.75b 47.64  ±  0.49b 32.89  ±  1.30d 90.86  ±  1.27b 63.63  ±  0.68e 

SB-APPLE 25:75 2.78  ±  0.05e 9.97  ±  0.47c  34.99  ±  1.88c 34.84  ±  1.20e 26.16  ±  1.94e 56.83  ±  1.00 h 82.60  ±  1.94c 
50:50 2.61  ±  0.03e 15.09  ±  0.48ab  47.98  ±  1.30ab 44.00  ±  2.44c 48.96  ±  0.53ab 79.79  ±  0.99d 82.19  ±  1.40c 

SB-CELERY ROOT 25:75 2.22  ±  0.06e 4.36  ±  0.42gh  9.26  ±  1.31 g 39.37  ±  2.35d 21.56  ±  1.24f 26.21  ±  1.20j 57.86  ±  1.15f 
50:50 2.48  ±  0.03e 7.59  ±  0.11e  34.64  ±  2.07c 48.86  ±  1.57b 21.09  ±  1.40f 6.12  ±  0.33 l 58.57  ±  2.05f 

SB-CARROT 25:75 3.06  ±  0.05de 8.61  ±  0.18d  16.45  ±  1.44f 18.65  ±  1.99 g 20.03  ±  2.18f 17.01  ±  0.81 k 56.18  ±  1.66f 
50:50 2.53  ±  0.04e 14.04  ±  0.83b  21.46  ±  2.05e 39.43  ±  0.84d 26.46  ±  1.70e 74.53  ±  1.62e 57.66  ±  1.23f 

SB-PARSLEY 
ROOT 

25:75 2.14  ±  0.10f 15.70  ±  1.50a  40.62  ±  1.73b 15.39  ±  1.35 h 26.99  ±  1.65e 47.69  ±  1.73i 85.83  ±  0.72bc 
50:50 2.03  ±  0.15f 15.93  ±  0.94a  13.73  ±  1.86f 39.88  ±  1.81d 33.18  ±  1.22d 87.79  ±  1.40b 83.94  ±  2.75bc 

SB 100% – 2.89  ±  0.03e 14.69  ±  1.19b  14.72  ±  1.20f 53.41  ±  1.10a 49.82  ±  0.29a 98.61  ±  1.39a 96.14  ±  2.00a 

All data are mean of three measurements  ±  standard deviation. Values followed by the same letter, within the column, were significantly different (p  <  0.05; 
Tukey’s test); SB – sea buckthorn juice; TE – Trolox; AChE – acetylcholinesterase; BuChE – butylcholinesterase; % inhibition – the percentage of inhibition at the 
concentration 0.25 g/mL for anti-AChE, anti-BuChE, anti-α-amylase and anti-α-glucosidase activities, and 30 mg/mL for anti-lipase activity.  
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(orange), stilbenes (grape), as well as chalcones (apple, orange) 
(Bresciani et al., 2015; Naczk & Shahidi, 2006). 

The study showed that one portion of smoothies (100 g) can provide 
31.70 to 62.56 mg of total phenolic compounds for smoothies with 
vegetables, and 45.04 to 78.82 mg/100 g for fruit smoothies. According 
to previous reports, 100 g of green smoothies contained 15.1 mg of 
phenolic compounds (Castillejo et al., 2017), fruit and vegetable purple 
smoothies contained 26.7 mg (González-Tejedor et al., 2017), whilst 
red vegetable smoothies contained up to 46.2 mg (Rodríguez- 
Verástegui et al., 2016). Greater diversity was found for fruit smoothies, 
including apple, quince, pear, chokeberry, blackcurrant, cherry, flow-
ering quince, and berries and tropical fruits. The phenolic compounds 
in these smoothies ranged between 0.2 and 729 mg/100 g or 100 mL 
(Agbenorhevi & Marshall, 2012; Nowicka et al., 2016b; Teleszko & 
Wojdyło, 2014). 

3.5. Biological activities of sea buckthorn-based smoothies 

3.5.1. Antioxidant capacity 
Antioxidant potential of smoothies was assessed as ferric reducing 

ability and oxygen radical absorbance capacity, and the results are 
summarized in Table 4. The ferric reducing ability for SB 100% was 
2.89 mmol TE/100 g. However, compositions with pear, peach and 
orange favorably increased antioxidant activity from 3.38 mmol to 
7.31 mmol TE/100 g. The use of other fruits (apricot, grape, apple) and 
vegetables (carrot, celery and parsley roots) did not significantly affect 
(p  >  0.05) ferric reducing ability of smoothies compared to SB 100%. 
Oxygen radical absorbance capacity was higher than FRAP for 
smoothies with vegetables, apple, grape and peach. Only SB-apple and 
SB-parsley root were more active than SB 100% (14.69 mmol TE/ 
100 g). For other products, the antioxidant activity ranged from 
1.51 mmol to 14.04 mmol TE/100 g in the following order: SB- 
apricot  <  SB-orange  <  SB-pear  <  SB-celery  <  SB-grape  <  SB- 
peach  <  SB-carrot. Antioxidant capacity of sea buckthorn-based 
smoothies was similar to the average activity of previously tested 
smoothies (1.3 mg to 59.1 mg TE/100 g) composed of different com-
binations of vegetables (cucumber, broccoli, spinach, beet, tomato, red 
pepper, carrot) and fruits (grape, sour cherry, apricot, peach, plum) 
(Castillejo et al., 2017; González-Tejedor et al., 2017; Nowicka et al., 
2016a; Rodríguez-Verástegui et al., 2016). 

Antioxidant capacity tested by the ORAC method of SB 100% was 
five times higher than FRAP, as was the case with berries of different 
cultivars (7 to 12 times higher ORAC) (Tkacz et al., 2019b). Ad-
ditionally, the study found low correlations between antioxidant ac-
tivity and each group of phenolic compounds. Opposite results were 
obtained by González-Tejedor et al. (2017), who found that the FRAP 
method best reflected the concentration of antioxidant compounds in 
purple smoothie made from grape, cucumber, beet, and broccoli. On the 
other hand, DPPH activity showed a low correlation with bioactive 
compounds. Additionally, studies on fruit and vegetable smoothies 
(Keenan et al., 2010; Rodríguez-Verástegui et al., 2016) proved three 
times higher FRAP than DPPH. In turn, the correlation of ORAC and 
phenolic compounds, including their groups, was higher than for ABTS 
in Prunus-fruit smoothies (Nowicka et al., 2016a). Teleszko and 
Wojdyło (2014) did not find correlations for ABTS with phenolic acids 
and flavonols in smoothies based on pome and berry fruits. The anti-
oxidant activity of phenolic compounds may be based on their reducing 
properties related to the direct inactivation of reactive radicals. For 
example, the reaction with peroxyl radical requires a concerted transfer 
of hydrogen cation from phenol to ROO•, and thus the formation of a 
transition state of an H�O bond with electron. In addition, polyphenols 
are able to indirectly reduce the effect of oxidants by chelating transi-
tion metals, regenerating other antioxidants (e.g. carotenoids, toco-
pherols), and inhibiting the activity or expression of free radical-pro-
ducing enzymes or by enhancing antioxidant enzymes. However, in 
vitro antioxidant compounds do not necessarily retain their iv vivo 

radical reduction properties due to the fact that these are second order 
reactions, free radicals spread easily, and some have short life spans 
(Santos-Sánchez, Salas-Coronado, Villanueva-Cañongo, & Hernández- 
Carlos, 2019). Bearing in mind the heterogeneity found, the method of 
antioxidant activity measurement should be adapted to each of the 
smoothies, especially since various types were analyzed. For example, 
flavonols of smoothies in the 50:50 variant strongly correlated with 
FRAP (r = 0.66), while for 25:75 variants the correlation was negli-
gible. It is known that synergistic and antagonistic interactions occur 
between phenolic compounds that can explain the results of antioxidant 
activity for smoothies tested (Hidalgo, Sánchez-Moreno, & de Pascual- 
Teresa, 2010). 

3.5.2. Anti-cholinesterase activity 
Anti-aging activity was analyzed as the ability to inhibit acet-

ylcholinesterase and butylcholinesterase, and the results as % inhibition 
are summarized in Table 4. Higher activity towards both enzymes was 
determined for fruit smoothies than those with vegetables. It was found 
that the mixing of sea buckthorn juice with other semi-products can 
significantly increase (p  <  0.05) anti-AChE activity compared to SB 
100% (14.72%). The inhibition efficiency depended on the type of 
blend, with the highest potential for 25:75 variants of SB-peach, SB- 
pear and SB-grape (46.26% to 49.12%). In turn, anti-AChE activity was 
twice as low in the case of SB-orange and SB-carrot. 

BuChE inhibition activity was higher for smoothies in 50:50 var-
iants, conversely to AChE. Although SB 100% strongly inhibited BuChE 
(53.41%), addition of other fruits and celery root reduced the activity of 
smoothies by no more than 10%. This may indicate the synergistic ef-
fect of bioactive compound complexes of semi-products, not just phe-
nolic compounds, as was found in research on functional beverages  
Nanasombat et al. (2015). The lowest anti-BuChE activity was de-
termined in smoothies from carrot and parsley root (15.39% to 
39.88%). The results obtained were in line with research of Szwajgier 
and Borowiec (2012), which indicated peach and apple juices and 
celery root extract as a source of anti-cholinesterase inhibitors with the 
potential to restore cognitive function and improve memory. 

The diverse anti-cholinesterase potential of smoothies can be ex-
plained by the Pearson’s correlation found between its phenolic com-
pounds and the effects: anti-AChE with polymeric procyanidins 
(r = 0.68), anti-BuChE with flavonols and total phenolic compounds 
(r = 0.70 and 0.62, respectively). Despite the fact that AChE and 
BuChE have many structural similarities, the different inhibitory effects 
of phenolic compounds are associated with slight differences in the 
structure of the enzymes, e.g. active site, oxyanion hol. Phenolic com-
pounds interact with the amino acid residues defining the active site 
through hydrogen bond, π – π and hydrophobic interactions. It is 
known that the methoxy and hydroxyl groups in bioactive compounds 
can enhance the enzyme inhibitory effect due to stronger binding ca-
pacity. However, the issue of docking phenolic compounds with AChE 
and BuChE is still poorly researched and explained, and the differences 
are seen in the degree of affinity of the inhibitors to enzyme molecules. 
Nevertheless, studies on the neuroprotection of phenolic compounds 
indicate a higher potential of phenolic acids and flavonols (including 
ferulic acid, p-coumaric acid and quercetin present in sea buckthorn) 
than flavan-3-ols (Jabir, Khan, & Tabrez, 2018; Szwajgier, 2015). 

3.5.3. Anti-α-amylase, anti-α-glucosidase and anti-lipase activities 
α-Amylase, α-glucosidase and pancreatic lipase inhibition effects for 

smoothies are shown as % inhibition in Table 4. All smoothies were 
able to inhibit α-amylase and α-glucosidase, but the effect towards the 
latter was significantly stronger (p  <  0.05). The correlation coefficient 
(r = 0.61) showed a strong relationship between these activities. SB 
100% had the highest anti-α-amylase and anti-α-glucosidase activity 
(49.82% and 98.61%, respectively); therefore smoothies in the 50:50 
variant were more active. SB-apple, followed by SB-apricot, SB-grape, 
SB-orange and SB-parsley root, inhibited α-amylase most strongly (25% 
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Fig. 2. Dendrogram of Agglomerative Hierarchical Clustering (AHC) (A) and biplot of Principal Component Analysis (PCA) (B) representing dissimilarity re-
lationships of sensory attributes, chemical compounds and biological activities among sea buckthorn-based smoothies. 

K. Tkacz, et al.   Food Chemistry 33� (2021) 12�105

11



to 48%). Smoothies with celery root, carrot, pear, and peach were on 
average twice as weak α-amylase inhibitors. Strong α-glucosidase in-
hibitory activity was found for blends of sea buckthorn juice with 
apricot, orange, grape, and parsley root (86.68% to 90.92%). In con-
trast, SB-pear, SB-celery root and SB-carrot showed significantly lower 
inhibition (p  <  0.05) of α-glucosidase. 

SB 100% also indicated the strongest inhibition towards pancreatic 
lipase. Previous studies confirmed the potential of sea buckthorn as an 
anti-diabetic agent (Tkacz et al., 2019b; Xue et al., 2015). Lipase in-
hibition activity depended more on the type of semi-products than their 
percentage share in smoothies. The strongest inhibitors were products 
with peach, followed by pear, orange, parsley root, and apple. Similar 
to the anti-hyperglycemic potential, smoothies with celery root and 
carrot showed the weakest lipase inhibition (mean 57.15%). 

Correlations between inhibition of α-amylase and α-glucosidase, and 
flavonol content were found (r = 0.54 and 0.50, respectively). In turn, 
the anti-lipase effect correlated more strongly with polymeric procya-
nidins (r = 0.50). No relationship was revealed for phenolic acids with 
anti-α-amylase and anti-α-glucosidase effects; and for anti-lipase ac-
tivity the correlation was low (r = 0.39). Studies on in vitro and animal 
models indicated that the anti-diabetic perspective associated with 
flavonoids results from their modulating effects on carbohydrate me-
tabolism, improvement of pancreatic β-cell function and insulin action, 
reduction of insulin resistance, inflammation and oxidative stress in 
muscles, and reduction of cholesterol synthesis and triglyceride levels 
(Vinayagam & Xu, 2015). Antidiabetic activity is related to the mole-
cular mechanisms of phenolic compounds in pathways of AMP-acti-
vated protein kinase, beta cell apoptosis, glucose transporter, hepatic 
enzymes, NF kappa B, peroxisome proliferator-activated receptor, tyr-
osine kinase inhibitor. Additionally, their activity is associated with 
hydroxyl groups and α, β ketones. Despite a number of positive studies 
of the antidiabetic effects of polyphenols, the mechanisms of action and 
side effects have not been thoroughly investigated (AL-Ishaq, Abotaleb, 
Kubatka, Kajo, & Büsselberg, 2019). Thus, developed sea buckthorn 
smoothies can have a high potential to protect against diabetes, obesity 
and their complications. 

3.6. Agglomerative hierarchical clustering (AHC) and principal components 
analysis (PCA) 

Agglomerative hierarchical clustering and principal component 
analysis were conducted to summarize the dissimilarity relationships of 
sensory properties, chemical compounds and biological activities 
among sea buckthorn-based smoothies. The dendrogram of AHC and 
the biplot of PCA are shown in Fig. 2. The binary clustering tree 
(Fig. 2A) explicitly shows the dissimilarity between smoothies with 
vegetables and smoothies with 50% and 75% of fruits. The largest and 
the most diverse group, Group 1, contains SB-carrot, SB-apple and SB- 
pear in both variants, and SB-apricot, SB-orange, SB-peach, SB-grape 
only in the ratio 25:75. Group 2 was the most homogeneous and in-
cluded smoothies with celery and parsley roots, while Group 3 con-
centrated SB 100% and other fruit smoothies in 50:50 variants. Ac-
cording to the biplot (Fig. 2B), Group 1 was characterized by the 
highest overall acceptance and taste ratings, which was closely related 
to the sugar content, except for rhamnose. Strong anti-lipase, anti-AChE 
and antioxidant capacity of these smoothies correlated with phenolic 
acids and procyanidin polymers. Group 2 was more strongly associated 
with foreign flavors, aroma, and consistency scores in correlation with 
pectin, succinic acid, oxalic acid, and sucrose. Smoothies in Group 3 
with high anti-hyperglycemic and anti-BuChE potential were abundant 
in flavonols and organic acids. However, the strongly acidic flavor 
caused their low consumer acceptance. These products were most si-
milar to SB 100%. Previous studies on fruit smoothies revealed that 
antioxidant activity and polyphenol content were not correlated with 
consumer evaluation scores (Nowicka et al., 2016b; Teleszko & 
Wojdyło, 2014). However, this study proved that selected fruit and 

vegetable compositions with sea buckthorn juices provide high health 
potential with high consumer acceptance. 

4. Conclusions

The study provides comprehensive insight into the subject of che-
mical composition (sugar, organic acid, phenolic compound contents 
and basic chemical properties), biological potential (antioxidant, anti- 
neurodegenerative, anti-diabetic effects), as well as consumer sensory 
evaluation for eighteen novel sea buckthorn-based smoothies. The re-
sults obtained lead to the following key conclusions: 

(1) Composing sea buckthorn juice with fruits and vegetables can sig-
nificantly influence the sensory qualities, including reducing the 
acidity by increasing sugar:organic acid ratio, as well as improve 
the attractiveness of taste, color and aroma. The most favorable 
were blends of sea buckthorn juice with 75% fruits and 50% ve-
getables, especially SB-apricot and SB-carrot. Additionally, analysis 
of volatile aroma compounds may be interesting for future research 
into sea buckthorn-based products.  

(2) The use of sea buckthorn berries enriches the products in flavonols, 
while other fruits and vegetables provide significant amounts of 
phenolic acids (pear, peach, orange, apple, carrot, parsley root) and 
procyanidin polymers (mainly peach, grape, apple). 

(3) FRAP activity increased significantly for smoothies with pear, or-
ange and peach, while ORAC increased significantly for SB-apple, 
SB-carrot and SB-parsley. The anti-BuChE effect of smoothies was 
higher than towards AChE, but the addition of all fruits and vege-
tables improved the ability to inhibit this second enzyme. Products 
from apricot, orange, grape and parsley root were stronger in-
hibitors of both α-amylase and α-glucosidase. Over 50% lipase in-
hibition by all smoothies was determined. Thus, the developed 
smoothies can be considered as supplements to the diet, with po-
tential anti-aging, anti-diabetic and antioxidant properties.  

(4) Sea buckthorn-based smoothies with apricot, peach, orange and 
grape were the most attractive in terms of sensory properties and 
the content of biologically active compounds, and thus antioxidant 
and anti-enzymatic effects.  

(5) The results will be useful in the future design of innovative products 
with good sensory values and at the same time health-promoting 
potential using sea buckthorn berries – still underrated by the food 
industry. They can also direct further in vivo studies for non-com-
municable diseases. 
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Abstract: Sea buckthorn (Hippophaë rhamnoides L.) juice with inulin, maltodextrin, and inulin:maltodextrin
(1:2 and 2:1) were spray-, freeze- and vacuum-dried at 50, 70 and 90 �C. The study aimed to assess
the impact of drying methods and carrier agents on physical properties (moisture content, water
activity, true and bulk density, porosity, color parameters, browning index), chemical components
(hydroxymethylfurfural and phenolic compounds) and antioxidant capacity of sea buckthorn juice
powders. Storage of powders was carried out for six months. Inulin caused stronger water retention
in powders than maltodextrin. Vacuum drying provided powders with the highest bulk density.
Maltodextrin did not promote browning and HMF formation as strongly as inulin. More phenolic
compounds were found in powders with maltodextrin. Storage increased the antioxidant capacity of
powders. The results obtained will be useful in optimizing the powders production on an industrial
scale, designing attractive food ingredients.

Keywords: Hippophaë rhamnoides L.; inulin; maltodextrin; spray drying; freeze drying; vacuum
drying; flavonols; HMF

1. Introduction

Sea buckthorn (Hippophaë rhamnoides L.) belongs to the Elaeagnaceae family and occurs mainly in
the northern hemisphere. The high content of flavonols, L-ascorbic acid and lipophilic compounds
including carotenoids, tocopherols, fatty acids and phytosterols provides unique health-promoting
properties and thus enables a wide range of applications of this plant [1,2]. Juices, beverages, jams, oils,
teas, pharmaceuticals, cosmetics, dairy and spirits as well as feedstu↵ are produced from sea buckthorn
fruits, leaves, bark and seeds. To date, anti-radical activity, protection against UV radiation, e�cacy in
dermatological diseases, cardioprotective, hepatoprotective, anti-inflammatory, anti-hyperlipidemic,
anti-cholinergic, anti-hypertensive, anti-hyperinsulinemia and antimicrobial properties have been
studied [2,3]. Due to the high fat content, liquid and semi-liquid products from sea buckthorn separate
into two phases and thus are not attractive to consumers. An alternative can therefore be the process of
juice encapsulation using drying methods leading to the formation of powders. However, drying pure
fruit juices is hindered due to agglomeration of material particles and adhesion to the surface of dryer
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installations. Fruit juices, including sea buckthorn, contain organic acids and sugars with a low glass
transition temperature (Tg). Therefore, the high-molecular weight carrier agents are mixed with the
juices before drying to increase the Tg of the product and, as a consequence, avoid a viscoplastic state
and caking [4,5]. The carrier agents used in the production of powders may be maltodextrin, inulin,
gum arabic, carrageenan gum, carboxymethyl cellulose (CMC), starch, pectin, whey protein, gelatin,
casein and others; however, each of them a↵ects the physical and chemical properties of products [6–8].
The most commonly used techniques are spray drying and freeze drying. However, the potential for
vacuum drying, drum drying, reactance window drying, microwave-vacuum and other combined
drying is increasing [4,6,9].

Powders from whole fruits, juice, extract and pomace are produced, depending on the form of
the fruit. For instance, powders from mango [10], apple juice [11], Roselle extract [8], orange juice
with incorporated lactic acid bacteria [12], grape skin phenolic extract [13], purple sweet potato [6],
grape wastes [14], pomegranate peel phenolics [15], blackberry phenolics [16], herb extract [7] and with
probiotics in raspberry juice [9] have been produced and studied thus far.

Encapsulation involves entrapment of valuable, sensitive or target components or fractions within
the coating material. Processing fruit juice into powder can extend its shelf life and thus improve its
physical properties and nutritional and pro-healthy value, as in the research by Bąkowska-Barczak and
Kołodziejczyk [17], Aziz et al. [4] and Çam et al. [15]. The development of sea buckthorn powders may
facilitate the potential use of health benefits of sea buckthorn with their prolonged shelf life and lower
transport and storage costs. The encapsulated juice form o↵ers flexibility for innovative formulas and
uses as a replacement for juices and concentrates and in new markets, including bakery products,
confectionery, sauces, ice cream, dairy and nutritional and functional snacks. Juice powders can fit
well with the trend of using natural thickeners and agents that change or enhance the taste, color and
health value of products. Additionally, reducing the instability of sea buckthorn bioactive compounds
during processing and storage, as well as digestion in the digestive system, may meet the expectations
of the cosmetics and pharmaceutical industries [6,8,10]. Thus, the formation of sea buckthorn juice
powders can be equally beneficial.

This study aimed to assess the impact of drying methods (spray drying, freeze drying and
vacuum drying at 50, 70 and 90 �C) and types of carrier agents (inulin, maltodextrin and mixtures
inulin:maltodextrin in the ratio of 1:2 and 2:1) on physical properties (moisture content, water
activity, true and bulk density, porosity, color parameters, browning index), chemical components
(hydroxymethylfurfural [HMF] and phenolic compounds) and antioxidant capacity of sea buckthorn
juice powders before and after six-month storage. To the best of our knowledge, this is the first detailed
report on powders from H. rhamnoides juice. It will provide valuable information on the selection of
carrier agents and optimal drying conditions, stability of chemical compounds and antioxidant activity
of sea buckthorn juice after drying processes and then after storage.

2. Results and Discussion

2.1. Physical Properties of Sea Buckthorn Juice Powders

Physical properties, such as moisture content, water activity, true and bulk density and porosity
of sea buckthorn juice powders are summarized in Table 1. Color parameters, chroma parameter,
the total color change, hue angle, and browning index are presented in Table 2. Color of sea buckthorn
juice powders are presented on Figure 1. Tested properties can be used in processing control, quality
of the final product and its storage stability, but also for estimation of the texture of powders [4,18].
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Table 1. Moisture content, water activity, true density, bulk density and porosity of sea buckthorn
juice powders.

Drying Method
Carrier

Agent

Moisture

Content (%)

Water Activity

(aw)

True Density

(kg m�3)

Bulk Density

(kg m�3)
Porosity (%)

SD

INU 2.62 ± 0.11 d 0.086 ± 0.001 d 1408 ± 15 c 488.2 ± 13 d 65.34 ± 0.6 d
MALTO 2.01 ± 0.16 de 0.090 ± 0.002 cd 1240 ± 9 e 389.5 ± 5 f 68.52 ± 0.1 c
I:M 2:1 1.64 ± 0.10 e 0.080 ± 0.001 d 1375 ± 13 d 459.6 ± 23 de 66.59 ± 1.3 d
I:M 1:2 2.19 ± 0.12 de 0.089 ± 0.000 cd 1471 ± 12 b 466.5 ± 10 de 68.29 ± 0.4 c

FD

INU 4.75 ± 0.18 b 0.101 ± 0.001 c 1543 ± 10 a 448.1 ± 4 e 70.95 ± 0.1 b
MALTO 2.55 ± 0.12 d 0.096 ± 0.000 c 1529 ± 13 ab 548.9 ± 18 bc 64.10 ± 0.9 d
I:M 2:1 3.28 ± 0.14 c 0.097 ± 0.001 c 1485 ± 15 b 474.9 ± 11 d 68.03 ± 0.4 c
I:M 1:2 3.45 ± 0.16 c 0.098 ± 0.001 c 1519 ± 8 ab 373.1 ± 3 f 75.43 ± 0.1 a

VD 50 �C

INU 4.96 ± 0.20 ab 0.099 ± 0.001 c 1508 ± 11 ab 541.9 ± 12 bc 64.08 ± 0.5 d
MALTO 2.42 ± 0.10 d 0.096 ± 0.001 c 1485 ± 13 b 550.5 ± 18 bc 62.94 ± 0.9 de
I:M 2:1 3.68 ± 0.13 c 0.097 ± 0.000 c 1480 ± 15 b 541.0 ± 19 bc 63.45 ± 0.9 d
I:M 1:2 4.04 ± 0.11 bc 0.100 ± 0.001 c 1462 ± 12 b 519.1 ± 11 c 64.49 ± 0.5 d

VD 70 �C

INU 4.31 ± 0.13 b 0.098 ± 0.000 c 1479 ± 10 b 542.7 ± 12 bc 63.30 ± 0.6 d
MALTO 1.69 ± 0.15 e 0.088 ± 0.002 d 1467 ± 9 b 549.4 ± 9 bc 62.57 ± 0.4 de
I:M 2:1 1.99 ± 0.18 de 0.088 ± 0.001 d 1473 ± 12 b 539.9 ± 21 bc 63.35 ± 1.1 d
I:M 1:2 3.98 ± 0.22 bc 0.096 ± 0.001 c 1475 ± 13 b 515.9 ± 6 c 65.03 ± 0.1 d

VD 90 �C

INU 1.89 ± 0.11 e 0.076 ± 0.000 e 1421 ± 11 c 551.7 ± 3 bc 61.19 ± 0.1 e
MALTO 1.36 ± 0.17 ef 0.074 ± 0.000 e 1393 ± 14 cd 524.5 ± 5 c 62.34 ± 0.1 de
I:M 2:1 1.62 ± 0.12 e 0.076± 0.002 e 1412 ± 11 c 597.1 ± 8 b 57.71 ± 0.3 f
I:M 1:2 1.29 ± 0.19 f 0.075 ± 0.002 e 1406 ± 12 c 573.1 ± 15 b 59.23 ± 0.7 e

Pure carrier agents

INU 2.08 ± 0.01 de 0.129 ± 0.001 b 1387 ± 11 d 644.3 ± 9 a 53.53 ± 0.3 h
MALTO 5.70 ± 0.25 a 0.397 ± 0.001 a 1228 ± 12 ef 472.3 ± 2 d 61.65 ± 0.2 e
I:M 2:1 5.07 ± 0.00 ab 0.383 ± 0.001 a 1273 ± 13 e 547.5 ± 5 bc 57.00 ± 0.1 f
I:M 1:2 4.65 ± 0.08 b 0.368 ± 0.001 a 1308 ± 9 f 575.4 ± 6 b 56.01 ± 0.2 g

Duncan’s Multiple Range Test

Drying method

SD 2.12 C 0.086 B 1374 D 451.2 D 67.19 A
FD 3.51 A 0.098 A 1519 A 461.3 C 69.63 A

VD 50 �C 3.78 A 0.098 A 1484 B 538.1 B 63.74 B
VD 70 �C 2.99 B 0.093 AB 1474 B 537.0 B 63.56 B
VD 90 �C 1.54 D 0.075 C 1408 C 561.6 A 60.12 C

Carrier agent

INU 3.71 A 0.092 A 1472 A 514.5 B 64.97 AB
MALTO 2.01 D 0.089 B 1423 D 512.7 B 64.09 B
I:M 2:1 2.44 C 0.088 B 1445 C 522.5 A 63.83 B
I:M 1:2 2.99 B 0.092 A 1467 B 489.6 C 66.49 A

Data are shown as mean (n = 3) ± standard deviation; for each parameter tested, values with di↵erent letters
di↵er significantly (Duncan’s test, p < 0.05); SD–spray drying; FD, freeze drying; VD, vacuum drying; INU, inulin;
MALTO, maltodextrin; I:M, inulin:maltodextrin.

2.1.1. Moisture Content

The moisture content of sea buckthorn juice powders ranged from 1.29% (vacuum-dried powder
at 90 �C with inulin:maltodextrin 1:2) to 4.96% (vacuum-dried powder at 50 �C with inulin) (Table 1).
All powders met the moisture criterion below 5% for microbiological safety [4]. Nevertheless,
the kind of carrier agents, the drying methods and their parameters modulated the moisture content.
The moisture-di↵erentiating factors could be temperature during freeze drying (too low cause
sublimation barrier) [13], inlet and outlet temperatures during spray drying and percentage of carrier
agents [19]. Selvamuthukumaran and Khanum [20] found that the inlet air temperature, followed by
maltodextrin concentration, had the maximum e↵ect on the moisture content of the spray-dried sea
buckthorn juice. In the same research, they also found that the optimal values of these parameters
were, respectively, 162.5 �C and 1:4 for maltodextrin:fruit slurry. Thus, the determination of water
sorption isotherms for powders can be extremely helpful in modeling drying, conditioning and storage
processes. The sorption of water by sugar is weaker at higher temperatures, therefore research could
be directed towards the e↵ect of the degree of maltodextrin dextrinization causing an increase in water
absorption and sugar content in plant material and powders [21].
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Table 2. Color parameters and browning index of sea buckthorn juice powders.

Drying Method Carrier Agent

Color Parameters Browning Index (AU)

L* a* b* Chroma (C) dE Hue Angle (h
�
) 0 Months 6 Months

SD

INU 86.57 ± 0.14 bc 1.56 ± 0.03 g 40.81 ± 0.08 d 40.84 ± 0.38 d 36.67 ± 0.13 c 87.81 ± 0.04 d 0.22 ± 0.00 de 0.74 ± 0.02 e
MALTO 89.26 ± 0.17 b �1.21 ± 0.05 i 36.77 ± 0.05 e 36.79 ± 0.41 e 41.64 ± 0.16 b 91.88 ± 0.06 c 0.24 ± 0.01 d 0.50 ± 0.01 g
I:M 2:1 88.53 ± 0.09 b �0.63 ± 0.11 i 38.76 ± 0.02 de 38.77 ± 0.67 de 40.08 ± 0.08 b 90.93 ± 0.13 c 0.43 ± 0.02 b 0.58 ± 0.01 f
I:M 1:2 87.12 ± 0.16 bc 0.97 ± 0.05 h 40.70 ± 0.08 d 40.71 ± 0.65 d 37.47 ± 0.15 c 88.64 ± 0.06 d 0.28 ± 0.01 cd 0.59 ± 0.01 f

FD

INU 87.58 ± 0.17 bc �0.36 ± 0.23 hi 46.67 ± 0.05 c 46.67 ± 0.44 c 37.38 ± 0.15 c 90.44 ± 0.24 c 0.30 ± 0.02 c 0.72 ± 0.01 e
MALTO 81.99 ± 0.04 c 6.32 ± 0.06 d 50.16 ± 0.06 bc 50.56 ± 0.37 b 28.46 ± 0.03 e 82.82 ± 0.07 g 0.16 ± 0.00 e 0.52 ± 0.01 fg
I:M 2:1 78.87 ± 0.06 d 9.66 ± 0.04 c 57.43 ± 0.02 ab 58.24 ± 0.20 a 24.55 ± 0.05 f 80.45 ± 0.05 g 0.14 ± 0.01 e 0.59 ± 0.01 f
I:M 1:2 83.79 ± 0.19 c 3.55 ± 0.03 ef 55.24 ± 0.07 b 55.35 ± 0.85 ab 31.79 ± 0.16 d 86.32 ± 0.04 de 0.11 ± 0.01 ef 0.47 ± 0.01 g

VD 50 �C

INU 84.59 ± 0.20 bc 1.64 ± 0.10 g 47.89 ± 0.06 c 47.92 ± 0.34 c 33.71 ± 0.18 d 88.04 ± 0.12 d 0.19 ± 0.01 e 0.61 ± 0.01 f
MALTO 77.00 ± 0.09 d 11.98 ± 0.02 bc 55.53 ± 0.03 b 56.81 ± 0.40 ab 21.31 ± 0.07 fg 77.83 ± 0.04 h 0.15 ± 0.02 e 0.64 ± 0.01 f
I:M 2:1 80.99 ± 0.03 c 6.05 ± 0.05 d 53.57 ± 0.02 b 53.91 ± 0.12 b 27.91 ± 0.01 e 83.57 ± 0.06 f 0.11 ± 0.01 ef 0.66 ± 0.01 f
I:M 1:2 82.88 ± 0.28 c 2.96 ± 0.04 f 53.70 ± 0.04 b 53.78 ± 0.54 b 31.40 ± 0.24 d 86.85 ± 0.05 de 0.18 ± 0.01 e 0.55 ± 0.01 fg

VD 70 �C

INU 77.48 ± 0.03 d 4.62 ± 0.04 e 50.32 ± 0.02 bc 50.53 ± 0.79 b 26.48 ± 0.01 ef 84.75 ± 0.05 f 0.17 ± 0.01 e 1.16 ± 0.01 d
MALTO 77.59 ± 0.17 d 9.12 ± 0.06 c 59.19 ± 0.03 a 59.89 ± 0.98 a 24.43 ± 0.15 f 81.24 ± 0.07 g 0.09 ± 0.00 f 0.70 ± 0.01 ef
I:M 2:1 77.64 ± 0.04 d 9.19 ± 0.06 c 58.86 ± 0.10 a 59.57 ± 0.11 a 24.32 ± 0.03 f 81.13 ± 0.07 g 0.32 ± 0.02 c 0.74 ± 0.01 e
I:M 1:2 77.62 ± 0.14 d 4.56 ± 0.05 e 52.87 ± 0.05 b 53.07 ± 0.31 b 26.61 ± 0.13 ef 85.57 ± 0.06 e 0.25 ± 0.01 d 1.00 ± 0.01 d

VD 90 �C

INU 54.85 ± 0.09 f 12.03 ± 0.07 b 33.06 ± 0.05 f 35.80 ± 0.69 e 23.34 ± 0.08 f 70.00 ± 0.08 i 0.71 ± 0.02 a 2.98 ± 0.03 a
MALTO 71.52 ± 0.03 e 10.57 ± 0.08 bc 58.60 ± 0.01 a 59.55 ± 0.87 a 19.33 ± 0.03 g 79.78 ± 0.08 g 0.28 ± 0.01 cd 1.57 ± 0.01 c
I:M 2:1 54.55 ± 0.04 f 35.78 ± 0.04 a 33.70 ± 0.09 f 49.15 ± 0.83 b 21.91 ± 0.03 fg 43.29 ± 0.09 k 0.30 ± 0.01 c 2.84 ± 0.03 ab
I:M 1:2 56.21 ± 0.12 f 13.26 ± 0.07 b 39.62 ± 0.07 d 41.78 ± 0.69 d 17.30 ± 0.10 h 71.50 ± 0.08 i 0.42 ± 0.01 b 2.72 ± 0.01 b

Pure carrier agents

INU 97.58 ± 0.01 a �1.51 ± 0.01 i 4.53 ± 0.01 g 4.78 ± 0.01 f 65.60 ± 0.01 a 108.44 ± 0.01 b - -
MALTO 98.03 ± 0.00 a �1.24 ± 0.01 i 2.74 ± 0.01 h 3.01 ± 0.01 f 67.05 ± 0.01 a 114.35 ± 0.01 a - -
I:M 2:1 97.90 ± 0.01 a 1.47 ± 0.01 i 3.75 ± 0.01 gh 4.03 ± 0.01 f 65.22 ± 0.01 a 68.60 ± 0.02 ij - -
I:M 1:2 98.02 ± 0.00 a 1.37 ± 0.01 i 3.33 ± 0.01 gh 3.60 ± 0.01 f 65.63 ± 0.01 a 67.64 ± 0.01 j - -

Duncan’s Multiple Range Test

Drying method

SD 87.87 A 0.17 C 39.26 D 39.28 C 38.96 A 89.82 A 0.29 B 0.60 C
FD 83.06 AB 4.79 B 52.38 B 52.70 A 30.55 B 85.01 B 0.18 CD 0.58 C

VD 50 �C 81.37 B 5.66 B 52.67 B 53.10 A 28.58 B 84.07 BC 0.16 D 0.62 C
VD 70 �C 77.58 C 6.87 B 55.31 A 55.76 A 25.46 C 83.17 C 0.21 C 0.90 B
VD 90 �C 59.28 D 17.91 A 41.25 C 46.41 B 20.47 D 66.14 D 0.43 A 2.53 A

Carrier agents

INU 78.21 AB 3.90 D 43.75 C 44.23 D 31.52 A 70.17 A 0.32 A 1.24 A
MALTO 79.47 A 7.36 B 52.05 A 55.72 A 27.03 C 68.93 A 0.18 C 0.79 C
I:M 2:1 76.12 C 12.01 A 48.46 B 51.93 B 27.75 BC 62.23 B 0.26 B 1.08 B
I:M 1:2 77.52 BC 5.06 C 48.43 B 48.94 C 28.91 B 69.81 A 0.25 B 1.07 B

Data are shown as mean (n = 3) ± standard deviation; for each parameter tested, values with di↵erent letters di↵er significantly (Duncan’s test, p < 0.05); SD–spray drying; FD, freeze
drying; VD, vacuum drying; INU, inulin; MALTO, maltodextrin; I:M, inulin:maltodextrin; dE, total color change; AU, arbitrary units.
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powders (1.13–4.05%) [25], spray-dried cinnamon infusions with maltodextrin (1.34–1.99%) [21] and
spray-dried grape skin phenolic extract (2.41–2.57%) [13].

2.1.2. Water Activity

The water activity of sea buckthorn juice powders ranged from 0.074 (vacuum-dried powder
containing maltodextrin) to 0.101 (freeze-dried powder containing inulin) (Table 1). Maintaining the
water activity of powders at the level obtained will prevent or minimize the growth of mold, yeast and
bacteria, degradation of biologically active compounds and non-enzymatic browning.

The type of drying method caused greater variation in the water activity than the type of carrier
agents. The water activity of powders increases with equilibrium moisture content at a constant
temperature [26], therefore the lowest water activity was characterized by powders vacuum-dried
at 90 �C (approximately 0.075). The values for powders after freeze drying and vacuum drying at
50 �C was the same (approximately 0.098), and similar with that for powders vacuum-dried at 70 �C
(approximately 0.093). Freeze-dried powders may have higher water activity than those after other
methods due to their higher porosity which facilitates water penetration in the pores [11]. Additionally,
the nozzle diameter and feed flow rate in spray drying [23,24], and structure and content of carrier
agents (higher concentration causes a decrease in the aw) [19] could modulate the aw in powders.
Statistically similar water activity was observed for powders with inulin and with inulin:maltodextrin
(1:2) (approximately 0.092), as well as those with maltodextrin and with inulin:maltodextrin (2:1)
(0.089 and 0.088, respectively).

The water activity results obtained were similar or lower than those for probiotic orange
powders (0.34–0.42) [12], spray-dried watermelon powders (0.20–0.29) [19], microencapsulated Andes
berry extracts (0.199–0.422) [24], spray-died microencapsulated betalains cactus (0.176–0.205) [27],
microencapsulated Bordo grape skin extract (0.160–0.360) [13] and cantaloupe juice powders
(0.15–0.19) [28].

2.1.3. True and Bulk Density

The values of true density for sea buckthorn juice powders ranged between 1240 (spray-dried
powder with maltodextrin) and 1543 kg m�3 (freeze-dried powder with inulin) (Table 1). Generally,
spray dried particles have lower true density values than freeze dried and vacuum dried products [11].
The same relationship was found for sea buckthorn powders, which can be ranked according to
decreasing true density values as follows: freeze-dried > vacuum-dried at 50 and 70 �C > vacuum-dried
at 90 �C > spray-dried powders (approximately 1519, 1479, 1408 and 1374 kg m�3, respectively).
The largest diversity in true density values was recorded for spray-dried powders (1240–1471 kg m�3),
whereas powders containing inulin had significantly higher true density values than those with
maltodextrin (approximately 1472 and 1423 kg m�3, respectively). As expected, true density of all
powders was higher than true density of corresponding pure carrier agents. Furthermore, the largest
increase in true density was determined for powder with maltodextrin after freeze drying (di↵erence
of approximately 300 kg m�3).

Bulk density values did not correlate with true density (r = 0.187). The lowest bulk density values
were determined for freeze-dried powder with inulin:maltodextrin (1:2) and spray-dried powder
with maltodextrin (373.1 and 389.5 kg m�3, respectively). For this first powder, the largest di↵erence
between its bulk density and bulk density of the pure carrier agent (575.4 kg m�3) was also calculated.
Sea buckthorn juice powder with inulin:maltodextrin (2:1), vacuum-dried at 90 �C, had the highest bulk
density (597.1 kg m�3) and this value did not di↵er significantly from the bulk density of the analogous
pure carrier agent (547.5 kg m�3). Moreover, extremely bulk density values were observed for powders
with blend of inulin and maltodextrin 1:2 and 2:1, respectively, compared to powders with simple
carrier agents. This di↵erentiation was explained by polymer interactions between carbohydrates and
juice powder in the study by Ferrari et al. [26]. Powders encapsulated with maltodextrin had a minor
bulk density than that produced with a mix of gum arabic and maltodextrin.
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Bulk density and porosity depend on particle size, inter-particle voids of powders, properties
of juice and carrier agents, drying methods and temperatures [10]. Particles with higher moisture
amount tend to have a higher bulking weight due to the presence of water which is denser than
dried solids [26]. However, in this study, no correlation was found between moisture content and
bulk density (r = �0.183) and weak correlation between moisture content and porosity (r = 0.406).
In addition, sea buckthorn fruits contain low sugar levels (average 2%), so the powder obtained by
spray drying was not sticky. Drying methods had a larger impact on bulk density than carrier agents.
Thus, powders in terms of decreasing bulk density can be ordered as follows: vacuum-dried at 90 �C >
vacuum-dried at 50 and 70 �C > freeze-dried > spray-dried powder (approximately 561.6, 538.1, 461.3
and 451.2 kg m�3, respectively). This behavior can be explained by the crystal structure of the powders
obtained in a vacuum and by the reduction of interstitial air content between the particles and the
reduction of the volume occupied [11,26].

High bulk density is economically positive, since products require smaller packaging, and
transport and storage costs are lower. Lower bulk density is associated with entrapment of air in voids,
thereby facilitating oxidation and less stability [4]. Pure inulin had a higher value than maltodextrin
(644.3 and 472.3 kg m�3, respectively) due to its molecular weight and thus heavier material and
limited spaces between particles. Nevertheless, the bulk density of sea buckthorn juice powders with
inulin (approximately 514.5 kg m�3) decreased relative to the pure carrier agent, but with maltodextrin
favorably increased (mean 512.7 kg m�3). The studied powders had similar bulk density values to
those determined for spray-dried cinnamon infusions with maltodextrin (536–554 kg m�3) [21] and
spray-dried Roselle extract with maltodextrin, pectin, carboxymethylcellulose, gum arabic and whey
powder (427–588 kg m�3) [8]. However, this second research team investigated higher di↵erentiation,
with double the bulk density for the powder with carrageenan gum (849 kg m�3) than for gelatin
(392 kg m�3).

2.1.4. Porosity

The drying methods had a greater impact on the powder porosity than the type of carrier
agents. Measured porosity values were between 57.71% (powder with inulin:maltodextrin in the
ratio of 2:1 after vacuum drying at 90 �C) and 75.43% (freeze-dried powder with inulin:maltodextrin
1:2). The porosity of sea buckthorn juice powders obtained by vacuum drying at 50 and 70 �C was
similar and averaged 62.47%. Consequently, in terms of porosity, powders can be ranked as follows:
freeze-dried (approximately 69.63%) ⇡ spray-dried (approximately 67.19%) > vacuum-dried (between
approximately 60.12% and 63.74%). Based on scanning electron micrographs, Azizpour et al. [29] stated
that the high temperature promotes the increase in porosity of dried material. However, other studies
suggested that surface roughness is typical for spray dried powders at low temperatures. Such a
structure promotes higher humidity and suppleness, and, consequently, it causes a reduced volume of
particles during cooling [22,23].

The porosity of the pure carrier agents di↵ered significantly, ranging between 53.53% for inulin
and 61.65% for maltodextrin. Despite this, the porosity of the sea buckthorn juice powders with inulin
was higher by less than 1% compared to those with maltodextrin (64.97% and 64.09%, respectively).
Increased porosity in powders with maltodextrin and thus a significant reduction in bulk density was
investigated for spray-dried mango puree [10]. In turn, the smoother surface of the insulin particles
can be ascribed to the relatively low polydispersity and higher molecular flexibility enabling many
conformations. An increase in temperature and a low concentration of this oligosaccharide in final
powders (20%) may have contributed to a decrease in its crystallinity and viscosity [30].

The largest variation in the porosity was found between powders produced by freeze drying.
Reduced temperature and pressure in this process ensure an appropriate sublimation rate; the material
is not exposed to shrinkage, and, as a result, products with high porosity and rehydration capacity are
created [10]. Thus, the porosity and bulk density of sea buckthorn juice powders may be an important
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criterion of application, due to the storage conditions, the type and form of the final product and
oxidative and aromatic stability.

2.1.5. Color Parameters

The color parameters of sea buckthorn juice powders are given in Table 2, while images, showing
clear differences in color, are presented in Figure 1.The color of the powders was determined with
reference to the CIE L*a*b* color space, in which parameter L* indicates brightness from blackness
(0) to whiteness (100), parameter a* determines the color from green (�) to red (+) and parameter
b* is from blue (�) to yellow (+). In the sea buckthorn juice powders, coordinate L* ranged from
54.55 (vacuum-dried powder with inulin:maltodextrin in the ratio of 2:1) to 89.26 (spray-dried powder
with maltodextrin). Powders produced by freeze drying and spray drying had higher parameter
L* values than those after vacuum drying (especially in higher temperature variants). In previous
studies, similar trends were obtained, which indicates the beneficial use of these drying processes in the
production of powders with favorable, minimally changed color. Prolonged exposure to 90 �C under
vacuum could have promoted browning reactions such as caramelization and Maillard reactions [12,25].

Moreover, the powders after vacuum drying at 90 �C were the darkest (L* = approximately 59.28)
but the powder with maltodextrin had a significantly higher parameter L* equal to 71.52. Such a large
di↵erence between the brightness of powders with maltodextrin and the remaining powders was
found only in this drying method. Other researchers have also described higher parameter L* after the
addition of maltodextrin in raspberry powders, orange juice powders and mango powders [9,10,12].
The superiority of maltodextrin over insulin in the context of final brightness may find corroboration
in various interactions between juice matrix and carrier agents and, consequently, the release of
compounds that undergo further reactions.

The hue angle (h�), which characterizes the perception of color, showed values from 43.29� (vacuum
dried powder at 90 �C with inulin:maltodextrin 2:1) to 91.88� (sprayed powder with maltodextrin),
thus indicating values between red (0�) and yellow (90�). For spray-dried powders, followed by
freeze-dried and vacuum-dried at 50 and 70 �C, the highest h� values were recorded, i.e. the closest to
the angle for yellow. The type of carrier agent did not significantly a↵ect h� but the parameters a* and
b* were significantly di↵erent for powders with inulin, maltodextrin and their mixtures. The lowest h�

values were recorded for powders dried in vacuum at 90 �C, which could still be caused by browning
reactions. Coordinate b* indicates a more yellow color of the powders with maltodextrin than those
with inulin (b* = approximately 52.05 and 43.75, respectively), however the h� values indicate such
results only for drying techniques at higher temperatures (spray drying and vacuum drying at 90 �C).

The chroma parameter (C), indicating the purity and intensity of color, of the sea buckthorn juice
powders ranged from 35.80 (powder with inulin after vacuum drying at 90 �C) to 59.89 (powder
with maltodextrin after vacuum drying at 70 �C). The highest intensity of color was characterized
by powders with maltodextrin, and the lowest with inulin (C = approximately 55.72 and 44.25,
respectively). The average values of the parameter C for powders after freeze drying and vacuum
drying at 50 and 70 �C did not di↵er significantly. The color intensity of sea buckthorn powders obtained
by spray drying was the lowest, as was the case with orange, mango and apple powders [10–12].
Nevertheless, opposite results were obtained by Kuck and Noreña [13], and thus higher parameter C
values were observed for spray-dried grape skin extracts than after freeze drying. The reason may be
the use of gum arabic, polydextrose and guar gum as encapsulating agents. The values of the chroma
parameter strongly correlated with the value of parameter b* (r = 0.922) and poorly with the parameter
a* (r = 0.218), indicating a strong yellow color of powders.

The total color change (dE) was calculated using sea buckthorn juice as a reference (L* = 60.44;
a* = 24.84; b* = 51.75). It was found that the color change resulted from the parameter L* increase and
the parameter a* decrease in the powders obtained. Thus, the dE ranged between 17.30 (powder with
inulin:maltodextrin 1:2, after vacuum drying at 90 �C) to 41.64 (spray-dried powder with maltodextrin).
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All results indicate visible and distinguishable di↵erences in the color of powders for the human eye
(dE > 5.0) [22] but do not suggest explicit sensory assessments of color.

Drying methods had a stronger impact on the color change than the type of carrier agents.
The highest average dE was observed for spray-dried powders, and the lowest after vacuum drying
90 �C (approximately 38.96 and 20.47, respectively). Powders with maltodextrin were characterized by
the smallest color change (dE = approximately 27.03), again suggesting the appropriateness of this
carrier agent to produce sea buckthorn powders.

2.1.6. Browning Index

The browning index was presented as an indicator of non-enzymatic browning of powders.
In powders before storage, the browning index ranged from 0.09 AU (powder with maltodextrin after
vacuum drying at 70 �C) to 0.71 AU (powder with inulin after vacuum drying at 90 �C). Freeze drying
and vacuum drying at 50 �C resulted in the lowest browning of powders, in contrast to vacuum drying
at 90 �C (approximately 0.16, 0.18 and 0.43 AU, respectively). Inulin promoted browning reactions,
so powders can be ranked according to the increasing browning index: powders with maltodextrin <
powders with inulin:maltodextrin 1:2 and 2:1 < powders with inulin.

Research on model systems has proved that browning reactions at temperatures above 60 �C occur
significantly more quickly in a model containing glucose than in one containing galactose. Glucose is
the dominant sugar in sea buckthorn; hence, the long-term vacuum drying at 90 �C resulted in the
highest browning index. In addition, the browning index could be modulated by carrier agents,
drying temperature, storage process, content of sugars and compounds with a free amino group in
powders [31]. Generally, inulin is non-reducing and does not contain or form reactive ketone and
aldehyde groups. However, it is a polydisperse mixture and may contain more reactive mono- and
disaccharides and as a consequence may participate in reactions with groups of other compounds,
including in Maillard reactions. Importantly, low pH and elevated temperature may promote its
hydrolysis in aqueous solutions, thereby increasing the amount of reducing sugars. This should be
particularly taken into account when using sea buckthorn juice with a naturally low pH about 3.0 [30].

After six months of storage, the browning index varied between 0.50 AU (spray-dried powder
with maltodextrin) and 2.98 AU (vacuum-dried powder at 90 �C with inulin). Powders vacuum-dried
at 90 �C had the highest browning index (approximately 2.53 AU), and simultaneously almost six
times higher compared to powders before storage. As with fresh powders, stored powders with inulin
had the highest average index, and the lowest with maltodextrin (approximately 1.24 and 0.79 AU).

2.2. Hydroxymethylfurfural in Sea Buckthorn Juice Powders

The hydroxymethylfurfural (HMF) content was tested in powders before and after six months of
storage (Table 3). In fresh powders, the HMF content ranged from 0.05 (powder with inulin:maltodextrin
2:1 after vacuum drying at 70 �C) to 75.21 mg/100 g DM (powder with inulin after vacuum drying at
90 �C). The average HMF content in powders spray-dried, freeze-dried and vacuum-dried at 50 �C
did not di↵er significantly and ranged between 0.15 and 0.94 mg/100 g DM. Moßhammer et al. [32]
also reported that cactus pear powders after freeze drying and spray drying had low and similar
HMF concentration.
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Table 3. Content of hydroxymethylfurfural (HMF) and phenolic compounds (mg/100 g DM) and antioxidant capacity (mmol Trolox/100 g DM) of sea buckthorn
juice powders.

Drying Method Carrier Agent
HMF Phenolic Acids Flavonols Antioxidant Capacity

0 Months 6 Months 0 Months 6 Months 0 Months 6 Months 0 Months 6 Months

SD

INU 1.50 ± 0.13 e 1.79 ± 0.19 f 2.86 ± 0.11 ab 2.71 ± 0.15 a 210.83 ± 4.05 f 203.92 ± 2.23 e 1.62 ± 0.08 ab 2.25 ± 0.23 c
MALTO 0.39 ± 0.09 g 0.72 ± 0.11 g 3.00 ± 0.29 a 2.96 ± 0.19 a 222.21 ± 2.45 e 209.51 ± 2.46 e 1.56 ± 0.08 b 1.43 ± 0.19 ef
I:M 2:1 0.82 ± 0.10 f 1.89 ± 0.20 f 2.49 ± 0.09 b 2.26 ± 0.13 b 242.05 ± 5.17 d 174.96 ± 2.01 f 1.60 ± 0.02 ab 2.20 ± 0.03 c
I:M 1:2 1.05 ± 0.02 ef 1.88 ± 0.18 f 1.70 ± 0.14 c 1.26 ± 0.10 de 266.43 ± 3.55 b 144.05 ± 2.12 g 1.64 ± 0.10 ab 2.27 ± 0.22 c

FD

INU 0.04 ± 0.01 i 0.67 ± 0.14 gh 1.71 ± 0.10 c 1.67 ± 0.21 d 213.28 ± 4.44
ef 200.40 ± 2.32 ef 1.73 ± 0.19 a 2.10 ± 0.34 cd

MALTO 0.41 ± 0.10 g 0.57 ± 0.11 h 1.85 ± 0.24 bc 1.80 ± 0.14 cd 251.48 ± 4.64 c 249.02 ± 3.54 ab 1.45 ± 0.20 c 2.09 ± 0.12 cd
I:M 2:1 0.07 ± 0.01 i 0.15 ± 0.08 i 1.44 ± 0.18 d 1.37 ± 0.24 d 255.78 ± 2.47 c 233.09 ± 3.53 c 1.56 ± 0.07 b 1.85 ± 0.22 d
I:M 1:2 0.09 ± 0.01 i 0.17 ± 0.10 i 2.12 ± 0.22 b 2.07 ± 0.07 c 245.40 ± 3.89 d 236.53 ± 2.79 c 1.40 ± 0.07 c 1.72 ± 0.29de

VD 50 �C

INU 0.45 ± 0.06 g 0.51 ± 0.10 h 1.39 ± 0.16 d 1.00 ± 0.25 e 217.69 ± 2.56 e 150.42 ± 3.72 g 1.56 ± 0.08 b 1.80 ± 0.34 d
MALTO 0.44 ± 0.03 g 0.50 ± 0.07 h 1.57 ± 0.20 cd 1.49 ± 0.24 d 274.25 ± 3.52 b 256.46 ± 2.64 a 1.46 ± 0.11 c 1.96 ± 0.17 d

I:M 2:1 0.13 ± 0.01 i 0.89 ± 0.22 g 1.60 ± 0.15 cd 1.23 ± 0.17 de 248.55 ± 3.12
cd 222.51 ± 2.70 d 1.55 ± 0.14 b 2.61 ± 0.17 b

I:M 1:2 0.32 ± 0.09 h 0.90 ± 0.06 g 1.02 ± 0.09 e 0.92 ± 0.15 e 273.93 ± 2.25 b 223.91 ± 3.75 d 1.46 ± 0.05 c 2.35 ± 0.08 bc

VD 70 �C

INU 14.09 ± 1.53 c 21.12 ± 2.14 c 1.21 ± 0.13 de 0.94 ± 0.13 e 243.86 ± 2.51 d 212.50 ± 2.34 e 1.40 ± 0.18 c 1.65 ± 0.20 e
MALTO 0.46 ± 0.08 g 2.15 ± 0.67 ef 1.59 ± 0.08 cd 1.12 ± 0.13 e 290.34 ± 4.02 a 244.73 ± 2.27 b 1.29 ± 0.05 d 2.92 ± 0.11 a
I:M 2:1 0.05 ± 0.01 i 2.94 ± 0.23 e 0.24 ± 0.01 g 0.18 ± 0.09 g 267.62 ± 1.87 b 234.59 ± 2.75 c 1.64 ± 0.33 ab 1.99 ± 0.18 d
I:M 1:2 9.22 ± 0.45 d 15.35 ± 2.53 d 1.06 ± 0.11 e 0.79 ± 0.17 f 285.03 ± 2.16 a 232.87 ± 3.64 c 1.32 ± 0.11 cd 1.42 ± 0.17 ef

VD 90 �C

INU 75.21 ± 1.74 a 94.20 ± 4.35 a 0.71 ± 0.12 ef 0.14 ± 0.03 g 191.24 ± 1.54 g 195.87 ± 1.58 ef 1.12 ± 0.06 d 1.82 ± 0.25 d
MALTO 0.39 ± 0.02 gh 11.53 ± 1.04 c 1.16 ± 0.17 de 0.89 ± 0.12 ef 298.68 ± 5.34 a 200.13 ± 2.28 ef 1.29 ± 0.03 c 1.35 ± 0.19 f
I:M 2:1 75.07 ± 1.19 a 101.40 ± 4.93 a 0.71 ± 0.09 ef 0.25 ± 0.08 g 219.68 ± 3.74 e 188.92 ± 2.22 f 1.42 ± 0.05 c 1.76 ± 0.22 de
I:M 1:2 47.12 ± 0.80 b 70.53 ± 3.66 b 0.24 ± 0.03 g 0.10 ± 0.02 g 181.80 ± 2.81 h 175.41 ± 3.64 f 0.85 ± 0.07 e 2.19 ± 0.11 c

Duncan’s Multiple Range Test

Drying method

SD 0.94 C 1.57 C "67.0% 2.51 A 2.30 A #8.4% 235.38 BC 183.11 C #22.2% 1.61 A 2.04 A "26.7%

FD 0.15 C 0.33 C "120.0% 1.78 B 1.73 B #2.8% 241.49 BC 229.76 A #4.8% 1.54 A 1.94 AB "26.0%

VD 50 �C 0.33 C 0.90 C "173% 1.39 B 1.16 B #16.5% 253.61 B 213.33 B #15.9% 1.51 A 2.18 A "44.4%

VD 70 �C 5.95 B 10.39 B "74,6% 1.03 BC 0.76 C #26.2% 271.71 A 231.17 A #14.9% 1.41 AB 2.00 A "41.8%

VD 90 �C 49.45 A 69.42 A "40.4% 0.71 C 0.35 D #50.7% 222.85 C 190.08 C #14.7% 1.17 B 1.75 B "49.6%

Carrier agents

INU 18.26 A 29.45 A "61.3% 1.58 B 1.29 B #18.4% 215.38 C 192.62 C #10.6% 1.49 A 1.92 A "28.9%

MALTO 0.41 D 4.80 C "1070.7% 1.83 A 1.65 A #9.8% 267.39 A 231.97 A #13.2% 1.41 AB 1.93 A "36.9%

I:M 2:1 15.23 B 26.59 A "74.6% 1.30 C 1.06 C #18.5% 246.74 B 210.81 B #14.6% 1.55 A 2.08 A "34.2%

I:M 1:2 11.56 C 17.77 B "53.7% 1.23 C 1.03 C #16.3% 250.52 B 202.55 BC #19.1% 1.33 B 1.99 A "49.6%

Data are shown as mean (n = 3) ± standard deviation; for each parameter tested, values with di↵erent letters di↵er significantly (Duncan’s test, p < 0.05); SD–spray drying; FD, freeze
drying; VD, vacuum drying; INU, inulin; MALTO, maltodextrin; I:M, inulin:maltodextrin.
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The temperature increase during vacuum drying significantly increased the amount of HMF
formed, and thus powders vacuum-dried at 90 �C had 47.12–75.21 mg/100 g DM, except for that with
maltodextrin (0.39 mg/100 g DM). Similarly, Michalska et al. [33] reported that the HMF formation was
slow at temperatures above 60 �C, and rapid above 80 �C, during convection drying of blackcurrant
pomace powders.

The average HMF content in powders with maltodextrin was 28–45 times lower than in powders
with other carrier agents (approximately between 11.56 and 18.16 mg/100 g DM). This indicates the
appropriateness of using pure maltodextrin for the production of powders by the vacuum method at
higher temperatures. The results obtained were in line with the research on plum powders, in which
maltodextrin also impeded HMF creation [34]. It should be noted, however, that short-term spray
drying at 180 �C did not result in high HMF concentration regardless of carrier agents.

HMF is one of the products of the advanced Maillard reaction, occurring in products with hexose,
as a result of thermal treatment and storage, or a degradation product of ascorbic acid. Therefore,
in stored powders, the HMF amount increased and equaled 0.15–101.40 mg/100 g DM (powder
with inulin:maltodextrin 2:1 after freeze drying and after vacuum drying at 90 �C, respectively).
Powders spray-, freeze- and vacuum-dried at 50 �C had significantly similar average HMF content,
similar as in fresh powders (approximately between 0.33 and 1.57 mg/100 g DM).

However, the increase in HMF after storage was significantly lower for spray-dried powders.
This could be due to the formation of spherical capsules in spray drying, without pores and thus with
full core protection [35]. The increase in HMF after storage was the highest in the case of powders with
maltodextrin (almost 12 times), whereas the content of this compound was the lowest in comparison to
powders with other carrier agents (4.80 vs. 17.77–29.45 mg/100 g DM). In addition, the correlation
between HMF content and browning index was higher for powders after storage than before (r = 0.970
and 0.669).

2.3. Phenolic Compounds in Sea Buckthorn Juice Powders

The content of phenolic compounds before and after six months of storage is presented in Table 3.
Sea buckthorn berries are a rich source of flavonols, which account for over 98% of the total phenolic
compounds, as proven in previous studies [2]. Similarly, in the case of powders, flavonols were also
the dominant phenolic compounds. The greatest variation in their content was tested within powders
vacuum-dried at 90 �C (between 181.80 for powders with inulin:maltodextrin 1:2 and 298.68 mg/100 g DM
for powders with maltodextrin). Vacuum drying at 70 �C had the most beneficial effect on retaining
sea buckthorn flavonols (approximately 271.71 mg/100 g DM). In terms of the type of carrier agents,
powders can be ranked according to decreasing flavonol concentration: powders with: maltodextrin >
with inulin:maltodextrin 1:2 and 2:1 >with inulin (from 267.35 to 215.38 mg/100 g DM). Flavonols in
stored powders were found in concentrations from 144.05 (spray-dried powder with inulin:maltodextrin
1:2) to 256.46 mg/100 g DM (vacuum-dried powder at 70 �C with maltodextrin). Flavonol degradation
after freeze drying was the lowest (by 4.8%) and thus their concentration in these powders was the
highest (approximately 119.76 mg/100 g DM). The lowest amount of flavonols was determined in inulin
powders, and their reduction after six months was the smallest (by 10.6%). The flexibility of the inulin
skeleton combined with high glass transition temperature (Tg) make this agent a proper stabilizer of
nutritional and bioactive components. For example, in food and pharmaceutical applications it is a
suitable stabilizer of proteins in the dry state [30]. Therefore, the results could be strongly dependent on
the retention degree of polyphenols and their stability in the powders encapsulated with carrier agents
which display different protection characteristics and kinetic parameters.

Phenolic acid content was from 0.24 (powder vacuum-dried at 70 �C with inulin:maltodextrin 2:1
and vacuum-dried powder at 90 �C with inulin:maltodextrin 1:2) to 3.00 mg/100 g DM (spray-dried
powder with maltodextrin). Spray-dried powders contained on average 3.5 times more phenolic acids
than powders vacuum-dried at 90 �C (2.51 and 0.71 mg/100 g DM, respectively). The results obtained
were in line with those obtained by Horszwald et al. [25], who reported that spray drying caused the
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least degradation of flavonoids in chokeberry powders compared to freeze drying and vacuum drying.
The highest average phenolic acid content (1.83 mg/100 g DM) was found in powders with maltodextrin.
Stored powders contained from 0.10 (vacuum-dried powder at 90 �C with inulin:maltodextrin 1:2) to
2.96 mg phenolic acids/100 g DM (spray-dried powder with maltodextrin). Six-month storage resulted
in stronger degradation of phenolic acids in powders after vacuum drying at 90 �C (by 50.7%) than after
freeze drying (by 2.8%). The highest concentration of phenolic acids (approximately 1.65 mg/100 g DM)
was measured in powders with maltodextrin, and the degradation of these compounds (by 9.8%) was
the lowest compared to powders with other carrier agents (up to 18.5%).

The contents of flavonols and phenolic acids in pure sea buckthorn juice were 578.30 and
5.25 mg/100 g DM, respectively. Thus, the powders contained on average 2–3 times less phenolic
compounds immediately after drying and 2–4 times less after the storage process compared to pure
juice. The loss of phenolic compounds after drying may result from the use of high temperatures,
exposure to oxygen, formation of fissures, concavities, microspheres and pores, which cause release
and degradation of the encapsulated component [13]. The sea buckthorn powders were stored in
the presence of oxygen and moisture, which favor the phenol compound degradation reactions and
changes in the structure of the carrier agents [36]. Moreover, flavonol concentration correlated with
porosity of sea buckthorn powders with di↵erent agents (r = 0.913), which may explain the easier
release of polyphenols in extraction process, as well as their lower retention during storage and thus
exposure to degradation. On the other hand, previous research on stored blackcurrant microcapsules
obtained by spray drying showed that inulin created a more stable product with polyphenols than
maltodextrins, whereas the stability of polyphenols in powders with maltodextrin was dependent
on dextrose equivalent (DE) and those with DE 11 provided greater protection for polyphenols
during storage than with DE 18 and DE 21 [17]. Higher degree of carrier polymerization results in
lower retention of compounds present in the encapsulated material due to the sensitivity of shorter
carrier carbohydrate units to temperature and thus their deformation [36]. In research on spray-dried
Roselle extract, Díaz-Bandera et al. [8] observed that maltodextrin, similar to carrageenan gum,
carboxymethyl cellulose, gelatin and gum arabic, showed low polyphenol release values at the steady
state. Mensink et al. [30] emphasized, however, that both the mean DP and actual size distribution of
carrier agents determining rheological and thermal properties should be taken into account.

2.4. Antioxidant Capacity of Sea Buckthorn Juice Powders

Antioxidant capacity of sea buckthorn juice powders estimated by the ABTS·+ method ranged
from 0.85 (powders vacuum-dried at 90 �C with inulin:maltodextrin 1:2) to 1.73 mmol Trolox/100 g DM
(powders freeze-dried with inulin). Powders obtained by spray, freeze and vacuum drying at 50 �C had
the highest antioxidant capacity (approximately 1.55 mmol Trolox/100 g DM). The average antioxidant
e↵ects of powders, except for powders with inulin and maltodextrin (1:2), were similar and ranged
from 1.41 to 1.55 mmol Trolox/100 g DM.

Higher antioxidant capacity was measured for powders stored for six months than for fresh
powders. An almost 50% increase in antioxidant capacity was found for powders dried at 90 �C under
vacuum, but they showed the lowest activity (1.75 mmol Trolox/100 g DM). The increase in antioxidant
capacity of spray- and freeze-dried powders averaged 26.4%. Similar to research on blackcurrant
polyphenol microcapsules [17], the antioxidant capacity of powders with inulin was the most stable
after storage, but powders with maltodextrin showed stronger activity towards the cation radicals.

Spray drying had the most favorable e↵ect on preserving the antioxidant capacity of powders.
There was only 4.6 times less antioxidant activity than for pure juice (7.53 mmol Trolox/100 g DM),
compared to almost nine times di↵erence for powders obtained by vacuum drying at 90 �C. However,
as noted by Santiago-Adame et al. [21], the activity of products dried by this method is conditioned by
parameters, and 180 �C and feed rate at 10 mL/min are the most desired. Browning compounds did
not a↵ect the increase in antioxidant capacity, and there was also no correlation between changes in
antioxidant activity and content of flavonols and phenolic acids.
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to Kuck and Noreña [13] and Šumić et al. [39]. Browning index was determined in powder extracts
(1 g of powder in 100 mL of distilled water). The results were measured at 420 nm using a multi-mode
microplate reader SynergyTM H1 (BioTek, Winooski, VT, USA) and shown in arbitrary units (AU).

3.6. Determination of Phenolic Compounds and Hydroxymethylfurfural (HMF)

Analysis of phenolic compounds and hydroxymethylfurfural (HMF) were performed using an
Ultra-Performance Liquid Chromatography with Photodiode Array Detector (UPLC-PDA, Acquity
UPLC System, Waters Corp.; Milford, WA, USA). The extraction procedure and analysis conditions
of phenolic compounds and HMF were analogous to those given previously by Tkacz et al. [2]
and Turkiewicz et al. [40], respectively. Quantification was made on the basis of standard curves,
using HMF; p-coumaric and ferulic acids; 3-O-glucosides, 3-O-rutinosides and 3-O-rhamnosides of
isorhamnetin; quercetin; and kaempferol as standards. The other flavonol derivatives were calculated
as the corresponding 3-O-glucoside derivatives. Phenolic acids, flavonols and HMF were detected at
wavelengths 320, 360 and 284 nm, respectively. The results were expressed as mg per 100 g of dry
matter (DM).

3.7. Determination of Antioxidant Capacity and Antioxidant On-Line Profiling by HPLC-PDA Coupled with
Post-Column Derivatization with ABTS·+ Reagent

The antioxidant capacity was tested as free radical-scavenging activity (ABTS·+). The extraction
and assay were conducted as previously described by Tkacz et al. [41]. The multi-mode microplate
reader discussed in Section 3.5 was used. The results of antioxidant e↵ects were calculated as mmol
Trolox/100 g DM.

An on-line HPLC system was applied to verify the possible antioxidant capacity of HMF and
furosine. The same ABTS·+ reagent was used as in antioxidant capacity assay. Conditions and
procedure of the assay were analogous as reported by Tkacz et al. [42]. The detection wavelengths for
HMF and furosine were set at 280 nm, and discoloration of mobile phase after reaction with radical
cation was detected as negative peaks at 734 nm. The chromatograms are shown as results.

3.8. Statistical Analysis

One-way analysis of variance (ANOVA) with a significance below 0.05, Duncan’s multiple
range test and Pearson’s correlation coe�cients (r) were determined to compare the samples.
XLSTAT Statistical Software (Addinsoft Inc, New York, NY, USA) integrated with Microsoft Excel
2017 (Microsoft Corp.; Redmond, WA, USA) were used. Drying tests were performed three times and
replicates were samples from each trial. Each of the analyses was performed three times and the results
were summarized in the form of the mean with standard deviation (SD).

4. Conclusions

For the first time, research was conducted on the optimization of microencapsulation of sea
buckthorn juice using both di↵erent drying methods and di↵erent carrier agents. The main results of
this paper can be summarized as follows:

(1) Inulin caused stronger water retention of powders than maltodextrin. The drying method modulated
the water activity more strongly than the type of carrier agents.

(2) Powders with inulin had higher true density values than those with maltodextrin. Bulk density
and porosity were significantly di↵erentiated by drying methods, and vacuum drying seems to
be a useful technique to obtain powders with high bulk density. The porosity of the spray-dried
and freeze-dried powders was higher than after vacuum drying.

(3) In view of the yellow color and its intensity, the use of maltodextrin was competitive compared to
inulin. Moreover, spray-, freeze- and vacuum-drying at 50 �C and the addition of maltodextrin
were not conducive to browning and HMF formation.
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(4) Powders spray- and vacuum-dried at 70 �C had the highest concentrations of phenolic acids and
flavonols, respectively. However, in stored freeze-dried powders, phenolic compound losses
were the lowest. More phenolic compounds were determined in powders with maltodextrin.

(5) Storage for six months increased antioxidant capacity, but browning compounds, HMF and
furosine did not a↵ect this e↵ect.

In conclusion, the results obtained will be useful in the selection of carrier agents and optimization
of drying conditions on an industrial scale. Encapsulation technique can be valuable for extending
the stability of sea buckthorn juice and for designing innovative and high-quality products, such as
attractive functional foods or food ingredients, improving physical and health-promoting properties.
The choice of carrier agent and its interaction with the juice should be further investigated to ensure
minimal degradation of biologically active compounds and beneficial properties of finished powders.
In the future, it will also be valuable to study the stability, bioavailability and kinetics of biologically
active compounds released from powders or real food systems by in vitro and in vivo methods.
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.RRSHUDFMD�]�ILUPą�7<0%$5.�0:6�6S��]�R�R��6S��N���2OV]W\Qek.  
.LHURZQLN�SURMHNWX�SR�VWURQLH�83:U��SURI��GU�KDE��LQĪ��$QHWD�:RMG\áR 

1.04 ± 05.12.2019 Wykonawca - Projekt finansowany przez Ministerstwo Rolnictwa 
i Rozwoju Wsi 04-12.2019�� QU�3-�UH������������� ,QQRZDF\MQH� UR]ZLą]DQLD�
w zastosowaniu warzyw i owoców. 
.LHURZQLN�SURMHNWX��SURI��GU�KDE��LQĪ��$QHWD�:RMG\áR 
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01.04 ± 05.12.2018 Wykonawca - Projekt finansowany przez Ministerstwo Rolnictwa 
i Rozwoju Wsi 04-12.2018, nr HOR.re.027.9.2018, pt. Badania nad 
LQQRZDF\MQ\PL� UR]ZLą]DQLDPL� Z� FHOX� SRSUDZ\� FHFK� L� SDUDPHWUyZ�
sensorycznych produktów przetwórstwa owoców ekologicznych 
]� XZ]JOĊGQLHQLHP� ]DFKRZDQLD� VNáDGQLNyZ� RGĪ\ZF]\FK� RWU]\P\ZDQ\FK�
produktów.  
Kierownik projektu: SURI��GU�KDE��LQĪ��$QHWD�:RMG\áR 

21.11.2016 ± 30.06.2017 Wykonawca - Projekt KUDMRZ\� 1DXNRZ\� 2ĞURGHN� :LRGąF\� .12: 
Z�UDPDFK�ZVSDUFLD�QDXNRZHJR�GRNWRUDQWyZ�� VWXGHQWyZ� L�6WXGHQFNLFK�.yá�
1DXNRZ\FK��SW��2]QDF]DQLH�]DZDUWRĞFL�]ZLą]NyZ�ELRDNW\ZQ\FK�L�DNW\ZQRĞFL�
SU]HFLZXWOHQLDMąFHM� Z� RZRFDFK� URNLWQLND� SRVSROLWHJR� �Hippophaë 
rhamnoides���8QLZHUV\WHW�3U]\URGQLF]\�ZH�:URFáDZLX�� 
2SLHNXQ�SURMHNWX��GU�KDE��LQĪ��3DXOLQD�1RZLFND��SURI��XF]HOQL 

SZKOLENIA NAUKOWE: 

15.12 ± 17.12.2021  6]NROHQLH� ]� REVáXJL� Z\VRNRVSUDZQHJR� FLHF]RZHJR� $FTXLW\� 83/&�
VSU]ĊĪRQHJR�]�Z\VRNRUR]G]LHOF]\P�VSHNWURPHWUHP�PDV�;HYR�*��- QTof, 
:DWHUV�&RUS���:URFáDZ��3ROVND 

19.09 ± 22.09.2021 9�$NDGHPLD�&KHPLL�$QDOLW\F]QHM��Ä6SHNWURPHWULD�PDV� 
w chromatografii cieczowej ± SUDNW\F]QH�]DVWRVRZDQLD´, Jachranka, 
Polska 

01 ± 06.2019 Top Minds 2019 Program szkoleniowo-mentoringowy, Stowarzyszenie 
Top 500 Innovators i Polsko-$PHU\NDĔVND�.RPLVMD� )XOEULJKW��:DUV]DZD��
Polska 

06.2019 Chromatography and Tandem Mass Spectrometry Techniques 
(LC-MS/MS) in Quantitative Determinations  
MS Ekspert Sp. z o. o., Warszawa, Polska 

03.2018 III Jornadas Prácticas Agroecológicas 
Universitas Miguel Hernández, Escuela Politécnica Superior de Orihuela, 
Hiszpania 

02 ± 07.2016 (NVSHUW� 6\VWHPyZ� =DU]ąG]DQLD� -DNRĞFLą (IFS, BRC, Auditor HACCP 
L�,62�������3HáQRPRFQLN�,62���������6ZLVVFHUW�6S��]�R��R���.UDNyZ��3ROVND 

06 ± 09.2015 Ekspert Dietetyki, ANDGHPLD�'LHWHW\NL��àyGĨ��3ROVND 

1$-:$ĩ1,(-6=(�1$*52'<�,�:<5Ïĩ1,(NIA: 

12.2021 Beneficjent Programu Bekker, Narodowa Agencja Wymiany 
Akademickiej 

01.09.2021± 31.08.2024 %HQHILFMHQW� 6W\SHQGLXP� 0LQLVWUD� 1DXNL� L� 6]NROQLFWZD� :\ĪV]HJR�
GOD�Z\ELWQ\FK�PáRG\FK�QDXNRZFyZ�Z������URNX, Warszawa 
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01.06 ± 30.06.2019 Beneficjent Programu Szkoleniowo ± Mentoringowego Top Minds 2019, 
Inicjatywa Stowarzyszenia Top 500 Innovators i Polsko-APHU\NDĔVNLHM�
Komisji Fulbrighta, Dialog, MEiN, Warszawa 

04.2019 i 02.2020 Beneficjent Programu PROM ± 0LĊG]\QDURGRZD�Z\PLDQD� VW\SHQGLDOQD�
doktorantów i kadry akademickiej, Narodowa Agencja Wymiany 
Akademickiej 

15.11.2019 Nagroda dla najlepszych prac naukowych, praca pt. Czerwone owoce jako 
ĨUyGáR� ]ZLą]NyZ� ELRORJLF]QLH� DNW\ZQ\FK� I Ogólnopolska Konferencja 
1DXNRZD� Ä'ROQ\� ĝOąVN� MDNR� OLGHU� Z� VHNWRU]H� QXWUDFHXW\NyZ�� Ī\ZQRĞFL�
prozdrowotnej L�VXSOHPHQWyZ�GLHW\´��:URFáDZ 

25.04.2019 Nagroda od Edytora Polish Journal of Food and Nutrition Sciences 
]D� QDMOHSV]ą� SUDFĊ� QDXNRZą, praca pt. 3RWHQFMDá� prozdrowotny owoców 
rokitnika pospolitego, ;;,9�6HVMD�1DXNRZD�6HNFML�0áRGHM�.DGU\�1DXNRZHM�
377ĩ� L� 9,,� ,QWHUQDWLRQDO� 6HVVLRQ� RI� <RXQJ� 6FLHQWLILF� 6WDII� Äĩ\ZQRĞü� - 
ZF]RUDM��G]LĞ�L�QD�]GURZHM�MXWUR���2OV]W\Q 

03.10.2018 1DJURGD� Ä1DMOHSV]\� $EVROZHQW� 7HFKQRORJLL� ĩ\ZQRĞFL� L� ĩ\ZLHQLD�
&]áRZLHND´�� :áDG]H� :\G]LDáX� %LRWHFKQRORJLL� L� 1DXN� R� ĩ\ZQRĞFL��
8QLZHUV\WHW�3U]\URGQLF]\�ZH�:URFáDZLX��:URFáDZ 

03.10.2018 1DJURGD� Ä1DMOHSV]\� '\SORP� 5RNX� ����´�� 0DUV]DáHN� :RMHZyG]WZD�
'ROQRĞOąVNLHJR��:URFáDZ 

01.10.2018 ± 31.09.2022 Beneficjent Stypendium Rektora dla najlepszych doktorantów 
i 6W\SHQGLXP� 'RNWRUDQFNLHJR� ]� GRWDFML� QD� ]DGDQLD� SURMDNRĞFLRZH, 
8QLZHUV\WHW�3U]\URGQLF]\�ZH�:URFáDZLX��:URFáDZ 

04.11.2017 1DJURGD� Ä1DMOHSV]D� 3UH]HQWDFMD� Z� SDQHOX� Nauki Medyczne, 
Farmaceutyczne i o Zdrowiu´, pt. Korekta smaku przecieru z rokitnika 
SRVSROLWHJR�� 2JyOQRSROVND� .RQIHUHQFMD� 1DXNRZD� Ä1DXND�� %DGDQLD��
5R]ZyM´��:DUV]DZD 

25.04.2017 Nagroda ]D�]DMĊFLH�,,�PLHMVFD ]D�UHIHUDW�XVWQ\�SW��:áDĞFLZRĞFL�SUR]GURZRWQH�
VRUEHWyZ� RZRFRZ\FK�� PRĪOLZRĞü� LFK� Z]ERJDFDQLD L� DNFHSWRZDOQRĞü�
NRQVXPHQFND��;/9,�0LĊG]\QDURGRZH�6HPLQDULXP�.yá�1DXNRZ\FK�Ä.RáD�
naukowe ± V]NRáą�WZyUF]HJR�G]LDáDQLD´��2OV]W\Q 

06.12.2017 :\UyĪQLHQLH� GOD� QDMOHSV]\FK� L� QDMEDUG]LHM� ]DDQJDĪRZDQ\FK� VWXGHQWyZ�
.yá� 1DXNRZ\FK, Rektor Uniwersytetu Przyrodniczego ZH� :URFáDZLX��
:URFáDZ 

03.07.2017 %HQHILFMHQW� NRQNXUVX� VWDĪRZHJR� RUJDQL]RZDQHJR� SU]H]� :URFáDZVNLH�
=DNáDG\�=LHODUVNLH ³+HUEDSRO´�:URFáDZ�6�$�, Legnica, Polska 

08.12.2016 :\UyĪQLHQLH�]D�G]LDáDOQRĞü�LQIRUPDF\MQR-HGXNDF\MQą�QD�U]HF]�8F]HOQL, 
Rektor 8QLZHUV\WHWX�3U]\URGQLF]HJR�ZH�:URFáDZLX��:URFáDZ 
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PUBLIKACJE NAUKOWE NIE:&+2'=Ą&(�:�6.à$'�52=35$:<�'2.7256.,(-: 

1. Tkacz K.��:RMG\áR�$���1RZLFND�3���7XUNLHZLF]�,�3���*ROLV�7��������Characterization in vitro potency
of biological active fractions of seeds, skins and flesh from selected Vitis vinifera L. cultivars and
interspecific hybrids. Journal of Functional Foods, 56, 353-363. doi: 10.1016/j.jff.2019.03.029.
IF 4,451; 100 punktów MEiN; cyt. 16

2. Tkacz K., Turkiewicz I., Nowicka P. 2018. Wzbogacanie przecieru z owoców rokitnika pospolitego
(Hippophaë rhamnoides /��� QLHNRQZHQFMRQDOQ\PL� VXEVWDQFMDPL� VáRG]ąF\PL�� 1DXND�� %DGDQLD
L�'RQLHVLHQLD�1DXNRZH�������1DXNL�SU]\URGQLF]H�L�PHG\F]QH��,GHD�.QRZOHGJH�)XWXUH��ĝZLHERG]LFe, 293
± 302. ISBN 978-83-945311-7-1.

3. :RMG\áR�$��� 1RZLFND� 3���Tkacz K., Turkiewicz I. P. 2021. Fruit tree leaves as unconventional and
valuable source of chlorophyll and carotenoid compounds determined by liquid chromatography-
photodiode-quadrupole/time of flight-electrospray ionization-mass spectrometry (LC-PDA-qTof-ESI-
MS). Food Chemistry, 349, 129156. doi: 10.1016/j.foodchem.2021.129156.
IF 7,514; 200 punktów MEiN; cyt. 4

4. :RMG\áR�$���1RZLFND�3���7XUNLHZLF]�,�3���Tkacz K. 2021. Profiling of polyphenols by LC-QTOF/ESI-
MS, characteristics of nutritional compounds and in vitro effect on pancreatic lipase, Į-glucosidase,
Į-amylase, cholinesterase and cyclooxygenase activities of sweet (Prunus avium) and sour (P. cerasus)
cherries leaves and fruits. Industrial Crops and Products, 174, 114214.
doi: https://doi.org/10.1016/j.indcrop.2021.114214.
IF 5,645; 200 punktów MEiN

5. :RMG\áR�$���7XUNLHZLF]�,��3���Tkacz K., Hernández F. 2021. Fruit tree leaves as new valuable source
of tocopherol and tocotrienol compounds. Journal of the Science of Food and Agriculture, 102(4), 11481.
doi: 10.1002/jsfa.11481.
IF 3,638; 100 punktów MEiN

6. :RMG\áR��$���1RZLFND��3���Turkiewicz, I.P., Tkacz, K., Hernández, F. 2021. Comparison of bioactive
compounds and health promoting properties of fruits and leaves of apple, pear and quince. Scientific
Reports, 11(1), 1-17. doi: 10.1038/s41598-021-99293-x.
IF 3,998; 140 punktów MEiN; cyt. 1

7. Turkiewicz I.P., :RMG\áR� $��� Tkacz K., Nowicka P. 2021. UPLC/ESI-Q-TOF-MS analysis
of (poly)phenols, tocols and amino acids in Chaenomeles leaves versus in vitro anti-enzyme
activities. Industrial Crops and Products, 181, 114829. doi: 10.1016/j.indcrop.2022.114829
IF 5,645; 200 punktów MEiN

8. 7XUNLHZLF]� ,�3��� :RMG\áR� $��� Tkacz K., Nowicka P. 2021. Comprehensive characterization
of Chaenomeles seeds as a potential source of nutritional and biologically active compounds. Journal
of Food Composition and Analysis, 102, 104065. doi: 10.1016/j.jfca.2021.104065.
IF 4,556; 100 punktów MEiN; cyt. 1

9. 7XUNLHZLF]� ,�3��� :RMG\áR� $��� Tkacz K., Nowicka P., Lech K., Michalska-Ciechanowska A. 2021.
Physicochemical characterization and biological potential of Japanese quince polyphenol extract treated
by different drying techniques. LWT-Food Science and Technology, 152, 112247.
doi: 10.1016/j.lwt.2021.112247.
IF 4,952; 100 punktów MEiN; cyt. 1
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10. Vieira M. V., Turkiewicz I.P., Tkacz K., Fuentes-*U�QHZDOG�&���3DVWUDQD�/��0���)XFLxRV�3���:RMG\áR�$��
Nowicka P. 2021. Microalgae as a potential functional ingredient: evaluation of the phytochemical profile,
antioxidant activity and in-vitro enzymatic inhibitory effect of different species. Molecules, 26(24), 7593.
doi: https://doi.org/10.3390/molecules26247593.
IF 4,412; 140 punktów MEiN

11. &DQRဨ/DPDGULG� 0��� Tkacz K., Turkiewicz I. P., Nowicka P., Hernández F., Lech, K., Carbonell-
%DUUDFKLQD�$�$���:RMG\áR�$��������,QKLELWLRQ�RI�HQ]\PHV�DVVRFLDWHG�ZLWK�PHWDEROLF�DQG�QHXURORJLFDO
disorder by dried pomegranate sheets as a function of pomegranate cultivar and fruit puree. Journal
of the Science of Food and Agriculture, 101(6), 2294-2303. doi: 10.1002/jsfa.10850.
IF 3,638; 100 punktów MEiN; cyt. 1

12. Yusuf E., Tkacz K���7XUNLHZLF]�,��3���:RMG\áR�$���1RZLFND�3��������Analysis of FKHPLFDO�FRPSRXQGV¶
content in different varieties of carrots, including qualification and quantification of sugars, organic acids,
minerals, and bioactive compounds by UPLC. European Food Research and Technology, doi:
10.1007/s00217-021-03857-0.
IF 2,998; 70 punktów MEiN; cyt. 2

13. +DáDG\Q�.���Tkacz K���:RMG\áR�$���1RZLFND�3��������The types of polysaccharide coatings and their
mixtures as a factor affecting the stability of bioactive compounds and health-promoting properties
expressed as the ability to inhibit the Į-amylase and Į-glucosidase of chokeberry extracts in the
microencapsulation process. Foods, 10(9), 1994, 128105. doi: 10.3390/foods10091994.
IF 4,350; 70 punktów MEiN; cyt. 1

14. :RMG\áR�$���1RZLFND�3���Tkacz K., Turkiewicz I. P. 2020. Sprouts vs. microgreens as novel functional
foods: variation of nutritional and phytochemical profiles and their in vitro bioactive
properties. Molecules, 25(20), 4648. doi: 10.3390/molecules25204648.
IF 4,412; 100 punktów MEiN; cyt. 13

15. 7XUNLHZLF]�,�3���:RMG\áR�$��Tkacz K., Lech K., Michalska-Ciechanowska A., Nowicka P. 2020. The
influence of different carrier agents and drying techniques on physical and chemical characterization
of Japanese quince (Chaenomeles japonica) microencapsulation powder. Food Chemistry, 323: 126830.
doi: 10.1016/j.foodchem.2020.126830.
IF 7,514; 140 punktów MEiN; cyt. 6

16. 7XUNLHZLF]� ,�3��� :RMG\áR� $�� Tkacz K.�� 1RZLFND� 3��� *ROLV� 7��� %ąEHOHZVNL� 3�� ������ ABTS on-line
antioxidant, Į-amylase, Į-glucosidase, pancreatic lipase, acetyl-and butyrylcholinesterase inhibition
activity of Chaenomeles fruits determined by polyphenols and other chemical compounds. Antioxidants,
9, 60. doi: 10.3390/antiox9010060.
IF 6,313; 100 punktów MEiN; cyt. 5

17. Turkiewicz I.P.�� :RMG\áR A., Lech K., Tkacz K., Nowicka P. 2020. Osmotic dehydration
as a pretreatment modulating the physicochemical and biological properties of Japanese quince fruit dried
by the combined method. Food and Bioprocess Technology: 13(10). doi:10.1007/s11947-020-02522-w.
IF 4,465; 100 punktów MEiN; cyt. 2

18. Turkiewicz I.P.��:RMG\áR�$���Tkacz K., Nowicka P. 2020. Carotenoids, chlorophylls, vitamin E and
amino acids profile in fruits of nineteen Chaenomeles cultivars. Journal of Food Composition and
Analysis: 103608. doi: 10.1016/j.jfca.2020.103608.
IF 4,556; 100 punktów MEiN; cyt. 3
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19. Cano-Lamadrid M., Tkacz K., Turkiewicz I. P., Clemente-Villalba J., Sánchez-Rodríguez L., Lipan L.,
García-García E., Carbonell-%DUUDFKLQD�È�$���:RMG\áR�$�� ������+RZ� D�6SDQLVK� JURXS� RI�PLOOHQQLDO
generation perceives the commercial novel smoothies? Foods, 9(9), 1213. doi: 10.3390/foods9091213.
IF 4,350; 70 punktów MEiN; cyt. 5

20. Cano-Lamadrid M., Turkiewicz I.P., Tkacz K., Sánchez-Rodríguez L., López-/OXFK�'���:RMG\áR�$��
Sendra E., Carbonell-Barrachina Á.A. 2019. A critical overview of labeling information of pomegranate
juice-based drinks: phytochemicals content and health claims. Journal of Food Science, 84(4), 886-894.
doi: 10.1111/1750-3841.14497.
IF 3,167; 70 punktów MEiN; cyt. 5

21. Turkiewicz I.P.��:RMG\áR�$���/HFK�.���Tkacz K., Nowicka P. 2019. Influence of different drying methods
on the quality of Japanese quince fruit. LWT-Food Science and Technology, 114, 108416.
doi: 10.1016/j.lwt.2019.108416.
IF 4,952; 100 punktów MEiN; cyt. 8

22. 7XUNLHZLF]�,�3���:RMG\áR�$���Tkacz K., Nowicka P., Hernández F. 2019. Antidiabetic, anticholinesterase
and antioxidant activity vs. terpenoids and phenolic compounds in selected new cultivars and hybrids of
artichoke Cynara scolymus L. Molecules, 28, 24(7). doi:10.3390/molecules24071222.
IF 4,412; 100 punktów MEiN; cyt. 17

23. 1RZLFND�3���7XUNLHZLF]�,���:RMG\áR�$���Tkacz K. 2018. Kwiaty jadalne ± ZáDĞFLZRĞFL�SUR]GURZRWQH
RUD]� SRWHQFMDOQH� NLHUXQNL� LFK� Z\NRU]\VWDQLD� Z� SU]HP\ĞOH� VSRĪ\ZF]\P. 3U]HP\Vá� )HUPHQWDF\MQ\
i Owocowo-Warzywny, 01, 8-10. doi: 10.15199/64.2018.1.1.
20 punktów MEiN

KONFERENCJE NAUKOWE: 

1. Tkacz K.�� :RMG\áR� $��� 7XUNLHZLF]� ,�3�� Nowicka P. Natural polymeric microspheres based on sea
buckthorn fruit juice with antidiabetic potential (plakat naukowy). II Congreso Anual Internacional
de Estudiantes de Doctorado, Spain, Orihuela, 02-03.02.2022.

2. Tkacz K.��:RMG\áR�$���7XUNLHZLF]� ,�3���1RZLFND�3� Bioactive compounds in anatomical parts of sea
buckthorn (Hippophaë rhamnoides L.) berries, branches and leaves (plakat naukowy). Polyphenols
Applications 2021 World Congress hosted by 14th World Congress on Polyphenols Application,
interactive online congress, 22-24.09.2021.

3. Tkacz K��� :RMG\áR A., Turkiewicz I.P., Nowicka P. UPLC-PDA-Q/TOF-MS profiling of phenolic
compounds and anti-neurodegenerative potential of Hippophaë rhamnoides L. berries (plakat naukowy).
XXX International Conference on Polyphenols, Turku, virtual event, 13-15.08.2021.

4. Tkacz K.�� :RMG\áR� $��� &KPLHOHZVND� -��� 7XUNLHZLF]� ,�3�� Nowicka P. Zastosowanie fermentacji
PDORODNW\F]QHM� Z� UHGXNFML� NZDVRZRĞFL� VRNyZ� ]� MDJyG� URNLWQLND� SRVSROLWHJR� �UHIHUDW� XVWQ\��� XXV
Jubileuszowej Sesji NDXNRZHM�6HNFML�0áRGHM�.DGU\�1DXNRZHM�377ĩ�Ä3U]\V]áRĞü�Z�Ī\ZQRĞFL�± Ī\ZQRĞü
Z�SU]\V]áRĞFL´��:URFáDZ����-21.05.2021.

5. Tkacz K.��:RMG\áR�$���7XUNLHZLF]�,�3�� Chmielewska J., Nowicka P. Fermentacja malolaktyczna soków
na bazie jagód Hippophaë rhamnoides (referat ustny). Ogólnopolska Konferencja Naukowa
Ä3HUVSHNW\Z\�Z\NRU]\VWDQLD�URĞOLQ�Z�QDXFH�L�SU]HP\ĞOH´, 26.11.2020.

6. Tkacz K.��:RMG\áR�$���7XUNLHZLF]�,�3�� Michalska-Ciechanowska A., Nowicka P. Phenolic compounds
and antidiabetic potential of sea buckthorn powdres (plakat naukowy). International Conference
AgroFood, Rzeszów, 19.11.2020.
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7. Tkacz K.��:RMG\áR�$���7XUNLHZLF]�,�3���&KPLHOHZVND�-���1RZLFND�3. Odkwaszanie biologiczne soków
z owoców z rokitnika pospolitego (referat ustny). V Konferencja NauNRZD� Ä5ROQLFWZR� ;;,� ZLHNX� -
SUREOHP\�L�Z\]ZDQLD´��.U]\ĪRZD�������������

8. Tkacz K.�� :RMG\áR� $��� 7XUNLHZLF]� ,�3��� 0LFKDOVND-Ciechanowska, A., Nowicka P: Encapsulation
of Hippophaë rhamnoides juice (plakat naukowy). 9�.RQIHUHQFMD�1DXNRZD�Ä5ROQLFWZR�;;,�ZLHNX� -
SUREOHP\�L�Z\]ZDQLD´��.U]\ĪRZD�������������

9. Tkacz K., Turkiewicz I.P. Rokitnik pospolity ± ]DSRPQLDQH�]áRWR�6\EHULL�(referat ustny). Zielona Dolina
± produkty lokalne��:URFáDZVND�5DGD�)617�127��:URFáDZ�������������

10. Tkacz K.��:RMG\áR�$���7XUNLHZLF]�,�3���Nowicka P. Tokoferole i tokotrienole w wybranych odmianach
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11. Tkacz K.��:RMG\áR�$���7XUNLHZLF]�,�3���1RZLFND�3���0DMHUVND-Sawko J., Bania M. Czerwone owoce jako
ĨUyGáR� ]ZLą]NyZ� ELRORJLF]QLH� DNW\ZQ\FK� �SODNDW� QDXNRZ\�� 'ROQ\� ĝOąVN� MDNR� OLGHU� Z� VHNWRU]H
QXWUDFHXW\NyZ��Ī\ZQRĞFL�SUR]GURZRWQHM i suplementów diety��:URFáDZ��������2019, nagroda.

12. Tkacz K.��:RMG\áR�$���0LFKDOVND�$���7XUNLHZLF]�,�3���1RZLFND�3��$NW\ZQRĞü�ELRORJLF]QD�SURV]NyZ
otrzymanych z soku z rokitnika pospolitego (referat ustny). XII Konferencja Technologów Przetwórstwa
2ZRFyZ�L�:DU]\Z��Ä:DU]\ZD��JU]\E\��RZRFH�± znDF]HQLH�Z�QDV]HM�HSRFH´��àyGĨ����-31.05. 2019.

13. Tkacz K.�� :RMG\áR� $��� 7XUNLHZLF]� ,�3��� 1RZLFND� 3�� 3RWHQFMDá� SUR]GURZRWQ\� RZRFyZ� URNLWQLND
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