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Odrzavanje Skupa sufinancirala je Hrvatska zaklada za znanost projektom
»Primjena inovativnih tehnika ekstrakcije bioaktivnih komponenti iz
nusproizvoda biljnoga podrijetla® (UIP-2017-05-9909).

The Conference were supported by Croatian Science Foundation under the
project “Application of innovative techniques of the extraction of bioactive
components from by-products of plant origin” (UIP-2017-05-9909).
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Silvija Safranko, Stela Joki¢: Kora citrusa kao izvor ugljika u tehnologiji
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12:00 - 13:00 Darko Veli¢, Natalija Veli¢, Hrvoje Pavlovi¢, Janez Gorensek, Sasa
Despotovi¢, Mario Panji¢ko, Gregor Drago Zupancic¢: Pivski trop —
vise od hrane za zivotinje?
Veronika Barisi¢, Ivana Flanjak, Kristina Doko, Antun Jozinovié,
Jurislav Babi¢, Drago Subari¢, Borislav Mili¢evi¢, Purdica A¢kar:
Kakaova ljuska — prevrijedna za bacanje
Ante Loncari¢, Goran Fruk, Antun Jozinovi¢, Mario Kova¢, Tihomir
Kovac: Potencijalna bioloska aktivnost nusproizvoda hrvatskih
tradicionalnih sorti jabuka
Midhat Jasi¢, Drago Subari¢, Borislav Mili¢evi¢: Znacajniji
nusproizvodi prehrambene industrije kao potencijal u podrsci
lijecenju COVID-19
13:00-13:10 Pauza
13:10 - 13:40 Predstavljanje knjige:
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ODRZIVOST BIORAFINERIJSKIH PROCESA - PROUCAVANJE
PROIZVODNJE NANOCELULOZE RAZLICITIM MATEMATICKIM
MODELIMA

Tondi Rezi¢'", Martina Andlar?, Maria Drdi¢!, Roland Ludwig?

'Prehrambeno-biotehnoloski fakultet Sveucilista u Zagrebu, Pierottijeva 6, Zagreb,
Hrvatska
’Institut za prehrambenu tehnologiju, Sveuciliste prirodnih resursa i znanosti o
zivotu, Muthgasse 18, 1190 Wien, Austrija
“trezic@pbf.hr

Lignocelulozne sirovine imaju veliki potencijal u proizvodnji razli¢itih bioproizvoda
vece dodane vrijednosti. Sastav lignoceluloznih sirovina ovisi o podrijetlu, a one su
gradene od makromolekula: celuloze, hemiceluloze i lignina. Kako bi se ostvarili
ciljevi odrzive proizvodnje iz slozenih lignoceluloznih sirovina, primjenjuju se
razliiti procesi i razliita procesna oprema. Biorafinerije objedinjavaju razlifite
proizvodne procese i koriste lignoceluloznu sirovinu s ciljem ostvarivanja odrzive
proizvodnje. Ipak, da bi se ostvarila takva proizvodnja potrebno je prevladati razlicite
tehnicke, ekonomske i strateske zapreke. Matematicki modeli mogu biti iskoristeni za
prevladavanje ovih zapreka i predskazivanje odrzivosti proizvodnje u biorafinerijama
ukljucujuéi: dizajn biorafinerijskih procesa, eckonomske cCimbenike, opskrbu
sirovinama i ekoloski otisak. KoriStenjem modela moze se ostvariti optimizacija
biorafinerijskih procesa, te se moze vrednovati tehnoloska, ekonomska i ekoloska
odrzivost. Tijekom predavanja bit ¢e predstavljeni razli¢iti matematicki modeli i
njihova primjena u modeliranju biorafinerijskih procesa od fizikalno utemeljenih
modela ukljucujuéi: kineticke modele, modele prijenosa tvari i difuzije, pa sve do
statistickih modela. Kao primjer matematickog modeliranja bit ¢e prikazano i
koristenje modela ,,analize zivotnog ciklusa proizvoda” u proizvodnji nanoceluloze
za razliCite proizvodne procese, te ¢e biti raspravljeni rezultati ovih modela s ciljem
ostvarivanja ekoloski odrzivije proizvodnje nanoceluloze iz lignoceluloznih sirovina.

Kljucne rijeci: lignocelulozne sirovine, odrziva proizvodnja, biorafinerije,
matemati¢ko modeliranje, nanoceluloza
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SUSTAINABLE DESIGN OF BIOREFINERY PROCESSES - STUDY OF
NANOCELLULOSE PRODUCTION BY DIFFERENT MATHEMATICAL
MODEL

Tondi Rezi¢'", Martina Andlar?, Maria Drdi¢!, Roland Ludwig?

Faculty of Food Technology and Biotechnology, University of Zagreb, Pierottijeva
6, Zagreb, Croatia
?Institute of Food Technology, University of Natural Resources and Life Sciences,
Muthgasse 18, 1190 Wien, Austria
“trezic@pbf.hr

Lignocellulosic biomass has great potential for the production of different bioproducts
with the additional value. Composition of the lignocellulosic biomass depends on the
biomass source and it is mainly consisting of macromolecules: cellulose,
hemicellulose and lignin. Because of the lignocellulosic complex structure, different
process designs and equipment have been utilised for the sustainable production. A
biorefinery is a facility that integrates lignocellulosic biomass conversion processes
with the aim to attain sustainable production. Nevertheless, numerous technical,
strategic and commercial challenges have to be overcome to reinforce sustainable
production. Mathematical models can be used to simulate all aspects of production
systems in biorefinery including: the process design, production economics, supply
logistics and environmental impacts. Those models can provide powerful tools to
optimize biorefinery processes and evaluate their technical feasibility as well as
economics and environmental impacts. In the presentation, examples of different
mathematical models will be discussed, from the physical base model including
kinetic, transport and diffusion equations to the statistical base model and data
analyses. As the example of modelling application in better understanding of the
environmental sustainability, life cycle assessment of the nanocellulose production
will be performed to assess the various routes of the nanocellulose production process
from lignocellulosic biomass.

Keywords: lignocellulosic  biomass, sustainable production, biorefineries,
mathematical modeling, nanocellulose
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RAZVOJ INOVATIVNIH PROIZVODA OD NUSPROIZVODA TIJEKOM
PRERADE POVRCA

Jasmina Ranilovi¢”, Tanja Cvetkovié

Podravka d.d. Istrazivanje i razvoj, Ante Starcevi¢a 32, 48000 Koprivnica, Hrvatska
“jasmina.ranilovic@podravka.hr

Na temelju Poziva Jaanje gospodarstva primjenom istrazivanja i inovacija
KK.01.2.1.02. u sklopu Operativnog programa ‘’Konkurentnost i kohezija 2014.-
2020.”’, Podravkinom projektu ‘’Razvoj inovativnih proizvoda od nusproizvoda
tijekom prerade povréa’ KK.01.2.1.02.0069, dodijeljena su bespovratna sredstva u
iznosu od 60,43 %. Ideja za projekt nastala je nakon preliminarnih istrazivanja
vezanih uz nusproizvode tijekom prerade paprike i rajéice u pogonima Podavke d.d.
u Hrvatskoj. Rezultati su ukazivali na nutritivni, gastronomski i komercijalni
potencijal nusproizovda i njihovu primjenu u razvoju inovativnih prehrambenih
proizvoda i/ili funkcionalnih sastojaka, ali i na vjerojatnu promjenu postojeceg
tehnoloskog procesa prerade povréa. S druge strane, rezultati su ukazali i na potencijal
obrade otpadnih tokova prerade povrca za dobivanje novih proizvoda, te proizvodnju
i koriStenje obnovljivih izvora energije. Kroz aktivnosti u dvogodi$njem periodu
(2020.-2022.), ciljevi ovog istrazivacko-razvojnog projekta sufinanciranog iz
Europskog fonda za regionalni razvoj su: razviti nove i inovativne prehrambene
proizvode, povecati efikasnost procesa prerade povca i analizirati potencijal otpadnih
tokova radi otvaranja perspektive za integralni pristup gospodarenju otpadom i
stvaranja novih prihoda kroz organski rast kompanije.

Kljucne rijeci: nusproizovdi, povrce, novi proizvodi, EU fondovi
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DEVELOPMENT OF INNOVATIVE PRODUCTS FROM BY-PRODUCTS
OF VEGETABLE PROCESSING

Jasmina Ranilovi¢”, Tanja Cvetkovié

Podravka Ltd. Research & Development, Ante Starceviéa 32, 48000 Koprivnica,
Croatia
“jasmina.ranilovic@podravka.hr

Based on the Call for Strengthening the Economy by Applying Research and
Innovation KK.01.2.1.02. within the Operational Program "Competitiveness and
Cohesion 2014-2020", Podravka's project "Development of innovative by-products
during vegetable processing” KK.01.2.1.02.0069, received grants in the amount of
60.43%. The idea for the project arose after preliminary research related to by-
products during the processing of peppers and tomatoes in the plants of Podavka d.d.
in Croatia. The results indicated the nutritional, gastronomic and commercial potential
of by-products and their application in the development of innovative food products
and / or functional ingredients, but also the likely change in the existing technological
process of vegetable processing. On the other hand, the results also indicated the
potential of processing waste streams of vegetable processing to obtain new products
and the production and use of renewable energy sources. Through activities in a two-
year period (2020-2022), the goals of this research and development project co-
financed by the European Regional Development Fund are: to develop new and
innovative food products, increase the efficiency of vegetable processing and analyze
the potential of waste streams, to open perspectives for an integrated approach waste
management and generating new revenue through the company’s organic growth.

Keywords: by-products, vegetables, new products, EU funds
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VISOKOTLACNE EKSTRAKCIJSKE TEHNIKE - 1IZAZOV | PRILIKA ZA
NUSPROIZVODE BILINOGA PODRIJETLA

Stela Joki¢®, Marija Banozié, Silvija Safranko, Krunoslav Aladi¢

Sveuciliste Josipa Jurja Strossmayera u Osijeku, Prehrambeno-tehnoloski fakultet
Osijek, Franje Kuhaca 18, 31000 Osijek, Hrvatska
“stela.jokic@ptfos.hr

IskoriStenje nusproizvoda postalo je jedno od najbrze rastu¢ih podrucja istrazivanja,
jer predstavlja jeftinu i nutritivno visoko vrijednu sirovinu. Istovremeno se uporabom
u drugim industrijskim procesima postize uc¢inkovitije gospodarenje otpadom i u
potpunosti je u skladu s UN-ovim Ciljevima odrzivog razvoja. Takoder, znacajno se
povecava ekonomi¢nost odredenog proizvodnog procesa jer se osim smanjenja
koli¢ine otpada ostvaruje dodana vrijednost kroz izolaciju bioaktivhih komponenti iz
odredenog nusproizvoda koji se zatim moze koristiti u drugim industrijama
(kozmeti¢koj, farmaceutskoj, prehrambenoj i dr.). Ekonomski gledano, u Republici
Hrvatskoj velike koli¢ine nusproizvoda jo$ uvijek se ne iskoriStavaju na najbolji
moguci nacin, Stovise, ne postoji konkurencija na domacem trzistu vezana za visoko
profitabilne krajnje proizvode koji se mogu dobiti iz tih polaznih sirovina, a koji su u
svijetu vrlo trazeni prehrambeni, kozmeti¢ki i farmaceutski proizvodi. Shodno
navedenom, svrha ovog istrazivanja bila je ispitati utjecaj visokotla¢nih zelenih
ekstrakcijskih tehnika (ekstrakcija s CO, u superkriticnom stanju, SC-COy; i
ekstrakcija vodom u supkriti¢cnom stanju, SWE) u izolaciji bioaktivnih spojeva iz
odabranih nusproizvoda biljnoga podrijetla: kakaova ljuska, otpad iz proizvodnje
duhana i kore citrusa. Otpad citrusa, poglavito kora, bogata je etericnim uljima, ali i
fenolnim spojevima kao S$to su hesperidin, neohesperidin, narirutin, naringin i
tangeritin. Kakaova ljuska bogat je izvor metilksantina (teobromin, teofilin, kofein),
katehina, epikatehina i kofeinske kiseline. Duhanski otpad bogat je nikotinom, ali i
solanesolom i fenolnim spojevima, poglavito rutinom i klorogenskim kiselinama. Oni
su samo jedni od potencijalno vrijednih nusproizvoda koji se mogu uspje$no
upotrijebiti u proizvodnji ekstrakata bogatih bioaktivnim spojevima.

U ovom radu prikazat ¢e se jedna od moguénosti iskoriStenja nusproizvoda u
proizvodnji ciljanih aktivnih spojeva primjenom dviju visokotlacnih tehnika
ekstrakcije: SC-CO; ekstrakcija se najprije koristi za izolaciju nepolarnih komponenti,
a potom se iz pogace koja zaostaje nakon SC-CO; ekstrakcije, dobivaju ekstrakti
bogati fenolnim komponentama primjenom SWE. Naglasak samog istrazivanja je na
potencijalnoj komercijalnoj valorizaciji rezultata istrazivanja i transferu dobivenih
rezultata u industriju.

Kljucne rijeci: nusproizvodi, visokotlacne tehnike ekstrakcije, bioaktivni spojevi,
optimizacija procesa

Ovaj rad je sufinancirala Hrvatska zaklada za znanost projektom “Primjena
inovativnih tehnika ekstrakcije bioaktivnih komponenti iz nusproizvoda biljnoga
podrijetla* (UIP-2017-05-9909).
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HIGH PRESSURE EXTRACTION TECHNIQUES - CHALLENGE AND
OPPORTUNITY FOR BY-PRODUCTS OF PLANT ORIGIN

Stela Joki¢", Marija BanoZi¢, Silvija Safranko, Krunoslav Aladi¢

Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek,
Franje Kuhaca 18, 31000 Osijek, Croatia
“stela.jokic@ptfos.hr

By-product utilization became one of the fastest growing areas of research, because it
represents a cheap and nutritiously highly valuable raw material. Its usage in
subsequent industrial processes enables more efficient waste management, and it is
fully in line with the UN's Sustainable Development Goals. Also, the economic
efficiency of a particular production process is increased, because along with the
reduction of waste, added value is achieved by isolating bioactive components from a
particular by-product which can then be used further in other industries (cosmetic,
pharmacy, food industry, etc.). From the economic standpoint, large amounts of by-
products are still not being used in the best possible way in the Republic of Croatia.
Furthermore, there is no competition on the domestic market in the area of highly
profitable final products that could be created from those initial raw materials, and
they are some of the most highly sought after food, cosmetics, and pharmaceutical
products in the world. Accordingly to that, the purpose of this research was to examine
the impact of two innovative green high pressure extraction techniques (Supercritical
CO Extraction, SC-CO>, and Subcritical Water Extraction, SWE) in the isolation of
bioactive components from the selected by-products of plant origin: cocoa shell,
tobacco industry waste and citrus peel. Citrus waste, especially the peel, is rich in
essential oils but also in phenolic compounds such as hesperidin, neohesperidin,
narirutin, naringin and tangeritin. The cocoa shell is a rich source of methylxanthines
(theobromine, theophylline, caffeine), catechin, epicatechin and caffeic acid. Tobacco
waste is rich in nicotine, as well as solanesol and phenolic compounds, especially rutin
and chlorogenic acids. They are only some of the potentially valuable by-products
that can be successfully used in the production of extracts rich in bioactive
components.

This paper will present one of the possibilities of using mentioned by-products for
obtaining targeted active compounds. Firstly, SC-CO- extraction can be applied to
obtain nonpolar compounds and from reused by-products (after SC-CO, extraction),
SWE can be sequentially performed to obtain the extracts rich in phenolic compounds.
Special emphasis will be put on the possible commercial valorisation of the research
results and on the transfer of those results to the industrial level.

Keywords: by-products, high pressure extraction techniques, bioactive compounds,
process optimization

This work has been supported by Croatian Science Foundation under the project
“Application of innovative techniques of the extraction of bioactive compounds from
by-products of plant origin” (UIP-2017-05-9909).
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KORA CITRUSA KAO 1ZVOR UGLJIKA U TEHNOLOGIJI UGLJIKOVIH
KVANTNIH TOCAKA — ISPITIVANJE BIOLOSKE AKTIVNOSTI I
POTENCIJALNE PRIMJENE U BIOMEDICINI

Silvija Safranko, Stela Joki¢"

Sveuciliste Josipa Jurja Strossmayera u Osijeku, Prehrambeno-tehnoloski fakultet
Osijek, Franje Kuhaca 18, 31000 Osijek, Hrvatska
“stela.jokic@ptfos.hr

Koncept cjelovite valorizacije otpada u korisne produkte izrazito privla¢i pozornost
znanstvenika, ujedinjuje i poti¢e znanstvenu zajednicu u potrazi u¢inkovitog nacina
zbrinjavanja otpada i pretvaranja jeftine sirovine u inovativne materijale Sirokog
spektra primjene u industriji i s potencijalnom bioloSkom aktivnosti. Po definiciji,
ugljikove kvantne toc¢ke (eng. carbon quantum dots; CQDs) pripadaju skupini
inovativnih i fluorescentnih ugljikovih nanomaterijala koji se odlikuju visokom
kemijskom stabilnosé¢u i fotostabilno$¢u, visokim kvantnim iskoristenjem, pokazuju
izrazitu otpornost na utjecaj visoke ionske jakosti, odlicne su biokompatibilnosti i
topljivosti u vodi te iskazuju izrazita fluorescencijska svojstva. Upravo zbog ovih
navedenih karakteristika, ugljikove kvantne tocke vazne su za ekspertizu
nanotehnologije i opéenito nanoznanosti, posebice za podrucja vezana za
biomedicinu, biologiju, farmaciju, elektroniku, optiku, fotoelektrokemiju te katalizu.
Zbog lako dostupne, odrzive i jeftine sirovine, ali i relativno jednostavne modifikacije
povrsine Cestica, uporaba biomase u sintezi ugljikovih kvantnih tocaka pokazala se
kao obecavajuce rjeSenje ka razvoju izrazito ucinkovitih i biokompatibilnih
fluorescentnih nanocestica.

Cilj ovog istrazivackog rada je predstaviti nove pristupe u iskoristenju i valorizaciji
biomase za dobivanje u¢inkovitih materijala s potencijalnom primjenom u detekciji
metalnih iona i (bio)molekula (senzori), kao i u biomedicini u smislu stani¢nog
oslikavanja (eng. cellular imaging). Istaknut ¢e se i neki od vaznih principa u
modifikaciji povrSine Cestica koja ima vaznu ulogu u kontroli veliine Cestica,
ukupnom kemijskom sastavu, farmakoloskoj i bioloskoj aktivnosti, stoga i u samoj
primjenjivosti dobivenih materijala. U konacnici, spomenut ¢e se i neki od najvecih
izazova s kojima se susrece prilikom sinteze i karakterizacije Cestica, dok ¢e se
naglasiti 1 buduéi potencijalni doprinosi znanosti u radu s nanoc¢esticama ugljikovih
kvantnih tocCaka.

Kljucne rijeci: ugljikove kvantne tocke, iskoriStenje biomase, senzori, biomedicinska
primjena

Ovaj rad je sufinancirala Hrvatska zaklada za znanost projektom “Primjena
inovativnih tehnika ekstrakcije bioaktivnih komponenti iz nusproizvoda biljnoga
podrijetla‘ (UIP-2017-05-9909).
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CITRUS PEEL AS A CARBON SOURCE IN CARBON QUANTUM DOTS
TECHNOLOGY - INVESTIGATING THE POTENTIAL BIOLOGICAL
ACTIVITY AND APPLICATIONS IN BIOMEDICINE

Silvija Safranko, Stela Joki¢"

Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek,
Franje Kuhaca 18, 31000 Osijek, Croatia
“stela.jokic@ptfos.hr

The concept of waste valorization and the possibility of conversion of such waste into
highly valuable products have compelled scientists to explore novel approaches for
the transformation of environmental burden into innovative materials applicable to a
wide spectrum of industries and in the biological fields. More recently, carbon
guantum dots (CQDs) have emerged as novel and fluorescent carbon nanomaterials
possessing high chemical stability and photostability, high quantum yield, resistance
to high ionic strength, outstanding fluorescence properties, water solubility and
biocompatibility. Due to these characteristics, CQDs have received tremendous
attention in the fields of nanotechnology and nanoscience expertise, especially in
those related to biomedicine, biology, pharmacy, electronics, optics,
photoelectrochemistry, and catalysis. Due to the low-cost, sustainable and green
biomass resources, versatile possibilities in surface modifications of CQDs for
properties enhancement, the use of biomass and waste in CQDs fabrication may come
as a promising solution for the development of highly efficient and non-toxic
fluorescent nanoparticles.

Therefore, a different approach of waste managing, utilization and valorization will
be presented, as well as the fabrication of high-value products with application in
sensing of different metal ions and (bio)molecules, as well as for biomedical purposes,
primarily in cellular imaging. Some principles in material modification and
characterization will be introduced, emphasizing their importance in controlling the
particle size, chemical composition and pharmacological and biological activity.
Finally, some of the challenges and future outlooks in CQDs research will be briefly
outlined.

Keywords: carbon quantum dots, biomass utilization, sensors, biomedical application
This work has been supported by Croatian Science Foundation under the project

“Application of innovative techniques of the extraction of bioactive compounds from
by-products of plant origin” (UIP-2017-05-9909).
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Gospodarenje organskim otpadom (biootpad) predstavlja znacajan ekoloski problem
s kojim se suofavaju mnoge drzave. S obzirom na trendove ubrzane urbanizacije i
rasta urbanog stanovniStva U buducnosti ¢e se povecati znaCaj gospodarenja
biootpadom. Zbog sve veceg pritiska javnosti i zabrinutosti za okoli§, stru¢njaci
neprestano razvijaju nove, odrzive metode gospodarenja biootpadom uvaZavajuci
koncept kruzne ekonomije. Jedna od tih metoda bazira se na uvodenju li¢inki crne
vojnicke muhe, Hermetia illucens L. (Diptera: Stratiomyidae) u proces razgradnje
biootpada te dobivanje novih sirovina u razliitim granama industrije. Osim znacaja
u razgradnji biootpada, li¢inke ovih kukaca imaju dodatne vrijednosti jer su izvor
proteina i masti u prehrambenoj industriji, sluZze za razvoj biomaterijala poput
biodizela, stvaranje supstrata za biljnu proizvodnju, stvaranje novih proizvoda u
kozmetickoj industriji i stoga mogu osigurati prihode za financijski isplative sustave
gospodarenja organskim otpadom. Danas se velik znacaj pridaje ucinkovitijim
sustavima proizvodnje hrane bogate proteinima jer trenutni izvori imaju Citav niz
negativnih posljedica kako za ljude i Zivotinje tako i za okolis. U svijetu se koristi vise
vrsta kukaca za preradu biootpada, medutim, licinkama crne vojnicke muhe daje se
prednost jer im je preferencija za hranu raznolika. Zbog toga su izvor visoko vrijednih
sirovina kako za poljoprivredu tako i za razne druge grane industrije. Prednost im je i
ta Sto su licinke sposobne inaktivirati neke Stetne bakterije. Upotrebom li¢inki crne
vojnicke muhe kod razgradnje biootpada, izravna emisija ugljicnog dioksida je niza u
odnosu na kompostiranje, dok je potencijal globalnog zagrijavanja dvostruko maniji.
Razgradnja biootpada na ovaj na¢in moze smanjiti potencijal globalnog zagrijavanja
i do 30% pa samim time pruza i vecu ekolosku sigurnost. Za uspjesno gospodarenje
licinkama crne vojnicke muhe, primarno je stvaranje optimalne hranjive podloge kako
bi se osigurala profitabilna proizvodnja. Budu¢i da je velik broj istrazivanja
obecavajuci, ali su ta istrazivanja nedostatna, a ponekad su podatci i kontradiktorni
potrebno je provesti dodatna istraZivanja kako bi se sa sigurnos¢u mogle potvrditi sve
beneficije koje ovi kukci pruzaju kako za ¢ovjeka tako i za okolis.

Kljucne rijeci: biootpad, li¢inke crne vojnicke muhe, proizvodnja hrane, kruzna
ekonomija, globalno zagrijavanje
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Organic waste management (biowaste) is a significant environmental problem for
many countries. The importance of biowaste management will increase in the future
due to environmental issues caused by accelerated urbanization and urban population
growth. Researchers are constantly developing new, sustainable methods of biowaste
management respecting the concept of a circular economy. One of these methods is
based on the introduction of black soldier fly larvae, Hermetia illucens L. (Diptera:
Stratiomyidae) into the process of biowaste decomposition and obtaining raw
materials for different industrial sectors. There are several types of insects used for
biowaste processing in the world, however, the larvae of the black soldier fly are
mostly used because their preference for food is diverse. Black soldier fly larvae create
added value from the biowaste as a source of protein and fat in the food industry used
in the development of biomaterials such as biodiesel, new products in the cosmetic
industry, and the production of plant substrates. Their advantage is also the inhibition
of some pathogenic bacteria. Direct carbon dioxide emissions are lower in biowaste
with black soldier fly larvae whereas the global warming potential could be reduced
twice and by this provide environmental safety. For the successful management of
black soldier fly larvae, an optimal nutrient medium should be created to ensure
profitable production. The relevant research studies are insufficient, and sometimes
the data are contradictory, additional research is needed to define the economic value
of all the benefits that these insects provide both for humans and the environment.

Keywords: biowaste, black soldier fly larvae, food production, circular economy,
global warming
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IMOBILIZACIJA LIPAZA NA FUNKCIONALIZIRANE NOSACE NA BAZI
ODABRANIH OTPADA 1Z POLJOPRIVREDNO-PREHRAMBENE
INDUSTRIJE
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Marija Stjepanovié¢!, Blanka Bili¢ Rajs, Zita Seres?, Nikola Maravi¢?,
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2Sveuciliste u Novom Sadu, Tehnoloski fakultet Novi Sad, Bulevar cara Lazara 1,
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Lipaze, triacilglicerol-acilhidrolaze, su zbog svoje svestranosti djelovanja nasle
primjenu u prehrambenoj industriji, industriji koze i tekstila, ulja i masti, papira te u
kozmetickoj i farmaceutskoj industriji. lako je primjena lipaza u odnosu na kemijske
katalizatore pozeljnija, zbog visoke specificnosti obzirom na supstrat i tip reakcije,
ekolosku prihvatljivost i energetsku nezahtjevnost, visoka cijena lipaza kao i vrlo
Cesta nemogucnost ponovne uporabe slobodnih lipaza predstavlja kljuc¢nu prepreku za
Siru primjenu u industrijskoj proizvodnji. Navedeno se moze nadi¢i primjenom
imobiliziranih lipaza, koje se po zavrSenom proizvodnom procesu mogu lako izdvojiti
iz reakcijske smjese te ponovo uporabiti u sljede¢em proizvodnom procesu ili u
kontinuiranim procesima proizvodnje. Za imobilizaciju enzima danas se Koriste
razli¢ite tehnike koje se mogu svrstati u tri osnovne skupine: i) imobilizaciju
adsorpcijom, ii) imobilizaciju direktnim ili indirektnim kovalentnim vezanjem, te iii)
imobilizaciju zarobljavanjem enzima. Budu¢i da vecina komercijalno dostupnih
nosaca ima relativno visoku cijenu, postoji potreba za pronalaskom jeftinijih. Medu
brojnim otpadom poljoprivredno-prehrambene industrije kao potencijalni kandidati
za proizvodnju nosaca izdvajaju se ljuska jaja, talog kave i ljuska crvenog luka Koji
jo§ nisu pronasli odgovaraju¢e mjesto u odrzivoj proizvodnji, nego se uglavnom
odlazu na polja i odlagalista te na takav na¢in dodatno optere¢uju okoli$. Primjenom
inovativnih tehnika transformacije otpada mogli bi se proizvesti nosa¢i na bazi
celuloze i/ili hemiceluloze (talog kave i ljuska crvenog luka) ili nosaci na bazi
kolagenske mreze (membrana ljuske jaja). Za ocekivati je da ¢e se u sljedec¢ih nekoliko
desetljeca morati pronaéi nove i/ili poboljsati postojece tehnologije koje ¢e slijediti
trend odrzive proizvodnje S obzirom na porast interesa za proizvodima koji su
dobiveni na zdrav i odrziv nacin.

Kljucne rijeci: lipaze, imobilizacija, otpad poljoprivredno-prehrambene industrije
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Franje Kuhaca 18, 31000 Osijek, Croatia
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Due to their versatility, lipases, triacylglycerol acyl hydrolases, have found
application in the food industry, leather and textile industries, oils and fats, paper, and
in the cosmetics and pharmaceutical industries. The use of lipases in relation to
chemical catalysts in industrial production is desirable due to high substrate and
reaction specificity, the ecological acceptability and less energy demand, whereas the
high price of lipases, as well as the very low possibilities of reusability of the free
enzyme are the major drawback to a wider use in industrial production. The
abovementioned can be overcome by the use of the immobilized lipases, which can
be easily separated from the reaction mixture upon completion of the production
process and reused in the continuous production processes. Today, various techniques
are used for immobilization of enzymes, which can be classified into three basic
groups: i) immobilization by adsorption, ii) immobilization by direct or indirect
covalent binding, and iii) immobilization by entrapment. Since most commercially
available carriers have a relatively high price, there is a need for finding cheaper ones.
Among the many wastes generated by the agro-food industry, a potential as a raw
material for the production of the immobilization carriers could also have widely
available eggshells, spent coffee grounds and brown onion skins, which have not yet
found a suitable place in a sustainable production, but are mainly landfilled and thus
represent an additional burden to the environment. The application of innovative
waste transformation techniques could result in cellulose and/or hemicellulose
carriers (spent coffee grounds and brown onion skin) or collagen based carriers
(eggshell membrane). It can be expected that in the next few decades new and/or
improved existing technologies will be needed to follow the trend of sustainable
production and enable better utilization of the agro-food industry waste.

Keywords: lipase, immobilization, agro-food industry waste
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PIVSKI TROP — VISE OD HRANE ZA ZIVOTINJE?
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Nove industrijske paradigme usmjerene su ka osiguranju odrZivosti proizvodnih
procesa, odnosno nalazu zamjenu postoje¢ih proizvodnih procesa onima kojima se
ostvaruje smanjenje nastanka otpada te transformacija proizvodnih ostataka u
ekonomski ili energetski u¢inkovite proizvode. Odrzivost u prehrambenoj industriji
se ogleda u inovativnim proizvodnim procesima kojima se osigurava niska razina
emisija, Sto ima povoljan uinak na okoli§ i pridonosi ublazavanju klimatskih
promjena te odrzivom kori$tenju obnovljivih resursa. Pivski trop ¢ini 85 % od ukupne
koli¢ine proizvodnih ostataka nastalih tijekom proizvodnje piva i nastaje tijekom
cijele godine. Karakterizira ga veliki udio vode (> 70 %) te kompleksan kemijski
sastav (celuloza, hemiceluloza, lignin, proteini, mineralne tvari, vitamini, fenolni
spojevi, itd.). Potencijal pivskog tropa kao obnovljive sirovine nije dovoljno
iskoriSten, jer se samo manji dio koristi uglavnom kao sto¢na hrana. Ipak, intenzivno
se istrazuju i druge mogucénosti koristenja pivskog tropa, poput koristenja kao dodatka
proizvodima za ljudsku prehranu, biotehnoloske sirovine za proizvodnju mlije¢ne
kiseline, enzima, mikrobne biomase, nekih farmaceutika, biogoriva, bioloskih
gnojiva, prebiotika, probiotika i fenolnih spojeva, kao biosorbensa za uklanjanje
oneciS¢ujucih tvari iz vode, za proizvodnju gradevinskog materijala i drugo.

Kljucne rijeci: pivski trop, proizvodni ostaci, kemijski sastav, primjena
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Serbia
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15, 10020 Zagreb, Croatia
“dvelic@ptfos.hr

New industrial paradigms aiming at greater sustainability of production processes
require the replacement of existing production processes with those that reduce waste
and convert production residues into economically or energetically efficient products.
In the food industry, sustainability is reflected in innovative production processes that
ensure low emissions, a satisfactory impact on the environment, a contribution to
climate change mitigation and the sustainable use of renewable resources. Brewer's
spent grain accounts for 85% of the total production residue in breweries and is
produced throughout the year. It is characterized by a high water content (70%) and a
complex chemical composition (cellulose, hemicellulose and lignin, proteins,
minerals, vitamins, phenolic compounds, etc.). The potential of brewer's spent grains
as a renewable raw material is not sufficiently exploited, as only a small part is mostly
used as animal feed. However, other uses of brewer's spent grains are being
intensively researched, such as use as a supplement to human nutrition,
biotechnological raw materials for the production of lactic acid, enzymes, microbial
biomass, some pharmaceuticals, biofuels, biological fertilizers, prebiotics, probiotics
and phenolic compounds, use as a biosorbent for the removal of pollutants from water,
for the production of building materials and others.

Keywords: brewer's spent grain, production residue, chemical composition,
application
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Kakaova ljuska je jedan od glavnih nusproizvoda koji se generira tijekom prerade
kakaovih zrna. Buduéi da je tijekom cijelog procesa prerade u direktnom kontaktu s
kakaovim zrnima, kakaova ljuska moze sadrzavati vrijedne komponente koje
migriraju iz zrna u ljusku. Zbog sve vece koli¢ine ovog nusproizvoda, koja predstavlja
problem za okoli§, mnogi znanstvenici istrazuju mogucnost njezinog koristenja. Osim
toga, kakaova ljuska je sve zanimljivija za direktnu primjenu u proizvodnji
prehrambenih proizvoda zbog svog sastava. Do sada su znanstvenici kakaovu ljusku
pokusali inkorporirati u proizvode kao $to su kruh, keksi, snack proizvodi i sl.
Zakljuceno je da su takvi proizvodi postali nutritivno bogatiji zbog dodatka kakaove
ljuske jer se dodatkom povecao udio prehrambenih vlakana, ali i bioaktivnih
komponenti. Zbog bioaktivnih komponenti kakaova ljuska koristena je i kao sirovina
za ekstrakciju. Takoder, postoji mogucnost koristenja ljuske kao adsorbensa za
kemijske necistoce i za proizvodnju bioetanola.

U nasem istrazivanju kakaova ljuska se pokusSala iskoristiti u proizvodnji ljesnjak
kakao krem-proizvoda. Koristila se kao zamjena za Secer kako bi se smanjio njezin
utjecaj na teksturalna i reolosSka svojstva. Samim time bi se poboljsala i nutritivna
svojstva krem-proizvoda. Primjenom kakaove ljuske u konditorskim proizvodima
mogla bi se posti¢i odrziva proizvodnja, ali i rijesiti problem prevelike konzumacije
Secera.

Kljucne rijeci: kakaova ljuska, nusproizvodi, konditorska industrija, krem-proizvodi

Ovaj rad je sufinancirala Hrvatska zaklada za znanost projektom
UIP-2017-05-8709.
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The cocoa shell is one of the main by-products generated during the processing of
cocoa beans. Because it is in direct contact with the cocoa beans throughout the
processing, the cocoa shell can contain valuable components that migrate from the
beans to the shell. Due to the growing amount of this by-product, which is a problem
for the environment, many scientists are exploring the possibility of its utilisation. Its
composition makes it increasingly interesting for direct application in the production
of food products. So far, scientists have tried to incorporate cocoa shells into products
such as bread, biscuits, snack products, etc. Such products have become nutritionally
richer due to the addition of cocoa shells because the addition itself increased the
proportion of dietary fibre and bioactive components. These valuable components
were also extracted from the cocoa shell. There are also possibilities of using the shell
as an adsorbent for chemical pollutants and the production of bioethanol.

In our research, the cocoa shell was utilized in the production of hazelnut cocoa
spreads. It was used as a substitute for sugar to reduce its impact on textural and
rheological properties. This would also improve the nutritional properties of the sweet
spread. The application of cocoa shell in confectionery products could result in
sustainable production, but also solve the problem of excessive sugar consumption.

Keywords: cocoa shell, by-products, confectionery industry, sweet spreads

The research was supported in part by Croatian Science Foundation under the
project UIP 2017-05-8709.
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Primjena kemijskih pesticida i fungicida je u mnogim zemljama i proizvodnim
sustavima sve viSe ograni¢ena zbog $tetnosti po ljudsko zdravlje i okolis. Alternativa
pri kontroli fitopatogena je upotreba prirodnih bioloski aktivnih tvari. Nusproizvod
prerade jabuka, trop jabuka, koji nastaje nakon presanja, tijekom procesa proizvodnje
soka, izvrstan je izvor polifenolnih spojeva. Upravo su polifenolni spojevi iz jabuka
prepoznati kao bioloski aktivni spojevi s potencijalnim antimikrobnim i antifungalnim
djelovanjem. Polifenolni ekstrakti se mogu pripremiti razli¢itim postupcima.
Medutim, oni su ¢esto dugotrajni, skupi te podrazumijevaju primjenu otapala koja
posjeduju toksi¢na svojstva.

U ovom radu je metodom disperzije matrice na ¢vrstoj fazi - MSPD (engl. Matrix
Solid Phase Dispersion) pripremljen polifenolni ekstrakt od tradicionalnih hrvatskih
sorti jabuka. Postupak se zasniva na primjeni etil-laktata kao ekstrakcijskog otapala.
Primijenjena metoda ekstrakcije je jeftina, brza te zahtijeva malu koli¢inu otapala,
etil-laktata, svrstanog u skupinu GRAS otapala (engl. Generally Recognized As Safe).
U pripremljenim ekstraktima odredeni su ukupni polifenoli, antioksidacijska
aktivnost te polifenolni profil primjenom HPLC metode (engl. High Performance
Liquid Chromatography). Rezultati su pokazali kako su u analiziranim ekstraktima
najzastupljeniji polifenoli katehin, epikatehin, floridzin te kvercetin i njegovi derivati.

Kljucne rijeci: bioloska aktivnost, nusproizvodi, MSPD, polifenoli, HPLC

Ovaj rad je sufinancirala Hrvatska zaklada za znanost projektom
UIP-2020-02-8461.
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The use of chemical pesticides and fungicides is now severely restricted in many
countries and production systems because of their adverse health and environmental
effects. An alternative to chemical agents in the control of phytopathogens is the use
of natural products with biological activity. A by-product of apple processing, such as
the apple pomace obtained after pressing in the production of apple juice, is an
excellent source of polyphenolic compounds. The polyphenolic compounds from
apples in particular are recognized as compounds with potential biological activity,
such as antimicrobial and antifungal activity. Although polyphenolic extracts can be
obtained by a variety of methods, these methods are often expensive, time consuming
and use toxic solvents.

In this work, polyphenolic extract from Croatian traditional apple cultivars was
obtained by the matrix solid phase dispersion (MSPD) method using ethyl lactate as
an extraction solvent. The MSPD extraction method has been shown to be
inexpensive, fast and requires a small amount of solvent. As for solvents, ethyl lactate
is one of the GRAS (generally recognized as safe) solvents. In the extracts obtained,
total polyphenols, antioxidant activity and polyphenolic profile were determined by
high performance liquid chromatography (HPLC). The most represented polyphenols
in the extracts analyzed were catechin, epicatechin, phloridzin and quercetin and its
derivatives.

Keywords: biological activity, by-products, MSPD, polyphenols, HPLC

The research was supported in part by Croatian Science Foundation under the
project UIP-2020-02-8461.
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Za COVID-19 ne postoje klasi¢ni lijekovi izuzev imunizacije. Ipak, brojni ¢imbenici
utjecu na tijek bolesti, gdje prehrana i na¢in zivota imaju posebnu ulogu. U ovom radu
dan je prikaz novog pogleda na nusproizvode prehrambene industrije, prilagoden
aktualnoj situaciji pandemije COVID-19. Cilj je prikazati znacajnije nusproizvode
prehrambene industrije kao potencijal u podrsci lijeCenju COVID-19. Opisana su
osnovna svojstva imunostimulansa iz hrane kao $to su: kolostrum, sirutka, probiotici,
prebiotici, vitamin D, imunoalbumini, imunoglobulini; zatim sastojci iz vo¢a i povr¢a
kao S§to su karotenoidi, polifenoli, flavonoidi, betaglukani, te brojne druge
komponente hrane poput alfalipoi¢ne kiseline, vitamina (A,C i E), minerala (Zn, Se),
omega-3 masnih kiselina iz ribe, teofilina iz ¢aja i dr.

Fokus ovoga rada je ukazivanje na ¢injenicu da se svi ovi sastojci ¢esto mogu naci u
razli¢itim nusproizvodima prehrambene industrije, jeftinoj sirovini, iz koje se
primjenom suvremenih tehnika i tehnologija mogu vrlo uspjes$no izolirani i koristiti
bilo u obliku dodataka prehrani ili kao dodaci u proizvodnji razli¢itih proizvoda.

Kljucne rijeci: nusproizvodi, prehrambena industrija, aktivni sastojci, COVID-19
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There are no classical medicines for COVID-19 other than immunization. However,
a number of factors influence the course of the disease, where diet and lifestyle play
a special role. This paper presents a new look at the by-products of the food industry,
adapted to the current situation of the COVID-19 pandemic. The aim is to show the
significant by-products of the food industry as a potential in the support of
COVID-19 treatment. The basic properties of immunostimulants from food are
described, such as: colostrum, whey, probiotics, prebiotics, vitamin D,
immunoalbumins, immunoglobulins; then ingredients from fruits and vegetables such
as carotenoids, polyphenols, flavonoids, betaglucans, and many other food
components such as alpha-lipoic acid, vitamins (A, C and E), minerals (Zn, Se),
omega-3 fatty acids from fish, theophylline from tea, etc.

The focus of this paper is to point out the fact that all these ingredients can often be
found in various by-products of the food industry, cheap raw materials, from which
they can be very successfully isolated by modern technigques and technologies and
used either as food supplements or as additives in various products.

Keywords: by-products, food industry, active compounds, COVID-19
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