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Abstract: The food industry plays an important role in sustainability, given its significant environmental impacts
and ability to drive positive change. Faced with challenges such as climate change and resource depletion, the
industry is striving to align its practices with sustainable strategies. Sustainable practices are actually strategies that
should be implemented in the food industry in order to improve and harmonize operations for environmental, social
and economic sustainability. Consumers today are increasingly looking for products that are aligned with their
values and contribute to a more sustainable future. Food waste is a global problem, and one of the goals of the
sustainable development agenda is to reduce the amount of food waste. Every year, large amounts of by-products are
produced in the food industry, which, if not managed properly, can endanger the environment. However, these by-
products, rich in bioactive components and nutrients, have the potential for reuse, including revalorization within the
circular economy. Carrots, beetroot, and their by-products (carrot pomace and beetroot pomace) are examples of
plant products with significant nutritional characteristics. Carrots and carrot pomace are rich in carotenoids and
dietary fiber, while beetroot and beetroot pomace are a rich sources of betalains and have antioxidant properties.
Today, functional food includes products enriched with nutrients that have a positive effect on health, as well as
food raw materials that have been modified to contain more useful components. Enriching bakery products with
carrot pomace flour and beetroot pomace flour is a successful example of sustainability. Scientific studies show that
adding carrot pomace flour and beetroot pomace flour not only reduces the amount of waste generated but also
creates products with improved nutritional value. These by-products can serve as natural functional raw materials in
the food industry and improve the nutritional value of the products to which they will be added. For example, carrot
pomace flour and beetroot pomace flour have been successfully integrated into various bakery products (bread,
cookies, biscuits, cakes, muffins, crackers, and pasta), in order to increase their nutritional value and reduce waste.
Through these innovations, the food industry contributes to the development of more sustainable production
processes and a healthy way of eating for consumers. The aim of this paper is to give an overview of the data
available in the literature related to the promotion of sustainable practices in the food industry by presenting the
latest trends for the valorization of by-products and waste recycling with a focus on the use of carrot and beetroot
by-products as functional ingredients.
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Pe3ume: IIpexpanOeHaTa MHOyCTpHja MI'pa BaKHA YJIOTa BO OJPXJIMBOCTA, CO OIVIEA HAa HEJ3MHUTE 3HAUYajHU
BIMjaHWja BpP3 JXKMBOTHAaTa CpEIMHA M CHOCOOHOCTa Ja TNOTTHKHE IMO3UTHBHHM mnpoMeHH. CoouyBajkum ce co
TIPEAN3BUIM KAKO IITO CE KIMMATCKUTE TIPOMEHH M MCIPITYBambETO Ha PECYPCUTE, OBaa HHAYCTpHUja ce TPYyIH Jia TH
yCOTJIacH CBOUTE MPAKTUKU CO OJIPKIIMBH cTpaTeru. OIp>KIMBUTE MPAKTUKH C€ BCYIIHOCT CTpAaTErMH Kou Tpeba 1a
OupaT cHpoBelEHM BO IpexpaHOeHaTa MHAYCTpHja CcO Lell MoJoOpyBambe M ycOorylacyBambe Ha OIepalnuure 3a
€KOJIOIIKA, COLMjaTHA U EKOHOMCKa OAp>KIMBOCT. IloTporryBaunre JeHec c¢ moBeke Oapaar MPOHM3BOAW LITO Ce
YCOTJIACEHU CO HMBHHUTE BPEJHOCTH M NPHIOHECYBaaT KOH MOOJpPXIMBAa MAHWMHA. OTNAaoT 0o XpaHa € riodaieH
mpobeM, a elHa O IEJUTE HA arcHIWTE 3a OJAPJKJIMB Pa3BOj € HaMalyBame Ha KOJIWYMHATA Ha OTIAJ OJ XpaHa.
Cekoja rommHa ce IMPOW3BEAYBaaT TOJEMH KOJIMYMHHM HAa HYCHPOW3BOAM BO IpexpaHOEHaTa WHIYCTpPHja, KOU
JIOKOJIKY HE C€ yNpaByBaaT MPAaBHIIHO, MOXaT Ja ja 3arpo3ar >KMBOTHaTa cpeiauHa. Cemak, OBHE HYyCIIPOH3BOAH,
6oraté co OMOAKTHBHU KOMIIOHEHTH M XPAaHJIMBH MaTepHH, IMaaT IMOTEHIIHMjaJl 3a IOBTOpPHA YHOTpeOa, BKITyIyBajKH
ja ¥ peBajopu3anyjaTa BO paMKHTe Ha NHPKyJIapHaTa eKOHOMHja. MOpPKOBHTE, [IBEKJIOTO M HUBHUTE HYCIIPOU3BOAH
(Tpon o1 MOPKOBH M TPOII OJ] IIBEKJIO) C€ €IHH Of MPUMEPHUTE Ha PACTUTEIHU IPON3BOIN CO 3HAYajHH HYTPUTHBHHU
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KapakTepUCTUKH. MOpPKOBHUTE M TPONOT OJ MOPKOBH ce OOrarm co KapOTEHOMIH W AMETETCKH BIIaKHA, JOJeKa
LBEKJIOTO M TPONOT OJ LBEKJIO ce OoraT M3BOp Ha OeTalaMHU M KMMaaT aHTHOKCHUAAHTHU cBojcTBa. [leHec,
(yHKIMOHAJTHATA XpaHa omdaka MPOU3BOMM 300TaTeHH CO XPAHJIMBH COCTOJKH IITO IIO3UTHBHO BIHjaaT Ha
3[IpaBjeTo, Kako M MpeXpaHOeHHN CypOBHHH IITO e MOAMGHUIMPAHU 32 Ja COAPXKAT IMOBEeKe KOPUCHU KOMIIOHEHTH.
30oraTyBameTO Ha IMEKApCKUTE MPOHM3BOIAM CO OpamrHo Ol TPOI OJ MOPKOBH M OpairHO Of TPOM Of IBEKIIO €
yCIELIeH MpUMep 3a OJP>KINBOCT. HaydHM cTyquu MOoKaXKyBaaT Jieka J0JaBambeTo Ha OpaIlHo O TPOI O MOPKOBH
u OpamiHO OJ TPOI OJ LBEKJIO HE caMO LITO IO HaMallyBa KOJMYECTBOTO Ha CO3JaleH OTHAl, TYKy M CO3/aBa
NPOU3BOAU €O TONOOpeHa XpaHiMBa BpedHOCT. OBHE HYCIIPOHM3BOAM MOXKAT Ja MOCIHY)XaT Kako NPUPOIHU
(YHKIMOHAIHU CYpPOBHMHH BO IpexpaHOeHaTa MHAYCTpHUja U Ja ja MoJ00paT XpaH/InBaTa BpeIHOCT Ha POU3BOINTE
BO KoM Ke Oupatr nopanenu. Ha nmpumep OpairHo ox Tpon ol MOPKOBU M OpaIlHO O TPOM OJf LBEKJIO YCHELIHO CE
UHTErPUPAaHU BO Pa3JIMuHM MEKApCKH MPOMU3BOIM (11€0, KEKCH, OMCKBHUTH, Kojlauu, Ma(HuHH, KpeKepH, TECTCHUHH),
CO IeN Ja ce 3roJieMM HMBHAaTa HYTPUTHBHA BPEIHOCT M Ja ce HaMmanu oTnajxor. IIpeky oBHe WHOBalMH,
npexpanOeHaTa WHIYCTpHja MPHUIOHECYBa KOH Pa3BOjoOT HA MOOJPIIMBH ITPOM3BOACTBEHN MPOLECH U 3/]paB HAYMH
Ha MCXpaHa Ha notpoinyBaunte. L{enTa Ha 0BOj TpyZ € nla ce Jaje Mperiies Ha JINTepaTypHo JAOCTAITHUTE MOJaTONN
MOBp3aHa CO MPOMOLMja Ha OAPXKIMBH HPAKTUKH BO HpexpaHOeHAaTa HHAYCTPHja NPEKy NPEeTCTaByBame Ha
HAjHOBUTE TPEHAOBH 3a BAJOpH3aIija Ha HYCKIIPOW3BOANTE W PEIUKINPAEkE HA OTHAAO0T co (pokyc Ha ymoTrpebaTa
Ha HYCIIPOU3BOJMTE O MOPKOBH U LBEKJIO KaKO ()YHKIIMOHAJIHHU COCTOjKH.

Kay4ynu 300poBH: MOPKOBH, LIBEKJIO, HYCIIPOM3BOIH, (QYHKIIMOHAIHA XpaHa.

1. BOBEJ

Iomatorure ox 2022 roaumHa mokaxkyBaaT neka Bo EBporicka Yuuja (EY) Bo mpexpanOeHaTa WHIyCTpHja ce
BpaboTeHu 4,6 MUIMOHH JIyTre, IITO ja TpaBH OBaa MHIYCTPHja eIHA OJ] HajrOJIEMHUTE NPOU3BOJCTBEHH MHAYCTPUU
(McDonagh et al., 2024). EV cnpoBenyBa akiMOHEH IUIaH BO KOj Kpy»KHATa EKOHOMHja Ce KOPHUCTH KaKO METOJ 3a
HaMaJyBame, IOBTOPHA yroTpeda, OOHOBYBame U PeLUKINpamke Ha MaTepujanute u eHeprujata (Circular Economy
in Europe - Publications Office of the EU, n.d.).

Co pacreukara momyJanuja ¥ MpoOMEHaTa Ha HABHKUTE BO MCXpaHaTa, 3a Jia ce 3aI0BOJIAaT 3roJieMeHUTe Oaparmba,
MPOU3BOACTBOTO U NMpepaboTKaTa Ha IPAIUHAPCKUTE KYNTYPH, OCOOCHO Ha OBOLIjETO M 3CJICHIYKOT, 3HAYHTEITHO CE
srosiemMeHu. [Ipu npepaboTkaTa Ha OBOLIjE M 3EJICHYYK C€ MPOU3BEIYBAaT HYCIPOM3BOIH, KOM COYMHYBAaaT OKOIY
25% 1o 30% ox oBaa rpyna Ha npexpaHOeHU NMpou3Boan. HycnponsBonute Kou ce cOCTaBeHH O] JIYIIIH, CEMKH,
KOpa U IyJIa, COIpKaT NOTSHIMjaTHO BPEeAHH OMOAKTHBHH COSIMHEHH]ja, KaKO IITO c¢ KAPOTCHOHMIH, OTU(EHOH,
JIMETATHH BJIAKHA, BUTAMUHH, CH3MMH U Macia. OBHE (QHTOXEMHUKalHMUd MOXE Jja Ce KOPUCTaT BO MpexpaHOeHaTa
WHIIyCTpH]ja, 32 pa3Boj Ha (pyHKIIMOHAIIHA WK 300raTeHa XpaHa.

Mopxosute (Daucus carota) craraat Bo rpymnara Ha KOpeHecT 3ejaeHuyK. [Tokpaj 100pHOT BKYyC, THE IIPETCTaByBaaT
OJUIMYEH M3BOP Ha JAMETETCKH BJIAaKHA, BUTAMUHM, (PEHOJH, KAPOTCHOMIH U APYrHW OMOAKTUBHU COEIUHEHH]a, KOU
MMaaT roJieMo 3Hayewe 3a 3jpasjero Ha jyreto (Ho et al., 2024). JIyrenHOT u - ¥ P-KapoOTEHOT ce MPUCYTHU BO
MMOPTOKAJIOBUTE MOPKOBH, uuja 00ja ce MOKH Ha o- u P-kaporeHouaute (Papoutsis & Edelenbos, 2021). OBue
OMOaKTHBHU COEJMHEHHU]ja C€ WCKIYYHMTEHO UYBCTBUTEIHM M HECTA0MJIHUM BO MHIYCTPUCKH YCJIOBU KaKO U BO
NPHUCYCTBO Ha CBETJIMHA WIJIM KUCJIOPOA MPH IITO C& OrpaHUYyBa HUBHATa NPHMEHA BO MpexpaHOeHaTa HHAYCTPH]ja
(Comunian et al., 2021). MopkoBUTE HajYecTO ce KOPHCTAT BO HHAYCTpHjaTa 3a Oe3aIKOXOIHH MHjajald Kaje IITo
NpH HUBHOTO HCKOPHCTYBame CE CO37aBa IoJeMO KOJMYecTBO oTmah Bo BuA Tpom (30-50%), koj Havecto ce
KopucTH Kako crouHa xpaHa (Chepkosgei & Orina, 2021).

I[sexioro (Beta vulgaris) mpumara Ha cemejctBoro Chenopodiaceae, Bo koe cmaraar moseke ox 1400 BumoBU
LBeKJI0. Bo BHaTpemHocTa Ha KOPEHOT KOj MMa KOHYCHa (popMa MOXKarT Jia ce 3a0enexar HajuU3SMEHUYHU CBETIIU U
TEMHH KOHLEHTPUYHU IpcTeHu. [locBeTIInTe ce 0/UIMKyBaaT MO MOMEKO TKMBO, HO Ce 100oraTu Ha Iekep, AojeKa
MOTEMHUTE CE COCTOjaT OJ BIAKHECTH TKMBA. L[BeKIIOTO copky (EeHONHH COeNMHEHH]a, KAPOTEHOUAN, IPOTEHHH,
JIMETETCKH BJIaKHA, O€TalavHW W HUTPAaTH, BUTAaMHHM W MHUHEpPaJM KOM C€ BaXKHM OWOCOEJAMHEHHWja U
MHUKPOHYTPUEHTH CO pa3lIMuHH JIEKOBHTH CBOjcTBa. beTanamHuTe, NMPUCYTHH BO HM300MJICTBO BO IIBEKJOTO C€
IJIABHUTE IIMTMEHTH OJITOBOPHU 3a IpBeHaTa 00ja. THe ce cocTojaT oJl LPBEHO-BUOJIETOBU OeTallMjaHUHHU U HKOJITO
MOPTOKAJIOBU OeTakcaHTHHU. TPONOT 0] MOPKOBH M TPOIIOT OJ1 LIBEKJIO CE€ HYCIIPOM3BOAN KOM CE M3J[BOjyBaaT NpH
npepaboTKa Ha MOPKOBH M I[BEKJIO BO COK. TPOINOT 071 MOPKOBH NpeTcTaByBa OOraT M3BOp Ha LIEKEPH, THETETCKU
BJIaKHA, ()EHOJIM M Pa3sHOBHIHHM MAKpO M MHMKPOHYTPHEHTH. TPOIOT O/ LBEKJIO COAPXKH rojieMa KOJMYMHA Ha
OeTananHu U GUTOXEMHKAINH, LITO IO paBaT 0BOj Hycnpou3Boa GyHkuiuonaneH (Taraseviciené et al., 2024).

2. 3BOT'ATYBAIBE HA IEKAPCKHA MPOU3BOJIH CO HYCITPOU3BOAHU O MOPKOBH U IIBEKJIO

300raTyBameTO Ha MEKAPCKUTE MPOM3BOIU €O (DYHKIMOHATHU COCTOJKM KakO IITO C€ HYCIPOHU3BOIUTE O]
PACTHTEITHO MOTEKJIO € BO MOCTOjaH MOJEeM ITOCTIeTHUTE HEKOJIKY roauHn. HajuecTo oBOj B Ha OTHAA OJ OBOIIjETO
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U 3€JIEHYYKOT CO MpeTXoHa 00paboTKa (cylIeme, Ia oToa MeJIeHhe BO BUJ Ha OpalllHO WK MpaB) ce yrnorpedyBa
IpH IPOU3BOACTBOTO Ha pa3iiNyHU Mekapcku mpoussoau (Bas-Bellver et al., 2024).

Bo HaydHaTa gocTanHa JuTepaTypa IoCTojaT HHPOPMAINH 32 JOJABake Ha TPOII O MOPKOBH M TPOII O LBEKIIO BO
pa3IUYHE IPOM3BOIU Ha 06a3a Ha OparrHo.

Kekcu Goratu co mueTeTcKH BIaKHA OHIIe OATOTBEHH CO 3aMeHa Ha padUHUPAHOTO MICHUIHO OPAITHO CO MpaB OJf
Tpom ox mBekio (5%, 10%, 15%, 20% u 25%). leOenmnara Ha KEKCHTE ce 3rojieMHia, JOJAeKa JWjaMeTapoT H
(haKTOpOT Ha IMpEHE Ce HaMalIWie CO 3rOJIEMyBameTO Ha MPOLEHTOT Ha TPOI OF LBEKJIO BO MEIIAaBHHATA Ha
OpalrHo, CO UCKIYIOK Ha KeKCHTE co 5% TpOm oA IIBEKJIO KOM MOKaXkasle CIIPOTHBHU pe3ynratu. Brarara, cyposute
JMETETCKH BJIaKHA, IPOTEHMHUTE U IIeTeNTa ce 3rojeMulie, HO jarJieXuIpaTUTe ce HaMajJHuje CO 3roJIeMyBambeTo Ha
HUBOTO Ha MHKOPIIOpUpamE Ha MpaB oJ TPON o IBekio. He Oune uaeHTH(UIMPaHN pa3iuKy BO COApKMHATA HA
Mactu. LIBpcTrHaTa Ha KEKCHUTE ce 3rojieMyBajla CO 3TOJIEMYBambETO Ha HUBO HAa MHKOPIIOpAIKja Ha TPOII O LBEKIIO,
OCBEH KEKCH €O 5% Tpom O LBEKJIO KOM IMOKaXkajie IoMana BPEAHOCT BO CIopeada Ha KOHTPOJIHHUOT HPUMEPOK.
Kaxo Hajnpudatiusu ceH30pHO Ouie orieHeTH kekcuTe co 10 % mpas ox Tpom ox 1sekio (Bas-Bellver et al., 2024).
On crpana Ha Abdo et al. (2021) ce ucnuTyBaHu GHCKBUTH CO pa3inyHa COAPKHHA HaA Tpom o1 1uBekio (ox 0% mo
20%). ABTopuTe yTBpIMIE JeKa ONCKBUTHTE cO 15% mpaB of IBEKIIO MMaaT 3Ha4ajHO 10J00pyBame Ha CEH30PHHUTE
KapaKTepUCTUKH BO criopenda co KOHTpoaHWTe OuckBuTH. Ha Kpaj aBTOpHTE 3aKiTydyBaaT JeKa JO0AaBamETO Ha
IpaB OJl TPOI OJl LBEKJIO MOXKE Ja OWae BKIy4YeH M BO CICNM(GUYHH PEKHUMU Ha HMCXpaHAa KaKo aHEeMHYHA U
AQHTHOKCHJIaHTHA JHETA.

On crpana Ha Bas-Bellver et al. (2024) e ynotpeben mpaB ox TpOI O MOPKOBH HpH pa3paboTyBame Ha HOBA
peuentypa 3a 6e3rmyreHcky Maduan. KommaecTBOTO Ha IpaB 07 TPON O] MOPKOBH OHMJIO O/aAE€HO BO KOJIWYECTBO
on 5 no 30%. ABTopHTEe KOHCTaTupaie JAeKa J0JaBalkeTO Ha MpaB OJ TPOI OJf MOPKOBU MMAalo BIHjaHHE Bp3
(U3MYKO-XEMHCKUTE ¥ aHTHOKCHAAHTHUTE CBOjcTBA. KamanumTeToT Ha 3aap)KyBamke Ha BOJAa M Macio ce
3rojieMyBajie CO 3roJieMyBame Ha KOJIMYECTBOTO Ha IpaB O TPOII O]l MOPKOBH. bojara craTMCTHYKM 3HaYajHO
(p<0.05) ce mpoMeHwWsa TPH INTO M IOPTOKANoBaTa M KadeaBata 00ja ce WHTeH3uBHpaie. lIBpcTuHata Ha
30orareHnTe MaduHUTE OMJIa TIOMaja BO criopenda co KOHTpOJIHATa mpoda. ABTOPUTE Ha OBOj TPYJ CMeTaar JieKa
BaKBHOT HA4YMH Ha yrmoTpedara HA OBOj MPaB € MHTEPECEH MPHCTAIl 32 HCKOPHCTYBAETO HA TPONOT O MOPKOBHU
Kako (pyHKIMOHAJTHA MpexpaHOeHa COCTOjKa, CO IITO Ke ce Jajie MPUIOHEC BO OJPKIMBOCTa HA CHCTEMHTE 3a XpaHa
U 33 Pa3BOj Ha MO3JPaBH U MIOOAP>KINBHU THETH.

Niemira & Galus (2024) moaroTBusie TPUIIKU O TPOII OJ] IIBEKJIO U JeHeHO ceMe Bo cooaroc 50:50. [Toarorsenu ce
JIBE KOHTPOJHM BEP3UH, O KoM eaHata ce cocroena of 100% tpon ox usekno, a apyrara ox 50% uenu jgeHeHH
cemuma 1 50% MeneHN JeHeHH ceMuma. JJoOMEeHUTe TpUIKH ce KapaKTepu3Hpaje cO Majla aKTHBHOCT Ha BOJa
(0,290-0,395) u Bucoka coapkuHa Ha cyBa Matepuja (93,43-97,53%) mro 06e30eania HUBHA MUKPOOHOJOLIKA
CTaOMITHOCT ¥ OBO3MOJKHMJIA TTOJIOJITO CKIIAJUPAHE.

3. 3AKJIYUOK

300raTyBameTo Ha MEKapCKUTe MPOM3BOJIU CO HYCIIPOM3BOAM OJf MOPKOBH M IIBEKJIO, MPETCTaByBa MHOBATHBEH M
OJIPXKITUB TIPHCTAIl BO IMOJOOpYyBamhe Ha XpaHJIUBAaTa BPEIHOCT HA OBUE NMPOM3BOAM. McTpaxyBamara NOKakyBaaT
JIeKa TOJIaBak-eTO Ha OBUE HYCIIPOU3BOAM PE3YITHPA BO 3rOJIEMEHA COJPKMHA Ha TUETETCKU BIaKHA, KAPOTCHOMIH,
AQHTHOKCHIAHTA ¥ MUHEpaJId BO NEKAPCKUTE MPOM3BOAU. lcTpakyBadumTe cMeTaaT JeKa BAaKBHOT HA4YMH Ha
ynoTtpebata € HHTepECeH U IPETCTaByBa 1o0ap MPHUCTAIl 32 HCKOPUCTYBAHETO HA TPOTIOT O] MOPKOBH M TPOTIOT OF
[BEKJIO Kako (DYHKIIMOHANHA MPEeXpaHOCHA COCTOjKa, KOj IITO Ke HaJie TO3UTHUBECH MPHIOHEC BO OJPIKIIMBOCTA Ha
CHUCTEMHUTE 3a XpaHa M Pa3BOjOT HA MO3IPABU U MOOAPKINBH AWETH. Bp3 oCHOBa Ha TopeHaBelIeHHUTE CO3HAHM]ja
MOXeE JIa ce 3aKJIy4u JieKa yrnorpedaTa Ha TPOIOT O] MOPKOBH M TPOIOT OJ] LIBEKJIO NpETCTaByBa a00pa omnuuja 3a
npeopMyIHpakEeTO Ha COCTABOT Ha NPOM3BOAMTE Ha 0a3za Ha OallHO BO CMUCJA Ha MOJOOpyBambe Ha HUBHHOT
KBaJIUTET U 00e30e1yBame Ha OPKIIMBO PEIICHHE 32 yIIPaByBamkEe CO OTMAIOT.
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