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VY cyuyacHMX yMoOBaX INIOOQJIbHUX BUKJIHMKIB MPOAOBOJBYOI OE€3MEKH Ta KIIMAaTHYHHUX 3MiH
O/DKOTIMHE OOHDKKS PO3IVISNAETHCA HE JIMIIE SIK TPAJAWLIAHUNA MPOAYKT OMKUIBHUITBA, ale U sIK
TepCIEKTUBHU (YHKIIOHANBHUN iHIPENiEHT y XapuoBMX CHCTeMaX. Moro 6araTroKOMIOHEHTHHil
CKJIaJ — OLIKH, aMiHOKHUCIIOTH, BITaMiHHU, MiHEpaIH, aHTUOKCUAAHTH — (POpMy€e BHCOKY Oi0JIOTIUHY
uiHHicTh. [IpoTe iHTerparis oOHDKXKS Y CTaHIAPTH Xap4yoBoi Oe3meKku moTpedye BpaxyBaHHs HOTO
010XIMIYHHUX XapaKTEPUCTHUK Ta I OTCHLIHHUX PU3HKIB KOHTaMiHaIii.

bioxiMiyHI XapaKTepUCTUKU OJKOJIMHOTO OOHDXOKS BHU3HAYAIOTh HOTO BHCOKY XapyoBy Ta
(byHKLIOHATBHY IIHHICTh y CUCTEMaXx >KUBJICHHS JIOAUHU. bxonnne oOH K MicTuTh 10 30-35%
NPOTEiHIB, BKJIFOYHO 3 HE3aMIHHUMH aMiHOKUCIIOTaMH, 110 POOUTH HOTO KOHIIEHTPOBAHUM JIKEPEIIOM
HYTPIEHTIB IS MIATPUMAHHSI METa0ONIYHIX MPOIeCiB. BaIIMBUM KOMIIOHEHTOM € aHTHOKCHIAHTHI
CTONYKU — (DEHOJIBbHI KUCIIOTH, (JIABOHOIAM Ta KAPOTHHOIAM, SKI 3a0€3MeUyIOTh 3aXUCT OpraHi3my
BiJl OKCHJIATUBHOTO cTpecy. KpiM Toro, muiaok XxapakTepu3yeTbcs 3HAUHUM BMICTOM BiTaMiHiB IpyNu
B, C ta E, a Takox MiHEpaidbHHX €JIEMEHTIB, TAKHX SIK KaJbIliid, MarHii 1 3aii30, [0 CHPHUSIIOTH
HopMali3anii ¢izionoriyaux ¢GyHKUiA. ByrieBonu Ta nimiau, NpUCYTHI y CKIJafi, 3a0e3MeuyroTh
CHEepPreTHUYHY IIHHICTh MPOAYKTY Ta OEpyTh Y4acTh y PETyNALii KIITUHHOTO MeTabomi3My. 3riIHO 3
nocaimkenasamu (Rodriguez-Polit et. al., 2023), OioximiuHuii mpo¢ins NHIKY 3HAYHO Bapiloe
3aJIe)KHO BiJ MOro OOTAaHIYHOTO MOXOMKEHHS, L0 MIJKPECIIOe HEOOXiJHICTh BpaxyBaHHS IIi€i
MIHJIMBOCTI y MpoLecax CTaHAapTu3alii Ta po3poOKU periaMeHTiB Oe3MeKkn XapyoBUX MPOAYKTIB.

[Tonpu BUCOKY XapyoBY IIHHICTh, OKOIMHE OOHDKKS MOXKE€ CTAHOBHUTH MOTCHIIWHI PU3UKU
Ui Oe3MEeKH XapuoBHMX MPOMYKTIB, OCKUIBKU 3/IaTHE aKyMyJIOBAaTH PI3HOMaHITHI KOHTaMiHAHTH 3
JOBKULISA. 30KpeMa, Y CKIIai MUIKY MOXYTh BUSIBIISITUCS 3aJUINKH MMECTUIIU/IIB Ta BAXKKUX METAB,

1110 3aJIeKaTh BiJ cieln ik arpOeKOCUCTEMH Ta MPAKTUK 3eMIIEKOpHCTYBaHHs. KpiM Toro, BiH MOXe
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OyTH DKEepesIoM MIKOTOKCHHIB Ta MIKPOO10JIOT1YHIX PU3UKIB, K1 BIUIMBAIOTH HA SIKICTH 1 0€3MEYHICTh
KiHLIEeBOI MPOAYKIii. Y IbOMY KOHTEKCTi 0COOIMBOTO 3HAYCHHS HA0yBa€ CHCTEMHHI KOHTPOJIb SIKOCTI
Ta TPOCTEKYBAHICTh IOXOMKECHHS IO[UKOIMHOTO OOHDKXKS, IIO JJ03BOJSE 3a0€3MeunuTH WOro
BIJIMOBIAHICTh CydYaCHUM BUMOTaM XapuyoBoi Oe3meku. Came IIi acleKTH € KIFOYOBUMH YMOBAMH
iHTerparii 6KOIMHOTO OOHINOKS, SIK CHPOBHMHH, y Xap4oBi Ta o30poBui npoayktu (Kolayli et. al.,
2024), OCKITbKM BOHHM TapaHTYIOTh HE JuImie 30epekeHHs Horo OioJoriuHoi I[IHHOCTI, ane M
MiHIMI3aIli10 PU3KKIB I 30POB’S CIIOKMUBAYiB.

InTerparis 610XiMIYHUX XapaKTEPUCTUK OPKOTMHOTO OOHIKKS y CTaHIapTH Xap4oBOi Oe3MeKH
norpedye KOMIUIEKCHOTO MiIXOAY, IO IMO€JHYE HAyKOBI Ta PEryiasTopHi pimeHHs. Hacammepen
HEOOXITHUM € Ximiunuii npogaiinine, sxuil nependadae cTBOpeHHs 0a3 AaHUX Ol0XIMIYHHX
XapaKTePUCTUK MHJIKY PI3HOTO OOTAaHIYHOTO TOXOMKEHHS, IIO JO03BOJIUTh 3a0€3MEYUTH HOTO
imeHTu]iKaIliio Ta KOHTPOIb SKOCTI. Ba)XJIMBUM KPOKOM € BKJIFOUEHHS JO CTaHIAPTIB MOKA3HUKIB
AHTHOKCUJAHTHOI aKTUBHOCTI, O1JIKOBOTO CKIIQAy Ta MiKpOOi1OJIOTIYHOT YHCTOTH, SIKi BUSHAYAIOThH SIK
xapuoey uinnicme, TaK 1 6e3neunicms nponykry. Y mexax cucremu HACCP cnin amantyBatu
MPOLEAYPH KOHTPOIO JUIsl MPOAYKTIB 3 MHJIKOM, BPaxOBYIOUM Crenudiky HOro BUPOOHHIITBA Ta
MOXJIUBI PU3UKU KOHTaMiHaIii. KpiM TOro, KII0YOBUM 3aBIAHHIM € MINCHAPOOHA 2apMOHI3auin
CTaHJApTIB, L0 3a0€3MEeYUTh Y3TOMKEHICTh BUMOI MK KpaiHaMH Ta CIPHIATAME PO3BUTKY
100abHOI  TOPTiBIl MPOAYKTAMH 3 JONABAaHHAM MWIKY. Takuil MiAXiA JO3BOJUTH HE JIUIIE
rapaHTyBaTd O€3MEYHICTh 1 SKICTh XapuyoBHX MPOAYKTIB, ajlie¢ W IHTErpyBaTH IHJIOK SK
(byHKLIOHATBHUNA IHTPENIEHT Yy CydacHI MPOJOBOJIBYI CUCTEMH, OPIEHTOBAHI Ha 310pOB’S JIOJUHU Ta
EKOJIOT1YHY CTaJIiCTb.

BpaxyBaHHs HYyTpITUBHOTO CKJIaay OUKOITMHOTO OOHDKXKS Ta MOTCHLIMHUX PU3UKIB JT03BOJISE
HE JIWIIE TapaHTyBaTH OE3MEeUHICTh XapYOBUX MPOAYKTIB, ajie i MiIBUIIUTH iX 010J0T1UHY LIHHICTb,
3a0e3neyyour OpraHizM HeoOX1JHUMHU MIKpPOHYTPIEHTaMHU Ta (PyHKI[IOHATBHUMU CHIOTyKaMu. Takuit
HiAX1 CIIpUs€ PO3BUTKY CTANUX JIOKAJTBHUX Xap4OBUX JIAHILIOTIB, MATPUMYE APIOHUX BUPOOHUKIB 1
BOJHOYAC (hOpMYE OCHOBY JJIS TNI0OATBHOT TapMOHi3allii cTaHAapTiB. Y 1IbOMY KOHTEKCTI OKOIHMHE
OOHDKKS ITOCTAE SIK MAapKep CTANOCTI Ta O6e3MeKH, 110 BiT0OpaXkae eKOJIOTIYHUN CTaH arpOeKOCUCTEM
1 MOXe CTaTh KIIOUYOBHM €JEMEHTOM TpaHcopmMalii MPOIOBOIBYUX CUCTEM MaiOyTHBOTO,
OpIEHTOBAHUX Ha 3/10POB’S JIOJMHU Ta €KOJIOTIYHY BiJINOBIANTBHICTb.

3BakarouM Ha BUIINE 3a3HAYCHE, Hall KOJEKTHB Ha 0a3i AgroBioTech mpoBoguTh HU3KY
JOCTIKeHb, L0 TMOB’S3aHI 3 MPOBEACHHSAM KOMIUIEKCHOI OI[IHKM O10XIMIYHMX XapaKTepPHCTUK
O/DKOJTMHOTO OOHDKXKS Ta iX IHTErpami€ro y Cy4acHi CTaHJapTH XapuoBOi Oe3neku. 30Kpema,
JOCTIKSHHS CIIPSIMOBaHI Ha: CTBOPEHHsI 0a3 TaHUX XIMIYHOTO MPOQLITIO MUIIKY pI3HOTO OOTaHIYHOTO
MOXO/DKEHHS Ul 3a0e3neueHHss Woro ifeHTUgIKalii Ta MPOCTEKYBAHOCTI; aHali3 BIUIUBY

arpoeKoJIoriyHuX (hakTopiB (KJIIMaTW4HI 3MiHH, 3€MIIEKOPHCTYBAaHHS, 3a0pYyIHEHHS NOBKULISA) Ha
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AKICTh Ta OE3MEYHICTh MHIIKY; pOo3pOOKY METO/iB KOHTPOJIIO KOHTAMIHAHTIB (MECTHLUIIB, BaXKKUX
MeTalliB, MIKOTOKCHHIB) Yy MHpPOIYKTax OJPKITBHMUIITBA; OLIHKY AHTUOKCHUIAHTHOI aKTUBHOCTI Ta
HYTPITHBHOT IIIHHOCTI NUJIKY SIK (DYHKIIIOHAJILHOTO IHTPE/Ii€HTA Y XapuyOBHX CHCTEMaX; FapMOHI3aLIi0
MDKHApOAHUX CTaHAApTIB uid 3ale3neueHHs Oe3neyHoi TOPTriBii Ta BHUKOPUCTAHHS MHIKY Y
I00abHUX TMPOJOBOJIBYMX JIAHIIOraX. TakuM 4YWHOM, HAIll JOCTIDKEHHS CIPSMOBAaHI Ha
(bopMyBaHHs HAyKOBO OOIPYHTOBaHOT OCHOBH JUIsl iHTETpaLlii MHJIKY y MPOJOBOIBYI CUCTEMH HOBOTO
MTOKOJTIHHS, 10 TIOEAHYIOTH 3I0POB’ S JTFOMUHU, €KOJIOT14HY BiJIOBIIaBHICTh Ta IHHOBAIIHI 1 AX0AH

710 BUKOPUCTAHHSI IPUPOIHUX PECYPCIB.
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In the current context of global challenges related to food security and climate change, bee
pollen loads are considered not only as a traditional beekeeping product but also as a promising
functional ingredient in food systems. Their multi-component composition — proteins, amino acids,
vitamins, minerals, antioxidants — forms high biological value. However, the integration of pollen
loads into food safety standards requires consideration of their biochemical characteristics and
potential contamination risks.

The biochemical characteristics of bee pollen loads determine their high nutritional and
functional value in human diets. Bee pollen loads contain up to 30—35% proteins, including essential
amino acids, making them a concentrated source of nutrients for maintaining metabolic processes.
An important component is antioxidant compounds — phenolic acids, flavonoids, and carotenoids —
that provide protection against oxidative stress. In addition, pollen is characterized by a significant
content of vitamins B, C, and E, as well as mineral elements such as calcium, magnesium, and iron,

which contribute to the normalization of physiological functions. Carbohydrates and lipids present in
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the composition provide the product’s energy value and participate in the regulation of cellular
metabolism. According to studies (Rodriguez-Pdlit et al., 2023), the biochemical profile of pollen
varies significantly depending on its botanical origin, highlighting the necessity of considering this
variability in standardization processes and the development of food safety regulations.

Despite its high nutritional value, bee pollen loads may pose potential risks to food safety, as
they are capable of accumulating various environmental contaminants. In particular, pollen may
contain residues of pesticides and heavy metals, which depend on the specific agroecosystem and
land-use practices. Moreover, it can be a source of mycotoxins and microbiological hazards that affect
the quality and safety of the final product. In this context, systematic quality control and traceability
of the origin of bee pollen loads acquire special importance, ensuring their compliance with modern
food safety requirements. These aspects are key conditions for the integration of bee pollen loads, as
raw material, into food and health products (Kolayli et al., 2024), since they guarantee not only the
preservation of its biological value but also the minimization of risks to consumer health.

The integration of the biochemical characteristics of bee pollen loads into food safety standards
requires a comprehensive approach that combines scientific and regulatory solutions. First and
foremost, chemical profiling is necessary, involving the creation of databases of the biochemical
characteristics of pollen of different botanical origins, which will ensure its identification and quality
control. An important step is the inclusion in standards of indicators such as antioxidant activity,
protein composition, and microbiological purity, which determine both the nutritional value and the
safety of the product. Within the HACCP system, control procedures should be adapted for products
containing pollen, taking into account the specifics of its production and potential contamination
risks. In addition, a key task is the international harmonization of standards, which will ensure
consistency of requirements between countries and promote the development of global trade in
pollen-containing products. Such an approach will not only guarantee the safety and quality of food
products but also integrate pollen as a functional ingredient into modern food systems oriented toward
human health and ecological sustainability.

Considering the nutritional composition of bee pollen loads and potential risks allows not only
to guarantee the safety of food products but also to enhance their biological value by providing the
body with essential micronutrients and functional compounds. Such an approach contributes to the
development of sustainable local food chains, supports small-scale producers, and at the same time
establishes the foundation for global harmonization of standards. In this context, bee pollen loads
emerge as a marker of sustainability and safety, reflecting the ecological state of agroecosystems and
potentially becoming a key element in the transformation of future food systems oriented toward

human health and ecological responsibility.

https://doi.org/10.64378/iriush.sc.2025.1.16 ISBN 978-617-95515-3-6



https://doi.org/10.64378/iriush.sc.2025.1.16

TPAHC®OPMALIA IIPO/JOBOJIBYUX CHCTEM TA AIIIKYJIBTYPA: innoeauii, diopisnomanimms ma cmanicmo

Considering the above, our team at AgroBioTech is conducting a series of studies related to the
comprehensive assessment of the biochemical characteristics of bee pollen loads and their integration
into modern food safety standards. In particular, the research focuses on: creating databases of the
chemical profile of pollen of different botanical origins to ensure its identification and traceability;
analyzing the impact of agroecological factors (climate change, land use, environmental pollution)
on the quality and safety of pollen; developing methods for controlling contaminants (pesticides,
heavy metals, mycotoxins) in beekeeping products; evaluating the antioxidant activity and nutritional
value of pollen as a functional ingredient in food systems; and harmonizing international standards
to ensure safe trade and the use of pollen in global food chains. Thus, our studies are aimed at forming
a scientifically grounded basis for the integration of pollen into next-generation food systems that
combine human health, ecological responsibility, and innovative approaches to the use of natural
resources.
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