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BbmxonrHe 0OHIXOKS CHOTOHI PO3IIIAJAETHCS K MEPCIIEKTUBHUH IHTPEeiEHT (PyHKI[IOHATBHOTO
XapuyBaHHS 3aBJIsSKH HOro 0araroMy XiMivHOMY CKJIay Ta BUPAKEHUM O10JIOT1UHUM BIACTUBOCTSIM.
CyyacHi TOCHIIKEHHS M ITBEPAKYIOTb, III0 BOHO MICTUTh IIMPOKHIA CIIEKTpP MOKUBHUX PEYOBHH Ta
010aKTHBHMX CIIONYK, sIKi 3a0€3MeuylOTh AHTHOKCHUIAHTHY, IMYHOMOIYNIIOIOYY Ta METa0OIiuHO-
perymorody airo. 3okpeMa, HaykoBIli (Anjum et. al., 2024) miaKpecIoTh TOTEHITIAN OKOIUHOTO
OOHIXOKS SIK Xap4OBO1 Ta JIKyBaJIbHOT 100ABKH, BKJIIFOUHO 3 HOBUMH IT1IX0/IaMU HAHOTEXHOJOTIN /st
niABHIIEHHS Horo OiomoctymHocTi. Qiao et. al. (2024) akneHTye Ha BaKIMBOCTI pyHHYBaHHS
00OJIOHKHU MUJIKOBHX 3€PEH JUIsl KPAILIoro 3aCBOEHHS HYTPI€HTIB Ta (iToxiMmikariB. B anamituanomy
ormsimi (Alcala-Orozco et. al.,, 2024) HaronomieHO Ha HEOOXiHOCTI CTaHIAPTU3Allli TEXHOIOTIH
00pOOKH Ta CTBOPEHHS YITKUX MPOTOKOMIB JIIsl IHTErparii 6/PKOJTHMHOTO OOHINOKS Y (DYHKLIOHATIBHY
xapuoBy ingyctpito. CyyacHi MibkHaponHi pocmimpkenHs (lorizzo et. al., 2025; Niu et. al., 2025;
Sharma, Thakur & Nanda, 2025) miaTBepmKyroTh, MO ieHTH]IKaLis OIKOIMHOTO OOHIKKS SIK
iHrpenieHTa (hyHKIIOHAIBHOTO XapuyBaHHs MOTpedye KOMIUIEKCHOTO MiIX01y. 3alpONOHOBAHO HOBI
XxpoMarorpadiuHi Ta CHEKTPOCKOMIYHI MPOTOKOIH JJIsl aBTEHTU}IKAIl Ta CTaHJapTH3ALlil CKIaLTy.
JloCHiKeHHS TOBOASTD, 110 (hepMeHTaTuBHA 00poOKa Ta MiKPOKAICYTIOBAaHHS 3HAYHO IT1JBUILYIOThH
01010CTYNHICTh aMiHOKHCIIOT 1 ()IaBOHOIIB, 30epiraloud aHTHOKCHAAHTHY aKTHUBHICTb. Takox
MOKa3aHO IMyHOMOYITIOIOUNH e(PeKT O/PKOIMHOTO OOHIOKS Y KOMOiHAaIi 3 MPoO0iOTUKAMH, [0 Ma€
3HaUEHHS U1 POQIAKTUKNA METa0O0TIYHUX TOPYIICHb.

3Bakalouu Ha 11e, MO)KHAa BHOKPEMHUTH OCHOBHI €Tany 1AeHTU(IKAIT O1KOTMHOTO OOHIAOKS, K
iHrpenieHTa (yHKIIOHATBHOTO XapuyBaHHS, 1110 HaBEACHI HIKYE.

Ananimuuni memoou ioenmupikayii 3a 6omaniunum noxodxicennam. Touna ineHTudiKais
OJKOJIMHOTO OOHIKIKS ITOYMHAETHCS 3 BHU3HAYCHHS HOro OOTAHIYHOrO IMOXOMKEHHS, SKE BHU3HAUAE€
XapuoBMi Ta O10aKTHUBHHMH Mpo(iab 1 BIUIMBAaE Ha (PyHKIIOHANbHI BIACTUBOCTI. JlOCHiIKEHHS
MOKa3yIOTh 3HAaUH1 BIIMIHHOCTI Y BMICTi O1JIKiB, JIiMiAIB, (PEHOIBHUX CHOITYK Ta MIKPOEJIEMEHTIB MiXK
MOHOQJIOPHUMH Ta TMOJI(GIOPHUMU 3pa3kaMu, IO MiJKPECIIOe BaKJIMBICTb BHUKOPUCTAHHS
naniHoorii (MiKpOCKoOMii), XxpoMarorpadiyHUX Ta CHEKTPOCKOMIYHUX METO/IB /Il aBTEHTU(IKAIII].

Bnaue mexuonoziunoi 06pooku na cknao i cmabdinenicms mapkepis. Etanu TeXHOIOTTYHOT

00pOOKH — HU3BKOTEMIIEPATYpHE CYIIiHHS, BAKyyMHE 41 iH(ppauepBOHE 3HEBOJHEHHS, TOJPIOHECHHS,
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MIKpOHIi3allis Ta MIKPOKAIICyJIOBaHHS — BIUIMBAIOTh Ha 30€peXeHHS TepMOIaOUIbHUX BITaMiHIB,
(dbepMeHTIB, KapoTHHOIAIB Ta (uiaBoHOiNiB. OMIAIM MiIKPECTIOTh, M0 ONTUMI30BaHI METOIU
CYIIIHHS Ta KaIlCYJIIOBaHHS JI03BOJISIOTH MiHIMI3yBaTH BTpaTu O10aKTMBHUX PEYOBHH 1 MiJBUIIUTH
CTaOUIBbHICTh MPOAYKTY, TOJI SIK HaIMipHE HarpiBaHHS MPU3BOIUTH 70 AETpajallii MapKepiB.

Iliosuwennn o6iodocmynnocmi ma eepugpikayis. OOOTOHKA THIKOBUX 3€pEH CTiKa [0
TpaBHUX (PEPMEHTIB JIIOIUHH, 10 OOMEKY€E 3aCBOEHHS LIHHMX KOMIOHEHTIB. TOMYy 3aCTOCOBYIOThH
MexaHiuHe NoApiOHEHHS, (epMEeHTaTHBHY 00pOOKY, MIKpPOHI3aIlil0 Ta MOEIHAHHS 3 TPOOIOTUYHUMU
KyasTypamu. lle cropusie Kpamomy BHBUIBHEHHIO Ol0aKTMBHHUX CIIOJNIYK, IO MiATBEPKYETHCS
aHaJi30M MapkKepiB (Hanpukiaz, GeHoabHUX MPodisiB Ta AHTHOKCUIAHTHOI aKTUBHOCTI).

be3neunicme, 3a0pyontoeaui ma konmpony akocmi. Inentudikaiss Mae CympoBOKYBaTUCS
MEPEBIPKOI0 Ha 3aJHUIIKA NECTHLUAIB, MIKpOOIOJOTiuHi 3a0pyIHEHHS Ta PHU3UKU IICYBaHHS.
[ToemHanHsT XIMIYHOTO Ta MIKPOOIOJOTIYHOTO KOHTPOIIO 3 aBTEHTU(IKAIIEI0 CKIany 3abe3neuye
BIJIMIOBIHICTH CTaHIapTaM Oe3MeuHOoCTi (PYHKIIOHATBHUX MPOIYKTIB 1 OBIPY CIIOKUBAYiB.

@Dyukyionanvui  enacmueocmi, noe’aA3ani 3 GaAopucmuUHUM ~ HOXOOHCEHHAM.
AHTHOKCH/IaHTHA, IMyHOMOJYJTIOI0Ya Ta METabO0IIYHO-PETyII0I0ua aKTUBHICTh OOHDKKS 3aJIEKHUTh
BiJl Hioro OOTaHIYHOTO TOXOMKEeHHsS. Bubip Ta imeHTHdIKaIlis MOHO(DIOPHUX 3pa3KiB J03BOJISIE
CTBOPIOBATH MPOAYKTH 3 IUIbOBUMH (DYHKIIOHAIBHUMH €(eKTaMu, 10 MiJKPECIIOE BaXKIUBICTh
aBTEHTHU]IKaIii 111 pO3pOOKH HYTPULICBTHKIB.

Hogimni mexnonozii ona naodiiinoi idenmugbikayii. CydacHi MiAXOAW BKIIIOYAIOTH
MeTa0O0JIOMIKYy, TPOTEOMIKY Ta HAHOTEXHOJIOTIi, $Ki 3a0e3NeuyloTh KOMIUIEKCHI mpodini Ta
30epeKeHHST MapKepiB MICHs TEXHOJOTIYHOI 00poOku. [loeqHAHHS IIUX METOMIB 13 TpaAWIIHHIMHU
MATIHOJOTIYHUMH Ta XpoMarorpapiyHUMH MiAXOAAMH JO3BOJSE JOCSITTH BHUCOKOI TOYHOCTI
imenTudikarii, HeoOXiTHOI JUIs PEryasTOPHOTO Ta KJIIHIYHOTO 3aCTOCYBaHHS y (YHKIIOHAJIHHOMY
XapuyyBaHHI.

CyuacHi meTonu ieHTHdikanii 6/pKOTMHOTO0 OOHIOKS IPYHTYIOTHCS Ha TIO€THAHHI KITACHYHUX
Ta BUCOKOTEXHOJOTIYHMX MiaxoniB. TpaauiiiiHa naninonozia (MiKpOCKOMIYHUN aHANI3 MUJIKOBUX
3epeH) JI03BOJISIE BH3HAYMTU OOTAaHIYHE IOXOMKEHHS, TIPOTe ChOTOAHI ii JONMOBHIOIOTH
xpomamoczpagiuni memoou (HPLC, GC-MS) nans BcTaHOBIEHHS MNPOQPUII0 aMiHOKHUCIOT,
(deHonpHUX CHONYK Ta GraBoHOiNiB. Cnexkmpockonia (FTIR, NMR, UV-Vis) BUKOPUCTOBY€ETHCS st
MBHUIKOI aBTeHTHU(IKaLii Ta TOPIBHAHHSA 3 €TaJOHHUMH 3pa3kamu. [lepcriekTUBHMMHU €
Memabdonomika Ta npomeomika, siki 3a0€31medyroTh KOMIUIEKCHHM aHalli3 MaJluX MOJEKY 1 O1IKOBUX
MapKepiB, a TAKOXK MoneKynapuo-zenemuyni memoou (DNA barcoding) a1 TOYHOTO BHU3HAYCHHS
(GIOPUCTUYHOTO TOXOMKEHHA. TakMM YHHOM, Cy4yacHa ifeHTU(IKalis OPKOIMHOTO OOHDKKS €
0araTopiBHEBOIO CHCTEMOIO, SIKa IMOEIHYE MOP(OJIOTiYHI, XIMIYHI Ta MOJICKYJSPHI METOOH ISt

3a0e3neyeHHs aBTeHTUYHOCTI, 0€3MEeYHOCT] Ta (YHKLIOHATBHOI €()EKTUBHOCTI MPOIYKTY.
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Bee pollen loads are currently regarded as a promising ingredient of functional nutrition due to
their rich chemical composition and pronounced biological properties. Recent studies confirm that
they contain a wide spectrum of nutrients and bioactive compounds that provide antioxidant,
immunomodulatory, and metabolic-regulatory effects. In particular, researchers (Anjum et al., 2024)
emphasize the potential of bee pollen loads as both a dietary and therapeutic supplement, including
novel nanotechnology approaches to enhance their bioavailability. Qiao et al. (2024) highlight the
importance of disrupting the pollen grain wall to improve the absorption of nutrients and
phytochemicals. The analytical review by Alcala-Orozco et al. (2024) stresses the need for
standardizing processing technologies and establishing clear protocols for integrating bee pollen
loads into the functional food industry. Contemporary international studies (Iorizzo et al., 2025; Niu
et al., 2025; Sharma, Thakur, & Nanda, 2025) further confirm that the identification of bee pollen
loads as a functional nutrition ingredient requires a comprehensive approach. Novel chromatographic
and spectroscopic protocols have been proposed for authentication and composition standardization.

In view of this, the main stages of identifying bee pollen loads as an ingredient of functional
nutrition can be distinguished, as outlined below.

Analytical identification methods based on botanical origin. Accurate identification of bee
pollen begins with establishing botanical origin, which drives nutritional and bioactive profiles and
guides functional use claims. Comparative studies show substantial variation in proteins, lipids,
phenolics, and micronutrients across monofloral and polyfloral pollen from different regions,
underscoring the need for palynology (microscopy), chromatographic fingerprints, and spectroscopic
profiling to authenticate and classify ingredients.

Processing effects on composition and marker stability. Processing steps used to prepare
pollen for functional foods — low-temperature drying, vacuum or infrared dehydration, grinding,
micronization, and microencapsulation — impact the integrity of thermolabile vitamins, enzymes,
carotenoids, and flavonoids. A comprehensive review highlights that optimized low-temperature and
encapsulation techniques preserve bioactive markers and enhance stability, while excessive heat or
prolonged exposure accelerates nutrient losses and oxidative changes that can confound identification

profiles.
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Bioavailability enhancement and verification. The resistant exine of pollen grains limits
digestibility; mechanical disruption, enzymatic pretreatment, and nano/microencapsulation can
increase release and absorption of bioactive compounds. Emerging nano-enabled carriers and
functional formulations are reported to improve bioavailability and targeted delivery, which should
be verified by marker recovery (e.g., phenolic signatures, antioxidant capacity) and standardized in-
process controls to maintain traceable identification after processing.

Safety, contaminants, and quality authentication. Reliable identification must be coupled with
safety screening for pesticide residues, microbiological contamination, and moisture-driven spoilage,
all of which vary with origin and handling. Integrating residue analysis and microbial testing with
compositional profiling ensures that authenticated pollen also meets functional food safety thresholds,
supporting consistent labeling and health-benefit claims.

Functional properties linked to floral source. Functional efficacy — antioxidant,
immunomodulatory, and metabolic-support activities — correlates with floral-source-specific phenolic
and flavonoid profiles. Comparative biochemical work demonstrates that selecting and identifying
monofloral pollen types can tailor formulations to desired functional outcomes, reinforcing the
importance of precise origin authentication in product development and claim substantiation.

Emerging technologies for robust identification. Advanced multi-omics and nano-enabled
approaches are expanding the toolkit: metabolomics for comprehensive small-molecule fingerprints,
proteomics for enzyme markers, and nanoformulations that preserve identifiable signatures post-
processing. Reviews emphasize combining these techniques with conventional palynology and
chromatography to achieve high-confidence identification suitable for regulatory and clinical
translation in functional nutrition

Modern methods of identifying bee pollen loads are based on a combination of classical and
high-technology approaches. Traditional palynology (microscopic analysis of pollen grains) allows
the determination of botanical origin; however, today it is complemented by chromatographic
methods (HPLC, GC-MS) to establish amino acid, phenolic compound, and flavonoid profiles.
Spectroscopy (FTIR, NMR, UV-Vis) is used for rapid authentication and comparison with reference
samples. Promising approaches include metabolomics and proteomics, which provide comprehensive
analysis of small molecules and protein markers, as well as molecular-genetic methods (DNA
barcoding) for precise determination of floral origin. Thus, identification of bee pollen loads is a
multi-level system that combines morphological, chemical, and molecular methods to ensure
authenticity, safety, and functional effectiveness of the product
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