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JlakTodpeppuH B nULLEBbIX CUCTEMAX:
¢$YHKLMOHANbHbIE CBOVUCTBA, TEXHOJIOMUU
NPOu3BOACTBA U HOPMATUBHOE pPerympoBaHue

PE3IOME

AKTYyanbHOCTb. JIakTOPepPPUH — 3TO NPUPOLHBIVA KATUOHHbBIN XEeNe30CBA3bIBAIOLLNIA [MNKO-
NPOTEWH, ECTECTBEHHLIM 06PA30M MPUCYTCTBYIOLMIA B OPraHn3Me XWBOTHbBIX 1 YEN0Beka,
0COBEHHO B MOJIO3MBE U MOJIOKE YENOBEKA M KOPOBbI. Ero MHOrodyHKUMOHabHLIE CBOCTBA,
BK/II0YAS aHTUMMUKPOOHYIO, MMMYHOMOAY/IMPYIOLLYIO Y @HTUOKCUAAHTHYIO aKTUBHOCTb, 00Y-
CNaBMBAIOT 3HAYUTENbHBIN MHTEPEC K er0 NPUMEHEHMIO B KA4ECTBE MULLEBOMO MHIPEeONEH-
Ta, B1ONOrNYECKN aKTUBHOW 406ABKM U KOMMOHEHTA GYHKLMOHAbHBIX MPOAYKTOB NMUTAHUS.

MeToabl. [TOMCK NOTEHUMANILHO PEIEBAHTHLIX CTATEN NPOBOAUIIN MO KITIOYEBLIM CJI0BaV B
ANEKTPOHHbIX 6a3ax AaHHbIX 1 B OTKPbITOM AOCTYNe CeTn Internet.

PesynbraTbl. [pvMeHeHNe NakTopepPpPUHA SBASETCA NMOTEHLMANBHO NEPCNeKTUBHBLIM Ha-
NpaBieHVNEM LIS MULLEBOV MPOMbILLAEHHOCTM 13-3a YCUIIEHUS UM MMMYHOMOZYAVPYIOLLEro
1 aHTUOKCMAAHTHOMO AENCTBYS, @ TaKKe YBENMYEHNSI CPDOKOB FOAHOCTY NPOAYKTOB. CerofHs
nakTodeppuH Hambonee akTMBHO UCMONL3YETCs kKak B1onormyeckn akTmeHas nobaska ans
LeTCKMX CMECEN, Cneuuanm3npoBaHHbIX MOJIOYHbIE MPOAYKTOB HA OCHOBE MOJOKA U Cbl-
BOPOTKU, NPOAYKTOB NepepaboTku Msica, a Takke NuLieBbiX 106aBoK. Ha MUPOBOM pblHKE
nakTodeppuHa ecTb onpefeneHHble TPYAHOCTM: pa3paboTka HOBbIX, 6onee apHEKTUBHBIX
CnocoboB O4YMCTKM U NPOU3BOACTBA fakTOdhEPPUHA, TaKKe OTKPbLIT BOMPOC O NMPaBOBOM Xa-
pakTepe NPUMeHeHWs nakTopeppuHa (B TOM YKC/Ie PEKOMOVHAHTHOIO).

KnioueBblie cnioBa: naktodbeppuH, NpPoayKTbl NUTaHWS, GUoNorMyeckn akTMBHas nobaBka,
orypT, NPOM3BOACTBO lakTOhEPPUHA, TPaHCTeHE3

Ana yntuposBanuna: Pebe3os 9.M., Pebe3os M.B., Mensenesa Y.10. JlaktodeppuH B nuLe-
BbIX cucTeMax: GYyHKLMOHaNbHbIE CBOMCTBA, TEXHONOM M NMPON3BOLACTBA M HOPMATUBHOE pe-
rynuposaHve. ArpapHas Hayka. 2026; 407 (06): 156-172.
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Lactoferrin in Food Systems: Functional
Properties, Manufacturing Technologies,
and Regulatory Aspects

ABSTRACT

Relevance. Lactoferrin is a natural cationic iron-binding glycoprotein naturally present in
animals and humans, particularly in human and bovine colostrum and milk. Its multifunctional
properties, including antimicrobial, immunomodulatory, and antioxidant activity, have
generated significant interest in its use as a food ingredient, dietary supplement, and
component of functional foods.

Methods. A keyword search for potentially relevant articles was conducted in electronic
databases and open-access internet searches.

Results. The use of lactoferrin is a potentially promising area for the food industry due to its
enhanced immunomodulatory and antioxidant effects, as well as its extended shelf life. Today,
lactoferrin is most actively used as a dietary supplement for infant formulas, specialized milk-
and whey-based dairy products, processed meat products, and dietary supplements. The
global lactoferrin market faces certain challenges: the development of new, more efficient
methods for purifying and producing lactoferrin, as well as the open question of the legal
nature of the use of lactoferrin (including recombinant).
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BeepeHue/Introduction

CerogHs HEBO3MOXHO MpeacTtaBuTb MNPOU3BOA-
CTBO NPOAYKTOB NuTaHnsa 6e3 npuMeHeHns MHHOBA-
LIMOHHBIX, 06naaaoLmx BeICOKOM apPEKTUBHOCTLIO,
MOJIHOLLEHHbIX C TOYKM 3peHUs BUONOrnn, SKONOrn-
Yyeckn 6e30nacHbIX 1 GYHKLMOHANbHbIX MULLEBBIX N3-
nenuii [1]. C pa3BUTHUEM TEXHONOTUI N YBETMYEHNEM
nnacra Hay4HbIX 3HaHWI 06LECTBO OyAeT CTPEMUTL-
CS MakCMMMU3MPOBATb BbIrOA4y NOTPEBNsEMbIX NPO-
OYKTOB NuTaHus. [ns 9Toro akTMBHO NMPUMEHSIIOTCS
pasnnyHblie BUONIOrMYECKN aKTUBHbIE MULLEBbLIE O0-
6aBku, B TOM YMcne naktodbeppuH.

NakTodpeppnH — 3TO NPUPOOHLINA KATUOHHbIN Xe-
J1e30CBSA3bIBAIOLVN IMNMKONPOTENH U3 FPYIMbl TPAHC-
deppuvHoB [2-4].

OTkpbiTMe nakTodeppuHa gatnpyetcs 1960 ro-
[OM, Korga oH 6bl1 BNepBble BblAeneH, BNnocneacTenum
OH OblN BblOENEH N3 XEHCKOro rPyAHOro Mosioka u
KOPOBLEr0 MOJIOKA C MOMOLLBID METOANYHOIO MNpu-
MEHEHNS OCaXAEHUs CcynbdaTOM aMMOHUS U XPO-
maTtorpadun. B ganbHenwem 3To Nn03BOAUO pa3pa-
6oTaTtb METOAMKN €ro NosyYeHUs N3 MoJsioka ApPYrmux
mnekonuTatrowmx [3, 5-8].

Hanbonee BaxHoIn GU3NKO-XMMNYECKON OCODEH-
HOCTbIO nakTodeppuHa SBASETCS €ro O4eHb BbICO-
KOe cpoAcTBO K xenedy. Monekyna naktrodpeppuHa
cnocobHa o6paTuMo cBs3bIBaTL ABa MoHa Fed* [2, 7].
JNlakTodepprH MMEET PO30BbIl LIBET, HTO OOBbSACHAET-
CS TEM, YTO OH CBSA3bIBAET MOJIEKYJIbI XENesa, npu-
CYyTCTBUE Xene3a Takxke obycnasnmBaeT NUK Mormao-
LEHNS NpU AIMHE BOMHbI 465 HM [4, 9].

MonekynsipHas macca nakrodeppuHa COCTaBnsaeT
o1 78 po 80 k[la, 1 OH COCTOUT 13 OAHOW NONUMENTNS-
HOM uenu, KoTopasi MOXET OblTb pa3aeneHa Ha aBe
roMOJIOrMYHbIE 4YacTn, oblias oanHa Lenu cocTaB-
nsaet ot 680 po 700 aMMHOKMCNOT, B 3aBUCUMOCTU OT
BUAA XMBOTHOIO nnun vyenoseka [1, 2, 7, 8]. Jlaktodep-
PVH YenoBeka M KPYnHOro poratoro ckota coaepXuT
691 1 696 amurHokMcnoT cooTBeTcTBeHHO [10]. JlakTOo-
depPUH COCTOUT 13 ABYX MMOBYNSPHLIX ONEN, Kaxaas
M3 KOTOPbIX CNocobHa CBSA3bIBaTb OAMH WOH Xenesa
(Fe®). OT1 ponu coeavHeHbl TPEXBUTKOBOM a-cnvpa-
NblO, KOTOpasi, B CBOIO o4yepenpb, AeNMTCS Ha aBa cyb-
nomeHa: NTnuN2; C1uC2[4, 11, 12].

Ha paHHbIn MOMEHT nakTodeppuH OOHAPYXEH Y
MHOIMX MaekonuTarLwmx, 1 6obluas ero 4acTb B Op-
raHM3Me npuxoamTcsa Ha Monoko. [5, 6]. Mono3su-
BO YesIoBEKa N XMBOTHbIX COOAEPXUT Bosiee BbiICOKME
KOHUEHTpaunMn naktopeppuHa, YeM LLESIbHOE MOJIO-
ko. CoobuaeTcs, 4TO KOHUEHTpauusa nakrodeppu-
Ha B MOJIO3MBE MOXET gocTturatb 7 mMr/mn. KoHUeH-
Tpaums nakTtopepprHa B LETLHOM MOJIOKE XXMBOTHbIX
00OblYHO MeHbLUE, YeM B rPyAHOM MOJIOKE YesnoBeka
(2-3r/n) [5, 13-15]

MoMumMoO MoONoka, BbIABNEHO COAEPXaHME faK-
TodeppunHa B cCOCTaBe pPasfiyHbIX OMONOrM4eckmnx
XNOKOCTEN, TakKUX Kak Cne3bl, CNiOHA, BarMHasbHbIN
M CEeMEHHON cekpeT, OPOHXMasNbHbIA N Ha3asbHbIA
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CEeKpPEThI, XeNyb, XNAKOCTU XeNnyaoYHO-KULIEYHOro
TpakTa n mMoya. CylleCTBEHHAsA KOHLIEHTpauus nak-
TodeppuHa obHapyxeHa B niasme KpOBU, BTOPUY-
HbIX HEUTPOMUNbHbIX FPaHylouMTax M OoKooMnaoa-
HbIX Bogax. [2, 3, 7].

YyacTtme naktodeppuHa B pasnnyHbix GuU3Mo-
Nlornyecknx npoueccax OOYCNOBNEHO BblIpaXeH-
HO CMNOCOOHOCTBIO K KOMMIEKCOOOpa3oBaHUIO,
4YTO onpenenseT WUPOKUiA cnekTp BUonornyeckmnx
CBOWCTB, 9TO MO3BOJISET OTHOCUTb €ro K MHOro-
dyHKUMOHaNbHbIM 6enkam [6, 16]. Byay4n BaKHbIM
KOMMOHEHTOM BPOXAEHHONO0 UMMYHUTETA, NaKTO-
deppuH obnagaet WMPOKUM CHEeKTpoM Ouonoru-
4ecKkoW akTUBHOCTU: aHTUbakTepuanbHom [17-21],
NPOTUBOBUPYCHOM [22-26] U MNpPOTUBOrpPUOKO-
Bo [27-31] — BCe 3TK None3Hble CBOMCTBA NOA-
TBEPXAEHbLI MHOTOYNCIEHHLIMW MCCNEeL0BaHUSMN.
AHTUMUKPOOHbLIE CBOMCTBaA nakTodeppuHa ABNS-
I0TCS ero Hambonee WMPOKO MU3YHEHHON YHKLIN-
eil. AHTMMUKPOOHasi aKTMBHOCTb NakTodeppuHa
obycnoBneHa CekBecTpaumMeln xenesa B o4arax UH-
dekurmn, 4To NMwaeT MUKPOOPraHN3Mbl 3TOrO Nu-
TaTenbHOro BelLecTBa W Bbl3biBaeT OakTepuocTta-
Tnyeckmm adpdekT npm NPAMOM B3aUMOLENCTBUN
MOJIEKYNbl naktodeppuHa ¢ MHOEKUNOHHBIM M-
KpoopraHnamom [32-36]. MepcnekTnBHLIM Npep-
CTaBNAETCS packpbiTMe noTeHumana nakrobeppu-
Ha B Ka4YeCcTBe NOJIE3HOM NNLLEBON A0OABKMN.

Pa3BunTtne obuiectsa HeM36EXHO BAUSIET HA MOBbI-
LLUEHNE OCO3HAHHOCTU rpaxnaH B OTHOLUEHUN 300-
pPOBbS, YTO AenaeT BO3MOXHbIM POCT pPblHKA Jak-
TodeppuHa, MOCKOJIbKYy nOoTpedbutenn yaenswoT
NepBOCTENEHHOE BHUMaHWE NPodUnakTUIecKnm me-
pam 1 ULWYT HaTypasbHble CNOCOObLI YKPENIeHNS NM-
MyHUTETA 1 06Lero 6narononyyvs opraHnama. Jlak-
TOodDEPPUH, N3BECTHLI CBOMMW aHTUOKCUOAHTHBIMU
M @HTUMUWKPOBHBLIMW CBOICTBAMM, CTas NOMyASPHbLIM
KOMMOHEHTOM OMONOrMYECKN aKTMBHbLIX A4006aBOK U
OYHKLMOHAbHbLIX NPOAYKTOB MUTaHWUS!, HamnpaBfieH-
HbIX Ha YKpenneHne 300poBbsa’ [4].

M3ydeHre noteHumana nakropeppuHa — 310 00-
NacTb aKTUBHbIX UCCNEA0BaHUN, UMEOLWAa 3HAYEHNE
Kak 519 06LeCcTBEHHOro 34paBOOXPaHEHNS, TaK 1 Ans
nueson 1 GapmMaLeBTUHECKON NPOMbILLIEHHOCTN.

Llenbto paboTbl SBASNOCbL W3y4eHWE MUPOBOM
NPakTUKN NPUMEHeHus naktodepprHa B MULLLEBON
NMPOMBILLIEHHOCTN.

MaTtepuanbl U MeTOAbI UCCNIeaoBaHua /

Materials and methods

Mownck nutepatypbl NpoBoAnN 6€3 orpaHNYeHUn
no pgate nyénumkauum, TMNy UCTOYHUKA U A3bIKY UC-
cnepoBaHusa. bBbinm otobpaHbl Matepuansl, coaep-
Xalupe cucteMaTnampoBaHHble AaHHble, onyOmMKo-
BaHHbIE Ha PYCCKOM U aHINIACKOM s3blkax ¢ 1997 .
no aexkabpb 2025 r.

Monck noTeHuManbHO peneBaHTHbIX MaTepua-
JIOB OCYLUECTBAANCS, MO K/OYEBbIM CNOBaM B

' Global Lactoferrin Market Size, Share, and Trends Analysis Report - Industry Overview and Forecast to 2032
(URL: https://www.databridgemarketresearch.com/reports/global-lactoferrin-market)
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ANEeKTPOHHbIX 6asax maHHbIX Scopus?, elibrary?,
PubMed*, Google Scholar®, Science Direct®, noctyn-
HbIM HOPMAaTMBHO-NPaBOBbLIM akTam CTpaH WU UCTOY-
HUKam B OTKPbITOM gocTtyne cetu Internet. Takxe
Oblnn M3y4eHbl Bubnunorpaduryeckme CrnMcKNU OTo-
OpaHHbIX NyGnMkauuni ans BbiISBAEHUS OOMOJIHUTESNb-
HbIX PeNIEBAHTHbIX UCTOYHNKOB MHMOPMaLMN.

JaHHble 6bINM NPOoaHanM3npPoBaHbl, YTOObLI Oue-
HWUTb U CUCTEMATU3NPOBATb CBEAEHUS O BO3MOXHO-
CTSX NPUMEHeHUsa nakTtodeppuHa B NMULLEBON MpPO-
MbILLEHHOCTW.

HacTosuwiasa paboTta npeancraBnsaeT cobor cucre-
MaTmyeckuin 0630p NuTepaTypbl, BbINOJSIHEHHbLIA B
cooTtBeTcTBUM C npuHumnamm PRISMA (Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses) ons onncaTenbHOro CMHTE3a AaHHbIX.

Mpn aHanmae pbIHOYHbLIX OAHHbLIX aBTOPblI CO3Ha-
TeJNIbHO BO34epXXancb OT MCMNOJIb30BaHMS MHDOpMa-
uMn, NpeaocTaBleHHON HENOCPEACTBEHHO KOMMER-
4YECKUMM KOMMaHUAMK, 1 ONUPASIUCb UCKTIOYNTENBHO
Ha He3aBUCUMble aHanuTuyeckne ob63opbl (Market
Growth Reports, Grand View Research, FactMR,
IMARC, Future Market Insights, GIRA Food).

ABTOPbI AEKTAPUPYIOT OTCYTCTBUE KakuX-Nnbo epu-
HAHCOBbIX U NINYHBIX CBA3EM C KOMMNAHUSMMU-MNPO-
M3BOOUTENSAMN NN ANCTPUOBLIOTOPaMn naktodep-
pvHa. Bce koMmepyeckue OaHHble, YNOMSHYTble B
0630pe, NpuBeAEHbI HA OCHOBE 06LLEAOCTYMHBIX HE-
3aBNCUMbIX OTPacfieBbIX OTYETOB U HE MpeciienyoT
Lenn peknambl UM NPoaBUXEHUS NPOAYKUMM KOH-
KpeTHbIX pnpM. PaboTa BbINOSIHEHA B pamMkax rocy-
[APCTBEHHOrO 3a[1aHUNS1, UCKJTIOHAIOLLLErO KOMMepYe-
CKYIO aHraXXMpOBaHHOCTb.

Pe3ynbTaTthl n 06cyxaeHue /

Results and discussion

JlakTogpeppuH B NULLEBON NPOMBbILLIIEHHOCTU

CeoiicTBa naktodeppmHa, KOTopble MOTyT NpUHe-
CTW NOMb3Y NPY NCMNOJIb30BAHMM €0 B MULLLEEBOW MNPO-
MbILLIEHHOCTW, BKJTIOYAIOT B Ce0si MPOTUBOBUPYCHbIE,
NPOTMBOBOCMANNTENbHLIE, AHTUMWUKPOOHbLIE, aHTU-
OKCUOAHTHblE, NPOTMBOPAKOBbLIE U MPOBMOTUYECKME
adppekTbl [37-39]. CBA3bIBaA Xenes3o, nakTopeppuH
noaaensieT poct 60N1e3HETBOPHLIX 6akTepUiA, HaNps-
MYyI0 MOBpPexXaas KNeTo4Hble CTEHKN, U BbI3bIBAET M-
6enb KNeToK, TEM camMbiM NpefoTepawas bakrepu-
anbHble HOEKUMM nnn 3aboneeaHns n cnocobcTBys
coxpaHeHuio nuwm [37]. Hanbonee 4yacto BCTpeya-
loLencs Gopmon NnpuMeHeHne nakTtopepprHa B Nu-
LLEBOW MPOMBILLNIEHHOCTUN ABNSIETCS UCMNOSb30BaHNE
€ro B kayecTBe 6M00rnM4eckn akTMBHON JOOABKU.

Peaynbtathl nccnepoBanus [40] noartBepovnuv
3HAUYUTENbHOE YynydlleHne @YHKUMM NOAXKeNyaou-
HOI XXenesbl U HEKOTOPbIE MMCTONOrMYeckne U3me-
HEHUS B NoaxkenynoyHon xenese. [lobasneHne nak-
TodpeppuHa (100 Mr/kr maccel Tena) B co4eTaHum ¢

2 URL: https://www.elsevier.com/products/scopus
3 URL: https://elibrary.ru

4 URL: pubmed.ncbi.nlm.nih.gov

5 URL: https://scholar.google.com

8 URL: https://www.sciencedirect.com

Lactobacillus acidophilus B kadecTBe npobuoTuka
6bIN10 0COBEHHO APDEKTUBHO O YNYULLIEHNS 300-
pOBbst NOAXKENYyA04HOM Xenesbl [3].

PesynbraThl mnccnenoBaHuii nokasanu, 4YTO UC-
Nonb30BaHMe aHTUMUKPOOHbLIX NMPenapaTtoB Ha OcC-
HOBe NnakTodeppuHa U ero NPOM3BOAHbIX C BbICOKUM
rmopocTaTMYeckKnMm OaBfieHneM ycunueano Oak-
TepuyumgHbii adpdexT. lMon pencremem [aBneHud
NnpoucxoamT paspylleHne membpaH OakTepuii, 4To
NPMBOANT K MOBLILLEHNIO YYBCTBUTENIbBHOCTU K aHTU-
MNKPOOHBIM Npenapartam. JaHHbIn MeTog obecneym-
BAET MOBbILLIEHHYIO 6€30MacHOCTb MULLEBBLIX MPOAYK-
ToB 6€3 U3MEHEHUS NokasaTenemn kadecTtea [41, 42].

Coobuiaetca o nonesHom apdekte gobaBneHns B
paunoH B3POC/Oro 4Yenoseka nakrodeppuHa B 403€e
200 Mr/cyT. NnpoTMB NMHPEKLUMOHHOIO racTPO3HTEPU-
Ta [43] n ana ynydweHns metabonmama xenesa [44].

JNakTodeppnH XOpoLwo co4vyeTaeTca ¢ NpedbnoTn-
KaMn 1 NpobnoTmkamm, KOTOpble MOryT NPUBECTU K
pa3paboTke HOBbIX MPOAYKTOB Aas yny4yweHus 6a-
naHca Mmkpobroma kuedHuka [45, 46].

JokasaHo, 4To 6uonornyeckn akTuBHas nodas-
Ka Ha OCHOBE MMApPOKCMMETMNBYTHPaTa, KapHO3UHa,
6yTupaTta MarHus n nakrtodeppmHa MMEEeT XopoLUme
nepcnekTmBbl 415 60pbbbl C capkoneHnen [47].

Buonorunyeckn aktneHaa nobaeka, coctodLlas n3
rmgponmaata nakrodpeppuHa, CbIBOPOTO4HOro Oen-
Ka 1 BaHWIMHA NPOAEMOHCTPMPOBANN aHTUbakTepu-
aNbHYI0 aKTUBHOCTb B OTHOWeEHUU E. colin S. aureus
in vitro. 9Ta pobdaBka NOTEHLMaIbHO MOXET ObITb UC-
NONb30BaHa B NMULLEBOM MaTPULE A CHUKEHUS MO-
604HbIX 3DDEKTOB XMMNOTEPANNN N B KAYECTBE XUN-
MuonpoTekTopa [48].

B wccnepoBaHun rmnpgponm3atbl Obldbero nak-
TodeppuHa (panee no Tekcty — 6J1P), nosnyyeH-
Hble C MOMOLLBIO NENCUHA, XMMO3MHA N MUKPOBHO-
ro Cbl4yXHOro gepmeHTa, 6biIM UccnenoBaHbl Ha
npeamet pgenicteua npotue Cronobacter sakazakii
(104 KOE/mn) B pasnuyHbIx cpenax: pocdaTtHom Oy-
depHOM pacTBOpe, KOPOBLEM MOJIOKE U MOJIOYHOM
CbIBOPOTKE, & TakK€ BOCCTAHOB/IEHHOM CYXOW OEeT-
ckown cMmecu. [NonyyeHHble pe3ynbTaTbl NOKa3anu, 4To
ruaponuna 6J1P ycunueaeT ero aHTMGaKTEPMAbHYIO
aKTUBHOCTb NpoTunB Cronobacter sakazakii [49].

BJ1® 1 B HacTosLLLEE BPEMS UCMOJIb3YIOT BO MHO-
rMX MULLEBBLIX NPOAYKTax, Takmx Kak AeTCKoe nuta-
HVe, (PEPMEHTUPOBAHHBLIE MOJIOYHbIE MPOAYKTbI Y
xeBaTtesibHble pe3uHku [50]. Hanpumep, buonorunye-
CKW aKTMBHas gobaska Ha ocHoBe 6J1P 1 BUTamMmHa
C, MHKancynMpoBaHHOIo B JINMUAHbLIA My3bipb U 00-
NafaloLero nonesHbIM1 CBOMCTBaMU, Bbiia 3apern-
cTpuposaHa B EBponeinckom Cotose [51].

Euie ogHMM BO3MOXHbBIM HanpaBieHUEM MpUMe-
HeHuns naktTodeppuHa Kak NULLEBON [00aBKU SB-
nseTcsa 10, 4To 6efkn 1 NenTuapl MoJioka NposiBis-
0T XMMMOTepaneBTU4YECKNE N aHTUKAHLEPOrEHHbIE
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cBoncTBa. B nutepatype npeacrtasneH psaguccneno-
BaHWM, MOCBSILEHHBIX NMPUMEHEHUIO NakTodeppuHa
B Tepanun pasnuyHbix TMNOB paka [52-55]. MoaTtomy
aKTyanbHO NPUMEHEHME NakTopeppUHa B Ka4ecTBe
CcCpencTea Ans 3aMensieHnst pasBuUTUSa ONMyxXonen n B
KayecTBe NPoduIakTM4ecKoro cpeacTaa [7].

MosnioyHble npoayKTbI

Hanbonee wnpoko nakrodeppuH NCNonbL3yeTcs B
KayecTBe NuLLLEBOM 06aBKN B MOJIOYHbIX MPOAYKTaX,
0COOEHHO B 1i0rypTe, rae OH YyCUINBAET MUKPOOHYIO
aKTUBHOCTb, CEHCOPHbIE KA4YeCTBa, MNUTATESbHYIO
LLEHHOCTb U NONb3Y A/ 300P0BbA KOocTewn [3, 56-58].

MorypT, oboralleHHbIN nakTopepprHOM, npoae-
MOHCTPUPOBa MONIOXUTENbHbIE 3 deKTbl Npu ne-
YeHUn pasnn4dHbIX 3aboneBaHuin, BKJIOYas OCTPbIN
racTPO3HTEPUT, XEeNe304edULNTHYIO aHEMUIO U MU-
KPOUMTAPHYIO TMMNOXPOMHyio aHemuio [40, 59-61].

OkcnepumeHTbl Fetouh M. 1 coaBTOpPOB MO OLEH-
K€ aHTUMWKPOOHOro [AOEeNCTBUS >XMPHbIX KUCNOT
naktodeppuHa nposogunucbk Ha Bacillus cereus,
Enterococcus faecalis n Candida albicans. INony4eH-
Hble pe3ynbTaThbl Nokasanum, 4YTo B obpasuax rnorypra
C BKJIlOYEHNEM NnakTodeppuHa Habnoaanocb 3Ha4um-
TeNlbHOE CHWXEHWe KonmyecTBa GakTepuii No cpae-
HEHWIO C KOHTPOMbHbIMKU 0Bpa3uamu. Kak npaeuno,
obpa3supl orypta ¢ BkodeHnem 1,5% naktodep-
pVHa AEMOHCTPMPOBaNN HaNBONbLLMIA NPOLLEHT CHU-
XeHNs konnyecTsa bakTepuii, 4em obpasLbl C BK/IO-
yeHuem 0,5% n 1,0% naktodpeppuHa. Kpome TOro,
Bacillus cereus nposiBun 60blUYyl0 BOCMPUMMYUA-
BOCTb K naktodeppuHy, 4em Enterococcus faecalis;
MakCUMaJslbHOE CHUXEHWE KOMYecTBa WHOKYNPO-
BaHHbIX Bacillus cereus Habniooganocb Ha LIECTON
OeHb HKybauum n coctaBuno 99,99% [62].

PeaynbtaTthl ncnbitalmin [63] nokasanu, 4To Ao-
OaBfeHHbIN B MOrypT nakTopeppuH MposiBUA 3Ha-
YNTENbHYID aHTUMMUKPOOHYID aKTUMBHOCTb, OCOOEH-
HO B OTHOoWweHuu E. coli n S. typhimurium. OpgHako P.
aeruginosa v B. cereus oka3anncb JOBOJIbHO YCTOM-
4YMBLIMW K BO3AENCTBUIO NakTodeppuHa, Tpebys 60-
Jlee BbICOKMX KOHUeHTpaumi anga MUK (2,5 mr/mn).
NakTodeppuH B koHUeHTpauum 0,0001 n 0,001 mr/
MJ1 3HAYUTENIbHO CHU3WJT BbIKMBAEMOCTb LUMIFATOK-
cuH-npoayumpytowen E. coli (STEC) Ha 70 n 91,6%
COOTBETCTBEHHO B MOrypTe Ha TpeTuin aeHb. bonee
TOro, nakTodeppuH yay4ymnn CEHCOPHbIE CBOMCTBA
oborauleHHoro norypta. He 6b1510 BbISIBIEHO HUKAKMX
NoMex akTUBHOCTW 3aKBAaCKW Ha MPOTSXXEHUW BCErO
npouecca Npon3BOACTBA U NeEPNoaa XpaHeHUS.

BblNo yCTaHOBNEHO, YTO YPOBEHb FrEMOMNOOUHA W
HECKOJIbKO MapamMeTpoB 3PUTPOLIUTOB 3HAYUTENBHO
YAYYLWWANCE Y OeTeln, ynoTpebnsaswnx mnorypt, 060-
raweHHbIn nakrodeppmHom [60].

MokasaHo, 4To mobaBneHne naktodpeppuHa B ce-
MEHa Yuna C TPaHCIyTaMNHA30M ABNSEeTCS Nepcrnek-
TUBHbBIM HOCUTENEM, CNOCOOCTBYIOLLMM A0CTaBKE M-
APODOOHLIX MOJIEKYN B KALLIEYHUK U YCBOEHMIO NX B
nuwie [64].

B wunccnepoBaHnu [59] nonydeHbl HaTypasbHble
norypTbl, oborauweHHble nakTodeppuHoOM, C UC-
nonb3oBaHMeM Koryptoson 3akBackm YC-X11 Ha
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ocHoBe Lactobacillus delbrueckii subsp. bulgaricus
n Streptococcus thermophilus. AHannsunpyemsble
napamMeTpbl CTaTUCTUYECKN AOCTOBEPHO HE pas-
INYANNCb MexAay KOHTPOJIbHbIMU MOorypTamMmun u io-
ryptamm ¢ gobaeneHnem naktodeppuHa. TekcTyp-
HO-pPeosIorMyeckne NCCnefoBaHus Takxke nokasanu,
yTo fob6aBneHne nakTodepprHa He NPUBENO K CyLLEe-
CTBEHHOMY U3MEHEHMIO CTPYKTYpHI liorypTa. Noryp-
Tbl XapakTepun3oBaanCb BbICOKMMU CaHUTAPHO-IU-
rMMEHNYEeCKMMM nokasaTensaMm B TEYEHUE BCEro
CpoKa X0noanbHOro XxpaHeHus. JlaktopeppuH oka-
3blBAET MOJIOXUTENBbHOE BIINSIHME HA CPOK FrOAHOCTH
npoaykTa.

Llenbio paboTbl [65] 6bIN0 N3yveHne BANSHUS O0O-
6aBfieHns B Mos1oko 6J1P ¢ pa3nnyHoii cTeneHblo Ha-
CbILLEHNSA XEeNne3oM Ha NPOU3BOACTBO M XapakTepu-
CTUKM MorypTa. 6J1P pobaBnanu B KOHLEHTPaUUAX
0,5, 1 1 2 mr/mn B x0no-popmMax (HACBILLEHHbIX Xe-
ne3om) u ano- (6es xenesa) popmax. PU3NKo-xu-
MUYECKME CBOWCTBA, Takme kak pH, KOHUEeHTpaumio
MOJIO4YHOW KNCOTbl U TEKCTYPY AOMOJIHEHHbIX NOryp-
TOB, ONpenensian Ha NPOTSXXEHUW BCEr0 Cpoka roa-
HOCTU XxpaHeHus (28 pHei) npu 4 °C. LobaBrneHne
6J1d B MOJIOKO He oKka3asio 3HAYUTENIbHOIO BIVUSIHUS
Ha pU3nyeckne CBOMCTBA NOrypTa, XOTa ano-aakTo-
depprH HEMHOIO 3aepxan CHMxXeHne pH. 3To MoXx-
HO OOBACHUTbL YaCTUYHLIM MHTMOMPOBAHNEM, HABIO-
JaemMbiM npu pocTte Streptococcus thermophilus.
LlenoctHoCTe U MMMyHOpEeakTUBHAsA KOHLEHTpaLms
naktodeppuHa ocTaBaamcb MNOCTOSHHLIMW HA NPOTS-
>KEHMN BCErO CPOKa rOAHOCTU NorypTa.

MpoBeneHo nccnepoBaHme No AOOABAEHUNIO Nak-
TodeppunHa Npmv NPOM3BOACTBE Cbipa 4vepnep. Pe-
3ynbTaThl Nokadanu, 4To fobaeneHve nakrodeppu-
Ha HEe MOBAMANO HA XWUPHOKUCIIOTHBLIA COCTaB Cbipa
N CEHCOpHblE XapakTepuCTMKKN cbipa. NprmeHeHne
naktodeppuHa okasanocb 6e3onacHbIM Npu BKJIO-
YyeHun ero B cocTtaB cbipa [50].

MsicHble NnpoARyKTbI

B MACHOM MNPOMBILWNEHHOCTN NakToOPEPPUH UC-
Nonb3yeTcs AN NOOABMEHUSA XU3HEAEATENbHOCTU
MUKpoopraHmamoB. O6paboTka MSACHOro Chipbs 3a-
KNOYaeTCcs B pacnbiieHMn npenapaTta Ha OCHOBE
nakTodepprHa Ha Tyuwly UM oOxnaxaeHHble oTpyObI,
4YTO MO3BONSIET HE TOJIbKO MPEenoTBPaTUTbL POCT MU-
KPOOPraHn3moB, HO U HENTpPanM3oBaTb aKTUBHOCTb
3HOOTOKCUHOB [66]. Micnonb3oBaHme naktodeppurHa
B COCTaBe MSCHbIX MPOAYKTOB MOXET M3MEHUTb Ka-
4eCTBO MSICHbIX MPOAYKTOB HE TOJIbKO 3a CYET YBENM-
YEeHUS CPOKOB XPaHEHUS, HO 1 3@ CHET MOBbILLEHUS NX
noJsie3HbIX CBOWCTB [67].

N3yyeHa GakTepuunaHas akTMBHOCTb NakTodep-
pVvHa 1N ero NPOM3BOAHbLIX B COYETAHUM C BbICOKUM
rMopoCTaTMYEeCKUM OABEHNEM B OTHOLLEHUN LLECTU
LWTaMMOB TPEX BUOOB rPaMMoONOXUTENbHbIX BakTe-
pwii Listeria monocytogenes, Staphylococcus aureus
n Enterococcus faecalis B kypnHoWn rpyake. Jlakto-
dEepPPVH 1 ero NPON3BOAHbLIE YCNELUHO NPOSIBUIN aH-
TnbakTepuanbHble cBoicTBa. OQHAKo Ha 3TU CBOW-
CTBa MOryT BANATb pas/iMyHble GaKTOPbI, TaKMe Kak
TemMneparypa, akTMBHOCTb BOAbl, pH, cocTas cpenpl,
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HannumMe conen, pasnuyHbix OenKkoBbIX, NUMUOHbIX
WY YINeBOAHbIX KOMMOHEHTOB [41].

OddekT 06paboTKM BLICOKMM rMAPOCTATUYECKUM
JaBfieHneM B COYEeTaHUW C JlaKTONepoKCUAA3HOM
CUCTEMOWN WM aKTUBMPOBAHHLIM NaKTODEeppPUHOM
Ha Listeria monocytogenes, Salmonella enterica v
Escherichia coli O157:H7 6bin nccnegoBaH Ha Bsine-
HOM Kapnayyo 13 roBsavHbl, XxpaHsiwemcs npu 8 °C
nnu 22 °C B TeyeHmne 7 gHel. lmapocTaTnyeckoe aaB-
nexnuve (450 MlMa B Te4eHne 5 MUH) CHMXKANO YPOBHMN
NnaToreHoB, a aHTUMUKPOOHLIN 3D@EKT COXpaHs-
Cs1 B TEYEHME 7 OHEN XPaHEHUS B YCIIOBUSAX HEHaA e-
Xaliero TemnepaTypHoro pexuma npm 8 °C n npn 22
°C. OtoenbHoe NpUMEHEHMe NakTonepoKCUOa3HoM
CUCTEMbI 1 nakTodeppmHa He BAUSINIO Ha BblXnBae-
MOCTb TPEX M3YYEHHbIX NAaTOreHOB BO BPEMS XpaHe-
H1s. OgHako B6blo 0O6HAPYXEHO CUHEepruyeckoe bak-
TepyunagHoe B3auMmoOencTeue mexay Salmonella
enterica w Escherichia coli O157:H7. KombuHupo-
BaHHaa oOpaboTka MoXeT ObiTb nose3Ha a9 CHU-
XEHUS UHTEHCUBHOCTU 0OpabOoTKM AaBNEHUEM, 4TO
YMEHbBLUNT N3MEHEHUS B KQYECTBE MSCHbIX MNPOAYyK-
TOB [68].

MopobHble mnccnepoBaHUs ObLIM NPOBeAEHbI B
Hape3aHHOW CbIPOBSINIEHON BeETYMHE B TedeHune 60
nHeli npu 8 °C [69], B Hape3aHHOW BapeHon BETYN-
He B TedyeHune 35 gHeit (4 °Cun 10 °C) [70, 71]. YpoBHMK
Listeria monocytogenes v Salmonella enterica cHu-
3UNUCb Nog, OEenCTBMEM TMAPOCTATUYECKOro naB-
JIeHNs1, nakTonepokcuaasHasi cuctema U akTMBMpo-
BaHHbI NakToPeppuH B OTAENIbHOCTU He MOBJUSIN.
OpHako Oblna obHapyXxeHa CUHepruyeckas aHTUMU-
KpoOHasi akTUBHOCTb.

MccnepoBaHms Takke M3ydyaaum WCMOJSib30BaHWe
naktodeppuHa B KONBaCHbIX U3OENUSX, rOe OH KOM-
OuHMpoBasncs ¢ KapbOKCUMETUNLENION030M AJis
OLEHKM ero BAUSHUS Ha CBOMCTBA NULLEBbLIX NMPOoayK-
ToB [72-74].

Tak, TpY rpynnbl KYPUHbIX FTPYA0K C paBHbIM KO-
yecTBOM naktodpeppuHa Obinn 0bpaboTaHbl METo-
[OM MOrpy>XeHnst B pacTBOP B KOHLeHTpaumsx 5, 10
n 20 Mr/r macchbl Kypuubl COOTBETCTBEHHO. OpraHo-
nenTnyeckas ougeHka, BKo4Yas LBET, 3anax, BKYC,
TEKCTYPY, CO4HOCTb 1 0OLLYIO NPUEMIEMOCTb 0Opas-
LLOB 13 3TUX TPEX FPYNIM 1 KOHTPOJILHOW rpynnbl, NpPo-
BOOMNACh Kaxable ABa OHSA BO BPEMS XPaHEHUS B XO-
nogunbHuke. Kpome TOro, B rpynmnax npoBepsisioCb
obLLee KONMYecTBO adpPOobHbIX OaKTepuin, MCUXPOTPO-
bHbIX 6akTepuii, obLiee KOMMYeCTBO KOMNMGPOPMHbIX
GakTepuii, a TakxXe KOJIMYECTBO APOXKEN U rnnece-
HW. Bbina BbISBNEHA 3HA4YMTENbHAA pa3HMLUA B OLEH-
KaxX 3TWUX CEHCOPHbIX XapakTePUCTUK B 3aBUCUMOCTH
OT BPEMEHUN OXNAXOEHUS U Pa3/INYHbIX KOHLIEHTpA-
umin naktopeppuHa, O4HAKO CYLLECTBEHHOW pas3Hu-
LUbl B OLEHKax BKyca He Habnpanocbk. Kpome Toro,
rpynna, nofay4yasLias nakTopeppuH B KOHLEHTpaumm
20 Mr/r, BeMOHCTpUpoBana fyymne CEHCOPHbIE MO-
KasaTenu nu MMKpobrosorMyeckne nokasatenm, Yem
Opyrve rpynnbl, Ha MNPOTSXEHUN BCEFO BPEMEHU

XpaHeHns B xonogunbHuke Ao 13-ro gHa. KoHTponb-
Has 1 ONbITHAs FPynnbl, NOJly4asBLUMe NakTOPEPPVH B
KOHUeHTpauun 5 n 10 mMr/r, npeBbICMAN O0NYCTUMbIE
HOPMbI Ha 7-1, 9-1 n 11-1 peHb. COOTBETCTBEHHO,
rpynna, nosayyasLwias nakTopeppriH B KOHLLEHTpaUUmn
20 Mr/r, coxpaHsina JonycTumble HOPMbI eLe LecTb
[Hel nocne UCTe4eHns cpoka rogHOCTU OXNTaXOeH-
HO KypuHOW rpyaku. CnegoBaTtenbHo, nakTodpeppuH
BbIMNOJHAET YHKUMIO HATypasbHOro KOHCEepBaHTa,
No3B0OSSS NONY4YUTb MOP@OOrMYeckn U MUKPOBUNO-
nornyeckn 6e3o0nacHyld M cTabuibHYO OXnaxaeH-
HYIO KYPWHYIO FPYAKY C OJNTENbHBIM CPOKOM XpaHe-
Hua [74].

MccnepoBaHue [73] ObiNo NpoBeaeHo AN OLEeH-
KU BAMSHUS CbedobHOro MoKpbITUA Kapbokcume-
TUALENN0N03bl, 060ralweHHOro nakTopeppuHoOM
(B koHUeHTpauuun 5%, 10% n 20%), Ha CEHCOPHbIE
N MMKPOOMONOrnyeckme kadyecTsa [OMaLLUHEN KOJI-
6achbl. JlaktodpeppuH 0006aBnsAM HeNocpPencTBEHHO
Ha MSCHOWM ¢dapll; KpoMe TOro, uccnegyemasi che-
[o0Has nneHka Mcnosib3oBanach B KA4ECTBE BHELL-
HEero nokKpbITMs Ha obpasuax konbackl C HAYNHKOMN.
Pe3ynbTaThl nokasanu 3HaunTenbHOE yny4lieHmne oo-
wen npuemaemMocTn obpaboTaHHbIx 06pa3LoB C ya-
NMHEeHneM cpoka rogHocTn o 12, 15 1 18 gHen xpa-
HeHns B 06paboTaHHbIX 06pasuax ¢ 1akTopeppuHoOM
B KOHUeHTpauun 5%, 10% n 20% coOTBETCTBEHHO;
Torga Kak KOHTPOJibHble HeobpaboTaHHble 06pasLbl
nokasasau siBHble NPU3HAKN Nop4m nocne 6 gHen xpa-
HeHus. B To e Bpemsi 6b1s10 3apUKCUPOBAHO CHUXE-
HVE KOMMYECTBA MUKPOOMONOrMYECKMX MUKPOOpPra-
HVW3MOB, YTO CBUAETENLCTBYET O MEPCMNEKTUBHOCTU
MCNONb30BaHUs naktodpeppuHa kKak OyHKUNOHANb-
HOI MSICHOWM Jo06aBkM B Ka4ecTBe CbedobHOro mno-
KpbITUS 419 YAYYLEHWS KayecTBa U Cpoka rogHOCTH
KonbacHbIx n3genunn. bonee Toro, aHTMMMKPOOHOE
perictene nakrodeppuHa 3aBmcenio OT 403bl U Bpe-
MeHM, Npu 3ToM Bosiee BbICOKME KOHLIEHTPaL MM oka-
3blBanu 60siee BbIPAXEHHbIN aHTUMUKPOOHLIN 3d-
dexT.

Mo>HO caenaTb BbIBOA, 4TO MCMOJIb30BAHME B TEX-
HOJIOMMM CbeA0OHOro MOKPLITUS (MULLLEBOE 3aLUUT-
HO€e NOoKpbITME) NnakTodepprHa NO3BOAUT MOJYHUTb
6onee 6e3onacHble MsICHbIE NPOAYKTLI C Bonee anu-
TeNbHbIM CPOKOM XPaHEHUS.

AeTtckoe nutaHne

JNlakTopeppuH Takke mdyvyaeTcsl Kak BO3MOXHbIN
KOMMOHEHT AETCKOr0 NMTaHns 13-3a ero 3Ha4nTeb-
HOro MPUCYTCTBUS B FPYAHOM MOJIOKE U MOJIO3U-
Be [3, 14]. [eTn, HaxoOsLWMEeCs HA UCKYCCTBEHHOM
BCKapMJIMBaHUKN, OKa3blBaloTCH 6e33alUTHBIMN ne-
pea HPEKLMAIMN, MOCKOMbKY B MUTATENbHbBIX CMECHX
OTCYTCTBYIOT GakTtepuungHble dakTopbl. Mcnonb-
30BaHMe JOHOPCKOrO XEHCKOro MOJIOKa, Kak MCTOM-
HUKa NnakTodpeppuHa, BO MHOMMX CTPAHax OrpaHu-
YEeHO MK 3anpeLeHo, kak Hanpumep B Poccun, B
CBSI3N C BO3MOXHOCTbIO BUPYCHOW KOHTaMWHALMN
(CNnAa, renatut)’. Mo aToi Xe NpuYMHe Heobxoau-
MO MCKaTb 3aMeHY XXEHCKOMY MOJIOKY A5l TeX AeTel,
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MaTtepu KOTOPbIX CTPaAaloT MHPEKLUNOHHOW NaToNo-
rmemn, cnocobHon nepenaBaTbCs ¢ MONIOKOM [1]. OTu
NPUYUHBLI NMPUBENN K MCCNEeA0BaHUAM, U3ydatoLmnMm
nobaeneHve naktodeppunHa B ETCKME CMECU U ero
NPUMEHEHNE B COOTBETCTBYIOLLEN OTPACIN.

CyLLecTByIOT UccnegoBaHus, nokasbiBaloLmMe no-
JIOXUTESNIbHOE BAVSIHNE Ha OPraHn3m OEeTen npu yrno-
TpebneHnn 0boraLLeHHbIX NakTODEPPUHOM AETCKUX
cMecein. 9T oboraileHHble CMeCU M3yHanncb Ha
npeamMeT nx noTeHumanbHorm addEKTMBHOCTU B pe-
LWEeHUN pasnnyHbIX NpobnemMm co 340POBbEM, TakMX
Kak guapes, pecnmpaTtopHble MHDEKUMN, OCTPLIE Xe-
NYAOYHO-KULLEYHbIE CUMMNTOMbI M aHEMUST Y OETEN C
HM3KOMN Maccomn Tena npu poxaeHun [75-78].

Mprnem nakTodpeppuHa B COCTaBe CMeCcu OeTCKO-
ro NUTaHuss MOXET CHU3UTb PACnpPOCTPAHEHHOCTb
OCTPbIX XENyA04YHO-KULLIEYHbIX CUMNTOMOB N COKpa-
TUTb obLLEee KONNMYEeCTBO AHEN C OCTPLIMU pecnupa-
TOPHbLIMM CMMMTOMaMK y AeTel B Bo3pacTe oT 12 oo
32 mecsues [79].

Chen K. et al. coobwmnu, 4T0 OTHOCUTENIBHO HN3-
kas nosa nakrodeppuHa (35,8 mr/cyTt) nogasnsna
pecnupaTopHble 3abofieBaHUa 1 Anapeio y MnaaeH-
ueB B Bo3pacTe 4-6 mecsaues [80].

Ishikado A. et al. coobuwatot [81], 4TO NoBbILIE-
Hue npoaykumm UDH-a aktueupytowero d¢akropa
NK-knetok He Habnoganock Yepes 3 Hegenu nocrne
OKOHYaHusa npuema naktodeppuHa. CnepoBaTesb-
HO, MPUem naktopepprHa MOXET YCUINTb U Noaaep-
XMBaTbh LUMTOTOKCUYHOCTb €CTeCTBEHHbIX NK-KneTok
B TEYEHNE HECKOJNIbKMX HEOENb MOCNE Nepnoga BMe-
LwaTenbLCcTBa 1 cnocobCcTBOBaThL NOAABIIEHNIO OCTPbIX
pPECnMPaTopPHbIX CUMNTOMOB B Te4YeHMNE 2 Hefesb No-
Cne BMELLaTeNnbCTRa.

Apyroe

NakTodeppurH Takke UCNoAb3yeTcs B BUHOAENUN
B KayecTBe KOHcepBaHTa. JlaktodeppuH nogasnsn
apoxokn Dekkera bruxellensis, OCHOBHYIO NPUYMHY
NnopYKn BUHA, YTO CNOCOBCTBOBANIO YBEIMYEHNIO CPO-
Ka rogHocTun [82].

JlakTopeppuH MOXET ObiTb BKJIIOYEH B MaTpuULy
NULLIEBOI YNakoBKWN/MNEHKM Kak B CBOOOOHOW, TakK U
B MIHKArCyaMpoBaHHON dopMe ansa yay4dleHUus Mu-
KPOONONMOrMYeckKNx, MExXaHUYeckux u TepMuye-
CKMX CBOWCTB 6MononnmMmepHbix nneHok. Kpome Toro,
NAEeHKN, coaepxalime naktodbeppuriH, COXPaHaoT Ka-
4YeCTBO CBEXMX MPOAYKTOB M MPOANEBAOT CPOK UX
xpaHeHus [56, 83, 84].

PesynbraThl NOKa3bIBAIOT, 4TO NENTUAbI, NONYYEH-
Hble 13 6J1P, MoryT 6bITb NOTEHUMASIbHLIMW NNLLEBbI-
MW UHTPEeAMEHTAMMN C aHTUTMNEPTEH3UBHBLIMU U aH-
TUKOArynsaHTHeIMK cBolicTBamu. [3, 85].

PacteT cnpoc Ha pacTuTenbHble MOMIOYHbIE MPO-
OyKTbl 6narogaps NOTEeHUMaNbHOW nonb3e afas
300POBbSI M MNUTaATENbHBIM MpeanoyYTeHnsam. He-
CMOTPS Ha NUTATENIbHYI0 LEHHOCTb, UX MULLEBON
npodunb MOXeT ObiTb yaydweH npu oboraweHun
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naktogpeppuHoM. [obasneHune naktodeppuHa Mo-
3BOSINT CO34aTb PACTUTESIbHbIE aNbTEPHATMBbLI MO-
JNIOYHBIM NPOAYKTaM A1 MOBbILLEHNS X NUTATEIbHON
LLEHHOCTM N NpUBeYeHNs 6ONbLLEro Yncna NnoTpebu-
Tenen, Bko4yas noaen, 3aboTamMxcs 0 CBOeM 340-
poBbe, a Takxe BeraHos [3, 86, 87].

MpombiwieHHoe NPon3BOACTBO JIakTopeppuHa

B HacTosiLlee BpeMsA UCTOYHUKM NakTodeppuHa
pa3Hoob6pa3Hbl M BKJIKOYAOT B ce6S HE TONIbKO UCTOY-
HMKW YENIOBEYECKOIr0 M KOPOBBLEIO MPONCXOXAEHNS,
HO 1 Bep6toaoB, OBEL, CBUHEN, BYIMBONOB, KOObLIN 1
HEeKOTOPbIX APYrMx MmaekonuTalowmx [37].

B npombILNEHHOM NPOV3BOACTBE LLUMPOKOE pac-
NPOCTPaHeHME NoAy4m NnakTopeppuiH, BblAeNIEHHbIN
M3 M0Ji03MBa U Mosnoka kopoB. Konnyectso 6nono-
rMYeckun akTUBHbIX 406aBOK C NakTODEepPPUHOM Kpyri-
HOrO poraToro CKoTa, BbIMyCKAeMbIX B MUPE, Mpe-
BbICUJIO COTHIO HanMEHOBaHUN. HeKOoTOpbIE N3 HUX
paspeLLeHbl K UICNOoNb30BaHMIO B Poccmn 1 BOWY B
PeecTtp npoaykumun, npoweawen rocygapCTBEHHYIO
perncTtpauuio [1, 4, 88].

Mpon3BoACTBO NakTodpeppmHa U3 KOPOBLENO MO-
Jioka SBNSIeTCs AO0POrocTosWMM M3-3a 60MbLLIOro
obbema MosioKka UM ero NPoAykToB, HEOOXOAMMbIX
Ons xpomatorpaduyeckmx u ynbTpadpunbTpaunoH-
HbiXx MeTonoB [88]. MNpou3BoacTBO NnakTodeppuHa
TpebyeT 3Ha4YMTENIbHOro 0O6beMa MOJIOKa — 3KBMBA-
NIEHTHOro Hagot No4Tn 50 KopoB B Heaento — ons no-
Jly4eHuns Bcero 1 Kr o4nLL,eHHOoro naktodpeppurHa. 1o
nPUBOANT K GOPMMPOBAHMIO PbIHKA, XapakTepun3ayto-
werocs BbicOkMMU UeHamu [9]. B HacTosilee Bpe-
Ms 6onee 57% NpoayKTOB Ha OCHOBE nakTodeppu-
Ha NPOV3BOANTCH METOLOM PACNbUINTENBHON CYLLUKMN
6narogaps OTHOCUTENIbLHO HEBbLICOKOW cebecTonMOo-
CTU 1 MacLLTabupyemMocT NpPon3BoacTBasd.

Onsa ouncTtkm naktodeppuHa A0 YPOBHA nuLle-
BOW 106aBKW MOJIOKO WU/ ApYrMe MOJIOYHbIE NPoayK-
Tbl HEOOXOAMMO MOABEPrHYyTb 3KCTpakuuu. Maene-
YeHHbIr naktTodeppuH anonpytoT pactsopom NaCl,
obecconmBaloT U CrywarT MeToaoM yiabTpaduib-
Tpauuu. Mony4eHHbIN NPOAYKT NacTEPU3YIOT M Ccyliat
[0 COCTOsIHMSA nopoLuka [88].

BbicOokne npon3BOACTBEHHbIE 3aTpaThbl NPeaCTaB-
naoT coboli cepbesHyto NpobaemMy Ha pbiHKe NakTo-
deppuriHa, NOCKOJbKY MPOLLECC N3BIEYEHUNS N OHUCT-
KM 13 NPUPOOHBIX MCTOYHUKOB, TakMX Kak KOPOBbE
WX TPyAHOE MOJOKO, TpebyeT WCNoNb30BaHUS
cneumannampoBaHHOro 06opyaoBaHms U nepeaoBbiX
TEXHOJNOMNI, a BTOPOE eLle 1 9BNASeTCs 4eDULNTHBIM
npoaykTtom. Wcnonb3oBaHue ynbTpadunsTpaumu,
xpomarorpadum v opyrmx MeToaoB A8 BblAENEHNS
M O4YMCTKM nakTodpeppuHa TpebyeT 3IHaAYUTENbHbIX
VHBECTULMI B MHPPACTPYKTYPY U KBanuduuypoBaH-
HOW pabo4ei cunbl™ 8.

[na  yooBneTBOpPEHUS pacTylero cnpoca Ha
nakTodeppuH OTpacib HYyXOaAeTcs B OnNTMMmn3a-
UMM  NPOU3BOACTBEHHOM ©6a3bl. VHHOBaLMOHHbIE

8 Lactoferrin Market Size, Share, Growth, and Industry Analysis, By Type (Freeze Drying, Spray Dying), By Application (Infant Formula, Dietary
Supplement, Pharmaceutical, Others), Regional Insights and Forecast to 2033. URL: https://www.marketgrowthreports.com/market-reports/

lactoferrin-market-111573
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HanpaeBfieHUs BkoYalT B cebs MUKPOOHylo dep-
MEHTaLMio, CO3aaHMe TPaHCITeHHbIX PACTEHUIA U XU-
BOTHbIX-O1OpeakTopos [4, 89].

Cnocob6bl nosiy4eHnsi peKoOMOUHaAHTHOIO J1akK-
TopeppuHa

PaspaboTtka cTpatermin nponu3BoacTBa pekomoun-
HaHTHOro nakTodeppuHa (ganee no tekcty — pJid)
Kak 6e30nacHoro n appeKTMBHOrO NeKapCTBEHHOIO
npenapara 1 siBNsieTcs O4HOW 13 3a4a4 B UCCreaoBa-
HUSX N B NPOMBbILNIEHHOCTU. OuncTka nakrodpeppu-
Ha 3aBUCUT OT BHYTPEHHMX CBOMCTB 1 0COOEHHOCTEN
MOJIEKY/IbI, TAKUX KaK €€ CYMMAapHbIiA NMOMOXUTENb-
HbllA 3apsa, cnocobHOCTb CcBA3bIBATL Fe®* 1 coctosn-
Hue rnukosmnmpoBaHus [90, 91]. lMoTpebHoCcTb B
6onblUNX KONMYecTBax nakTodeppuHa npueena kK
paspaboTke cTpaTerui noay4yeHns peKOMOMHAHTHOM
dopmbl 6enka (pJ1dP).

B MnpOBOI BMOTEXHONOIMMMN B HACTOSLLEE BPEMS
CYLLEeCTBYET TPU OCHOBHbIX KOHKYPUPYIOLLMX NOOXO0-
ha Kk npounseoacTtey pJid: Nnpom3BoaCTBO B MOJIOKE
TPaHCreHHbIX XXMBOTHbIX, MPONU3BOACTBO B MUKPOCKO-
nuyecknx rpmbax 1 NPoOn3BOACTBO B PACTEHUSX.

K HacTosiLwemMy BpeMeHu pa3paboTaHO HECKOJb-
KO cucteM akcnpeccum pJid, Mcnonb3yrLmnx Kak
npokapuoTuyeckune, Tak u aykapruoTmyeckmne opra-
HM3MbI. lepBble CUCTEMbI 3KCMPECCHMN NCMNOJIb30-
BasN KJETKM MOYEK XOMsika OJisi 9KCNpeccumn nak-
TodeppuHa yenoseka [7, 33, 92]. TpaHchopmauus
HUTYaTbix rpuboB Aspergillus awamory no3Bonu-
na akcnpeccupoBatb NlakTODEpPpUH 4YenoBeka U
Mbiwm [33, 93]. Cuctembl akcnpeccun Obin pas-
paboTaHbl B ApOXXax, bakTepusax, B HAaCEKOMbIX U
pacTeHusx, KoTopble npoudsenn pJid [94-101],
6J1d [102, 103], naktodpeppuH ko3bl [104], nowa-
an [105], ceuHbKu [106], a Takxke nenTuabl NakTo-
deppuHa [103, 107, 108]. JlakTtodeppuH Takxe
3KCMNPECCUPOBAsCA B BbICLUMX 3yKapuUOTUYECKUX
opraHmamax, BKjo4Yas pacTeHUs U XUBOTHbIX. Nc-
NoNb3yst MUKPOUHBLEKLMN N NPSIMOe NHOULMPOBA-
HME BMPYCHbLIMW BEKTOPAMM B MOJIOYHYIO XENesy,
OblNIN CO3AaHbl TPAHCTEeHHbIE XMBOTHbIE, KOTOPbIE
npPon3BoaAaT MOJIOKO, cogepxauwee pJid. K Ta-
KM XNBOTHbIM OTHOCATCS ko3bl [109, 110], kopo-
Bbl [111, 112], mbiwnm [107, 113] n kponuku [114].

C pasBUTMEM CUHTETUYECKOW Ouonorum mmu-
KpoOHas ¢depmeHTauus ctana yCTOMYMBOW anbTep-
HaTMBOW AN MPou3BOACTBA NakTodpeppuHa. ITOT
MeTon, 0OellaeT CHMXEHME BO3AENCTBUS Ha OKPY-
XKaloLWyl0 cpeay, COKpalleHUEe CPOKOB MPOU3BOA-
CTBa N CHUXeEHMe 3aTpart. Takme MHHOoBauum, Kak rv-
Opuam3aums CUrHanbHbIX MENTUOO0B, YJYYLIEHHbIN
BE3UKYNSPHBIA TpaHCNopT O6enkoB MNOCPeacTBOM

9KCNpeccum NPOTEMHKNHA3bLl U ONTUMU3NPOBaHHbIE
MeToabl PepMeHTaLMN, 3HAYUTENbHO YBENNYNIIN Bbl-
xopn, naktodeppuHa [9]. JlaktodeppuH, NPon3Boaun-
MbIl METOAOM pEPMEHTALMNMN, a TaKKe KYbTUBUPY-
€Mble KJIETKM HaxoasaTcs B pa3paboTke Yy HECKONbKMX
KPYMHbIX KOMMAaHWIA®.

PbIHOK nakTtogeppuHa

MNMepBon kKoMNaHwen, HavyaBLlen KPYynHOe Mpouns-
BoacTteo OJ1dD B 1985 r, cTtana 6enbruiickasa Oleofina
Company. C 1986 r. B filnoHun, Kopee, NHpoHe3un
6J1® Havyanm BBOAUTL B NPOAYKTbI AETCKOr0 NMMTaHUS.
B lepmanumn ero ctanu Bolgensts B 1989 . U3 cHa-
TOrO MOJIOKa M U3 MONO4YHOW cbiBOPOTKK. K 2008 r.
NPOMbILLNEHHOE BblaeneHne 6J1P 6bin10 HanaxeHo B
HupepnaHgax, Hoeoin 3enanann, ABctpanum, paH-
umn [7, 115, 116].

CerogHs1 pbIHOK nakTodpeppuHa CTPEMUTENb-
HO pacTeT bnarogaps ero Bce 6onee LWMPOKOMY UC-
Nonb30BaHWIO B AETCKOM MuTaHuu, gobaBkax nns
NOBbLILLUEHNST UMMYHUTETA U dapMaLeBTUYECKUX CO-
cTtaBax. B 2024 r. mmpoBoe notpebneHune nakrodep-
puvHa npeBbicuno 1380 T8:°,

B 2024 r. Ha [onO AEeTCKOro NUTaHus NpuULIoCh
621 T noTpebnerHns nakrodpeppuHa. B Kntae 38,7
MJTH MNaaeHUEB ynoTpebnsanu cMecu, 000rallleHHbIe
naktopeppuHom, npudem 92,4% cmecen npemu-
yM-KJlacca coaepxanm 3TOT UHrpeaueHT. B AnoHnmn n
lOxHoM Kopee 6onee 72% pekomeHayeMbix 60S1bHN-
LamMn cMecemn o HOBOPOXOEHHbIX COAEepXanu nak-
TodeppuH. O6beM Npon3BoACTBA OMONOrMYECKN aK-
TUBHbIX 006aBOK C NakTopeppuHoM cocTaBun 422 T.
Bonee 68% noTtpebneHnss B 3TOM CeErMeHTe npu-
LLJTOCb HA CNOPTCMEHOB, NOXMNLIX NII0AEN 1 Ntoaen ¢
ocnabneHHbIM UMMYHUTETOME ©,

MobanbHas ceTb MNPOM3BOACTBA XapakTepu-
3yeTCs BbICOKOW CTEMNEHb0 MOHOMNOMAM3auun: me-
Hee 25 KpPYMnHbIX NPON3BOACTBEHHbIX NPEANPUATUN
obecneunBaloT 6onee 82% mupoBoro cnpoca® °.
Pa3Hble 3KCnepTHble areHTCTBa OLEHMBAIOT O0b-
eM pbiHKa Ha Ha4dano 2025 r. B 293-345,6 mnH gon-
napos CLUA'™ 812, MporHo3upyeTcs, 4TO 06beM Mu-
poBOro pbiHka nakropeppuHa Kk 2033 . 4OCTUTHET
585,26 mnH ponnapos CLUA npwn cpeoHerogosom
Temne pocTa 3,8%2 [4].

PbiHok 6J1P oueHuBaetca B 1035,7 MnH ponna-
pos CLUIA B 2025 r. n, no NporHo3am, AOCTUrHET
4491,0 mnH ponnapos CLLUA k 2035 r., 4TO cOOTBET-
cTByeT cpegHerogosomy Temny pocta (CAGR) 15,8%
3a NPOrHo3npyemeili nepuog® ® 3.

Ha pucyHke 1 npenctaBneH OxBaT MPOM3BEAEH-
HbIM NaKTOMDEPPUHOM Pa3/IMYHbIX OTpaciien npomns-
BoacTead .

9 Latest developments in the global Lactoferrin market and the global Lactoperoxidase market, including supply outlook and innovative
applications (URL: https://www.girafood.com/gallery/the-lactoferrin-lactoperoxidase-global-markets-study/)

10| actoferrin Market. URL: https://www.factmr.com/report/lactoferrin-market

" Lactoferrin Market (2025 - 2030). URL: https://www.grandviewresearch.com/industry-analysis/lactoferrin-market

2 actoferrin Market Report by Function (Iron Absorption, Anti-Inflammatory, Intestinal Flora Protection, Antibacterial, Immune Cell Stimulation,
Antioxidant, and Others), Application (Food and Beverages, Infant Formula, Sports and Functional Foods, Pharmaceuticals, Personal Care
Products, and Others), and Region 2025-2033. URL: https://www.imarcgroup.com/lactoferrin-market

13 Bovine Lactoferrin Market Size and Share Forecast Outlook 2025 to 2035. URL: https://www.futuremarketinsights.com/reports/bovine-
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Puc 1. Obnactn npumeHeHusi naktodeppuHa, % ot obLuero
o6bema Npon3BoacTea

Fig 1. Areas of application of lactoferrin, % of total production
volume

= [leTcKue Cyxme cMecu MpoayKThl MUTaHKA
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m CpefcTBa NMMYHOW TUTUEHDI m [pyroe

Cpeov BenyLyx KOMMNaHuii, Npon3BOasLIVX Nak-
TodeppuH MOXHO BblaenuTb Metagenics (CLLA),
Synlait Ltd (HoBaa 3enanaus), INGREDIA (dPpaH-
umsa), Tatura Milk Industries Pty. Ltd. (AscTpanus),
Glanbia PLC (Mpnangusa), ProHealth, Inc. (CLUA),
Fonterra Co-operative Group Limited (Hosas 3e-
nangus), Farbest Brands (CLLUA), MILEI GmbH (lep-
manus), Tatua Co-operative Dairy Company Limited
(HoBas 3enapHuns), Bega Bionutrients (AscTpanus),
Parchem Fine & Specialty Chemicals (CLUA), Saputo
Inc. (Kanapa), Westland Milk Products (Hosas 3enaHn-
aus), Jarrow Formulas (CLUA)" 8% 2, Bonbluas 4acTb
naktodeppuvHa, NpPon3BOAMMOr0 KOMMAaHUAMU, SB-
naetcsa 6J1P [4].

MpoayKTbl MMTaHMA Ha OCHOBE nakTodeppuHa —
3TO AETCKOEe NuTaHune, ametTmndeckue nobaBkn, PyHK-
LMOHasbHbIE NPOAYKThI MUTAHWUS, BKJIKOYAsS Kancyribl,
calle, XeaTesfibHble TabneTkn 1 nopollku. 3a no-
CNEOHUN rof, B CErMEHTE OETCKMX CMECEN KNTANCKMe
NPOV3BOAMNTENMN 3anyCTunmn 6onee 34 HOBbIX HaMMe-
HoBaHui, oboraueHHbix 90-100 Mr nakTodpeppuHa
Ha NOPUMIO, HANPaB/IEHHbIX HA NOAAEPXKY UMMYHU-
TeTa Ha paHHMX 3Tanax pasButua. KOXXHoOKopenckne
OpeHabl NocnenoBanm 3a HAIMM CO CMECSMU, coaep-
Xawymmy Kak naktodeppuH, Tak 1 npebmnotnyeckme
CMECU, HamnpaeB/iieHHblE Ha 340POBbE KULUEYHMKA Y
MnageHuess.

B obnactu nuuieBbix A06aBOK NMAEPOM MHHOBA-
umi ctanm CLUA, BeinycTmBLUME Bonee 68 HOBbIX NPO-
nykToB. EBpona pob6asuna 44 HOBbIX NpoAykTa, Npu
atom ®PpaHumsa n lepmMaHusa cocpenoToYMIUCh Ha
dopmynax ABOMHOIrO OENCTBUS, COYETAIOLLMX NIAKTO-
deppuH C UMHKOM, BUTaMMHOM C 1M MO03MBOM.
ST NpoaykTbl BbIIM NpeaHasHayYeHbl onsa ykpenne-
HUSt UMMyHUTETa® .

dyHKUMOHaNbHbIE NPOAYKTbI MMTAHUSA CTaNN LEH-
TpanbHbIM HanpaeneHvem B CeBepHon Amepuke u
Asnatcko-TuxookeaHckoMm pervoHe. B CLLUA Gonee
23 6peHa0B BbIMYCTUIV MOIOYHbIE HANUTKK, AOrYPThI

“URL: https://www.fda.gov/media/124472/download
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N 6aToOHYMKN MIOCAKN, OOOralleHHble nakTopeppu-
HOM. B 9inoHnn B marasuHax waroBom AOCTYMNHOCTU
nosiBunocb 6onsee 14 HOBbIX CHEKOB C BbICOKUM CO-
nepxaHuem naktodeppuHa, npegHasHayYeHHbIX ons
eXeOHeBHOro noaaepXxaHuss MMMyHuTeTa. Paspa-
©0TKa HOBbIX NPOAYKTOB NMPOA0SIXAET s Bcex cdhep
NPUMEHEHNS OPUEHTUPOBATBLCS Ha BbICOKYIO AOCTYI-
HOCTb, YNYYLLIEHHYIO MAacKMPOBKY BKyCa 1 yBEJINYEH-
HbIi1 CPOK XpaHeHns®.

be3onacHocTh

BesonacHOCTb NULLEBBLIX MPOAYKTOB Npwu aobas-
JIEHNN OOMOJIHATENbHBLIX KOMMOHEHTOB MOXET Mpu-
BECTU K PasfiMiHbIM HeobpaTMMbIM MOCNEACTBUSAM.
BesonacHOoCTb yunTbiIBaeTCS B Pa3/iMyHbIX acrnekrax,
BKJIOYAs Taknue MeToAbl, Kak cybnnmmMmaumnoHHas cyluka
0151 NOBbILLEHNS 6€30MacHOCTU MULLLEBLIX MPOAYKTOB
NyTeM COXpaHeHUst BMONOrnM4eckn akTUBHbLIX coeam-
HeHul [117]. Kpome Toro, korga peyb naet ot pJ1d,
MCMOJb30BaHNe reHHO-MOoANPUUMPOBAHHBLIX MOJIOY-
HbIX NPOAYKTOB, NOSYyYaeMbIX OT XXMBOTHbIX CO BCTPO-
eHHow 4yenoBeyeckort AHK, Hem3bexHO Bbi3blBaIOT
BOMNPOCHLI 6€30MacHOCTN KOHEYHbIX NMpenapaToBs, 4YTo
B HacCToOsILLIEE BPEMS CYLLLECTBEHHO OCJIOXHSAET KOM-
MepYecKoe NpoaBuxeHue [7].

[ns Toro 4To6bI NakTodeppmH Obl UHTErPUPOBAH
B NULLIEBOI CEKTOP B KAYECTBE MHIpeaneHTa, OH 40J1-
XeH obnagaTb HETOKCUYHLIMU 1 Be3BpeaHbIMU s
3[0POBbS YESIOBEKA XapakTepUcTUkamMm, 4To SBNS-
eTCsl NPeAnoChINKON ANs ero LWNMPOKOro NCNob30Ba-
Hua [9].

Mpn npou3BoacTBe nakTodpeppuHa, NMOMUMO ero
COAEPXaHWs, OLEHNBAIOTCA W Apyrve Kputepumn Ka-
yecTBa. Hanbonee BaXXHbIMM U3 HUX ABASIIOTCS HU3KUIA
YPOBEHb MUKPOOWONOrMYECKOro 3arpa3HeHus, Mu-
HMMasIbHOE coAepXaHne BELLECTB, OCTaBLUUXCS MO-
cne TeXHOJIOrMYecKnx NpPoLLEeCCOB, N OrpaHUYeHHoe
COAEpPXaHMe TSXeNblX MeTaioB: obliee coaepxa-
HUeE TSXeNbIX MeTanioB (KagMusl, CBUHLA, MbILLIbSAKA,
pTYTW, Mean) He npesbilwaeTt 1 mr/kr. Mukpobuono-
rmyeckme rnokasaTenn: CTaHOapPTHOE KOJINYECTBO
MUKPOOPraHn3amoB Ha vawikax Metpu < 1000 KOE/r;
aHTepobakTepum < 10 KOE/r; gpoxckmn < 10 KOE/T;
KOarynasonoJsioXuTesbHble CTaPUIOKOKKN: He 0OHa-
pyxeHbl B 11 '4[8].

[na cHUXeHUs NoTeHUMasNbHbIX PUCKOB B pamkax
TOKCUKOJIOTMYECKUX MCCNeaoBaHUin OOMKHbI NPOBO-
OVTbCS UCMbITAHUS HA FTEHOTOKCUYHOCTb, TOKCUYHOCTb
ONS XUBOTHbIX, XPOHUYECKYI0 TOKCUYHOCTb, OCTPYHO
TOKCMYHOCTb W annepreHHocTb. B cTatbe, onybnu-
koBaHHOM B 2012 rogy EFSA (EBponenckum areHT-
CTBOM Mo 6€30MacHOCTY NULLEBLIX NPOAYKTOB), COOO-
LLaeTcs, YTO MakcuMasbHaga gosa 6J1d, ncnbitaHHaa
B MCCNeaoBaHUsX CyOXPOHMYECKON TOKCUYHOCTU, CO-
ctaenana 2000 Mr/kr maccobl Tena B CyTKu, NPy 3TOM
YPOBHE TOKCUYHOCTb He Habnoganack'. B CLLUA nosa
npUMeHeHns naktopeppuHa AN KOHCEPBUPOBAHUS
Msica cocTaenseT He 6onee 65 mr/kr [67].

B HacTosllLlee BpeMs He CyllecTByeT OAHO3Hau-
HOIA MakcuMmanbHOlM 6e3onacHon [03bl MULEBOrO

S URL: https://www.efsa.europa.eu/en/efsajournal/pub/2701 https://doi.org/10.2903/j.efsa.2012.2701
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naktodeppuHa, 0CoBEHHO ANs AJUTENbHOro npu-
MEHEHNS Y AeTen U NOXWAbIX nogen. NosTtomy He-
00X0AMMO pacLUMpuUTb AoKa3aTeNbCTBa A0JIrOCPOY-
HO ©e30MmacHOCTM NnakTodeppuHa U 3anonHUTb
nmelowmecs npobenbl B paMkax pacLUMpPEHHbIX UC-
cnepoBaHuii [86, 118]. Kpome TOro, Heo6xoammbl
JanbHelwme nccnenoBaHnsa ons cobnoaeHns Hop-
MaTMBHbIX TPEOOBaHUIN K UCMOJIb30BaHWIO NakTodep-
pvHa B 060oraleHHbIX NPoAyKTax NUTaHUS B Pa3HbIX
CTpaHax, 0COOEHHO B pernoHax co CTporumMu npaBu-
namm 6e30nacHOCTM NULLLEBLIX NPOAYyKTOB [3, 86].

Mpo6s1emMbl HOPMaTUBHOIO PeryinpPoBaHnNs

NaxkTodeppuH knaccndbmumpyeTcs no-pasHomMy B
pasHbIX cucTemMax rnobanbHOro PeryimpoBaHnsl, 4To
OoTpaxaeT pasnmyuns B 3aKOHOAATENLCTBE, PErynnpy-
IOLLEM MULLIEBLIE MHIPEOVEHTbI U NPOAYKTbI MUTAHUS.

B tabnuue 1 npeacrtaeneHa knaccnbukaumsa nak-
TodeppunHa B HEKOTOPLIX CTpaHax Mvpa:

6J1d nmeeT yCTaHOBNEHHbIN HOPMATMBHbLIV CTa-
Tyc B CLLIA n EC, npm3HaHHbIN Nnpodunb 6e3onacHo-
CTW, OCHOBaHHbIN Ha OBLLMPHbBIX TOKCUKOSIOMMYECKNX
MCCNenoBaHNAX M LLIMPOKOE MNPU3HAHWE Ha pPblHKE,
a pJ1d nNpoxoauT aKTUBHYIO OLEHKY BEe30MaCHOCTU.
B topucamkumax Asmatcko-TnxOOKeaHCKOro permo-
Ha OENCTBYIOT pasnnyHble HOPMAaTUBHO-MPABOBbLIE
0asbl 451 HOBbIX MULLEBBLIX WHIPEAMEHTOB U DYHK-
LMOHAasIbHbIX KOMNOHEHTOB. HecMoTps Ha TO, 4TO Ha
OCHOBHbIX PbIHKax CYLLECTBYIOT COOTBETCTBYHOLLME
MexaHn3Mbl PErynmpoBaHns, B M3y4aemMon nutepa-
Type OTCYTCTBYIOT KOHKPETHbIE JOKYMEHTaNbHO Noa-
TBEPXAEHHbIE Pa3peLleHnsi, PErMCTPaLMOHHbIE HO-
Mepa unn gatbl gns naktodeppmHa B 60bLUNHCTBE
cTpaH [4, 8, 118-121].

mobanbHaa ctaHpapTulaums kadectsa 6J1P pas-
BMBAETCS B paMkax ceptudunkaumm «ObwenpmnaHaH-
HbIh 6esonacHbiM» (GRAS) 1 «HoBbIN NuLLLEBO NPO-
OyKT». 9T TpeboBaHUS OTHOCUTENbLHO CTporue,
Bkto4asa 6onee 95% 4ncToThbl nakTodpeppuHa rno co-
nepxaHuio 6enka® [88, 122].

Mpo6nembl MeXAYHAPOAHOrO U BHYTPEHHEro HOp-
MaTMBHOIO PEerynnpoBaHMs NpeacTaBnsaloT cobon

Cepbe3HOe MpenaTcTBUME Ha pbiHKE nakTodeppu-
Ha, 0COOEHHO Korga NPoaykT NpeaHa3Ha4veH ans uc-
NoNb30BaHNS B MULLEBbLIX NPOAYKTaX, OMETUYECKUX
no6aBkax Unn AETCKNX CMECSX, MOCKOJIbKY B Pa3HbIX
CTpaHax OeNCTBYIOT pa3Hble CTaHAapTbl 6e30nacHo-
CTW, KayecTBa U Mapkuposkn. Hanpumep, B EBpoO-
MENCKOM COK3€e NakTodepPpPUH JOMKEH COOTBETCTBO-
BaTb CTPOrMM TpeboBaHMSIM OLLEHKN 6E30MacCHOCTU U
MapKMPOBKM, YTOObI ObITb NPEACTABNEHHBIM HA PbIH-
Ke B KayeCTBe MULLEBOIN [OOABKN UM UHIPeONEeHTa
[EeTCKOM CMEecH, B TO BPEMS KaKk HOPMATMBHbIE Tpe-
6oBaHng B CLLUA moryt pasnuyatbCsi B OTHOLLEHUM
[ONYCTUMbIX KOHLIEHTpaUuWi 1 AONYyCTUMBIX 3asBe-
HWIA Ha ynakoBke' 8.

Mouvck nHdopmauum B 3TMX pa3HOOOPa3HbIX HOP-
MaTUBHbIX YCJIOBUSX MOXET ObITb TPYAOEMKUM U O0-
porocTosiluMM  Oas NPOU3BOAUTENEN, MNOCKOJbKY
MOXET BKJI04aTh B ce651 0OLLMPHbIE UCMbITAHUS, Cep-
TMOMKaLMIO N KOPPEKTUPOBKY peLenTyp Uin Mapkum-
POBKM NPOAYKTA. DTa CNOXHOCTb MOXET OrpaHunyn-
BaTb BO3MOXHOCTWU NPOU3BOAUTENEN MO BbIXOAY Ha
MeXAyHapOoOHbIE PbIHKW, YBENVNYMBATbL Pacxodbl Ha
cobnogeHve TpeboBaHNi N NPUBOANTL K 3aAeP>XKKaM
B BbIBOZE NMPOAYKLMM HA PbIHOK. CNOXHOCTbL CObBt0-
LEeHNs 3TUX PA3NIMYHBIX HOPM MOXET NPENATCTBOBATh
POCTY pblHKA, OCOBEHHO AN1s1 HEOONbLUMX KOMMaHWA,
He MMEIOLLX PECYPCOB AJ191 04HOBPEMEHHOIO YrpaB-
NEHUS HECKOJIbKMMIW HOPMAaTMBHbBIMU NMpoLeccamu’.

BoiBogbi/Conclusions

MpumeHeHne naktodeppuHa B NULLEBON NPO-
MBbILLJIEHHOCTM CcriegyeT paccmaTpuBaTb Kak nep-
CNEKTUBHOE HarnpasfieHue, Mo3Bonsollee obora-
WwaTb MNUWEBbLIE MNPOAYKTbl XENe30CBA3bIBAOLLMM
KOMMOHEHTOM, YCUIMBATb WX UMMYHOMOZOYMPYIO-
Le€e U aHTUOKCUOAHTHOE AENCTBUE, a TaKKe yBENN-
YmBaTb CPOKU FOAHOCTU.

Bnarogaps aHTMMUKPOOHOW M NPOTUBOBOCHANN-
TENIbHOW aKTUBHOCTU NaKTOPEPPUH UFPAET BAXHYIO
pOJib B 3aLLMTE OpPraHM3ma OT MHOEKUVOHHbIX 1 BOC-
nanmTenbHbiX npoueccoB. Kpome TOro, B HayyHOM

Tabnvua 1. HopmaTUBHO-NPaBOBOM CTaTyC NakTodeppuHa B pa3HbIX CTpaHax Mupa
Table 1. The regulatory status of lactoferrin in different countries around the world

CtpaHa, o0beauHeHne Knaccudukauusa
61oNornyeckn akTuBHoe
Focans BELLECTBO
CLLA DSHEA (aneTtnyeckas nobaBka),
GRAS (NuLLEeBOI MHIPEaNEHT)

EBponeiickuin coto3 HoBbIN NWLLEBOI HFPEANEHT

Kuran HoBbI nuLLeBon MaTepuan
DYHKLMOHaNbHLIN NULLEBO

AE T MHrpegueHT

AscTpanus n Hosas

3enaHaus MnweBon MHrpeaneHT

PaspeLlueH yactnyHo (kak BAL k nuLe, 3a
MCKJII04YEHNEM NpenapaToB U3 TKaHeN 1

Cratyc Perynupyiowmii AOKYMEHT

CanlnH 2.3.2.1078-017

XWOKOCTEN YenoBeka)

Paspewen 1acTuiHo, Cepricdukar GRAS FDA, [118]

6J1D paspeLuéH
PaspeLuéH 4acTuyHo, 3aknoueHne EFSA
6J1® paspeLuéH EFSA-Q-2010-01269 [8]
PaspeLuéH yacTnyHo, Crangaptbl GB 2760, GB 14880,
6J1® paspeluéH GB 10765 '8 [119]

PaspeLueH 4acTniHo FOSHU 1 FFC™ [120]

PaspelueH yacTnyHo Cranmaptbl FSANZ 1 TGA% [121]

6 URL: https://www.fda.gov/food/food-ingredients-packaging/generally-recognized-safe-gras

T URL: https://fsc.foodmate.net/
' URL: https://www.cnhfa.org.cn/index/xhdt/show.html?id=9271
1 URL: https://www.jafaa.or.jp/13English

2 URL: https://www.foodstandards.gov.au/food-standards-code/applications/A1253-Bovine-lactoferrin-in-infant-formula-products
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nmMTepaTtype WMMEIOTCS AaHHble O MOTEHUMASIbHOWN
NPOTMBOPAKOBOWM M aHTUKAHLLEPOrE€HHOW aKTUBHOCTH
aToro 6enka.

AHann3 coBpeMeHHbIX 0nyb/IMKOBaHHbIX UCCe-
[OBaHUIM NokasbiBaeT, YTo naktodeppuH Hambo-
flee akTMBHO MCMNOJb3yeTcs B MPOU3BOACTBE MO-
JIOYHbIX NPOAYKTOB W MMeeT ocoboe 3HayeHue
Ons neTckoro nutaHusa. B To xe Bpemsa ero npu-
MEHEHME B MSICHOW MPOMbILLIEHHOCTU B OCHOB-
HOM OrpaHM4YnBaeTcs naydyeHmem bakTepuLnaHbIX
CBOWCTB npu 06paboTke MACHbIX nonydabpuka-
TOB; CUCTEMHbIE UccnenoBaHnsa GyHKLMOHaANbHbIX
MSICHbIX NPOAYKTOB C NakTOPEPPUHOM OCTaloTCs
dparMeHTapHbIMN.

JNlakTodeppuH obnagaet noTeHUManom ANns mc-
Nnonb30BaHWS B kKayecTBe oborawawouien no6aBku
B Takux Npoaykrax, kak OeTCKue CMecu, MorypTbl,
Crneunanm3npoBaHHbIE MOJTIOYHbIE HAMUTKM HA OCHO-
BE MOJIOKA U CbIBOPOTKM, MSICHbIE N3aenns n 6nono-
rMyecku akTuBHble OGABKM K NULLE.

MwupoBoW pbIHOK nakTtopepprHa OEMOHCTPUPYET
YCTONYMBYIO TEeHOEHUMIO K pocTy. OgHako BbiCOKast
CTOMMOCTb KOHEYHOro NpoaykTa oOyCcnoBieHa 3Ha-
4ynTeNbHLIMM 06beEMaMM Cbipbsi, HEOOXOANMBIMU NN
€ro noJiy4eHust, Npu OTHOCUTENIbHO HU3KOM BbIXOAE.
lMepcnekTMBHbIMK NYTAMU pPeELLUEHUs 3TOW npobne-
Mbl SIBNSIIOTCS pa3paboTka MHHOBALMOHHbLIX METOA0B
O4YUCTKN U UCMONb30BaHME TEXHONIOMNIA TPAHCreHe3a
(>KMBOTHbLIE-BMOPEAKTOPbLI, MUKPOCKOMNYECKNE TPU-
Obl, pacTeHus).

Pacwwupenve nuwesoro npoduna nakrodeppu-
Ha ons 6onee WNPOKNX rPynr HaceneHnst BO3MOXHO
Nnpn yCNoBMN COBEPLLEHCTBOBAHMS M rapMOHM3aummn
MeTOoA0B perynsiumm 6e30nacHOCTU MULLIEBLIX NPO-
OYKTOB B pa3HbIX CTpaHax, 0COBEHHO B permoHax co
CTPOrvIM1 HOPMaTUBHbLIMKW TPEBOBAHUAMN.

Bce aBTOpbI HECYT OTBETCTBEHHOCTL 32 PaboTy M NPEACTaBNEHHbIE
[aHHble. Bce aBTOpbI BHECAW PaBHbIN BKNAA, B paboTy.

ABTOpPbI B PaBHOW CTEMEHWN NPUHUMANM y4acTMe B HaNMCaHum
PYKOMMCK 1 HECYT PaBHYIO OTBETCTBEHHOCTb 3a Naaruar.

ABTOpPbI 00BABMN 06 OTCYTCTBUM KOH(ANKTA NHTEPECOB.

®UHAHCUPOBAHME:

Hay4HbIi 0630p NOArOTOBMIEH B paMKax BbIMOAHEHUS
MCCNeaoBaHW NO rocyaapCTBEHHOMY 3agaHnio Hay4Ho-
nccnepoBaTenbckux padot Ne FGUS-2024-0002
depepanbHOro Hay4HOro LLEHTPa MULLEBLIX CUCTEM

M. B.M. l'op6aToBa Poccuiickoii akagemmm Hayk.

BUBJINOrPA®UYECKWIA CNIUCOK

1. MamonToBa T.B., LpuHueac MN.11. JlakrodpeppuH —

6yayLiee NMLLEBON NPOMbILLNEHHOCTU. MaTepuasl IV
EXeroaHbix MEXAYHaPOAHbIX HAay4HO-PaKTUYECKUX YTEHNI
CTaBponoabLckoro uHCTUTYTa koonepauum (pumana) bYK3I:
CbopHuk IV mexayHapoaHbIX KOHepeHLni NpogeccopcKo-
npenoaaBaresbCKoro cocTasa v acrmpaHToB CTaBponoibCKOro
uHCTUTYTa Koonepauwm (¢pumana) BYKIMN. CtaBpononb:
O6LLECTBO C OrpaHMyYeHHO OTBETCTBEHHOCTLIO «/3naTenbeko-
MHPOPMaLMOHHBI LieHTp «Pabyna». 2018; 194-196.

EDN VKIHSC

2. Ashraf M.F. et al. Nutraceutical and Health-Promoting Potential of
Lactoferrin, an Iron-Binding Protein in Human and Animal: Current
Knowledge. Biological trace element research. 2024; 202(1): 56-72.
https://doi.org/10.1007/s12011-023-03658-4

3. Demir R., Saritas S., Bechelany M., Karav S. Lactoferrin: Properties
and Potential Uses in the Food Industry. International Journal of
Molecular Sciences. 2025; 26(4): 1404.
https://doi.org/10.3390/ijms2604 1404

407 (06) ® 2026 | Agrarian science | ArpapHas Hayka

AGROENGINEERING AND FOOD TECHNOLOGIES I

HecmoTps Ha gokasaHHOe BNUAHME nakTodep-
pVHa Ha MUKPOOPraHWU3Mbl, TeHEHME 3ab0sIeBaHUN,
KMLLEYHYIO MUKPOBUOTY M MMMYHHbIA OTBET, MakCu-
ManbHas 6e3onacHas O03MpOBKa OCTaeTcsd Hepno-
CTaTO4YHO U3Y4eHHOI. B cBA3M ¢ 3TUM HeobxoauMbl
hanbHenwme nccneaoBaHnsa ans yctaHoBeHus 60-
Nlee TOYHbIX HOPMAaTUBHbLIX 3HaYeHut 6e3onacHoro
notpebneHns, ocobeHHO NMpuU JAUTENLHOM MpUemMe
naktodpeppuHa.

HacTosiwmii 0630p BbISBUA cnegyowme npobensi
B NUTEpaType:

v He[goCTaTOK A0JITOCPOYHbIX KIIMHNYECKUX UCChe-
[OBaHNIA 6€30NacHOCTM nakTodeppmrHa y yA3BUMBbIX
rpynn HaceneHus (OeTn paHHero Bo3pacTa, MOoXu-
nble niogn, 6epemMeHHbIe);

v OTCYTCTBME YHUDUUMPOBAHHBLIX MeXAyHapom-
HbIX CTaHOAPTOB HA PEKOMOVHAHTHbIN NakTOPEPPUH;

v OrpaHM4YeHHOe KOJINYECTBO Hay4HbIX padoT Mo
NPUMEHEHNIO NakTOdEPPMHA B HEMOJIOYHbIX MULLE-
BbIX MaTpuuax (HanUTKW, KOHOAUTEPCKUE U3OENus,
xnebobynoyHbIE U3enuns).

HacTtoswwmii 0630p TOrM4yeckn npoaokaeT paHee
onybnunkoBaHHylo paboTty aBTOpoB (Pebe3oB A.M.,
PebesoB M.B., Meaggegnesa Y.10.) B xypHane «Arpap-
Hasa Hayka» [123], NOCBALLEHHYIO NPUMEHEHMUIO NakK-
TodeppuHa B XMBOTHOBOACTBE. [epBbiii 0630p [123]
Obln  choKyCcMpoBaH Ha WMMYHOMOAYNPYIOLLEN
M MNPOTMBOMWKPOBHOM aKTMBHOCTU nakTodeppu-
Ha B BETEPUHAPUU, a TaKKe Ha TPAHCIEHHbIX XXMBOT-
HbIX-MpoAayLeHTax. Hactoawasa paboTta paccmaTpu-
BaeT ero (yHKUMOHaNbHble CBOMCTBA, TEXHOMNOINU
NPOVU3BOACTBA M HOPMATUBHbIE aCMeKTbl NCMOJIb30-
BaHWSA B MULEBBLIX cuctemax. B coBokynHocTn o6a
0630pa GOopMUPYIOT LLENIOCTHOE NPEACTaBiEHNE O
ponn naktodeppuHa B arponpOMbILLSIEHHOM KOM-
nnekce.

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear
the equal responsibility for plagiarism.

The authors declare no conflict of interest.

FUNDING:

This scientific review was prepared as part of the research
carried out under the state assignment for scientific research
work No. FGUS-2024-0002 of the V. M. Gorbatov Federal
Scientific Center for Food Systems of the Russian Academy of
Sciences.

REFERENCES

1. Mamontova T.V., Srinivas P.P. Lactoferrin — the future of the

food industry. Proceedings of the IV Annual International Scientific
and Practical Readings of the Stavropol Institute of Cooperation
(branch) of the Belgorod University of Cooperation, Economics

and Law: Collection of IV International Conferences of Faculty and
Postgraduate Students of the Stavropol Institute of Cooperation
(branch) of the Belgorod University of Cooperation, Economics and
Law. Stavropol: Limited Liability Company «Publishing and Information
Center «Fabula». 2018; 194-196.

EDN VKIHSC

2. Ashraf M.F. et al. Nutraceutical and Health-Promoting Potential of
Lactoferrin, an Iron-Binding Protein in Human and Animal: Current
Knowledge. Biological trace element research. 2024; 202(1): 56-72.
https://doi.org/10.1007/s12011-023-03658-4

3. Demir R., Saritas S., Bechelany M., Karav S. Lactoferrin: Properties
and Potential Uses in the Food Industry. International Journal of
Molecular Sciences. 2025; 26(4): 1404.
https://doi.org/10.3390/ijms2604 1404

ISSN 0869-8155 (print) | ISSN 2686-701X (online)




166

4. Konadaka S.R. et al. Biopharming of Lactoferrin: Current Strategies
and Future Prospects. Pharmaceutics. 2025; 17(8): 1023.
https://doi.org/10.3390/pharmaceutics 17081023

5. Xunskosa E.T. 1 gp. CBoicTBa 1 nepcnekTMea npuMeHeHus 6enka
MOJI04YHO CLIBOPOTKM NakTohepprHa B MeAULMHE N BETEPUHAPHM
(0630p). PaspaboTka 1 pernctpaLms nekapcTBeHHbix cpeacts. 2022;
11(1): 32-39.
https://doi.org/10.33380/2305-2066-2022-11-1-32-39

6. Capnosckasi T.H. JlaktodpeppuH, ero CBonCTea, NoNyyeHve n
NpYMeHeHUe B 300TEXHWUUN 1 BETEPUHAPUN. DyHaaMeHTabHas

W NPUKNaAHas Hayka: akTyasibHble BOMPOCh TEOPUM U MPaKTUKN:
cbopHuk cTateii IV MexayHapoaHoi Hay4HO-MpakTNYeCKow
koHpepeHumn. NenHsa: Hayka n Mpoceewwenne (UM Mynses M10.),
2023; 66-70.

EDN SQQLXX

7. TpybuumHa T.N. v gp. Npobnembl 1 NEPCNEKTUBLI UCNOb30BaHUSA
peKkoMOMHAHTHOr0 NakTodepprHa YeNoBeka 1 ero NPOU3BOAHbIX.
Mpob6nembl 61O MPOAYKTUBHBIX XVBOTHbIX. 2018; 4: 5-26.
https://doi.org/10.25687/1996-6733.prodanimbiol.2018.3.5-26

8. Agostoni C.V. et al. EFSA Publication. EFSA Panel on Dietetic
Products, Nutrition and Allergies (NDA); Scientific Opinion on bovine
lactoferrin: EFSA-Q-2010-01269. Parma, Italy: European Food Safety
Authority, 2012.

https://doi.org/10.2903/j.efsa.2012.2701

9. HuC., ShenW.,, XiaY., Yang H., Chen X. Lactoferrin: Current situation
and future prospects. Food Bioscience. 2024; (62): 105183.
https://doi.org/10.1016/j.fbio.2024.105183

10. Wang B., Timilsena Y.P, Blanch E., Adhikari B. Lactoferrin:
Structure, function, denaturation and digestion. Critical Reviews in
Food Science and Nutrition. 2019; 59(4): 580-596.

11. Baker E.N., Baker H.M. A structural framework for understanding
the multifunctional character of lactoferrin. Biochimie. 2009; 91(1):
3-10.

https://doi.org/10.1016/j.biochi.2008.05.006.

12. Gonzalez-Chavez S.A., Arévalo-Gallegos S., Rascon-Cruz Q.
Lactoferrin: Structure, Function and Applications. International
Journal of Antimicrobial Agents. 2008; 33: 301.e1-301.e8.
https://doi.org/10.1016/j.ijantimicag.2008.07.020

13. 3opuHa B.H. CTpykTypa 1 nHrnbmpyoLias akTuBHOCTb
naktodepprHa no OTHOLLEHWIO K BUPYCY rpunna. MHpekums n
nmmyHutet. 2020; 1: 49-54.
https://doi.org/10.15789/2220-7619-POL-1156

14. Lénnerdal B. Nutritional and physiologic significance of human
milk proteins. The American Journal of Clinical Nutrition. 2003; 77(6):
1537S-15438S.

https://doi.org/10.1093/ajcn/77.6.1537S

15. Siqueiros- Cendon T., Arévalo- Gallegos S., Iglesias-Figueroa B.F.,
Garcia-Montoya |.A., Salazar- Martinez J., Rascon- CruzQ.
Immunomodulatory effects of lactoferrin. Acta Pharmacologica
Sinica. 2014; 35(5): 557-566.
https://doi.org/10.1038/aps.2013.200

16. Goldman I.L., Deikin A.V., Sadchikova E.R. Human Lactoferrin
Can Be Alternative to Antibiotics. Proceedings of the World medical
conference. Malta: WSEAS Press, 2010; 27-38.
https://www.elibrary.ru/fiaxce

17. Jahani S, Shakiba A, Jahani L The Antimicrobial effect of
lactoferrin on Gram-negative and Gram-positive bacteria.
International Journal of Infection. 2015; 2(3): e27954.
https://doi.org/10.17795/iji27594

18. Ongena R., Dierick M., Vanrompay D., Cox E., Devriendt B.
Lactoferrin impairs pathogen virulence through its proteolytic activity.
Frontiers in Veterinary Science. 2024; 11: 1428156.
https://doi.org/10.3389/fvets.2024.1428156

19. Kutila T., Py6rdla S., Saloniemi H., Kaartinen L. Antibacterial
effect of bovine lactoferrin against udder pathogens. Acta Veterinaria
Scandinavica. 2003; 44(1): 1-8.
https://doi.org/10.1186/1751-0147-44-35

20. TuToB E.U., Tuxomuposa H.A., oHosa U.U. BbigeneHnwe n
N3y4eHune Xene3ocBa3biBaioLLeit CriocobHOCTY nakTobepprHa
KOpoBbEro Mmonoka. Bonpocel nutanus. 2019; 88(1): 91-96.
https://doi.org/10.24411/0042-8833-2019-10011

21.Kim J.W,, Lee J.S., Choi Y.J., Kim C. The Multifaceted Functions of
Lactoferrin in Antimicrobial Defense and Inflammation. Biomolecules.
2025; 15(8): 1174.

https://doi.org/10.3390/biom15081174

22. Garda-Montoya |.A. et al. Lactoferrin a multiple bioactive protein.
Biochimica et Biophysica Acta. 2011; 1820(3): 226-236.
https://doi.org/10.1016/j.bbagen.2011.06.018

23. Dierick M, Van der Weken H., Rybarczyk J., Vanrompay D.,
Devriendt B., Cox E. Porcine and bovine forms of lactoferrin inhibit
growth of porcine enterotoxigenic Escherichia coli and degrade its
virulence factors. Applied and Environmental Microbiology. 2020; 86:
1-15.

https://doi.org/10.1128/AEM.00524-20

4. Konadaka S.R. et al. Biopharming of Lactoferrin: Current Strategies
and Future Prospects. Pharmaceutics. 2025; 17(8): 1023.
https://doi.org/10.3390/pharmaceutics 17081023

5. Zhilyakova E.T. et al. Properties and Prospects of Application of
the Whey Protein Lactoferrin in Medicine and Veterinary Medicine
(Review). Drug development & registration. 2022; 11(1): 32-39
(in Russian).
https://doi.org/10.33380/2305-2066-2022-11-1-32-39

6. Sadovskaya, T.N. Lactoferrin, its properties, production, and
application in animal husbandry and veterinary medicine. Fundamental
and applied science: topical issues of theory and practice: A collection
of articles from the IV International Scientific and Practical Conference.
Penza: Science and Education (Gulyaev G.Yu.), 2023; 66-70

(in Russian).

EDN SQQLXX

7. Trubitsina T.P. et al. Problems and Prospects of Using Recombinant
Human Lactoferrin and Its Derivatives. Problems of Biology of
Productive Animals. 2018; 4: 5-26. (in Russian).
https://doi.org/10.25687/1996-6733.prodanimbiol.2018.3.5-26

8. Agostoni C.V. et al. EFSA Publication. EFSA Panel on Dietetic
Products, Nutrition and Allergies (NDA); Scientific Opinion on bovine
lactoferrin: EFSA-Q-2010-01269. Parma, Italy: European Food Safety
Authority, 2012.

https://doi.org/10.2903/j.efsa.2012.2701

9. HuC., Shen W, XiaY,, Yang H., Chen X. Lactoferrin: Current situation
and future prospects. Food Bioscience. 2024; (62): 105183.
https://doi.org/10.1016/j.fbio.2024.105183

10. Wang B., Timilsena Y.P,, Blanch E., Adhikari B. Lactoferrin:
Structure, function, denaturation and digestion. Critical Reviews in
Food Science and Nutrition. 2019; 59(4): 580-596.

11. Baker E.N., Baker H.M. A structural framework for understanding
the multifunctional character of lactoferrin. Biochimie. 2009; 91(1):
3-10.

https://doi.org/10.1016/j.biochi.2008.05.006.

12. Gonzalez-Chavez S.A., Arévalo-Gallegos S., Rascon-Cruz Q.
Lactoferrin: Structure, Function and Applications. International
Journal of Antimicrobial Agents. 2008; 33: 301.e1-301.e8.
https://doi.org/10.1016/j.ijantimicag.2008.07.020

1. Zorina V.N. Structure and Inhibitory Activity of Lactoferrin
Against the Influenza Virus. Infection and Immunity. 2020; 1: 49-54
(in Russian).

https://doi.org/10.15789/2220-7619-POL-1156

14. Lénnerdal B. Nutritional and physiologic significance of human
milk proteins. The American Journal of Clinical Nutrition. 2003; 77(6):
1537S-15438S.

https://doi.org/10.1093/ajcn/77.6.1537S

15. Siqueiros- -Cendon T., Arévalo- -Gallegos S., Iglesias-Figueroa B.F,
Garcia-Montoya |.A., Salazar- Martinez J., Rascon- CruzQ.
Immunomodulatory eﬁects of lactoferrin. Acta Pharmacologica
Sinica. 2014; 35(5): 557-566.
https://doi.org/10.1038/aps.2013.200

16. Goldman I.L., Deikin A.V., Sadchikova E.R. Human Lactoferrin
Can Be Alternative to Antibiotics. Proceedings of the World medical
conference. Malta: WSEAS Press, 2010; 27-38.
https://www.elibrary.ru/fiaxce

17. Jahani S, Shakiba A, Jahani L The Antimicrobial effect of
lactoferrin on Gram-negative and Gram-positive bacteria.
International Journal of Infection. 2015; 2(3): e27954.
https://doi.org/10.17795/iji27594

18. Ongena R., Dierick M., Vanrompay D., Cox E., Devriendt B.
Lactoferrin impairs pathogen virulence through its proteolytic activity.
Frontiers in Veterinary Science. 2024; 11: 1428156.
https://doi.org/10.3389/fvets.2024.1428156

19. Kutila T., Pyordld S., Saloniemi H., Kaartinen L. Antibacterial
effect of bovine lactoferrin against udder pathogens. Acta Veterinaria
Scandinavica. 2003; 44(1): 1-8.
https://doi.org/10.1186/1751-0147-44-35

20. Titov E.I., Tikhomirova N.A., lonova I.1. Isolation and study of the
iron-binding capacity of cow’s milk lactoferrin. Nutrition Issues. 2019;
88(1): 91-96 (in Russian).

https://doi.org/10. 24411/0042 8833-2019-10011

21. Kim J.W., Lee J.S., Choi Y.J., Kim C. The Multifaceted Functions of
Lactoferrin in Antimicrobial Defense and Inflammation. Biomolecules.
2025; 15(8): 1174.

https://doi.org/10.3390/biom15081174

22. Garda-Montoya |.A. et al. Lactoferrin a multiple bioactive protein.
Biochimica et Biophysica Acta. 2011; 1820(3): 226-236.
https://doi.org/10.1016/j.bbagen.2011.06.018

23. Dierick M, Van der Weken H., Rybarczyk J., Vanrompay D.,
Devriendt B., Cox E. Porcine and bovine forms of lactoferrin inhibit
growth of porcine enterotoxigenic Escherichia coli and degrade its
virulence factors. Applied and Environmental Microbiology. 2020; 86:
1-15.

https://doi.org/10.1128/AEM.00524-20

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 407 (06) » 2026



24. Luna-Castro S., Aguilar-Romero F, Samaniego-Barron L.,
Godinez-Vargas D., De La Garza M. Effect of bovine apo-lactoferrin on
the growth and virulence of Actinobacillus pleuropneumoniae.

Bio Metals. 2014; 27: 891-903.
https://doi.org/10.1007/s10534-014-9752-5

25. Xu G. et al. Lactoferrin-derived peptides and lactoferricin
chimera inhibit virulence factor production and biofilm formation in
Pseudomonas aeruginosa. Journal of Applied Microbiology. 2010;
109: 1311-1318.
https://doi.org/10.1111/j.1365-2672.2010.04751.x

26. Berlutti F. et al. Both lactoferrin and iron influence aggregation
and biofilm formation in Streptococcus mutans. Biometals. 2004; 17:
271-278.

https://doi.org/10.1023/B:BIOM.0000027704.53859.d3

27. CamoxunHa J1.C. v gp. BudunoreHHble CBOMCTBa NENTULOB
naktodeppuHa U3 KOPOBLETO MOJIOKa. BOrpock G1O0rn4eckoi,
meanumMHCKou n papmaveBtnyeckoi xummm. 2016; 2: 49-53.
EDN VRXWBP

28. Pang C.N., Lai YW., Campbell L.T., Chen S.C., Carter D.A.,
Wilkins M.R. Transcriptome and network analyses in Saccharomyces
cerevisiae reveal that amphotericin B and lactoferrin synergy disrupt
metal homeostasis and stress response. Scientific reports. 2017; 7:
40232.

https://doi.org/10.1038/srep40232

29. Fernandes K.E., Weeks K., Carter D.A. Lactoferrin is broadly
active against yeasts and highly synergistic with amphotericin B.
Antimicrobial agents and chemotherapy. 2020; 64(5): e02284-19.
https://doi.org/10.1128/aac.02284-19

30. Brouwer C. et al. Synthetic Human Lactoferrin Peptide hLF(1-11)
Shows Antifungal Activity and Synergism with Fluconazole and
Anidulafungin Towards Candida albicans and Various Non-Albicans
Candida Species, Including Candidozyma auris. Antibiotics (Basel,
Switzerland). 2025; 14(7): 671.

https://doi.org/10.3390/antibiotics 14070671

31. Fernandes K.E., Carter D.A. The antifungal activity of lactoferrin
and its derived peptides: mechanisms of action and synergy with
drugs against fungal pathogens. Frontiers in microbiology. 2017; 8: 2.
https://doi.org/10.3389/fmicb.2017.00002

32. Legrand D., Pierce A., Elass E., Carpentier M., Mariller C.,
Mazurier J. Lactoferrin structure and functions. Bioactive
Components of Milk. 2008; 606: 163-194.
https://doi.org/10.1007/978-0-387-74087-4_6

33. Garcia-Montoya |.A., Cenddn T.S., Arévalo-Gallegos S.,
Rascon-Cruz Q. Lactoferrin a multiple bioactive protein: an overview.
Biochimica et Biophysica Acta. 2012; 1820(3): 226-236.
https://doi.org/10.1016/j.bbagen.2011.06.018

34. Duarte D.C., Nicolau A., Teixeira J.A., Rodrigues L.R. The effect of
bovine milk lactoferrin on human breast cancer cell lines. Journal of
Dairy Science. 2011; 94: 66-76.
https://doi.org/10.3168/jds.2010-3629

35. Marchetti M., Superti F., Ammendolia M.G., Rossi P, Valenti P.,
Seganti L. Inhibition of poliovirus type 1 infection by iron-,
manganese-, and zinc-saturated lactoferrin. Medical Microbiology
and Immunology (Berlin). 1999; 187: 199-204.
https://doi.org/10.1007/s004300050093

36. Rodriguez D.A., Vazquez L., Ramos G. Actividaq Antimicrobiana
de la lactoferrina: Mecanismos and aplicaciones clinicas potenciales.
Revista Latinoamericana de Microbiologia. 2005; 47: 102-111.

37. Xypaenes .E., Canmarosa [l.A. AHann3 61onorn4eckom
AKTUBHOCTU NaKTOPEPPMHA, NOYHaEMOro U3 Pa3NNYHbIX BUAOB
MOJI0YHOr O ChipbS. [TnLLEeBbie nHHOBaLmu  GuoTexHonorum : C60pHUK
re3ucoB Xlll Bcepoccuiickout (HaUMOHaIbHOW) HaY4HOM KOHGEPEHLn
CTY[EHTOB, acnupaHToB 1 MOJI0AbIX y4eHbIX. Kemeposo: Kemeposckuin
rocyfapcTeeHHbl yHuBepcuteT, 2025; 255-257.

EDN RMBIIR

38. Janczuk A., Brodziak A., Czernecki T., Krol J. Lactoferrin — The
health-promoting properties and contemporary application with
genetic aspects. Foods. 2022; 12(1): 70.

39. Sienkiewicz M., Jaskiewicz A., Tarasiuk A., Fichna J. Lactoferrin:
An overview of its main functions, immunomodulatory and
antimicrobial role, and clinical significance. Critical reviews in food
science and nutrition. 2022; 62(22): 6016-6033.

40. Hassan M.A., Abedelmaksoud T.G., Abd El-Maksoud A.A. Effects
of Lactoferrin Supplemented with Fermented Milk on Obesity-
Associated Pancreatic Damage in Rats. Life. 2022; 12(12): 2019.
https://doi.org/10.3390/life 12122019

41, Del Olmo A., Calzada J., Nufiez Manuel M. Effect of lactoferrin and
its derivatives against gram-positive bacteria in vitro and, combined
with high pressure, in chicken breast fillets. Meat Science. 2012;
90(1): 71-76.

https://doi.org/10.1016/j.meatsci.2011.06.003

407 (06) ® 2026 | Agrarian science | ArpapHas Hayka

ISSN 0869-8155 (print) | ISSN 2686-701X (online)

AGROENGINEERING AND FOOD TECHNOLOGIES I

24. Luna-Castro S., Aguilar-Romero F., Samaniego-Barron L.,
Godinez-Vargas D., De La Garza M. Effect of bovine apo-lactoferrin on
the growth and virulence of Actinobacillus pleuropneumoniae.

Bio Metals. 2014; 27: 891-903.
https://doi.org/10.1007/s10534-014-9752-5

25. Xu G. et al. Lactoferrin-derived peptides and lactoferricin
chimera inhibit virulence factor production and biofilm formation in
Pseudomonas aeruginosa. Journal of Applied Microbiology. 2010;
109: 1311-1318.
https://doi.org/10.1111/j.1365-2672.2010.04751.x

26. Berlutti F. et al. Both lactoferrin and iron influence aggregation
and biofilm formation in Streptococcus mutans. Biometals. 2004; 17:
271-278.

https://doi.org/10.1023/B:BIOM.0000027704.53859.d3

27. Samokhina L.S. et al. Bifidogenic properties of lactoferrin peptides
from cow’s milk. Issues of Biological, Medical, and Pharmaceutical
Chemistry. 2016; 2: 49-53 (in Russian).

EDN VRXWBP

28. Pang C.N., Lai YW., Campbell L.T., Chen S.C., Carter D.A.,
Wilkins M.R. Transcriptome and network analyses in Saccharomyces
cerevisiae reveal that amphotericin B and lactoferrin synergy disrupt
metal homeostasis and stress response. Scientific reports. 2017; 7:
40232.

https://doi.org/10.1038/srep40232

29. Fernandes K.E., Weeks K., Carter D.A. Lactoferrin is broadly
active against yeasts and highly synergistic with amphotericin B.
Antimicrobial agents and chemotherapy. 2020; 64(5): €02284-19.
https://doi.org/10.1128/aac.02284-19

30. Brouwer C. et al. Synthetic Human Lactoferrin Peptide hLF(1-11)
Shows Antifungal Activity and Synergism with Fluconazole and
Anidulafungin Towards Candida albicans and Various Non-Albicans
Candida Species, Including Candidozyma auris. Antibiotics ( Basel,
Switzerland). 2025; 14(7): 671.

https://doi.org/10.3390/antibiotics 14070671

31. Fernandes K.E., Carter D.A. The antifungal activity of lactoferrin
and its derived peptides: mechanisms of action and synergy with
drugs against fungal pathogens. Frontiers in microbiology. 2017; 8: 2.
https://doi.org/10.3389/fmicb.2017.00002

32. Legrand D., Pierce A., Elass E., Carpentier M., Mariller C.,
Mazurier J. Lactoferrin structure and functions. Bioactive
Components of Milk. 2008; 606: 163-194.
https://doi.org/10.1007/978-0-387-74087-4_6

33. Garcia-Montoya I.A., Cenddn T.S., Arévalo-Gallegos S.,
Rascon-Cruz Q. Lactoferrin a multiple bioactive protein: an overview.
Biochimica et Biophysica Acta. 2012; 1820(3): 226-236.
https://doi.org/10.1016/j.bbagen.2011.06.018

34. Duarte D.C., Nicolau A., Teixeira J.A., Rodrigues L.R. The effect of
bovine milk lactoferrin on human breast cancer cell lines. Journal of
Dairy Science. 2011; 94: 66-76.
https://doi.org/10.3168/jds.2010-3629

35. Marchetti M., Superti F.,, Ammendolia M.G., Rossi P, Valenti P.,
Seganti L. Inhibition of poliovirus type 1 infection by iron-,
manganese-, and zinc-saturated lactoferrin. Medical Microbiology
and Immunology (Berlin). 1999; 187: 199-204.
https://doi.org/10.1007/s004300050093

36. Rodriguez D.A., Vazquez L., Ramos G. Actividad Antimicrobiana
de la lactoferrina: Mecanismos and aplicaciones clinicas potenciales.
Revista Latinoamericana de Microbiologia. 2005; 47: 102-111

(in Spanish).

37. Zhuravlev D.E., Salmanova D.A. Analysis of the biological activity
of lactoferrin obtained from various types of dairy raw materials. Food
Innovations and Biotechnology: Collection of Abstracts of the Xlil All-
Russian ( National) Scientific Conference of Students, Postgraduates,
and Young Scientists. Kemerovo: Kemerovo State University, 2025;
255-257 (in Russian).

EDN RMBIIR

38. Janczuk A., Brodziak A., Czernecki T., Krdl J. Lactoferrin — The
health-promoting properties and contemporary application with
genetic aspects. Foods. 2022; 12(1): 70.

39. Sienkiewicz M., Jaskiewicz A., Tarasiuk A., Fichna J. Lactoferrin:
An overview of its main functions, immunomodulatory and
antimicrobial role, and clinical significance. Critical reviews in food
science and nutrition. 2022; 62(22): 6016-6033.

40. Hassan M.A., Abedelmaksoud T.G., Abd El-Maksoud A.A. Effects
of Lactoferrin Supplemented with Fermented Milk on Obesity-
Associated Pancreatic Damage in Rats. Life. 2022; 12(12): 2019.
https://doi.org/10.3390/life 12122019

41. Del Olmo A., Calzada J., Nufiez Manuel M. Effect of lactoferrin and
its derivatives against gram-positive bacteria in vitro and, combined
with high pressure, in chicken breast fillets. Meat Science. 2012;
90(1): 71-76.

https://doi.org/10.1016/j.meatsci.2011.06.003

167




168

42. Franco |., Pérez M.D., Conesa C., Calvo M., Sanchez L. Effect of
technological treatments on bovine lactoferrin: An overview. Food
Research International. 2018; 106: 173-182.
https://doi.org/10.1016/j.foodres.2017.12.016

43. Mizuki M. et al. Effect of lactoferrin on prevention of infectious
diseases in winter: a randomized, double-blinded, placebo-controlled
trial. In: Abstract Book of the 14th International Conference on
Lactoferrin Structure, Function and Applications. Peru, 2019; 66.

44. Paesano R., Berlutti F,, Pietropaoli M., Goolsbee W., Pacifici E.,
Valenti P. Lactoferrin efficacy versus ferrous sulfate in curing iron
disorders in pregnant and non-pregnant women. International Journal
of Immunopathology and Pharmacology. 2010; 23: 577-587.
https://doi.org/10.1177/039463201002300220

45. Saeed M., Hussain N., Ahmed S., Khan R.U., Andoh V., Husain
S., Huayou C. The Potential of Lactoferrin: A Call for Future Research
in Poultry Nutrition. World’s Poultry Science Journal. 2023; 79:
731-750.

46. Kiani A.K., Bonetti G., Donato K., Bertelli M. Dietary supplements
for intestinal inflammation. Journal of Preventive Medicine and
Hygiene. 2022; 63(2 Suppl 3): E214-E220.
https://doi.org/10.15167/2421-4248 /jpmh2022.63.2S3.2763

47. Rondanelli M, Gasparri C, Cavioni A, Sivieri C, Barrile GC,
Mansueto F, Perna S. A Patented dietary supplement (hydroxy-
methyl-butyrate, carnosine, magnesium, butyrate, lactoferrin) is a
promising therapeutic target for age-related sarcopenia through the
regulation of gut permeability: A randomized controlled trial. Nutrients.
2024; 16(9): 1369.

https://doi.org/10.3390/nu16091369

48. Amouheydari M., Ehsani M.R., Javadi |. Effect of a dietary
supplement composed of hydrolyzed milk proteins and vanillin on the
reduction of infection and oxidative stress induced by chemotherapy.
Journal of Food Biochemistry. 2020; 44(10): e13434.
https://doi.org/10.1111/jfbc. 13434

49. Harouna S. et al. Effect of hydrolysis and microwave treatment
on the antibacterial activity of native bovine milk lactoferrin against
cronobacter sakazakii. International Journal of Food Microbiology.
2020; 319: Article 108495.
https://doi.org/10.1016/j.ijffoodmicro.2019.108495

50. Adnan A. et al. Effect of lactoferrin supplementation on
composition, fatty acids composition, lipolysis and sensory
characteristics of cheddar cheese. International Journal of Food
Properties. 2023; 26(1): 437-452.
https://doi.org/10.1080/10942912.2023.2166953

51. Serrano G. et al. Liposomal Lactoferrin as Potential Preventative
and Cure for COVID-19. International Journal of Research in Health
Sciences. 2020; 8(1): 8-15.

https://doi.org/10.5530/ijrhs.8.1.3

52. Wolf J.S. et al. Oral lactoferrin results in T cell-dependent tumor
inhibition of head andneck squamous cell carcinoma in vivo. Clinical
Cancer Research. 2007; 13(5): 1601-1610.
https://doi.org/10.1158/1078-0432.CCR-06-2008

53. Onishi J., Roy M.K., Juneja L.R., Watanabe Y., TamaiY. A
lactoferrin-derived peptide with cationicresidues concentrated in a
region of its helical structure induces necrotic cell death in a leukemic
cell line. Journal of Peptide Science. 2008; 14: 1032-1038.
https://doi.org/10.1002/psc.1039

54. Kanwar J.R. et al. ‘Iron-saturated’ lactoferrin is a potent natural
adjuvant for augmenting cancer chemotherapy. Immunology & Cell
Biology. 2008; 86: 277-288.

55. Arcella A. et al. In vitro and in vivo effect of human lactoferrin on
glioblastoma growth. Journal of Neurosurgery. 2015; (123): 1026-
1035

56. Hong R. et al. A Review of the Biological Activities of Lactoferrin:
Mechanisms and Potential Applications. Food & Function. 2024; 15:
8182-8199.

57. Saritag S. et al. The Impact of Fermentation on the Antioxidant
Activity of Food Products. Molecules. 2024; 29: 3941.

58. Kaplan M. et al. Production of Bovine Colostrum for Human
Consumption to Improve Health. Frontiers in Pharmacology. 2022; 12:
796824.

59. Janczuk A., Brodziak A., Krél J., Czernecki T. Properties of Yoghurt
Fortified in Lactoferrin with Effect of Storage Time. Animals. 2023;
13(10): 1610.

https://doi.org/10.3390/ani13101610

60. Tsukahara T., Fujimori A., Misawa Y., Oda H., Yamauchi K., Abe F,,
Nomiyama T. The Preventive Effect of Lactoferrin-Containing Yogurt on
Gastroenteritis in Nursery School Children — Intervention Study for 15
Weeks. International Journal of Environmental Research and Public
Health. 2020; 17(7): 2534.

https://doi.org/10.3390/ijerph17072534

61. Palmano K.P.,, Ramos R., Watson M., Callon K.E., Cornish J.
Survival and Bone-Active Properties of Bovine Lactoferrin
Supplemented into Stirred Yoghurt. International Dairy Journal. 2011;
21: 477-483.

42. Franco |., Pérez M.D., Conesa C., Calvo M., Sanchez L. Effect of
technological treatments on bovine lactoferrin: An overview. Food
Research International. 2018; 106: 173-182.
https://doi.org/10.1016/j.foodres.2017.12.016

43. Mizuki M. et al. Effect of lactoferrin on prevention of infectious
diseases in winter: a randomized, double-blinded, placebo-controlled
trial. In: Abstract Book of the 14th International Conference on
Lactoferrin Structure, Function and Applications. Peru, 2019; 66.

44. Paesano R., Berlutti F,, Pietropaoli M., Goolsbee W., Pacifici E.,
Valenti P. Lactoferrin efficacy versus ferrous sulfate in curing iron
disorders in pregnant and non-pregnant women. International Journal
of Immunopathology and Pharmacology. 2010; 23: 577-587.
https://doi.org/10.1177/039463201002300220

45. Saeed M., Hussain N., Anmed S., Khan R.U., Andoh V., Husain
S., Huayou C. The Potential of Lactoferrin: A Call for Future Research
in Poultry Nutrition. World’s Poultry Science Journal. 2023; 79:
731-750.

46. Kiani A.K., Bonetti G., Donato K., Bertelli M. Dietary supplements
for intestinal inflammation. Journal of Preventive Medicine and
Hygiene. 2022; 63(2 Suppl 3): E214-E220.
https://doi.org/10.15167/2421-4248 /jpmh2022.63.2S3.2763

47. Rondanelli M, Gasparri C, Cavioni A, Sivieri C, Barrile GC,
Mansueto F, Perna S. A Patented dietary supplement (hydroxy-
methyl-butyrate, carnosine, magnesium, butyrate, lactoferrin) is a
promising therapeutic target for age-related sarcopenia through the
regulation of gut permeability: A randomized controlled trial. Nutrients.
2024; 16(9): 1369.

https://doi.org/10.3390/nu16091369

48. Amouheydari M., Ehsani M.R., Javadi |. Effect of a dietary
supplement composed of hydrolyzed milk proteins and vanillin on the
reduction of infection and oxidative stress induced by chemotherapy.
Journal of Food Biochemistry. 2020; 44(10): e13434.
https://doi.org/10.1111/jfbc.13434

49. Harouna S. et al. Effect of hydrolysis and microwave treatment
on the antibacterial activity of native bovine milk lactoferrin against
cronobacter sakazakii. International Journal of Food Microbiology.
2020; 319: Article 108495.
https://doi.org/10.1016/j.ijffoodmicro.2019.108495

50. Adnan A. et al. Effect of lactoferrin supplementation on
composition, fatty acids composition, lipolysis and sensory
characteristics of cheddar cheese. International Journal of Food
Properties. 2023; 26(1): 437-452.
https://doi.org/10.1080/10942912.2023.2166953

51. Serrano G. et al. Liposomal Lactoferrin as Potential Preventative
and Cure for COVID-19. International Journal of Research in Health
Sciences. 2020; 8(1): 8-15.

https://doi.org/10.5530/ijrhs.8.1.3

52. Wolf J.S. et al. Oral lactoferrin results in T cell-dependent tumor
inhibition of head andneck squamous cell carcinoma in vivo. Clinical
Cancer Research. 2007; 13(5): 1601-1610.
https://doi.org/10.1158/1078-0432.CCR-06-2008

53. Onishi J., Roy M.K., Juneja L.R., Watanabe Y., TamaiY. A
lactoferrin-derived peptide with cationicresidues concentrated in a
region of its helical structure induces necrotic cell death in a leukemic
cell line. Journal of Peptide Science. 2008; 14: 1032-1038.
https://doi.org/10.1002/psc.1039

54. Kanwar J.R. et al. ‘Iron-saturated’ lactoferrin is a potent natural
adjuvant for augmenting cancer chemotherapy. Immunology & Cell
Biology. 2008; 86: 277-288.

55. Arcella A. et al. In vitro and in vivo effect of human lactoferrin on
glioblastoma growth. Journal of Neurosurgery. 2015; (123): 1026-
1035

56. Hong R. et al. A Review of the Biological Activities of Lactoferrin:
Mechanisms and Potential Applications. Food & Function. 2024; 15:
8182-8199.

57. Saritag S. et al. The Impact of Fermentation on the Antioxidant
Activity of Food Products. Molecules. 2024; 29: 3941.

58. Kaplan M. et al. Production of Bovine Colostrum for Human
Consumption to Improve Health. Frontiers in Pharmacology. 2022; 12:
796824.

59. Janczuk A., Brodziak A., Krél J., Czernecki T. Properties of Yoghurt
Fortified in Lactoferrin with Effect of Storage Time. Animals. 2023;
13(10): 1610.

https://doi.org/10.3390/ani13101610

60. Tsukahara T., Fujimori A., Misawa Y., Oda H., Yamauchi K., Abe F.,
Nomiyama T. The Preventive Effect of Lactoferrin-Containing Yogurt on
Gastroenteritis in Nursery School Children — Intervention Study for 15
Weeks. International Journal of Environmental Research and Public
Health. 2020; 17(7): 2534.

https://doi.org/10.3390/ijerph17072534

61. Palmano K.P.,, Ramos R., Watson M., Callon K.E., Cornish J.
Survival and Bone-Active Properties of Bovine Lactoferrin
Supplemented into Stirred Yoghurt. International Dairy Journal. 2011;
21: 477-483.

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHasi Hayka | Agrarian science | 407 (06) ® 2026



62. Fetouh M., Elbarbary H., Ibrahim E., Maarouf A. Afifi Effect of
Adding Lactoferrin on Some Foodborne Pathogens in Yogurt. Iranian
Journal of Veterinary Medicine. 2023; 17(3): 189-198.
https://doi.org/10.32598/ijvm.17.3.1005313

63. Nadi W.G., Taher E.M., Awad A.A.N., Ahmed L.I. Lactoferrin’s
potential application in enhancing yoghurt’s microbial and sensory
qualities, with emphasis on the starter culture activity. Journal of Dairy
Research. 2023; 90(4): 403-408.
https://doi.org/10.1017/S0022029923000675

64. Shishir M.R.1., Suo H., Taip F.S., Cheng K.W. Lactoferrin-chia seed
mucilage complex coacervates for intestinal delivery of quercetin and
fortification of set yogurt. Food Chemistry. 2024; 456: 139818.
https://doi.org/10.1016/j.foodchem.2024.139818

65. Franco |., Castillo E., Pérez M.D., Calvo M., Sanchez L. Effect of
bovine lactoferrin addition to milk in yogurt manufacturing. Journal of
Dairy Science. 2010; 93(10): 4480-4489.
https://doi.org/10.3168/jds.2009-3006

66. Naidu A.S. Activated lactoferrin - A new approach to meat safety.
Food Technology. 2002; 56(3): 40-45.

67. Bobreneva I.V., Rokhlova M.V. Lactoferrin: properties and
application. A review. Theory and practice of meat processing. 2021;
6(2): 128-134.
https://doi.org/10.21323/2414-438X-2021-6-2-128-134

68. Bravo D., de Alba M., Medina M. Combined treatments of high-
pressure with the lactoperoxidase system or lactoferrin on the
inactivation of listeria monocytogenes, salmonella enteritidis and
escherichia coli 0157: H7in beef carpaccio. Food Microbiology. 2014;
41:27-32.

https://doi.org/10.1016/j.fm.2014.01.010

69. De Alba M., Bravo D., Medina M. Inactivation of listeria
monocytogenes and salmonella enteritidis in dry-cured ham by
combined treatments of high pressure and the lactoperoxidase
system or lactoferrin. Innovative Food Science and Emerging
Technologies. 2015; 31: 54-59.
https://doi.org/10.1016/j.ifset.2015.06.013

70. Montiel R., Martin-Cabrejas |., Medina M. Reuterin,
lactoperoxidase, lactoferrin and high hydrostatic pressure on the
inactivation of food-borne pathogens in cooked ham. Food Control.
2015; 51: 122-128.
https://doi.org/10.1016/j.foodcont.2014.11.010

71. Montiel R., Martin-Cabrejas ., Peirotén A., Medina M. Reuterin,
lactoperoxidase, lactoferrin and high hydrostatic pressure treatments
on the characteristics of cooked ham. Innovative Food Science and
Emerging Technologies. 2016; 35: 111-118.
https://doi.org/10.1016/j.ifset.2016.04.013

72. Adnan A. et al. Effect of Lactoferrin Supplementation on
Composition, Fatty Acids Composition, Lipolysis and Sensory
Characteristics of Cheddar Cheese. International Journal of Food
Properties. 2023; 26: 437-452.

73. Al E., Atteya L., Farag E., Helmy N., Nabil M. The Effect of Using
Edible Coating Fortified with Lactoferrin on the Shelf Life of Oriental
Sausage. Benha Veterinary Medical Journal. 2023; 45: 215-220.

74. Elsayed H., Hussei D.E.D.E. Hussein Impact of Different
Concentrations of Lactoferrin on the Shelf Life of the Chilled Chicken
Breast. Taiwanese Journal of Agricultural Chemistry and Food
Science. 2022; 60.

75. Li F. et al. Improved Neurodevelopmental Outcomes Associated
with Bovine Milk Fat Globule Membrane and Lactoferrin in Infant
Formula: A Randomized, Controlled Trial. The Journal of Pediatrics.
2019; 215: 24-31. e8.
https://doi.org/10.1016/j.jpeds.2019.08.030

76. Chen K. et al. Dose Effect of Bovine Lactoferrin Fortification on
Iron Metabolism of Anemic Infants. Journal of Nutritional Science and
Vitaminology ( Tokyo). 2020; 66(1): 24-31.
https://doi.org/10.3177/jnsv.66.24

77. Tarnow-Mordi W.O. et al. The effect of lactoferrin supplementation
on death or major morbidity in very low birthweight infants (LIFT): a
multicentre, double-blind, randomised controlled trial. The Lancet
Child & Adolescent Health. 2020; 4(6): 444-454.
https://doi.org/10.1016/S2352-4642(20)30093-6

78. Sawale M., Ozadali F.,, Valentine C.J., Benyathiar P, Drolia R.,
Mishra D.K. Impact of Bovine Lactoferrin Fortification on Pathogenic
Organisms to Attenuate the Risk of Infection for Infants. Food Control.
2022; 139: 109078.

79. Motoki N. et al. Effects of Lactoferrin-Fortified Formula on
Acute Gastrointestinal Symptoms in Children Aged 12-32 Months:
A Randomized, Double-Blind, Placebo-Controlled Trial. Frontiers in
Pediatrics. 2020; 8: 233.

80. Chen K. et al. Effect of bovine lactoferrin from iron-fortified
formulas on diarrhea and respiratory tract infections of weaned infants
in a randomized controlled trial. Nutrition (Burbank, Los Angeles
County, Calif.). 2016; 32: 222-227.
https://doi.org/10.1016/j.nut.2015.08.010

407 (06) ® 2026 | Agrarian science | ArpapHas Hayka

AGROENGINEERING AND FOOD TECHNOLOGIES I

62. Fetouh M., Elbarbary H., Ibrahim E., Maarouf A. Afifi Effect of
Adding Lactoferrin on Some Foodborne Pathogens in Yogurt. Iranian
Journal of Veterinary Medicine. 2023; 17(3): 189-198.
https://doi.org/10.32598/ijvm.17.3.1005313

63. Nadi W.G., Taher E.M., Awad A.A.N., Ahmed L.I. Lactoferrin’s
potential application in enhancing yoghurt’s microbial and sensory
qualities, with emphasis on the starter culture activity. Journal of Dairy
Research. 2023; 90(4): 403-408.
https://doi.org/10.1017/S0022029923000675

64. Shishir M.R.I., Suo H., Taip F.S., Cheng K.W. Lactoferrin-chia seed
mucilage complex coacervates for intestinal delivery of quercetin and
fortification of set yogurt. Food Chemistry. 2024; 456: 139818.
https://doi.org/10.1016/j.foodchem.2024.139818

65. Franco ., Castillo E., Pérez M.D., Calvo M., Sanchez L. Effect of
bovine lactoferrin addition to milk in yogurt manufacturing. Journal of
Dairy Science. 2010; 93(10): 4480-44389.
https://doi.org/10.3168/jds.2009-3006

66. Naidu A.S. Activated lactoferrin - A new approach to meat safety.
Food Technology. 2002; 56(3): 40-45.

67. Bobreneva I.V., Rokhlova M.V. Lactoferrin: properties and
application. A review. Theory and practice of meat processing. 2021;
6(2): 128-134.
https://doi.org/10.21323/2414-438X-2021-6-2-128-134

68. Bravo D., de Alba M., Medina M. Combined treatments of high-
pressure with the lactoperoxidase system or lactoferrin on the
inactivation of listeria monocytogenes, salmonella enteritidis and
escherichia coli 0157: H7in beef carpaccio. Food Microbiology. 2014;
41:27-32.

https://doi.org/10.1016/j.fm.2014.01.010

69. De Alba M., Bravo D., Medina M. Inactivation of listeria
monocytogenes and salmonella enteritidis in dry-cured ham by
combined treatments of high pressure and the lactoperoxidase
system or lactoferrin. Innovative Food Science and Emerging
Technologies. 2015; 31: 54-59.
https://doi.org/10.1016/j.ifset.2015.06.013

70. Montiel R., Martin-Cabrejas I., Medina M. Reuterin,
lactoperoxidase, lactoferrin and high hydrostatic pressure on the
inactivation of food-borne pathogens in cooked ham. Food Control.
2015; 51: 122-128.
https://doi.org/10.1016/j.foodcont.2014.11.010

71. Montiel R., Martin-Cabrejas I., Peirotén A., Medina M. Reuterin,
lactoperoxidase, lactoferrin and high hydrostatic pressure treatments
on the characteristics of cooked ham. Innovative Food Science and
Emerging Technologies. 2016; 35: 111-118.
https://doi.org/10.1016/j.ifset.2016.04.013

72. Adnan A. et al. Effect of Lactoferrin Supplementation on
Composition, Fatty Acids Composition, Lipolysis and Sensory
Characteristics of Cheddar Cheese. International Journal of Food
Properties. 2023; 26: 437-452.

73. AliE., Atteya L., Farag E., Helmy N., Nabil M. The Effect of Using
Edible Coating Fortified with Lactoferrin on the Shelf Life of Oriental
Sausage. Benha Veterinary Medical Journal. 2023; 45: 215-220.

74. Elsayed H., Hussei D.E.D.E. Hussein Impact of Different
Concentrations of Lactoferrin on the Shelf Life of the Chilled Chicken
Breast. Taiwanese Journal of Agricultural Chemistry and Food
Science. 2022; 60.

75. Li F. et al. Improved Neurodevelopmental Outcomes Associated
with Bovine Milk Fat Globule Membrane and Lactoferrin in Infant
Formula: A Randomized, Controlled Trial. The Journal of Pediatrics.
2019; 215: 24-31. e8.
https://doi.org/10.1016/j.jpeds.2019.08.030

76. Chen K. et al. Dose Effect of Bovine Lactoferrin Fortification on
Iron Metabolism of Anemic Infants. Journal of Nutritional Science and
Vitaminology ( Tokyo). 2020; 66(1): 24-31.
https://doi.org/10.3177/jnsv.66.24

77. Tarnow-Mordi W.O. et al. The effect of lactoferrin supplementation
on death or major morbidity in very low birthweight infants (LIFT): a
multicentre, double-blind, randomised controlled trial. The Lancet
Child & Adolescent Health. 2020; 4(6): 444-454.
https://doi.org/10.1016/S2352-4642(20)30093-6

78. Sawale M., Ozadali F,, Valentine C.J., Benyathiar P, Drolia R.,
Mishra D.K. Impact of Bovine Lactoferrin Fortification on Pathogenic
Organisms to Attenuate the Risk of Infection for Infants. Food Control.
2022; 139: 109078.

79. Motoki N. et al. Effects of Lactoferrin-Fortified Formula on
Acute Gastrointestinal Symptoms in Children Aged 12-32 Months:
A Randomized, Double-Blind, Placebo-Controlled Trial. Frontiers in
Pediatrics. 2020; 8: 233.

80. Chen K. et al. Effect of bovine lactoferrin from iron-fortified
formulas on diarrhea and respiratory tract infections of weaned infants
in a randomized controlled trial. Nutrition (Burbank, Los Angeles
County, Calif.). 2016; 32: 222-227.
https://doi.org/10.1016/j.nut.2015.08.010

ISSN 0869-8155 (print) | ISSN 2686-701X (online)




170

81. Ishikado A. et al. Liposomal lactoferrin induced significant
increase of the interferon-alpha (IFN-alpha) producibility in healthy
volunteers. BioFactors (Oxford, England). 2004; 21: 69-72.
https://doi.org/10.1002/biof.552210113

82. Acero-Lopez A., Schell P, Corredig M., Alexander M. Characteri-
zation of Lactoferrin oil-in-water Emulsions and Their Stability in
Recombined Milk. Journal of Dairy Research. 2010; 77(4): 445-451.
https://doi.org/10.1017/S0022029910000622

83. Abad I., Conesa C., Sanchez L. Development of Encapsulation
Strategies and Composite Edible Films to Maintain Lactoferrin
Bioactivity: A Review. Materials (Basel). 2021; 14(23): 7358.
https://doi.org/10.3390/ma14237358

84. Tavassoli M. et al. Methylcellulose/Chitosan Nanofiber-Based
Composites Doped with Lactoferrin-Loaded Ag-MOF Nanoparticles
for the Preservation of Fresh Apple. International Journal of Biological
Macromolecules. 2024; 259: 129182.

85. Tu M. et al. Identification of Dual-Function Bovine Lactoferrin
Peptides Released Using Simulated Gastrointestinal Digestion. Food
Bioscience. 2021; 39: 100806.

86. Kowalczyk P., Kaczynska K., Kleczkowska P., Bukowska-0sko .,
Kramkowski K., Sulejczak D. The Lactoferrin Phenomenon —
A Miracle Molecule. Molecules 2022; 27: 2941.

87. Bolat E. et al. Polyphenols: Secondary Metabolites with a
Biological Impression. Nutrients 2024; 16: 2550.

88. Kaczmarek K.A., Kosewski G., Dobrzyfiska M., Drzymata-Czyz S.
Lactoferrin Production: A Systematic Review of the Latest Analytical
Methods. Applied Sciences. 2025; 15(8):4540.
https://doi.org/10.3390/app 15084540

89. Sharma A., Gupta G., Ahmad T., Kaur B., Hakeem K.R. Tailoring
Cellular Metabolism in Lactic Acid Bacteria through Metabolic
Engineering. Journal of Microbiological Methods. 2020; 170: 105862.
https://doi.org/10.1016/j.mimet.2020.105862

90. Van Der Strate B.W.A., Belijaars L., Molema G., Harmsen M.C.,
Meijer D.K.F. Antiviral activities of lactoferrin. Antiviral Research. 2001;
52:225-239.

https://doi.org/10.1016/s0166-3542(01)00195-4

91. Tomita M., Wakabayashi H., Yamauchi K., Teraguchi S.,

Hayasawa H. Bovine lactoferrin and lactoferricina derived from milk:
production and applications. Biochemistry and Cell Biology. 2002; 80:
109-112.

https://doi.org/10.1139/001-230

92. Stowell K.M., Rado T.A., Funk W.D., Tweedie J.W. Expression of
cloned human lactoferrin in baby-hamster kidney cells. Biochemical
Journal. 1991; 276: 349-355.

https://doi.org/10.1042/bj2760349

93. Ward PP, Piddington C.S., Cunningham G., Zhou X., Wyat R.,
Conneely O. A system for production of commercial quantities of
human lactoferrin: a broad spectrum natural antibiotic. Nature
Biotechnology. 1995; 13: 498-503.
https://doi.org/10.1038/nbt0595-498

94. Chen H.L. et al. Probiotic Lactobacillus casei expressing human
lactoferrin elevates antibacterial activity in the gastrointestinal tract.
BioMetals. 2010; 23: 543-554.
https://doi.org/10.1007/s10534-010-9298-0.

95. Zhang D.B., Jiang Y.L., Wu X.F., Hong M.M. Expression of human
lactoferrin cDNA in insect cells. Sheng wu hua xue yu sheng wu wu li
Xue bao Acta biochimica et biophysica Sinica. 1998; 30: 575-578.

96. Liu T., Zhang Y.Z., Wu X.F. High level expression of functionally
active human lactoferrin in silkworm larvae. Journal of Biotechnology.
2005; 118: 245-256.

https://doi.org/10.1016/j.jbiotec.2005.05.005

97. Zhang Z., Coyne D., Vidaver A., Mitra A. Expression of human
lactoferrin cDNA confers resistance to Ralstonia sdanacearum in
transgenic tobacco plants. Phytopathology. 1998; 88: 730-734.
https://doi.org/10.1094/PHYT0O.1998.88.7.730

98. Nguyen T.C., Lakshaan D.K., Han J., Galvez L., Mitra A. Transgenic
plants expressing antimicrobial lactoferrin protein are resistant to

a fungal pathogen. Journal of plant molecular biology &
biotechnology. 2011; 2: 1-8.

99. Nandi S., Yalda D., Lu S., Nikolv Z., Misaki R., Fujiyama K.,
Huang N. Process development and economic evaluation of
recombinant human lactoferrin expressed in rice grain. Transgenic
Research. 2005; 14: 237-249.
https://doi.org/10.1007/s11248-004-8120-6

100. Suzuki Y., Kelleher S., Yalda D., Wu L., Huang J., Huang N.,
Lénnerdal B. Expression, characterization, and biologic activity
of recombinant human lactoferrin in rice. Journal of Pediatric
Gastroenterology and Nutrition. 2003; 36: 190-199.
https://doi.org/10.1097,/00005176-200302000-00007

101. Conesa C., Calvo M., Sanchez L. Recombinant human
lactoferrin: a valuable protein for pharmaceutical products and
functional foods. Biotechnology Advances. 2010; 28: 831-838.
https://doi.org/10.1016/j.biotechadv.2010.07.002

81. Ishikado A. et al. Liposomal lactoferrin induced significant
increase of the interferon-alpha (IFN-alpha) producibility in healthy
volunteers. BioFactors (Oxford, England). 2004; 21: 69-72.
https://doi.org/10.1002/biof.552210113

82. Acero-Lopez A., Schell P, Corredig M., Alexander M. Characteri-
zation of Lactoferrin oil-in-water Emulsions and Their Stability in
Recombined Milk. Journal of Dairy Research. 2010; 77(4): 445-451.
https://doi.org/10.1017/S0022029910000622

83. Abad I., Conesa C., Sanchez L. Development of Encapsulation
Strategies and Composite Edible Films to Maintain Lactoferrin
Bioactivity: A Review. Materials (Basel). 2021; 14(23): 7358.
https://doi.org/10.3390/ma14237358

84. Tavassoli M. et al. Methylcellulose/Chitosan Nanofiber-Based
Composites Doped with Lactoferrin-Loaded Ag-MOF Nanoparticles
for the Preservation of Fresh Apple. International Journal of Biological
Macromolecules. 2024; 259: 129182.

85. Tu M. et al. Identification of Dual-Function Bovine Lactoferrin
Peptides Released Using Simulated Gastrointestinal Digestion. Food
Bioscience. 2021; 39: 100806.

86. Kowalczyk P., Kaczynska K., Kleczkowska P., Bukowska-0$ko |.,
Kramkowski K., Sulejczak D. The Lactoferrin Phenomenon —
A Miracle Molecule. Molecules 2022; 27: 2941.

87. Bolat E. et al. Polyphenols: Secondary Metabolites with a
Biological Impression. Nutrients 2024; 16: 2550.

88. Kaczmarek K.A., Kosewski G., Dobrzyfiska M., Drzymata-Czyz S.
Lactoferrin Production: A Systematic Review of the Latest Analytical
Methods. Applied Sciences. 2025; 15(8):4540.
https://doi.org/10.3390/app 15084540

89. Sharma A., Gupta G., Ahmad T., Kaur B., Hakeem K.R. Tailoring
Cellular Metabolism in Lactic Acid Bacteria through Metabolic
Engineering. Journal of Microbiological Methods. 2020; 170: 105862.
https://doi.org/10.1016/j.mimet.2020.105862

90. Van Der Strate B.W.A., Belijaars L., Molema G., Harmsen M.C.,
Meijer D.K.F. Antiviral activities of lactoferrin. Antiviral Research. 2001;
52:225-239.

https://doi.org/10.1016/s0166-3542(01)00195-4

91. Tomita M., Wakabayashi H., Yamauchi K., Teraguchi S.,

Hayasawa H. Bovine lactoferrin and lactoferricina derived from milk:
production and applications. Biochemistry and Cell Biology. 2002; 80:
109-112.

https://doi.org/10.1139/001-230

92. Stowell K.M., Rado T.A., Funk W.D., Tweedie J.W. Expression of
cloned human lactoferrin in baby-hamster kidney cells. Biochemical
Journal. 1991; 276: 349-355.

https://doi.org/10.1042/bj2760349

93. Ward P.P, Piddington C.S., Cunningham G., Zhou X., Wyat R.,
Conneely O. A system for production of commercial quantities of
human lactoferrin: a broad spectrum natural antibiotic. Nature
Biotechnology. 1995; 13: 498-503.
https://doi.org/10.1038/nbt0595-498

94. Chen H.L. et al. Probiotic Lactobacillus casei expressing human
lactoferrin elevates antibacterial activity in the gastrointestinal tract.
BioMetals. 2010; 23: 543-554.
https://doi.org/10.1007/s10534-010-9298-0.

95. Zhang D.B., Jiang Y.L., Wu X.F., Hong M.M. Expression of human
lactoferrin cDNA in insect cells. Sheng wu hua xue yu sheng wu wu li
xue bao Acta biochimica et biophysica Sinica. 1998; 30: 575-578.

96. Liu T., Zhang Y.Z., Wu X.F. High level expression of functionally
active human lactoferrin in silkworm larvae. Journal of Biotechnology.
2005; 118: 245-256.

https://doi.org/10.1016/j.jbiotec.2005.05.005

97. Zhang Z., Coyne D., Vidaver A., Mitra A. Expression of human
lactoferrin cDNA confers resistance to Ralstonia sdanacearum in
transgenic tobacco plants. Phytopathology. 1998; 88: 730-734.

https://doi.org/10.1094/PHYT0.1998.88.7.730

98. Nguyen T.C., Lakshaan D.K., Han J., Galvez L., Mitra A. Transgenic
plants expressing antimicrobial lactoferrin protein are resistant to

a fungal pathogen. Journal of plant molecular biology &
biotechnology. 2011; 2: 1-8.

99. Nandi S.,Yalda D., Lu S., Nikolv Z., Misaki R., Fujiyama K.,
Huang N. Process development and economic evaluation of
recombinant human lactoferrin expressed in rice grain. Transgenic
Research. 2005; 14: 237-249.
https://doi.org/10.1007/s11248-004-8120-6

100. Suzuki Y., Kelleher S., Yalda D., Wu L., Huang J., Huang N.,
Lénnerdal B. Expression, characterization, and biologic activity
of recombinant human lactoferrin in rice. Journal of Pediatric
Gastroenterology and Nutrition. 2003; 36: 190-199.
https://doi.org/10.1097/00005176-200302000-00007

101. Conesa C., Calvo M., Sanchez L. Recombinant human
lactoferrin: a valuable protein for pharmaceutical products and
functional foods. Biotechnology Advances. 2010; 28: 831-838.
https://doi.org/10.1016/j.biotechadv.2010.07.002

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 407 (06) » 2026



102. Tian Z.G. et al. Multimerization and fusion expression of bovine
lactoferrin derivative Lfcin B15-W4, 10 in Escherichia coli. Applied
Microbiology and Biotechnology. 2007; 75: 117-124.
https://doi.org/10.1007/s00253-006-0806-7

103. Feng X.J. et al. Fusion expression of bovine lactoferricin in
Escherichia coli. Protein Expression and Purification. 2006; 47:
110-117.

https://doi.org/10.1016/j.pep.2005.08.016

104. Chen G.H.,Yin L.J., Chiang I.H., Jiang S.T. Expression and
purification of goat lactoferrin from Pichia pastoris expression system.
Journal of Food Science. 2007; 72: 67-71.
https://doi.org/10.1111/j.1750-3841.2007.00281.x

105. Paramasivam M., Saravanan K., Uma K., Sharma S., Singh T.P,,
Srinivasan A. Expression, purification and characterization of equine
lactoferrin in Pichia pastoris. Protein Expression and Purification.
2002; 26: 28-34.

https://doi.org/10.1016/51046-5928(02)00528-4

106.Wang S.H.,Yang T.S., Lin S.M., Tsai M.S.,Wu S.C., Mao S.
Expression, characterization and purification of recombinant porcine
lactoferrin in Pichia pastoris. Protein Expression and Purification.
2002; 25: 41-49.

https://doi.org/10.1006/prep.2001.1607

107. Kim H.K. et al. Expression of the cationic antimicrobial peptide
lactoferricin fussed with the anionic peptide in Escherichia coli.
Applied Microbiology and Biotechnology. 2006; 72: 330-338.
https://doi.org/10.1007/s00253-005-0266-5

108. Wang H.K., Zhao X.H., Lu F.P. Heterologous expression of bovine
lactoferricin in Pichia mehtanolica. Biochemistry. 2007; 72: 640-643.
https://doi.org/10.1134/s0006297907060065

109. Zhang J. et al. Expression of active recombinant human
lactoferrin in the milk of transgenic goats. Protein Expression and
Purification. 2008; 57: 127-135.
https://doi.org/10.1016/j.pep.2007.10.015

110. Han Z.S. et al. High-level expression of human lactoferrin in the
milk of goats by using replication-defective adenoviral vectors. Protein
Expression and Purification. 2007; 53: 225-231.
https://doi.org/10.1016/j.pep.2006.11.019

111. Van Berkel P. et al. Large scale production of recombinant human
lactoferrin in the milk of transgenic cows. Nature Biotechnology.
2002; 20: 484-487.

https://doi.org/10.1038/nbt0502-484

112. Hyvdnen P. et al. Transgenic cows that produce recombinant
human lactoferrin in milk are not protected from experimental
Escherichia coliintramammary infection. Infection and Immunity.
2006; 74: 6206-6212.

https://doi.org/10.1128/1A1.00238-06

113. Nuijens J.H. et al. Characterization of recombinant human
lactoferrin secrete in milk of transgenic mice. Journal of Biological
Chemistry. 1997; 272: 8802-8807.
https://doi.org/10.1074/jbc.272.13.8802

114. Han Z.S. et al. Adenoviral vector mediates high expression levels
of human lactoferrin in the milk of rabbits. Journal of Microbiology and
Biotechnology. 2008; 18: 153-159.

115. Bynesuy A. NepcnekTBbl PEKOMOVMHAHTHOO JakToOheppuHa
4enoBeka, Noy4aeMoro 13 Monoka Ko3-nNpoayLeHToB. Hayka u
uHHoBauumn. 2016; (6): 29-32.

https://www.elibrary.ru/wdmzI|

116. Tomita M., Wakabayashi H., Shin K., Yamauchi K., Yaeshima T.,
Iwatsuki K. Twenty-five years of research on bovine lactoferrin
applications. Biochimie. 2008; 91(1): 52-57.
https://doi.org/10.1016/j.biochi.2008.05.021

117. Coskun N., Saritas S., JaouhariY., Bordiga M., Karav S.
The Impact of Freeze Drying on Bioactivity and Physical Properties of
Food Products. Applied Sciences. 2024; 14: 9183.

118. Vishwanath-Deutsch R. et al. A review of the safety evidence on
recombinant human lactoferrin for use as a food ingredient. Food and
Chemical Toxicology. 2024; 189: 114727.
https://doi.org/10.1016/j.fct.2024.114727

119. Magnuson B. et al. Review of the regulation and safety
assessment of food substances in various countries and jurisdictions.
Food Additives & Contaminants: Part A: Chemistry, Analysis, Control,
Exposure & Risk Assessment. 2013; 30(7): 1147-220.
https://doi.org/10.1080/19440049.2013.795293

120. Richardson V., Freeman E., Fitzpatrick L., Amirat L.,
Kubo M., Li M. Essential Guide to Food Additives. Chapter 5.
Legislation for Food Additives Outside Europe. 2013; 65-90.
https://doi.org/10.1039/9781849734981-00065

121. Kwon Y., Lopez-Garcia R., Socolovsky S., Magnuson B. Global
regulations for the use of food additives and processing aids. In book:
Present Knowledge in Food Safety, 2023; 170-193.
https://doi.org/10.1016/B978-0-12-819470-6.00067-6

407 (06) ® 2026 | Agrarian science | ArpapHas Hayka

ISSN 0869-8155 (print) | ISSN 2686-701X (online)

AGROENGINEERING AND FOOD TECHNOLOGIES I

102. Tian Z.G. et al. Multimerization and fusion expression of bovine
lactoferrin derivative Lfcin B15-W4, 10 in Escherichia coli. Applied
Microbiology and Biotechnology. 2007; 75: 117-124.
https://doi.org/10.1007/s00253-006-0806-7

103. Feng X.J. et al. Fusion expression of bovine lactoferricin in
Escherichia coli. Protein Expression and Purification. 2006; 47:
110-117.

https://doi.org/10.1016/j.pep.2005.08.016

104. Chen G.H.,Yin L.J., Chiang |.H., Jiang S.T. Expression and
purification of goat lactoferrin from Pichia pastoris expression system.
Journal of Food Science. 2007; 72: 67-71.
https://doi.org/10.1111/j.1750-3841.2007.00281.x

105. Paramasivam M., Saravanan K., Uma K., Sharma S., Singh T.P,
Srinivasan A. Expression, purification and characterization of equine
lactoferrin in Pichia pastoris. Protein Expression and Purification.
2002; 26: 28-34.
https://doi.org/10.1016/s1046-5928(02)00528-4

106.Wang S.H.,Yang T.S., Lin S.M., Tsai M.S.,Wu S.C., Mao S.
Expression, characterization and purification of recombinant porcine
lactoferrin in Pichia pastoris. Protein Expression and Purification.
2002; 25: 41-49.

https://doi.org/10.1006/prep.2001.1607

107. Kim H.K. et al. Expression of the cationic antimicrobial peptide
lactoferricin fussed with the anionic peptide in Escherichia coli.
Applied Microbiology and Biotechnology. 2006; 72: 330-338.
https://doi.org/10.1007/s00253-005-0266-5

108. Wang H.K., Zhao X.H., Lu F.P. Heterologous expression of bovine
lactoferricin in Pichia mehtanolica. Biochemistry. 2007; 72: 640-643.
https://doi.org/10.1134/s0006297907060065

109. Zhang J. et al. Expression of active recombinant human
lactoferrin in the milk of transgenic goats. Protein Expression and
Purification. 2008; 57: 127-135.
https://doi.org/10.1016/j.pep.2007.10.015

110. Han Z.S. et al. High-level expression of human lactoferrin in the
milk of goats by using replication-defective adenoviral vectors. Protein
Expression and Purification. 2007; 53: 225-231.
https://doi.org/10.1016/j.pep.2006.11.019

111. Van Berkel P. et al. Large scale production of recombinant human
lactoferrin in the milk of transgenic cows. Nature Biotechnology.
2002; 20: 484-487.

https://doi.org/10.1038/nbt0502-484

112. Hyvonen P. et al. Transgenic cows that produce recombinant
human lactoferrin in milk are not protected from experimental
Escherichia coli intramammary infection. Infection and Immunity.
2006; 74: 6206-6212.

https://doi.org/10.1128/1A1.00238-06

113. Nuijens J.H. et al. Characterization of recombinant human
lactoferrin secrete in milk of transgenic mice. Journal of Biological
Chemistry. 1997; 272: 8802-8807.
https://doi.org/10.1074/jbc.272.13.8802

114. Han Z.S. et al. Adenoviral vector mediates high expression levels
of human lactoferrin in the milk of rabbits. Journal of Microbiology and
Biotechnology. 2008; 18: 153-159.

115. Budevich A. Prospects for recombinant human lactoferrin
obtained from the milk of goat producers. Science and Innovation.
2016; (6): 29-32 (in Russian).

https://www.elibrary.ru/wdmzI|

116. Tomita M., Wakabayashi H., Shin K., Yamauchi K., Yaeshima T.,
Iwatsuki K. Twenty-five years of research on bovine lactoferrin
applications. Biochimie. 2008; 91(1): 52-57.
https://doi.org/10.1016/j.biochi.2008.05.021

117. Coskun N., Saritag S., Jaouhari Y., Bordiga M., Karav S.
The Impact of Freeze Drying on Bioactivity and Physical Properties of
Food Products. Applied Sciences. 2024; 14: 9183.

118. Vishwanath-Deutsch R. et al. A review of the safety evidence on
recombinant human lactoferrin for use as a food ingredient. Food and
Chemical Toxicology. 2024; 189: 114727.
https://doi.org/10.1016/j.fct.2024.114727

119. Magnuson B. et al. Review of the regulation and safety
assessment of food substances in various countries and jurisdictions.
Food Additives & Contaminants: Part A: Chemistry, Analysis, Control,
Exposure & Risk Assessment. 2013; 30(7): 1147-220.
https://doi.org/10.1080/19440049.2013.795293

120. Richardson V., Freeman E., Fitzpatrick L., Amirat L.,
Kubo M., Li M. Essential Guide to Food Additives. Chapter 5.
Legislation for Food Additives Outside Europe. 2013; 65-90.
https://doi.org/10.1039/9781849734981-00065

121. Kwon Y., Lopez-Garcia R., Socolovsky S., Magnuson B. Global
regulations for the use of food additives and processing aids. In book:
Present Knowledge in Food Safety, 2023; 170-193.
https://doi.org/10.1016/B978-0-12-819470-6.00067-6

171




172

122. Wakabayashi H., Yamauchi K., Abe F. Quality Control of
Commercial Bovine Lactoferrin. Biometals. 2018; 31: 313-319.

123. Pebe3oB 9.M., Pebesos M.b., Megpenesa Y.10. Mepcnektvsa
npruMeHeHus naktodeppuHa B XXMBOTHOBOACTBE. ArpapHasi Hayka.
2026; (2) :40-59.
https://doi.org/10.32634,/0869-8155-2026-403-02-40-59

OB ABTOPAX

Apocnae Makcumoeu4 PeGe3oB'

KaHauaaT 61oNorMYecknxX Hayk, HayydHbli COTPYOHUK,
CeKkTop NpuknaaHoin GuoTexHonormu;
y4eBHO-Hay4Has nccnegosarenbckas naboparopums
XUMUKO-TEXHOJIOMNMYECKOro MHCTUTYTa
yaroslavreb@yandex.ru
https://orcid.org/0000-0003-1121-8139

Makcum Bopucoeuy Pe6e3oB?

OOKTOP CeIbCKOX03AMCTBEHHbIX HAYK,
npodeccop, rMasHbIA HaY4HbIA COTPYAHMK
m.rebezov@fncps.ru
https://orcid.org/0000-0003-0857-5143

Ynbsina lOpbeBHa MepgepeBa'’

KaHOMOAT CENbCKOX03AMCTBEHHDBIX HayK, LOLEHT
kadenpbl TEXHONOrMM NPON3BOACTBA U NepepaboTkm
CesIbCKOX03ANCTBEHHOW NMPOAYKLMM XUMUKO-
TEXHOJIOMMYECKOr0 MHCTUTYTA
medvedevau@rambler.ru
https://orcid.org/0009-0002-0253-4447

THoBropogackuin rocyaapCTBEHHbI YHUBEPCUTET

nmMeHn fipocnaesa Myaporo,

yn. bonbwas CaHkT-lMNetepbyprekas, 41, Benvkunin Hoeropoga,
173003, Poccust

2(bepepanbHbIii HAYYHbIV LEHTP NULLEBbLIX CUCTEM
um. B.M. lop6aTtoBa Poccuiickoi akagemmnm Hayk,
yn. uM. TananuxumHa, 26, Mockea, 109316, Poccusi

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHasi Hayka | Agrarian science | 407 (06) ® 2026

122. Wakabayashi H., Yamauchi K., Abe F. Quality Control of
Commercial Bovine Lactoferrin. Biometals. 2018; 31: 313-319.

123. Rebezov Ya.M., Rebezov M.B., Medvedeva U.Yu. Prospects for
the use of lactoferrin in animal husbandry. Agrarian science. 2026;

(2):40-59. (In Russian)
https://doi.org/10.32634,/0869-8155-2026-403-02-40-59

ABOUT THE AUTHORS

Yaroslav Maksimovich Rebezov'

Candidate of biological sciences,

Research Fellow, Applied Biotechnology Sector;
Educational and scientific research laboratory
of the Institute of Chemical Technology
yaroslavreb@yandex.ru
https://orcid.org/0000-0003-1121-8139

Maksim Borisovich Rebezov?

Doctor of Agricultural Sciences,
Professor, Chief Researcher
m.rebezov@fncps.ru
https://orcid.org/0000-0003-0857-5143

Ulyana Yuryevna Medvedeva'

Candidate of agricultural sciences, Associate Professor
of the Department of technology of production

and processing of agricultural products

at the Institute of chemical technology
medvedevau@rambler.ru
https://orcid.org/0009-0002-0253-4447

Yaroslav-the-Wise Novgorod State University,
41 Bolshaya Sankt-Peterburgskaya st., Veliky Novgorod,
173003, Russia

2Gorbatov Federal Research Center for Food Systems,
26 Talalikhin st., Moscow, 109316, Russia



	_Hlk215079414
	_Hlk215097657
	_Hlk215104608
	_Hlk215104622
	_Hlk215104633
	_Hlk215104644
	_Hlk215104651
	_Hlk215104660
	_Hlk215104682
	_Hlk215104716
	_Hlk215104741
	_Hlk215105072
	_Hlk215104730
	_Hlk215105056
	_Hlk215104747
	_Hlk215105087
	_Hlk215105095
	_Hlk215105124
	_Hlk215105145
	_Hlk215105154
	_Hlk215105107
	ref19
	_GoBack

