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Abstract

Advances in veterinary medicine, preventive healthcare, and nutrition have extended the
lifespan of companion animals. This has increased the prevalence of cognitive dysfunction
syndromes (CDS) in aging dogs and cats. CDS in dogs and cats shares pathological features
with human Alzheimer's disease, including A-amyloid accumulation, abnormal tau
pathology, oxidative stress, mitochondrial dysfunction, neuroinflammation, and synaptic
degeneration. Because current therapies primarily alleviate clinical signs, nutritional
strategies for maintaining cognitive function have gained importance. Dairy-derived
bioactive components, including milk fat globule membrane, lactoferrin, e-lactalbumin,
bioactive peptides, milk oligosaccharides, and fermentation-derived postbiotics, have
attracted attention for their potential neuroprotective, antioxidant, immunomodulatory,
and microbiota-modulating properties. Human and preclinical evidence suggests that these
components may support neuronal membrane integrity, synaptic plasticity, myelination,
immune homeostasis, and intestinal barrier function, partly through the microbiota-gut
brain axis. Studies on nutritional interventions such as medium-chain triglycerides,
omega-3 fatty acids, antioxidants, and multinutrient diets have reported improvements in
certain cognitive and behavioral outcomes in aged dogs. However, direct clinical evidence
of dairy-derived bioactive components in companion animals remains limited. Additionally,
the proposed pathway linking microbiota modulation, short-chain fatty acids, neuro-
inflammation, and cognition has not been fully validated. This review critically evaluates
the current evidence on CDS and dairy-derived bioactive components, their proposed
neurobiological mechanisms, and their interactions with the microbiota-gut-brain axis. It
also discusses their translational potential as functional pet foods and priorities for
species-specific clinical trials, mechanistic studies, ingredient standardization, safety
assessments, and industrial applications.
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HesE9] Baego] A& o= FrIgte] et i Agte] WA Rk 9A] wiEA Flska
UCH1-5]. &3] seofete] W, afejste] g, Jdde]d] 7id 9 Hoxko] 4 S7= vHd
3} BHHHO| 7|tfrgo] A FEHA ot IE AFERY delo] Fa3t A FAE
HFEIL UH2-5]

FZol= o=t Y(lifespan)Q] A&l ofyet AZ4=H(health span)d] 447} §HEEE 9
59| Fa% FHE QAEI glon, 11 FHol= JIX7IT FAIZE ARStL QIHH2,5,60). WAt
Hi Hoj| A EAs= Q1R])7) 5 A 8153 cognitive dysfunction syndrome, CDS)}< AFHS] &=
Sto]H(Alzheimer's disease, AD)T+ YFH-A173 WS 0= FARE B4 Uehl= tiE2Ql
L34 A=Y Ago|tH3 -9l

CDSOA= AB(B-amyloid)®] &4, ARIAERA F7F WM A AS, HIEZEC} 7|57,
AIFA 7)5A s D AFAE Adlo] BakH og WAool et Mak= 71 Asl, FARIAIE
g 4, o559 Ao}, H-A3F7] ol ARRlA s wst E ERF St 5 TR S E
o]ojXItH3-6,8]. §3] kA9 HolA= AFT FARE FEIS] A7} HAAT HE T S4E9,
¥ 229 AB42 Fh= ARl B AHEAE et ZoE BT, 10].

Tau 2] GA| BHsE CDSY 583 A7tidoltt. = AoA= synaptosome W tau 1
ARelet A7 A0l JIA7|5 &4 AMEE ZoR BAE o AR ADoJA BEEE HY
Q1 A734H JH(neurofibrillary tangles)> A& 02 EEAY ELbdslA FHTH4,8,11].
Jgolofi= A S0l whet Ap HAE IRIAE taut TEEH, A& AfAolA = AFHS 3
AT} fARE BT Barso] ADO| AAAY HwEsERdREA ZHA]7F AL QIEH9,12,13].

ABS} taul] BIAAA £2L microglia®t astrocyted] SIS FE5k BEA AEE T
A YA ST ABAE 7|15A6HE SX1e 4= Qth4,5,11,13]. E3F =79 Hojlif= Thaldl
Ad 9 i) AlsldAto] F7kel, o] 2Rt ARIAEH A nlEZEo} oA A4 Aole} e
2-gsto] RIX715 AsHE A7l A o= AAETHA,5,8]. TR AR 2F Fre} A AR
N FTEt B JRAIIA GEEA Aok A2 ofEE, CDSe Af B HeEE = tau
ol A BT, AR, HET Hal 9 diabgolrt oA Agshe TR Agte = olsfish: o]
&4stt4,5,8,10,11].

ol =gt ey E]etd FAMILE el RH A AR A | w3}, HERIAPol 9 AD ¢
= 93t gl HEZFQ Aoty SERYE 257 QIth4,5,8,10,11). vHEAL Ay S
SOl FRA T 7HAIH, ARAQl weslabgol A QIRIAsle A HElE WERdt= AFlo]
AUTH4,8,10]. 11%¥o] HA AL} tau B, AFAIE A4 9 X 95S AdFos YeEE H|w
A7l 71R7t A, P H7 P et AREE BESto] v AR At Al
]l A7oltH9,12,13].

A7) CDS T P54, E4F 3K environmental enrichment), FEA7 E J41] 5
= Hchs WA E o|FoA| 1L glov, Ao AAEY S TEH R FHSHAL BEA]
+ AR ofd] G| A9ktH2,4-60,9]. TETH = 2%l AAES, ARA A, Q1A
Al 5 AL 242 B3l 715AHE Yol Ul =12 & 4 AN 8P CDSo= T2
B2 FEoHA] &2 4= tH2,5,9]. olgglt AR Qlsf HToll= A ot} X1 A HHoR

olx

o

A7t oI o AL ARAEF L, oUAIHAL AT R AEA 7)E 2 o2 HET
ZE SAO 2T 7RsAdol ke Aol 7157 2k =7 HiEleEe] e Aol S8t
HAE AABIAL ATH2,3,5,601. Tt 71573 Y40 adte AR, &7, 7L AW dA %
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A7 |5 B7HRol wet g2bd 4= glonE, HoAt AR ofdEh WAl IR ARt A #A]
AZ 23R AdEFe] BasitH2,5,0]

FARES T, 2, 271 9 HEREE S5k thEAQl A1FY B ofye} et A
B4 TRt = 7164 AE 9Rol7|E oitH1,14-16). < d7olA= MFGM(milk fat
globule membrane), lactoferrin, e-lactalbumin, bioactive peptides ¥ milk oligosac-
charides 52| A1 &l /g0l AFAE B3, HARA, i} 2+, AiindE 248 9 Q1A
715 9A0f 71098 7Rs/do] AAEIAL QITH, 14-16). oJ2fst RS 24 Sdog 285 8
olz} microbiota—gut-brain axisE W72 UGS, & A9, WA D S04 Afe]9]
AoAEE Ao RN AFA P A0l 710 7RsAdo] UtH1, 16-18].

53] MEGMZ QA7 153t Tedslo] 7pg ElshA| A=l Qle AR el ARigdE4 5 o]
tH14,15]. MFGM< Q1A & (phospholipids), AH1A&(sphingolipids), 7§28 2AI|=(ganglio-
sides), EFIAHIE, FEd(glycoproteins) R eI 502 HdEo] 3lom, olF AR A78A
o] 20} §54, FR(myelin) B/, AMA 715 2 AR 7 Alodgo] Hofeit1,14,15].

AT AYSEES difo = g Ao MFGM HEo| Algurd, 281 @ AR QIA)7|%
A1) 3740 FFe vA 7RsAdo] EAEQITH6,14,15]. 1By e AT B HoA
MFGM &= 30| CDSE AstAY 7tk 2841 A= of4] Aljtdo|u g, viels
EA Y AL 7Fsd2 e AT Al A dE EYE & AR siAsfiof gt
[2,6,14,15].

ERF AimdEo] WY, that 2 A17BA 750l B PRl AL HHAIHA fAIE dEt
FuEo] oA #et A= s APEHI QUeH1 16-18l. AAE #H SEA,
probiotics ¥ postbiotics= FHUBEY] 7} thA |62 2Fotal DA 4K short-chain
fatty acids, SCFAs)Z B RIBE thAbbEe] A/3E WA & et JH 9 PAd<
A4 7h5/g0] QUrH1,16-18]. ol&et A Hal= Al A5 AHAFS THHH o 245}l
IA715 FAl 7104 4= 1o, fAE AdEelAl AlRtste] SCFA $712F CDS 7iAC=E olojAl=
A QA RI} i wEEEolA A 45E AL ohytHl, 16-18]

wmeba 2 FHoAe v AT} jHE o] CDSo| #ofsks AR %3, tau WHSh ABIAE A,
AAEFE, NEZEZot 7|50l H AlEA &4 59 BEAEE st fAIE 3 A2
49 B4 Y AHET 71He FPHoE et itk £ MEGME S4HCo=
lactoferrin, e-lactalbumin, bioactive peptides ¥ milk oligosaccharides®] 225t 7|5
WT-BAE, AHES B AVl 29 7188 SRHes kol

ohge] Ak % W AToIN £2E A} WLIEEoIH A Bl A o] W)
S wn SRS 9 7 SAIES A s, 2 4 QIR A 9 9
WL AN Tk

Hi2iz4u} YER0| A0M QUX|7 [SKicIEEST(Cognitive Dysfunction
Syndrome in Dogs and Cats)

1. YiiS=2| uFeie} QXD ISHolSe

T polote] A, ogelete] S, I a2 P | HEEEel tidt Zoxtel w4
S/ Qs v R Bakrgo] 2G40 FHIL QUTH2,6]. ol wef kg A
O] E E3F 701 )low, dFOAE CDSE i RreisEolA 49 AL 3A Astil7le
AR AIFEYY Fghog AT ITH2,6].
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CDSE= Aol ADS}F fARRE HEekd 2 ol B4 vehdn, AHd4 o= WAst: A=
J Ao = ARRIS AD AFE 3 F83t HnEEE &EEI Itk of2gt EHo= <l
CDSE WH5E9] AW (health span)2 24ok= 593t 99107 H7I=w QJuH2-6,8].

7folA= o 84| o]*RE CDSS| T4 ¥lw=rt M3} F7ksh, 114 oo g ZolAl= 30%
ool A theFst Q17715 ofifo]l HE A QIH6]. Y AtollAl= 144 o439 v 7oA Ayt
oligo] sht o] RIA7 |5 ol T/ Hols ACE BEusltHol. BHH Rh{Holi= A7t
BAH R BESIAT, 11-14419] Folol A%k oF 30%7t 1A7]s old= UefiH, 154] ol
o= 11 TS| H& 7k A= LA UHH6,91.

L8 BHESEY A7 |5 Asks Tt AelE e} ofuet 214 AFER o= ofslE]
I glom, 27] Zdka At e, ST 9 Feehd SAE B0 A XS A7
£ o] F8shtal s IoH2,4-6].

2. YYEH

CDS9| Wd5/d2 Aol A|ulje} vl FAkstY UukHog DISHAAR 89FETH4,6,12].

* D(disorientation): 237z AM

e I(interaction changes): AFS1& Ag2k8- Hs}

* S(sleep-wake alteration): $H-ZMiF7] o4t

e H(house soiling): HjH<& H3l

e A(activity alteration): &54 T4 Fx= 27}

* Aanxiety): %} 37}

ojggt T2 50 E Uehr|Htk= Ao R Wctn AHo] APD4E AstETH4, 6.
Z710lls HoAPF @t wok2 Q16| HARh Alzto] Ao wht Sl
ol HoApeke] A5 akgr ZolEA "rte). £35] ot ui3], ¥HEdE, B711A] Aol, ¥
Y5 Aot 5= HoA9] 419 Ho= et I mlAle A= A sloH, o=

3. HEjdz

CDS9| He¥eli= AlFre] ADS} v AAKSHH, ABS] 54, tau TiF9] ol Qlitl ARBIAER
2 375 W3 ABRT E AEA 75 At EA o & 285 A0® ABA Irh36,8,10,111

71 tAQ] Holk= AR S3o|th3,0l. ABe= AFAIE 2JFof AztE]o] A[YA 752 AstAId
£ of2} Aol A E(microglia) g E/33tote] TH3ARI A AT FLUTTH3,0l. Folls H=
2 W ABY] A At QA7 s Aot A7} Gofet ATRIAIE Holw, tau BE] TRkt
A AIFA 7T Aol A HEE B A7 583 HE7IdeR Hawy IeH10,11].

o2|gt AFHE2 TNF-¢, IL-18, IL-6 59 ¥54 ARIEZRI EHE S7HA71aL 2= 4174
29 715 Aot} AEAFEE SHSITH3,6]. ESH E/d4kAF reactive oxygen species, ROS)S]
TRt BP0 E QIGH ARBIAEY A = FEY HoflA F83F 7R ZEIH3,0]. He=
Abds AB|EFo] WS- 22 7o B2 ARSlE4fo] E5] ool Alazute] 2| dabitel, el iy
94 DNA £40] ABAE 7]55-E ASIAIZIEH3,6]. vEZEEo}l 715780l ATP A4 142k ROS
3715 SAlol Zsto] ofet AkeghE: TS ASAIXITH3,0]. ]2t oA AlHA A} AFHEA
9] 715 ol a5t 71958 Aot Ao, ol2fgt Hile AR S3T} A ASo| 5 AR5t
HA A5 AokE B 7I53lehe Ao=® A4 QltH4,5,8,10,111.
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LAY LY HOA = X o8-5Eo] Aacks Ax 3% S4oltHol. AR EE 2
< 8 UA Y= o]&sh=t], kool T ZxF thAE AsHEHA] o R RZo] WSt
o= gzt 7] F4ARl AHA 715E dRAKITH6). Ftols A A medium chain
fatty acid, MCT)°] o213t olJ#] 52 HAZF 4= l= thA| oA dog 51y 9lom, of
AFollA JAA7s A BEXF HAET QeH6].

4. AiEe| L=s0|HEne| Hlw

HH A W o] CDSe AREe] ADS} WEfehdor w2 fAMIS HolH, 53] Ajizos
WS AR M2} oo} i AHE|e] B0 QI8 ARte] AD A7E A%t 583 Hlud
Z B85 36,8,

A I AR S, AGAIRE &4, AEA A, 9, ARRAEF A St E v A A
2 554 2E YERAT3,0). ol fAMY miEo] Wi AdEA AD Rdz g2 3=
oH, FZolk= HER HA] ke ARl AFEE =AM Q] 7HA7E FEEAL 9TH3,6,9,12,13).

Ty AR g WA RiEEolAe st FEe AR YA (neurofibrillary
tangles)> ‘JHA oz =7 HEEY I e 7okl 22 d7olA e =3 A3 g 7oA
tau SO ol QUielel 7] 4l7grgE] oyt BijlE|of Alte] ADSF AR HEieH ddde
HojFs Aoz Hus 3IHH3,6,11-13].

JRoe E7slal IS F2 P12 me RARIER W ES o= o 9Ydt
A AT A AEERAY A dtol= 83 JHEE AT 4 ATH3,60).

5. QoSN IO WM
A 59l kR 24} Aslol= 9 B2 m90] HAIRt We] NS TRHOR oAl
F22,6]. olo] W} HTol Ag 24, AAAS U AHAE A0 2L HepiE 24T
ol

4
>
:
[o)

. = L
I= Joed Aol Ad o 1y A SRt

olof| wzt HZoll= A o 9 AP AL FEE ol 7154
ilo] A F7tstar AtH2,6,17]. E3] 713 Fo7t 7hsotal P/go] =2 94 A
L3 vhefs=E TeolA 583 Ao s HrETH2,6,17]. 2H7k-3 A4l R4kl HIEH, S44
AAl AR A8 FEES A AAE A AYSAHEEMEGM, lactoferrin, @
-lactalbumin, bioactive peptides, milk oligosaccharides)}2 AZA|EX H58} A& 24
Al =S 5= Qe 70T 7154 AR = QIoH1,7,14-18].

FHIE 7o YISy AXPTIs WY

FAIAL] A= F2 AR, AAE 2 ofd HAE dVdes $3E Aol gEEgle,
AT BB FAIE A AR R QA1 A ERE AA AeRt e e
AlREAoItH4,5,9]. E3F MFGM & A+ HAI AJS A2k ot tfd A7 diiEez,
EoMd AERY Aee o= oF divf A 7= oF SEoHA| ftt wEbA o=t
IS el A3 Guleld Holls AERt sl B sttt IHol= Etslal @AA] Hal
71 et A 2xke MFGM 3 A e A2 el =9 HiEE=e] A 7ls
AI2F CDSS| g Aol 82 7IsidS SIske et 7S AlStH4,5,8-13].
IOl o2t 7hs/dE AT iRt & SelFelal A7kt Ax AT Basi4,5,9].
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1. FAEe Yelgdd=E

AR et JUTFYE Hol bRt Aed/dEZ (bioactive components)& T3t 715
A AE AR A4 QItH1,14,15,17]. Solls T, A, e=8kE 9 57|18y} 22 g

JUAR ofla}t MFGM, lactoferrin, e-lactalbumin, bioactive peptides, milk oligo-
saccharides, phospholipids, sphingolipids, gangliosides 2 extracellular vesicles E+=
exosomes & SRt 7154 Aol EAETHL, 14,15,17).

o5 /g Tz 11 A8 tAREES AAZRT BAol8-Eol wet "=, 3, A 2 395
S e &= oloH, A S AA L] e 9 750l 93RS £ 7ol SirH1,2,14-18].
E3] MFGM, -98a A milk oligosaccharides= A9, AlEe 74, A A8 715 @ Aujjo]
e A 2d70] #RAAS FHeE =L U= F8 fAE R/ 7158 Aol
(1,2,14,15,171.

F|oll= o5 Aol AR A Loy QIX|A KR oh2t Wk At o QIX)7) s
FAol 282 78 AAE ok 28y = vEsES e 3 ARl Y A=
op3] FEoA] grorng HA | At A A & 7Hs/dE RSk £E0E st
70| AHskH3-6,8,9,12,13,17.

200 29 YA HEL Skl (whey proteins), MEGME ZE35H G414 E&8l(milk
fat fraction), milk oligosaccharides®} 22 G2 A& 9 iAo 431-dhg IPollA FE|==
bioactive peptides® &3 4= UtH1,7]. ol=fgt A8 47t A= tE A4S Yehli=
BAlo) WA, B s D AFA Atole] AoAge] - A0 R RS & 4 9o, olE
53| AAA A3 microbiota-gut-brain axis®] Z4&of| 7]ojg 7FsAdo] UH1,2,7,16,18].

2. MFGM(milk fat globule membrane)

F A5 TSl 7t kA At AR fE AYE48E4 5 shvke MFGM
oJth6,14,15,17]. MEGM 54 AmjAlaoflA 28|18 §A-Hmilk fat globule)?] #HE &
A= Yleo|g 20] B9t uf 122 dubx o g tilZy) o|5Fo] At ASu FJeiE A
tH14,15). E3o] wet Zo]7} 9ot 49 MFGM ¥4 g 10-20 nm M2 2y, g
Aoz oF 15 nm9| 459 22 7|5t AH15].

MFGM-2 phospholipids, sphingolipids, gangliosides, cholesterol, glycoproteins % ThF
St wiguid 2 JAgElo] QIH1,14,15,17]. MFGME A1 533 544 E51E JAsto]
9] 78t JHE Sskele 2R4 7152 ¥cke A, I 3RS Bl WAt 4l
7ol HHE FYE vEhd 7ksAdel dtH14,15,171.

MFGMY] 8 ZAA-Ao=  PC(phosphatidylcholine), PE(phosphatidylethanolamine),
PS(phosphatidylserine), Pl(phosphatidylinositol) & SM(sphingomyelin)o] Z&-cH14,15,171.
olg SAAEZ Alzute] 2ot R84, o] 71s 9 Al Aol oo, | 22|
A7gAIEEE] ARl 715 frAlelE $851EH15,17]. 53] sphingomyelind 29] 528 A4 A&
Z oo, gangliosides= AVgAIREL Al A FHSIA EAfsto] AGAIRES] A, Q14 9 AlS
A 7ol Hoigieh14,15,171.

MFGMel| E3H phospholipids@} gangliosides® B&3t G5 G-qol Aqtoale & =23} Al
AT 9 AT e g 210 i 7Hs/de] BarE|IeH15,17). R 4R AAF B
A= MFGM A3 & st Zjojolegd2] AFAIE 4= 371, A4 P4 T whald dade] w9 37t
719 4=89] 7o) ke vt QeH14,17). I8y e 7 4 A9 el A2 ofH,
U7 ofd =& Aolxl= st AE 2ot 77190l fefRt Aol TEER] AQITH1TI.
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Chon et al.

130 | J Dairy Sci Biotechnol Vol. 44, No. 3

wrebA] FAP7EA] Hald MEGME] A4 7162 Al7gAzare] 7433 4 A1, Alds 94
L ABAY B AR 2, o2 AT AAAE AY, A5 35719 B ARl tiet I3
/g WS AR B A 3e) 24 5l A Ay} A 23] it A ez AE
F 4 ltH14,15,17).

53] 4 AT AFolMe= MFGM B35 & sfat Xjofole] AFAIE o= S71et e AlgA
B QAR deE Sl ] ot BuEeH14,17). vt kg g HolA
M &= B30 mE 71909 fA] E= CDS ¥ F5A RS 71 as A A5 A"
< opg] FEoi. wEhA HEEol e A8 7S AT ATt e dF 3 F=F0lAM
S Aol A% A 7R AXekaL, FF F Sold dIAES Sl dSsie Aol BE
SeH2,4-6,91.

o 0 WE

i

oft

=
O

3. MFGM(milk fat globule membrane)2| QIX|7|5 & EIXHX =71
AR AU E R A ATE Hie R AAE MFGME] QIR & A 2447
A2 ot o] YT 4= stk

1) MZMEae| et kg XA

Phospholipids@+ sphingolipids« AAIZTS] 9 /4 A8A o] 354, Fapd 9 g
HHA0] 7152 2E3TH14,15,17]. w2bd MEGM R /A4 9] 352 A7gA1Zate] 24
T} Al Alegol Badt 214 4S fAlsk: t 7|0 7hs/e] AUTH15,17]. HRE Alo]
2 A5 MFGM “d&o] Al7A g 213 HYEo] 2714 499 a&S S7HIXIth=
= oF] S85] SR ekoron, 7M1 71A AFt7F RsHH1TI.

2) &= FMat MAHT0| st MxHA X

Sphingomyelin®} B3} sphingolipidsi= 29| 8 R0 =R, S419] AAx a&2Ql 4l
AAE FQ3t I 3It}14,15,17]. MFGMoll &+ phospholipids, sphingomyelin @
gangliosidesE H33H Y7 AolAe & 23} AFAE 9 F5ddyt I AEo 7j4o]
HuEoH15] 284y olget a3kE £ ARl 93t oligodendrocyte 24 S71tC= Aot
7= o2, MFGMe] 23H of 2] 2| &at chafdlo] Bba o= 2893 7s/do] JUtH15,17].

3) AlHA Yt 71ay A F2o| XM JksY

Gangliosides®} phospholipidsi= A7AET ] A AnA|YY, 484 715 E AlE 7t
o] ofsto] AlPA FAT ViAol FFE £ 5 AHI4,15,17]. 4F HAAHF A =
MFGM EZo] AldA g4 9 A5xda) B faAet g o) TadS oA 7] 371719
e A Aoz RuEdeh14,17]. Tt MFGMO] synaptic vesicle®] #4304 neuro-
transmitter®] #H1E A F7HFIHI FFsklolls @A SAVE FEOIA] GoEE, AEA
P Aedd B A=) 9FE £ 7ol ATkl 7esk= Aol AEsitH14,171.

_‘_4
[

i
)

2

4) HMAAS A HI30| XM JKsH

MFGM$] phospholipids, sphingolipids ¥ glycoproteinse= €% & A4 2E 248 7}
530] UcH14]. 3l&E2 SAMPS vH-A AFolAE MEGM E% & ¥ TNF-¢ 28 7H4et
FE5E YA TGF-p1 ¥ S7PF BuEQlcH14]. &3 MFGM +g/d&°] NLRP3
inflammasome 41} #AH AFHSO| FF= € 7IsAT AAE ST 14
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T2t MEGMO] MolA] TNF-g, IL-18 % IL-65 B US| Z2ARIR: 2AL A7l
o, Aolso}lo] Tt Fake F20, A9, Fol 3 MEGM AAS) 240 wet 2o = 2
o}, webd MEGMO] A5 B 4182 B4 9% AH0h Alszzel theh A 23 M4
2 AWISHE o] Aaieh10,11,14,17)

B0 QAT ABlols Ag 54, tau THHI0) TS} U AAREo] 0 Welsd wish
2 583 glom, ofefd ¥erue 288 4 s JUH 2400] The A7 Wao]
oHI0, 111, H5F @A MEGMe] ofeiat ¥ejotd ke 4y 2agicks 2AL ARaold,

5) B & Y H-k|=0f CHSt ExHA He

MFGM} 71 744 glycoproteins E E9A22 G5 A wdlof A A HeAle] AujAx F2;

< Wofiotar A et A 2 ARk} TE A|Hof| JFE E 5 Sl AR HArEITH14,15].
o=zt A ¥4 9 et HHo Wsh= Al B AA 7|50l THHEeE s & 7Hsdel
Qlomg MFGMi} microbiota—gut-brain axis A9 22 dAzbAlo] AFE L QUTH6, 14].

ot MEGMo| ZWugE9] theldat SCFA A< S7HA1711, 1 A3t F-y] S QHyst
ot} AFATS AT 319 A&AQ 712 of7] Fio] Sy =R gokrh14,17]. oA
A DAeIA = MFGMo] & 8nt WY Ao @S F2EM =5 24 71998 7Rsdo]
UL 7]&she Zlo] Adsiti14,17].

4. Lactoferrin
Lactoferrine 9, 53] ZFol S551A EA5k= 2F 80 kDa2l @ Z3t glycoprotein®]TH11.

Lactoferrin AHHIGA Q] 48424 & A, B4 A% oA € Huks 243 5o &
- Futo|HA - FHS 28-S YERATH,16]. E3H Foj ogf 2RE= ASHES-S Aglelal 95
T AT E 2ET 5= Qlof, ARIAE A} THidFSo| Td 289 7154 A2 A= 9l
TH1,16). 95 Al 9 H2]F Aof| A= Jactoferrin E= lactoferrin R HERO| =7} AZAA|E
BE, AT 9 4550l FFe & 7P—~“°1 HEQIeH1,2]. Lactoferrin 84| Wi &
78S B9 FA-y] S S 7hsAdo] I A mEoA Zﬂ/‘]ﬂc’q‘:} v A AEe
bovine lactoferrin®] 45130l A] Eal=|x] gk AlE|Z & Q‘ﬂ SEE HRAo| Tt

Al ofd] gelolA] gkow, 11 Aol gEY 24 Ex= 4% E, TS, 9% E Al w2t
gepd 4= QoHL ESE 4R AlE 2 FERPAE lactoferrm T O A fEel=rt
microglia €43, ARBIAEHA 9 BDNF & AAFFY A=) %S & 7FsAdol AXE AUt
T8y o]2fgt Ak F2 AWIAE] AT, AT A3 F Uehdes AR 5417384 &
|17 E= A ST A4l WS- B9k 7FEAQ1 ZRERIA= of] eleA] i1, 2], wht
A AT} =3 19] CDSO tigt lactoferrin®] AME =9J8 Wloj= SUH X7 avz FHs)
715k A 2%, ket 9wz Aga) [ AtollA AAE A AHES TRsdol A
St 3H A2 AAISks Aol HAoHH1,4-6,9]. kB EEOA ASIAEH AL} uhy AlFEZ0]
QIA7|5 Aol 8 He7|Hor 283k AS 1Efoly, lactoferrin®] 2 2%, A ¢
AR 752 JYHer Faqt At thide] 2 & UTH3-5,7,10-131.

5. @-Lactalbumin

e-Lactalbumin AT =8 A& F Sholw, Faop| Al HiAo R =2 39
tryptophan Al&sk= A9 wiZoltH],2]. Tryptophan< serotonin T4 HLA|0]1L
serotonine tHA| melatonin &4 A2e} AZAEERZ 7|8 AEHA HRS $H-Z] 24 9 g
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A7 st AAHETH2] ARRE ties 3 g8 Avold= e-lactalbumin 437 8%
tryptophan®} T2 large neutral amino acids®] Hl&-& =] Y9 serotonin °-& 75430l
GFS = ¢ Y= Aoz BRuELH2l. ESF e-lactalbumin AF & AEFHA AZoA 7B}
cortisol ¥Fgo] NAEAY, the go] Foj=int 2ot s At 237t ot b IoH5)
AXF AN E e-lactalbumin®] FH3F 4]0]7} serotonin T AL 29t T P& L +H
o JFS £ 7IsA0] AAEAH2). WEkA e-lactalbumine tryptophan-serotonin A2E &
o P& A, L AR5 IHH o E AT 7hsAdo] QTHBE). By i dolu gl
oA e-lactalbumin H97} ¥ serotonin ¥4 F= CDS T ZARS A7 /AgcH= &
opz] fxst g, HhesEo] H8sl7] oA S8 tA B4, AA ol € A e A
Sl= A7t WRsktH2,4-6,9].

o rlr

6. Bioactive peptides
S DAl opdd As) 84 ViR ke e IR YoIA HFEt bioactive
peptidesE W& 4= UHH1,2,7]. ol Hep|Ex of|icAt A Q3 EAbgol wt iksl, I+t
ACE(angiotensin-converting-enzyme) 94|, &g%5 9 WA &S veRd £ AH1,2,71.
AR FAE F Hepo|Em AR Y FEARNA ABAEH A} AF T AEE A7 AY
ARAG T HR0] FFS = 228 HAElon, olF B AFARL 7152 24T 7164
o]

o] AANE 1 YrH2,7]. & 8 proline-rich polypeptide B2 colostrininS Y& HA2|F

A7olA shg 2 719 B FEARA FF= & ACE HiEHgIoH, Aol ADE o=
gt 27] PR 9 v o2l TPy A rade SEsPldle A et 247
Aot et HEto|=0] i@ 401 A, Srg, € 7] 3 24 23 =24
oeh gebd 4 glom, Al YoM ERld @Ado] A W QA7 AMeR 2 olofxle

22 ofH1,2). metA HEEE 715 A% S fsihe 24 HEel=e] £ 5%, &9
T AAR1EE, A FoiF, B2 24 =24 B AR S ASSloF H1,3-5,9].

7. Milk oligosaccharides

Milk oligosaccharides® %5 AshaAo] o] ¢As] Eaf=A] E11 o] THsto] EX
S gEe] o182 4 Sl B ©rgkEoltH1]. Milk oligosaccharides= 7L #3224 EAJ0
Ao BES] tialsol wet D5 Bifidobacteriunme B153t £ saccharolytic bacteria®] A1)
2 olgat g AYT & ok EFF IR SIS HEA Y A AuAHE F2RS Wefetar
7 et HIurg-S 248 7RsAdo] QUtH1,16). Milk oligosaccharides T+ e Taujo] Qg
AEO] nPE HEE acetateS I SCFAs} 7| n]BE thAbbEe] A FAJol JFS &
4= qlom, olzet Hgk= A e, Mt Wy ¢ A Y 7159 Ay #E 7hs/dol ok
[1,16]. o] HAE dto= gt Y AP o4 human milk oligosaccharides®] €937} Zuiu]
AE 97} et HARks9] Bigte} AvE|glon, B ramdolA AAtY] A&7t vt Bl
EQItH16). ¥t Ao A% fructooligosaccharides?t 22 Zejulo| Q¥ ABo] B MlFEy}
BARE] S £ 4 ke AF BaEQloy, o]2fgt AXE milk oligosaccharides?] &3}
9l ZUsHA 7H5S = QIoH16]. AUnBET} 1 dAREES HeA|, u|FAg 9 $3AS E3)
SEAAY FeAES 4 282, milk oligosaccharides”t A-H5S &3l A3 95T A
7150l THHoR JFe £ 7ksAdol AAETH6,16,18]. 12y wrefATt vk HollA milk
oligosaccharides”} SCFA /3 S7HA1711, olF &3l CDSE agstAY At 23221
W TAE oFd FE51tH4-6,9,16,18]. wEbA 5 Aol W} BHRe] $E Au]Ay
& £4, milk oligosaccharides®] 2} Foi&F, A& HAMKEE, SCFAY 5 ¢ A& ¢
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Y B7HE WA Edste A7 dIAIEe] BR9TH4-6,9,16,18]. 3] HUln|dE sk,
SCFA A7, 4 dat @+ 9] 715, A 9T R A7Is 7oz ofofAe XA F=7t
= HiEsEolM A& or HIH A2 ofER, o2t 71312 S A} ozt A
o] 7 2L vigeR Ak FAY 8RR siAske Zlo] AHsith4,5,8-13].

FH=SE S /RAE 7 YelFd=Ee| XIS M 71H

A7 FAIE f A2 AR A7 FUnESY 24 #gk SCFAs A4 571 2
AHAT 282 AA i BHEEES] U715 o= olojAl= dfY 7He gAY Y H
oA A AFT Aot oF] FEoA| Ytk wEA] A TAE AYY A A E B 5=
oA 4 A+ AIE v R AXNE 7HE dIdE Fohs 0= Fj4ske Ao]
st o= 791, S (gut-brain axiske WZZ 2 AnE 24, SCFAsS] Al
7AES it 9 ARG A3t gk At ke AAE A Y2 dEo] kY RHEEEY
IA75 7412 CDSY| Yt #Eof 7|00 7hsd= AR ol2fet 7hs g Hot HEs|
85| HeliMe AT =HHE e E o F 5old 71d Avtet A dE A
(randomized controlled trials, RCTs)S] &&o| HQ3}ch.

1. &-H=0| 7Y

2 Al7ATsta} ojoFst Hofofl A= microbiota-gut-brain axis’t AA7|%5, B%5 U AAE
/3 Aol W} ZIg¥o] ool Fa3F A=A VEQAE QIAHI tH2,16]. -5
e BE, A Ao GAEA, WA, WEEA 2 SFAEAT deA-Eske SR Asdd
AAR HoJHH2,16]. A} | Alo]Q] AlS= w|FAIES RS AEHE, cytokineset HIAIE,
22, uE AMEE 9 neurotransmitterset 71 AFEES ol AEECH2, 16, AR
=< serotonin, dopamine, y-aminobutyric acid ¥ glutamate®} ¥HH AFZR| JFS
03 4= qlom, ofgl Hak= 1Y, AEA BRG, Blsy, 719 9 AISE FEat A 5= QloH2l.
Y2 SAHA T A3 A IR A WEEA], YA 2 enterochromaffin cell& Bdf & &
5 AN HH), B 2 A S HE I 5= Q2]

THbA S oA X =25t 8ok dRF A=) ofe), A X7t A& o ® ol
St= TR AACITH2]. AlgelM= AUndE Extdo] ERF &, Parkinson's disease 2
Alzheimer's diseaseS ZgRt ofg] AHFA AHERY] Aot Afd A= HauEy Qri2].

A7 g HoME An s Hs PgAst oAbl edol 9 AR A Egat
AR A7 S QITH2,16]. koto] e AujeEe] 9 tiAlse] ek 4
o, AR Ao nE T A A 715 Wit HaEal Qlok o] =gt Haks
Asg I3 ATE 7ksAdol AXEIL eH2,16]. I3y =HEEOlA Bifidobacterium}
Lactobacillus7t B2 7WA0llA GBEA Aattha sk |= oL, §, Al B8, o=
AMg E A7 e o] wet #sk o] ek 4= Qlth2,16]. AUrE B2 A A tight
junctions £/JA1712L & T3S S7HA lipopolysaccharide?t 22 v|l8E 2 A& A
Al =53 F7HIE 4= SlTH6,16,18]. ol2Rt Hdk= A4l A5 SA78A9] HYRkgel
0] microglia 4, ARIAE A 9 AYA 71 5400E X 7sdo] UtH2-5,8-13]. CDSell
A= AB 33 ARl nlEZE o} 7|50 E A AFe] TAEA|TE U dysbiosis7h BHY
A3 W HO] CDSE A fdeiths A= oFd SHER] eoltth2-5,8-13,17]. wehA] &
Yo HE Hsk= CDSY 7hs3t 2EJA; T 19 HRQIAR ofsfshk= Zo] @A) &A %o
FekRie2,3,171.

0 ox o2
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2. SAS HLoE =™

AR st 4 J 715E 28T 4 e milk oligosaccharides, glyco-
macropeptide, lactoferrin, MFGM, H3:5 n3E 4 o= Rl tikiiEe] 234 4= 3ItH1,6,7,14
-16,18]. Milk oligosaccharides® &5+ A8la40] oJsf| 5| Hall=lz] Ll ol Este] UF-
AYuiiEe] Az oz olfe 4= QtH1]. Eo] YT Bifidobacteriume milk oligosaccharidesE
ol g3 4= Sl AARt S ERSL Qlof, S Z2|ago] oig e el o8t S
A 4 = Ao BuE QrH1] IHY 2E milk oligosaccharides?t Bifidobacterium®t
Lactobacillusg U5 771 2 ofvm, 11 8= Z2|139] 22} ndE & 9 5
e} gepric1].

A M RE it o = 3F Ao 4= fructooligosaccharides®} 2= H]ASH] BkpolE
o] B mEI} YRR 442 WA o= Sle ZA2= HAEQITH16]. WredodA=
FOS H%o] Bifidobacterium® 7S 74171 A737F 9o, 119folofA= FOS2} pectin®©]
LactobacillusE 77111 A5 A BHUA Al FAAX 227 HaE T 16]. ot o
3t FOS A+ 2= bovine milk oligosaccharides®] a9} FU3t A 0= sXs)A= QF Hot
[1,16]. Glycomacropeptide= x-casein®] 4% BafolA A== glycosylated peptideZ,
HYA 52 AL A 4 248 59 gl A=A ItH1l. Lactoferrin B A6t
of YR Hed wABEo] o] & 4= e Y 7RIS AL, HBE AlEe 9 &5 HAA Y}
A5 22510 2 FFAL-2 JEPATH], 16). Lactoferrin & Ak 7)1t Auk W SRARAY 8.7
of 719{& 7hs7do] o, 11 BI¥k= lactoferrin®] A 2oHe, 401 Ak, &5 E 552 AHol
ot Z2H 4= QoH1]. MFGMO] 23+ glycoproteins®t glycolipidss HaAS] & AJw] B2k
Hrefiotar A et A 7]s3 Wkl 9% & 7ol Qe AoE HurE lri14,15].
MFGM3} prebiotic blendE o7 353% AAF AfolM= 27 AEH A0 s ==
microbiota-gut-brain axis F8P} ¥ &3k AoZ HUEJTHI7TI.

T o2 AAF Aol MEGM EFo] An|dE 247 Soje] Adg 9 x)7]5l
IS £ A0Z HuEQtH10). Ty =A%} kg Hof|A MFGMe] FHiu] A& tFdS 0]
1 71 23} CDSE 7WAgch= 214 4 SA= oFd B551H2,4,5,9,17]. S8R AMSE
FF Ax270] W} probiotics, HIZA YR, AlEH &, f714F 2 bioactive peptidesE
AT 5= ATH6,16,18]. wHpA] fAIEC] uimdEo] A= 9 54 T BRET 221
g, e, SR 9 gadkEo] B os 289t A 7ks4do] SltH1,6,14-16,18].

3. Short—chain fatty acids2| ¢j&t

FUHIEL BE 7R3 HshETt &8]11gS o]-8519] acetate, propionate ¥ butyrate®}
7ES SCFASE A3/331H6,16,18]. Acetates TZENOIA H|WH 52 e HEEH, propionate
= F2 7t tjA] o851, butyrates= colonocyte?] F8 oUAP o2 ARSETH16]. SCFAs=
% A ofl|A] FFE ofdEt R A S5, A A9 WY ¥ tight junction FA/0]
Toq3tcH6,16,18]. £3] butyrate= colonocyte?] LA Yoz 2k&a1l 2} Atn| A} 2 21
9] &AS X QA3HH6,16,18]. SCFAs= G-protein-coupled receptorE &4J3F6FAY histone
deacetylase /32 AAITFOEN HAM e} AA T 4R @S 28 & Sl

Butyrate® acetateS EZH UF- SCFAs= BHERS B3l SFAA N 1H4 E= A4
02 G A 7ksdo] AXE AL o, o]2fdt Bik= SCFAS] &5, s % Ao w}
Zol7k 9k& 4= k. 12y “butyrate”’t Bk AHZ FEG SEE 5I510] microgliag &
A AR = 382 Foig, Agd 5k 9 s wet GeEE AESHA 7]es]of gtk
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SCFAsE #F A& 7,

e 828 F

ol

o
0.
3

Slotrl A4l A5 R AR, HIME 9 AB WA E AoE He}
AEZ0 9FS & 7FsAdo] JHH2,6,10,11,16,18]. Butyrate”} TNF-e,
IL-18 9 IL-69} 22 934 cytokines?] &S ZAAZ 4 ok AIAT 2A7F EA5HAL,
I 33t =AY PR HoAE FUSHA UEiU=AlE oF] SRIER] 9RtTH6, 18], EF
butyrate®] histone deacetylase GJAZ-&-2 BDNF ¥&d¥} synaptic plasticityd] %S &
U= AR 7o R A=A glon, offgt ik F2 AU Aol SAsH ki vhE
2001419 A1 A2 oFF] FEoltt. wihA SCFAse =d Whefs=9] T A5t J1A715
Astg 248 71s/0] o= TSR AAfSkE, 2841 CDS A =83 = 37t 50| Zasith
A 7]&she Ao Adsith2,4,5,8-13,17,18].

ol
2
olN

0
2

i rlo

4. Postbioticse} 2IXI7|s

Postbioticsi= 20219 =4 $2jof] e} S5oflA] 4734 o8-S Algshe vigd nds 2 1
T e 2olole AAIR gofEtH18]. wEhA postbioticsE Tsed] “HlAEC] A/t BE thAt
ARSI FYoHA Aok A2 B ] oot ] YX|5HA] =tH18]. Postbiotic AAel
= A o= vt nE AE, Alzd A2 9 45 ndE {f E2o] x3E £ ot
[16,18]. & 7|54 HEO=Z peptidoglycan, teichoic acid, lipoteichoic acid, 8-glucan,
mannan-oligosaccharides, bacteriocins, extracellular polysaccharides @ 57|14t 5°] =2
=31 QItH16,18]. Postbiotics= Aot Sl FIYEY] A28 AAT 87T §lof Azt A 5
QFY/de] =11, HEA St FEAIA nE A9 B YA W 54 g BRiE EE =
4 k= Zo] QItH18]. 18u BE postbiotic AlE9] QFAAl0] AE0 2 HAE = AL ofufn,
AME o, BIESE H, ZRAE, 8 2 AR E23T B7FEofof FTHI). Postbiotics= Y
3 BRES] &5 biofilm F4< dAlek e da2 A¥T 7Ks/0] AUTHIL. E3F tight
junction ¥ THEIZC] WS A A AL ST &S A|Ysto] A FH 715 ARt
= JeH18]. YE postbiotic AACIAE extracellular polysaccharides®} BIEHA] & AJHo] I1-1
B, IL-6 & TNF-eot 22 95 T AHE AL [L-109] HHIE S7H17Te 395 Bt 21
E|loL, olfat A= AR Fet AA|2] B/l wet Aot 9k 4= ITH18]. Postbiotics= /3
Ak AARL AR} WolAlAl 283 Bl AR AR WE 7154 UtH18]

v Ho\N= B1EASE Bifidobacterium animalis subsp. lactis %] & B4 A HQ
diamine oxidase®t LPSE AAA712L 4 9] /g2 ARl Ao HIUEQTH18). 4H
£ o= 3 A7 AFoAE postbioticd EHIE yogurt = sodium butyrate & &
TNF-a, IL-6 9 IL-159} 22 g5 32 X371 TAASHHcH18]. AA0AE Saccharomyces
cerevisiae fermentation product”} ¥% Bifidobacteriunre %7F47]11L Clostridium, phenol
4 indole =& A7l Ao BUEQICH2,18]. E3t vHA EHE 0|83t in virro HELE
oM HIEA AN B RS ZRE S3kEo] SCFA A% vdE tiide S7HIFTIL.
T8y o] ARz in vitro ATO|BE AA| @AM LRt AHEEE MR QIX7]E iAol
Rttt S 4= QITHOl. @A Sh AT v HolA postbiotics”t FE0lv CDSE A4 714
SI=AE WIS A= v Algk&o|tH18]. WA postbioticsE A A, G5 9 ASIAEHA
Z24Z B A-F0] AR JFE £ 5 e TH AR BUIE 5= oy, A7 A
BI= T BIAFS B9l HSEoloF gtH2,4,5,8-13,18].

i

0
Ol

5. SHIZ Q¥ MRIENSTN M-S0l 53 I
AT AT S SAE F2f AIRHEo] AX7)50] IS TR TS st
o 4414 ArHTHe ofe] Aust FAo] 48k B vEYAR oldsior BrH1,2,6,14-18].
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A7 B AFARE S, AAIE f AEEEERY dA7s A B ot
AEs Az27t AFsaRgels Bakol 7|0 o5 AHE 4= 9lom, ol Fig, 10] 7MdA E3ln
Y(hypothetical integrated model)Z A|AISIHL. Fig. 12 GAIE Rl A2lEA] o] nyE-
A-%&(microbiota—gut-brain axis)2 E3] = HEHEE9] QX A7 FFL vE 5 =
Ao A= 713 7 o= vEhd Aotk MFGM, $-7 <2119, SEHH, S9ImI=
Hepo|&, ey Hefols, 181 Haf ff ZRH[o|QEA 9 ZAEHO|QE A= Thfju|AY
= nBE AMREES 2k, A e A4 9 WY P AL A4l a5t Al AEE
2 93l FFABA P D A7 A0 Z]ofRto N AR QIA] wekE XY 7
o] Sl= ACE ARk o, o]zt 71HS F& AR, AR 9 HRE g & Ay AaE
o2 AAE Ao, =7 vhayt giHolA olF AF HET TA= oM AlgHAolr.
Ch, Fig. 10041 AAEE Aul S 24J9] wish SCFAs A4 <] Wsh, Fo-x] A9 A4
84, microglia 4 %4, BDNF 38 29 24 9 Qx7|5 §A& o]ojz 7FsXo] Q=
AAY 2 FA7HA| =7 Wre At v HoA dA&H o g HEE 71H2 ofUt4,5,8-13]. 7t
Al gk et SAE AR, AAT 2 Ot A Aol SAE AL /o, HhEEoA
= G5 7 7140 izt At Al o E Huklo] 9low, ol AHEE she] A&AQl BEst

o Dairy-Derived Bioactive Components Inn °"§‘c @
MFGM, milk aligasaccharides, lactoferrin, RN MEGH ot
alycomacrapeptide, bivactive peptides, “{J = o gﬂn:mmdu
and fermentation-dered QMDD W

probiotics/posthiatics =
= | Glycnmnnpclxdc Bioactive
Py

9 Modulation of the Gut Microbiota

= Growth of beneficlal and saccharolytic
bacteria

« Inhibition of adhasi

9 Altered Microbial Metabolites
« Production of short-chai fatly acids
(SCFia), incucing acetate, propionate.

= Modulation of newsctransmitterrelated | () Butyrate

Maintenance of Intestinal Barrier
Integrity and Mucossl Immunity
+ Enargyfor calonncytes

* Tight junction intsggity

 Rodkicod imtastinal parmaakility and

systemic lipepolysaccharide (LPS] /@
tremslocaticn
i < Tight durctian i Mﬂ Fnmune

= Maintenance of mucossl immune [,,m,q, ity p Nimad h,m., ,m,s Respenzes ard

responzas and Igh praduction Teu s Prluetion
Anenuation of Systemic Inflammation <, %f‘ S P
and Oxidative Stress £l a‘ir s —

TiRe  Seciced Proinfammsey  Amisida Defenss
om Prockey e on Homaostasi 1

immne homeostasis

Improved Central Nervous System
Hommuas
« Blood-brain barrier [B8E) integrity

 Newonal membran inegrity,
myslinaticn, ard synaptic function

Meurcnsd Membrane Inte g,
Woyliation, el Syraplis Furstion

Enhanced Neuroplasticity -*
and Cogritive Function Nb
= BDNF axprussion k_/\J —-. ﬂr--m' ( m..‘.,

* CREB activation )‘JDGIK/ \J \U)_' 7.-7

Hehavionl
Sabilty

Sr»mnhs\»un
- Learinga
+ Behwiora

Fig. 1. Proposed mechanisms by which dairy-derived bioactive components modulate the microbiota—
gut-brain axis to support cognitive health in aging companion animals. Proposed mechanism based
on current evidence; not all mechanistic steps have been validated in aging dogs or cats. BBB,
blood-brain barrier; BDNF, brain-derived neurotrophic factor; CREB, cAMP response element-binding
protein; GMP, glycomacropeptide; IgA, immunoglobulin A; LPS, lipopolysaccharide; MFGM, milk fat
globule membrane; SCFAs, short-chain fatty acids; TLR4, toll-like receptor 4.
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A IO YFT A= ofF] BESiet webA 2 =204 AXEE Fig. 19] AR SR A&
71 Qulske Aol ofdzl, AAIAL A+ AAE FHst] ARkt 7 SEd
(hypothetical integrated model) = AIFE 2871 (proposed mechanism)22 3j|4sk=
Aol efgoltt. FF ko wiefAzt veuE o o T (longitudinal) It 71573 FA
£ 95E o83t A H(intervention studies)s &l ZF TAQ] QAR =5k AAgol
H5E 287t Sl
6. RAE R doEysSze e A2 kS I
AuES FAE fH SRS A At AA AHES QAT 5 Q= F83 B3R ot
(2,4,5,8-13,17]. MFGM, lactoferrin, e-lactalbumin, milk oligosaccharides ¥ bioactive
peptides= A= t2 A4S YEMATE, A Holld= Aun s, & dd, WA, tiiH
4 AFAR}L FAof ATakast 7RsAdo] QlTH1,2,6,7,14-18). MEGME A174AIZe), 2 E Al
2 71sa IE SAAEE TE 7hsAdol 9lom, A At Ay el g3k = 71s4gol
QtH4,5,8,14,15,17]. Milk oligosaccharides= Y5 Aju|Eo] Az 07 o8 &|o] 2y ¥
29 vE AR A Fol I3 £ & Ao, lactoferrin Pt E HYRH 28-S
ol A el WY A fAloll 71042 7Fsdo] QI e-Lactalbumin tryptophan 3+
7} serotonin A HAFAE] FFE & 77301 A2, ol B3l 9 P& 2H 7HHZ o
2 71998 &= It Bioactive peptides= 43} 9 FAF S UERE 71s/0] 9lom, A17A|
2 715 A P8 H0 2 7]ofd 4= QItH1, 7). &R Rl probiotics®} postbioticse AHHIAS
& A4 9 dgRkgS 2ok B AR 284 71s7d0] tH2,6,16,18]. o] R =
AEHAARI 7152 7H o] RS R EAAZE ohgRt HeEide 7140 Aol 28
7Fs/do] Qlou, olgfgt AIE YSol] YoM T AR vlw 9 A7 QPaAdS 3k
Z7HR1 4 Aol Z8sitt 1=U B3Rl HE RS aE s ofEa, 4
232, 274 &5, 401 A 2 AE 7 EES SAPH AT & Sk wEbA] B3Rt 7]
FAEC] 9 AJEET T Bldoitt 1 S| Eots, SRAAIZE RS ol A gt
A8 9 59 AgE9] BluAdo] Zashal AEA= Ao] -t FF Aolie kTt
HHE o2 B2 MFGM milk oligosaccharides, lactoferrin ¥ postbiotics?] @5
B3} gL H|wefof sitt T3 YAMAEol= DISHAA B= ASH CDS A&, A4 QXA
1 microbiome ¥ metabolome, SCFAs, & £ A HE, HS4 cytokines, ABFAEH A A]
2 9 41734 biomarkerg &7 ZgsfoF g1t}2,3,6,17]. o]2dt hEA R A2 FAIE 730 A8
e Ho] F-H5S B9l AAE HEEEY AA7Is0l YE FAE 8tk Hl a5
[4,5,8-13].

-

7I=A

oL
P
St

H 1S ox AL

o

¢

et DA0I0M RAIE Rl dalrdESRe 2XPIS i &3t

A =P - e HO A7 5E WIo= 3 Y A= F7IokaL QIAIRE GAIE] o
FE2 MCT, 2713 A4l AR 9 53 7154 Abeol FFEol ok ¥ MFGM,
lactoferrin, e-lactalbumin ¥ milk oligosaccharidesE ©=0 2 H7}5t HIESE YAATEL
o9 AlgHAolct. wbA & oAl BhEEolA A SRIE 2A AR AT AolA it
| A 713 2l 71eskes 2ol st

1. C3An SEE0AM| JUsty Gt
A2 Ae] ADS} s ehe A E et RAMdE UER7] thEe] o A7) At
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9} YA FAIE ok AALA FELDR SEHT IrH2,4-6,8,10,11]. Yol A I
2k X 95 9 ABANE AT 22 Ldb] #H3E UEARE 1elE e R 3 IRV |S
A A7 Aol vis) FA3] F=351H2,6,9,12,13]. HZE A EATENAE 200245 H
202397HA) HHEE g d- EHE o VAR 308 BA5k9 e, o] 7k 278 T, 2¥
2 IPolE R oI YmHA 1HS F FZ EFIGIHHl 2H71-3 AHRAE MCT,
S-adenosylmethionine, homotaurine, apoaequorin @ 4& &3} 7154 &]o|7} Q1A]7|%50]
38A FF= HEhd 7Fs/dol HaEIeHel. T=Y AU AR 58] ke HE
TollA LR gorom, ARS8 Al 7I7E e EY A7 9 QX Bt Hol| wet
A7t gepetol. 3] MCT+= wedlof] weh hasks Ho] e o83 HAdt 4 9= ketone
body?] AAI= ARFxElo] grow, UK ¥k QIAIRoNA vlwa] e 1A T A|3#2] 7R
o] BUE|QITH6]. F A9 AH 0] w2 v PIAAANAE A=l & 5.5%6.5%2] MCT
£ 90Y B ZAFHE o AR QJARIA =30 AAHE AeE HrlEITHO].
FARH, RlEZEol HXRIAL, QU713 AWt 9 7|8t 7|54 A T et

© Y7 AolA St 719 T AE JfA 7Rs/dol EArE|QITHe). sHAIRE B Wi
g Ao E520] avE delsPrls ofFuhe]. ES A YAAES R 7 A iRt
U Al A E28} Aozt gAY, AE AR BA}E B Aol dA5HA] %= 97t qlod
A3} o] 297} E QsitH6). ER7IA] MFGM, lactoferrin T+ e-lactalbuming =740
CDS oA @508 Fojsto] QX753 B/t SR8t A== FRIEA] =tH6,17]. ot
ZHA o5 AR el A2 Wil B0l Bt SR AP R, A AAATE A
2 TS5 H30] et 754 STHELR Bl Aol d-sitH1,6,14,15,171.

° X

)

2. MFGM(milk fat globule membrane)2| ZZHX QIX|7|5 WM &1}

MFGMZ FARE el BH2EE4 5 A3} =islo] 7P oA dtsle &4 5 shol
tH14,15,17]. MEGMZ phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine,
sphingomyelin@} 22 2/4JZA3} gangliosides, cholesterol ¥ T3t glycoproteinsE $H7-3tch
[1,14,15,17]. o5 A8 AAEe}, & 9 AJFARRS: oAU ot e AlSddo] dojsias
A 9 QA7 s B AESH eHdE 2= AR ofAXIH14,15,171.

FROIE 2 o PF A HolA = MEGMO] 7Fe RAIES AF F A8 Y E= &4
ARGl FAA A7t B = iH14,15,17]. MEGM} lactoferring &7 233t ZAI L
£ Foplol AF3t obsZ AT dAolliE 5.54] AL Xsat Al Rt i IR
oAl 7ol Bars|irH14]. T2yt o2t Ate 471 FfetE dHdeE 1912m, MFGM o]
lactoferrin, LC-PUFA(long-chain polyunsaturated fatty acids), prebiotics & 7]€} F%4
7} S AE A7t ol MEGMRH] a3tE sjAstr] ofgth14,17]. =9k o= 3 MFGM
9 milk polar lipid YAT= ot AtEet Ao, A+ i, AA 24, &5 9 B7PRo]
o|dZolojA 7|} A7)zl thet T3t A=A SEER]= eoktH14,15,17).

5} AA R0+ milk polar lipids7t af7+e] insulin resistance ¥ synaptic signaling&
MASHAY, 47 AXF AolA= MFGM Fof $ sfnf Z|oto]ge] AAFA|Z 4= F7Het AlgA
B3 T o dd o] Wslr HaE|QieH17]. o] gt A= MFGMo] AlgA|=et 4173, =23}
AFA 715 9 AFES B AR 9FE € 7Me8e ERETHI0,11,14,15,17]. %t
MFGMe| =39] AZAZe 58 A3 SFAIAY ABAT 583 S7HIRItH= 44
7+ o4 gith Phosphatidylserine Q1A715 A E3AZ A= o] $EANE MFGM W &
Fat AR A3l =AY X 750 SRS FF= A=Al EeY &5k L RSt
o} w2 MFGM2 34483 AW A 13T o vidde ARG AAEA =2 A+
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A 2N A SAolA T 830l 9R” E= g 45 952 W) ofd
t}6,14,15,17]. o= S MEGM AAIS AR8sto] CDS S diifo =z F219]-ol5
A-99F iz Al 3T a7t QlH4,5,9].

3. Lactoferrin?| &I{X MZAES Sut
Lactoferring -89} 230] ZA5k= oF 80 kDa9] & A%t glycoprotein® &, A A, &
o] 9 Hupd o] 2-of ofgtH1]. Lactoferrin® B Zsto 24 A 24 HAA o A%
< Algtet, ABRMIERSo] o842 4= = RS A ABAEHAE 28T 7Hs40]
ATH1]. T3 AIE E HA]7 AFAE lactoferrin®] FEAT, AFA|E A= 9 A4y B
A2 JFE vd 71540 HuEACHI]. Lactoferrin® 84 v/l 2871 4S 53t -]
8 B} 71s/30] AAE TE TR dtE|1 glov, A 433t bovine lactoferrin®] A3}
7] g2 JHE W5 R Ho Zetlks B SEEA BRI wEhA “lactoferrin®] EH
-¥] AHE 55 microglias JARIY = B2 ot o] Hslol= Zlo] FHsitt.
Lactoferrin AY/FAFollA -] Aelo] =84 w7l 4t AFES 715730l A=A
W, AT A3 T diEEolA oleet Bat A1 SRlE A2 o tHl]. MdATolA= AdkAs
EfAct A3 2 AFJY B AR ¥ vE 7ksAdol EuEQIH1]. Lactoferrint
BDNF ¥ AHJY 20 FFs & 7T 47 AU A= Aot 555,
lactoferrin® 7|9, Tl =0}t -850l whet A7t Gebd 4= Qlrt AR A EGA AgoA
lactoferrin®] ¥3} T= BZ AL A= QLo AERIAONY ADe] theh Xz avlrt &
9 e otk
gk A7} SR HOA lactoferring Fofot] CDS, 234 7] 3HA| E+= DISHAA 3%
AHARI QA EL vl AgkdoltH1,4-6,9]. WA lactoferrine FAISHFAS HARH
] A

S5 7oz 3t AFES SH Az gretE, e HEtEElM Y] a8, VIR A
S AA JIXEHE SR T

4. g-Lactalbuminzt MAMEEH

e-Lactalbuming 4 & Ao 9 HE 2= sfuoln, AlE thE = tryptophan
slro] =8 kg a4 QUtH1,7]. Tryptophang serotonin® AEAo]H, serotonine
melatonin FYFEY} AZE/] 7|E, AEHA ¥R Y FH-ZM] REo] fofdddTl. e
-Lactalbumin A¥= 8% tryptophan® ™Z large neutral amino acids®] HES &
tryptophan?] =] 393} serotonin & tiAle] YIS & 7Fsdo] UHT). AFHE tdo= &
ol 5% e-lactalbumin B3 F @4 tryptophan O&E, AEA AZA 9 71E,
o ZM 9 AR IRIAZ} A" At BarEQIeHT.
A2 ME g-lactalbumin®] ZH3F Alo]7} ¥ serotonin £H]|2+ EOF FL 4 9 3= 3

AR FFE & 740l HUEHACHTL. T AR B 7ol ARSH e-lactalbumin®
G2 At ROl AAFoR HHT 4 U= FEG XN wWokeH, 7|54 83E 7dskd
FobE JrskeF AA7F 283 4= QloHT). k=79 CDSOA = H-2/357] Hale} EQto] 8
Jo*oﬂ ESHE B R g-lactalbumin®| tryptophan-serotonin AZ% &3 7HE&4 02 7|of& 7}
Jo] ATH4-7]. thit 27 = BH A9 tryptophan T YA oA &3 Q1%]7]%5 74
| ERIERE AUTHE]. Tryptophane serotonini ofujzh kynurenme pathwayS =3
neuroprotective T neurotoxic JAKIER gkE 4= 9lom g thed] HFERS Sl Ao
P QAA7E MO R o]ojA|= AL o tH6]. WEkA] e-lactalbumine tryptophan 33

FSE

i

o[N

°Lr

[¢]
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o 43 AEEA D serotonin e A2E 2T 7540] 9out, A wme] CDS
AAQ) B5S obd AZEA ik sH Aol B BTG 7).

5. Milk oligosaccharides®t X-i|=

Milk oligosaccharides= <5=9] 4x8ka4of 2Jsf 5] Fsi=A] g3 ol =dsto] E4
Uu|BE0] 7122 o]8d 4= Ql= B} elslEo|tH1]. £4 milk oligosaccharides:= 0]% 0]
83 5 Y= AAAAE 7H DB Bifidobacterium® A1 o] &3t e AU 5= JH1].
tht RE milk oligosaccharides”} Bifidobacterium® Lactobacilluss ‘5481 Z7H71= A
< o™, a¥E ST PR} S50 JUnPE g0l met geiin) umiEoe] ST

S a3l acetate, propionate @ butyrateZ £33 SCFAS E315t tlo)sl n|RBE gARKIES]
g ol Y £ 5= UtH1,2,16,18]. )23k nlYE thrpibE A A, deRks 9 Ak

o] AgAd] JFFS & 7FsAdo] AUrH2,16,18]. v AuE thefAdo] Eofx= A AAI7}
T AT e AlsiAle 2o, B 7154 e dikEES] #abt o 83t Bk
Ao] & 4= Qlek. Wi AT v Ho A% FOS, GOS Y 7]el LejHjo] €l A7} B u]AE3} SCFA
o Y = 5 Slvke ATt A, o]#dt ZE milk oligosaccharides®] Q14715 &}
SUAIAE QF HH2,16]. EA @A = =@ HOA milk oligosaccharidesE ookl A
nYE, SCFASE QU5 BAlol B7IeE A&l AT F5510H4,5,91. w2bA milk
oligosaccharides= %% 28& B9 QAAATE AL 71540] Q= TH AAo]x|qt, 4
IR o84, e E A7IRE anE HSdHok gith

6. Bioactive peptides®| XIXHX Fu}

2009] caseint} whey protein A8}gA, HGuPE EE= 71340 LS E5) thst
bioactive peptidesg W& 4= UtH1,7]. oI5 HWEO|E F dF= AIET 9 HAdATolA
AL &5 2 ACE 94 E4do] BEaxo] qlom, ot = HIRd &4 UelltHl, 7L
Z7o)A FEEt proline-rich polypeptide B3| colostrinin A2572] dlsy 9 7] A
PeA ;| FFE & AR BT, Al ADE LR 3 27| AR E A= IeHTL.
134 bioactive peptideste 9T 48} oA, §54&, F5 7] 2 -y g T
et A W a3t 34 9 4 Qo) B3 £ HEolto] AT W HARkso] P
AZAIZ 251 CDS 7R e =E 2 ofojxittal & 4= it wEhA RisE 282 HeiM=
Hepol& Mg} E4o] #E8} 40F F AAol&E 9 AA| JARAFE BIE A HSHoF T

2 7154 FARE 5 BYEdEES A-HS(gutbrain axis), ARKANERIA A AAHAS
24 9 ABAIE B350t IR beoktt 718 B9l A7 s 7ol 71998 4= Qe TE AR R
w7 9JtH4,5,8-13). Tk o3t 7|3 iR AU A5 7IRo =2 AREE Aog HielEE 53]
L7} 1] CDSOl thet 213291 A= o] F4okA] %tH4,5,9]. Table 10141= =8 §4
E 9 AEEEE A7 TR F871HT R EE0IMY A £ vl st

ARk ZE7AS FE AR, AR AE 2 78 M Aol Z2E Ik B ATt =7
HO| CDSell thgt A&l ddasE oF =R otTH1,2,6,14-18].

Fig. 2= fA1E 3 Aei2dEdo] 2841 YUty 283} FUu¥E-S(microbiota
—gut-brain axis WWAR =¥ BHEES] IA715 |A 7]ofd &= Sl AAE 718 7idE e
2 AAJSE Aotk MFGM, lactoferrin, e-lactalbumin, milk oligosaccharides, A32/&4 HElo]
Tt 9 98F 78 probiotics/postbioticsi= A 2wt} nlBE Al 24ste] SCFAs?t
716} 1= AR A ol ¥F2 € & oo, A gy} Ju WS fARReER 4l
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Table 1. Proposed cognitive mechanisms of dairy-derived bioactive components and current level of evidence in companion animals

Bioactive component  Primary biological functions Proposed mechanisms related to Direct evidence in dogs Research &
cognitive function and cats development potential
Milk fat globule Supplies polar lipids and May support neuronal membrane Very limited High
membrane (MFGM) membrane proteins; structure and synaptic function,
supports gut barrier regulation of neuronal signaling, and
and immune function attenuation of neuroinflammation
Lactoferrin Iron binding, antimicrobial, May reduce oxidative stress and Very limited Moderate to high

antioxidant, and
immunomodulatory activities

neuroinflammation; may support
neurotrophic signaling pathways

a-Lactalbumin

Source of tryptophan
and cysteine

May support serotonin-related
pathways through increased
tryptophan availability; may improve
sleep and stress regulation

No direct studies with Moderate
a-lactalbumin; indirect
evidence from tryptophan

supplementation

Milk oligosaccharides

May selectively support

beneficial gut microbiota; supports

intestinal barrier function

Modulates the microbiota—gut-brain
axis through microbial metabolites

No direct evidence for
cognitive function

Moderate to high

Bioactive peptides

Antioxidant, anti-inflammatory,
and immunomodulatory activities

May reduce oxidative stress and
inflammatory signaling; potential
neuroprotective effects

Very limited Moderate

Fermentation-derived
postbiotics

Regulates intestinal barrier

integrity, immune responses,

and gut microbiota

Indirect neuroprotection through

Evidence available for gut

Moderate to high

reduction of systemic inflammation health, but cognitive studies

and oxidative stress

remain insufficient

Research and development potential (high, moderate, or low) was qualitatively assessed based on the availability and consistency of published evidence,
biological plausibility, ingredient standardization, product applicability, and species-specific validation. These ratings indicate relative research and
product-development potential and should not be interpreted as levels of evidence for clinical efficacy or as confirmation of efficacy in dogs or cats.

Dairy-derived bioactive components

MFGM | Lactoferrin | a-Lactalbumin
Milk oligosaccharides | Bioactive peptides

Fermented dairy-derived probiotics/postbiotics

@‘?ﬂ
fo

Gut microbial and
metabolic modulation

i
i
*

Direct nutritional
pathways
Selective microbial utilizstion
+ Pathegen-adhesion inhibition

+ Microbial metabalite praduction

- Polar lipid supply
+ Tryptophan availability

SCFAs and other
microbial metabolites

mucosal immunity

+

Reduced systemic

i
|
1
i
|
1
i
|
Intestinal barrier and 1
|
|
1
i
1
mﬂammatofy signaling !

1

O

CNS homeostasis support

+ Neursinflamimatory regulation

+ Onidative-stress modulation

+ Neuranal membrane and myelin suppart

+
_& Synaptic function and

plasnmy support

+
Healthy cognitive aging in dogs and cats h

Pnlentml preservation of learning,
memory, sleep, and behavior

+ Antioxidant/immune modulation

Fig. 2. Proposed direct and microbiota-mediated mechanisms through which dairy-derived bioactive components may support cognitive function
in aging dogs and cats. Solid arrows indicate mechanisms supported by current evidence, whereas dashed arrows represent proposed

pathways that have not yet been directly validated in companion animals.
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BT ARIAEHAS A3 7ksAdo] . ot ¥dke 54 AS A 1Al A8
4 AFA I =2 (myelin)2] P34 A0 THIAH SR 7]ofsh, 35202 AEA 7]
I} A7 Y (neuroplasticity)y= A1¥sto] B4, 7199, 9 9 F5 7159 A0l 344
FFE vE = JrH10,11]. ESH MFGMe] 2424, e-lactalbuming tryptophan, lactoferrin
9] PR HARA SJH 22 AR AR Fin| 8= Wl S3AR A I HEE
= S5AA 715 AL 7RsAdo] AR St A o= ofigt - 7P ARl 718
CPAT} 31| A7SE QIA] =SKhealthy cognitive aging)E &5k CDSY] 4 E= 215
Ao 7104 5= Q= B YUY ol2F 7HkS AlFeH4,5,8-13].

2 ofr o]N

|

o, M

7158 titisE /RAS JHY M ey S8

E Aol A= BH5-E nutraceuticals £OFE $A4102 FAIE A2l AEISAELY AA &8
7Fe/dE 1ESoH, A 4% s A 71548 9EY AlE A, 9 , :
P/ B7F E BA| A AR THH R tFQh olof et 2 Y82 BhEE HFE AR
AR TH= nutraceuticals A% 7iE3 SA1E fef FHEE49] 7led 8 9 483} A

2782 B3o] AL

F BT A2 7|12AR] QY T SHOE T AR APOIA A% /A, TH3ES e
4 A7 S BHE ke 7154 A8 nutraceuticals APGO=E S| QIoH2,60]. FEE
ES 71 Y0 E A48l pet humanization®] AR HoA7| BISE AE0] A& A%
37, A 9 sk A0 o w2 IS 2 ok= 8 ARRA 891og ZREsial Q2]
HoAE2 Tt 7|58 o2t @4 A4, 9= 24, A 19 A= 4 &3 e nE
TEst] AEE Adoks FEE HRATH2L ol2fgt ¥l wt w73 AMMAL prebiotics,
probiotics, A& 3&5&, A} AR A 7]El nutraceuticals”} FFEISE A1E0] ZQA FLE1
AcH2,6,16,18].

FHZ =Fof oJ5td, A IS5 nutraceutical AS 20234 9F 60 &7 FEE AASlAL
2035900l 1059 G215 23 7= AFcIlou, ol siF S40] 83t A ERAL A=
off ZATE Hgjo|Bng sfjAof o7} I Qsit}2]. ki WeEsEe] S0l et )IA71E, & A
7, Q975 W 4%, oF A% 9 dbE 80 R sk 7154 AlEell thet et A
A= F7FekL QItH2,6]. Ed] @At P Ho] CDSE T HeH7|-ET Af %4, tau BH,
AU, ABIAE A, AUA|HAL o E AFA|E 7| 5AsH T B o R HojstE g, ofe 7
£ Ao 2Esl= 7154 Aol Al B ool A7IE AL UrH4-6,8-13]. 7129] RS
W sE A MCT, Qu71-3 A4l AR, ved, AE 258 9 53 P4 ==
oJ&s| ol

HhH MFGM, lactoferrin, e-lactalbumin, milk oligosaccharides ¥ R-A1E 33 bioactive
peptidesi= AP AA/gAToIA Tt 715/30] AN EHA AME2L B s ds FEE &
A A 9IeH1,7,14,15,17). -5 e 4882 Tdat 21Fo] A 714] Qo et HAR
A A A A9, A A7 s TR S AT 7Rs30] Atk HollA ARl ApEAgES
7H & QItH1,14,15,17]. 18y BHESECNIAY] AHAR] A= ofA ARRMHol=g, dA
A

(R

tu

G B0l 9FE 7154 YEHTH YL 7 RS TR YRS BASH:
A3HeHA6,.

o]
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2. FHIE 718 7158 AxHe| MUK TIX]

1) MFGM(milk fat globule membrane)

AA7IA] A7 AR FE 2 71 MEGME 9= 7, A8 2 Alg €842 11
o o AIQJA 8 TIsAo] = Sst T AR HrECH],14,15,17). MFGML phospho-
lipids, sphingolipids, gangliosides, cholesterol, glycoproteins & ZeiA-S- I3ls= Eg}
TRO|TH1,14,15,17]. ol&Rt HAdE2 ARl 2 D AIEA I 752 A9 7Rs30]
o, AF A gAolli = A BT Q1A A A 3ol FAHRI Hspt BarE|QleH14,15,171.
MFGMe] @A 8 A4U4 &8& Hol= Ifok Ao, o= AFH7H], Ad /A3,
encapsulation material ¥ HEA|EZE & A7t Frfi=|al QUoH14]. MFGM2 HE ARojA
AY/d=l= buttermilk, F<=5-A] BAE 5 WA= butter serum ¥ |2 AR9] FARER] wheyollA]
348 4= QleH1,15]. E3| buttermilk® MFGM FH/34d40] B3] 551, cheese wheyol|=
ZEAREE MEGM @8 do] 23te]o] glo] MH77EA] Yge] J5HeE &8 4 tHIsl.

MFGM-rich powder= 99| £, 55, S99 ¥ spray drying= &3f A4k 4= glom,
microfiltration, ultrafiltration, diafiltration ¥ supercritical fluid extraction §°] 8 A&
71&2 AFET JrH1,14,15]. 3FAEE casein micelle®} MFGM fragment] 2717} SAFSHL,
2] IoA A&y} o] EAE 4= Qlof Ik MFGME AAIF SR BAksh= o] 7|«
ofgfZo] EARITHI]. @A MEGM= &4 glo] st Edjoke EEstd 9 342 SEA
ko, buttermilk T+ wheys ©]-83t microfiltration} diafiltration®] Zgo] H|w2] Alg
Aol vhHos grHATH1]. E3 12, 73t A, turbulence, W5 et B2 342 MFGM
TRE SGAZIAL A AR}, Tl B 2 Q1A EAE fEIS 4= QIS

webs] 9 EE AlFo] 48T wol= MFGMe] & g8 ohJet polar lipid 24, ©aid
HAE, A15F P4 E ot 7 #2438 HE|dfjof it

2) Lactoferrin

Lactoferrin> & 2%, g4t E HARE EAS 2= 17D /7 TdEA AE, 3§
AR, e, A73E2RAE 9 vhEsE AlEe] ofw] 851 QIeH1l. 2 AlE Hlole EA0fA
lactoferrin®] HIEEE Al 24 vl50] 20164 1.8%lA 20204 4.4%= 713t Ao Kl
o}, o= AF EA| tlofelo] 7]utet AgHA APgA|IEoItH1]. Lactoferring Fol
chromatographyS Z&3t o8] WrHo g Eejg 4= 9lom, o] 712 cation-exchange W4}
olu] ARz og k&7 QItH1]. 12U lactoferrinS YA} Askas 9 71o)| o5 &H4o]
Aok & leB g, 8/ FH, microencapsulation F= WA TR EUAE o83t Ko7
£0] 9T 4= Q1] AdH o 2= 15t Yurt Hwd arlo|lug, A AlFol| 1-8Fo s Hg
op7|Ett 3753 fadeel U Teju|Y AlE Be EAARE E8ols WAlo] dAFol.

[e]
—-

rr

il

=
;

lo

3) a-Lactalbumin

a-Lactalbumin< tryptophan®} cysteine©| a-5-olH SalA7} 7152 4do] vl 4 3t &
FidoltH1]. e-Lactalbumin 7|54 T A ofye} PEA, H=2dA, gel P4
A 4 bioactive compound ABAZ 82 7I5/d0] JtH1]. £3] e-lactalbumin nanotube=
FA 2|9} YR 7IEER0NA =2 Y3 Bo A% D nutraceutical HEAE A= QITH1]
ot 9 EE AR AT AlEoAME e-lactalbumin AAECE AA| tryptophan 333 T2
large neutral amino acids®] H-&& 7 5o sitt.
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4) Milk oligosaccharides®t bioactive peptides

Bovine milk oligosaccharides® @4 human milk oligosaccharides®} FARE 125 X&)
1 Qo] ZejElo|QE Ve AAE TS AL QiTH1]. A EEle A AlA, e 2,
lactose £3f, membrane separation @ chromatographyS Z&ot] 33 4 QJtH1]. 45 o
THE E+= pilot-scale 340N+ 58 bovine milk oligosaccharides®] &2 3483} &7t H
aE|Qloy, 24 teldt lactose AAHE Tzl AdAstoll= A3 71ed - AAA IAL ot
QAeH1l. €AIE G2 bioactive peptides= casein, whey & %% thlzlo] g4 F=dgs
Boll ABARE o= QITH1,71. 13y peptide =2 ARIA 71x]= AT | E/dvte R west &
lom, DML, 48} MY, E5E, O &9 AR & 9 7R S T Botshof gt

3. HIHSEE 7Isd |AIE 7Y M=

AR, 235 dsas HA FYsfiof gt

A ML g WEEE8 ol W2 Ui thaat 2ol tidat 58 Ao 44
Sk o] g5,

* QUA|A5E YHo] &2 T oF I

e 7] CDS 37d°] Q= =84

o FH-ZIFT] ool ERlo] Sl =HEE

o Y dysbiosis?} THHS Aol =2 7HA|

o LPHE ARG WY HEXAE

AT v He GFHAL Ao7|4] 9 BagTA 870 HEEE FUG ABS F F
o] IdE A-&sfAl= oF Hrk 53] 1ol w2 T 3=} Eolgt opn| Al thARE 7HA| 1L
UouF [JAIE EY HA7PH FHFBAY YD el PEE AAfoF gtk

=4, MFGM 419 514 AgZ N 4= Qi

MFGM2 A7A1EE ) =% 3 polar lipidsE 3aoks 4 €952 18 4 loh14,15,171.
oj7]9] lactoferrin, e-lactalbumin, omega-3 fatty acids, milk oligosaccharides T
postbioticsE FeFolH HAWRS, ASAEFA, tryptophan O E A &8 A= Hebaog
FAIL 715/do] Qitk. T1Eu ol B3P Bl ARET 9%k BE YeEhleAe A5E
ol vl QAT B3 AZE =AU} QItH1,6,16,18]. Tt of8] RS Xl A Al5-0=2
AR s A ofdH, Ashgolxe] AeAkE, &5 A, 718/ Aot € vlE St
7Fs7/30] k. meEbA i 270l T AR, 2488 25 9 TR X3S H|uoks BAE AlRo]
Z s}, BEHAAC] RS teo| /i AdE] B34 RRE-8%RS Talo| Bt AA| HEAIE
A9l A8} QHFA3E VIO R BIteHoF gtk

A, dafhth= HHEsE A da EYA' S A5 of 3t

82E IEH 9 whey fermentate= AXFHT FA2] 27| wiet Aot 9= probiotics,
HIZA u|PE, FE AAEE 2 bioactive peptidesS E3FF 4= 9Jlom, AR AL A|Za} A%
5740 wet g2bd 4= QItH16,18]. I=u et AFEE 2 EE HieEER 7|5 AEeE
A Hghoh= A2 v 5] Yot WAy} gheHoA= 59 A%tsEo] AEE d2a, I
v FAIEL] A o] 744 Hdolut e S I 4+ 7] WiZelh wEbA ARS
T 593 95, €44 postbiotic, spray-dried fermentate = 5243 24 FE7F AlE
YTt Fof Wl HolA o H3ket 4= Itk Probiotice 283 ¢ @9 £} strain level
< BAISHY, BS54t fa7 13t ©719] &S BElshof jitk. Postbiotic AlE-Z w5 BHIEH
3t 34, 9rAEE 2 F8-8FS HEIsloF 18]

A, AY-AF EF-S 133 precision nutrition©] FQs}tt,

z
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oMy QA A S ABE ofet AlF, AAY, &5, 5, 5493} o F, 7I& 4o] & FHH
2] FFS W=rHOl A A3} o] Ted] 22 5k AlES AlSsh | Eok thAH|
S 71508 £3FE Aol Rk rEsjof itk Al $d7| AE, 7] dAASH B
2 F5% CDS 2oz AlEse 4 qlct. 18yt @4 E58 MFGM E+ lactoferrin 27
Ame glOEE, precision nutrition®]Zk= 8017} AA| AAdH|olE| Ht Qb ARRE|A] QTS
FOJ5fjof gt

oA, 715748 AR fel g AR ARdstolAle AR (formulation)2] Ago] mf$- Z
a3t g4olck

FYUT 7|54 dEetE Aol wet oA, BACI8E, 7154, HaAte] Jof Wy, AlxH]
£ 9 YA F8 7o) g 4= ok &3] vhaa v o] HF et AE 544 1Y
sto] 7154 AEY S RASHAAE SRS 713487 Fo HodS gET 4 Sle AP
Aehgfiof gt E3t AlF 7iE dAlA = ARTE ARV, A% QP8 ¢ T AlFe] ddE
FEE A sk Ao] 5851 Table 29 ¥Hs= 7164 AlEolA E8== 58 AFY
EAT} 45t 3ol aEsfof & AT} HAE KoFekith

MFGM phospholipids® liposome®} nanostructure Al&ol] 82 4 9lom 44284
/g%2] &4 encapsulation® AU #24 WE 7Fs/do] AFLE L UeH14). Tt Wi EE AFolA
nano-delivery 71&& AR ¢ A, YRS, 431 & A5 2 B A4S BEs J7t
Sfjof gt}

oA, A2 & B4 FA7F 285

Extrusion, retort, pasteurization, spray drying ® 714742 lactoferrin®} e-lactalbumin
9] &, MFGM w84 9 polar lipids®] ARVIElel Y2 < o= ATHL, 15]. wehA e= FYJAl
A, TRRE, $ESA, Ah b A 2 A} AAES XAsts)of itk MFGM AlE-
phospholipid 3 oFe} sphingomyelin, phosphatidylserine ¥ ganglioside T3 A&
AEoZ AAT 4 At Lactoferrin A& oA SRFEE ofYz} iron saturation, intact
protein H}& T+ G 22 7154 AEE HET & Aot Milk oligosaccharide 9=+
lactose®} ©F5 AF2F FQ oligosaccharide profile @ tRESH] £4S afof sict

AFA, 7157} At WdE HEsfoF gttt

SAIE AT} peptide hydrolysatew &9 B E0|3E YERY 4= 91T, polar lipid 5=
2 AR 91 4= Qltt. WEbA two-bowl preference test¥: ofe} 717 AA| Hof Al

Table 2. Advantages and limitations of different formulation types for functional companion animal products

Formulation type Advantages Major limitations
Complete diet Provides consistent daily intake through regular feeding; Requires reformulation of the entire diet;
high owner compliance; suitable for long-term supplementation high development and clinical validation costs
Functional treats High palatability; easy supplementation without Heat processing may reduce bioactive stability;
changing the main diet; convenient for daily use excessive intake may increase caloric consumption
Powder Flexible dosage adjustment; can be mixed with various foods; Compliance depends on owner administration;
relatively simple manufacturing process uneven mixing and reduced palatability may occur
Soft chews Excellent palatability and convenience; Sensitive to heat and moisture;
enables accurate daily dosing; high consumer acceptance stability of bioactive compounds may decrease during storage
Capsules/tablets  Accurate dosing; suitable for high-purity bioactive ingredients; Administration can be difficult, particularly in cats
good product stability and some dogs; lower owner compliance
Fermented liquid High palatability; suitable for delivering probiotics Limited shelf life; requires strict microbial and preservative
products and postbiotics; supports gut health control; cold-chain distribution may be necessary
Microencapsulated Protects bioactive compounds from degradation; Higher manufacturing costs;
powder improves gastrointestinal delivery and controlled release complex processing and quality control
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A TE, AL HAE 2 B3 85 E BUIsof gtk AR A Al R, casein, whey
protein % AHo] thet JRAE A4St HE SRlsof gt AlE YHE7]Y adverse food
reaction®] QA== JhAlolE - D FRRAIES] A8 A150| ofof gt

oAGH, ITAE Eojfof gt

AR v AT} T ROA 715 JTA Aqe AIEAAIR Q1A HPe] o] o] Ao, tiRt
I} 125} Alol7 Gl ATt WoH4A6,9]. T AIE2 TR, ols 4, xR, AP sample
size A 9 HE51E 7]24]0|5 E35fof $Ho). B4 Aol DISHAA, CCDR E= Canine
Dementia Scale¥} 22 H3A} AFat A4 QIATAIE T AR&sk= Zo] E=THoL

WhisE e Tk 2ol F
3%, 719 29 % AR

o FH-ZH3F7I9t B

o AT B3 ATAE

® 2 microbiome ¥ metabolome

* SCFAs®t 4 Mg A&

* U3/ cytokines ¥ ARIAEHA A|#

o I3 T vUGA A4EF biomarker(@]: Af ¥ tau T A H)[10-13]

o FAA, 7134 ¥ AlF W3t

WA 7|7t PSS ol ano] &/, T
PG H7IsfoF gttt

oA, 71548 HAC AR EE A 2ol WEof gth

v sEo)A 23 JSHA &2 FEo] i ‘CDS A&, A o E= V|9Y FJEE
T2 @S Aol A2 FAEsit 27] AlRolde theat T2 R 75 S 2E
ehgsih.

o ‘=i WhEES A A AA A

o “A7BAEE} S/go] a3t polar lipids 34"

o Y T ARl "7l A

o 7T Lojet & {A| A

TFAIAR] health claim2 HEAE AHAE dFo= 3 WIAE At ofid =719 Alm 5=
& HRARE 40l wet 2AsfoF g

T wst 9 6-1270Y o3 7]

o] B

—

1% Mol Ty

7154 BI5E A& nutraceutical £OF= pet humanization, Y155 133} U o4
2738 8.9 F710l wet A% 7sdo] =2 wok= B7HETH2,6l. FAIE AFd buttermilk,
butter serum, whey ¥ colostrum¥} 22 ¥=0olA4] MFGM, lactoferrin, oligosaccharides &
bioactive peptidesE E&Joto] IH7I7HA] AZ ASKE 4= 9JtH1,14,15]. o= 7]&of Atize
2 APIRR Z8EY Y FAEY valorizationd £873A4] SHAA QJulzt Qlck EF
buttermilk®} whey= MFGMZ} polar lipids®] 339202 283 4 919H, membrane
filtration¥} supercritical extraction 7]&9 WAL Y79 =1 EI3E 7FsoMA St
[1,14,15]. Bovine milk oligosaccharides® whey permeateojA] 3|48 4= Qloj BAMES] 11
28 7158 ABoAEE, Agd 2ejeh HAEgo] Adeke] £8 AekaRlol1].

FAE 7 71548 AR vt 22 ARl 9 e SHE & At

o YA LHHE PHFF4A

o Q7] P5 AL soft chew} HZA

N
ool
Joh

https://www.ejmsb.org



feisE QAVIs Ml SR R 422y 4

o A% HAOF 3t synbiotic T+ postbiotic A&

e =Y A8 YIY AE
* MFGM 718t encapsulation W Ag AJAH]
° H]-QEE_Q. 7] /\é Z_]-é}_,,]. tﬂ—_g_l:l\:ﬂ—

o Ub=g =21 9l bjomarker 7|9 precision nutrition

T A 4TS e Aol TR ohE ¢

L, B Y, E=2% AR,

7127, AzxAM 2 FAES 57 Al S=E|loF T

1% lactoferrin®Y ganglioside-rich fractione 7}40] & 4= QJOH=E A|E9 Ex7}
A3} 71573 &7 Aol 4ol a5t MFGM} dairy bioactivesi= AFHE Al&ollA S4E
Ax7eE S8 & Aths Aol UA olF Welsgol 28 dol= CDSY EEdz2t
T EAS 1T A H FEAS R YSOloF _ITH4,5,8-13]. WA AV sE BHRE
Sk 7154 RIS E fAIRS A 2, 959 7St 9 Aol gEE 9 Fet A4
s YAE ok WHT 7ks7do] AH19-22]. @ dARIAE thg 7o) 352 f Ay
2] 7kx7} A7) ffsiAe BEskE YR A4l § 5old dAdEA FH, AxSEY g
9 A 7|zel Felohs F4EE7t oA o]FolHoF gt

Table 3014 Q0¥ Hlg} 20|, 7154 A& Luo] 4

B AISE ST E20HE

of ol QM AZTY TEE TNtom, FE A4 8] Hekd 44, 2% Az w
A g 45, TatH Aol 718G 471 BAlhealth claim)®l H8; 1211 §718
{40) TIPS F5 AN 7} B ofRolok T,

W55 Haey JgT &7 CDSe st} v sE J4st HopolA Fa3t A+
FAR A a1 Yok CDS= AR £3, tau B, ATAEH A, W AAGZE nEZEo} 7]
SA] 2 AEA 7|5 At B oR 2Rgoi= WA AFERA deog, *}Ebl ADS} HE]

ABeleh] AMEE BRI @A) ol 7ie e AR F2

sl

Table 3. Industrialization strategies for functional dairy-derived ingredients in companion animals

2 QASAY B3Iot 49 A A0 23
2 531 glom, Yo AS TEACE SR NRHS oby s Slol). oleet AL
0] it A4 (health span) FE BER sHe APt FA) WAL B A=

Ingredient Major sources Expected functions Product applications Key industrial challenges
Milk fat globule Buttermilk, butter May support neurodevelopment and Powder, soft chews, Low yield, oxidation susceptibility,
membrane serum, whey  cognitive health, regulates intestinal complete diets, processing damage, lack of
(MFGM) barrier integrity liposomal formulations standardized composition
Lactoferrin Whey, colostrum  Antimicrobial activity, Supports iron Capsules, powder, High production cost, thermal

homeostasis, immune modulation microencapsulation stability, gastrointestinal stability
a-Lactalbumin Whey protein Tryptophan source, may support Powder, beverages, Limited bioavailability, amino acid
fraction neurotransmitter-related pathways shacks, supplements balance optimization
and protein nutrition
Milk Milk permeate, May exert prebiotic effects, Powder, synbiotics, Lactose removal, purification
oligosaccharides whey permeate enhancement of gut barrier function functional feeds process, production cost
Bioactive Casein, whey, Potential antioxidant Protein hydrolysates, Bitterness, standardization of
peptides colostrum hydrolysates  and anti-inflammatory activities fermented powders bioactivity, bioavailability
Probiotics Fermented milk or May modulate gut microbiota Freeze-dried cultures, Strain specificity, viability,
Ipostbiotics whey and immune function heat-treated fermented products standardization of postbiotic activity

https://www.ejmsb.org
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E ZMof|A 31235 vie} 7o), MFGM, lactoferrin, e-lactalbumin, milk oligosaccharides,
bioactive peptides & postbioticsE E3H3t FAIE FEl A SAAELL A7RZAME G-4], A5
9 Hozxd AFES I 420 248, JYrHE A Q] W3} I83 microbiota-gut-brain
axisE & 7HARI A7A 8 A0l 71942 7hsAel e 71 aAlE = Qlch
£5] milk oligosaccharides@} postbioticss= A &S] 2447 A5 HSIAZ7]1, SCFAs

IRt nBE hAMREES] Aol FRRE € 7Fsdol o, ol#fdt Waks A-HES vWiiE
1734 7]—01] FEE 1A ¢ U= S8 7IHCE AAEIL k. TE o]2fgt ALAR] A7)

o I

lru

v Ayt B oA AAE HEE ks ob] AlRMHoln, @AY IA= = AR
x]‘IET 2 AR 55 ZdojlA S2€ Ao |gtetar ot wEbA @ dARA olF AR CDS
o] A& Ay |Ee}t T BiAS 2t 70 Y9 $H AR ofsfisk= o] A4s)th
53] MEGM2 v}t /4 A4} atdmiaS SAlof Algoks B3 Y A=A @A7HA]
7P S5s A At ZX‘]QO1 Slom, AFA e AHA 715 §A], AR ES B AR
9 A-wEke] A SHoA =2 AT 7RIS 7HAh Lactoferrin, e-lactalbumin, milk
oligosaccharides, bioactive peptldes postbiotics GA| 2+ W A4, tryptophan HhAL
FUugE 24, e 3As 24 9 AW 8 i HRE Aol B4 HEEE,
Fool= o JEHETE B3 7154 AP (multicomponent formulation)?] 7FsAE B7lek=
A B 8T AR wokEh ol oj2fdt EYAAPTT AAE T R 94 8E
UeleAls 20k vl VIARS S5l ASE ook oh, 7 =9 7]l =e} AaAlgof gt
71 AL A S ofof S,

FE Atolrds A, £, A9, 4ol 9 RS 12gt A7 RCTsE F3sto] A4
W RS AFdlor 2tk B4, 71549 AR 24 &, F9 71X, BAlel&E E AFel
e P3EE HEsky, YRl EE3let FATHE 2Rt 71eE nhAshor gtk AlA, AUvE,

n|AYE AR, SCFAs, -k 9 7|5, AH DS, AFIUAA E A PE HolkE TFHe
2 H7}5M= multi-omics 718 945 53] microbiota—gut-brain axis®] 287|412 Hr} A|A
Hog 19T Fart Jtk A, N, £, Y 9 dXE FeB7IE 83 AF Hio]onH
£ 7Wdsto] 7154 Jdal B3E FFH R FrKet £ e BES SRS F59fof itk
A, AR 282 SeiMe Y59 3t AR39 A} A7) oA, 7134, AAA
4 A S A =3 AR N Hego] atEH.

2 349 o= fAIE 7 B RS ME 71548 AR Avlisks H XA YA
FHuBE, ©oBE OAKAEE, SCFAs % microbiota—gut-brain axiss E%t EHZ
(multitarget) YU¥eHH Folghz 7Hd4 £ AAeIgitk= Aol it ol2gh " ‘i}al Hé
71¥e A0 E k= 7|E AT Hol, ABALt U S SAl 1Etks M2 JUTt
QS Ajketh= ol shed Qu|7t Qi

T, FAES Tt Y 3EY= Hol vkt AHZHEEE Agshe 71548 A% &
AolH, olF & AFALt A &2 Aol IeEfche teid JUeE HEY 78S Al
Alskal gt} E38] MFGMZ 422 o fAIE A3 A4S = W= JA7|s
FALE 2738 A SR AT 71548 deAE T g 7L Qi - F E0l4]

714 Ao}t HEobE AR S B9l et AT SHEH, A 715 7154 B E B
Yo =7 BHEEEY 1% 1“?‘3 S At A 715 Jute] HEo g IS ¢ S AR
7IHEe. o Yot of2fgt Ak 7154 YedAlY 1RV 282 X6, viEsE I
g}, Al 9 YsAlEaekE "Ert} ol A2 A ok Fok= A9l One Health 3540
A A S EY 73Rt w3k dAAske A 71eA AR TS shed-ARIE 71EkS

A 7oz 7|idrt
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