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Allergenicity Reduction of Milk

Woel-Kyu Ha
Health R&D Center, Daesang Corp.

ABSTRACT

This review was written to introduce updated data on the structure and function of the major milk proteins identified as allergens,
the characterization of their epitopes in each allergenic milk proteins, and the reduction of milk protein allergenicity. Most mammalian
milk protein, even protein present at low concentration, are potential allergens. Epitopes identified in milk proteins are both
conformational(structured epitope) and sequential epitopes(linear epitope), throughout the protein molecules. Epitopes on casein and
whey proteins are reported to be sequential epitope and conformational epitopes, respectively. Conformational epitopes on whey
protein are changed into sequential epitope by heat denaturation during heat treatment. Several methods have been proposed to reduce
allergenicity of milk proteins. Most ideal and acceptable method to make hypoallergenic milk or formula, so far, is the hydrolysis
of allergenic milk proteins by enzymes that has substrate specificity, such as pepsin, trypsin, or chymotrypsin. Commercial formulas
based on milk protein hydrolysate are available for therapeutic purpose, hypoantigenic formula for infants from families with a history
of milk allergy and hypoallergenic formula for infants with existing allergic symptoms.

(Key words : allergenic milk protein, epitope, allergenicity reduction, hypoantigenic formula, hypoallergenic formula)

CHEHZI(Milk Protein)

ok 350 SHFEo] Qo = A casein
2 & Atk GAFE 9F 20CAA pH
4602 2HA3IAI7|IE oF 80%2] ¢ T©Ee JAY
7FAI] (caseinye]2lar s, 489 AJE| 2 EA)
oF 20%9] TS % Tl (whey protein S-2 serum
protein) W= BIZFAIQIE] T (non-casein protein)o] Al
sty AR5 42Hd8tAIA THE caseinS isoelectric casein
52 acid caseino| 2}l &1, W 2= “casein nach Hammarsten”
olglaix K2t} Acid caseine Az w] A7E 89 B
-2 acid wheyg}al 3t} Caseine 3-8 4 (chymosin) 3-&
rennet= 4] S-ILAIA AR % skt o] g o vt
£ casein<- rennet caseino]2}al 31, =89 F-E-S rennet
whey & sweet wheyZ}al 3Fc}. 18] 31 cheese whey= X =
Az A A7) FAHEolH, rennet wheye} HIS23 A4S

*Corresponding author : Woel-Kyu Ha, 125—8, Pyokyo—Ri, Majang—Myun,
Icheon—City, Gyungki—Do 467-813, Korea. E—mail : woelkyu@unitel.
co.kr

Ho
N

Jo}. Zf2] 7%, casein/ el
4L (mare's milk)= 50:50%1 WFHo| W%
fr(goat's milk), H %Ff-(sheep's milk), & A-f-(bufallo's milk)<]
H]-&-2 oF 80:20°]t}.

Casein H oF 0.85%2] F7191S &H3lx pho-
sphoprotein®] ™, <14+ Z7]= casein sequence ol 4] serine
Zt719] hydroxyl groupol] ol ~E]23}x| o] glow, o]zjgt
71914 Horganic phosphate)©] casein®] &7-& AA eIt} Ca-
sein?] 2t 7)1 1928 d uf caseine] M-S X5}
=d $23 98-8 3 Caseine ag-casein(@-CN), @ o-

[I RN
AR



28 SEfUbE s eS| A] 26(1) 1 27~36, 2008 3 9 T
E 1. $f9h mawae Aol
Constituent Bovine milk Human milk

Protein concentration(%) 35 1.0

Casein: NCN" 80:20 40:60

Casein types asi=f>as=« B> k>as?

B -lactoglobulin 50% of NCN None

Lactoferrin Trace 20% of TN

Lysozyme Trace Very high(6% TN; 3000xbovine)

Glycopeptide Trace High

NPN(as % TN 3 20

Taurine Trace 20

Lactoperoxidase High Low

Immunoglobulins(lg) Very high Lower

lg type

19G>1gG2>1gA

19A>19G>1gG2

Y NCN: Non-casein nitrogen.

2

NPN: Non-protein nitrogen.

)
)
3)
) TN: Total nitrogen.

4

casein( @ »-CN), A -casein(8-CN), « -casein( « -CN)©]| casein
micelleZ}al k= FZ o)== vloldl FE|Z 9-froll Ex3ich

3 g ds st T8 Sde B-lactoglobulin
(B-LG), a-lactalbumin( @-LA) Z18]3L serum albumin(SA)©]
A F 7 S FollA 2zt oF 50%, 20%, 10%E 1A 8t
w, o] vl A#e] immunoglobulin, lactoferrin(LF), lysozyme
a8 EAERE FAE th

1. Casein

Lol = caseino] FAA @A A4 o}, 1939
d Mellander7} free boundary electrophoresisS o] 83}
27195739 o5 A=7F &2 AFE] a-casein, [-casein,
y-casein®. & H2J5lgth 19563 Waugh$} von Hippel-&
calcium sensitive casein}] « s-casein(s=sensitive)} calcium ion
o Jair WAEA FE k-caseinS LAY 1 o]F
o ascasein® ag-casein? ay-casein®Z E]EAck wket
Al - caseinolle 50 FHELRA ag-casein, o
casein, /-casein, « -casein®] z+z} oF 37%, 10%, 35%, 12% =
TAE 0] dvk= Ae] BreH T 1960 dth %ol Urea-PAGE
o} SDS-PAGE7F 70 ® th2-5-8 o]213h W o] casein &
A9 F7E2A AFEEI UTh

Y] 709 casein B4} Foll= v A o] & Ad(microheterogeneity)
o] &A%t} Caseine T A mole F <14F3}(phosphory-
lation)® Z717) B2} =, ag-caseine FE 8 mole2] ¢l

A low level of a@si-casein has recently been demonstrated in human milk(Martin et al., 1996).

b 2717} serineel] AgEo] Q1o A Zfolel o)A
350 kA 9 moled] <4t 717 ARE HAS= Aok
a -Casein 712 zto]ol weba] 10~13 mole®] 14+ 2t
717} Ag=lo] ok B-Caseine £ 5 moled] A4F 77
7} A= o] 1o 4 moleo] A3tE A= Att «-Casein
< 1 mole®] QIAF 2717F AdE| o] o}, 7o whebA
2 moleg] A4t 717 AFE Ax EA)$E F2 caseind
a g-casein®} f-caseine cysteineS I3l LA -
casein®} « -casein mole 3 27]2] cysteingo] #-A} Alo]Q]
disulfide 22 A3t Ut} @ -Caseine disulfide 23
H dimer2 E=Ash= whdol « -caseine L H 2] disulfide
Ago 24 dimerf-E] decamer7tA] EA13c) ¥ -Caseine
-casein®] plasminol] 2]} 71553 H peptidez}= Ao] Eelx]
Aok BE y-casein % casein T <F 3% FT Akl ok

B casein®] 12} 72 4o EA& Eolgh Q14ks) w7}
YFoll oJallA] serineol] A= o] = F71Q1%ke] DR H
o] 1o ST vI=A 77t ddstAl ExE YA &
a1 3k KRl 444 (hydrophobic)®} %1424 (hydrophilic)o] &
F=o] Utk o3 EAu)Fol| caseinS 314 (emulsifier)
2 AR Sk Qak o) Ca’tel et Agsi.
B-Casein casein Z-oll A 2=Ado] 71 743k whddl] oo
caseine 15=A4do] 71 733lt). ¢ -Casein®] C-terminal %<
o= W2 27t EAst iS4 279 WS 77}
7] {171 wiEoll R=/de] ofF A3k RbHol] N-terminal &<
2 &gAdo] ol ZFslt) k-Caseine] ©]2]3t detergent-like
structure(A A 2} 28 FZ)7} casein micelle ¢H3 3} =2



ool del=a Azsk gy

J. of Korean Dairy Sci. & Technol. 26(1) : 27~36, 2008 29

3 AEE . Caseine L322 2olA sk
A FoA FstEF o7 7P vhketA FAaE e
dolth. whebA] theFet EfHEE 2 W =] 3 casein
7k 7d-&73(homology)> -7 SO, $-foF B72] j3-casein
sequencezte] A5 47% T ]‘:‘r.

- casein2 <F 0.85%2] ?U(phosphorus)S 7314 aq-
casein, p-casein, «-caseine 27+ 1.1, 0.6, 0.16%%] = &
F3h Qak 271E ko) catty zn* e e vt
244 olenty A 4= 9] wjFo Jokslz o g uj

1=

"(I:‘—~ %‘E_’S‘]‘E]' :LE] ?_]}\]- 7“1'7]:- CaSEIn-/] —9—6]]/\'12 l;'—z_:O:]
= 2= 9lon, caseino] LA T o] 3 AL SAEHE

tl] 7143t} Caseinoll AeHd 14F 2H7|= %‘éldl <!
=] 7] ol w9 FE E-Ev =& pH =
phataseol] oJsliAw A AE 4 Ak
ag-Casein®} @ g-casein, (-caseine 3% 27| 7}
A3 YA FAT  -casein2 N-acetylneuramic acid, galactose,
N-acetylgalactosamine 2. 2 A ¥ oF 5%°] &3&E 77| &
7?*]5’— ATE B3R )= k-caseinell tiSiA] ofF w2
A3} 15AS Fodt) ¢ -Caseing] €315 &S
—.—?._ k -casein®] 1319 threonineoll O-threonyl A= o] S
+ 3%(trisaccharide) &2 43 (tetrasaccharide) 0.2 =43t}
k -Casein ##}2] Z3} WolAde 9~107¢] & A 28
s Atk
Casein2 «-helix®} S-sheetE 1}3]3}= o}u] =21 proline
ol dHraty] wiitell 23F 29} 33} 29| H|Eo] H]
A o gl golt), gs-Caseine «-helix} [ -sheet2] H]
$o] Y1, B-caseine a-helixe} B-sheete] HI-E-o] 242} 10%
2} 13%©] 2L unordered structure’} 77%°]™, 7} +x271 B
F3 AL k-casein® = a-helix®} B-sheet”} Z+2} 23%<}

31%2] Hl&E T4 Ut

tilo

o}:Jru[o

T4 S E(Whey Protein)

T G o] oF 20%= 7 Tl Aoln, ¢Fzhe] casein
01]/\1 2 == peptideE H-3Fc} Acid wheyoll+= proteose-
peptone®] 7% o] AL, rennet wheyoll+= proteose-peptone
9} glycomacropeptideS Ao 5o

4 @RS ¥ 3l(saturated) MgSO, —"92—% ‘%}ii}(half sa-
turated) (NH.).SOs ©]-83te] 7 7ije] Tl R 8oz #

3 Atk JAE= 82 lactoglobulino]2kar dlaz, 3
A A] k= T E & actalbumine]2tal St} Lactoglobulin
312 =2 immunoglobulin(igGs, 19G,, IgA, IgM).2 T4
FHo] 9t} 183 lactalbumin 82  B-lactoglobulin, «
-lactalbumin 28] 1 serum albumin®] 37 S d 2 A& o]
Qo FARE-S ZH2h oF 50%, 20%, 10% 18]l A2
lactoferrin, transferrin 18] %2 a4 5 335t Aot

WEEEQ] AT, AT 2Eal B £ dude
S-frol e Fdu] e} HlSsshAIRE -] f- el vt
= o} t2nh 3 ell= caseinoll A fr-ElSh= peptide= 3+
frElo] ek o]21g peptide= plasmint zEo] $-f-5ol EA)
s WA Fell el osiA B-caseino] AlFHHOE T}
FEdE] B9E ACEA y-caseino]2tal 3, o|H T}

22 peptideZ proteose-peptone©] et F-Et}. y -Casein
3} proteose-peptone> 3 -casein FA}2] N-terminal F-5ol 7
&8 peptidec|™, 174 Tl &8l€ 2 SAIT =,
2 chymosine.® 1A 7|1 F& FA4ole= «-casein
oA freldt= peptide} &3lE el 2 EASE - &
WA-S chymosin® 2 -§-31A]7|WH  k -casein®] A4 para-
k -casein(f1-105) 7} o} &2 545 == glycomacropeptide
(f106-169)H= F 7H<] polypeptideZ 3l = =H], glycoma-
cropeptide?t -0l S3lH A= =2)3}aL, para- « -casein
2 casein SaLE] EA)3c)

H oF 20 A 2F 7 DAS AR FEE ALkst
< oS 7IEEo] JpEE] fobs EFe AEA

FeF SR o] §H Utk A7IA 7S dE] AR EE
g Tl A7)l tiai A ghs] Afskd v 2o

S |

o

1) Ultrafiltration/Diafiltration

Acid wheyl} rennet wheyoll A Ex}eko] =&
At 7% dA v &S Ao R Fo
(membrane filtration) 71&o]™, o83t 7|&=Z A
whey protein concentrate(WPC)2}a2 3t} WPCo|
o] ghakoll wheh 30~80%7HA] T AlFS WE
712X 7P A8HOE o] &= Tlsolth

rlr I-_N 0 2o

2) lon-exchange Chromatography
BE A3 o)A A-8-3}= ion-exchange chromatography ¢
23 Y2 o] fale] AALLS A FRZ IE

2 A" @d S Eeldke otk Axsde S

column< JJr/\]?’]‘ﬂ/ﬂ HA S-S o] 2w Ao {2
A713L 5 PulES AAS v pHE 23] column
o 2RE gilde SEAY)E V|EolH, X oF 95%2] #

A dlds Az + A

3) Thermal Denaturation
43S €AYt FHAI vy AFstAY AR
7 oS EeEste WyelH, ol 7eE A
7 AL [actalbumino] gt st} o] 7|EE A%
galde] WS Uma e 7)Aol
E48t= 7] witol] HTolle & o]835kA ?z% JH ot}
B-Lactoglobulin& 1627} 2] ofn|=2to 7

p‘L
M 2 o

m{E it BN
:[o
N
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a1 Jar, F 7R9] disulfide A} 8119 free SHE 71HA1aL )
or, BHE $-fol= A% 36,700 daltone] dimer2 E4j3
T} A-Lactoglobulin®lli= 4709] #7124 o] (genetic variant)
7t EATH 7Y 7 S FollA T kel =2
88 -lactoglobulin-& AR = o]F gl o)
o} £ B-lactoglobuline ¥H-F &2 Zovk EA)s g
-lactoglobulin®] 24 @93} A 2709] retinol A7k
AgtE] o] glof retinolo] 28}EA] ka1 AR FEEe
ghS- 3} retinol carrier protein©] T},

B -Lactoglobuling wj-$- 12} Fx2 o]Fo]z tha
olm, pH 2~62] AN «-helix 10~15%, A -sheet 43%
2] 31 eF unordered structure”} 47%2] &2 FAE ] 3l
t}. B-Lactoglobulin £ -barrel-trype -3} calyx©ll 3 -sheet
7} EA)8F= wj-$- 9t globular proteine] 7] W&ol Fof| 7
stal A3 M E F27F HStE ] ot #1o) A pepsinel
oA = A3tE7] Be

@ -Lactalbumin= 1327 9] o}w|:=AF 272 o] Fo A sin-
gle peptide chaino]™, 47§2] disulfide 23S 7HA|aL AL
2709] 314 WolA7} EA) gt} @ -Lactaloumine mole &
471 9] tryptophan Z+71S $F#-3FaL Ut} «-Lactalbuming

Bfole

E 2. 74 4 wude 994 54

Q1 lactose
o] 7}

frd(lactose) B3] HFDA A HAst= &4
synthetase®] subunit 5 sUYZA A2 §3 =
2 Efd 7S wol el Atk
@ -Lactalbumin-2 metalloprotein©] ™ 47} 2] aspartic acid 7+
712 7439 pocketel] mole F 17]2] Ca®* o]&o] Agt o]
ATk A A duide Goj ofF g5t il o
3 HAE o]Fdx Tuizo] thA] o] FRE AEA
(renaturatlon)ﬂ EAo] At} WA - Iactalbumlnf <
5 A2 o|Fo WAL Zgol s ks 7t
gz o7 AEAZ 22 «-lactalbumine 7—& of ofsj
A3l 33 FRE AR pH 5.0 o]l A aspartic
acid A7) P 0401 243 Adtels 89 AHas)
of Zgolo] dE = A gld £217} unfold el 2
tﬂﬁ‘rﬂﬂ o f-o] pepsm°ﬂ ASH AA ZsiE F ok
I3} foll 2R3 a-lactalbuming] 13} -2+ lysozyme
o of fAFStE gl lysozyme s Wi ARSI
123719 ofpw]i=qt 7] Foll A A7) 7L Fd ek, 2870 =
ZH o2 FAFSIEE  a-Lactalbumine 26%7} @ -helix, 14%
7} B-structure Z12] 31 60%-+= unordered structure = 743 & ]
A} 79 EfolA FEishes «-lactalbumin Aleldll= oF

. Caseins Whey proteins
Proteins
as1-CN @s-CN B-CN k-CN B-LG a-LA SA LF

Concentration(g/liter) in milk 12~15 3~4 9~11 2~4 3~4 06~15 ~04
M.W(kDa) 236 25.2 24.0 19.0 18.3 14.2 66.3 80
No. amino acid residues 199 207 209 169 162 123 562 703
per molecule
No. S-S bridges residues 1 1 2 A 17 16
per molecule (1 free SH) (1 free SH)
No. phosphate residues 89) 10~13 5 1
per molecule
Isoelectric point 49~5 52~54 51~54 5.4~5.6 5.3 48 49~51 8.7

@ -helix 5~10 ? 10 23 10~15 26 34 ?
Secondary 14

- ~ 2 2

structure B -sheet 41 ' 13 3 43 (B-structure) 50 '
% of total chain
v ) Unordered ? ? 77 ? a7 60 ? ?

structure
Antigenicity ++ ++ ++ ++ +++ ++ + ?

. Sequential Sequential Sequential Sequential  Conforma- ~ Conforma- ~ Conforma-  Conforma-

Type & No. Epitopes /6 1 P P tionalld  tionall? tionalls tional/?
% Cow's milk allergy 60* 60~80 50 50 ?

. .
Seqyence homology(%) ) ) 17 Low Not found. in 7 80 ’
bovine vs. human human milk

* QOccurrence rate of CMA against total casein.
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72%2] otu|:=2t ME AEAo] &)

L
1=

Z!9| Antigenicity/Allergenicity

G- S E e w9 ThFe o] 2 T AR o] 7oA 9}
Fr Sl = Aol A So] FAE A
il do] 18~2571 = EAET) - T
A ZFoll A a-lactalbumin, A -lactoglobulin, serum albumin —1
2] 3L immunoglobulind} & 73 @l Ao| caseink .t} &
A7} allergenicity”} o 73 Ao 2 B TKGjesing
=, 1986).
as-Casein®} @ o-casein, A -casein, « -casein Alololl& o}
Hi=it e FEdel glat 7158 EAE U2k ag-
Casein¥} @ -casein, A-caseine Ca’*oll o5 RIZ&tA|qt ¢
-caseine Ca®*ol] tl3l oFg et Exo] 9t Caseine 1T &
AikshE Tl ol x|nk =gH FolA =& 33 xR
random coil Fel 2 EA|5}7] W&o 25t = Ft @A
el adol ofs) w2 FHAsHA EefjEo] WAy
(immunogenicity)©] & Tl 2 A Q1A= a1 glttk. Casein
o] g1 AA 7] e+ sequential epitope > Z A @ y-caseind}
B-caseinell 242} 67) 18]3L « -caseinoll= 570 & A7
717% EAS. -9 caseine ThE HHEFE9 Hox H
53 FFo R EAEH, $-fF caseinZt= 80~90%2] 1%
o] ot M E FEAE 7HAAL ATk ol 53 o] ¢
Froll Gl E7] ¥heS Hole SA7t A4 024 Heke]
U ARERE oW gA] g 27] vheS do & Utk
Caseinoll thall &#l27] ¥h-&-& Kol i -1%4 HAf=
TE casein #-x}9} wk-3-3it}. IgEQ} WHS-3h= F = casein

B2} 7ol 2po]7b o™, casein®] A HIST LA A
7} = Ao 2 BuE 3 YJHBernard 5, 1998). ©]& sk &
Ao 43l E = F<F casein micellee] B3 % ©]& Z} casein

A0 2J3] FA)7H2H(co-sensitization)2] 22 F=F 11 )
o} 283 ojd &xFe] A o= whole casein®.th Z} casein
o thgt IgE titer7} B4 =4 Yehe 3% o] wiel
polysensitization©] cross-sensitizationo| 4] 7]218 4= Itk
7Fs/dol A=A k. o] 9f 2 AR sl 5ol IgE
FA7E 2} casein wWARRESS F Uvke AS oH| Sk
T3, caseing] 8 Qlaks} o] Asla ol o3 HA
=] A el WY REgAJ o] 2 g Hol7] wiol 14kst
o] casein®] FAHE FoF TS & Aow F=
ltH(Bernard 5, 2000).

T S E Foll A FdAo] 7 7t B
globulin®. 24 ZHolEe EA8HA Fa w3559
vk E2)5k= <A o A (foreign protein)o] ) 18]
Zhslell oJsl A el EA o, I

= oR F-lﬂi

lactoglobulin&

AR 719 F-%= conformational epitope =4 471¢] 3+l 247
7} &A1}, @ -Lactalbuminz} serum albumin, immunoglobuin®]
FAd2 casein} B3 FEolH, 4 ARV FERE
conformational epitope -2 A] serum albuminol|= 6712 epitope
o] EAgtt

G -Lactoglobulin 22} &= 90% ©o]/d2] -7 Lel=7] A}
o 2814 91 AE]= peptide= f(41~60), f(102~124), f(149~
162)2] M7}A] @Ho|H, HA] B -lactoglobulin 221l Zt pep-
tide T O] HARREAS 7247} oF 10~15% HEolth o=
ol 4] peptide f(41~60)3} f(102~124)C 4228 52 disulfide
ZAztol]l o3l Yt loopE FA PE}(BrovvnIow =, 1999).
2)a1l B-lactoglobulin 2} S|4 2144 A 9Q) f(124~134)
7} o] mlg- =& AR ‘”E%X]J— Rom, o] @ B
-lactoglobulin®] ™ol $]x|gFcHAdams 5, 1991).

T8 f Tl tigt allergenicity S 2H1317] 91 o
Ao AFtollA - gEl27] Sxto] A FAlE - &
A B3e 243t Ay 2§ g =] o}7]9] <k 60~80%
7} B-lactoglobulinol] A gRk-g-S HolH, caseing] 73-%- 2F 40%,

a-lactaloumin F 40~50%, serum alouming °F 18 ~50%7} %
kS-S Bl Ao g HuEHITHGoldman 5, 1963; Freier
S, 1969; Kuitunen 5, 1975; Lebenthal, 1975).

L

o O
S A

&lo| Allergenicity X{Zt&} gt
1. @X{2|(Heat Treatment)
Casein> 25 23 =214 Aol sl =% <Hg

o] O‘E} Casein< —?—%ﬂ pHS! 6.79141 100°C, 244]
&1 oFA S, 140°C oA 20& &
3175. H3LE do7]A] &

7 oA 23 P29} 33} 729 H] gol o9 F=2
globular protein©] 7] W&o 90°Coll A 1087+ Ixjejehd &
7tz 02 HAE I conformational epitopeo] 3% o] Aj
2% sequential epitopes TH=th EA el &3l B -lactoglo-
bulin 229 &dAA-E Folx A%t I T2 A2 FAA
o] YAgE o] A= I 01 srolzlttal @ 3st7]
ot wetA 4 dulds

HAHE AA3] v T U
A FFo2 7tIA g 173 ‘?:P‘?H Aol = B3 4= Sl

7 S-S dxgste] 3 ol A9 allergenicity A
37 7 Aoz Bud vl Aok Kilshaw 5(1982)-2
7FEA S £ DS ©]-8-3A non-sensitizing o1&
2] AAko] 7hsstthar STt Heppell 5-(1984)2 %
A <] allergenicity-2 Gl oJsiA] §lojd Wtk oY
2} Aot &2 RE AT AP FEC s €4

7 §4 gude) paAvEe @48 dolada v,



32 ShRUErIedErs] A 26(1) ¢ 27~36, 2008

E 3. QA oI e 44 wlas

Pasteurised Whey heated Whey heated
whey 100°C 30 min 115°C 30 min
Fatal anaphylaxis after i.v. injection of
fed prepa[;at)i/on (no. affected/tjotal) 4l 0710 05’
. BLG’ 7.6(6.5) Negative(2.2)
In vivo Serum antibodies aLA 0.2(0.6) Negative Negative(0.5)
(mean 19G titres”) to: BlgG: 70 Negative Negative
BSA 0.4 Negative Negative
BLG 1(1/2) 1/2048 1/8192(<1 z2g/mL)
In vitro Level of residual alA 1 132 1/512
(by ELISA)’  antigenic protein: BlgG; 1(112) None detected None detected
BSA 1 <1/64 <1/64

Where results of duplicate experiments differed, theses are shown in brackets.

* Data from Heppell et al.(1984).
® Animals given i.v. injection of skimmed milk.
® Number of doubling dilutions from 1/20.

© BLG, B-lactoglobulin; «-lactalbumin; BlgGs. bovine 1gGy; BSA, bovine serum albumin.
¢ Fraction to the nearest doubling dilution of level in unheated skimmed milk.

olyg J#o] AFAH, XS 7 dHEE o]&3}
hypoallergenic milkE A Z& & Q&= 7FsAS HolFa Q)
o a8y A2t f4 wlE 3152 conformational
epitope> 38 4= JA|TF A2 sequential epitope®] =
dg sl Arh
73 gl dn 3 S¢S dxshH S-lactoglobulin
I {3<] amino carbonyl W&ol 93] AAE= WSS
o] |2 allergeno] 2 4 o™ 31729 S-lactoglobulin]]
Hla) 441 v o] =< allergenicityS JEFE 4 UTHBleu-
mink<} Berren, 1966; Bleumink<} Young, 1968). Otani group2
dde) AFE Fall B-lactoglobulind} F3-2 7 €32
slo] AAJE epitoped S -lactoglobulin 272 epitopex} <+
A3 2 S-lactoglobulindl] th3F E-o]aA o} AgslA]
2= A 22 sequential epitopec] THEolZtkal st
webx dAEe dde uad 725 AT YA
R g o] 22 allergenicity7hA] B AL £7hs5t
oh Wi R FA o] s duld SR Eo] FAAHY aller-
genICIty—Ei L3y 7 F= ok WA ZFEA )7}
- S o] allergenicitys £ 4 AR 3 T A
”} vj-9- AgH o g A8 4 ok webA -frit infant
formula®] Aol AL&3l= A E]E ©]8-3)4 hypoaller-
genic milk =& hypoallergenic infant formulaZ- #|=3l= A

< =7bs st

3. ATl

Trypsin, chymotrypsin, pepsin} 22 endopeptidase} v A3
&= o @d Elaas f @AS Tledlstd &
AS ZHA 3hE FL47 allergenicity S LA W& 5 9
o} g Fo] 7heR )= 2 o]L31E amino group¥}
carboxyl group®] A4 =]o] conformational epitope®] %3] =]
o, A&a|A 715285 sequential epitope7tA] A AT
AT} oFA7EA] peptide] W g digh A= SHAI 7L
HEslx] AT 2} 5000 dalton ©]3}+] polypeptide=
ok3t WAL e oligopeptide= W 94d0] gle A
o2 713 ok

Casein} £ @ de opn|ike] dxt7271 2 B
2 7] W&ol trypsine]u} chymotrypsinol] 2]3] £3lE 4=
A= o2 B FE ALtel BW 10037 7 7~14
FA7F w3 E 4 Aok vhoF caseindt 3 Tl H oA B
= 971 &40 o) EslEcha trypsin 23) peptide=
Bt oF 1070 719 peptide2A EA-FE 800~1,600
dalton®] M7} 2 o2 P WAL B A

o]9} 2o peptide WA DA A o]slo] A gk il
& 2 F JE po vaalent antigen® o= A% EA
g 5 U

Caseine X% 2.2 phosphoserine®] HZFE il
do] lwd wld R Eid] thate] AgAo]
oAk AA| Ao Z A A B Eiv) 4
A EaE 5 217) wEe] $-f el oF 80%E 2|

o= Brety ugdgdoz REEA Gtk 18y &
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Caseins Whey proteins
Property
@s-CN asCN  B-CN  £-CN B-LG a-LA BSA 19G
> residues/mole 199 207 209 169 162 123 582 470/200
Mean residue weight® 119 122 115 112 113 115 114 ~115
> lysine, arginine/mole 20 30 15 4 18 12~13 82 nd’
Mean molecular weight, tryptic peptide’ 1,184 842 1,602 4732 1,017 1,132 809
Mean molecular weight, tryptic/chymotryptic peptided 592 505 829 1,051 654 577 510
Hydration(g H,0/g protein) >3 >6 <1 <1 <05 nd
Observed in vitro digestibility® High nd High  Limited  High High  Limited Limited
Formation of plurivalent antigens during tryptic in vitro digestion ~ +' nd +f nd +9 —" ]

¥ Molecular weight/residue per mole.

® nd, not determined.

° [2 residual per mole/ X' (Lys, Arg)]xmean residue weight.

‘ [2 residual per mole/ X'(Lys, Arg, Trp, Tyr, Phe)]xmean residue weight.
® Trypsin pH 8, 40C, 4 hr.

f Precipitating antiprotein antibodies in a quantitative immunoprecipitation test.

® Precipitation arc in agar gel.

" pancreatin instead of trypsin.

' High-molecular weight antigenic fragments obtained.
J Fragments corresponding to Fab, Fab', and Fc.

% Thl g o] A2 endopeptidase = £33 o EajEe FY
o = AA Y o]8FQ) 919 R 25 1.SH, endo-
peptidase H-afjol] thek Gl A o] 222 %34S peptide T
AL B35 3)= disulfide Z3olA 7918 Ao g F=35a
it o) sk AL disulfide 23S 177] 7FAaL A= serum
albuminoll A o] &3] g 4= 9lo trypsing U= o
AR g4 93| disulfide 23elA 7108 ZEA}
o] Aol whsolXitk= Zlo] ER1E ATHPeters, 1985).
Monti 5-(1986)-2 A -lactoglobulin®] trypsin 7}<=&3] peptide
o] 32 B8 713}7] 284 tosyl-phenylalanine chloro-
methyl ketone(TPCK) 2] & trypsin®.Z 4 -lactoglobulinS-
ZhRalet Ax o]22 < 18719 sreEE 9 Fol
A 178 F917F S E o, v A 7] B9l vl
we HIE 2 B EAY A EaE A vkl st
a8 3 % & immunoglobuling £33t &9 235
Ho] Q1= Fab- type?] peptide”} A4 € tH(Fang and Mukkur,
1976).
7

[e5

BN

719l A endopeptidaseZ globular proteins 713
L3 Bx}eko] peptide= TAH 7R3
AL A9 b5ttt o8 Ades F2 7

A FxF 5AA 7IehH A L7t

de ook, 1eu 3 delde 347 A H2E

T5 WA Ay sk e ste] @ E S unfolded

protein®. = Y5 UST ERA o R JMERIIAL F

o ro
g
i K
fr <

m

4 do mt mo o
oo}.ﬂrﬂﬂl
.

i_,

o
Asle] 1xeo] ) & %J(polyvalent antlgen)H peptde”}
W 7R Ee EYHA XA she M E o] 85

wgh o] Zhiell = o] peptidest =W AHFeke]
FolA| M Aol Aold 45 AHE o] B8 Fobxith
£-3] free amino acid®] B]-&o] Z715td A =R
=9 AFEYo] H5Y molxith wEka &4 7R
o)t dul o] AN A3 VEEA K e %
Z10] free amino acid®] grFo] vrar WA Ao] gl 7Y
Sk B39 peptideZ © DA VR ES A A
o]t}. Membrane filtration 7]|<& ©lE 7l E ol A
free amino acidZ #|A3}7] Y= F&3}

Aot

gro|t}. &gt @A S TheEalste B A A=

bitter peptidecl] <]} ] *@” E} Zore o] B, Ab
|3 24 a8 ks Axo] ges 2 i o
‘931‘4 3% casein 7R3l E0] A %‘iﬂé‘ ZHrEslER
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Allergenicity(guinea pig)°

Activity Oral Eliciting capacity
RIA? Precipitation arc(Ouchterlony)” sensitization (PCA)
Preparation (19 B-LGImg) anti- 5-LG anti- & -LA anti-BSA (positive/total) A B
Whey protein concentrate” 28050 +(1/1,024) +(1/256) +(1/64) +(9/9) + +
Trypsin-hydrolyzed WPC?® ~1.0 £(1/1) +(1/8) —(0/11)
Heated(20 min/80°C) hydrolysatef 04~1.0 nd?
Heated(120 sec/125C) hydrolysateh 04~10 (0/8)
Ultrafiltrated hydrolysate(permeatei) 0.03~0.15 —(0/8)
Pancreatic hydrolysate(soluble fractionj) 0.02~0.10 —(0/8)
For comparison: human milk whey® 0.06~0.10 + nd® nd® nd®

# Solid-phase RIA(Pahud et al., 1985).
® Initial antigen concentration 50 ng/mL.

® Guinea pig model described in ref. 26. Donor sera from whey-sensitized animals (A) and from skim-milk-sensitized animals (B)
‘ Essentially undenatured WP produced by ultrafiltration of sweet whey. Protein content 84% total dry solids.

¢ Porcine trypsin(2% weight/weight), pH 7.5, 55°C, 4 hr.
f Hydrolysates heated batchwise.

% nd: not determined.

" Hydrolysate heated continuously.

f Hydrolysate ultrafiltrated and diafiltrated on membranes with normal cut-off 10,000; permeate fraction recovered.
! Pancreatin(5% weight/weight), pH 7.5, 55°C, 4 hr. Heat coagulation (20 min/80°C), separation of insolubles by desludger and filtration.
¥ Pool of several wheys dialyzed to remove lactose and salts. Protein: 75% on total dry solids.

Hypoallergenic Formula(X{ 2] 27| Formula)
1. 28 2 =27| XIEE Hypoallergenic Formula

£ g A0y B e
sk Aotk foblsh 4214

= Aol 279 9-f Ly =7] A= hypoaller-

stal Yl olgf gt A A A How dE2r]|E doZ

At} Soy formula®™ Zol= - T AT I 2715
do 4= glom Aol %7]d soy protein L 27| EAYH|E
L 17~47%2 B %31 ItHost 5, 1999; Zeiger 5, 1999).
webs] YurE o2 soy formulas - L2 7] Sxjol A
AR=HA ek 2Eal ] A dude 9

4
WUt Ag Bk metA S Fe27) BAE DFH
o AE wHHOIE WS T F Qor] Bt S

27] Aol A A=A GFolo gt

olm] 7}=E-3l caseinS T E Ao 2 43422 hypoaller-
genic formula7} 7= o] o] 8531 glom, AFAIH A $-
fr gel27] BAte] A 5802 g Ao R Buwi §f
TH(Sampson 5, 1991; Suzanne 5, 2002). Z1&]al 7

A 7R ES o]83F hypoallergenic formula® ]85 11
1.2, casein hydrolysate formula THg ¢FA3F Ao 2 W1

H,

%31 JTHHalken %, 1993; Businco 5, 1993; Host %5, 1999).
A= Z2 RS A 2 vhE formula(extensively hydro-
lyzed formula, EHF)= - L@l 27] o}r]9] X580 A& H
3 Uk wl=rell A= <F 60147t ]/ casein hydrolysate formula
7t S G2 7] ol71el Al B LA8HA ARE-E o] ko, o
23t A|ZS “hypoallergenic formula”2}il 3tk EUSA &
1993 &3} 7Fo] “hypoalllergenic formula” 32 “hypo-
antigenic formula”2] 7158 743} tHCommission of the Euro-
pean Community, 1993).

1. A2 SDS-PAGE, immunodiffusion, ELISA, RIA 2
OE olo] &dte A= iR EA45t WY

9k o] kS fomula 3 A T 4o 1%
oS fAtelol Bk,
2. Gl Ae) ofulit 24o] Aalolol F.

@D Chemical indexe Zol= EHchaldo] 80%
@ oprhist o] BT Ay} Hojr Polof 3
@ Protein efficiency coefficient(PER)} net protein utili-
zation(NPU)7} Z o= caseind} 7rolo} &+
3. FEAEE AAE] Aol AF5ES ©]-&-3 provoca-
tion testel A FH2FsEo] gle Zlo] T E oo} it
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4. QAT BT, 95%e] A1) TIrel A L 2] of7e)
90% olFo] Wl FjalEo] tia) B8 e

the Aol FHHolo} dh,

2. 257 LY =7 o= 2T Hypoallergenic Formula
o}A7}A] & L 27] oS- 9]} hypoallergenic formula

ot 7Ee AT APHoR BT Y S
g27] kg formulas REZOZ J5R S o
]_

17

o;é rlo o nS m ne

g oy
(partial protein hydrolysate) 2 A|Z&}7] wjEof] o} L&
H27] 4L 7x 2 K Vandenplas &, 1992). ]9} 2+
formulas <d=27] 193 7}—L°ﬂ7~1 ol Ao} &
AHE bl A Gl 27] &%10] e ASE dkd 2l
ol Al ¢ =275 oFstAY 0131127] S A AxZ
2202 gk AAP(R000)E U272 dst A
QLT BEZAOF JHEafigh G d =2 A A %3 for-
mula(partial hydrolysaye formula, PHF)E /3t fol= %
°}°ﬂ Hla| A BAIZ SR
Rofof shrhar &1

A2 THE formula® -3+
oA g 27 HA REE ¥E &
=3
AFAME PHFE 1919 Fobe ooz eqet =43
A3}, ofEv)y vR-Qge] FA WS Y W7} standard
formulaol] ¥I3iA] EAIA T Fo3HA ZA3¥a, 181
T 2% A2 PHF /71 Bt FRET olEdy 974
o] 7 gy dhA Wixrt A Yehd Aol
OLﬂﬂeﬂ Al X a3 % PHF7} standard formula®} 2+
et 2

Ao 2 BW3H vF QtiHan 5, 2003).

E 6 1Y S LU27] frolol tiF PHRY QA Fapx
PHF group ~ SF group ~ BM group
Total number 15(5/10) 32(17/15) 22(10/12)

(male/female)

Parent's serum
total IgE (KUIL)

Number of AD

412(200~2,000) 293(200~981) 303(200~831)

7 25 15
parents

Onset age 29421 1.8+15 1.8+1.2
(month)

SASSAD score 9.0+1.0 53+3.4 42443
at month

* Data from Han et al.(2003).

Y Onset age and SASSAD score were expressed as meansstandard deviation.

2 Total serum IgE was expressed as geometric mean with range in the
parentheses.

9 PHF group, partially hydrolyzed formula group; SF group, standard formula
group; BM, breast milk feeding group.

“ AD: atopic dermatitis.

% SASSAD: six area, six symptoms in atopic dermatitis.
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