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Reduction of the Antigenicity of Powdered Milk by Gamma Irradiation
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Abstrct

The aim of this work was to examine the reduction in antigenicity of milk proteins in powdered milk by gamma irradiation
which is increasingly used for food safety. Skim milk powder samples were exposed to irradiation doses of 1, 5, and 10 kGy.
A greater reduction of 0,-casein and $,;-casein was found than ogg-casein and B,,-casein by capillary electrophoresis.
Competitive indirect ELISA and passive cutaneous anaphylaxis tests using guinea pigs showed a reduction in antigenicity
of powdered milk by 10 kGy gamma irradiation. These results indicated that gamma irradiation reduce allergenicity of milk

proteins by structural changes of o5-casein and B ,,-casein, and can be useful for dairy products.

Key words : Powder milk, gamma irradiation, antigenicity
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frobe] AT #8-g Qsle] ZAERT Z-E UA
She o g AREEA Qlth AR = UFRE X
gsle AR T B4 A 2E AEe] 2 F glon,
QA% ZAFE 3 AEEO 2 Enterobacter sakazakii

9} Salmonella enterica?} 2 o7} RoE Qi) S

entericas 8] YR AFEFOZAM A1} Folol| 4
Aol AWE XN FNA E. sakazakire E3] frololl

Fud 9 A4S doile AFEToZA AdE fot
9] 20-50%7} AFgslal AE3 froks ARTH ol T
A2 T 828 dogitty BuHy tHRowe et al,
1987; Van Acker ez al., 2001). o]ol| th3t thde] s}z
AR AT Aol gutH o HE e H3 =
AR AR Y] 3R] 1= oiA]d 3kGyel Arpd
& ZARI AR o8 gl & T AR Hol
Utk #3319 0HLee et al, 2006). T3 HAM ZAR=
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AE QA B B4 gex I o] §4E 93 F
T A% UHEDong et al, 1992), 28 L AEIH
Baobs AR (Ciesla et al., 2004) 5 7154 S 9
3 Zlevlige 43Hul lom, Lee 5(2001)% Cho 5
2001y -] HEA ©RAQl Ao, FEZZEH,
URT 5 Zhzke] el A gollof g AR
BA0) 3tAMdo] AEE B 7hmpA ZAlo] 93 &
2] A FAE Az 7FsA3E AXEIAT. T3 Ham
(2005)y2 $-froll AP ZAMA] 5kGy olidollA A
o] 7V5EHS ELISAE ©|&3t in vitro AES B3
st o, Axgo A 85°C G e} Ak FH7toll o3y
AEE YPATIT AR =2 dFA HaEH
AZA] 2B RS F71HA §7) wiol] dAE
Ae FEPAES] 29 7sAd AAE A8 3kGyd|
ubd ZAbel) o) Qbdg ERUL Jhssidin Haigk uh
ATHHam et al., 2007). v AR 9§ S Tl
o] Wsle} HAstY Ham 52008y 2A1H H7|¥FS
o]43led UHT M| $He Aol Zvpd A ¢
frofe g wdo] §RtEol UElten ofo] met #l
YiEzle] ok Sar@do] YeERER] gt B skl
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0

OF fFEEe AR oM AsAoR wMyEo] W
&/ (modified/oxidized) P4t 718 B 4+ 3
on, olg g &d FEajo tigh R 2A A
Eof 280 Agske AF gl FHe4v 2 9
CH(Fenaille et al., 2005).

olsh Lol gukdl EARe AFe] 4 B P G
A Ae 8l AFeR o)f TheAe] & Tlso
ol 2Alo] olg el Wy D in vivo 221
# a3l daide A7 ALl e dAolt mhehi
B Qe Zob ZAP} 6 wndd A 9o
in vitro FUF AGE T FEFoEYA L
(PCA, Passive Cutaneous Anaphylaxis) ¥+3-& ©]8-3} in
vivo HA] AFAEIE Fstaar FHEA

2L

N E= -

EFAIE & HOKT ZAL

MErollM Aikehs BAERE AlsolA FUs
o, ot AR FEdAE AL AT
(Jeongeup, Korea) W 1Ml ZAMAE S o] &3t A&
(14£1°C)ell A A13F3 10kGy] AFEE 742 0, 1, 5,
10 kGy) & F5A%e Ans gk Foa) g
©]& alanine dosimeter(X|Z S mm, Bruker Instruments,
Germany)E AME-3}9 T} Dosimetry A|2ES =24 A2
7|FIAEA)S] THE0 F838ta] TS T AL
o, & FrAEY eaks 2% oyt

SEIEEEIS

Az AR ZHE AOAC HH(1995)0] E3}ed =

B oA

FrA] S F3led 6N HCL 40 mL& 7}k 110°C
of|A] 2417 7RSI HCLE A ABH] 3] rotary
evaporator(Eyela, Japan)Z 3% & A{FES THTE 3
3] A & 558t oA 2 (Toyo, No. 5B) 9513
ot dAd S FHEE SOmLE e F on)ieat F47)
(HITACHI L-8500A, Japam)Z #2418} th. Cysteined}
methionine2 HC! F7FAo] <k 98(85% formic acid 45
mL +30% H,0, SmL) 20 mL< 7}3}4 cysteic acid9}t
methionine sulfone® 2 W3A|ZICH

f

HMEM7IES

2 A #H 7] 9 F(Capillary electrophoresis)¥= Revilla %
2005y de Jong 5(1993)2] HPHel w} DAD detecter
7} A2 P/ACE™ system(Beckman Instruments, USAYE
o|-g3ted 42833t t}. Reduction buffer= 73 mg2] triso-

dium citrate dehydrate(Merck, Germany)$} 38 mg® DL-
dithiothreitol(DTT) (Sigma, USA)YS 8M urea 37.5 mLo|| =
of A23HT. BRAIE0.5 g)5 2.5 mL reduction buffer
o 3H3tar AFolA A7 vty 4AAE CE &+
Aof] AE-3FH T} Fused-silica capillary column(eCap™,
Beckman)(60 cm x 50 m i.d.; 50 cm to the detector window)
o2 FIst9o. 0, running buffer(S0 mM)= 147M
H,PO, 847 uLE 6M urea(0.05% HPMC) 250 mLd] &3
ajo] AZSST. AREAL 05psiT 52T FUSKT
BEl= 25 kY, 2000 A 885190 .01 214 nmE AESEY
th Zk Mg Y Hol| capillary= 0.1 M NaOHE 587},
deionized distilled water2 537+ 12l | M HCIE 5%
7F A3}l running buffer? HE AT

Competitive Indirect ELISA

Kim 5-(2003)8] "PH o2 AAlEIGinh 50°Ce] gARE
H13t PBS(phosphate buffered saline, pH 7.2) 1 mLoj| &
#3}aL TH2] Freund's complete adjuvant(Sigma, U.S.A)
g} 93] W/O emulsion THEO] 1.5 mLE E7|(New
Zealand White £)¢] 579 1020 IAWFALEIH Hx
w25 9 6ol F7PHE S (boostingyS AABHAT
ojnf o FYFL UAAGH 29O, Freund's
incomplete adjuvant(Sigma, USAYE ARE-3}Sch. wix=t A
o 104 3 AS AF I 4°ColM 2447 A &
FEAYE BEsidtt. o2 AES gARE 01 M
sodium bicarbonate buffer(pH 9.5)° 0.5%2] TE=Z 23}
3l microplate®] Z} welld 200 uL? EF-3}o] 4°Co) A
24A17Y o) coating®t - welld 200 uL2] 0.05% tween-
205 3H-8h= PBS(PBS-tween)E 33] AH 3tk A7]¢]
84S PBS-tweenO & 1/7,0005 34I3}31 PBS-tween
o &g 7t T BERAEE TF T welld
100 uLA 78k, 37°ColA 3k A7 Bkt U2 tween-
2082 Stoae} o]l A HEYTh Anti-rabbit IgG-
alkaline phosphatase conjugate(Sigma A8025)% Tween-
200 1/1,0002 3}218Fd welld 100 ul® ZFol3l3 37°C
oA 1A)ZF HESAIZH T 1 M diethanolamine buffer(pH
9.8y 0.1% F%=& 83]A]7] p-nitrophenylphosphate &
AE welld 100 LY FUska 37°Col A 308-7F vk
¢ $-, 5 N NaOHE welld 20 uL¥ Hrjsje] G4 uh
28 FAA|F|AL ELISA reader® FFE(405 nm)E

skt

A

Passive Cutaneous Anaphylaxis(PCA) test

FEIFol YAl 8hE-& Kim £(2003)2] W0
o}t heterologous PCA test® A AlS4Th & #7}3
guinea pig(Hartley A%, 250-300 )& AYFEZ 3l
52 88 AAst, vlg] PBS(pH 7.6)2.E 1/5, 1/10,
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1720, 1/40, 1/80, 1/1202.2 38l & E7] anti-casein
FEHE 22 100 uL¥ guinea pigd] FH-9l A2l
tl o] ZliFAlste] 4axEESE AT ol
Z PBSO| £33 3842 1% Evans blue £33 &
#F Egstal vlel 2.5 mge 39S Soele EA)
Al (Saphenous vein)?ll 0.5 mL FARSFHTH 308 9|
guinea pigE XAt IUIFARSE H-9)2) RE HJ|
gte] my-o] ko] Uehd Aaubge AlRloz o
=

=R

&

IS

Aol ARE AUE B/ IEAdL Table 1914
B ule} 2o] vhild 34.8%, A 0.3%, B35 58.5%,
383l 3 e 64%Th ek AR oE AR
&e] zlol= FAE R ottt

ool AbEN

B89 olu|Al ZA)L Table 29| EAEI T Ham 5
(2005)0] Bgh AF9 opr|iAit 2T AR oW,
EAZFTANA i 43T EAeE L2 P2 Table
20 JER AL ExjE] $of Wit A} M 295
Uepdtt & 4 Qloh Bfo] 7ol Al 93 o]
A 24 Hske o FAIFell o YA AES
A = QAT

Table 1. General composition of the skim milk powder (%)
Treatment Protein Fat Ash

Control 34.8+0.25* 0.3+0.06 6.4+£0.10

1 kGy 34,6001  0.2+0.07  6.3£0.21

2 kGy 34.7+0.07 0.4+0.03  6.7£0.25

Irradiation 3 kGy 34.6:0.04 04+0.09 6.8£0.31
5 kGy 34.7:046 04z0.10 6.9+042

10 kGy 3474012 03+0.12  6.8¢0.75

a: meantS.D.

SHEHI|YE

A BAHA7)9% 23 Fig. 13 2t} Fig.
lac Ao BABA79E A4S FAEY
2] EAEF WE2T-(Fg. 1b)olA] Aojal B Fdea
o] BF Fs o] Yy, ol UHT A2)(135°C, 4
S-f(Ham ez al., 2008)1%19} AR Hej=|g 4

= ATt ol B4 A=Al UHT(135°C, 4327h)
B} A3 A2 v 2 RoFEty AdEd, 2
o] AFA] YEF= 744°CoA 252 = 105-125°C
oA 5z o AFAFEM, 135-204°Ce] EFo o3
A% HAEL AXA HEE(Choi er al., 2005) F-5-2] A
ZA] UHT Ag|rtt dA2] =7t A3 Aoz Azhe
o} Zekd 2A} 227) S wE) AlolAl szt A
AHoz ZA JeERFoH, ag-AloAl =28} B, Aol
A7} agy- A0 A y-AlelAl FZd Bls) G
Ao g v Bo] ZaHAY o4 79 F2 &
Aol frollou & 7lgaEdA ddAd A
sl lpEsliEo] del AME-EtH(Elsayed et al., 2004).
ek ZAR ot GilE R, 53] gg-Aol4lT B,,-
Aolal E3llol os) -fHrude) Yol H7rd Ao

2 7]d"d

gy
ELISAZ 43t Z} A79] ko 2 F3LEE Fig.

20 JERRITE. 10 kGy ZA} Aol thzTo) B3y
FA=7}F FUkste 8ol wobdl AAE el ot
71de] A ke gelo] Bol EAEE onEid, 10
kGyel Zrbd ZARA o ejaf o] Tade vERd
Tk Lee 5(2001)2 Zoba Aol o3 9-f 3o
epitopes’} T2 28 MSlHTh Fget om, Jhapd
ZAbl &g 4% G4 724 skl 28 human
IgE-binding epitopesE I]ted el do] ZAAHTYE 4
A7} o] HuET 9thByun et al., 2000; Filali-
Mouhim et al., 1997, Horowits et al, 1986; Lee et al.,
2000).

Table 2. Amino acid composition of the powder milk protein (g/100g protein)
Treatment ALA ARG ASP CYS GLU GLY HIS ILE LEU
Control 3.17 331 7.58 1.05 21.53 1.86 2.46 4.33 9.99
1 kGy 3.18 3.32 7.58 0.96 21.80 1.85 246 4.34 10.01
Irradiation 5 kGy 321 3.28 7.68 0.95 21.55 1.83 242 432 9.93
10 kGy 3.19 3.27 7.56 0.96 21.65 1.83 243 4.37 9.96
Treatment LYS MET PHE PRO SER THR TYR VAL
Control 7.73 2.15 4.69 10.14 5.67 4.38 4.46 5.51
1 kGy 7.74 1.96 4.70 10.13 5.61 4.37 4.46 5.50
Irradiation 5 kGy 7.85 1.93 4.63 10.73 5.63 4.36 4.43 5.37
10 kGy 7.79 1.98 4.62 10.61 5.62 4.36 4.38 5.41
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Fig. 1. Capillary electrophoresis patterns of irradiation-treated milk protein. a, Raw milk; b, Skim milk powder control; ¢, Skim
milk powder-1 kGy irradiated; d, Skim milk powder-5 kGy irradiated; e, Skim milk powder-10 kQy irradiated.
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Fig. 2. Binding of rabbit antiserum to milk proteins in irradi-
ated powder milk.

Passive Cutaneous Anaphylaxis(PCA) test

7hbd A 220 mE A AEE guinea pigd
o] &3 PCA AlEZE Fig. 39 YU o] dde
rabbit anti-casein antiserums guinea pig®) FH-9ol FA}
st FAhFoE AYHSn RS T3l AT EH
AAE EFFARIE 48A7E U= 9ol anaphylaxis
Hhgo] TAHoZ ol 1 F9jf AFaNbye] A7l
o iRTEA ik EXERY B FEH ] e
o wt A s AN wbe] BEE AT Aepid
ZAAE T2of wEl Pankdo] s2F oM, 10 kGyd
Me AR ol #AEA Tt wEbA bl AN
ofsf Fddol ARES ¢ & Uk
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Fig. 3. Typical profiles of PCA test of irradiated milk powder with rabbit anti-casein antiserum (a : Control, b : 1 kGy, ¢ : 5 kGy,
d : 10 kGy). 100 pL of antiserum was injected into guinea pig intracutaneously. Four hours later 0.5 mL of 0.5% Evans blue
containing of 2.5 mg of milk powder was injected into heart. The animal was sacrificed 30 min. later.
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