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Effects of Gamma Irradiation on Queso Blanco Cheeese

Jun-Sang Ham, Seok-Geun Jeong, Young-Bae Noh, Ji-Hye Shin, Gi-Sung Han, Hyun-Seok Chae, Young-Mo Yoo,
Jong-Nam Ahn, Ju-Woon Lee', Cheorun Jo’ and Wan-Kyu Lee’
National Livestock Research Institute, RDA,Q'Advanced Radiation Technology Institute
2Chungnam National University, “Chungbuk National University

ABSTRACT

Effects of gamma irradiation on chemical, microbiological, and immunological changes of Queso Blanco cheese were investigated.
Although Queso Blanco cheese was made by heat pasteurization at 85C and addition of acid without lactic starter culture, total
bacterial counts and lactic acid bacterial counts of control cheese were 7.65+0.04 and 7.64+0.02 log CFU/mL, respectively. It was
thought that this microbial growth was due to the incomplete inactivation of raw milk by the heat treatment, resulting into growth
during the pressing and the drying process. It demonstrated the possibility that if heat- and acid-resistant hazard microbes are present
in raw milk, they can grow during the processes. Lactic acid bacterial counts of the irradiated cheese were 5.45+0.02 log CFU/mL
at 1kGy, 2.1240.12 log CFU/mL at 2kGy, and not detected at 3kGy or higher doses. The reduction of antigenicity by gamma
irradiation was not found. It might be caused by the fact that most whey proteins of milk, a major antigen in milk, were already

denaturated by heat process and removed during the draining.

(Key words : gamma irradiation, Queso Blanco cheese, microorganism, antigenicity)
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FAFE =S At §
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A AR A -Y(Jeongeup,

o] 2-3ta] 21-2(14x] "C)oﬂf\i

FE2 21'7—}0 1, 2, 3, 5, 10kGy 2] =
Faaeke] A
eter(A & 5mm, Bruker Instruments, Rheinstetten, Germany)Z
AHE8-3t 3tk Dosimetry AJ 282

alanine dosim-

A 94218 71 HIAEA) 9

K lg 122 &3t Az 949 @9 Zo| F&3to] BEST F AHEEALH, F FFATE
A kol 2.97%0) 3 7(]‘”3:}“”:01 3.86%°] B2 8L &% O 1= 2% oYL

of gAEH 446kg A% 100kgol @7}6}M_

TAL 3158 & 20L°ﬂ o] A7k, &F2 300g 3. it g2 24

(1 +& 17%)~ HA7FEA L A2 F Aok 1% A 2o duk R 2 AOAC WH(1990)°] F3to &
3k ok kit

Standardization P/F 1.2

—  Pressing 3 ~4hrs
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—  Heat treatment 85C

— Drying(overnight,

Fig. 1. Queso

—  Agitation 10min

—  Citric acid

—
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Refrigerator) —

Blanco cheese making procedure.
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Setting 15min
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4. 0|43 HA

AZ ANEE Yo 2ot 1gs Fdto 34 %(02% FE)
o2 HMF b, v E ImLY vt 7L HEYLF
v} 9kx](Aerobic Count Plate Petrifilm, 3M Health Care, USA)
of HFste] 32Tl A 4BAZH v YE &+ H249 E2YE
Asstdct WEFES dFT 534 AELYE(Coli-
forms Petrifilm, 3M Health Care, USA)S AM&3}9]ch

5. ofo[ =& =4

A2 AH 1g& 335t 6N HCl 40mLE 7} 110C o
A 24217} 7} 8tk HCIE A A37) 130 rotary eva-
porator(Eyela, Japan)2. 5% ¥ RIS TFTE 33 Al¥
& F 532 H 3= (Toyo, No. SB)Z o #A3tch of 7hed
& FTHTE S0mLE BHE F ofv] 4t B4 7I(HITACHI L-
85004, Japan)2 EA) 3} ). Cysteinez} methionine-> HCI
2 7kA ol oA A (85% formic acid 45mL+30% H.0, SmL) 20
mL& 7}l cysteic acid2} methionine sulfone © 2 ¥ 3FA)
o

6. 2D HIIFE

2D A7) G E& OFarrell®y(1975)S 7122 3t Ayt
t}. 13} 7G5S 98] o] L lysis buffer 750mL(7TM
urea 2.1g/5SmL+2M thiourea 760mg/SmL+CHAPS 100mg/5mL)
o] DTT(50mg/5mL)E 718}y A|8E 250mLE H7}3k &
PIC 40 12 L(X25 Protease Inhibitor)E % 37 pharmalyte 8 #LE
3 7}8 % sonicaterol] A 15CZE 10 £<t sonicating A] 71 Th
Sonication°] 4t 3 A 713 mixerZ o] &35t 2417 =
S 4101F F 40,000xg2 1A17H £} 10T A 242l
o &S HFPrh Fv|8]F rehydration buffer(8 M urea
12g/25mL+CHAPS 0.125g/25mL+BPB 50 ¢ L of 0.002%+DTT
2mg/mL+Phammalyte 2 ¢ L/mL) 350 zLojl QAIE-2)3F Apol
1004LE B &7 ¥ F AMES 7MKo] Hol Td A
2gY Fo ¢BA 29337 2EH U= HEL AASH
F 2EYE TV AN E=E AEige] 2 93 Ay
§4E 3/mL EE Y2 A ANE 92 $ 8,000VE
BAEL AFE TAFAL

13 B719% 2EAS AW 9 wEo] L
equilibration buffer(1.5M Tris-HCI, pH 8.8) 10mL3} SDS 4g&
YW1 SEHC|EA kg 48 Jetn Fo] X Urea 85.56

g3} Glycerol 69mLE 4olM 30CE ZFHS AA & =9
% BPB(1%) 400 £LE #H7}8tT & 200mLE R3o] Qe
F YEF) 60mLel DTT 60mg 2 H7Hek  2E9E Fe
28 45 93 9] bufferE BHS whal 9.5ml AE 95

o Z2l1 1587 mixingS )& ¥ bufferE vlg] 2 equili-

T ERS

bration buffer 60mLel iodoacetamide 1.5g& %

% bufferS ¥WZ o2 95mL AEE Y% Z2) 3 mixing
& FAth GelFol| FHA S o]-23}<] negative charger} 9%
© 2 7} E gel(DALT Gel, 12.5, Amersham Biosciences)&
£ ¥ ZE¥S rumning bufferdll B2 ¥ dFeo] freldol
G & Yol ¥l Running buffere= Tris 60.0g} glycine
2880 g& Aol ZH4E 2LE B3 10X HE F low buf-
ferg 1XE 3XA|A WEI upper bufferE 2XZ 3|4 A A
Stk 4B #2B AbolE o) A3 sealing agar
(agrose 0.5g+BPB 200 # L% running buffer2 100mLE @&
thZ & A9 Yok A7 G T S bufferg 27) el
gbEo] 2 low buffere} upper bufferel] z}z} 0.1% SDSE
22 & low bufferE ILE %37 gel#-& 42 F upper buffer
£ ILE Eeoh AV E ARE ] =Yt F 36Wo
N 40%, 100wl A o ez W7k 4718 EHEo

-5 Coomassie Brilliant Blue(ortho-phosphoric acid 80mL
(1.6%)°Y] ammonium sulfate 400g(8%)3- % o] *°]3 Coomassie
Brilliant Blue G250 4g(0.08%)& Z R/ %9 3 F A&
& A3 ZukA 1A 58] F=3 methanol 1,000mL(20%)
E ZWATIEA HAE] g8ty B HArteke SLE 2
F)E 6AIZF o] AAE A7 F gelS Ao FHFE3
¥ A A st ok

7. Competitive Indirect ELISA

500ug9] ©A|F-E Y3 PBS(phosphate buffered saline,
pH 7.2) 1mLe)] £313l2 E%2] Freund's complete ad-
juvant(Sigma, U.S.A)$} E£%}sta] W/O emulsionS 2HEo] 1.5
mLEg E7|(New Zealand White £)2] S2-9] 102d] U F
Atstich Hx: A9 F 23 R 65770 F=7HH 2(boosting)
< AAEAh old U] FUFE dAHAH 2o,
Freund's incomplete adjuvant(Sigma, U.S.A)E A}&-3}ict. m}
A2 HE 10 F HA-g ANF 3t 4T A 24217 AR A)
& gIHE Ll

R0 7 A3 @4x)5-E 0.1M sodium bicarbonate buf-
fer(pH 9.5)ol] 0.5%9] Tx 2 £38l3le] microplate®] z} well
200 £ LY 233t 4Tl A 24A17F ©] 4} coating & 3 well
2 200 2L 2] 0.05% Tween-20-2 ¢35t PBS(PBS-Tween)Z.
33) A Hatsdth. A7) 9] 8832 PBS-Tween .2 1/7,0002
843} 3L PBS-Tweenoll £33t 7t &9 X2 A|RE B
Este] welld 100 £ LA HA74313, 37CAA 3 A7 vk
3 ThS Tween-200.2 Yol A9} 2o A& 3H T} Anti-rab-
bit IgG-alkaline phosphatase conjugate(Sigma A8025)Z Tween-
2090 1/1,0002 3] 6}l welld 100 LA F9]8}32 37°Col
A 1AIZE k2 A 7tk 1 ohg IM diethanolamine buffer(pH
9.8)°l 0.i% F=Z £} A7l p-nitrophenylphosphate &S
well 100 ¢ L2 153 37T A 3087 vjast &, SN
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Table 1. General composition of the Queso Blanco cheese (%)
Treatment Moisture Protein Fat Ash pH

0 49.6+0.13 24.8+0.17 16.2£0.01 2.24£0.17 5.48+0.12

1 49.110.15 25.0£0.21 16.3£0.01 2.30+0.23 5.38+0.02

Irradiation 2 49.5+0.20 24.5£0.06 16.5£0.02 241£0.16 5.33£0.02

(kGy) 3 50.1£0.73 24.5£0.47 16.240.02 2.14£0.10 5.24£0.05

5 49.8+0.35 24.8+£0.17 16.2£0.01 2.41£0.19 5.37£0.04

10 49.7£0.42 24.8+£0.29 16.7£0.01 2.3240.19 5.3320.03

NaOHE wellg 20 £ L4 #H7}sle] &4 w28 FAA 7|2 2. DYE

ELISA reader® &33%(405nm)E &4 3tk

dat o g

1. YHkxy

Az A2 AL Table 16]A4 B ule} Zo] 1
49.6+0.13%, THal 2 24.840.17%, AW 16.240.01%, 3]+ 2.24+
0.17%°) g 2.1, pHE 5.48+0.122 VFep Ut Zopdd A}
Mo w2 AJE 9 pH| wste FFEA LEUrh

Table 2. Standard plate counts, lactic acid bacterial counts and

coliforms of the cheese (Unit : log CFU/g)

BCP

Treatment SPC (Lactic acid bacteria) Coliforms
0 7.65+£0.04 7.64+0.02 ND
1 5.17£0.05 5.4540.02 ND
Irradiation 2 ND 2.1240.12 ND
(kGy) 3 ND ND ND
5 ND ND ND
10 ND ND ND

Table 3. Amino acid content of the irradiated cheese

AnBFIE A2 S, fFAds 19T gET
Table 2] EAISIATh WA FFE AEHA Gko, T4
ot FAEF7E AL FARRHA AT ALEHE A
2 AZFH F 8TE 7hste HRA 2 v E
o] AtdE Aoz AzbEo, dRFAN FAFTFE
7.65£0.04 log CFU/g, §-Ata 4= 7.64£0.02 log CFU/gZ
BRI Feoll Aol Ae FAkel dobdot ¢ 3
Az HPA T Ao AYzhdnh ol &2 3kGy o4
o Zupd ZAlel ojs] BF APRE T ALEFT =
AZ5EZS F3EE AL oM SHELE WY
o R EREIEC R PR E:
o) gk v iAol Wi $-27F £ HE 3kGy
ojst MM FALE Tl A FRIY e 2R

A7k

1 e

£

3. OfO| .t =Y

X2 9] ojm| Ak ZAS Table 39 TA3IATE A2 EFH
F =9 opm=At 22 GLU, PRO, LEU, LYS, ASP.
VAL, SER, TYR, PHE, ILE, THR, ARG, ALA, HIS, MET.

(mg/100g cheese)

Treatment ALA ARG ASP CYS GLU GLY HIS ILE LEU
0 7798+ 48  800.6+ 82 1,793.5: 92 2239+ 6.3 51254+ 75.6 445.0+ 3.1  608.8+ 2.3  1,069.1:25.0 2.386.6x13.2
1 793.0+ 5.8  806.5+ 62 1,815.7£153 220.5+ 8.1 52804+ 41.2 450.8+ 42  614.0+ 5.1 1,072.8£22.5 2.419.1£20.7
Irradiation 2 768.7£15.9  788.5£12.5 1,768.0£262 232.2+10.5 5074.6x 754 4396+ 6.1  597.2¢12.6 1,070.5¢284 2,347.3%53.7
(kGy) 3 768.5+18.2 7963203  1,777.2450.6 2105+ 1.4 5094.1=1083 443.6£13.9  608.8£19.7 1,0829+27.4 23753674
5 77934190 790.5+ 62 1,795.5£25.5 225.0+ 0.7 5,151.9% 70.5 4453+ 70 6027+ 94 1,0532425.8 2,377.6£37.8
10 781.0£17.0  791.0+12.0 1.800.5434.3 2219+ 8.0 35,1789+ 97.8 4496+ 99  606.0£10.9 1,080.6+20.2 2.385.5£46.8

Control LYS MET PHE PRO SER THR TYR VAL
0 1,901.1¢ 6.2 569.4+ 7.4 L1151 7.7 2,590.1£¢57.9  1325.8+ 83  1,033.7£ 5.9  1,153.6¢149  1,376.7£46.0
1 1,923.5+15.7 570.2£10.0.  1,120.2¢ 9.7 2,643.0£¢50.7  1,355.0412.1  1,048.2+ 8.0  1,150.7£13.2  1,400.142.2
Irradiation 2 1,873.4£39.8 593.6£19.3 1,088.0426.8  2,568.1263.6  1,308.7+16.8  1,021.6£156  1,144.1£242  1352.8+22.]
(kGy) 3 1,895.5£56.9 567.5+ 5.4 1,098.4+382  2,591.9+¢93.9  1,305.6£38.3  1,023.5¢282  1,144.4+46.0  1395.3+344
5 1,893.1£31.0 573.7 3.2 1,098.8£18.7  2,645.8+558  1,337.3£20.8  1,039.8£153  1,136.2¢16.1 1,344.6144.6
10 1,897.24374 566.5+ 1.7 1,107.6£22.8  2,642.6£51.7  1,347.1£31.7  1,046.24203  1,150.7£25.9  1,349.7+56.5
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GLY 223 CYS ol e, "4 otv =4kl PHE+TYR,
LEU, ILU, THR, MET+CYS, LYS 18]3 VAL &% z}z}
9.1, 9.6, 4.3, 4.2, 3.2, 7.7 & 5.6g/100g protein® Z o]/} 2] 2]
el Z o] P olm| = A) Bteke] 6.0, 7.0, 4.0, 4.0, 3.5, 5.5 2
5.0g/100g protein(Renner, 1993)H.t} MET+CYSE A 9]3} 1
= BE A Uehdith @8, 2opd 2AA el B2 9%
T A% AFHA g
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4. 2.-D MJFS

Fig. 2= #Zo] 2obd ZA} F 2D 271958 o]u]x)
Apzlol e}, Brodard(1995)7F A A1 & S Tl o) 2D Apzlz
27 A Z(0kGy)9b Bl A] A -lactoglobuliny} e« -lactalbun
H]isL Q 741;]-\511710] Dl-o] A):__lg]?\i____g_ o) 2 9\1_7_’ 5(]
W @s-casein o] A A Ao 2 JErEth
ZAbol mhe}l thekg ZaEjAtEo] dAHY o,

HE
Ea7} ol Fold S ¢

KX
=
Pas

4, 7hepa

Exo] weh A @3 BEFAG
4+ glie.
S
. q. B - e
_ a4,
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Fig. 2. 2D electrophoresis image of the irradiated cheese.
S: Milk proteins(Brodard et al., 1995), a: 0kGy, b: 1
kGy, c: 2kGy, d: 3kGy, e: 5kGy, f: 10kGy.
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Fig. 3. Binding of rabbit antiserum to the cheese proteins.

5. gy

ELISAZ 233 7z} |59 ko 2 A%
o Uehidch X129 el ZAMA e Al FFE7F
ke S JeRA) ol Zuld ZAle] os) g
o} 4ol Z7H S-S odvlstn], ek AP Mol o
& Adfo A4S AP # dvke 71E Ba(F
2005)9k= AubEch I, A& AP Aot
opA ZARA E|ZEe] Apolol T, R T A o] Anvhg v
(F-HTNA A=8 FHHY Sigma W3501 AHL)F ¥,
Ao M X2 AzHHYAM 5T G2 g &
T3 o] AAHT Aol Aol FE WHIFHUT
o zpol7k- A7 Ao g AzhHc

mlm

Fig.
1

}

12 o)
off 1o my B

L

r{o

2 o

Hr 2 e o8

&4, vy ¢ g
I AZRE Az A 85C “Xiil% Abe]] 94 g A
HAHAA Azste ADAZE 2 {AHFS #7EsHA
SR UE, A2 Aof] 7.65+0.04 log CFU/ge] & A3} 7.64+0.02
log CFU/ge] f3ta+8& JelADh oje dF W nAE
o 85Co) AME3lA] & WEA fitzel 3 2 Az 3
el ALY o g Azgc RFES dE2HA @
XL}, Af el Gt Aol st Falde] EAA 2 ¢
Az HGoA T4 rhgAde] ok Zebd AP E Ao
= 1kGyoll A 5.4520.02 log CFU/g, 2kGyoll A} 2.1240.12 log
CFU/ge] f4ta4E Yehlil e, 3kGy o] dol A= 213
AEHA got WA grIt 7hsd Aoz eyt §
|, 7rubd 2Abe) o8 Bt A 7S BaAE A s u}
ol A& AxFAANA Jgst X7t ol Foix 1, fet
WA F23% FAAS e = B-lactoglobulinely} «
-lactalbumin 5 &Pt Ro] HE X=X AZHA A A

)
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