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Abstract

To develop a yogurt for sensitive consumer such as infants, children or immuno-compromised patients using gamma irra-
diation, the effects of gamma irradiation on the microbiological, chemical, and sensory quality in a commercial plain yogurt
were investigated. No viable coliform bacteria were detected in the sample and approximately a 6 decimal reduction was
achieved in the number of total aerobic bacteria by irradiation at 5 kGy. The initial population of lactic acid bacteria
observed in the commercial plain yogurt was 8.95 log CFU/g. Gamma irradiation significantly reduced the initial microbial
level to 6.47 and 2.85 log CFU/g after irradiation at 1 and 3 kGy, respectively (p<0.05). However, irradiation dose up to 5
kGy could not completely eliminate the lactic acid bacteria in commercial plain yogurt. pH, color, lactose and lactic acid
content, and sensory quality were not affected by irradiation treatment and storage. Our results suggest that irradiation can
improve the microbial quality of commercial plain yogurt without impairing the physicochemical and sensory quality.
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o} Yutzlog kA A|gt, Welv)Fo] Astd #FAle
£ o5 T 93 IHPBZEMacGregor et al., 2002), 437
Wt (Harty er al., 1993), #8Z(Gasser, 1994) ¥ 8%
7+ (Martin, 1999) To] HuFHTE ikl ok o3
st 7+do] iR st Ao FAe ol ot
Ao HHAAN, QT2ES} T AE % FE
HiAE = Slvke 3% thMacGregor er al., 2002;
Nikolos et al., 2002). ©]:= U]AE Agk 2]o] (low-microbial
dieyES BT k= T W94ET, HEgy 9 0]
282 SAAAN B A7 8 4 o (Daw and
Falkiner, 1994), P|=r4@ 3} JFAEI)oMe ol
2o thaf At QFEEAEFS BRI THAmerican
Cancer Society, 2008; American Dietetic Association, 2008).

WAL AN AES d TS YR dSHe)
7Vsdte A & x| wE 23F @] WA B
21Fe] £22 W3} A)7)A] FE YANTTHeR 1 AL
£o| Fui=)a AckByun, 1997). WAK] ZAREL A4
BA7)FH(WHO), A2 35 d 717 FA0), A4 7]+
(IAEA) R v|=22)3# 9o 4(FAD) 5°] 50 o)l 2
2 AT ARE ulgo g ok B AAAGE A,
1980 B 10kGy ©J3l2 Ak 2E A% 54T
A BAE A doyx o, u ojife] AR
g gz wgslgchWHO, 1981). H3k 1997340
B 75kGye) AT ZARE TS 548, vt
2 2 ofokst o Qbdslal AAsithal Wi slETHWHO,
1999). $eluetoll e b, AR 5 25709 EF5] 9
7yEo} ok 3] R 2Fl Uit ZAE HAE, o
=, Yg@as 2 g2ofeloolA HtEeH, e 7
$- 23} Ato] A #xplol tia] 10kGy7kAl ZAE
7 AT dA S A AAIF it Akl =
ARe 37bH0] QA kot dolxeglelMe Ba 4o
A EEe 19889 59 AP A FEROZ UG
(IAEA, 2000).
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ok 241 AAsg

ZHOpS AL

b zARs AR ATY AP AT AR
&, &) U] A9 11.1 PBq, Co-60 7w ZAAIA (point
source AECL, IR-79, MDS Nordion International Co.
Ltd., Ottawa, ON, Canada)S ©}-&3}] 15£1°CollA] A7+
o 10 kGyS] Mg 7zt 0, 1, 3 2 5kGyel & &
Aeke deE ). F4-4% 212 alanine dosimeter(5
mm, Bruker Instruments, Rheinstetten, Germany)S A3}
At} Dosimetry A28l A2 7| (IAEA)S] T2
o] Fgale FTFEE F AMESINLY, F FFUEY 2
A= 2% oISt ek AL F AlEE 4°ColA B
AN AAe] w2 WHIE A3

DiME 24

7 AL 3 g F2E g HARs gt 5714
oy EY AiS SAIIAT &, A8 10 goll BaE 4
A 4(0.85%, NaCl) 90 mLE 7}8te] Bag mixer(Model
400, Interscience, France)® ARR-3led 120 E<F £33}
AR Aoz Mg sddS Ao ZEetirt
iz gk 5714 1| AE-L total plate count agar(Difco,
Laboratories, Sparks, MD, USA), A& MRS agar
(Difcoys AHESIH o™, el EEMAEE cosin
methylene blue agar(Difco) HIA|E A-&3lHTE At 57]
A ST g e 37°C, Fakre) wjd
30°ColA 47 24 wdste] AAAE S AlS shth

pH &7

ekl A1) )@ aF2E| pH WEHE Pokur] 9
3ol A& 5gol 2F 20mLE 718 F 328} aod pH
meter(Mettler-Toledo, GmbH, Schwerzenbach, Switzerland)
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Ao 24l o) a7=ES B R 4IUF 23
& MilkoScan FT120(Foss Electric, Hillerod, Denmark)&

o]-g-3te Z3IArt
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gobd 2Al] S aTEES] AR WHE B
A3 AE 10gE AF S0mme] £ &7 ¥ F
Color Differencemeter(Model CM-3500d, Minolta, Osaka,
Japan)E ©]831] W (lightness, L), 2= (redness, a) &
FAS (yellowness, byE Z8Ah. o] W XFH4L Lk
o] 90.5, agke] 0.4, bgko] 11.091 calibration plate® X5
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ol of3f 71 ZIsH=Ho g AXSAT) oF 50g9] &
TEEE 7 AEE A MEE Vst en,
oA S A, F i 2 R S
‘g Ui g 13, oS FoE 7808, ol «7
T AY Qb 14, ulg BBlE 13z s ¥
7¥atdct.

A 24

2E AFLe 33 vkE AAEigoy, dojxl AyEe
SPSS software(1999)|4] ZZ 13 ¥ general linear model
procedureS 33} F-2]x} Duncan®] ThHERAAWL

o]-8-3t] AAZATHp<0.05).

A3 A 1

m)'|_|

DjdUE 24

B A A" 3 AlS ol aF=2Ee] guk
A2 8.95log CFU/ge] EEE Uehllo] Q72 EQ)
HEFEA e 2 T 8 MA@ log CFUML ©]
) FEelIen, T A& FEAA (<107 log
CFU/g) AEHA] 3UTHTable 1). AvHd ZAPIZ] &
7Hl we} e e foEoR aE 38 5
kGy A#Fe] FAIZ 10° CFU/g o] #HAS Hgort
(p<0.05), & AF A& H HF 5kGy ZAPIA A
HEEAE STk A7 g} vAEe] wHilke o
B F3ES HolXE Yston, 3 @ 5kGy RAF 872
EY A5 747 A% 3 R 27 Folle gikdo] AEHA
ettt Zte] 22BN Fupdel gk e
Song 5(2004)°] ¥ 11k L EAF0] PRI Xl Ae] 7
Table 1. Microbial population (Log CFU/g) of the plain

yogurt commercially available in Korea and its irra-
diation effect during storage at 4°C"

Irradiation Storage period (wk)
dose
(kGy) 0 ! 2
0 8.82°£0.04 8.91°+0.01 9.77°+0.05
Total aerobic 1 7.06°£0.03 8.22°+0.05 6.58"+0.02
bacteria 3 4.30°£0.02  4.33+0.02 ND*?
5 2.33%£0.02 ND*¢ ND¢
0 8.95 £0.02* 7.53 £0.05* 8.22 +0.02°
Lactic acid 1 6.47 £0.04° 7.21 £+0.24* 6.14 +0.08"
bacteria 3 2.85 £0.21° 3.79 +0.09° ND¢
5 2.15 £0.21¢ ND¢ ND¢
UMean+S.D..

BViable with no growth at a detection limit <10°> CFU/g.
*IDifferent letter within the same column in each storage week
are significantly different (p<0.05).

/43 Blssg A Btk A9AY a8 2o

T 3] A S8 o] Aoz HIAA] 2e
el @A vla o] HdolME At RT2EE @
Aol A F213F311 A THFred Hutchinson Cancer Research
Center, 2008; St. Jude Children's Research Hospital, 2008).
mEb B AEANE ZAZ Bod SAETE o F2E
AZE 8= 27] 34kdo] 8.95log CFU/g 554 o)
5kGy o] e] vt ZAMAHe] a3 Rez AlgH
o ol= HYAd v]AE APES BEFog HAIE B fA)
FollMe] gopd 2AMAE) vis)] & HoE Kamat 5
(1989y2 HAAHAALE ofo]2~a g A= 7idt Al 1kGy
o] Ak ZAL=E L monocytogenes, Yersinia enterocolitica,
% E. coli O15T:H19 59 Bl AA=EGon, &
T3 FAAE Gl Uk Bt w3k, e
B wsde} X2 ofo|2ad AZRE Y A4
o] 7l ZALE L monocytogenes®] A7} 7V381A
o, 78°CollA AN A9 24T Al Bed £
of QEe FA i 31CHHashisaka er al., 1989,
1990).
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Table 2. pH changes of plain yogurt commercially available
in Korea and its irradiation effect during storage at

Table 5. The change of Hunter color values of plain yogurt
commercially available in Korea and its irradiation

4°CY effect during storage at 4°CY
Irradiation Storage period (d) Irradiation L a b
dose (kGy) 0 6 12 dose (kGy) (Lightness) (Redness) (Yellowness)
0 4.41£0.02 4.38+0.03 4.42+0.01 0wk
{ 4.4250.04 4.36£0.02 4.4240.02 0 62.9510.45 -1.58+0.02 0.03£0.21
3 4' 42;0 ol 43 620'03 4 45;0 03 1 62.72+0.50 -1.55+0.01 -0.11£0.18
5 4' 45:0’02 4'3 5;0'01 4’ 4110.01 3 61.95+0.60 -1.51£0.04 -0.29+0.22
S—— i : M 5 60.25£0.61 -1.59+0.03 -0.25+0.17
DMean+S.D..
I wk
Table 3. Lactic acid content (%) of plain yogurt commer- (1) Z?Ligii -iz(iigg; 0000111(())%;
cially available in Korea and its irradiation effect oED: -1 0UED. VO£,
during storage at 4°C" 3 61.95£0.49 -1.53+0.02 -0.2920.06
- 5 60.25+0.48 -1.55+0.03 -0.15+0.09
Irradiation Storage period (wk) Wi
dose (kGy) 0 1 ) ht
0 60.15+0.49 -1.56+0.02 0.02+0.10
0 0.83£0.04 0.77£0.02 0.76x0.01 1 60.33£0.52 -1.55+0.01 -0.11£0.14
1 0.84+0.02 0.85£0.01 0.84£0.01 3 61.21+0.51 -1.51x0.05 -0.21+0.13
3 0.81+0.01 0.84£0.01 0.85£0.01 5 60.25+0.51 -1.51£0.03 -0.17£0.11
5 0.81+0.01 0.82+0.01 0.83£0.01 "MeanzSD.
DMean+S.D..

Table 4. Lactose content (%) of plain yogurt commercially
available in Korea and its irradiation effect during

storage at 4°CV

Irradiation Storage period (wk)

dose (kGy) 0 1 2
0 4.32+0.10 4.02+0.01 4.03+£0.02
1 4.48+0.08 4.14+0.01 4.10+0.03
3 4.40+0.03 4.13+0.03 4.10+£0.03
5 4.42+0.01 4.12+0.03 4.10+0.02

YMean+S.D..

of pH, B4 3 #7 I Wkl ojF A7 vl A
ook & arase B Fohl 2k apess)
pH, 24t 2§ ol JFL vIA S Ao &
sigict.

vl 2AF A% QFEES] el FAEI} HIZ2AL
ol Wa) T PSR 43S Hylon #9112l Aol
£ GoH, S APA B AT YA U
SYch(Table 5). Lee 5(2004)2 & 2 lysine S-2 T-lysine
23=d —r%°“°ﬂ"1 Edl S| i"k’ﬂ o3t s W3l 2
slehd BEAS e A7 7ebd Ak o] @ 4 of
IRt g e % °ﬂHT‘Z— ZRkgo] dojubA] etoer, 3
olql 7oA Arnkgo] YAt WEsIHTE uf
A aF2EC $iE T R Tdoe] 7habd A
23] ZHRkS-S doA Mmrh wsle = luia ddy
U Fo)d 2ol Ho|X|= ok

s "ot

el AR 3 R FEES I5H EAWSE o
olx 7] 98 A=t AASATHTable 6). S FZEQ)
Aol tigk 7jawe 7P A o3 fejHeg Ut
= A% BHoh e &, 9k, AAE vjEs Y
ol#e AT B ARV wE foFHRl Aole fle
Aoz IR} o= vl ZA| wet aFEE]
A g fde] gido] kS WA ol TEHQ Aol
w3 gle Aeg #waEch ol9t w2 Ham 5(2008)
9-fo) AtA]g]lE UHT, LILT ¥ 3 kGy #Avkd =
A2 o] TEEAE AAS A BeaAte s
ek ZARRA o)FE A vE Aee} -‘:'r%t%
4 Avka Byt e Al Y Alx
*61101 STEEES YA AElste BEAAE *‘/\l

flo

A3} 10 kGy ZAMAZO| AR ZpolS } ] Aorom (A
7} vlAA)), o) QT2 ES] BBy 33 B} g 9

3 FPe glozlE} daE)
olate] AME FEgste] B wj, 7wl A} 7]
gl araE] PR ohuage Susla ¥2
35 Hadshed axFolztay waEw, g5 JlE
d st A Beks F8) WHo] o3 o - frof %
HAAG G N A AT YT LER AF Ao
Hed g slozizt Az
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Table 6. Sensory attributes of plain yogurt commercially available in Korea and its irradiation effect during storage at 4°C"

Irradiation dose

(kGy) Color Odor Taste Overall acceptability Off-odor
0wk
0 3.75% +0.57 4.38+0.72 4.38+0.85 4.00£0.90 2.75+0.81
1 4.50%+0.81 4.88x0.74 4.88+0.80 4.63+0.77 2.75+0.85
3 5.63% £0.62 4.88+0.77 4.25+0.81 4.50+0.84 2.88+0.82
5 5.75* £0.77 4.50x0.74 4.50+0.83 4.13+0.87 1.75£0.86
1 wk
0 5.20 x0.57 4.80+0.70 4.70+0.64 4.70+£0.69 2.30+0.80
1 5.00 £0.51 5.30+0.63 5.00+0.59 5.00£0.67 2.50+0.77
3 5.80 £0.60 5.40+0.65 5.40+0.65 5.20£0.70 2.80+0.75
5 4,70 £0.50 5.30+0.69 5.10£0.60 4,90+0.63 3.10£0.82
2 wk
0 4.63" £0.53 4.75£0.79 4.63+0.80 4.63+0.75 3.13+0.88
1 5.38%+0.62 4.38+0.90 4.75+0.73 4.75+0.85 2.25+0.81
3 6.13* £0.55 5.00£0.81 4.38+0.85 5.25+0.80 2.75+0.97
5 5.38%40.61 4.25+0.87 4.00£0.77 4.13+0.71 3.63x0.87

USensory analysis was performed using 7-point hedonic scale with 7 as extremely like and 1 as extremely dislike. For off-odor score was

used as 1, no off-odor, 7, very strong off-odor.

**Different letter within the same column in each storage week are significantly different (p<0.05).

@ 29AE 9% a72ES
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7+asle] 5kGye] AgkollM oF 6log cycle®] Tt 3=
E?&C}. Q=EE9] pH, AR 1 eodsler 22 Ax)
2o 2Ah 9 A1)t felFel Hole gl
Aow sklge. B9 aTEEd By W) A% o
Al ZhabA ZAF 2 AZAT|H] e V)3 zfole fle
Aoz g}, Agl Ao Ped ZANRT} F

& MLl A 712490
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