J. Fd Hyg. Safety
Vol. 23, No. 4, pp. 330~337 (2008)

Journal of Food Hygiene
and Safety
Available online at http://www.foodhygiene.or kr

¥

SES SRR Sl

opFY'* - Y
SYRANG 4FARHEA, AZEEo]

A%} A

A study on the Shelf-life Extension of Minimally Processed Carrot
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ABSTRACT - Betarich carrots were washed at various hypochloric acid(HCA) concentration and steeping time
and packed in PE bag keeping at 8 °C for 12 days, in order eventually to examine microbiology, firmness, surface
color, whiteness index(WT) and sensory quality. It was found that total bacterial counts at T-IT and T-III with the 3
minute steeping were 4.37 £ 0.19 log CFU/g and 4.27 £ 0.13 log CFU/g respectively, showing slight decrease com-
pared to control condition. E. coli was not detected at all treatments but less coliforms were detected at the 8-day treat-
ments of T-II and T-III. Treatment of 3-minute steeping showed smaller reduction in firmness than that of 1-minute
steeping at 12-days, and T-1 (T-3) had the largest (smallest) reduction among them. It was also found that during the
treatment the L-value showed decreasing trend, but the parameter a- and b-value showed increasing trend. WI
increased, and its change was small with the increase in HCA concentration. The sensory quality check after 8 day
storage showed that evaluation of the off-flavor appeared to be significantly high (p<0.05) at both non-treatment and
HCA treatment. On the basis of the results above, it is likely to be more effective to prolong the period of circulation
of betarich carrots if you use HCA over 50 ppm for washing betarich carrots. This study will contribute to improve

safety and quality in circulation of betarich carrots.
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HZ JAF AHol| HLEH e Asiislr (electrolyzed
oxidizing water, EOW):= &< NaCH-912 electrochemical
cells FFAA LA = Aoz B3 Fholeg 2
AlA HOCL Cl, ClO 5% ¥+ ZA2Z pH 6.5 F2A4
HOCI®) FEE 96% o4& Yehdry). ujiyd 229
&}oked A4k (hypochloric acid water, HAW)S] 2 & 7=
F2 4H8l 8 A ¢l (oxidation-reduction potential, ORP)Z
ol-gsled HAE ARHE HFAA 2jetE ik hypochloric
acid, HCA)o| M| 202 HE=|o] A xuje] 2tgnga &
FRAEE AYAIA PlAES Uls AFEHE JERITHO,
HCA €99 A 2 giA 474 88l gi7t
& Ao g Qg QAo gt W g A= & 4 Qo
3 H3E v Ao, ARl 2 AMEEE Asjakslar(electro-
lyzed oxidizing watery= Fd840] w2 7H40] A Hst
W, AHgo] &olstd staRo HE3 Campylo-bacter
Jejunis oA Zom™ AFolA Esterichia coli 0157:H7
3} Listeria monocytogenes®] 7832 2 alfalfa R}
BN Salmonella®] ZE&8-& FHA7)e &34 o] B
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Betarich B2 £& AAsl 2= B2 387 AF

g F 3SR, 7L e ddsley ST
A2 AWPoF A0 X 20 X 5mm)dte] FHISHATH
A28 oxidation-reduction potential(ORP)°] 800~1,000 mV
o]3L pH 6.5 £ v4Hgd Rfotd it 1HAY 7] (MS-40008,
Soosan E&C Co. Korea)S AHE-3ld 2ol hypochloric
acid, HCA) &% 0ppm(HZ-+, T-0), 30 ppm(T-I), 50
ppm(T-IT), 100 ppm(T-IlT) FE=H 183} 387+ 72k HA|
A7) & PE bagoll £33t 8°C2 A%l (Lab house BI-
150, Korea)oll A3t FAAMEE AR3FA. A7
T 44 7o E NEE AFs vAE 24 F 354
FAEAE ZAsT

R

Betarich B¢ FAE § AWE JH2 22} =8
Roladtoz DANLE 183} 302 H2aiol 47
F 4 THEOE FaF, tdd 2 229 B E o
Husky, gd s4E $ae 4TS R A

2 A8l =EFE UM (GP-2003, SG Electronic, Korea)
Z 2A 24 F 209 B2E 180mLle 01% HE
(pH 7.4)& 713 3 #27](bag mixer, Seward Medical,
UK)E ©]43t49 260 pmO.E 9027+ MEle & & 3
Attt Sd9= plate count agar(PCA, Difco Co.,
Detroit, U.S.A)E AF%—G}O# 37 °CellA] 3617k v Fated A
3ttt i AFH WAFELS Petrifilm(3M Petrifilm™,
St. Paul, USA)S A&-3e] 36°CollA 26A17F wijget &
adFe B 7128 T IS AFINL i
& Ho&A 71RE 349 A4S AT NE 1g%
colony forming unit(CFU)E FERH A TH,

X
= 5%

Betarich @< 20 X 20 X 15mmZ AHE § HCA A
g F5Z 0ppm(T0), 30 ppm(T-I), 50 ppm(T-II), 100
ppm(T-III) &2 X3 F geCollA 129 Ht A st
49 7v4°2 % Texture Analyser(DAHDI/500, TAHD, UK)
£ AHgate] FEE Sk £8E B2 SM SP/
100(A & 100mm)probeZ 50 kg®] maximum gorce= 3}
1 mm/sec®] 22 43Ut G AlS = highest peak
forceE g-force @912 Ueiglon, 2472 Z+7 43
249 £42 B39 gz A
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e TS T8 HCA Al & A3hdaA 44
A2 ARE 331 Color Difference Meter(Ultrascan
PRO, Hunterlab, U.S.A)E A83ld L(B X, black 0 to
light 100), a(BAM %, red 60 to green -60, b E, yellow
60 to blue -60), AE(total color difference, 2§}

AE=JAL 4 AP +AD )2 YEQlon, A7t zhzt



332 Kyoung-Hae Lee and Hui-Kyoung Lim

48] A% FE HFg oz g o BT
(L=95.28, a=-0.97, b=0.28)0.2 HAslo] THMNG 245
At

W 312 2 (white index, WD 732 Bolin® Huxsoll*”
o] wWhHol mat L, a, b 3t& th 2ol WI=100-[(100-
L*y+a**+b*] 2 W¥kate] eI

TH=FA}

HCAS 2|3 F2& 8°Colr A%d B 44
Al i3t B HrlEoR 9, o)F, A
A HARes 24U, B dae 34
How Fae 4, & %011 e AolAd sHo] §-4
g 202749 A 138 e A2 A F 335
AR FANN F P&% }E cais

n}', I‘lO—Ll
2o i

Jl

AN
X

2
=
£ 48

HA 43 ukE S HFAZ YIS
, FAIEAL SAS(Statistical Analytical System) ZE1
AH&3H] Duncan®] U AEWLE A8 {9

o
AARL p<0.05 FFAA DA AT,

lof

ox e ki

Zat g g
=2 &M
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AAAZHE HCA T=HE A7 g G2 4
=9} A2 WH3k= Table 13} Table 29+ 7ch.
ARz FaTd ZF dE2T T-02 453 + 0.18log
CFU/gel R, A7 T-18 AAAZE 18 Aol F
FFE 441 + 02410g CFU/gollom, AR 7S 350
2 A AS 45 1log scale ol Z4H ALE 1
Bt o, A% 12%1x}oﬂ ANAG ATl ARAZE 1E
7 327tlE A9 Alolg vehlA &gttt HCA F=71
100 ppm 22 182F X3 TN Fa5E 213+
0.21 log CFU/geIR 2L AAAZ 380X 1.77 & 0.29 log
CFU/gE Jerdth et AA7)7ke] S71845 Fd
 dx7% A Ao 7 Jeiey, $7152
AAAZr] 71 Mot Aot wErt MR
2 FNEL AA et g3FE] A9 A T
qAe A% 44FE HEHJL A2+ T, TE A
2 8URE A2Hon, goCcidA A7 129 A
T Ag+Y RAFFE thzT T-000 ¥ldte ARAZE 1

Table 1. Changes in total acrobic bacteria and coliforms in the fresh-cut carrot treated in 1minute steeping with various concentration of

hypochloric acid during storage at 8 °C. (log CFU/g)
Micro- .

organisms Storage period{(days) T-0 T T T-I
0 453+£0.18" 4411024 3.72+0.15 2.13£0.21
. . 4 6.51+0.16 6.16+0.27 525+0.39 473+0.16

Total aerobic bacteria

8 6.74+0.18 6.571£0.27 5.9010.14 5.61%0.12
12 7.33+0.31 6.8710.13 6.23£0.07 6.09£0.20

0 324£0.12 ND? ND ND

. 43610.02 2.95+0.10 ND ND

Coliform

8 5.231+0.01 4.02£0.10 3.63+0.09 3.451£0.06
12 54140.02 432+0.03 3.794+0.02 3.844+0.15

YMean t standard deviation (n=4)
Not detected within the detection limit < 10' CFU/g

Table 2. Changes in total aerobic bacteria and coliforms in the fresh-cut carrot treated in 3 minutes steeping with various concentration of

hypochloric acid during storage at 8 °C. (log CFU/g)
Micro- .
organisms Storage period(days) T-0 T1 T-II T-III
0 4.53+0.18" 3.11£0.26 2.301+0.14 1.77+£0.29
. . 4 6.41£0.08 591£0.13 437£0.19 42710.13
Total aerobic bacteria
8 6.8610.13 6.02+045 5.11£0.20 47+0.17
12 7314+0.19 6.86+0.34 5.4210.11 2.2810.13
0 32440.12 ND? ND ND
. 4 4.08+0.08 2.81£0.03 ND ND
Coliform
8 5.26£0.01 3.30+0.04 2.394£0.07 230£0.23
12 5.501+0.01 3.931+0.04 3.15+0.09 2.951+0.04

"Mean t standard deviation (n=4)
INot detected within the detection limit < 10' logCFU/g
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o2 yeldrh tzt T-08% A+ TR agh A%
AR &= 949 zpo] 8 EPA] ¥R, HH+ T

300

53
@
S

Firmness(g—-Force)

100 |

T-11

(b)

Fig. 1. Changes in the firmness of the fresh-cut carrot treated with various concentration of hypochloric acid during storage at 8 °C.

(storage period : oday, 4days, 8 days,

12 days) (a) Steeping time Il ; 1 min. B) (b) Steeping time B ; 3 min. §), T-0 : Control,

T-I : Fresh-cut carrot treated with 30 ppm HOCI, T-II : Fresh-cut carrot treated with 50 ppm HOCI, T-III : Fresh-cut carrot treated with

100 ppm HOCL.
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Table 3. Changes in color of the fresh-cut carrot treated with various concentration of hypochloric acid during storage at 8 °C.

Treatment persi:)(:ir?gzys) L-value a-value b-value JE
0 50.68 £ 0,74¢ 18.59£0.51° 20.74 +£0.60° 0
4 53.93£1.03° 1826 £0.49° 20.43 £ 0.40° 3.53+0.67
T-0 8 56.37+1.00° 17.38+0.42° 19.274£0.22° 6.07+£0.49
12 58.31+1,00° 16.09+0.24° 18.36£0.10° 939£0.40
0 5136+ 1.08° 19.27+0.26° 21.07+0.79° 0
4 54.10+0.68° 18.20%0.16 20.68+0.91° 1.13+£0.22
T 8 55.1010.04 18.30£047° 20.801£0.61° 2.6910.83
12 57.99£0.62° 17.46£0.58 18.94£0.93 7.76+2.36
0 56.3611.15° 23.96 £ 0.48 21.51£0.06° 0
4 57.01+0.82° 2346+0.27° 22.01£0.97° 2051023
I 8 57.4310.85% 23.45+0.49° 22.3740.62° 2.05£0.84
12 58.70+0.41° 2470 +0.24° 24.86+£0.57 4.86%0.70
0 57.18+091° 25241028 26.67+0.59° 0
LI 4 57.3740.89" 24.57+1.06* 25.46 +0.50° 2.05+0.23
8 57.98+0.55° 23.49%0.75* 253710.58 2.16£0.60
12 59.57+0.59 22.6410.68° 24.26+0.44° 3.984+0.49

*Means in the same column bearing different superscript are significantly different (p<0.05).
~Means in the same row bearing different superscript are significantly different (p<0.05).

e A7170E =279 o2 A2 Hisly f93
oz FA uUegton, A4717ke] Aage] wel Ly
tEA ashe A% Jeidd bgke AAr)7e) A
FEeE iAo, e ¥ UZT 09 A+
T1, T-II ZHll= Fo&<0 2pol& Holx] Zpor}, T-II
M ooz FA Jeydth ol AR F g= 59
o] AxZE 3t PEIt SIIEAL B-carotene} 7+
carotenoidA] A &Aool YL T HCA A7} Ao
FIE M3 Aoz AGHEY. Seely$t Meyerd] 9J3HH B-
carotene Y, At 5o Q914 9ole] Mo} AHE of
1@t Bug vl o0 FAHAE)RE HERTF T-09
A7l Az T 718 ZA Uehgon,
A% 129 A Folle AT TN T-tels 2oz}
AA ebsT.

Aok Aed 329 AEH F24Y AR 9%
< "Rl W3} (whiteness index, WS AT =
EWd Jehdes dAeE HCA 54 A% 279 A
2 12%0] A3 FTo] WIE Fig. 28 2t} 2714% o
TFAE AY FARE A& dedoy, AF 1290] 7
FH3t Fel= T-000AM #2171 7B Z2A Jebddh ol A
B2 & 2 ®Ho] AxHo FFE v Re=
dEt A FAME T T TIE Z4E WiE B
YEFRT ol Q&5 MlE Folxe] Aakel AT

A7 FQ 42 AR AR F ozt 2
FZHA HAAQ FZe HAAEE mAyEo] 97 B

Whiteness Index

T-0 T-1 T-H Ll

Fig. 2. Changes in the whiteness index of the fresh-cut carrot
treated with various concentration of hypochloric acid during
storage( M Oday, (] 12 days) at 8 °C. T-0 : Control (- O -), T-I :
Samples treated with 30 ppm HOCI (- O -), T-II : Samples treated
with 50 ppm HOCI (- A -), T-IIT : Samples treated with 100 ppm

o QA visle] gto 2 B3 TRY A=
& ohgioni, 2 WSt 5 AYTIA HCA A
=7t F4R5E AR dege.

=2
G222z MAGA N HCA TEHE A
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A B7HER oY ALt SUHESE dutsle A9E
HAT HCA A F A% 4dAolA & Hrtes va+
T-08F T-IZHlE 9383 2ol glled, M+ T,
TR 4 Hri=9oh 43 Hrhe A7t 4
AFE AotYadt vt F7HETE Q2T AT
Al e H7ME Vel o 27t Al Hlsted o

& A42 H71E9Y. HCA AHE 3571 5258 o
ol gk Fr7h foHoz &) o] HCA ¥4
g7t AT E 7l 938 Aozt ideH, A% 8
Az}oll = X Fe T RE AT 7ol §949
2018 HYT A 12931 T-08 T-I7Hl= #2014
9l zpol7k e, -0+ T-II, T-HIZHlE= #2 &<l 2}
°lZ Rt 2T T-08 AT T1 42e o|HH ke
A% 4UAE 5% FAFTlM FYAA Aol BY
o, Al T T AZ271, 49, 8del A3
A B f-9]FQl ZpolE HolR] GGttt ole AoldL
At F% 50 ppmoldo g A d At vAE
S Ho] Ry E A% o]HAgel JAld e ddd
o} Ao g Hrks Uiz 1-09F A2+ T 22 A
F2N% A 4R E FolHQ) Aols Be)x| ¢ksk
Z, HFF T8 TN e 27 A37170E 04, 4,

842} Zholl Foldel Aol UehlAl At Agz7]
Aol W= ZAE Tt 6.08 £ 08622 7FE & Ho}
E yehdod, ZE A9t F93<1 folE e
A7) 7ke] ZVEE Ao dig HrtE FAsgou
AgpolA e ZaZo] AA velyth 2y 2y ¥
AP T v S gt R Fo FHAA Hlgt] &
oroZ Fds] FHE ALY FEL oo, 1 W
3 Zo AA vehgth Kim'e) 9shd 32 A7
ol Z] WglE o] dojdt} Aot wEkA wekA
HCA A &]¥ betarich B9 #5d F4%7t= A% F
n g F2o 7 o3 23 dstel WMty Fel 93}
of g womg AT TVt AZEaHAr} e FAe
2 g

i o

<]
RiA

o

2 o

Hlele]x] F2E HCA w548 IAAzHEE 2z Al
& & PE bagel T3l 8°ColA 1297 ARt o]
AEEN, A%, BEA sS4 2 J53 FANHSE
ZARIATE a5 AAATE 3BOE 3 M2 F Tle
437 £ 0.19log CFU/g, T-IIE 4.27 £ 0.13 log CFU/gE
Az7]19 vzt 2ok JA vebsdh oidaad]
A AGdF gAY AN+ T-U Tl &Rtk
HA AEHNLH, BE HYFANN E coli= HAEHA
gorth 38 AR A7t 18 A HelFro A

Table 4. Sensory Characteristics of the fresh-cut carrot treated with various concentration of hypochloric acid during storage at 8 °C

Storage
Sample period(days) Appearance Off-flavor Color Overall acceptance

0 6.15£0.80* 5234073 6.08+0.86* 6.31+0.48"

4 4.9240.86" 3.7740.83% 5.541+0.52* 5.77+0.44%

T-0 8 346078 3.6940.89 4.69+0.75% 4544052
12 2.92+0.76° 3.15+£0.97%® 2.08+0.64° 3.92+0.65%

0 5.5440.52%8 5.46+0.66 4.9240.49%® 6.11+0.63*

4 5.00+0.41% 4.851+0.69" 5.0810.28" 5.72+0.76®*

T1 8 477 +0.93% 4.54+0.52% 431 +0.63 5.52+0.60"
12 492 40.64" 3.00+0.718 4314048 47240.51%

0 4.9210.79® 5.00+0.41% 5.00+041® 6.07+0.77%

4 3.85+0.69" 5.00+0.58% 4.8540.388C 5.15+1.07

T- 8 3.92+1.04" 4.62£0.51% 438+ 1.04% 4.99+0.85%
12 3.85+0.55" 45440520 4.15+0.90" 453 +142%

0 4.85+0.81%® 5.13%£0.51* 4.77+0.83® 6.0210.78

LI 4 4,004 1.088 5.0940.87* 4.46+0.78 4.9940.96"
’ 8 3.8510.90 472063 4.2310.83 4,6810.75
12 3.62+1.12% 4671065 3.23£0.71% 4.60+0.96™

Rating scale : 1(very bad) to 7 (very good)

*Means in the same column bearing different superscript are significantly different (p<0.05).
ACMeans in the same row bearing different superscript are significantly different (p<0.05).
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A 129 AolA Axe] ZAaZe] FHRlow, T T, T-II
2 AeE gaZo]l FAENUY. ARG F EE A
v‘L«l L7 ZAstEal ast bk S7HHATH Wie A
A7 & F7V89 20, HCA AY5Lrt 71842 2
7V AQlty, A% 8YAte] #5d AL A, FA
279 HCA X279 olHH 7= fedez A4 Jet
$op<0.05). o1%e) ARe Fs) 2 of FE7S 9%
< 93t F2 AFo] HCAS 50 ppm o)A AHE-8l= A
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