J. Fd Hyg. Safety
Vol. 22, No. 4, pp. 279~287 (2007)

and Safety

Journal of Food Hygiene

Available online at hitp:/fwww foodhygiene.or ke

MEs 252} I FHiOl e LdHo| X722 F4 HY
P - Y - PP
FHNFATY FEATY, YNNG HEGFS

Effect of Water Temperature and Packing Type on Quality of
Fresh-cut Chicory

Min-Sun Chang, Gun-Hee Kim', and Byeong-Sam Kim*
Postharvest Technology Reserch Group, Korea Food Research Institute
'Department of Food and Nutrition, Duksung Women's University
(Received Octoer 6, 2007/Accepted December 8, 2007)

ABSTRACT - Quality attributes of fresh-cut chicory (Clchorium intybus L.var. foliosum) treated with hydro-
cooling and packing type were investigated in terms of weight loss, respiration, vitamin C content, microbial load and
sensory properties during storage at 4°C and 10°C. Fresh chicory was trimmed and washed 3 times with cold water
(1°C, 5°C) and tap water (10°C) for 30 sec and then packaged in polypropylene (PP) film bag and polyethylene tereph-
thalate (PETE) tray, and stored for 9 days at 4°C and 10°C. Weight loss was decreased by washing and packing gener-
ally. Respiration rate was increased slowly in the storage at 4°C. Vitamin C content of chicory packaged within PETE
tray were decreased gradually during storage at 4°C. Hydrocooling and packing within PETE tray treatments resulted
in approximately 1-2 log CFU/g reduction of microbial load.

Key words: fresh-cut chicory, hydrocooling, packing type, quality

aRE

ot ) YEZE & A o)) E (minimally
processed products)©] A2} A& dulslg o 2 o]
AF HEAR AFE A3 f57)¢9 o] hits] o]
FOlA L UH. A Holr7kg AFL ¥ FEAE
98] K9 37 F =& FALY 719" 54
ALY, $EF Tt a2 uAE WY FeR <
skl FAH A o] MEA AdEe Tl Utk A
A Hol AFe) 7ty 2 5 5 HEE JAs] HsiA
= S9A, pH 34 2 AR/ 579 Azl gEo A
2 243 A2A 27t EFFo|t) AL FAE A3
Ae AAY 27 @A £5ALE dA ey F F
(field heat) AAE A3l 2] YA 2] (hydrocooling)E
3 4°C ol3te] A2{At Tt Wayzhke W
£ YZAMARZ AR goEN Y ztETe] dHE
71 Hla) =7] Q2o WEEst w21, vwd 74
Ae e, SAAuE o) Gy vt Absicr
= olFol AT, Zahradnik®} Reinhart'Oe Alzbe] oy

ul
=

£°] ¥

*Correspondence to: Byeong-Sam Kim, Korea Food Research Insti-

tute, San 46-1, Baekhyun-dong, Bundang-gu, Seongnam-si,
Kyonggi-do 463-746, Korea. Tel: 82-31-780-9142, Fax: +82-31-
780-9144, E-mail: bskim @kfri.re.kr

279

#3ll Instack hydrocooling 71l W3, Hackert 'V
712 2 WFEE o838k broceolid] WYL=} 5
&2 g ois] a4 E vk UL, Henry 592 ¥
Z+A] A ZAAZ AHE-51 bell pepperd] A-3AE
Mohammed®} Sealy?= F&2]% T3 W
A2 g M8 AR 5°C~30°C RN AR F
AWSE AT

A Hol2Fe] ARAE FAA
7Ve71E ool HAd AR A
BHoZ FAILE Yo AAY #HY,
AdA 7R FH0] e
olgste ¥g W olAsEL: FEE
E HFFeEAN vAE WYY S5
28-S A A Ak, AT = FAFEA
7ol M2 FFPolH I AT Ffof A
e AT F JE ERYHE FE5HE Aol S
stttk whebr] AlE 3 Foll W oS FeEM YF
Wzte] 32 ¥ 47} 9o PP film bagd PETE
rayE ©]&3te JAHOZ AAGE T £ Ut o]
o B AFdre FE LR o]§HL AF
o] o]FojX|H HA| FE&Fol F7HHL = AAg

o% ML ofl o

o
=

=
NE
3
=3

LS
>
rir
e
br

123
e
2
o

RO
i
e

2 o
B ue oo

A 7132

M e 3y
0,

pud

Wt

ol 5 Lo s
9 oz
% 5

il 4

#
el



280 Min-San Chang et al.

oz £8 F Aol ANFE AT YL B
Yo7 g5 F oe Feel Zaay 24 4700 Hol
4°C @ 10°Co] AAsle] BASHA F4 WIS FAE}

st
BRI

]

& 2900 A8 A DI A2 A A
ME Aoz A BY £8 AL AW 7Y, e
& F o7 As mogel AAgon R AL AW
SEREEEEE LY

XMijal, Tx} g9l KRt

AR E 1°C, 5°Co] A7k 10°C] Aslrg o
gl 33 whEsle) AAD ¥, Greld 27)8 AAs)
27 polypropylene(PP) film bag(0.05 mm * 200 mm * 300
mm)3} polyethylene terephthalate(PETE) tray(160 mm *
210 mm * 045 mm)E ©]-&3te EGFT F(Fig. 1), 4°C
2 10 °Ce AFZA 99U F AAFsH 3Y AR
F24 v fR2EeE AHEA] B2 AES o

o] zhzh dAE %o YABAZHE WA g ¥ head space
o] 714 200 uLE 7} 7144 FAVIE FHsked gas chro-
matography(GC-14A, Shimadzu Co., Japan)Z ©]4Fsleta
FEE 243t mg CO/kghrE VERISITE olnf #4
Z7 02 columne CTRI(Altech, USA), column 2%3=
35°C, ©]%732 50 mL/min §%<] HeS AHE-3H31om A
£7|2% TCDE A&t

Y TEWI(=97.75, a=-0.49, b=1.96).2 HF
Chromameter(CR-200, Minolta Co., Japan)S A&}
Ao 23 @9 1070A1 9] AlEF AR s IA
FHRS 3328 42 33 e S L, a, b S

Pol i g

PETE Tzray

PP Film bag
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Fig. 2. Changes in the weight loss rate of chicory by different water temperature and packing type during storage at 4°C and 10°C.
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Fig. 4. Changes in the Hunter L, a and b value of chicory by different water temperature and packing type during storage at 4°C and

10°C.
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Fig. 5. Changes in Vit. C of chicory by different water temperature and packing type during storage at 4°C and 10°C.
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Table 1. Changes in the microorganism number of chicory by different water temperature and packing type during storage at 4°C

(unit : CFU/g)

St e period (da
Microorganisms ~ Water temp. (°C) ~ Wrapping type 0 3 orage P ¢ y)6 5
BY 3.02x10° 491x10° 6.96x107
NW 1.92x108
™ 92x 2.87x10° 1.28x10° 1.48x10°
BY 1.68x10* 2.90x10* 1.45x10°
1 3.70x10°
Visbie el count ™ Ox 8.10x10° 9.00x10* 2.59x10°
BY 3.38x10° 3.27x10° 1.34x10°
5 2.16x10°
™ b 2.28x10° 474x10¢ 1.55x10°
BY 3.25%10° 2.15x10° 1.40x10°
10 3.45%10° :
™ o 5.95x10° 2.87x10° 5.02x10°
BY 1.40x10? 1.76x10° 127x10°
NW 4.10x10? .
™ O 1.82x10? 5.30x10° 2.24x10°
: BY 49x10 3.90x 10" 1.50x10? 1.18x102
Coliform group T ’ 2.65x10" 2.40x10" 6.80%10?
count 5 BY L45x10' 2.40x10? 1.60x10° 4.60x10°
™ : 2.75x 107 1.85x10? 3.50x10°
BY 135x10% 2.65x107 5.65x10°
10 1.45x 102
™ * 3.57x107 6.00x 107 1.60x10°
BY 2.0x10" 1.20x10" 3.0x10'
NW HE
™ ND N.D. N.D. 2.00x10"
BY N.D. N.D. ND.
1 N.D.
B ol ™ N.D. N.D. ND.
) s BY ND ND. ND. 7.0x10
™ e ND. N.D. ND.
BY ND. ND. 1.00x10"
10 D.
™ ND ND. ND. N.D.

NW : no washing
Y PP(Polypropylene) film bag

2 PETE(Polyetylene Terephthalate) tray

»<10' CFU/g
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Table 2. Changes in the microorganism number of chicory by different water temperature and packing type during storage at 10°C

. . . Storage period (day)
Microorganisms ~ Water temp. (°C) ‘Wrapping type 0 3 p 5
BY o 7.30x10° 8.75x107 2.03x107
NW e 1.92x10 4.04x10° 8.30x10° 7.48x10"
BY " 3.38x10* 6.90x10° 1.03x10°
, L ™ 3.70x10 1.07x10* 5.06x10° 3.96x10°
Viable cell count =
5 BY 2.16x10° 4.65x10* 2.39x10° 3.90x10
T2 ' 1.10x10° 1.26x10° 6.65x10°
BY 2.24x1¢° 1.35x10° 6.24%10°
10 T? 345x10° 5.31x10* 8.77x10° 4.17x10°
B 5 1.67x10? 2.10x10° 1.18x10*
NW e 410-10 3.65x107 1.26x10° 1.00x10°
1 1 2 | 1
1 B2 4.910" 5.10><1()1 1.54x1()2 3.00x Oi
Coliform group ™ 6.16x10 4.85%x10 2.00x10
count BY 4.76x10? 3.45x10° 4.80x10*
. .
> gl 145x10 5.45x 107 1.88x107 6.10x10°
B 5 9.40%x10? 2.85x10° 4,00x10°
10 T 1.45x10 6.16x10? 8.30x10? 4.80x10°
BV 3 1.08x10! 2.56x10" 6.00x10?
Nw T2 ND. N.D. 1.00x10 3.00x10!
BY N.D. N.D. 2.00x10!
. ! T ND. N.D. N.D. 4,0x10!
Beol B" N.D N.D 2.00x10"
D. D. .00x
5 T N.D. N.D. N.D. 3.00x10"
BY N.D. N.D. 5.40%x10
10 T N.D. N.D. 2.0x10! 5.00x10'
(unit : CFU/g)
NW : no washing
Y PP(Polypropylene) film bag
2 PETE(Polyetylene Terephthalate) tray
% <10' CFU/g
Table 3. Sensory characteristics of chicory by different water temperature and packing type during storage at 4°C
. . . Storage period (day)
Water temp. (°C) ‘Wrapping type Organoleptic characteristic 0 3 e 9
Appearance 7.6® 6.3° 3.6° 4.0°
BY Flavor 8.3" 7.6" 4.6 43¢
Texture 7.3% 6.3 33 46
NW Overall acceptability 7.6" 3.0® 4.0 43
Appearance 7.6° 7.0° 4.07 3.5%
™ Flavor 8.3° 7.3 7.3® 5.6%
Texture 7.3%® 6.0° 3.6° 3.3
Overall acceptability 7.6 6.3 33® 3.6°
Appearance 9.0° 7.3° 5.3 40°
B Flavor 7.3 7.3 6.6" 3.6
Texture 8.6° 6.3 5.3 3.6°
| Overall acceptability 8.6° 7.0* 5.3® 43>
Appearance 9.0? 7.0° 5.5° 4.3
T Flavor 73" 6.3" 6.5° 7.0°¢
Texture 8.6* 6.6° 3.6® 3.6°
Overall acceptability 8.6° 7.0° 5.5° 4.6°
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Table 3. Continued

. Storage period (day)
Water temp. (°C) Wrapping type Organoleptic characteristic 0 3 p 9
Appearance 8.0° 6.0" 5.6° 4.0°
B Flavor 6.6 7.6 6.6° 3.6°
Texture 8.6° 7.6° 3.6® 3.0
5 Overall acceptability 8.3° 6.0° 3.3® 3.3
Appearance 8.0° 6.6° 3.3 5.0%
T Flavor 6.6° 7.6° 6.6° 5.6°
Texture 8.6" 7.0 36° 43¢
Overall acceptability 8.3 6.6 4.6° 4.3¢
Appearance 7.0° 5.6° 2.0 6.6°
B Flavor 7.3% 7.3%® 5.0° 7.0°
Texture 8.3% 5.6 3.6 6.0°
10 Overall acceptability 7.6° 6.3° 3.0° 33
Appearance 7.0° 5.6® 3.6® 3.4
T Flavor 7.3% 7.6 6.6" 4.0"
Texture 8.3® 6.0° 4.0> 4.3°
Overall acceptability 7.6° 6.0% 3.6° 3.6°

NW : no washing

YPP(Polypropylene) film bag

Y PETE(Polyetylene Terephthalate) tray

*Values are different significantly with different superscripts(p<0.05)

Table 4. Sensory characteristics of chicory by different water temperature and packing type during storage at 10°C

. . Storage period (day)
Water temp. (°C) Wrapping type Organoleptic characteristic 0 3 P 9
Appearance 7.6® 8.0° 2.0® L.6°
BY Flavor 8.3° 8.3% 3.3* 1.3
Texture 7.3% 7.0™ 3.6° 1.3%
NW Overall acceptability 7.6% 7.5% 2.0° 1.6
Appearance 7.6% 8.0° 30° 1.6°
™ Flavor 8.3 8.3 3.6* 13
Texture 7.3% 7.6 2.3 2.6°
Overall acceptability 7.6* 8.0¢° 2.6 2.3
Appearance 9.0° 7.0¢ 53¢ 1.6°
B Flavor 7.3% 8.6™ 40 3.6
Texture 8.6° 7.3 3.6 2.6°
1 Overall acceptability 8.6° 5.3 500 43
Appearance 9.0° 5.00 3.3® 2.6"
T Flavor ' ; 7.3° 8.3 4.0" 2.3%
Texture 8.6" 4.3 3.6® 2.3
Opverall acceptability 8.6" 6.6" 53® 46°
Appearance 8.0° 6.0° 3.0® 2.6
B Flavor 6.6" 7.3 3.0° L.6°
Texture 8.6" 7.0° 3.3° 2.3¢
5 Overall acceptability 8.3 6.0 3.6 2.3%®
Appearance 8.0° 5.5® 3.0° 2.6°
T Flavor 6.6 7.5% 3.0° 2.3°
Texture 8.6° 7.3® 2.6 2.3%e

Overall acceptability 8.3 6.0° 4.0° 2.6
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Table 4. Continued

Storage period (day)
Water temp. (°C) ~ Wrapping type Organoleptic characteristic 0 3 5 9
Appearance 7.0° 6.5% 3.0* 1.6™
B Flavor 7.3% 8.3° 3.6° 1.3¢
Texture 83® 6.3° 2.3 1.3
10 Overall acceptability 7.6° 5.3* 3.3 1.6*
Appearance 7.0° 5.3 3.0° 2.0°
Flavor 7.3%® 8.3% 3.3 3.3%
T ab be a
Texture 8.3 5.3 43 2.0%
Overall acceptability 7.6° 5.6® 3.6° 2.0®

NW : no washing
Y PP(Polypropylene) film bag
2 PETE(Polyetylene Terephthalate) tray

*dValues are different significantly with different superscripts(p<0.05)

2 AlE X232 PETE tray® E43H 4°ColA] A3
F 9dAlY] NAZe FTF 2.59x10° CFU/g, ti3a24
6.80x10> CFU/g= 10°C A &}+2 A3 e F PETE tray=
T8t 4CAAN AT F 9dA 9 AAYY FHFF
5.02x10° CFU/g, U&= 1.60x10° CFU/g Rt} S35
= 12 A=, AT F= 1 log scale 32 v Eo] 1y
HATH(Table 1). FAHE AN E E coli7t A3}
£ B¢ 10/ CFU/g A= =2 53] AEFHAeH 53], 10°C
o4 AZEL PP film bagl 2 ¥Z3 B¢+ 2.03x107
CFU/gE & #5E e ATtHTable 2). A thope] 7
T B8 AFTe2E 27 AFFE 5090% 7HF 7
2AZ F AJEH!?, & XA ABAME v F
F7F vsgkom AR wet 1°C A5 AFH s
PETE tray® ¥733 73-¢oM B8 a99Ue & 4 UAh

sy 58

AALHE AHste q°ce] A A #5H &
BgtE BE FAFY 5~10°C AAFE A A4S 3
d o) FEA FAI7F olE A tk(Table 3). 1°C W+E Al
HE A 3YAZEA AXEd YoM FEA KA
Z A gk 28y 10°Ce] Bae A5
o 2xdl FAglel AlF F 3 ol HFEAEE fRIEI
ol# MU Th(Table 4). AH HelAF9 ¢ &7 EAo] ¢
& Zdzded, diH ez MEo] gdsty &4 B H
3 971 lofok st AT =7S F 5 dofof %
ol2 g ZHAN AFE Hrte AA FeiAt &)
7 AES A dAE ARE W P 2 %S vE
T AT,

OF
2

Q
a

E AFoME 1°C 2 5°CY B4 10°cY A 355

o]g3sled A3 & PP film bag?} PETE trayZ ¥733}
o 4°C E 10°CoIA 947 At FZE vHW3ch
10°ColA A&t PP film bagel]l E&3F A|H31A] e
NAYE 997 1.58%= ZAEE°] 7FF %oy 1°C ¥
42 A& A5 ¥ PETE trayd] Bol 4°Colx A&
AAYE 0.14%2 ZEE&o] 71 9A velsdth 1°c ¥
%2 AFAg s 3 PETE trayo] Bol 4°CollA #3373
< 9¥dA) XA TELEEE 2034 mg COJkghrE F
A3 AAA2] F PP film bagell A XA 5FH
% 26.12 mg CO/kghr2Tt RA yelyitt. F949 ¥
sl lojA AFE JRFAFO)7} AEte] L, a, b3S 9
e Wile PAAT A 279 9AAE ¥IH3AE
RS ghol Mutd oz td FUHEIES S ¥ 7 IUL,
HIER Ce 4°Ce] ARZA Age 4971 10°CHAA A
A3t B-¢-2} g C o] A4 fAHAN. nAE
o YME 1°C W42 MH st PETE tray= ¥
et a°ColM AAZL F 9dAY AATE FAF
2.59x10° CFU/g, W3a2 6.80x10° CFU/gZ v ES
9] &% 7 =¥tk 1°C WSE A3 PETE
tray2 XAt} 4°CE A3 A AT AFo 284
3} opatgt 2AZE FAFAL o A5 MA} tray
2ol N3 A7 Az fA A7 e L=
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