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Predicting and Extending the Shelf Life of Red Cabbage Sprouts

Ho Hyun Chun, Seung Jong Park, Seung Hun Jung, and Kyung Bin Songf

Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT To estimate the shelf life of red cabbage sprouts (stored at 4 and 10°C), the numbers of total aerobic
bacteria were determined during storage. Parameters for the Gompertz model were determined and the shelf life was
predicted using a modified Gompertz equation. The estimated shelf lives of red cabbage sprouts packed with polyolefin
film and polyamide/polyamide/polyethylene (PA/PA/PE) film at 4°C were 49.4 and 52.3 h, respectively, whereas those
of red cabbage sprouts packed with polyolefin film and PA/PA/PE film at 10°C were 19.7 and 22.6, respectively.
The shelf life prediction equation was appropriate, based on the statistical analysis of the accuracy factor, bias factor,
and mean square error. On the other hand, for red cabbage sprouts treated with aqueous ClO,/fumaric acid and UV-C
then packed with polyolefin film or PA/PA/PE film, the shelf life was predicted to be longer than 168 h. These
results suggest that the combined treatment of aqueous ClO,/fumaric acid and UV-C can be useful for improving
microbial safety and extending the shelf life of red cabbage sprouts during storage.
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StAA Ao A Aw Aol qAH = A&

o ot aget WA A At 5dE FUAZ
 ATHB,9). 253.7 nm o] UV-C ZAke vAES]
DNA®] pyrimidine dimerE ¥/ 3}o] AALe} HAE oA
o 2M HAES APEAI7IH, FDACIA A& W 1AE
Ajofol] Algo] &7te EE]lH A2 A X8| AH3ta
sleb# Al WEste] AR 7 = el ArH1O0,1D).
H 2 F0 Aol A H o2 FasA QA H w
2 ATE I e ASHAETS AFe @ F5, IFE
A, A AT & g APzl A AEY Aol &

A=l A T Aol tiste] SAE datas HME o=

T = = E—S_}L
FAREY A S e vAE A 4S5 E Ao,
A E xS HAsele d o]&5a Jrk13). 3HA
ok &Y o] A me wE v AYE S BHste] 43
A 2dlS 283 shelf life oSl #3F A= 7]g3t 24
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Z1rd 7y} shelf life 98-S 913+ o] AF3}E 44, fuma-
ric acid, UV-C ¥ gle} A4l st a31& 435}
o:lq_
A .

VR

A3 M=

2 kv =24 Brassica oleracea L.)& 771 % FFol 9
23k DAY Frejate] 93 &4 §lE AL ARE A
slo] Ao A3}l

Fumaric acidZ} #7}El aqueous CIO, M=

Aqueous ClOs;+= chlorine dioxide generator sys—
tem(CH»O Inc., Olympia, WA, USA)S A}-&3}o] A %313
o, F%7} 100 ppme] A distilled waterE ©]-&3}<]
343t} 5=+ iodometry standard method(14)& ©]-&
3Fe] Z4 31 Y}. Fumaric acid &'2(Sigma Aldrich Co.,
St. Louis, MO, USA)<S 100 ppm aqueous ClOz°l 0.3%

FEE A7) e Eshel 34aherh

UV—C ZA}

AL UV 2d71E 0|83t UV-C 2AHE AAT318]
o}, B X e] A, sl 254 nm 3HE9] unfiltered germi—
cidal emitting lamp(Sylvania, G15T8, Phillips, Haarlem,
Netherlands) 8715 Z+2} AA51%1 3, UV-C A EE
Ak ek ZbzE 18 cm "ol A& tray Aol A UV light
meter(UV-340, Lutron Electronic Co., Inc., Taipei,
Taiwan)& ©]&3te] 3 ¥HE SH43to] P gto= sttt
(12 W/m*). UV-C ZAMAFS dudds wgoz 2
kJ/m?%2 A4 s )

Aqueous ClOy/fumaric acid?} UV—-C HEX 2|

2 9u] 42 100 ppm aqueous Cl02/0.3% fumaric
acidell 1:10(w/v) Hl& 2 583 % x] A2 ¥, laminar-
flow biosafety hood® %7 90% F9oF air-dried A el 2
el gob A= T2 AT A&H o AH A
H Hu SRS UV 272 A trayol B3 % 166%
b HA oA UV-C ZAME ATt Bk e ob=] o2
|25 272 st 43S st

~

My U BE 52

el BEAE B A% AR 20 g8 poly-
amide/polyamide/polyethylene(PA/PA/PE) film bag
(BIN707, 28x15 c¢m, 70 um thickness, 60 mL Os/m>-24
h-atm at 24°C, Barflex Co., Daejeon, Korea)®} poly-
olefin film bag(PD951EZ, 28<15 cm, 25 um thickness,
6,000 mL Oy/m*24 h-atm at 24°C, Sealed Air Co.,
Gwangju, Korea)oll 7/fHH oz EA3F & 49} 10°Col|A]

797 747 Ak,

W2 A5 20 g3 0.1% sterile peptone water
180 mLE B4 bagell ¥ 3% =¢F stomacher(MIX 2,
AES Laboratoire, Combourg, France)d|A] 23} A%
ot #2353 A5= 0.1% sterile peptone watersS o]-&3}
o] 1084 A& 3)4stA ). g4 0.1 mLE plate count
agar(PCA, Difco Co., Detroit, MI, USA)d] &F3+ 3
37°Coll Al 48A1F vl Fet it 4 colonyE A3t
HEH F 37143 M+ 75 A8 g9 colony forming

unit(CFU) & e,

Gompertz's model M

A7 22L& Azl i A Fu e EAlEE - 5]
A Al A 5L £43517] 98 o592 Gompertz's
model(#] 1)& #8331 th(15).

Y(log CFU/g)=K+ A-exp{—exp{[(nax2.718)-(A—

/Al +1}} (D

olwf Ki= 271 & &714 Al “(log CFU/g), A= 27
T 5714 At o A F 5714 At 79 log # A
Inaxe 2 HAF4E(og CFU/g/h), A e §571(h), t& A
FAZHh)E YEdT 3 WSS B3 2 ¥ E Y datas
Graphad PRISM version 5.01 X213 (Prism, GraphPad
Software, San Diego, CA, USA)E o]&3lo] Gompertz's
model 2}l fitting 1A A% X EQ FH WA 44 % (maxim-
um growth rate, pma)® FE7](lag time, LT) S 9<%

.

Shelf life O 2 =g @It
nAEEA F4 WslE VFoR Adu|Fae] shelf
lifeE d=3}7] Y&l Gompertz model 21& WA A &=
571744 Alxtel 7.7 log CFU/goll =25 & AlzHh)ol &3t
214 2)& w3 2ol vERITHID).
Shelf life(h)=A—{A{In[—In((7.7 = K)/A) I = 1}/(tmax
2.718) 2
ol 7.7 log CFU/g¥ Corbo S(15)elA Badk 2143
o] Aol F 57|14 Alatel Hol 3& S % Gs Ve
2 3t 283 A SEAS Frtstr] Hgk FAA
A Z2M K3} accuracy factor(A4), bias factor(B), mean
square error(MSE)E ts 2](2] 3~5)d &=3lo] &4k

5 7hehelvhle).

o
ps

A= exp [Z(lanrcdictivc - lnYobscrvcd)2/N] (3)
Bf: eXp [Z(lanrcdictivc - 1nY0bscrvcd)/N] (4)
MSE= [2(nYpredictive = InYobservea)*1/N (5)

Aje AZE grol A4 S38 gl vwste] Avh 7
He Z4F Aolw, Bz A5 k3t 348 gk Abolol
JO Y WAE ek, F g BF 19 FESS 95



S5z
2E 4P 338 wEse] RSP on APANE 3
FREEFAAZ epdch Aol fol4 AFE SAS

(Statistical Analysis System, version 8.1, SAS Institute
Inc., Cary, NC, USA) programs ©]-&3}o] /X0.05 ==l
] Duncan's multiple range test W'H<& AL-8-3lo] F A
9% senh

Znt o D

M F & 3714 MZ 4 st
) ) 54

< polyolefin film#} PA/PA/PE filmell 2+2}
EFTE 5 49 10°Col A 7Y Ft Z4zF At A A G
tAo 7 & 374 A 55 A3 A3 Table
yebllth, A% 27], Ao T 514 Al
+ 7.34 log CFU/go. = l_‘fe LAEE B Kim 5(9)7%
Waje (A7)0l A Al S &2, Wd, A, 7, o7,
A Fuj o] F 5714 Mate] 7~8 log CFU/g LU EE
Beolthka B adkgoh T3 Tournas(18)E A &) Aol A
o] &l

19l

-

| AE o] ol A, 2 D FEHolA B
A ATE 2 g nAER 44 29E 5 IS S
A A3l ol g gt AFRIET & ATFA Tl A A
2ol =& nAE Q9% shelf lifes ©HA| 7], T3
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A5 4°Coll A 24413 &<t polyolefin film3} PA/

PA/PE filmell ¥g¥ A g4l F 3714 Al =
o

[}
A 27 $E02 A9 QAT FAY W, AGLw
10°Cell M= 48AIM7HA) w=7F F438] S7kete] poly-
olefin film¥} PA/PA/PE filmoll 7 H a4 & 5
7173 M+t 7% 8.21% 8.30 log CFU/go& #a= it}
(Table 1). B3 A2 49} 10°CellA 79 A% ¥, poly-
olefin filmoll 273¥ A&l F 37|43 M 5
8.149} 8.48 log CFU/g7tAl 242t F7}velgl ow, PA/PA/
PE filme 2 X A5 F 7|4 M+ % 8.063
8.59 log CFU/go. =2 7} FA¥as 57}3}03\;]_ o] &3l Ay}= x-]x]—
S5 4°CHT} 10°ColA F 3714 Alete]l o Bl St
A3g BAFAAR, AF7E T A Fae] o5
o2 Q% CO, 57kt ﬁ’;’q' filme] 71A| 53 =o) w2 E7
W 71 Al Wshe F 57174 Al Aol ol A XK
0.05) d&= vHA %—?9}5}.

Gompertz's model &
Gompertz's model P& Agd S ATl de] A

Table 1. Change in the populations (log CFU/g) of total aerobic bacteria in the red cabbage sprouts packed with polyolefin film and PA/PA/PE film during storage at 4 and

10°C

168
8.14+0.06%

8.48+0.035

144
8.07+0.12%°

120
8.02+0.10%

96
7.98+0.08"

7
7.84+0.125%
8.30+0.074%

7.73+0.05%

Storage time (h)

48
7.76+0.085%

8.21+0.10"°
7.72+0.165

24

7.44+0.075

12
7.43+0.10%

Storage
temperature

Packaging

7.34+0.08")  7.41+0.105

4°C
10°C

Polyolefin

8.34+0.10°™° 8.37+0.03%° 8.43+0.035®

7.90+0.10%

7.79+0.08"¢
7.42+0.11%

7.80+0.14"¢

7.71+0.16¢
7.41£0.14%

7.34+0.08"°
7.3420.08"¢

7.34+0.08™
l)Any means in the same column (A,B) or row (a-¢) followed by different letters are significantly (P<0.05) different by Duncan's multiple range test.

film
PA/PA/PE

8.15+0.08**  8.06+0.11*®

8.47+0.024%

8.14+0.085*

7.39+0.09%
7.74£0.04*°

4°C
10°C

8.59+0.02%°

8.44+0.08"%

8.29+0.05"°  8.34+0.12"°

8.30+0.04"°

7.74£0.07%¢

7.60+£0.19"5¢

film
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Table 2. Gompertz's parameters and prediction of shelf life regarding the populations of total aerobic bacteria in red cabbage sprouts

during storage at 4 and 10°C

Parameters
. Storage Shelf life 1 3 3
Packaging K" A? M) 4
[} h max )
temperature (°C) (b (log CFU/g) (log CFU/g)  (log CFU/g/h) AT ()

Polvolefin film 4 49.4 7.3440.08* 0.76+0.03°¢ 0.009+0.0018 10.24+2 4478
¥ 10 19.7 7.34+0.08" 1.04+0.04% 0.024+0.002* 6.75+1.46°
4 52.3 7.34+0.08* 0.76+0.02¢ 0.009+0.002° 13.47+1.81*
PA/PA/PE film 10 22.6 7.34+0.08% 1.1140.03* 0.02620.003* 8.35+2.378

YK: Initial microbial count. ?A: Maximum microbial growth attained at stationary phase.

Mimax: Maximum growth rate. YA: Lag time.

YAny means in the same column (A-C) followed by different letters are significantly (P<0.05) different by Duncan's multiple range

test.

= g olth(19).
softwareol] Z&3lo] &
film &l o Zﬂ.ookﬂﬂ—’v&"—“W] A F 2714 Aol o
AAEE st F57] LTS 4% A= Table 294 2
t}. Polyolefin film =7 3, 49} 10°C #73% 2 ufj 5219
HA ST = 0.009¢F 0.024 log CFU/g/hol o, &
7]+ 10.249F 6.75 h= UFE}HLE} olg]3t A= AR
L7t ol wet & 5714 Al o AdAFEETL
s7tete v ferle faeste e dekdt w19
PA/PA/PE filme &2 F3% 2z okujxte] o) 44w
=71+ polyolefin filmo 2 EAH 2 ofu2-o] Ax}e}
A A3S Yelyl=dl(Table 2), 4°C A7l A PA/
PA/PE film2 2 274 A gn 4ol Hojdg&wet
7]+ 0.009 log CFU/g/he} 13.47 hQl WA, 10°C A ﬂoﬂ/\i
= A5 0.026 log CFU/g/h, +%7]% 8.35 h&
Ao mE FoAQl ApolE B AAFHR LT} HE
film &7l W& F 2fol& HolA| &t} Lee 5(20)2>
0~15°CelA AgH g FU=9] F 7148 M 4%
Hslo] wE HUAGEEE 250 wel & JFE wol,
A7 S7HEel et HojdgE et Skt B
29t =3 Lu 5(19)2 Gompertz model2 ©]&3}¢]
fresh—cut lettuce G4 A2 & 49} 25°C A% F F 37
4 Mt ASREEE B4 A 4°C A A HaddE
=9 =71 24 0.7070 log CFU/g/day <} 0.9995 day
2, 25°C A HAWAFEE 1.8950 log CFU/g/
day®} 57| 0.2683 day$} Hlusle] HjdAEEE 7
Adtal 7] S7Fekithar Bargk vk i
olgf gt AT AAEL A Fo AF2E7F vAE A

RlX T8E JTE U]l AL AoE Bl 2Fol
At MAEY HoddE e AL FerlE
7M1 7171 918k o] F g 3irtal dekEn)

Gompertz 215 Graphad PRISM

5790 AY F AYeRs 23

Shelf life 0|& 2 =gt T}

B Ao A= shelf life 279 A®AA F sl F
3717 MagE ASu S A 8ate] A g4
shelf lifeE o| &3} ). 2 Fu|=219] shelf life= &t 3

o)ll

Azt 7k 7.7 log CFU/gel
W3 % Gompertz 2]S o]-&35}

A g ﬁeiﬂr" Table 2l YeRiT

Polyolefin film ¥4 ¥ 49} 10°Cell A&+ Z—ioc}ﬂﬂér 2
9] shelf lifex 49.4¢} 19.7A17ke]ItH(Table 2). 3k PA/
PA/PE filme 2 ¥ 3% A uF249] shelf lifee 4°C A
ol A= 52.3A17F, 10°C Aol A= 22.6417F2.=2, 10°C
HlaLgte] 4°C #1%F Al 30A1%F o] shelf lifes oﬂ%}f\lé
e Aoz FiFr) sH AAFEHET} =L poly-
olefin film¥} AFAF3 w7 ¥r& PA/PA/PE film 3ol &
shelf lifeel]l QlolA & =Fo]Z HolA| &gttt Heo S(21DS
AEe) 540 mel Balvh AHE ngE odEt ge
A7) el & 571 Al 8 dEAR] 7IsoR AAst
o] 2359 shelf lifed AF&Eshe 22 9n7) §lvkal ®Hash
itk whebd AFe] Bl ek 27 09, A ¥
W, A4 0 45 eE 5wy A4l 228 Ad) g o

[s}
T 71 #E35te] A Aol "esittu ddE
Aot 4 filmoll W A u] Rt F 5714 Al
I sl gk /:\——_]xﬂ %73% w3 G mpertz model&

e T Polyolefin fllmdqL PA/PA/PE filme. 2 ¥ %3t
T, 49 10°Col A A g3l o B Fhe
0.934 o9 ¥& #s yebilla, A8 B ¢k 0.979~
1.0108.2 o] A1 #kQl 19 77k #hS WEhdT). ®
gk 24 film 7 2 A= #Alglo]l BE A%

A& MSE 32 0.001~0.010& YeRAAL} o] & Az}

Table 3. Evaluation of experimental data in red cabbage sprouts

Storage R
temperature
4°C 0.934 1.001 0.995 0.001
10°C 0.980 1.003 0.979 0.003

4°C 0.940 1.001 1.004 0.001
10°C 0.966 1.010 0.993 0.010

YR? Correlation coefficient.
Z)Af Accuracy factor.

JB.: Bias factor.

YMSE: Mean squared error.

Packaging 47 B MSEY

Polyolefin film

PA/PA/PE film
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Hatxzlo mE XM F & 2714 ME = Hsal

Aqueous ClOg/fumaric acid®} UV-C =gl &
A Z HFmFEae F 3714 At 4 W3ls Table 49}
2. A% %7] aqueous ClOy/fumaric acide} UV-C ¥ 3t
e | Aol & 574 AT FE 4.84 log CFU/g
o7 SA5o] tfxT-¢ vlwste] 2.5 log CFU/g 74 &3
g Yehde] 8 ArE s YERITL

Jin¥ Lee(22)= 100 ppm ©]2F3} A4 5571 @+l A 7]
2 mung bean #9 & 3714 Al<to] 0.7 log CFU/g Z+4&
vt ®Haskgh 3 Kim 5(23)2 1~10 kJ/m?
UV-C ZAE clover 22| & 3714 AwS 279 v

P& W 1.0~1.7 log CFU/g Akl ®askelct. ¢
HA Kim 5(9)2 tx79 vlaLsle] 50 ppm aqueous ClO,
9} 0.5% fumaric acid A2 2], broccoli &2 F 3.7
d M & 2.7 log CFU/g ZHAaAIZ Tl BaLskGTh Lee
5(24) X3 romain lettuce®} kaleol 50 ppm aqueous
ClO2¢} 10 kJ/m? UV-C AR & 3714 A< 2.1
3} 2.5 log CFU/g 27t ZH&A| A TkaL ®Bas)gitt. wheba
ol gt A A} B AFE F3le ot dag BE
UV-C @A gimo} g Al a34<) vAdE 2t &
5 s F Avka eE

A 79 %, aqueous ClOg/fumaric acid®} UV-C ¥
2] 2 polyolefin filmo.2 ¥3d HujF2o] & 57
A A F71 49F 10°C Ao A4 6.113 7.33 log
CFU/ge.® 742t Skt olelsh Aabes 2407k
HAE AS5S At 7H S8 ]
U}, I3 PA/PA/PE filmO 2 4% 2 ujF2ko] 44 F
& 3714 Al = W3k polyolefin filmo & ¥73H =<
i S=ko] A el fAkek 73S vER = (Table 3), A7

74 - 4°C Aol A PA/PA/PE filmo 2 2745 A a5
Ao F 37144 Al & 6.09 log CFU/gQl WHAH, 10°C

Ao e 7.38 log CFU/go2 YES T

2 AFolA XA film T/ TA L] aqueous ClOy/
fumaric acide} UV-C H3tAgld BE A% Al
A 7d FAE F 7 AT 77 Y 3§ LHER
47938k 7.7 log CFU/g ©]3t= AZ=Ath ka2 g5
Aol A E SR EE 7Fo =2 AL shelf lifew
Z17F 13~52A4]7F21 ¥kbA | aqueous ClOg/fumaric acid
S UV-C A g+ 7Y ooz dddn. uehs &2
Aol 4283k 100 ppm aqueous ClO2/0.3% fumaric
acid¢} 2 kJ/m* UV-C ¥ E Fa 2 dulF4e] 27
HNAES 24408 AT, 4°C A2ALE FAF
o =M HAE YFS AAAA shelf lifeE IAFE + AE
hurdle technologyE #|A1E 4 ATH

rl

ot
o
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Table 4. Change in the populations (log CFU/g) of total aerobic bacteria in the red cabbage sprouts treated with aqueous ClO,/fumaric acid and UV-C during storage at 4

and 10°C

168
6.11£0.11%

144
6.10£0.06>*
7.17+0.04%

120
6.03+0.03%*

96
5.80+0.13%°

72
5.75+0.05"

Storage time (h)

48
5.75+0.08"

6.15+0.18"
5.50+0.17%

24
5.24+0.21%

12
5.17+£0.15%
5.76£0.05%¢

Storage
temperature

Packaging

4.84+0.06*%)  5.08+0.10%°

4°C
10°C

Polyolefin

7.33£0.05%*
6.09+0.04%*

6.43+0.06"°  6.64+0.13"°

5.76+0.15%

5.804+0.12"¢ 6.31£0.117

5.38+0.16""

4.84+0.06"
4.84+0.06"°

4.84+0.06"
)Any means in the same column (A-C) or row (a-g) followed by different letters are significantly (P<0.05) different by Duncan's multiple range test.

film

PA/PA/PE

5.96+0.06°®
7.19+0.02*

5.85+0.06
6.50+£0.19"°

5.76+0.14%°

5.18+0.07%¢
5.58+0.21"¢

5.15£0.05"%¢  5.14+0.13%

5.36+0.12"¢

4°C
10°C

7.38+0.05%

6.24+0.08"°  6.29+0.03""

6.18+0.17*¢

5.48+0.12%

film

1
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AgM T AF2rd e MAESLA F57ee o
=317] 18iA, A 5=4-S polyolefin film¥} PA/PA/PE
filmoll 2tz =7 5 49} 10°Ce] AFste] A7) & =
718+ & SASUT. SHE datas Gompertzs
model 2]& o] &3te] HAAFEE} 2715 33
shelf life d]&2 2 2 o & BE] AXilg 2 oFulF4+o] Shelf

life= polyolefin film¥} PA/PA/PE filmell =% 3 10°Cel
vy 4°Col] A A

AgE Als7F 242 19.77 22.6A171%1 HHA,

AlZ= 49.49) 52.3A17Fe = e oS Ed 2 e
A3 H7HE A8 Ay By MSE @& AEs A3, o 5=
gl 2o At o] Howtt g, aqueous ClOy/fumaric
acid9} UV-C H3A g # HFFA A 59 shlef lifes

74 ooz o FHAh watA aqueous ClOs/fumaric
acid®} UV-C WA e & A7 2 w542 shelf
life Aol a2 Aoz AdAn.
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