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Abstract. This study was conducted to investigate the effect of cacinated calcium (CC) aone or combi-
nation with heat treatment on storage quality and microbial growth in fresh-cut broccoli. Fresh broccoli sam-
ples were cut into small pieces and washed in normal tap water (TW), 50 uL - L™* chlorinated water (pH
6.5), 1.5g - L™ CC, heat treatment in TW at 45°C, and CC dissolved in TW at 45°C for 2 minutes sepa-
rately. Samples were then packaged in 50 um polyethylene bags and stored at 5°C. Results revealed that like
50 uL - L™ chlorine, washing in CC at normal water temperature was effective in reducing microbial popu-
lation in fresh-cut broccoli samples. Washing with CC combined with heat treatment increased an electrical
conductivity of fresh-cut broccoli. Combined heat treatments with TW and CC reduced aerobic plate count
on fresh-cut broccoli, only ininitial period of storage. But, later on heat treatment induced injury of fresh-cut
broccoli resulting more microbial population compared to non heat treatment. However, samples treated
with CC aone had good quality with low off-odor at the end of storage. Results suggest that CC, an envi-
ronment-friendly sanitizer could be an aternative to chlorinated water for washing of fresh-cut broccoli
without affecting sensorial quality.
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25 FlellA] Aldso] Ajdel] A3l e 2
Ay Al o 2= T2 gAY,
A T S F7IRE o8 B AEA FE3 A
AREShE WY Bol AIEERITHKIm, 2012).
< PAE Ao B3t =4 siA
U ZAPge] wom, ARgzio] BAHEg e Afa
ZAE A ske #AIR Sol Ao FE dE
21 el BT aapzjoln], ARgo] H gt %
3HAQI At as AlFHo| B st
27 (calcinated calcium)ye 71=IY¥IZZNE 200~
1,000 7}gsle] vk E@E A Escherichia coli,
SaAlmondla typhimurium, Saphylococcus aureus, Badillus
subtilis 5ol A aart e BoE HuEHok
(Gandhi and Matthews, 2003; Sawa et a., 2001).
AA3Zge] AR g-2 Aol osl e F
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A5l v A B UERd Ao s By
AcH1zumi, 2007; Kim et d., 2011).
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53 ok(Falik, 2004). FE3F 40~50°Ce] S &
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AldAe] Ajae] AWS Ak 9] e Aoz
UdHA tH(Morera et d., 2006). 18] 21K T,
Mg AP T s ARk &A=
Fxjgjel] o3k Walls Alo] 2 AEel gk 22 <]
RS A sl S FPHAPIEH B FUIE
st 28y Ao FARE E5el wEbr] g
Bt gt 23)E Fxjglol o3l =29 57} Q)
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SE7} 3= 499, Aldelg Jhaehe A A
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25 AR oz A TR 98w
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6501T, S, gh=) oA 1 E5A1%1 o, AE
100gS 19x12cm =7]¢] 50um polyethylene(PE)
LE EAste] 5°CollA oYzt AgstEA FAS
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Fig. 1. Oxygen (O,) (A) and carbon dioxide (CO,) (B) concentration in the head space of packaged fresh-cut broccoli stored
at 5°C for 9 days. TW: tapwater, CL: chlorine, CC: calcinated cacium, TW + HT: tapwater combined with heat treatment.
CC + HT: calcinated calcium combined with hest treatment. Vertical line s represent SE of the means of 3 replicates.
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1B).

AtaEAl Aol wetMe Gt S5t g
(TW +HT, CC+HT)llA O, =7t B% Sobd A
A 3% "ol 0.4kPa PRk ® ERSAL, CO, B5E
A7 3ol 8.4~9.0kPaz. /-2 A&l At A ANk
AR BlEA el Bk A Yeh A o3
Aol HEEEe] sFE0] TR Ao AT
5 ASIT} AldHe] AA A F 0, =l tiskd
Kim et a.(2005)2 5 & olF 48 ¥ 22 0O,
Fxo ot sl WS AAE] AiMe 1% o
9 0, ¥/} 279t 93, Lopez-Gavez et
a.(1997)2 2x¥He] vaFee] &Y 0, 2 CO, &
Tx 717} 1-3, 5-10kPaEkal Raslgith. £ AF)
A Exelet B3k Aeltelre {4 MAZRHRT
0O, 357} ¥ko} thE nigAgol-= 50um PEZ
5 280l AH MAZZNA T4 BlojuA] ettt

2. MINEE

AdHo)| BEZee] M7 |- %% (dedtricd condudtivity)
= A9 7t & A% Y7k wEA st ¢
g st S S FAIEIATHFg. 2).
A el webMe A A & 29235 + B4
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A7 6 o]Fel T AR A vt 2ejar 4
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Fig. 2. Electrolyte conductivity of fresh-cut broccoli stored
at 5°C for 9 days. TW: tap water, CL: chlorine, CC: calci-
nated calcium, TW + HT: tap water combined with heat
treatment. CC + HT: calcinated calcium combined with
heat treatment. Vertical lines represent SE of the means of
3replicates.
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59uSE zfe|7} FA| VrERFA] 30t kA CC+HT
Ae A7HEE S71e] Y PR o= R
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AEE o] 2P Q1 AERE AREE AL Qlat, A
o] i 7tE F Hdel sl eectrolyte leskage=
=718t Jang et d., 2001). 218 ZZdl|A dectrolyte
leakage W3}l gk ALgt 712k ofF] Y| A]A] &
o1} HRSIiElS 218 o] Huld)] o5 A=
wol 343 718k 5 HsiE 2 AlEEe] 5o
2 7Haste] ksl et A7) Q) A
U F49] Farl HaEE A S7RIATHKIm et
a., 2005; Luo et a. 2004). B Aoz AxH
o] HEFdle Ad A B Hd 7 S8
t7hElelE A=) Fhisle AR sEs Yepi e
U A 3aklel] TW+HTE Al9jslare Z718HA
A=t o) AlkdHe] HEEe] 5°C A 9dL of
2 Fdo] Rzt AskA] & Fo= AdEt. 1
il G4 T A AEA] AEe AlAdHe] AdEe

A5 FEY vlasle] A7IHAEETE 2 A0E W
Jl(Das et a., 2011) Eou}t B A= zlo)r}
A JeRFA] ot Aot o] X2o] Ak A
Ao} ge] HEFedie 1 JFo] He AeE
ERiT.

3. 0|4

Aol BeEe] A% & dukdaet g
< Skt A 9dell 47 493-641 ¥ 1.88~
296log CFU -g's UERHSITHFig. 3). daa=Al
g Al T8 AP} nlasie] Adde] BeE
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TEET Ao} 1AL, A Rlolle 23] FxE
Ro} dubAlta 7 A Vel 28a 298

£ A% 6Y ol%F 4.82-493log CFU g2 ¢
2]k 3 7P dubAlldar Al YEbsar, 5
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ol 2lXiHo] AIFE AT Sl X 4
I R AFED IRAIESFE 32713, 50ul -
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Fig. 3. Aerobic plate count (A) and coliform/E. coli plate count (B) of fresh-cut broccoli shreds stored at 5°C for 9 days. TW:
tap water, CL: chlorine, CC: calcinated calcium, TW + HT: tap water combined with heat treatment. CC + HT: calcinated
calcium combined with heat treatment. Vertical lines represent SE of the means of 6 replicates.
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Fig. 4. Hunter L (A) and b (B) value of fresh-cut broccoli treated with different sanitation and stored at 5°C for 9 days. TW:
tap water, CL: chlorine, CC: calcinated calcium, TW + HT: tap water combined with heat treatment. CC + HT: calcinated
calcium combined with heat treatment. Vertical lines represent SE of the means of 9 replicates.
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Fig. 5. Browning index (A) and visua quality (B) of fresh-cut broccoli samples after 9 days storage a 5°C. TW: tap water,
CL: chlorine, CC: calcinated cacium, TW + HT: tap water combined with heat treatment. CC + HT: calcinated calcium
combined with heat treatment. Vertical lines represent SE of the means of 9 replicates.
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water, CL: chlorine, CC: cacinated calcium, TW + HT: tap water combined with heat treatment. CC + HT: calcinated cal-
cium combined with heat trestment. Vertical lines represent SE of the means of 12 replicates.
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