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Abstract

Microbe and quality changes of vacuum-packaged ready-to-eat lettuce were analyzed. While the vacuum-
packaged lettuce after chlorine sanitizer were stored at 5°C, 15°C, and 25°C for 7 days, viable numbers of total
aerobic bacteria (TAB), coliform, E. coli, food-borne pathogens and lactic acids bacteria (LAB) were counted
with gas production and sensory evaluation. Before the storage, only TAB of 2 log CFU/g and coliform of
1 log CFU/g were detected and LAB was not detected. TAB, coliform and LAB increased by 1 log CFU/g at
5°C for 7 days without any detection of the pathogens. Sensory evaluations for off-flavour and crispness dropped
to half the best value at 5 day storage. TAB and coliform increased by 3 log CFU/g and 2 log CFU/g, respectively,
but LAB grew very actively by 4 log CFU/g under anaerobic environment and only B. cereus were detected
after enrichment of the lettuce at 15°C for 3 days. The evaluations for off-flavour and crispness were half
the best value for 3 days. However, TAB and coliform increased by 3 log CFU/g, 1 log CFU/g, and 4 log CFU/g,
respectively only at 1 day storage under 25°C. Also B. cereus were detected after enrichment and the sensory
evaluation were half the best value within 1 day storage. Therefore, preservation at the lowest temperature
possible is required for growth inhibition of the bacteria contaminated in the lettuce. Interestingly, LAB among
them grew most actively under the anaerobic condition and the adulteration of lettuce might be closely related

with the growth of LAB.
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49 FA Aep o R Ats SAsAT A A8
£ HESFZ 343l MRS 34l 2 (Difco) ol A 30°C, 48
Az wiek 3 22457 30~30070¢) HH-S AeEte] A

01}1

ST FT

02/CO; Analyzer(CheckMate 9900, PBI Dansensor,
sted, Denmark)S A}&3lt}.

iz

g7

= 5°C, 15°C, 25°CellAl B3t 0, 14, 39Atdll =

AT
—_

=
o
=3
=

Al



anel 9 2 E 3-8

/%].

g B ALE
DR FEE7AA, obtolata sl g we
RE W 13744 53 A= /5% HAE 3

b

s ATae st M

oz
5 of
o, N

kS,

7} 7}

Lo
rfo
b
i
o
-
2
Y
td
1]
Do
)
3
c
QS
o
fru
i
o,
3L
i
a1
a
K3

FeatRon o]F 5 7dxtol= 3 log CFU/gS

2 22389 tH(Table 1). 15°Col A 1€ 2ol A 4 log CFU/g
o7 st o 39t 5 log CFU/gC 2 4534

5 e

A s} 1869

o

31, 54214 6 log CFU/g, 743l 7 log CFU/g2. 2 353}
S tH(Table 2). 25°Coll A 1€ wte]] 5 log CFU/go.2 FA %4
53R 393}l 7 log CFU/gl. 2, 54 2} 8 log CFU/g
© 2 453 dtH(Table 3). Kim 5(17)9] Ha9} =24 %
719 Aldee IR R f5Hi Je F ¥ 48+0.19
log cfu/gRthes e Aoz el o1 Kubheka 5(18)9]
AFROE A Yepgth 2eu B3 Foll 2719 T

B Fol B AR FHFE S T 57} AAx 5
e ne exo gebd wo) 2 40 oL A
¢ 5 AUtk AYER FPFE AT W A5F e
exolN nashs R0l 7 3 3%

3

= e AT 5 A3 5C
Foll A= 59, 15°Cll A= 3¢, 25°Cell A=

W 1 oJfel
Fshs Zlo] nhgrA g Zos =l
4

AR 24
N ATFTY 27T 4 25 AFFEE 5°C, 15°CY
&= 1 log MPN-CFU/g ©]3l2 YElga 25°CoAM= HE

Table 1. Viable counts of contaminated microbes on vacuum-packaged lettuce at temperature of 5°C and different storage

period (CFU/g)
Strain Storage time (day)
0 1 3 5 7
Total aerobic bacteria 1.38% 10 1.47x10° 1.97x 10" 1.41x10° 514x10°
Coliforms” 7.67x10° 1.47 x 10" 1.57x 10" 1.87 % 10" 157 % 10"
E. col - - - — -
B. cereus —b — — — —
S. aureus — — — — —
Sal. Typhimurium — — — — —
Lactic acid bacteria — — 7.11x10" — 2.62x10"

"Not detected. Unit: Log MPN-CFU/g.

Table 2. Viable counts of contaminated microbes on vacuum-packaged lettuce at temperature of 15°C and different storage

period (CFU/g)
Strain Storage time (day)
0 1 3 5 7
Total aerobic bacteria 4.37x10° 1.09% 10" 7.96x10° 6.36x10° 2.34% 10"
Coliforms” 6.67x10° 1.27%x 107 1.75% 107 1.63% 10" 1.81 x 10
E. col’ — — _ _ _
B. cereus +V -2 — — —
S. aureus — — - — —
Sal. Typhimurium - - — — -
Lactic acid bacteria - 3.11x10° 2.19% 10 9.54x10° 1.29% 10°

YDetection after enrichment. ?Not detected. “Unit: Log MPN-CFU/g.

Table 3. Viable counts of contaminated microbes on vacuum packaged lettuce at temperature of 25°C and different storage

period (CFU/g)
Strain Storage time (day)
0 1 3 5 7
Total aerobic bacteria 9.42 x 107 776 % 10° 1.67x 10" 1.07x 108 6.45x 10"
Coliforms” - 3.7x 10" 1.88x 10 8.28x 10° 1.74x10°
E. coli ¥ — - — — —
B. cereus -b — +2 — —
S. aureus — — - — —
Sal. Typhimurium — — - - —
Lactic acid bacteria - 1.67x 10 1.75x 10° 279% 10 297x10"

UNot detected. ?Detection after enrichment.

YUnit: Log MPN-CFU/g.
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Fig. 1. Detection of B. cereus isolated from vacuum-pack-
aged lettuce by PCR. M: 100 bp ladder, T: B. cereus KCCM
14925, lane 1~4: isolates, lane 5. B. cereus isolate 1, lane 6: B.
cereus isolate 2.
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A 6371“%7} Hal B e BAE ] S48}

L

Olr
S
?R

=
o 1I-=

FEHO

WA ol 4HEIErA] FE7F F7HHE ACE BTk
BSZARET} 24
W5H7ke o] HE FCAA 27 1] 193744 A%

Lo} 3U A 142 F7hste] 5YRRN e 244, TUR
SNNE 37T 715 5te] Sl 4EA 7M1V} Bol Ak 15

[<ia=am |
ColA olFHE 7] 17elA 3 vhell 378& 7153t %
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Fig. 2. Changes of O2 and CO; gas in the vacuum packaged lettuce during storage at the temperatures of 5 (A), 15 (B), and

25°C (C).



(A)

o
S | 5°C
%]
115°C
m 25°C
i
= T
i T
o
S 3 m5°C
o
@ = 15°C
2 T .
| 25°C
i

Storage time (day)

7] A3 AL, 3 At A= 53& 7153t A
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Fig. 3. Changes of off flavor (A), browning (B), and crispiness
(C) for the vacuum-packaged lettuce during storage at the tem-—
peratures of 5, 15, and 25°C. The scores increased from no off-fla—
vour (1) to off-flavour (5), no brown color (1) to brown color (5),
and high crispiness (5) to non-crispiness (1).
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