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Abstract

According to lifestyle changes, the consumers’ concem about food also shifts from calories and nutrition to health
and convenience. Fresh-cut produce is one of the new tums in the consumption pattem of fruits and vegetables.
The increasing demand for it requires processors to make them stable in quality and safe from microorganisms.
The results of the evaluation of the production process and hygienic management of fresh-cut lettuce revealed that
the facilities used, such as the drainage holes, floors, and door knobs, were severely contaminated with microbes,
and that the work equipment, workbenches, landing nets, and centrifuges were highly contaminated. Accordingly,
improved production processes and management systems are necessary, as is the implementation of a quality control
system from the stage of raw-material purchase to the distribution stage.
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Table 1. Temperature control in the facility of fresh-cut
manufacturer

Facility ‘Ga’ manufacturer ~ ‘Na’ manufacturer
Handling section 7~15TC 8§~12C
Packaging, storage and distribution &y 5
for products 0~5C 4C
Temperature limits for raw 1o o
materials and products 5~15C =0T
Unpackaged products 7~15C 15C
Refrigerated trucks 0~5T 4C
Retail store shelving 0~5T 12C

o:]
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Table 2. Changes in microorganisms of preparation room during
process of fresh-cut lettuce

Sampling time (log CFUjunit)

Microorganism Sampling point
Before process After process
‘Na’ manufacturer
Wall = 0.98+1.39
) Drainage hole 3.141092
Viable cell
Floor 1712242 2924135
Door knob 2.3120.02
Wall
Drainage hole - TNTC?
Mold/Yeast
Floor - TNTC
Door knob 1.35¢0.50
Wall
. Drainage hole 0.9610.65
Coliform group
Floor - 0.56+0.79
Door knob
V- ot detected.

?TNTC: t0o numerous to count.
Escherichia coll, Staphylococcus aureus were not detected.
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Table 3. Changes in microorganisms of washing room during
process of fresh-cut lettuce

Sampling time (log CFUjunit)

Microorganism Sampling point

Before process ~ After process

‘Na’ manufacturer

Wall S -
) Drainage hole 1.93+0.08
Viable cell
Floor 0.33+0.46 0.400.14
Door knob 1.65%0.35
Wall - -
Drainage hole 1.750.02
Mold/Yeast
Floor 0.81£1.15 2.74+021
Door knob 0.35+0.49
Wall - -
Staplhylococcus Drainage hole 0.150.21
aurets Floor ) )
Door knob - -

U not detected.

"Coliform group, Escherichia coli were not detected.
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Table 4. Changes in microorganisms of packing room during
process of fresh-cut lettuce

Sampling time (log CFU/unit)

Microorganism Sampling point

Before process  After process

‘Na’ manufacturer
Wall S -
Drainage hole - -
Viable cell
Floor - -
Door knob 1.20£0.23
Wall - -

Drainage hole - -

Mold/Yeast
Floor - ;

Door knob - -
Wall - -
0.660.93 -
0.24%0.34
0.660.93

) Drainage hole
Coliform group
Floor -

Door knob

"; not detected.

"Becherichia coli, Staphylococcus aureus were not detected.

Table 5. Changes in microorganisms in the air of rooms during
process of fresh-cut lettuce

log CFU/unit

Species Sampling point
pec PItE PO ‘Ga’ manufacturer  ‘Na’ manufacturer

Handling section 0.58+0.60 0.10+0.17
Viable cell Washing section 1.19£0.24 0.2610.24
Packaging section 1.370.01 R
Handling section 0.660.26 0.20£0.17
Mold/Yeast Washing section 0.5410.43 -
Packaging section 0.88+0.28 -

i)-: not detected.
Coliform group, Escherichia coli, Staphylococcus aureus were not detected.
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net)l A Z}2} 0.15, 0.65 log CFU/mit”} A& AL, 2H]
Foll= giudelr] Al F3o] 2 ARV AEY
Atk 2 Fo dutAH-e 13 A3 53} conveyor, 23}
MA%E, E%(landing net)®ll A 0.50~1.42 log CFU/unit =
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Table 6. Changes in microorganisms of hand and tools during
process of fresh-cut lettuce

@D ‘Ga’ manufacturer

Sampling time (log CFU/unit)

Species Sampling poit Before process  After process

Hand D 3.49+0.01
Knife - 3.010.59

Viable cell Cutting board 5.1740.20
Workbench 0.24%0.34 4.48+0.01
Conveyor 2.50£0.09
Hand - 2.130.04
Knife - 2.28+0.34

MoldfYeast Cutting board 2.63+0.38
Workbench 0.15+0.21 1.08+0.39
Conveyor 1.0630.09
Hand - 1.21+0.45
Kanife

3‘5};}; lggflococcus Cutting board
Workbench 0.30£0.43
Conveyor

- ot detected.

“Coliform group, Escherichia coli were not detected.

@ ‘Na’ manufacturer

Sampling time (log CFU/unit)

Microorganism ~ Sampling point  Before After process After
process cleaning
Hand 1.83:0.19  3.56+0.13 =
Knife 1.88+1.06  4.93x040  2.60£0.56
Viable cell Cutting board 1441076  5.07+0.08
Workbench 0.7010.14  3.90:0.16
Conveyor 0241034  4.09:1.18  1.65£2.33
Hand - 0.6740.95 -
Knife 0.63:046 179073  TNTC’
Mold/Yeast Cutting board - TNTC
Workbench 0761040  0.54:0.76
Conveyor - - TNTC
Hand
Knife 025035  1.19+021  0.70+0.99
Coliform group  Cutting board 0.150.21
Workbench
Conveyor 0.15£0.21
Hand - 1.10£0.03
Kanife
Saplylococcss— ying oard 1934052
Workbench
Conveyor
U-: not detected.

?TNTC: too numerous to count.
Escherichia coli was not detected
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Table 7. Changes in microorganisms of tools for washing during
process of fresh-cut lettuce

Sampling time (log CFU/unit)

59

Table 8. Changes in microorganisms of tools for sorting and
packing during process of fresh-cut lettuce

@ “Ga’ manufacturer

Microorganism Sampling point Before After After
process  process  cleaning
‘Na’ manufacturer
Washing vat 1 D1412033 -
Conveyor - 1421054 -
Washing vat with chlorine - - -
Viable cell .
Washing vat 2 - 0.50+0.71 -
Landing net - 0.89+0.12 0.65£0.92
Washing vat 3 - - -
Washing vat 1 - 0.44+0.63 -
Conveyor 0.15+021 0.58+0.39 -
Washing vat with chlorine - - -
Mold/Yeast
Washing vat 2 - - -
Landing net 0.6510.92 097+0.70 0241034
Washing vat 3 - - -

Y. not detected.

“Coliform group, Staphylococcus aureus were not detected.

Qo] 74 A3tk A Fof R v Eo] A AL
Aot Edol e ARl F3o] 3 ARV 95 A=
w]o] olof gt YRV} Bast ZoE ATH AT

g, A 9l A9 e 9 =) JQdaf &5
WFoZ nAE LEEE SHS A7 P JAY AFL
ArbAlEes 29 Aol At &3 D7) 2 A9l
2E Aol A 0.15~3.93 log CFU/unite] o] A%
719} conveyor?] @ F=7} 71 A3 th(Table 8). 2H
< A9Ae] &3 G57] 5o Tl thE i
Eodth ikl AW o2 E47] Yiie &

AT, AY o= Ee FFOE 295 o]

PAI!

o oo
N
N
ol

€}
=
__‘?_‘_
Y
=
glo] 29 4B} BLs, AP E% Y Fof
£ o9 27hk80] 7Pg ol A9 AYB= asih
o] 9 EY 2AEHE QAR AR 2]
A Fol g57] el 2.go] 7Hg AL, 1 Slof 847
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a3 Ao AR b YAS 2AR D), Qe
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0.93~3.08 log CFU/umit W92 AEEA, TFo] 2 &%
= 297 &7 Ry HAEHA= L He= 0.66
log CFU/unit~TNTC7HA] @ @% 208 AL et 4
FEATHE D57]004 024 log CFUmit7} A& A,
O tidolXe AEHA FAUth A4 Fole e i
o] AukA|Fe] ¢ dE Ao w FAEYET I ¥YE 12
0~3.89 log CFU/unitZ @4-719] QA%r} =9k, 71

Sampling time (log CFU/unit)

Species Sampling point
Before process  After process

Centrifuge 3931022 4.34£124
Container in centrifuge A 2.45%0.09

Viable cell Workbench 0.9340.65 1.42+0.87
Support of container 0.15+0.21 1.67+0.83
Hand - 1.4940.69
Centrifuge 3.650.41 4.64+0.00
Container in centrifuge - 1.6410.09

Mold/Yeast Workbench 0.75+0.07 0.5910.83
Support of container - 1.75+1.17
Hand - -
Centrifuge - 0.30£0.43
Container in centrifuge - -

Saplylococcis o pench . 030043

Support of container
Hand

D not detected.

“Coliform group, Escherichia coli were not detected.

@ ‘Na’ manufacturer

Sampling time (log CFU/unit)

Microorganism Sampling point Before After After
process  process  cleaning
Centrifuge 3.08+0.87 3.89£0.56 2.2410.33
Container in centrifuge S 1.93£1.08 -
Viable cell Workbench - 1.20£0.01 -
Support of balance 093£1.31 1.77+0.03 1.04£0.62
Hand 1112012 2.26+0.07 -
Centrifuge INTC?  INIC  TNIC
Container in centrifuge 0.66+0.93 1.11£1.57  TNTC
Mold/Yeast Workbench - - 0.35+0.49
Support of balance 149+143  INTC  2.1310.10
Hand 0241034 0.84t1.19
Centrifuge 0241034  0.25+0.35 -
Container in centrifuge - - -
a&;l; lggflococcu; Workbench - - -

Support of balance
Hand

D-: not detected.

?TNTC: too numerous to count.
FEscherichia coli was not detected.
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