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Study on Detection and Control Technologies for Food Spoilage
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SUMMARY

1. Title

Study on detection and control technologies for food spoilage microorganisms in

refrigerated fresh-cut vegetable products

II. Purpose and Importance

The purchasing trait of general food varies according to diverse local environmental
factors, and from the consuming aspect of food in Korea, from primarily nutrition uptake in the
past, it shows a distinct change toward the direction of health and the search for convenience.
According to such change, among food materials, increase of the consumption of fruit and
vegetables is noticeable, and rather than processed products, the trend of consuming fresh produce
is on the increase rapidly. The characteristics of fresh fruit and vegetables include their texture,
flavors, appearance, etc., however, the information pertinent to food is distributed through various
media, and thus the health-oriented characteristic of consumers have influences on the selection of

food, consequently the potential demand of fresh fruits and vegetables is more on the increase.

Furthermore, in the consumption of fresh food, another changing trend is the point that
the convenience and rationality are sought during its use, therefore, lots of convenience products
ride the wave of the time, which is thought to be closely associated with the social advance of
women, increase of two income family, reduction of cooking opportunities, etc., and purchased
fruit and vegetables are wasted in many cases, and thus it is determined to be influenced by the
economical consuming trend of the reduction of generating loss. Therefore, as new processed

products reflecting such characteristic of the time, the demand of fresh-cut produce is greatly on
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the increase.

The waste generated during the final stage of the distribution of fresh agricultural
produce and the final consuming stage such as at home due to decay and deterioration as well as
cooking process become a big burden from the aspect of environment. Thus the trend that in
specific regions such as the farming area where raw agricultural produce is produced, they are
minimally processed primarily suitable to the purpose of its use and distributed as a consumer
package or a retail package is on the rise. In addition, the market of fresh-cut products grew
explosively in Western developed countries, particularly in England and France from the early
1990s. In the USA, entering the year of 2,000, fresh-cut sales account for approximately 10 % of
all fresh fruit and vegetables sold in retail stores, and its market size is predicted to be increased by

10-15 % in every 5 years in future.

The important problem in fresh-cut products for its production, distribution, and sale is
its safety, particularly, to secure the microbial safety from harmful microorganisms. Due to the
exposure of the cut surface to the air, high water contents within the package, etc., the possibility
of the contamination and proliferation of microorganisms in fresh-cut products is very high.
Depending on raw materials used, major problems associated with final products may be varied. In
the case of fruits, due to the high acidity and soluble solids content, the biggest problem is
browning and the softening of tissues. However, in the case of vegetables with relatively high pH
values, the proliferation of harmful microorganisms may be a big threatening to the product safety.
The manufacturing process of refrigerated fresh-cut products contains no steps for sterilizing
harmful microorganisms, and only consists of simple processing steps such as cutting, washing,
de-watering, and packaging. Normally the amount of spoilage microorganisms that are superior in
the proliferation competition can be reduced during the fresh-cut processing. Hence, in the case of

pathogen contamination, they may proliferate more readily than spoilage organisms.

In refrigerated fresh-cut vegetable products, there may be some spoilage bacteria
exerting an effect on the storage stability, pectinolytic bacteria pertinent to the softening of texture,

mesophiles, enzymes, fungi, etc. Principally, in order to secure the microbial safety of the
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refrigerated fresh-cut products, it is necessary to understand saprogenic and pathogenic
microorganisms in each product as a whole, and by using the information of the characterized
microorganisms, the appropriate processing, pretreatment, and packaging methods suitable for
final products should be applied. Therefore, in our study, by applying a molecular biological
technique such as PCR-DGGE, a detection method for harmful microorganisms was developed,
and simultaneously, appropriate control methods of harmful microorganisms based on some
physicochemical treatments and packaging techniques were developed to secure microbial safety
of Korean fresh-cut produce with maintaining their high quality and longer shelf-life during

distribution and sales.

[II. Contents and Scope

The content and scope of this study included establishment of PCR-DGGE method to
rapidly and precisely detect harmful microorganisms, detection of spoilage and pathogen bacteria
in fresh-cut vegetables using PCR-DGGE, comparison of microbial reduction effects of various
pretreatment and packaging methods, observation of microflora changes in fresh-cut vegetables
during cold storage, examination of combined effects of proper pretreatment and packaging
method on microbial reduction, and suggestion of microbial safety guideline for fresh-cut

vegetable products.

IV. Results and Suggestion

In order to rapidly and precisely detect harmful microorganisms (i.e., saprogenic and
pathogenic bacteria) in fresh-cut vegetable products, PCR-DGGE (polymerase chain reaction-
denatured gradient gel electrophoresis) method was established based on DNA fingerprint.
Initially, unrecognized harmful microorganisms' DNA were extracted and then amplified with

selected universal primer (3411/534r) for 16S r-RNA gene using PCR. The amplified DNA
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fragments were then separated using DGGE based on their DNA base sequence. First of all, six
target microorganisms (Pseudomonas fluorescens, Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Listeria monocytogenes, and Bacillus cereus) were tested and established
from fresh-cut vegetables using PCR-DGGE as markers. All other microorganisms were separated
in the DGGE and identified by direct DNA sequencing of separated DNA fragments, followed by
comparison analysis with 16S r-RNA gene database using BLAST program. After fully
establishing PCR- DGGE method for detecting harmful microorganisms, the six target

microorganisms in fresh-cut vegetable products were regularly analysed for 18 months.

By applying various physicochemical pretreatment methods, their effects on microbial
reduction or suppression of the mixed bacteria strains (P. fluorescens, E. coli, E. coli O157:H7, S.
typhimurium, S. aureus, and L. monocytogenes) inoculated on shredded cabbage were examined.
The results showed that the use of mild hot water dipping treatment at 60-65°C for 1 minute,
organic acid treatments such as 1% acetic acid or 2% sodium carbonate, and the treatments with
disinfectants including over 90 ppm sodium hypochlorite, over 50 ppm peroxyacetic acid, or 1-2%
hydrogen peroxide, gave a noticeable reduction of viable cell counts in cabbage samples. The
effects of modified atmosphere packaging and antimicrobial film packaging were also investigated
on microbial reduction of shredded cabbage. It was found that MAP consisting of low Ox/high
CO; could not exert a positive effect on the control of microorganisms. In the case of vacuum
packaging, rather the possibility of rapid proliferation of anaerobic pathogens in fresh-cut
vegetable products was confirmed. Antimicrobial composite films with nisin or the combination of
nisin and EDTA showed a marked microbial reduction effect on the target microorganisms in

shredded cabbage.

As aresult of PCR-DGGE operations, S. #yphimurium was not detected, but Bacillus and
E. coli were frequently detected all year round. Moreover, S. aureus and L. monocytogenes, as
highly hazardous pathogens, were found and showed greater activity during the summer season
(i.e., the warmer months). In addition to the six target organisms, other pathogens such as
Aeromonas spp., Enterobacter spp., Enterobacter sakazakii, Bacillus halmapalus, Staphylococcus

spp. were also found. The occurrence of spoilage bacteria, such as P. fluorescens, greatly increased



in the spring season. The different types of pathogens and its occurrences detected while using
PCR-DGGE were compared between fresh-cut iceberg lettuce and raw cabbage. No significant
differences were found in the pathogens during the summer season but generally lowering the total
viable cell count by pretreatment such as washing and rinsing. Therefore, when consuming
fresh-cut vegetable products, the possibility of food poisoning can not be dismissed, especially
during the warmer months. The risk is even greater when the vegetables are organically grown due
to contamination from organic fertilization. The changes in microflora, especially for the six target
microorganisms were examined during cold storage for several days. From the beginning, E. coli
was constantly detected from both fresh-cut lettuce and raw cabbage as well. The appearance of
saprogenic bacteria, such as P. fluorescens and Acinetobacter spp. was direct proportion of the
elapsed storage time. Therefore, the shelf life of fresh-cut vegetable products requires extra
consideration during the warmer season. Especially, the process for washing absolutely needs to be
reenforced for the control of spoilage and pathogenic bacteria by treating with proper disinfectants

and natural antimicrobial agents.

Combined effects of proper pretreatment and packaging on the microbial reduction or
suppression against the target organisms inoculated on shredded cabbage were examined. No
significant difference in the viable cell counts of cabbage samples with such pretreatment as
hypochlorite, electrolyzed water, and peracetic acid dipping could be found. Regarding the
packaging effects, typical MAP overall did not suppress proliferation of the facultative anaerobic
or micro-aerobic bacteria under the low O, and high CO, condition. On the contrary, in the case of
vacuum packaging with low partial O, pressure, the accelerated proliferation of saprogenic and
pathogenic bacteria could be observed in shredded cabbage, although its visual quality was
evaluated to be the best among the various packaging treatments after 10 days storage at 5°C. Such
increase in viable cell counts was most prominent for L. monocytogenes strain. Nevertheless, the
MAP consisting of high O, and high CO; significantly lowered viable cell counts of most bacteria
strains inoculated and showed relatively good visual quality of cabbage samples during cold
storage. Thus, it was suggested that MAP with high O, and CO; could be used as an advantageous

packaging method for improving the microbial safety of refrigerated fresh-cut vegetable products
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during distribution and marketing.

Based on the above results, it was possible to obtain the basic information on the
detection of harmful microorganisms and control measures, and simultaneously, the HACCP plan
to satisfy the safety requirements of fresh-cut vegetable product was established. Provided with a
possible subsequent research grant, the safety controlling guide for fresh-cut industry can be
developed as educational materials to secure the microbial safety of fresh-cut products with high
quality during mass distribution and sales, and supplied to producer groups and manufactures who
wish to acquire it, for practical use of the results obtained from the research development being

achievable by field applications.
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Table 1. Microorganisms isolated from fresh produce (Brackett, 1996)

Vegetable Microorganisms isolated

Asparagus Aeromonas

Bell peppers Aspergillus, Fusarium

Broccoli Aeromonas

Cabbage Pseudomonas, Alternaria, Botrytis, Cladosporium, Penicillium
Carrots Bacillus, Erwinia, Pseudomonas

Cauliflower Aeromonas

Cucumbers Citrobacter, Enterobacter, Erwinia

Lettuce Aeromonas, Citrobacter, Enterobacter, Proteus

Tomato Acinetobacter, Corynebacterium, Enterobacter, Escherichia,

Flavobacterium, Klebsiella, Lactobacillus, Pseudomonas, Xanthomonas

Table 2. Occurrence of potential foodborne pathogens in minimally processed fresh vegetables

and similar products (Nguyen-the & Carlin, 1994)

. . Positive .
Microorganisms  Product samples(%) Observations Country
Listeria Chicory salads 4.8 France
monocytogenes ~ Chicory salads 8.8 <1 CFU/g France
Shredded cabbage N.S. France
Processed vegetables 13 England
and salads
Mixed vegetables 7 England
Mixed vegetables 5 Germany
Mixed vegetables 19 England
Mixed vegetables 3t 11 < 100 CFU/g Europe
Range of MPF vegetables 0 France
Yersinia Range of MPF vegetables 76 Strains not pathogenic to man France
enterocolitica Range of MPF vegetables 22.2 to 55.6 Strains not pathogenic to man France
Range of MPF vegetables 75 No indication of pathogenicity France
Mixed vegetables N.S. Strains not pathogenic to man England
except one strain ambiguous
Aeromonas Range of MPF vegetables N.S. 10°-10° CFU/g Italy
hydrophila Prepared salads 21.6 England
Staphylococcus Mixed vegetables 0 Limit of detection 20 CFU/g England
aureus Range of MPF vegetables 0 Limit of detection 100 CFU/g Swiss
Mixed vegetables 3t 14 USA
Escherichia coli  Mixed vegetables 25 < 500 CFU/g England
Range of MPF vegetables 0 Limit of detection 10 CFU/g Swiss
Mixed vegetables 2106 USA
Salmonella spp.  Range of MPF vegetables 0 Limit of detection 1 CFU/25 g  France

N.S.: not specified.



Table 3. Some bacterial foodborne diseases associated fresh produce (Hurst, 1995)

Disease Bacterial cause Outbreak country Commodity
Gastroenteritis  Staphylococcus aureus USA Import, canned
mushrooms
Shigellosis Shigella sonnei USA Shredded lettuce
Listeriosis Listeria monocytogenes Canada Shredded cabbage in
Coleslaw
Diarrhea Enterotoxigenic Mexico Salad of law
Escherichia coli vegetables
Botulism Clostridium botulinum USA Coleslaw(MA-packaged)
Clostridium botulinum USA Chopped garlic in oil
Salmonellosis Salmonella javiana USA Sliced/whole raw tomatoes
Salmonella chester USA Cut and served
muskmelon
Salmonella poona USA Salad-bar cut mushmelon
Vibrio cholera USA cabbage
Bacillus cereus USA Bean sprouts
Virus hepatitis USA Lettuce

A iR, S
2 10°-10" CFU/g 7} %o} 1 Th(Francis et al., 1999). ©] Z 80-90% & &7} Gram&4d 7+
TO 22X Pseudomonas, Enterobacter 2 Erwinia %°] UWHEo]th(Manvell, 1986;
Brocklehurst ef al., 1989; Marchetti et al., 1992). ZAb& &3+ AH = G SoA HEH
H, 53] 2=yt & w Ao wWol EASty. 3k Cryptococcus, Rhodotorula,
Candida 2 & X\ Fusarium, Mucor, Rhizopus, Penicillium 22 H3o|%= £3| A&}
(Webb, 1987; Brackett, 1994). Z15}ol| = 21 X8k AF5 A =8 2 Aol A Salmonella spp., E.
coli O157:H7, Listeria monocytogenes, Shigella sonnei 5 °] AZ& =AY 2T 55 71243 AL

7} 91 th(Itoh, Y., 1998).

gzegfotF o TS A AAHORE Frtete FA ot vl= AW F A AE(CDC)
ol whE ol vl =ol| A gk oF 1,600-1,80071 ] 2] Z~Hl gl olFo] @AY s, o] 2 <13
oF 4007 o] vid Abdgithal B 31 Q)T Gellin ef al., 1987). 19813 7iuic) vl ety =+
A dojt glzE ol AbaLe] A5, Al 5 A =rt dlojlen 417 o St
WAy shod 177 o] A8t E}(Schlech, 1983). 1979 W5 H2Eo A= My, BEvtE, 4

o

=2
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F T A= st 2040 g zH gotFo] WA ST St Y IES AHE S MA
Z WA A CL botulinum 2 F= SAYALE 7 HaElon, o3 of~vlel A~ HE
g, BEvlE, AF SoA FAHZHOZ botulinum FA47F S FH AL 2 8Ha] H th(Sugiyama,
1975).

m e

T3 19823 FE] 19941 Alolof| ]| M E E. coli 0157:H7) &3+ A F=o] HAsld+

A, F2 4% 29U 237N 300H 0 ALt BAZNAE oF 6% FEs 0G5
ATH(Doyle, 1990). el = Foll A Avked 4= Atarzt A ST, ol L9 d &
EeAFe® AulE Aok FHAE AFH A 71903 A2 B H THComo et al.,
1997).

St Salmonella~= ¢ FS Fdste TF2A4 Aih HH & 255 DAAE 7 FIHSE
ATk 1988 FTol M= FUES HFAT F divt = drdet 550 2dd Aot
AN=H, JoHA ] A7 2 BEvtE, 5 A= 52 A7 SAbe] ¥R 22

o] #2] 5 L tH(O"Mahony et al., 1990; Wood et al., 1991). T3 v =0l A= AA7F 1407 74 9]
Salmonella 7ol ©] gt 2] F= o] WA St} B 315 31 QL oh(Li, 2002).

[e)
Jﬂii%%ﬂﬂ%émgg-roﬂﬁﬂﬁﬂdﬂ%€££%%&¥£§@%%
Solgta 28 4= AYrhKing et al., 1991; Velani & Roberts, 1991). ©] Aol A A+ 2 u} o} 7o)

T M AldH o] 2 F o] u| A E QFH A sk A A H Q1 #e] 7} o} & BE3S AEHE

-11 -



TEA) WAGESL AMHA] P AAZL ML) Yl A= Table 49 A A5 o] Q=

Table 4. Suggested standard unit operations for fresh-cut vegetable products

Principle unit operation Specific works and controllable points
Raw material receiving and Ingredient inspection
Storage Product flow arrangement

Preliminary washing and

Sorting
Peeling Hand peeling
Abrasive peeling
Size reduction/Cutting Product hand preparation
Cutting equipment
Size and Defect Sorting Size sorting
Defect sorting
Washing/Cooling Temperature
Contact time
Chlorination
pH
Dewatering Centrifugation
Forced air
Packaging Weighing
Bagging and Sealing
Metal detection
Boxing
Aol HF Az el 7HH wAFHOE UE 5 U, 4o 3P A
TAFY F4, 5 713 tHA, 2HA VISR E FFAZ T RS H -] P Ho]of
ot 71EAer 2% He, A, A& e ol AFS AxS W 7P WA 6

-12 -
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=
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A3d wavdEe HA Ve

Tl AFRorNA AEHoZ AMRF oW FalnAE AAHS AHA wjAE o] &
sk 2|9} A3lshy 548 283 57 Wi o] th(Bjourson ef al., 1993; Herman et al., 1995;
Olsen et al., 1995). A% 2 ¢l W

F Ao, A e A w4 0] 7hsdte] i AFRokIAE o] HHE Bol
ARESEAL ot 2y S mjAE e wet 58 AEuj A & AHEEte H A EtE rAES
A Ho g wjd AEIFEE HF AR o277 B Alzte] AR ET T3 o 7}
AR o] FH), WA HF, T A, A 54 &9 59 Aol e =
f3tth 53] A7 ool EAtt et A Aol A vl FH A gFo W 8] HEo]
=

EE
[‘0
o

AHo T AEHA Ao T v AYE AL

0?

ﬁ

e mE

olr

7t

FRE7L & AE3|ALe] Ao AEAQA W 2o API 54 A 2~H (biMerieux Vitek) 5
$4¢ Y50 Yok 22 3
b ARG AR nFge] $HG trRe] F4 AFAANNE et Al vlaF

g8 A Fl At A FATYES] =4 M5 AL B9

AFHN H ) BHS TR P2 A AT 5 9
_?_

e
-
a
=

)
=N

<
8
[¢]
=
f<~)
w2
[¢]
O
=
=8
=
=

[¢]
f<%)
Q
o

\H

n:

EE
o
o
oo
rob
=)
ox
it

fr
=,

2
(Beumer, 1997). A A & 2% 9|44
A Fae] gl @ao] ARy vl

A

=

f
M

w
R

hybridization (Grundstein & Hogness, 1975), polymerase chain reaction (Saiki, 1988), antibody €
4 7]%, Immunomagnetic separation (Olsvik ef al., 1994)3} & W o] AL&-5 3 o) 1 &
ol 4 PCRE 7)) §HAE TAIZE o] tao2 SFA7)E P on Ay 3ol
oA 9e) $8 3 gom, PCRE 2 §31e] 2% AFO2RH BAS e VRS 23

7] 918k o eFsk A7} %13 5] @l th(Candrian, 1995; Beumer, 1997; Wang ef al., 1997; Bennett
etal., 1998).

e

AE5AQ AgufA] vl FHOZ = 1-3Y o]/ 4 AJ7to] 28 %= ¥HA, PCR Wi
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A5t vAES 21&8aL(eF 6-12A13h) B &8k Al A E 3 th(de Boer, 1999). LUk 2%
ojgh= HA QA g SN =2 AR MA=S HEM ok o= SHI g R o]
3 =S g Woll AAstoof st SH e SlojA 7fAdE A o] Bt B3 PCR cloning
o] &3t WH JA] Z+2to] ol thal species-specific primerg AFE-3fl ofF sh= A Fko] 9

% t

+ @4 o] dth(Hugenholtz, 1998). L2 13} RFLP [restriction fragment length polymorphism]

ofr

_%
o 1 o)ide] FAE 98 A= internal probe hybridization?} nested PCRS- 43§ 3] oF

(Nachamkin et al., 1993), RAPD [random amplification polymorphic DNA] (Niederhausser et al.,

1994), SSCP [single-stranded conformation polymorphism] (Kagimoto, 1995), sequence analysis

(Booysen, 2002)9} 22 £ A = 54 W S o] ARE-H o] Skt

<& ol PCR v A G d-S o] &3 AT A& AA o] o] Qs o
o5 54 wATS HESe HAHOZ MAHAY] Wi b2 FFHY 7S FA 4
&3HA HEs7= oE Aot S A S E S o] &3k AAWH-2 Salmonella spp
o} L. monocytogenes©l| =73+= o] Q131 7] PCR 71§l 23 v]AE HAH A 54 w4
52 #AE3517] 918 54 primers THE9] PCRES T3 S&314 o] 5 A9 5ol o3 &
g AEste WA ot webA Ag7kA1 9 mAdE FANHE EA7F 2 Aol A EH=
SR dFE HAES B AA A v =l g A=ol E7Fs e

HZ 5o A7t wE mAEY] ASHE, $H 4 ToE AL vAETY B33 935
HA 3 22 oA A A5 E FAA &4 £ 4 9= PCR-denatured gradient
gel electrophoresis (PCR-DGGE) ¥ o] =58 wka1 ), o] WH-& o] g 71X =7} 534
o7 ZAG W v 4 @ Asw o o] &  JJornE HAZ v ES] 73,

Hall A Tl A ol AH8-Har vk 71EWH ol Bls PCR-DGGE 7|2 #-2] vj¢Fe] o
ol #AIgle] Al el EAets RE 7Y 75 HET & A} o] 213 PCR-DGGE
He T2 AAVAE Fofll A &8EHI Ue 7IE2A] LT 2ol 2] DNA X7t
= @71X D9 Aolo met ME FH T T = A 719 F 7% o] HH(Santegoeds er al., 1996;
Ward et al., 1997; Jackson ef al., 1998).

N

PCR-DGGE 7'} ¢] 9] 16S rRNAY] Bl % FEO & 7} 3 & J 9 primerg— o]
&8kl PCR 22445 92 F, 05 =7
CR %

Bl & Zr= polyacrylamide gelol] P

=20 -



‘o] oA gel ol A gel matrixell 28 o] Fo] = A AU H5A == €] o]th. DNA
Z} sequence™ A 7M1 E ol 3l 27 == 553 melting pointE ZE=d| o] SO Z QI
3l 7§70 €] DNA 27}-& o7} 2Hete 7|4 ol g olgtx ZFo] 310 ™ denaturing gel
o] A o]F o] &a}At} PCR-DGGE 7|¥H el 714 2 AH = U= T-RFLPS & g2
finger printing 7" 0. 2= E7s3 € MEE ZebA I MEE sequencingdte] 24
Aol 7hsdttke Zlolth L vt = H 2 Alate] -5 A Fslst=dl glo] MEe] 7E7)
24 ALle= DGGE 71 9] &2 A= A= dth(Felske er al, 1998; Nubel et
al., 1999).

A H o] 2)E 9] Fau] A E A o] PCR-DGGE 71§ S o] 43ld v &7 RS ot
Hol| 83 A3 4= 9t} 7]= PCR 7| H L A ZRolo| A $835=d Qo] 7}F 2 Foj
Lav AFd E2A5= BRI A EE] PCR A EHE 2H8-3l= Aoy, Y ANAFE
AEE FAAA] A7 Aol & 53 2 o8 A4 o] A glo] Bla

2 PCR %H3-ol] 23 DNA templateS 27171 42 A& 71A 0

¢

Wl o7 57 mAE HAY A= olv] B2 AFAEC] 43HA A4

==

R
St =2 AFE-3ta vk 28 Y PCR-DGGE 71%H-8 19931d Muyzer 5ol 98] & &7
E EokollA thFst TF o v E £ B St FA AR EHAS W
ot A mAE HEol & E Al e A MAH 25 wlg- Frol R 7] of Ht
Cocolin 5(2001) PCR-DGGE 7|H & AF&3te] olHlg] AR A4 AR 7|7l &
nETe] ME 2% A3, 2059 MAETS AEAHoE AT 27]d < &
At Micrococcaceaess A t, 2 G Q) Brochothrix thermosphacta 2 Enterrococcus spp.7} 5
TS ol F Aoy 3Y o] FHE = ZiHto] FF & o] F AT Eg = (van Beek & Priest,
2002), &7 ZE (Fasoli et al., 2003), &£ 2] A F<2] casaba (Ampe et al., 2001; Miambi et al.,
2003), vanilla beans (Roling et al., 2001) 5 2] 2 &F Aol AFE-= AT} o] &} o] 21F 9]
S48 T s B2 4 e FA00 ALEE A7 ey FeimdE AR o2 AR
7HA A E 7 = 2 ol

221 -



M 3% A7 =d g & 21

A E A& 4 A8 EAAY E3H(PCR-DGGE) 71 & T334k & v A Eof] EA) 3}
+ A1 16S IRNAS] F3-& 93l 27}A] primers AH3t1, o8 A EZ5H A4
= PCR 27+9] 2717} A FAFSIR R 242t o] dFo| A dojA|= PCR 22445 A& &2
3} 7] 915l denatured gradient gel electrophoresis = 53] DNA ZZ+S 7)A€ 9] z}o]o
wet A2 2estd o, 719 E geltl FHAHAG Aok v FulE

5

719 % MEst Z2H P ol §lo] FaeA e WA A ool H A

AgozA A

PCR-DGGE 71%& ©]-&3F fresh-cut 2| 2= 2] sl v| = A & vlo]HH o] 25 F538aL
A} DGGE9| 93l #2¥ Z7}29] PCR ZZ+2 plasmid DNAE cloning3t 3 DNA sequencing
S 53 97INES W, Aol 714 €& 16S rRNA database library §41-S 53] 0] A
= 178 AU L AEE AE T4 W © ©]%F PCR 2749 cloning 5 DNA
Zke] QA NkS Hofgto m A nAES T

=
@ 4 Qor, o] F o fate] AFolA BUlHL gl BIEA fresh-cut ALAE] U4

it -
T (Pseudomonas, E. coli)® ¥ 1F(Staphylococcus, Listeria, Salmonella)E O)’3 o2 &
F HjeFsle v A E dEAS FH]31a1, o] & fresh-cut A& (MA a0l HFE

o AAYE A e PR PP o2 YT E Sl FAsG,

nisino] FHE 7154 BE TAA] DEH F AFHAA YE ATFE S} 3
HoA) EBE AL, B TN 27] A 2H 2AZUNN F v Y E Aol

o F#&% ET7IA (A 0,/3L COs, 3L 03 COs, AEH 02)F A Al T3 D53t



rr

SEY MAP B O 2 BAZAS Delshel v 4E Ao BAE S} AT

Fresh-cut 2| 29 A& & -3l v A& AF WSS F4 3314} fresh-cut 429 AL AH F

2 F-3l v]| A & (Pseudomonas, E. coli, Staphylococcus, Listeria, Salmonella)2] WA 75 H 3}

A

£ PCR-DGGE 7| o2 FAs3] o, 44 dxe] 3 7l 24 B8 o0& fFarA
B9 Aojane elstux A3 AT ARE nigo 2 Aojanrs}l AAFHE FH DA
W ob-e e vAlE S A AFA A TS 2 fresh-cut A& A g5

of A HE&sta A2AZstAA v= S AR HAMFHOoE A5t A ax

i

et
&
3’.9,
H
Jf
f
=?L_4‘
fo
B>
ofy
e}
ry
Ach
N
2
an
>
Q
o
=
2

r
L)
o
A
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A2d A4 A= RS

AAHo| Y aAF e YBZA FulS(Brassica oleracea var. capitata)E AH831592.H, A
SHAN= AFE 5AFT, d5do = Y= HAFAA F2 A E 2 kg TF A
= 5

SRR Bl AN PARAT FAT e o)

K
o
fijo
2
X

ofr
o
A
&2
flo
=
fru
(9,
H_
[\ e}
3
®
(9}
o
S
X
=
=z
fru
Ho
A
Al
rir
2
o3
k1
2
e
>
b
e
ol
ol
k1
-
hincs
e

A7 HEY 1= vV E FF2 A Pseudomonas fluorescens (ATCC-21541), Escherichia
coli (ATCC-11775), E. coli O157:H7 (ATCC-43895), Salmonella typhimurium (ATCC-14028),
Staphylococcus aureus (ATCC-14458), Listeria monocytogenes (ATCC-19111)E Sh= 2] & A
4 A= FF2H A BTt Aol AHgetdtt ol N EF] £ 3 i FS 9
& &) AR Z A, P. fluorescens= Pseudomonas selective agar (Oxoid)2} X.Z 3 7}A,
E. coliT= Chromocult agar (Merck), E. coli O157:H7-2 sorbitol MacConkey agar (Difco Lab.), S.
typhimuriume BHZA7}F 0.46% H71E XLT4 agar (Merck), S. aureus= egg york tellulite
emulsion®] 0.05% 3 7}% Baird-Parker medium (Oxoid), L. monocytogenes= E.ZA|7} 0.01%

#7149 Oxford Listeria selective agar (Merck)E AF-8-3} $3 T}

.U E u e

¥ = U E #FF 7128l P. fluorescens= nutrient broth (Difco Lab.), 1 ¥}¢] t}& #FE2
tryptic soy broth (Difco Lab.) Bl %] 30 mL9l| slant A Ej 2] B3 #FE W Fo| = 1-23] 233}
o HEF3taL, 24A)3 ZHA 02 37C oA 23] A& vt o5 o] & HAE EE&Ao 2 AL

St N o] BE&HS N ol Ao A FA HF S P fluorescens, S. aureus,

-4 -



L. monocytogenes= 37°C, E. coli, E. coli O157:H7, S. typhimurium-2 30C | A 16A] 7H2] 0l &F
st 52 $ub7lo] =Eet e -G o] ¢ o] g Ml FAIZ BFE VAE &
FEHE NHRAHS AXA & 27+ 10%10° =& 10°-10° CFU/ML £ 2.2 A2 &g
sted A Gl S A 59 P E HE &H 02 ARSI

A7 A e AAG o,

B F(NASCO, BO1195WA,
NE2 AHgEtgnh vl EHE
F E9H 0.5 mL= clean bench QFoll A Al Ful S0l 8] 7] F 5 (sprinkle inoculation) ¥
o2 10°-10° =& 10°-10° CFU/g 0] H 53 HF 3 v, 54227C(85-90% RH)E F 4| 5
=W 12-1587F AE BAste] 73 Aol uj= 2H o] 124 AHELEE FH
sHaitt.

sterile sampling bag)°ll 50 g & U+0] o} v A& F

5.4 gt £3A 2

TFIF AT S F A BS Zetay 2B 50 g¥ B F zhzte] AxeE &
o 500 mLol| 13&#7F FA A AT AAEE vzl &8s A] B+ clean bench QFoll A & 7] 7} A
AR EE oF 5§ T AR the, A B Y BEEFO B dX e A5
A& Aot 5+2°C(85-90% RH)Z A 2= WA A 1097 A3 3] n| Y& A
TE S48 A HHER 13 AL v 50 g 0] Pl F A5 28 FH S AHESE
dor 7 xgluitt 4 33 whE AP35t RE B8 38H4 dxg yrras

7). A2
AR A2AF 4G 7be T Fel 5ot AP oA, 45.65C R FAHE &

2
Fol FulF ARE 187 AASAYI JFete T2 d-AE, 4% 29 sodium

n{L
d

-l>



acetate/acetic acid (0.5, 1.0%), sodium citrate/citric acid (0.5, 1.0%), sodium carbonate (1.0,
2.0%), sodium bicarbonate (1.0, 2.0%) &N ol A F A= 187 AR AT 2+ &
3= #-714F A8, == A4 ionized calcium (0-300 ppm), sodium hypochlorite (90, 180, 450
ppm), hydrogen peroxide (0-2.0%), peroxyacetic acid (50, 100, 150 ppm), pH 5.00.2 =4 ¥ 4}
d 8} hypochlorite [sodium hypochlorite 90 ppm &2 ¢l 10% hydrochloric, acetic, citric acid &%}
S 2 H7bete] pH 4], AalF[NaCl 0.13% F59 9FE A71E85 A4 7](Boin
International Co., Acera 2000)E AH8-3t] 2HJ(pH 2.5), SFEZ-2(pH 8.5), & Z 2] (pH 10.5)<]
Asl 4 A Z], LE9[ozone generator (Ozone Tech., 1202RS)E AF8-3}4 1.5, 3.0, 5.0 ppm &
T eEF Ax] S FulF A RS 18T AASATI EF F Fgsts 5]
g, HEH Y 375 ASA A =8 F A SF= corona A (25-30 kV/em, 4-5 MHz) *1 €] 5
= AHEsk] A ol A E EF mIdE TdF Y A/dAEARE S vt

)

U 2442
AAH ] A oA F A8 /e EFWHOZA, HA 522 chitosan(3E A 280
kDa, DOD: 98%)<- glycerol 7} A &} 3| 1% FE & 2% ZAHE Mo &3]A)17] & HAxlgd
PP A Eo] n2A SE] AxFo 2N FT V1540 iE g TR S Azt
735

100 TU =5 9] nisin®} 2% EDTAS 2}2} A 7}5te] Al o] =t ¥ chitosan

=
AEo] HTH AAE S5 AEE FaEZD] FHE 7IeX 2F TZA N HZFG0 g)

TellA 1047 AZ3tAA Ad55 SHtA Falr|BES] 45 4A
L SAAA AFHE A AT 3 AW 27 VA 2E 2ESHAA Far A E
Alojol] 2E 7153 EFZIA(MAPL: 70% 02/15% CO,, MAP2: 5% 02/15% CO»)E S 34
(40 um LDPE, O, TR: 1277+159 mL/m*day-atm @10°C) ¥+ 2}e+4(65 um Ny/PE, O, TR:
54.8+0.7 mL/m™day-atm @22C) D& Z A (20x27 cm)°l] 3 HBE 3= 553 MAP ¥

7 BAY L

::’4

o A} 0,/C0,E ZAFLA oF 0.1 atm FE0] /LS AT



1>
12
2
Lfop
X
Ll
J G

e}
T

AT

ofs

o Axe 2 4 88

AR AaAF AL 7 AAE @ T HE AU EAN, 44 A v =
9] sodium hypochlorite (90 ppm), sodium carbonate (1.0%), peroxyacetic acid (50 ppm), &2
24 A3 (pH 8.5) Ao FujF A B2 127 AA AT &5 F 3ot AAYS
AAF O, OA 7]E3 T34 (40 um LDPE) 5 A (65 um Ny/PE) 25 E A7)

O_L/

(20x27 cm)oll FHlF AR E TR F 2B 3= PEY Ny A2+, 5L 24
&5 ZAA FalnAAE Aol F§ 7Fes EF7IA(MAPL: 70% 02/15% CO,, MAP2:
5% 02/15% CO»)E FR3t3 DH-3l= 558 MAP X8+, 9F 0.1 atm 59 A3/704S

-3 MVP A g -2 T-25ko] Gl

o
ol
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o
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N
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ol
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i
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=
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fu
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6. MIE TS L 54 B

7hodE AT

G T A2 M= BEFE SA ] st Al FulF(50 g)7F SolSlE B E
g2E HEHBF4 0.85% B 499 100 mLS ¥ 3L stomacher (Interscience, France)
&3to] 6023 TH3HE F 0.1% B peptone F=oll A Z 0.2 3] 48T APl A
N v E o ] v el Aete T deufA]o] Alg A 0.1 mLA S EFete] =

& ThS, 37°C o A 2441 71 T Th o &

=
=

i
S~
>,

oo
ok

_,_,
ofy ot
ol

o,

5]

£

=Y

N

Lo

Sy

N,

o AA e g 54

Pl AE AAY FA) HF 5L setstas, b AN S| pHE pH



meter (Fisher Scientific, UK)Z 73} %9 1L, sodium hypochlorite &< % As|42] F2 A4

T 2ot ALHHOC) TS 2 2= 3 HAH oAt S 3 ATHAPHA, 1995).

F

L 2g, ZAH10 mLY AE A2k 0.5 mLS H7lste] 524
FEFEOPMIES 9 10mLE 5049 §o] £RQ wl7}A 7
%

daf| 2] 4Fs}-3H 91 &= ORP meter (TOA Electronics, RM-12P, Japan)

& AN
o
il
i
h
e

o2
ofr
o
8
e
H
e
¢

i
>~
>,
oo
ol
ok
£
2
rlo
2
X
g
o
ol
i)
32
O

YE XA A" FF A 5o TFAWHE VA FA L gas-tight syringe (Hamilton, #1001,
USA)Z ALE3te] T4 28 53 U57]142 3] 200 iLA 238 T Geol| 7935}
3,02 HH Qe AREIYO R XS BAS ol AL H GC BHxAL
detector: TCD, column: Alltech CTR I, column temp.: 35°C, injection temp.: 60°C, detector temp.:
60°C, carrier gas: 50 mL He/min®] % T}

2k 5 HA
AzFeol 2 AFA Hrhel ol & FHE A5 29 108E WeE A
T A G o] WA, A5, T, @A T o] FrhgEel e 94 o] 4 A

& 9] R}o] A
AFE AAlSE A tH(Kader ef al., 1973). oW WA, A&, 79 5 H7HF7 =555 W
St AT AgE As YuletH, BFE FH5S A7t HSTF THA F4o] AstE A
S 9v|gtt) o]k #5HA AI= ANOVA (Duncan's multiple range test) #4102 =7
A g8t 2 Z(p<0.05)5 HS AT

A
~

o

7. A ESHA v = HA

7E WA v A E2] B
okuf = @ 53 A A= A B AT DNAE F5317) Yot B 271354 0.8%

NaCl &4 225 mL9} A& A8 25 g& 3 Ed BEBFo| Y 587} shakingdte] WAl
nAAES FE F2SAT AE Y 1 mLS I F 12,000 rppmol]| A 387 A4

o,

23te] AL e m YAE FA) H5E 90,200 L ¥Vt HES BF 5 A

-28 -



[e3]
2

)

e AT A A 200 pL} 20 uL2] proteinase KE 1.5 mL v}o] I 2 FH o

<

_g_
o 7)o ¥kl W3 (GC) 200 uLS ¥ 3L vortex mixer= FA] &3 &, 60Coll A 107 ¥
%] 3+ A th. Isopropanol 100 pL-& 211 39S o] &-ato] Satnh viold Z4 FH
Aol 2A2HA EFE AEE &4 DA 8,000 pmol A 17 AEE T &, A5
el vy 2y FEE AES 2mL FEE SZAT AFH B3 1(W1) 500 pLS HH o &
A FE= P31, ThA] 8,000 rpmol| A 137F A4 E]st AT 2 mL FEE WA &, Al F ¥
H2(W2) 500 pL< ¥k 2 Wioll ¥ ATk & A] 8,000 pmell A 127 A4 2] g 5, ol &
<& 443 AAB7] A8 12,000 pmol A 127F AR AT vEQlE MFE 1.5 mL
FHRE £7]31200 pLo] && HHA S viId 2 FHA Y& th3, 1525 Coll A & &3] 5]
o Y& F UEE HA3H 10 o)/ WA AT viA 2 §-EF A 2 4] 8,000 rpmol| A 13-7F
A4 E-2]5te DNAE &3 th 785 Fo]7] 98t F W uk&E 3t & A At

_]Ei

ﬂll

1}, Universal primer 2 4|
Al &8 oligo-nucleotide S 3193} 7] ¢]3Fe] RDP Hierarchy browserol| A 2} 152 16s
IDNA 9714 g5 R AT o] 5] FAIREE web Aol A #1812 EBIS} ClustalW 2=
2IHE o] &8t HES AT A o] loemA &

3 BES AFH 208 55l B4 ukstgtt 2 A3 forward primerZA] 341f

ol

Fa & ARk o] Agke] 7hs

[CCTACGGGAGGCAGCAG]Q} reverse primeri*ﬂ 534r[ATTACCGCGGCTGCTGG] & XA
AT} ©] & primer= oligo-nucleotide 34 A& S| AF(HFo] QU o}, A )0l & & sl A8
S Ed A HA glo] TFEL AukS-o ARSI AT

T} PCR ¥F3- € PCR %H3-4HE 1<l

PCR HF-8-5 $]3) thermostable DNA polymerase 1 unit, 250 pL dNTP, 50 mM Tris-HCI (pH
8.3), 40 mM KCl, 1.5 mM MgCL7} 7| 2] 43¢ 1= PCR premix (20 uL-&)S ¥ 32 1 pLe] DNA
template®} 25 pM primerE F7}sle] o +=E 20 pb FIE $FAH. ©]F Gene Cycler

& F oAt 2 72Tl A 3087 94 WS AAEIt DNA S3°] €1 PCR 4H& 2
_E_

puLE # 3] 0.5 ng/mLe] EtBrg %2 1.5% agarose geloll A 7] 4%53}4] UV trans-illuminator
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ol&f ol A bandE &1 3FI T} 1.5% agarose gel ol A 2] A7) 5L 543 7|2 DNA =
Ztol AR HA=AE Fotr 7] 9t stk D719 Al, 1H #1A]

9] markerE loading3} 3L 2 ¢ X F-E] = 1x loading dye 1 uL9} PCR AH&E 1 uLE 404
loading3te] 100 V Aol A 1520 A& A7195S AR A719F F 50 pg/mL
EtBr 8910 2 35871 M8 & TAE d=d o 2 1587 &38te] UV trans-illuminator= 3
13k .

ol = 100 bp =L7]

2}. PCR ¥H-8-4F= 9] DGGE &4

WA T8 gelZ2A 0%} 100% WA A (7 M urea, 40% formamide)”} Z+2 & 8%
(w/v) otz dolrlo]= B E8 9N (acrylamide-N,N'-methylene-bisacrylamide, 37.5: 1)2 AF8-3}
o] 35-50% ¥ 5T S 7}A] & 8%(w/v) polyacrylamide gelS YHE 1 th DGGEE 1x TAE €

NS running buffer® 20 V, 10&F 200 V 3A17F 5 7|9 5S 39T A 719 F

ofj
4

=
%o WA 5= Hl gel-S shakeroll A 50 pg/mL EtBrE 387 43 & Ix TAE 45 %o =2

Q)
587 &A13ES] UV trans-illuminator2 £2] F WME=E 31l Ao,
v}, RDP(Ribosomal Database Project) 44
DGGE gel ol X #2]€ A2 th& X =SS Bvdd UEZ2 AU A 2
vtolA® FH| Ya g dsHA sttt el FE Eda 20 ulE il 52
I e F S 5 3] o] vHESH ¥ 13,000 rpmol| A 337 A4l E st A AS Aok &
o] 7 235 M2 DNA template (3 uL)Z AF&-5 o] GC clamp”} €3] A &2 341£9} 534r primer
o 93l A FZE3A . A FFF PCR HF-S2HE2 1.5% agarose geloll A 0] S #) &<l
g%, A7 E FAE AFE AT A71ME B4 A Align ZE 0] 5t v

BEY FAIL PO A YRS EIT 5 AT

28 37] Yol A1 25 g2 FHste] 225 mL
9] tryptic soy brotholl ¥ 3L 5%} shakingdle] 24 FH el = vAAES W Ao @ L3



2207 AEFH MAZ ABA110 mm)] 2 MAE A 2T FH D S, EF
S AE 5ol el 2b2h Al A S Abgse] wl el a A8 e 4L BAse] ¥e] B

7 3} A tH(Table 5).

7}. Salmonella spp.
FAHE7EE A ] ol Y AG A S AHESH T Buffered peptone waterol] A4S ¥

o
7 ¥l % &, Rappaport Vassiliadis brotholl B &<} 1 mL-S g o] vl a3z, v X7} &9

St TSI agaroll A= 41, 550 HFst=t st G4, Ab R wghay | af 2]
b AepA A 7|2 8A, S0 2 WEtelH YACE 218t al, NAS colony® Gram

&
5
G4e wstel Hel FYSG

L} E. coli
FDA 9] bacteriological manual®l] & #3}of 4 A5} % . Butterfield's phosphate buffer ] A]-8-
Aol HAE 2] stomachingd 5, 72 1 mLE Duram vialol]l 3! lauryl tryptose MUG
brotholl HEAI R 7k A 55 Q8L 365 nm 3] UVl F&

H | W Fo]E 33} eosin methylene blue agarol] =3I H T o] ZHE FE5FH =4
] &=

ot
"
b 2
k)

colonyZS A8 £2]3}4] plate count agardl] =3I 3L, Gram G4 A H= 3

ST

. Listeria monocytogenes
A EFH v AE A FHS F83FA T Listeria enrichment brotholl 7| & @ o] -l
A7 TF2, vl kM | mL-S Fraser listeria broth (supplement 1% 3 71l HE A1 Z . o] wj %
NS 18] Fo] FH3le Oxford agaroll =23} ar, 2 52| 9] colonyS 4183} tryptic soy
agar (0.6% yeast extract 3 7holl 2] A 3FATH 7Ht &, Gram @44 AFZ 1A A1 F

= oo

>

(¢

231 -



Table 5. Conventional detection method for five pathogens

Salmonella Escherichia Listeria Bacillus Staphylococcus
typhimurium coli monocytogenes cereus aureus
Buffered peptone Butterfield's Listeria Butterfield's TSB (10%NaCl)
water phosphate enrichment broth phosphate l
l buffered dilution ! buffered dilution MSA
RV broth water Fraser broth water L
Bre gl ! =4 3l ! SEER)
A5 LST-MUG FA MYP F
¥ B E: ! Ega Be 2 !
! UV 3824 33|  Oxfordagar |34 et &l| w3 4
RB agar e a4 e fe F F
2o g 3] ! %A ! coagulase
*F3 EMB agar ! v 7 7t oF A
XLD agar =AM 543 Avl g 3t Fd catalase
AR A e A %4 ! ¥
OF A ! ! Gram (+) l
l Awv) 73 Zhat Gram (+) &FA Gram (+)
TSI A uj =] Rl FA ! Fd
shek 24 ) ) ¢d w4 !
APE S BZEAY | Gram () 943 *A AA FA AA
Hj 2] 7} l
2R H A ¢ =4
71 A, B
¢4
!
Gram (-)
¥
!
oo]:/K é Nas 26]
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2}. Bacillus cereus

AEFTA] VA= A EHS E8AT A SF&Ho HAE Wol d2ste

1 ®W=o] #3}l4] mannitol-egg yolk-polymyxin agarol] =&3}%]

=1 =~ b
F 2H(mannitol 3} '5)S 48 5} nutrient agar B} A o] 2] T3t ATE Gram 244 o F-

= A4 A1g < skt

v}, Staphylococcus aureus
2EZHY A E A HS F83FA T} Tryptic soy broth (10% NaCl E3Hel A4S 4
o] S vl FeF 3, mannitol salt agardl] 1 ¥l Fo]| & =23l 2 43R Gram 924,

coagulase, catalase test A A& 3t A A1 E S SFAT
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PCR-DGGE &4 7" o] A-&-4 primers A4 3}7] 93t
HREE(PCR) Ab= 9] Ako] 7hsd HE& HHFEH 22
1913} TH(Table 6). 3411/534r, 3411/926r, 968f/1401r 370 2] universal
primers ©]-&& 4= Q1o &2l AF(Fig. 1), 92617} 1401r2] 735 2L X 3t= o 714 E o]
ZANSEZ primerZ2 A A A 3ty It th 8k Z} primere] PCR 5342 A7)
£ 194, 585,433 bpE <215 1=, acrylamide gelol| A £2]3}7] &0]3+ A7]9] 27to g A
194 bp 3411/534r primer set7} 7} A gHstthal A= AT}, o] 2 ¢ primers= oligomer 39
AR 235900 TS F 50 9479 glo] PCR wH3-o A3t
Q1F markergE A|Z3}7] &l Pseudomonas fluorescens, E. coli, Salmonella typhimurium,
Staphylococcus aureus, Listeria monocytogenes i A8 VA F 553 A1 F4FE0 A R
o] ZAZE %= Bacillus cereus 75| W3] DNAE =3} th PCRZ FZ 2|71 % agarose &
7195 S A28 23, 200 bp F =] DNA Z7Ho] PCR =3 3 A A & 91 th(Fig. 2a). o] Z A
3 A3, gel oA A2 & $ A1l A

e

ZZ 3 DNA 27+S A DGGEE ©] 43}
™3 gk band S LFERH A TH(Fig. 2b).

Table 6. Software programs used for 16S rRNA gene analyzing

Project name

Web address Management of main group
(Program)
EBI . - , ,
http://www.ebi.ac.uk/clustalw European Bioinformatics Institute
(ClustalW)
RDP Michigan State University
. http://35.8.164.52/html/ . .
(RDP aligner) Center for Microbial Ecology
NCBI http://www.ncbi.nlm.nih.gov/ National Center for Biotechnology
(BLAST) entrez/query.fcgi Information
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Fig. 1. Sequence comparisons between universal primers and corresponding regions in 16S
rDNA of five pathogens, (a) 926r (b) 968f (c) 1401r. Arrows indicates unidentified sequences.

=i

e

fa) 1.%% agamess gl (bl DEGES
S-SR 104kphy N (demplureion comcenirstion M5-SBGla

I Listermd mdnsowipenss. I' Lasferad maonoiioetnss i
& Sophwococous mres.d & Stapmdorpors mreus.d

¥ Freudomones fucrescans.e 3 Ecoliv

4 E.coli. & HorslTue cfres,d

% Bealus cersus. 5 Szlmonelle fuphirunim.d
& Salmonells Sphimunium. G Peeudortonas Tuorescens.
T =) medainresa M. 1+2+3+ 84+ 548 [marheris

Fig. 2. Result of PCR amplification from bacterial 16S rRNA in 1.5% agarose gel (a) and
DGGE analysis of 16S rRNA amplicons generated by PCR (b).
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DGGE gel goll A2 o2 x|l #}2] 3 bandsE F=3+ F7/ME A€ &
a1, 71 97141 E S DNA library$] BLASTO) 4] matchingAl A £ 23} 629 #F
©]/¢2] homologyE Ztv= AL Z FRAFHAUL o5 65 75 o= o G
o]-g3le] 99} TY Yo7 A& S wW DGGE Aol A A= T2 x4 Jehte A
< & 7 AATH(Fig. 3).

i
a
=l
N
i
o

12 24 56AB7E91011

Fig. 3. Construction of the DGGE identification ladders A and B for another bacteria.

Lanes 1 to 6, bands in ladder A Lane 7 to 11, bands in ladder B

1: Listeria monocytogenes ATCC 19111 7: Pseudomonas aeruginosa ATCC 9027
2: Staphylococcus aureus ATCC 6538P 8: Bacillus subtilis ATCC 51189

3: Bacillus cereus ATCC 11778 9: E. coli 0157:H7

4: E. coli ATCC 6538P 10: Vibrio parahaemolyticus ATCC 17802

5: Salmonella typhimurium ATCC 29629 11: Shigella soonei ATCC 29930
6: Pseudomonas fluorescens ATCC 21541
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2. PCR-DGGE 7] o] &3} fresh-cut 2129 Fafl v A& A X

= 4709 band7} B A EH QA F 1 = band ko} 1-& <]
3 marker® Bacillus cereus$}t Salmonella typhimurium .2 573 7} 3R AL, 21 2] 9] bandse=
A7NAE XS T3l B4 A T 20 A= v AE 7571 old 4l E DNAF (g
Arbidopsis thaliona, chloroplast, h: Brassica napus, mitochondrial DNA)7} ZHZ&5 1 o™ vl ¢k

Z A= AW M7 (i: Enterobacter cloacae, j: Pantoea agglomerans) 2 marker band 2} &

A8 T (k: Bacillus cereus)7} HE% At

(a) (b)

Fig. 4. DGGE profiles for detection of pathogens in fresh cabbage (a) and fresh-cut lettuce (b).
Lane M: marker, Lane 1: no incubation, Lane 2: incubation at room temperature for 16 h.
a: L. monocytogenes, b: S. aureus, c: P. fluorescens, d: B. cereus, e: E. coli, f: S. typhimurium,

g-1: identifying after DNA sequencing.
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Al B = fresh-cut 3 A2l = A Fol A= FufF 23 16413 w3 5ol 7}

X

DNA T@HE°] $EH I, o]ZFE PCR FE3Ho] Aol & FHHASS L 5 3

AT} ©] & PCR Z=Z X259 t&] DGGES 33 A3} Fu ok Z A A+ 170 9] band”} A

A A3 v Z2A0AME 3712 band7} AAAF QA 1 F band h= & markerZ E. coli
T+

e BT F AL, 7 99 bandse A71H D 4L 53 4E chloroplast 9L 13}

PCR-DGGEE 0] &3} A afFol A Falln8ES 1E 54 5 AR, 24 48 =
Aol Qojx 2+t Fafin s A& A EE FA9T st A9tk ol PCR-DGGE
o A FEE Lolh7] Asto] T 210 3 i F 2816 hyoll A 2FskAt. # &
ZAo8E gFH o & AL H tryptic soy brothS L 2 Ab-&-31o] 37°C 2 g vl k7] o) A
200 rpm .= 16X 7HE S v F3t ok Ful ok 2 A A+ 10'-10° CFU/g 3 0.2 A4 H o)
FEFel 550 FeAvBES dHoE JF3 ¥ PCR-DGGEE F3 3t =7} E2

3 E PCR th=2 HFH wFoll 8ROl agarose gel ol A Wl =7} YEF TH(Fig. 5).
gy 5= DGGE 4 2 A7 E 4949, AA HEE v EC] ofd 2 E DNAV}

=

A o] = ATH(Fig. 6). DGGE Aol X AE7 =& Salmonellad) 7% 10* CFU/g,

ry

=

. coli 10° CFU/g, Bacillus 10° CFU/g, Staphylococcus 10' CFU/g2 VFEFRLTH 0] 9} o] A%
°|F Ho|H & o]F 5% FIHAAES AP wj¢f glo] B+
A7 AdAHoE FEAT A T2 AIZHEE A v st § PCR-DGGEE ©]

g3hol AV ES D2 B3, FF B0 Fuglol BF JH 02 155 ke

Tl & 270l A4 165 IRNA gene®} A4S Al 21E DNAF7F AEE A =Hl, o= AA
g A B 27 FF(ETF 71F ~3%x10° CFU/g)7F A< u) PCR#FA oA 2] & DNAS}
"B E DNAZF B A SHEGS Bl 202 ARG 28 16412 sl 2 =
57} 2.2x10" CFU/gell o] 222 o]d AAA FZ o] EA51A] o} nAEE
band?h 2] H o] AZH A
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M12 34567 M12 345 67 8910

- - -

(ay (b)

M12 34567 M12 345 67 8910

{c) {d)

M12 34567 M12 345 67 8910

M1Z2Z3 A5 67T E0910MM12 3 45 67 8910

{g)

M12 3 4567 8910

M12 3 45 67 891(

- e - -

(i) G

Fig. 5. Electrophoresis of PCR products according to the inoculated pathogens' concentration
on 1.5% agarose gel. M: 100 bp size marker, 1: real bacteria, 2 to 9: artificially inoculated

bacteria from 10" to 10° CFU/g in fresh-cut lettuce, 10: negative control (See the Table 7).
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(a) (b)
(c) (d)

(e)

Fig. 6. DGGE profiles to determine the detection limit of five pathogens in fresh-cut salads.

Lane 1: real bacteria, Lane 2 to 9: artificially inoculated bacteria from 10' to 10° CFU/ g in
fresh-cut salads. Lane 10-13: the cultivated samples of 107-10° CFU/ g (See the Table 7).
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Table 7. Detection limit of PCR-DGGE for five pathogens in fresh-cut lettuce

Salmonella typhimurium

Tnitial level of PCR band DGGE band (CFU/mL)
1(ré)1§:1[1]1/ant111(ir)1 Enrichment time (h) Enrichment time (h) Enrichment time (h)
0 16 0 16 0 16
10° + + + + 29x10°(2)  6.7x10°
10% + + + + 1.8x10" (3)  1.9x10°(13)
10’ + + + + 2.5x10°(4)  6.2x10°
10° + + + + 7.9x10°(5)  7.0x10° (12)
10° + + + + 45x10° (6)  1.2x10°
10* + + + + 1.3x10°(7)  4.5x10° (11)
10° + + - + 1.5x10°(8)  5.1x10°
10° + + - + 3.5x10' (9)  5.2x10°(10)
Table 7. (continued)
Tnitial level of PCR band DGGE band (C%[?/OIIZ;L)

I(IE)ES;EEI; Enrichment time (h) Enrichment time (h) Enrichment time (h)
0 16 0 16 0 16
10° + + + + 29%10"(2)  1.1x10°

107 + + + + 2.1x10°(3)  1.2x10° (13)
10° + + + + 6.2x10° (4)  2.5x10°

10° + + + + 3.4x10°(5)  1.5x10° (12)
10 + + - + 1.7x10° (6)  1.9x10°

10° + + - + 4.8x10°(7)  2.0x10° (11)
10 + + - + 3.3x10°(8)  1.9x10°

10' + + - + 5.6x10°(9)  1.6x10° (10)
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Table 7. (continued)

Listeria monocytogenes

Tnitial level of PCR band DGGE band (CFU/mL)
l(rg;;l;zgir)l Enrichment time (h) Enrichment time (h) Enrichment time (h)
0 16 0 16 0 16
10° + + + + 7.7x10° 2)  5.6x10°
10° v + + v 6.9x10° 3)  4.3x10° (13)
107 + + + + 1.0x10° (4)  4.8x10°
10° + + + + 7.9x10°(5)  3.3x10° (12)
10° + + + + 9.0x10" (6)  5.2x10°
10* + + + + 1.9x10*(7)  1.0x10° (11)
10° + + + + 4.1x10°(8)  1.8x10°
10 + + + + 4.6x10°(9)  7.3x10° (10)
Table 7. (continued)
Tnitial level of PCR band DGGE band Ba(célliﬁ/ffsus
l(rg;;l;zgir)l Enrichment time (h) Enrichment time (h) Enrichment time (h)
0 16 0 16 0 16
107 + + + + 23x10%(2)  1.2x10°
10° + + + + 3.1x107 (3)  3.5x10°(13)
10° + + + + 2.1x10°(4)  3.0x10°
10* + + + + 52x10°(5)  1.2x10° (12)
10° + + + + 42x10* (6)  2.6x10°
10 + + - + 1.8x10°(7)  3.9x10° (11)
10" + + - + 2.8x10°(8)  2.5x10°
10° + + - + 1.1x10' (9)  2.2x10° (10)
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Table 7. (continued)

Staphylococcus aureus

Tnitial level of PCR band DGGE band (CFU/mL)
l(rggsjigir)l Enrichment time (h) Enrichment time (h) Enrichment time (h)
0 16 0 16 0 16
10 + + + + 3.1x10%(2)  1.9x10°
10’ + + + + 3.0x107 (3)  2.3x10°(13)
10° - + + - 32x10°(4)  1.4x10°
10° + + + + 2.0x10° (5)  1.3x10°(12)
10* + + + + 2.8x10° (6)  2.0x10°
10° + + + + 1.3x10°(7)  1.0x10° (11)
10° v + + v 3.4x10° (8)  2.0x10’
10" + + + + 8.0x10' (9)  4.0x107 (10)

E. coli TFE o) 83l 7] dAFHo] AAF ZZ o o3t JF8 nxE=R dolR 1
2}, 19 lane2 10' CFU/g, 2% lane< 10> CFU/g, 3% lane2 10° CFU/g, 49 lane-2 10° CFU/g
S PAES AT HEs Y3 WY O 2 PCR-DGGES 33 ¥ bandsS HE3}
ATH(Fig. 7).

AH A7 1, 29 laneo] A= 215 chloroplast®] band7o] A2 o] 10° CFU/g ©|38t9] A=A
TA =M= PCR-DGGER Pl =S AE AAT + I, 39 lanedl X< 2=
DNA¢} H|AE DNAZF EA9 AEES & o AT PpA 20 2 49 Janed| A= R A E
DNARto] HEH At whebA & Ao AHE-E primerg ©]&3l] PCR SFS WS
uf 2} &4 DNASE 3] 1| A& DNA Atolo] sxo W& BAF FFHAAe] A= &<
St 2aF o7 27 dAlTEr $e FFOZ Fan|AEo] 294 fresh-cut A &F
NA o] & PIAES AR AESNH 7] A e WA S T3l dAE 4L 28
7k A
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Fig. 7. Competitive PCR amplification between E. coli DNA and
chloroplast DNA in fresh-cut lettuce.

Lane 1: 10' CFU/g inoculated, Lane 2: 10> CFU/g inoculated
Lane 3: 10° CFU/ginoculated, Lane 4: 10° CFU/g inoculated.

H] 8 E DNARHS 5538H7] flato] - 2o 9 ZFe] 4F8H3 A4 A8 E 3
B BEEFol ¥ 5&3) shakingste] WA Ml =S 55 F 238t ol e
2 6% (P. fluorescens, E. coli, B. cereus, S. typhimurium, S. aureus, L. monocytogenes)2] 3| ¥
AEo el ASPEE Q1|2 A3} B cereussS A 93 5% vAYEL 10 CFUg 5 &
MA AES 5 A IREE JeER ATh(Fig. 8). wEkA 2 EH ol WABEAY 2 A=
A3 S G FORZA AL S B S AR A &S Fl

E35HA Frallv A ES AATE 4 A HAG

%o
fr
=
o=
e
o
> g
a
e
Ml
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Fig. 8. DGGE profiles to determine the detection limit of six pathogens in fresh-cut salads.
Lane M: artificial marker, Lane 1 to 8: artificially inoculated bacteria from 10" to 10° CFU/ g in

fresh-cut salads.

3 AAD N o8 BE fan AT Ao EH T AR

ok
o

& fresh-cut A 2ol 28 7he3t 2384 A2 o2 M UA T D74
g a5 AR AT Al E v ES ZH7] B F5(P. fluorescens, E. coli) 2} H

DA TF(E. coli O157:H7, S. aureus, L. monocytogenes, S. typhimurium)Z T-3Fo] A& <
Hj o] A FFEoE TR HTATL E Tty BEEFl 28 £ 12-154177)
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Fig. 9. Effects of mild hot water dipping on spoilage and pathogen bacteria inoculated on

shredded cabbage. Upper: just after treatment, lower: after 10 days storage at 5C.
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lower: after 10 days storage at 5°C.
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Fig. 12. Effects of carbonate treatment on spoilage and pathogen bacteria inoculated on

shredded cabbage. SC: sodium carbonate, SBC: sodium bicarbonate. Upper: just after

treatment, lower: after 10 days storage at 5C.
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Fig. 13. Effects of ionized calcium treatment on spoilage and pathogen bacteria inoculated

on shredded cabbage. Upper: just after treatment, lower: after 10 days storage at 5C.
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Fig. 14. Effects of hypochlorite treatment on spoilage and pathogen bacteria inoculated on

shredded cabbage. Upper: just after treatment, lower: after 10 days storage at 5C.
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storage at 5C.

-56-



A4 ol oa o7t ANS W 53 7o A ads AR 10Y
H At ofrte o]yt AdE tiFwo] Apotd iAol uljF Al F 9]

Fr71EAH Whgste] F& FE7t wolRA|a, dAagE Bl 27 v E JEE
B2 711g Ao 2 o) H At

A AT g w0 e GAF A=) Tt g
Mazollier (1988)°ll w29, F-A 2] A|F oA AdF7F 7HE =4 =
50 ppmZH A& FFF7F @A ZFAF e 200 ppm 0] AEEA M= G ol T
7F o EA Gttt vpAVIA R 8] A FE 0-300 ppm W S

T A=, 53] T dax gl v DA wheete] JAF A =E 10, 20,
50 ppm2] Fr8] G4 = A elsd 2] 70, 100, 90%2] Al 8ol A thdFo]l HEE A kot
T8 AgANAE oF 70%7F FAA-ES e AT o] ol whall HF A17HE 520l 4] 208
Zo 308712 A AY H4 SA 2 pHE 4.0-8.8 Ao 2 WA AR FdFdes A2
kS 1) 2] A B 3} TH(Mazollier, 1988; Adams ef al., 1989). 3+ A|F ] ZFd A E

A a7t Estedl, ol E 501 300 ppme] &F F2] A& MH S FFFE Fad

A x
ZTF7}F 1x10° CFU/goll A 3x10° CFU/go. 2 ZHAa S A 3t 24 gufj5=9o] o=
o 3Fo] QA ATHGarg et al., 1990). B2 8 AA2F % 200-250 ppm<l A HF 2 FFFS A
LS v DA 1 logceycle 3 E B TF7F 223G the R % 4 th(Berrang et al., 1990).

AlH B A7 Aol el Tt 7E Bt 1-2 log cycles A= 74k A o] AykE o] At

A AR FA 3 log cycles o Hast At A7 234 = v &

A

= A 2ol & yEhdt stoetE A% WA o= 1 2po]7t T EH A & =THAdams
et al., 1989; Berrang et al., 1990). 7122 0.2 dA4 & o F72 v E o d3) in vitrool A
A &35 g eAd S YERA Y, L monocytogenes TF SA T ZpolAaAbF o tis] A3k
WA A S zhar AR gt kA o A(RPobd &
EPA] X sk A obvte A4 EH e e <

g7 w3 B A Eatar o] AA Haute] Jgoz 3 nAE g &

ﬁ:

gl 1 9910] Yokm 2.

[>
o,
Mo
g
&
of\e
1o
B
4
oX,
£
M
2
4
oo M
o,

-57 -



T O A AFARZA FAFsr L A B9 H 2% XA °F 1 log cycleo] <3
HaHE 45 F Ao, Hikst =4 A9 FF- 50 ppm FEAAE 1
log cycle 3% A7} A A sEr =55 vAE Abdo] tha o S =Sl
CHFig. 16 & 17). =3+ E. coli O157:HTS A &l stal= A1 E wEoll #Aglo] L5k A 2
g Aa eyt Bl on, 538 AYAFRGE A2 103 A o o &
A A FAE el o] 25049 IF s S 578 4 AT oy g ofAz
F 9oz st a Aol A9 5C A 10Y F9l E. coli, S. typhimurium, S. aureus<
10° CFU/g W &) 9] At Aoz vt 42 JEPW AL P. fluorescens$}t L. monocytogenes
T 10° CFU/g ©14& A8t #3382 A2 b2 HdS Jef Aok Bkstzat 22
AANME A 1023 S aureus’} 10° CFU/g ©]3t2 7} W& A FSF 25 VERd v,
L. monocytogenesi= 5x10* CFU/g W 2] 2 A 8to] A &Alo] &3] L&
Hrbshp i of HAFs AR A Y T A, AHs/S A, AR FE AREEH, 1Y
AN FHol LFE VBES AFAI7I7] A% HH o2 E AFEH o] %0 F3f) WA

A, WA A A, B =8 AL B AAH ] A Fo] BREAE AFEH L k. st
H
=

FE 71282 S48k o A4 9 Al 580l 2] DNAC &4

Lo], Fuw, T & 5-10% At}
R RS
2 A PS wl] A7 o] FdE A Gerald ef al., 1998). A1 o] sHte] A9 Aokl 4
G AR Qg AT B0\, WAL, B Mo A B el =
Pseudomonas 90%7FA] ZHAAID = Ao A gt 4Col A 5L7F A& AT
TS FFFE 22T 2% FAkstragrel 53 A8k ol A W3} glo] E. coli
0157:H7, Salmonella enteritidis, L. monocytogeness &3} 0. 2 7+~ A1 Z tH(Lin et al., 2002).

A
S Y3= Aoz & A AtH(Brul and Coote, 1999).

Tl 283 AA S AFAGS WA 5 Ul A4dd

S
)
o
=)
rh
tlo
i
X
A

-58-



S
&
<@
@ <
*idq
SUHD

2

P, fluorescens
E coi

Ecdi OI57-H7
S yphimuium
S aress

L nonogytogeres

Viable cell counts (CF
5 3

S
o*—
eromce

S

o e adgsiogsle v Bl

S
o

BH

g
0
o
L = 2
@—DH

2

P, fluovescens
E oli

Ecli OI57-H7
S yphimuwium
S aweus

L nonogytogenes

ot 2t

HQ, treatrrent

ViablE cechounts (CE
q.% <
o«
W<

>
Q<P

o<
>

—
S
®>OoOId e

S

Fig. 16. Effects of peroxide treatment on spoilage and pathogen bacteria inoculated on

shredded cabbage. Upper: just after treatment, lower: after 10 days storage at 5C.
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Table 8. Sensory characteristics" of shredded cabbage with various acidified hypochlorite treatments during storage at 5°C for 10 days

Storaz(gfl;i)me Dipping treatment” Discoloration Wilting Decay Visual quality
Control 3.4¢ 2.9 2.7° 6.8
NaOCl 4.4 3.3° 3.6% 6.1°
5 NaOCI+HA 6.3" 5.1° 5.1° 4.5
NaOCIH+AA 6.4° 5.7° 5.3° 4.2°
NaOCI+CA 4.7° 3.3° 3.9% 5.6%
Control 3.7 3.7° 3.4 6.6°
NaOCl 4.9¢ 3.7 4.7° 5.7°
10 NaOCI+HA 8.1° 6.6° 7.1° 2.9°
NaOCI+AA 7.6% 6.3" 7.6° 2.9
NaOCI+CA 6.9° 6.7 6.7" 3.0°

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, NaOCl: 90 ppm
chlorine (pH 9.6), NaOCI+HA: 90 ppm chlorine + 0.018% hydrochloric acid (pH 5.0), NaOCI+AA: 90 ppm chlorine + 0.016% acetic acid (pH 5.0),
NaOCI+CA: 90 ppm chlorine + 0.018% citric acid (pH 5.0).
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Table 9. Sensory characteristics" of shredded cabbage with peroxyacetic acid treatments during storage at 5°C for 10 days

t ti
5 orazizy;me Dipping treatment” Discoloration Wilting Decay Visual quality

Control 4.3° 4.6° 43" 6.0"
PAA 50 ppm 4.6 5.4° 4.6° 5.3

5
PAA 100 ppm 6.0° 6.1° 5.4° 4.1°
PAA 150 ppm 5.3% 5.7° 5.0° 5.0°
Control 5.6° 5.0° 4.4° 5.4°
PAA 50 ppm 6.4° 6.1° 5.4° 4.7

10
PAA 100 ppm 7.9 6.4" 6.4° 3.3°
PAA 150 ppm 7.9° 6.4" 6.7° 3.4

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, PAA:
peroxyacetic acid (C,H4O3) solution (pH 3.0).
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Table 10. Sensory characteristics" of shredded cabbage with various electrolyzed water treatments during storage at 5°C for 10 days

t ti
5 oraz(gizy;me Dipping treatment” Discoloration Wilting Decay Visual quality

Control 4.1° 3.0° 2.9° 6.7
EW-wAl 5.4 3.9° 4.0° 5.1°

5
EW-Al 3.9° 3.0° 2.4° 7.4°
EW-Ac 5.7 4.9 4.1° 4.4°
Control 6.2° 5.3° 4.1% 5.4°
EW-wAl 7.1° 6.0 5.3° 3.9°

10
EW-Al 4.3° 4.7 3.1° 6.1°
EW-Ac 7.2° 6.1° 6.0° 3.1°

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's

test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, EW-wAl:
electrolyzed weak alkaline water (pH 8.3-8.5), EW-AL: electrolyzed alkaline water (pH 10.5-10.8), EW-Ac: electrolyzed acid water (pH 2.5-2.9).




Table 11. Sensory characteristics" of shredded cabbage with ozonized water treatments during storage at 5°C for 10 days

t ti
5 oraz(gizy;me Dipping treatment” Discoloration Wilting Decay Visual quality

Control 3.6" 3.3 2.3% 6.8
Ozone 1.5 ppm 4.6" 42" 3.8° 5.6"

5
Ozone 3.0 ppm 4.0° 3.1° 2.7° 6.4"
Ozone 5.0 ppm 3.6 2.9 2.2° 7.0°
Control 2.8 2.7° 1.8" 6.2°
Ozone 1.5 ppm 5.5 6.3" 4.5 4.8

10
Ozone 3.0 ppm 5.3 4.3 4.7* 5.0°
Ozone 5.0 ppm 4.3 4.0™ 3.5% 5.5

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, ozone 1.5 ppm
(pH 6.3-7.2), ozone 3.0 ppm (pH 6.4-7.2), ozone 5.0 ppm (pH 6.9-7.2).
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inoculated on shredded cabbage. Upper: just after treatment, lower: after 10 days storage at
5C.
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Fig. 21. Changes in gas composition within the packages of shredded cabbage inoculated

with spoilage and pathogen bacteria during storage at 5°C. Upper: O, concentration, lower:

CO; concentration.
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Fig. 22. Initial viable cell counts of respective spoilage and pathogen bacteria inoculated

on shredded cabbage prior to various packaging treatments.

Viable cell count (CFU/g)

Microorganism
Mean STD

P. fluorescens 1.35x10° 1.15x10°
E. coli 1.12x10° 4.04x10°
E.coli O157:H7 6.67x10° 1.28x10°
S. typhimurium 8.03x10° 7.64x10°
S. aureus 2.81x10° 3.61x10°
L. monocytogenes 3.48x10° 2.36x10°
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Fig. 24. Changes in P. fluorescens cells of shredded cabbage during storage at 5C.
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Fig. 25. Changes in E. coli cells of shredded cabbage during storage at 5C.
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Fig. 26. Changes in E. coli O157:H7 cells of shredded cabbage during storage at 5C.
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Fig. 27. Changes in S. typhimurium cells of shredded cabbage during storage at 5C.
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Fig. 28. Changes in S. aureus cells of shredded cabbage during storage at 5C.
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Fig. 29. Changes in L. monocytogenes cells of shredded cabbage during storage at 5C.
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Table 12. Sensory characteristics" of shredded cabbage with various packaging treatments during storage at 5°C for 10 days

t ti
Storage time Packaging treatment” Discoloration Wiltin Deca Visual qualit
(day) ging g y quality
Control (PE) 7.3 6.6° 6.6° 2.6
PE + MAPI1 7.0° 6.6" 6.4 3.5¢
PE + MAP2 7.5° 6.6" 7.4° 2.6%
5 PE + MVP 6.5 5.3% 6.4 1.8°
Ny + MAP1 3.0° 3.3¢ 2.4 7.1°
Ny + MAP2 4.0° 43" 4.0° 6.1°
Ny + MVP 1.0° 1.0 1.0 9.0°
Control (PE) 7.8% 6.8° 7.3%® 3.0°
PE + MAPI1 7.1° 6.5 7.1% 2.3
PE + MAP2 7.8 6.9° 7.6° 2.0°
10 PE + MVP 8.0° 6.3 6.5" 3.5¢
Ny + MAPI1 3.3¢ 2.6° 2.5 6.5
Ny + MAP2 4.8° 43° 3.8° 6.0°
Ny + MVP 1.3° 1.3¢ 1.1¢ 8.9"

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were hermetically packed with various packaging methods. Control: normal air (20% 0,/79% N,), MAP1: 70%
02/15% CO/15% Nz, MAP2: 5% 0,/15% CO,/80% N> MVP: vacuum-packed at about 0.1 atm, PE: polyethylene film, Ny: nylon/PE film.

- 80 -



108

Viable cell counts (CFU/g)

105 p

p ﬂuoyesc

—
(e
\l

106 J

.

\

T O e —
m

E.colt Y75 typ

Inoculated bacteria

Fig. 30. Initial viable cell counts of respective spoilage and pathogen bacteria inoculated

on shredded cabbage prior to antimicrobial packaging treatments.

Viable cell count (CFU/g)

Microorganism
Mean STD

P. fluorescens 3.83x10° 2.83x10°
E. coli 2.05%10° 1.42x10°
E.coli O157:H7 3.54x10° 2.22x10°
S. typhimurium 5.88x10° 4.50x10°
S. aureus 1.36x10° 5.94x10°
L. monocytogenes 5.09x10° 2.03x10°
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Fig. 33. Changes in P. fluorescens cells of shredded cabbage during storage at 5C.
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Fig. 34. Changes in E. coli cells of shredded cabbage during storage at 5C.

-85 -



Viable cell counts (CFU/g)

Fig. 35. Changes in E.

Viable cell counts (CFU/g)

Fig. 36. Changes in S. fyphimurium cells of shredded cabbage during storage at 5C.
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Fig. 37. Changes in S. aureus cells of shredded cabbage during storage at 5C.
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Fig. 38. Changes in L. monocytogenes cells of shredded cabbage during storage at 5C.
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5. PCR-DGGE 71} & 0] &3} fresh-cut & 29 F3l P E AR L to]E] Hlo] A3

A= 21484 PCR-DGGE 7IHE o]&3te] 659 frafv| & HATHS s &
20043 1195 E 20061 3L 71A] 3F 2ol 2-83] 4 8 dujFol &3 M= 4
FASA Faln A =S HASHATE PCR 3] F agarose 17|95 S AP A-S o 2F 200

==z
o

FHAAL o5 SFES DGGER A AT 24,

BAAT A- Q) whet & F M ES] A5 QI (Table. 13), A8 f3j 7] A
29| AEWEE Fig. 390 Uebd vhe} 2ok el v A & 7H& oA S, pyphimurium S 78]

HEH A FUIL B. cereust E. coliv= A5 WU AZH Ao, AE5H(6-8Y) o EFF
Ui W=7 A4 et 3 51 2 HoJEWA S aureus2} L. monocytogenes 52
ABAHA AF5 FFEE AEHAT D2 OHF ALAA T2 5ol £ F

Ao AWE 652 Aeromonas spp. Enterobacter spp., Staphylococcus spp., Enterobacter

sakazakii, Bacillus halmapalus 5 ©] 73 = T},

A AN Ro7hg A ste] 23 BUSHE freshcut FFFN sl AEE Frahe) g
B9 FF R NEFE v A3 5H3] T W AA7LF A 7ol Bl S
AP HFE AT AEHE AL X 5 AUk AYBE AFA e F 227 B

FEo= A= HAd FEE s A A5

A HE A e FRHAA A E I e F7E e[ frafn A El tg
A AR fal E
gato] mAE AANLT S TR AT o2 o], &3, AL HAA, w19, A
o, A, 2, 1, S, S AHE AF tiE favAES B4 A 2,
S. typhimurium-S 7 Z& = A @31 L. monocytogenes®} P. fluorescens= FrlF 2 &3 A

E AFlM AEHA
E c

o

(Table 14). S. aureus= H A A, 43, AL, o,

=
olits FNF, AAA, 3%, EF AU = AFANA BE

E)
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Table 13. Detection of pathogens in organically grown cabbages and mixed salads at monthly

timed intervals

Date (month) Product Detected microorganism Frequency
B. cereus 12
2004 cabbage E. coli 172
-1 Actnetobacter spp. 12
mixed salads - -
E. coli 3/6
cabbage B. cereus 1/6
2004. 12 E. coli 1/6
mixed salads B. cereus 1/6
Actnetobacter spp. 1/6
E. coli 2/4
cabbage B. cereus 1/4
Streptococcus spp. 1/4
2005. 1 P L
E. coli 1/4
mixed salads B. cereus 1/4
Enterobacter spp. 1/4
B. cereus 12
cabbage E. coli 12
2005. 2
mixed salads E- coli 12
P. fluorescens 172
B. cereus 2/4
cabbage E. coli 1/4
2005. 3 2 a
. . cereus
mixed salads E coli 2/4
B. cereus 1/4
cabbage E. coli 1/4
2005. 4 P. fluorescens 1/4
. P. fluorescens 2/4
mixed salads Alteromonas spp. 1/4
cabbage S. aureus 1/4
g P. fluorescens 1/4
2005. 5 B. cereus 1/4
mixed salads S. aureus 1/4
P. fluorescens 1/4
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Table 13. (continued)

Date (month) Product Detected microorganism Frequency
E. coli 1/4
cabbage Pseudomonas spp. 2/4
Enterobacter spp. 1/4
2005.°6 Staphylococcus spp. 1/4
E. coli 1/4
i 1
mixed salads Pseudomonas spp. 2/4
E. coli 2/2
cabbage S. aureus 12
& L. monocytogenes 1/2
Aeromonas spp. 12
2005. 7 PP
S. aureus 172
. L. monocytogenes 172
mixed salads P. fluorescens 12
Enterobacter spp. 2/2
L. monocytogenes 1/6
E. coli 5/6
P. fluorescens 2/6
cabbage S. aureus 2/6
Enterobacter spp. 2/6
Enterobacter cloacae 2/6
2005. 8
B. cereus 1/6
E. coli 1/6
. L. monocytogenes 3/6
mixed salads P. fluorescens 2/6
S. aureus 2/6
Enterobacter sakazakii 1/6
P. fluorescens 2/6
cabbage S. aureus 1/6
2005. 9 Y o6
. . fluorescens
mixed salads S aureus 16
B. cereus 2/4
cabbage E. coli 1/4
2005. 10 P. fluorescens 1/4
. B. cereus 2/4
mixed salads S aureus 16
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Table 13. (continued)

Date (month) Product Detected microorganism Frequency
B. cereus 3/5
cabbage E. coli 2/5
2005. 12 f;- ;lereus ij 2
. fluorescens
i 1
mixed salads S. aureus 1/5
Pseudomonas spp. 3/5
B. cereus 3/7
cabbage E. coli 3/7
2006. 1 Pseudomonas spp. 1/7
mixed salads B. cereus 27
Pseudomonas spp. 2/7
B. cereus 3/5
cabbage E. coli 1/5
P. fluorescens 2/5
2006. 2 B. cereus 1/5
. P. fluorescens 1/5
1
mixed salads Pseudomonas spp. 3/5
Enterobacter spp. 1/5
B. cereus 3/8
cabbace E. coli 1/8
g P. fluorescens 2/8
2006. 3 Pseudomonas spp. 1/8
B. cereus 1/8
mixed salads P. fluorescens 1/8
Pseudomonas spp. 3/8
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Fig. 39. Occurrence of pathogens in organically grown cabbage (a) and mixed salads (b) at

seasonal intervals of 3 months.
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Table 14. Detection of pathogens in various organically grown vegetables using PCR-DGGE

Microorganism Product Frequency
Listeria monocytogenes cabbage 2/6
mixed salads 1/6
new-green 1/4
Staphylococcus aureus pak-choi 1/4
lettuce 1/4
kale 1/4
cabbage 2/6
mixed salads 1/6
Pseudomonas fluorescens cabbage 2/6
mixed salads 4/6
Bacillus cereus cucumber 2/4
onion 3/4
pak-choi 2/4
new-green 2/4
mustard 1/4
kale 1/4
cabbage 4/6
mixed salads 2/6
Escherichia coli pak-choi 3/4
lettuce 1/4
cabbage 4/6
mixed salads 2/6

Salmonella typhimurium - -

Weissella cibaria pak-choi 1/4
Pseudomonas spp. cabbage 2/6
mixed salads 2/6
Bacillus fusiformis pak-choi 1/4
lettuce 2/4
kale 1/4
new-green 2/4
mustard 1/4

(-): not detected.
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Fig. 40. Changes in the microflora of cabbage and fresh-cut salads during storage of 4-day
period using PCR-DGGE. Lane M: artificial marker (a: L. monocytogenes, b: S. aureus, c: P.
fluorescens, d: B. cereus, e: E. coli, t: S. typhimurium)
(a) (b)
Lane 1: 1-day cabbage, Lane 2: 1-day salad = Lane 1: 1-day cabbage, Lane 2: 2-day cabbage
Lane 3: 2-day cabbage, Lane 4: 2-day salad  Lane 3: 3-day cabbage (g: P. fluorescens)
Lane 5: 3-day cabbage, Lane 6: 3-day salad  Lane 4: 4-day cabbage
Lane 7: 4-day cabbage, Lane 8: 4-day salad  Lane 5: 1-day salad, Lane 6: 2-day salad
Lane 9: 5-day cabbage, Lane 10: 5-day salad  Lane 7: 3-day salad, Lane 8: 4-day salad

(h: Acinetobacter spp, i: P. fluorescens,

Jj: Enterobactor spp.)
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Table 15. Changes in total viable cells of cabbage and fresh-cut salads during storage at 4C
Set (a)

Total viable cell

Vegetable Sampling date (CFU/g)
2006.2. 6 6.1x10
2006. 2.7 3.4x10°
Cabbage 2006. 2. 8 4.7x10*
2006.2.9 5.2x10°*
2006. 2. 10 5.0x10°*
2006.2. 6 2.9x10°
2006. 2. 7 1.9x10*
Fresh-cut salad 2006. 2. 8 7.4x10°
2006.2.9 9.5x10°
2006. 2. 10 1.2x10°
Set (b)
Vegetable Sampling date TOtilc\;?;l;) cell
2006. 2. 27 9.6x10°
2006. 2. 28 4.0x10"
Cabbage
2006. 3. 2 3.6x10°
2006. 3.3 4.8x10°
2006. 2. 27 1.6x10"
2006. 2. 28 5.2x10°*
Fresh-cut salad
2006. 3. 2 2.1x10°
2006. 3.3 4.0x10°
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Fresh-cut 2= A|F 2] FHEE Faju|AE WIS F<Aet7] At HE 73wl ol A
Al FE I = 637 BHE AFS FAS A 0|59 T B fFelnds TANEE
=4S AH A BE AFS R A= AFNA E coli®} B. cereus7t HEFH A H,
£3] 7t Ay =9} 392 AHE AFol M= L monocytogenesSt L w9 93 3 2

X 3

e
=
vle} 20| L. monocytogenes 2 &5 w2 A2

o
L. monocytogenes} 732 A4 255 50 AEEH U HTable 17). 2822 A5 A4
F 7S Aldle &7 AMEH = AR YA SE vtEatE AA Y 7HEste ARS
AF AP E L FES FFE AFEYS ST 5 AATH
& H BEE FA 7] st AlH

At ¥4 59 £ AeE AxFZS THAZE Uro] 71 34 A3 fFandES A
A AT A E AR BAEA T, A8 2 WA E. coli®t B. cereus7t AE= A
3, %5 Al &7 AMX B. cereus7t 7 E 5 A TH(Table 18).

AREA 0 & Aldgo] A& Az DA A vAE 2 Vs Aol 7MY =2 3 A
Hol M7t =& Ao Z I A Ut wpehi

s =92
A GHE AT ALV TH L Y FE AFE ALY B
u
=

]

, BAR 2Ee AF Bahste] Aol AHsn BaD
A% 2EAG FRAE AESV AFE 218 4D 2T S AASE Aol P
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Table 16. Detection of pathogens according to the salad type during storage at 4C

a) Garden salad
Ingredients Date Total viable cell (CFU/g) Pathogens detected

5.17 1.8x10° -

Red cabbage .

Broccoli ) 5.24 7.1x10° Bé.ceci?el;s

f::;rz 5.27 6.2x10° BEceCfel;s

Ock-leaf 6. 12 3.0x10* -
6.26 8.2x10° -
6.28 -
7.09 -
7.12 - -
7.13 - -
7.20 1.1x10° B. cereus
7.28 5.3x10" B. cereus
8. 06 3.0x10° B. cereus

b) Lettuce salad
Ingredients Date Total viable cell (CFU/g) Pathogens detected

5.17 4.7x10° -

Lettuce 5.24 1.5x10" E. coli

Cherry tomato

Vitamin 5.27 1.7x10° E. coli

Romaine B. cereus
6. 26 5.0x10° B cereus

S. aureus

6.28 - -
7. 14 - -
7.20 2.8x10* -
7.28 5.3x10" B. cereus
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¢) Caesar's salad

Ingredients Date Total viable cell (CFU/g) Pathogens detected
5.24 4.0x10° B. cereus
Red cabbage 5 27 6.0x10* )
Broccoli 6
6.26 1.6x10 -
Lettuce
Romaine 6. 28 ) )
7.14 - -
7.20 2.9x10* B. cereus
7.28 5.3x10" B. cereus
d) House salad
Ingredients Date Total viable cell (CFU/g) Pathogens detected
5.24 6.0x10" E. coli
Lettuce 5.27 2.0x10* B. cereus
Ock-leaf 5
6.26 1.3x10 -
Cherry tomato
Vitamin 6.28 . .
Onion 714 . B. cereus
L. monocytogenes
7.20 4.1x10* B. cereus
7.28 6.4x10" B. cereus
e) Assorted lettuce salad
Ingredients Date Total viable cell (CFU/g) Pathogens detected
6. 20 4.0x10* B. cereus
Lettuce 6.26 9.3x10° -
Romaine
6.28 - -
Ock-leaf
7. 14 - B. cereus
7.20 1.4x10* B. cereus
7.28 5.3x10* B. cereus
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f) Green salad

Ingredients Date Total viable cell (CFU/g) Pathogens detected
5.17 4.6x10" -
Reé ehicory 5.24 43x10° E. coli
Chicory ) ' B. cereus
Lettuce 5.27 6.8x10° E. coli
Cherry tomat
erry tomato 6.6 1.3%10° _
Vitamin
6.28 2.4x10° -
7.09 -
7.12 -
7.13 - -
7. 14 - -
7.20 7.0x10° B. cereus
L. monocytogenes
7.28 1.4x10° B. cereus
L. monocytogenes
7.30 -

Table 17. Detection of pathogens according to the ingredients of salad

Ingredients Pathogens detected
Chicory B. cereus, E. coli
Vitamin B. cereus, E. coli
Red cabbage -
Ock-leaf E. coli

Red chicory B. cereus, E. coli
Lettuce B. cereus, E. coli
Cherry tomato -
Romaine -
Broccoli L. monocytogenes
Onion -

(-): not detected.
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Table 18. Detection of pathogens according to the processing step

Processing step Condition Pathogens detected
Cutting blade before B. cereus, E. coli
after E. coli

Cleaning water, 1st -
Cleaning water, 2nd -

Cleaning water, 3rd -

Storage container before -
after -

Weighing container before B. cereus
after -

Conveyer bucket before -
after -

(-): not detected.
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Fig. 41. Effects of some chemical treatments on spoilage and pathogen bacteria inoculated

on shredded cabbage. Upper: just after treatment, lower: after 10 days storage at 5C.
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Fig. 42. Effects of some chemical treatments on microbial reduction ratio of the bacteria

inoculated on shredded cabbage. Upper: just after treatment, lower: after 10 days storage at

5C.
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Table 19. Sensory characteristics" of shredded cabbage with various chemical treatments during storage at 5°C for 10 days

Storage time (day)| Dipping treatment”’ Discoloration Wilting Decay Visual quality

Control 2.0%% 1.9% 1.9° 8.9
NaOCl 2.6% 2.1% 1.9° 7.9%
NaOCI+HA 1.7%f 1.3% 1.4° 7.7%
NaOCI+AA 2.7° 2.4% 1.9° 7.0°

s EW-wAl L1 1.6™ 1.1° 8.6°
EW-Al 1.0" 1.0° 1.0° 9.0'
EW-Ac 1.3 1.7% 1.3° 8.4
PAA 4.9° 2.7 4.1 4.7°
HP 3.7° 1.9% 1.3° 6.9°
SC 1.9%f 1.4% 1.1° 8.1
Control 2.9 3.4% 2.9 7.3%
NaOCl 2.6™ 2.8%¢ 2.0 7.8
NaOCI+HA 2.3° 2.5 1.5° 7.5%
NaOCI+AA 3.5° 3.0™ 3.3% 5.8°

10 EW-wAl 2.0° 2.3% 1.9% 8.0™
EW-Al 1.9 2.1% 1.5° 8.4°
EW-Ac 2.5™ 3.0™ 1.9% 7.1°
PAA 5.5° 4.0° 4.5 43¢
HP 6.5° 3.5% 4.6° 3.8
SC 2.4 1.8° 1.6° 7.4%

Y The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (»<0.05, Duncan's test). As the value
increases from 1 to 9, the intensity of sensory characteristics increases.

Inoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, NaOCI: 90 ppm chlorine (pH
9.5), NaOCI+HA: 90 ppm chlorine + 0.018% hydrochloric acid (pH 5.0), NaOCI+AA: 90 ppm chlorine + 0.016% acetic acid (pH 5.0), EW-wALI: electrolyzed weak
alkaline water (pH 8.4), EW-AL: electrolyzed alkaline water (pH 10.6), EW-Ac: electrolyzed acid water (pH 2.7), PAA: 50 ppm peroxyacetic acid (pH 3.0), HP: 1%
hydrogen peroxide, SC: 1% sodium carbonate.
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Fig. 43. Changes in gas composition within the packages of shredded cabbage inoculated

with selected bacteria and treated with hypochlorite solution dipping during storage at 5C.

Upper: O, concentration, lower: CO, concentration.
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Fig. 44. Initial viable cell counts and microbial reduction ratio of selected bacteria
inoculated on shredded cabbage by hypochlorite solution dipping prior to various

packaging treatments. Upper: viable cell count, lower: microbial reduction ratio.
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Fig. 45. Combination effects of hypochlorite solution dipping and various packaging

treatments on spoilage and pathogen bacteria inoculated on shredded cabbage. Upper: after

5 days storage at 5°C, lower: after 10 days storage at 5C.
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Fig. 46. Changes in P. fluorescens cell counts and viable cell ratio of shredded cabbage
with hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 47. Changes in E. coli cell counts and viable cell ratio of shredded cabbage with
hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 48. Changes in E. coli O157:H7 cell counts and viable cell ratio of shredded cabbage
with hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 49. Changes in S. typhimurium cell counts and viable cell ratio of shredded cabbage
with hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 50. Changes in S. aureus cell counts and viable cell ratio of shredded cabbage with

hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 51. Changes in L. monocytogenes cell counts and viable cell ratio of shredded cabbage
with hypochlorite solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Table 20. Sensory characteristics’ of shredded cabbage with hypochlorite solution dipping and various packaging treatments during

storage at 5°C for 10 days

Storeziz;;me Packaging treatment”’ Discoloration Wilting Decay Visual quality

Control 2.6° 1.4° 2.2° 6.6
PE 5.4° 4.4 4.0° 4.4°

5 Ny 4.4 2.6" 4.2° 4.6°
MAPI1 2.6° 1.2° 1.4° 8.0
MAP2 2.4° 1.2° 1.8° 7.4%
MVP 1.6° 1.2° 1.2° 8.6
Control 42° 2.0° 3.4 5.2°
PE 6.4° 4.6" 5.8° 3.0°
Ny 4.8 2.6" 4.2 4.6°

10 c b cd b
MAPI1 2.6 1.6 22 7.0
MAP2 2.6° 1.8° 2.0% 7.4%
MVP 1.6° 1.6° 1.2¢ 8.4

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped in sodium hypochlorite solution of 90 ppm chlorine for 1 min, dewatered, and hermetically packed with
various packaging methods. Control: no dipping with normal air (20% O»/79% N») in sampling bag, MAP1: 70% O,/15% CO»/15% N,, MAP2: 5%
0,/15% CO,/80% N, MVP: vacuum-packed at about 0.1 atm, PE: polyethylene film, Ny: nylon/PE film used for MAP1, MAP2, and MVP.
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Fig. 52. Appearance of shredded cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5°C. Upper: after 5 days storage at 5°C, lower: after

10 days storage at 5C.
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Fig. 53. Changes in gas composition within the packages of shredded cabbage inoculated

with selected bacteria and treated with electrolyzed alkaline water dipping during storage

at 5°C. Upper: O, concentration, lower: CO, concentration.
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Fig. 54. Initial viable cell counts and microbial reduction ratio of selected bacteria
inoculated on shredded cabbage by electrolyzed alkaline water dipping prior to various

packaging treatments. Upper: viable cell count, lower: microbial reduction ratio.
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Fig. 55. Combination effects of electrolyzed alkaline water dipping and various packaging
treatments on spoilage and pathogen bacteria inoculated on shredded cabbage. Upper: after

5 days storage at 5°C, lower: after 10 days storage at 5C.
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Fig. 56. Changes in P. fluorescens cell counts and viable cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various packaging treatments during storage

at 5°C. Upper: viable cell count, lower: viable cell ratio.
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Fig. 57. Changes in E. coli cell counts and viable cell ratio of shredded cabbage with
electrolyzed alkaline water dipping and various packaging treatments during storage at

5°C. Upper: viable cell count, lower: viable cell ratio.
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Fig. 58. Changes in E. coli O157:H7 cell counts and viable cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various packaging treatments during storage

at 5°C. Upper: viable cell count, lower: viable cell ratio.
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Fig. 59. Changes in S. typhimurium cell counts and viable cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various packaging treatments during storage

at 5°C. Upper: viable cell count, lower: viable cell ratio.
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Fig. 60. Changes in S. aureus cell counts and viable cell ratio of shredded cabbage with
electrolyzed alkaline water dipping and various packaging treatments during storage at

5°C. Upper: viable cell count, lower: viable cell ratio.
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Fig. 61. Changes in L. monocytogenes cell counts and viable cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various packaging treatments during storage

at 5°C. Upper: viable cell count, lower: viable cell ratio.
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Table 21. Sensory characteristics’ of shredded cabbage with electrolyzed alkaline water dipping and various packaging treatments

during storage at 5C for 10 days

Storeziz;;me Packaging treatment”’ Discoloration Wilting Decay Visual quality
Control 3.5 2.3 3.5 6.0°
PE 5.0° 4.4° 3.8° 4.6
Ny 2.8 2.0 1.3 7.3°
> MAPI 1.5° 1.0° 1.0° 8.5"
MAP2 1.0° 1.0° 1.0° 9.0°
MVP 1.0° 1.0° 1.0° 9.0°
Control 4.4° 4.2° 3.6" 5.0°
PE 5.5° 4.5° 4.8 4.5°
0 Ny 4.0™ 3.0° 2.8 6.4°
MAPI 3.2¢ 2.6 1.8° 7.0°
MAP2 1.8¢ 1.6° 1.4° 8.2°
MVP 1.8 1.6° 1.4 8.2°

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped in electrolyzed weak alkaline water of pH 8.2 for 1 min, dewatered, and hermetically packed with
various packaging methods. Control: no dipping with normal air (20% O»/79% N») in sampling bag, MAP1: 70% O,/15% CO»/15% N,, MAP2: 5%
0,/15% CO,/80% N, MVP: vacuum-packed at about 0.1 atm, PE: polyethylene film, Ny: nylon/PE film used for MAP1, MAP2, and MVP.
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Fig. 62. Appearance of shredded cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5°C. Upper: after 5 days storage at 5°C,
lower: after 10 days storage at 5°C.
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Fig. 66. Changes in P. fluorescens cell counts and viable cell ratio of shredded cabbage
with carbonate solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 67. Changes in E. coli cell counts and viable cell ratio of shredded cabbage with
carbonate solution dipping and various packaging treatments during storage at 5°C. Upper:

viable cell count, lower: viable cell ratio.

- 137 -



103

—
QD 104 p
- 1
S8
Q
A
& 10
(=)
=)
©
o
: 102 ]
8 ® Control
o v PE
o) @ Ny
8 100 o wmapl
> A MAP2
@ MVP
100 T T T T T
0 2 4 6 8 10 12
Time (days)
102
q 101 4
£ ./i/‘\:
o
=
<
= 10»1 ]
>
>} @ Control
2 102 v PE
e B Ny
.S & MAPI
> 105 ] A MAP2
@ MVP
1074 T T T T T
0 2 4 6 8 10 12
Time (days)

Fig. 68. Changes in E. coli O157:H7 cell counts and viable cell ratio of shredded cabbage
with carbonate solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.

- 138 -



103

104 4

103 1

Viable cell counts (CFU/g)

102 p
® Control
v PE
. @ Ny
10" 1 & MAPI
A MAP2
@ MvVP
10° T T T T T
0 2 4 6 8 10 12
Time (days)
10!
z
g 10—1 ]
=]
S
o
o 1072 1 ® Control
K) v PE
e B Ny
.8 . & MAPI
> 1001 A wmam
® MvVP
1074 T T T T T
0 2 4 6 8 10 12
Time (days)

Fig. 69. Changes in S. typhimurium cell counts and viable cell ratio of shredded cabbage
with carbonate solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Fig. 70. Changes in S. aureus cell counts and viable cell ratio of shredded cabbage with
carbonate solution dipping and various packaging treatments during storage at 5°C. Upper:

viable cell count, lower: viable cell ratio.

- 140 -



10¢

—_
20105
)
S8
8 10*
wn
=
5
S) 103 4
o
=
8 102 4 ® Control
) v PE
o) @ Ny
.S 10! & MAPIL
> A MAP2
@ MVP
100 T T T T T
0 2 4 6 8 10 12
Time (days)
103
q 102 4
£ 1
o
g
= 100 \7>
>
>} @ Control
2 10! v PE
e B Ny
.S & MAPI
> 102 ] A MAP2
@ MVP
1073 T T T T T
0 2 4 6 8 10 12
Time (days)

Fig. 71. Changes in L. monocytogenes cell counts and viable cell ratio of shredded cabbage
with carbonate solution dipping and various packaging treatments during storage at 5°C.

Upper: viable cell count, lower: viable cell ratio.
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Table 22. Sensory characteristics’ of shredded cabbage with carbonate solution dipping and various packaging treatments during

storage at 5°C for 10 days

St ti . . . . . .
orezizy;me Packaging treatment”’ Discoloration Wilting Decay Visual quality

Control 2.7° 1.6" 3.0 6.7°
PE 5.3° 3.2° 5.0° 5.0°

5 Ny 4.7° 2.4° 3.4% 6.0
MAPI1 2.0¢ 2.0° 2.6% 7.7%
MAP2 1.3¢ 1.2° 1.6 8.0
MVP 1.0° 1.2° 1.4° 9.0°
Control 3.6° 1.7° 3.0° 5.8°
PE 5.6° 43" 5.7 4.0
Ny 4.6" 3.7 5.0° 5.2¢

10 b b d be
MAPI1 3.8 1.7 1.0 6.4
MAP2 2.2° 1.0° 1.3¢ 7.8
MVP 1.8° 1.0° 1.0 8.2°

" The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Inoculated cabbage samples were dipped in 1% sodium carbonate solution for 1 min, dewatered, and hermetically packed with various packaging
methods. Control: no dipping with normal air (20% 0,/79% N,) in sampling bag, MAP1: 70% O,/15% CO/15% N, MAP2: 5% 0,/15% CO,/80%
N> MVP: vacuum-packed at about 0.1 atm, PE: polyethylene film, Ny: nylon/PE film used for MAP1, MAP2, and MVP.
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Fig. 72. Appearance of shredded cabbage with carbonate solution dipping and various
packaging treatments during storage at 5°C. Upper: after 5 days storage at 5°C, lower: after

10 days storage at 5C.
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Table 23. Summary chart of the seven HACCP principles (FLAIR, 1994)

1 Identify the potential hazard(s), associated with food production at all stages from growth,
processing manufacture and distribution until the point of consumption. Assess the
likelihood of occurrence of the hazard(s) and identify the preventive measures for their

control: Hazard Analysis.

2 Determine the points/procedures/operational steps to be controlled to eliminate the hazard

or minimize its likelihood of occurrence: identification of Critical Control Points (CCP).
3 Establish critical limits which must be met to ensure each CCP is under control.

4 Establish a monitoring system to ensure control of the CCP by scheduled testing or

observation.

5 Establish the corrective action to be taken when monitoring indicates that a particular CCP

is not under control.

6 Establish procedures for verification to confirm (by supplementary procedures and tests)

that the HACCP system is working effectively.

7 Establish a documentation system including all procedures and records appropriate to all

the principles and their application.
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Table 24. General information and physicochemical characteristics of packaged fresh-cut lettuce.
The worksheet should be dated and signed.

Cut lettuce Date :
Authorized by :

1. General characteristics

Composition: crisphead (Iceberg) lettuce
Volume: 250 g

Package material: OPP/PE (polypropylene/polyethylene)

storage conditions on site: maximum 48 h at 4C
2. Physicochemical characteristics

pH:5.8-6.2
water activity: 0.96 - 0.98

initial microbial flora:

Mesophilic aerobic count: 10°- 10° CFU/g
Psychrotrophic Gram-negative count: 10° - 10° CFU/g
Lactic acid bacteria: 10' - 10> CFU/g

3. Details on package

shelf-life: 7 days
instructions for storage: keep refrigerated

instructions for use: wash before consumption
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Table 25. Flow diagram for fresh-cut vegetables from harvest to consumption

1. Pre-harvest practices and harvest (field)

Irrigation and fertilization - harvest - rinsing cut surface - packing - transport

2. Production and processing
Rapid chilling on receipt - storage - preparation and selection - cutting - washing - rinsing -

centrifugation - packaging - labelling - secondary packaging - refrigerated storage

3. Distribution and retailing

Refrigerated transport - storage in supermarket - display cabinets

4. Consumer practice and use

Transport - storage - consumption
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Table 26. Hazards and preventive measures during the pre-harvest and harvest step

Process step Hazard Preventive measure(s)
1 Irrigation and contamination no sewage and organic fertilizers two weeks
fertilization with pathogens before harvest determined in contract with
supplier
2 Harvest contamination cleaning and disinfection of tools

education of personnel in proper harvesting

techniques

3 Rinsing cut surface contamination use of drinking-water

no reuse of rinsing water
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CCP Decision Tree

Q1 Do Preventive Measure(s) exist for the identified hazard ?
i v

No Modify step, process, product
Yes v A

Is control at this step necessary for safety? —»  Yes

v

No

Not a CCP

Stop

v
Q2 Is this step specifically designed to eliminate or reduce

the likely occurrence of a hazard to an acceptable level ?
v

No Yes

v

Q3 Could contamination with identified hazard(s) occur in
excess of acceptable level(s) or could these increase to

unacceptable level(s) ?
v
No

Yes Not a CCP

Stop

Q4 Will a subsequent step climinate identified hazard(s) or

reduce the likely occurrence to an acceptable level ?

Yts i

No
Not a CPP i
v
Stop CRITICAL CONTROL POINT

Answer each question (Q) in sequence at each step of the process with each identified hazard.

Fig. 73. Decision tree for the determination of the Critical Control Point (FLAIR, 1994).
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Table 27. Identified hazard, preventive measures and determined CCPs in each step of the

production of fresh-cut vegetables

Process step Hazard Preventive measures CCP
1 Chilling pathogene vacuum or cold water cooling, moisturizing CCP 1
growth
2 Storage growth temperature control, stock rotation CCP 2
contamination  cleaning and disinfection of storage room CCP3
3 Preparation growth time/temperature control CCP 4
contamination  regular waste removal CCP5

hygiene preparation area
good personal hygiene and training

4 Cutting contamination  cleaning in-place and disinfection CCP 6

5 Washing growth temperature control of wash water CCP7
chlorination of wash water, no reuse

6 Rinsing growth drinking water, no reuse CCP 8

7 Centrifugation contamination  cleaning in-place and disinfection CCP9
control of centrifugation speed and time

8 Packaging contamination  hygiene of packaging machine CCP 10
integrity test

9 Labelling
10 Packaging

11 Storage growth temperature control, stock rotation CCP 11

WA 9E ALE FFTYAZRE TAD O FHF A2 YA G FU 2 23T
Aol ol 5 AT 3 A% 214 A2 27 e 8% D718 ARG} FLL RFEIA W
98 ARE F& WA E FH(CCP NS FATOIY 2F AT 48 AL,

o= ]

H

ol AP Ao T2 AEHE HE
5

L
F 9
WzhukA oy, F P AHgE & o DAt 5 ST 1.5-5% HeH)> o
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AbAe FRBEAY 216 £7]1E8 FAMIE 24 435 =Y 5 U

YA B (CCP 2)8t HZAF(CCP 11), 2714 52 YA A sl= Aojopd g WA 2
= ARHCE AT e H A FHAYANF L ZA A2 A Gl T FAFREe
FEHA Al 847t Frhek Al Zeles 24 4 ok a8y
o % ¥ RS e Aasrt S8 ol m St &
Az, Qe o) ZAA Zu(CCP 4) 754 S Adksl7] A e 7
T 9] WA - oF 3ttt ATl AfaAEF AzHHo] HAS A AL (cold
chain)ol| A o] Fo1d wigt A2/ HATe] F248 =& 4 Uth(Anon, 1988, Scandella &

Leteinturier, 1989).

BAR(CCP 5)9] £ AN G AA= AF] DA 2.4
GA 2 M (Garg et al 1990), 1S AY HAZ0] & & GFE A7 T34
FEA, AP E st v ES S 4R 2US FEE B A
ST HANMAE R EG. A A el o G APFel Solen Y w HE
TR, A 5)E vhEthE7hE 2 £ 94 Aol vhxo] AlE sha AW o] f-7E Ak
o=

BIsE 59 A AYBe T FAT ), AN ALHA WEL WEF

A A <

Eo] F A AH ] vy Bo] AL 5 a 2F Qs AFo] LPHA Fon, ol&Y &

B3l A zHFete ou s rAES 7o) §ld 4 JATHCCP 3, CCP 6, CCP

9). ZGgA 7tE HAZES A A= A% ABGHE FASEH o] BFA 3

o)™ (Brown & Gould, 1992), ¢35t A Au] B A% &71& A 43| AH&st= A,
28| 7] A Al2="S & 18t 7hE g o2 A AF Y vAE 2 FS WA st of gt

2% 7t ol M A7 Al d 7= debd o2 VA 27 5333k Al o]
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ot

g
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A THGarg et al., 1990). B]2-0] LE U W3 x| oA LA ZF Ho] 7|4 A2 ke =] o
S B, 53 TV rEEH O WA E WA A3 Rzl F4E F 5 AUth(Brown
& Gould, 1992).

e A (CCP o2& A del 273t Ud v Eo] FEHo=
(Garg et al., 1990), &3] Aol FA%, SR, 23, A 59 I 228 H71st
of AT &FHE FHAZE 5 Avk Y P
hypochlorite 8% F 2 Al-&-3}=H|(Adams et al., 1989), o|u] AZA| 24 4
= A7t FE, AF A, &5, pH, A FH 5 /712 &5 Tol wet @k ti(Mazollier,
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Fresh-cut | 2= 8] 4475 Agsh=rl glo] vi§- Fa3 A 2|7} vk= S 40(CCP 8)
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Clostridium botulinum®} 2 3714 Wto] T4 AP = EAH(Day, 1992). 71<E
DB A7) o) MG FolS gFteg J)A B0y &9t AAS B £3A 9
DEAg RS Fgolstofof st B £ Ao] & AFo] HHHH Hkzo] A
73l oF &Th(Scandella & Leteinturier, 1989).

THBYANG e A AxFFol del e 9F FAFES At AAEE At
|7 A of Seh(A 99 A)). ol & THBYAIGL AT At 34 Aot AR E
Rl of st (A 109+A]), - B ALF o] AU E Ao=A] ¢be A2 A o< u}
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HAA 3] et A S M9 of 3t

Table 280 &= 391 FAolehe A2t @ SHBLAT) e e
o 7bs e 3 A% A< online FHHE ol &3] TG IAVNEL WA YES T
A2AL 24T F gojof Bk Ao R 2%, o, H&, T & Fol AN E oY
3 2ol FbsskA T, Y BRIt AEL FH WeAE o5 2 F ARE 23
< EF AU E AT F ol BAFE A

Table 28. Critical limits, monitoring system and corrective action, established for the CCPs for

the hazard of growth of pathogens in the production of fresh-cut vegetables

CCP  Critical limits

Monitoring system

Corrective action plan

CCP 1 product center temp.
<4C

cooling time

<30 min

CCP 2 product center temp.
(CCP 11) <4T

storage raw materials
max. 48 h

CCP 4 air temperature of
preparation room

<12C

residence time of
vegetables
<10 min

CCP 7 temp. of washing water
<4C

water flow rate

> 5 V/kg product
available chlorine

> 100 ppm

CCP 8 temp. of rinsing water
<4C

temperature data logging each batch,

two samples

automatic registration of fill weight,
pressure, and temp. of vacuum
chamber or cold water tank

air temperature chart recording
check product temp. of each shift

labelling (bar code) of raw materials
continuous stock monitoring

temperature chart recording
visual inspection every 2 h

supervision

continuous temperature monitoring
supervision at start of each batch

laboratory check on chlorine level

continuous temperature monitoring

reprocess until product center
temperature reach limit

adjust cooling rate of vacuum
chamber or cold water

adjust air cooling rate

adjust production scheme

place product on hold,
investigate, and take appropriate
action

adjust air cooling rate

adjust line speed

adjust cooling rate of wash water
adjust flow rate

adjust chlorine dosage

adjust cooling rate of water
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13) Al 139-7]: HACCP Al g<te] AZ (93 6)

HACCP A 2=Hlo] AlFo] FA#E A& 2 RidsteA], =3 FHART SHAA @A
©] HACCP Al g o] td AlFoluvt Al Z2F g o AFsta AHRAAAE Fst=d HF5dAt
o] o9} 7} qitt.

14) A 1497): HACCP Al g<te] AE (93 6)

ASAA 9, A=, AF, 37, LA ALE T ow g wistale] s FAR
o 9A AHF 2 O Z HACCP Al 8 etS AEIER 3l AAE 758 227 i
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4= = universal primer=ZA] 3411/534r primer setZ A8}, ¥F Al & F(Pseudomonas

fluorescens, E. coli, Salmonella typhimurium, Staphylococcus aureus, Listeria monocytogenes,
Bacillus cereus) 671X Z 5ol t3ll DGGEZ &2 3tH o g7 d B4 S 2234 DNA
sequence database®} A &1t o 2 A A AR 58S YF3Ath DGGES] VA E HE
252 Hrtsk A3, g 200 M E ¢k 10-10° CFU/g 59 AEREE Yehloer
16717 Wi F2 A A= HF =00 BARLC] 100% HE 7ttt ofed] A& 98 &
H) 9} fresh-cut Y745 A& VA E AAESES 7S A, FU) A7) B. cereus, E.

coli, S. aureus 5 HY TS A&

AL = A
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AEH A &AL, B. cereusS}t E. colic AF AEHJOH ALZOZ oJEH AESHE
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AZE Ao, 7€l deromonas spp., Enterobacter spp., Staphylococcus spp. Enterobacter
sakazakii, Bacillus halmapalus 5= AZF Q. AL Hd = Fav|yEo AESW T} @t
3l FZ E. coli, Bacillus A| 85 ZAZ = o}, B o] HHA Bl 2] P. fluorescens] 7
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M o6 & A7igatdolM et siel2tstr[sd

10

- Food Safety Related Web Sites in US Government (http://www.foodsafety.gov/)

o FDA(Food and Drug Administration)

o CDC(Centers for Disease Control and Prevention)
o PFSE(Partnership for Food Safety Education)

o FSIS(Food Safety and Inspection Service)

o USDA(United States Department of Agriculture)

- Produce Safety: Safe Handling of Raw Produce and Fresh-Squeezed Fruit and Vegetable Juices
(FDA)

- Produce Handling Education Campaign (Partnership for Food Safety Education)

- Draft Guidance: Guide to Minimize Microbial Food Safety Hazards of Fresh-cut Fruits and

Vegetables (FDA)
- Meat, Poultry and Egg Product Inspection Directory (USDA)
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- IFT. Authoritative Reports (2004)

%} An Authoritative Report of the Irtiluie ol Food Technologists

Managing Food Safety:
Use of Performance Standards and Other
Criteria in Food Inspection Systems

This [FT Authoritative Report clearly characterizes the nature of
performance standards and describes and clarifies their suitable
use within a systematic approach to managing food safety.
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Guide to Minimize Microbial Food Safety Hazards of
Fresh-cut Fruits and Vegetables

Draft Guidance

This guidance represents the Food and Drug Administration's (FDA's) current thinking on this

topic. It does not create or confer any rights for or on any person and does not operate to bind FDA

or the public. You may use an alternative approach if the approach satisfies the requirements of the

applicable statutes and regulations. If you want to discuss an alternative approach, contact the

FDA staff responsible for implementing this guidance. If you cannot identify the appropriate FDA

staff, call the appropriate number listed on the title page of this guidance.
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1. Introduction

Several national campaigns are promoting a healthful diet rich in fresh fruits and vegetables. In
response, per capita consumption data show that Americans are eating more fresh produce. With
$12 billion in annual sales in the past few years (Ref. 1), the fresh-cut sector of the produce

industry is its fastest growing segment.

Since the early 1990s, the number of foodborne illnesses associated with fresh fruits and
vegetables has doubled in the United States. From 1998 to 2004, forty foodborne illness outbreaks
were associated with the consumption of fresh produce. Of these produce related outbreaks,
twenty-five percent implicated fresh-cut produce. An increase in global trade, a longer food chain,
exposure to exotic microflora, distribution to a larger population in more geographically dispersed
areas, and an aging population that is susceptible to foodborne illness may all play a role in the
increased number of foodborne illnesses that implicate fresh produce. As the fresh-cut market
continues to grow, the processor is faced with the challenge of processing an increasing variety

and volume of products in a manner that ensures their safety to the public.

Processing fresh produce into fresh-cut products increases the risk of bacterial contamination and
growth by breaking the natural exterior barrier of the produce. Once surface integrity is broken,
bacterial growth can occur if pathogens are present. Processing of fresh produce without proper
sanitation procedures in the processing environment enhances the potential for contamination by
microbial pathogens. (See Appendix B, "Foodborne Pathogens Associated with Fresh Fruits and
Vegetables.") The degree of handling and product mixing common to many fresh-cut processing
operations can provide opportunities for contamination and for spreading contamination through a
large volume of product. Moreover, the release of plant cellular fluids when produce is chopped or
shredded provides a nutritive medium in which pathogens, if present, can survive or grow (Ref. 2).
The potential for pathogens to survive or grow is increased by the high moisture and nutrient
content of fresh-cut fruits and vegetables, the absence of a lethal process during production to
eliminate pathogens, and the potential for temperature abuse during processing, storage, transport,
and retail display (Ref. 2).

This draft guidance is intended for all fresh-cut produce firms, both domestic and firms importing
or offering fresh cut product for import into the U.S., to enhance the safety of fresh-cut produce by
minimizing the microbial food safety hazards. This guidance is not a set of binding requirements
nor does it identify all possible preventive measures to minimize microbial food safety hazards.
We recommend that each fresh-cut produce processor assess the recommendations in this draft

guidance and then tailor its food safety practices to the processor's particular operation. Alternative
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approaches that minimize microbial food safety hazards may be used so long as they are consistent

with applicable laws and regulations.

This draft guidance primarily addresses microbiological hazards and appropriate control measures
for such hazards. However, some chapters in the draft guidance discuss physical and chemical

hazards.

FDA's guidance documents, including this document, do not establish legally enforceable
responsibilities. Instead, guidance documents describe the Agency's current thinking on a topic and
should be viewed only as recommendations, unless specific regulatory or statutory requirements
are cited. The use of the word should in Agency guidance means that something is suggested or

recommended, but not required.

II. Scope and Use

Fresh-cut Produce: This guidance covers fresh produce that has been processed by peeling, slicing,
chopping, shredding, coring, trimming, or mashing, with or without washing or other treatment,
prior to being packaged for consumption. Examples of fresh-cut products are shredded lettuce,
sliced tomatoes, salad mixes (raw vegetable salads), peeled baby carrots, broccoli florets,
cauliflower florets, cut celery stalks, shredded cabbage, cut melons, sliced pineapple, and

sectioned grapefruit.”)

Fresh-cut produce does not require additional preparation, processing, or cooking before
consumption, with the exception of washing or the addition of salad dressing, seasoning, or other

accompaniments.

Fresh-cut Produce and Current Good Manufacturing Practices for Foods (CGMPs) (21 CFR
Part 110)(3): Fresh-cut produce are processed foods because they are no longer in their natural
state. Therefore, the exclusion in CGMPs (21 CFR 110.19) for raw agricultural commodities does
not apply to fresh cut produce, and the CGMPS in Part 110 are applicable. Under 21 CFR 110.3,
the definitions in section 201 of the Federal Food, Drug, and Cosmetic Act (the Act) apply to Part
110. Section 201(gg) of the Act defines a processed food as "any food other than a raw agricultural
commodity and includes any raw agricultural commodity that has been subject to processing, such
as canning, cooking, freezing, dehydrating, or milling." The conclusion that fresh cut produce are
not raw agricultural commodities is consistent with the preamble to the proposed revisions to the
Current Good Manufacturing Practices in Manufacturing, Packing or Holding Food (44 FR 33238

at 33239, June 8, 1979), which states, when discussing the exclusion for raw agricultural
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commodities, that such products may be excluded because "food from those commodities is
brought into compliance with the Act at the later stages of manufacturing, processing, packing, or
holding." FDA believes that the recommendations in this guidance complement the CGMPs (21
CFR Part 110). The CGMPs contain food safety practices applicable to processors who
manufacture, process, pack, or hold processed food. This guidance recommends more specific

food safety practices relevant to processors of fresh-cut produce.

Fresh-cut Produce and HACCP Systems: A Hazard Analysis and Critical Control Points (HACCP)
system is a prevention-based food safety system designed to prevent, eliminate, or reduce to
acceptable levels the microbial, chemical, and physical hazards associated with food production
(Ref. 2). The strength of HACCP is its proactive approach to prevent food contamination rather
than trying to identify and control contamination after it has occurred. Although HACCP is not
currently required for fresh-cut produce processors, HACCP has been adopted voluntarily by many
segments of the fresh-cut produce industry and is recommended by the International Fresh-cut

Produce Association (Ref. 1).

FDA encourages fresh-cut produce processors to take a proactive role in minimizing microbial
food safety hazards potentially associated with fresh-cut produce. We recommend that fresh-cut
processors consider a preventive control program to build safety into the processing operations for
fresh-cut fruits and vegetables. Awareness of the common risk factors discussed in this guidance
and implementation of preventive controls determined by a firm to be appropriate to its individual
operations will enhance the safety of fresh-cut fruits and vegetables. FDA also recommends that
processors encourage the adoption of safe practices (See Chapter IV.) by their partners throughout
the supply chain, including produce growers, packers, distributors, transporters, importers,
exporters, retailers, food service operators, and consumers, to ensure that the processor's efforts

will be enhanced.

This guidance begins with a discussion on primary production and harvesting of fresh produce in
Chapter IV and continues with recommendations for fresh-cut processing in four areas - (1)
personnel health and hygiene, (2) training, (3) building and equipment, and (4) sanitation
operations. Following this discussion, the guidance covers fresh-cut produce production and
processing controls from product specification to storage and transport. The final chapters provide

recommendations on record keeping and on recalls and tracebacks.
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[II. Definitions
The following definitions apply to this guidance.

Adequate quality water: (1) water that is safe and sanitary, at suitable temperatures, and under
pressure as needed for all uses where water does not become a component of the fresh-cut produce
(2) water that is used in a manner such that the water may become a component of the fresh-cut
produce, e.g., when such water contacts components, fresh cut produce, or any contact surface,
should, at a minimum, comply with applicable Federal, State, and local requirements and not

contaminate the fresh-cut produce.

Clean: to wash and rinse food or food-contact surfaces with safe and sanitary water and make

visually free of dust, dirt, food residues, and other debris.

Disinfect: to treat processing water by a process that is effective in destroying vegetative cells of
microorganisms of public health significance, and in substantially reducing numbers of other

undesirable microorganisms, without adversely affecting the product or its safety for the consumer.

Fresh fruits and vegetables: fresh produce that is likely to be sold to consumers in an unprocessed
(i.e., raw) form. Fresh produce may be intact, such as whole strawberries, carrots, radishes, or
tomatoes, or cut from roots or stems during harvesting, such as celery, broccoli, lettuce, or

cauliflower.

Fresh-cut fruits and vegetables: fresh fruits and vegetables for human consumption that have been
peeled, sliced, chopped, shredded, cored, trimmed, or mashed, with or without washing, prior to

being packaged (e.g., pre-cut, packaged, ready-to-eat salad mixes).

Food hazard: a biological, chemical, or physical agent that is reasonably likely to cause human

illness or injury in the absence of its control.
Pathogen: a microorganism capable of causing human illness or injury.

Processing Water: water used for post-harvest handling of produce, such as washing, cooling,

waxing, or product transport.

Standard Operating Procedures (SOPs): Procedures established by an operator for the day-to-day

activities involved in the production of safe and wholesome food.

Sanitation Standard Operating Procedures (SSOPs): Procedures established by an operator for the
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day-to-day sanitation activities involved in the production of safe and wholesome food.

IV. Primary Production and Harvesting of Fresh Fruits and Vegetables

In general, anything that comes into contact with fresh produce has the potential to contaminate it.
Fresh produce may become contaminated at any point along the farm-to-table continuum. The
major source of contamination of fresh produce with microbial pathogens is animal or human
feces. Once fresh produce has been contaminated, removing or killing the microbial pathogens is
very difficult. Prevention of microbial contamination at all steps in the farm to table continuum is
preferable to treatments to eliminate contamination after it has occurred. On the farm, potential
contamination avenues include contact with untreated manure used as fertilizer, contaminated
water, infected field workers, or conditions in the field or packing facility such as unclean
containers and tools used in harvesting and packing, and the presence of animals. In transport,
conditions such as unclean floors and walls of the transport vehicle and unclean containers can
potentially contribute to contamination with pathogens. Thus, it is important that fresh-cut produce
processors be aware of the conditions under which their fresh produce is grown, harvested, packed,

and transported.

FDA's 1998 "Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits and Vegetables"
(GAPs Guide) (Ref. 7), provides recommendations for growers, packers, and shippers to use good
agricultural and good manufacturing practices in those areas over which they have control to
minimize microbial food safety hazards in fresh produce. The GAPs Guide provides
recommendations for growers and packers for preventing the contamination of fresh produce with
pathogens. Potential sources of contamination identified in the GAPs Guide are biosolids and

manure, water, field workers, equipment, and containers.

V. Personnel

This section provides recommendations regarding personnel of an establishment that processes
fresh-cut produce. The recommendations address two major areas: worker health and hygiene, and

training.
A. Worker Health and Hygiene

Workers can carry microbial pathogens on their skin, in their hair, on their hands, and in their

digestive systems or respiratory tracts. Unless workers understand and follow basic food protection
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principles, they may unintentionally contaminate fresh produce and fresh-cut produce, water
supplies, and other workers, and thereby, create the opportunity to transmit foodborne illness.
Basic food protection practices related to worker health and hygiene fall into two categories,

disease control and cleanliness.

1. Disease Control

FDA recommends that employees with direct access (such as processing, storage, and transport
workers) and indirect access (such as equipment operators, buyers, and pest control operators) to
the production areas of fresh-cut fruits and vegetables follow good hygienic practices for
maintaining personnel health and personal hygiene in order to protect the product from

contamination.

FDA recommends the following practices to prevent food, food contact surfaces, and food
packaging materials from becoming contaminated with microbial pathogens from an employee

with an infectious illness or wound:

o Establishing a company policy that requires that employees report any active case of illness to

supervisors before beginning work

o Training supervisors to know the typical signs and symptoms of infectious disease
We recommend that firms train employees to report to their supervisor any information about
personal health status or activities relating to diseases transmitted through food. Such
information would include reporting an active case of illness. FDA recommends that
supervisors be trained to recognize the active symptoms of infectious diseases; these symptoms
are vomiting, nausea, diarrhea, and abdominal cramps. We recommend that employees with
symptoms be transferred to work assignments that do not involve direct or indirect contact
with fresh or fresh-cut produce, processing equipment, or tools. If an employee is diagnosed
with an infectious disease, we recommend that a physician or local health authority determine
when this employee may return to work involving direct contact because he or she no longer
poses a risk of transmitting the disease. Appendix C has more information on symptoms of

infectious diseases.

o  Maintaining an adequate supply of bandages that provide protection from any wound
We recommend that areas of an employee's arms, wrists, or forearms that have an infected
wound be covered with a dry, tight fitting, waterproof bandage and an outer covering for the
entire bandage. A wound that contains pus, such as an open and draining boil or other infected
wound, and is located on a part of the body that could contact fresh or fresh-cut produce,

processing equipment or tools presents a risk of contaminating fresh-cut produce. When a
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worker in the processing area needs a bandage, we recommend that firms consider using
bandages that are detectable by a metal detector if there is a metal detector in the processing
line. Using detectable bandages will alert a worker to remove a bandage that has fallen into the
processing line before the product is finished. We also recommend that a worker with a wound
that cannot be covered to prevent contact with fresh or fresh-cut produce, processing
equipment, or tools not work with any aspect of fresh or fresh-cut produce, processing

equipment or tools until the wound has healed.

2. Cleanliness

FDA recommends that employees use the following food protection practices to prevent fresh or

fresh-cut produce, processing equipment, or tools from becoming contaminated as a result of poor

employee hygiene or inappropriate employee conduct:

FDA recommends that employees use the following food protection practices to prevent fresh or

fresh-cut produce, processing equipment, or tools from becoming contaminated as a result of poor

employee hygiene or inappropriate employee conduct:

o

o

o

Maintaining adequate personal cleanliness

Washing hands frequently and effectively and sanitizing hands if needed
FDA recommends that employees wash hands before beginning work and after engaging in
any activity that may contaminate the hands. FDA's recommendations regarding when

employees should wash their hands are reflected in the following list:

1) Before beginning work, especially if the employee has direct contact with fresh produce

2) Before putting on a new pair of disposable or non-disposable gloves and after removing the
gloves

3) After touching human body parts or anything else except food and food contact surfaces

4) After using the toilet; after coughing, sneezing, using a handkerchief or tissue

5) After using tobacco, eating, or drinking

6) After engaging in any activity that may contaminate hands, such as taking out the garbage,
handling cleaning chemicals, handling incoming produce that is, as yet, unwashed

7) After caring for or touching animals

8) Before returning to a workstation
Washing and sanitizing non-disposable gloves before starting work, and as needed

Changing disposable gloves whenever contamination is a possibility

Improperly used gloves may become a vehicle for spreading pathogens. The use of gloves does
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not lessen the need for, or importance of, hand-washing and other proper hygiene practices.
We recommend that if gloves are used in a facility, the firm develop guidelines for their safe

use, sanitation, and changing.

o Wearing appropriate attire on the job
FDA recommends that employees wear clean clothes and any additional outer items (e.g.,
hairnets and beard covers, lab coats, aprons) that will help protect fresh and fresh-cut produce

from inadvertent contamination during processing.

> Not engaging in certain activities where food may be exposed or utensils are washed
FDA recommends that employees in food processing areas not engage in activities that could

contaminate food, such as eating, using tobacco, chewing gum, or spitting.

B. Training

Training every employee about the CGMPs and preventive controls will help to eliminate or
minimize contamination of fresh-cut produce. We recommend that education and training
programs be designed to help employees understand what is expected of them and why it is
important. We also recommend that company expectations for proper employee hygiene and food
protection techniques be clearly communicated to new employees before starting employment and
reaffirmed during periodic training programs. There are many materials available to firms to
support employee training. For example, useful materials and information may be found at the
Government Food Safety Information website and the Fight BAC!® campaign of the Partnership
for Food Safety Education.

Training employees annually and providing short refresher courses during the processing season
will help them remember important food protection practices. We recommend that firms consider
teaching only a small number of employees at or near their workstation for short periods of time,
such as 10-15 minutes per session. The sessions could cover only one topic at a time and could be
targeted to specific food safety concerns of that workstation. For example, washing station
employees could be trained about appropriate antimicrobial chemical usage, and packaging station
employees could be trained about proper handling and cleanliness of boxes and totes. We
recommend refresher or follow up training to reinforce the initial training. Training a few
employees at a time can be an effective way to provide refresher training with the least disruption
to work. A firm may wish to post signs and pictoral representations of good practices covered in
training as an additional way to reinforce training. We recommend that signs be multilingual and
posted in areas close to where the practice is performed. We also recommend that the training

provided to employees be documented so there is a record of what the training covered and who
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has completed it.

A well-designed training program provides information to help employees apply CGMPs while on
the job. We recommend that a fresh-cut produce firm's training program for employees (including
temporary, seasonal, and full time employees) include training on the CGMPs for production,
maintenance, quality assurance, and quality control with an emphasis on: worker health and

hygiene; employee roles and responsibilities; and sanitation principles and sanitary practices.

1. Training for Worker Health and Hygiene

We recommend that employees be trained to follow good personal hygiene practices, including the
use of proper handwashing techniques, wearing clean clothes and any additional outer coverings
(e.g., hairnets and beard covers, disposable gloves, aprons), and appropriate conduct on the job.
FDA also recommends that employees be trained on how, when, and to whom to report illness.
Handwashing training is particularly important. We recommend that employees be trained in how
and when to properly wash their hands and exposed portions of their arms. We also recommend
that employees be taught to wash and sanitize their hands before entering areas where fresh or

fresh-cut produce is present.

Figure 1 is an example of an aid that could be used to train employees on the proper technique to

use in washing hands:

How to wash your hands

Use soap and warm running water

v

Wet hands
v

Apply soap
v

Vigorously rub hands up to elbows for 20 seconds
v
Turn off running water with a paper towel, not bare hands
v
Dry hands with a paper towel or air dry. Do not share towels

Soap combined with scrubbing helps dislodge and remove dirt and germs.

Figure 1. Example of training aid on how to wash your hands
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2. Training on Employee Roles and Responsibilities
We recommend that employees be trained consistent with the level of complexity of their jobs and
that additional training be provided as needed to ensure current knowledge of equipment and

process technology.

One goal of a training program is to help workers understand the importance of the tasks for which
they are responsible, particularly those tasks that are important to minimizing microbial food
safety hazards (such as monitoring the disinfectant level in wash water). We recommend that
employees be trained about how to perform these tasks, to be aware of the microbial food safety
hazards associated with them, to understand the procedures for monitoring conditions such as the
disinfectant level, pH, and the temperature of the wash water, and any associated recordkeeping
that the firm chooses to implement, to know the actions that are needed, and to consult with their
supervisors if the established limits (such as the appropriate level of disinfectant in the wash water)

are not met.

We recommend that personnel responsible for maintaining equipment that may have an impact on
food safety be trained to understand the importance of their role in the production of safe food.
Jobs that may have an impact on food safety include changing water filters, maintaining
refrigeration units, treating processing water, and calibrating equipment. We recommend that
employees be trained to identify deficiencies that could affect product safety, to take the
appropriate corrective actions (e.g., in-house repairs, contract repairs), and to be able to understand

how indirect cross-contamination may occur when proper equipment controls are not maintained.

3. Training on Sanitation Principles and Sanitary Practices
We recommend that employees be trained to understand the principles and methods required for
effective cleaning and sanitation, especially as those methods relate to food safety. We recommend

that supervisors be trained to identify and promote good sanitary practices.

We also recommend that employees be trained in the proper use of sanitizing agents (sanitizers)
and foot baths, in proper cleaning and sanitizing steps of the equipment and facility, in proper use
of equipment such as hoses and tools in the production environment, and in the proper use,

handling, and storage of chemicals used in sanitation.

Figure 2 is an example of an aid that could be used to train employees on the proper use of

sanitizers:
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Use sanitizers properly

Hand sanitizing stations

o After hand washing, sanitize your clean hands with a sanitizer solution
o Allow hands to air dry

> Wash and sanitize nondisposable gloves before wearing

o Re-sanitize your hands after touching non-food contact surfaces

Foot baths and sanitizer sprays

o When entering any area where fresh produce or fresh-cut produce is present, walk through a
foot bath containing sanitizer

o All carts, forklifts, and other equipment entering the processing area should be passed through

the sanitizer bath.

Sanitizer maintenance
o Maintain effectiveness of chemical concentrations in hand sanitizing units and foot baths.
o Change hand sanitizing solutions at least once per shift. (Your monitoring program will tell

you if more frequent changes are needed.)

Figure 2. Example of a training aid on proper use of sanitizers

Equipment, fixtures, floors, walls, and other structures in a processing facility can become a source
of microbial contamination if not adequately maintained in sanitary condition. The high humidity
and structural niches in a fresh-cut produce processing facility encourage microbial build-up. To
prevent fresh-cut produce from becoming contaminated by equipment or other structures in the
facility, we recommend that employees be trained on proper cleaning and sanitizing steps within

the processing areas.

Figure 3 is an example of an aid that could be used to train employees on processing equipment

and facilities maintenance and cleaning:
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Cleaning and sanitizing steps*

1. Remove heavy debris from floors with brooms or shovels and dry clean processing
equipment, if needed

Pre-rinse the equipment with adequate quality water
Foam and scrub the equipment with an effective cleaner
Rinse the equipment with adequate quality water

Clean debris from floor

Rinse floor and drains with adequate quality water using a low pressure/low volume hose

Nk w D

Use dedicated brushes to scrub floor and drain with an effective cleaner, applying adequate
quality water as needed

8. Thoroughly rinse floors and drain using a low pressure/low volume hose with adequate
quality water

9. Remove excess water from floors

10. Sanitize (according to manufacturer directions) the equipment and floors*

* Work from top down for cleaning and sanitizing activities. Some equipment may need to be

disassembled before cleaning and sanitizing followed by reassembly.

Figure 3. Example of a training aid on cleaning and sanitizing steps within processing areas

In addition to using sanitizers appropriately and cleaning and sanitizing the equipment and facility
regularly, proper use of equipment, such as hoses, can also reduce the risk of contamination of
fresh and fresh-cut produce. For example, keeping hose nozzles off the floor can help prevent
nozzles and employee hands from becoming a source of contamination. We recommend that
sections of hose that touch the floor or other unclean surface not make contact with fresh produce,
food-contact surfaces, or packaging materials. A retractable hose suspended from the ceiling may
help to prevent such contamination. In addition, allowing hose ends to sit in standing water or be
submerged in water tanks could allow back siphonage of water, contaminating the water

distribution system.

Further, we recommend that employees be trained not to use high-pressure water hoses to clean
floors, walls, and equipment in the processing and packaging areas during production or after
production equipment has been cleaned. This practice will help prevent aerosols from contacting

processing equipment and food-contact surfaces, product, or packaging materials. Therefore, we
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recommend that employees be trained on the proper use of cleaning equipment.

VI. Building and Equipment

Anything that touches product may contaminate it. FDA recommends that the processing facility
and its structures (such as walls, ceilings, floors, windows, doors, vents, and drains) be designed to
be easy to clean and maintain and to protect the product from microbial, physical, and chemical
contamination. For example, designing food contact surfaces to be smooth, nonabsorbent,
smoothly bonded, without niches, and sealed would make them easier to clean and thus, would

prevent the harborage of microbial pathogens.

A. Building

Both direct contamination and cross-contamination of produce can be minimized by giving proper
attention to physical design, emphasizing proper product flow, using appropriate construction
materials, managing facility traffic, and ensuring proper airflow. We recommend that facilities and
staging areas be designed to facilitate maintenance and good sanitation practices so that
contamination may be controlled throughout receiving, cooling, processing, packing, and storage
operations. We also recommend that buildings, fixtures, and equipment be maintained in a
condition that will protect fresh-cut produce from potential microbial, chemical, and physical

contamination.

1. External/Internal Structures

In general, we recommend limited access to the facility and to its processing areas, adequate space
for operations, adequate drainage of processing and wash water, food contact surfaces that are easy
to clean and maintain, and areas and structures designed to protect the product and equipment from

contamination.
In addition, we recommend the following practices:

o Adequately screening open windows, vents, fans, and similar features to prevent pest (insect,
bird, rodent, reptile) entry

o Closing all exterior doors and entrances when not in use and forming an adequate seal when
exterior doors and entrances are closed

o Properly constructing all walls, ceilings, windows, doors, floors, and overheads (e.g., pipes, air
vents, and lights) and maintaining them in good condition (e.g., no cracks, rust, breakage,

missing parts, or dips allowing puddles to form) so that they do not harbor pests or pathogens
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o Designing properly sloping floors to drains (% inch per foot), and sealing and keeping them in
good repair so as to provide for adequate drainage

o Designing floor drains to prevent the accumulation of water in or around the drain, and making
drains accessible for cleaning

> Fitting floor drains with seals and grates capable of preventing insect and rodent entry

o Using floor flumes with caution due to the potential for water aerosol contamination of the
room air and nearby equipment surfaces
We recommend against the use of a floor flume transfer from the produce cooling and packing
operation into or across an area housing fresh-cut produce operations.

o Constructing trench drains for automatic flushing

o Using under-floor drains in fresh-cut produce processing areas

o Designing collection areas for waste stream water to prevent product and equipment
contamination

o Designing pipelines to avoid pipe and wall condensation from becoming a source of
contamination
Where overhead condensate cannot be prevented, we recommend that catch pans be utilized
and cleaned on a regular basis.

°  Avoiding wood construction materials wherever possible
If wooden equipment is used (including pallets), we recommend that the equipment be in good
condition and well maintained so it is not a source of physical or microbial contamination.
Non-wooden construction materials, such as plastic or stainless steel, are preferable for use in
processing areas because they reduce the risk of microbial harborage and cross-contamination
of final product.

o Using protective guards for light fixtures to prevent broken glass from falling into product

2. Facility Layout

We recommend that a fresh-cut fruit or vegetable processing facility be designed so that incoming
raw products never cross paths with or are commingled with finished fresh-cut produce products.
Similarly, we recommend maintaining separate raw and finished product areas (including separate
microbiology laboratories, maintenance, fabrication shop, waste areas, chemical storage, and toilet
facilities) and separate processing areas so as to prevent the potential for microbial
cross-contamination. Adequate food safety controls, operating practices, and facility design can
reduce the potential for contamination by using location and/or flow of humans, product,

equipment, and air.
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We recommend the following practices that use /ocation to reduce the potential for contamination:

o

Using different equipment cleaning rooms for raw produce equipment and for fresh-cut
produce equipment

Having rest rooms that open into a location other than the processing area

Locating the door to the outside in an area other than into a processing area

Having a microbiology lab that opens into an area other than into a processing area

Storing in-process and raw produce materials in different rooms

Establishing dedicated cold rooms for raw product and processed product

Locating hand washing and sanitizing facilities to facilitate regular and appropriate use by
employees

Locating footbaths and foot mats containing disinfectant at all entrances and exits to all

production and finished product storage areas.

We recommend the following practices that use flow of personnel, product, equipment, or air to

reduce the potential for contamination:

o

o

Having short direct routes for both product and personnel flow

Designing the plant for one direction of personnel traffic, product, and air flow

Designing product areas to have traffic patterns that separate raw and finished product using
either linear product flow (raw to finished product) or by physical partition

(Figure 7 in Appendix E is an example of product and personnel flow patterns in a fresh-cut
processing plant.)

Using an air filtration system for central air distribution and airflow that is counter to product
flow, so that filtered air moves with a positive pressure from the cleanest areas, e.g., from

packaging and finished product storage, toward less clean areas, e.g., the receiving area

We also recommend that air intake for the facility be located to minimize contamination of the

intake air by:

o

o

Keeping the number of entrances and exits to the processing areas to a minimum

Restricting the movement of lift trucks, bins, totes, maintenance tools, cleaning implements,
clothing, and people from receiving and storage zones to processing and packaging areas

Color coding bins, totes, clothing, cleaning implements, maintenance tools, and other items
(e.g., blue aprons for receiving zones and red aprons for processing and packaging areas) may

help achieve separation of traffic and thereby, minimize cross-contamination.
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B. Equipment Design, Construction, and Maintenance
We recommend that the processing equipment be designed and constructed to be easy to clean and

maintain and to avoid microbial contamination of the fresh-cut product.

1. Equipment Design and Construction
We recommend the following to facilitate cleaning and help ensure that fresh-cut produce is not

contaminated during the processing operation:

o Using smooth, non-absorbent, sealed, and easily cleanable food contact surfaces that are sloped
to drain freely and made of durable, non-corrosive nontoxic materials
Food contact surfaces include items such as knives, conveyors, belts, chutes, product totes,
gloves, tools including shovels and racks, cutting boards, tables, dryers and spinner baskets,
and packing scales. We recommend that all food contact surfaces be smoothly bonded (e.g.,
free of pits, folds, cracks, crevices, open seams, cotter pins, exposed threads, and piano hinges)
to avoid harboring pathogens. Where two food contact surfaces meet, we recommend use of a
cover over the juncture to prevent food debris from collecting and creating an area that is
difficult to clean.

o Constructing catwalks with open grating and locating the catwalks so they do not pass over
areas of exposed fresh or fresh-cut produce or food-contact surfaces

> Designing equipment in the processing area to prevent water collection
We suggest cautious use of hollow structures, such as catwalk framework, table legs, conveyor
rollers, and racks, because they may collect water and debris, and thus, harbor pathogens.

o Elevating food-contact surfaces sufficiently above the floor (with accessibility for cleaning) to
prevent contamination from floor splashes

o Installing stationary equipment away from floor drains to allow accessibility to drains for

cleaning and to prevent contamination of the equipment

2. Equipment Maintenance

Establishing a preventive maintenance program helps to ensure that all equipment functions as
intended. Equipment failure requiring maintenance activities during production may increase the
risk of microbial contamination, particularly from L. monocytogenes (Ref 10). Preventive
maintenance includes periodic examination and maintenance of equipment such as valves, gaskets,
o-rings, pumps, screens, filters, and heat exchanger plates. We recommend that a firm develop
appropriate plans of action in case important equipment, such as refrigeration equipment, chlorine

injectors, power systems, or alarm systems malfunction. We also recommend the following
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practices:

o

Having appropriately trained personnel perform maintenance and calibration of equipment

We recommend that maintenance personnel who work in the processing or packaging areas
comply with the hygiene requirements for production employees.

Installing, calibrating, and maintaining temperature measuring or recording devices as
necessary to ensure accuracy

Frequently sharpening knives, if used, including retractable knives, and disinfecting before use
We recommend that knives be replaced if they cannot be maintained in a sanitary condition or
if damaged.

Frequently inspecting cutting blades and belts during processing operations for damage,
product residue build up, or cleaning needs

We recommend that blades be removed and cleaned separately, and remaining equipment parts
disassembled (if possible) and cleaned on a regular basis.

Operating metal detectors in accordance with the manufacturer's instructions and checking for
proper functioning at least daily to ensure effective detection of metal and removal of affected
product

We recommend that procedures be in place, such as a the use of metal detectors during
packaging operations, to minimize the possibility that metal ends up in finished product
packages.

Calibrating flow meters, such as chlorine feed rate meters and gas pressure meters, daily to
ensure accuracy

Examining air filters for plant air (intake air) and compressed air and changing at least as often
as the manufacturer specifies, or more frequently if there is an indication of a problem, such as

a positive result from routine microbiological monitoring

VIL. Sanitation Operations

Pathogenic microorganisms may be found on floors, in drains, and on the surfaces of sorting,

grading, processing, and packaging equipment. Without appropriate sanitation practices, these

food contact surfaces may be a source of microbial contamination.

A. Sanitation Program

We recommend the use of a comprehensive sanitation program developed by a trained employee

such as a certified sanitarian to avoid microbial contamination of the product in a fresh-cut
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processing facility.

We recommend that fresh-cut processors consider using the following practices for their sanitation

program:

o

Establishing sanitation standard operating procedures (SSOPs), including a cleaning procedure
and schedule for all equipment, storage areas, fresh and fresh-cut produce production areas, air
systems, and water storage areas

Developing regular cleaning and sanitizing schedules

An example of such a schedule is included in Figure 4. When visual inspection or
environmental monitoring results for equipment or facility reveal dirt, food residues, or other
debris, we recommend a more frequent cleaning and sanitizing schedule relative to what is
shown in Figure 4.

Including as part of the sanitation schedule the name of the employee (or alternate when
primary employee is absent) responsible for the activity, the equipment to be cleaned and how
to disassemble it, the frequency of cleaning, procedures for cleaning (including type and
concentration of cleaning compound and sanitizer), time and temperature requirements,
cleaning solution flow rate (pressure) if applicable, and the name of an employee responsible
for verifying the program effectiveness by inspection

Cleaning the condenser unit, drip pans, and hoses of refrigerators

Keeping cold storage as dry as possible

After cleaning and sanitizing, visually inspecting the area cleaned for product residue and
conducting routine microbiological tests (conventional or rapid microbiological methods, such
as total count or bioluminescence) to verify effectiveness of the cleaning and sanitizing
program

When reassembling sanitized equipment, placing the equipment parts on a sanitary mat and not
on the floor

Cleaning and sanitizing all processing equipment, facility utilities (e.g., air system, water
system), and food-contact surfaces after maintenance work and prior to use in production
Cleaning and sanitizing processing equipment and food-contact surfaces between the
processing of different commodities

Cleaning and sanitizing equipment during processing operations, if needed, to prevent
contamination (e.g., if there is residue build up on the equipment)

Using floor drain brushes % inch smaller than the diameter of the drain opening or a splash

guard to help prevent splashing during cleaning
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Routine Cleaning and Sanitizing Schedule

Fresh-cut Produce Processing Areas

Cleaning Frequency

1) Food contact surfaces

Clean at a frequency that removes product
residue to minimize contamination of your
product, which is usually after each equipment
or utensil use and at the end of each shift.

2) Non-food
contact
surfaces/ areas

a) Surfaces with a potential to become a
niche for microbial contamination
(e.g., where there is a potential for
moisture or residue build-up, where
employees contact equipment during
operation)

Daily

b) Drains and floors (including
refrigerator drains)

Daily cleaning. Weekly flush of drains with
sanitizer.

¢) Non-wood pallets Daily
d) Waste containers Daily
¢) Refrigerators Daily

The refrigerator tube should be cleaned daily if
using hydrocooling/vacuuming

f) Cleaning tools (e.g., brooms, brushes) | Daily
g) Bathrooms and break rooms Daily (more frequently, if needed)
h) Overhead piping, outside surfaces of | Monthly

enclosed processing systems and
light fixtures

i) Ceiling, walls, windows, doors

Monthly (unless they meet conditions in 2a,
then daily)

j) Fans (fan guards)

Weekly

k) Condensate drip pans

Weekly when using sanitizer blocks; daily when
using other form of sanitizer

1) Ice machine: Doors, gaskets, Daily
outside surfaces
Drain reservoir Monthly
Flush unit Monthly
g) Heating, Air intake and Weekly
venting, and air | output ducts
conditioning Check filters Monthly
(HVAC) system | Ductwork Yearly
Premise Areas| a) Loading dock Daily: sweep and scrub floors

Weekly: scrub walls and surrounding areas

b) Parking lot, curbs, sidewalks,
landscaping

Daily: pick up trash
Weekly: scrub entrance to facility

¢) Dumpster and trash areas

Daily

Figure 4. Example of a routine cleaning and sanitizing schedule
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For cleaning drains, we recommend using dedicated utensils (color coded and used for
cleaning drains only) to minimize the potential for contamination. We also recommend that
floor drains not be cleaned during processing operations and that the person who cleaned
drains not clean fresh-cut produce food contact surfaces without changing outer garments, and
washing and sanitizing his or her hands.

Regularly inspecting tools for cutting, slicing, and shredding for damage that could impair

cleaning and sanitizing them

We recommend replacing a tool if it cannot be fixed so that it can be adequately cleaned.

1. Cleaning and Sanitizing Chemicals

Cleaning and sanitizing chemicals may be toxic, and we recommend that they be stored in dry

areas away from facility traffic and processing operations and traffic and handled by employees

trained in the use of such chemicals.

We recommend the following practices in using cleaning and sanitizing chemicals:

o

Using adequate quality water for cleaning and sanitizing at temperatures appropriate for the
chemicals used

Using toxic chemicals for cleaning operations in accordance with the manufacturer's
instructions and in accordance with relevant Federal, State, and local government regulations
Clearly labeling toxic chemicals

Storing toxic chemicals and pesticides in a manner that protects against contamination of food,
food-contact surfaces, and food-packaging materials and in accordance with relevant Federal,
State, and local government regulations

Monitoring the effectiveness of cleaning and sanitizing chemicals by visual inspection and

environmental testing (especially grooves and niches) for microbial growth

2. Pest Control

We recommend a pest control program be implemented throughout the entire processing facility to

eliminate pests, such as rodents, birds, reptiles, and insects that may harbor or be a vector for a

variety of pathogens. As part of the plant's pest control program, consider frequent monitoring of

affected and treated areas to assess accurately the effectiveness of the program. Some helpful

physical and chemical controls are recommended below.

o

o

Using window screens, screen doors, weather stripping for all doors, and air fans at all
doorways

Keeping all doors closed when not in use
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o Removing and storing waste products in a location outside of the facility

o Removing old, unused equipment from the facility

o Maintaining the exterior grounds surrounding the facility in good condition

o Properly storing ingredients, finished product, and packaging

o Cleaning up spills and produce debris in a timely manner

o Using pesticides, traps, bait, and chemicals that are acceptable for use in a food processing
facility and will not contaminate foods, food ingredients, or food packaging

We recommend that chemical controls be applied by a licensed pest control operator.

B. Sanitary Facilities and Controls

1. Employee Changing Facilities and Toilets

We recommend that changing facilities and restrooms be adequate and located in proximity to
processing areas, but not so close that they could be a source of contamination. We recommend
that restrooms not open directly into processing areas and are equipped with self-closing

mechanisms or have a maze-type entrance/exit.

2. Hand Washing Facilities

FDA recommends the following practices:

o Providing a sink, hot and cold adequate quality water, effective hand cleaning preparations
(e.g., liquid soap), sanitary hand drying devices (such as disposable paper towels), and a waste
container

o Installing water control devices (such as knee, foot, or elbow faucet controls) that will protect
against recontamination of clean hands

o Posting signs that show proper hand washing instructions
We recommend that these signs be posted near the facility entrance, in restrooms, near all
handwashing stations and wherever employees may handle produce, food packaging materials,
or food-contact surfaces. We further recommend that these signs be multilingual where some

of the workers are not native English speakers or pictorial where literacy is a concern.

3. Air Quality

Air inside a processing plant can be a vehicle for contamination of food by mold, yeast, dust, or
pathogens if not properly controlled. Where fresh and fresh-cut fruits and vegetables are exposed
to open air, we recommend that air quality be monitored to ensure that it is of suitable quality. We

recommend that processors maintain proper positive, negative, and ambient air pressure
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differentials throughout the processing facility to prevent product contamination. We further
recommend that negative air pressures be maintained in raw product areas, microbiology
laboratories, and rest rooms to keep air from flowing from those areas into the processing areas. In
addition, we recommend that positive air pressures be maintained in areas such as in the

processing and packaging area.
We also recommend that fresh-cut processors consider the following:

o Filtering air coming into the plant using at a minimum, a final filter (if more than one air filter
is used) with an efﬁciency(4) 0f 90-95% at 1 micron

o Using air flow barriers (such as air curtains) to isolate receiving and shipping areas that may be
open to the outside environment

o Filtering compressed air (such as O, N», and CO, used in modified atmospheric packaging)
when such air contacts fresh produce and in packaging contact areas using a 0.3 micron filter

(with an efficiency of approximately 75%)

4. Water Supply

Water can be a carrier of microorganisms including pathogens. Adequate quality water is critical
in a fresh-cut processing facility primarily because of the absence of a step lethal to pathogens (kill
step) in processing the product and factors such as the high degree of handling, the damage to the
product during cutting or mashing, and the potential for temperature abuse in the processing and
storage. We recommend that the water supply in a food processing plant be sufficient for the
operations intended and be derived from an adequate source. We recommend that water for
operations in the processing facility such as cleaning and sanitizing the facility and equipment, as
well as, preparing the product for processing, processing the product, and manufacturing ice be of
adequate quality. Where water does not become a component of the fresh-cut produce we
recommend that water be safe and sanitary, at suitable temperatures, and under pressure as needed
for all uses. For water that is used in a manner such that the water may become a component of the
fresh-cut produce, e.g., when such water contacts components, fresh cut produce, or any contact
surface, we recommend that water, at a minimum, comply with applicable Federal, State, and local

requirements and not contaminate the fresh-cut produce.

Section VIII.C provides our recommendations for maintaining water quality used from preparation

for processing through processing operations.
We recommend the following practices regarding the water used in a processing facility:

o Using adequate quality water that is in compliance with applicable Federal, State, and local
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requirements for water water or ice that contacts fresh-cut produce or food-contact surfaces

We recommend that processors protect sources of water and ice from contamination and that
ice be manufactured, transported, and stored under sanitary conditions.

Testing well water, if used, at the site of the well and at the point in the plant most distant from
the well on a regular basis to ensure compliance with Federal, State, and local regulations
Maintaining and inspecting on a routine basis any water charcoal filtering system to prevent it
from becoming a source of microbial or physical contamination of water

Reviewing on a periodic basis water systems to ensure that no cross-connections exist between
treated and untreated water

Ensuring that the volume, temperature, and pressure of water is adequate for all operational

and clean up demands

5. Environmental Monitoring

FDA recommends an environmental monitoring program that includes sampling for pathogens to

detect areas of harborage and to verify the effectiveness of cleaning and sanitizing programs in

preventing cross-contamination. We recommend that an environmental monitoring program be

part of the fresh-cut produce operations and recommend the following practices:

o

Performing environmental sampling for pathogens or indicator organisms both during
production and immediately after cleaning and sanitizing equipment (but before equipment is
reassembled)

We recommend that environmental sampling be done on both food contact and non-food
contact surfaces (e.g., drains).

Determining the appropriate target pathogen (the most resistant microorganism of public health
significance that is likely to occur in fresh-cut produce), test locations, and frequencies of
sampling

Focusing environmental monitoring on an indicator organism, such as Listeria spp., which
indicates microbial contamination but is nonpathogenic and more easily detectable than a
target pathogen, such as L. monocytogenes

Establishing a plan for action in the event that a microbiological test indicates the presence of a
target pathogen or indicator organism

Documenting corrective actions and follow-up for all positive microbial test results
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VIL. Production and Process Controls

To minimize the potential for the growth of microorganisms and for the contamination of fresh-cut
produce, FDA recommends that control measures be in place to prepare, process, package, and

store the product.

A. Product Specifications

We recommend that food processors consider developing specifications and controls for all
ingredients and components (including raw fruits and vegetables, packaging materials, and gases)
that are necessary for production of safe finished product. Specifications provide standards by
which a food processor can assess the acceptability of ingredients and components and thus,
minimize microbial, chemical, and physical hazards. We recommend, for example, that the
fresh-cut processor know as much as possible about the production practices and conditions for
their incoming product. The "Guide to Minimize Microbial Food Safety Hazards in Fresh Fruits

and Vegetables" (Ref. 7) provides useful guidance when reviewing primary production practices.

B. Receipt and Inspection of Ingredients

Opportunities for contamination of fresh produce occur from the field to the processing facility.
Loading, transporting, and unloading produce may introduce contaminants. Damaged produce,
soil, debris, and pests may all arrive with the produce when it is delivered to the facility. To help
ensure the quality of incoming fresh produce, we recommend that the processor carefully inspect

the produce upon receipt at the processing facility. We also recommend the following practices:

o Transporting the produce from the field to the processing, packing, or cooling facility as soon
as practical after harvest

o Inspecting delivery vehicles carrying fresh produce and other components of the finished
product, e.g., cartons, packaging materials, for cleanliness

o Visually inspecting incoming fresh produce for damage, filth, and infestation according to a
predetermined sampling plan and rejecting products that do not meet established specifications

o Checking for the presence of metal by use of magnets or metal detectors

o Removing all damaged, moldy, or decomposed product and extraneous matter (such as metal
or other foreign material) to a designated area

o Retaining information about all incoming ingredients, such as the identity of the grower or
supplier, date of harvest, the field, and linking the information on the incoming product with
the operation's lot numbering system for finished product

This information will be useful in the event a traceback is conducted. See section X in this
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guide for more information.

C. Specific Processing Steps
1. Preparation for Processing
Appropriate preprocessing of incoming produce can help minimize microbial, chemical, and
physical hazards. We recommend that fresh-cut produce processors consider the following

activities to help minimize microbial, chemical, and physical hazards:

o Inspecting fresh produce for field contaminants that may not have been noticed during the
incoming produce inspection

o Removing from the processing stream damaged or decomposed produce, extrancous matter,
and produce that appears to be contaminated by animal feces, fuels, machine grease, or oil

o Removing as much dirt as possible from incoming produce
We recommend washing incoming produce prior to further processing (such as cutting or
chopping) to reduce the overall potential for microbial contamination from the surface of intact
fruits and vegetables

o Using metal detectors or magnets to detect any metal fragments, such as broken knife blades or
machinery nuts and bolts, in incoming produce
We recommend that metal detectors be set up to reject product from the normal product flow if

a problem is detected.

2. Processing Water

Water is used extensively in almost all aspects of processing fresh-cut fruits and vegetables,
including during cooling, washing, and conveying of produce. Although water may be a useful
tool for reducing potential contamination, it may also introduce or spread contaminants. When
used for washing, rinsing, or conveying food, we recommend that water, at a minimum, comply

with applicable Federal, State, and local requirements and not contaminate fresh-cut produce.

In a fresh-cut processing operation, water quality needs may vary depending on how the water is
used and whether a particular process is followed by additional cleaning processes. Reusing
processing water may present a risk of new or increased number of microbial populations,

including human pathogens.
We also recommend the following practices:

o Where water is reused in a series of processes, arranging water flow to be counter to the
movement of produce through different operations, with the result that as produce is further

processed, it is exposed to the cleanest water
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> Monitoring and treating processing water for level of disinfectant chemical to ensure the water
is maintained in a condition suitable for the application (e.g., washing, cooling, or transporting)
and does not become a source of microbial contamination

o Routinely inspecting and maintaining equipment designed to assist in maintaining water
quality and safety, such as chlorine injectors, filtration systems, and backflow devices, to
ensure efficient operation

o Sampling processing water at point of use and within the water distribution systems, as
appropriate, such as at holding tanks and testing for total plate count and coliforms on a routine
basis;

We recommend including ice used on fresh or fresh-cut produce in routine water testing.

a. Maintaining Water Quality

When used appropriately with adequate quality water, antimicrobial chemicals help minimize the
potential for microbial contamination of processing water and subsequent cross contamination of
the finished product. The effectiveness of an antimicrobial agent, as well as the amount that should
be used, depends on the treatment conditions, such as water temperature, acidity [pH], water
hardness, contact time, amount of organic material, and the resistance of pathogens to the
particular antimicrobial agent. For example, the antimicrobial activity of a chlorine-based
disinfectant depends on the amount of hypochlorous acid (also called "free chlorine") present in
the water. The amount of hypochlorous acid in the water depends upon the pH of the water, the
amount of organic material in the water, and to some extent, the temperature of the water. If the
amount of hypochlorous acid is not maintained when the amount of organic material increases, the
antimicrobial agent may lose effectiveness in maintaining water quality. If a fresh-cut processor
uses a chlorine containing compound as a disinfectant, we recommend that the processor monitor

the processing water for free chlorine or hypochlorous acid concentrations.

We recommend that fresh-cut processors consider options for maintaining the safety of water most
appropriate for their individual operations. Producers may wish to contact a local agricultural
extension agent, their chemical supplier, or a food safety consultant for help in deciding what
water treatment chemicals to use. In addition, processors may refer to 21 CFR 173.315,
"Chemicals used in washing or to assist in the peeling of fruits and vegetables," for additional

information about chemicals approved for use in wash water.

We recommend that fresh-cut processors also consider the following regarding water quality

maintenance:

o Following the manufacturer's directions for correct mixing of antimicrobial agents to obtain

-227 -



effective concentrations and to minimize safety hazards
We recommend that the manufacturer's suggested or allowable levels of antimicrobial
chemicals in wash water not be exceeded.

> Monitoring disinfectant levels frequently in water used for various processing operations to
ensure appropriate concentrations are maintained
Test strips or test kits may be useful for monitoring some disinfectant levels.

o Minimizing the build up of organic material in wash water
For some operations, filtering recirculating water or using a net to scoop plant material or other
debris from tanks may help reduce the build up of organic material.

> Following contact between produce and processing water containing antimicrobial chemicals
with a clean water rinse to remove any treatment residues where appropriate and according to

and consistent with the manufacturer's directions

b. Washing Fresh Produce

Washing fresh produce can reduce the overall potential for microbial food safety hazards because
most microbial contamination is on the surface of the produce. If pathogens are not removed,
inactivated, or otherwise controlled, they can potentially spread the contamination to additional
produce during processing. However, washing, even with disinfectants, can only reduce the
number of pathogens, if present. Washing has little effect on pathogens that have been

internalized.

A number of post harvest processes, such as hydrocooling, use of dump tanks, and flume transport
utilize a high degree of water-to-produce contact. We recommend that fresh-cut processors use
practices to maximize the cleaning potential during these processes and to minimize the potential

for cross-contamination.
We recommend the following practices:

o Using a series of washes
For some operations, a series of washes may be more effective than a single wash. An initial
wash treatment may be used to remove the bulk of field soil from produce followed by an
additional wash or washes containing an antimicrobial chemical.

o Using appropriate wash methods
Vigorous washing of produce not easily bruised or injured increases the likelihood of pathogen
removal. Different methods may be used to wash different types of produce, including
submersion, spray, or both. Regardless of the method used, maintaining the quality of the wash

water (see section 2.a. above) is important in order to minimize the potential for contamination.
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o

o

Maintaining the efficacy of wash treatments

Using wash water of an appropriate temperature

For many types of produce, removing field heat is a primary consideration in maintaining
quality. However, some types of produce such as cantaloupe, mangoes, and tomatoes are
susceptible to infiltration of wash water if warm produce is placed in water that is cooler than
the produce. Such infiltration occurs when the temperature difference creates a pressure
differential causing air spaces inside the fruit or vegetable to contract, thereby allowing water
to be pulled into the fruit or vegetable. Thus pathogens that may be present on the surface of
the produce or in the water may be drawn into the produce. If pathogens are pulled into the
produce, subsequent washing will not reduce levels of these pathogens (Refs. 2, 4). For
products that may be susceptible to pathogen internalization, the recommended temperature
differential (i.e., temperature difference between the wash water and the temperature of the
fresh produce) may be achieved by cooling produce before immersion.

When it is not practical to reduce the temperature differential between the water and the
produce, it is especially important that processors follow practices to minimize pathogens in
the water or on the surface of produce. Such practices may include using antimicrobial
chemicals in the wash water or using spray type wash treatments instead of submerging
produce.

If product is washed or cooled in a submersion system, we recommend that care be taken to
control the rate of product flow to minimize the amount of product that is submerged at a

greater depth as well as the time sufficient to accomplish the process.

3. Precooling and Cold Storage

Proper precooling and storage of unprocessed and processed fresh produce is important in

reducing the risk of microbial contamination and growth. We recommend the following practices

to reduce this risk:

o

o

Preventing condensate and defrost water from evaporator-type cooling systems (e.g., vacuum
cooling, cold storage) from dripping onto fresh and fresh-cut produce

Designing and maintaining forced air cooling to avoid contaminating fresh produce

In most instances, vacuum cooling or use of fans poses the lowest risk of microbial
contamination

After cooling, holding produce in cold storage (< 4°C) or at a temperature that will promote
quality and minimize microbial growth until processed and shipped

We recommend that finished fresh-cut produce be stored at 40°F or lower. L. monocytogenes,
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for example, survives at refrigeration temperatures, but grows more slowly at lower
temperatures, so we recommend the processors consider using the lowest practical temperature
for refrigerating finished product.

> Monitoring and maintaining temperatures in cold storage rooms at 40°F or lower
We recommend that temperature monitoring devices be located in the warm area of the
refrigerator unit (e.g., near the door) and calibrated on a regular basis, and that all refrigeration
units be inspected and kept in good operating condition (Ref. 8).

o Storing similar commodities together (unprocessed product next to unprocessed product and
finished product next to finished product) to avoid cross-contamination

o Using an appropriate inventory system to ensure first in first out (FIFO) use and shipment of

raw materials and finished products

4. Washing Fresh-cut Produce: Post-processing Controls

Final washing of fresh produce after cutting, slicing, shredding, and similar fresh-cut processes
helps to remove some of the cellular fluids that could serve as nutrients for microbial growth.
Monitoring water quality and replacing water at an appropriate frequency as indicated by such
monitoring may help prevent the build up of organic material and reduce or prevent
cross-contamination of processed produce. We have the following additional recommendations for

use after the final wash:

o Removing as much excess water as possible from processed produce through draining methods
such as spin drying

o Keeping containers used to hold produce (e.g., spin baskets) from direct contact with the floor
and away from containers that have had direct contact with the floor (e.g., in cold storage)

o Keeping containers of produce dripping wash water from passing over other produce

D. Packaging
Anything that touches fresh-cut produce has the potential to contaminate it. This includes the

materials used in packaging the product.
We recommend the following practices:

° Maintaining an effective system to prevent the use of contaminated, damaged, or defective
cartons and totes in order to prevent microbial contamination of the fresh-cut produce during
packing operations

o Establishing specifications for all product packaging

o QOverseeing incoming materials and gases used in packaging to confirm that they meet those
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specifications

Rejecting packaging materials that are damaged or contaminated

Determining the appropriate gas mixtures for products

Using containers and cartons for their intended purpose only

For example, we recommend against using a carton designated for holding fresh-cut produce to
hold tools.

Using an effective cleaning system where all containers, especially reused containers, are
cleaned and sanitized, as necessary, immediately before use

Storing packaging containers and other packaging materials in a manner so as to protect them
from contamination, such as away from pests, dirt, cleaning chemicals, and water condensation
from overhead equipment and structures

Using an appropriate inventory system to ensure FIFO use of packaging containers and other
packaging materials

To help achieve proper rotation of inventory, we recommend that all pallets be dated upon
receipt.

Establishing and controlling important packaging criteria, such as the fill weight of fresh-cut
produce, gas mixture, flushing time, and package sealing

Deviation from the packaging criteria could result in the survival and growth of microbial
pathogens in the fresh-cut produce because microorganisms are affected by the levels of O,
and CO, in MAP packaging.

Maintaining a program to identify and correct situations where damage to containers may
potentially occur

Labeling all finished fresh-cut produce products with recommended storage instructions (e.g.,
"Keep Refrigerated") or storage temperature to inform all persons handling the product of the

recommended storage conditions

1. Modified Atmosphere Packaging (MAP)

Some packaging controls used for fresh-cut produce affect the environment within the package by

reducing the levels of oxygen. Low oxygen levels help maintain the quality of fresh produce and

extend shelf-life by slowing respiration and senescence in plant tissues. Oxygen can be reduced

passively by using gas permeable films in packaging that result in the natural development of the

desired atmosphere; the desired atmosphere is a consequence of the products' respiration as gas

diffuses through the film (Ref. 2). Oxygen can also be reduced actively by displacing the mixture

of gases in a package with a gas mixture that has a low concentration of oxygen (1-5%).

Microorganisms respond differently to the surrounding gases depending on their tolerance. While
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reduced oxygen and elevated carbon dioxide retard the growth of spoilage microorganisms such as
Pseudomonas spp., the same gas conditions may provide growth opportunities for pathogenic
microorganisms. At extremely low oxygen levels (< 1%), anaerobic respiration can occur,
resulting in tissue destruction that affects product quality and creating the potential for growth of
foodborne pathogens such as Clostridium botulinum (Ref. 2). It is generally believed, however,
that fresh-cut produce will spoil before the toxin becomes a concern (Ref. 2). Non-pathogenic
aerobic and facultative microorganisms are present at the time of packaging and persist after

packaging.

MAP is only effective in extending shelf-life if used in conjunction with good refrigeration.
Elevated temperatures can promote the growth of spoilage organisms and pathogens that may be
present. If refrigeration temperatures are not maintained during distribution of the products or
while they are held by retailers or consumers, we recommend that controls be in place to either
prevent increases in temperature or to alert the processor, retailer, or consumer that the product
may not be safe to consume. Processors may wish to consider providing product handling
guidelines on temperature control and washing to the distributor, retailer, and consumer. We also
recommend that food processors using MAP adhere to strict temperature controls and appropriate

shelf-life parameters.

Another potential source of contamination in using MAP packaging for fresh-cut produce occurs
when the gases, equipment, and packaging materials are not properly maintained. As with any type
of packaging, we recommend that controls be put in place to ensure that the process of packaging
the product or the packaging materials themselves do not cause the product to become

contaminated.

2. Shelf-life

Fresh-cut fruits and vegetables can potentially cause illness due to contamination with a variety of
microorganisms because there is no processing for these products to ensure the total elimination of
microorganisms should they be present. Some packaging and storage techniques for fresh-cut
produce (e.g., modified atmosphere packaging, refrigerated storage) may slow the rate of physical
deterioration by slowing respiration of the produce. However, if the packaging and storage are not
properly controlled, pathogens may grow to levels that could render the product unsafe for human
consumption. The rate of respiration of fresh produce is inversely related to the shelf-life of the
product, which means that a higher respiration rate decreases shelf-life (Ref. 2). Fresh fruits and
vegetables that have been cut or otherwise physically altered will have increased respiration, and

thus, a shorter shelf-life. We recommend the following practices:
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o

Communicating (through product labeling) the appropriate shelf-life of fresh-cut produce
products to help ensure optimal safety when consumed by the consumer

If a "use by" date is on product packages, ensuring that the date is validated by studies of the
product with respect to microbiological safety

We recommend that records of these data and studies be maintained to document the reliability

of the "use by" labeling.

E. Transportation and Storage

We recommend that finished fresh-cut product procts be stored and transported under conditions

that will protect the food against physical, chemical, and microbiological contamination. We

recommend that raw whole produce not be stored with finished product and finished product be

transported in clean, sanitary vehicles.

We also recommend the following practices:

o

Keeping finished products at refrigeration temperatures (< 40°F (< 40°C)) during storage,
transportation, and display for sale to minimize the potential for growth of microbial pathogens
Equipping refrigerated transportation vehicles and storage rooms with accurate temperature
measuring devices, preferably including a recording device

If a recording temperature device is not used, we recommend that a min/max thermometer, i.e.,
a thermometer that shows the range of temperatures attained over a set time period, be used.
Shipping fresh-cut produce products on a FIFO basis to minimize storage time

Ensuring that for refrigerated vehicles, the refrigeration equipment is designed to circulate cold
air uniformly throughout the vehicle, taking the load layout into consideration

Placing fresh-cut produce products in storage facilities and transportation vehicles in a manner
that allows for proper air circulation

Transporting and storing fresh-cut produce products in vehicles and containers that are
dedicated to carrying food products and have been treated by a process that is effective in
destroying vegetative cells of the microorganism of public health significance

Inspecting transportation vehicles and containers for debris, soil, and off-odors prior to loading
to ensure that they are suitable for the transportation of fresh-cut produce

Loading and unloading fresh-cut produce in a manner that minimizes damage and microbial

contamination
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IX. Documentation and Records

We recommend as a general practice that food processors maintain records sufficient to reflect
important product information and practices. Such documentation can be helpful to the processor
in several ways. First, such records help ensure consistency of processing operations and
end-product quality and safety. They are more reliable than human memory, and they are a useful
tool to identify areas where inconsistencies occur in operations and further employee training may
be needed. Maintaining adequate documentation and records of processing operations is also
important if a traceback investigation of product is ever needed. We recommend that records be
retained at the processing plant for at least six months after the date that the products were
prepared unless a longer retention time is required under a relevant law or regulation. Records are
most useful when they begin by including the date and time, name of person(s) who completed the

record, and the activity or production station being recorded.
Records may be kept for most food processing operations such as the following:

o Water quality and supply records

o Water treatment and monitoring records

> Employee training records

o Temperature control records

o Equipment monitoring and maintenance records
o Calibration records

o Sanitation records

> Product processing batch records

o Corrective action records

> Pest control records

o Distribution records

X. Traceback and Recall

Traceback is the process of tracking food items, such as fresh-cut produce, back to their source
(growers, packers, processor, field, and when harvested). The ability to identify the source of a
product can serve as an important complement to food safety programs intended to prevent the
occurrence of microbial contamination. Information gained from a traceback investigation may
also be useful in limiting the impact of an outbreak of foodborne illness and in identifying and
eliminating conditions that may have resulted in the produce being contaminated. We recommend

that fresh-cut processors establish and maintain written traceback procedures to respond to food
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safety hazard problems when they arise.

We also recommend that fresh-cut processors establish and maintain a current written contingency
plan for use in initiating and effecting a recall. Having procedures in place will enable the recall of
any lot of product that may have been implicated in an outbreak or that tested positive for a
pathogen and help provide detailed information to assist in the investigation of any foodborne
illness associated with the product. Recall procedures usually include the name of the contact
persons responsible at all times; the roles and responsibilities for the coordination of a recall; the
methods to identify (e.g., use of lot codes), locate, and control recalled products, requirements to
investigate other possibly affected products which could subsequently be included in the recall,

and procedures for monitoring the effectiveness of the recall.

Because a recall may extend to more than one lot of product, we recommend that processors
develop a coding system to help identify individual production lots and to whom each lot is
distributed. Use of package and date codes can help link product packages with production times,

equipment, and raw ingredient sources and may facilitate recovery of products during a recall.

In the event of a firm-initiated recall, if a firm believes its product is violative of the Act, we
request that the firm immediately notify the appropriate FDA district office in the state where the
processing facility is located. District office locations are provided in 21 CFR 5.115. (See

Appendix A for what information to include in the notification.)

Produce growers and packers, fresh-cut produce processors, and shippers are encouraged to work
with their partners in growing, transporting, distributing, packing and processing, and with retail
sectors to develop technologies that allow identification of fresh-cut produce from the grower to

your operation, to the retailer, and to the consumer.

XI. Additional Information
The following are additional resources for information on how to handle food products safely.
On the web:

1. FDA/Center for Food Safety and Applied Nutrition
2. Fight Bac!®

3. Gateway to Government Food Safety Information
4. Center for Disease Control and Prevention (CDC)
5. USDA/Food Safety and Inspections Service (FSIS)
6. NACMCF HACCP guidelines
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Other resources:

7

. Ednet: a monthly electronic newsletter for foodafety educators. To sibscribe, send an email

message to . Send the message: Subscrib EDNET-L first name last

name.

. FDA's Outreach and Information Center: 1.888.SAFEFOOD
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Appendix A

Notifying FDA of a Recall

In the event of a firm-initiated recall, if a firm believes its product is violative of the Act, we

request that the firm immediately notify the appropriate FDA district office in the state where the

processing facility is located and that the notification include:

o

the identity of the product involved (i.e., an adequate description of the type of food to include
brand name and specific variety, date of releasing the food, the lot or code number or other
identifier of the implicated product, the quantity and how the food is packaged);

the reason for the recall and the date and circumstances under which the product deficiency or
possible deficiency was discovered;

an evaluation of the risk associated with the product; the total amount of implicated product
units processed and the time span of processing;

the total amount of product in inventory and the total amount of product distributed; the
distribution information including the number of direct accounts and, where necessary, the
identity of the direct accounts;

a copy of the firm's recall communication if any has issued, or the proposed communication if
none has issued, the proposed strategy for conducting the recall; and

the name and telephone number of the firm official who should be contacted concerning the

recall

For further FDA guidance on recalls, see 21 CFR 7.40-7.59.
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Appendix B

Foodborne Pathogens Associated with Fresh Fruits and Vegetables

The U.S. Public Health Service has identified a number of microorganisms associated with

foodborne illness that are notable either because of the severity or the prevalence of the illness

they cause. Foodborne microbial pathogens associated with the consumption of fresh fruits and

vegetables include Cyclospora cayetanensis, Escherichia coli O157:H7, hepatitis A virus, Listeria

monocytogenes, Norovirus, Salmonella spp., and Shigella spp.(s)

o

o

o

Cyclospora infections (cyclosporiasis) are caused by the protozoan Cyclospora cayetanensis.
The infections are spread by ingestion of food or water contaminated with infected stool.
Direct person-to-person transmission is unlikely because excreted oocysts require days to
weeks under favorable environmental conditions to become infectious (i.e., sporulate). The
natural host for this parasite has not been identified; however, contaminated water used for
irrigation and pesticide application and poor worker hygiene have been suggested as the most
likely routes of contamination. The infection (cyclosporiasis) is commonly characterized by
watery diarrhea, loss of appetite, weight loss, abdominal bloating and cramping, low-grade
fever, nausea, vomiting, and fatigue. Relapses and asymptomatic infections can occur.
Outbreaks of cyclosporiasis have been linked to fresh raspberries, mesclun lettuce, and basil or

basil-containing products. (For more information: Bad Bug Book, Cyclospora cayetanensis)

E. coli O157:H7 is one of the enterovirulent strains of Escherichia coli. It is one of a minority
of E. coli strains capable of causing human illness. Most E. coli strains are nonpathogenic,
found in the intestines of all animals, including humans, and function by suppressing harmful
bacterial growth. However, there are a minority of strains such as serotype O157:H7 that may
cause human illness. E. coli O157:H7 is a life-threatening bacterium that produces large
quantities of potent toxins that can cause severe damage to the lining of the intestines. Human
illness associated with E. coli O157:H7 infection may include nonbloody diarrhea,
hemorrhagic colitis, hemolytic uremic syndrome (HUS), or thrombotic thrombocytopenic
purpura (TTP). Hemorrhagic colitis progresses from abdominal cramps to nonbloody diarrhea
to bloody diarrhea. HUS largely affects young children and is the leading cause of acute renal
failure in children. TTP is a rare syndrome of E. coli O157:H7 infection, which largely affects
adults and resembles HUS histology. E. coli O157:H7 outbreaks have been associated with
meat (especially undercooked or raw hamburger), fresh produce, raw milk, unpasteurized
apple juice, coleslaw, and contaminated water (Ref. 9).

Hepatitis A virus may cause a serious, and sometimes fatal, disease. Hepatitis attributed to
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hepatitis A virus is characterized by sudden onset of fever, malaise, nausea, anorexia, and
abdominal discomfort, followed after several days by jaundice. Hepatitis A virus is excreted in
fecal material and is transmitted by the fecal-oral route (including by consumption of
contaminated food). The most common food sources of Hepatitis A are shellfish and salads.
Hepatitus A may also be transmitted through drinking water. (For more information: Bad Bug
Book, Hepatitis A Virus)

Listeria monocytogenes[6] is a bacterium that causes listeriosis, a serious disease in pregnant
women, the elderly, and those with weakened immune systems. L. monocytogenesis
widespread in the environment (i.e., in soil, water, and decaying vegetation) and has been
isolated from domestic animals, humans, raw produce, food processing environments
(particularly cool damp areas), and home refrigerators. Outbreaks of listeriosis in the United
States have been associated with the consumption of hot dogs, deli or luncheon meats, pate,
salami, Mexican-style soft cheeses and butter made with raw milk, and raw vegetables (Ref. 10

). (For more information: "Quantitative Assessment of Relative Risk to Public Health from

Foodborne Listeria monocytogenes Among Selected Categories of Ready-to-Eat Foods")

Norovirus causes a non-fatal disease manifested by gastrointestinal upset, headache, low grade
fever, nausea, vomiting, and diarrhea. Norovirus is transmitted by the fecal-oral route most
commonly via contaminated water or contaminated foods. Shellfish and salad ingredients are
the foods most often implicated in norovirus outbreaks. (For more information: Bad Bug Book,

The Norwalk virus family)

Salmonella is the second most common cause of foodborne illness (salmonellosis) in the
United States and is responsible for millions of cases of illness each year. Typical symptoms of
salmonellosis are nausea, vomiting, abdominal cramps, fever, mild diarrhea, and headache;
these symptoms usually last 6-48 hours. Salmonella outbreaks have been associated with the
consumption of raw and undercooked eggs, undercooked poultry and meat, dairy products
made with unpasteurized milk, shrimp, fresh produce, and unpasteurized fruit juice. (For more
information: Bad Bug Book, Salmonella spp.

Shigella spp. Humans are a natural reservoir for Shigella spp. The primary means of
transmission of the shigellae organism is by the fecal-oral route. Most cases of foodborne
shigellosis are attributed to the ingestion of food or water contaminated with fecal matter.
Contamination has often been associated with poor personal hygiene of food workers. Typical
symptoms include abdominal pain, cramps, diarrhea, fever, vomiting, and blood, pus, or mucus
in stools. Shigellosis outbreaks have been associated with shredded lettuce, potato salad, green

onions, parsley, cheese, seafood, and poultry (Ref. 11). (For more information: Bad Bug Book,

Shigella spp.)
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Appendix C

Pathogens Often Transmitted by Food that Has Been Contaminated by Infected Employees*
A wide range of communicable diseases may be transmitted by infected employees to consumers
through contaminated food or food utensils. We recommend that fresh-cut produce firms establish
an ongoing program to identify employees who present a risk of transmitting foodborne pathogens
to fresh produce or to other employees. Below is a list of the most common pathogens that may be

transmitted through food and their associated symptoms.

Pathogen Symptoms

1. Hepatitis A virus fever, jaundice

2. Salmonella typhimurium fever

3. Shigella species diarrhea, fever, vomiting

4. Norwalk and Norwalk-like viruses diarrhea, fever, vomiting

5. Staphylococcus aureus diarrhea, vomiting

6. Streptococcus puogenes fever, sore throat with fever

Diarrhea, fever, and vomiting are also symptoms of several other pathogens that could be
transmitted by food contaminated by infected employees.
Please refer to the CDC web site for further information on foodborne diseases, pathogens, and

toxins: *.
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Appendix D

Ingredients

= Raw produce
= Fresh-cut produce

Packaging materials

= Containers, films, lids, trays

Processing aids

= Compressed air

= Untreated or inadequately treated wash water
= Jce

= Reused processing water

Facility environment

Ceilings, overhead structures, catwalks

Rubber seals around doors (especially coolers)

Drains

Walls

Standing water

Wet insulation in walls or around pipes and cooling units
Condensate

Vacuum cleaner contents

Hand washing areas (sinks) and restrooms

o oo oo o o o o

Food contact surfaces

Fibrous or porous type conveyor belts
Filling or packaging equipment
Equipment cleaning tools

Slicers, dicers, shredders, blenders,
Belts, peelers, collators

Containers, bins, tubs, or baskets
Hands, gloves, and outerwear

Ice makers

Utensils

o oo o oo o o o

Nonfood-contact surfaces

= In-floor weighing equipment

= Hollow rollers for conveyors

o Trash cans and other such ancillary items
= Visible bearings within equipment

= Condensate drip pans

= Maintenance tools (wrenches, screw drivers, etc.)
= On/off switches

= Cracked hoses

= Equipment framework

= Wet rusting or hollow framework

= Poorly maintained compressed air filters
= Motor housing

= Forklifts, hand trucks, trolleys, racks

= Vacuum cleaners and floor scrubbers

Figure 5. Potential sources of microbial contamination
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1. A processing line is moved or modified significantly.

2. Used equipment is brought in from storage or another plant and installed into the process
flow.

3. An equipment breakdown occurs.

4. Construction or major modifications are made to a fresh-cut produce processing area (e.g.,
replacing refrigeration units or floors, replacing or building walls, modifications to sewer
lines).

5. An employee unfamiliar with the operation and microbial controls has been hired or assigned
to work or clean equipment in the processing areas.

6. Personnel who handle fresh produce and fresh-cut produce touch surfaces or equipment that
are likely to be contaminated (e.g., floor, trash cans) and do not change gloves or follow other
recommended procedures before handling product.

7. Periods of heavy production make it difficult to change processing water or clean food
contact surfaces at the facility as scheduled.

8. A drain backs up.

9. Product is caught or hung up on equipment. Stagnant product in a system can be a major
source of microbial growth during production. FDA recommends that equipment be modified
to eliminate areas where product stops moving along or through a processing line.

10. There are frequent product changes on a packaging line which necessitate changing
packaging film, labels, forming pockets or molds, line speeds, etc.

11. Personnel are used interchangeably for handling unprocessed produce and finished fresh-cut
product.

12. There is increased production requiring wet cleaning of down lines in the same room as lines
running product.

13. Equipment parts, tubs, screens, etc. are cleaned on the floor.

14. Waste bins in the processing areas are not properly maintained, cleaned, and sanitized.

Personnel handling product may come into contact with these items and then contaminate
product and/or product contact surfaces.

Figure 6. Examples of scenarios that may cause microbial contamination of the product
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Appendix E
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Figure 7. An example of product/personnel flow patterns in a fresh-cut processing plant[7]
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") This draft guidance has been prepared by the Center for Food Safety and Applied Nutrition
(CFSAN) at the U.S. Food and Drug Administration.

@ Fresh sprouts are raw agricultural commodities and thus, their production is not governed by 21
CFR Part 110. FDA does, however, recommend that sprouting firms employ CGMPs. Also,
FDA has published specific guidance for the production of sprouts. We recommend that
producers of sprouts refer to this guidance, "Reducing Microbial Food Safety Hazards for
Sprouted Seeds" (Ref. 3) and "Guidance for Industry: Sampling and Microbial Testing of Spent
Irrigation Water During Sprout Production" (Ref. 4).

GA copy of the CGMPs in 21 CFR Part 110 may be accessed on the internet.

“ The percent efficiency is the percent of particles at the specific micron size that will be retained
on the filter.

© More information about these and other microbiological pathogens can be found in FDA's Bad
Bug Book.

©® For additional information, FDA, the Centers for Disease Control and Prevention, and the U.S.
Department of Agriculture (USDA) have developed a Listeria Action Plan (Ref. 11) and a
Listeria risk assessment (Ref. 10).

7 With permission from IFPA, Food Safety Guidelines for the Fresh-cut Produce Industry, 4t
Edition, 2001.

March 1, 2006: FDA Issues Draft Guidance for the Safe Production of Fresh-Cut Fruits and
Vegetables

Available from http://www.cfsan.fda.gov/~dms/guidance.html
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