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Effect of storage temperature on the fate of internalized E. coli
in fresh—cut carrots and cucumbers
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Abstract:In order to explore the effect of storage temperature on the fate of internalized E. coli in fresh -
cut vegetables,fresh—cut carrots and cucumbers inoculated with E. coli and the stored at 4,12 and 24 °C. The
penetration ability of E. coli in these two kind of fresh—cut vegetable and the fate of internalized E. coli during
storage were investigated. The results showed that E.coli could penetrate into fesh—cut carrots and cucumbers
at varying degrees. During the storage at 4 and 12 °C,the number of internalized E. coli was reduced gradually
with storage time increased (p<0.05). When elevated storage temperature to 24 °C,the populations of E. coli
penetrated to 5~8 mm in fresh—cut carrots decreased during storage. While the couts of internalized E. coli in
fresh—cut cucumbers at different depths did not change significantly (p>0.05) during 3 d storage and decreased
at the 5 d. Furthermore,the internalized E. coli in fresh—cut cucumbers grew better than that in fresh—cut carrots
during storaged at 4,12 and 24 °C.
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Table 1  Populations of internalized E. coli at different depths in fresh—cut carrots and cucumbers (Ig cfu/g)
FfERE (mm) 0~1 1~2 2~3 3~4 4~5 5~6 6~7 7~8
(I P 5.66+0.30"  5.62+0.17*  5.01+0.23*  5.01+0.24*  5.11+0.16* 4.76+0.14*  4.71+0.17*°  4.59+0.23"
i) 2 I 6.02+0.17*  5.51+0.25*  5.42+0.31*  5.34+0.23*  5.12+0.18*  5.02+0.24*  4.81+0.21*  4.74+0.19°

= RSB FREAR NS P RERR 2253 87 (p<0.05) .
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Table 2 Fate of E. coli at different depths in fresh—cut carrots and cucumbers stored at 4 °C

FE RS SED)EE b (g cfu/e) P 55K (g cfu/g)

(mm) 0d 1d 3d 5d 0d 1d 3d 5d

1~2 5.6220.17°  4.88+0.23%  4.4420.16"  3.78x0.13*  551x0.25°  4.89+0.28"  4.67+0.19™  4.45:0.14"
2~3 5.01£0.23%  451£0.15  4.35£027*  3.37£0.249  5.42+031*  4.57+0.19*  4.47+0.14*  4.11x0.36™
3~4 5.01£0.24% 4452032  3.87x0.37"  2.89+0.16%  5.34x0.23*  4.61+0.37"  4.25:0.26"¢ 3.91x0.41
4~5 5.1120.16° 4574045  3.1320.26%  2.56+0.12%  5.12+0.18*  4.66+0.35*  4.14x0.15"  3.49+0.25°%
5~6 476+0.14%  4.52+0.17*  3.0420.23%  2.5420.34*  5.02+0.24*  4.55:0.27"  3.96x0.32"  3.30+£0.19
6~7 471£0.17%  4.47x024*  3.57+0.18%  2.62+0.17%  4.81+021% 4274043  3.49+0.22%  2.74x0.33"
7~8 4.59+0.23%  4.28+0.34"  2.93x0.36" <1 474+0.19"  4.1120.18"  3.44x0.14%  2.49+0.29™

T 0 dRAREETIRE LSRR 1 min 5 I RE AR 1 A s AR A i 7] R PEEANTRT I ) PR R A i 22 5 .25 PEHa b e dAR AL
15 N i [ — BN T AS TR B2 (R AT B 22 S Wl 3 e g b i, AN TR 7 BERR R 22 37 1 3 (<0.05) s 3~ 4.

312 CRETRA RN SEDTHIE D AEETT TP A AT B 2L A F 5
Table 3 Fate of E. coli at different depths in fresh—cut carrots and cucumbers stored at 12 C
R R SED)EE b (g cfu/g) i )35 )8 (g cfu/g)

(mm) 0d 1d 3d 5d 0d 1d 3d 5d
1~2 5.62£0.17  4.99+0.23*  4.47x0.25°  3.87£0.33*  5.51£0.25  5.43+0.18*  532x0.31*  4.85£0.12"
2~3 5.01+0.23%  4.15+0.34"  3.94+0.16"  3.43x0.17  5.42+0.31*  5.33+0.35 5.27+0.26"  4.80+0.33"
3~4 5.01£0.24%  4.23+0.16"  3.65+0.347  3.41x0.24*  5.3420.23*  4.92+0.19"  4.87+0.14"  4.43+0.27¢
4~5 5.1120.16"  4.64+0.18™"  3.03£0.27¢  2.88+0.33"  5.12+0.18*  4.81x0.22"  4.6420.15*  4.14+0.32%
5~6 476x0.14*%  3.40+0.17"  2.94+0.18%¢  2.86+0.27¢  5.02+0.24*"  4.9420.12¢  4.59+0.27¢  4.01+0.17"
6~7 4.71£0.17%  3.93+0.32%  2.44+0.24™  2.39:0.38%  4.81x0.21"  4.7320.17"  4.66+£0.21%  4.11x0.12"
7~8 4.59+0.23%  3.08+0.42"  2.22+0.37*  2.06£0.29¢ = 4.74x0.19%  4.78+0.21"  4.53x0.33®  3.83+0.24"

K4 24 CHERNAZ NEEDTIEE N RIEE ) 2T SR AT 1R A 1 52 i
Table 4 Fate of E. coli at different depths in fresh—cut carrots and cucumbers stored at 24 C
FE v EEYIEE b (g cfu/g) i) 1 N (g cfu/g)

(mm) 0d 1d 3d 5d 0d 1d 3d 5d
1~2 5.62+0.17°  5.45x0.24"  5.2320.13"  4.72+0.26"  5.51+0.25*  5.52+0.14*  5.47£0.15°  5.14£0.23*
2~3 5.01£0.23%  4.82+£0.32¢  4.72+0.24*  3.96£0.17"  5.42+0.31*  554x0.14*  5.43:0.26°  4.59+0.16"
3~4 5.01£0.24"  4.78+0.18"  4.66+0.23"  3.88+0.32"  5.3420.23*  5.28+0.22 5.07+0.31™"  4.76+0.25™
4~5 5.11£0.16%  4.88+0.42*"  4.53x0.31"  3.77x0.21%  5.12+0.18*  5.24+0.31*' 4.99+0.25"  4.56+0.14"
5~6 4.76£0.14®  4.36£0.24"  4.02+0.28™  3.4420.29*"  5.02£0.24*"  4.97+0.19* 4.61+£0.31*"  4.48+0.25"
6~7 4712017 4.25+0.14%  3.99+0.26%  3.35£0.12¢*  4.81x0.21" 4.88z0.21af 4.68+0.16™"  4.46x0.16"
7~8 4.59+0.23®  3.95+0.31"  3.78+0.15"  3.15+0.16™  4.7420.19"  4.85+0.35"  4.62+0.27"  4.56+0.32"

332 015z mo0m



[ SERC IR 3 ;1

@étﬂ%&l

Ziaje fZNEEDIFHE b P EE5~8 mmlF KA Bt E
i IS TR) () B, B R 1 B o AR N ) 2 I P
TSN I8 S R AT B AR A R 19 1~3 d TG0 B 25 A8 40 (o>
0.05, fEZES5 d INIET R B ChimbombiZEOF 773 1]
EER 23 O &M, 2N F RN BT K
PR BRI, 30 WS AEAR G A vl 1] BB 1T H i
WA BB YL B . X S AW TS RANE], E TR
7 TS T BG B 55 K AT e A0 e ) SR b 1 B
SR NGEIIAT, 55— 5T A N A & & a E =Y
JO LA K pH LG BH B S R0 IS8 A7 R A= i) AR K
B o UBAN, AEASIR] B BE A5 fidg sk 3 1], 422 A B )
T A AT B AR S B I8 TR N B DT |~
R A AT B, X T BE S H TR N S AL LU AL
L P9I AU IR B LU B D) A S B IS S KA i
AExean
3 it

KNG TR AT LIAR N S EE D) S B b 065 D) 25 I )
PR, 4 CCAifi il BE % 17 25 B AR AR N B D) 5 PN 358 K
AR 1 i, HLRE A 42 AN VR BE RTINS s KAt v
FRAG IR 2 o AL, R4 12024 CC=Fiild J8 N i i
Rt A2 N DT 3 TR 1) R A B A s B 38 P 142
NEEDIEIE b AT B . S s il O AT B
TE D) SRR T (AR N S AR, AR N Tk R rh, SR
it AL B Y3 3 P K B AR IR R S AT R K B, [ IR
FH AR i ik oA 428 T N2 §1) SR 388 P 355 R W A 1 14 2
Ko, AT DL PR S 27 g 9 1) S TR it ok S AE
EINLE PN 7R e

&% 0k

[1] R, AL, 25, 5. SR HE X RAH A a3
JE[J]. A g Tk AH34,2013,34(10):362-365,369.

[2] Posada—Izquierdo G D, Pérez—Rodriguez ¥, Lopez—Galvez F,
et al. Modelling growth of Escherichia coli O157:H7 in fresh—cut
lettuce submitted to commercial process conditions : Chlorine
washing  and  modified
Microbiology,2013,33:131-138.

[3] Seo K H,Frank J F. Attachment of Escherichia coli O157:H7

to lettuce leaf surface and bacterial viability in response to

atmosphere  packaging[J]. Food

chlorine treatment as demonstrated by using confocal scanning
laser microscopy|J]. Journal of Food Protection, 1999,62:3-9.

[4] Takeuchi K, Frank J F. Penetration of Escherichia coli
O157:H7 into lettuce tissues as affected by inoculum size and
temperature and the effect of chlorine treatment on cell viability
[J]. Journal of Food Protection,2000,63:434-440.

[5] Liao C-H, Cooke P H. Response to trisodium phosphate
treatment of Salmonella chester attached to fresh—cut green pepper
slices[J]. Canadian Journal of Microbiology,2001,47:25-32.

[6] Chimbombi E, Moreira R G, Castell-Perez E M, et al.
Assessing accumulation ( growth and internal mobility ) of
Salmonella Typhimurium LT2 in fresh—cut cantaloupe ( Cucumis
melo 1.) for optimization of decontamination strategies|J]. Food

Control,2013,32:574-581.

Vol.36,No.22,2015

[7] Deering AJ,Pruitt R E,Mauer L J. et al. Examination of the
internalization of Salmonella serovar Typhimurium in peanut,
Arachis hypogaea,using immunocytochemical techniques[J]. Food
Research International,2012,45:1037-1043.

[8] Deering A J,Mauer L J,Pruitt R E. Internalization of E. coli
0157:H7 and Salmonella spp. in plants: A review[J]. Food
Research International,2012,45:567-575.

[9] Han Y,Sherman D M,Linton R H,et al. The effects of
washing and chlorine dioxide gas on survival and attachment of
Escherichia coli O157:H7 to green pepper surfaces[J]. Food
Microbiology, 2000, 17:521-533.

[10] Olmez H, Temur S D. Effects of different sanitizing treatments
on biofilms and attachment of Escherichia coli and Listeria
monocytogenes on green leaf lettuce[J]. LWT-Food Science and
Technology,2010,43:964-970.

[11] Niemira B A. Irradiation Compared with Chlorination for
Elimination of Escherichia coli O157:H7 Internalized in Lettuce
Leaves: Influence of Lettuce Variety[J]. Jounal of Food Science,
2008,73(5):M208-M213.

[12] Abdul-Raouf U M, Beuchat L. R, Ammar M S. Survival and
growth of Escherichia coli O157:H7 on salad vegetables|[]].
Applied and Environmental Microbiology, 1993,59:1999-2006.

[13] Abadias M, Alegre I,Oliveira M,et al. Growth potential of
Escherichia coli 0157 :H7 on fresh —cut fruits ( melon and
pineapple ) and vegetables (carrot and escarole ) stored under
different conditions|J]. Food Control,2012,27:37-44.

[14] Rangel J] M,Sparling P H,Crowe C,et al. Epidemiology of
Escherichia coli 0157:H7 outbreaks, United States, 1982 -2002
[J]. Emerging and Infectious Diseases,2005,11:603-609.

[15] Soderstrom A, Lindberg A, Andersson Y. EHEC 0157 a
large E. coli 0157 outbreak in Sweden associated with locally
produced lettuce|J]. Foodborne Pathogens and Disease,2008,5:
339-349.

[16] FEA= 4k, 30 S8, B ARLr, 5. R R A 45 3R 5 04 S0 3% 2= i
HREERAZ P AR G 2[]]. £ T LA,
2013,34(17):173-176.

[17] Hou Z, Fink R C, Radtke C. Incidence of naturally
internalized bacteria in lettuce leaves|J]. International Journal of
Food Microbiology,2013,162:260-265.

[18] O’Beirnea D, Gleesona E, Autyb M, et al. Effects of
processing and storage variables on penetration and survival of
Escherichia coli O157:H7 in fresh—cut packaged carrots|J]. Food
Control ,2014,40:71-77.

[19] Tian J Q, Bae Y M, Choi N Y, et al. Survival and growth
of foodborne pathogens in minimally processed vegetables at 4
and 15 °C[J]. Journal of Food Science,2012,71:M48-M50.

[20] Francis G A, 0’ Beirne D. Effects of vegetable type, package
atmosphere and storage temperature on growth and survival of
Escherichia coli O157:H7 and Listeria monocytogenes|J]. Journal
of Industrial Microbiology & Biotechnology,2001,26:1-6.

[21] Abdul-Raouf U M, Beuchat L. R, Ammar M S. Survival and
growth of Escherichia coli O157:H7 on salad vegetables[J].
Applied and Environmental Microbiology, 1993,59:1999-2006.

(20155 H20m P99





