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range as the D, values determined for the
Enterobacteriaceae from cucumber popu-
lations. The D values for E. coli (B0178)
were 7.8 (Ds;), 4.2 (Dsg), 1.7 (Dsg), and 0.8
(Dgp)- The aerobic microflora and the En-

terobacteriaceae’ population  from |

the fresh cucumbers, as well as L. plan-
tarum LA70, all had similar D or D, values.

Previous studies from our laboratory
have shown that bacteria can gain en-
trance to the interior of cucumber fruit
through stomata (Daeschel and Fleming
1981; Mattos and others unpublished).
This can occur during the process of gas
exchange (Daeschel and Fleming 1981), or
during hydrocooling where a significant
temperature differential exists between
the initial temperature of the fruit and the
colder hydrocooling water (Reina and oth-
ers 1995). It is also possible that bacteria
are harbored in the seeds, or otherwise
gain entrance to the interior of the cucum-
ber fruit during growth (Meneley and
Stanghellini 1974). The role interior micro-
organisms play in fermentation or spoil-
age of the cucumber fruit (or the presence
of potential human pathogens at this loca-
tion) remains unclear.

A heat transfer model for fresh cucum-
bers (Fasina and Fleming unpublished),
using the D, and Zp,; values obtained in
this study, has allowed us to estimate that
a temperature of 54 °C is not reached at 2
mm depth below the surface of fresh cu-
cumbers (size 2B) with our 15 s blanching
treatment at 80 °C. The D, value (Figure
4) for the total aerobic microflorais 60's, 4
times the 15-s blanching time, so less than
1 log decrease in microbial cell counts
would be predicted to occur at a depth of 2
mm beneath the cucumber surface. Be-
cause we saw a 3-log drop in the cell
counts during blanching, we concluded
that approximately 99.9% of the microor-
ganisms were located within 2 mm or less
of the cucumber surface. The data in Fig-
ure 3 show, however, that vegetative bac-
terial cells did survive during blanching
treatments. Approximately 103 CFU/g of
the total aerobic microflora and also Enter-
obacteriaceae (which do not form spores)
were present after 2 min of blanching at 80
°C, indicating the surviving organisms
were located in the interior of the fruit.

Based on the D, and Zp,, values for the
total aerobic microflora, we determined
that a 5-log decrease (which has recently
been proposed for FDA regulation of fresh
fruits and vegetables) in the initial cell
count of 108 CFU/g of these.microorgan-
isms should require only about 0.4 s at 80
°C. This assumes, however, that the micro-
organisms were directly exposed to the
heat. These data support the conclusion
that vegetative cells of bacteria were pro-
tected from the heat treatment because

Aerobic Microflora Enterobacteriaceae
" Dp4g=17 min " Dp50=9.4 min
&
2 - J
NN R<=0.906 101\ R2 = 0.738
1] 9 A
N~
81 8{ >~ : N
7 1 74 DNy s
[] \ X
s ~N
£ v ~ v v £ T T T v ]
“ ? 1 20 30 40 S0 0 5 10 15 20 25 30
. 1 4
" Dp50=10.8 min Dp52=4.3 min
10 +
XN. RZ=osrs
) ' SR X
S "] N
S 7 NS
2 AN
< 6 AN
— 0 5 10 15 20 25 0 1] 2 4 6 8 10 12 14
11 = i 1
g Dp52=4.5 min 1 Dps4=1.0 min
10 5 10 4 '
T 2 .
G ol 91\ “ R 0.922
S o TN
—l AN
T4 N 71 AN
6! ’ N . AN NN
. e — ) NG
0 5 10 15 20 00 05 1.0 1.5 20 25 3.0 3.5 4.0

Time (Min)

Fig. 4—D_value determinations. D_values were determined for the total aerobic microflora
and Enterobacteriaceae populations isolated from fresh cucumbers at the indicated tem-
peratures. The triangles represent mean values for triplicate determinations of the surviving
microorgani The regression lines (solid lines) and 95% confidence limits (dashed lines)
were determined using the entire data set for each graph. The x axis values vary to reflect
the time required to generate a 3 or 4 log kill.

they were located in the interior of the fruit factors such as cell injury, growth phase,
and point out the difficulty of achieving and others may also influence thermal in-
greater than a 3-log reduction in cell num- activation of bacteria on cucumber fruit.

bers. We recognize, however, that many Blanching pickling cucumbers for 15 s
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erate 2,6-nonadienal or 2-nonenal (Palma
and McFeeters unpublished data), the
principal flavor impact components of cu-
cumbers (Schieberle and others 1990). It is
possible that similar blanching treatments
may be developed to reduce bacteria cell
counts on other fruits or vegetables with-
out greatly affecting sensory quality.
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