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ABSTRACT The objectives of this study were 1) to compare the acid resistance (AR) of seven non-O157 Shiga
toxin-producing Escherichia coli (STEC) serogroups, including 026, 045, 0103, O111, O121, O145, and O157:H7
STEC isolated from various sources, in 400 mM acetic acid solution (AAS) at pH 3.2 and 30°C for 25 min with
or without glutamic acid and 1) to determine strain survival upon exposure to simulated gastric fluid (SGF, pH 1.5)
at 37°C for 2 h after acid adaptation in apple, pineapple, orange, and strawberry juices at pH 3.8, 4°C and 20°C.
Results show that the O111 serogroup strains had the strongest AR (0.12 log reduction CFU/mL) which was very
similar to that of O157:H7 STEC (P>0.05), compared to other serogroups in AAS without glutamic acid, whereas
026 serogroup strains showed the most sensitive AR. However, there was no significant (P>0.05) difference of AR
among seven serogroups in AAS with glutamic acid. In the SGF study, 05-6545 (045:H2), 08023 (O121:H19), and
03-4669 (0O145:NM) strains adapted in fruit juices at 4°C and 20°C displayed enhanced survival with exposure to
SGF for 60 min compared to 06E0218 (O157:H7) strains (P<0.05). In addition, 4 STEC strains adapted in pineapple
juice at 4°C showed enhanced survival with exposure to SGF for 60 min compared to those strains acid-adapted
in the other fruit juices. Generally, adaptation at 4°C in fruit juices resulted in significantly enhanced survival levels
compared to acid-adapted at 20°C and non-adapted conditions. The AR caused by adaptation in fruit juices at low
temperature may thus increase survival of non-O157 STEC strain in acidic environments such as the gastrointestinal
tract. These results suggest that more careful strategies should be provided to protect against risk of foodborne illness

by non-O157 STEC.
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Table 1. STEC strains and survival in 400 mM acetic acid solution (pH 3.2 at 30°C for 25 min)

Reduction in log CFU/mL

Strains Serotype Source (reference) Without G/AD With G/A
06E0218 O157:H7 Patient stool associated shredded lettuce 0.02+0.14 0.05+0.02
05-6544 026:H11 Human 1.31£0.13" 0.03+0.02
00971 026:H11 Human diarrhea 1.50+0.31 0.04+0.02
96-3285 045:H2 Human stool 1.55+0.20° 0.03+0.03
05-6545 045:H2 Human 0.14+0.12 0.03+0.03
RM9408 0O45:H16 Cattle 1.23+0.11° 0.02+0.02
04-2446 0103:H2 Human 1.14+0.20° 0.01£0.01
96-1113 0103:H25 Human 1.29+40.04° 0.03+0.01
04-3973 0O103:H11 Human 1.45+0.17" 0.01£0.01
01387 O111:H8 Human 0.28+0.21 0.04+0.01
00-4748 O111:NM Human 0.06+0.05 0.02+0.02
RM9907 O111:H8 Feral pig 0.01+0.01 0.02+0.01
08023 O121:H19 Human 0.37+0.12 0.02+0.01
03-2832 O121:H19 Human 0.03+0.03 0.03+0.02
RM10046 O121:H19 Cattle 0.10+0.02 0.01+£0.02
07865 0145:H28 Cow diarrhea 1.51+0.18" 0.05£0.00
03-4669 0145:NM Human 0.14+0.12 0.03+0.01
RM12238 O145:NM Human, romaine lettuce outbreak 0.3420.13" 0.01+0.01
1)G/A glutamic acid.
Slgmﬁcantly different values for log CFU/mL compared to 06E0218 (O157:H7) at P<0.05.
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Table 2. Survival of STEC strains adapted-apple juice (AJ) at pH 3.8 for 24 h with exposure to simulated gastric fluid at pH 1.5

Average microbial count (CFU/mL)

Strain (serotype)  Adapted/temp.

0 min 30 min 60 min 90 min 120 min
1) a2) 3)

06E0218 PBS/4 4.85+0.04 2.60+0.23° <1 <1 <1
(O157:H7) AJ/4 4.95+0.01 2.78+0.13 <1 <1 <1
: AJ/20 4.88+0.06 2.98+0.04° <1 <1 <1
PBS/4 5.04+0.03 3.5340.18" <1* <1® <1

05-6545 b b b
(045-H2) Al/4 4.94+0.07 4.30+0.06 3.3440.10 1.98+0.10 <1
: AJ/20 4.80+0.04 4.53+0.02° 3.66+0.21° 1.92+0.13" <1
08023 PBS/4 4.97+0.07 <1? <1* <1 <1
(O121:H19) Al/4 4.80+0.14 3.69+0.14° 1.91+0.21° <1 <1
: AJ/20 4.49+0.10 2.66+0.26" <1* <1 <1
03.4669 PBS/4 4.99+0.11 4.30+0.06" 2.10£0.14% <1 <1
(O145:NM) Al/4 4.86+0.08 4.28+0.03 3.4440.07° 2.36+0.07° <1
: AJ/20 4.78+0.08 4.04+0.06" 3.07+0.09° <1 <1

)The experiments were repeated three times, and data are expressed as meantstandard deviation.
Within the same column, means with different letters (a-c) for each strains are significantly different (P<0.05).
<1 log CFU/mL (below detection limit).



Table 3. Survival of STEC strains adapted-pineapple juice (PJ) at pH 3.8 for 24 h with exposure to simulated gastric fluid at

HAdF20M E coli Non-0157¢] AF # &€

pH 1.5
. Average microbial count (CFU/mL)

Strain (serotype) - Adapted/temp. 0 min 30 min 60 min 90 min 120 min
06E0218 PBS/4 4.85+0.04" 2.60+0.23" <1® <1? <1
(O157:H7) PJ/4 5.00+0.03 4.38+0.06° 2.99+0.03" <1 <1

: PJ/20 4.96£0.08 3.43+0.14° <1 <1 <1
05-6545 PBS/4 5.04+0.03 3.53+0.18" <1 <1* <1*
(045:12) PJ/4 4.98+0.03 4.84+0.04° 4.44+0.03° 3.86£0.07° 3.17+0.02°
: PJ/20 5.03+0.07 4.79+0.07° 3.96+0.08° 2.92+0.05° 2.08+0.03°
08023 PBS/4 4.97+0.07 <1° <1 <1 <1
(O121:H19) PJ/4 4.96+0.11 4.89+0.05° 3.93+0.02° 2.85+0.16° 1.46+0.12°
: PJ/20 4.98+0.06 4.29+0.04° 2.50+0.14° <1° <1*
03-4669 PBS/4 4.99+0.11 4.300.06" 2.10+0.14 <I® <1*
(O145:NM) PJ/4 4.86+0.04 4.86+0.03° 4.73+0.09° 4.35+0.02° 3.85+0.07°
: PJ/20 4.90+0.07 4.74+0.04° 4.26+0.03° 3.60£0.05" 2.76+0.02°

"The experiments were repeated three times, and data are expressed as meantstandard deviation.

Within the same column, means with different letters (a-c) for each strains are significantly different (P<0.05).
9<1 log CFU/mL (below detection limit).

Table 4. Survival of STEC strains adapted-orange juice (OJ) at pH 3.8 for 24 h with exposure to simulated gastric fluid at pH

1.5
. Average microbial count (CFU/mL)

Strain (serotype)  Adapted/temp. 0 min 30 min 60 min 90 min 120 min
06E0218 PBS/4 4.85+0.04" 2.60£0.23" <1? <1 <1
(O157:H7) 0J/4 5.05£0.04 3.57+0.11°¢ <1 <1 <1

: 0J/20 5.02+0.11 3.18+0.16" <1 <1 <1
05-6545 PBS/4 5.0440.03 3.53+0.18" <1® <1 <1*
(045-H2) 0J/4 5.05+0.04 4.86+0.07° 4.32+0.04° 3.47+0.04° 2.7340.13°
: 0J/20 5.00+0.07 4.74+0.04° 3.93+0.08" 2.44+0.08" <1°
08023 PBS/4 4.97+0.07 <1* <1® <1 <1
(O121:H19) 0J/4 5.0240.05 4.48+0.04° 3.1240.12° <1 <1
: 0J/20 5.08+0.09 4.48+0.04° 3.37+0.09° 1.59+0.21° <1
03-4669 PBS/4 4.99+0.11 4.30+0.06" 2.10+0.14 <1 <1
(014;5~NM) 0J/4 4.97+0.15 4.89+0.03° 4.69+0.04° 4.23+0.03° 3.59+0.01°¢
: 0J/20 4.86+0.03 4.61+0.04° 4.16+0.03° 3.51+0.04° 2.5240.05°

"The experiments were repeated three times, and data are expressed as meantstandard deviation.

Within the same column, means with different letters (a-c) for each strains are significantly different (P<0.05).

<1 log CFU/mL (below detection limit).
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Table 5. Survival of STEC strains adapted-strawberry juice (SJ) at pH 3.8 for 24 h with exposure to simulated gastric fluid at

pH 1.5
. Average microbial count (CFU/mL)

Strain (serotype) - Adapted/temp. 0 min 30 min 60 min 90 min 120 min
06E0218 PBS/4 4.85+0.04" 2.60+0.23" <1® <1? <1
(O157:H7) SI/4 4.88+0.02 3.84+0.17 2.17+0.04° <1 <1

: SJ/20 4.97+0.05 4.50+0.03° 2.93+0.10° <1 <1

05-6545 PBS/4 5.04+0.03 3.53+0.18" <1 <1* <1*
(045:12) SI/4 4.91+0.06 4.83+0.08" 4.16+0.00° 3.09+0.10° 2.08+0.17"

: SJ/20 4.89+0.06 4.71£0.01° 3.34+0.11° 1.70+0.00° <1*

08023 PBS/4 4.97+0.07 <1° <1 <1* <1
(O121:H19) SJ/4 4.88+0.03 4.55+0.08° 3.79+0.07° 2.58+0.12° 1.40+0.14°

: SJ20 4.95+0.07 4.55+0.01° 3.70+0.10° 1.83+0.10° <1®

03.4669 PBS/4 4.99+0.11 4.300.06" 2.10+0.14 <1 <1*
(O145:NM) SJ/4 4.860.15 4.76+0.05" 4.57+0.07° 4.18+0.01° 3.43+0.04°
: SJ/20 4.74+0.08 4.69+0.03" 4.2540.15° 3.56£0.01" 2.70+0.05°

"The experiments were repeated three times, and data are expressed as meantstandard deviation.
Within the same column, means with different letters (a-c) for each strains are significantly different (P<0.05).

9<1 log CFU/mL (below detection limit).
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