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Background

It is suggested that applications of predictive models on food should be re-evaluated since the bacteria’s behavior is different on different
media (bacterial diffusion coefficient is smaller in solid food; Dens and Van Impe, 2001). This experiment investigated the effect of LAB (lactic
acid bacteria) strain (Lactobacillus) along with the major background bacteria (Pseudomonas) in meat on the microbiological growth of E. coli
utilizing aseptically-separated fresh ground beef (solid food) at two different storage temperatures (4 and 25 °C).

More reductions of E. coli with higher Pseudomonas inoculation were observed in this experiment but not in previous experiments (with
only E. coli and Pseudomonas) when meat was stored at 4 °C. The results implied that the addition of Lactobacillus had a synergistic effect on
reducing E. coli at 4 °C storage. It also suggested the probability that more strains of background bacteria along with refrigerated storage would
result in more interactions between species and probably better inhibition effects on the growth of fecal source bacteria.

Objectives

The objectives of this research was to assist with the understanding of the interactions between microorganisms and to help evaluate
If more varieties of background bacteria can protect meat against colonization from fecal contamination (or pathogens) and the possible
antagonistic effect from background organisms in aseptically-prepared fresh ground beef stored at 4 and 25 °C.

Methods

Bacterial cultures and meat preparation and inoculation

Pseudomonas fluorescens (OSU 697) and E. coli (OSU XK51) were Table 1. Treatment inoculation plans and descriptions (Pseudomonas,
grown for 18 hours in Tryptic Soy Broth (TSB, Difco Laboratories, Detroit, £- coli and Lactobacillus stored at both 4 °C and 25 °C).

MI) at 35°C while Lactobacillus plantarum (OSU 33) was grown in Inoculation levels (log cells/gm of
Lactobacilli MRS (deMan Rogosa &Sharpe) broth at 35°C. After incubation, meat)
Cultures were centrifuged at 903 x g and proper concentrations were measured | Treatment | Symbol* | E.coli | Lactobacillus | Pseudomonas
utilizing optical densities at 600 nm (final concentration of 2 log and 4 log 1 EOLOPO 0 0 0
cells/gm of meat were determined) before inoculation into aseptic fresh 5 E2LOPO ? 0 0
ground beef. Each outer surface of beef rounds (at approximately 14 days of 5 T ” > 5
POst mortem) was heated with a hot plate at 450°F (232°C) for 30 seconds. -
The external parts were aseptically removed and the internal parts ground. c Ll ) : 0
0 The inoculation plan for treatments is shown in Table 1. Zero inoculation 5 E2L.2P0 2 2 0
levels were diluted with equal amounts of sterile 0.1% peptone water. After 6 E4L2P0 4 2 0
Inoculation, tissues were then stored either at 4 or 25°C for the designated 7 EOL4P0 0 4 0
Sampling times. The inoculated samples were evaluated at 0, 4th, 7th, 10th 3 E2LAPO 2 4 0
and 14th days at 4°C and evaluated at 0, Sth, 10th, 15th, 20th, 25th, and 9 FALAPO 4 4 0
30th hours when stored at 25°C. Pseudomonas counts was determined with .
Pseudomonas isolation agar (PIA, Difco) at 25°C for 48 hours and E. coli was 10 EOLOP2 0 0 2
determined with Violet red bile agar (VRBA, Difco) at 35°C for 24 hours. 1 E2LOP2 B 0
RS agar was used to determine the growth of Lactobacillus (Lactobacilli 12 E4LOP2 4 0 2
) IQ’IRS broth with 1.5% agar, Difco) at 35°C for 48 hours. 13 EOL2P2 0 2 2
tatistical analysis 14 E2L2P2 ) 2 o)
All bacterial counts were transformed to logarithms for statistical 15 E41.2P2 4 9 2
analyses. The experimental design was a randomized complete block design 16 EOLAP?2 0 4 2
(experimentul design) with two treatment designs of 3 x 3 x 3 x time factorial 17 E2LAP2 3 4 -
designs conducted for different temperatures. General Linear Model (GLM) s - =
Was used for Analysis of Variance (SAS Institute, 2001). Least square means L rebde2 s . :
Were chosen for mean separations (Harvey, 1982). 19 EOLOP4 0 0 4
20 E2L0P4 2 0 4
\ Results and Discussion 21 EALOP4 | 4 0 4
Violet req bile agar (VRBA) utilized for E. coli counts at 4°C 22 EOL2P4 0 2 4
 Treatments with Pseudomonas inoculation (P2 and P4) caused 23 E2L.2P4 2 2 4
Significant reductions (p< 0.05) in VRBA (E. coli) counts compared to 24 E41.2P4 4 2 4
Ueatments without Pseudomonas inoculation (PO) when stored at 4°C (Table 25 EOLA4P4 0 4 4
i It indicated that higher Pseudomonas levels inhibited the growth of E. 2% E2LAPA 2 & 4
coli (reduction in VRBA counts) more than lower levels or zero Pseudomonas ; =
Which agrees with Jay’s hypothesis in 1996 (higher numbers of background = o - - =
y’s hypothesis in (hig g

acteria \Vi” . e . g JAre : - -
inhibit the growth of E. coli more than lower numbers of
. h e * E: E. coli, L: Lactobacillus and P: Pseudomonas

bil()ku .
cDrOund bacteria). 4 * E2L4P2: 2 log E. coli, 4 log Lactobacillus and 2 log Pseudomonas inoculated,
ecreasing trends (p<0.05) in VRBA (E. coli) counts were found for etc.

Oth treatments with 2 and 4 logs of E. coli inoculation (E2 and E4) during 14
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days of storage at 4°C. At Day 7, treatments with 4 log E. coli inoculation (E4) began to show a significant decrease in VRBA (E. coli) counts
compared to those at Day 0 and Day 4 during 14 days of storage at 4°C storage (4.01 to 2.82 logs CFU/g). However, treatments with 4 log E.
coli inoculation maintained higher VRBA counts throughout the whole 14 days of storage at 4°C even though it had more reductions in VRBA
counts during storage when compared to treatments with 2 logs of E. coli inoculation. The results are shown on Table 3.

Violet red bile agar (VRBA) utilized for E. coli counts at 25°C

Different from the results at 4°C storage, the treatments with 4 log Pseudomonas inoculation (P4) had higher VRBA (3.66 logs E. coli
CFU/g) counts than those of zero or 2 log Pseudomonas (PO: 3.02 logs E. coli CFU/g and P2: 3.12 logs E. coli CFU/g) when stored at 25°C
for 30 hours. It appears that 4 log Pseudomonas enhanced the growth of E. coli when stored at 25°C. Treatments with zero E. coli inoculation
(E0) maintained a relative low counts due to minor contamination (around 2 logs CFU/g, which is equal to 100 CFU per gram of meat at Hour
25 and 30) during the whole 30 hours when stored at 25°C. Treatments with 2 or 4 logs of E. coli inoculation (E2 and E4) showed increases
in VRBA (E. coli) counts at Hour 15 and kept increasing as storage time increased (approximately 6 logs E. coli CFU/g at Hour 25 and 30)
when stored at 25°C.

This decrease of E. coli growth at 4°C could be due to the higher Pseudomonas level which resulted in greater inhibitions on E. coli
counts in addition to low temperature. However, the higher the Pseudomonas inoculation levels, the higher the E. coli counts when stored at
25°C. The reason could be due to metabiosis (ready-to-use nutrients that had been degraded by Pseudomonas) and the depletion of oxygen by
Pseudomonas (Gram et al.,2002) that allow E. coli to grow better at its preferable temperature.

Conclusions

The inhibition of E. coli by Pseudomonas along was not obvious in previous experiments but was observed when an additional strain
(LAB) was present. The existing of other strains of bacteria will affect the growth of each other, but the effects of storage temperature were also
very significant. Therefore, the inhibition of E. coli strain with low storage temperature along with multiple bacteria strains co-existing could
be a way to inhibit the numbers of unwanted bacteria.

In our research, total exclusion of E. coli was not
achieved either at 4°C for 14 days or 25°C for 30 hours.
Cold sterilization by irradiation (gamma irradiation; Roller,
1999) might be the only method for totally eliminating
the existing E. coli or other pathogens (free of microbial

Table 2. Violet Red Bile Agar (VRBA; E. coli) counts* influenced by different
Pseudomonas inoculation levels averaged across different Lactobacillus, E. coli
inoculation levels, and storage hours when stored at 4 °C

Violet red bile agar (VRBA) counts (E. coli) at 4 °C*

contamination) in fresh, uncooked meat. Balancing Pseudomonas Inoculation Levels (cells/grams of meat**)
between spoilage (high background microorganisms, 0 10? 10*
mixtures) and safety (lower background microorganisms  yRBA (CEU/g) 2.34+ 0.07A 2.14+0.078 1.87+0.07€

from trimming, cleaning of meat that allow pathogens
like E. coli having a better chance to multiple) is difficult.
Thus, the results would suggested that higher background
bacteria can be used as a biological preservation hurdle in

* Data shown as Least Square Mean + Standard Error (log CFU/g) of VRBA counts. Counts are
illustrated as log,, numbers, CFU of E. coli counts/g.
AB. € Different letters of superscript mean significant difference in the same row

inhibiting E. coli growth when stored at 4°C refrigerated R0y
temperature.

Table 3. Violet Red Bile Agar (VRBA; E. coli) counts for different E. coli
References inoculation levels and storage time averaged across different Pseudomonas and

Lactobacillus inoculation levels when stored at 4 °C

Dens, E. J. and J. F. Van I 2001. On the Need for Anoth " 5 >
e an By e ok iy Violet red bile agar (VRBA) counts (E. coli) at 4 °C*

Type of Predictive Model in Structured Foods. Intl. J. Food
Microbiol. 64, 247-260.

Difco Laboratories. 1953. Difco Manual of Dehydrated Culture

E. coli Inoculation Levels (cells/grams of meat¥**)

Storage Days 0 10° 10*

Media and Reagents. Ninth Edition. Published by Difco -
Laboratories incorporated Detroit 1, Michigan. pp. 61-62. 0 0.38 £ 0.16% (Est.) 245 +0.165 4.01 +£0.15%
Fapohunda A. O., K. W. MaMillin, D. L. Marshall and W. M. Waites 4 0.90 + 0.15%° (Est ) 2.42 +0.15B2 3.82 +0.15%

1993. A Simple and Effective Method for Obtaining Aseptic Raw

Beef Tissues. J. Food Prot. 56 (6) 543-544. 7 0.82+0.15%° (Bst)  2.10£0.15%® 328 +0.15%

Gram, L.; L. Ravn; M. Rasch; J. B. Bruhn; A. B. Christensen and 10 0.65 +0.154%® (Est.)  2.01 +0.158> 3.03 + 0,15
M. Givskov 2002. Food Spoilage- Interactions between Food Ab Bb Ce
Spoilage Bacteria. Intl. J. Food Microbiol. 78 (1-2) 79-97 14 1.02 +0.15™ (Est.) 1.98 +£0.16 2.82+0.15

Harvey, W. R. 1982. Least-Square Analysis of Discret ands
Y e quare Analysis of Discrete Data * Data shown as Least Square Mean + Standard Error (log CFU/g) of VRBA counts. Counts are

Animal Sci. 54 (5) 1067-1071.

Jay, J. M. 1996". Microorganisms in Fresh Ground Meats: The
Relative Safety of Products with Low Versus High Numbers. Meat
Sci. 43, s59-s66.

Roller, S. 1999. Physiology of Food Spoilage Organisms. Int. J.
Food Microbiol. 50, 151-153.

illustrated as log;, numbers, CFU E. coli counts/g.

*b.¢ Different letters of superscript mean significant difference in the same column (p<0.05).
A-B.C Different letters of superscript mean significant difference in the same row (p<0.05).
Est. = Estimated counts VRBA counts at E0 levels indicated contaminations.

** Cells/g of meat = samples final concentrations after inoculations with indicated bacteria.

SAS. 2001. Analysis of Variance from the Statistical Analysis System, SAS institutes. Gary, North Carolina.
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