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SUMMARY

The survival period of Salmonella typhimurium and Escherichia coli
(NTCC1106) were evaluated in a variety of poultry environment including
rations (starter and finisher), litter (new and old) as well as agricultural soil.
The obtained results revealed that, the moisture contents of the experimental
media were fluctuated between 11.23 to 28.74% at starting of the
experiment. At the end of the experiment, it was recorded that the moisture
content was reduced to 3.02 - 8.03% and 3.19 - 6.56% at 38 and 25°C.
respectively. On the other hand, it was detected that both tested pathogens,
Salmonella typhimurium and Escherichia coli were survived more longer in
soil than in poultry feeds and litter. In this respect it was found that, both the
organisms S. Typhimurium and E.coli were survived for 42 and 39 weeks at
25°C while they were survived for 16 and 14 weeks at 38 °C,respectively.
The longevity of tested Salmonella typhimurium in starter and finisher
poultry rations was 10 and 17 weeks at 38 and 25 °C, while survival of
E.coli reached 11 and 10 weeks at 38 °C in poultry feed and litters,
respectively. Moreover, its survival was prolonged to 18 weeks at 25 °C for
both starter and finisher poultry rations. Furthermore the obtained results
demonstrated that, longevity of the tested microbes were relatively short in
both new and old poultry litter. However S, typhimurium showed persistence
between 11 and 12 weeks at 38 °C and from 13 to 14 weeks at 25 °C, while
E.coli survival was fluctuated between 12 to 13 at 38 °C and 14 to 15 weeks
at 25 °C. In general, it was concluded that survival of S. typhimurium was
longer in poultry rations than poultry litter at 25 °C. With the same manner
the longevity of both microbes was relatively prolonged in new poultry litter
than the old one. Hygienic measures for prevention or even minimizing
contamination of poultry environment were discussed.

Key words: Survival, Survival, S. typhimurium, E. coli. poultry environment,
Different temperaturer

INTRODUCTION

Salmonellae are widely distributed in nature and the salmonella
infection remain one of the principle zoontic diseases for animal and man.
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The ability of salmonellae to remain viable in the environment contribute to
their persistence in poultry flocks and their transmission and spread. The
literatures on their ability to live under various conditions are limited
(Williams & Benson,1978 ). In recent years, there has been an increased
awareness of the environmental application on the survival and viability of
microorganisms. Mair & Ross (1960) showed that salmonellae have been
survived in or on soil for periods of up to 300 days, especially in the faecal
pats that remained intact. Smyser et al. (1963) found that S. Typhimurium
survived about 7 or 8 days in feedstuffs contaminated with fewer than 10
organisms/g at 20 - 25 °C,but survived longer in poultry feed stored at 4° C.
Furthermore Smyser et al. (1966) recovered salmonellae for 18 months from
feed stored at 20 - 25°C and for 7 months from litter collected from
contaminated poultry houses. Snoeyenbose et al. (1967) found that
salmonellae in dry feed reached relatively stable numbers in a short time and
persist viable for 11 weeks in new litter and 2 weeks in old litter. Brownell et
al.(1969 ) failed to isolate salmonellae from deep poultry litter that taken on
39® and 51% days afer the last experimentally infected birds were removed.
Furthermore, Fanelli et al. (1970) detected that salmonellae could not persist
as long in built - up poultry litter as in fresh litter. Williams & Benson (1978)
revealed that S. typhimurium survived for 18 months at 11°C in both of
poultry feed and litter, while at 25 °C the organism persisted for 16 months
in feeds and 18 months in litter. Furthermore, at 38 °Cthe organism survived
for 40 days in poultry feed and only 13 days in litter. They concluded that the
organism died rapidly at the highest temperature. Moreover, Shikaleev
(1980) found that both S. #yphimurium and enteropathogenic strains of E.
coli could survive for 9 and 5 months in meat and bone - meal , respectively.
Davies and Wray (1996) found that salmonellae survived at least 26 months
in artificially contaminated poultry feed and at least for one year in an empty
broiler house that had naturally contaminated.

On the other hand Donsel et al. (1967) recorded 90% reduction of E,
coli count in soil at periods of 3.3 and 13.4 days in both of summer and
winter, respectively. While Roy et al. (1955) showed that cycle of . coli
infection could be broken by leaving the poultry houses empty for four
weeks. Moreover, Devanas et al. (1986) compared the survival of E. coli
strains carrying plasmides in non sterile soil, and recorded that the cell
numbers for the tested strains were declined after 24 days. As early as 1935
it was shown that the death rate of E. coli increased as the relative humidity
near saturation point (Wells,1935). Moreover, E. coli K - 12 was shown to
survive better at low humidities and temperatures than at high humidities
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when sprayed into an atmosphere of nitrogen (Cox,1968 ). However,
survival of the organism was reduced at low humidities in an atmosphere of
oxygen. Generally the survival is dependent on the species of organism
(Cox,1966 and Marthi et al,1990 ). Furthermore, Carlson & Snoeyenbos
(1970) concluded that the population die - off of salmonellae in poultry feed
was directly proportional to elevation in moisture level except at moisture
levels that allowed growth.

the present work was conducted to elucidate the survival of both
Salmonella Typhimurium and Escherichia coli in poultry feeds, litter and soil
at 38 °C and 25° C under controlled laboratory conditions.

MATERIALS and METHODS

1- Inoculated materials:

The used materials in which survival of the selected microorganisms
were tested included poultry ration (starter & Finisher ) , poultry litter (new
& old ) and agricultural soil (about 1 Kg of each), obtained from the poultry
farm, Faculty of Agriculture. The materials were thoroughly chopped and
sterilized by autoclaving at 121°C for 20 min. The prepared materials were
kept sealed in sterile glass containers ( jars ).

2- Determination of moisture contents:

The moisture percentages of each inoculated material (ration , litter
and soil ) were measured twice, both at starting and end of each experiment
according to the official methods adopted by Association of Official
Agriculture Chemists (1970).

3- Cultural strains used:

Two reference strains including Salmonella typhimurium and
Esherichia coli ( NTCC 1106 ) were used in our study. The strains were
submitted from Institute of Animal Hygiene , Berlin ,Germany. The cultures
were kept at 4 °C as stock slants in screw - cap tubes and subcultured every
one month.

4- Bacterial culture and suspension:

The organism under test was firstly streaked on nutrient agar plates
(Difco) and incubated at 38 °C for 24 h, then the bacterial growth was
harvested by scraping the plates with a sterilized spatula to minimize the
amount of the nutrient carryover. The cells were thoroughly suspended in
sterile saline ( 0.85% Na Cl solution, w/v ). The final concentration was 3.1 x
10° and 2.6 x.10%ml for Salmonella typhimurium and Esherichia coli,
respectively.
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S- Inoculation and counting procedures:

The technique was carried out as that adopted by Willims & Benson
(1978) where 8 ml of the prepared bacterial suspension was inoculated into
100 g of each sterilized material (ration, litter and soil) and thoroughly mixed
in a glass screw - capped mixer on a Waring blender, and was allowed to mix
at high speed for 20 seconds. A sterile spatula was used to scrape the feed,
litter and soil back into middle of the mixture. The blender was then turned
on for another 20 seconds, after which the sides were scraped for a second
time. After a final blending, the contents of the mixer were placed in a sterile
glass jar. This process was repeated until 700 g of each inoculated material
has been prepared and placed into sealed sterilized jar. Four jars of each
material were prepared, two of them were inoculated with S. fyphimurium
and the others with E. coli. Then all inoculated jars were matched into 2
groups for each organism, one group was incubated at 38° C and the other
one was incubated at 25°C. Uncovered Petri dishes contain sterile water
were placed inside the incubators to maintain the relative humidity levels and
to overcome the excessive dryness of the incubated materials. The viable
count of the inoculated materials (count/g) was achieved at regular intervals
daily/weekly cultures from the incubated jars by standard plate counts (SPC)
according to Cruickshank et al.(1980). The colony forming units (CFU/g )
was conducted regularly till the end of each experiment which was noted by
absence of growth. The counting techniques were undertaken using sterile
MacConkey's agar and Bismuth sulphite agar (Oxoid) for S. typhimurium,
while MacConkey's agar and Eosin methylene blue agar (Oxoid) were used
for E. coli.

RESULTS

The obtained results were summerized in tables 1, 2, 3 & 4 and
figures 1,2, 3 & 4.

DISCUSSION

Several indices have been used to express the survival of bacteria.
Most  literatures have been determined as the period during which the
organism could be isolated, while in others, as the time required to kill 90%
of the bacteria (Vaccaro et al. 1950). It was recorded that, a high percentage
of mortality usually occurs within the first few days, but some cells survive
for long periods and in some circumstances multiplication may occur (Orlob,
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1956 and Andre et al, 1967). However, the survival of pathogenic
microorganism in the environment is in itself only a potential disease hazard,
and to induce disease the organism must be virulent and present in sufficient
numbers (Wray and Mrcvs,1975). In the present investigation, the obtained
results showed that, the mean moisture contents of the inoculated materials
(rations, litter and soil) were fluctuated between 11.23 to 28.74% with a
total mean value of 22.74 + 3.39% at starting of the experiments for both 38
°C and 25 °C. The moisture content of the inoculated materials were
decreased drastically by the time. In this respect it was found that, it was
reduced to 3.02-8.03 with a mean value of 5.99 + 0.99% after the end of the
experiment at 38 °C while it was reduced to 3.19 - 6.56% with a total mean
value of 547 + 0.69% at 25 °C after end of the experiment for each
organism (Table 1). Liu et al. (1969) could detect a close correlation
between the water activity, holding temperature and salmonella survival and
multiplication in meat and bone meal. Moreover, Carlson and Snoeyenbos
(1970) found that, the population die-off of salmonella in poultry feeds was
directly proporfional to elevation in moisture level except at moisture levels
that allowed growth.

On the other hand, McFeters and Stuart (1972) reported that, the
microorganism survival below 15°C was inversely related to temperature, but
above 15°C the temperature was critical. They added that, low temperature
favours bacterial survival independently on the amount of organic matter
present. It was found that, S. Typhimurium and E. Coli (NTCC 1106) could
persist for a fairly long time in the agricultural soil at both of 38 °C and 25
°C (Table 2) where S. typhimurium and E. Coli were survived for 42 and 39
weeks at 25 °C, respectively while the survival was reduced to 16 and 14
weeks for both organisms at 38 °C. These results were coincided with that
achieved by Chao et al. (1988), who noticed a slowly decreased of bacterial
population in soil throughout their test period.

In poultry rations, the tested S.fyphimurium was survived for 10
weeks at 38 °C and 17 weeks at 25 °C in both starter and finisher poultry
rations. However, E.coli longevity was varied from 10 weeks in finisher to
11 weeks in starter at 38 °C, but the survival was prolonged for 18 weeks at
25 °C for both inoculated rations (Table 2).

Bacterial population of the tested organisms in poultry litter (new and
old) showed more or less rapid decline than that obtained in case of poultry
rations and agricultural soil (tables 3 & 4) and (figures 1, 2, 3 & 4).
Moreover, survival of S. fyphimurium was 11 and 12 weeks (at 38 °C) while
it only persists for 13 and 14 weeks (at 25 °C) in the new and old litter,
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respectively. On the other hand, survival of E.coli was fluctuated from 12 to
13 weeks at 38°C and from 14 to 15 weeks at 25 °C in both poultry litters,
respectively. It could be detected from table (2) that, both §. typhimurium
and E.coli were persist longer in poultry feeds than in poultry litter at 25
°C. Moreover, both tested organisms were survived longer in new poultry
litter than old one. These results were in agreement with that recorded by
Tucker, (1967) and Williams and Benson,(1987). Generally, no consistent
patterns were noted to indicate that either the poultry feeds or litter favoured
the survival of tested organisms.

Although, the factors affecting survival of some microorganisms are
poorly understood, but the physiological stress response to the physical and
chemical conditions of the inoculated materials was a rapid increase in
sublethal injury. These factors are concomitant with an initial period of
constant viability which was mainly seen during the first few days of
exposure. Moreover, a period of relatively linear decline in viability followed
that inversely related to temperature changes (Figures 1, 2, 3 & 4).

Presence and survival of pathogenic microorganisms in poultry
environment specially salmonellae and E. coli constitute a continuing
problem. These microbes are not only cause disease in birds and animals
consuming the contaminated feeds, but also they may ultimately cause
gastroenteritis and haemorrhagic colitis in people who either handle or
consume meat derived from these concerned birds and animals.

Necessary measures are needed to control the poultry environment
that include, control of dust, periodic removal of feed accumulations,
moreover a control program for insects, rodents and wild birds is considered.
In addition, it is essential to keep ingredients, finished feed and litter dry to
prevent microbial growth since salmonellae, for example are capable of
multiplying in feed if the water activity is 0.97 or higher (Hinton and
Mead, 1992 ).

CONCLUSION

The survival of pathogenic microorganisms in poultry environment in
itself is only a potential disease hazard and to rise disease, the organism must
be virulent and present in sufficient numbers.

It is reasonable to assume that a long survival period of pathogenic
microorganisms in the environment will result in an increase the exposure
risk of their infection to poultry, animal and man.
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In general, it could be concluded that the lower ambient temperature
25 °C was dramatically increase ability of the tested organisms to survive in
the inoculated media more than that obtained at 38 °C.

Finally, one of the important consideration in the present concern is
that, the field samples of poultry feeds and litter should be routinely
maintained at low temperatures to favour the survival of its herbouring
pathogenic microorganisms, before their bacteriological examinations and
such samples should never be allowed to stand for extended periods at high
temperatures.
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Table (1): Mean moisture content (%) in the media used.

Al starting of the experiment After complete disappearance
of the tested organism
Experimental materials At 38 °C Al 25°C At 38 °C At 25°C
Poultry ration (Starter) 28.71 28.74 8.03 6.09
Poulitry ration (Finisher) 2466 2463 7.50 6.56
Poultry litter (new) 26.28 26.25 5.33 517
Poultry litter (old) 2282 22.86 6.06 8.32
Agricuitural soil 1125 11.23 3.02 3.19
Total mean value % 2274+ 3.39 22.74+3.39 5.99+ 0.99 547+ 069
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Table (2): Survival of both S. typhimurium and E. coliin weeks.

S. typhimurium E. coli
Inoculated media At 38 °C At 25 °C Al 38 °C Al 25°C
Pouttry ration (Starier) 10 17 11 18
Paoultry ration (Finisher) 10 17 10 18
Poultry litter (new) 11 14 13 15
Poultry litter (old) 12 13 12 14
Agriculiural soll 16 42 14 39

Table (3): Mean viable count of S. typhimurium/g in different media used in weeks.

Inoculated materials
Time/W P.R. (Starter) P.R_ ( Finisher ) P.L (New) P L. (old) A Soil
38°C | 25°c | 38°c | 23°C 3seC 23°C | 38°c | 15°C | 3s°C 25°C
1% 1-5x10" [ 3.2x10" [ 5.8x10° | 2.1x10° | 2.8x10" | Z4xio" | Zaxi0" 1.7x10° | 1.6x107 | 7.2x10°
™ 6.3x10" [ 2.5x10" | 73x10° [ 73x10° | 43x10° | 5.2%10° [ 112107 [ 5.3510° 43x10" [ 56x10"
3 3.2x107 | 21x10" | 510" [ 6.2x10° | 24xi0" | 47%10° | 32x10 [ 3x107 37107 [ 4R&x10"
4% 5.1x107 [ '1:8x10" [ 43x10" [ 59x10° | 9.6x10" | 28%10° | 19m10° 72x10° [ 13x10° | 3.7x10
5t 42x10° | $3x107 [ 37x107 | 53%10° | 7.0x10° | 23x10° | #3210" S.1x10° [ 9.2x107 | 3.3x107
&P 7-2x107 | 4.1x10" | 6.7x10° | 48x10° | 3.2x10" | 2.6x10° | Sanio" 42x10° | 55x107 | 2.5x10°
7 2.5x10" | 32.x10° | 54x10" | 46x10° | 4.1x10° | 3.0x107 | 3 8xi0" 27x10° [ 33x107 [ 17x10"
gh L6x107 [ 3.0x10" [ 27x10" | 3.2x10° | Z.2x10" | Zemio” | 335107 6.3x10" [ 27x107 | 8axio”
9% BOx10 | 33x10° [ 18x10" [ 21x10" | 18x107 | S3%10° | 1.6x107 | 3 5210" 1.8x10" [ 6.1x107
1070 [ 2.7x10 0 L7107 00x10 | 33x107 | Tixio” | 1.9xi0" | 35x10" | 33510
119 0 1.8x107 0 3.2x10 0 21x10° | 32x10 | 33x107 | 3.0x10° | 23x107
12% Lix10” 1.7x107 0 6.2x10" 0 16x10 [ 5.2x107 | 6.7x10
B 37x10" L2xi0? 60x10' | © 0 [ 27x10" [ 46xi0
14% 3.5x10" 1.0x10" [ n ROx10 | 38xt0
15" 7.0x107 1.0x107 0 30x10 | 3.4xi0
16™ 3.0xi0 6.0x10 0 3.1x10
17" 0 0 0 180" |
18" 0 0 T9x10
19" 1.6x10
20" 1410
% bl Taxio"
24 12x10
26" 6.0x1D
28" 7.0x10
30" 9.0x10
32 Soxin
34" 70x10
| 36" Tox10
38" Soxin
40" 10x10
427 0
447 0

P R= Poultry ration,

P.L.= Poultry litter, A= Agriculture, W=Weeks
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Table (4): Mean viable count of E. coli /g in different media used in weeks.

Inoculated materials
Time/W | PR (Starfer) P.R. ( Finisher ) P.L. (New) P.L (old) A. Soil
s | 2c | e | ayc agec 5c | ¢ | 25%¢ | asc 25°C
= 87x10° | 43x107 | 3.1x107 | 2.9x107 | 40x10" | 3.7x107 | 4.8x10" | 4.5x107 | 3.5x10° | 3.2x10”
ond 6.2x10" | 2.1x10" | 2.4x107 | 23x10" | 3.1x107 | 2.8x10" | 3.2x10° | 3.0x10" | 2.3x10" | 2.9x107
3 31107 | 1.0x107 | 2.4x107 [ 45x107 | 2.9x10° | 1.7x107 | B.1x107 | 1.2xI0" | 1.8x10° | 5.1x10"
P L4x10" | 6.6x107 | 2.0x10" | 62x10" | 2.6x10° | L4x'" | 7.7x10° | 5.6x10° | 8.2x10° | 4.4x10° |
ELE 1.4x10° | 5.1x107 [ 1.7x10° [ 4.2x107 | 2.6x10° | 1.6x10’ | 5.1x10° | 4.8xI0° | 6.2x10° | 4.2x10°
| 6B | T0xI0° [ 47x10° | 1.4x10° | 1.8x10° | 24x10° | 1.5x107 | 3.8x10° | 3.3x10° | 5.9x10° | 3.7%10°
70 9.8x10" | 1.4x10° | 1.4x107 | 6.8x10° | 23x10° | L.4x10° | 1.8x10° | L.IxI0° | 3.7x10° | 9.4x107
gh TINI0 | 2300 | 12x10 | 52200° | 1110 | 22510° [ Linio™ 3.5x107 | 3.0x107 | 7.3x10°
gth 4.1x10" | 11x10° | 4.0x10 | 3.7x10" | 3.3x10° 1.6x107 [ 2.6x10" | 2.2x107 | 2.1x10" | 2.9x10
10® 2.3x10° | 2.8x107 0 32x107 | 1.8x10° | 1.4x10° | 2.0x107 | 1.2x10" | 3.3x10' | 1.3x10°
1% [ 1.6x107 0 29x10" | 1.1x107 [ LixI0" | 1.4xi0 | 1.0xI10" | 2.6x10" | 6.2x10°
128 0 4.8x10° 22x10" | L1x10T | 23x107 0 1.8x10 | 1.5x10% | 5.1x1
132 3.1x10° 1.7x107 0 1.1xi0* 0 12x10 | 1.9x10 | Ldxi0®
140 2.5x107 Lax10 0 3.2x10 0 0 1.0x10°
159 1.8x10° Lix107 0 0 0 6.3x107
16® 1.2x107 2.8x107 0 5.7x107
174 1.8x10 1.2x10 5.ix10”
18% 0 0 X107
19% 0 0 3.6x10
200 1.7x10"
22 21x107
24% 1.3x107
26% 1.3x10°
2810 1.0x10
300 8.0x10
3™ 6.0x10
4% BOai0
ETAL 5.0x10
38" 6.0x10
40® a lr I 0
4= i 0
| i i i i I —[

P.R=Poultry ration,  P.1.= Ponltry litler. A = Agric.-iure. W=Weeks
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