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Effect of Acidified Drinking Water on the
Recovery of Salmonella enteritidis from Broiler
Crops

ABSTRACT

Crop is a known source of Salmonella contamination during broiler
carcass processing. The effect of drinking water acidification by lactic
acid or citric acid or a combination of those with cupric sulfate and d-
limonene in the reduction of Salmonella Enteritidis (SE) recovered from
the crop of broilers was evaluated. Treatments were administered during
8 hours of preslaughter fasting period (Experiments | and Il) and during
the last 32 hours of preslaughter (Experiment Ill). It was observed that
acidification reduced water intake when treatments began at preslaughter
feed withdrawal, and affected the possible reducing effect of these acids
on SE recovering (Experiments | and Il). Water intake during preslaughter
feed withdrawal was not affected when treatment began 32 hours before
slaughter (Experiment Ill). Treatments reduced SE recovering from crop
(p<0.05). In Experiment lll, 0.470% of lactic acid reduced the number
of recovered SE in 99%. This study suggested that the addition of organic
acids in the drinking water 24 hours before beginning the preslaughter
feed withdrawal might reduce crop SE colonization and might be an
important strategy to reduce SE contamination of broiler products during
processing.

INTRODUCTION

Salmonellain birds is a major problem to international poultry industry
because of itsimportance in diet intoxication, mainly caused by Sa/monella
enteritidis (SE) (Anonimo, 1988; Rodrigue et al., 1990; Humphrey, 1994;
Poppe, 2000).

Broiler chickens are usually submitted to preslaughter feed withdrawal
to promote gastro-intestinal emptying to reduce carcass contamination
during slaughter. However, Humphrey et a/. (1993) reported more SE in
the crop of laying hens submitted to feed withdrawal than broilers fed
ad libitum. Hargis et al. (1995) evaluated SE persistence in the crop and
ceca of broilers experimentally inoculated, and concluded that the crop
might be an important source of Sa/lmonella contamination in broiler
carcasses. Additionally, Ramirez et a/. (1997) found that fasting increased
Salmonellae incidence in broiler crops at preslaughter, evidencing the
importance of such organ in the control of carcass bacterial
contamination. In relation to number of Sa/monelia cells, the incidence
of crop contamination may be increased up to five fold since feed
withdrawal until slaughter (Corrier et a/., 1999a). Recent studies showed
that feed withdrawal causes changes in the crop, which are characterized
by lactic acid reduction, pH increase and a consequent increase of
Salmonella contamination (Corrier et a/,, 1999b). According to Barnhart
et al (1999), an association between citric acid and ¢-Limonene should
be administered during preslaughter feed withdrawal to reduce the
number of pathogens in the crop. Lactic acid given in drinking water
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during preslaughter feed withdrawal may reduce
Salmonellaand Campylobacterin the crop and probably
broiler carcass contamination as well (Byrd et a/., 2001).
This work evaluated the effect of the acidification of
drinking water, using lactic acid or citric acid or a
combination of these with d-Limonene and cupric
sulfate on SE recovery from the crop of artificially
infected broilers.

MATERIAL AND METHODS

Experiments

Three experiments were carried out to test different
concentrations of lactic acid (LACTO) or citric acid
(CITRO) or a mix composed of 92.9% of lactic acid,
1.6% soluble @tLimonene and 5.5% of cupric sulphate
(LACTOMIX) and a mix composed of 95.5% of citric
acid, 1.0% of soluble @-Limonene and 3.5% of cupric
sulphate (CITROMIX). d-Limonene was diluted in
Tween-80 to a final concentration of 50%. For each
experiment one control group of birds received only
pure water (additive-free water). Purity levels of lactic
and citric acids were 85% and 50%, respectively. Such
percentages are related to the commercial product
diluted in drinking water. Table 1 summarizes the intake
period and concentrations of each experimental
treatment.

Table 1 - Concentration of additives and intake period in each
experiment.’
Treatments (%) Experiment I?

Experiment 1> Experiment Il1*

LACTO?® 0.470 0.350 0.470

LACTOMIX 0.506 - -

CITRO - 0.800 0.800

CITROMIX 0.800 0.400 0.400

Intake period Feed withdrawal Feed withdrawal 24 hours before
(8h) [ (8 h) feed withdrawal

and during feed

withdrawal (8 h)
1 - All experiments had a control group of birds receiving additive-free
water. 2 - n = 16 repetitions of one bird per treatment.3 - n = 8 repetitions
of one bird per treatment. 4 - n = 8 repetitions of two birds per treatment.
5-LACTO - lactic acid; CITRO - citric acid; LACTOMIX - 92.9% lactic
acid + 1.6% soluble @-Limonene + 5,5% of cupric sulphate; CITROMIX
—-95.5% citric acid + 1.0% of soluble d-Limonene + 3.5% cupric sulphate.

In Experiments | and II, each bird was the
experimental unit and it was used 16 and 8 repetitions
per treatment. In Experiment lll, there were 8 repetitions
per treatment and a cage with two birds was used as
experimental unit with individual evaluation.
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Birds

Sex-mixed broilers were submitted to treatments
from 40 to 44 days of age. All birds were originated
from broiler chicken lots evaluated at 28 days of age
for the absence of Salmonella spp. using drag-swab
sampling. Broilers with thirty-six day-old were housed
in a poultry house for 2 to 6 days to adapt to the drinker
system. They were then transferred to an infection room
and were kept for two more days or until the beginning
of the experimental period. At the end of this period
(4-8 days), birds were fed pellet diet without antibiotics
or growth promoters. In the infection room, birds were
placed in cages with wood floor covered with wood
shavings as litter material.

Inoculation

Inoculums of nalidixic acid-resistant SE (Sa/monella
Enteritidis NA"), kindly provided by Dr. Paul Barrow
(AFRC Institute for Animal Health, Berkshire, UK), were
prepared, with bacteria growing in tryptic soy broth
(TSB) for 12 hours. The number of colony forming units
(cfu) was determined by plate count of cultures serially
diluted, using brilliant green agar plates with 40 mg.
mL? of novobiocin and 25 mg.mL" of nalidixic acid
(BGN NO-NA).

Adapted birds were inoculated twice directly in the
crop with 1 mL of inoculums containing 10896022 cfy
of SE. The first inoculation was done when birds were
transferred to the infection room (48 hours prior to
feed withdrawal), and the second inoculation was
performed at the beginning of the fasting period (8
hours before slaughter).

Crop sampling and procedures

Birds were taken from experimental cages and
placed in boxes. They were kept in the boxes for 45
minutes to simulate the time spent with transportation
from the poultry farm to the slaughterhouse.
Afterwards, birds were slaughtered by cervical
dislocation. Crops were aseptically removed, individually
placed in Whirl-pac™bags, and taken to the laboratory.
Immediately after addition of 10 mL of sterile saline
(0.85% NacCl) to the bags, crops were homogenized
in a Stomacher for 1 minute. Homogenate aliquots (0.5
mL) were serially diluted in a 10-fold series using test
tubes containing 4.5 mL of saline until a dilution rate
of 1:100,000. One volume of 0.10 mL of each dilution
and 0.50 mL of 1:10 dilute were plated in BGN NO-NA
surface. Plates were incubated at 37°C for 24 h and
the number of colony forming units was determined.
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Some colonies were confirmed by the biochemical tests
of urease, lysine and triple sugar-iron-indole.

The pH of the homogenized crop was measured
using an electronic potentiometer (Quimis) just after
sampling for serial dilution.

Statistical analysis

Raw data of SE recovered from the crops were
transformed into log10 base and expressed in log,, of
cfu. Transformed data were submitted to analysis of
variance with the GLM procedure (SAS, 1998) in
completely randomized blocks design, according to the
following model: variable = overall mean for the variable
+ block effect + treatment effect + experimental error.
Means of pH and cfu were compared by Tukey’s test.
Water intake (volume expressed as mL/bird during the
preslaugther period) were compared using LS means
procedure (SAS, 1998).

RESULTS

The pH values of plain water and freshly prepared
acid solutions are presented in Table 2.

Table 2 - pH of water and freshly prepared acid solutions.

Treatments pH

0.470% LACTO 2.71
0.506% LACTOMIX 2.88
0.350% LACTOMIX 3.1
0.800% CITRO 2.52
0.800% CITROMIX 2.73
0.400% CITROMIX 2.69
CONTROL (WATER) 7.28

Experiment |

pH and SE cfu recovered from the crop of broilers
receiving drinking water treated with 0.470% LACTO,
0.506% LACTOMIX and 0.800% CITROMIX at
preslaughter period were not different (p>0.05) from
control birds (Table 3). Water intake was higher
(p<0.05) in control broilers and those submitted to the
0.470% LACTO than in broilers given 0.506%
LACTOMIX and 0.800% CITROMIX (Table 3).

Experiment lI

pH and SE cfu recovered from the crop of broilers
receiving drinking water treated with 0.350% LACTO
and 0.400% CITROMIX during preslaughter feed
withdrawal were not different (p>0.05) from control.
Broilers of the 0.800% CITRO treatment had reduced
(p<0.05) number of Sa/monella cfu recovered from the
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crop compared to the control and to the 0.350%
LACTO treatment. There were no statistical differences
(p>0.05) in crop pH values among treatments. All
experimental groups had lower (p<0.05) water intake
than the control group (Table 4).

Experiment Il

In the 0.470% LACTO treatment, broilers had lower
(p<0.05) cfu of recovered SE than those of the control
group and the 0.400% CITROMIX treatment. The
treatments 0.800% CITRO and 0.400% CITROMIX
reduced the number of recovered SE cfu compared to
the control group, but there was no difference (p >
0.05) between these treatments. Concerning crop pH
of broilers from different treatments, no statistical
differences (p > 0.05) were observed. Broilers treated
with 0.800% CITRO had similar water intake to those
treated with 0.400% CITROMIX, but had lower intake
than the control group and the 0.470% LACTO
treatment. During the preslaughter period, water intake
was similar among broilers of different treatments
(Table 5).

DISCUSSION

It is essential to maintain a Sa/monella-free
environment in poultry facilities to avoid broiler carcass
contamination. However, the ability of this bacterium
to infect many different animal species (Henzler & Opitz,
1992; Kopanic et al, 1994; McAllister et al, 1994)
increases the possibility of its persistence in the
environment of poultry facilities and, consequently, the
chance of broiler contamination even when they are
originated from Sa/monella-free breeders. In the
Brazilian poultry industry, Sa/monel/a monitoring in
broiler houses is an increasing practice and special care
during slaughtering have been adopted. This practice
represents an important decision to obtain healthier
products.

The contamination of final products is caused mainly
by the slaughter of Sa/monella-infected birds, which
become a source of transmission to products that are
being processed (Lillard, 1989). Many reports (Hargis
etal, 1995; Ramirez et al, 1997; Corrier et al, 1999a)
have described the importance of the broiler crop in
carcass contamination, which is related to three basic
facts: first, preslaughter feed withdrawal causes a
reduction in the bacteria responsible for lactic acid
production, which increases crop pH and proliferation
of Enterobacteriaceae bacteria (Hinton et a/, 2000);
second, during the preslaughter period, litter intake
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Table 3 - Water intake, crop pH and SE crop colonization in birds given acidified drinking water during an 8-hour preslaughter feed
withdrawal in Experiment I.

Treatments’ Salmonella? (Log,, . crop™) Crop pH? Pre-slaughter water intake? (mL.bird™")
Control 3.81+1.16a 6.21+0.68a 94.6+295a
LACTO 0.470%* 3.02+124a 553+1.01a 82.4+52.7a
LACTOMIX 0.506%° 3.74+1.03a 6.03+0.59a 37.7+59.5b
CITROMIX 0.800%° 3.70+ 144 a 5.76+0.70a 41.7+43.7b

1 - Different letters within columns are different (p<0.05) by Tukey’s test. 2 -Mean + SD (n=16 birds). 3 - Mean + SD (n= 8 birds). 4 - LACTO = lactic acid
5 - LACTOMIX = 92.9% lactic acid, 1.6% d-Limonene and 5.5% cupric sulphate. 6. CITROMIX = 95.6% lactic acid, 1% d-Limonene and 3.5% cupric
sulphate.

Table 4 - Water intake, crop pH and SE crop colonization in birds given acidified drinking water during an 8-hour preslaughter feed
withdrawal in  Experiment II.

Treatments’ Salmonella* (Log,,.crop™) Crop pH? Preslaughter water intake 3 (mL.bird")
Control 3.79+0.43b 6.28+0.42a 91.5+67.8a
LACTO 0.350%* 3.93+£0.68b 6.18+0.79a 253+27.7b
CITRO 0.800%° 2.67+0.70a 5.57+0.80 a 39.8+30.8b
CITROMIX 0.400%° 3.47 +0.86 ab 6.06 +0.53 a 35.9+24.7D

1 - Different letters within columns are different (p<0.05) by Tukey’s test. 2. Mean = SD (n=8birds). 3 - Mean + SD (n= 8 birds). 4 - LACTO = lactic acid
5 - CITRO = citric acid. 6 - CITROMIX = 95.6% lactic acid, 1% d-Limonene and 3.5% cupric sulphate.

Table 5 - Water intake, crop pH and SE crop colonization in birds given acidified drinking water during an 8-hour preslaughter feed
withdrawal in Experiment IIl.

Treatments’ Salmonella® (Log,,.crop”) CroppH? 24 hours Water intake >* (mL.bird") 8 hours Water intake >* (mL.bird"")
Control 417 +0.53 ¢ 5.96+0.50 a 305.2+98.6a 72.0+210a
0.470% LACTO® 217+1.07a 547 +0.74a 308.7+94.3a 68.6 £27.7 a
0.800% CITRO® 2.56 £0.95 ab 548 +0.70 a 197.0+60.4b 77.0+255a
0.400% CITROMIX’ 321+1.11b 5.39+0.75a 268.0 £ 95.9 ab 65.0+175a

1 - Different letters within columns are statistically different (p<0.05) by Tukey’s test. 2 - Mean + SD (n=8 birds) 3 - Water intake (mL.bird"") in the last 24
hours of feeding. 4 - Water intake (mL.bird"") during preslaughter feed withdrawal. 5 - LACTO = lactic acid. 6 - CITRO = citric acid. 7 - CITROMIX =
95.6% lactic acid, 1% d-Limonene and 3.5% cupric sulphate.

increases (Corrier et a/., 1999a), which might enhance
the possibility of contamination; third, during the
evisceration process, the crop might be disrupted
(Hargis et a/, 1995). The major part of the industrial
processes used for crop collection promote carcass
contamination due to crop disruption or leaking of the
crop content. Thus, it isimportant to find a disinfectant
to reduce Sa/monella contamination in the crop
immediately before slaughter and, consequently, the
number of contaminated carcass (Barnhart et a/, 1999).

Byrd et a/ (2001) reported crop pH reduction in
birds submitted to 0.5% acetic acid, 0.5% lactic acid
and 0.5% formic acid treatments for 8 hours during
preslaughter feed withdrawal. In our study there were
no statistical differences in crop pH between treatments
and control groups, although pH values showed a
higher trend in control compared to the treated birds.
In Byrd et a/. (2001) study the data of five experiments
were analyzed all together, resulting in 40 repetitions
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per treatment and, consequently, increasing analysis
sensitivity. In the present study, statistical analysis was
carried out for each experiment independently, because
there were different treatments in each experiment,
and thus, the number of repetitions was smaller. Also,
Byrd et a/. (2001) measured pH /n situ, through a crop
incision where electrode was placed in direct contact
with the mucosa. In our work, pH was determined in
the «crop homogenized with saline, and
homogenization might have released intracellular
buffering substances, which might have affected the
results.

The low intake of acidified water during preslaughter
feed withdrawal has been considered a disadvantage
in using such substances for crop decontamination. In
Experiment |, the treatments 0.506% LACTOMIX and
0.800% CITROMIX showed reduced water intake. In
Experiment Il, lactic acid concentration in LACTO and
CITROMIX treatments was reduced trying to normalize



Avila LAF de, Nascimento VP do,
Canal CW, Salle CTP, Moraes HLde S

water intake during preslaughter, similarly to Byrd et
al (2001), who reduced lactic acid from one experiment
to the other and found no difference in water intake,
when birds treated with 0.44% lactic acid were
compared with control. This approach resulted in no
benefit in our study, because water intake was reduced
in treated groups. Specifically, lactic acid decreased
water intake and their bactericidal effect was reduced
when data of Experiments | and Il were compared.

In Experiment Ill, another strategy was used to
normalize water intake at pre-slaughter fasting.
Treatments began before preslaughter fasting, when
birds were still being fed and thus, when water
requirement was still higher. Therefore, acidified water
was administered 24 hours earlier than the beginning
of the fasting period. This strategy had a good result
because there was no difference in water intake
between treated and control birds. Barnhart et a/
(1999) were also interested in avoiding the reduction
in water intake due to treatment. They offered a
combination of citric acid and d-Limonene in gelatin
capsules, and crop SE was reduced when capsules were
fed in the last 45 minutes of preslaughter feed
withdrawal.

The reduced water intake during the preslaughter
feed withdrawal and the consequent decrease in acid
intake reduced the effect that the acids might have in
the number of viable SE in the crop. In the three
experiments, the reduced water intake was associated to
the lack of difference in the number of SE recovered from
the crop between the treated and control groups. On the
other hand, when water intake was not affected,
differences in number of recovered SE were seen, except
for Experiment I, when all data from treated and control
groups were analyzed together. In this case, birds
submitted to the 0.470% LACTO treatment had water
intake similar to control birds, but there were no
differences in the number of recovered Sa/monella.
However, when the 0.506% LACTOMIX and the 0.800%
CITROMIX treatments and the control group were
compared only to the 0.470% LACTO treatment, the
number of recovered Sa/monellawas reduced (p<0.01).

Recent /n vitro experiment of our laboratory
(unpublished data) indicated that the addition of &
Limonene and cupric sulfate to citric acid increased the
ability to reduce SE recovery. Results from Experiments
| and Il demonstrated that the addition of g-Limonene
and cupric sulfate to citric and lactic acids (LACTOMIX
and CITROMIX) did not show similar findings than the
/n vitro study. In Experiment Ill, even with half
concentration of CITROMIX, water intake was normal
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and was observed a reduction in the number of SE
recovered from the crop. Thus, we can conclude that
the amplification effect of ¢tLimonene and cupric acid
addition, as seen /n vitro, could not be repeated due
to the reduction in water intake and the increased effect
of 0.470% LACTO, which reduced the recovery of SE
in the crop in all the experiments. These findings confirm
the benefit of starting the administration of acids 24
hours before the beginning of the preslaughter feed
withdrawal.

The 0.470% LACTO treatment, administered 24
hours before starting the preslaughter feed withdrawal,
reduced SE recovery from the crop in 2 Log, ,(from 4.17
to 2.17 Log,,), which means a great reduction in the
number of this bacterium. Such reduction in the
number of contaminant cells might also reduce final
contamination by the end of the industrialization
process.

In conclusion, the findings of this study suggested
that the use of lactic or citric acid in drinking water
during preslaughter feed withdrawal has a decreasing
effect on SE recovery from the crop. The addition of
acids, if started 24 hours before the beginning of
preslaughter feed withdrawal, might help to reduce
crop contamination by SE.
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