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Today, the general public has become increasingly aware of salmonellosis problems. Organic acids are known by their anti-
microbial potential and commonly used for improving the quality of poultry feed. In this context, the present work evaluated the
inhibitory effect of four organic acids, namely, acetic acid, citric acid, lactic acid, and tartaric acid, at different levels of con-
tamination by Salmonella typhimurium. The neutralization of these organic acids in vitro and in the presence of one-day-old
chick’s organs was also investigated during the search for Salmonella serovars in birds as described in the Moroccan standard “NM
08.0.550.” The effect of four organic acids on Salmonella typhimurium was tested in vitro and in the presence of chick’s organs at
different concentrations set of strain and organic acids tested. The MIC results demonstrated that tartaric acid, citric acid, and
acetic acid inhibited Salmonella typhimurium at concentrations of 0.312%, 0.625%, and 0.512% for the three levels of strain: 10,
100, and 10> CFU/ml, respectively, while lactic acid and depending on the amount of the strain introduced acts differently: 0.078%
for 10 CFU/ml and 0.156% for 100 and 10> CFU/ml. The concentration of 0.04M of Na,HPO, solution has proved, in vitro, in
caecums and organs of chicks (in presence of organic acids) that strain introduced, even at low concentrations, can be recovered.
The use of additives has beneficial effects in Salmonella control program. However, the present results recommend the amendment
of Salmonella research standard, taking into account the probable presence of organic acids in digestive content of one-day-
old chicks.

1. Introduction

Salmonellosis is a zoonotic disease that causes a serious issue
in both human health and animal health. It is the major
problem of morbidity and mortality that are regularly de-
tected by official inspection authorities. The most reported
serovars in Salmonella taxonomy are Salmonella Pullorum,
Salmonella Gallinarum, and Salmonella Arizonae [1]. For

instance, Salmonella is the second commonly reported
bacteria causing gastrointestinal infection in the EU after
Campylobacter [2, 3]. Each year, over 90,000 foodborne
illness cases caused by Salmonella have been reported in the
EU. This pathogen can have a large socioeconomic impact
due to illness, medical costs, lost of productivity, disability,
and deaths. In addition, the European Food Safety Authority
(EFSA) has estimated that the overall economic burden of
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human salmonellosis could be as high as 3 billion dollars per
year [4]. That is why Salmonella is an important target for the
food industry, owing to their wide spread through in-
ternational trade in animal feed, live animals, and food.

It is well documented that human Salmonella illnesses
are caused by consumption of contaminated raw or
undercooked food from animal origin, and it is known that
the contamination process can happen during trans-
portation, during packinghouse operations of meat prod-
ucts, or by cross contamination throughout processing steps
such as evisceration or by slaughtering tools [5, 6]. In fact,
chicken skin was reported to be an essential part of con-
tamination and the most difficult site to control Salmonella
[7, 8]. Many authors agree that animal feed is the first step to
prevent contamination from the entrance, particularly in
poultry [9-11].

Organic acids are designated and approved by the
Federal Drug Administration (FDA) as safe substances
(GRAS). Citric, lactic, tartaric, and acetic acids are the most
known organic acids used, and their mechanism of action is
previously mentioned [12-15]. They have been proved as
effective sanitizers in reducing the bacterial charge (anti-
microbial capacity and preservation of product quality),
cost-effectiveness, and their simplicity. Indeed, the uses of
these solvents differ from country to another depending on
differences in legislation. Therefore, the use of organic acids
is one of the most old and popular in decontamination
procedures worldwide.

In Morocco, population growth rate has been trending
up in last decade [16] and chicken meat is still the highest
meat consumed in poultry sector because the prices are
much cheaper than those of red meats or seafood [17, 18].

For this reasons, Morocco imports, from Spain and
France, a considerable amount of birds to satisty the pop-
ulation needs. The objective of the present work was to study
the inhibitory effect of four organic acids on Salmonella
typhimurium, to evaluate the efficacy of an alternative
neutralizer tested in vitro and on the digestive contents of
chicks imported by Moroccan companies, and to suggest
amendment in the Moroccan standard of Salmonella re-
search in one-day-old chicks.

2. Materials and Methods

2.1. Bacterial Strain and Condition. A pellet of Salmonella
typhimurium ATCC® 14028™ was grown overnight in brain
heart infusion broth (Biokar, Beauvais, France) at 37°C and
isolated on trypticase soy agar (TSA) (Becton Dickson
Microbiology Systems, Cockeysville, Md.) plates. The pure
colonies were multiplied on TSA and stored in physiological
solution with 25% glycerol at —80°C until further use. The
bacterial strain was enumerated using standard serial 10-fold
dilutions in physiological saline solution.

2.2. Minimal Inhibitory Concentrations (MIC) and Minimal
Bactericides Concentrations (MBC) of Organic Acids. The
choice of organic acids is based on the list of food additives
authorized for use in animal feed. The four acids used have
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a respective purity of 99.8% acetic acid, 99.5% tartaric acid,
99% citric acid, and 90% lactic acid. The MIC is studied at
three different concentrations of the test strain: 10, 10 and
10° CFU/ml. To achieve the dilution of the organic acids, we
need three sets of test tubes. Each set consists of 8 test tubes
containing 9 ml of buffered peptone water (BPW). All or-
ganic acids tested in this study were diluted at a concen-
tration of 5%. The measurements used for each acid were as
follows: 0.5ml of acetic acid in 10 ml of BPW, 0.56 ml of
lactic acid (90%) in 10 ml of BPW, 0.5g of tartaric acid in
10ml of BPW, and 0.5 g of citric acid in 10 ml of BPW.
Nine milliliters of the organic acids stock solution was
taken, and the dilutions were carried out at a half dilution in
each case, so as to obtain the corresponding concentrations
ranging from 2.5% to 0.0198%. In each series, the same
dilution protocol of stock solution was carried out. Only
strain concentration inoculated in each series has been
changed. The tubes were incubated at 37°C for 18 to 24 h.
The study of the MBC was thus made, in our case, from
the tubes used for the determination of the MIC and in-
cubated for 18 to 24 h at 37°C. For each of the three levels of
inoculums tested, and each of the organic acids tested, 1 ml
of each tube was taken and placed in a Petri dish, followed by
about 15ml of TSA. The mixture was homogenized by
orbital shaking by hand. The cultures were incubated at 37°C
for 18 to 24 hours and colonies were counted the next day.

2.3. Neutralization of Inhibitory Effect of Acids by Using
Universal Neutralizer. The choice of the neutralization so-
lution was based on a universal neutral recommended in the
standards by studying the bactericidal activity of disinfec-
tants and antiseptics and also by the norm concerning the
search for Salmonella in animal production environment
“NM 08.0.549.”

The protocol consists in measuring the MIC of the
studied acids in the presence of the neutralizing solution.
The test was carried out in three successive steps:

Dilution of Acid. A half dilution of the acid is made by taking
8 ml of the 5% preparation which was added to the first tube
set containing 8 ml of BPW for obtaining 2.5% acid. The
serial acid dilution was prepared until the last test
concentration.

Addition of Neutralizer. 1 ml of neutralizer stock solution
was added to the series of organic acid dilution tubes.

Addition of Strain. After 5 to 10min, the tubes of each
organic acid dilution set tested were supplemented with 1 ml
of one of the three bacterial suspensions prepared:
10> CFU/ml, 10’ CFU/ml, and 10* CFU/ml to each series, in
order to obtain a final titer of 10 CFU/ml, 10> CFU/ml, and
10° CFU/ml, respectively.

2.4. Use of Buffer Solution Neutralizer. The choice of an
alternative neutralizing solution has been taken into account,
the fact that organic acids’ action are mainly known by their
capacity to acidify the medium matters that inhibit the
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bacterial growth. Starting from principle, neutralization of
the acidity will make it possible to neutralize the inhibitory
effect of the test dose under consideration. It was also the
choice of a bearing on the components of the universal
neutral, namely, the disodium hydrogen phosphate
dodecahydrate (Na,HPO,). This solution was used at the
same concentration in the universal buffer (0.01 M)=(1X
concentrated solution) and at the concentrations 0.015 M,
0.02 M, and 0.04 M. This amounts to weighing, respectively,
17.14g,25.71 g, 34.28 g, and 68.56 g of Na,HPO, in 200 ml of
distilled water. The dissolution of the crystals was completed
with magnetic stirring on a hot plate at 50°C.

2.4.1. pH Measurement of Organic Acids before and after
Neutralization. Four sets of polypropylene 15ml conical
bottom tube containing 8 ml of BWP were prepared for each
organic acid handled. Then, the same protocol of acid di-
lution was carried out to have the test doses: 2.5%, 1.25%,
0.625%, 0.312%, and 0.0098%. Using a pH meter, the pH of
each dilution acid was measured. Subsequently, 1ml of
phosphate buffer concentration tested was added and the pH
was measured after stirring.

2.4.2. Determination of MIC of Organic Acids Tested after
Neutralization. The same protocol was repeated for the
study of the MIC of organic acids for Salmonella typhi-
murium in the presence of the greatest phosphate buffer
concentration as neutralizing solution (0.04 M). The final
test doses of the organic acids were as follows: 2.5%, 1.25%,
0.625%, and 0.312%. The three inoculum levels of the tested
strain were again studied: 10, 10 and 10° CFU/mL. The aim
was to demonstrate that the greatest neutralizing solution
has no toxic effect on the Salmonella strain, and also to
determine the largest dose of acid that can be neutralized
under the test conditions.

2.5. Neutralization of Organic Acids in the Presence of Chick’s
Organ Extracts: Organ Extract Preparation. After the eu-
thanasia of eight one-day-old chicks, the chicks were un-
dressed by removing the skin previously soaked by alcohol
70°. Then, openings were made with the scissors in the
thorax to remove the lungs, liver, cecum, and yolk sacs as
well. All organs were pooled in a 50 ml sterile flask and
mixed until a homogenate was obtained. The choice of the
doses tested of each organic acid was based on the results of
their MIC in the presence of the neutralizing solution.

Three sets were prepared for each acid corresponding to
the strain concentrations of 10, 10% and 10’ CFU/ml. Each
tube contains 8 ml of organic acid-BPW, 1g of organ ho-
mogenate, and then 1 ml of the neutralizing solution and was
allowed to react for 5 to 10 minutes. At the end, 1 ml of the
tested bacterial suspension was added. After exposure, in-
cubation was carried out at 37°C for 18 h to 24 h. After that,
the search for Salmonella was done according to the protocol
described in Moroccan standard “NM 08.0.550.”

In order to confirm colonies obtained on selective
isolation media of Salmonella, hektoen and xylose lysine

deoxycholate agar (XLD), two boxes containing char-
acteristic colonies were chosen for each organic acid, on
which 5 colonies were taken from each box to undergo
differentiation test between Salmonella and Proteus: test
of tryptophan deaminase.

2.6. Application of the Methodological Parameters Studied on
Laboratory Samples. The Salmonella research was carried
out on the samples of 10 batches of 1-day-old chicks, each
batch was composed of 5 chicks, and each of them was
separated from the ceca in 50 ml sterile vials. The neutral-
izing solution was added after BWP dilution and incuba-
tion as described in the standard. The same protocol
described in the standard of Salmonella research in foods
has been used for the detection of Salmonella in organ
extracts, adding 1ml the neutralization solution (0.04 M),
before preenrichment incubation, in order to neutralize any
organic acid compound.

3. Results

3.1. MIC and MBC of Organic Acids. Table 1 shows the
results obtained for the inoculum suspension count in each
case of the four organic acids and the results of the MIC and
the MBC studied at the different inocula. For acetic acid, the
MIC was the same for the three levels of inoculums and it
was equal to 0.312%, while the MBC determination shows
that the first two inocula of 10 and 10> CFU/ml have an equal
value to MIC (0.312%). Contrary to the result obtained for
the inoculum of 10° CFU/ml, an increase in MBC was ob-
served (0.625%).

In the case of tartaric acid, from these results, it appears
that the strain tested has a MIC of 0.312% for the three levels
of inoculums tested. The study of MBC of tartaric acid
indicates that it has a similar value to MIC (0.312%) for the
inoculum of 10 CFU/ml. On the other hand, the inoculums
of 10% and 10> CFU/ml demonstrate the bactericidal action
at a concentration of 0.625%.

For citric acid, as the table shows, the MIC was 0.625%
for inoculums of 10, 10% and 10° CFU/mLl. In addition, the
bactericidal action was obtained only at a concentration of
1.25% for the three levels of inoculum.

Lactic acid, compared to the other three acids studied, has
a very strong inhibitory action. At 10 CFU/ml, the inhibition
of Salmonella occurred at a concentration of 0.078%.
However, for the two inoculums of 10? and 10° CFU/ml,
a MIC was obtained at 0.156%. Furthermore, the study of
the MBC of the three series of inoculum showed that the
bactericidal action was achieved at the same concentration
(0.156%).

3.2. Neutralization of Organic Acids Inhibitory Effect by Using
Universal Neutralizer. By using universal neutralizer, it was
possible to neutralize, partially, the organic acids selected for
this study. Table 2 summarizes the results obtained from
enumeration and the MIC study of the organic acids studied
by using the universal neutralizer at the three levels of in-
ocula studied.
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TaBLE 1: MIC and MBC enumeration of the four organic acids tested on Salmonella typhimurium ATCC® 14028™.

Strain titer (CFU/ml)  SC (CFU/ml)

Test doses of organic acids (%)

2.5 1.25 0.625 0.312 0.156 0.078 0.039 0.0195
10 8 _—_ - —_— —_— +++ +++ +++ +++
(0) (0) (0) (0) (>300)  (>300) (>300) (>300)
. 2 —_— - - - +++ +++ +++ +++
Acetic acid 10 27 (0) (0) (0) (22) (>300)  (>300) (>300) (>300)
10° 243 —_— - — — +++ +++ +++ +++
(0) (0) (104) (>300) (>300) (>300) (>300) (>300)
10 9 _— - —_— +++ +++ +++ +++ +++
o (0 (31)  (>300) (>300) (>300) (>300)  (>300)
o 2 _— - — +++ +++ +++ +++ 4+
Citric acid 10 133 (0)  (0) (>300) (>300) (>300) (>300) (>300)  (>300)
10° 5300 —_— - — 4+ +++ +++ +++ +++
(0) (0) (>300) (>300) (>300) (>300) (>300) (>300)
10 28 -_— - —_— —_— +++ +++ +++ +++
(0) (0) (0) (6) (>300)  (>300) (>300) (>300)
L. 2 _— - —_— —_— +++ +++ +++ +++
Tartaric acid 10 14 © (0 (4)  (>300)  (>300) (>300) (>300)  (>300)
10° 5300 —_— - — - +++ +++ +++ +++
(0) (0) 1) (>300) (>300) (>300) (>300) (>300)
10 17 _— - —_— —_— —_— —_— +++ +++
o (0 (0) 0) (0) (>300)  (>300)  (>300)
L 2 —_— - — - - +++ +++ +++
Lactic acid 10 185 © (0 (0) (0) 0)  (>300) (>300)  (>300)
3 —_— - — - —— +++ +++ +++
10 >300 ©  © () 0) (0)  (>300) (>300)  (>300)
———: absence of strain, +++: presence of strain; SC: strain control.
TaBLE 2: MIC of organic acids in the presence of neutralizer for inocula of 10, 10% and 10° of S. typhimurium.
o Test doses of organic acids (%)
Strain titer (CFU/ml) SC (CFU/ml)
2.5 1.25 0.625 0.312 0.156 0.078 0.039 0.0195
10 19
Acetic acid 10 220 B — —-— a— a— a— a—
10° >300
10 25 o
Citric acid 10° 286 - - et +++ +++ +++ +++ +++
10° >300
10 17 -
Tartaric acid 10 263 — — . +++ +++ +++ +++ +++
10° >300
10 34
Lactic acid 10% 286 - — - +++ +++ +++ +++ +++
10° >300

———: absence of Salmonella typhimurium, +++: presence of Salmonella typhimurium, SC: strain control.

It emerges that the neutralization of acetic acid was not
effective, and the MIC was found to remain the same as
before the addition of the neutralizer (0.312%).

The inhibitory action of tartaric acid was conditioned by
the titer of the studied strain. It could be seen that for the
inoculums of 10 and 10 CFU/ml using the neutralizer, the
MIC was 0.625%. It was also noted that, for 10° CFU/ml, the
MIC increases from 0.312% before neutralization to 1.25%
after the addition of neutralizer.

In citric acid, by resemblance to tartaric acid, the titer of
inoculum introduced plays a decisive factor in the MIC. At
10 CFU/ml, the MIC for citric acid was 0.625, while at 10°

and 10> CFU/ml, the MIC was the same as that present in
tartaric acid at the same inoculum (1.25%). However, the
MIC of lactic acid in the presence of neutralizer is 0.625% for
the three inoculums introduced.

The results of the pH measurements of the four or-
ganic acids before and after the neutralization were col-
lected and are presented in Figure 1. These results show
that, before neutralization, the pH was clearly acidic at the
first test doses used and the values obtained increased
exponentially with dilution of acids to reach neutrality at
the last two test doses studied. Generally, the pH values
obtained were overall less than or equal to 5 for the test
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2.5 1.25 0.625 0.312 0.152 0.076 0.039 0.0198
Concentration of acetic acid (%)

—— AA before N
—— AA after N

()

2.5 1.25 0.625 0.312 0.152 0.076 0.039 0.0198
Concentration of tartric acid (%)

—— TA before N
—— TA after N

()

2.5 1.25 0.625 0.312 0.152 0.076 0.039 0.0198
Concentration of citric acid (%)

—— CA before N
—— CA after N

(c)

2.5 1.25 0.625 0.312 0.152 0.076 0.039 0.0198
Concentration of lactic acid (%)

—— LA before N
—— LA after N

(d)

FIGURE 1: pH measurement curves of the four organic acids’ concentrations using universal neutralizer.

doses of 2.5 to 0.312% and greater than or equal to 5 for
the other doses.

After neutralization, the values recorded were less than
or equal to 5 for only the first three test doses (2.5% to
0.625%), in the case of citric, lactic, and tartaric acids,
whereas these values were greater than or equal to 6 for the
other doses (0.312% to 0.0198%). Acetic acid showed re-
sistance to neutralization with pH <5 for doses of 2.5 to
0.312% and pH > 6 for doses of 0.152 to 0.0198%.

3.3. Use of Buffer Solution Neutralizer

3.3.1. pH Measurement. The results of pH measurements of
the four organic acids after neutralization, using disodium
phosphate buffer solution at four different concentration
levels: 0.01 M, 0.015M, 0.02 M, and 0.04 M are summarized
in Figure 2. It emerges that the results for the concentration
of the 0.01M buffer solution, the concentration of the
universal neutralizer, are the same as when using this latter.

In the case of acetic acid, the neutralization (pH > 6) is
obtained with the 0.02M and 0.04 M of solution from the
concentrations of 0.312% and 0.625%, respectively.

For tartaric and citric acids, neutralization by 0.02 M and
0.04 M solutions makes it possible to have pH values>5
from 0.625%. A pH =5 is also obtained for 1.25% for acetic,
tartaric, and citric acids after neutralization by 0.04 M of
buffer solution.

In the case of lactic acid, the neutralization appears to
be easier, pH values>6, by using the buffer solutions
from 0.625%. The values of pH >5 are also obtained at
a dose of 1.25% by 0.015M, 0.02 M, and 0.04 M of buffer
solutions.

3.3.2. Organic Acids Neutralization Test. From the results
obtained (Table 3), it is clear that neutralizing solution at
0.04M did not interfere with Salmonella culture and the
three organic acids, tartaric, citric, and lactic acids, could be
neutralized up to a concentration of 1.25% for the three
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2.5 1.25 0.625 0.312 2.5 1.25 0.625 0.312
Concentration of acetic acid (%) Concentration of tartric acid (%)
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|- x15 S x4 W x15 S x4
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8 8 -
7 A 7 4
6 6
5 5 1
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3 4 34
2 2
1 1
0 0
2.5 1.25 0.625 0.312 2.5 1.25 0.625 0.312
Concentration of citric acid (%) Concentration of lactic acid (%)
- xl A X2 - x1 A X2
|- x15 S x4 W x15 S x4

(c)

(d)

FIGURE 2: pH measurement curves of organic acids studied at different concentrations of the disodium hydrogen phosphate dodecahydrate

(Na,HPO,).

TaBLE 3: MIC of the organic acids using 0.04 M of Na,HPO,
solution, for inoculums of 10, 10% and 10> of tested strain.

Inoculum Test doses of organic acids
(CFU/ml) 2.5% 1.25% 0.625% 0.312%

10
10° ——=  +++ et +++
10°

Tartaric acid

10
Citric acid 102 et 4t 4t
10°

10

Lactic acid 10 et 4t 4+
10°
10

Acetic acid 10° —_— - o+
103 +++

inoculums tested, whereas for acetic acid, this neutralization
did not occur. It is obtained only for maximum concen-
trations of 0.32% for the three inocula tested and 0.625% for
inoculums of 10? and 10° CFU/ml.

3.4. Study of Inhibitory Effect and Neutralization Test of Or-
ganic Acids in the Presence of Organ Extracts. For tartaric
acid, the tested strain was reisolated after exposure to the
three doses tested: 2.5, 1.25, and 0.625% of acid, using the
two enrichment (Selenite Cystine broth and MRSV) and
isolation media used (XLD and Hektoen).

In the enrichment step on Selenite Cystine broth, the
strain was recovered in citric acid case at a dose of 2.5% only
for an inoculum of 103 CFU/ml and also at a dose of 1.25%
for inocula of 102 and 103 CFU/ml. While it was recovered
for the three inocula tested at the dose of 0.625%. In
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addition, it was very interesting to note that the MRVS
medium makes it possible to scour the strain, at all doses and
for the three inocula.

For lactic acid, the strain was reisolated at a dose of only
2.5% for the inoculum of 10° CFU/ml after enrichment and
isolation. However, it was recovered at test doses of 0.625%
and 1.25% for the three inocula in all isolation media.

In the case of acetic acid, the reisolation of Salmonella
typhimurium was obtained just at the test doses of 0.312%
and 0.625% for the three levels in all media used.

It should be noted that the confirmation of the reiso-
lation of Salmonella typhimurium was done during the
neutralization tests in the presence of organ extracts, by
carrying out the phenylalanine deaminase test on the
characteristic colonies of Salmonella in order to differentiate
them from Proteus sp. 10 colonies of isolates made for each
acid were 100% negative for the test performed. Therefore,
all colonies tested were Salmonella strains.

3.5. Application of Methodological Parameters Studied in
Salmonella Detection on Laboratory Samples. After preen-
richment incubation, the samples enriched in Selenite
Cystine broth and modified semisolid Rapport-Vassiliadis
(MRVS) and isolated on Hektoen and XLD medium showed
that all tested samples were negative (absence of Salmonella
characteristic colonies) even after further incubation (up to
48 h) of isolation media.

4. Discussion

Organic acids offer several advantages as antimicrobials
molecule, because of their low cost and the easy manipulation
[11]. The early use of organic acids in the production chain
helps to prevent the spread of Salmonella contamination in all
production devices as well as during feedstuff storage [19].

Significant differences in the effects of acids on reduction
of Salmonella in poultry feed have been observed [13, 20, 21].
The results of the MIC and MBC study were compared to the
other three acids studied; lactic acid has the strongest in-
hibitory action on the Salmonella typhimurium strain. The
inhibitory dose for the three levels of inoculum was 0.156%,
while citric acid had a lower action, with an increased MIC at
different levels of inoculums (0.625%). Tartaric acid, as well
as acetic acid, had a mean action with a MIC of 0.312% for
the three levels of inocula tested. These results were in
agreement with the results obtained in a research work
entitled the use of acetic acid and citric acid to control of
Salmonella typhimurium in tahini [22]. This can be
explained by the pH-acid inhibitor of Salmonella, produced
by these organic acids as demonstrated in pH results ob-
tained from the acids solutions and their neutralization
(Figure 1). Moreover, the efficacy differences of organic acids
against Salmonella have been determined by various factors,
such as the nature and physical form of the preparation and
composition of the treated feed [11, 12].

For the neutralization of the inhibitory effects of acids, it
should be noted that the universal neutralizer has a rather
limited efficiency, since its neutralizing effect is obtained for

lactic, tartaric, and citric acids only at a dose of 0.312% for
the three levels of inoculums tested, whereas it is completely
ineffective towards the citric acid (MIC), thing that makes
use of this neutralizer for the recovery of Salmonella
typhimurium exposed to this acid was critical, especially for
acetic acid. When verifying the pH of test doses of solutions
before and after the addition of the universal neutralizer, we
found that, before neutralization, the pH values obtained
were less than or equal to 5 for the test doses of 2.5 to 0.312%
and greater than or equal to 5 for other doses, with an
absence of bacterial growth in the first case and its presence
in the second. As a result, the inhibition of bacterial culture
coincides with pH values < 5. This is all the more true as the
neutralization of the inhibitory effect is accompanied by an
increase in pH values, which testifies the close relationship
between the decrease in pH and the inhibition of bacterial
growth described in the literature [11, 12].

These results could be confirmed when using the al-
ternative neutralizing solutions prepared with Na,HPO,,
one of the main components of the universal neutralizer,
with different molarities. For 0.01 M buffer solution con-
centration, the concentration of the universal neutralizer,
the results were the same as when using the latter. This goes
in the direction of the affirmation that the inhibitory action
of these organic acids is mainly through acidification of the
medium, which leads to a stop of multiplication or even
a bacterial mortality. For 0.04 M concentration of the
neutralizing solution, the three tartaric, citric, and lactic
acids could be neutralized to a concentration of 1.25% for the
three inocula tested. For acetic acid, this neutralization is
obtained for the maximum concentrations of 0.32% for the
three inocula tested and 0.625% for inoculums of 10* and
10° CFU/ml. Neutralizing solution at 0.04 M has no toxic
effect on the Salmonella typhimurium. These results are
complemented by those of the study of the inhibitory effect
and the neutralization test of organic acids in the presence of
organ extracts that show the capability of recuperating the
strain at test doses of 0.625% and 1.25% for the three in-
oculums and in different media for lactic acid.

The strain was recovered from the organ extracts, in the
case of enrichment on Selenite Cystine broth, for the three
inocula tested at a dose of 0.625%. In addition, it was very
interesting to note the high sensitivity of Selenite broth to
the detection of small numbers of Salmonella [23-25]. The
test strain was reisolated after exposure to the three doses
tested: 2.5, 1.25, and 0.625% of acid on the enrichment
media (Selenite broth and MRVS) and on XLD and Hektoen.
The reisolation of the strain of organ extracts was obtained
at a dose of 0.625% for the three levels of inoculums.
Despite the fact that, during neutralization in the absence
of the organ extracts, the 0.04 M neutralizing solution was
not able to recover the strain at an inoculum of 10 CFU/ml.
This could be explained by the technique used in this
study, after neutralization, cannot recover the bacterial cells
injured by organic acids. This makes it possible to amplify
the neutralization of organic acids (in the case of acetic acid
at a dose of 0.625% for the inoculum of 10 CFU/ml).

To our knowledge, the present work is the first study
about the neutralization of organic acid in chick’s organs.



The results obtained allow us to propose an amendment to
Salmonella search method “NM 08.0.550” in the chick used
by the Moroccan surveillance laboratory (taking into ac-
count the possible presence of authorized organic acids).
This amendment consists of proceeding in parallel to the
standardized method and in the same way by preenrichment
of the samples analyzed, supplemented by 1 ml of 0.04 M
disodium phosphate buffer neutralizer. Thus, about 10
samples of imported chicks were tested for Salmonella by
this method, in parallel to the official control carried out by
the laboratory, and were found negative.

5. Conclusion

Salmonella is the leading pathogen responsible for food
poisoning worldwide and causes an economic burden,
through both healthcare use and lost productivity. The
Moroccan standard of Salmonella research based on three
steps (preenrichment, enrichment, and isolation) remains
the method of choice used in national programs for sur-
veillance and control of salmonellosis. Nowadays, an im-
pressive range of organic acids is used in poultry feed to
reduce Salmonella number and other bacteria in digestive
tract of animals. The intensive use of organic acids can
interfere with the Salmonella detection method by inhibiting
their multiplication during the preenrichment and enrich-
ment steps without eliminating the bacteria that could be an
attack for Salmonella control program.

Our work has clearly established that the four organic
acids tested interfered effectively with the Salmonella search
standard from 0.078 to 0.312% of acid, but also depending on
acid nature. Based on the results, it was concluded that the
use of a universal neutralizer as stipulated in the Salmonella
standard is not effective in neutralization of the organic acids
tested. Moreover, this interference can be controlled by
making an amendment to the standardized method, by
introducing a neutralization step, at the time of preen-
richment in peptone water (the addition of 1 ml of neu-
tralizer based on 0.04 M disodium phosphate bufter).
Consequently, the Salmonella methods will be optimized to
detect the minimum level of contamination in chick’s
samples.
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The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] EFSA Panel on Animal Health and Welfare (AHAW), S. More,
A. Botner et al,, “Assessment of listing and categorisation of
animal diseases within the framework of the Animal Health
Law (Regulation (EU) No 2016/429): Salmonella infection in
poultry with serotypes of animal health relevance (S. Pullorum,

International Journal of Microbiology

S. Gallinarum and S. Arizonae),” EFSA Journal, vol. 15, no. 8,
2017.

[2] A. E. Baaboua, M. E. Maadoudi, A. Bouyahya, and J. Abrini,

“Intestinal infections of campylobacter: a review,” Microbiology

Research Journal International, vol. 18, no. 6, pp. 1-8, 2017.

S. Shea, K. A. Kubota, H. Maguire et al., “Clinical microbi-

ology laboratories’ adoption of culture-independent di-

agnostic tests is a threat to foodborne-disease surveillance in

the United States,” Journal of Clinical Microbiology, vol. 55,

no. 1, pp. 10-19, 2017.

EFSA explains zoonotic diseases: Salmonella | European Food

Safety Authority, 2017, https://www.efsa.europa.eu/en/

corporate/pub/factsheetsalmonella.

[5] H. K. Crabb, J. L. Allen, J. M. Devlin, S. M. Firestone,
M. A. Stevenson, and J. R. Gilkerson, “The use of social
network analysis to examine the transmission of Salmonella
spp. within a vertically integrated broiler enterprise,” Food
Microbiology, vol. 71, pp. 73-81, 2017.

[6] B. Karraouan, N. Ziyate, A. Ed-dra et al., “Salmonella Ken-
tucky: antimicrobial resistance and molecular analysis of
clinical, animal and environment isolates, Morocco,” Journal
of Infection in Developing Countries, vol. 11, no. 4, pp. 368-
370, 2017.

[7] Q. Li, K. Yin, X. Xie et al., “Detection and CRISPR subtyping of
Salmonella spp. isolated from whole raw chickens in Yangzhou
from China,” Food Control, vol. 82, pp. 291-297, 2017.

[8] K. Tozzo, A. F. G. Neto, K. M. Spercoski, M. Ronnau,
V. M. Soares, and L. S. Bersot, “Migration of Salmonella
serotypes Heidelberg and Enteritidis in previously frozen
chicken breast meat,” Food Microbiology, vol. 69, pp. 204-211,
2018.

[9] V. Economou and P. Gousia, “Agriculture and food animals
as a source of antimicrobial-resistant bacteria,” Infection and
Drug Resistance, vol. 8, pp. 49-61, 2015.

[10] F. T. Jones, “A review of practical Salmonella control mea-
sures in animal feed,” Journal of Applied Poultry Research,
vol. 20, no. 1, pp. 102-113, 2011.

[11] H. Lynch, F. C. Leonard, K. Walia et al., “Investigation of in-
feed organic acids as a low cost strategy to combat Salmonella
in grower pigs,” Preventive Veterinary Medicine, vol. 139,
pp. 50-57, 2017.

[12] B. Amrutha, K. Sundar, and P. H. Shetty, “Effect of organic
acids on biofilm formation and quorum signaling of patho-
gens from fresh fruits and vegetables,” Microbial Pathogenesis,
vol. 111, pp. 156-162, 2017.

[13] E. Mani-Loépez, H. S. Garcia, and A. Lopez-Malo, “Organic
acids as antimicrobials to control Salmonella in meat and
poultry products,” Food Research International, vol. 45, no. 2,
pp. 713-721, 2012.

[14] H. M. H. Mohamed and H. H. S. Abdel-Naeem, “Enhancing
the bactericidal efficacy of lactic acid against Salmonella
typhimurium attached to chicken skin by sodium dodecyl
sulphate addition,” LWT—Food Science and Technology,
vol. 87, pp. 464-469, 2018.

[15] H. M. B. A. Zaki, H. M. H. Mohamed, and A. M. A. El-Sherif,
“Improving the antimicrobial efficacy of organic acids against
Salmonella enterica attached to chicken skin using SDS with
acceptable sensory quality,” LWT—Food Science and Tech-
nology, vol. 64, no. 2, pp. 558-564, 2015.

[16] H. Alaoui, “Recensement. La population marocaine
a augmenté de 3,9 millions en dix ans,” 2017, http://fr.1e360.
ma/societe/recensement-la-population-marocaine-a-augmente-
de-39-millions-en-dix-ans-35177.

[3

[4


https://www.efsa.europa.eu/en/corporate/pub/factsheetsalmonella
https://www.efsa.europa.eu/en/corporate/pub/factsheetsalmonella
http://fr.le360.ma/societe/recensement-la-population-marocaine-a-augmente-de-39-millions-en-dix-ans-35177
http://fr.le360.ma/societe/recensement-la-population-marocaine-a-augmente-de-39-millions-en-dix-ans-35177
http://fr.le360.ma/societe/recensement-la-population-marocaine-a-augmente-de-39-millions-en-dix-ans-35177

International Journal of Microbiology

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

J. Bounouar, “Morocco targets expansion in poultry sector,”
2017, https://www.globalmeatnews.com/Article/2016/12/13/
Morocco-targets-expansion-in-poultry-sector.

B. Khalid, “Poultry production in Morocco,” World’s Poultry
Science Journal, vol. 39, no. 1, pp. 52-60, 1983.

G. Kleter, S. McFarland, A. Bach et al., “Surveying selected
European feed and livestock production chains for features
enabling the case-specific post-market monitoring of livestock
for intake and potential health impacts of animal feeds derived
from genetically modified crops,” Food and Chemical Toxi-
cology, vol. 117, pp. 66-78, 2017.

A. M. Burns, P. G. Lawlor, G. E. Gardiner et al., “Salmonella
occurrence and Enterobacteriaceae counts in pig feed in-
gredients and compound feed from feed mills in Ireland,”
Preventive Veterinary Medicine, vol. 121, no. 3-4, pp. 231-239,
2015.

S. Koyuncu, M. G. Andersson, C. Lofstrom et al., “Organic
acids for control of Salmonella in different feed materials,”
BMC Veterinary Research, vol. 9, no. 1, p. 81, 2013.

A. A. Al-Nabulsi, A. N. Olaimat, T. M. Osaili et al., “Use
of acetic and citric acids to control Salmonella typhimurium
in tahini (sesame paste),” Food Microbiology, vol. 42,
pp. 102-108, 2014.

N. Daquigan, C. J. Grim, J. R. White, D. E. Hanes, and
K. G. Jarvis, “Early recovery of Salmonella from food using
a 6-hour non-selective pre-enrichment and reformulation of
tetrathionate broth,” Frontiers in Microbiology, vol. 7, 2016.
R. Kumar, P. K. Surendran, and N. Thampuran, “Evaluation
of culture media for selective enrichment and isolation of
Salmonella in seafood,” Journal of AOAC International,
vol. 93, no. 5, pp. 1468-1471, 2010.

Q. Zheng, M. Miks-Krajnik, C. D’Souza et al., “Growth of
healthy and sanitizer-injured Salmonella cells on mung bean
sprouts in different commercial enrichment broths,” Food
Microbiology, vol. 52, pp. 159-168, 2015.


https://www.globalmeatnews.com/Article/2016/12/13/Morocco-targets-expansion-in-poultry-sector
https://www.globalmeatnews.com/Article/2016/12/13/Morocco-targets-expansion-in-poultry-sector

The Scientific
y\lorld Journal

Anatomy
Research International

Advances in

Bioinformatics

International Journal of

Genomics

Enzyme
Research

International Journal of

Peptides

Hindawi

Submit your manuscripts at
www.hindawi.com

Stem Cells
International

Neuroscience
Journal

Journal of oumal of
Parasitology Research Marine Biology

Journal of

Nucleic Acids

Biochemistry
Research International

Genetics
Research International

BioMed
Research International

Archaea


https://www.hindawi.com/journals/ijz/
https://www.hindawi.com/journals/ari/
https://www.hindawi.com/journals/ijpep/
https://www.hindawi.com/journals/jpr/
https://www.hindawi.com/journals/ijg/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/abi/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/neuroscience/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijcb/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/gri/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/ijmicro/
https://www.hindawi.com/journals/jna/
https://www.hindawi.com/
https://www.hindawi.com/

