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ABSTRACT 
 

Aims: The study was carried out to investigate the effect of natural compounds and organic acids 
on Salmonella typhimurium in broiler chicken meat.  
Study Design: This is a laboratory-controlled experimental design. 
Place and Duration of Study: Department of Livestock Production, Sabaragamuwa University of 
Sri Lanka, between February 2014 and April 2014. 
Methodology: Approximately equal sized (4x4x1.5 cm), shaped (cuboidal) and same weight 
10g±0.2) chicken meat samples were taken, sterilized using UV and contaminated with Salmonella 
typhimurium (ATCC 14028) at two cell densities (102 and 108 Colony Forming Units (CFU)/g of 
meat). Subsequently, meat samples were treated with 1% solutions of both Chemical (Citric, Acetic 
and Lactic) and Natural compounds (Cardamom, Nutmeg and Mace) for 30 seconds. Treated 
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samples were ground and serially diluted for the enumeration of recovered bacteria. Data were 
analyzed using SAS followed by a Tukey’s post-hoc test at 95% significance level. 
Results: Lactic, Acetic and Citric acids have shown 66% (25 CFU/g), 55% (33.33 CFU/g) and 51% 
(36.6 CFU/g) reduction of colony count at 102 CFU/g inoculation and 88% (8.13x106 CFU/g), 87% 
(9.3x106 CFU/g) and 72% (2.03x107CFU/g) reduction at 108CFU/g inoculation level. Treatment with 
Nutmeg, Mace and Cardamom showed 85% (10 CFU/g), 83% (11.6 CFU/g) and 66% (23.3 CFU/g) 
reduction at 102 CFU/g and 89% (7.3 x 106 CFU/g), 89% (7.5 x 106 CFU/g) and 72% (1.96 x 107 

CFU/g) reduction at 108CFU/g inoculation level. Natural compounds showed a 20% greater 
reduction of colony count in broiler chicken compared to chemical compounds.  
Conclusion: It is concluded that the natural compounds and weak organic acids have an anti-S. 
typhimurium effect, hence it can be used for decontamination process of poultry meat. 
 

 
Keywords: Chicken meat; natural compounds; organic acids; Salmonella. 
 
1. INTRODUCTION 
 
The meat industry is one of the world’s biggest 
industries which has shown a rapid growth over 
the past decades. Chicken consumption appears 
to be the best solution to battle against 
malnutrition problems such as Protein Energy 
Malnutrition throughout the world. It is estimated 
that more than 2 billion people on the globe lack 
key nutritional supplements such as vitamin A, 
Iodine, Iron and Zinc [1] and generally the 
chicken meat is comparatively cheap and has 
fewer health risks [2]. World’s meat manufacture 
is expected to flourish slightly in 2015 to achieve 
415 million tons, an increase of 6 million tons or 
1.4% in comparison to 2012. In 2011, the per 
capita consumption of chicken among Sri 
Lankans has increased to 5.7 kg in comparison 
to 5 kg in 2010 [1]. 
 
 Even though meat plays a vital role in our day to 
day life, it still comes with some penalties. As far 
as the meat consumption is concerned it said to 
be, more you eat meat, more you were in the 
trouble [2]. Coronary heart disease and 
Foodborne illnesses are two of major risk 
concerns that have direct links to the meat 
consumption. Foodborne illnesses include a wide 
variety of illnesses and are a growing public 
health concerns globally. They are caused by 
consumption of foods infected with harmful 
bacteria or substances [3,4].  
 
The contamination of meals may occur at any 
stage in the process from meals production to 
consumption (“farm to fork”) and can outcome 
from polluting the environment, including 
contamination of water, ground or air. The most 
common medical demonstration of foodborne 
illness requires the way of digestive symptoms; 
however, such illnesses can also have nervous, 
gynecological, immunological and other signs. 

Multi organ failing and even melanoma may 
outcome from the consumption of infected foods, 
thus comprising a significant pressure of 
impairment as well as death rate [5,6].  
 
Salmonella is a typical foodborne pathogen that 
has triggered infrequent sickness and outbreaks 
for over 100 decades. Salmonella typhimurium 
was the most common serotype of Salmonella 
revealed by the Center for Disease Control and 
Prevention [7]. As a result of increasing demand 
of chicken consumption, synthetic antibiotics 
have been used in large quantities to deal with 
pathogenic microorganisms in chicken 
production industries which could be a threat to 
human life. Even though the synthetic antibiotics 
are much effective, frequent use of them has 
also triggered drug resistance among harmful 
pathogenic organisms. In recent years, there 
were many reported cases all around the world 
about drug resistance to human pathogenic 
microorganisms [8]. Moreover, it has become an 
alarming concern as microorganisms show the 
ability to resist multiple drugs. This scenario has 
prompted scientists to conduct research and find 
alternatives to common antibiotics.  
 
Since ancient times, plants have been utilized as 
an important source of medicines as they are a 
reservoir of chemical agents with antimicrobial 
properties [9]. 
 
Chemicals usually destroy harmful bacteria by 
harmful or toxic responses and efficient 
disinfectants are often harmful to individual and 
human cells as well. Natural compounds such as 
Nutmeg have shown antibacterial effect and 
have been used in food industries as a food 
preservatives [10]. Also some weak acids such 
as acetic acids and lactic acid have been used in 
food industries as a food preservatives [11]. 
Therefore the present study was carried out to 
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investigate the effects of natural compounds 
(Mace, Nutmeg and cardamom) and weak acids 
(acetic, lactic and citric acids) on Salmonella 
typhimurium in chicken meat. 
 
2. MATERIALS AND METHODS  
 
2.1 Preparation of Chicken Meat 
 
Frozen chicken meat was used for the 
preparation of sample in the study. Meat samples 
were cut into approximately equal size 4x4x1.5 
cm shaped (cuboidal) pieces and same weight 
10±0.2 g to make sure the uniformity of the 
samples.  
 
2.2 Preparation of Organic Acids 
 
Three organic acids were used in the study 
(Acetic, Citric and Lactic acids). One percent 
solutions of acids were prepared by mixing them 
with appropriate amounts of sterilized distilled 
water according to the studies done by 
[12,13,14]. All the acids that were used as 
treatments had lower pH levels/ Acidic pH levels. 
At the 25°C and 1 atm pressure, Lactic, Acetic 
and Citric acids had following pH values 3.51, 
3.91 and 4.18. 
 

2.3 Preparation of Natural Compounds  
 
In order to detect the effect of natural compounds 
on bacterial growth, Nutmeg, Mace and 

Cardamom were selected (Fig. 1). The fresh 
nutmeg, mace and cardamom were obtained 
from the local market and were cleaned, washed 
in sterile distilled water and oven dry. Surface of 
the natural products was sterilized using UV in a 
sterile laminar flow chamber, and they were 
grinded to get the powder aseptically using a 
grinder. The concentration, 1% was made by 
dissolving the grinded compounds with 
appropriate volumes of sterilized distilled water 
and sterilized by filter sterilization. 
 
2.4 Preparation of Bacterial Culture 
 
Salmonella typhimurium (ATCC 14028) (kindly 
donated by Prof Indrani Karunasagar, Dean, 
Faculty of Biomedical Sciences, Nitte University, 
Mangalore, India) was used to contaminate meat 
samples artificially. Culture was grown in Luria 
Bertani broth and incubated at 370C for 
overnight. Cells were harvested and washed by 
centrifugation and number of cells was 
determined according to the optical density (at 
640nm) by using spectrophotometer (Thermo 
scientific, Genesys 10S UV-V1S) according to 
McFarland 0.5 turbidity standard. Subsequently, 
two inoculation levels of Salmonella typhimurium 
has been used to contaminate the meat samples. 
Inoculation level 102 CFU/g of meat has                  
been considered as the low level inoculation              
and 108 CFU/g of meat has been considered as 
the high level Salmonella typhimurium 
inoculation. 

 

 
Fig. 1. Natural compounds used in the study  
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2.5 Contamination of Chicken Meat 
Samples 

 
Frozen poultry meat portions were used for the 
study with a weight of 10± 0.2 g per sample and 
rinsed in sterile distilled water followed by 30 
minutes of UV treatment to decontaminate the 
meat samples. Meat samples (n=9 for one 
treatment) were contaminated with two 
concentrations of Salmonella typhimurium (102 
and 108 CFU/g) (mentioned above). Meat 
samples with three replicates were contaminated 
artificially by adding the respective number of 
bacteria in to the meat containing sterilized flask. 
Contaminated samples were shake in an 
automatic shaker for 30 minutes with continuous 
shaking (150 rpm/minute) and removed the 
culture medium containing bacteria and drained 
the meat samples well followed by the washing 
with sterilized distilled water. Meat samples 

without contamination with Salmonella were used 
as the uncontaminated control to see the sterility 
of meat samples. 
 
2.6 Decontamination of Poultry Meat with 

Organic Chemicals and Natural 
Compounds 

 
The experiment was consisted of two treatments 
as dipping of contaminated meat samples (102 
and 108 CFU/g) in 1% solutions for 30 seconds 
which consisted of six replicates for each 
treatment. Each sample was immersed in the 
autoclaved flasks containing the 1% organic 
compounds such as citric, acetic, lactic acids and 
in 1% natural compounds such as Nutmeg, Mace 
and Cardamom for and 30 seconds and the 
flasks were agitated for respective time period 
(30 second) in a rotor having 200 rpm. 

 

 
 
Fig. 2. Treatment of chicken meat with different natural and chemical compounds following the 

contamination with S. typhimurium 
 

 
 

Fig. 3. Enumeration of S typhimurium colonies on Selective plates (XLD) 
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Contaminated meat samples without any 
chemical treatment were taken as the control in 
this study. Treated meat samples were grinded 
aseptically and were taken for the microbiological 
investigation. Experiment was performed twice to 
see the reproducibility. 
 
2.7 Microbiological Investigation 
 
Grinded meat samples were serially diluted in 
sterilized distilled water and 100 µl of the sample 
were plated on Xylose Lysine Deoxycholate agar 
(Himedia, India) plates using spread plate 
method in three replicates for each dilution. 
Following the inoculation plates were incubated 
at 35±2°C for overnight and colonies were 
counted manually.  
 
2.8 Statistical Analysis 
 
Results were converted to logarithms and the 
analysis of data was carried out using the SAS 
statistical software (version 9.1, SAS Institute 
Inc. 2004). Data were compared with one way 
ANOVA, followed by a Tukey’s post-hoc test. For 
all statistical analyses, a 5% significance level 
was used. 
 
3. RESULTS AND DISCUSSION 
 
The results of the study have shown that there is 
a statistically significant reduction of Salmonella 
typhimurium (ATCC 14028) colony count of meat 
samples at both of the inoculation levels (102 

CFU/g of meat and 108 CFU/g of meat) when 
treated with Chemical and Natural compounds. 
Where the samples were treated with Chemical 

treatments Lactic, Acetic and Citric acids have 
shown 66% (25 CFU/g), 55% (33.33 CFU/g) and 
51% (36.6 CFU/g) reduction of colony count at 
102CFU/g inoculation and 88% (8.13x106CFU/g), 
87% (9.3x106CFU/g) and 72% (2.03x107CFU/g) 
reduction at 108CFU/g inoculation level 
compared to the untreated control. And the 
degree of reduction has been elevated for the 
same treatment, with the elevation of the degree 
of inoculation. So at the 108 CFU/g inoculation, it 
has shown higher reduction values respectively 
for Lactic, Acetic and Citric acid Compared to the 
untreated control (Table 1). 
 
Salmonella prefers pH in between 6.5 – 7.5 [15], 
so they have the tendency of depleted their 
biological function under extreme pH levels and 
possible eradication. All the acids used as 
treatments are having lower pH levels/ Acidic pH 
levels. At the 25°C and 1 atm pressure, Lactic, 
Acetic and Citric acids are shown following pH 
values 3.51, 3.91 and 4.18 that are adverse to 
the growth of Salmonella species. This might be 
one of the possible reasons for the reduction of 
final colony count for all 3 treatments. According 
to the results obtained, it also showed that the 
increase of the acidity has increased the 
reduction of the final colony count. So this may 
be the reason for different reduction percentages 
for the different acids. It has shown a relationship 
between pH and reduction percentage, that the 
Higher the acidity/Lower the pH, will be more 
effective than treatment with a low acidity. As 
Lactic acid had the highest acidity/ lowest pH of 
the used treatments, it has shown the highest 
reduction percentage (66%) of the final colony 
count (Table 2). 

 
Table 1. Effect of weak acids and natural compounds on Salmonella typhimurium at two 

different contamination levels (10
2
 and 10

8 
CFU/g of meat)  

 

Meat contamination 
levels 

10
2
 CFU/g of meat 10

8
 CFU/g of meat 

Treatments with organic 
acids and natural 
compounds 

Colony count 
(CFU/g of meat) 

Reduction 
% 

Colony Count 
(CFU/g of meat) 

Reduction 
% 

Organic 
acids 

Control 75 a ± 2.4 0 7.3x107 a ±5.09x105 0 
Lactic 25 b ± 5.0 66.66 8.13x106 b ± 1.6x105 88.85 
Acetic 33.33 b ± 2.0 55.55 9.3x106 b ±5.4x105 87.26 
Citric 36.66 b ± 3.7 51.11 2.03x107 c ±1.36x106 72.12 

Natural 
compou
nds 

Control 70 p ± 4.4 0 7.2x107 a ± 9.57x105 0 
Nutmeg 10 r ± 4.0 85.71 7.3x106 b ± 1.06x105 89.77 
Mace 11.6 r ± 2.0 83.33 7.5x106 b ± 1.49x105 89.58 
Cardamom 23.3 q ± 3.7 66.66 1.96x107 c ± 5.9x105 72.78 

Bacterial counts are expressed as Colony Forming Units/g ± Standard error). Values in the same column with a 
different superscript letter are significantly different from each other (P < 0.05) for each treatment (Acid treatment 

and natural compounds) 
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Table 2. Reduction percentages and pH levels (10
2
 and 10

8 
CFU/g of meat) 

 
Treatment pH Percentage reduction 10

2
 CFU Percentage reduction 10

8
 CFU 

Lactic acid 3.51 66 88 
Acetic acid 3.91 55 87 
Citric acid 4.18 51 72 

 
The influence of three organic acid, (acetic, lactic 
and citric acid in different concentrations) were 
evaluated over two major foodborne pathogens, 
Listeria monocytogenes and Salmonella 
enteritidis by Jankuloski and his group revealed 
the effect of these acids to reduce the bacterial 
growth [16]. In another experiment, done by 
Menconi and the colleagues and found that 
blend of organic acids such as acetic, citric and 
propionic acids have shown a significant 
antibacterial activity against three foodborne 
pathogens namely, S. typhimurium, Escherichia 
coli O157:H7, or Listeria monocytogenes 
commonly implicated in meat processing [17]. 
Further supporting the current study there were 
many findings in the literature who found that 
antibacterial effect against S. thypimurium [18-
21]. 
 
3.1 Effect of Natural Compounds on 

Salmonella typhimurium 
 
When it comes to the natural treatments, it is 
comparatively health beneficial, as natural 
compound is not showing any harmful effects on 
humans. But it is not economically friendly as 
they all are expensive than the chemical 
treatments. Samples that were treated with 
Natural compounds, such as Cardamom, 
Nutmeg and Mace were also shown a 
significance level of reduction of the Salmonella 
colony count. At the level of 102 CFU/g 
inoculation level, all the treatments (Cardamom, 
Nutmeg and Mace) have shown 85% (10 
CFU/g), 83% (11.6 CFU/g) and 66% (23.3 
CFU/g) reduction and 89% (7.3x106 CFU/g), 
89% (7.5x106 CFU/g) and 72% (1.96x107 CFU/g) 
reduction at 108CFU/g inoculation level (Table 1). 
 
Cardamom consists a complex blend of natural 
oils and therefore it has many organic 
compounds that give certain characteristics to 
Cardamom, such as aromatic, antiseptic, 
stimulant, carminative, stomachic, expectorant, 
anti-spasmodic and diuretic abilities [22]. Among 
many other organic molecules, majority of 
Cardamom’s natural oil mainly consist with 
36.3% 1,8-cineole, 31.3% α-terpinyl acetate, 
11.6% limonene, 3% linalool, 2.8% sabinene, 
2.7% trans-nerolidol, 2.6% α-terpineol, 2.5% 

linalyl acetate, 1.6% myrcene, 1.5% α-pinene 
[14]. Major constituents of Cardamom have 
shown antimicrobial effects on several occasions 
[23]. This might be a possible reason behind the 
significant reduction of Salmonella typhimurium 
colony count in this study. 
 
On the other hand, Nutmeg and Mace are 
derived from the same fruit. Nutmeg is the kernel 
inside the seed and mace is the soft outer layer 
of the “Nutmeg fruit”. So they are sharing 
common characteristics when it comes to their 
chemical compositions. Yet, there are slight 
differences too. Nutmeg seed oil mainly consists 
of 21.38% sabinene, 13.92% 4-terpineol and 
13.57% myristicin [24]. Nutmeg contains 35.4% 
total lipids, 74.9% of which is myristic acid. Also, 
Mace contains 30.4% total lipids and out of that 
amoount 40.3% is oleic acid [25].  
 
Sabinene has been identified as an antimicrobial 
compound. Sabinene is a natural bicyclic 
monoterpene with the molecular formula C10H16. 
It is isolated from the essential oils of a variety of 
plants including holm oak (Quercus ilex), Norway 
spruce (Picea abies), Nutmeg (Myristica 
fragrans) [26]. It has successfully controlled the 
growth of Escherichia coli ATCC 25922 and 
Enterobacter aerogenes [27]. Also sabinene has 
pronounced anti-inflammatory and antibacterial 
properties [28-30]. As both Nutmeg and Mace 
are in rich with sabinene, it might be one of the 
many reasons to reduce the final Salmonella 
count. In agreement with the current study Uhart 
and the colleagues found that natural products 
such as ginger, garlic and turmeric inhibit or 
inactivate the growth of Salmonella Typhimurium 
DT 104 in beef [31]. Further in line with the 
current study, the effects of coriander, garlic, 
rosemary, and orange peel oils on the survival of 
Salmonella Enteritidis was studied by Tosun and 
the group and they confirm that these natural 
products have antibacterial effect against the 
organism [32]. A stud done with oregano and 
cinnamon essential oils and powdered olive and 
apple extracts against Salmonella enterica 
serovar Typhimurium DT104 in ground pork 
showed the possibility of controlling the 
Salmonella by these natural compounds and it 
further supports the findings of this study [33]. 
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Many other research found the effect of natural 
compounds against salmonella confirming the 
findings of this study [34-37]. 
  
4. CONCLUSION 
 
It can be concluded that the natural compounds 
(nutmeg, mace and cardamom) and organic 
acids (acetic, citric and lactic) have an 
antibacterial effect on S. typhimurium, and, 
therefore, it can be used for the decontamination 
process of poultry meat. The natural compounds 
have shown greater efficiency in destroying the 
S. typhimurium compared to the chemical 
compounds. 
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