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1 Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) was 

identified in 1962 and, together with certain species of Enterococcus, 
is currently considered as a global pandemic threat (Centers 
for Disease Control and Prevention, 2013; Rossolini  et  al., 
2014). There are three groups of methicillin-resistant S. aureus 
— Healthcare-associated, methicillin-resistant S. aureus 
(HA-MRSA) and considered as a major causative agent as chronic 
diseases and presence of a catheter among others, then after 
two decades the first case of acquired community-associated 
S. aureus MRSA (CA-MRSA) was reported in many countries 
(Deurenberg  et  al., 2007), in community-level studies, the 
CA-MRSA carriage prevalence among the general public ranged 
from 0% to 23.5%, whereas that ranged from 0.7% to 10.4% in 
hospital settings (Wong et al., 2018), and Livestock-associated 
S. aureus (LA-MRSA), has also been reported to be associated 
with companion animals (Nemati et al., 2008; European Food 
Safety Authority, 2009; Wendlandt et al., 2013; Vincze et al., 
2014). Dweba et al. (2019), stated that, Virulent and multidrug 
resistant S. aureus including MRSA isolates were detected in 
South African livestock production systems as well as their 
environments. The HA-MRSA and CA-MRSA that generally 
affect humans are not involved in livestock infections. However, 
LA-MRSA may affect humans, especially in the case of occupational 
contact with livestock (Cuny et al., 2015). Though many foods 
containing CA-MRSA, LA-MRSA, and even HA-MRSA, have 

been documented, however, it is not clear whether the MRSA 
can be classified as food-borne pathogens. MRSA is found in 
several species of animals and their meat products, such as pigs 
(Khanna et al., 2008; Smith et al., 2009), poultry (Nemati et al., 
2008), and cattle (Hasman et al., 2010). de Boer et al. (2009), 
found MRSA predominantly in turkey (35.3%), followed by 
chicken (16.0%), veal (15.2%), pork (10.7%), and beef (10.6%). 
Boost et al. (2013), recovered MRSA from chicken samples of 
455 and found positive to 31 as a ratio of 6.8% in both fresh 
and frozen chicken (31/455). Many studies have reported the 
S. aureus infections in poultry: Andrew et al. (2011), reported 
that 52% occurrence of multidrug-resistant S. aureus in the US 
meat and poultry. Poultry meat is highly perishable and provides 
a high nutritive medium for the growth of bacteria like spoilage 
and pathogenic microorganisms (Vasilatos & Savvaidis, 2013). 
The increasing productivity and global demand for poultry 
meat also increased the importance of poultry meat hygiene 
and safety worldwide (Sofos & Geornaras, 2010).

Total volatile basic nitrogen (TVBN) is considered as a major 
chemical parameter related to microbial growth and contaminations 
of meats and fish (Fraqueza et al., 2008; Boziaris et al., 2011). 
The TVBN in dark turkey meat packed under aerobic condition 
has been shown to relate well with the microbial growth of spoilage 
microorganisms (Fraqueza et al., 2008). The other parameter related 
to the microbial growth is the changes in pH (Gram & Dalgaard 
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2002, Boziaris et al., 2011). These two factors are considered 
important indicators of microbial spoilage in meat and poultry 
(Hernández-Herrero et al., 1999; Fraqueza et al., 2008).

Preservation of chicken and its products is based mainly 
on the high acidity of the preservatives employed to inhibit the 
growth of spoilage and pathogenic microorganisms. However, 
their use is considered undesirable by consumers, are demanding 
reduced levels of such additives in foods. Although the safety of 
these additives is supposed to be ensured primarily by their low 
pH, several pathogens, namely E. coli O157: H7, L. monocytogenes, 
and Salmonella spp., have been reported to survive or even 
grow in these foods (Smittle, 2000). Usually, the carriers of the 
pathogen are the raw ingredients, as well as any contamination 
from the processing environment and packaging operations.

Therefore, the present study was aimed to evaluate the 
effect of citrox at the different concentration 1 and 2% on 
methicillin-resistant S. aureus (MRSA) in vitro. Moreover, its 
effect on the survival, and elimination of the bacterial growth for 
prolonging the shelf life of vacuum packaged (VP) chicken fillets 
stored at 4 °C for 0, 3, 6, 9, 12, 15, 18, and 21 days were studied. 
The study was also aimed to determine the changes in total volatile 
basic nitrogen (TVBN) and pH during the storage periods.

2 Materials and methods
2.1 Sample preparation

Chicken fillet samples (skinless and boneless), approximately 
weighing 25 g, were collected from the retail markets for poultry 
located in Riyadh, Saudi Arabia. The samples were incubated at 
2 °C to be used in further experimental steps.

2.2 Bacterial strains

The methicillin-resistant strains of S. aureus (MRSA) 
obtained from the laboratory of food microbiology, College 
of Food Science, King Saud University were used as inoculum 
(106 CFU/mL). For activation of the strain, 1 mL of of overnight 
culture was added to 9 mL of Brain heart infusion broth (HIMEDIA, 
M210-500G), and incubated at 37 °C for 24 h. Subsequently, the 
samples were centrifuged to collect the sediments, which was 
then washed twice with saline solution (0.85% NaCl) before 
preparation of the final solutions.

2.3 Preparation of citrox solution

The citrox solution was prepared by mixing 18 g citric acid, 
18 g malic acid, and 5 g ascorbic acid in 100 mL of water. The pH 
of the solution was adjusted to ~2.7. It was yellow color. The citrox 
solution was subsequently diluted to 1% and 2% and sterilized 
at 121 °C for 15-20 mins along with NaCl 0.85%.

2.4 Chicken fillet inoculation, treatment, and packaging

According to Vardaka et al. (2016) with some modifications, 
five hundred twelve chicken fillet samples (approximately 
weighing 25 g, each) were divided into three main 
groups A, B, C and D (each containing 128 samples).

Group A, Chicken-Salt: The samples were soaked in a tray 
containing 1 L of salt solution (0.85%, NaCl) and left for 2 mins. 
This has been used as the negative control.

Group B, Chicken-Salt-Staph: The samples were soaked in 
1 L of saline solution and then drained through a sterilized sieve. 
Subsequently, the samples were soaked in methicillin-resistant 
S. aureus (MRSA) inoculum (106 log CFU/mL) and left for 
2 mins. This has been used as a positive control.

Group C and D, Chicken-Salt–Staph-Citrox 1% and 2%: 
The samples were soaked in 1 L of saline solution for 2 mins, 
followed by soaking in methicillin-resistant S. aureus (MRSA) 
for another 2 mins. Subsequently, 1 L of citrox solution (final 
concentration 1% and 2% in the salt solution for group C and 
D, respectively) was added after draining the samples through 
a sieve. All samples left on the sieve until dried before packing 
in transparent polyethylene pouches (low density) and sealed 
under vacuum (Plas Vac 20, Komet, Germany), and finally 
stored in cooled incubators at 4 °C for different intervals of time 
0, 3, 6, 9, 12, 15,18, and 21 days.

The samples were repeated for determination of TVBN, 
pH and sensory test.

2.5 Antimicrobial activity of citrox

The antimicrobial effect of citrox on methicillin-resistant 
S. aureus (MRSA) was evaluated by inoculating one colony of 
S. aureus in Brain heart infusion broth (HIMEDIA, M210) at 
37 °C for 24 h. 100 µl of culture (106 CFU /mL) was inoculated 
to Brain heart infusion medium (Oxoid, CM375) using the Agar 
well diffusion method. Then, a hole with a diameter of 6 mm was 
punched aseptically with a sterile cork borer, and two different 
volumes of (50 mL and 100 mL) 1% and 2% citrox solution were 
introduced into the well. Then, the plates were incubated at 37 °C 
for 24 h, and the zone of inhibition was observed.

2.6 Microbiological analyses

Chicken fillet samples (10 g) were aseptically transferred 
to 90 mL of 0.1% peptone water (Oxoid, CM 0009) in a 
stomacher bag (Seward Ltd, London, UK), and the mixture was 
homogenized for 1 min at room temperature. For enumeration 
of methicillin-resistant S. aureus, 0.1 mL and 0.01 mL samples 
of the dilution (1/10) were poured into the Brain Heart Infusion 
medium (Oxoid, CM375) and incubated at 37 °C for 24-28 h.

2.7 Chemical analysis

2.7.1 Determination of Total Volatile Base Nitrogen (TVBN)

For determination of total volatile base nitrogen, method 
of magnesium oxide was used as described by Association of 
Official Analytical Chemists (1990) as follows: 5 g of sample 
was added to the heating flask containing 300 mL distilled water 
plus 2 g magnesium oxide and anti-foaming granules. In the 
receiving flask, 25 mL of boric acid (2%), with a few drops of 
Tashiro indicator (1.25 g methyl red + 0.32 g methylene blue 
in liter ethanol 90%) was added. The two flasks (heating & 
receiving) were connected to the evaporator, and the water bath 
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was managed. After 25 minutes, the distillation was stopped. 
The content of the receiving flask was titrated to the endpoint 
using sulphuric acid (0.05 N).

The total volatile nitrogen was determined as follows:

TVBN = (V ×N × 100 × 14)/ W

Where: V= volume (mL) H2SO4 used for the sample. 
N= normality of H2SO4 (0.05 N).

W= weight of sample in gram.

2.7.2 pH measurement

To measure the pH, 25 g of each sample was added to 10 mL of 
distilled water and homogenized for 1 min. The pH measurement 
was performed using a pH meter (pH 8000- Sargent–Welch, 
Warner Road, Cleveland, Ohio, U.S.A) in triplicates.

2.7.3 Color measurement

The surface color of the chicken samples was measured by 
CIEL*a*b* color scales based on the opponent color theory. This 
theory assumes that the receptors in the human eye perceive 
color as the following pairs of opposites. L scales (0-50): light 
vs. dark where a low number indicates dark and high number 
indicates light. A scale: red vs. green where a positive number 
indicates red and a negative number indicates green. B scale: 
Yellow vs. blue, where a positive number indicates yellow, and 
a negative number indicates blue. The samples were evaluated 
during the storage period using a colorimeter (Spectrophotometer, 
Spectrophotometer, CR-300, Minolta Inc., Japan) which was 
calibrated against a black and white reference tiles. Measurements 
of L*, a*, and b* values of each treatment were recorded at three 
different locations, each with three replications.

2.8. Sensory test

Chicken fillet samples were cooked using a microwave oven 
(Sanyo, Model: EM-G1299V, China) at high power for 10 min. 
A panel of five experienced food scientists (technicians, member 
staff, and postgraduate students) was selected to evaluate the 
sensory attributes of cooked chicken. All the panelists had 
previously participated in training sessions to become familiar 
with the sensory characteristics of cooked chicken. Taste, odor, 
and appearance of the cooked chicken fillets were used as the 
testing parameters to evaluate the samples. Acceptability of 
odor and taste was estimated using a scale ranging from 0 to 9. 
The panel was asked to indicate whether the products had an 
acceptable or unacceptable (deviating) taste, flavor, and odor. 
A 9-point hedonic scale was used (9=like extremely, 5=like 
moderately, 1=dislike extremely) in this study.

2.9 Statistical analysis

All the results were represented as Mean (M) ± standard 
deviation (M ± SD). Analysis of variance among the groups and 
periods of storage were analyzed using a completely randomized 
factorial design (SAS Institute Inc, 1988). When a significant 
main effect was detected, the means were separated with Duncan 

multiple tests (Duncan, 1955). Differences between groups with 
p ≤ 0.05 were considered significant.

3 Results and discussion
Inoculation of Citrox 1% and 2% solutions inhibited the 

growth of MRSA. However, the zone of inhibition was observed 
to be larger, with 2% citrox (Figure 1). Since both concentrations 
were effective, we decided to treat the chicken fillets with both 
to limit or stop the growth of MRSA in chicken fillet samples 
during the storage period.

3.1 Total viable count

The total viable count (TVC) that estimates the concentration 
of microorganisms in a sample is commonly used as a 
microbiological parameter. It determines the hygiene status, 
and shelf life of meat and meat products. The total viable counts 
in chicken fillets during the 21 days of storage are presented in 
Figure 2. The chicken samples injected with MRSA (the positive 
control) recorded highest total viable count of 8.200 log CFU/g 

Figure 1. Effect of the citrox solution at a concentration of 1% and 2% 
on methicillin-resistant Staphylococcus aureus.

Figure 2. Total viable count of bacteria during storage period at 4 °C.
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and 8.733 log CFU/g after 3 and 9 days of the storage period, 
respectively, exceeding the maximum limit. However, in the 
chicken samples treated with 0.85% NaCl (the negative control), 
the total count was found to be increased gradually from 7.200 log 
CFU/g on the 12th day to 8.433 log CFU/g on the 21st day of 
storage. The group C and D samples stored at 4 °C, revealed a 
stable TVC of 6.733 and 6.567 log CFU/g, after 21 days of the 
storage period, respectively that did not exceed the permissible 
limit. The samples were retained their temperament and were 
devoid their manifestations of corruption found in the treated 
samples through all storage period. The TVC in samples treated 
with 2% citrox revealed a reduction by 2.5 and 2.0 log cycles 
as compared to the negative and positive control, respectively, 
indicating the significant effect of citrox on the bacteria. Moreover, 
the temperature of domestic and retail store refrigerators, 
which are considered critical points of the cold chain, often 
range from -1 to 15 °C (Bovill et al., 2001; James et al., 2008). 
Temperature is one of the most important factors that affect 
microbial growth (Nedwell, 1999; Smolander et al., 2004; Karadag 
& Puhakka, 2010). Therefore, the microbial community changes 
according to varying temperatures (Karadag & Puhakka, 2010; 
Franciosi et al., 2011). There are many objective tests suggested 
to be proving as meat spoilage. According to the standardization 
organization for G.C.C (GSO), 2007, the maximum limit of the 
microbial count is 107-log CFU/g. Similarly, the permissible limit 
of TVC by ICMSF, 1986 is log107(for raw chicken, fresh or frozen).

3.2 Total volatile basic nitrogen

TVBN, a product of microbial amino acid decarboxylase 
activity, is used to estimate the shelf life of chicken meat. In the 
present study as shows in Figure 3, after 21 days of storage, the 
TVBN values in chicken treated with 1% and 2% citrox were 
48.067 mg/100 g and 35.933 mg/100 g at 4 °C, respectively. This 
was significantly lower as compared to chicken breast fillet treated 
with salt as a negative control (99.867 mg/100 g) and S. aureus 
(MRSA) as a positive control (62.533 mg/100 g). The TVBN 
values of citrox treated chicken do not exceed the recommended 
limit of 60 mg/100 g (NF V 01-003, 2004), during the entire 
storage period of 21 days and the treatment with the 2% citrox 
was better than 1% citrox. For the treatment of chicken breast 
fillet when stored at 4 °C and under vacuum and more effective 
against MRSA S. aureus and lead to the reduction in the loss of 
chicken meat quality and improved the safety of it. The chemical 
method used for determination of spoilage of chicken and the 
chicken product is the total volatile base nitrogen (TVBN), 
which serves as an indicator to its quality and safety. Generally, 
consumers throughout the world do not prefer foods treated 
with various chemical additives; instead, the demand for natural 
products being used as preservatives is increasing day by day. 
Citrox constituted by ingredients of plant origin (citric, ascorbic 
and malic acid) can be used as an alternative as it is effective in 
the presence of organic matter, breaks down biofilm, extends 
shelf life, reduces pathogenic attack, can be applied directly to 
food as an additive, and conforms to BS EN 1276 (European 
Suspension Test). Several studies also reported TVBN to be an 
indicator of the quantity of biogenic amines, which are produced 
in the microbiological contamination of foods (Min et al., 2004; 
Min et al., 2007; Vinci & Antonelli, 2002). The TVBN values of 

duck/pork meat samples ranged from 124.2 to 172.8 mg N/100 g 
during refrigerated storage for 4 weeks (Choe et al., 2017)

3.3 pH Value

In the first three days of the experiment, no statistical variance 
in the pH was detected for the four groups (Figure 4). The initial 
pH of chicken samples treated with salt was 6.010 and reached 
to 6.650 after 21 days of storage period. Chicken samples treated 
with 1% and 2% citrox had an initial pH of 6.00 that reached 
6.433 and 6.400, respectively, on the 21st day. High pretentious 
food that was stored under vacuum such as chicken show an 
increased pH because of the number of microorganisms that cause 
spoilage (Krizek et al., 2004; Balamatsia et al., 2006; Ntzimani et al., 
2008). The relative increase in pH of salt treated chicken as 
compared to the MRSA treated chicken could be attributed to 
this fact. The proteolytic activity of mixed microorganisms in a 
basic compound (Vinci & Antonelli, 2002), leads to an increase 
in pH more as compared to that of one type of bacteria. Chicken 
treated with 1% and 2% citrox solution also showed increased pH 
but less than salt and MRSA S. aureus treatments. del Río et al. 
(2007) reported that dipping the chicken meat in citric acid 
significantly decreased the pH after marination. Reduction of 
the pH value of meat products is considered to influence many 
factors during the storage period, such as extended storage period, 
the stability of water binding capacity and texture, and loss of 
redness (Sammel & Claus, 2003). Khare et al. (2016), were used a 
coating solution which was prepared by adding carrageenan and 
potassium chloride, cinnamon oil and with or without citric acid. 

Figure 3. Total volatile base nitrogen during storage period at 4 °C.

Figure 4. pH values of chicken samples during storage at 4 °C.
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They noticed that pH of the coating solution were 7.56 (without 
citric acid) and citric acid incorporated coating solution had pH 
of 3.88-4. However, Petrou et al. (2012), observed no significant 
difference in pH of chicken fillets dipped in chitosan and oregano 
oil throughout storage period.

3.4 Instrumental color value

Color differentials of chicken breast fillet treated of the four 
groups observed in the present study are shown in (Table 1). 
Significantly higher L* values were observed for groups C and D 
treated with 1% and 2% citrox solution as compared to both 
the negative and positive control at 9 days of storage. Whereas 
no significant changes in the L* value was observed between 
the negative control and the positive control. A significant 
increase in the a* value was observed after 9 days of storage 
in the sample treated with Staph (group B) as compared to the 
remaining three groups.

Generally, the reduction in the red color of chicken breast 
fillet samples during storage period was due to the correlation 
between lipid and pigment oxidation in meat. This result could 
be because of the binding of the heme iron of myoglobin with 
citric acid or the prevention of the formation of pink pigments by 
acidification (Kieffer et al., 2000). Kim et al. (2015), were stated 
that chicken breasts group which were treated with citric acid 
reduced redness when compared to both internal and external 
redness of control group (p<0.05).

However, a significant increase in the b* value was detected in 
samples treated only with S. aureus MRSA (Chicken- salt- Staph.), 
than the other three treatments. The effect of chilling and using 
a various concentration of citrox (acidic) leads to a change of 
the skin color of chicken breast fillet.

Organic acids present in citrox solution (citric, malic, ascorbic 
acids) increased lightness and decreased redness and yellowness 

values. These results are in agreements with Bilgili et al. (1998), 
who reported that propionic acid had little effect on lightness 
and redness values, but decreased yellowness values significantly. 
The lower a∗ values when used propionic acid treatments of 
chicken may be due to the oxidizing property of the antimicrobial, 
but not negatively affecting the sensory attributes (Chen et al., 
2014). Similarly, the processing conditions, such as scalding 
temperature and storage period (Heath & Thomas, 1973, 1974; 
McKee et al., 2008; Jeong et al., 2011), pH (Heath & Wabeck, 
1975), and immersion chilling (Lyon & Cason, 1995), have 
been shown to affect broiler skin color. Some studies reported 
that the use of appropriate amounts of lactic acid is important 
to determine the effect on the fresh and cooked color of meat 
(Kotula & Thelappurate, 1994). Lactic acid concentrations of 
1.2% and 1.5% caused color deterioration in beef samples during 
display (Kotula & Thelappurate, 1994). The use of appropriate 
amounts of lactic acid is important to determine the effect on 
the fresh and cooked color of meat (Alahakoon et al., 2014). 
Kim et al. (2015) stated that dipping in citric acid solution was 
proven to prevent the redness in meat products conferred by 
the sous-vide process. The increase in CA concentration had a 
positive influence on the reduction of the pink color by inducing 
the thermal denaturation of myoglobin during refrigerated storage.

3.5 Sensory evaluation

Sensory analysis of the chicken breast samples revealed that 
the sample injected with MRSA, resulted in lower sensory scores 
for all parameters compared to control (Table 2). The addition 
of 1% and 2% citrox acquired moderate sensory scores for color, 
odor, and flavor but lower in taste and tenderness. The use of 
citrox that contained a combination of flavorings and antioxidants 
could improve the nutritional and sensory attributes. However, 
further studies are required to obtain such benefits without 
compromising microbial safety.

Table 1. Hunter L, a, b color values of chicken breast meat samples treated with 1% and 2% citrox and stored at 4 °C for 21 days.

Hunter color Treatment Storage period (d)
L* (Lightness)   0 3 6 9 12 15 18 21 Mean 1

Chicken – salt (Control) 50.56 51.02 51.53 51.89 52.36 49.43 48.55 47.53 50.357 a

Chicken- salt- Staph 50.62 52.22 53.66 52.67 53.16 49.72 47.47 47.11 50.825 b

Chicken - Staph- Citrox 1% 50.50 52.67 54.65 67.13 55.60 51.78 50.26 50.00 54.071 d

Chicken - Staph- Citrox 2% 49.37 51.41 52.46 65.33 53.09 49.61 48.41 48.14 52.227 c

Mean 2 50.260 d 51.827 e 53.075 f 59.253 h 53.551g 50.133 c 48.669 b 48.195 a -
a* (Redness) Chicken – salt (Control) 1.500 3.690 4.050 4.025 3.555 1.100 0.933 0.835 2.461 b

Chicken- salt- Staph 0.890 2.185 3.310 6.505 3.445 3.250 3.210 3.045 3.230 a

Chicken - Staph- Citrox 1% 0.950 1.165 2.345 5.385 0.555 0.260 0.125 0.110 1.361 d

Chicken - Staph- Citrox 2% 1.817 2.070 3.877 6.603 1.767 1.437 1.050 0.810 2.428 c

Mean 2 1.289 e 2.278 c 3.395 b 5.630 a 2.330 c 1.512 d 1.330 e 1.200 f -
b* (Yellowness) Chicken – salt (Control) 6.380 7.710 7.525 7.460 6.580 6.140 4.485 4.265 6.318 b

Chicken- salt- Staph 4.995 5.325 9.680 9.475 9.335 14.730 11.375 11.010 9.491 d

Chicken - Staph- Citrox 1% 5.350 5.510 5.050 6.000 6.870 8.255 7.280 7.005 6.415 c

Chicken - Staph- Citrox 2% 5.033 5.020 4.517 5.110 5.760 7.197 6.117 5.853 5.576 a

Mean 2 5.440 a 5.891 b 6.693 c 7.011 d 7.136 e 9.080 g 7.314 f 7.033 d -
L* = indicates lightness; a* = indicates redness; b* = indicates yellowness. a,b means in the same row.
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The addition of citrus extract (0.1 mL/100 g), which 
were used singly or in combination with an oxygen absorber 
reduced the TVC of aerobically packaged ground chicken meat 
by 0.5 and 1.5 log CFU/g, respectively (Mexis  et  al., 2012). 
Vardaka et al. (2016) combined citric extract and chitosan (CH) 
to the turkey meat to improve its taste and odor, and their results 
were in agreement with the findings of Petrou et al. (2012), who 
reported that chitosan, applied either singly or in combination 
with oregano EO, did not negatively influence the taste of chicken 
breast meat. Both chitosan and Citrox were sensorially acceptable 
when added to turkey samples, with chitosan characterized by 
spicy, fruity, and oriental flavors and citrox characterized by a 
citrus-like flavor. Moreover, the addition of both citrus extract 
and chitosan may provide the possibility of new flavors and 
options for poultry products. However, further sensory tests 
are needed to examine this possibility (Vardaka et al., 2016).

4 Conclusion
The results of our study explained the importance of using 

citrox solution to extend the shelf life of chicken breast fillet 
samples about 21 days when stored under vacuum at 4 °C. 
Being a natural compound containing high antioxidant and 
antibacterial activity, it was able to control MRSA growth on 
chicken meat. Citrox also improved the sensory characterization 
of chicken breast fillet samples.
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