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ABSTRACT 
 

C 
hicken meat are easily contaminated with different microorganisms 
including spoilage and pathogenic bacteria, posing risks that may 
lead to health hazard for consumer. Employing innovative methods 

during food storage represents a novel approach to manage and mitigate 
these potential dangers. Hence, the primary objective of this research was to 
improve the shelf life and safety of refrigerated chicken fillets by employing 
citrox solution, it is a compound a mixture of citric, malic and ascorbic ac-
ids. Citrox solution used at three concentrations (1%, 2%, and 4%) to assess 
its antimicrobial effect against colonization of S. aureus, physico-chemical 
parameters (pH, total volatile nitrogen, and thiobarbituric acid), and the sen-
sory attributes of chicken fillets stored at 4°C for 18 days. The findings indi-
cated a significant reduction in S. aureus count by about 2 logcfu/g with the 
addition of different concentrations of citrox solution. Also, citrox solution 
improved the physio-chemical properties of chilled chicken fillets (pH, TVB
-N, and TBA) through its protection from deterioration. Moreover, improved 
the sensory attributes of examined samples of chilled chicken fillets com-
pared with control one. Concentrated 4% of citrox solution had the optimal 
significant effect than 1% and 2%. In conclusion, the study suggested that 
utilizing citrox solution as a natural antibacterial and antioxidant preserva-
tive for chicken fillets stored at 4ºC could extend its shelf life up to 18 days 
compared with control group which was completely spoiled at the 9th day of 
storage. 

INTRODUCTION: 
Food safety is an important goal for public 

health as well as the economy. Every year, 
about 1 in 10 people get food poisoning as a 

result of consuming food contaminated with 
pathogenic microorganisms (Lee and Yoon 
2021). Given the interconnection between food 
safety and nutrition for health outcomes from 
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food systems (WHO 2022), the task of deliver-
ing high-quality, safe, and nutritious food is 
anticipated to become increasingly challenging 
in the next decades (EC 2020). 

 
Consumers prefer chicken meat more than 

other edible meats in particular because of its 
distinctive qualities. In addition, having good 
nutritional value, chicken meat is regarded as a 
better protein source because it has less fat and 
cholesterol than other meat. During the prepa-
ration and processing of chicken, several food 
borne pathogens are more prone to contami-
nate the chicken meat. This microbial contami-
nation may cause harm for public health that 
has a serious impact on healthcare costs in ad-
dition to maximizing economic and financial 
losses for the producer linked businesses and 
employees (Cavitte 2003). Most pathogens like 
S. aureus, Salmonella sp., Listeria sp., Cam-
pylobacter sp., and Vibrio cholera could be 
present in poultry meat (Gonçalves-Tenório et 
al. 2018). As a result of its biological charac-
teristics and chemical composition, chicken 
meat is a highly perishable foods that serves as 
an excellent source for the growth of danger-
ous microorganisms that can infect humans, 
and cause meat spoilage and economic loss 
Lika (2021). Nonetheless, chicken meat prod-
ucts frequently contain S. aureus, a bacterium 
that causes food poisoning (Qian et al. 2022). 
 

Staph. aureus is the major Gram-positive 
bacteria that have drawn attention because its 
associated hospital and community acquired 
infections (Bush and Bradford 2020). Staph. 
aureus is a serious threat in chicken meat since 
it is resistant to many antibiotics, including 
methicillin (Dehkordiet al. 2017). At room 
temperature, this bacterium grows rapidly and 
produces various types of enterotoxins that 
lead to food poisoning (Hennekinnem , 2018). 
Naturally, S. aureus is widely distributed 
across the world, although food is the main 
source of infection for this organism (Ebert, 
2018). The most economically significant food 
borne illness is caused by staphylococcal food 
intoxication (Chen et al. 2020) which causes 
gastrointestinal illness by action of varieties of 
enterotoxins (Abril et al. 2020). Staph. aureus, 
resulting in vomiting and diarrhea within 2 to 6 

hours after eating contaminated food with al-
ready performed enterotoxins (le et al. 2021). 
The kind of foods ingested on a daily basis that 
S. aureus may thrive in optimally varies from 
nation to country mainly due to regional differ-
ences in food consumption customs (Argudín 
et al. 2010; Kadariya et al. 2014). Staphylo-
coccus aureus and other pathogens in meat are 
caused by poor hygienic practices applied dur-
ing meat processing, as well as other flawed 
abattoir procedures like improper evisceration 
of animals, which increases the risk of gut 
pathogens contaminating meat (Jaja et al. 
2020). 

 
The primary concern associated with S. 

aureus, its capacity to generate enterotoxins 
(SEs). Among these toxins, SEA, SEB, SEC, 
and SED are particularly noteworthy as they 
account for 95% of food intoxication cases 
(Abdelghany et al. 2020). Additionally, SEs 
are heat stable toxins, which means they toler-
ate high temperatures and cannot be destroyed 
by regular cooking. Aycicek et al. (2005) noted 
that these toxins lack a unique flavor and ap-
pearance in food, making it difficult to detect 
them in food. As soon as 30 minutes have 
passed after consuming food contaminated 
with SEs, food poisoning ensues (Argudin et 
al. 2010). 

 
The use of spices, essential oils (Eos), nat-

ural antimicrobials, and bio-preservative 
agents to improve food safety has drawn a lot 
of attention in recent years due to consumers' 
growing demand for fresh foods with longer 
shelf life (Petrou et al. 2012).  

 
Due to the accelerated problems of staphy-

lococcal food poisoning, resistance of S. aure-
us to some antibiotics, toxicity, high sensitivity 
and infection in last years, recent research has 
focused on using the natural antimicrobials as 
alternative to chemical preservatives in food to 
satisfy consumer demand for more natural food 
preservatives (Pisoschi et al. 2018) as concerns 
have arisen due to the use of the chemical pre-
servatives. 
 

Citrous essential oils (CEOs), are extracted 
from peel of citrous fruits, and considered the 
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most widely used Eos in the world (Tsiraki and 
Savvaidis 2016). Citrox comprises soluble bio-
flavonoids derived from citrous fruits, of plant 
origin containing citric, ascorbic, and malic 
acids. Citrox is a yellow color solution with pH 
2.7. Citrox is a novel natural antimicrobial as 
the organic acids and the bioflavonoid com-
pounds have synergistic antiviral, antibacterial 
(Gram-negative and Gram-positive bacteria) 
effects, it emerges as an alternative preserva-
tive due to its efficacy in the presence of or-
ganic matter, it disrupts biofilms, prolongs 
shelf life, mitigates pathogenic threats, thus 
can be directly incorporated into food as an 
food preservative (Vardaka et al. 2016). Be-
cause of these previous advantages, citrox so-
lution can be used as a preservative and to help 
reduce the possibility of contamination of food 
of animal origin from antibiotic-resistant bacte-
ria, and thus prevent its hazard to human 
health. Combination of two natural antimicro-
bials (citrox and oregano essential oil) has a 
great antimicrobial effect against spoilage 
M.Os (TVC, Enterobacteriaceae, mold and 
yeast, and pseudomonas) as well as, extends 
shelf life for 21 day under vacuum packaging 
at 40C  and for 11 day at 120C in buffalo meat  
(Osaili et al. 2023). 

 
So, the object of this study was to evaluate 

the effects of citrox on the viability and growth 
of S. aureus in refrigerated chicken meat and 
the sensory attributes of the chicken meat.  
 
MATERIAL AND METHODS 

Bacterial strains  

The reference strain of S. aureus was ob-
tained from Reference Lab for Safety Analysis 
of Food of Animal Origin, Food Hygiene De-
partment; Animal Health Research Institute 
and used by (107 CFU/mL). To activate the 
strain, 1 mL overnight culture was introduced 
to 9 mL of Brain heart infusion broth (BHI, 
Oxoid CM 225, Basingstoke, UK) at 37°C for 
24 h. Subsequently, the culture was then centri-
fuged at 13.400×g for 5 minutes to collect the 
sediments, which were subsequently washed 
twice with saline solution (0.85% NaCl) before 
preparing the final solutions. The bacterial con-
centration in each culture was assessed by plat-
ing 0.1 ml portions of suitably diluted culture 

onto duplicate Baired Parker agar plates, which 
were incubated at 37 °C for 48 h. Active cul-
tures containing bacterial density ranging from 
1x106-1x107cfu/ml was utilized. 
 
Citrox solution preparation: 

Citrox solution was prepared according to 
(Yehia et al. 2019). Citrox solution is a combi-
nation of citric, malic, and ascorbic acids, in 
100 ml of sterilized water (18 g, 18 g, and 5 g) 
of each aforementioned organic acids respec-
tively, was added and dissolved to obtain 
100% concentration.  This solution was diluted 
to 1, 2 and 4% by adding 1 or 2 or 4 ml up to 
100 ml sterilized water. The pH was adjusted 
to 2.7. The citrox solution was sterilized for 15
-20 minutes at 121 °C. 
 
Antibacterial activity of citrox solution 
against S. aureus: 

To evaluate the antibacterial efficacy of 
citrox, the standard double dilution method, as 
outlined in CLSI (2019) was employed. The 
minimum inhibitory concentration (MIC) of 
citrox against S. aureus was determined using 
serial double dilutions in tryptone soya yeast 
extract broth (TSYEB) medium. Two-fold di-
lutions of citrox were prepared to achieve final 
concentrations of (0.25, 0.5, 1.0, 2.0, 4.0 & 
8.0) mg/ml with S. aureus concentration of 
107cfu/ml (adjusted by 0.5 McFarland’s) in 
TSYEB (Himedia). Each tube was inoculated 
with a suspension of 100 μL from cfu/ml., 
while the control solely comprised inoculated 
broth, then the tubes were placed in the incuba-
tor at 37⁰C for 24 h. The MIC end point indi-
cates the minimum concentration achieved 
when there is no apparent growth observed in 
the tubes. MIC of citrox solution was detected 
by lowest concentration of citrox solution that 
inhibits growth of S. aureus with lack of visible 
turbidity.  
 
Sample preparation: 

Total of 2000 g of fresh skinless, boneless 
chicken fillets were collected from local mar-
kets in Giza governorate The samples were 
transferred directly to the Food Hygiene De-
partment, Animal health research institute 
(AHRI) as soon as possible under completely 
sterile conditions. Inside laboratory, chicken 
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samples were divided into four equal groups 
(500 g each), chicken meat samples were asep-
tically cut into sections (5 cm × 5 cm) and 
dipped in phosphate buffer saline contained 
2x107cfu/ml of S. aureus strain for 2 minutes at 
room temperature. After the inoculation, the 
chicken fillet samples were kept at room tem-
perature for 20 min to allow bacterial cell at-
tachment. After that samples were divided into 
four equal groups: 

First group control samples inoculated with 
S. aureus strain without any treatment. 

Second group samples inoculated with S. 
aureus and treated by dipping in 1% citrox 
solution for 2 minutes. 

Third group samples inoculated with S. au-
reus and treated by dipping in 2% citrox solu-
tion (concentration 2%) for 2 minutes. 

Fourth group samples inoculated with S. 
aureus and treated by dipping in 4% citrox 
solution for 2 minutes. 
 

All samples left to dry before packing in 
transparent multiple sterile labeled low density 
polyethylene bags, heat sealed, and stored at 4°
C. Staph. aureus count was carried out every 3 
days for successive three weeks during refrig-
erated storage. 
 
Bacteriological examination of S. aureus 
count: According to FDA (2001). 

Ten gm of each fillet sample group was 
weighted and mixed with 90ml buffered pep-
tone water and homogenized in a sterile stom-
acher bag, one ml of the sample homogenate 
was serially diluted. One ml of each serial dilu-
tion was streaked on 3 plates of Baired Parker 
agar media (0.4, 0.3, and 0.3 ml) and let to dry, 
then incubated at 350C for 48hrs. The experi-
ment was performed in triplicate. 
 
Physico-chemical analysis: 

Measurement of pH: according to ES (63-
11/2006): 

50 g of samples from each chicken group 
were mixed with 200 ml of distilled water for a 
duration 2 min. Subsequently, the resulting 
supernatant was filtered, and 50 ml portion of 
the filtrate was further diluted with 50 ml of 

distilled water. After thorough mixing for 10 
min, the pH was measured using a pH meter 
(JENEWAY 3310). 
 
Determination of total volatile basic nitro-
gen (TVB-N):  

TVB-N was measured according to ES: 63-
9/ (2006). 
 
Determination of thiobarbituric acid reac-
tive substances (TBARS): 

The test relies on measuring of malonalde-
hyde (MDA) as the final product of lipid peroxi-
dation, following the procedure outlined in ES: 
63-10/ (2006). 
 
Sensory evaluation: 

Chicken fillet samples dipped in citrox so-
lution (without bacterial inoculation) and a 
control sample (without bacterial inoculation 
and citrox solution) were roasted using a grill 
at high power for 10 min. A nine-point hedonic 
score was used to estimate sensory attributes of 
cooked chicken (color, odor, flavor, taste, and 
overall acceptability) by the ask panelists’ staff 
members of Food Hygiene Department in Ani-
mal Health Research Institute. A 9-point he-
donic scale was employed for evaluation 
where (like extremely received a score of 9, 
like moderately received a score of 5, dislike 
extremely received a score of 1). 
 
Statistical analysis: 

The measurements were replicated three 
times, and mean values ± Standard deviation 
(SD) were reported for each instance. The 
analysis of variance (ANOVA) was done and 
mean using of Statistical Packaging for the So-
cial Science (SPSS) Ver. 20. A p-value less 
than 0.05 (p≤0.05) was considered statistically 
significant  
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RESULTS: 
 
Table 1. Staph. aureus mean count (log 10 cfu/g ± SD) in control and treated samples with citrox solution 

during refrigeration at 4
0
C (log cfu/g): 

Treatments Zero rd3 

  

th6 

  

th9 

  

th12 

  

th15 

  

th18 

Control a7.34±0.04 a7.49±0.02 a7.71±0.01 a8.17±0.3 a8.28±0.00 a8.34±0.03 a8.71±0.03 

Citrox1% b6.96±0.01 b6.62±0.02 b6.50±0.01 b5.85±0.01 b5.71±0.01 b5.49±0.02 b5.44±0.01 

Citrox2% c6.61±0.02 c6.36±0.04 c6.28±0.01 c5.61±0.01 c5.49±0.02 c5.33±0.02 c5.30±0.02 

Citrox4% d6.36±0.05 d6.12±0.01 c6.02±0.02 d5.34±0.03 d5.15±0.01 d5.02±0.03 5.00±0.03d 

There is a significance difference between means having different letters at the same day of storage (P ˂ 0.5) 

/g. ± SD) in control and citrox solution treated groupscfucount (log S. aureus. Means of 1Figure  

Table 2. Mean pH value of control and citrox solution treated groups: 

Treatments Zero rd3 

  

th6 

  

th9 

  

th12 

  

th15 

  

th18 

Control a6.01±0.01 a6.13±0.01 a6.28±0.02 a6.40±0.02 a6.46±0.02 a6.51±0.01 a6.54±0.01 

Citrox1% a6.01±0.02 a6.12±0.01 b6.21±0.02 b6.33±0.01 b6.38±0.01 b6.42±0.01 b6.46±0.01 

Citrox2% a6.01±0.01 a6.16±0.05 b6.20±0.01 b6.32±0.02 b6.37±0.01 b6.39±0.01 b6.42±0.01 

Citrox4% b5.87±0.01 b6.07±0.01 c6.12±0.01 c6.14±0.01 c6.18±0.02 c6.22±0.01 6.33±0.01c 

There is significant difference between means having different letters at P ˂0.05 for the same day of storage. 
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Table 3. Mean TVB-N value (mg/100ml)) of the control and citrox solution treated groups:  

Treatments Zero 3rd 
  

6th 
  

9th 
  

12th 
  

15th 
  

18th 

Control 16.2±0.1a 17.8±0.1a 19.07±0.1a 20.2±0.1a Spoiled Spoiled Spoiled 

Citrox 1% 16.1±0.2a 16.8±0.01b 17.66±0.03b 18.31±0.01b 18.92±0.02a 19.48±0.04
a 

20.95±0.02
a 

Citrox2% 16.06±0.1a 16.32±0.02c 17.45±0.02c 18.41±0.01c 18.54±0.002
b 

19.43±0.02
a 

20.89±0.02
a 

Citrox4% 16.06±0.1a 16.12±0.02d 17.21±0.02d 17.7±0.2d 18.14±0.1c 18.82±0.02
b 

19.45±0.02
b 

There is significant difference between means having different letters at p˂0.05 for the same day of storage  

Table 4. Mean TBA value (mg/kg) of control and citrox solution treated groups: 

Treatments Zero day rd3 

  

th6 

  

th9 

  

th12 

  

th15 

  

th18 

Control a0.32±0.01 a0.53±0.01 a0.74±0.03 a0.91±0.01 Spoiled Spoiled Spoiled 

Citrox 1% a0.31±0.01 b0.44±0.01 b0.56±0.01 b0.63±0.02 a0.72±0.01 a0.78±0.01 a0.91±0.02 

Citrox 2% a0.31±0.01 b0.41±0.01 b0.54±0.01 b0.62±0.02 a0.70±0.01 a0.75±0.03 a0.90±0.01 

Citrox 4% a0.30±0.0 c0.34±0.01 c0.40±0.02 c0.47±0.0 b0.56±0.01 b0.61±0.01 0.85±0.02b 

There is a significance difference between means having different letters at P ˂0.05 for the same day of stor-
age 

Figure 2. Sensory evaluation of citrox treated samples. 
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DISCUSSION: 

Concerning the growing global consump-
tion of chicken meat, consumers generally con-
sider the safety of chicken meat should be a 
basic demand (Daghir et al. 2021). In this 
study, the antimicrobial activity of citrox solu-
tion against staph. aureus was evaluated by 
using the minimum inhibitory concentration 
"MIC" to measure the degree of its activity. 
Citrox solution proved to have antibacterial 
activity against staph. aureus at all concentra-
tions mentioned before. So, through this chal-
lenge experiment, the antibacterial effect of 
citrox solution was assessed on chicken fillets 
that had been experimentally inoculated with 
S. aureus. 

 
Table and fig. (1). Revealed the means 

counts of S. aureus (log10cfu/g) experimentally 
contaminating the raw chicken fillet samples 
during storage at 4 ºC for 18 days and treated 
with different concentrations of citrox solution. 
The present data exhibited the potential of cit-
rox solution as a natural food preservative 
against S. aureus in chicken fillet samples. At 
zero day, counts of S. aureus in chicken fillet 
samples after inoculation were 7.34±0.04, 
6.96±0.01, 6.61±0.02 and 6.36±0.05 log10cfu/g 
in control, 1%, 2% and 4% citrox solution 
treated group samples, respectively. By 3rd day 
of refrigerated storage period such counts of S. 
aureus slightly decreased to 6.62±0.02; 
6.36±0.04 and 6.12±0.01 log10cfu/g after treat-
ment with citrox solution 1%, 2% and 4% re-
spectively, compared with the control group 
which recorded 7.49±0.02 log10cfu/g. By the 
6th day of storage, control group as well as 1, 2 
& 3% citrox groups recorded 7.71±0.01, 
6.50±0.01, 6.28±0.01 and 6.02±0.02 of S. au-
reus count. By the 9th day of refrigerated stor-
age, the control sample group revealed a mean 
of 8.17±0.3 log10cfu/g, while treated samples 
with citrox solution 1%, 2% and 4%, recorded 
5.85±0.01; 5.61±0.01 and 5.34±0.03, By 12th 
day of refrigerated store, S. aureus count re-
duced to 5.71±0.01, 5.49±0.02 and 5.15±0.01 
log10cfu/g, in treated groups with 1%, 2% and 
4% citrox solution, while the count in control 
group was increased to record 8.28±0.00 
log10cfu/g. At the end of the18th day of the ex-
periment, the count of S. aureus in control and 

treated samples with 1%, 2% and 4% citrox 
solution reached 8.71±0.03, 5.44 ± 0.01, 5.30 
± 0.02 and 5.00 ± 0.03, respectively. 

 
There was a significant difference in the 

initial S. aureus count (day 0) between control 
and citrox treated groups (p>0.05).  It was not-
ed all over the experiment that the count of S. 
aureus in the control group at 4℃, significant-
ly increased gradually (p<0.05). On the contra-
ry, all citrox treated groups at 3rd, 6th , 9th , 
12th , 15th, and 18th day of storage period ex-
hibited significantly lower S. aureus count 
(p<0.05) while control group had elevated 
count. Also, the obtained results clarify that 
suppression of S. aureus count increased when 
the concentration of citrox are increased to 4% 
rather than 1% and 2% citrox treated groups. 
These results suggest that citrox solution was 
an effective factor in suppressing S. aureus 
population in chicken fillets, this antibacterial 
action may be due to citrox comprises a variety 
of bioflavonoids extracted from citrus fruits. 
Bioflavonoids are hydroylated phenolic com-
pounds synthesized by plants and have demon-
strated efficacy against bac-teria, fungi and 
viruses in prior studies. Both bioflavonoid and 
organic acid compounds display effectiveness 
against viruses, bacteria, molds, and yeasts and 
demonstrating synergistic interactions 
(Hooper et al. 2011; Yehia et al. 2021).  

 
The obtained results in the present study 

were on line with Yehia et al. (2019) who re-
ported that citrox is effective to reduce S. aure-
us (MRSA) count after three days of storage by 
achieving decrease in bacterial number by 1 
log10 cycle. Abdel-Naeem et al. (2022) noted 
that S. aureus, psychotroph, and Enterobacteri-
aceae counts were significantly (p<0.05) re-
duced by all fruit (citrus, grape and banana) 
peel powder-treated chicken patties when com-
pared with untreated samples. Eldahrawy et 
al. (2022) indicated that the treatment of raw 
chilled minced beef with citrus peel powders 
exhibited a significant inhibition of S. aureus 
count compared to the control group at refrig-
erator temperature (4±1ºC). Furthermore, Abu-
Ghazaleh (2013) recorded that citric acid at 
concentration of 0.03% decreased the growth 
of S. aureus while ascorbic acid at concentra-
tion of 0.1% nearly completely inhibited the 
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growth of S. aureus in vitro.  
 
Moreover, Gonzalez-Fandos and Herrera 

(2013) documented that applying of 2% malic 
acid treatment led to 1.14 to 1.83 log cycles 
reduction in total bacteria counts Incorporating 
malic acid treatments in a hazard analysis criti-
cal control point (HACCP) strategy could en-
hance the microbiological safety and extend 
the shelf life of poultry meat, furthermore, the 
authors noted that malic acid treatment did not 
negatively impact the quality characteristics of 
poultry legs. Eswaranandam et al. (2004) stat-
ed that malic acid demonstrated greater effica-
cy in reducing pathogens compared to citric 
acid as a consequence of its molecular weight, 
which may facilitate its entry into the microbi-
al cells. Ascorbic acid (vitamin C) is inexpen-
sive, readily available, and has been document-
ed for its antimicrobial effects against S. aure-
us, Enterococcus faecalis (Isela et al. 2013), 
Mycobacterium tuberculosis (Vilchèze et al. 
2013), and Aspergillus spp. (Verghese et al. 
2017). Przekwas et al. (2020) reported that 
employing vitamin C in the food industry 
might serve as an alternative approach to in-
hibit bacterial growth and eliminate biofilms. 
This is attributed to its capacity to reduce the 
pH in the environment, creating unfavorable 
conditions for bacterial survival. 

 
The documented results in Table (2) 

showed that, the treated chicken meat groups 
with different concentrations of citrox had 
lower pH values than the control group. At ze-
ro day, a significant difference between the 
control and the citrox 4% treated group was 
significantly different (5.87±0.01) as compared 
with the control as well as with treated citrox 
groups of 1% &2% (6.01±0.01, 6.01±0.02 and 
6.01±0.01) respectively, which may be at-
tributed to the marinating chicken meat in cit-
ric acid could be dramatically lowered the pH 
that reduces microbial load (Meltem et al. 
2017). From the 3rd to the 18th day of storage, 
citrox 1&2% treated groups not revealed any 
significant difference. While, citrox 4% treated 
samples were significantly lower than the con-
trol as well as 1&2% citrox treated groups, al-
so the pH values increased in all treated groups 
in a slow rate (6.46±0.01, 6.42±0.01 and 
6.33±0.01) in comparison with the control 

group (6.54±0.01) at the end of storage period 
(18 day) which inhibited the growth of most 
bacteria in chicken meat during chilled storage 
and demonstrating an antimicrobial effect of 
citrox solution. The aforementioned data ex-
plained that control group was unacceptable 
after 9th day of storage as the meat considered 
unfit for human consumption if the pH exceed-
ed 6.4 as it mentioned by Gracey and Collins 
(1992).  In this respect, Karabagias et al. 
(2011) stated that amines and NH3 (the alka-
line reaction chemicals) are produced when 
protein breaks down into free amino acids, in-
dicating the extent of meat spoilage causing an 
elevation of pH of the control chicken meat. 
The obtained results were similar to Yehia et 
al. (2019) who recorded that Chicken treated 
with1% and 2% citrox solutions displayed an 
increase in pH level, but this increase was low-
er as compared to that of control group. 

 
Enzymatic processes and microbial activity 

contribute to the degradation of Proteins in 
meat products, leading to the generation of 
TVB-N. Monitoring the TVB-N value serves 
as a crucial indicator for freshness and pro-
longing the shelf life of meat products (Sun et 
al. 2021). The TVB-N values of both the con-
trol and the treated groups with citrox solution 
are included in Table (3). TVB-N values for all 
groups exhibited a gradual increase during 
storage but it was substantially slower and sup-
pressed through the preservation of all treated 
samples in comparison to the control sample. 
The rise in TVB-N level in chicken fillets may 
be due to autolytic degradation of nucleotides 
and free amino acids, microbial and autolytic 
processes, as well as complete microbial re-
duction of trimethylamine oxide to trimethyla-
mine (Duran and Kahve 2020). At zero day, 
there was no significant difference between 
control and all treated groups recorded means 
± SD of (16.2±0.1,16.1±0.2, 16.06±0.1, and 
16.06±0.1). A sharp increase of the control 
samples was noticed till spoilage by day 9th of 
storage with a mean of 20.2 mg/kg. Mean-
while, citrox solution treated samples (1, 2 and 
4%) showed lower values (18.31, 18.41and 
17.7 mg/kg), respectively. There was a notable 
decrease in TVB-N levels in the citrox treated 
groups compared to the control group. Among 
the 1%, 2% and 4% citrox treated groups, cit-
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rox 4% demonstrated optimal effect than other 
two concentrations. As by the 18th day, Citrox 
4% revealed a mean of 19.45 ± 0.2, while 1, 
2% citrox treated samples recorded mean of 
(20.95 ± 0.02 and 20.89 ± 0.02), respectively. 
This lower significant rate in TVB-N may be 
attributed to presence of organic acids (citric 
and malic) which can potentially decrease the 
presence of spoilage and pathogenic bacteria 
by elevating of food products acidity (Olaimat 
et al. 2018). Citric acid demonstrates effective 
antimicrobial activity aiding in preservation of 
food combating bacterial spoilage (Deepa et al. 
2011). The control group exceeded the permis-
sible limit of TVB-N (20 mg/100 g meat) at the 
9th day of storage and considered unacceptable 
according to (ES 2005), spoilage of 1,2% cit-
rox solution treated samples were noticed at 
the 18th day of storage, in contrast, TVB-N lev-
els in the 4% citrox solution treated group was 
within the permissible limit still the end of the 
18th day, which showed a high significant dif-
ference between all treated and control groups. 
These results were in accordance with Saleh et 
al. (2022) who found a noticeable decrease in 
TVB-N level of chicken meat dipped in vari-
ous concentrations of acetic acid, lactic acid, 
and lemon juice), and complied with those ob-
tained by (Yehia et al. 2019) who reported that 
citrox was effective in decrease of TVB-N lev-
el of chicken meat. 

 
Table (4) illustrated the variations in TBA 

values for the control and citrox treated groups 
during refrigeration storage. chemical deterio-
ration through lipid oxidation is a primary fac-
tor constraining the shelf life of meat products 
and TBA serves as a valuable metric for evalu-
ating the extent of lipid oxidation during food 
storage. Malondialdehyde (MDA) is a degrada-
tion product of lipid oxidation not only influ-
enced the quality, but also has harmful effects 
on the human health, this product considered 
as a carcinogenic factor in food (Djenane and 
Roncales, 2018), At zero day, all groups start-
ed with low TBA values ranged from 0.30±0.0 
to 0.32±0.01MDA/kg and revealed no signifi-
cant differences between the control group and 
treated groups. However, significance differ-
ence (p< 0.05) was clear between the control 
and 4% citrox treated groups by the 3rd day till 
the end of the storage period. By 6th day, no 

significant difference was noticed between 1 
and 2% concentrations of treated citrox groups 
(0.56±0.01 & 0.54±0.01). Meanwhile, the con-
trol group was significantly different from the 
citrox 4% group recording (0.74±0.03 and 
40±0.02) MDA/kg, respectively, whereas all 
treated groups had low TBA level compared to 
control group and were within the permissible 
level reported by (ES 2005) where the limited 
value of TBA was not more than 0.9 mg of 
MDA/kg for chicken meat. On the 12th day of 
storage, the TBA values of all citrox treated 
groups increased to 0.72±0.01, 0.70±0.01 and 
0.56±0.01 mg of MDA/kg while the control 
group had spoiled. Furthermore, lower signifi-
cance values for TBA were observed between 
treated group with 4% citrox and both 1% and 
2% citrox treated groups throughout the stor-
age period. Also, it was clear that elevation of 
TBA level was rapidly in control group. This 
phenomenon could be attributed to rapid 
growth of microbes resulting in lipid oxidiza-
tion during storage.  

 
Over the storage duration, the TBA levels 

of citrox treated groups increased slowly until 
the 18th day, where the 1% treated samples had 
exceeded the permissible limit revealed means 
± SD of 0.91±0.02 while, 2 % citrox group was 
stand at the margin of acceptance (0.90 ±0.01), 
meanwhile, the 4% citrox treated group still 
sound till the 18th day of storage which record-
ed a mean ± SD of 0.85±0.02. This may be at-
tributed to the addition of citrox which con-
tains ascorbic acid that used as natural antioxi-
dant retard lipid oxidation of chicken meat. 
These results corroborate those recorded by 
other authors, who have used ascorbic acid to 
inhibit lipid oxidation in poultry meat during 
store (Zahid et al. 2019; Ozer and Sariçoba 
2010; Abou-Arab and Abu-Salem 2010). All 
over the experimental period, it was noticed 
that 4% citrox solution showed the best values 
and maintained the shelf life of chicken meat 
till the 18th day, and was significantly higher 
than of the control, 1, and 2% citrox treated 
groups. 

 
Furthermore, the outcomes of the current 

study proved that chicken fillets treated with 
different concentrations of citrox has acquired 
higher sensory scores for color, odor, flavor, 
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taste and overall acceptability which was 
showed in figure (2). means of 6.88, 6, 5.5, 5 
and 5.65 for control group; 6.94, 6.84, 6.56, 
6.44 and 6.68 for citrox 1%; 6.74, 6.52, 6.42, 
6.31 and 6.22 for citrox 2%.  

 
Furthermore, citrox 4% recorded means of 

6.25, 6.11, 6.12, 5.95 and 6.02, respectively. 
Addition of citrox had a blend of flavorings 
and antioxidants property that could enhance 
both the nutritional value and sensory charac-
teristics of the treated samples. All panelists’ 
staff members approved that the solution re-
duced the hardness, enhanced the tenderness of 
the chicken fillets, and acquired the chicken 
fillets a spicy, fruity, and oriental flavors 
(citrus-like flavor) in comparison with the con-
trol group.  

 
The highest sensory scores and overall de-

sirability were more pronounced in chicken 
fillets with 1% citrox solution, followed by 2% 
and finally 4% citrox solution, these results 
were in line with Yehia et al. (2019) who stat-
ed that citrox enhanced the sensory items of 
chicken fillets, also prolonged their shelf- life 
to 21 days under vacuum packaged refrigera-
tion storage.  In this context, Augustyńska-
Prejsnar et al. (2023) approved that the utili-
zation of acidic fruit juices improved sensory 
attributes, particularly by diminishing hardness 
and enhancing the tenderness of the meat. Unal 
et al. (2022) stated that marinating chicken 
breast meat with citric acid (0.5%), lemon 
(100%) and grapefruit (100%) juices generally 
received higher scores from panelists com-
pared with the control one. In this regard, Ser-
daroğlu et al. (2007) reported that marinating 
of turkey breast meat slices using different 
concentrations of citric acid and grapefruits 
increased juiciness and tenderness scores. 
 
CONCLUSION: 

F 
rom the overall obtained aforementioned 
data, it was concluded that citrox solu-
tion had improved bacterial, chemical 

and sensory quality of chicken fillet samples in 
comparison with the control group, and extend 
shelf- life of chicken meat. All the different 
citrox solution concentrations applied had a 
good potential as an antibacterial and satisfac-
tory sensory characteristics of chicken fillet 

especially at 4% which was the most effective 
and recommended. Additional studies should 
be carried out to discover the other benefits of 
citrox solution as a natural food preservative 
and disinfectant agent with antibacterial activi-
ties. 
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