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Abstract
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Purpose: Food poisoning caused by Staphylococcus aureus is among the most common foodborne illnesses worldwide. Thus, this study
aimed to evaluate the antibacterial effect of curcumin against S. aureus. Methods: Chicken breast samples were inoculated with S.
aureus at a concentration of 2.0 x 10% CFU/mL and subsequently immersed in a 1%, 2%, or 3% curcumin solution for 15 minutes. The
subsequent bacterial load in the chicken samples was quantified on storage days 0, 2, 4, and 6 according to the EN ISO 6888-1 standard.
Results: The number of S. aureus decreased by 2.43, 2.70, and 3.49 log CFU/g by the end of the sixth day following the 1%, 2%, or
3% curcumin treatments, respectively. The minimum inhibitory concentration (MIC) of curcumin against S. aureus was 125 pg/mL. A

3% concentration solution of curcumin demonstrated the strongest antibacterial activity, whereas the sensory evaluation revealed that the

consumers preferred the 1% and 2% concentrations. Conclusion: These findings suggest that curcumin has antibacterial properties and

can be used as a natural preservative in food products to control S. aureus contamination.
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1. Introduction

Chicken meat is an affordable source of high-quality
protein that is easily digestible and contains low levels of
saturated fats. In addition, chicken contains essential min-
erals such as calcium, phosphorus, zinc, iron, and copper,
as well as vitamins from the B-complex [1].

Staphylococcus aureus (S. aureus) is a Gram-positive,
common opportunistic pathogen responsible for significant
nosocomial and community-acquired diseases worldwide.
The bacteria can cause a range of symptoms in humans,
ranging from minor skin lesions to serious, life-threatening
diseases [2]. Consuming foods containing staphylococcal
enterotoxin may lead to symptoms such as hypersalivation,
nausea, abdominal cramps, and vomiting. Although these
symptoms typically resolve within 24—48 hours, they can be
severe in infants, the elderly, and individuals with immuno-
compromised conditions [3]. In Tiirkiye, S.aureus has been
frequently isolated from poultry meat, beef, meat products
[4], milk, and dairy products [5].

Various food preservation techniques, such as pasteur-
ization, freezing, drying, salting, smoking, and irradiation,
are used to combat foodborne pathogens. Although these
methods offer several advantages, they also have disadvan-
tages, such as nutrient loss. Today, consumers increasingly
prefer natural and additive-free products, hence the need for
alternative preservation agents derived from natural sources
[6,7].

Curcumin is a golden-yellow polyphenolic compound
and the principal bioactive constituent of turmeric (Cur-
cuma longa L.), a rhizomatous plant widely used in food

and traditional medicine [8]. Curcumin exhibits a broad
range of biological effects, including anti-inflammatory,
antioxidant, anticancer, antibacterial, antiviral, and anti-
fungal activities [9]. Despite its low water solubility and
bioavailability, curcumin’s antimicrobial potential has at-
tracted attention in food preservation research [10].

According to the European Union’s EC Directive
94/36/EC [11], curcumin (E100) has been approved as a
food colorant. It is permitted in certain foods at levels
between 50 and 500 mg/kg or in amounts sufficient to
achieve the desired effect, following the principle of quan-
tum satis [12]. Curcumin exhibits antibacterial activity
against both Gram-positive and Gram-negative bacteria.
Its antimicrobial mechanisms include damaging bacterial
DNA, cell walls, and membranes; inhibiting the bacterial
quorum sensing (QS) system; preventing bacterial biofilm
formation, and photosensitizing activity against bacteria
[13].

This study aims to (i) evaluate the antibacterial ef-
fect of curcumin against S. aureus in chicken meat, (ii) de-
termine its minimum inhibitory concentration (MIC), and
(iii) assess the impact of curcumin treatment on the sensory
quality of the meat.

2. Materials and Methods

In the present study, chilled chicken breast meat sam-
ples were collected from various retail outlets in Samsun,
Tiirkiye. The antibacterial activity of curcumin against S.
aureus was evaluated both in vitro (medium) and in the
chicken meat samples. The curcumin solution (Sigma, C
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1386, CAS No: 458-37-7, St. Louis, MO, USA) was pre-
pared at final concentrations of 1%, 2%, and 3% using 20%
dimethyl sulfoxide (DMSO, Isolab, CAS No: 67-68-5, Es-
chau, Germany). The inertness of DMSO was confirmed
using a negative control. S. aureus ATCC 25923 was uti-
lized as the positive control.

2.1 Determination of Antibacterial Activity

The in vitro antibacterial efficiency of curcumin on
S. aureus was determined using the disk diffusion method
[14]. The bacteria were initially incubated on Mueller-
Hinton Agar (MHA, Merck 103872, Darmstadt, Germany)
at 37 °C for 18-24 hours. After incubation, 3—5 bacteria
were selected and transferred into tubes containing 5 mL of
Mueller-Hinton Broth (MHB, Merck 110293, Darmstadt,
Germany), followed by incubation at 35 °C for 2—6 hours
until visible turbidity developed. The bacterial suspension
was adjusted to 0.5 McFarland (approximately 1.5 x 108
CFU/mL) using a compact benchtop densitometer (DEN-1,
Biosan, Riga, Latvia). The concentration was adjusted to
a final value of 1 x 105 CFU/mL. A volume of 100 uL of
this suspension was evenly spread onto the surface of MHA
plates. Sterile 6 mm diameter discs were placed on the agar
surface, and 25 pL of curcumin solution was applied to
each disc at four different concentrations: 200 mg (5000
pg/disc), 100 mg (2500 pg/disc), 50 mg (1250 pg/disc),
and 25 mg (625 pg/disc). Dimethyl sulfoxide (DMSO; 25
pL) served as the negative control, while gentamicin (10
png/mL) was used as the positive control. The inoculated
plates were incubated at 35 °C for 16-20 hours [8]. The
diameters of the inhibition zones were measured follow-
ing the incubation. Zones were classified as follows: <9
mm, inactive; 9—12 mm, partially active; 13—18 mm, ac-
tive; and >18 mm, very active. Inhibition zones >9 mm
indicated that the bacteria were affected and that the an-
tibacterial agent (curcumin) was effective [15]. All experi-
ments were conducted in triplicate.

2.2 Determination of the Minimum Inhibition
Concentration (MIC)

The microdilution method was used to determine the
MIC values in accordance with the guidelines of the Clin-
ical and Laboratory Standards Institute (CLSI) [14]. For
this purpose, the bacterial suspension was adjusted to 0.5
McFarland standard (1.5 x 108 CFU/mL). Then, the final
inoculum was adjusted to 1 x 10> CFU/mL. The dilutions
of curcumin were prepared at concentrations ranging from
500 pgto 1.95 ug. The MIC value was defined as the lowest
concentration of curcumin at which visible bacterial growth
was inhibited. All MIC measurements were performed in
triplicate [16].

2.3 Experimental Contamination of Chicken Meat

S. aureus ATCC 25923 was grown in Tryptic Soy
Broth (TSB, Merck 105459, Darmstadt, Germany) at 37

°C for 18-24 hours. The bacterial concentration on Baird-
Parker Agar (BP, Merck 105406, Darmstadt, Germany)
was measured as 2.0 x 108 CFU/mL. A total of 1000 g
of chicken meat was divided into four groups: control, 1%
curcumin, 2% curcumin, and 3% curcumin (all prepared in
20% DMSO). The chicken samples were initially contam-
inated by immersion in 100 mL of TSB that included 2.0
x 108 CFU/mL S. aureus and kept at room temperature for
15 minutes to facilitate the attachment of the bacteria. The
samples were removed from the bacterial suspension and
immersed in 100 mL of 1%, 2%, and 3% curcumin solution
(in 20% DMSO). The control group was treated similarly
but immersed in 20% DMSO without curcumin. Following
treatment, microbiological analysis was performed imme-
diately on the day 0 samples. The remaining samples were
stored at +4 °C, and further analyses were conducted on
days 2, 4, and 6 of storage.

2.4 Microbiological Analyses

We enumerated S. aureus following the procedure de-
scribed in EN ISO 6888-1. Briefly, 10 g of chicken meat
sample was placed into a sterile plastic bag, to which 90
mL of Maximum Recovery Diluent (MRD; Merck 112535,
Darmstadt, Germany) was added. The mixture was homog-
enized for three minutes using a stomacher, and tenfold se-
rial dilutions were prepared. The dilutions were inoculated
onto the Baird-Parker agar via the drop plate method and
incubated at 37 °C for 24-48 hours. Colonies exhibiting
typical morphology (black to dark brown in color, convex,
smooth edges, 1-3 mm in diameter, and surrounded by a
halo) were counted as S. aureus [17]. The isolates were
biochemically confirmed by Gram staining, catalase, coag-
ulase, hemolysis, glucose, mannitol, DNAse, and Staphau-
rex Plus Latex tests. All analyses were performed in tripli-
cate to ensure accuracy.

2.5 Sensory Analyses

Sensory evaluation was conducted to assess the
organoleptic acceptability of curcumin-treated chicken
meat. For this purpose, chicken samples treated with 1%,
2%, and 3% curcumin were portioned into 100 g servings
and cooked in a pan until they reached an internal temper-
ature of 72 °C. A panel of ten healthy individuals, aged
between 22 and 45 years, with balanced gender represen-
tation, evaluated the samples using a nine-point hedonic
scale. None of the panelists had known taste or smell dis-
orders. Although their prior experience with sensory anal-
ysis varied, all panelists were trained on the evaluation pro-
cedure before testing to ensure consistency and reliability.
The evaluation criteria included color, odor, flavor, texture,
appearance, and overall acceptability. On the scale, 9 in-
dicated “I like it very much”; 8 meant “I like it much”; 7
meant “I like it moderately”; 6 meant “I like it a little”, and
5 meant “I neither like nor dislike it”. Lower scores indi-
cated increasing dislike: 4 meant “I dislike it a little”; 3
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Table 1. Number of S. aureus in chicken meat treated with curcumin on storage days of 0, 2, 4, and 6.

Treatment group S. aureus counts (CFU/mL) Treatment group . S. aureus counts (log CFU/g)
. Storage duration
(S. aureus) Storage duration (day) Contral 1% 204 3% (S. aureus) (day) Control 1% 2% 3%
ontro ontro
(CFU/mL) Curcumin Curcumin Curcumin (log CFU/g) Curcumin  Curcumin Curcumin
0 day 2.6x10% 24 %105 1.9x10% 4.0x10° 0 day 6.41 £0.01* 6.38+£0.01°> 6274+ 0.01° 5.60 & 0.01¢
2.0 x 108 2 day 2.8x10% 1.9x10% 4.9x10> 3.9 x10° £.30 2 day 6.44 £0.01° 627 +0.01f 5.694+0.012 559 4+ 0.01¢
' 4 day 2.0x10% 8.0x10% 8.1x10°> 6.0x 10° ' 4 day 6.30 £ 0.01" 590+ 0.01' 5.9040.01' 577 £0.01
6 day 23x10% 7.5%x10° 4.0x10°> 6.6 x 104 6 day 6.36 £ 0.010 5.874+0.01% 5.60+0.01' 4.81+0.01™

Superscript letters (a, b, c...m) indicate statistically significant differences (p < 0.05) between mean S. aureus counts across different curcumin concentrations and incubation times.

Table 2. Log reduction in S. aureus counts on storage days of 0, 2, 4, and 6.

Reduction in bacterial count (log CFU/g)

Storage duration (day)

Control

1% Curcumin

2% Curcumin

3% Curcumin

1.89 4 0.012°
1.86 £ 0.01*
2.00 £ 0.01°
1.94 £0.012®

[ SN \S )

1.92 +£0.01°¢
2.03 4+ 0.01f
2.40 £0.01"
243 4+0.01

2.03 4+ 0.01¢
2.61 £0.01¢
2.40 +£0.01"
2.70 £ 0.01%

2.70 £0.01¢
271 £0.01¢
2.53 £0.01
3.49 £ 0.01!

Superscript letters (a, b, c...l) indicate statistically significant differences (p < 0.05) between

groups in S. aureus counts across different curcumin concentrations and incubation times.
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meant “I dislike it moderately”; 2 meant “I dislike it very
much”, and 1 meant “I dislike it extremely”. Each panelist
scored the samples based on these criteria [18].

2.6 Statistical Analysis

Statistical analysis was performed using the SPSS
21 software package programs (SPSS Inc., Chicago, IL,
USA). Differences between groups were assessed by one-
way analysis of variance (ANOVA) followed by Tukey’s
post-hoc test. A significance level of p < 0.05 was applied.

3. Results

In this study, curcumin demonstrated significant an-
tibacterial effects against S. aureus in chicken meat, with
the 3% concentration achieving a notable reduction of 3.49
log CFU/g; however, sensory evaluation revealed that the
1% and 2% concentrations were more favorably received in
terms of organoleptic qualities.

3.1 Antibacterial Activity Assay

At the conclusion of the disc diffusion assay, the aver-
age inhibition zone diameters were recorded as 13 mm for
curcumin at 200 mg/mL dissolved in DMSO, 11 mm for 100
mg/mL, and 9 mm for 50 mg/mL. The positive control, gen-
tamicin, produced zone diameters ranging between 22 and
23 mm. These findings were interpreted based on the size of
the inhibition zones. The results were interpreted based on
the size of the inhibition zones: zones smaller than 9 mm
were classified as inactive; zones between 9 and 12 mm
as partially active; zones from 13 to 18 mm as active; and
zones larger than 18 mm as highly active. In this study, the
MIC of curcumin against S. aureus ATCC 25923 was de-
termined to be 125 pg/mL using the microdilution method.

3.2 Experimental Contamination With S. aureus

The S. aureus counts in chicken meat contaminated at
2.0 x 108 CFU/mL and subsequently treated with 1%, 2%,
and 3% curcumin during storage periods of 0, 2, 4, and 6
days are presented in Table 1. At the end of the 6th day, the
number of S. aureus was 2.3 x 105 CFU/mL in the control
group, and 7.5 x 10> CFU/mL, 4.0 x 10°> CFU/mL, and 6.6
x 10* CFU/mL in the 1%, 2%, and 3% curcumin groups,
respectively. Considering the logarithmic reduction levels
in the number of bacteria, the number of S. aureus decreased
by 2.43, 2.70, and 3.49 log CFU/g at the end of the 6th day
as a result of the application of 1%, 2%, and 3% curcumin
solutions (Table 2).

3.3 Sensory Assessment

Table 3 presents the sensory assessment data for
chicken meat samples treated with different concentrations
of curcumin. Curcumin is a natural yellow pigment, and
as its concentration increased, a more intense yellow col-
oration was observed in the chicken samples. This pro-
nounced yellow color, especially at 3% curcumin, was as-

sociated with decreased acceptability in terms of color and
odor, as the panelists found the color unnatural and the taste
too strong. In contrast, samples treated with 1% and 2%
curcumin showed higher sensory acceptance. There were
no significant differences between the groups in terms of
texture. The panelists noted that 1% curcumin produced a
mild taste, aroma, and odor, while 3% curcumin produced
a dominant yellow color and a pungent odor. Although
3% curcumin demonstrated the greatest antibacterial activ-
ity by significantly reducing bacterial counts, it negatively
affected sensory acceptability. Therefore, the 1% and 2%
curcumin concentrations were considered acceptable from
an organoleptic perspective.

Table 3. Sensory assessment results of curcumin in chicken

meat.
L Sensory assessment
Criterion
1% Curcumin 2% Curcumin 3% Curcumin

Appearance 6.3 4 0.80* 7.5 £ 0.52P 6.6 & 0.45°
Colour 6.34+0.88 6.6+ 048 4.6 +0.49°¢
Smell 53+0.84* 554048 3.6+ 0.53b
Taste 5.1+£1.40* 53+0.822 3.6 +0.67°
Texture 6.5+ 1.14 6.0+ 0.59° 6.1 +0.45>

Statistically significant difference at p < 0.05 is showed between
mean values shown with different letters in the same line.
Superscript letters (a, b, and ¢) indicate significant differences (p
< 0.05) in sensory changes between different curcumin concentra-
tions.

Note: Scores are based on a 9-point hedonic scale, where 9 = “like
extremely”, 8 = “like very much”, 7 = “like moderately”, 6 = “like
slightly”, 5 = “neither like nor dislike”, 4 = “dislike slightly”, 3
= “dislike moderately”, 2 = “dislike very much”, and 1 = “dislike

extremely”.

4. Discussion

S. aureus is an opportunistic foodborne pathogen caus-
ing significant community and nosocomial diseases world-
wide [2]. The development of new food preservation meth-
ods utilizing the antibacterial activity of curcumin, the pri-
mary active compound derived from the turmeric plant, is
crucial for public health. Although curcumin has low wa-
ter solubility, limited bioavailability, and pharmacokinetic
characteristics, it possesses powerful antibacterial activities
[10].

In this study, the active dose of curcumin was deter-
mined as 200 mg/mL. The effectiveness of curcumin’s an-
tibacterial activity may differ based on the solvents used and
the particular S. aureus strains examined. Similarly, Gupta
et al. [8] reported that 50 mg/mL curcumin benzene extract
created a zone diameter of 9 mm (less effective), but that
it was made more effective by using a methanol extract,
resulting in a 15 mm diameter zone. Negi et al. [19] ob-
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served inhibition zones of 9 mm and 21 mm with curcumin
in ethanol and hexane extracts, respectively. These findings
suggest that curcumin’s activity increases with concentra-
tion and varies depending on the extraction method. It was
also reported by researchers that curcumin prepared from a
methanol extract is more effective than that prepared from
petroleum ether, chloroform, and benzene [8].

Curcumin’s antibacterial effect depends on several
mechanisms, including bacterial cell membrane damage,
inhibition of bacterial DNA replication, modification of
gene expression, inhibition of the quorum-sensing system,
and decreased motility of microorganisms [6,20]. In this
study, the formation of an active inhibition zone by cur-
cumin against S. aureus demonstrated its antibacterial ef-
fects, which align with the results of other studies [8,19].

In this study, the MIC of curcumin against S. aureus
ATCC 25923 was determined as 125 pg/mL. This value is
consistent with the study by Altunatmaz et al. [21], who re-
ported the same MIC using a macro-dilution method. Other
studies have reported similar but slightly varying MIC val-
ues; for example, Mun et al. [22] found MIC values ranging
from 125 to 250 pg/mL against different S. aureus strains,
while Tajbakhsh et al. [23] reported a MIC of 187.5 pg/mL
against S. aureus ATCC 25923 using broth dilution. Vari-
ation in MIC values across studies may arise due to dif-
ferences in bacterial strains, such as Meticillin-resistant S.
aureus (MRSA) or methicillin-sensitive S. aureus (MSSA),
sources of isolates (standard strains versus clinical isolates),
antibacterial testing methods (disk diffusion versus broth
dilution), and the type or purity of curcumin used [24].

It is important to acknowledge several limitations of
this study. The use of DMSO as a solvent, although used
as a negative vehicle control, may have subtle effects on
antibacterial activity. Additionally, the study focused on
a single S. aureus strain, which limits the generalizability
of the findings to other clinical isolates. Future research
should consider evaluating curcumin’s antibacterial effi-
cacy against a broader range of S. aureus strains, including
resistant clinical isolates, and investigate the potential syn-
ergistic effects of curcumin combined with other antimicro-
bials.

In our study, the S. aureus population was reduced by
2.43,2.70, and 3.49 log CFU/g after six days of treatment
with 1%, 2%, and 3% curcumin, respectively. These find-
ings are in line with the study by Altunatmaz et al. [21],
who demonstrated that minced meat treated with 2% cur-
cumin showed a reduction of approximately 3 log CFU/g
by day 7. Similarly, 0.5% and 1% curcumin led to reduc-
tions of about 2 log CFU/g. However, Lourenco ef al. [25],
who used turmeric powder rather than isolated curcumin,
found that 1% turmeric did not significantly reduce the
counts of S. aureus in chicken meat. These results highlight
the stronger efficacy of pure curcumin compared to whole
turmeric, likely due to higher concentrations of the active
compound. Hosny et al. [26] reported complete elimina-
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tion of S. aureus from Karishcum cheese after 14 days of
treatment with 0.3% curcumin. However, several studies
have confirmed that an increasing curcumin concentration
enhances antibacterial efficacy but may compromise sen-
sory acceptability [21].

In this study, the 3% curcumin treatment exhibited the
highest antibacterial activity but resulted in reduced sensory
acceptability due to strong yellow coloration and intense
odor. This observation is consistent with that of Altunatmaz
et al. [21], who reported that as the dose of curcumin in-
creased, its antimicrobial characteristics also increased, but
its sensory characteristics decreased, particularly in terms
of color. The panelists stated that 2% curcumin was dis-
liked in ground beef, as it spoiled the natural red color of
the ground beef. The same researchers found that doses of
0.5% and 1% curcumin were acceptable in terms of sen-
sory factors. Milon ef al. [27] found that 0.2% turmeric
powder was more acceptable in terms of nutritional quality,
as well as physicochemical and biochemical characteristics
in a study in which the sensory characteristics of meatballs
were examined after adding 0.1%, 0.2%, and 0.3% turmeric
powder to ground beef. The authors reported that 0.3%
turmeric powder was more satisfactory in terms of antimi-
crobial effects.

In the study conducted by Tangkham [28], the sensory
characteristics of ground beef with 0%, 1% and 2% added
turmeric powder were investigated following heat treatment
at 70 °C. At the end of the study, no significant difference
was detected between the three applications in terms of tex-
ture or overall taste, although the 1% treatment received
high scores for color (7.89) and flavor (7.34). Purwanti et
al. [29] reported that the application of 2.5% turmeric pow-
der in poultry meat was acceptable as a food additive for
increasing the physical and sensory qualities.

Several recent studies have highlighted the promis-
ing antimicrobial potential of curcumin against food-
borne pathogens. Sharma et al. [30] demonstrated en-
hanced antibacterial activity of curcumin-loaded nanopar-
ticles against S. aureus, while Terzi Gulel ef al. [31] re-
viewed curcumin’s efficacy in meat preservation, empha-
sizing both microbial inhibition and sensory quality. Patel
et al. [32] discussed the molecular mechanisms underlying
curcumin’s antimicrobial effects, supporting our MIC find-
ings. Additionally, Morsy et al. [33] evaluated curcumin’s
role in improving food safety, noting its antioxidant and
sensory impacts consistent with our observations. These
recent findings further validate the potential of curcumin as
a natural preservative in food applications.

As observed in previous studies, while the intense yel-
low color of curcumin can limit its application in red meat
and dairy products, it may enhance the visual and flavor at-
tributes of poultry. Therefore, moderate concentrations of
curcumin could be suitable as a natural antimicrobial and
coloring agent in chicken meat products.
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5. Conclusion

Currently, consumers prefer preservation methods that
do not harm human health, and they wish to consume foods
that do not contain additives. There is a need to develop
natural methods as an alternative to chemical agents for
controlling S. aureus, an important pathogen that causes
food-borne poisoning. This study highlights the potential of
curcumin, a natural bioactive compound extracted from the
turmeric plant (Curcuma longa), as an effective antibacte-
rial agent against S. aureus. Given its antimicrobial proper-
ties, curcumin is recommended for use in food preservation
to help inhibit the growth of harmful bacteria and extend
the shelf life of food products.
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