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Antimicrobial effects of fruit sauces on some pathogenic bacteria in vitro and on
chicken breast meat

I. Var' ®, S. Uzunlu® ®, I. Degirmenci'
! Cukurova University Agricultural Faculty Food Engineering Department, Adana, Turkey

Alanya Alaaddin Keykubat University RafetKayis Engineering Faculty Food Engineering Department, Alanya, Turkey

ABSTRACT: The use of natural food additives is currently a rising trend. In the present study, the aim was to deter-
mine the antimicrobial effects of plum, pomegranate, Seville orange and sumac sauces on E. coli O157:H7,E. coli type
I, Listeriamonocytogenes, Listeria ivanovii, Salmonella Typhimurium and Staphylococcus aureus. Different concen-
trations (1%, 10%, 100%, v/v) of the sauces were tested on the studied bacteria in vitro using the agar diffusion and
minimal inhibition concentration (MIC) methods. The results showed that the sumac sauce had the highest antimicro-
bial activity. The Seville orange, plum and pomegranate sauces also exerted antimicrobial activity in descending order.
The antimicrobial activity of the fruit sauces was more effective at a concentration of 100% than at 10% and 1%, v/v.
The most inhibitory effect was recorded for sumac sauce at a concentration of 100% (v/v) on L.monocytogenesand E.
coli O157:H7. The findings of the MIC method aligned with the agar diffusion method. In addition, the in sifu(food
method) antimicrobial effect of the sauces on the indigenous microflora of chicken breast samples sold in stores was
determined. Chicken samples hosting aerobic mesophilic bacteria, coliforms and E. coli were treated for two hours
at 4 °C with plum, pomegranate, Seville orange and sumac sauces and were then monitored. The findings revealed
that the Seville orange and sumac sauces were the most effective in reducing the indigenous microbial growth on the
chicken samples. The plum sauce showed higher antimicrobial activity than pomegranate sauce. The phenolic content
and acidity of the samples significantly (P< 0.05) affected the antimicrobial activity both in vitro (agar diffusion and
MIC) and in situ (chilled chicken breast). In conclusion, the sumac and Seville orange sauces were found to be the
most promising natural antibacterial agents, and their use could be recommended, for example, in catering services to
reduce the risk of foodborne illness.
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INTRODUCTION

conomic losses resulting from food spoilage and

foodborne illnesses are a global problem. To de-
crease foodborne illnesses, the growth of microbial
organisms should be prevented during the food pro-
duction chain. The Centers for Disease Control and
Prevention (CDC) estimates that, each year, roughly
48 million people become ill, 128.000 are hospitalised
and 3.000 die from foodborne diseases in the United
States. Unspecified agents contribute to 80% of the
total number of illnesses, and the remaining 20% are
caused by 31 known pathogens. Salmonella species
and Staphylococcus aureus are among the top five
pathogens contributing to domestically acquired food-
borne illnesses. In the United states, Escherichia coli
(STEC) O157:H7 is among the top pathogenic bacte-
ria resulting in hospitalisation and Listeria monocyto-
genes in death (Anonymous, 2018). Catering services
are one of the sources of foodborne outbreaks. A re-
cent survey reported that, among 28 European Union
member states, catering services followed household
environments as the primary source of foodborne sal-
monellosis. Various facilities such as hospital restau-
rants, takeaway restaurants, ethnic restaurants, hotels,
and in-flight catering services were among the sourc-
es of infections (Osimani et al., 2016).

Chicken meat is one of the major sources of food
poisoning cases because of the frequent presence
of Salmonella spp., E. coli and Campylobacter spp.
(Kim et al., 2019; Li et al., 2019; Vetchapitak and
Misawa, 2019; Dantas et al., 2020; Saad et al., 2020;
Shen et al., 2020). For instance, several virulence
genes of Salmonella spp. were detected in chicken
samples from retail markets in South Korea (Dantas
et al., 2020).

To minimise the prevalence of foodborne diseases,
some slaughter establishments have begun to add an-
timicrobial chemicals (e.g. acidified sodium chloride,
chlorine, sodium hypochlorite) to rinse solution for
chicken carcasses (Ebel et al., 2019). However, be-
cause of consumer concerns over synthetic additives
in food production, recent research has focused on
the use of natural antimicrobial agents. Concentrated
fruit sauces, which have mostly been used in salad
dressings, have been widely studied because of their
antimicrobial activity. For example, pomegranate
sauces were previously found to inhibit the growth of
S. aureus and E. coli O157:H7 (Karabiyikli and Kisla,
2012). Plum sauce displayed a strong antimicrobial
effect on the growth of coliform bacteria and E. coli on

ground beef and minced beef samples (Yapar, 2006).
Sour orange juice completely inactivated Salmonella
Typhimurium and L. monocytogenes at the end of the
seventh day of incubation at 37 °C (Karabryikl et al.,
2014). Sumac sauce inhibited the growth of E. coli
O157:H7 and L. monocytogenes in vitro conditions
(Kunduhoglu and Pilatin, 2004). Hence, the use of
fruit sauces could be a practical way of decreasing the
microbial load and maintaining food safety in house-
holds and catering services. The aim of the present
study was to determine the antimicrobial effects of
fruit sauces on some pathogenic bacteria both in vitro
(minimal inhibition concentration [MIC] and agar dif-
fusion tests) and in situ (by placing chicken breasts in
each fruit sauce at 4 °C for 2 h).

MATERIALS AND METHODS

Materials

Nutrient agar (NA), nutrient broth (NB), peptone
water (0.1%), Mueller-Hinton broth (MB), Violet Red
Bile agar (VRB), Brillant Green Bile Broth (BGLB),
Fluorocult Lauryl Sulphate Broth (Merck), KOVACS’s
indole reagent and Fluorocult E. coli O157:H7 agar
were purchased from Merck (Darmstadt, Germany).
Chemicals used in physicochemical analyses were pur-
chased from Sigma-Aldrich (United Kingdom). Fresh
pomegranates (Punica granatum) were purchased
from local markets in the Antakya province of Turkey.
Sumac (Rhus coriaria L.) fruits were purchased in
the Gaziantep province. Plums (Prunus domestica cv.
French) and Seville oranges (Citrus aurantium) were
purchased in the Mersin province. Chicken samples
were purchased in their original packages from two
different suppliers in the Adana province and were im-
mediately transferred to the laboratory and kept under
refrigeration (4°C).

Preparation of fruit sauces

The pomegranate, plum and Seville orange sam-
ples were first cleaned and washed under tap water.
Then, the fruits were pressed using a lab-type juice
press (Waring, US). The obtained fruit juices were
filtered through filter paper (Isolab, Germany). The
filtrates were gently boiled in a kitchen saucepan, fil-
tered, boiled again for 1 h and left to reach ambient
temperature. However, the sumac fruits were not sub-
jected to a heat treatment and were left at room tem-
perature until sediments were observed by the naked
eye. The filtrate was then sun dried until reaching a
dark colour, after which it was filtered and bottled.
All sauce types were bottled in sterile glass jars and
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stored at 4 °C until further use.

Test microorganisms

E. coli O157:H7,E. coli type 1,L.monocytogenes,
Listeria ivanovii, S. Typhimurium and S. aureus were
acquired from former foodborne isolates in our lab-
oratory (Cukurova University Agricultural Faculty
Food Engineering Department, Turkey) collection.
Reference strains were purchased from local compa-
nies to control the studied bacterial types.

Antibacterial assay (in vitro) using the agar-well
diffusion method

The agar-well diffusion method was used follow-
ing the modifications of Ahmad and Beg (2001) to de-
termine the antimicrobial activity of the fruit sauces.
Freshly grown cultures were first propagated in 5 mL
of NB in tubes and incubated at 30 °C for 24 h. Fol-
lowing incubation, tubes were centrifuged at 3,000 g
for 10 min at 4 °C and washed twice in NB. The su-
pernatant was discarded. Bacterial pellets of the test
microorganisms were diluted in 3 mL of sterile dis-
tilled water and used as stock cultures. Appropriate
concentrations (0.5 McFarland units, corresponding
with approximately 1.5 x 10® CFU/mL) of the bacteria
were determined with a densitometer and further di-
luted to 10° CFU/mL. One millilitre of prepared cells
was spread onto the surface of nutrient agar plates and
left to dry at ambient conditions for 30 min. A steril-
ised stainless steel borer was used to punch wells in
the agar medium 6 mm in diameter. Each well was
then filled with 0.5 mL of fruit sauce diluted in steril-
ised distilled water to achieve different final concen-
trations (1%, 10%, 100% v/v, water basis). The plates
were left at ambient conditions to allow the diffusion
of the sauces in the agar plates. The plates were then
incubated at 37 °C for 24-48 h until visible growth
of microorganisms was evident in the control plates.
The diameter of the inhibition zone was measured us-
ing callipers and expressed in millimetres. The values
were taken as the average of five repetitions. The sen-
sitivities of the bacteria were classified by the diame-
ter of the inhibition zone, as described by Ponce et al.
(2003): not sensitive (—) for diameters less than 8§ mm,
sensitive (+) for diameters 9-14 mm, very sensitive (+
+) for diameters 15-19 mm and extremely sensitive (+
+ +) for diameters larger than 20 mm.

Minimal inhibitory concentration test
The minimum inhibitory concentrations (MICs)
were evaluated by the broth microdilution method

(M26-A) in accordance with the guidelines of the Na-
tional Committee for Clinical Laboratory Standards
(2003). Each fruit sauce was serially diluted two-fold
in Mueller Hinton Broth (Merck, Darmstadt/Germa-
ny) to achieve increasingly more diluted concentra-
tions (1:0.125, 1:0.25, 1:0.5, 1:1, 1:2, 1:4, 1:8, 1:16,
1:32, 1:64, 1:128, 1:256 pg/mL). Each dilution and
a control tube (containing no fruit sauce) was inoc-
ulated with 5.0 log CFU/mL of the test microorgan-
isms. Tubes were then incubated at 37 °C for 24-48 h.
The MIC was assigned to the lowest concentration of
each antimicrobial fruit sauce that prevented bacterial
growth. The test was conducted five times per fruit
sauce.

Antimicrobial activity (in situ) of fruit sauces on
chicken samples

To determine the antimicrobial effect of the fruit
sauces on the naturally existing bacterial microflo-
ra of the chicken samples, the following procedures
were applied. Twenty grams of chicken breast sam-
ples were treated with 15 mL of each fruit sauce sep-
arately and mixed well in Petri plates with their lids.
Samples were left to rest at 4 °C for 2 h to ensure
that each sauce had coated the surface of the chick-
en samples. Then, 10 g of each chicken sample was
diluted in 90 mL of peptone water, homogenized in
a stomacher (BagMixer 400 P, Interscience, France)
and serial decimal dilutions were made. Dilutions
were surface plated on VRB agar to monitor coliform
bacteria and incubated at 35 °C for 18-24 h according
to the solid medium method (SMM).

To confirm the coliforms, at least 10 colonies were
selected and incubated at 35 °C in BGLB broth, and
Gram stains were made (Anonymous, 2002). The most
probable number (MPN) method was used with Fluo-
rocult Lauryl Sulphate Broth to identify the amount of
bacteria. After incubation at 35 °C for 48 h, the tubes
were checked for gas formation, which confirms the
presence of coliform bacteria. The gas-positive tubes
were checked for light blue fluorescence under UV
light (366 nm). Afterwards, the tubes showing both
positive and negative fluorescence were subjected to
an indole test using KOVACS’s indole reagent. Posi-
tive indole and fluorescence samples were marked as
E. coli type I (BGA, 1992). Meanwhile, negative flu-
orescence and positive indole samples were marked
as E. coli O157:H7. Fluorocult E. coli O157:H7 agar
was used to confirm E. coli O157:H7, and the plates
were incubated at 35 °C for 18-24 h (Szabo et al.,
1986). NA (Nutrient Agar) was surface plated to carry
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out the total aerobic mesophilic bacteria counts, and
plates were incubated at 30 °C for 24-48 h (Beuchat
etal., 1991).

Physicochemical analyses

The pH and total acidity of the fruit samples were
measured in duplicate. A Mettler Toledo Seven Com-
pact pH Meter (Port Melbourne, Victoria,Australia)
was used for pH determination. The titrimetric meth-
od with NaOH (0.1 N) was used to measure the total
acidity of the samples. The results were expressed
as the citric acid percent (%) of the samples taken
as the total acidity (Ting and Rouseff, 1986). To de-
termine the total phenolic compounds, 2 mL of each
fruit sauce was mixed with 8 mL of ethanol (80%,
v/v) and then centrifuged at 4,000 rpm for 20 min.
Fifty uL of supernatant phase was mixed with 100 pL
of Folin-Ciocalteau solution and 1,500 pL of distilled
water for 10 min. Then, 50 pL Na,CO, (20%, v/v)
was added, and the mixture was left in the dark for 2
h. The optical density of samples was then measured
against the blank at a wavelength of 765 nm using a
spectrophotometer (Shimadzu UV-1700 Pharmaspec,
Japan). A standard curve was created using gallic acid
to measure the total phenolic content of samples in
mg gallic acid/L (Abdullakasim et al., 2007).

Statistical analyses

Data were analysed by ANOVA (one-way analysis)
using Statistical Package for the Social Sciences (SPSS)
software, version 21 (IBM, USA)). Duncan’s post-hoc
test was applied at a significance level of P< 0.05.

RESULTS

Physicochemical analyses

The pH of the sumac sauce was the lowest among
the sauces and that of pomegranate was the highest.
These findings were accompanied with the titration
acidity of the fruit sauces (Table 1). The total phenolic
content of the pomegranate sauce was the lowest and
that of the sumac sauce was the highest.

Microbial inhibition analyses

The agar diffusion test results showed that all bac-
teria were extremely sensitive to plum, Seville or-
ange and sumac sauces at a concentration of 100%,
v/v (Table 2). Escherichia coli type 1, S. Typhimurium
and E. coli O157:H7 were also extremely sensitive
to pomegranate sauce at a concentration of 100%,
v/v. Sumac sauce at 10% (v/v) concentration showed
high antimicrobial activity against test microorgan-

isms. The sensitivity of the bacteria to the remaining
sauces at a concentration of 10% (v/v) varied, but in
general, the studied bacteria were not sensitive at this
concentration. The lowest concentration (1%, v/v) of
the sauces was ineffective in inactivating microbial
growth. Only L. monocytogenes was sensitive to su-
mac sauce at a concentration of 1%, v/v (Table 2).

The findings of the MIC method (Table 3) in
general aligned with the those of the agar diffusion
method, as shown in Table 2. The sumac sauce had a
significantly (P< 0.05) higher antimicrobial activity
than the remaining sauces on all of the studied bac-
teria except for L. ivanovii. The MIC value of sumac
sauce and Seville orange sauce was the same for this
latter bacterium (Table 3).

The pomegranate sauce had a significantly (P<
0.05) higher antimicrobial activity than the Seville
orange and plum sauces against S.Typhimurium. The
same sauce had significantly (P< 0.05) less activ-
ity than the other sauces (plum and Seville orange)
against L. ivanovii and S. aureus and no activity
against L. monocytogenes. The plum, pomegranate,
and Seville orange sauces showed no differences
in their antimicrobial activity against E. coli type 1
and E. coli O157:H7. The Seville orange sauce had
a significantly (P< 0.05) higher antimicrobial activi-
ty against L. ivanovii and S. aureus compared to the
plum and pomegranate sauces (Table 3).

According to the in situ (food method) test results,
the Seville orange and sumac sauces both complete-
ly inactivated the indigenous microbial (total aerobic
mesophilic bacteria, coliform bacteria and E. coli type
I) growth in the chicken breast samples. The amount
of coliform bacteria inactivated by the plum and
pomegranate sauces was higher than the total aerobic
mesophilic bacterial counts (Table 4).

DISCUSSION

Previous studies have shown that the antimicrobial
activity of pomegranates (Gonzalez et al., 2002; Du-
man et al., 2009; Tagi, 2010), plums (ShyamalaGow-
ri and Vasantha, 2010; Mehta et al., 2014), Seville
oranges (Degirmenci and Erkurt, 2020), and sumac
(Ali-Shtayeh et al., 2013) depends on the high acidity
and rich phenolic content of the fruits. Similarly, we
found that the fruits with higher phenolic content and
lower pH (Table 1) displayed significantly (P< 0.05)
higher antimicrobial activity, as shown in Tables 2, 3,
and 4.
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Table 1 Physicochemical analyses

Plum Pomegranate Seville orange Sumac
pH 3.36+0.01° 5.12+0.02°® 2.47+£0.01 ¢ 2.13+0.00 ¢
Titration Acidity (% citric acid) 3.268+0.17° 0.098+0.00° 16.195+0.00¢ 36.84+1.12¢
Total phenolic content (mg gallic acid/L)  260.32+3.85* 74.3020.94° 153.99+1.37¢ 2637.5949.95¢

Results are presented as means of two observations + standard deviation.
Data in the same row bearing different superscript letters are significantly different (P<0.05).

Table 2 Agar diffusion test results (mm)

E.coliTypel S.Typhimurium E.coli O157:H7 L.monocytogenes L.ivanovii  S.aureus

Plum
100% 28 24abx 20y 25%x 200 24 280x
10% 1.0 1.0 2.0 2.0 12 1.0
1% 1.0 1.0 1.0 1.0 1.0 1.0
Pomegranate
100% 32 36.4% 26 1.0% 9.0 6.0°%
10% 17 3.0 3.0 1.0 6.0 10
1% 5.0 1.0 1.0 1.0 1.0 1.0
Seville orange
100% 33.8= 37 33.8% 24 250 24
10% 2.0 7.0 2.0 3.0 22 12.2
1% 6.0 2.0 6.0 1.0 2.0 2.0
Sumac
100% 35.280x 38.28y 40.2% 40.7° 32.5%= 37.5%2
10% 22.5 21.5 20 15 21.2 25
1% 1.0 5.0 1.0 9.0 3.7 1.0

Results are presented as means of five observations.

Different superscript letters (a, b, ¢) within the same row indicate significant (p< 0.05) differences among the bacterial
types as affected by each fruit sauces at 100% concentration.

Different superscript letters (X, y, z) within the same column indicate significant (p< 0.05) differences among the fruit
sauces at 100% concentration against each bacterial types.

Table3 MIC test results (ng/mL)

E.coli Typel S.Typhimurium E.coli O157:H7 L.monocytogenes  L.ivanovii S.aureus
Plum 1:32(0.031)* 1:32(0.031)*  1:32(0.031) 1:32 (0.031)® 1:16 (0.062)*  1:32(0.031)*
Pomegranate  1:28 (0.035)*  1:64 (0.015)*  1:32(0.031) <1:2 (0.5)° 1:8 (0.125)® 1:8 (0.125)°
Seville orange 1:32 (0.031)*  1:32(0.031)*  1:32(0.031) 1:32(0.031)*  1:256 (0.003)>  1:128(0.007)°
Sumac 1:256 (0.003)° 1:256 (0.003)  1:256 (0.003)*>  1:256 (0.003)°  1:256 (0.003)* 1:256 (0.003)¢

Results are presented as means of five observations.
Different superscript letters within the same column indicate significant (p< 0.05) differences.
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Table4 Antimicrobial activity of fruit sauces on chicken breast meat samples

TVC Coliform (SMM) Coliform (MPN) E.coli
Supplier 1
Control 5.49+0.05¢ 3.73+0.08¢ > 1100 > 1100
Plum 3.04+0.04¢ 2.8440.06° 26.7 26.7
Pomegranate 4.594+0.01° 2.84+0.00° 35 35
Seville orange <0.1£0.00? <0.1£0.00? <3.0 <3.0
Sumac < 0.1+0.00° < 0.1+0.00° <3.0 <3.0
Supplier 2
Control 5.64+1.04¢ 5.25+0.35" > 1100 > 1100
Plum 3.62+0.32f 2.7240.12¢ 15 15
Pomegranate 4.87+0.02"% 3.65+0.18f 46 46
Seville orange <0.1£0.00° <0.1£0.00° <3.0 <3.0
Sumac < 0.1+0.00¢ < 0.1+0.00¢ <3.0 <3.0

Results are presented as means of two observations.

Different superscript letters within each supplier sample columns indicate significant (p< 0.05) differences for TVC and

Coliform (SMM), and shown in log CFU/g.

No statistical analyses were performed on Coliform (MPN) and E.coli.

The phenolic compounds in plants are present in
the form of monophenols, diphenols or triphenols,
which are called simple phenolic compounds. In ad-
dition, phenolic acids such as gallic acid, caffeic acid,
ferulic acid and furocoumarins are among the anti-
microbial compounds (Daglia, 2012; Quinto et al.,
2019).

Polyphenols are generally divided into two classes
as flavonoids and nonflavonoids, which are import-
ant for their potential antimicrobial activity (Daglia,
2012). The freeze-dried arils of pomegranate fruits
(FDAPs) contain both flavonoids (proanthocyanidin
trimers and degradation of procyanidin dimers of fla-
van-3-ols) and nonflavonoids (caffeic acid and ferulic
acid) in addition to palmitic and stearic acids, as de-
termined by Uzunlu and Niranjan (2017). That study
found that polycaprolactone (PCL)-incorporated
pomegranate methanolic extract films had higher an-
timicrobial activity against E. coli and S. aureus than
PCL-FDAP active films (Uzunlu and Niranjan, 2017).

Naz et al. (2007) directly isolated the bioactive
phenolic compounds of pomegranate fruits and de-
termined their antimicrobial activity. Of the identified
phenolic compounds, gallic acid showed the highest
antibacterial activity against tested Gram-positive and
Gram-negative bacteria (Naz et al., 2007).

Duman et al. (2009) found that both E. coli and
S. Typhimurium cells were highly affected by pome-
granate sauce at a concentration of 100% (v/v), and

S. aureus was less affected. Var et al. (2016) and
Kunduhoglu and Pilatin (2004) also reported that E.
coli and Salmonella cells were highly inactivated by
pomegranate sauce at a concentration of 100%, v/v.
Another study examined the antimicrobial effect of
traditional and commercial pomegranate sauces in
Turkey and found traditional sauces to be more effec-
tive than commercially produced sauces (Karabiyikli
and Kisla, 2012).

An extensive review reported that commercial
pomegranate juices from the whole fruit have high-
er antioxidant activity than from the arils only (Ka-
laycioglu and Erim, 2017). In addition, the use of
different solvents (water, ethanol, petroleum ether,
chloroform, acetone, methanol) to extract bioactive
compounds from different parts (aril, peel, seed) of
the pomegranate fruit resulted in differences in anti-
microbial activity (Tanveer et al., 2015). For instance,
the aqueous extract of pomegranate displayed low-
er (0.20 mg/mL) MIC value than the ethanolic ex-
tract against E. coli (Voravuthikunchai et al., 2004).
Gonzaélez et al. (2002) documented a high content of
polyphenolic compounds in pomegranate peel and
seeds with a high antimicrobial activity.

Our pomegranate sauce had a lower total phenolic
content (74.3 mg GAE/L) and higher pH than earlier
reported studies (see Kalaycioglu and Erim, 2017).
One study reported a similar phenolic content (88.5
mg GAE/kg) for a pomegranate fruit clone ‘351’
grown in south-eastern Spain. The MIC values of the
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present pomegranate sauce were found to be in the
range of 0.015-0.5 pg/mL (Table 3), with inhibition
zones of 9.0-36.4 mm against the tested microorgan-
isms (Table 2).

Prashanth et al. (2001) found that the aqueous ex-
tract of pomegranate rind had a MIC value against
Salmonella Typhi of 0.025 ug/mL. This was similar to
our findings for S.Typhimurium, for which we found
a MIC value of 0.015 ug/mL. We also determined,
interestingly, that pomegranate sauce had higher an-
timicrobial activity against S.Typhimurium than the
other pathogens in both the agar diffusion and MIC
assays (Tables 2 and 3).

Pradeep et al. (2008) also found that methanolic
extracts of pomegranate pericarp showed the highest
antimicrobial activity against S. Typhimurium and
Shigella dysenteriae serotype 2, with an inhibition
zone of 25 mm (for each) among other Salmonel-
la types and E. coli. In addition, Pérez and Anesini
(1994) determined that the pericarp extract of pome-
granate showed strong antimicrobial activity against
the multidrug-resistant typhoid fever-causing S. Ty-
phi. An in vivo study to treat salmonellosis success-
fully found that pomegranate peel extract effectively
inhibited the growth of S.Typhimurium and signifi-
cantly reduced mouse mortality (Choi et al., 2011).

However, the comparison of the phenolic contents
and antimicrobial activity of fruits and their cultivars is
not always possible because the variety, climate, grow-
ing and processing conditions of the studied fruits and
methods used to extract the bioactive compounds from
fruits can result in differences in the data (Weerakkody
et al., 2010; Degirmenci and Erkurt, 2020).

For instance, Orak (2009) found a total phenol con-
tent of 9,870 pg/mL in a sour concentrate of pomegran-
ate, which was about one-third lower that of the fruit’s
juice. Conventional evaporation for nearly 8 h to pro-
duce sour concentrate mainly resulted in differences in
the phenolic content of the fruit. Orak (2009) also stat-
ed that the difference in phenolic composition depends
on the studied material and determination methods.

For instance, Shyamala Gowri and Vasantha (2010)
found that the aqueous extracts of black plum (Syzyg-
ium cumini L.) leaves contained higher phenols than
the methanolic extracts. Leaves of black plum (S.cum-
ini L.) extracted in both methanol and water have been
found to inhibit Bacillus subtilis, S.Typhi, Pseudomo-
nas aeruginosa, E. coli and Proteus vulgaris (Shya-

mala Gowri and Vasantha, 2010). The authors referred
to the antibacterial effect of tannins and other phenolic
constituents present in black plum (S.cumini) leaves.

The present MIC values of plum sauce were the
same (0.031 pug/mL) for the tested bacteria except for
L. ivanovii, which had a value of 0.062 pg/mL, show-
ing its resistance (Table 3). The inhibition zones were
aligned with the MIC values, showing similar sensi-
tivity of the bacteria. In the agar diffusion tests (Table
2), L. ivanovii was more resistant than the remaining
bacteria, similar to the MIC test (Table 3).

Our research group previously documented that
plum sauces have a high antibacterial effect on Sal-
monella enteritidis, S. Typhimurium, E. coli, S. aureus
and Bacillus spp. at a concentration of 100%, v/v (Var
et al., 2016). Fung and Thompson (2001) have report-
ed that dried plum diluted at various concentrations
inhibited the growth of E.coli O157:H7, S. Typh-
imurium and S. aureus on raw and cooked pork meat.
In addition, Mehta et al. (2014) previously assessed
extracts of dried plum samples against four bacteri-
al pathogens, namely S. aureus, Staphylococcus epi-
dermidis, B. subtilis and Proteus mirabilis. These
researchers determined that dried plum extracts ex-
ercised an inhibitory effect against most of the tested
bacteria, although no inhibition was detected against
B. subtilis. Furfural and eugenol were determined as
the antibacterial agents (Mehta et al., 2014).

Citrus aurantium (Seville orange) essential oil
contains oxygenated monoterpenes, aliphatic hydro-
carbons, monoterpene hydrocarbons and esters. Of a
total of 77 different compounds, the main compound
and dominant chemical class was linalool. Several
chemical compounds present in fruits show antimi-
crobial activity against microorganisms (Degirmen-
ci and Erkurt, 2020). For example, Karabiyikli et al.
(2014) examined the antimicrobial activity of sour
orange juice against L.monocytogenes at different
concentrations. At a concentration of 100% (v/v), L.
monocytogenes was completely inactivated following
incubation at 37 °C for 3 h, and a concentration of
10% (v/v) had a similar effect after 3 days of incuba-
tion and, at a concentration of 1% (v/v), after 1 day of
incubation at 37 °C. Salmonella Typhimurium cells
were totally inactivated at a concentration of 100%
(v/v) after incubation at 37 °C for 3 h, and a concen-
tration of 10% (v/v) also inactivated this bacterium
after 2 days of incubation at 37 °C. However, at a con-
centration of 1% (v/v), this bacterium was inactivated
after 7 days of incubation (Karabiyikli et al., 2014).
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The in vitro data revealed that both L. monocy-
togenes and L. ivanovii were extremely sensitive to
Seville orange sauce at a concentration of 100%, v/v.
Listeria ivanovii was also extremely sensitive to a con-
centration of 10% (v/v), although L. monocytogenes
was not. There was no antimicrobial effect at a con-
centration of 1%, v/v. Salmonella Typhimurium cells
were highly affected at a concentration of 100% (v/v),
but were not affected at concentrations of 10% (v/v)
and 1%, v/v (Table 2). Al-Oqaili et al. (2014) also re-
ported that bitter orange juice at a concentration of
100% (v/v) showed very high antimicrobial activity
against S. aureus using the agar diffusion method.

Sumac is used as astringent agent and for indiges-
tion, anorexia, diarrhoea, haemorrhagia and hypergly-
caemia in traditional folk medicine (Nasar-Abbas and
Halkman, 2004; Fazeli et al., 2007). The bioactivity
of sumac was previously documented and found to
contain 211 phytochemicals. In particular, sumac is
an abundant source of phenolic components, mainly
hydrolysable tannins (Abu-Reidah et al., 2015).

The present findings for sumac sauce showed that
the inhibition zones for L. monocytogenes and E. coli
0157:H7 were 40.7 mm and 40.2 mm, respectively, at
a concentration of 100% (v/v). Kunduhoglu and Pilatin
(2004) reported inhibition zones of 32 and 28 mm for
L. monocytogenes and E. coli O157:H7, respectively,
at a concentration of 75%, v/v. Another study found
that the water extracts of sumac were effective against
12 bacterial strains, including L. monocytogenes, S.
aureus, E. coli type 1, E. coli O157:H7 and S. enter-
itidis (Nasar-Abbas and Halkman, 2004). The authors
also studied a neutralised extract (pH 7.2) of sumac
to exclude the inhibitory effect of the high citric and
malic acid content, and the same inhibition patterns
were found against all tested bacterial strains except
P. vulgaris (Nasar-Abbas and Halkman, 2004). Anoth-
er study (Digrak et al., 2001) extensively investigated
the antibacterial and antifungal activities of medicinal
plants, including sumac. The antimicrobial effect of the
sumac samples was in the range of 35-51 mm based on
the disc diffusion method (Digrak et al., 2001). Overall,
our findings are in consistent with the literature.

Antimicrobial activity (in situ) of fruit sauces on
chicken samples

The in situ antimicrobial effect of sauces on the indig-
enous microflora of the chicken samples showed that the
Seville orange and sumac sauces completely inactivated
the growth of total aerobic mesophilic bacteria, coliform

bacteria and E. coli type I after 2 h at 4 °C. Meanwhile,
the plum and pomegranate sauces decreased the growth
of all tested bacteria by one to two log units (Table 4).
Similarly, Yapar (2006) found that plum and pomegran-
ate sauces at a concentration of 100% (v/v) complete-
ly inactivated coliform bacteria and E. coli growths on
minced beef meat and ground beef meat. Total aerobic
mesophilic bacteria decreased by 3 logs on minced beef
meat dipped in plum and pomegranate sauces after 2
h at 4 °C; a 2-log decrease was found for ground beef
samples. Coagulase-negative Staphylococci decreased
by one log unit on minced beef samples dipped in plum
sauce. Finally, a very slight (~0.5 logs) decrease was re-
ported for both ground and minced beef samples dipped
in pomegranate sauce (Yapar, 2006).

Consistent with our data, Bazargani-Gilani et al.
(2015) reported the initial total viable count (TVC) of
chicken breast meat samples as 4.85 log CFU/g. These
authors stated that pomegranate juice retarded the
growth of TVC and extended the shelf life of chicken
up to 15 days at 4 °C storage. Lytou et al. (2016) stud-
ied the effects of marination (with pomegranate juice,
olive oil, dried thyme and honey) and chilling at 4 °C
on chicken breast fillets. The initial population of TVC
of the samples was 5.1 log CFU/g, which decreased by
ca. 1.0 log units on the first day. Taking into account that
the upper acceptability limit of the microbial load for
fresh meat is 7 logs (Senter et al., 2000), these authors
reported that the growth of TVC and Pseudomonas spp.
on chicken breast fillets marinated with pomegranate
juice and stored at 4 °C was controlled, extending the
time required to reach this upper limit by up to 8 days
and 4 days, respectively (Lytou et al., 2016). Notably,
Pseudomonas spp. is one the dominant genera of bacte-
ria in chicken meat in addition to Moraxella, Brochotrix
and Carnobacterium species and plays a significant role
in meat spoilage (Kim et al., 2019).

CONCLUSIONS

In summary, all of the studied fruit sauces showed
antimicrobial activity against the test microorganisms.
Sumac sauce exhibited the highest antimicrobial activity
both in vitro and in situ (on chilled chicken breasts). We
propose the use of fruit sauces (4 °C for 2 h) as a practi-
cal way for catering services and households to decrease
the existing microbial population of chicken breast meat.
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