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Abstract

Minced meat is a popular meat product found mainly in most types of meat meals as a source of animal-or-
igin food. So, it has high economic worth due to its nutritive value. Owing to the high moisture content and
richness in nitrogenous composites, it is an ideal medium for bacterial growth and contamination. Synthetic
preservatives are used for extending the shelf life and enhancing quality properties of meat, but consumers are
only recently considering them because of worries about potential health risks. Thus, using safe natural preser-
vatives becomes an urgent necessity. The objective of the current study aimed to determine whether cranberry
essential oil (CBEO) could improve the sensory, chemical, and bacteriological properties of raw minced beef
while also extending its shelf life. 60 minced beef samples were divided into 0.0 (Control), 0. 5, 1, and 1.5%
CBEO treated groups. The control and treated samples were kept at 3+1°C in the refrigerator for 12 days.
Minced beef samples’ sensory, chemical, and bacteriological properties were evaluated every three days. The
results showed that CBEO addition significantly delayed the proliferation of aerobic plate counts, psychotro-
phic, Staphylococcal and Enterobacteriaceae bacterial counts and extended the shelf-life of the minced beef
up to 12 days compared to the control group that was completely putrefied at the 6™ day of storage. This study
suggested that CBEO could be used as a natural preservative for chilled minced meat.
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INTRODUCTION

Meat is a great source of high-quality protein, fats, vitamins,
minerals, and trace elements, so it may be a terrific addition to a
healthy diet (Arnarson, 2019). Meat also plays a preventive role
against major and minor nutrients deficiency diseases as proteins
and amino acids meet the required health benefits needed for
growth and building of muscles in human (Ahmad et al,, 2018).
Because it is used as a source of animal origin food in the ma-
jority of meat products meals, ground beef has a high economic
worth due to its nutritional value (Velzen et al., 2008). Meats are
susceptible to lipid oxidation and microbial contamination be-
cause of their high nutrient content, which is seen as a concern
to the general public’s health (Aminzare et al., 2019). The use of
antioxidants is the most efficient and widely used strategy for
avoiding, decreasing, or retarding lipid oxidation and the genera-
tion of harmful chemicals, enhancing, or maintaining the sensory
characteristics, and extending the shelf life of foods containing
fat (Amiri et al., 2019). Various artificial preservatives with antioxi-
dant function are used in meat products to get rid of undesirable
changes in their sensory and nutritional attributes. However, due
to the risks of high toxicity, the search for natural alternatives in
the food industry is growing (Ribeiro et al.,, 2019). Some plants
are incorporated in different beef meat products as “natural anti-
oxidants” which contain active compounds can maintain charac-
teristics of beef meat by retarding chemical oxidation and min-
imizing microbial spoilage caused by aerobic microorganisms

which leading to prolonging the shelf-life (Elhadef et al.,, 2021).
Berries show great antibacterial activity against pathogenic bac-
teria and fungi by producing phytochemicals flavonoids and
phenolic contents (Kranz et al., 2020). Cranberry belongs to the
Vaccinium genus and Ericaceae family which is commonly known
as superfood, due to its high nutrient and antioxidant content.
It contains a wide range of chemical components with high bi-
ological activity, including volatile oils, significant quantities of
tannins, anthocyanins, flavonoids, and phenolic acids, such as
coumaric acid, sinapic acid, caffeic acid, ellagic acid, syringic acid,
ferulic acid, vanillic acid, gallic acid, and ascorbic acid (Dorris et
al, 2021). Various biological activities of phenolic acids and an-
thocyanins have been indicated, including antibacterial (Ranfaing
et al, 2018), antioxidant (Peixoto et al, 2018),antifungal (Otta-
viano et al, 2021) and antiviral (Zhang et al,, 2021).CBEO also
has been reported for its potential pharmaceutical uses such as,
anticancer, neuroprotective (Johnson et al., 2010), blood pressure
regulation (Flammer et al., 2013) and chronic disease prevention
as: kidney disease, heart disease, oral disease, type 2 diabetes
(Elsayed et al., 2023).

Accordingly, the objective of present work was to evaluate
the effect of cranberry essential oil at three concentrations (0.5%,
1%, and 1.5%) as a natural preservative of minced meat to en-
hance its sensory, chemical, and microbial characteristics to de-
termine the shelf-life of fresh minced meat during storage under
refrigerated conditions at 3+1°C.
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MATERIALS AND METHODS

Preparation of Cranberry Essential Oil

The ready-made herbal oil of cranberry (Vaccinium macrocar-
pon) used in this study was purchased from Pure Life Company
for Herbal & Natural Oils, Giza, Egypt. All the used chemicals were
of analytical reagent grade. This oil was stored in amber-colored
bottle at 4°C until use.

Preparation of Minced beef samples

A grand total of 9 Kg of the fresh minced beef used in this
study was purchased from butcher shops in Damanhour City,
El-Beheira Governorate, Egypt, packed in an insulated plastic
bag in a cool ice box and transferred directly to the Lab. in Food
Control Department, Faculty of Veterinary Medicine, Damanhour
University, under complete aseptic conditions. Minced beef sam-
ples were divided into 4 groups: (Control, 0.5%, 1% and 1.5%),
750g in each group. The first one was control group (without any
treatment), and the other three groups were mixed with 0.5%,
1% and 1.5% of cranberry essential oil (5 samples in each group).
According to ISO (2013), the minced beef samples were homog-
enized in a stainless-steel blender. Ground beef was mixed with
latex-gloved hands. Treated samples were through-mixed with
CBEO (0.5%, 1% and 1.5%). All samples were stored for 12 days
in the refrigerator at 3+1°C. The treated groups were subjected
to organoleptic, chemical, and bacteriological assessment at zero
day (within 2 h. after treatment) then periodically every three days
on the 3%, 6 9 and 12t days of chilled storage until decompo-
sition appeared in each group. In each trail 3 kg from the minced
beef was divided into two main groups, one group for sensory
and bacteriological examination and the other for chemical ex-
amination. Each main group weighed 150g and was separated
into 2 subgroups (100g each for chemical examination) and (50g
for sensory and bacteriological examination) as each subgroup
was treated with certain concentration of tested EO.

Sensory Evaluation of Minced Beef Samples

During the 12 days of preservation in the refrigerator, sen-
sory evaluation of minced beef meat samples was assessed by
twenty panelists (adult, untrained) were asked to evaluate the
overall sensory attributes of minced meat samples without being
informed of the experimental approach. By using unique codes,
the samples were blind-enciphered. They were asked to provide
a score for each of color, odor, taste, texture, and overall accept-
ability while the samples were still fresh (uncooked). The samples
without salt and spices were cooked then were attended to the
panelists to complete the evaluation of the sensory qualities. The
panelists were asked to drink warm water between samples to
rinse their palate from the previous sample taste. The evalua-
tion was conducted using a nine-point hedonic scale (1: poor;
9: excellent) was used in the evaluation as followed: A score of
9-7 indicated "Excellent to very good" quality, 6.9-4.0 indicated
"good” quality, a score of 3.9-1.0 indicated as spoiled was used
for the evaluation of appearance, smell, texture, taste and overall
acceptability as noted by Kruse et al. (1991).

Chemical Analysis of Minced Beef Samples
pH measurement

It is verified according to Pearson (2006). The pH measure-
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ment was carried out using an electrical pH meter (Bye model
6020, USA) and it was calibrated using two precisely recognized
buffer solutions (pH 7.01 and 4.01). Briefly, 10 g of each minced
beef sample was mixed with 10 mL of neutralized distilled water,
left at room temperature for 10 min with continuous shaking,
and filtered.

Determination of total volatile basic nitrogen (TVB-N) content

TVBN was measured according to the procedure recommend-
ed by (ES 63/9., 2006). In brief, in a clean distillation flask 10 g of
the minced beef sample was added to 300 mL of distilled water,
thoroughly mixed and then antifoaming and 2 g of magnesium
oxide was added. To 500 ml receiving flask, 25 ml of 2% boric acid
and few drops of indicator were added and heated within 10 min.
till boiling, then titration of TVN received in boric acid by H,So, n
0.1 was recorded till a faint pink color was obtained. Accordingly,
TVBN was calculated from the following formula:

TVN/I00g= (mls H,So, n 0.1 for sampl-ml H,So, n 0.1 for Blank)
x14

Determination of Thiobarbituric acid (TBA)

According to (ES 63/10, 2006), TBA value is calculated as mil-
ligrams of malondialdehyde equivalents per Kilogram of samples.
Briefly, 10 g of prepared minced beef sample was transferred to
a distillation flask and mixed with 50 ml of distilled water, then
(2.5ml hydrochloric acid diluted in 47.5 water) were added Then,
small pieces of antifoaming agents were added, and the flask was
heated for distillation of 50 ml within 10 minutes from the begin-
ning of boiling. Accordingly, 5 ml of a distilled solution was put
in a tube with cover, mixed with 5 ml of prepared thiobarbituric
acid. The tube was put on water bath and boiled for 35 minutes,
then cooled by water for 10 minutes. Then the absorbance of
sample was measured using Spectrophotometer (UNICAM969AA
Spectronic, USA) under wavelength 538. TBA value was calculat-
ed from the following formula:

TBA value (malonaldehyde mg /Kg) = Absorbance of sample x 7.8

Determination of Peroxide Value (PV)

PV was determined using the approach recommended by
Asakawa and Matsushita (1978). Accurately, 3 g of the sample
were mixed with10 ml chloroform into a 250 ml Erlenmeyer flask.
Furthermore, 15 ml acetic acid and 1.0 ml Kl solutions were add-
ed and mixed. The mixture was kept in a dark place for 5 minutes.
Consequently, 30 ml distilled water and 1 ml starch inductor was
added. The mixture was titrated with sodium thiosulfate until the
blue color disappeared. The peroxide value PV for all samples
was calculated from the following formula:

PV = (V1-V0) x T x 1000 /m (mille equivalent available oxygen/
kg) where:
V1= Volume of thiosulfate solution required to titrate the sample
(ml)
V0= Volume of thiosulfate solution required to titrate the blank
T= Titre of the sodium thiosulfate solution (normality)

m= Weight of sample (g)

Bacteriological Examination of Minced Beef Samples

Under complete aseptic conditions, 10 g of each minced
meat sample was weighted and transferred into homogenizer
flask containing 90 ml sterile peptone water (0.1%) in a homoge-
nizer (Oxide CM0009) at 4000 r.p.m for 2.5 minutes to provide a
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proper tenfold serial dilution. Total aerobic bacterial Count (TBC)
was detected on Plate count agar after incubated for 48+2 h at
37°C (FDA., 2001), Psychrotrophic bacterial count (PBC) was de-
termined using the pour plate method and incubated at 4°C for
5-7 days (APHA., 2001), Enterobacteriaceae were counted on vi-
olet red bile glucose agar (Oxide CM 485B) medium and incubat-
ed at 37°C for 24 h. (ISO 21528-2004) and Staphylococcal count
(STAPH) were counted on Baird Parker agar medium after being
incubated at 37°C for 48 hrs. (ISO 6888-1: 1999 A1:2003).

Statistical Analysis

Data was statistically analyzed using One-way analysis of vari-
ance (ANOVA) System (SAS Institute, Cary, NC, USA). The chem-
ical, microbiological and organoleptic values were expressed as
meanststandard deviation (SD). Significant means were com-
pared using Tukey-Kramer HSD difference test (JMP) post-hoc
test (P<0.05).

RESULTS

Sensory Evaluation of Minced Beef Samples

Table 1 shows the overall acceptability and sensory features
of chilled minced beef samples stored at 3+1°C were significantly
increased by addition of different concentrations of CBEO (0.5%,
1%, and 1.5%) up to the 12* day of storage compared to the
control samples (untreated) which were completely spoiled at

the 6" day of storage. Also, samples containing 1.5% cranberry
oil demonstrated the highest enhancement of sensory attributes,
while the samples treated with 0.5% of cranberry oil demonstrat-
ed the least enhancement.

Chemical Analysis of Minced Beef Samples
Hydrogen lon Concentration (pH) of Minced Beef Samples

The obtained results showed that minced meat samples
treated with CBEO had significantly decreasing pH values after
treating minced meat sampled with 0.5, 1, and 1.5% of CBEO and
stored for O, 3, 6, 9 and 12 days of chilled storage, respectively
compared to control samples. Table 2.

Total Volatile Basic Nitrogen of Minced Beef Samples

Table 3 shows that treating minced meat samples with CBEO
at different concentrations decreased the TVBN values especially
after 9 and 12 days of storage at 3+1°C than control samples
that exceeded the permissible limit by the 6" day of storage
(20.23+£1.34 mg/100) which indicated that CBEO could reduce
protein decomposition and decrease TVN values.

Thiobarbituric Acid Reactive Substances of Minced Beef Samples
(TBARSs)

Table 4 shows that CBEO treated samples at different con-

Table 1. Effect of cranberry (Vaccinium macrocarpon) EO addition at a concentration of 0.5, 1 and 1.5% on overall acceptability of minced beef after chilling at

3+1°C (mean+standard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group
0.5% treated group 1% treated group 1.5% treated group
Zero day 8.22+1.43 8.45+1.39 8.63+1.42 8.87+1.49
3" day 6.59+1.45° 6.83£1.39* 7.2341.34% 8.16+1.32°
6™ day 4.13+1.36° 5.39+1.36* 6.11£1.32%® 7.14+1.32°
9" day 3.23+1.25° 5.29+1.32° 6.44+1.27% 6.98+1.34¢
12% day 2.74+1.19° 4.25+1.29° 5.16+1.29° 6.12+1.21°

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 2. Changes in pH value of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1 and 1.5% of CBEO (mean+standard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group 1% treated group 1.5% treated group
Zero day 5.71£0.22 5.69+0.21 5.69+0.21 5.68+0.21
3 day 6.24+0.23* 5.87+0.24° 5.81+0.22% 5.76+0.23¢
6™ day 6.99+0.27* 6.12+0.23% 5.97+0.23% 5.89+0.23%
9™ day 7.48+0.27* 6.61+0.25% 6.52+0.24% 6.36+0.25°
12 day 7.92+0.28? 7.10+£0.27% 6.81+0.34% 6.54+0.29°

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 3. Changes in TVB-N content mg% of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (mean+standard deviation

“SD™).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group

1% treated group 1.5% treated group

Zero day 2.27+0.11 2.27+0.11 2.27+0.11 2.27+0.11

3" day 12.64+0.29° 4.58+0.34% 4.1240.31% 3.98+0.23%
6™ day 20.23£1.34° 9.42+1.13% 8.26+1.42° 7.14+1.10°
9t day 26.36+3.12° 14.254£2.31%® 12.56+2.08° 11.36+2.04¢
12 day 34.88+7.23° 21.6+3.89° 18.32+2.54° 17.95+2.25%

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).
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centrations lessened the TBA values especially at the 6, 9* and
12 days of storage compared to control samples at the 6" day
(0.95+0.12mg MDA/kg). Increasing CBEO level can reduce lipid
oxidation and decrease the TBA values in minced meat samples.

Peroxide Values of Minced Beef Samples (PV)

Results presented in Table 5 revealed there are significant dif-
ferences between the treated samples with different concentra-
tions of CBEO and the control samples. The addition of CBEO in
minced beef samples delayed lipid oxidation development and
decreased the peroxide values of treated samples compared to
the untreated control samples.

Bacteriological Examination of Minced Beef samples with CBEO
Total Aerobic Bacterial Count (TABC) of Minced Beef Samples

Table 6 shows that TABC mean values of control samples
at day zero were 4.55+1.12 log,, cfu/g which had the highest
initial TBC followed by 0.5% CBEO treated sample (4.21+1.11
log,, cfu/qg). In contrast, the lowest initial total bacterial count
presented with 1% and 1.5% CBEO treated samples (4.17+1.10,
3.59£1.10 log,, cfu/g, respectively). Samples that were treated
with 0.5,1 and 1.5% cranberry EO displayed decreasing count of
aerobic plate count compared to the control group. Moreover, 1
and 1.5% CBEO effectively improved the microbial characteristics

of minced beef samples for 9 and 12 days.
Total Psychrotrophic Count (TPC) of Minced Beef Samples

Results obtained in Table 7 show that cranberry essential oil
treated samples indicated significantly lower TPC throughout
the storage period compared to untreated control group. CBEO
significantly preserved the minced meat samples at zero time in
treated groups compared to control where at zero day of storage,
TPC of control, 0.5,1 and 1.5% treated groups were 4.14+0.98,
4.02+0.92, 3.98+0.94 and 3.78+0.93 log,, cfu/g respectively. Sig-
nificant variations between control and treated groups (P<0.05)
were obtained after the 3 day of storage till the end of the stor-
age period.

Total Enterobacteriaceae Count (TEC) of Minced Beef Samples

Table 8 shows that the initial Enterobacteriaceae count was
the highest in the control sample (2.64+0.35 log, cfu/g) followed
by 0.5% CBEO-treated samples (2.40+0.28 log,, cfu/g), 1% CBEO
-treated samples (2.38+0.26 log,, cfu/g), and 1.5% CBEO-treated
samples (2.24+0.27 log,, cfu/g) at zero day of chilled storage.
Different concentrations of CBEO (0.5, 1 and 1.5%) highlight the
positive preservative effects of CBEO treatments on minced meat
samples, where it decreased the EBC counts compared with con-
trol and prolonged the enhancement effect from zero day up to
the 9" and 12* day of storage.

Table 4. Changes in TBA mg/kg of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (meanstandard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group
0.5% treated group 1% treated group 1.5% treated group
Zero day 0.07+0.002 0.07+0.002 0.07+0.002 0.07+0.002
34 day 0.42+0.01° 0.27+0.01% 0.23+0.01° 0.17+0.009°
6™ day 0.95+0.12° 0.47+0.11° 0.42+0.10° 0.39+0.10¢
9" day 1.63+0.18° 0.74+0.13° 0.71+0.12° 0.65+0.11¢
12" day 1.94+0.34° 0.98+0.14° 0.85+0.15° 0.78+0.14¢

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 5. Changes in PV content meq O,/kg of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (mean+standard deviation

“SD”).
Berry oil treated samples
Chilling (days) Control group
0.5% treated group 1% treated group 1.5% treated group

Zero day 0.19+0.03* 0.19+0.03* 0.19+0.03* 0.19+0.03*

31 day 0.50+0.21* 0.43+0.12° 0.39+0.11% 0.37+0.11°

6™ day 2.67+0.36° 0.63+0.21° 0.59+0.22° 0.51+0.12°

9" day 3.57+0.49* 1.21+0.31° 0.96+0.22° 0.74+0.23°

12* day 5.44+1.13a 2.64+0.59° 2.31+0.52° 2.08+0.43°

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 6. Changes in aerobic plate count (log10 cfu/g.) of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (mean=standard

deviation “SD”).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group RC 1% treated group RC 1.5% treated group RC
Zero day 4.55+1.12 421+£1.11 0.34 4.17£1.10 0.38 3.59+1.10 0.96
31 day 5.10+1.16* 4.49+1.12%® 0.61 4.17+1.11° 0.93 4.03+1.10¢ 1.07
6™ day 6.55+1.21* 4.59+1.12° 1.96 4.52+1.14° 2.03 4.35%1.13¢ 2.2
9" day 7.11£1.26* 5.22+1.21° 1.89 5.14£1.19¢ 1.97 5.01+1.18¢ 2.1
12* day 8.14+1.54* 6.25+1.37° 1.89 5.86+1.32% 2.28 5.41£1.33¢ 2.73

Reduction count = Mean of control — Mean of treated

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).
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Total Staphylococcal Count (TSC) of Minced Beef Samples

The obtained results in Table 9 show that the total staphylo-
coccal count of the control and 0.5%, 1%, and 1.5% CBEO-treat-
ed minced meat samples were 3.14+0.21, 2.89+0.17, 2.75+0.16
and 2.67+0.25 log,, cfu/g, respectively at zero day of refrigerated
storage at 3+1°C which indicates the positive preservative effects
of CBEO treatments on minced meat samples from the beginning
of storage. With particular emphasis, samples treated with cran-
berry oil at various concentrations showed a reduced count of
STAPH when compared to the control, which started decompo-
sition on. the 6™ day of storage and prolonged the enhancement
effect after the 9% and 12 day of storage. Also, the CBEO at 1.5%
was more effective in decreasing STAPH counts than 1%.

DISCUSSION

The organoleptic evaluation of minced meat samples stored
at 3£1°C were significantly increased by cranberry EO different
concentrations at 0.5, 1 and 1.5% which significantly improved
the color, odor, taste, texture, and overall acceptability for 6, 9
and 12 days after storage, respectively. This observation agreed
with Gniewosz and Stobnicka (2018) and Lau (2019) who indicat-
ed that application of cranberry concentrates could provide food
safety without affecting acceptance and other sensory features of
meat products. Furthermore, Yang et al. (2022) reported that
cranberry powder could enhance sensory and microbial charac-

ters of fermented sausages as a natural substitute to nitrite and
this investigation supported by Liangli et al. (2005) who revealed
that CB seed oil is edible, having a pleasant flavor and have good
oxidative stability. Minced beef samples treated with an increas-
ing concentration of CBEO had lower pH values than control
samples during different periods of analysis. These findings
agreed with Salem et al. (2010) who concluded that the activation
effect of used essential oil as antimicrobial agent may cause pro-
tein hydrolysis with appearance of alkyl groups leading to de-
crease pH value. Also, by increasing CBEO to 1.5%, the pH values
scored the highest effect in lowering pH values for 12 days in
chilled storage and these results coincide with Gniewosz and
Stobnicka (2018) who reported increasing in acidity of minced
pork meat samples treated with different cranberry pomace ex-
tract stored at 4°C for 6 days compared to control along the stor-
age time and Daoutidou et al. (2021) who indicate that the CB
aqueous extract incorporation into the pork meatballs slowed the
increase of pH values during refrigerator storage compared to
the control. Total volatile basic nitrogen (TVBN mg/100g) is the
traditional chemical mean most usually employed for evaluation
of raw minced meat as more than 20 mg TVN/ 100 gm in raw
samples indicates the spoilage of minced meat according to
ES:63-9/2006 (EQS, 2006). The obtained result showed that treat-
ing minced meat samples with cranberry EO at different concen-
trations decreased the TVBN values especially after 9 and 12 days
of storage. Similar results for initial TVBN values reported by
Karre et al. (2013) who suggested that berries owing to their high
content of phenolic compounds might be used as antioxidants in
meat and poultry products through reducing the TBARS value

Table 7. Changes in total Psychrotrophic count log10 cfu/g. of chilled minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO

(meanzstandard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group RC 1% treated group RC 1.5% treated group RC
Zero day 4.14+0.98 4.02+0.92 0.12 3.98+0.94 0.16 3.78+0.93 0.36
3 day 4.95+0.93% 4.35+0.89° 0.6 4.31+0.86* 0.64 4.12+0.87° 0.83
6™ day 6.40+1.02° 5.12+0.96* 1.28 5.08+0.97* 1.32 4.96:+0.94° 1.44
9t day 7.05+1.16* 5.61+1.02° 1.44 5.58+0.98* 1.47 5.44+0.98° 1.61
12" day 7.93£1.21* 6.12+1.08° 1.81° 6.01+1.02 1.92 5.97+£1.01° 1.96

Reduction count = Mean of control — Mean of treated

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 8. Changes in total Enterobacteriaceae count log10 cfu/g. of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (mean=-

standard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group RC 1% treated group RC 1.5% treated group RC
Zero day 2.64+0.35 2.40+0.28 0.24 2.38+0.26 0.26 2.24+0.27 0.4
31 day 3.12+0.36* 2.67+0.29* 0.45 2.62+0.26* 0.5 2.51+0.23% 0.61
6™ day 3.95+0.37* 3.13+0.31° 0.82 3.08+0.29° 0.87 3.04+0.27° 0.91
9t day 4.55+0.42° 3.98+0.33* 0.57 3.74+0.31% 0.81 3.62+031° 0.93
12" day 5.13+£0.84* 4.47+0.75* 0.66 4.06+0.71° 1.07 3.82+0.68" 1.31

Reduction count = Mean of control — Mean of treated

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).

Table 9. Changes in total Staphylococcal count logl 0CFU/g of minced beef at 3+1°C after 3, 6, 9 and 12 days of storage with 0.5, 1, and 1.5% of CBEO (mean=-

standard deviation “SD”).

Berry oil treated samples

Chilling (days) Control group

0.5% treated group RC 1% treated group RC 1.5% treated group RC
Zero day 3.14+0.21 2.89+0.17 0.25 2.75+0.16 0.39 2.67+0.25 0.47
3 day 3.75+0.23* 3.11+0.21% 0.64 3.08+0.22% 0.67 2.85+0.11° 0.9
6™ day 4.2740.27° 3.65+0.24* 0.62 3.45+0.26° 0.82 3.17+0.22¢ 1.1
9™ day 4.85+0.32¢ 3.87+0.27° 0.98 3.65+0.25% 1.2 3.424+0.24¢ 1.43
12 day 5.44+0.36* 4.91+0.32%® 0.53 4.2240.29° 1.22 3.95+0.27° 1.49

Reduction count = Mean of control — Mean of treated

Means of the same rows carrying different superscript letters (a.b.c) are significantly different (p<0.05).
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during storage and Brink et al. (2019) who evaluated the antibac-
terial effect of edible films containing CB extracts on fresh cut
turkey pieces that decreased TVBN counts for at least 6 days .This
could be caused by the high total antioxidant capacity of CBE
which have the ability to successfully inhibit foodborne patho-
gens as mentioned by Lau (2019) and Ahmad et al. (2019) who
demonstrated that CB seeds regarded as a source of edible oil
with high antioxidants contain appreciable amounts of tannins,
anthocyanins, flavonoids and phenolic acids related to both or-
ganoleptic properties and antioxidant activities. The most widely
used biomarker for assessing lipid oxidation in meat and its
products is TBARS value expressed as mg malonaldehyde equi/
kg (Salami et al, 2015). Table 4 shows significant decrease in
TBARS content value in treated minced meat samples with CBEO
compared to the control group, which exceeded the permissible
limit of TBARS value, according to data from ES: 63-10/2006
(EOS, 2006).This could be linked to CBEO's high antioxidant ef-
fect, which is related to the fact that its flavonoids and phenolic
content act as scavengers, as was previously indicated by Peixoto
et al. (2018) and Dorris et al. (2021). Likewise, previous studies by
Semenova et al. (2019) have shown that essential oils usage as
antioxidants in minced meat can prevent lipid oxidation dis-
played lower TBARs values. Ganhao et al. (2013) provided sup-
port for these findings when found that the addition of berry
extracts had a significant effect on TBA-RS numbers in raw,
cooked, and chilled burger patties where burger patties treated
with berry extracts showed significantly lower TBA-RS numbers
than the control patties which indicate effectively retarded lipid
oxidation by berry extracts. The PV is used as a pointer for lipid
oxidation in raw meat and its products. The low peroxide values
might be associated to CBEO content of phenols and flavonoids
that have antioxidant activity. This is consistent with numerous
research that shown the impact of 200 mg/kg tannic acid found
in some plants as cranberry in lowering PV content values in re-
frigerated ground beef, as mentioned by Magsood and Benjakul
(2010) and supported by Zhang et al. (2016) who reported that
utilizing berries extract high in flavonoids as an antioxidant re-
duced PV and TBARS values and Khodaei et al. (2023) who indi-
cated that that the usage of cranberry extracts / apple Polyphenol
as a multi-antioxidant system protected the ground pork product
against oxidation. As a result, it contributes significantly to in-
creasing the shelf life and improving quality of minced beef. Ac-
cording to EOS (2006), samples treated with CBEO showed a de-
crease in aerobic plate count below the acceptable limit (6 log10
cfu/g) as the 1.5% CBEO significantly improved the microbial
properties of minced beef samples for 12 days. Results of present
study are in agreement with the findings of Daoutidou et al.
(2021) who indicated that APC of the control samples exceeded
the limit of 6 log CFU/g for total viable counts in fresh ground
meat set by European law (EC 2073/2005) at the 5" day while
meat samples containing CBAE was extended to the 8™ day of
chilled storage and supported by Gniewosz and Stobnicka (2018)
who noted a decrease in total cell number of minced pork inocu-
lated with pathogens stored at 4°C after CBE addition for 6 days.
Our findings revealed that CBEO significantly preserved the
minced meat samples by reduction in total psychrotrophic num-
bers correlated to active ingredients in cranberry phenolic com-
pounds, flavonoids and aromatic acids and these results were
similar to that of Lorenzo et al. (2018) who told that inhibitory
effects of berry extracts on meat oxidation is mainly related to the
numerous phenolic compounds with recognized antioxidant ac-
tivity. Additionally, Aminzare et al. (2019) indicated that phenolic
antioxidant components have the ability to delay food spoilage,
enhance organoleptic quality and prevent pathogens growth in
products, so they are widely used in the food industry and Yang
et al. (2014) who proved that there is an evidence of berry juice
ability of pathogenic bacteria inhibition while stimulating the
probiotics growth. These results could be attributed to the bacte-
riostatic or bactericidal activity of flavonols and other organic ac-
ids of cranberries where the largest inhibitory impact against S.
aureus was produced by an ethanol extract of cranberries, mostly
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through inhibiting peptidoglycans in bacterial cells according to
Tamkuteé et al. (2019). These current results indicated that minced
beef samples that were treated by CBEO (0.5, 1 and 1.5%) showed
decreasing count of STAPH and prolonged the shelf life from 6 to
9 and 12 days of chilled storage, respectively compared to con-
trol. Nearly similar results were obtained by Daoutidou et al.
(2021) who recorded displayed decreasing count of S. aureus val-
ues of treated pork meatballs with CBAE than control samples
stored for eight days in chilling at 4°C, Liepina et al. (2013) who
concluded that CB aqueous and ethanol extracts showed anti-
bacterial activity against S. aureus, B. cereus and P aeruginosa
strains especially. Our results also highlight the positive preserva-
tive effects of CBEO treatments on minced meat samples by de-
creased EBC counts compared with control and prolonged the
enhancement effect up to the 9t and 12t day of chilled storage.
These results coincided with those of Gniewosz and Stobnicka
(2018) who discovered that the E. coli count was inhibited in the
examined minced pork meat samples stored at 4°C treated with
various CB pomace extract for 6 days where E. coli count de-
creased by 3.23 log cfu/g after 30 minutes and decreased by 4
log cfu/g after 2 days of storage and Daoutidou et al. (2021) who
reported the effect of CB aqueous extract on decreasing Entero-
bacteriaceae for raw pork meatballs against control samples on
the 3 day of refrigerated storage. Furthermore, our results are
supported by Wu et al. (2009) who discovered antibacterial im-
pact of CB different concentrates (2.5%, 5.0%, and 7.5%) in com-
mercial ground beef patties by decreasing 6 log CFU/g E. coli
O157:H7 by 0.4 to 2.4 log CFU/qg after 5 days.

CONCLUSION

This study provides, for the first time, evidence for the addi-
tion of cranberry essential oil as a natural preservative for retailed
minced beef. Cranberry EO at concentrations of 0.5%, 1% and
1.5% enhanced the sensory, chemical, and microbial attributes.
Specifically, as it is a potent source of polyphenols having antioxi-
dant and antimicrobial properties, it inhibits the microbial growth
of TABC, TPC, TEC, TSC and increases shelf-life. The 0.5%-treated
samples has a shorter shelf-life compared with 1 and 1.5%-treat-
ed samples. Applying CBEO to extend shelf life while maintaining
the safety of minced beef could satisfy the expectation of con-
sumers for naturally safe minced meat ingredients without health
adverse effects.
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