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Abstract

This work aimed to investigate the preservation efficiency of some essential oils (thyme, cumin, and rosemary) in minced
meat during refrigerated storage. The antimicrobial analysis showed a significant effect of thyme E. coli O157:H7,
Staphylococcus aureus, Bacillus cereus, and Salmonella typhimurium against compared to cumin and rosemary. Meanwhile,
there were no significant differences in the antimicrobial activity between thyme, cumin and rosemary against Listeria
monocytogenes. These oils were applied with the concentrations chosen as the best concentrations, with a higher
concentration being chosen (thyme 0.1 and 0.25%), (cumin 0.3 and 0.6%) and (rosemary 0.3 and 0.6%) on a sample of
minced beef, as natural preservatives to determine their effect of shelf life, chemical, and microbial properties of minced meat
when been stored at 4 °C for 14 days. Obtained results showed that treated samples revealed decreasing values in chemical,
microbial and improving sensory properties than untreated samples (control). Also, thyme oil at 0.25% showed the most
effective treatment among other oils at different concentrations.

Keywords: Minced meat, Essential oil, Natural preservatives, Antimicrobial activity, physicochemical properties and freshness
tests.

as off-odors, various color deteriorations or changes
in aspect (texture, slime or liquid production) [5].

1. Introduction Despite the effect of autolytic enzymatic reactions

and lipid oxidation on meat spoilage, microbial
Meat comprises vital nutrients, particularly proteins, activity (essentially bacteria) is the major cause of
which are distinguished by high digestibility with a  SPoilage. A wide variety of microorganisms can
corrected amino acid score of 0.92. This protein is cause spoilage due to the nutritional composition of
necessary for numerous physiological functions in meat, pH (5.5-6.5) and high moisture content that
the human body [1, 2]. Meat provides around 15% of allows the growth and survival of a large range of
the proteins consumed in our diet. It covers almost all microorganisms [6]. Conditions of processing,
essential amino acids as well as several fatty acids ~ (ransportation, preservation, and storage, as well as
and micronutrients (e.g., Fe, Zn, Se, and vitamin B the animal's physiological state at slaughter, all affect
complex) [3]. However, approximately 20% of the the microbial _quallty of raw r_neat. M(_aat and meat
initial meat production is lost or wasted annually, products provide an appropriate environment for
representing 304.2 million tons. This portion of meat spoilage microorganisms or food borne pathogens
is wasted essentially due to spoilage characterized by due to their high water activity _and nutrient factors.
the decreased sensory quality of meat and meat Foodborne ~ pathogens, including  Staphylococcus
products [4]. Meat spoilage is a complex matter in aureus,  Listeria  monocytogenes,  Clostridium
which chemical and biological activities may interact, perfringens, pathogenic Escherichia coli, Vibrio spp.,
making it unacceptable to the consumer and unsafe and Campylobacter spp. cause a large number of
for consumption. There is a multiplicity of spoilage illnesses, with substantial dar_nage to human health
characteristics in meat products for consumers, such and the economy [7]. Contaminated foods cause 600
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million cases of food borne illness and 420,000
deaths worldwide yearly [8].

The multiplication of spoilage and pathogenic
microorganisms should be controlled to ensure food
safety. The search for new natural products as
alternatives to artificial preservatives has increased
because of the harmful effects they cause, as is the
wide range of effective compounds that can be
obtained from plants (e.g., essential oils) [9, 10].
Essential oils are secondary metabolites obtained
from some plant families, such as Lamiaceae,
Asteraceae, Lauraceae, Rutaceae, Myrtaceae,
Zingiberaceae, and Umbelliferae [11].

Recently, essential oils have received great
interest as natural antibacterial agents for pathogenic
bacteria, which has become a promising strategy to
extend the shelf life of meat and meat products. Most
essential oils have undergone verification for their
efficacy, safety, toxicity, and mechanism of action.
The results of these quality controls have
recommended them as Generally Recognized as Safe
(GRAS), allowing the use of essential oils as food
additives to preserve food and food products [12].
The efficacy of essential oils is correlated to their
bacteriostatic (essential oils prevent bacterial growth,
then the microbial cells may recuperate their
reproductive ability) or bactericide effect (essential
oils Kkill bacterial cells) [13]. The hydrophobicity of
essential oils causes the accumulation in the
phospholipid bilayer of the cytoplasmic membrane of
the bacterial cells, which is consequential in the loss
of structure, impermeability, cellular constituents and
functions of the membrane [14]. In general, the
antibacterial activity of essential oils was not the
same against Gram-positive and Gram-negative
bacteria, which is attributed to the restriction of the
outer membrane of bacteria (Gram-negative) and the
composition of essential oils [15]. However, some
essential oils showed the same efficacy against both
types of bacteria, such as cinnamon, clove and
oregano [16]. The higher antimicrobial activity of
EOs was related to the presence of hydroxyl groups
(alcohol and phenolic compounds) compared to
hydrocarbons, with significant antimicrobial activity
against Gram-negative bacteria for free terpenes
compounds [17].

Therefore, the present work was carried out to
evaluate the efficiency of thyme, Cumin and
rosemary essential oils as antimicrobial agents in
control of Staphylococcus aureus and E. coli in
minced meat to enhance its shelf life during cold
storage.
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2. Materials and methods

Materials

The raw meat samples (post-rigor lean beef
muscles) were obtained from El Abed retrial shop
Toukh, Qalyubia Governorate, Egypt.

Essential oils included thyme (Thymus vulgaris
L), Cumin (Cuminumcyminum) and rosemary
(Rosmarinusofficinalis) as a core material (99% of
purity) were obtained from Nevertary Co., Cairo,
Egypt. These oils were stored in sterile bottles at 4°C
until use.

Five pathogenic bacteria (E. coli O157:H7

ATCC 6933, Listeria monocytogenes ATCC 7644,
Staphylococcus aureus ATCC 20231, Bacillus cereus
ATCC 33018and Salmonella typhimurium ATCC
14028) were obtained from MERCIN, Faculty of
Agriculture, Ain Shams University, Cairo, Egypt.

Chemicals and reagents used in this study were

of analytical grade and obtained from El-Nasr Co.,
Cairo Governorate, Egypt. Packaging materials were
obtained from food local market in Attaba at Cairo
Governorate, Egypt.

Raw meat samples ‘
(Beef)

Grinding ‘
Chemical and
. . . Minced meat
| microbial analysis — i ‘
' . ( ial oils (Thyme at 01 |
[ Mixing of minced meat and 0.25%, Cumin at 0.3 and
with EOs 0.6%, and Rosemary at 0.3 and
L 0.6%.

| I

‘ Shaping ‘ (" Analysis of chemical

\ profile and antimicrobial
l activity
[ Packaging |
Storage at4 +1°C for 14 days
with analysis every 2 days

Fig.(1). Flow chart of the experimental procedures

Methods
Experimental design

The flow chart of the experimental procedure is
presented in Figur 1. Seven Kg of fresh meat were
purchased immediately after slaughter from EI Abed
retrial shop Toukh, Qalyubia Governorate, Egypt
and was directly minced and packed in clean
polyethylene bags. Then under the controlled and
complete aseptic conditions, the samples were
transported to the laboratory within 30 min at about
4 °C. The batch (7 kg) was divided into equal
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portions (1 Kg each), which included one control
sample (untreated sample) and six treated samples.
Each group was divided into 8 samples after being

mixed with selected Eos (thyme, cumin and

rosemary) with different concentrations: thyme at
0.1 and 0.25 mL/100 g, cumin and rosemary at 0.3
and 0.6 mL/100 g. Subsequently, blends were stored
at 4 °C and examined every 2 days for chemically,
microbiologically and sensory. The experiment was
conducted in triplicate for 14 days of storage. [18]

Analysis of essential oils

Gas chromatography/mass spectrometry (GC—MS)
analyses of thyme, cumin and rosemary essential oil
composition:

The chemical composition of different essential oils

was performed by the NRC-GC/EI-MS Lab,
according to the method described by [19].

Antimicrobial activity of essential oils:

The antimicrobial activity of essential oils
(thyme, cumin, rosemary) against two Gram-negative
strains (E. coli 0O157:H7 and Salmonella
typhimurium) and three Gram-positive strains
(Listeria monocytogenes, Staphylococcus aureu and
Bacillus cereus) was conducted according to the
method described by [20], with slight modifications.
Briefly, different strains were activated in Tryptic
Soy Broth for 16 h at 37 °C before use. The cell
concentration was adjusted using a sterilized medium
to reach 106 cfu/ml.

The disc-diffusion method was wused to
determine the antimicrobial activity of different
essential oils against different pathogenic strains. 100
pL of diluted culture (107- 108) was spread onto the
NB agar. A paper disc (6 mm) impregnated with 20
pL of the oil was placed on the inoculated plates.
After keeping the plates at 4 °C for 2 h, the plates
were incubated at 37°C for 24 h. Compared with
chloramphenicol (30 pg/mL) as a positive control,
the antimicrobial activity was calculated using the
inhibition zone (millimeters) of different oils with
different pathogenic strains.

Characterization of treated samples:

Chemical analysis:

The moisture content, crude protein, ether extract and
ash content were determined according to the method
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described by [21]. Total carbohydrate was calculated
by the differences between one hundred and the
summation of the percentage of moisture, protein, fat
and ash.

Total volatile nitrogen (TVN):

Total volatile nitrogen (TVN) was
according to the method described by [22].

measured

Thiobarbituric acid value (TBA):

Thiobarbituric acid value in the treated and untreated
samples was determined according to the method
described by [22] and the modified method reported by
[23].

Physical properties:
pH value:

pH value of treated and untreated samples was
determined during storage period based on the
procedure reported by [24, 25].

Water holding capacity (WHC) and
plasticity:

Water holding capacity (WHC) and plasticity were
measured according to the method described by [26,
27].

Microbiological analysis:

Bacteriological counts were determined according to
the [28, 26, 29] methodology by placing a 10 g
sample in 90 ml of 0.85% NaCl solution and
homogenizing it with a stomacher. Other decimal
dilutions were prepared and plated in the appropriate
media from this dilution.

The pour plate method determined total viable
aerobic bacterial counts using plate count agar (PCA,
Merk, Darmstadt, Germany). The inoculated plates

o
were incubated at 37 C for 2 days for total viable
counts and at 10 °C for 7 days for psychrotrophic
counts. Using violet red bile agar media to enumerate
E. coli 0O157:H7, the inoculated plates were

o
incubated at 37 C for one day. All counts were
expressed as log10 cfu/g and performed in duplicate.
Statistical analysis:

e The statistical analysis was carried out using Two-
way ANOVA using SPSS, ver. 22 (IBM Corp.
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Released 2013). Data were treated as a complete
randomization design [30]. Multiple comparisons
were conducted using the Duncun test at a
significance level < 0.05.

3. Results and Discussions

Gas chromatography/mass spectrometry (GC—MS)
analyses of thyme, cumin and rosemary essential oil
composition:

The chemical composition of selected essential oils
was analysed by GC-MC, which is described as a
useful tool in biological, medical and modern food
research aiming to separate and identify different
components in organic mixtures. This method has

already been applied successfully for analyzing and
profiling essential oils [31].

As shown in Tables (1, 2, and 3) and Figures (1, 2,
and 3), the most abundant compounds in the thyme
oil were thymol (35.01% ), 5-methyl-2-(1-
methylethyl)-Phenol  (16.67%), and isocomene
(11.73%), while the a and y-Terpinene, o-Cymene,
and Cyclohexene, 1,5,5-trimethyl-3-methylene were
the highest abundant compounds in the cumin oil.

In addition, the most abundant compounds in the
rosemary oil were a-pinene, camphor, and eucalyptol,
which presented 24.95, 18.01, and 16.84% of the oil
composition,  respectively. The  chemical
composition of thyme, cumin and rosemary oils is
almost  similar to the results of GC-MC analysis
in some previous studies [32,33,34,35].

Table (1).Chemical composition of thyme oil analyzed by GC-MS.

Compound Name R.T. Area % Mol. mass Mol. formula
Cis-Ocimene 8.23 0.49 136 C10H16
Camphene 8.65 0.12 136 C10H16
1,7-Octadien-3-ol 10.25 1.27 126 C8H140
Linalyl propionate 1.34 0.65 210 C13H2202
Thymol 11.28 35.01 134 C10H14
2,4-Dimethoxyphenol 11.98 2.70 154 C8H1003
3,5-Dinitrobenzoic acid 12.49 5.97 416 C22H28N206
Linalool 13.82 3.54 154 C10H180
5-methyl-2-(1-methylethyl)-Phenol 19.46 16.67 150 C10H140
Isocomene 22.65 11.73 204 C15H24
Caryophyllene oxide 26.48 5.94 220 C15H240
Fenchone 32.89 0.42 152 C10H160
Patchoulane 33.17 0.12 206 C15H26
Ferruginol 34.26 0.07 286 C20H300
100— 11.28
s0 19.46
s0-
g 7o
_(-Zu S0 22.66
% 50—2 26.47
= 405
& 3cé
205 |
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Fig. (1). GC-MS chromatogram of thyme oail.
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Table (2).Chemical composition of cumin oil analyzed by GC-MS.

Compound Name R.T. Area % Mol. mass Mol. formula
cis-Ocimene 8.23 0.62 136 C10H16
a and y-Terpinene 9.73 44.81 136 C10H16
o-Cymene 11.35 10.53 134 C10H14
Benzene, Methyl(1-methylethyl)- 11.67 3.38 134 C10H14
Cyclohexene, 1,5,5-trimethyl-3-methylene 12.45 13.77 136 C10H16
3-Octen-5-yne, 2,7-dimethyl- 13.01 0.98 136 C10H16
1,3-Cyclohexadiene-1-methanol,4-(1- 16.41 3.36 152 C10H160
methylethyl)-
Benzene, 1-ethyl-4-(1-methylethyl)- 18.00 7.61 148 C11H16
Ethanone, 1-(3,4-dimethylphenyl)- 18.58 0.82 148 C10H120
Benzaldehyde, 4-(1-methylethyl)- 19.11 1.33 148 C10H120
2-Arachidonoyl-glycerol 19.59 6.93 3.78 C23H3804
p-Cymen-7-ol 20.42 0.90 150 C10H140
20
=80
. O 17.99
E (==}
:% 50
%-); 10
o= 30
1
p=ta ol
10 \ ]\ =Z23.81
o B8R0 e L ] PO 31.50 3569 ss.ss 0 aAv.ss SI.TS
(=] E=1 10 15 ) 20 2—‘?1”19 (|11E;2) .'3;5 - <0 a5 50
Fig.(2). GC-MS chromatogram of cumin oil.
Table (3).Chemical composition of rosemary oil analyzed by GC-MS.
Compound Name R.T. Area % Mol. mass Mol. formula
a-Pinene 8.897 24.95 136 C10H16
Camphene 9.321 4.14 136 C10H16
2,4(10)-thujadien 9.506 1.13 134 C10H14
B -Pinene 10.016 0.86 98 C10H16
B-Myrcene 10.306 1.14 136 C10H16
B-Ocimene 10.749 0.62 136 C10H16
1-Octen-3-ol 10.835 0.48 128 C8H160
Limonene 11.235 4.52 136 C10H16
o-Cymene 11.335 2.22 134 C10H14
Eucalyptol 11.478 16.84 154 C10H180
Linalool 13.53 5.11 154 C10H180
Chrysanthenone 14.354 0.3 150 C10H140
Camphor 14.84 18.01 152 C10H160
Terpinen-4-ol 15.221 0.98 154 C10H180
Isoborneol 15.354 6.34 154 C10H180
a-Terpineol 15.673 1.18 154 C10H180
Bicyclo[3.1.1]hept-3-en-2-one,4,6,6-trimethyl-, | 16.654 4.36 150 C10H140
(15)-
Bornyl acetate 17.387 1.82 196 C12H2002
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Fig. (3). GC-MS chromatogram of rosemary oil

Antimicrobial activity of essential oils:

Recently, there has been increased interest in using
natural substances with antimicrobial activity in foods
as an alternative to antibiotics that have many health
risks. Essential oils represent one of the most
promising natural materials as safe antimicrobial
substances. The antimicrobial activity of thyme, cumin,
and rosemary against different pathogenic bacteria is
presented in Table (4). The results showed a significant
inhibition of all essential oils against different
pathogenic strains used in this test. The results showed
no significant differences between different essential
oils against listeria monocytogenes. In contrast, thyme

Table (4): Antimicrobial activity of essential oils.

at 0.1% showed a significant inhibition against E. coli,
Staphylococcus aureus, Salmonella typhimurium, and
Bacillus cereus compared to cumin and rosemary at
0.3%. These results agree with those mentioned in
previous studies for the antimicrobial activity of thyme
[36, 37], cumin [38, 39], and rosemary [40, 32, 41].

Chemical composition of raw minced meat:

The results of the approximate chemical composition
of raw minced meat used in this study are presented
as shown in Table (5). The moisture content was
72.31%, crude protein 20.40%, ether extract 5.17%,
ash 1.03%, and total carbohydrate 1.09%. These
results were similar to the chemical composition of
beef studied by [26, 42, 43], who found that the
moisture, protein, and ash content in beef was 72.12,
21.07 0.92%, respectively.

Inhibition zone (mm)
Bacterial strains Thyme (0.1%) Cumin (0.3%) Rosemary (0.3%)
listeria monocytogenes 8.67 + 8.33+ 6.67 +
4.042 11.022 0.582
E. coli 0157:H7 17.33 + 6.67 + 4.67 +
1.15° 9.81b 0.58°
Staphylococcus aureus 37.00 + 8.33 % 10.33 ¢
2.00? 0.58° 1.530
Salmonella typhimurium 24.00 + 8.67 8.00
3.46° 7.37° 1.73°
Bacillus cereus 16.33 ¢ 9.33+ 4.33 &
4.042 7.57% 0.58°

The values are expressed as the mean + SD (n = 3). Means with diff
differences (p< 0.05)

Egypt. J. Chem..67, No. 8 (2024)
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Characterization of treated minced meat:

WHC of minced meat treated with essential

oils:

The water holding capacity (WHC) of meat and meat
products indicates its freshness and maintains its
properties during storage periods. Compared with
untreated samples, all treated minced meat samples
showed a significant increase in WHC, particularly
during storage for a long period. The samples treated
with rosemary at 0.3 and 0.6% showed the lowest

Table (5): Chemical composition of raw minced meat

values of WHC compared to those treated with thyme
and cumin at different concentrations (Table 6).

These results agree with the results obtained by
[44], who found that the WHC in the meat samples
treated with thyme was higher than that in the control
sample during storage, which reached 61.36% in
treated samples compared to 52.6% in the control
sample. In addition, [45] found that the WHC in the
beef hamburger treated with cumin after chilled
storage for 7days was 72.37% compared to 65.66%
in untreated samples.

Moisture Crude protein Ether extract Ash Total carbohydrate
Component (%) 7231+ 20.40 + 517 + 1.03 + 109+
0.469 2.65 0.176 0.045 0.608
Table (6): Changes in WHC in treated minced meat during storage.
Treatment
Storage
period c | Thyme (%) Cumin (%) Rosemary (%)
ontro
(day) 01 0.25 03 0.6 03 0.6
HC
0 7.90 + 785+ 8.10 + 8.10 + 8.30 + 8.05 + 7-95atA
0.00%* 1.20% 1.70%A 0.99%A 0.42°A 0.642A 1.48
2 715+ 770+ 7.85+ 750+ 7.60 = 730+ 735+
0.072 0.71% 1.06* 0.422 0.712 0.422 0.497%
4 6.20 + 745+ 7.50 + 725+ 735+ 6.95 + 7.05+
0.99°A 1.48% 0.85* 0.78% 0.64° 0.64° 0.647%A
6 5.60 + 710+ 720+ 7.00 + 7.05 + 6.65 + 6.80 +
0.14% 0.99%A 1.13% 0.572A 1.20%A 0,642 17074
5.10 + 6.95 + 7.00 + 6.55 + 6.70 + 6.0 + 6.20 +
8 0.28cdeB 0.35%A 0.85%A 1.202bAB 0.4230A8 0.42bcAB 0.578abcAB
10 470+ 6.65 + 6.75 + 6.45 + 6.55 + 5.80 + 5.95+
0.85deB 0.922A8 1.062A 0.07abAB 1.06abAB 0.57bcAB 0_353bCAB
12 410 + 6.25 + 6.50 + 5.85+ 6.00 + 490 + 530+
057°A 0.07% 0.85% 1.06%2 1.56%A 1.41%A 0.28%A
1 N.D 6.00 + 6.30 + 5.35 + 5.65 + 445+ 4-705\
' 0.99%A 0.85% 1.34%A 0.78% 0.21%A 0.99

WHC = Water holding capacity. N.D = None Determined. The values are expressed as the mean + SD (n = 3). Means with different small
letters superscripts in the same column represent significant differences (p< 0.05).Means with different capital letters superscripts in the same

row represent significant differences (p< 0.05

pH of minced meat treated with essential oils:
The pH value of meat is an essential indicator of meat

spoilage during meat storage. The increase in pH
reflects a degree of meat spoilage through protein
breakdown for the production of free amino acids,
leading to the formation of NH3 and amines,

compounds of alkaline reaction. [46] stated that meat
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shows signs of spoilage when the pH rises higher than
6.0. Table (7) shows the changes in pH values in the
control and treated samples during cold storage at 4° C
for 14 days. Most treated and untreated meat samples
maintained the pH value without significant changes
until day 8 of storage, and then there was a fluctuation

in pH during storage for longer periods. The increase
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of pH value during chilled storage of meat is correlated
with an increase of free amino acids on the 6th and 8th
days of storage, which may result from proteolysis

bacteria, particularly Pseudomonas that commonly
implicated in the spoilage of meat at chill temperature
[47].

Table (7): Effect of storage period on pH value of minced meat

Storag Treatment (mL/100 g minced meat)
e .
4 Thyme Cumin Rosemary
period Control Y
(day) 0.1 0.25 0.3 0.6 0.3 0.6
0 5.65 + 5.65 + 5.62 + 5.64 + 5.64 + 5.63 + 5-62d’fD
0.01A 0.01% 0.00°¢P 0.00°A8 0.00°A8 0.00°8¢ 0.01
5722 5.66 + 568 567 567+ 569+ 573+
2 0.01°4 0.01% 0.01%® 0.00°8¢ 0.00%8¢ 0.00%® 001
4 5.75 + 5.69 + 5.69 + 5.69 + 5.69 + 571+ 5.75 :—;\
0.01°4 0.01° 0.01° 0.01° 0.00°®¢ 0.01® 0.01
6 5.79 + 5.90 + 5.92 + 5.87 + 591+ 5.87 £ 5-92;—;\
0.010® 0.01248¢ 0.0220A8 0.022C 0.01048C 0.01208¢ 0.03
8 583+ 6.07 + 5.96 + 593+ 5.99 + 593+ 6.01 *
0.08¢ 0.01%* 0.03%® 0.04%® 0.0228 0.00%® 0.01°
10 6.02 + 6.06 + 5.85 + 5.91 + 5.95 + 5.86 + 591+
0.2435A 0.09%A 0.01%4 0.03%0A 4.17%A 0.04%0A 0.00"
1 6.19 + 6.01 + 591+ 5.76 + 5.89 + 5.88 + 591+
0.22% 0.09%8 0.0128 0.04b<8 0.06%8 0.07208 0.03%®
1 ND 5.99 + 5.96 + 5.96 + 5.93 + 5.83 + 5-88;
: 0.19%A 0.09%4 0.18%4 0.00204 0.07°% 0.07

N.D = None Determined. The values are expressed as the mean + SD (n = 3). Means with different small letters superscripts in the same
column represent significant differences (p< 0.05).Means with different capital letters superscripts in the same row represent significant

differences (p< 0.05).

All treated samples showed a low pH value after
storage for 14 days (ranging from 5.87 to 5.99)
compared with control samples, which reached 6.19 on
day 12 of storage. These results agree with the results
obtained by [48], who reported that the changes in pH
values in minced meat during chilled storage may be
due to the activation effect of microbial load, which
may cause protein hydrolysis with the appearance of
alkaline groups, leading to increase of pH value. The
impact of different treatments on the pH values of meat
during storage is close to the results reported by [23],
who reported that the pH value in the chilled meat
treated with 0.1 thyme increased by 0.2 degrees of pH
after storage for nine days. Our findings indicate the
effect of essential oils used in maintaining the pH of
minced meat in the appropriate range due to their
antimicrobial activity..

Total volatile nitrogen (TVN) of minced meat

treated with essential oils:

The results of total volatile nitrogen (TVN) in the
treated and untreated minced meat are presented in
Table (8). With the progression of cold storage, TVN
rapidly increased for all investigated treatments with
different rates depending on the initial treatment. The
Egyptian Standard recommended the maximum level
of TVN in minced meat, which is 20 mg/100 grams,

Egypt. J. Chem..67, No. 8 (2024)

and any increase in TVN indicates spoilage of meat
[49]. Control samples showed the highest incremental
rate compared to other treatments and had TVN of
about 21.1 mg/100 g at 6 days. Among all treatments,
the samples treated with thyme 0.25% was the most
effective treatment, which maintained the TVN level
below the maximum value till day 12 of storage (19.6
mg/100g). Whereas, the samples treated with cumin at
0.3 and 0.6% were below the acceptable TVN value till
day 8 (18.2 and 17.5 mg/100g, respectively). In
addition, the samples treated with rosemary showed the
lowest ability to maintain the TVN value under the
acceptable value for long storage time (6th day in the
samples treated with 0.3% and 8th day in the samples
treated with 0.6% of rosemary oil) (Table 8). The
increase in TVN during cold storage of minced meat
might be attributed to the breakdown of nitrogenous
substances because of microbial activity and any
autolytic enzymes found naturally in meat tissues. The
achieved results seemed comparable to the results of
some previous studies that evaluated the antimicrobial
and antioxidant activity of certain EOs and their effect
on reducing the value of TVN [48, 50, 18]. Moreover,
the results also nearly agree with the results obtained
by [51], who mentioned that preserved minced beef at
4 °C after 6 days of storage recorded the highest rate of
TVN values at control samples, while the sample
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treated with 1.5% of thyme oil was more effective in
decreasing TVN values than sample treated with 0.5%
thyme oil, due to the role of thyme oil on microbial

population and bacterial
agents.

growth as antimicrobial

Table (8): Effect of storage period on TVN content of minced meat

Treatment (mg/100 g minced meat)
Storage Thyme Cumin Rosemary
period (day) Control
0.1 0.25 0.3 0.6 0.3 0.6
0 9.80 + 9.10 + 8.40+ 8.40+ 9.10+ 8.40+ %t%di‘\
3.96% 0.99% 3.96% 5.94% 2.97% 1.98%4 :
2 1820+ 11.90 + 1050 + 15.40 + 1470+ 1750+ 1680 +
3.96% 0.99°42 0.99%® 1988 0.99°% 297 396
4 19.60 1470 % 13.30 % 16.80 % 1610+ 18.20 + 18.20 +
1.98°% 2970 0.99°% 3967 0.99° 0.00% 396
6 16.10 % 1540+ 17.50 16.80 19.60 + WS
Rejected 2.9730cdA 1.98>A 4.95%0A 1.98%4 19834 :
8 16.80 + 16.10 + 1820 + 1750 + 1199-)68?»5?
Rejected 1.98%8 0.99° 3.96%8 0.99"8 Rejected :
0 1750 + Retected
Rejected Rejected 0.993*C Rejected Rejected Rejected ejecte
o 19.60 + Retected
Rejected Rejected 1.98%% Rejected Rejected Rejected ejecte
14 Rejected Rejected Rejected Rejected Rejected Rejected Rejected

The values are expressed as the mean + SD (n = 3). Means with different small letters superscripts in the same column represent significant
differences (p< 0.05).Means with different capital letters superscripts in the same row represent significant differences (p< 0.05

Thiobarbituric acid (TBA) of minced meat treated
with essential oils:

In Table (9), the content of thiobarbituric acid
(TBA) in treated and non-treated meat samples was
reported. TBA test is normally conducted to measure
the value of lipid oxidation in meat and meat
products [52].

Oxidation of lipids can occur during the storage of
meats and other fat-containing foods such as milk,
oils, and nuts. Lipid oxidation is mainly associated
with food quality deterioration, including rancidity
and off-flavor formation, as well as the formation of
potentially toxic and carcinogenic products, which
could impair the nutritive value and safety [53].

The incremental rate of TBA was rapidly
increased for the control sample, which was higher
than the treated sample during most storage periods.
After 6 days of chilled storage, the control sample
had TBA value of about 1.240 mg MDA/kg, which
was higher than the value of TBA (0.9 mg MDA/KQg)
recommended by [49] as a maximum acceptable
value of TBA in minced meat.
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All treated samples had an acceptable value of TBA
during storage for up to 14 days, except for the samples
treated with rosemary 0.3%, which had an acceptable
value of TBA for up to 10 days only (Table 9).
Generally, samples treated with high concentrations of

EOs showed a better effect in reducing the oxidation of
lipids during minced meat storage compared to low
concentrations. The lowest values of TBA were shown
in the samples treated with thyme (ranging from 0.312
to 0.289 mg MDA/Kg) and cumin (ranging from 0.507
to 0.429 mg MDA/KQ).

These results showed the superiority of thyme and
cumin over rosemary, as well as compared them with
the results reported by [18].

for the meat samples treated with lettuce oil, marjoram
oil, and cumin oil. Furthermore, these results showed a
high similarity with some previous studies, which
found that treated meat samples with thyme oil at
different concentrations showed a lowering in TBA
values than control samples, while increasing
concentrations of thyme led to a decrease in the TBA
values. [54, 50].

Such findings may be attributed to the high antioxidant
effect of thyme essential oil, which is related to the
scavenger nature of its flavonoids and phenolic
content.
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Table (9): Effect of storage period on TBA content of minced meat.

st Treatment (mg MDA/Kg minced meat)
orage
period c : Thyme Cumin Rosmery
ontro
(day) 0.1 0.25 03 06 03 06
0 0.207 + 0125+ 0121+ 0.16 0.168 + 0.203 + 06201523
0.03%A 0.01° 0.06° 0.02% 0.04% 0.07° :
2 0.383 + 0.141 + 0.121 + 0.246 + 0.211 + 0.593 + 063(?5?;
0.03%%% 0.08%P 0.01°° 0.02%¢ 0.02¢0 0.03" :
4 0.663 + 0.168 + 0.125+ 0.262 + 0.226 + 0612+ 063(‘)3{5;
0.13%0A 0.022%C 0.03%C 0.03%¢ 0.01%¢ 0.06" :
6 0812+ 0215+ 0.141+ 0.297 + 0234+ 0.632 + 0.426 *
0.36™4 0.02°°C 0.02C 0.01%¢ 0.09%C 0.12%8 0.03
8 0.254 + 0.156 + 0.30 + 0.258 + 0.659 + 0.457 £
Rejected 0.07%C 0.015C 0.0505¢ 0.03%C 0.01% 0.02
10 0.262 + 0.191 + 0.332 + 0277 + 0.663 + 0.488 &
Rejected 0.08%C 0.1220C 0.04P8¢ 0.02%° 0.04® 0.05
1 0281+ 0.254 + 0.457 + 0.386 + PaS
Rejected 0.092P 0.00%P 0.043¢€P 0.013¢P Rejected ’
14 0312+ 0.289 + 0.507 + 0.429 + O
Rejected 0.02%¢ 0.06°° 0.08% 0.03%¢ Rejected )

The values are expressed as the mean + SD (n = 3). Means with different small letters superscripts in the same column represent significant
differences (p< 0.05).Means with different capital letters superscripts in the same row represent significant differences (p< 0.05).

Microbial analysis of minced meat treated with
essential oils:

Total viable bacterial count (TVBC) was
measured to determine the impact of different EOs on
reducing the bacterial growth in refrigerated minced
meat, as shown in Table (10). It is evident that during
the initial period of storage, the increase in TVBC
was lower in treated samples, probably because of the
presence of the active compounds in the oils which
acted as a hurdle for the growth of microbes, and
later due to lipid oxidation, an increase in microbial
growth occurred. These results agree with the results
obtained by [48], who reported that a reduction in
TVBC in refrigerated minced beef owing to the
antibacterial impact of marjoram and cumin oils,
meanwhile, cumin oil had an antibacterial effect at 2
and 3% for 6th and 7th days, respectively. As well as
they reported that the essential oils caused sudden
lethal effects for microorganisms.

The results in Table (10) observed that the control
sample always had high TVBC compared with all
treated samples. Furthermore, the samples treated
with thyme oil had low TVBC compared with other
treated samples during shilled storage. The results
obtained in this study were comparable with the
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results reported by [18], who found that the control
sample always had high TVBC compared with
different samples treated with EOs. In addition, the
sample treated with cumin oil had low TVBC
compared with other treated meat samples during
cold storage. The effect of thyme to reduce the TVBC
found in this study agree with the results reported by
[50], who found that the samples treated with
different concentrations of thyme showed the lowest
count of TVBC compared to untreated samples and
that high concentrations of thyme showed more
effectiveness. Some previous studies also indicated
the same results that indicated the best effect of
thyme against TVBC was found at high
concentrations of up to 1.5% [51, 55, 56].

All essential oils selected in this study showed a
great antimicrobial effect against psychrophilic
bacteria (Ps. B) during refrigeration storage of
minced meat, as shown in Table 10. Compared with
the control samples, all treated minced meat showed
the lowest count of Ps. B at any storage period.
Whereas the initial count of Ps. B was lower than the
initial count of TVBC, the Ps. B count gradually
increased at a higher rate than the TVBC, which may
be ascribed to optimum temperature conditions in
chilling storage for Ps. B. compared to TVBC. These
results are consistent with the results reported by
[48].
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Table (10): Microbiological quality of minced meat during refrigerated storage.

Storage Treatments (%)
period Thyme Cumin Rosmery
(day) Control 01 0.25 03 0.6 03 06
TVBC
0 1.97x10° 1.35x10° 1.36x10° 1.55%10° 1.46x10° 1.65x10° 1.61x10°
2 2.46x10° 1.02x10° 9.05x10* 1.27x10° 1.12x10° 1.52x10° 1.32x10°
4 3.15x10° 8.6x10° 8.0x10° 1.18x10° 1.11x10° 1.34x10° 1.25x10°
6 Rejected 4.9x10° 4.4x10° 5.3x10° 5.03x10° 2.03x10° 1.28x10°
8 Rejected 3.4x10° 3.06x10° 8.1x10° 5.9x10° Rejected Rejected
10 Rejected 4.6%x10° 3.2x10° 8.7x10° 7.3x10° Rejected Rejected
12 Rejected 8.01x10° 6.6x10° Rejected Rejected Rejected Rejected
14 Rejected 9.1x10° 7.03x10° Rejected Rejected Rejected Rejected
Ps.B
0 6.7x10° 6.7x10° 5.8x10° 6.1x10° 6.2x10° 6.3%10° 6.03x10°
2 5.5x10* 5.7x10° 5.6x10° 5.9x10° 5.8x10° 6.1x10° 5.9x10°
4 3.66x10° 5.1x10° 4.7x10° 5.7x10° 5.5x10° 8.8x10% 7.5x10*
6 4.24x10° 5.5x10° 4.7x10° 8.03x10° 6.4x10 3.3x10° 3.2x10°
8 Rejected 4.03x10° 3.4x10° 6.5x10° 5.8x10° 1.53x10° 1.21x10°
10 Rejected Rejected Rejected Rejected Rejected Rejected Rejected
12 Rejected Rejected Rejected Rejected Rejected Rejected Rejected
14 Rejected Rejected Rejected Rejected Rejected Rejected Rejected
CG
0 1.32x10° 1.13x10° 5.9x10? 9.6x10? 1.05x10° 1.13x10° 1.11x10°
2 1.17x10* 5.8x10? 5.2x10? 9.3x10? 9.2x10? 1.08x10° 1.02x10°
4 1.66x10° 3.8x10? 2.3x10? 8.5x10?2 4.6x102 1.35x103 1.27x10°
6 Rejected 2.2x10° 1.6x102 1.34x10° 1.05x10° 2.07x10° 1.82x10°
8 Rejected 1.06x10° 3.2x10? 2.5x10° 1.18x10° Rejected 1.11x10°
10 Rejected 1.23x10° 8.2x10? 1.36x10* 1.10x10* Rejected 2.04x10*
12 Rejected 1.26x10* 1.01x10* 1.53x10° 1.15x10° Rejected Rejected
14 Rejected 1.35x10* 1.21x10* 2.45x10* 1.61x10° Rejected Rejected

(TVBC) total bacterial count, (Ps.B) psychrophilic bacteria, and (CG)

The impact of different EO on the growth of coliform
group (CG) bacteria in minced meat was studied during
storage at 4 + 0.5 °C, and the results were presented as
shown in Table (10). The results showed that the count
of CG in the untreated samples was higher compared to
different treated samples at the end of the storage
period, which indicates the antimicrobial activity of the
EOs used in this study against CG. The CG count
reached 5.22x10* in the untreated sample on day 10 of
storage compared to 1.23x10%° and 8.2x10? in the
samples treated with 0.1% and 0.25% of thyme,
respectively. The high concentration of thyme (0.25%)
showed superior antimicrobial activity against CG
compared to the low concentration (0.1%), as well as
compared to cumin and rosemary at two concentrations
(0.3% and 0.6%). These results agree with the results

coliform group

found by [50], who found that samples treated with
different concentrations of thyme oil showed a
decreasing of coliform bacterial count compared to
control samples, and the high concentration of thyme
oil (2%) was more effective in decreasing this count
than the lower concentration (1%). The results were
almost similar to some previous studies that studied the
effect of different EOs on the coliform bacterial count
in refrigerated meat products [57, 58, 59, 60]. In
addition, [61] reported that the thymol showed high
effectiveness in destroying coliforms when used at
concentrations of 250, 500 and 750 mg/kg of beef
minced patties and stored for 16 days under ordinary or
modified packaging at refrigeration temperature, also
mentioned that covering the surface of meat products
by 0.8 % thymol, the count of coliforms decreased by
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2-3 log units. Similarly to our findings, [51] stated that
the highest concentration of thyme (1.5%) showed
more effectiveness in decreasing coliform count,
especially on the third and sixth day of the storage
period compared with the lower concentration (0.5%)
minced beef at refrigeration temperature.

4. Conclusion

The results obtained from this study presented a
superior antimicrobial activity of essential oils (thyme,
cumin, and rosemary) against pathogenic bacteria,
including listeria monocytogenes, E. coli O157:H7,
Staphylococcus aureus, Salmonella typhimurium and
Bacillus cereus. According to the quality measurement
of minced meat treated with different essential oils, the
samples treated with thyme showed a high ability to
maintain their quality during refrigerated storage. In
addition, the thyme treatment significantly decreased
bacterial growth during minced meat storage, including
total bacterial count, psychrophilic group, and coliform
group. The obtained results in this study concluded that
the essential oils can be used as natural meat
preservatives with antimicrobial activities against food-
borne pathogens and therefore may be useful in the
meat industry to enhance safety and shelf life by
controlling food poisoning bacteria
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