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highly susceptible to lipid oxidation and microbial
spoilage during storage, which drastically reduces its
shelf life and commercial potential. Due to the
increasing demand for natural food preservatives,
this study investigates the effectiveness of oregano
and Hibiscus sabdariffa essential oils as natural
additives in improving the oxidative, microbial, and
sensory stability of kaurma stored under
refrigeration. The kaurma samples were divided into
four groups: control (no essential oils), oregano oil

(1%), Hibiscus sabdariffa oil (1%), and a
combination of both oils (0.5% each). Lipid
oxidation, as measured by chemical analyses

(peroxide value and thiobarbituric acid-reactive
substances (TBARS), was lower in the groups
treated with essential oils than in the control (p <
0.05).  Microbial analysis  revealed their
antimicrobial properties as evidenced by reduced
total viable counts and inhibition of mold and yeast
growth in the treated samples. Sensory analysis
showed improvements in flavor, texture, and general
acceptability among the groups, with the highest
scores for those treated with oregano oil. These
results show that oregano and Hibiscus sabdariffa
essential oils are effective natural preservatives for
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extending the shelf life of high-fat meat products as
well as can be viable substitutes for synthetic
additives.

Keywords: Preservation technique, Kaurma, Shelf life, Essential oils.
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Introduction

Kaurma, a popular traditional dish, holds a venerable place in the culinary heritage
of many cultures, especially in North Iraq. Typically made from finely chopped
meat—often beef or lamb—cooked in its fat, it embodies the essence of age-old
culinary practices (19). The process involves slow-cooking the meat until it becomes
tender and succulent, and often seasoned with an array of herbs and spices that
enhances its savory profile. Along with its popularity, modern consumers are
increasingly seeking food products that offer not only exceptional taste but also
nutritional benefits and extended shelf life (21) thus growing the need for jet-milled
essential oils from plants such as oregano and Hibiscus sabdariffa (also called
roselle). These essential oils are highly regarded not only for their potent flavors but
also for their health-promoting properties and preservative effects. Oregano essential
oil has a pronounced aromatic flavor and digestive properties, while Hibiscus
sabdariffa comes with a tart but floral note and antioxidant benefits (12).

With the advancement of food science, there is an increasing prominence in using
natural ingredients like essential oils to make traditional recipes like karuma.
Studying how oregano, Hibiscus sabdariffa, and essential oils can improve flavor
while also offering health benefits and making food last longer, makes it possible to
derive new versions of old favorites without changing what makes them special (17).
Herbs, including the essential oils of oregano and Hibiscus sabdariffa extract, are
critical for food preservation because they promise enhanced shelf life for kaurma.
Oregano (Origanum vulgare) contains many bioactive compounds, the most
important being carvacrol, thymol, p-cymene, and y-terpinene, as they contain strong
antimicrobial and antioxidant properties. These compounds inhibit the reproduction
of microorganisms and the oxidative reactions that spoil food (13). Hibiscus
sabdariffa extract, known for its high phenolic content, acts as a potent natural
preservative. The organic acids and flavonoids present in hibiscus contribute to its
antimicrobial activity against common foodborne pathogens thus making it effective
in preventing microbial contamination in kaurma, and ensuring its safety and longer
shelf life (22).

Adding oregano and Hibiscus sabdariffa essential oils to kaurma not only makes it
taste better, but also much healthier. These essential oils are rich in bioactive
compounds that confer various health benefits, transforming a traditional meat dish
into a functional food with added nutritional merits. Oregano essential oil is
renowned for its potent anti-inflammatory and antioxidant properties (30 and 31).
Thus, regular consumption of oregano-infused kaurma may enhance overall health by
reducing chronic inflammation and shielding cells from free radical damage. Hibiscus
sabdariffa essential oil brings a wealth of vitamins, particularly vitamin C, along with
minerals like calcium and iron (7), and is packed with anthocyanins - powerful
antioxidants known for their role in cardiovascular health. By infusing kaurma with
Hibiscus sabdariffa essential oils, the dish gains an added layer of nutritional
enrichment that supports heart health and boosts immunity (9). Overall, the fusion of
these essential oils into kaurma does not merely elevate its taste; it imbues the dish
with substantial nutritional benefits that support holistic well-being (6).
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This study examined the important issue of lipid oxidation and microbial spoilage
in kaurma, a traditional Kurdish cooked meat product that is especially at risk
because of its high fat content. It looks into whether oregano and Hibiscus sabdariffa
essential oils, which are natural preservatives, are as effective as synthetic additives,
an issue that has gained much attention over health and safety concerns. This study
shows that these essential oils improve the shelf life, microbial stability, and the taste
of kaurma, thereby addressing the industry’s meat preservation issue and also
increasing consumer acceptance of less processed and healthier foods. Ultimately,
the findings underscore the potential of essential oils as functional ingredients in
food technology, fostering advancements in sustainable food preservation practices.

Materials and Methods

Materials for plants: The essential oils were separated through steam distillation
using a Clevenger (Wisd-Wise Therm) apparatus after grinding the dried oregano and
dried Hibiscus sabdariffa leaves, as outlined by (4).

Examination of volatile constituents: The volatile components of the essential oils
were identified by gas chromatography-mass spectrometry (GC-MS) as described by
(8). The isolation and characterization of essential oil constituents was performed
using a Perkin Elmer Auto system XL Gas Chromatograph (GC; Perkin Elmer,
USA). This setup featured a flame ionization detector (FID) and a CP-Wax 52 CB
column (50 mx0.32 mm). The operational conditions included a detector and injector
temperature of 240 °C, with an oven temperature programmed to 60 °C for an initial
5 min, followed by an increase to 220 °C for 20 min. Helium was utilized as the
carrier gas, while hydrogen served as the fuel gas at a flow rate of 40 mL-min. The
split ratio was maintained at 1:20, and a syringe with a capacity of 5 uL was used for
sample injection.

Sampling and Packing Process: The experimental groups were set up with various
concentrations of oregano and Hibiscus sabdariffa essential oils into the kaurma
samples. Initially, approximately 4 kg of excess fat and connective tissue was
removed from the beef. The meat was then cut into portions measuring approximately
3x4x5 cm? and sorted into four equal portions for both the control and experimental
groups. It was boiled for about 140-160 minutes, stirred occasionally and mixed well
for even cooking and heat distribution. The meat was deemed ready when its internal
color turned from red to dark gray, indicating elasticity loss and ease of hand
splitting. Each pot containing 2 kg of meat was placed in covered pottery containers
for cooking (19).

A meat grinder was used to process the animal fat, specifically tail fat (sheep fat),
which was then melted in a separate container. The beef chunks were precooked with
the addition of 2% salt and 20% of the total melted fat. Following this, the remaining
80% of the animal fat was incorporated into the groups, and the meat cooked at 150
°C for 140-160 minutes. Once the kaurma’s temperature reached 60 °C, the essential
oils were introduced into the respective groups (Figure 1). After cooling to 4 °C, each
kaurma sample was cut into uniform portions. Groups A, B, C, and K (the control
group) were then packed in 15x25 cm containers and stored at +4 °C for 90 days.
Microbiological, chemical, and sensory tests were done on weeks 0, 4, 8, and 12 to
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determine the impact of the essential oils on the quality and ability of the kaurma to
remain fresh.

Microbiological Analysis: For microbiological examination, 10 g of kaurma
samples were mixed with 90 mL of physiological saline solution (PSS) and
homogenized using a stomacher for 2 min. This homogenized sample was then used
to prepare serial decimal dilutions for microbiological assessments. Total viable
counts (TVC) were determined by plating on plate count agar (PCA) and incubating
at 30 °C for 48 hrs.

The total psychrotrophic bacteria (TPB) counts were assessed using PCA
incubated at 7 °C for 10 days. Additionally, lactic acid bacteria (LAB) were
cultivated on modified Chalmers agar (HKM 027301) and incubated at 30 °C for 3-5
days, adhering to established microbiological protocols (14).

Beef meat preparation
'

Dicing the meat into approximately 3xdx’ cm® by removing
excess fat and connective tizssues from the surface

v
Adding salt (2.0%) + small amount of water

'
Mixing (2 min)

v
Pre-cocking the meat at 50-60 °C for 30 minutes

v
Adding animal fat (80% total fat content)

\
Final cocking at 130 =C for 140-160 min

Cooling (35-60 °C)

+ ) e +
Group A Group B Group C Group K
Addug_a Adding 0.5% Adding 0.3% oregano No

0.5% ) Hihiscus and 0.5% Hibiscus addition
oregano ol zabdariffa o1l zabdariffa cils
v
Packing into covered potteries
¥
Storing for 84 days at 4 °C

Fig. 1: Flow diagram of the kaurma experiment preparation process.

Chemical Analysis:

Peroxide Analysis: The peroxide value was determined based on the oxidation of
potassium iodide by peroxide oxygen present in the oil, resulting in the release of free
iodine. The free iodine concentration was subsequently quantified through titration
using sodium thiosulfate, following the procedure outlined by (20).
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Analysis of Thiobarbituric Acid-reactive Substances: Before conducting the assay,
fats from the kaurma were melted at 25 °C and its TBARS values were determined
using spectrophotometry. A standard solution of 20 umol-L™' was prepared by
diluting 0.494 mL of 1,1,3,3-tetraethoxypropane (D.0.02; 97%; molecular weight:
220.3). From this standard solution, further dilutions of 2.5, 5, 7.5, and 10 pmol-L™!
were made and analyzed by measuring their optical densities at 535 nm against a
blank, based on the method described by (5).

pH Measurement: A 10 g sample of kaurma from each group was weighed and
subsequently homogenized with 100 mL of distilled water. The resulting samples was
assessed using a digital pH meter based on the methodology by (15) for the accurate
determination of pH in meat products.

Sensory Evaluation: Sensory evaluations were conducted by a panel of eight
individuals with expertise in meat technology and processing. They were selected due
to their knowledge and experience in the area, which provided a balanced assessment
of all sensory characteristics being studied. Samples were removed from storage and
allowed to equilibrate to room temperature on the day of analysis. Each individual
sample was then rated on flavor, appearance (color and liquid leakage), smell, and
textural consistency based on a score of 1 (lowest quality) to 10 (highest quality)
according to their sensory perceptions. This scoring system was adapted from the
methodology described by (32).

Statistical Analysis: Statistical analyses were conducted using the SPSS software
package (version 18). The data were subjected to analysis of variance (ANOVA), and
mean differences were assessed using Duncan's Multiple Range Test (7). To ensure
reliability, the entire experiment was replicated three times, each conducted at
separate intervals.

Results and Discussion

Table 1 shows the main constituents of the oregano and Hibiscus sabdariffa
essential oils as determined using gas chromatography-mass spectrometry.

Table 1: Primary constituents of oregano and hibiscus sabdariffa essential oils
identified using gas chromatography-mass spectrometry.

Main components

Oregano essential oils Hibiscus sabdariffa essential oils

Compounds Retention time % Compounds Retention time %
p-Cymene 13.75 2.0 Hibiscus acid 8.10 15.0
y-Terpinene 14.55 25 Myrcene 10.25 5.0
Thymol 15.10 55 Sabdaret 11.40 10.0
Carvacrol 15.62 74.0 Alpha-humulene 13.70 18.0
-Caryophyllene 17.80 16.0 Beta-caryophyllene 15.95 22.0
Citronellol 18.30 12.0
Geraniol 19.85 18.0

During the initial four weeks of the study, mold and yeast counts in most of the
experimental groups remained below 1 log CFU-g™! (Table 2). In the first treatment
(Group A), no growth of any microorganisms was observed. A statistically significant
reduction in bacterial counts was noted among groups B and C compared to the
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control group K (P < 0.05). Notably, Group A consistently maintained counts below
the detectable threshold throughout the storage period, attributed primarily to the
potent antimicrobial properties of oregano essential oil. Oregano oil contains
abundant phenolic compounds, principally carvacrol and thymol, which are
responsible for its effectiveness. These compounds are known to disrupt membrane
architecture in order to break down bacterial cell integrity. The hydrophobic
properties of carvacrol and thymol allow them to fit within the lipid bilayers of
bacterial membranes, causing the effusion of essential ions and intracellular
components, which ultimately leads to the death of bacterial cells. This mechanism
underscores the promising potential of oregano essential oil as a potent natural
preservative for enhancing food safety (25 and 33).

Table 2: Microbial analysis of kaurma treated with varying concentrations of
oregano and Hibiscus sabdariffa essential oils during cold storage (log 10

CFU-g™?).
Group/Storage Total viable Total Lactic acid Total mold and
period (weeks) count = SE psychrotrophic bacterial count yeast count
bacterial count £ + SE + SE
SE
A
0 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
4 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
8 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
12 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
B
0 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
4 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
8 1.42+0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
12 2.96+0.003 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
C
0 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
4 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
8 1.12+0.011 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
12 2.20+0.115 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
K
0 0.00£ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
4 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00
8 0.00+ 0.00 0.00+ 0.00 2.76 £ 0.144 3+ 0.577
12 3.91+0.052 1.32+0.160 4,92 +£0.374 5.02+0.111

A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil,
C: 99% beef fat + 0.5% oregano + 0.5% Hibiscus sabdariffa oils; K: control - 100% beef kaurma.
* CFU indicates colony-forming units; SE signifies standard error.

The microbiological assessment results for the control samples (Group K) without
essential oils and samples treated with 1% oregano essential oil (Group A), 1%
Hibiscus sabdariffa oil (Group B), and a combination of 0.5% each (Group C) are
presented in Tables 3 and 4.

1627



Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

Table 3: Statistical results averaged across storage duration on the impact of
essential oils on the microbial parameters of the kaurma samples (P < 0.005).

Group/Storage Total Total psychrotrophic Lactic acid Total mold and
time viable bacterial count bacterial count yeast count
count
A 0.00° 0.00° 0.00°¢ 0.00°
B 1.092 0.00° 0.00° 0.00°
C 0.83? 0.00° 0.69° 0.00°
K 0.98? 0.33? 1.928 2.00°

* Letters a—c represent statistical differences between groups within the same column.
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma +1% Hibiscus sabdariffa oil;
C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.

By week 12, the control group (K) demonstrated the highest increase in total
viable microbial counts among the groups tested, indicating enhanced microbial
growth due to the lack of antimicrobial agents. Conversely, groups A, B, and C,
which were treated with oregano oil, Hibiscus sabdariffa, or their combination,
respectively, showed markedly reduced microbial counts. This reduction highlights
the effective antimicrobial properties of the essential oils used, suggesting their
potential role in inhibiting microbial proliferation within food products (23).

In the initial four weeks of the study, mold and yeast counts within all
experimental groups remained below 1 log CFU-g. However, a notable increase in
these counts was observed in the control group (K) post the fourth week, contrasting
with the stabilized levels in groups A, B, and C, where essential oils were utilized. At
the end of the storage period, a significant divergence (P < 0.05) was evident between
the control and the essential oil-treated groups, with the latter showing markedly
reduced growth of mold and yeast. This aligns with the findings of previous research,
underscoring the efficacy of oregano and Hibiscus sabdariffa essential oils in
inhibiting fungal species (10, 24 and 26).

Table 4: Impact of storage time on the microbial parameters of the kaurma
samples (P < 0.005).

Storage time Total Total psychrotrophic Lactic acid Total mold and
(weeks) viable bacterial count bacterial count yeast count
count
0 0.00¢ 0.00° 0.00°¢ 0.00°¢
4 0.00°¢ 0.00° 0.00°¢ 0.00°¢
8 0.65° 0.00° 0.69° 0.75°
12 2.27° 0.332 1.232 1.252

* | etters a—c represent statistical differences between groups within the same column.
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil; C:
99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.
Essential oils derived from oregano and Hibiscus sabdariffa exhibit potent
antimicrobial activities, which are instrumental in inhibiting microbial degradation in
kaurma. These oils function by destabilizing microbial cell membranes, causing
cellular demise. The antimicrobial efficacy of these essential oils varies with the
microbial species and the surrounding environmental conditions (5 and 6). Further,
the presence of hydroxyl (OH) groups in the molecular structures of these oils
contributes to their bactericidal actions, rendering them harmful to certain bacterial
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cells. Previous studies have also indicated that the combined application of different
essential oils, such as those from rosemary and clove, enhances microbial inhibition
through a synergistic interaction, amplifying their protective effects in food
preservation contexts (27).

Table 5: Statistical results averaged across the storage duration showing the
impact of essential oils on the chemical parameters of the kaurma samples (P <

0.005).
Group TBARS (mg-kg™) pH Peroxide number (mequiv. g-kg?)
A 2.45° 5.942 2.15°
B 2.60P 5.90° 2.00¢
C 2.63° 5.942 2.15P
K 4.012 5.932 2.652

* Letters a—c represent statistical differences between groups within the same column.
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil;
C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.

Thiobarbituric acid-reactive substances (TBARS), which show oxidative
breakdown, tend to rise in meat products over time, especially when they are stored in
cold places (28). As seen in Table 5, TBARS values in the control group (K) are
elevated after the storage period, contrasting with a decline in groups treated with
essential oils (A, B, C). This suggests that the essential oils of oregano and hibiscus
have strong antioxidant properties that keep kaurma from going bad (16) Notably, the
TBARS levels in the essential oil-treated groups remained below the permissible
limit of 3 mg MDA-kg? (MDA-malondialdehyde) throughout the storage duration.
Conversely, levels in the control groups surpassed this threshold after the 12" week.
This differential in TBARS levels can be attributed to the antioxidative constituents
of the essential oils. The compounds within the chemical profiles of oregano and
Hibiscus sabdariffa essential oils have been documented to significantly influence
TBARS values (3, 16 and 18).

Table 6: Influence of storage time on the chemical parameters of the kaurma
samples (P < 0.005).

Storage time (weeks) TBARS (mg-kg™) pH Peroxide number (mequiv. g-kg™)
0 2.39° 5.972 1.77¢
4 3.10° 5.80° 0.45¢
8 2.29° 5.96° 2.25P
12 3.032 6.00° 4.48?

* Letters #° represent statistical differences between groups within the same column.
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil;
C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.
At the end of the storage period, TBARS values were noted to have increased in
all groups, with inter-group variations achieving statistical significance (P < 0.05), as
detailed in Table 5. Notably, the control group (K) had the highest TBARS values
throughout the storage period, indicating significant lipid peroxidation. Conversely,
Group A, which received treatment with essential oils, displayed the lowest TBARS
values, underscoring the potent antioxidant efficacy of oregano and Hibiscus
sabdariffa essential oils (26 and 27). The incorporation of these essential oils
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significantly mitigated the increased TBARS levels within the kaurma samples,
echoing the findings of (2).

Table 7: Chemical analysis of kaurma treated with different concentrations of
oregano and Hibiscus sabdariffa essential oils over cold storage duration.

Group/Storage period TBARS pH Peroxide number (mequiv.
(weeks) (mg-kg™) + SE G-kg?)
+SE +SE

A

0 3.40 £ 0.624 583+ 0.500 + 0.057
0.597

4 2.20+0.472 596 + 2.20 £ 0.152
0.235

8 1.72£0.133 6.02 + 2.00 £ 0.288
0.594

12 2.50 £ 0.577 595+ 3.90 £ 0.230
0.275

B

0 2.18 + 0.453 5.80 + 0.300 = 0.115
0.493

4 3.20+0472 6.05+ 2.03+0.033
0.621

8 1.95 £ 0.312 583+ 2.60 + 0.346
0.438

12 3.10+£0.173 593+ 3.13+0.033
0.230

Cc

0 3.62 +£0.397 580+ 0.300+0.115
0.057

4 2.10 £ 0.230 595+ 1.20 £ 0.435
0.275

8 1.53£0.315 6.02 + 2.10+£0.378
0.075

12 3.30 £ 0.230 6.00 + 5.00+0
0.577

K

0 3.20+£0.472 573+ 0.700 + 0.230
0.142

4 2.08 £ 0.360 592+ 1.70 £ 0.404
0.075

8 3.94+£0.472 6.00 + 2.30 £ 0.461
0.057

12 6.82 + 0.587 6.13+ 5.90+0.435
0.085

*TBARS - thiobarbituric acid-reactive substances; SE — standard error; and mequiv. — milli-
equivalent.

*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil;
C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control — 100% beef kaurma
The pH values of the control group (K) and the experimental groups (A, B, and C)
did not show any statistically significant differences at the start of the cold storage
period. However, by the 12" week of storage, a significant variation was observed
between the groups (P < 0.05), as detailed in Table 5. The K control group recorded
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initial pH values of the kaurma samples at 6.13. Throughout the storage period, the

pH values demonstrated fluctuating trends, with both increases and decreases noted at
various intervals. Nonetheless, consistent with the observations reported by (1), a
slight elevation in pH was recorded across all groups by the end of the storage period.
This may be attributed to the metabolic activity of spoilage microorganisms and
proteolytic enzymes, which become more pronounced over extended storage

durations, influencing the chemical composition and stability of the meat (2 and 29).

Table 8: Sensory evaluation of kaurma treated with different concentrations of
oregano and Hibiscus sabdariffa essential oils over cold storage duration.

Group/Storage Rating
period (weeks) Flavor + SE Appearance Smell £ SE Cutting = SE
SE

A
0 6.89 + 0.225 8.96 + 0.254 6.88 + 0.194 7.50 +0.763
4 7.45 +0.259 7.91+0.239 6.44 +0.983 6.94 £ 0.470
8 7.80+£0.173 6.78 £ 0.475 7.86 + 0.033 6.80 + 0.493
12 6.98 £ 0.277 6.32 £ 0.160 6.96 + 0.543 6.84 +0.181
B
0 5.92 +0.223 8.62 + 0.397 6.31 +0.003 6.89 +0.177
4 6.88 £ 0.219 6.95 + 0.246 6.24 + 0.794 6.46 + 0.284
8 7.59 +0.222 6.46 + 0.254 7.63 +£0.003 6.43 £ 0.003
12 6.73 £ 0.145 5.97 £ 0.263 6.86 £ 0.461 5.95 + 0.246
C
0 5.12 + 0.397 8.32 £ 0.587 5.32 £ 0.715 6.77 £ 0.003
4 5.92 +0.248 2.76 £ 0.530 5.95+ 0.246 6.88 £ 0.213
8 7.00 £ 0.577 6.95+ 0.476 6.69 + 0.106 6.24 +0.124
12 6.62 £ 0.397 6.41 £ 0.003 6.37 £ 0.003 6.22 +0.133
K
0 8.32+0.190 7.92 + 0.586 7.33+0.010 7.23+£0.003
4 8.95 + 0.246 7.14 £0.702 7.15 + 0.637 6.89 + 0.255
8 7.20 £ 0.404 5.22 +0.617 5.85+0.453 6.44 +0.238
12 5.48 +0.271 4.28 +0.831 5.24 + 0.653 422 +0.111

*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil;

C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma

Table 9: Influence of storage time on the sensory parameters of the kaurma
samples (P < 0.005).

Storage period (weeks) Rating
Flavor Appearance Smell Cutting
0 6.56° 8.452 6.46¢ 7.1°
4 7.30% 7.47° 6.44° 6.79°
8 7.552 6.35¢ 7.022 6.48°
12 6.45°¢ 5.75¢ 6.29° 5.80¢

* Letters >4 represent statistical differences between groups within the same column
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil; C:

99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.
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Table 10: Statistical results averaged across the storage duration showing the
impact of essential oils on the sensory parameters of the kaurma samples (P <

0.005).
Group Rating
Flavor Appearance Smell Cutting
A 7.28% 7.492 7.042 7.028
B 6.77% 7° 6.76° 6.43°
C 6.16° 7.392 6.08¢ 6.53%
K 7.482 6.14° 6.39¢ 6.19°

* Letters >4 represent statistical differences between groups within the same column
*A: 99% beef kaurma + 1% oregano oil; B: 99% beef kaurma + 1% Hibiscus sabdariffa oil;
C: 99% kaurma + 0.5% oregano and 0.5% Hibiscus sabdariffa oils; K: Control - 100% beef kaurma.

The sensory evaluation of kaurma incorporating essential oils (EO) highlighted
their different impacts on flavor, appearance, aroma, and textural properties over the
12-week cold storage period. The 1% oregano oil application consistently maintained
superior sensory scores, supporting its efficacy in preserving or enhancing the meat's
flavor profile. This observation corroborates previous studies suggesting the viability
of oregano EOs in significantly improving the palatability of meat products (6).

On the other hand, kaurma treated with Hibiscus sabdariffa essential oil gradually
lost its appearance and texture values. This observed variability could stem from
alterations in the EO's chemical profile or its dynamic interactions with food
constituents throughout the storage period. These changes show the complexities
involved in the use of EOs in maintaining the freshness of food as well as highlight
the extent of research required on the stability and interaction mechanisms of
Hibiscus sabdariffa in meat products (5).

The sensory quality scores of the control groups showed a decline. At the end of
the cold storage period, there were statistically significant differences between the
groups treated with EOs and those that were not (P < 0.05), as detailed in Table 9.
The control group (K), which did not contain the essential oils, was initially rated
highly for aroma by the panelists. However, some found the particularly intense
aroma of Group C, with the EO combination, unpleasant. At the beginning of the
study, participants perceived groups A and B, which also contained the oils, to have
strong aromas. Consistent with findings from (34), the EO aroma intensities
diminished over the storage period and became increasingly acceptable. This was
likely due to the volatilization of EO components over time, as noted by (11 and 28).
Additionally, ease-of-cutting scores improved significantly (P < 0.05) with the
incorporation of oregano or Hibiscus sabdariffa oils. The addition of EO resulted in a
significant improvement by reducing the pH, which improved the texture and made
cutting easier. By the end of the study, Group A emerged as the most preferred by the
panelists, while the control group (K) received the lowest scores. Despite some initial
concerns, the panelists ultimately regarded all EO-treated groups favorably and found
them acceptable in terms of sensory quality.

Conclusions

Lipid oxidation poses a significant challenge in the preservation of meat products.
Kaurma is particularly prone to oxidative and microbial degradation, which can
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compromise its quality and shelf life. This study's goal was to use natural compounds
instead of synthetic preservatives (nitrites, nitrates) that are commonly used in the
meat industry because of their health hazards.

Hibiscus sabdariffa and oregano essential oils were added as new ingredients for
Kaurma, a traditional Turkish meat dish. The oils stopped the growth of microbes and
slowed their oxidative breakdown in the meat. The treated samples showed lower
peroxide and TBARS values compared to the controls. Besides, the application of
these essential oils retained the sensory characteristics of kaurma, thereby enhancing
its attractiveness. The results show that clove and Hibiscus sabdariffa essential oils
aid in the preservability of kaurma by maintaining its chemical, microbial, and
sensory stability. They are safe, natural, and effective. Future studies need to address
optimizing dosages to improve their sensory characteristics while maintaining
preservative efficacy.
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