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Abstract

This study aims to determine the influence of adding lemon verbena leaf (LVL) extract on meat samples’
physicochemical, microbiological, and sensory properties. The ethanolic extracts (LVL-1, LVL-2, LVL-3, and
LVL-4) revealed higher (p < 0.05) content of phenolics and flavonoids than the aqueous extract (LVL-5). Then,
LVL-1 extract was selected for antioxidant activity (DPPH) analysis (75.73%). LVLs’ ethanolic extracts at concen-
trations of 0.0%, 0.5%, and 1.0% were added to meat samples. Redness parameters and organoleptic properties
were significantly affected. However, LVL-1.0% was more efficient in reducing microbial growth up to day 12 of
the storage period; therefore, 0.5% LVL reduced discoloration and lipid oxidation without affecting organoleptic
properties. Cooking yield and hardness were decreased effectively at a concentration of LVL-1.0%. LVL extract
effectively delayed the lipid oxidation of meat samples. Redness parameters were affected, and this was also noted
in sensory analysis. Adding 0.5% (LVL-0.5%) revealed high efficiency in retarding lipid oxidation and improv-
ing color stability in meat samples. In addition, no significant difference in sensory characteristics was identified
between the experimental group and control treatments. Despite the beneficial effects on the fat peroxidation of
meat patties, no level of LVL extract could delay microbiological degradation during storage at 4°C for 12 days.
In this context, LVL extract is an alternate technique for producing meat and meat products with lower synthetic
conservatives. Therefore, adding 0.5% LVL extract reduced discoloration and lipid oxidation without impacting
sensory parameters, making it a viable option for processing meat samples. Finally, because no significant impacts
(p = 0.05) were found during the storage period when higher concentrations were utilized (LVL-1.0 %), the addi-
tion of LVLs (LVL-0.5%) is more recommended for application in meat and meat products.
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Introduction

Extracts from culinary and medicinal plant sources have
very substantial in vitro antioxidant activity (Katalinic
et al., 2006, Oktay, Giilgin and Kifrevioglu, 2003, Li
et al, 2008, Allam, 2022b). The ability of spices to
increase food shelf life has long been known, and it is
now known that this antioxidant effect is mostly brought
on by phenolic compounds found in plants. Oktay et al.,
(2003), Katalinic et al, (2006), Li et al, (2008), and
Allam (2022a) found that extracts from sources of culi-
nary and medicinal plants have extremely significant in
vitro antioxidant activity. Spices have long been recog-
nized to extend food’s shelf life, and it is now understood
that this antioxidant action is mainly caused by pheno-
lic chemicals present in plants. Due to their generally
favorable effects on human health and environmental
friendliness, medicinal plant extracts are being used
as an alternative to conventional natural preservatives
to halt the spread of foodborne viruses and germs that
cause food to deteriorate (Sharma et al., 2018, Okocha,
Olatoye and Adedeji, 2018, Ribeiro da Cunha, Fonseca
and Calado, 2019, Lee and Shibamoto, 2002, El Sheikha
et al., 2022). An artificial or natural chemical preserva-
tive stops finished items from degrading due to micro-
bial growth or other unfavorable chemical changes.
They are applied to various foods to improve their
nutrition, texture, color, and flavor while preventing
microbiological contamination, deterioration, and dis-
coloration. Finding effective antimicrobials among natu-
ral chemicals is primarily motivated by the need to scale
up their activities throughout the range of allowed reg-
ulatory substances. Due to their generally good health
effects on humans and environmental friendliness,
medicinal plant extracts are now being used as alterna-
tives to conventional natural preservatives to inhibit the
spread of foodborne pathogens and food spoilage bacte-
ria (Sharma et al,, 2018, Okocha et al., 2018, Ribeiro da
Cunha et al., 2019, Lee and Shibamoto, 2002). Chemical
substances extracted from plants, animals, microbes
and their metabolites are considered natural preserva-
tives since they prevent the breakdown of various foods.
They function by preventing the development of micro-
bial, oxidative, and certain dietary enzymatic processes.
A preservative is a natural or artificial substance that
stops completed products from decomposing due to
microbial growth or other undesired chemical changes.
They are used in various foods to enhance their texture,
color, flavor, and nutrition while preventing them from
rotting, discoloring, or becoming infected by germs.
In the food, pharmaceutical, and cosmetic industries,
aromatic herbs and spices are very valuable commer-
cially. Since ancient times, they have been used, and
even though many of them have been supplanted by
synthetic alternatives, the market for natural goods
is growing. Numerous spice extracts have become

available on the market recently as antioxidants for the
food industry. Some of these substances have antioxi-
dant capacity comparable to synthetic antioxidants such
as tocopherol and butylated hydroxytoluene (Schwab,
Davidovich-Rikanati, and Lewinsohn, 2008, Krishnaiah,
Sarbatly and Nithyanandam, 2011, Izzreen and
Noriham, 2011, Gémez et al., 2018). Lemon verbena is
one of these spices particularly high in flavonoids, phe-
nolic compounds, and phenolic acids. As a result, it can
be regarded as a natural antioxidant that can protect
some foods from microbial deterioration and extend
their storage time without affecting their characteristics
(Vieitez et al., 2018, Allam, 2022). Creating high-quality,
long-life storage foods and ready-to-eat foods that are
only mildly preserved and have a natural, fresh appear-
ance is the outcome of increasing consumer demand.
Due to increased public awareness of natural food
items and growing worries about microbe resistance
to conventional preservatives, attention is being paid
to the discovery of naturally occurring antimicrobials
for food preservation. However, certain conventional
antimicrobials and those with regulatory authorization
have a variety of disadvantages. Customers are likely to
be skeptical about chemical additives in these circum-
stances. Due to increased public interest in natural food
items and growing worries about microbe resistance
to conventional preservatives, research on naturally
occurring antimicrobials for food protection is receiv-
ing more attention (Hu, Ali et al.,, 2023, Pillsbury et al.,
2010, Romojaro Casado, 2014, Sharma & Parisi, 2017,
Lazo, 2018, Al Jumayi, et al., 2022 & Aziz, et al., 2024).
This has led to the hunt for novel anti-microbial com-
pounds derived from natural sources.

Furthermore, meat is frequently contaminated by dan-
gerous microorganisms. The growth and proliferation
of these bacteria cause physical, chemical, and sen-
sory changes in meat, which also raises the danger of
serious infections from foodborne pathogens (Marmion
et al., 2021, Singh et al.,, 2019, Singh & Mondal, 2019).
Meat, however, is a particular perishable commodity
that needs to be managed carefully to extend its shelf
life even with refrigeration. Several factors, includ-
ing content, ingredients, light, air, and temperature,
can affect how long meat lasts (Gill, 1996, Dave and
Ghaly, 2011, Rawat, 2015, Tomaszewska, Bilska and
Kotozyn-Krajewska, 2022, Ren et al, 2022, Tyuftin
and Kerry, 2023). Protein and lipid oxidation are the
primary causes of the oxidative deterioration of meat.
Unsaturated fatty acids are present in membrane tri-
glycerides, but phospholipids and animal proteins are
easily oxidized. Oxidation of meat is essentially the root
cause of meat’s undesirable changes in texture, flavor,
color, and appearance, and its lower nutritional value
(Shivakumar et al., 2023, Sultana, Jayathilakan, and
Sajeevkumar, 2022, Dominguez et al, 2019, Amaral,
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Silva and Lannes, 2018, Pateiro et al., 2019 & Zahra,
et al., 2023).

The objectives of this study were to: (1) investigate the
influence of various extraction conditions (solvent, time,
and temperature of extraction); (2) demonstrate the pro-
tection of the food from oxidative degradation to pre-
vent or modulate oxygen-related diseases; (3) increase
the shelf life of meat samples by the application of poly-
phenolic antioxidants and antimicrobials in foods (raw,
cooked, and stored) with lemon verbena leaves (LVLs)
stored at 4°C for 12 days, and to produce better food for
optimal health.

Materials and Methods
Materials

Preparation of LVL extract

Five kilos of LVLs (Lippia citriodora), spices, and herbs
were obtained from a local market (Shebin EI-Kom,
Menoufia governorate, Egypt). The purchased quan-
tities were hand-sorted to remove foreign particles,
then stored in polyethylene bags in the freezer (Ideal
DeltaApplicance, Egypt) at —18 +2°C until used. Frozen
powder of LVLs was ground using a blender (Model
3510, Jenway Technology, Italy) to prevent bioactive
components from degradation and sieved well using a
sieve shaker from Endecott’s Limited (vibratory verti-
cal: Octagon 200/Octagon 200 CL/Minor 200/Air Sizer
200, USA) for 30 min, and filtered in a 25 mm sieve, and
left in a tightly closed polyethylene tetraphalate bottle
at —-18 +2°C for further analysis. Five samples (50 g) of
different frozen powders of LVLs were added to other
solvents (200 mL). Based on previous investigations, var-
ious extraction periods and extraction temperatures were
conducted as follows:

+ LVL-1: ethanol (70%)—water (v/v) for 1 h/80°C;

« LVL-2: ethanol (70%)—water (v/v) for 2 h/60°C;

» LVL-3: ethanol (70%)—water (v/v) for 3 h at 40°C;

o LVL-4: ethanol (70%)—water (v/v) for 24 h/25°C;

« LVL-5: distilled water at 100°C for 5 min as a standard
tea preparation.

During homogenization with a stirrer, the leaf extract
was allowed to cool before being filtered (Whatman
No. 1, Sigma-Aldrich, Germany) and used instantly for
measurements of phenolics and flavonoid content as
antioxidant activity. All extraction stages were carried
out in the dark to avoid light exposure. Then, the stage
of solvent disposal of the concentrated extracts were lyo-
philized (2.787 sqM-Mill rock Technology, Kieffer Lane,
Kingston), and the residue was weighted to calculate
extraction yield per plant material.

Analysis of LVL extract

GC-MS analysis

On an Agilent-6890 N gas chromatograph with an HP
5973 mass spectrometer detector, GC-MS analysis was
carried out. The capillary column was an HP-5Ms (30.0
m, 0.25 mm, 0.25 m). With a flow rate of 1.0 mL/min, an
injection volume of 1 L, and a split ratio of 1:1, helium
(99.999%) served as the carrier gas. The temperature was
initially kept at 100°C for 3 min and then increased to
250°C in stages of 20°C. Whenever possible, pure com-
pounds’ mass spectra and retention durations were used
to identify the constituents in the extracts. The Mass
Spectra Library from the NIST (National Institute of
Standards and Technologies) in the United States was
also consulted. Each analysis was performed three times.

Total phenolics, total flavonoids, and antioxidant activity

Total phenolic content (TPC)

The Folin—Ciocalteu reagent assay was estimated to stain
the extract’s TPC (Ozsoy et al., 2008). A 0.4 g dry sample
was obtained with 20 mL ethanol 80%, soaked in a brawn
bottle for 24 hours at room temperature, centrifuged for
5 min, volume adapted to 25 mL by ethanol 80%, filtered
via Whatman no.1 filter paper, 10 mL of the solution
evaporated to dryness, dissolved in 5 mL HPLC grade
methanol 50%, and filtered through PTFE filter with pore
size 0.2 pm. Subsequently, the mixture was incubated for
30 min at room temperature (20 + 2 °C), and the absor-
bance was measured with a spectrophotometer at 760
nm (School instrument, UV line 9400, EU). For the cali-
bration curve, gallic acid was used as a standard material.
TPC was expressed as gallic acid equivalent. Both experi-
ments were carried out in triplicate.

Total flavonoid content (TFC)

TFC was determined using the method of Lopes et al.,
(2022). Five milliliters of extract was mixed with deion-
ized water, followed by 0.3 mL NaNO, (1:20). Five min-
utes later, 3 mL of AICI3 (1:10) was added. After 6 min, 2
mL of NaOH (4%) was added, and then deionized water
up to 10 mL total volume was used. Subsequently, the
mixture was shaken for homogenization. A spectropho-
tometer (SCHOOT instrument, UV line 9400, EU) was
used to measure the absorbance at 510 nm compared
to a blank. Total flavonoids were expressed as quercetin
equivalent (QEs) per gram of dried plant. All measure-
ments were collected in triplicate.

Manufacture of meat samples
The minced meat was obtained from a local market in

Shebin El-Kom, Menoufia Governorate, Egypt, and car-
ried to the processing plant in iceboxes (Laboratory
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of Meat Products, Department of Food Science and
Technology, Faculty of Agriculture, Menoufia University,
Shebin El-Kom, Menoufia Governorate, Egypt,).
According to a standard method, the minced meat
was duplicated on three different days and categorized
into two treatments: control and without adding LVLs
extract. The recipe consists of minced meat, water con-
tent (4.68%), salt content (1.50%), and white pepper con-
tent (0.19%); LVL extracts (0.5% and 1.0%) were added
separately to the recipe as a water substitute. The LVL-
extract concentrations were determined based on prior
studies conducted in our laboratory. To achieve a homo-
geneous mixture, each recipe was hand-mixed. Meat
(about 100 g and 2.5-4.0 cm thickness) was formed by
using a hand-held cutter (13-15 cm diameter). Plastic
bags manufactured from high-density polyethylene were
used for wrapping and refrigerated storage of all samples
at 4°C for 12 days.

Technological and physicochemical properties

Chemical composition

Moisture, protein, ash, and fat content were determined
according to the procedure outlined in AOAC (1995).
The carbohydrate content was obtained by subtracting
the percent total of the moisture, fat, protein, and ash
contents from 100 percent. The crude protein was calcu-
lated according to the Pearson-described micro-Kjeldahl
process (1976) and multiplied by the (Nx6.25) conversion
factor to crude protein. The results were then calculated
as a percentage and total carbohydrates were determined
by difference according to AOAC (2005). The lipid con-
tent was determined according to the methodology of
Bligh and Dyer (1959). The proximate results are repre-
sented as gram/100 g. The energy content (kcal) of beef
samples was derived by calculating them by the values
for protein (4 kcal/g), fat (9 kcal/g), and fiber (2 kcal/g)
(European Union, 2011). Meat samples were weighed
before and after cooking (internal temperature 75°C) to
calculate cooking yield as described by (Choi et al., 2010).
All measurements were collected in triplicate.

Texture profile analysis (TPA)

TPA is a widely used method to evaluate the textural
properties of food products, including hardness, cohe-
siveness, springiness, chewiness, and resilience. TPA was
evaluated by the TAXT method using an express texture
analyzer (Stable Micro Systems Ltd., Surrey, England).

Twenty meat samples before treatment were pressed via
a cylinder plate supported with a 5 kg power cell for TPA.
The cylinder plate used for compression ensures an even
distribution of force over the sample. The power cell mea-
sures the force applied during the compression process.
Performing two cycles of compression (Delay Rate: 3 s.)

helps to measure the mechanical behavior of the sam-
ple under repeated stress. The delay between compres-
sions (Crosshead Velocity: 1.6 mm/s) allows the sample
to partially recover from the first compression, providing
insights into its resilience and cohesiveness. The speed at
which the compression plate moves is controlled to stan-
dardize the rate of force application, influencing the tex-
tural properties measured. Evaluate characteristics such
as hardness (Hrynets et al., 2010).

pH value

The pH of meat samples was examined by a digital pH
meter (Model 3510, Jenway Technology, Italy). The elec-
trode of the pH meter was calibrated with two buffer
solutions of pH 4 and 7. Ten grams of finely ground sam-
ples were blended in 50 mL of distilled water in a Cyclo-
Mixer test tube (CM- Model 3000 USA). It was extracted
by filtration through Whitman filter paper No. 1. The
electrode of the pH meter was dipped in the filtrate, and
the sample pH was recorded.

Lipid oxidation

The determination of lipid oxidation was performed
following the method reported by Micelli-Ferrari et al.,
(1996), and Pompella et al., (1987) with minor adjust-
ments. A 10 g sample was homogenized for 30 s in a stom-
acher in 0.035 liters of 7.5% trichloroacetic acid. Filtration
was applied, and 5 mL of 20 mM TBA (thiobarbituric
acid) was added. Lastly, the solution was incubated at 20
+ 2°C in the dark for 24 h. The generated color produced
was measured spectrophotometrically (SCHOOT instru-
ment, UV line 9400, EU) at 532 nm. The TBARS results
were calculated as milligrams of malonaldehyde/kg of
meat samples and evaluated from the standard curve of
TEP standards (1,1,3,3-tetraethyoxypropane).

Instrumental color

Instrumental color analysis of cold stored rabbit meat
samples was conducted using a scale color spectropho-
tometer with a CIE Lab colorimeter (Hunter, Lab Scan
XE-Reston VA, USA) according to Allam, et al.,, (2021).
The instrumental color analysis of cold stored rabbit
meat samples using a scale color spectrophotometer
with a CIE Lab colorimeter involves measuring the light-
ness (L*), redness/greenness (a*), and yellowness/blue-
ness (b*) of the meat. This method provides precise and
objective color measurements crucial for quality con-
trol, shelf-life assessment, and consumer acceptance in
the meat industry. The spectrophotometer is calibrated
using standard white and black tiles to ensure accurate
color measurements. The surface of the meat samples is
analyzed using the spectrophotometer, which measures
the color based on reflectance. The colorimeter records
color values in the CIE Lab color space, which includes
three parameters: L* a* and b* The color was measured
as CIE values (L% a* and b*). It was determined that the
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color parameters would be as follows: L* (values rang-
ing from blackness to whiteness for lightness), a* (values
ranging from greenness to redness), and b* (values rang-
ing from blueness to yellowness). Color difference (AE*)
between control and cold stored rabbit meat samples was
calculated by the following equation:

AE =JAL*2 & Aq*? + Ab*

where AL* is the brightness difference, Aa* is the redness
difference, and Ab* is the yellowness difference.

Microbiological properties

Meat patty samples (10 g) were aseptically transferred
to a sterile stomacher (Stomacher 400; Seward Medical,
London, UK), 0.1% sterile peptone water (90 mL) was
added (K25-611,014, Kasvi, Sdo José dos Pinhais, Brazil),
and the samples were homogenized for 30 s. Sterilized
peptone (0.1%) was used for preparing dilutions with
9 mL of water. For total viable count (TVC), sample
suspensions were inoculated on plate count agar (PCA)
(BioMaxima, Poland) for 48 h at 35°C under aerobic con-
ditions. Regarding psychrotrophic bacteria count, sam-
ple suspensions were inoculated on PCA and incubated
for 120 h at 4°C. Enterobacteriaceae detection was con-
ducted, and suspensions of meat slices were inoculated
on VRBA (violet, red bile agar) and incubated for 3 days
at 35°C. For the total Staphylococcal count, mannitol
salt agar media was used (HX0061-00,029, Acumedia,
Brazil), and incubation was conducted for 3 h at 35°C.

Sensory analysis

The sensory analysis was performed at zero time fol-
lowing the microbiological evaluations. Meat samples
were grilled until they reached the appropriate internal
temperature (75°C), cut into 4 x 5 x 3 cm pieces, each
wrapped in aluminum foil, and kept at 60°C to 65°C until
analysis. The sliced meat samples were served in dis-
posable plastic cups, coded with randomized monod-
ical three digits. A trained panel of 20 members (aged
21-40 years) from the Department of Food Science and
Technology, Faculty of Agriculture, Menoufia University,
performed the quantitative descriptive analysis (QDA) to
assess the sensory quality of cooked rabbit meat. Forty-
five regular consumers (63% female, 37% male, 18-35
years old) evaluated the organoleptic specifications
(taste, odor, flavor, texture, and overall acceptability) of
meat samples using a hedonic scale rating of 1-9 points
(1 = dislike very much, 9 = like very much) and a hedonic
scale of 5 points for purchasing intention (1 = definitely
wouldn’t buy and 5 = definitely would buy). Water and

unsalted crackers were used between samples during the
panelist’s evaluation. The acceptability index (AI) was
calculated based on the relation between the average
score and maximum score of the hedonic scale (9) mul-
tiplied by 100.

Statistical analysis

Data were analyzed using the statistical package SAS ver-
sion 9.4 (2013). The study was replicated three times, and
two measurements were conducted per replicate. Data
were analyzed using the SPSS program. Results were
expressed as the mean + SD. Data for multiple variable
comparisons were analyzed by a two-way analysis of
variance (ANOVA). Mean values of different parameters
were used to compare pH, DPPH, total phenolics, hunter
color values, and sensory characteristics. The means were
separated with the least significant difference (LSD) pro-
cedure. The significance between groups was determined
using Duncan’s analysis. The statistical significance was
identified at the 95% confidence level (P < 0.05).

Results and Discussions
Phytochemical Profile of Lippia citriodora

Phytochemicals naturally found in plants can either
have beneficial or harmful impacts on human health.
Medicinal plants that are used to cure a wide range of
illnesses and conditions are the most plentiful biological
reservoirs of diverse phytochemicals. Metabolites may
be responsible for plants’ natural potential. Preliminary
phytochemical analyses of LVL-1, LVL-2, LVL-3, LVL-
4, and LVL-5 fractions of leaves of lemon verbena were
performed. As illustrated in Table 1, these results indi-
cated the presence of natural bioactive compounds and
metabolites.

Primary and secondary plant bioactive metabolites, such
as tannins, saponins, flavonoids, phenols, glycosides,
alkaloids, resins, carbohydrates, and starch, were present
in the leaves of lemon verbena. Plants include consider-
able amounts of phenols, flavonoids, alkaloids, tannins,
saponins, terpenoids, steroids, glycosides, terpenes, poly-
saccharides, coumarins, and other secondary metabo-
lites. Important phytochemicals include alkaloids, which
have antimicrobial and antioxidant properties, and tan-
nins, flavonoids, and saponins, which have antioxidant,
antibacterial, and anti-diabetic properties. The phyto-
chemical analysis of LVLs (L. citriodora) has a variety of
phytochemicals such as flavonoids, phenols, alkaloids,
glycosides, saponins, tannins, terpenes, and resins. Other
investigations demonstrated that the leaves of lemon ver-
bena (L. citriodora) contain these compounds.
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Table 1. Preliminary phytochemical assessment of the ethanolic crude extract of Lippia citriodora and its different fractions.
Phytochemicals Method LVL-1 LVL-2 LVL-3 LVL-4 LVL-5
Protein Biuret test X X x X X
Amino acid Ninhydrin test X x X X X
Carbohydrates and sugars Molish’s test - - X X X

Tannin Ferric-chloride test
Saponin Frothing test
Phenol Lead acetate test
Flavonoids Amyl alcohol test
Alkaloid Dragendroff’s test
Starch lodine test
Glycosides Erdmann’s test
Borntrager's test
Keller—Killani test
Fixed oils and fats
Resins Acetic-anhydride test

Note: (LVL-1): 70% ethanol-water (v/v) for 1 h/80°C; (LVL-2): 70% ethanol-water (v/v) for 2 h/60°C; (LVL-3): 70% ethanol-water (v/v) for 3 h at 40°C;
(LVL-4): 70% ethanol-water (v/v) for 24 h/25°C; (LVL-5): distilled water for 5 min/100°C as a traditional tea preparation.

x Present and - absent.

Total phenolics, total flavonoids, and antioxidant activity

Bioactive compounds known as polyphenols are typ-
ically discovered in plant-based foods like seeds, fruits,
and cereals. Several important flavonoids were previ-
ously reported in leaves of lemon verbena (L. citriodora).
According to studies (Ishkeh et al., 2019, Adorjan and
Buchbauer, 2010), flavonoids have a variety of biologi-
cal properties, including antioxidant, hepatoprotective,
anti-fungal, and antibacterial activities. Figures 1 and 2
show the total flavonoid and phenolic content results
obtained under different extraction procedures. Figures 1
and 2 demonstrated LVL extract’s total phenolics and
flavonoid content (p < .05), the LVL-1 extraction using
ethanol 70% for 1 h/80°C; LVL-2 extraction with ethanol
70% for 2 h/60°C; LVL-3 extraction using ethanol 70% for
3 h at 40°C; LVL-4 extraction using ethanol 70% for 24
h/25°C; and LVL-5 extraction with distilled water for 5
min/100°C as a traditional tea preparation. LVL-1 extract
revealed the highest flavonoid content, indicating that
extraction parameters (solvent, time, and temperature)
had a significant impact (P < 0.05) on LVLs’ properties to
extract. TPCs were in the order LVL-1 > LVL-2 > LVL-3
> LVL-4 > LVL-5 (with values ranging between 390.21
+ 2.8 mg GAE-.g-1 DE and 138.99 + 1.55 mg QE-g-1
DE), and a similar correlation was obtained for flavo-
noids with LVL-1 showing the highest concentrations
(total flavonoid and phenolic). The extraction using eth-
anol 70% for 1 h/80°C (LVL-1) showed the highest val-
ues of both phenolic and flavonoid contents with values
of 390.21 + 2.8 mg GAE-g-1 DE and 138.99 + 1.55 mg

QE-g-1 DE, respectively. In contrast, the extraction with
distilled water for 5 min/100°C as a traditional tea prepa-
ration (LVL-5) fraction showed the minimum values of
both phenolic and flavonoid contents having values of
71.05 + 2.33 mg GAE-g-1 DE and 58.3 + 1.79 mg QE-g-1
DE, respectively. The maximum amount of TPC was
observed in LVL-1 (390.21 + 2.8 mg GAE-g-1 DE), and
the minimum amount was observed in LVL-5 (71.05 *
2.33 mg GAE-.g-1 DE) (milligram gallic acid equivalent
per gram weight of dry extract) (Figure 1). The LVL-1
sample showed the highest amount of TFC with a value
of 138.99 + 1.55 mg QE-g-1 DE (milligram QE per gram
weight of dry extract), and the LVL-5 sample exhibited
the lowest amount of TFC with a value of 58.3 + 1.79
mg QE-g-1 DE (Figure 2). No significant differences (P >
0.05) were detected in flavonoid content between LVL-2,
LVL-3, and LVL-4 with values of 81.59, 78.4, and 76.89
mg QE-g-1 DE, respectively.

However, LVL-5 had the lowest number of phenolic com-
pounds (58.3 + 1.79 mg QE-g-1 DE), which was most
likely related to extraction with high temperature (100°C),
which may lead to the destruction and reduction of phe-
nolic (Mokrani and Madani, 2016, Roshanak, Rahimmalek
and Goli, 2016, Kallel et al., 2014) and flavonoid concen-
trations (Kallel et al., 2014, Roshani Neshat, Bimakr and
Ganjloo, 2022, Rashid et al.,, 2022). Previous investiga-
tions showed that the aerial parts of L. citriodora contain
phenolic components and flavonoids, which contribute
to the plant’s antioxidant potential (0.76 and 0.79 g/100
g, respectively) in hydroethanolic and aqueous extracts
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(1.25 and 1.75 g/100 g, respectively). Furthermore, due to
its polarity, ethanol is regarded as a stronger solvent than
water (Cortés, Herrera, and Castellanos, 2022, Lucarini
et al., 2022), which shows the enhanced phenolic and fla-
vonoid content found in LVL1. The amounts of pheno-
lic and flavonoid compounds found in this investigation
agree with those found in other studies using compa-
rable extraction methods in leaves of lemon verbena
(L. citriodora) extract (Roshani Neshat et al., 2022, Nisar
et al., 2022, Garcia-Giménez et al., 2022). The LVL-1 was
confined to antioxidant activity assessment due to its
higher phenolic and flavonoid content (Figures 1 and 2),
demonstrating 74.98% + 0.11 antioxidant activity, which
is consistent with Salami, Heidari, and Tan (2023), who
mentioned 81.87% inhibition of the DPPH radical in
LVLs’ extract.

Technological and physicochemical properties
of meat samples

Proximate composition, cooking yield, and texture

of meat samples

The proximate composition of meat samples treated
with LVL extract is shown in Table 2. No significant dif-
ferences (p = 0.05) were demonstrated for moisture, fat,
protein, ash, and fiber contents. According to the inves-
tigation by Roohinejad et al., (2017), the content of mac-
ro-components was not significantly (p> 0.05) changed

160
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80

mg QE-g~' DE

60

40

20

LVL-1 LVL-2

when extracts at low concentrations (1%) were added to
patties. Other researchers showed no significant changes
in the chemical composition of conventional lamb patties
vs. those with oregano as a natural source of antioxidants
(de Oliveira Ferreira et al., 2019). Meat samples treated
with 1.0% LVL extract had lower (p < 0.05) hardness
values than LVL-0.5 and the control samples (Figure 3).
Nonsignificant differences were observed in hardness
between the control samples and LVL-0.5%. According to
Hao et al., (2022), the phenolic component of LVL extract
may impair its emulsifying characteristics, making meat
products containing LVL extract softer. However, when
1.0% LVL extract was utilized in meat samples, the
impact of reducing emulsifying characteristics was only
significant (p < 0.05). On the other hand, LVL1.0% had
higher (p < 0.05) cohesiveness than in LVL0.5% and con-
trol samples. The emulsifying characteristics of meat pro-
teins influence the cooking yield of meat products, which
is influenced by moisture and fat loss throughout cooking
(Colmenero, 1996, Santhi et al., 2017, Pereira, Hu et al.,
2019). Meat samples had cooking yields ranging from
52.14% to 64.83% (Table 1). Cooking yield values were
unaffected by the addition of LVL-0.5% extract; however,
treatment with 1.0% LVL extract resulted in lower values
(p < 0.05) than the control sample.

The emulsifying capabilities of meat may have been influ-
enced by phenolic components in LVL extract, result-
ing in a reduced cooking yield of LVL 1.0%. Another

y = 130.55x 0471
R2=0.9177

LVL-3 LVL-4 LVL-5

| Lemon verbena leaves extract (L. citriodora) |

Figure 1.

Total phenolic content of lemon verbena leaves’ ethanolic extracts (L. citriodora) and different fractions. LVL-1:

ethanol (70%)-water (v/v) for 1 h/80°C); LVL-2: ethanol (70%)-water (v/v) for 2 h/60°C); LVL-3: ethanol (70%)-water (v/v) for 3 h
at 40°C; LVL-4: ethanol (70%)-water (v/v) for 24 h/25°C; and LVL-5: distilled water at 100°C for 5 min as a standard tea prepara-
tion. All experiments were performed in triplicates, and the error bar represents the standard deviation.
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Figure. 2. Total flavonoid content of lemon verbena leaves’ ethanolic extracts (L. citriodora) and different fractions. LVL-1:
ethanol (70%)-water (v/v) for 1 h/80°C); LVL-2: ethanol (70%)-water (v/v) for 2 h/60°C); LVL-3: ethanol (70%)-water (v/v) for 3 h at
40°C; LVL-4: ethanol (70%)-water (v/v) for 24 h/25°C; LVL-5: distilled water at 100°C for 5 min as a standard tea preparation. All
experiments were performed in triplicates, and the error bar represents the standard deviation.

Table 2. The approximate composition of meat samples with the addition of lemon verbena leaf extract.

Proximate composition (g/100 g) Control LVL-0.5 LVL-1.0

Moisture 73.182+0.11 73.132+£0.98 73.642 £2.07
Protein 15.762 + 0.33 15.622 + 0.25 15.492 + 0.06
Fat 7.612+0.01 6.762 + 1.29 8.812+1.09
Ash 1.922+£0.11 1.752+£0.21 1.442+£0.29
Fiber 0.522£0.19 0.592 + 0.39 0.85%+0.28
Energy value (kcal/100g) 137.52 135.83 152.74

Note: Means  standard error. Different letters (a-b) in the same row show significant differences (p < 0.05). Abbreviations: Control: (control
treatment, meat samples with no LVL extract addition); LVL-0.5%: (meat samples with the addition of 0.5% LVL extract); and LVL1.0%: (meat

samples with the addition of 1.0% LVL extract).

investigation observed that adding 1,500 ppm LVL
extract to Bologna-style sausages reduced their cooking
yield by even more 3% (Verma et al, 2013, Hygreeva,
Pandey and Radhakrishna, 2014, Sebranek and Bacus,
2007). The energy facts of meat samples were 137.52—
152.74 kcal/100 g (Figure 4) and were similar to those
reported by Wang et al, (2020), where spinach was
replaced in meat samples (146.75-159.70 kcal/100 g).

pH

During refrigerated storage, the pH of meat samples
changed (p < 0.05). Values were 5.79 + 0.22-5.81 + 0.15
at the beginning of preservation (Figure 5) and improved
throughout storage (p < 0.05). However, The amount of
LVL extract added did not affect the pH values during
this storage period (day4). The amount of LVL extract
added affected pH values on the eighth day of storage

(p < 0.05), with LVL-1.0% having higher values (p < 0.05)
than the others. Moreover, in treatment with low concen-
trations (0.5% and 1.0%) on meat samples, the obtained
LVL extract showed that the pH values were compara-
ble to neutral; this may be due to high pH values shown
in LVL extract-treated patties, particularly at the end of
storage period (12 days). However, for beef products (raw
patties), the pH values reported in this research during
preservation were in the normal range (King and Whyte,
2006, Kim, Cho, and Han, 2013, Akarpat, Turhan and
Ustun, 2008, Nadeem et al., 2022).

Lipid oxidation

Lipid oxidation is considered the main reason for sen-
sory quality and shelf-life decline in meat products.

102

ltalian Journal of Food Science, 2024; 36 (3)



Antioxidant and antibacterial effect of lemon verbena leaves’ (Lippia citriodora) extract

307

251

—— o

——

20

—H

151

Hardness (N)

104

Control LVL-0.5 LVL-1.0

| Meat sample with lemon verbena leaves extract (L. citriodora)

Figure 3. Texture profile (Hardness) of meat samples with lemon verbena leaves extract addition. Different letters (A-B) in
the same row show significant differences (p < 0.05). Means # standard error. Control, control treatment, meat samples with no

addition of LVL extract; LVL-0.5%, meat samples with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the
addition of 1.0% LVL extract.
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Figure 4. Cooking yield of meat samples with the addition of lemon verbena leaves extract. Different letters (A-B) in the same
row show significant differences (p < 0.05). Means # standard error. Control, control treatment, meat samples with no addition

of LVL extract; LVL-0.5%, meat samples with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of
1.0% LVL extract.
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The TBARS+ assay is a useful and widely applied method
for measuring lipid per-oxidation and oxidative stress in
various samples. Expressed as mg MDA/kg, it provides
valuable information about the oxidative stability of food
products and the extent of oxidative stress in meat sam-
ples treated with LVL extract during storage (Figure 6).
TBARS+ values in meat samples were impacted (p <
0.05) by treatment with LVL extract and storage periods.
However, when comparing meat patties with 0.5% LVL
extract addition to those with 1.0% LVL extract addi-
tion at the end of the storage period (12 days), adding a
high concentration of LVL extract (1.0%) in meat sam-
ples did not result in decreased TBARS values (p > 0.05).
The TBARS+ values ranged from 0.25 + 0.11 to 0.76
0.12 mg MDA/kg at the initiation of the storage period
(day 0), and LVL extract treatments had higher (p < 0.05)
TBARS values than the control samples.

The lemon (Lippia citriodora) extract can be a pro-oxi-
dant due to its high chlorophyll concentration (Machado
et al, 2022, D’Alessandro and Martemucci, 2022,
Tripicchio et al., 2022), which has also been found in
mayonnaise. Still, more research on meat processing is
needed. According to Ali, Parisi, and Normanno (2022),
vegetable juice components initially had pro-oxidant
activity in vitro, which decreased over time and eventu-
ally turned into an antioxidant after the juice observa-
tion period. This study showed that lemon (L. citriodora)

extract was provided as a pro-oxidant at the beginning
of the meat storage period. As a result, the constituents
of lemon (L. citriodora) extract utilized in this research
had a comparable effect on day 0 of storage, function-
ing as a pro-oxidant. In addition, Krishnani et al., (2022)
and Tripicchio et al., (2022) reported that adding lemon
(L. citriodora) extract to oils and meat products caused
a significant (p < 0.05) loss of protein thiols, revealing a
high pro-oxidative action. However, in our investiga-
tion (Table 2), LVL extract behaved as an antioxidant in
treated beef samples from 4 days until storage. In LVL-
0.5% and LVL1.0%, the lowest (p < 0.05) TBARS+ values
(0.33 = 0.05 and 0.22 + 0.14 mg MDA/kg, respectively)
were found on day 4 of storage. On day 4 of storage, the
TBARS value in the control sample was 0.83 + 0.33 mg
MDA/kg, and no significant variations were detected
until the storage period ended. Lipid oxidation of LVLs’
extract-treated meat samples increased (p < .05) on day
8 (0.99 £ 0.18-0.82 + 0.15 mg MDA/kg). In addition,
when compared to day 8, TBARS values of 1.0% LVL
extract decreased (p < 0.05) at the end of storage. This
reduction in TBARS levels is most probably the result
of MDA degradation by microorganisms that may selec-
tively utilize carbonyl compounds or MDA further oxi-
dizes into other organic lipid oxidation substances that
are not detected by the thiobarbituric acid reaction
(Aksu and Turan, 2022, Grotto et al., 2009, Georgantelis
et al., 2007, Sajib and Undeland, 2020). Treatments had
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Figure 5. The pH of meat samples with the addition of lemon verbena leaf extract during refrigerated storage. For the same
parameters, various uppercase letters (A-C) in the same column and different lowercase letters (A-C) in the same row show sig-
nificant differences (p < 0.05). Control, control treatment, meat samples with no addition of LVL extract; LVL-0.5%, meat samples
with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of 1.0% LVL extract.
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final TBARS values of 0.65 + 0.15-1.07 + 0.24 mg MDA/
kg, and the control sample showed high values (p < 0.05)
compared to LVL-0.5% and LVL-1.0%. Phenolic com-
pounds in plant extracts are effective in reducing oxi-
dative effects. However, high concentrations may not
prevent and/or delay oxidative rancidity in meat and
meat products (Rojas and Brewer, 2007, Shah, Bosco, and
Mir, 2014). According to Table 2, all LVLs extract—treated
meat patties had lower TBARS values than the off-fla-
vor perception threshold (1.0 mg MDA/kg). According
to de Oliveira Ferreira et al, (2019) and Agregan et al.,
(2019), beef burgers treated with hydroalcoholic extracts
of pyrostegia venusta (PV) and brosimum gaudichaudii
(BG) for 10 days of storage showed lower TBARS values
than 1.0 mg MDA/kg. LVLs extract, encapsulated and
unencapsulated, and edible coatings composed of chi-
tosan and LVLE extract were all studied by Sebranek and
Bacus (2007) and Hosseini et al., (2019) on beef patties.
They showed that during the storage period, lipid oxida-
tion significantly decreased.

Instrumental color

The instrumental color characteristics (L*, lightness; b*,
yellowness; a*, redness; C*, chroma; and h°, hue angle)
for meat samples after adding LVL extract during refrig-
erated storage is shown in Figure 7 (A—F). The storage
period did not affect the control’s L* values (p > 0.05),
while the addition of 0.5% LVL extract increased (p <
0.05). However, at the end of the storage period (12 day),
treatments containing LVL extract had lower L* values (p

< 0.05) than the control samples. At the start of storage,
a* values ranged from 5.05 + 0.69 to 8.65 + 0.15, and LVL-
1.0% values were significantly lower (p < 0.05) than those
of the control group and LVL-0.5%. Decreased a* levels
of meat samples were detected during storage, which is
attributed to the product’s natural deterioration.

The redness levels in all treatments remained stable until
the fourth day of storage. However, in LVL-0.5% and the
control samples, the redness factor was noticed on day 8,
but in LVL-1.0%, the values decreased only on day 12.
During the storage period, the control group had higher
(p < 0.05) a* values than other concentrations of LVL
extract (LVL0.5% and LVL-1.0%). Additionally, observed
higher (p < 0.05) a* values in LVL-0.5% compared to LVL-
1.0% highlight how varying concentrations of Lemon
Verbena Leaves extract can influence the color charac-
teristics of the samples, specifically their redness. This
finding is statistically significant, suggesting a meaningful
impact of extract concentration on the as value. The find-
ings by Vizzarri et al., (2017), Hosseini et al., (2019), and
Zhang et al., (2017) indicated that adding LVL to minced
beef resulted in lower a* values at the end of storage. A
decrease in a* values during meat storage correlates with
less redness because of peroxidation, met-myoglobin
synthesis, and myoglobin oxidation (Wongwichian et al.,
2015, Wang et al., 2021, Bekhit et al., 2003). The greenish
color of the LVL, however, indicates that correlation has
been observed for the lower values of redness reported
in LVL extract—treated meat samples throughout the
storage period. At the beginning of the storage period,
nonsignificant (p = 0.05) differences in yellowness (b*)

1.2

1.0+

TBARS+

BControl
aLVvL-0.5
aLVvL-1.0

| Storage time (day) |

Figure 6. Lipid oxidation (TBARS+) of meat samples with the addition of LVL extract during refrigerated storage. For the same
parameters, various uppercase letters (A-C) in the same column and different lowercase letters (a-c) in the same row show sig-
nificant differences (p < 0.05). Control, control treatment, meat samples with no LVL extract addition; LVL-0.5%, meat samples
with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of 1.0% LVL extract.
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Figure 7. Instrumental color characteristics (L*, lightness (A); b*, yellowness (B); a*, redness (C); AE (D), C* chroma (E), and

h°, hue angle (F)) of meat samples with the addition of LVL extract during refrigerated storage. For the same parameters, various
uppercase letters (A-C) in the same column and different lowercase letters (a—c) in the same row show significant differences
(p < 0.05). Abbreviations: Control, control treatment, meat samples with no addition of LVL extract; LVL-0.5%, meat samples
with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of 1.0% LVL extract.

were detected between treatments (19.91 + 0.49-22.02+
0.65, Table 2). In addition, the storage period decreased
(p < 0.05) the b* values in all treated samples, and on day
12, the control samples had higher values(p < 0.05) than
the LVL-0.5% and LVL-1.0% treatments. At the start and
end of the storage period, the C* parameter had values
of 21.57-24.65 and 16.49-18.04, respectively. Direct
visual evaluation of images of various treatments of meat
samples with the addition of LVL extract is compatible
with instrumental color values. At the initiation of the
storage period, the hue angle (h°) values of meat sam-
ples with the addition of LVL were 69.59-76.57. The h°

and C* values are related to the observed discoloration
of meat, with a high h° that indicates meat browning and
lower color stability and a lower C* indicating less color
intensity (Jeremiah and Gibson, 2001, Wu et al., 2020).
On day 12 of storage, the hue angle of LVL-0.5% and the
control samples were comparable (p > 0.05), showing that
LVL extracts prevented discoloration in meat samples in
this study. Other research indicated that natural plant
extracts could prevent meat products from discoloring
(Munekata et al., 2020, Efenberger-Szmechtyk, Nowak
and Czyzowska, 2021, Ammara, ef al., 2023). The effects
of instrumental color characteristics in this research
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Table 3. Microbiological properties (log CFU/g) during refrigerated storage of meat samples with the addition of lemon verbena leaves

extract.

Microorganisms Storage time (day)
Samples 0 4 8 12

Total Viable Count Control 3.44 +0.15% 4.24 £0.14% 7.04+ 0.51248 7.41£0.11%8
LVL-0.5 331 QI 4.27 £0.18% 7.31 £0.41°% 8.22 £0.28%
LVL-1.0 3.43 £0.39 3.58 +0.29% 6.38 £ 0.21°8 7.82 £0.33%48

Psychrotrophic Bacteria Control 2.69+0.11% 4.46 +0.15% 6.14 £ 0.14%4 6.7110.13%8
LVL-0.5 2.28+£0.12% 4.53 £0.08% 5.85 £ 0.11° 6.89 £ 0.18%A
LVL-1.0 2.18£0.13% 3.86 + 0.148 5.81 £ 0.08% 6.45 £ 0.11%8

Enterobacteriaceae Control 2.81+0.14% 2.82 £ 0.338 5.74 £ 0.18% 6.33 £ 0.222A
LVL-0.5 2.69 £0.12% 3.12+£0.15% 4.82+0.17% 6.34 £0.17%A
LVL-1.0 2.76 £ 0.15% 2.62 +0.25% 4.74 £0.33% 6.44+ 0.13%

Staphylococcal spp. Control 1.84 £0.18% 3.14 +£0.31%4 5.49 £ 0.22% 5.59 £0.17%A
LVL-0.5 1.19 £ 0.22A 2.88 £0.22% 4,93 +£0.14%8 512 £0.33%
LVL-1.0 1.86 £ 0.33% 2.85+ 0.28%4 3.88+0.15C 5.59+ 0.29%

Note: Different lowercase letters (a—d) in the same row and different uppercase letters (A, B) in the same column for the same parameter show
significant differences (p < 0.05). Means * standard error. Control, control treatment, meat samples with no LVL extract addition; LVL-0.5 %, meat
samples with addition of 0.5% LVL extract; LVL-1.0 %, meat samples with addition of 1.0% LVL extract.

could be associated with the greenish color of LVL,
which was also indicated by panelists involved in sensory
characteristics because lipid oxidation was comparable in
all treatments on day 8" and a reduction in lipid oxida-
tion in LVL-treated samples by day 12" suggests that LVL
extract has a protective antioxidant effect, enhancing the
shelf-life and quality of the meat. Other investigations by
Patel (2015), Li et al., (2021), and Elshafie et al., (2022),
Abbeas, et al.,, (2024) found that adding LVL to greenish
ground beef patties decreased a* values compared to the
control sample.

Microbiological properties

The psychrotrophic bacteria count, total viable count,
enterobacteriaceae, and total staphylococcal bacterial
counts were determined during the preservation of meat
patties treated with LVL and are presented in Table 3.

At the beginning of the storage time, nonsignificant dif-
ferences (p > 0.05) were detected in the total viable count.
On day 4, the counts of LVL-1.0% (3.58 + 0.29 log CFU/g)
were lower than meat patties treated with LVL-0.5% and
control samples (4.24 + 0.14 and 4.27 + 0.18 log CFU/g,
respectively), demonstrating that treatment with 1.0%
LVL extract had antimicrobial effects. Psychrotrophic
bacteria counts were 2.18 + 0.13 and 2.69 + 0.11 log
CFU/g at the initiation of storage (Table 3). The psychro-
trophic bacteria count was affected by the storage time
(p < 0.05), although, on day 4, LVL-1.0% had lower bac-
terial counts than treated samples with LVL-0.5% and

control samples (p < 0.05). Psychrotrophic bacteria count
ranged between 6.45 + 0.11 and 6.89 + 0.18 log CFU/g
at the end of storage. As indicated, the total viable count
growth significantly increased (p < 0.05) during storage,
where bacterial counts were higher than 6.50 log CFU/g
after the eighth days. Other research has found that LVL
prevents the development of total viable count in beef
patties (Patel, 2015, Gémez et al., 2020, Hussain et al.,
2021). In comparison to the total staphylococcal count,
enterobacteriaceae and bacterial counts were signifi-
cantly lower (p > 0.05) at the beginning and day 4 of the
storage period but significantly increased (p < 0.05) after
the eighth day of storage (Table 3). Good hygienic-sani-
tary practices for manufacturing and storing meat patties
are indicated by decreased counts of enterobacteriaceae
and total staphylococcal count at the beginning of stor-
age. These counts significantly increase as expected over
the storage period (Cavalheiro et al., 2021, Barbosa et al.,
2022). In vitro, the antibacterial activity of LVL extract
against coliform bacteria and total staphylococcal count
was identified in studies, although this action was not
noticed when administered to meat samples (Emiroglu
et al., 2010, Dalle Zotte, Celia and Szendrd, 2016, Pisoschi
et al., 2018, de Miera et al., 2022).

Sensory analysis

The results of sensory characteristics of meat samples
produced with the addition of LVL extract are evalu-
ated on the first day and are presented in Figure 8 (a—e).
The addition of LVL extract had a noneffect (p > 0.05)
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Figure 8. Sensory characteristics (color (a), texture (b), taste (c), flavor (d), and overall acceptability (e)) of meat samples with
the addition of LVL extract during refrigerated storage. For the same parameters, various uppercase letters (A-C) in the same
column and different lowercase letters (a—c) in the same row show significant differences (p < 0.05). Control, control treatment,

meat samples with no LVL extract addition; LVL-0.5%, meat samples with the addition of 0.5% LVL extract; and LVL-1.0%, meat
samples with the addition of 1.0% LVL extract.
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on color, taste, texture, flavor, overall acceptability, and
intention to purchase. Presumably, adding low amounts
of LVL extract (0.5% and 1.0%) is inadequate to affect
such sensory characteristics.

Moreover, the addition of LVLs had significant differ-
ences (p < 0.05) in the color score (Figure 8). Color is a
vital parameter of meat products that influences con-
sumer acceptability. The samples treated with 1.0% LVL
extract had significantly lower (p < 0.05) color scores
(5.02) compared to the control group (6.24). Lower color
scores indicate a notable difference in the appearance of
the meat, likely due to the greenish tint imparted by the
LVL extract. However, no significant differences (p> 0.05)
were found when LVL-0.5% was compared to other color
attribute samples. During the instrumental color study
(Table 2), color changes were also detected, attributable
to the greenish color of the LVLs. The texture and taste
scores for meat samples treated with LVL extract, obtain-
ing values over 7, indicate a high level of satisfaction
among the panelists. These scores suggest that the LVL
extract successfully enhanced or preserved the desirable
sensory attributes of the meat. This positive feedback has
practical implications for product development, market-
ing, and quality control, highlighting the potential of LVL
extract in meat processing and preservation. LVL extract
might have contributed to maintaining or improving the

texture of the meat samples. This could be due to the
antioxidant properties of the extract, which may help
preserve the meat’s structure during storage. The extract
may have added a desirable flavor or helped in preserving
the meat’s original taste, making it more appealing to the
panelists. All treatments, including the control, obtained
scores of less than 6 for overall acceptability and color
characteristics. Values for purchase intention ranged
from 3.13 to 3.60, indicating a range of “may or might not
buy” to “definitely would buy” without significant differ-
ences between treatments (Figure 9). When creating a
new product, (AI) evaluation is critical for anticipating
the product’s performance in the consumer market. The
Al of LVLs-treated meat samples (LVL-0.5% and LVL-
1.0%) was 71.38% and 71.26%, respectively (Figure 10).
Even though the control had an AI value of 78.78%, all
treatments were higher than 60-70%, showing that the
products were commercially acceptable (Kenisarin and
Kenisarina, 2012, Oliva et al., 2022).

Conclusions

This research aimed to investigate the influence of var-
ious extraction conditions (solvent, time, and tempera-
ture of extraction) and the addition of different LVL
concentrations on the physicochemical, microbiological,

— o

Intention purchase

—— o

=

0 T
Control

LVL-0.5 LVL-1.0

| Meat sample with lemon verbena leaves extract (L. citriodora) |

Figure 9. Values for purchase intention of meat samples with the addition of LVL extract during refrigerated storage. For the
same parameters, various uppercase letters (A-C) in the same column and different lowercase letters (a—c) in the same row show
significant differences (p < 0.05). Abbreviations: Control, control treatment, meat samples with no LVL extract addition; LVL-
0.5%, meat samples with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of 1.0% LVL extract.
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Figure 10. Values for purchase intention of meat samples with the addition of LVL extract during refrigerated storage. For
the same parameters, various uppercase letters (A-C) in the same column and different lowercase letters (a—c) in the same
row show significant differences (p < 0.05). Abbreviations: Control, control treatment, meat samples with no addition of LVL
extract; LVL-0.5%, meat samples with the addition of 0.5% LVL extract; and LVL-1.0%, meat samples with the addition of 1.0%

LVL extract.

and organoleptic characteristics of LVLs meat samples
stored at 4°C for 12 days. This study showed that by
using 70% ethanol as a solvent for 1 h at 80°C (LVL-1%),
the extraction of LVL extract was improved, as demon-
strated by an increment of (p < 0.05) total flavonoid and
phenolic contents. The obtained LVL extract has been
analyzed, and LVL-1 (extraction conditions of 70% etha-
nol-water, 1 h at 80°C) showed higher flavonoids, pheno-
lics, and antioxidant activity. As indicated, lipid oxidation
increased in beef samples during storage, but the addi-
tion of LVL extract significantly retarded (p < 0.05) lipid
oxidation compared to the control treatment.

Furthermore, compared with the control group treat-
ment, LVL extract improved color stability in meat sam-
ples while having no impact on sensory characteristics.
Microbial spoilage was neither prevented nor delayed
when LVL extract was added to meat samples. Despite
this, LVL extract can be a source of bioactive chemi-
cals and can be used as a preservative in meat samples.
Therefore, adding 0.5% LVL extract reduced discolor-
ation and lipid oxidation without impacting sensory
parameters, making it a viable option for processing
meat samples. Finally, because no significant impacts (p >
0.05) were found during the storage period when higher
concentrations were utilized (LVL-1.0%), the addition of

LVLs (LVL-0.5%) is more recommended for application
in meat and meat products.
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