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Abstract: Meat and meat products are extremely nutritious but highly susceptible to deterioration because of lipid
oxidation and protein degradation in addition to microbial growth which contributes to deterioration of the products
as time goes by. This paper determined the efficacy of the chosen plant extracts and agro-industrial by-products as
natural antioxidants and antimicrobials in beef meatballs. The meatballs were prepared using 78% minced beef,
14.5% potato flakes, having 5 % water, 2.5% salt and 0.25% of each extract or mixtures of extracts were added. The
results of antioxidant activity indicated that carnation flower extract registered the best activity (AOX, 0.027, AA,
92.75, AAC, 1157.04) and rosemary (AA, 68.54) and peach kernels (AA, 85.01), and mixtures registered a better
performance (Mix1 AA, 93.21, AAC, 1165.04). Total phenolic content varied between carnation (174.70 mg GAE/Q)
and tomato pomace (16.98 mg GAE/g), and there was a significant correlation between phenolics and antioxidant
activity (r 2 = 0.5364). In the -carotene test, samples treated recorded lesser oxidation than control, verifying the
efficacy of an antioxidant. When kept in refrigerated conditions (4°C, 12 days), the control samples increased in
TBA concentration sharply (0.33 to 4.72mg/kg), but in treated samples, the value was lower, especially in Mix 1 and
Mix 2 (0.95 and 1.00 mg/kg). Protein degradation was also on the same trend, whereas the control TVB-N rose to
6.79 and 15.16 mg/100 g, mixtures remained lower (10.67 and 10.28 mg/100 g). Microbial growth was also
prevented, the counts of LABs grew to 4.79 log cfu/g in control, but remained substantially lower in Mix1 and Mix2
(2.01 and 2.19 log cfu/g). Sensory acceptability was reduced in all samples but maintained better in treatment groups
with mixtures experiencing the least (approximately 22%). These results prove that the plant-based extracts
particularly in synergy are helpful in enhancing the oxidative stability, reducing spoilage and increasing the shelf life
of meat products. The improvements that were observed were related to the difference in phenolic composition and
extract type where pomegranate and onion skin extracts also showed significant effects with TBA value about 1.21-
1.22 mg/kg and TVB-N at around 11.00 mg/100 g. Meanwhile, individual extracts had a moderate protection over
mixtures, which mean that there was variation in the efficacy between the sources. In general, findings support the
possibility of using natural extracts as a substitute of synthetic preservatives in the meat systems during storage.
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1. Introduction

The human diet cannot do without meat and meat
products, as they are highly nutritious foods, and they are
one of the most important sources of high-quality protein
that is a complex of all the essential amino acids. They
contain also important vitamins, especially of B-complex
group, and such essential minerals as iron, zinc and
selenium. Besides their nutritional qualities, meat products
also play an important role in global economy in terms of
production, processing, and sales. Though these are its
benefits, meat is very perishable. Biochemical and
microbiological processes take place during the storage,
and the protein deteriorates, and nitrogenous compounds
like total volatile basic nitrogen (TVB-N) are formed,
which are correlated with product spoilage and low
acceptability [1,2]. These compounds tend to accumulate
with the development of microbes and loss of sensory.
Another significant determinant of meat product quality
and stability is lipid oxidation.

Oxidative rancidity results into the development of
undesired compounds like malonaldehyde which has been
reported to be mutagenic and carcinogenic [3]. Reactive
oxygen species may induce lipid peroxidation and may
promote the formation of pro-oxidant compounds, which
react with oxymyoglobin leading to the formation of
metmyoglobin and subsequent discolouration and loss of
consumer acceptance [4]. Autoxidation of myoglobin is
critical in the stability of color of meat and meat products
[5]. Moreover, microbial activity has also been known to
contribute to oxidative reactions and thereby increase the
rate of quality reduction [6,7]. Despite extensive
application of synthetic additives to inhibit lipid oxidation,
protein degradation, and microbial growth, this has
decreased because of the growing consumer concerns on
the possible health hazards that may be produced [8,9].
This has led to increased curiosity in the use of natural
plant based antioxidants as safe alternatives [10]. They are
commonly found in fruits, vegetables, seeds, and aromatic
plants and some of them are also found in the agricultural

by-products, which can be used in preserving food [11,12].

This is why, the current research paper seeks to determine
the efficacy of the chosen plant-based extracts in the
inhibition of lipid-protein oxidation, microbial spoilage in
beef meatballs, and the overall purpose is to extend the
shelf life of the meatballs and preserve the product quality.

The by-product of Pomegranate (Punica granatum,
Punicaceae family), peel, is a rich agro-industrial waste
that has immense economic and environmental potential.
It contains polyphenols, hydrolyzable tannins, flavonoids,
and phenolic acids which are very powerful antioxidants
and antimicrobial. These compounds have been found to
be effective in the scavenging of the free radicals,
minimization of lipid peroxidation, and inhibition of the
growth of spoilage and pathogenic microorganisms.
Consequently, there has been a large number of studies on
pomegranate peel extracts to enhance oxidative stability in
meat products [13,14]. Another useful agricultural by-
product is skin of onion (Allium cepa, Amaryllidaceae
family) that is high in flavonoid, specifically quercetin and
its derivatives. Onion skin is a promising natural

preservative because these bioactive compounds have
antioxidant and antimicrobial activity. Its use does not
only lead to the increase in the food stability but it also
leads to the valorization and sustainability of the waste
[15,16]. The Carnation flower (Dianthus caryophyllus,
Caryophylaceae family) is a common floriculture crop
that has a number of bioactive compounds, which include
phenolic acids, flavonoids, and essential oils. These
polymorphs make it have antioxidant and antimicrobial
potential. Its use as a preservative in meat has not yet been
explored in detail, but there is some research evidence
that carnation extracts have the potential to prevent
oxidative reactions and microbial growth [17]. Phenolic
compounds and other bioactive substances have been
enriched in the peach kernel seeds (Prunus persica,
Rosaceae family) which are produced as by-products of
fruit processing. These constituents have antioxidant and
antimicrobial properties, and thus, they are good
candidates to be used in food preservation. They are also
used to practice sustainable waste management [18,19].
The leaves of Rosemary (Rosmarinus officinalis,
Lamiaceae family) are some of the widely studied
natural antioxidants. They have phenolic diterpenes like
carnosic acid and carnosol, and rosmarinic acid among
other substances which are very effective in preventing
lipid oxidation and microbial proliferation. Rosemary
extracts find extensive use in meat systems to increase
shelf life and sensory quality [20,21].

Pomace of tomatoes (Solanum lycopersicum,
Solanaceae family) is a by-product of tomato processing,
which is a good source of dietary fiber, carotenoids and
phenolic compounds. One of its components is lycopene,
which is a highly effective antioxidant, and therefore,
contributes to the prevention of oxidative degradation of
lipid-rich foods. Its addition to meat products enhances
stability and leads to the sustainable use of food industry
waste [22]. The spice, cumin, is also known as Cuminum
cyminum (Apiaceae family) and has essential oils with
bioactive substances like cuminaldehyde and terpenes.
These compounds are highly potent antioxidant and
antimicrobial agents and cumin is a good natural additive
to enhance the quality and shelf life of meat products [23].
Coriander seeds (Coriandrum sativum, Apiaceae family)
are also significant sources of essential oils and phenolic
compounds, specifically, linalool that provide this plant
with its antioxidant and antimicrobial activities. These
biologically active substances also contribute to the
minimization of oxidative stress and the prevention of the
proliferation of foodborne pathogens, which increases the
safety and stability of meat products [24,25]. Considering
the foregoing, the present research paper researches the
possible use of natural extracts of plant materials and
agro-industrial by-products as efficient antioxidants and
antimicrobial in beef meatballs. Their capability to
regulate lipid-protein oxidation, lessen spoilage, and a
longer shelf life without compromising the overall quality
of the product are being studied.

2. Materials and Methods

2.1. Materials
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2.2.1. Plant Parts

Onion skin (Allium cepa L.) powder was donated by
Preservation, Dehydration and Industratzation of
Vegetables, Bani Suef El-Goudida City, Nile east, Bani
Suef, Egypt. The powdered forms of Tomato (Solanum
lycopersicum) pomace, coriander (Coriandrum sativum L.)
seeds, rosemary (Rosmarinus officinalis L.) leaves,
carnation (Dianthus caryophyllus) flower, cumin seed
(Cuminum cyminum L.), pomegranate (Punica granatum)
skin and peach (Prunus persica) kernels were procured at
the Company of Agricultural Seeds, Perfumery and
medical Plant, Harraz), Ahmed Maher St <El-Darb El-
Ahmar, Cairo , Egypt.

2.1.2. Chemicals

Gallic acid (GA), 2-thiobarbituric acid (TBA),
butylated hydroxytoluene (BHT) and —a-tocopherol were
bought in Sigma Chemical Co., St. Louis, Mo. All other
chemicals, reagents, and solvents (With the exception of
those mentioned) were of analytical grade and were
bought at the EI-Ghomhorya Company to Trading Drug,
Chemicals and Medical Instruments, Cairo, Egypt.

2.1.3. Meat Samples

The samples of rose meat were acquired at local
markets in the Shebin El-Kom (Menoufia Governorate,
Egypt) and transported to the laboratory where they were
cut in small pieces with the help of a sharp knife and
minced with electrical mixer (Moulinex Egypt, Al-Araby

Co., Egypt).

2.2. Methods

2.2.1. Plant Parts Extract Preparation

Natural extracts preparation. All the hydro-ethanol
extracts, carnation flower (CFE), rosemary leaves (RE),
peach kernels (PKE), Pomegranate skin (PGE), onion skin
(OSE), cumin seeds (CS), coriander seeds (CSE) and
tomato pomace (TPE were made as follows: ground
samples (100 g) were extracted with hydro-ethanol
[Ethanol (70%):water (30%)] on an orbital shaker over
120 min at 70 OC The resultant mixture was then filtered
(Whatman No. 5) on a Buchner funnel and the filtrates
agitated to determine their antioxidant activity and total
phenolic compounds and utilized in beef meatballs
production tests.

2.2.2. Meatball Manufacture

2.2.2.1. Product Formulation

Based on Fernandez-Lopez et al., [26]: 78% minced
beef (20% fat content), 14.5% flake potatoes, 5% water
and 2.5% salt, the Swedish-style meatballs were produced.
A series of 5 treatment samples (added in their different
proportions) of minced meat extracted by adding 0.25
percent (w/w) rosemary leaves (RE), peach kernels (PKE),
pomegranate skin (PGE), onion skin (OSE), cumin seeds
(CE), coriander seeds (CSE) by equal parts (Mix 1), and
tomato pomace (TPE) by equal parts (Mix 2). The
concentrations of extracts of parts of the plants were as
recommended by previous studies [27,28,29,30].

2.2.2.2. Product Processing

The goods were made in pilot plant with the
resemblance of the commercial processing conditions. A
5-minute homogenization of all ingredients in a bowl
mixer containing a spiral dough hook (Moulinex Al-Araby
Co., Egypt) was done. A respective plant part extract was
added to each treatment at the suggested concentrations
and a second mixing was done to combine the additives
and then meatballs were prepared by hand (15 g, 20-25
mm in diameter) and then cooked in two stages. The
meatballs were firstly fried in the sunflower oil at the
temperature of 185°C during 25 seconds in order to seal
the surface of the meatball and acquire the typical tawny
appearance. They were then well baked in a forced
draught oven (Zanussi, Italy) at 225°C over 5 min to an
internal temperature of 70°C at the heart of the meatball.
A chromel alumel (Omega K) thermocouple probe was
placed in the geometrical heart of the product samples and
temperature was measured by means of an Omega digital
thermometer (Omega Engineering, Inc., Stamford, CT)
with an omega k thermocouple probe. The samples were
put into a chiller (2-4°C) to allow the product to cool
under 12°C when all the endpoint temperature was
obtained. This experiment was repeated 3 times.

2.2.3. Identification of Antioxidant Activities and
Contents of Total Phenolic Compounds

2.2.3.1. Antioxidant Activity (AA)

The BCB assay was used to assess the antioxidant
activity (AA) of GCS extracts and 1 of the known
antioxidants, a-tocopherol and BHT, with some variations
depending on the protocol used by Marco [31]. A standard
assay was performed by placing 1 mL of 0.2 mg/mL of
0.2mg/mL 0.2mg/mL 0.2mg/mL 0.2mg/mL 0.2mg/mL
0.2mg/mL 0.2mg/mL 0.2mg/mL 0.2mg/mL 0.2mg/mL
0.2mg/mL 0.2mg/mL 0.2mg/mL O Thereafter, 0.2 mL of
80 percent methanol (control) or the respective plant
extract or standard was added to the mixtures. Fifty ml of
oxygenated distilled water was then added to the solution
after solvent was evaporated under vacuum at room
temperature and the solution was shaken to make a
suspension of liposomes. The samples underwent 2 hours
of thermal auto- oxidation at 50°C. Absorbance of the
solution at 470 nm was measured with a Beckman DU-50
spectrophotometer at 10 minute intervals and rate of 470
nm 7 carotene bleaching was estimated through
conducting a linear regression analysis of the data versus
time. All the samples were conducted in three replicates.
Control was done using BHT and 80% methanol of
tocopherol. The antioxidant activity was determined
through four methods namely: 1) plotting the absorbance
against time to create a curve, with the absolute value of
the slope representing the antioxidant value (AOX) as per
Al-Saikhan et al., [32]; 2) calculating the antioxidant
activity (AA) as the percentage inhibition relative to the
control using the equation AA = [(R control = R sampie) / R
control] X 100, where R control and R sample are the
bleaching rates of PB-carotene in the reaction mixtures
without and with the plant extract, respectively; 3)
calculating the oxidation rate ratio (ORR) as per Marinova
et al., [33] using the equation ORR = R smpie / R controls
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where R gmpie @Nd R coniror are as described previously; and
4) determining the antioxidant activity coefficient (AAC)
based on Mallet et al., [34], calculated using the formula
AAC = [(Absslzo - Absclzo) / (AbSCo - Absclgo)] x 100,
where AbsS;» is the absorbance of the antioxidant
mixture at 120 minutes, AbsCyy, is the absorbance of the
control at 120 minutes, and AbsC, is the absorbance of the
control at time zero.

2.2.3.2. B-carotene Bleaching (BCB) Assay

For pB-carotene bleaching (BCB) assay, antioxidant
activity (AA) against time (every 10 min thereafter for
120 min) for the eggplant samples extract was
measured/constructed according to Marco, [31]. The AA
was all calculated as percent inhibition (bleaching rates of
B-carotene in reactant mixture of eggplant extracts)
relative to control (bleaching rates of [-carotene in
reactant mixture of without plant parts extracts) such as
described by Al-Saikhan et al., [35].

2.2.3.3. Phenolic Compounds Content.

The Folin-Ciocalteu reagent was used to measure the
total phenolics in plant parts extracts [35]. Two hundred
milligrams of a sample was incubated with 2 ml of 80%
MeOH with 1% hydrochloric acid at the room temperature
on an orbital shaker at 200 rpm. The mixture was
centrifuged at 1000g/15 min and the supernatant was
decanted in 4 ml vials. The mixture of the pellets was
taken and utilized in total phenolics assay. A 100 ml/L
Folin-Ciocalteu reagent was pre-diluted with a 10 ml/L
solution of distilled water and mixed with 100 microliters
of extract 5 minutes at 22°C, and 0.75 ml of a 60 g/l
solution of sodium bicarbonate was added to the mixture,
90 minutes later, at 22°C, and the absorbance value was
recorded at 725 nm. The outcomes will be in terms of
ferulic and equivalents.

2.2.3.4. Determination of Thiobarbituric Acid (TBA)

The level of lipid oxidation was measured according to
the content of TBA (thiobarbituric acid) according to the
procedure outlined by Tarladgis et al., [36]. Ten grams of
the sample were put into a 50 ml flask of distilled water
and swirled over a period of 2 minutes afterwards placed
in distillation tube. The mixture was rinsed again with
475 ml of distilled water that was added to the
distillation tube together with 2.5 ml of 4N HCI. This

mixture was then distilled and 50 ml distillate was gotten.

The 5 ml of 0.02 M 2-thiobarbituric acid in 90% acetic
acid (TBA reagent) was put into the distillate and mixed
thoroughly. The vials were covered and put in the
boiling water bath of 30 minutes and allowed to cool to
room temperature. The absorbance was compared at 538
nm wavelength using a PV 8625 spectrophotometer
(Philips, UK) with the blank prepared by using a mixture
of 5 ml of distilled water and 5 ml of TBA reagent. The
amount of thiobarbituric acid-reactive substances
(TBARS) was determined on the basis of a standard
curve (5 -50 nmol) of malondialdehyde (MDA), which
was obtained by acidification of TEP (1,1,3,3-
tetraethoxypropane). The values of TBA were given in
mg MDAV/kg of sample.

2.2.3.5. Total Volatile Basic Nitrogen (TVB-N)

The total volatile base- nitrogen (TVB-N) content was
calculated by utilizing the approach of Winton and Winton,
[37] as follows: 50 grams of ground meatball sample was
combined with 100 ml of distilled water and allowed to
stand in 24 hours at 4°C. The sample then was properly
shaken and filtered using cheesecloth after this time.
TVB-N was measured on the resultant filtrate. In order to
achieve this, 400 ml of the filtrate was put in a 1000 ml
distillation flask, 30 ml of ethanol and 2 grams of MgO
were added. The distillate was collected in 25 ml of 0.1N
H 2 0 2. After the distillation had completed, the distillate
was boiled in 10-15 minutes to get rid of carbon dioxide.
The solution was left to cool down to room temperature
after which 0.2 ml of 0.2% resolic acid indicator was
added. The surplus amount of H,SO, was titrated with 0.1
N NaOH. The outcomes were presented as mg of TVB-N
per 100 grams of the sample and the calculation was as
shown below: TVB-N (mg/100g sample) = [(V1 x N1 —
V2 x N2) x 0.014 x 1000 / 400 x W] x 100. Where V1 =
volume of H, SO, added (ml) V2 = volume of NaOH
added (ml) N1 = normality of H 2 SO 4 N2 = normality of
NaOH W = weight of the sample.

2.2.4. Microbiologic (Lactic acid bacteria, LAB)
Analysis

A composite sample of at least 10 grams of meat was
made by combining portions of at least three meatballs,
and homogenized in sterile 1.5% peptone water in a
Stomacher 400 (Colworth, London, UK) 1 minute. The
homogenate was subcultivated in peptone water and the
subcultures were plated after the standard procedures [38].
Count of Lactic acid bacteria (LAB) was done on MRS
agar (pH 5.6) which was incubated anaerobically with the
aid of a gas-generating kit ( Anaerobic System, Oxoid
Unipath Ltd., Basingstoke, Hampshire, UK) at 300C in 48
hours. The culture media were purchased out of Oxoid
(Oxoid Unipath Ltd., Basingstoke, Hampshire, UK).
Results were given in log 10 cfu/ml.

2.2.5. Sensory Evaluation

Sensory assessment observed popular suggestions
AMSA [39]. Each meatball sample became evaluated via
a educated 6-member panel. The identical panel evaluated
samples at every garage time (3, 6, 9 and 12 days garage).
The sensory questionnaires measured intensity on a 7-
point balanced semantic scale (vulnerable to sturdy) for
the subsequent attributes shade (croma), brightness,
surface-slime, aroma (rancidity), aroma (putrefaction),
aroma (off odour), aroma (acid), aroma (bitter) and
universal reputation.

2.3. Statistical Analysis

All experiments were accomplished in triplicate. Data
were subjected to the analysis of variance (ANOVA) and
imply comparisons have been achieved the use of
Duncan’s more than one variety check [40]. Statistical
evaluation became done the use of the statistical Package
for Social Sciences (SPSS for home windows: SPSS Inc.,
Chicago, IL, USA).



78 American Journal of Food Science and Technology

3. Results and Discussion

3.1. Antioxidant Activities and Total
Phenolics of Selected Plant
Parts Ethanol Extract and their Mixture

3.1.1. Antioxidant Activity

Data in Table 1 evaluated the antioxidant interest (AOX,
AA %), oxidation-fee ratio (ORR), and antioxidant hobby
coefficient (AAC) of ethanol extracts from decided on
plant components and their combinations, along artificial
reference antioxidants (BHT, a-tocopherol). Several
thrilling traits emerge which warrant exact clarification
and comparison with previous studies. Among the plant
extracts, the best AOX value (i.e., lowest A/h value) was
recorded for the “Carnation flower extract” (CFE: 0.027 =
zero.02), which corresponded to the highest AA (92.75 +
1.Eighty five %) and a high AAC (1,157.04 + 39.Forty
five). This indicates the carnation flower extract is
specially efficacious inside the assay used. This finding is
consistent with recent metabolomic work on Dianthus
caryophyllus, which stated strong antioxidant potential of
the flower methanolic extracts and recognized flavonoids
such as luteolin-four’-O-glucoside and methyl ferulate as
primary contributors [41].

The remarkable activity of the CFE can be attributed to
especially high content material of phenolic compounds
which incorporates sinapic, caffeic, gallic and rosmarinic
acids determined in carnations in exceptional studies [42].
Mechanistically, phenolic compounds act by using manner
of donating hydrogen atoms or electrons to loose radicals,
or chelating transition metal ions, thereby interrupting
radical-chain processes [43]. Although now not measured
in this look at, the strong usual performance of CFE in all
likelihood displays a beneficial phenolic profile. The
extract from “Rosemary (RE)” exhibited an AOX of
zero.039 + 0.026, an AA of 68.54 + 7.12 % and AAC of
736.16 + 18.16. While its AA is lower than that of CFE, it
is nonetheless giant. This aligns with sizable literature on
Rosmarinus officinalis which consistently reports high
general phenolic contents and sturdy antioxidant hobby
(e.g., ICso values in DPPH around 9.Five pg/mL) [44].
Moreover, the excessive AAC value shows the rosemary
extract, no matter a particularly better AOX price (i.e.,
less efficient radical removal per unit A/h), still gives a
robust overall antioxidant capability within the context of
your assay.

Peach kernels (PK) confirmed AOX = 0.051 + 0.029,
AA = 85.01 £ 3.14 %, AAC = 1022.48 + 40.34. The AA
being excessive (85 %) suggests peach kernel extracts are
promising antioxidants. While less extensively studied
than other plant parts, by way of-products consisting of
kernels are more and more recognised as wealthy in
phenolic compounds and might contribute appreciably to
antioxidant potential in meals systems (e.g., tomato
pomace research). [45].

Pomegranate skin (PSE) and onion pores and skin
(OSE) extracts recorded AOX of zero.112 + zero0.02 and
zero.119 £ 0.018, with AA ~eighty four.9 % and eighty
three.05 % respectively, and AAC round 1020 +41 and
988 +35. These consequences verify that agro-industrial

by means of-merchandise (peels/skins) are wealthy in
antioxidants. For example, a study on onion peel extract
confirmed excessive general phenolics and strong
DPPH/ABTS pastime [46]. Likewise, pomegranate peel
extract has been shown to comprise gallic acid, ellagic
acid, and other tannins, and to exert sturdy radical-
scavenging activity in vitro and in vivo. [47]. Thus the
existing information are in popular agreement with
previous research, reinforcing that plant components
generally taken into consideration waste may provide
valuable antioxidant extracts.

In contrast, cumin (CE) and coriander seed extract
(CSE) had pretty decrease AA values (sixty one.83 % and
64.Eighty two %, respectively) and decrease AAC
(619.51+40.99 for CE, 671.49+60.10 for CSE) albeit
displaying AOX of 0.124+0.026 and 0.136 +0.03. These
lower values can be due to extraction technique, phenolic
profiles, or the truth that seeds can also comprise more
lipophilic parts as opposed to pretty reactive hydrophilic
phenolics. Nevertheless, the literature does report
antioxidant hobby in coriander seeds (12.2 mg GAE/g and
scavenging pastime of hydroxyl/superoxide radicals) [48]
and in spice combinations (cumin/coriander seed oil
showed synergy) [49].

The tomato pomace extract (TPE) yielded the best
AOX most of the plant-derivative extracts at 0.141+0.018,
with AA=86.29% and AAC=1044.73+41.01. This is
steady with latest work displaying that tomato pomace,
wealthy in lycopene, B-carotene, flavonoids and phenolic
acids, well-knownshows radical-scavenging activities of
~sixty four-seventy two % while extracted with ethanol or
ethanol:water [50]. The high AAC right here similarly
emphasises the fee of tomato pomace as antioxidant wealthy
matrix. It is exciting to note that even though the AOX price
is not the lowest (higher A/h manner slower antioxidant
removal), the high AA and AAC advise efficient radical
quenching and favourable coefficient metrics.

The combinations (Mix1 and Mix2) exhibited AOX
values of 0.012 +00.01 (Mix1) and 0.018 =0.006 (Mix2)
— both decrease than character extracts - and
correspondingly  high  AA  values of ninety
three.21 + 7.Forty nine % and 91.67 £ 5.59 %. Their AAC
values (1165.04+£58.33 for Mixl; 1138.26+46.01 for
Mix2) are the highest standard within the dataset. This
suggests a synergistic or as a minimum additive
enhancement effect when combining extracts: the
combination appears to remove radicals greater speedy
(decrease AOX) and reap better percentage antioxidant
hobby. Mechanistically, this could result from
complementary phenolic profiles: for example, one extract
may supply rapid-appearing radical scavengers at the
same time as another contributes slower but sustained
antioxidant activity, leading to an standard progressed
coefficient. Similar synergy has been documented in spice
seed oils combinations (cumin/coriander) for antioxidant
and antibacterial interest [51]. Thus the mixture concept
appears promising and suggests that combining extracts
may deliver enhanced performance beyond the sum of
individual parts.In evaluation, the artificial antioxidants
carry out as predicted: a-tocopherol (vitamin E) indicates
the bottom AOX (fastest radical elimination) and
maximum AAC. The combination extracts’ AAC (~1138—
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1165) technique the ones of high-dose BHT and o-
tocopherol, that's a sizable locating: plant-primarily based
extracts (or their mixtures) are drawing close the efficacy
of artificial requirements.

The oxidation-charge ratio (ORR) appears to mirror the
relative price of oxidation inside the presence of the
extract; decrease ORR values denote a more slowing of
oxidation. For example, the onion pores and
skin extract (OSE) had ORR=0.205+0.044, and
AAC=988.41+35.34. Although its AA (83.05 %) turned

into barely lower than other high-performers, the ORR
indicates giant inhibition of oxidation. The antioxidant
hobby coefficient (AAC) integrates AOX and AA into a
composite metric that permits comparison across extracts.
The mixtures had maximum AACs (1165,1+138)
surpassing many character extracts, showing the
advantage of combos. The truth that some plant extracts
(CFE, PK, PSE, TPE) obtain AACs ~1,000 indicates
they've sensible capacity in meals or nutraceutical
programs.

Table 1. Antioxidant activity and total phenolics of selected plant parts ethanol extract and their mixture

Plant parts Antioxidant value® Antioxidant activityb Oxidation rate ratio® Ant'ggggﬁg}eﬁ?v'w
0,
AOX (A/h) AA (%) (ORR) (AAC)
Cama(t(':oF”Ef)'ower 0027+ 0.02 9275+ 185 0069+ 0.015 1157.04+ 39.45
RO(S;E)Z’W 0039+ 0.026 68.54+ 7.12 0111+ 0.038 736.16+ 18.16
Peac?P‘f)me's 0051+ 0.029 8501+ 3.14 0120+ 0.012 1022.48+ 40.34
Pome%;,asné)te skin 0112+ 0.2 84.88+ 4.33 0.169+ 0.018 102022+  41.02
O”'ggESk'” 0119+ 0.018 83.05+ 4.47 0205+ 0.044 988.41+ 35.34
Cumin

B 0124+ 0.026 61.83+ 227 0289+ 0.038 61951+ 40.99
Cor'a(’(‘:dseé)see‘js 0136+ 0.03 64.82+ 127 0.326+  0.025 67149+ 60.10
Tom%?;gmace 0141+ 0.018 86.29+ 0.00 0390+ 0.042 104473+ 41.01
Mix1 f 0012+ 0.01 9321+ 7.49 0.145+ 0.016 1165.04+ 58.33
Mix2 | 0018+ 0.006 9167+ 559 0196+ 0.006 113826+ 46.01

Control 0565+ 0.031 0.00+ 0.00 0998+ 0.082 0.00+ 0.00
BHT, 50 mg/L 0078+ 0.014 8511+ 0.89 0148+ 0.019 953.45+ 27.82
BHT, 200 mg/L 0011+ 0.002 97.89+ 0.77 0019+ 0.012 117563+ 33.65
a-tocopherol, 50 mg/L 0.007+ 0.002 98.91+ 0.59 0.013+ 0.010 1193.36+ 22.54

@ Antioxidant value (AOX, A/h) = The absolute value of slope (Abs was plotted against time).
® Antioxidant activity (AA, %) = (R control - R sample) / R control x 100 where: R control and R sample were the bleaching rates of beta-carotene in

reactant mixture without antioxidant and with plant extract, respectively
¢ Oxidation rate ratio (ORR ) = R sample / R control

¢ Antioxidant activity coefficient (AAC) = (Abs S 120 - Abs C 120) / Abs C 0 - Abs C 120) x 1000 where: .Abs S 120 was the absorbance of the

antioxidant mixture at time 120 min, Abs C 120 was the absorbance of the control at time 120 min, Abs C 0

zero time.
¢ Each value represents mean of three replicates +SD.
f Mix1, PSE+CFE+RE+CE; Mix2, OSE+PK+CSE+TPE

Several mechanistic concerns provide an explanation
for the located outcomes: 1) Phenolic compound content
material and structural range: It is properly-hooked up that
phenolic compounds (including flavonoids, tannins,
phenolic acids, terpenoids and many others) are main
individuals to antioxidant interest [30,52,53,54.55,56]. For
instance, rosemary extracts with high carnosic acid,
carnosol and rosmarinic acid contents display sturdy
radical-scavenging and lowering electricity. Likewise,
pomegranate peel is rich in ellagic acid and gallic acid,
which provide strong antioxidant ability [57,58]. Thus, the
extracts with maximum AAC likely possess each high
phenolic content material and favourable composition.2)
Extraction solvent and matrix effect: The study used
ethanol extracts of plant components. Extraction
performance, solvent polarity and matrix interactions will
impact yield of active compounds. Some literature shows
hydro-ethanolic combos yield higher phenolics in
pomegranate peel [59]. Thus variations in AOX and AAC
between extracts may additionally mirror extraction
efficacy greater than inherent potential. 3) Synergistic or

was the absorbance of the control at

opposed interactions: The excessive overall performance
of the aggregate extracts indicates synergistic interactions
between phenolic compounds from distinct extracts
[30,60]. Such synergy has been located with spice oil
combinations (cumin coriander) where antioxidant
capability improved via interaction of linalool and p-
coumaric acid [49].

This supports the aggregate technique in antioxidant
system. Four) Particle size, diffusion, radical type and
assay situations: The AOX and ORR values depend on
how quickly the extract can engage with radicals within
the assay gadget, and inner diffusion, solubility and
radical accessibility matter. For example, onion peel
extracts might also release phenolics slower (slightly
better AOX) however once released offer properly AA.
Real-global software could additionally depend upon such
kinetics. 5) Presence of lipophilic vs hydrophilic
antioxidants: Seeds (cumin, coriander) may incorporate
extra lipophilic antioxidants or volatile oils in preference
to especially reactive hydrophilic phenolics, which can
also reduce overall performance in aqueous radical-
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scavenging assays. For example, coriander seed oil
showed radical scavenging however various depending on
fractionation [61].

3.1.2. Total Phenolic Content

The total phenolic content (TPC) of the ethanol extracts
from the selected parts of the plants, as measured in mg
gallic acid equivalents (GAE) per g extract, varies
significantly (Table 2). The maximum TPC was found for
the carnation flower extract (174.70 £ 10.23 mg GAE/qg),
followed by rosemary extract (137.22 + 12.67 mg GAE/Q),
peach kernel extract (126.18 + 6.98 mg GAE/g). The TPC
values were found to be lower for the extracts from the
pomegranate skin (PSE: 58.20 + 4.76 mg GAE/g), onion
skin (OSE: 51.73 £ 3.96 mg GAE/g), cumin (CE: 37.21
3.10 mg GAE/qg), coriander seeds (CSE: 23.45 + 1.98 mg
GAE/qg), tomato pomace (TPE: 16.98 + 1.76 mg GAE/Q).
The mixture formulations Mix1 = PSE + CFE + RE + CE;
Mix2 = OSE + PK + CSE + TPE showed intermediate
values for the TPC, i.e., 101.67 + 5.88 mg GAE/g; 78.37 +
4.35 mg GAE/g, respectively. The above results are
partially in accordance with the findings of many previous
researchers [28,30,62,63,64 ]. The above results clearly
show that among the tested materials, the flower and
herbaceous parts, i.e., the carnation flower and rosemary,
provide significantly higher phenolic content compared to
the seed, skin, or pomace extracts from the fruit and
vegetable materials. The mixture formulations provide
intermediate values for the TPC, i.e., lower than the
maximum values for the flower and herbaceous parts but
higher than the lowest values for the extracts from the skin,
seed, or pomace materials.

The wide range in TPC observed among the extracts is
in line with the findings of various researchers who found
that the phenolic content is highly species- and tissue-
dependent, as well as depending on the extraction methods
employed [65]. For example, in the case of various
Mediterranean plants, the TPC varied from ~17.4 to
~7455 mg GAE/g depending on the species and
extraction solvents used [66]. In another study on various
Indian medicinal herbs, the TPC varied from ~15.6 to
~64.4 mg GAE/g, with strong correlation between TPC
and antioxidant activity observed [67]. In the present
study, the maximum TPC (~175 mg GAE/g) falls within
the higher range of the observed TPC in the literature,
indicating that the extracts of carnation flower and
rosemary are rich in phenolic compounds. Conversely, the
lowest TPC (~17 mg GAE/g) observed in the tomato
pomace indicates that the plant residues or by-products
can be comparatively low in phenolic content.

It is well known that phenolic compounds can act as
antioxidants by donating hydrogen or electrons to free
radicals, chelating metal ions, and terminating the chain
reaction of free radicals [68]. The higher TPC observed in
the CFE and RE suggests that the extracts are rich in
phenolic antioxidants, which is an indicator of the
potential activity as free radical scavengers or reducing
agents. The considerable drop in the TPC observed from
the high-phenolic extracts CFE and RE to the low-
phenolic extracts CSE and TPE may be due to the inherent

potential of the plant part used for extraction. The mixture
samples Mix1 and Mix2 showed intermediate TPC, as the
extracts used for the mixture contained both high- and
low-phenolic compounds. The two mixture formulations
require further discussion. Mix1 (PSE + CFE + RE + CE)
gave ~101.7 mg GAE/g, which is lower than the highest
single extract values but still respectable. It can be
concluded that the addition of lower phenolic compounds
such as pomegranate skin and cumin to the other two high
phenolic compounds has diluted the high phenolic
potential of these two extracts to some extent, though not
drastically. Mix2 (OSE + PK + CSE + TPE) gave ~78.4
mg GAE/g, which is due to the addition of lower or very
low phenolic compounds such as onion skin, peach
kernels, coriander seeds, and tomato pomace. From a
mechanistic perspective, the combination of different
extracts can exhibit not only additive effects of
antioxidants but also synergistic effects of antioxidants.
Even though the total phenolic content can give a good
indication of the antioxidant activity of a plant extract, the
antioxidant activity of a plant extract is not only
dependent on the total phenolic content but also on the
phenolic profile, i.e., the type of phenolic compounds
present in the plant extract. Even though the plant extract
has a very high phenolic content, the antioxidant activity
of the plant extract does not necessarily mean that it has
the highest antioxidant activity. The antioxidant activity of
a plant extract can also depend on the reactivity of the
phenolic compounds present in the plant extract.

A number of possible causes and mechanisms are
available in support of these phenomena: 1) Plant part and
tissue types: Flowers may biosynthesize high levels of
flavonoids and phenolic compounds as UV
protectants/signalling molecules, which may explain the
high TPC in CFE and RE. Seeds/Pomace may have lower
phenolic content due to different metabolic activities after
harvest or simply because they are not involved in
phenolic metabolism. 2) Extraction Solvent and Method:
Although you have used “Ethanol Extract” in your data,
different percentages of alcohol, time of extraction,
temperature, etc., may play a role in extraction efficiency.
Previous research has shown that extraction methods
significantly affect TPC [67,59]. 3) Mixture effects: As a
mixture of different phenolic content may decrease TPC in
mixtures due to dilution effects, these mixtures may still
possess high antioxidant activity due to a possible
synergistic effect of different phenolic compounds in
different extracts [30,60]. It is therefore important to
design mixtures based on both quantity and quality of
phenolic compounds. 4) Matrix and Synergism: It is
possible that in spite of having a moderate level of TPC,
certain bioactive phenolic compounds may contribute
significantly to high antioxidant activity due to their
individual potency (e.g., catechin, quercetin, and gallic
acid). A number of researchers have shown strong positive
correlations between TPC and antioxidant activity in
various plants (e.g., Mediterranean plants; R? = 0.85) [69].
However, some researchers have shown caution in
interpreting these results as phenolic compounds may not
be solely responsible for antioxidant activity in plants [68].
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Table 2. Antioxidant activity and total phenolics of selected plant
parts ethanol extract and their mixture

Plant parts Total phenolics

(mg of GAE.g extract)

Carnation flower CFE 17470 £ 10.23
Rosemary RE 137.22 12.67
Peach kernels PK 126.18 £ 6.98
Pomegranate skin PSE 58.20 + 4.76
Onion skin OSE 51.73 3.96
Cumin CE 3721+ 3.10
Coriander seeds CSE 2345+ 1.98
Tomato pomace TPE 16.98 + 1.76
Mix1 PSE+CFE+RE+CE 101.67 £ 5.88
Mix2 OSE+PK+CSE+TPE 7837+ 4.35

3.1.3. Antioxidant Activity as Measured by the
p-Carotene Bleaching Assay

Antioxidant activity (AA) of the ethanol extracts of
selected parts of plants (and their mixtures) was monitored
during a 120-minute time interval by using the -carotene-
linoleic acid system Figure 1. All of these extracts started
with the same absorbance value (0.879). As time
progresses, the absorbance values decrease in all cases,
except in the control sample into which no antioxidant is
added. The rate of decrease in absorbance is faster in the
control sample compared to the sample extracts and
standard antioxidants. The absorbance value decreases
rapidly in the control sample to 0.346 in 120 minutes,
whereas in high phenolic content extracts like the
carnation flower extract (CFE), the decrease in absorbance
is slower (0.666 in 120 minutes). The standard
antioxidants like BHT 50 mg/L and a-tocopherol 50 mg/L
showed a slower rate of decrease in absorbance values
compared to the control sample (e.g., a-tocopherol 50
mg/L decreases in absorbance value to 0.749 in 120
minutes). Mix1 and Mix2 showed intermediate values in
absorbance in 120 minutes (~0.709 and ~0). These data
indicate that the extracts do, in fact, slow the rate of f3-
carotene bleaching in the emulsion model, though not to
the same degree. The extract from carnation flower (CFE)
and rosemary (RE) have the highest levels of absorbance
in the 120-minute time frame, implying the highest
inhibitory activity on lipid radical formation. The other
extracts, such as coriander seeds (CSE) or tomato pomace
(TPE), have lower levels of absorbance in the 120-minute
time frame, implying less inhibitory activity on lipid
radical formation. The mixtures perform better than most
of the low-activity extracts, though not as well as the best
single extracts or standards.

The B-carotene bleaching assay is dependent upon the
generation of linoleate-derived peroxyl radicals (ROOQe) in
the emulsion system, which then react with B-carotene to
cause bleaching of the [3-carotene chromophore. However,
antioxidants can terminate the free radical chain reaction.
The addition of antioxidants slows the rate of bleaching of
the B-carotene over time. [53,70] The mechanism of the B-
carotene bleaching assay is: “The mechanism involves the
formation of ROOQe radicals from the thermal degradation
of an initiator in the presence of oxygen. Antioxidants
present in the sample can inhibit or slow down the
oxidation process, thereby reducing the bleaching of -
carotene.” [71]. As has been shown in previous research,
total phenolic content has been shown to have a positive

correlation with B-carotene bleaching inhibition in plant
extracts. For example, in Iranian caraway and clove plant
extracts, antioxidant activity in the [B-carotene-linoleate
emulsion system has been shown to have a very high
positive correlation coefficient with total phenolic
content (r = 0.98) [72]. Other studies have also shown
that plant extracts with higher phenolic content have
shown greater retention of absorbance in the p-carotene
bleaching assay [73].

100 -

0.90 -
0804 N
E 070 4
5060 4
P
2 0304
Z
] -+
LR
<
0.20 4
0.10
0.00 T T T T T T T 1
0 10 0 0 4 30 60 0 1] L] 10 10
Time (min)
——PSE —a—0SE ——(CFE —PK
——TPE ——(F -&-C5E Mzl
—+—Mia —— Control = RHT, 50 mg/T BHT, 20 mg/T

atocopherol, Sl mgL

Figure 1. Activity of selected plant parts ethanol extract and their
mixture assayed by the f3-carotene bleaching method (BHT a—tocopherol
at 50 mg/L concentration was used as a reference)

As can be seen in the data presented in this paper, the
high-performance plant extracts (CFE, RE) have shown
high levels of total phenolic content. Specifically, these
extracts have shown total phenolic content levels of
174.70 + 10.23 and 137.22 + 12.67 mg GAE/g of extract,
respectively. This lends further weight to the proposition
that plant extracts with higher levels of phenolic
compounds have greater antioxidant activity. Furthermore,
plant extracts that have shown lower levels of total
phenolic content (CSE: 23.45 + 1.98; TPE: 16.98 + 1.76
mg GAE/g) have shown a more rapid bleaching of B-
carotene in the assay system to 0.402 and 0.511 at 120
minutes. It should also be noted, however, that there are
some known drawbacks in the B-carotene bleaching assay.
For example, in the [-carotene bleaching assay, the
solvent system, emulsion stability, metal content, pH, and
the partition of the plant extracts between oil and water
have been shown to influence the measurement of
antioxidant activity [74].

There are a number of mechanistic reasons why this is
likely to be the case: 1) Phenolic composition: High levels
of total phenolic compounds are generally associated with
high levels of antioxidant activity, as they are capable of
donating a hydrogen atom (He) or electron (e”) to a lipid-
derived peroxyl radical (ROOe), which would otherwise
propagate a chain reaction, or they can act as a metal-
chelating agent, which would terminate a chain reaction
[71]. The level of hydroxylation, conjugation, and
glycosylation of phenolic compounds will also affect their
antioxidant activity [75]. 2) Matrix partitioning and
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penetration: In a system such as the fB-carotene/linoleic
acid system, which is a model of a lipid-based system,
knowledge of how the extracts behave in this emulsion
system (oil in water) is critical, as less polar compounds
are likely to penetrate more effectively into the lipid phase
and hence have a higher antioxidant activity, while more
polar compounds are likely to stay in the water phase and
hence have a lower activity in this system [74]. This may
explain why, in this study, some of the extracts with high
levels of total phenolic compounds were less active than
would have been predicted in this system, as they were
less suited to this system than other extracts. 3)
Synergistic and/or antagonistic interactions: When a
combination of extracts is used, there may be a number of
interactions, which will either enhance or reduce activity.
Our mix results suggest that a combination of extracts
with a wide range of activities gives a result intermediate
to these two, which, in terms of using these extracts in a
formula, may allow for a certain level of fine-tuning of
activity at a lower cost and using agricultural by-products.
4) Factors related to the method of extraction: Although
this is a similar method of extraction, with ethanol as a
solvent, other factors, such as concentration of ethanol,
time, temperature, and pre-treatment of plant parts, will
influence the levels of phenolics in the extracts, as will the
presence of interfering compounds, which may include
other plant pigments, sugars, and proteins [76]. 5) Kinetics
of radical generation and bleaching: The [-carotene
bleaching assay is also related to the Kinetics, i.e., the rates
at which the free radicals are generated and the rates at
which the antioxidants react with the free radicals. Those
extracts showing higher absorbance at longer times (60 to
120 min) indicate the capacity to scavenge the free
radicals in the emulsion. From our data, the slower the rate
at which the absorbance decreases over the entire 120 min
period, the better the extract.

3.1.4. Relationship between Antioxidant Activity and
Total Phenolic Content
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Figure 2. Relationship between antioxidant activities (AA) and total
phenolic contents of selected plant parts ethanol extract (n=35)

As in Figure 2, a statistically significant linear
relationship was observed between the total phenolic
content (TPC) of the ethanol extracts and their

corresponding antioxidant activity (AA) values as follows:
Total phenolics (mg GAE g*' extract) = 2.9391 x
(Antioxidant activity, %) - 142.58; -coefficient of
determination r2 = 0.5364; p < 0.05. This positive linear
correlation implies that 53.6 % of the variation in TPC
values among tested extracts is due to their antioxidant
activities, thus confirming a significant role of phenolic
compounds in the antioxidant activity of these extracts;
however, a moderate level of correlation observed here
suggests that some other non-phenolic compounds may
also play a role in antioxidant activities, including
carotenoids, vitamin C, volatile terpenoids, and/or
Maillard reaction products [60,77].

The calculated r? value, though significant, does not
approach unity. This reiterates the fact that antioxidant
activity is a complex phenomenon. Moderate correlation
between total phenolic content and antioxidant activity has
been reported in other herbal food extracts. For example,
Aryal et al. [78] have reported a correlation coefficient of
0.55 between TPC and DPPH radical scavenging activity
in 26 spice extracts. Similarly, Hussain et al., [79] have
reported a correlation coefficient of 0.63 for total phenolic
content and antioxidant activity measured by the ABTS
assay in 92 plant extracts. The present results are
comparable to these reports. Thus, though phenolic
compounds are major contributors to antioxidant activity,
the activity is also dependent on the total amount and
structural variety of these compounds. The slope of the
regression equation, though not very high, is significant at
2.9391. This means that for every 1 % increase in
antioxidant activity, there is a predicted increase of 2.94
mg GAE g' in TPC. Thus, there is a proportionate,
though not directly linear, relationship between phenolic
content and antioxidant activity. Earlier reports have
shown that the structure of phenolic compounds, not the
total amount of these compounds, determines the
efficiency of antioxidants. The number of hydroxyl groups,
their location, conjugation, glycosylation, and other
structural features of phenolic compounds have been
shown to influence antioxidant efficiency [80].

The observed correlation can be attributed to the
mechanism of action of phenolic compounds, which have
been shown to scavenge free radicals. The phenolics have
been shown to exhibit antioxidant effects via hydrogen
atom transfer (HAT) and single-electron transfer (SET),
which neutralize reactive oxygen species (ROS) and lipid
peroxyl radicals. The phenolics, which have hydroxyl
groups in their aromatic rings, can easily transfer
hydrogen atoms to free radicals, leading to resonance-
stabilized phenoxyl radicals. This action terminates the
free radicals, hence protecting the compound from
oxidative degradation. The phenolic acids, flavonoids, and
tannins have the ability to chelate pro-oxidant metals,
which include iron and copper. This ability to chelate
these metals inhibits the Fenton reaction, which leads to
the formation of free radicals. The ability of phenolics to
chelate these metals increases with the concentration of
phenolics in the plant extracts. This explains why there is
an increase in the ability to inhibit the oxidation of linoleic
acid or B-carotene in emulsions with increasing phenolic
concentration in plant extracts [81]. However, the fact that
the correlation coefficient is not perfectly linear (r2 =
0.5364) indicates that other classes of antioxidants, which
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include lipophilic antioxidants like a-tocopherol,
carotenoids, and essential oil terpenes, have a role to play
in the total antioxidant activity. The fact that the
correlation linearity is not perfect indicates that other
antioxidants, which include lipophilic antioxidants like a-
tocopherol, carotenoids, and essential oil terpenes, have a
role to play in the total antioxidant activity.

A similar level of correlation has been found in other
plant systems with regard to their phenolic content and
antioxidant activity. To cite this, in a study conducted by
Zeljli et al. [82], a value of r2 = 0.52 was found in
Origanum and Thymus species with regard to their TPC
and B-carotene bleaching inhibition activity. Moreover, in
a study conducted by , r2 values ranged from 0.49 to 0.66,
depending on the type of Indian medicinal plant, solvent,
and method of extraction used. The aforementioned
observations indicate that a similar level of correlation
found in this study, with a value of r2 = 0.5364, is
common in studies dealing with plant extracts, where
multiple mechanisms of antioxidant activity are in action.

The potential factors which may influence the level of
AA-TPC relationship are as follows: 1) Phenolic
compounds’ heterogeneity: Not all phenolic compounds
have equal potential in exhibiting antioxidant activity. To
illustrate this, in a study conducted by Taheri et al., [83],
flavonoids with two hydroxyl groups in their structure,
such as catechins and quercetin, are more potent
antioxidants than those with a single hydroxyl group, such
as resveratrol, caffeic acid, and ferulic acid. 2) Factors
associated with the solvent and method of extraction:
Ethanol, a medium-polarity solvent, may not extract
apolar antioxidants, which would otherwise increase the
value of the AA-TPC relationship. Matrix interactions
and synergism: Phenolic compounds may have a
synergistic or antagonistic effect on other phytochemicals,
which would otherwise influence their antioxidant activity
[84]. 4) Assay specificity: Each antioxidant activity assay
measures a particular type of free radical, in a particular
environment, and hence may not reflect the total
antioxidant potential of a particular type of phenolic
compound .

3.2. Effect of Phyto-natural and Byproduct
Extracts on Beef Meatballs Quality

3.2.1. Progression of Lipid Oxidation

Oxidative stability of buffalo meatballs enriched with
different phyto-natural and byproduct extracts was
investigated during a 12-day refrigerated storage period at
4°C by determining thiobarbituric acid (TBA) values. As
presented in Table 3 and Figure 3, a significant increase in
TBA values in control meatballs (MB) was observed from
0.33 £ 0.08 mg/kg on day 0 to 4.71 + 0.24 mg/kg on day
12, a 1340% increase compared to the initial values (Table
3 and Figure 3). This significant increase in TBA values in
meatballs is due to the inherent lipid composition of
buffalo meat, which is highly susceptible to oxidation due
to high polyunsaturated fatty acid content in meat lipids
[85,86,87]. The addition of different individual plant-
derived extracts significantly reduced TBA values in
meatballs. Pomegranate skin extract (MB + PSE) and
onion skin extract (MB + OSE) showed similar TBA

values on day 12 of 1.22 + 0.45 mg/kg and 1.21 + 0.26
mg/kg, a 274% and 270% increase in TBA values,
respectively. Carnation flower extract (MB + CFE)
showed a slightly higher TBA value of 1.32 + 0.26 mg/kg
on day 12, a 303% increase in TBA values. These
reductions can be explained by the phenolic and
flavonoids present in the extracts, which possess
antioxidative activity by donating hydrogen ions to lipid
radicals, chelating metal ions, and scavenging peroxyl
radicals, thus inhibiting the propagation of the lipid
peroxidation chain reaction [14,23,27,28] [30,88,89].
Moderate antioxidative activity was recorded with the
peach kernel extract (MB + PK), which recorded a final
TBA value of 2.19 + 0.26 mg/kg with a 570% change.
Rosemary (MB + RE), tomato pomace extract (MB +
TPE), cumin extract (MB + CE), and coriander seed
extract (MB + CSE) recorded progressive increases in
their TBA values. Their final values ranged from 3.22 +
0.35 to 3.61 + 0.26 mg/kg, with the values showing 884 to
1004% change. It is possible that the antioxidative activity
recorded with these samples is related to the polyphenolic
composition, solubility, and the Kkinetics of the
antioxidative reactions. For example, the presence of
water-soluble phenolics in pomegranate and onion skin
extracts might be more effective in the antioxidative
reaction compared to the fat-soluble phenolics in rosemary
and tomato extracts [90,91].

Notably, the combination of these extract formulations
(Mix1: PSE + CFE + RE + CE, Mix2: OSE + PK + CSE +
TPE) showed enhanced antioxidative activity in
suppressing rancidity development, maintaining TBA
levels of 0.95 £ 0.18 mg/kg (192% increase) and 1.00 +
0.28 mg/kg (205% increase), respectively. This synergistic
activity can be attributed to the different mechanisms of
actions of these plant extracts in scavenging free radicals,
chelating metal ions, and inhibiting secondary oxidation
products. This further supports previous research on the
efficacy of plant extract supplementation in achieving
antioxidative stability in meat products compared to single
plant extracts [14,60,85].

The lipid peroxidation mechanism in meat products
occurs through initiation by the abstraction of a hydrogen
atom from PUFASs, propagation through peroxyl radical
formation, and termination by the combination of these
free radicals or through antioxidants. The plant extracts'
activity in reducing rancidity development in buffalo
meatballs can thus be attributed to the efficient scavenging
of peroxyl radicals and the stabilizing activity of the plant
extracts on MDA (malondialdehyde), the major compound
measured by the TBA assay [28,87,92]. Moreover, the
percent change data in Table 5 also showed that the rate of
rancidity development in control meatballs is much higher
compared to all the plant extract-treated meatballs. Thus,
the functional potential of these plant extracts in
improving meatball quality can be further explored. The
use of plant-derived extracts and byproduct extracts, in
combination, has shown significant improvement in the
antioxidative activity of buffalo meatballs during
refrigerated storage. This further supports previous
research on the efficacy of natural antioxidants in meat
products, specifically those of plant origin, in maintaining
meat quality by inhibiting lipid peroxidation [86,90].
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Table 3. Progression of rancidity (TBA, mg/kg of sample) in buffalo meatballs supplemented with various phyto-natural and byproduct

extracts over the storage period (12 days at 4°C)

Storage period (days
Natural products e P (days)
0 3 6 9 12
Meatballs MB 033+ 0.08 160+ 0.12 280+ 0.15 430+ 0.05 471+ 024
Pomegranate MB + PSE 033+ 0.08 051+ 0.07 083+ 0.37 094+ 028 122+ 0.45°
skin extract
O”e')‘(’tr;az't"” MB + OSE 033+ 0.08 050+ 0.03 062+ 008 098+ 0.15 121+ 0.26°
Carnation
flower MB + CFE 033+ 0.08 052+ 0.13 0.84+ 0.3 105+ 0.14 132+ 0.26°
extract
Peach
kernels MB + PK 033+ 0.08 077+ 0.18 100+ 0.3 172+ 023 219+ 0.26°
extract
R:f(frr;‘;ry MB + RE 033+ 0.08 106+ 0.15 172+ 0.02 279+ 017 322+ 0.35°
Tomato
pomace MB + TPE 033+ 0.08 119+ 025 197+ 017 280+ 0.26 333+ 037°
extract
Cumin b
oxtract MB + CE 033+ 0.08 130+ 0.30 204t 036 292+ 011 341+ 026
Coriander MB + CSE 033+ 0.08 137+ 025 219+ 0.06 320+ 0.4 361+ 0.26°
seeds extract
. MB + Mix1 o
Mixt extract | ey Crepr ) 033+ 0.8 039+ 047 0.64+ 0.19 074+ 0.24 095+ 0.18
. MB + Mix2 ¢
Mixz extract | ocp pyiospspe) | 033 008 041+ 038 0.68+ 0.24 077+ 0.34 1.00+ 028

Each value represents the mean of three replicates + standard deviation. Means within the same column that carry different superscript letters differ

significantly at p < 0.05. TBA, thiobarbituric acid
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Figure 3. Progression of rancidity (TBA, as a percent of change from the
zero time, %) in buffalo meatballs supplemented with various phyto-
natural and byproduct extracts over the storage period (12 days at 4 °C).
Each value represents the mean of three replicates

3.2.2. Progression of Protein Degradation (TVB-N)

The evolution of total volatile bases-nitrogen (TVB-N)
values, which are a well-established indicator of protein
degradation and microbial spoilage in meat systems, was
monitored over a 12-day refrigerated storage period (4 °C)
(Table 4 and Figure 4). The control sample, MB, exhibited
a significant increase in TVB-N values over time, from
6.79 £ 0.25 mg/100 g on day 0 to 15.16 + 0.77 mg/100 g
on day 12. This significant increase in TVB-N values is a
result of continuous proteolysis and deamination reactions,
which are mediated by microbial enzymes and
microorganisms, leading to the accumulation of volatile
bases such as ammonia, dimethylamine, and
trimethylamine  [64,93,94,95,96,97]. The percentage
progression data in Table 7 further support these findings,
indicating accelerated spoilage in the control sample,

where TVB-N values were nearly doubled over time. On
the other hand, all treatments containing phyto-natural and
byproduct extracts significantly (p < 0.05) inhibited the
increase in TVB-N values in comparison with the control.
Among these treatments, onion skin extract (MB + OSE)
and pomegranate skin extract (MB + PSE) exhibited
strong inhibitory effects on microbial spoilage, with final
TVB-N values of 10.89 + 0.84 and 11.06 + 1.81 mg/100 g,
respectively, on day 12. Carnation flower extract (MB +
CFE) exhibited a similar effect, with a final TVB-N value
of 11.05 + 0.84 mg/100 g on day 12. This can be
explained by the high levels of phenolic compounds,
flavonoids, and tannins found in these extracts, which are
known to disrupt microbial cell membrane integrity,
inhibit enzyme activity, and interfere with protein
degradation pathways [86,98].

Moderate reduction in TVB-N accumulation was found
with peach kernel (MB + PK), rosemary (MB + RE),
cumin (MB + CE), coriander seed (MB + CSE), and
tomato pomace extracts (MB + TPE), with final TVB-N
values in the range of 11.19 + 0.83 to 12.21 + 0.60 mg/100
g. The less efficient nature of these treatments may be
related to their antimicrobial activity, phenolic
composition, and extract stability during storage
conditions. For example, in the case of essential oil-based
extracts such as rosemary, their antimicrobial activity is
related to compounds such as carnosic acid and rosmarinic
acid, which may vary under refrigerated conditions [99].

It is noteworthy that the mixed extract formulations,
Mix1 and Mix2, showed the most significant inhibitory
activity in TVB-N formation. Mix1, containing PSE, CFE,
RE, and CE, and Mix2, containing OSE, PK, CSE, and
TPE, resulted in final TVB-N levels of 10.67 + 0.80 and
10.28 £ 0.91 mg/100 g, respectively, which are the lowest
levels of TVB-N in all treated samples. This enhanced
preservation activity may be related to the synergistic
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effects of individual bioactive compounds, which may
result in a broader spectrum of activity and increased
inhibition of enzymes responsible for TVB-N formation in
meat. Synergistic effects of plant extracts in controlling
microbial growth and enzyme activity have been widely

documented, where a combination of plant extracts has
shown increased antimicrobial activity in comparison with
their individual components, which may be related to their
multiple mechanisms of action on microbial cell
membranes [100,101].

Table 4. Progression of total volatile base- nitrogen base (TVB-N, mg/100 of sample) in buffalo meatballs supplemented with various phyto-
natural and byproduct extracts over the storage period (12 days at 4 °C).

Storage period (days
Natural products gep (days)
0 6 9 12
Meatballs MB 679t 0.25 768+ 0.39 914+ 050 1162+ 0.15 1516+ 0.77°
Pomegranate MB + PSE 679t 0.25 729+ 022 809+ 1.20 870+ 0091 11.06¢ 181°
skin extract
O“e'f(’t':azf'“ MB + OSE 679+ 0.25 719+ 011 7.83t 0.6 8.95¢+ 0.50 10.89+ 0.84°
Carnation
flower MB + CFE 679t 0.25 725+ 0.40 8.05+ 0.40 8.94+ 0.46 11.05+ 0.84°
extract
Peach
kernels MB + PK 679t 0.25 731+ 057 8.39+ 0.40 973+ 0.74 11762  0.84°
extract
Rg;fg;ry MB + RE 679+ 0.25 733+ 050 820+ 0.7 958+ 0.21 11962 1.23°
Tomato
pomace MB + TPE 679+ 0.25 726+ 081 843+ 0.55 1042+ 084 1221+ 0.60°
extract
Cumin -
oxtract MB + CE 679t 0.25 727+ 1.20 850+ 1.17 9.06+ 0.35 1119+ 0.83
Coriander b
seutls extract MB + CSE 679+ 0.25 718+ 0.82 842+ 0.8 941+ 0.77 1150+ 0.84
. MB + MixL b
Mix extract | ocecreapE.ce) 679+ 0.25 702+ 152 759+ 0.88 812+ 0.76 1067+  0.80
. MB + Mix2 b
Mix2 extract (OSE+PK+CSE+TPE) 6.79+ 0.25 7.08x 1.20 7.78t 0.78 8.32+ 1.09 10.28+ 0.91

Each value represents the mean of three replicates + standard deviation
significantly at p < 0.05. TBA, thiobarbituric acid
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Figure 4. Progression of total volatile base- nitrogen (TVB-N, as a percent of change from the zero time, %) in buffalo meatballs supplemented with
various phyto-natural and byproduct extracts over the storage period (12 days at 4 °C). Each value represents the mean of three replicates

From a mechanistic perspective, the reduction in TVB-
N levels in treated samples may be related to the inhibition
of spoilage microorganisms responsible for protein
degradation in meat, which include extracellular enzymes
such as proteases and deaminases, responsible for the
conversion of proteins and amino acids to volatile
nitrogenous compounds. Phenolic compounds in plant
extracts may act on microbial metabolism by interfering
with cell membrane integrity, membrane permeability, and
key microbial enzymes, which may slow down TVB-N
formation in meat [98,102]. Furthermore, the antioxidant
activity of these extracts could also play a role in the
reduction of protein degradation through the prevention of
oxidative stress. Oxidative stress can cause proteins to
degrade more easily. Thus, the antioxidant activity of

these extracts can help in maintaining the stability of the
proteins during storage [85]. Overall, the results have
shown that the supplementation of phyto-natural and
byproduct extracts can delay the degradation of buffalo
meatballs. The delay in degradation is indicated by the
lower levels of TVB-N in the meatballs compared to the
control. The enhanced activity of the combination of
extracts has shown that these extracts can be used as
natural preservatives in the preservation of meat products,
which is in accordance with previous studies on the use of
plant-derived compounds in food preservation [86,100].

3.2.3. Evolution of Lactic Acid Bacteria (LAB) Counts

The changes in lactic acid bacteria (LAB) populations
in buffalo meatballs during refrigerated storage (4 °C) are
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presented in Table 8. LAB populations in the control
sample (MB) increased significantly (p < 0.05) from 1.15
+ 0.14 logio cfu/g on day 0 to 4.79 + 0.24 logio cfu/g on
day 12. This increase represents a 316% increase over the
initial LAB populations in buffalo meatballs (Table 5 and
Figure 5). The growth of LAB in meat products under
refrigerated conditions has already been documented, as
these bacteria are psychrotrophic and are capable of
utilizing nutrients in meat products, which ultimately
contributes to their spoilage [102,103]. The addition of
phyto-natural and byproduct extracts significantly
inhibited LAB growth in buffalo meatballs in comparison
with the control sample. Among these individual
treatments, pomegranate skin extract (MB + PSE)
exhibited a significant inhibitory effect on LAB growth,
with its populations being limited to 3.00 = 0.24 logio
cfu/g on day 12, which represents a 161% increase over
their initial populations in buffalo meatballs. This was
followed by peach kernel extract (MB + PK) and
carnation flower extract (MB + CFE), which resulted in
3.60 £ 0.11 and 3.89 £ 0.28 logio cfu/g, respectively. The
antimicrobial activity of these extracts may be attributed
to the high levels of phenolic and tannins compounds
present in these extracts, which interfere with the cell
membrane of microorganisms and lead to the leakage of
intracellular components and inhibition of essential
metabolic enzyme activities [27,28,98,104].

Onion skin extract (MB + OSE) and rosemary extract
(MB + RE) showed moderate antimicrobial activity. The
LAB count after 12 days of storage resulted in 4.07 £ 0.27
and 4.17 £ 0.19 logiwe cfu/g, respectively. Tomato pomace
extract (MB + TPE) and coriander seed extract (MB +
CSE) showed relatively high levels of microorganisms
(4.45 £ 0.36 and 4.60 + 0.14 logio cfu/g), which may be
due to the relatively low antimicrobial activity of these
extracts. The antimicrobial activity of these extracts may

be attributed to the different levels of bioactive
compounds such as flavonoids, phenolic compounds, and
essential oil present in these extracts [29,100]. The
moderate inhibitory effect of cumin extract, designated as
MB + CE, was indicated by a count of 3.78 + 0.45 log10
cfu/g for LAB. The antimicrobial properties of cumin
have been linked to active compounds such as
cuminaldehyde, which interfere with bacterial cell wall
formation and enzymatic processes [98]. Nevertheless,
efficacy could be dependent on concentration and shelf-
life stability.

Interestingly, the combined treatments involving
mixtures of two or more plant extracts recorded the
highest suppression of LAB growth throughout the storage
period. The combined mixture of PSE, CFE, RE, and CE,
designated as Mix1, resulted in a reduced count of 2.01 +
0.26 log10 cfu/g, corresponding to a 75% increase in LAB
growth, whereas a higher count of 2.19 + 0.39 log10 cfu/g,
corresponding to a 90% increase, was recorded for the
combined mixture of OSE, PK, CSE, and TPE, designated
as Mix2. Significantly, an initial decline in LAB growth
was recorded at day 3, where a decrease of 7.81% and
2.68% was recorded for mixtures Mix1l and Mix2,
respectively. The enhanced efficacy of combined mixtures
of plant extracts could be attributed to synergistic
interactions involving active compounds in the respective
plant extracts. This synergy enables a higher efficacy of
the combined mixture, as multiple target sites within
microbial cells are affected simultaneously, such as cell
membrane, enzymes, and genetic materials, thereby
reducing the probability of developing resistance to a
single active compound [100,101]. The presence of both
hydrophilic and lipophilic compounds in combined
mixtures could also contribute to increased efficacy, as
such compounds could penetrate microbial cell
membranes more effectively.

Table 5. Progression of Lactic acid bacteria counts (LAB, logi.cfu/g) in buffalo meatballs supplemented with various phyto-natural and

byproduct extracts over the storage period (12 days at 4 °C)

Storage period (days)
Natural products
P 0 6 9 12
Meatballs MB 115+ 0.4 237+ 013 317+ 019 349+ 028 479+ 0.24°
Pomegranate MB + PSE 115+ 0.14 148+ 0.06 1.80+ 0.21 217+ 025 3.00+ 0.24°
skin extract
o”;gt':az't"” MB + OSE 115+ 0.4 196+ 0.16 280+ 0.19 295+ 0.9 407+ 0.27°
Carnation
flower MB + CEE 115+ 0.4 210+ 021 282+ 0.19 291+ 013 389+ 0.28%
extract
Peach
kernels MB + PK 115+ 0.14 183+ 0.24 258+ 0.29 279+ 0.26 360+ 0.11%
extract
Rgf(fg‘;ry MB + RE 115+ 0.14 214+ 027 299+ 055 312+ 0.07 417+ 0.19°
Tomato
pomace MB + TPE 115+ 0.4 226+ 0.28 3.08+ 023 328+ 0.10 445+  0.36°
extract
Cumin ab
oxtract MB + CE 115+ 0.4 241+ 026 292+ 0.09 298+ 0.12 378+ 045
Coriander MB + CSE 115+ 0.14 242+ 020 3.00+ 017 318+ 043 460+ 0.14°
seeds extract
. MB + Mix1 .
Mixiextract | oopicrpapesce) | 115t 014 106+ 041 136+ 031 178+ 027 201+ 026
. MB + Mix2 .
Mix2 extract | (o pacsesrpe) | 115t 014 112+ 0.06 189+ 0.14 208+ 025 219+ 0.39

Each value represents the mean of three replicates + standard deviation
significantly at p < 0.05.

. Means within the same column that carry different superscript letters differ
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Figure 5. Progression of Lactic acid bacteria counts (LAB, as a percent of change from the zero time, %) in buffalo meatballs supplemented with
various phyto-natural and byproduct extracts over the storage period (12 days at 4°C). Each value represents the mean of three replicates

From a mechanistic point of view, the inhibitory effects
of plant extracts on LAB can be related to phenolic
compound action, which can affect membrane
permeability, dissipate proton motive force, and decrease
ATP synthesis. This can eventually lead to reduced
microbial growth and metabolism, slowing down the
spoilage process [104]. Additionally, the antioxidant
capacity of plant extracts could play an indirect role in
inhibiting microorganisms, considering that oxidative
stress can favor bacterial growth [85].

The results shown in Table 5, which refer to the percent
change in data, confirm the efficiency of the treatment,
considering that all the samples containing plant extracts
showed significantly reduced percent increase in LAB
compared to the control. The low percent increase in Mix1
and Mix2 indicates the potential of these mixtures to be
used as natural antimicrobial agents to extend the
microbiological shelf life of meat products.The results
showed that phyto-natural and byproduct extracts,
especially in combined form, have the ability to inhibit the
growth of LAB in buffalo meatballs during refrigerated
storage. The results support the increasing interest in
natural preservatives, which can be used instead of
synthetic preservatives, considering their antimicrobial
and antioxidant capacity in meat preservation systems
[102,104].

3.2.4. Evaluation of Overall Acceptability

The development of overall acceptability scores of
buffalo meatballs stored in a refrigerated environment
(4°C for 12 days) is shown in Table (6) and Figure (6). A
general decrease in sensory quality of the meatballs over
time is evident in all treatments. However, the rate of
decrease differed significantly depending on the nature of
the extract used. This is attributed to the combined effects
of lipid oxidation, microorganism development, and
protein degradation, which are generally cited as the main
mechanisms of sensory quality loss of meat products
stored in a chilled environment [27,28,105,106]. At day O,
the acceptability scores for all samples were the same
(6.79 £ 0.18). As the storage time increased, the control
sample (MB) recorded the highest level of deterioration,
reaching 15.16 + 0.77 by the end of the storage period
(day 12), which is equivalent to a 50.46% reduction in
acceptability. This high level of deterioration can be

explained by the lack of bioactive compounds, which
allowed the process of lipid peroxidation to occur at a
faster rate. Similar observations were recorded by Lund et
al. [107], which showed that untreated meat systems
recorded faster rates of oxidative rancidness and sensory
rejection during storage.

On the other hand, all the treatments involving phyto-
natural or by-product extracts exhibited significant
improvement in sensory stability compared to the control.
Among the single extracts, pomegranate skin extract
(PSE), onion skin extract (OSE), and carnation flower
extract (CFE) were found to have the highest potential in
maintaining sensory stability. The acceptability scores for
these extracts at the end of the storage period were found
to be 11.06, 10.89, and 11.05, respectively. The
percentage reduction in these extracts was found to be
lower at 31.03%, 31.56%, and 32.86%, respectively. The
efficacy of these extracts in maintaining sensory stability
can be related to the fact that these extracts contain high
levels of phenolic compounds, flavonoids, and tannins.
These compounds have shown strong antioxidant and
antimicrobial activities [13,14]). They have the ability to
control lipid peroxidation by scavenging free radicals and
chelating metal ions. In addition, these compounds have
been found to control microorganisms responsible for
spoilage. Moderate protection levels were recorded for
samples subjected to peach kernel (PK), rosemary extract
(RE), tomato pomace extract (TPE), cumin extract (CE),
and coriander seed extract (CSE). Though these samples
showed better resistance to quality loss compared to the
control samples, the final percentage loss of these samples
ranged from 38.99% to 43.55%. The disparity in the
effectiveness of these plant extracts may be due to the
different phenolic compounds and polarities of these
extracts. For instance, rosemary is rich in carnosic and
rosmarinic acids, which are potent antioxidants. However,
the effectiveness of rosemary may be dependent on the
concentration of these compounds in the product [20].
Tomato pomace is rich in lycopene and phenolics and is a
good antioxidant but may not offer protection against
microorganisms compared to tannins.

Interestingly, the most pronounced protective effects
were found in the mix treatments, namely Mix1 and Mix2.
Mix1, which comprised a combination of PSE, CFE, RE,
and CE, and Mix2, which comprised a combination of
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OSE, PK, CSE, and TPE, recorded the lowest percentage
reduction in acceptability, with a reduction of 21.65%
and 22.56%, respectively, after 12 days of storage. This
indicates a potential synergistic interaction between the
bioactive compounds in these mix treatments. The
combination of different phenolic structures may
enhance their potential as a radical scavenger, increase
their antimicrobial activity, and improve their stability
through a variety of mechanisms, such as a combination
of their individual activities, which may act in a
synergistic manner to enhance their potential as a natural
antioxidant [86].

The preservation of acceptability in the treated samples
may be explained by a number of mechanisms, which act
in concert to extend the shelf life of meat products. These
include: (i) control of lipid oxidation, which in turn
minimizes off-flavor and rancid off-odors, (ii) control of
microbial growth, which in turn prevents the accumulation
of spoilage compounds, and (iii) preservation of color and
texture through control of protein oxidation. These
mechanisms are thought to work in concert to enhance
acceptability over a long period [105,106]. Overall, the
results clearly showed that the use of phyto-natural and
agro-industrial byproduct extracts greatly improved the
sensory shelf life of buffalo meatballs. The superiority of
the combination of extracts over the individual ones points

American Journal of Food Science and Technology

to the significance of the formulation approach for taking
advantage of the synergistic effects of natural antioxidants.
The results are consistent with the current trends in clean-
label approaches for the preservation of meat products and
support the use of these natural antioxidants as alternatives
to synthetic preservatives.
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Figure 6. Progression of overall acceptability (as a percent of change

from the zero time, %) in buffalo meatballs supplemented with various

phyto-natural and byproduct extracts over the storage period (12 days at

4°C). Each value represents the mean of three replicates

Table 6. Progression of overall acceptability (Score) in buffalo meatballs supplemented with various phyto-natural and byproduct extracts over

the storage period (12 days at 4°C)

Storage period (days
Natural products gep (days)
0 3 6 9 12
Meatballs MB 679+ 0.18 768+ 0.39 9.14t 050 1162+ 0.15 1516+ 0.77°
Pomegranate MB + PSE 679+ 0.18 729+ 022 8.09+ 055 870+ 091 11.06+ 0.54°
skin extract
O“e')‘(’t’:azf'“ MB + OSE 679+ 0.18 719+ 011 7.83+ 0.6 8.95¢+ 0.50 10.89+ 0.84
Carnation
flower MB + CFE 679+ 0.18 725+ 0.40 8.05+ 0.40 8.94+ 0.46 11.05¢ 0.84°
extract
Peach
kernels MB + PK 679+ 0.18 731+ 057 839t 040 973+ 0.74 11762  0.84°
extract
Rg)s(fr’;gry MB + RE 679+ 0.18 733+ 050 829+ 0.07 958+ 0.21 11962 043"
Tomato
pomace MB + TPE 679+ 0.18 726+ 081 843t 055 1042+ 0.84 1221+ 0.60°
extract
Cumin b
oxtract MB + CE 679+ 0.18 727+ 039 850+ 0.65 9.06+ 0.35 1119+ 0.83
Coriander MB + CSE 679+ 0.18 718+ 082 842+ 0.8 941+ 0.77 1150+ 0.84°
seeds extract
. MB + MixL )
Mixt extract | ocecreapE L ce) 679+ 0.18 702+ 056 759+ 088 812+ 0.76 1067+ 0.80
. MB + Mix2 b
Mixz extract | ocp pyicopspe) | 679 018 708t 0.56 778t 078 832+ 0.71 1028+ 0.60

Each value represents the mean of three replicates + standard deviation
significantly at p < 0.05.

4. Conclusion

In conclusion, the present study has shown that plant-
derived extracts and agro-industrial by-products can be
considered effective and promising natural alternatives to
synthetic compounds in meat preservation systems, due to
the significant antioxidant and antimicrobial activities of
these compounds, which can improve the quality, safety,

. Means within the same column that carry different superscript letters differ

and shelf life of buffalo meatballs during refrigerated
storage. Among the plant-derived extracts tested, carnation
flower and rosemary extracts showed the highest total
phenolic content and antioxidant activity. The results of this
study have shown the significant importance of phenolic
compounds in improving the antioxidant activity of meat
products. Agro-industrial by-products such as pomegranate
peel, onion skin, and tomato pomace have been found to be
valuable, sustainable sources of phenolic compounds,
which can play a significant role in food preservation and
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waste reduction. Although some differences in antioxidant
activity were found among the plant-derived extracts tested
in the present study, these differences can be mainly
attributed to the differences in phenolic composition,
extraction efficiency, and interactions in the food matrix.
The positive correlation between total phenolic content and
antioxidant activity has shown that phenolic compounds are
the major contributors to the antioxidant activity of plant-
derived extracts, although other non-phenolic compounds
have also shown significant importance in improving the
antioxidant activity of meat products. The use of these
extracts in the formulation of buffalo meatballs resulted in
the reduction of lipid oxidation, as evidenced by the lower
TBA values; the slowing down of protein degradation, as
measured by the reduced formation of TVB-N; and the
inhibition of the growth of microorganisms, especially
lactic acid bacteria, compared to the control samples,
resulting in the improvement of sensory acceptability. It is
noteworthy that the use of the combined extracts, as
represented by Mix 1 and Mix 2, was found to be more
effective compared to the use of the individual extracts
due to the synergistic action of the bioactive compounds
present in the extracts. This highlights the potential
benefits of the use of multiple-component natural
preservatives in order to attain the best results. In
conclusion, the use of phyto-natural extracts is an
effective means of producing clean-label meat products
that are in line with the demands of the market for natural,
safe, and sustainable food products, while at the same time
ensuring the sustainability of the environment and the
economy through the use of agricultural by-products. In
light of the results obtained from the present study, the
following recommendations are made: the optimization of
the mixture of the extracts with the purpose of attaining
the best results through the synergistic action of the
bioactive compounds; the sensory impact of the extracts at
various concentrations; the exploration of the potential for
the use of advanced methods for the extraction of the
bioactive compounds; the exploration of the potential for
the use of the extracts in various food products; further
studies on the potential for the use of the extracts in the
food industry; and further studies on the potential for the
use of the extracts with the purpose of attaining the best
results from the viewpoint of safety.
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