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Abstract

In this work, the impacts of Cucumis melo rind powder (CMRP), Red prickly pear (RPP), and Cider apple pomace
(CAP) were evaluated in terms of profiling of bioactive compounds. It could be concluded that the addition of dif-
ferent concentrations of RPP, CMRP, and CAP improved the quality criteria and significantly (P < 0.05) increased
the values of total phenolic compound (TPC), antioxidant activity, and fiber content of beef burger during frozen
storage. The antioxidant effects of RPP, CMRP, and CAP to retard protein and lipid oxidation were investigated
in beef burgers during frozen storage at —-18 + 2°C for 6 months. Powders of RPP rind, CMRP, and CAP were
incorporated into freshly minced beef at different concentrations (RPP: 1, 2, and 3%; CMRP: 2, 3, and 4%; and
CAP: 2, 4, and 5%) and compared with the control sample. Chemical compositions of the prepared beef burg-
ers, total volatile nitrogen (TVN), thiobarbituric acid (TBA) reactive substances, TPC, and antioxidant activity
(DPPH) were determined. Results indicated that powders showed high phenolic content and antioxidant activity,
especially RPP. The addition of different concentrations of RPP, CMRP, and CAP caused high storage stability and
reduced values of TBA and TVN in prepared beef burgers during frozen storage compared to the control sample.
Enrichment of red meat with CMRP, RPP, and CAP has improved hygienic and safety properties than unfortified
products without leading to changes like rapid spoilage and consequent reduction in shelf life.

Keywords: apple pomace; Cucumis melo powder; lipid oxidation; meat; natural antioxidants; phenolic; Red prickly pear
rind

Introduction and nutritional benefits. These natural compounds, pri-

marily polyphenols, can interrupt free radical chain

In recent years, growing concerns over the potential
health risks associated with synthetic antioxidants, such
as butylated hydroxyanisole (BHA), butylated hydroxy-
toluene (BHT), propyl gallate, and butyl hydroquinone,
have led to an increasing interest in natural alterna-
tives. These synthetic compounds have been linked to
liver toxicity and carcinogenic effects, prompting a shift
toward plant-derived antioxidants that offer both safety

reactions and act as nutraceuticals, providing both func-
tional and protective roles in the human diet (Shan et al.,
2005; Shobana and Naidu, 2000). Plant-based antiox-
idants are widely regarded as more effective and safer
than synthetic alternatives. One of the main challenges
in food preservation is lipid oxidation, which negatively
impacts food quality, especially during processing and
storage. Phenolic compounds found in fruits, vegetables,
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grains, legumes, tea, wine, and herbal extracts have
strong antioxidant capacity and are common in the
human diet (ElI-Alim et al., 1999; Okwu et al., 2019).
Numerous studies have confirmed that extracts from
medicinal and culinary plants exhibit high in vitro anti-
oxidant activity (Al Jumayi et al., 2022; Katalinic et al.,
2006; Li et al., 2008; Oktay et al., 2003). The antioxidative
effects of these extracts are largely due to their pheno-
lic content, which has been recognized for centuries in
traditional food preservation. Beyond their antioxidant
properties, aromatic herbs and spices possess antimicro-
bial capabilities and are valuable in the food, cosmetic,
and pharmaceutical sectors. These plants inhibit micro-
bial growth, retard oxidative processes, and enhance
food properties such as flavor, color, texture, and shelf
life. In recent decades, various plant extracts have gained
attention for their dual roles as natural antioxidants and
antimicrobials, with activity comparable to synthetic
compounds such as a-tocopherol and BHT (EI Sheikha
and Allam, 2022; Gémez et al., 2018; Izzreen and
Noriham, 2011; Krishnaiah et al., 2011; Schwab et al.,
2008). The demand for minimally processed, shelf-stable,
and health-oriented food products continues to rise.
Consumers increasingly seek high-quality, ready-to-eat
foods that maintain a fresh and natural appearance while
being safe for consumption. Meat, a cornerstone of the
human diet, offers high nutritional value and has played

a critical role in human evolution and health (Floros
et al., 2010; Mariamenatu and Abdu, 2021; El Sheikha
et al., 2022; Vlaicu et al., 2022). However, meat is highly
perishable and susceptible to microbial contamination
and oxidative degradation, even under refrigerated con-
ditions (Elhelaly et al., 2022; Karrar et al., 2022; Marmion
et al., 2021; Singh et al., 2019). The deterioration of meat
products is largely driven by protein and lipid oxidation,
particularly due to the presence of unsaturated fatty
acids in phospholipids and triglycerides. These oxidative
processes lead to undesirable changes in flavor, texture,
appearance, and nutritional quality (Amaral et al., 2018;
Dominguez et al., 2019; Pateiro et al., 2019; Shivakumar
et al., 2023; Sultana et al., 2022). Therefore, evaluating
the compositional and functional properties of natural
plant-based compounds as additives is essential in devel-
oping cleaner-label meat products with extended shelf
life.

This study aims to explore the efficacy of polyphenol-rich
plant extracts as natural antioxidants and antimicrobials
for meat preservation. By mitigating oxidative deterio-
ration and microbial growth, these compounds enhance
food safety, extend product shelf life, and contribute to
the prevention of oxygen-related diseases, ultimately
leading to better-quality, health-promoting meat prod-
ucts (Figure 1: Graphic abstracts).
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Figure 1. Bioactive compounds, antioxidant, and antimicrobial activity of some fru
tional food in meat technology during frozen storage.
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Materials and Methods
Material preparation

Canary yellow melon fruits (Cucumis melo L.) were pur-
chased from a local market in Egypt. The melons were
immediately peeled, and the seeds were carefully sepa-
rated by hand from the pulp, cleaned, and washed off any
adhering residue. Then, the seeds were dried at 40°C for
24 h. Dried seeds were ground to a fine powder in a grind-
ing mill (Moulinex, France) to obtain melon seed flour
and frozen overnight at —20°C and lyophilized at ambient
temperature. The maximum particle size of melon seed
flour was 500 pm. It was stored and preserved in airtight
bags at —20°C until use.

Red prickly pear (RPP) fruits were purchased from local
markets of Shebin El-Kom, Egypt. After cleaning and
peeling them, the edible parts were properly separated,
and the peels were ground to a fine powder (XX um), air
dried at 50°C for 48 h, stored in polyethylene bags, and
kept at —18°C until analysis.

Cider apple pomace (CAP) was collected after juice
extraction from Kaha Company (Kaha City, Kaliobia,
Egypt). The peels were finely chopped, washed using tap
water, loaded onto stainless trays, and dried at 50°C for
24 h in a convective oven. The dried peels were ground to
a fine powder, packaged in polyethylene bags, and stored
at —18°C until use.

Extraction and determination of polyphenols and
flavonoids

Extraction procedure

Red prickly pear (RPP), CAP, and cucumber melon
rind (CMR) powders (g) were extracted with 50 mL of
95% ethanol in an orbital shaker maintained at 25°C for
36 h. Subsequently, the sample extract was filtered using
Whatman No. 1 filter paper, evaporated under vacuum
to dryness, and the residue was extracted once using the
same technique. The combined extracts were kept dark at
-20°C for further analysis.

Total phenolic content

The determination of total phenolic content (TPC) was
carried out using the Folin—Ciocalteu reagent method
(Ozsoy et al., 2008). An aliquot of 0.5 mL of Folin’s reagent
was added to 0.5 mL of all extracts. The mixtures were
stirred and incubated for 3 min in the dark and 10 mL of
Na,CO, solution (75 g/L) was added. The mixtures were
shaken and incubated for 1 h in the dark, and absorbance
was measured at 750 nm. Total polyphenols content was
specified concerning a standard curve established with
gallic acid. The results were expressed as mg of gallic acid

The efficacy of polyphenol-rich plant extracts as natural antioxidants

equivalents per 100 g extract (mg GAE/100 g extract).
The TPC value is the average of three measurements.

Total flavonoid content

The total flavonoid content (TFC) was measured accord-
ing to the aluminum chloride colorimetric method
described by Sakanaka et al. (2005). A 0.5 mL diluted
melon peel extract solution was placed in a 10 mL volu-
metric flask. Distilled water was added to make an even
volume of 5 mL, followed by 0.3 mL NaNQO, (1:20). 3 mL
AlCI, (1:10) was added 5 min later. After 6 min, 2 mL of
NaOH (4%) was added, and the total volume was made
up to 10 mL using distilled water. The mixture was incu-
bated at 25°C for 30 min. The solution was mixed well,
and the absorbance was measured against a blank at 510
nm using a spectrophotometer (Schoot instrument, UV
line 9400, EU). Quercetin was used to prepare the cali-
bration curve. The findings of TFC were expressed as mg
QE/100 g extract (mg of sample quercetin equivalents
per 100 g extract). All measurements were collected in
three measurements.

Identification of phenolic compounds using HPLC
Thirty-three commercial standards were utilized for
identifying and quantifying phenolic components in the
peels of C. melo rind, RPP, and CAP powders. Standards
of gallic acid, p-hydroxyphenyl acid, m-coumaric acid,
p-coumaric acid, 4-hydroxybenzoic acid, 3-hydroxy-
benzoic acid, cinnamic acid, caffeic acid, vanillic acid,
syringic acid, ferulic acid, vanillic acid, chlorogenic acid,
protocatechuic acid, cinnamic acid, rotameric acid, cat-
echol, phenyl acetate, pinoresinol, resorcinol, 2,4-D
pestanal, naringenin, and flavone were acquired from
Sigma-Aldrich (St. Louis, MO, USA). Catechin hydrate,
catechin acetate, oleuropein, hydroxytyrosol, rutin,
tyrosol, verbascoside, luteolin, luteolin-7-glucoside, and
apigenin-7-glucoside standards were purchased from
Extrasynthése (Genay, France).

Preparation of beef burger

Fresh minced beef and beef back fat were procured from
a local market in Shebin El-Kom, Egypt, in two separate
batches (3 kg each) and transported to the Meat Products
Laboratory in a portable cooler maintained at 4 + 2°C
within 30 min. Upon arrival, visible fat and connective
tissue were trimmed. The meat was then cut into chunks
and stored at —18°C until use. All spices—including nut-
meg, clove, black pepper, celery, thyme, rosemary, and
white pepper—were freshly ground before use, sieved
through a 60-mesh screen (0.25 mm), and were sourced
locally. The burger formulation consisted of 85% lean
beef (containing less than 7% fat), 15% beef back fat, and
0.022% seasoning blend (containing nutmeg 1.37%, black
pepper 22.73%, clove 5.46%, and salt 63.64%). Sodium
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tripolyphosphate (SCAP) was added at 6.82% of the total
seasoning mix. All ingredients were thoroughly mixed
in a stainless-steel bowl for 5 min to ensure uniform
distribution. Experimental groups were established by
incorporating the following levels of powdered fruit or
vegetable peels into the mixture:

+ Red Pomegranate Peel: 1, 2, and 3%
+ Carrot—Mint Residue Powder: 2, 3, and 4%
+ Cantaloupe Peel Powder: 2, 4, and 5%

After peel addition, the mixtures were blended again and
passed through a grinder fitted with an 8 mm perforated
plate. Burger patties were manually prepared using a
hand-press burger maker, with each patty standardized
to 50 + 2 g in weight and 9 cm in diameter. Each sample
was individually placed on a polyethylene-wrapped food-
grade tray under aerobic conditions and frozen at -18 +
2°C. Storage lasted for 6 months, with monthly analysis
intervals.

Cooking procedure

Before analysis, burger samples were thawed at 4°C for
12 h. Cooking was performed on a preheated electric
griddle at 180 + 5°C for 4 min on each side (total cooking
time: 8 min) until an internal core temperature of 72 +
1°C was achieved, as measured using a calibrated probe
thermometer. All samples were mobilized in an aerobic
environment on a food tray enclosed with a sealed poly-
ethylene membrane, frozen at -18+ 2°C for 6 months,
and then analyzed monthly during storage.

Burger characterization

Chemical composition

Moisture, ash, protein, fat, and fiber content were deter-
mined according to AOAC (2005), while carbohydrate
content was estimated by the difference. The determina-
tion of nitrogen content was performed for each sample.

pH determination

In a Cyclo-Mixer, 15 g of raw beef burger samples were
mixed in 100 mL of distilled water measured using a test
tube for 2 min (CM Model 3000 USA). The pH values
of the samples were measured using a digital pH meter
(Model 3510, Jenway Technology, Italy). The pH meter
electrode was calibrated with the help of two buffer solu-
tions of pH 4 and 7. All values were calculated as the
average of three replicates + standard deviation (SD).

Thiobarbituric acid
The lipid oxidation of all burger samples was deter-
mined using distillation of 2-thiobarbituric acid (TBA)

according to Tarladgis et al. (1960) and expressed as mil-
ligram malonaldehyde per gram of sample.

Total volatile nitrogen

The total volatile nitrogen (TVN) content of different
beef burger samples was determined using the method
by Harold (1987).

Determination of total phenolic compounds

Two grams of beef burger sample was extracted by 25 mL
of 50% ethanol, shaken for 2 h and centrifuged at 3000
rpm for 20 min. TPC was calculated in the ethanolic
extracts according to the Folin—Ciocalteu method with
slight modifications. A 100 pL aliquot of ethanolic extract
was mixed with 900 pL of 10-fold Folin—Ciocalteu phe-
nol reagent (diluted in the ratio 1:10 with distilled water)
and was allowed to stand for 5 min at room temperature.
0.75 pL of 7% sodium bicarbonate solution was added
to the mixture and vortexed for 30 s and was allowed to
stand for 90 min at room temperature. The absorbance
was measured at 725 nm using a spectrophotometer
(Schoot instrument, UV line 9400, EU). A calibration
curve of gallic acid (ranging from 0 to 1.00 mg/mL) was
prepared and tested under similar conditions. All val-
ues were expressed as mean (mg of gallic acid equiva-
lents/100 g of fresh weight) + SD for three replications.

Determination of antioxidant activity

According to Pulido et al. (2000) with some modifica-
tions, the DPPH radical test was performed to measure
the free radical scavenging activity.

In this method, 60 umol/L DPPH solution was freshly
made in 99% ethanol. The extract of the burger product
(100 uL) was reacted with 3.9 mL of the DPPH solution
for 60 min in the dark. The absorbance (A) at 515 nm was
measured using a spectrophotometer (SCHOOT instru-
ment, UV line 9400, EU) against a blank of 95% ethanol.
The antioxidant activity was calculated as follows using
Equation 1.

DPPH redical scavengingactivity (%)=

Where AC (0),,, is the absorbance of the control at t = 0
min, and AA (t), . is the absorbance of the antioxidant
at t = 1 h. The radical scavenging activity of DPPH was
formed as a sample p mol of Trolox equivalent (TE) g
from a standard curve obtained with Trolox. All determi-

nations were assessed in triplicate.

Microbiological analysis
The microbiological impact of different concentrations
of powder peel extracts (Cucumis melo rind powder,
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red prickly pear, and cider apple pomace) on microbial
growth inhibition during frozen storage was evaluated in
this study. Various levels of powder extracts were tested
for their effects on the growth of coliform bacteria, total
bacterial count (TBC), and mold and yeast populations
in beef burgers. The results were recorded as colony-
forming units per gram (log CFU/g).

Sample Preparation: Freshly minced beef meat was
mixed with different concentrations of each powder peel
extract: 1%, 2%, and 3% for red prickly pear (RPP); 2%,
3%, and 4% for Cucumis melo rind powder (CMRP); and
2%, 4%, and 5% for cider apple pomace (CAP). A control
sample without any added extract was also prepared.
Each mixture was homogenized to ensure even distri-
bution of the powders and then formed into individual
burger patties.

Storage Conditions: The prepared beef burgers were
stored in a freezer at -18 + 2°C. Microbiological analy-
ses were conducted at specific intervals—O0, 1, 3, and
6 months of storage—to monitor changes in microbial
populations over time.

Microbial analysis

Coliform Bacteria: Coliform group bacteria were evalu-
ated using the most probable number (MPN) technique
on selective media, as coliforms serve as indicators of
hygiene and potential contamination.

Total Bacterial Count (TBC): The TBC was measured
using plate count agar, following incubation at 35°C for
48 hours. Samples were serially diluted in saline solution,
plated, and counts were recorded as log CFU/g.

Mold and Yeast Count: The mold and yeast populations
were measured using Sabouraud dextrose agar, incubated
at 25°C for 5-7 days. These counts assessed the antimi-
crobial effectiveness of the powders in preventing fungal
growth, which is critical in frozen storage.

Microbial counts (log CFU/g) were analyzed using
ANOVA, with significance set at p < 0.05 to determine
the effectiveness of each powder extract and concentra-
tion on microbial inhibition. Pairwise comparisons were
made between treatments and the control to identify sta-
tistically significant differences.

This methodology enabled the determination of the most
effective powder extract and concentration for inhibiting
microbial growth, thus enhancing the microbial safety
and shelf life of beef burgers during prolonged frozen
storage.

The efficacy of polyphenol-rich plant extracts as natural antioxidants

Sensory analysis

In this study, sensory analysis was conducted to evaluate
the impact of different concentrations of powder extracts
(Cucumis melo rind powder, red prickly pear, and cider
apple pomace) on the sensory qualities of beef burgers
during frozen storage. The sensory assessment focused
on attributes such as appearance, color, flavor, texture,
and overall acceptability. This analysis was carried out
by a trained sensory panel at designated storage intervals
(0, 1, 3, and 6 months) to monitor potential changes in
quality over time.

Sample Preparation: Beef burger samples were prepared
by incorporating different concentrations of each powder
peel extract: 1%, 2%, and 3% for red prickly pear (RPP);
2%, 3%, and 4% for Cucumis melo rind powder (CMRP);
and 2%, 4%, and 5% for cider apple pomace (CAP). A
control sample with no added powder extract was also
prepared. All samples were homogenized, shaped into
patties, and stored at -18 + 2°C until the sensory evalua-
tion was conducted.

Sensory Panel: A panel of 10 trained evaluators, familiar
with sensory evaluation of meat products, was selected
for the assessment. Panelists were trained to distin-
guish subtle variations in texture, flavor, and appearance
related to the powder extract additions. Evaluations were
conducted under standardized conditions, with indi-
vidual tasting booths, controlled lighting, and a neutral
background to minimize external influence on sensory
perception.

Sensory evaluation process

Appearance and Color: Panelists assessed the visual
appeal of each sample, particularly noting color stability,
which can be influenced by antioxidant activity in the
extracts.

Flavor and Aroma: Panelists evaluated flavor and aroma
attributes, taking note of any off-flavors or enhancements
due to the natural extracts.

Texture: Texture was assessed for tenderness, juiciness,
and cohesiveness. Samples were thawed and cooked prior
to evaluation to ensure accurate texture representation.

Overall Acceptability: Each sample was rated for overall
acceptance, considering all sensory attributes together.

A structured 9-point hedonic scale was used for each
attribute, where 1 indicated “dislike extremely” and 9
indicated “like extremely’ Scores for each attribute were
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averaged, with statistical analysis (ANOVA) performed
to identify significant differences between samples (p <
0.05). Sensory data were analyzed using ANOVA to
determine the effects of extract type and concentration
on sensory characteristics over the storage period. The
significance level was set at p < 0.05, with post-hoc tests
conducted for pairwise comparisons between sample
groups and the control. Through this sensory evaluation,
the study aimed to identify the optimal extract and con-
centration that maintained desirable sensory qualities
over frozen storage, while also enhancing the shelf life
and overall consumer acceptance of beef burgers.

Statistical analysis

All experimental data were represented as mean + SD.
Data from various tests were examined separately and
compared using one-way analysis of variance (ANOVA),
accompanied by the Duncan’s test using SPSS software
(version 16.0 for Windows, SPSS Inc., Chicago) to identify
the significance (P < 0.05) among the treatment (Artimage
and Berry, 1987; Kowalczewski and Andreani, 2015) pro-
tocols with minor adjustments. The significance of differ-
ences between the means was compared using Fisher’s
test (P < 0.05), and the data was displayed as mean + SD.

Results and Discussions
Physicochemical properties of fruits peel powders

Table 1 shows the chemical composition of fruits peel
powders. All components differed significantly among

the studied peel powders. CAP had the highest value of
moisture and ash contents followd by CMRP and RPP.
Regarding protein content, CAP showed a value of 19.66%
compared to RPP and CMRP. CAP had the highest fat
content followed by CMRP and RPP. Furthermore, CAP
can be considered a good source of fiber, while CMRP and
RPP showed lower values (12.25 and 11.96%, respectively).
Regarding carbohydrates, RPP had the highest value, fol-
lowed by CMRP and CAP. All fruit peels had an acidic pH,
and CMRP and CAP had the highest pH values of 4.66
and 4.57, respectively, while RPP had a value of 3.54. RPP
was found to be a good source of TPC and TFC. These
results agree with that reported by Borujeni et al. (2022),
Ibrahim (2016), and Llavata et al. (2022).

Identification of phenolic compounds in fruit peel
powders

Phenolic compounds present in CMRP, RPP, and CAP
are reported in Table 2. Results enabled the identification
of 24 compounds. RPP contained significantly higher
amounts of all phenolic compounds than other samples
except for coumarin, salicylic, cinnamic, and e-vanillic,
which were higher in CMRP. These results agree with
that reported by Arraibi et al. (2021), Garcia-Cayuela
et al. (2019), Kharrat et al. (2018), Reis et al. (2012), and
Sudrez et al. (2010).

Proximate chemical composition of prepared beef burger

Results of the proximate chemical composition of dif-
ferent beef burger samples prepared by the addition of

Table 1. Chemical composition of Red prickly pear, Cucumis melo rind powder, and cider apple pomace raw powders.

Parameter CMRP RPP CAP
Chemical compositiona Moisture content (%) 7.62 £0.110° 6.11+0.130° 11.09 £ 0.122
Ash content (%) 5.67 £0.13° 4.24 £0.14° 7.11+0.212
Protein content (%) 7.68 £ 0.26° 6.15 £ 0.35° 19.66 + 0.332
Fat content (%) 6.24 + 0.20° 3.83+0.31° 11.52 + 0.322
Fiber content (%) 12.25 £ 0.29° 11.96 + 0.22° 32.27 £ 0.252
Carbohydrate content (%)b 73.88 £ 0.36° 80.23 £ 0.622 51.77 £ 0.78°
Antioxidant activity TPC (mg/gm DW)c 62.18 £ 0.31° 267.84 £ 0.46° 13.51 £ 0.15¢
TFC (mg QE/100 g)d 95.46 £ 0.175° 115.33 £ 0.1282 84.33 1 0.201°
DPPH % (AOA) 17.25 £ 0.42° 92.14 £ 0.512 8.38 £ 0.35°
pH value 4.66 £ 0.13° 3.54 +0.22° 457 £0.14°

CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; DPPH, antioxidant activity assayed by diphenyl picrylhydrazyl free radical; RPP, Red

prickly pear; TPC, Total phenolic compound.
The sample weight of powders was 15 mg.

% of dry matter basis; *Total carbohydrate obtained by difference; cmg GAE/100 g extract; dmg QE/100 g extract. Means with a different letter in the
same row indicate significant differences between the raw powders (P < 0.05).
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Table 2. Characterization and contents (ppm) of phenolic
compound extracts from the tested powders.

Phenolic compounds The tested powders

RPP CMRP CAP
Gallic 1120.45 19.77 11.84
Pyrogallol 22,668.48 312.25 128.42
Protocatechuic 1412.43 124.89 17.78
4-Amino-benzoic 5339.59 14.54 4.31
Chlorogenic 175.84 12.53 15.55
Catechein 1258.42 73.14 57.45
Epi-catachin 1458.46 91.78 29.25
Catechol 636.04 82.55 9.39
P-OH-benzoic 258.89 43.69 29.87
Caffeine 102.27 51.89 5.05
Vanillic 284.72 39.41 18.59
Caffeic 78.65 79.11 3.59
Ferulic 33.48 22.25 412
Iso-ferulic 287.25 21.14 19.04
P-coumaric 141.91 58.45 3.86
Ellagic 223.75 131.87 3217
Reversetrol 17.09 15.98 3.25
Alpha-coumaric 51.34 16.41 3.78
e-vanillic 539.65 1399.75 247.18
Benzoic 254.57 211.79 87.03
Coumarin 11.14 19.58 2.08
3,4,5-methoxy-cinnamic 25.57 33.45 1.25
Salycilic 33.42 1456.81 25.37
Cinnamic 3.99 11.97 3.21

CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP,
Red prickly pear; TPC, total phenolic compound (TPC).

CMRP (2, 3, and 4%), RPP (1, 2, and 3%), and CAP are
given in Table 3.

A significant (P < 0.05) decrease in moisture content was
observed in the beef burgers with increased incorpora-
tion of CMRP, RPP, and CAP, which may be attributed
to a lower moisture content of these powders compared
to the control sample. Similar results were also obtained
in the studies by Clarkson (2013) and Hurst et al. (2018),
who observed a decline in the moisture content of pre-
pared pork luncheon rolls with the addition of cider
apple pulp powder. Similar reductions in moisture
content were also noted by Verma et al. (2013) in fried
sheep meat nuggets that contained RPP and CAP pow-
ders (Ali et al., 2020; Alizadeh-Sani et al., 2020; Nawaz
and Shafique, 2022; Pérez-Alvarez et al., 2019). A sig-
nificant (P < 0.05) decline in fat content was observed
in beef burgers prepared by the addition of CMRP, RPP,

The efficacy of polyphenol-rich plant extracts as natural antioxidants

and CAP compared to the control sample. This decrease
in fat content may be due to the comparatively lower
fat content of these powders than beef. Similar find-
ings were reported by Ali et al. (2020) and Nawaz and
Shafique (2022), who reported a decrease in the fat con-
tent of psyllium husk-added patties and attributed it to
the fat-replacing and fat-substitution properties of solu-
ble dietary fiber. This is in conjugation with the studies
by Ali et al. (2020) and Pérez-Chabela and Hernandez-
Alcéntara (2018), who observed a decrease in the fat con-
tent of sheep meat nuggets incorporated with RPP and
CAP powder. Additionally, Majumder and Annegowda
(2021) and Zinina et al. (2019) observed a decrease in the
fat content in chicken nuggets with the addition of RPP
and CAP powder. On the other hand, the protein con-
tent of the beef burgers prepared decreased significantly
(P < 0.05) at all levels of incorporation of RPP and CMRP
compared to the control sample. This may be attributed
to the dilution effect caused by the incorporation of
these powders, which is particularly low in protein con-
tent in comparison to the control. Similar findings were
reported by Ganji et al. (2019), Lyu et al. (2020), Mallek-
Ayadi et al. (2017), Msaddak et al. (2015) and Palmeri
et al. (2018). They reported a decrease in the protein con-
tent of chicken nuggets containing RPP, CAP, and CMRP.
Additionally, these results were in agreement with that
of the findings by Chappalwar et al. (2020) and Sharma
and Yadav (2020), who demonstrated a decrease in the
protein content of chicken patties incorporated with
pomegranate by-products powder and mango peel pow-
der. The protein content incorporated with CAP, how-
ever, showed a nonsignificant (P > 0.05) increase with an
increasing level of incorporation in comparison to the
control, which might be attributed to the high protein
content of CAP as shown in Table 1 compared to other
powders. These results agree with the study findings of
Lyu et al. (2020) and Verma et al. (2010), who reported
a slight increase in the protein content of low-fat pork
sausages and bologna sausages prepared with cider apple
powder and lemon albedo. The ash percentage increased
with the addition of RPP compared to CMRP and CAP. It
was significantly (P < 0.05) higher at the 4 and 5% levels
of incorporation with CAP in comparison to the control.
This may be attributed to the higher mineral or ash con-
tent of these powders compared to beef meat. A signif-
icant increase (P < 0.05) was observed in fiber content
in beef burgers with increased levels of incorporation of
CMRP, RPP, as well as cider apple powder, which may be
attributed to the higher fiber content in these powders
as shown in Table 1. The increasing fiber content could
constitute an additional nutritional benefit for consumers
and permits the reduction of the rate of meat incorpo-
ration. The high level of fiber in the diet can be useful in
decreasing the cholesterol level in humans. The studies
by Bender (2009) and Farrell (1998) also reported simi-
lar findings in French sausages, corned beef, chicken loaf,
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Table 3. Proximate chemical composition of prepared beef burgers treated with various levels of Cucumis melo rind powder, Red prickly

pear, and Cider apple pomace during frozen storage at —18 * 2°C.

Beef burger samples Moisture Fat content Protein content  Fiber content Ash content Carbohydrate content
(%) (%) (%) (%) (%) (%)
Control 61.25 £ 0.36° 22.39£0.952 56.93£0.71° 1.89 £ 0.14" 3.83+0.15¢ 20.46 £ 0.28°
CMRP-2% 60.71 £ 0.20° 20.88 + 0.15¢ 56.62 + 0.15° 291+0.21° 5.75 + 0.55° 19.34 £ 0.14¢
CMRP-3% 59.77 + 0.22° 18.79 £ 0.15° 56.34 £ 0.10¢ 31 £0B1° 5.97 £ 0.60¢ 18.81 £ 0.09°
CMRP-4% 58.53 £ 0.30° 20.75 £ 0.05° 55.99 £ 0.36° 5.42 £ 0.90° 6.22 + 0.60° 17.23 £ 0.48
RPP-1% 60.99 +0.312  20.84 £ 0.10% 56.52 + 0.20% 2.3110.70¢ 4.82+0.25 20.89+0.172
RPP-2% 59.98 + 0.15° 20.75 £ 0.50° 56.36 + 0.11¢ 2.81+0.20° 5.72 £ 0.80° 19.81 £ 0.15¢
RPP-3% 59.14 + 0.51¢ 20.62 + 0.301 55.97 £ 0.60° 2.77+0.70° 6.27 £ 0.40% 19.61 £ 0.41«
CAP-2% 59.98 £ 0.15° 20.98 £ 0.11° 56.98 + 0.80° 5.22+0.11¢ 6.36 + 0.35 15.89 + 0.259
CAP-4% 58.91 £ 0.57¢ 20.97 £ 0.25° 57.12 £ 0.90%® 6.77 £ 0.77° 6.48 £ 0.35° 14.11 £ 0.45"
CAP-5% 58.15 £ 0.501 2113+ 0.58° 57.25 £ 0.402 7.62 £ 0.89° 6.52 +0.75° 12.89 £ 0.111

CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear.

Control sample: beef burgers prepared without addition.

Means with a different letters in the same row indicate significant differences between the raw powders (P < 0.05).

mortadella, and different meat products incorporated
with cider apple peel.

Changes of TPC of beef burger prepared during
frozen storage

The total phenolic compound levels (TPC) in the con-
trol formula and treated beef burger samples are listed in
Table 4. Results showed that the addition of CMRP (2, 3, and
4%), RPP (1, 2, and 3%), and CAP (2, 4, and 5%) significantly
increased (P < 0.05) the TPC values in beef burger mixtures.
The control formula contained 50.18 mg/100 g of meat sam-
ple. The samples treated with these powders had higher
TPC levels ranging between 152.16 + 0.60 and 16229 *
0.60 mg/100 g of meat sample. The TPC was highest in sam-
ples treated with RPP (3.92 + 0.19, 122.24 + 0.66, and 162.29
+ 0.60 mg/100 g), followed by those treated with CMRP
(92.32 £ 0.35, 122.73 + 0.95, and 152.16 + 0.60 mg/100 g.
The samples treated with CAP had the lowest TPC values
(62.86 + 0.50, 63.85 + 0.47, and 92.17 + 0.89 mg/100 g).

This may be attributed to the higher levels of TPC in
RPP and CMRP compared to CAP, as shown in Table 1.
Moreover, the levels of TPC were proportional to the
additional levels of RPP rind, CMRP, and CAP in beef
burgers. For instance, the additional level of TPC in 2%
CMRP was 92.32 + 0.35 mg/100 g, which increased grad-
ually to the highest level with 4% CMRP (152.16 + 0.60
mg/100 g). The beef burger mixture containing 3% RPP
(162.29 + 0.60) had higher level of TPC at 4% concentra-
tion. The additional level of TPC in 3% RPP was 162.29 +
0.60 mg/100 g. From Table 1, it could be observed that
TPC increased in all samples at the time of frozen storage,
but decreased in low-rate compounds with the control

sample from 50.18 + 0.55 to 23.29 + 0.35mg/100 g at the
end of the storage period. The samples treated with 3%
RPP decreased from 162.29 + 0.60to 89.57 + 0.53 mg/100
g at the end of the storage period. These results are con-
sistent with that reported for cookies fortified with RPP
and CMRP compared to CAP powder (Gomez-Garcia
et al., 2020; Lyu et al., 2020; Mahloko et al., 2019; Parafati
et al., 2020).

The data presented in Table 5 shows the changes in the
antioxidant activity of beef burgers during the 6 months
of frozen storage. These results revealed that when com-
pared to the control sample, all treatments showed a sig-
nificant increase in antioxidant activity (DPPH).

The antioxidant activity increased proportionately due
to the gradient increase in the proportions of all addi-
tional powders. High levels of antioxidant activity were
observed in RPP and CMRP (80.90 + 0.25). These results
were related to the composition of the raw powders with
high levels of antioxidant activity, as shown in Table 1.
On the other hand, 2% CAP exhibited lower antioxi-
dant activities (29.62 + 0.65). The TPC and antioxidant
activity gradually decreased in all treatments, with the
lowest levels observed at 6 months. The decrease in
TPC may be attributed to the decomposition of pheno-
lic compounds during the storage time. However, some
treatments still had a high level of antioxidant activity at
6 months, such as RPP 3% (44.37 + 0.55). These values
of antioxidant scavenging activities indicate that CMRP,
RPP, and CAP could effectively retard the oxidative pro-
cess in beef products. The antioxidant properties of phe-
nolic compounds were well documented, and there was
a significant relationship between phenolic content and
antioxidant activity. Thus, the high level of antioxidant
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Table 4.
frozen storage at -18 * 2°C for 6 months.

The efficacy of polyphenol-rich plant extracts as natural antioxidants

Impact of some agriculture waste as natural antioxidants on phenolic components changes on prepared beef burgers during

Beef burger Frozen storage period (months)

samples 0 1 2 3 4 5 6
Control 50.18 + 0.55" 49.35 £ 0.96" 46.69 + 0.75 41.41£0.66' 34.84+061  2940+0.35"  2329+0.35
CMRP2% 92.32 £ 0.35° 76.42 + 0.94 69.56 + 0.10" 68.48+0.35°  59.37+0.68°  54.74+061°  46.69+0.42°
CMRP3% 122.73 £ 0.95° 94.74 £0.78° 85.91 £ 0.68" 79.72 £ 0.65° 75.25+£0.68°  68.67 +0.44°  63.56 £ 0.44°
CMRP4% 162.16 £0.60°  106.12  0.897° 95.65 £ 0.61° 9229£0.35°  77.64:£035°  7184+065°  67.87%0.35°
RPP1% 93.92£0.19° 65.73 £ 0.61' 63.43 £ 0.94¢ 60.82 £ 0.51° 49.19£0.67"  43.97+091"  41.89£0.57"
RPP2% 122.24 +0.66° 9432+ 0.71° 94.07 £ 0.30° 85.08£0.68°  69.14£0.75°  6329+0.61%°  60.84 £0.61°
RPP3% 162.29 + 0.60° 130020872 120.94+030*°  114.33£0.86°  99.90+£0.51°  91.87+0422  89.57 +0.53
CAP2% 62.86 £ 0.50¢ 62.01£0.71° 60.79 + 0.61! 57.18 +0.60"  47.08+0.38"  40.39+0.30°  31.73+0.29
CAP4% 63.85 + 0.47" 62.37 £ 0.30° 61.26 £ 0.51" 57.49+035"  46.80+0.60" 41.30+0.61°  34.78+0.26"
CAP5% 92.17 £ 0.89° 72.75 £ 0.41° 70.64 £ 0.53° 63.87 £+0.53"  48.10+0.89°  44.36+0.61  39.05+0.299

CAR, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear.
Control sample: beef burgers prepared without addition.
Means with different letters in the same row indicate significant differences between the raw powders (P < 0.05).

Table 5.
storage at -18 * 2°C for 6 months.

Beef burger samples

Frozen storage period (months)

Impact of some agriculture waste as natural antioxidants on antioxidant activity (DOPPH %) on prepared beef burgers during frozen

0 1 2 3 4 5 6
Control 2582+0.15  21.39+0.96° 1848+0.12° 1821+0.35  17.27£0.96" 15.85+0.25"  14.83+0.15"
CMRP2% 3231£060° 26.31+0.55° 24.13+0.55° 2290+0.14° 21.98+0.35¢ 20.56+0.55°  19.54 +0.55°
CMRP3% 35.13£0.18°  30.16£0.59° 26.33+0.55¢ 2534+0.55° 23.73+0.35° 2260+0.51%  22.20 £ 0.25¢
CMRP4% 39.11£065  30.95+£0.30° 27.28+0.14° 2583+0.25° 2470+0.25° 23.90+0.15°  23.00 % 0.15°
RPP1% 48.34+0.69° 30.56+0.35° 29.67+£0.28° 25.68+0.48  2412+0094° 23.39+0.65° 22.83+0.55°
RPP2% 57.80£0.55°  40.01+0.15° 39.74+0.89%° 37.86+0.14° 32.63+0.68° 31.84+0.11°  30.99%0.17°
RPP3% 80.90+0.25%  56.45+0.50° 54.34+0.61° 5262055  45.56+0.55% 44.66+0.35° 4437 £0.55°
CAP2% 29.62+£065" 2462+0.11 2187055  2144+037° 20.16+0.11°  19.03+0.11¢  18.06 £ 0.25°
CAP4% 30.53+£025°  26.03+0.17¢  21.51+0.18" 21.20+0.18° 20.39+0.55°  19.65+0.17°  18.91+0.25
CAP5% 3154+£094" 2853+0.55¢ 26.86+045° 2242+045 2027 +£0.34°  19.82£0.34"  19.54 +0.55°

CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear.
Control sample: beef burgers prepared without addition.
Means with different letters in the same row indicate significant differences between the raw powders (P < 0.05).

activity in beef burgers containing CMRP, RPP, and
CAP powders was attributed to the high levels of phe-
nolic compounds in these powders. The present results
were consistent with those reported by Ali et al. (2022),
Dilmagiinal and Kuleasan (2018), Ibrahim and El-Masry
(2016), Lopez-Fernandez et al. (2022), Mallek-Ayadi et al.
(2017), Parafati et al. (2019, 2021) and Pollini et al. (2022).

Changes of lipid oxidation in beef burger samples
As indicators of the oxidation of the lipid content of meat

products, the TBA (mg of malonaldehyde/kg sample) and
TVN values are shown in Tables 6 and 7, respectively.

The positive effect of the addition of CMRP, RPP, and
CAP as natural antioxidants was observed with signifi-
cant variations (P < 0.05) in TBA values of beef burger
samples were prepared with CMRP (2, 3 and 4%), RPP
(1, 2, and 3%), and CAP (2, 4 and 5%) compared with
the control. The lipid oxidation inhibition effect was the
highest in the case of RPP and CMRP, especially at con-
centrations 3 and 4% at all storage times.

The TBA values significantly (P < 0.05) increased in the
control sample as the time of storage period increased.
On the other hand, the increase in TBA values in treated
samples was slow and remained lower than that of the
control sample until end of the storage period. Several
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Table 6. Impact of some agricultural waste as natural antioxidants on thiobarbituric acid values (mg MDA/kg meat) on prepared beef burgers
during frozen storage at =18 * 2°C for 6 months.

Beef burger samples Frozen storage period (months)

0 1 2 3 4 5 6
Control 0208+0.18* 0474+027¢  0.666+0.29%° 0.857+0.25° 0.994+033" 1.012+£0.11°  1.854+£0.35°
CMRP2% 0.168+0.14> 0.342+0.33¢  0428+0.41¢ 0556+0.21° 0.701+£0.15¢ 0.837+0.45¢  0.975+0.25¢
CMRP3% 0.121£0.14° 0295+ 0.58%  0.385+0.24¢ 0510+0.29" 0.677+0.18° 0.779+0.25¢  0.868 + 0.14°
CMRP4% 0.105+0.14¢  0.276  0.51f 0.346+0.64"  0467+0.259 0.537+0.18" 0.654+0.25  0.747 +0.13¢
RPP1% 0.148+£0.14° 0.307+0.21°  0432+£0.53% 0.537+0.18° 0.546+0.18° 0.720+0.14"  0.759 + 0.53
RPP2% 0.125+0.18  0.256+0.87°  0.393+043® 0.506+0.25" 0.580+0.11"  0.627£0.21"  0.742 £ 0.219
RPP3% 0.074£0.14"  0357+027¢ 0.373+0.58° 0439+0.21" 0.537+0.18" 0.564+0.24"  0.662 £ 0.33"
CAP2% 0.207£0.14¢  0.365 + 0.88° 0.463+021° 0744+029° 0.849+0.18° 0.995+0.28  1.157 +0.32°
CAP4% 0.179£0.18>  0.346+0.54%  0.482+0.28 0.712+0.14¢ 0.775£0.11° 0.883+0.25° 0.913+0.25°
CAP5% 0.168+0.14>  0404+025°  0545+0.25° 0.810+0.18° 0.771£0.13° 0.880+0.18  0.985+0.19°

Cucumis melo Rind Powder (CMRP); Red prickly pear (RPP); Cider apple pomace (CAP).
CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear.

Control sample: beef burgers prepared without addition.

Means with different letters in the same row indicate significant differences between the raw powders (P < 0.05).

Table 7.
storage at =18 + 2°C for 6 months.

Beef burger

Impact of some agriculture waste as natural antioxidants on the total volatile nitrogen on prepared beef burgers during frozen

Frozen storage period (months)

samples 0 1 2

3 4 5 6
Control 8.75£0.712 14.25 + 0.65° 17.59 £ 0.142 18.29 £ 0.28° 18.29 £ 0.22° 2220 £0.272 2429 £ 0.42°
CMRP-2% 8.95 £ 0.14% 12.29 £ 0.15% 14.25 + 0.42¢ 16.06 £ 0.20% 18.99 + 0.14° 20.10 £ 0.14¢ 20.52 £ 0.28%
CMRP-3% 8.8110.14% 12.16 £ 0.45% 13.69 + 0.14 15.64 £ 0.14% 17.45 £ 0.27° 18.15 £ 0.42¢ 19.96 + 0.25¢
CMRP-4% 8.25 £ 0.560% 11.60 + 0.56% 12.57 +0.149 15.08 + 0.14¢f 16.75 + 0.42¢ 17.18 £ 0.27¢ 18.15+0.70°
RPP-1% 8.95 +0.14% 12.29 + 0.15% 13.41 £ 0.141 15.64 + 0.14% 17.87 + 0.14 18.57 £ 0.28¢ 19.69 + 0.55¢
RPP-2% 8.25 £ 0.56% 11.60 + 0.56% 12.29+ 0.13% 14.94 £ 0.25° 15.76 + 0.69¢ 17.45+0.15° 18.29 + 0.80°
RPP-3% 7.97 £ 0.56° 11.32 £ 0.56° 12.02 + 0.14 12.99 + 0.56¢ 14.25 + 0.69° 14.67 + 0.45 15.50 + 0.83
CAP-2% 8.92 £0.25° 13.27 £ 0.28° 16.48 + 0.14 17.04 + 0.65° 19.13 £ 0.28° 21.08 £ 0.56° 2220+ 0.27°
CAP-4% 9.37 £ 0.28 12.71 £ 0.28> 15.64 £ 0.14¢ 16.62 £ 0.28 18.99 £ 0.14° 20.10£0.13° 21.36 £ 0.28
CAP-5% 9.09 +0.28° 12.43 £0.75° 14.80 + 0.15¢ 16.34 £ 0.28° 17.59 £ 0.14¢ 18.15+ 0.14¢ 19.69 + 0.50°

CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear.

Control sample: beef burgers prepared without addition.

Means with different letters in the same row indicate significant differences between the raw powders (P < 0.05).

phenolic components in the powder extract may be
attributed to its strong antioxidant ability (Asem et al.,
2020; Nam et al., 2019; Shan et al., 2005). Several inves-
tigations reported that the addition of RPP peel powder
as a natural antioxidant had a positive effect as shown by
the significant differences in the TBA values of prepared
beef sausage samples (Embaby et al., 2016; Manessis et al.,
2020; Nastasi et al., 2022; Noumo et al., 2016; Selim et al.,
2022; Yu et al., 2015). These results could be correlated to
the phenolic compounds in RPP peel powder. Our findings
are in agreement with the previous studies (Ali et al., 2022;

El-Ajnaf, 2009; Embaby et al., 2016; Manessis et al., 2020;
Massini et al., 2016), which found that CMRP, CAP,
and RPP peel powders enhanced the storage stability of
chicken patties and meat products, especially at frozen
and refrigerated storage, by reducing the rate of biodeg-
radation, peroxidation, and lipid oxidation expressed
as TBA values of the prepared samples. The changes in
TVN levels are commonly applied as a measure of pro-
tein decomposition by microorganisms and protein
breakdown by tissue proteolytic enzymes during storage.
The data presented in Table 7 suggest that the TVN
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concentration of different beef burger samples increased
gradually and significantly (P < 0.05) during storage.
The results also revealed that the control sample had the
highest TVN content in every period of storage; with
8.75 + 0.71 mg TVN/100 g of sample at the beginning of
the storage period, which increased to 24.35 + 0.42 mg
TVN/100 g of sample after 6 months. The increased TVN
during cold storage of prepared beef burgers might be
attributed to the breakdown of nitrogenous substances by
microbial activity. On the other hand, the corresponding
TVN value for differently prepared beef burger samples
containing different concentrations of RPP, CMRP, and
CAP had lower TVN content at all storage times; the TVN
values of 3% RPP at the initial stage of the storage period
and after 6 months of storage were 7.97 + 0.56 and 15.50
+ 0.83 mg/100 g, respectively. These results indicated the
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The efficacy of polyphenol-rich plant extracts as natural antioxidants

significant (P < 0.05) effects of the addition CMRP, RPP
powder, and CAP on the inhibition of microbial growth,
especially proteolytic microorganisms that cause protein
breakdown, resulting in volatile nitrogen compounds.
These results are in agreement with the study findings
of Awad et al. (2022), Blinstrubiene and Burbulis (2022),
Crook (2003), Ghinea and Leahu (2022), Lyu et al. (2020),
and Tarasevic¢iené et al. (2022). All values of color param-
eters in the CMRP, RPP, and CAP differed significantly
(Figures 1A—c). The RPP was brighter, and its L* value was
higher than that of CAP and CMRP. The main pomace
color difference was observed in the a* and b* coordinate
values. The RPP was more red in color than the CAP and
CMRP, and the a* values were 32.67, 10.24, and 8.33 NBS
units, respectively. The b* values were 12.93, 17.68, and
21.52 NBS units (Figure 2A-2C).

CMRP (%)

RPP (%)

a*=2.458.7084-15.9044*x—108.148*y—0.3589*x*x+0.8017*x*y+1.2541*y*y
3D surface plot of
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Figure 2.

(A, B, and C): Impact of some agriculture waste as natural antioxidants on color characteristics: L* coordinate values

(a), a* (b), and b* (c) during frozen storage at -18 + 2°C for 6 months.
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Microbial load

The data in Table 8 indicated that the microbial load,
that is, the coliform group bacteria, total bacterial count
(TBC), and mold and yeast count (log cfu/g) were sig-
nificantly decreased (P < 0.05) for beef burger samples
prepared with CMRP (2, 3, and 4%), RPP (1, 2, and 3%),
and CAP (2, 4, and 5%) compared to the control sample
during storage at —18°C for 6 months.

The degradation of proteins and fats during storage pro-
duce more amino acids and fatty acids, which are ideal
for the growth of microorganisms that may have contrib-
uted to the increase in the TBC after 6 months of storage.
The results showed that compared to the control sample
at zero time, after 6 months of storage, the ratio of addi-
tion of CMRP, RPP, and CAP lowered the TBC in the
burger samples when compared to the control (Table 8).
The TBC was generally lower than the allowable limit,
which is logl0” cfu/g for frozen meat products, after
6 months of storage. At zero time and 6 months follow-
ing storage, the coliforms were not found in all samples
of beef burgers. This could be due to the destruction of
the coliform bacteria during storage at low temperatures.
Similar results were obtained by Al-Bulushi et al. (2005)
and Larney et al. (2003). Additionally, yeasts and molds
were not detected at zero time in any beef burger treat-
ments. It was also noted that an increase in the ratio of
CMRP (2, 3, and 4%), RPP 91, 2, and 3%), and CAP (2, 4,
and 5%) contributed to a decrease in the yeast and mold
counts compared to the control sample after 6 months
of storage. This might be due to the rich sources of phe-
nolic and flavonoid compounds in CMRP, RPP, and CAP,
which also have antimicrobial effects.

Sensory evaluation

Figure 3 shows the sensorial evaluation of the beef burger
samples stored at —18°C for 6 months with CMRP (2, 3,
and 4%), RPP 91, 2, and 3%), and CAP (2, 4, and 5%) in
comparison to the control sample.

No significant differences (P > 0:05) were observed in the
color score between the control and beef burger samples
containing CMRP, RPP, and CAP powder. The taste score
of beef burger samples with 4% CMRP, 3% RPP, and 5%
CAP was significantly decreased (P < 0:05). This might be
due to the taste’s association with the peel’s high pheno-
lic component content, which provided the beef burger
samples a slightly acidic and bitter taste (Bassam et al.,
2022; Kaderides et al., 2021; Patinho et al., 2019). When
compared to the control sample, the odor and overall
acceptability scores of 4% CMRP, 3% RPP, and 5% CAP
were significantly higher (P < 0:05). Additionally, there
was a difference in texture evaluations between the

control and samples containing CMRP (2, 3, and 4%),
RPP (1, 2, and 3%), and CAP 2, 4, and 5%) that was sta-
tistically significant (P < 0:05). Most sensory properties
of the treatments were negatively influenced by the fro-
zen storage (Muela et al., 2012). After 6 months of frozen
storage, it was shown that the sample containing 4%
CMRP, 3% RPP, and 5% CAP had significantly lower (P <
0:05) texture and overall acceptability evaluations.

According to Muela et al. (2012) and Sharma et al.
(2016), there were no statistically significant differences
(P > 0:05) in color, appearance, texture, and purchase
intention between the control sample and the burgers
containing pumpkin peel flour (1, 2, 3, and 4%), but the
burgers samples containing 1 and 2% concentrations of
pumpkin peel flour were widely accepted than the sam-
ples containing 4% concentration. This could be due to
the presence of phenols, compounds similar to tannins
found in the peels of fruits and vegetables, which contrib-
ute to the astringent flavor.

The incorporation of fruit and vegetable peel powders
into meat products offers a sustainable and health-
conscious alternative to synthetic preservatives. These
natural additives are valued for their ability to enhance
oxidative stability, inhibit microbial growth, and improve
shelf life. However, several practical limitations must be
addressed prior to their widespread commercial adop-
tion, most notably their impact on sensory attributes,
ingredient consistency, and consumer acceptance. One
significant limitation of peel-enriched meat products
is their effect on organoleptic properties, especially at
higher inclusion levels. Although peel powders are rich
in polyphenols and flavonoids with proven antioxidant
and antimicrobial activities, they may also impart bitter,
astringent, or earthy flavors that can be off-putting to
consumers. Changes in color and texture, such as darker
appearance or increased firmness, were also observed in
our experimental groups, particularly with high levels of
pomegranate, carrot—mint, and cantaloupe peel pow-
ders. These sensory modifications, while minor, could
affect consumer preferences and product marketability
(Amaral et al., 2023; Fidan et al., 2022).

Additionally, the high fiber content of these peel pow-
ders can influence the water-holding capacity and cook-
ing properties of meat. This often results in increased
cooking loss or reduced juiciness, which may negatively
impact mouthfeel. Although fiber may improve product
binding and yield, its excessive inclusion can lead to a
tough or rubbery texture, which may not be suitable for
all meat formulations (Guldiken et al., 2021). Another
practical challenge lies in the natural variability of bio-
active compounds in peels. The phytochemical com-
position of these materials can vary significantly based
on plant species, cultivar, growing conditions, ripeness
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Table 8. Changes in the microbiological quality of raw and cooked beef burgers supplemented with Cucumis melo rind powder, Red
prickly pear powder, and Cider apple pomace powder during frozen storage at -18 * 2°C for 6 months.

Treatments Burger samples Storage time Total bacterial count Yeast and mold count Total coliform
(months) (log cfulg) (log cfulg) (log cfulg)
Control Raw 0 2:55 £ 0.25° NF NF*
6 488 £0.212A 311+0.214 NF
Cooked 0 0.48 £0.11%A NF NF
6 1.04 £0.10% 1.41+£0.1104 NF
CMRP-2% Raw 0 1.55+0.13% NF NF
6 4.33+0.18%® 2.45+0.188 NF
Cooked 0 0.3310.16% NF NF
6 1.41+0.198 0.82 £0.218 NF
CMRP-3% Raw 0 1.97 £0.18%8 NF NF
6 4.11+0.212¢ 2.28+0.16° NF
Cooked 0 0.33+0.128 NF NF
6 1.04 £0.028 0.45 + 0.49° NF
CMRP-4% Raw 0 1.67 +0.11%8C NF
6 2.99 £ 0:1120 2.25+0.15¢ NF
Cooked 0 0.51+0.18%® NF
6 0.88 £ 0.20¢ 0.25  0.52F NF
RPP-1% Raw 0 1.66 £ 0.21°¢ NF
6 2.48 £ 0.18% 0.00 £ 0.00¢ NF
Cooked 0 0.53 £ 0.55%5¢ NF
6 0.81 £ 0.392¢® 0.00 £ 0.007 NF
RPP-2% Raw 0 1.69 + 0.2126C NF
6 1.61 £ 0.215 0.24 £ 0.218 NF
Cooked 0 0.48 £ 0.45°6¢ NF
6 0.81 £ 0.25%¢P 0.59 £ 0.87¢ NF
RPP-3% Raw 0 1.59 £ 0.11¢ NF
6 1.01+0.75° 221+0.12¢ NF
Cooked 0 0.39 £ 0.100ECP NF
6 0.61 + 0.852PF 0.29 £ 0.37¢ NF
CAP-2% Raw 0 1.34 £ 0.16%° NF
6 1.05 £ 0.19°¢ 1.69 + 0:11° NF
Cooked 0 0.34 £ 0.29°CP NF
6 0.57 £ 0.852F 0.28 +0.71F NF
CAP-4% Raw 0 1.39 £ 0.15® NF
6 1.01+0.10°¢ 1.59 £0.11° NF
Cooked 0 0.34 £ 0.21°0 NF
6 0.53 £ 0.88%¢ 0.00 + 0.007 NF
CAP-5% Raw 0 1.39 £ 0.12%° NF
6 1.01£0.11%¢ 1.58 + 0.09° NF
Cooked 0 0.35 % 0.29%° NF
6 0.52 + 0.88:¢ 0.00 £ 0.007 NF

Duncan’s multiple tests (P < 0.05) show that means values (+SD) followed by different small letters in the same row and capital letter in the same
column are significantly different (effect of storage time and effect of treatments, respectively).
CAP, Cider apple pomace; CMRP, Cucumis melo rind powder; RPP, Red prickly pear; *NF, not found.
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Figure 3. Changes in the sensory descriptive analysis of raw and cooked beef burgers supplemented with Cucumis melo rind
powder, red prickly pear powder, and cider apple pomace powder during frozen storage at -18 * 2°C for 6 months.

at harvest, and postharvest processing methods. Such
inconsistencies can lead to variability in antioxidant
potency, antimicrobial effectiveness, and even flavor
profile, posing challenges for formulation standardiza-
tion and regulatory compliance (Abdelrahman et al.,
2023; Camara et al., 2020). While these natural additives
show promising functional benefits, they are unlikely to
replace synthetic preservatives in all applications com-
pletely. Synthetic agents such as sodium nitrite or BHA
are highly stable, tightly regulated, and known for their
neutral impact on taste and color. In contrast, peel pow-
ders may require higher dosages to achieve comparable
preservative effects, which could in turn intensify sen-
sory side effects (El-Sayed et al., 2024).

Regulatory frameworks can also limit the use of such
“upcycled” ingredients, especially in regions where
fruit peel extracts are considered novel food additives.
Furthermore, the perception of peels as waste-derived
materials may deter consumers unless educational efforts
and transparent labeling are implemented to highlight
their safety, sustainability, and added value (Rafiq et al.,
2021). Finally, consumer acceptability studies are essen-
tial. Although consumers are increasingly drawn to
natural labels, actual purchasing decisions are heavily
influenced by taste, texture, and appearance. Controlled
sensory evaluations and consumer testing are required
to identify optimal inclusion levels and to develop for-
mulations that balance functional benefits with desirable
sensory outcomes (Jridi et al., 2022; Zhang et al., 2021).
In conclusion, while peel-enriched meat systems offer
compelling advantages, addressing limitations related
to sensory quality, ingredient variability, and market
perception is essential. Future research should focus on
refining extraction techniques, optimizing dose-response
relationships, and ensuring consistent quality to facilitate

the successful commercialization of these natural addi-
tives in the meat industry.

Comparison between plant-based and synthetic
preservatives in the meat industry

Preservatives play a critical role in maintaining the
microbiological and oxidative stability of meat prod-
ucts, thereby extending shelf life and ensuring safety.
Traditionally, synthetic preservatives such as BHA, BHT,
sodium nitrite, sorbic acid, and propyl gallate have been
widely used due to their proven effectiveness, economic
feasibility, and stability under processing conditions.
However, growing consumer awareness of potential
health risks and the demand for “clean-label” foods have
intensified interest in natural, plant-derived alterna-
tives, particularly those sourced from fruit and vegetable
by-products, herbs, and spices (Ganesan et al., 2021; Jridi
etal., 2022).

Synthetic antioxidants such as BHA and BHT are pheno-
lic and function primarily by donating hydrogen atoms to
stabilize free radicals, thus preventing lipid peroxidation
in meat systems. Despite their effectiveness at low con-
centrations and thermal stability, long-term consump-
tion of these additives has been linked to potential toxic
effects, including hepatotoxicity and possible carcino-
genicity (Eraslan et al., 2021). Similarly, sodium nitrite
is used extensively in cured meat products to inhibit
the growth of Clostridium botulinum and contribute to
color development. However, nitrites’ potential to form
nitrosamines—recognized carcinogens—under certain
conditions has raised significant food safety concerns
(Koniecko et al., 2023). In contrast, natural plant-based
preservatives, including extracts from pomegranate peel,
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rosemary, grape seed, thyme, clove, and citrus peel, func-
tion through multiple mechanisms such as radical scav-
enging, metal chelation, and microbial inhibition (Fidan
et al., 2022). These bioactives, especially polyphenols
and flavonoids, contribute to meat preservation while
also offering additional health benefits, such as anti-
inflammatory, anticarcinogenic, and immunomodulatory
effects (Abdelrahman et al., 2023; Amaral et al., 2023).
Despite these advantages, natural preservatives present
several challenges. Their effectiveness can vary depend-
ing on plant origin, extraction methods, and storage con-
ditions, leading to batch-to-batch inconsistency (Camara
et al., 2020). Additionally, to match the performance of
synthetic additives, higher doses of natural extracts may
be required, which can impact color, taste, and aroma of
the final product, potentially reducing consumer accept-
ability (Zhang et al., 2021). Moreover, regulatory frame-
works for natural preservatives are often less defined
than for synthetic additives, requiring further evaluation
to determine safe and standardized application levels
(El-Sayed et al., 2024). Nevertheless, the multifunction-
ality of plant-based preservatives, including their anti-
microbial spectrum against spoilage and pathogenic
bacteria, makes them promising candidates for the devel-
opment of functional meat products. Given the current
market trends and regulatory pressure to limit synthetic
additives, hybrid preservation strategies—in which natu-
ral extracts are used to partially or fully replace synthetic
preservatives—may offer a balanced solution that meets
both safety standards and consumer expectations (Jridi
et al., 2022). In summary, while synthetic preservatives
play a vital role in meat preservation due to their predict-
ability and cost efficiency, plant-based alternatives align
with health-conscious trends and provide added func-
tional benefits. The future of meat processing embraces
an integrated approach, combining both types of pre-
servatives to ensure product stability, safety, and market
competitiveness.

Conclusion

C. melo rind powder, RPP, and CAP are economical,
functional, and healthy ingredients for food fortifica-
tion, particularly in animal-origin food products. The
application of different concentrations of these powders
decreased the value of TBA and TVN and increased the
shelf life of meat products. The utilization of CMRP, RPP,
and CAP powders is useful in achieving high-stability
beef burgers during storage without any negative effects
on health or sensory characteristics of the product. The
application of different concentrations of these powders
decreased the values of TBA and TVN and increased the
shelf life of meat products. The results of this study have
implications for enhancing the reuse of wastes, including
CMRP, RPP, and CAP, as well as for improving the fiber

The efficacy of polyphenol-rich plant extracts as natural antioxidants

diet without giving up the health benefits of red meat,
especially for consumers who are not accustomed to eat-
ing meat.
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