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Abstract

This study investigated the proximate chemical composition and
qualitative bioactive profile of dry pomegranate peels and pressed
seed residues (obtained after juice extraction), while evaluating the
antibacterial activity of both their fresh and dry aqueous extracts.
Methodology involved applying standard and modified AOAC
methods on the dry plant parts to determine basic components
(moisture, ash, fiber, fat, protein, and reducing sugars). Aqueous
extraction using distilled water was performed on the dry materials
for chemical screening of nine bioactive groups, and on both fresh
and dry forms for the antibacterial assay against Escherichia coli,
Klebsiella, and Streptococcus species. Results revealed that dry
peels contained 8.00 % = 0.01 moisture, 4.9 % + 0.07 ash, 21.00 %
+ 0.77 fiber, 5.00 % % 0.97 fat 6.14 %, £+ 0.09 protein, and 7.00 % =
0.89 reducing sugars, while dry pressed seed residues contained
14.50 % + 0.75 moisture, 3.60 % =+ 0.25 ash, 37.00 % + 1.02 fiber,
10.00 % + 0.98 fat, 8.76 % = 0.05 protein, and 20.00 % =+ 0.35
reducing sugars. Qualitative screening of the dry parts confirmed
the presence of nine bioactive groups; based on a semi-quantitative
assessment of reaction color intensity, phenols were highest (+++)
in pressed seed residues, followed by peels (++). Notably, the
antibacterial assay demonstrated potent growth inhibition against
most of the tested pathogenic bacterial strains across the evaluated
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extracts. Overall, these positive findings strongly support utilizing
dry pomegranate residues as potent and sustainable natural sources
for functional food and pharmaceutical industries, particularly for
their application as antibacterial agents.

Keywords: Pomegranate residues, pomegranate peels, pressed seed
residues, phenols, Aqueous extract, proximate composition,
antimicrobial, Klebsiella.
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Introduction:

The pomegranate plant (Punica granatum L.), belonging to the
family Punicaceae and now widely classified under Lythraceae,
holds substantial commercial and therapeutic value due to its
exceptionally rich profile of natural phytochemicals. It serves as a
potent source of polyphenols, flavonoids, and anthocyanins, which
contribute to its prominent antioxidant capabilities and
characteristic pigmentation (Todaro et al., 2016). Extensive
literature has verified that various anatomical parts of the
pomegranate house a diverse array of bioactive constituents, notably
hydrolysable tannins and phenolic acids (Viuda-Martos et al., 2012).
Recent pharmacological investigations indicate that these
polyphenolic complex matrices exert neuroprotective effects,
positively influence the blood-brain barrier to enhance cerebral
blood flow (Aleksandrova et al., 2023), modulate gut microbiota
dynamics, and suppress systemic inflammation and oxidative stress
(Panchal et al., 2022). Furthermore, agro-industrial byproducts of
pomegranate processing, such as peels and pressed seed residues,
are increasingly recognized for their capacity to suppress critical
enteric pathogens, including Salmonella and Escherichia coli,
mitigating environmental waste while serving as natural
antimicrobials (Gullon et al., 2016).
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Despite the abundance of literature characterizing the generic
attributes of Punica granatum, a distinct knowledge gap persists
regarding the utilization of pressed seed residues (obtained as a
byproduct after juice extraction) in comparison to peels. Crucially,
prior studies have predominantly focused on organic or single-state
extracts, leaving a scarcity of comparative baseline data regarding
the differential antimicrobial performance of purely aqueous
extracts utilized in their fresh versus dehydrated (dry) states. The
stability and retention of complex active groups following drying
processes remain poorly understood, particularly concerning their
targeted efficacy against opportunistic Gram-negative pathogens
like Klebsiella species.

To address this empirical gap, the present study establishes a
comprehensive chemical and biological baseline profile for regional
pomegranate residues. The primary objective is to execute a
rigorous proximate chemical characterization of dry pomegranate
peels and pressed seed residues utilizing validated standard and
modified AOAC protocols, combined with a broad qualitative
phytochemical screening of nine major bioactive families.
Concurrently, this work explicitly compares the qualitative
antibacterial potency of both fresh and dry aqueous extracts against
key pathogenic strains (Escherichia coli, Klebsiella species, and
Streptococcus species) utilizing a direct microbial inhibition assay
based on visual turbidity monitoring. This integrated approach not
only provides necessary reference data but also evaluates the
functional feasibility of incorporating green, water-extracted
pomegranate residues into circular-economy food systems and eco-
friendly pharmaceutical industries.

Materials and Methods

Sample Collection and Preparation:

Pomegranate (Punica granatum L.) fruits were purchased from
local retail markets in Sabratha, Libya, between September 2025
and May 2026. To ensure a highly representative and accurate data
profile, a total of 65 samples were collected and analyzed. The fruits
were thoroughly washed with distilled water, and the peels were
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manually separated from the pressed residues. The arils were then
mechanically pressed to extract the juice completely, and the
resulting pressed seed residues (juice-free pomace) were collected.
Both tissues (peels and pressed seed residues) were then oven-dried
at 40 °C and finely ground into a powder. To eliminate individual
variability among the fruits, a single homogeneous pooled sample
was prepared by thoroughly mixing equal amounts of powder from
all processed fruits. From this grand pooled batch, independent
representative samples were drawn for analysis. To ensure data
accuracy and reproducibility, all chemical analyses, phytochemical
screenings, and antibacterial assays were performed in triplicate (n
=3).

Phytochemical Analysis of Peels and Pressed seed residues:

This section details the screening and detection of active functional
groups for specific bioactive compounds present in the investigated
samples.

Aqueous Extract of Pomegranate Samples (Pressed seed
residues and Peels):

Water was selected as the extraction solvent based on critical
scientific, economic, and ethnomedicinal considerations. Its high
polarity and dielectric constant ensure the efficient dissolution of
hydrophilic compounds abundant in pomegranate residues, such as
tannins and other phenolic compounds. Strategically, utilizing water
aligns with Green Chemistry principles by offering a non-toxic,
sustainable, and cost-effective process that avoids hazardous
organic residues. Crucially, this choice mirrors traditional medicine
and routine domestic applications, where water is universally
employed to prepare remedies. Investigating aqueous extracts
directly validates these empirical folk practices, bridging the gap
between historical ethnomedicinal knowledge and modern
pharmaceutical applications (Ahmed et al., 2026; Sun et al., 2025;
Tamborlin et al., 2020).
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Preparation of Aqueous Extract of Pomegranate Samples
(Pressed seed residues and Peels):

For the qualitative phytochemical screening, aqueous extracts of dry
pomegranate peels and pressed seed residues were prepared through
a controlled maceration process. A 2 g sample of each plant powder
was accurately weighed and transferred into a 100 mL beaker
containing 50 mL of distilled water, establishing a concentration of
4% (w/v). This concentration was systematically chosen to yield a
clear, light-colored filtrate, thereby preventing the intense natural
pigments of the pomegranate matrix from interfering with the visual
colorimetric and precipitation endpoints of the chemical screening
reagents. The mixture was continuously stirred using a magnetic
stirrer for 4 hours at an ambient temperature of 25 °C. Following
extraction, the suspension was subjected to centrifugation (at 2000
rpm for 20 min) to isolate the clear supernatant, which was
subsequently utilized as the stock filtrate for the qualitative
bioactive screening experiments.

Qualitative Screening of Bioactive Compounds:

To evaluate the chemical profile of the obtained aqueous extract, the
following qualitative tests were conducted. These screening
analyses were performed to detect the presence of major secondary
metabolites, including tannins, flavonoids, saponins, and alkaloids,
following standard established protocols. The specific experimental
procedures for each qualitative test are outlined below, and the
corresponding results are comprehensively summarized in Table 1.

Detection of Glycosides: Glycosides were detected using
Benedict's test to screen for reducing sugars following acid
hydrolysis. The formation of a reddish-brown (brick-red) precipitate
after heating in a water bath indicated a positive (Oshah, Z. et al.,
2019).

Detection of Alkaloids: A 1 mL aliquot of Dragendorff's reagent
was added to a test tube containing 5 mL of the aqueous extract. The
appearance of an orange-red precipitate confirmed a positive test
result (Kancherla et al., 2019).
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Detection of Flavonoids: Flavonoids were screened by mixing 2
mL of the aqueous extract with 5 mL of dilute ammonia solution in
a test tube. A yellow coloration was observed in the pressed seed
residues extract, while an orange coloration appeared in the peel
extract. Upon adding a few drops of concentrated sulfuric acid,
resulting in the decolorization of the solution, which indicates a
positive result (Ghamiaa et al., 2023).

Detection of Phenols: To assess the phenolic content, a 3 mL
aliquot of the aqueous extract was transferred into a test tube,
followed by the addition of 2 mL of ferric chloride solution. The
emergence of a bluish-green coloration confirmed a positive
reaction (Ghamiaa et al., 2023).

Detection of Resins: Resins were detected according to the
following procedure: 1g of the pomegranate sample powder was
placed into a test tube with Sml of Ethanol then incubated in a water
bath for 2 minutes. Following this, a few drops of acidified water
were added to the alcoholic extract. The development of a distinct
turbidity in the tube served as evidence of a positive test (Shaikh &
Patil, 2020).

Detection of Terpenoids and Steroids: A 1 mL aliquot of the
aqueous extract was placed in a test tube, to which 2 mL of
chloroform, along with a few drops of acetic acid and sulfuric acid,
were added. The appearance of a purple ring indicated a positive test
for terpenoids, whereas the formation of a blue ring after allowing
the mixture to stand for 12 hours confirmed a positive test for
steroids (Ghamiaa et al., 2023).

Detection of Saponins: A 5 g of powder sample was mixed with 5
mL of distilled water in a test tube and shaken vigorously. The
persistent formation of a stable foam for 6 minutes under cold
conditions indicated a positive result (Oncho et al., 2021).

Detection of Tannins: Tannins were screened by taking a 2 mL
aliquot of the aqueous extract, to which a few drops of lead acetate
were added. The appearance of a white precipitate confirmed a
positive reaction (Baloch et al., 2024).
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Quantitative Determination of Proximate Chemical
Composition:

The basic chemical constituents of the sample were quantitatively
evaluated. The full profile of these primary components is illustrated
in Table 2 and graphically represented in Figure 1.

Estimation of Protein Content:

Total nitrogen and crude protein contents in dried pomegranate peels
(0.2056 g) and pressed seed residues (0.4304 g) were determined
using a modified Kjeldahl digestion method combined with
spectrophotometric quantification. Samples were digested with
concentrated H2SOj in the presence of a catalyst, and subsequently
diluted to a total volume of 100 mL. For the spectrophotometric
analysis, the peel digest was diluted 5X, whereas the pressed seed
residue digest underwent a 50X dilution (achieved by sequential 5.X
and 10X dilutions). Diluted aliquots were reacted with Nessler’s
reagent, and the absorbance was recorded at 420 nm using a
spectrophotometer. Nitrogen concentrations (x, in ppm) were
derived from the absorbance values (y) using the linear regression
equation obtained from an ammonium sulfate standard curve (1-6
ppm) plotted in Figure 2: y = 0.0989x + 0.0107 (R? = 0.9982). The
actual nitrogen concentration was calculated by multiplying the
measured concentration (x) x = (y - 0.0107) / 0.0989) by the
respective dilution factor (DF). The total mass of nitrogen (g) was
computed as follows:

Actual Conc. (mg/L) X Total Volume (L)
1000
Finally, the percentages of nitrogen and crude protein were

quantified sequentially using the following equations (Koch &
McMeekin, 2002): (Koch & McMeekin, 2002).

Mass of N (g) =

Mass of N (g)

Sample Weight (g) X100

%Nitrogen =

% Crude Protein = % Nitrogen X 6.25
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Figure 2. Standard calibration curve of ammonium sulfate for the
determination of total nitrogen content.

Estimation of Crude Lipid Content:

The crude lipid percentage in the pomegranate samples was
determined by the Randall submersion method using n-hexane as
the extraction solvent, following the standard collaborative
protocol. Briefly, the prepared samples were directly immersed into
boiling hexane to initiate rapid lipid extraction. This submersion
technique noticeable decreases the required extraction time while
maintaining high efficiency. After the extraction phase, automated
solvent evaporation and recovery were completed. The final crude

lipid fractions were then calculated as a weight-percentage basis.
(Thiex et al., 2003).

Estimation of Crude Fiber Content:

The fundamental principle for estimating crude fiber content relies
on sequentially removing all non-fibrous organic and inorganic
components, following the standard Weende method. First, the pre-
defatted sample was boiled with a dilute sulfuric acid solution
(1.25% w/v H2S04) for 30 min to hydrolyze sugars and starches,
followed by thorough washing with hot distilled water.
Subsequently, the remaining residue was boiled with a dilute sodium
hydroxide solution (1.25% w/v NaOH) for 30 min to remove
proteins and some hemicellulose fractions, then filtered through a
fine cloth mesh. The isolated residue was dried, weighed, and then
incinerated in a muffle furnace at 550 °C to remove all remaining
9 ISTJ — Volume 39-1 1 - 39 2aadl - Al 5 o glall 440 sal) Alaall
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organic matter. Finally, the crude fiber content was quantified by
calculating the weight loss percentage of the sample post-
incineration (Ghamiaa et al., 2023).

Estimation of Moisture Content:

Moisture content was determined by removing water using a drying
oven at 105 °C until a constant sample weight was achieved. The
difference in weight was then calculated and expressed as a
percentage relative to the initial sample (Oshah et al., 2019).

Estimation of Total Ash Content:

The total ash content was estimated on a dry weight basis by
incinerating the samples in a muffle furnace at 555 °C (Oshah et al.,
2019).

Estimation of Reducing Sugars Content:

The reducing sugar content in the pomegranate extract was
determined spectrophotometrically according to the micro-Benedict
method. Briefly, a 0.5 mL aliquot of the diluted pomegranate extract
(10X dilution) was mixed with 1.0 mL of Benedict's reagent in a test
tube, bringing the total reaction volume to 1.5 mL. The mixture was
heated in a boiling water bath at 100 °C for 5 minutes, followed
immediately by rapid cooling in an ice bath for 5 minutes to
terminate the reaction. Subsequently, the solution was centrifuged
to precipitate cuprous oxide CuxO, and the absorbance of the clear
supernatant was measured at a wavelength of 740 nm using a UV-
Vis spectrophotometer (Hernandez-Lopez et al., 2020).

The concentrations of reducing sugars in the samples were
quantified by substituting the recorded absorbance values into the
linear regression equation derived from the standard calibration
curves. Specifically, the calibration curve plotted in Figure 3 was
utilized for the pressed seed residue extracts, whereas the curve
shown in Figure 4 was applied for the peel extracts:

y=ax+b
Where:

b = The y-intercept of the regression line.
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a = The slope of the regression line.

Caliquot(ppm) = (y - b) /a

C final = Final True Concentration on a Dry Weight Basis

C.. (ﬂ) _ (Caliquot * DF = VL)
final g Wg

Where:
DF = Dilution Factor of the crude extract.
V= Total final volume of the crude aqueous extract in Liters (L).

W = Initial mass of the dry sample powder in grams (g).

mg
1d (% w/ Cinal (7) .
Percentage Yie (G (22
g (% wiw) GOy
0.212x+0.053y =
.62
i 0P

E ' @
c > P
o 0.21 ...........
ﬂ- (1] ID'..
= @
= R2=o~988
3]
| | ! i f 9 11
e
—
8
e
<

Added standard glucose concentration (ppm)

Figure 3. Standard calibration curve of the added glucose solution for the
determination of reducing sugar content in pressed seed residue extracts.

11 ISTJ — Volume 39-1 1 - 39 2aall - A8l 5 o slall 23] gal) Alaall


http://www.doi.org/10.62341/istj-vol39-1-zf47

International Science and Volume 39 1) Ty el Tl Al

mtrraational heimers mad Terlasiags Jemraal

e parcld regspE g 2

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

0.43
)
E 034
S 10.052x+0.0475y = -
<r »*
o~ .:.,:’
= R2 =0.9997 0.24.‘::::::.
% ...... : '..".' .
2 015 it
- o
0.05 o

Added standard glucose concentration (ppm)

Figure4. Standard calibration curve of the added glucose solution for the
determination of reducing sugar content in pomegranate peel extracts.

Data Analysis

All experimental measurements were performed in triplicate (n = 3),
and the obtained data were expressed as the mean + standard
deviation (SD). Characterization profiles and antibacterial activities
of pomegranate peels and pressed seed residues were descriptively
evaluated and compared based on these quantitative values. All
descriptive statistical calculations and data plotting were performed
using Microsoft Excel (version 2010).

Evaluation of the Antibacterial Activity of Pomegranate Extract
Against Selected Pathogenic Bacteria:

Antibacterial Assay and Extract Preparation

Extract Preparation

The antibacterial efficacy of pomegranate aqueous extracts was
evaluated against three pathogenic bacterial strains. For the assay, a
high-concentration crude extract was prepared by dissolving 5 g of
plant powder in 20 mL of distilled water, establishing a
concentration of 25% (w/v), preheated to 30 °C. The mixture was
incubated for 3 h, filtered, and dried. The resulting extract residue
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was accurately weighed and reconstituted to prepare standard
working solutions of varying concentrations, as detailed in Table 3.
This elevated concentration was methodologically necessary to
maximize the density of bioactive compounds, such as phenolic
compounds and tannins, enabling them to breach the physical
barriers of the tested pathogens and ensuring an effective biological
dose on the sterile paper discs.

Table 3. Preparation and concentration profiles of the pomegranate
aqueous extract working solutions used for the antibacterial assay.

Concentration of Dry Concentration of Fresh
Extraction Pomegranate Extract Pomegranate Extract
(mg/ml) (mg/ml)
Pre.ssed seed 38 mg/ml 18 mg/ml
residues
Peels 26 mg/ml 18 mg/ml

The antimicrobial screening was systematically executed against the
following designated pathogenic strains: Escherichia coli, a Gram-
negative, rod-shaped intestinal bacterium utilized as a primary food
and water contamination indicator capable of causing severe
diarrhea and urinary tract infections (Naidoo & Zishiri, 2025);
Klebsiella spp., a Gram-negative, rod-shaped opportunistic
pathogen encapsulated by a thick polysaccharide mucous capsule
responsible for pneumonia and nosocomial infections (Elramli et al.,
2024); and Streptococcus spp., a Gram-positive, chain-forming
spherical bacterium known to cause pharyngitis, skin infections, and
respiratory tract diseases (Thacharod et al., 2024).

Antibacterial Assay:

The antibacterial efficacy of the prepared pomegranate fruit extracts
(fresh peels, dry peels, fresh pressed seed residues, and dry pressed
seed residues) was evaluated using a qualitative direct microbial
inhibition assay based on standardized protocols (Jorgensen, 1997).
Briefly, bacterial suspensions were prepared and adjusted to match
the 0.5 McFarland turbidity standard. Equal aliquots of the bacterial
inocula were introduced into tubes containing the respective extracts
and incubated at 37 °C for 24 h. Following incubation, the presence
13 ISTJ — Volume 39-1 1 - 39 2aadl - Al 5 o glall 440 sal) Alaall
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or absence of macroscopic bacterial proliferation (turbidity) was
visually monitored. The results were qualitatively recorded as
'Growth' or 'No Growth' and comprehensively compiled in Table 4.

Results and Discussion:

The Qualitative Screening of Bioactive Chemical Compounds:

The qualitative analysis of dry pomegranate pressed seed residues
and peel aqueous extracts revealed the presence of nine major
bioactive groups, as detailed in Table 1.

Table 1.The qualitative analysis of dry pomegranate pressed seed
residues and peel aqueous extracts

Screening .
Screening
. . Results
Bioactive Results
No. (Pomegranate
compounds (Pomegranate
pressed seed cels)

residues) P

1 Glycosides ++ +

2 Alkaloids ++ +

3 Resins + +

4 Terpenes + ++

5 Steroids + ++

6 Phenols +++ ++

7 Saponins + +

8 Flavonoids ++ +

9 Tannins + +

(+) Low presence, (++) Moderate presence, (+++) High presence, (-) Absence.

(-) indicates the absence of the bioactive compound in the pomegranate extract.
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The qualitative phytochemical screening profiles compiled in Table
1 demonstrate a clear tissue-specific alignment with established
botanical literature. Notably, the comprehensive detection of
glycosides, resins, terpenes, steroids, phenols, saponins, and
flavonoids strictly mirrors the comparative trends documented by
Campos et al. (2022). However, across all evaluated extraction
solvents (0% to 75% ethanol) and cultivars (Acco, Big Full, and
Wonderful), alkaloids (Alk) yielded a completely negative response
(-) in their screening records, confirming their total absence in their
extracted residues. This negative outcome represents a critical point
of divergence from the current study; interestingly, the successful
recovery and simultaneous presence of alkaloids in both the pressed
seed residues and peels during our screening fully corroborates the
qualitative data reported by Elfalleh et al. (2012) for the 'Gabsi'
cultivar, where alkaloids were explicitly detected in both the pressed
seed residues (+) and peel (++) matrices. These differences in
alkaloid detectability among studies are likely driven by potential
differences in extraction solvent polarities, genetic cultivar
backgrounds, or post-harvest processing efficiency, validating the
superior qualitative sensitivity achieved in the present investigation.

The Quantitative Determination of Primary Components:

The proximate chemical composition of dry pomegranate pressed
seed residues and peels revealed noticeable differences between the
two agro-industrial byproducts. These findings are comprehensively
summarized and compared with previous studies in Table 2, while
the direct comparative profile specifically between the peel powder
and pressed seed residue extracts is illustrated in Figure 1.

Table 2.The proximate chemical composition of dry pomegranate
pressed seed residues and peels

Contents The Present Previous References
Study Studies
Moisture | Pressed | 14.50 % +0.75 14.1-21.6% (Campos et al.,
seed 2022)
residues
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Contents The Present Previous References
Study Studies
Peels 8.00+£0.01 % 8.43-13.80 % (Singh et al.,
2023)
Ash Pressed 3.60 £0.25% 2.56-4.39% | (Campos et al.,
seed 2022)
residues
Peels 4.9£0.07 % 3.35-6.07% (Singh et al.,
2023)
Fiber Pressed 37.00+1.02 % 30-50% (Talekar et al.,
seed 2018)
residues
Peels 21.00+0.77 % 16.6-45.6% (Viuda-Martos
etal., 2012)
Fat Pressed 10.00 £0.98 % 7.9 -16% (Wang et al.,
seed 2024)
residues
Peels 5.00 £ 0.97% 6.63-19.3% (Fadavi et al.,
2006)
Protein Pressed 8.76+ 0.05% 8.719 £0.1% ( Ullah et al.,
seed 2012)
residues
Peels 6.14 £0.09% 4.9 % (Middha et al.,
2013)
Reducing | Pressed | 20.00+0.35 % 13-24 % (Peng et al.,
Sugars seed 2025)
residues
Peels 7.00 + 0.89% 4.34% (Middha et al.
2013)

Values are expressed as the Mean + Standard Deviation (SD) of
triplicate determinations.

The proximate chemical composition of pomegranate pressed seed
residues and peels generally aligns with published literature Table 2.
However, notable discrepancies emerged within the peel matrix;
specifically, crude protein (6.14% + 0.09 compared with 4.9%) and

16 ISTJ — Volume 39-1 1 - 39 2aall - A8l 5 o slall 23] gal) Alaall


http://www.doi.org/10.62341/istj-vol39-1-zf47

International Science and Volume 39 ad) LA el T30 Al ) <
_Technology Journal Part 1 _ﬁ.;,d\ ————— e
TP RACE O ISTA7

Chemical Characterization and Antibacterial Activity of Aqueous

Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

reducing sugars (7.00% + 0.89 compared with 4.34%) were higher than
the benchmarks documented by Middha et al. (2013). These
compositional fluctuations, alongside minor deviations from baseline
studies, are likely driven by distinct biological factors—such as cultivar
traits, pesticide applications, and fruit maturity—and technical laboratory
variables, confirming that the current findings remain highly compatible
with global scientific benchmarks

3
B Seeds
:\; H Peels
% 1% 20%
= 14.5%
S
= 10%
o 8% 4.9% 8.76%
~ ° 5% 4% 7%
I 6% .
Moisture Ash Fiber Fat Protein  Reducing
Sugars

Chemical Components

Figure 1. Presents the percentage of the Proximate Chemical
Compositions Pomegranate fruit pressed seed residues and peels.

Figure 1 illustrates a distinct variation in chemical composition between
the two investigated tissues. Pomegranate pressed seed residues exhibited
noticeably higher levels of crude fiber, reducing sugars, moisture, crude
fat and crude protein compared with the peels. Conversely, pomegranate
peels demonstrated quantitative superiority only in total ash content
relative to the pressed seed residues. This clear divergence reflects their
specific biological functions, where the pressed seed residues prioritize
dense structural, proteinaceous, and lipid reserves for embryo
nourishment, while the peels primarily accumulate essential minerals and
specialized non-proteinaceous compounds to serve as an outer protective
barrier.
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The antibacterial activity of aqueous pomegranate extracts:

Table 4. Qualitative antibacterial effect of pomegranate peel and
pressed seed residue extracts.

Bacterial Fresh Dry peels Fresh Dry pressed
species peels pressed seed seed
residues residues

E. Coli No No Growth No Growth No Growth
Growth

Klebsiella No Growth No Growth No Growth
Growth

Streptococcus No No Growth No Growth No Growth
Growth

As presented in Table 4, the qualitative antibacterial screening
demonstrated absolute efficacy for most pomegranate extracts in
completely inhibiting the proliferation of Escherichia coli and
Streptococcus spp. These findings corroborate the previous results
(Mostafa et al., 2018; Nozohour et al., 2018), which indicated that
pomegranate polyphenols and tannins effectively disrupt the cell
membranes of Gram-negative intestinal rods and Gram-positive
spherical chains. However, a selective resistance was observed in
Klebsiella spp., which exhibited visual growth exclusively when
treated with the dry peel extract. This specific survival supports the
findings documented by Elramli et al. (2024). This resistance
indicates that the structural mucous capsule of Klebsiella species,
combined with processing variables, can physically obstruct
bioactive absorption, resulting in localized survival.

Conclusion:

In conclusion, utilizing pomegranate peels and pressed seed
residues as agro-industrial byproducts represents a highly
sustainable strategy for functional food and pharmaceutical
applications, owing to their valuable chemical profiles and natural
antimicrobial properties. However, a key limitation of this study is
its exclusive reliance on aqueous extraction and the lack of
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quantitative determination of specific bioactive compounds.
Consequently, future research should evaluate different organic
solvent systems and employ advanced chromatographic techniques
to precisely profile and quantify individual active constituents,
thereby fully validating their therapeutic and industrial potential.

References
Ahmed, S., Alsharif, K. F., Aschner, M., Alzahrani, K. J., Akkol,

E. K., Tiirkcanoglu, E. G., & Khan, H. (2026). A deep dive
into herbal extraction: Techniques, trends, and technological
advancements. South African Journal of Botany,188, 9-37.
https://doi.org/10.1016/j.sajb.2025.11.005

Aleksandrova, S., Alexova, R., Dragomanova, S., Kalfin, R.,
Nicoletti, F., Fagone, P., Petralia, M. C., Mangano, K., &
Tancheva, L. (2023). Preventive and therapeutic effects of
Punica granatum L. polyphenols in neurological conditions.
International Journal of Molecular Sciences, 24(3), 1856.
https://doi.org/10.3390/ijms24031856

Baloch, M., Zarlish, Soomro, S., & Ujjan, S. (2024). Phytochemical
analysis of Psidium guajava Leaf Extracts. Indus Journal of
Bioscience Research, 2, 1607-1613.
https://doi.org/10.70749/ijbr.v2i02.353

Campos, L., Seixas, L., Henriques, M. H. F., Peres, A. M., & Veloso,
A. C. A. (2022). Pomegranate peels and seed as a source of
phenolic compounds: Effect of cultivar, by-Product, and
extraction solvent. International Journal of Food Science,
2022(1), 9189575. https://doi.org/10.1155/2022/9189575

Elfalleh, W., Hannachi, H., TIlili, N., Yahia, Y., Nasri, N., &
Ferchichi, A. (2012). Total phenolic contents and antioxidant
activities of pomegranate peel, seed, leaf and flower. Journal
of Medicinal Plants Research, 6(32), 4724-4730.
https://doi.org/https://doi.org/10.5897/JIMPR11.995

Elramli, A., Almoghraby, R., Mohamed, F., Zaghdani, A.,
Asolimany, S., Arfaoui, A., Agouri, S., Gwirif, S. B,

19 ISTJ — Volume 39-1 1 - 39 2=l - A 5 o slall 440 5all Alaall



http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.1016/j.sajb.2025.11.005
https://doi.org/10.3390/ijms24031856
https://doi.org/10.70749/ijbr.v2i02.353
https://doi.org/10.1155/2022/9189575
https://doi.org/https:/doi.org/10.5897/JMPR11.995

International Scienceand Y Olume 39 2nl) Ay D 5 L
Technology Journal Part 1 daal - - “a

Al gl gl Ayl |STJ}\§

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

AlQatrani, A., Tayh, G., & Ouzari, H.-I. (2024). Molecular
characterization of multidrug-resistant Klebsiella pneumoniae
isolated from some hospitals in Benghazi, Libya. AlQalam
Journal of Medical and Applied Sciences, 590-596.
https://doi.org/10.54361/ajmas.247322

Fadavi, A., Barzegar, M., & Hossein Azizi, M. (2006).
Determination of fatty acids and total lipid content in oil seed
of 25 pomegranates varieties grown in Iran. Journal of Food
Composition and Analysis, Biodiversity and Nutrition: A
Common Path, 19(6), 676—680.
https://doi.org/10.1016/j.jfca.2004.09.002

Ghamiaa, A., Oshah, Z., Shak, A. A., & Elhefian, E. A. (2023).
Qualitative and quantitative phytochemical analysis of

Retama raetam (forssk) Leaves. Research Journal of
Chemistry  and  Environment, 27 (10), 67-71.
https://api.semanticscholar.org/CorpusID:263690494

Gullon, B., Pintado, M. E., Pérez-Alvarez, J. A., & Viuda-Martos,
M. (2016). Assessment of polyphenolic profile and
antibacterial activity of pomegranate peel (Punica granatum)
flour obtained from co-product of juice extraction. Food
Control, 59, 94-98.
https://doi.org/10.1016/j.foodcont.2015.05.025

Hernandez-Lopez, A., Dinkova, T., & Avila Alejandre, A. X. (2020).
Quantification of reducing sugars based on the qualitative
technique of Benedict. ACS Omega, 5(50),32403-32410.
https://doi.org/10.1021/acsomega.0c04467

Jorgensen, J. H. (& National Committee for Clinical Laboratory
Standards). (1997). Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically:
Approved standard (4th ed.). NCCLS.

Kancherla, N., Dhakshinamoothi, A., Chitra, K., & Komaram, R. B.
(2019). Preliminary analysis of phytoconstituents and
evaluation of anthelminthic property of Cayratia auriculata

20 ISTJ — Volume 39-1 1 - 39 2aadl - Al 5 o glall 440 sal) Alaall



http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.54361/ajmas.247322
https://doi.org/10.1016/j.jfca.2004.09.002
https://api.semanticscholar.org/CorpusID:263690494
https://doi.org/10.1016/j.foodcont.2015.05.025
https://doi.org/10.1021/acsomega.0c04467

International Science and Volume 39 1) Ty el Tl Al

mtrraational heimers mad Terlasiags Jemraal

ool downal © - Parc 1 s ey 2K

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

(In Vitro). Maedica: A Journal of Clinical Medicine, 14(4),
350-356. https://doi.org/10.26574/maedica.2019.14.4.350

Koch, F. C., & McMeekin, T. L. (1924). A new direct nesslerization
micro-kjeldahl method and a modification of the nessler-folin
reagent for ammonia. Journal of the American Chemical
Society, 46(9), 2066—-2069.
https://doi.org/10.1021/ja01674a013

Middha, S. K., Usha, T., & Pande, V. (2013). A Review on
Antihyperglycemic and Antihepatoprotective Activity of Eco-
Friendly Punica granatum Peel Waste. Evidence-Based
Complementary and Alternative Medicine: eCAM, 2013,
656172. https://doi.org/10.1155/2013/656172

Mostafa, A. A., Al-Askar, A. A., Almaary, K. S., Dawoud, T. M.,
Sholkamy, E. N., & Bakri, M. M. (2018). Antimicrobial
activity of some plant extracts against bacterial strains causing
food poisoning diseases. Saudi Journal of Biological
Sciences, 25(2), 361-366.
https://doi.org/10.1016/].sjbs.2017.02.004

Naidoo, N., & Zishiri, O. T. (2025). Presence, Pathogenicity,
Antibiotic Resistance, and Virulence Factors of Escherichia
coli: A Review. Bacteria, 4(1), 1-16.
https://doi.org/10.3390/bacteria4010016

Nozohour, Y., Golmohammadi, R., Mirnejad, R., & Fartashvand,
M. (2018). Antibacterial activity of pomegranate (Punica
granatum L.) seed and peel alcoholic extracts on
Staphylococcus aureus and Pseudomonas aeruginosa isolated

from health centers. Journal of Applied Biotechnology

Reports, 5 (1), 32-36. https://doi.org/10.29252/jabr.01.01.06
Oncho, D. A., Ejigu, M. C., & Urgessa, O. E. (2021). Phytochemical

constituent and antimicrobial properties of guava extracts of

east Hararghe of Oromia, Ethiopia. Clinical Phytoscience,
7(1), Article 37. https://doi.org/10.1186/s40816-021-00268-2

21 ISTJ — Volume 39-1 1 - 39 22al) - Al 5 & slall A 5al) dlall


http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.26574/maedica.2019.14.4.350
https://doi.org/10.1021/ja01674a013
https://doi.org/10.1155/2013/656172
https://doi.org/10.1016/j.sjbs.2017.02.004
https://doi.org/10.3390/bacteria4010016
https://doi.org/10.29252/jabr.01.01.06
https://doi.org/10.1186/s40816-021-00268-2

International Science and Volume 39 1) Ty el Tl Al

mtrraational heimers mad Terlasiags Jemraal

ool downal © - Parc 1 s ey 2K

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

Oshah, Z., Abo-Hbell, H., Shgoara, A., Salama, S., & Ammar, A.
(2019). Estimation of the percentages of some essential
chemical components in the algae Spyridia filamentosa and
Oscillatoria sp. Al-Motawassit Journal, 16(4), 14-27.

Panchal, S. K., John, O. D., Mathai, M. L., & Brown, L. (2022).
Anthocyanins in chronic diseases: The power of purple.
Nutrients, 14(10), 2161. https://doi.org/10.3390/nu14102161

Peng, H., Paviani, B., Nitin, N., & Barile, D. (2025).
Comprehensive carbohydrate profiling by mass spectrometry

for the valorization of pomegranate side streams. Food
Chemistry, 494, Atrticle 146098.
https://doi.org/10.1016/j.foodchem.2025.146098

Shaikh, J.R, & Patil, M.K. (2020). Qualitative tests for preliminary
phytochemical screening: An overview. International Journal
of Chemical Studies, 8(2), 603—-608.
https://doi.org/10.22271/chemi.2020.v8.i2i.8834

Singh, J., Kaur, H. P., Verma, A., Chahal, A. S., Jajoria, K., Rasane,
P., Kaur, S., Kaur, J., Gunjal, M., Ercisli, S., Choudhary, R.,
Bozhuyuk, M. R., Sakar, E., Karatas, N., & Durul, M. S.
(2023). Pomegranate peel phytochemistry, pharmacological
properties, methods of extraction, and Its application: A
comprehensive review. ACS Omega, 8(39), 35452-35473.
https://doi.org/10.1021/acsomega.3c02586

Sun, S., Yu, Y., Jo, Y., Han, J. H., Xue, Y., Cho, M., Bae, S.-J., Ryu,
D., Park, W., Ha, K.-T., & Zhuang, S. (2025). Impact of
extraction techniques on phytochemical composition and
bioactivity of natural product mixtures. Frontiers in
Pharmacology, 16, Atrticle 1615338.
https://doi.org/10.3389/fphar.2025.1615338

Talekar, S., Patti, A. F., Singh, R., Vijayraghavan, R., & Arora, A.
(2018). From waste to wealth: High recovery of nutraceuticals
from pomegranate seed waste using a green extraction

22 ISTJ — Volume 39-1 1 - 39 22al) - Al 5 & slall A 5al) dlall


http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.3390/nu14102161
https://doi.org/10.1016/j.foodchem.2025.146098
https://doi.org/10.22271/chemi.2020.v8.i2i.8834
https://doi.org/10.1021/acsomega.3c02586
https://doi.org/10.3389/fphar.2025.1615338

International Scienceand Y Olume 39 2nl) Ay D 5 L
Technology Journal Part 1 daal - - “a

Al gl gl Ayl |STJ}\§

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

process. [Industrial Crops and Products, 112, 790-802.
https://doi.org/10.1016/j.indcrop.2017.12.023

Tamborlin, L., Sumere, B. R., de Souza, M. C., Pestana, N. F,,
Aguiar, A. C., Eberlin, M. N., Simabuco, F. M., Rostagno, M.
A., & Luchessi, A. D. (2020). Characterization of
pomegranate peel extracts obtained using different solvents
and their effects on cell cycle and apoptosis in leukemia cells.
Food  Science &  Nutrition, 8(10), 5483-5496.
https://doi.org/10.1002/fsn3.1831

Thacharodi, A., Hassan, S., Vithlani, A., Ahmed, T., Kavish, S.,
Blacknell, N.-M., Algahtani, A., & Pugazhendhi, A. (2024).
The burden of group a Streptococcus (GAS) Infections: The

challenge continues in the twenty-first century. iScience, 28,
Article 111677. https://doi.org/10.1016/].is¢i.2024.111677

Thiex, N. J., Anderson, S., & Gildemeister, B. (2003). Crude fat,
hexanes extraction, in feed, cereal grain, and forage
(Randall/Soxtec/submersion method): Collaborative study.
Journal of AOAC International, 86(5), 899-908.
https://doi.org/10.1093/jaoac/86.5.899

Todaro, A., Cavallaro, R., Malfa, S. L., Continella, A., Gentile, A.,
Fischer, U., Carle, R., & Spagna, G. (2016). Anthocyanin
profile and antioxidant activity of freshly squeezed
pomegranate (Punica granatum L.) juices of Sicilian and
Spanish provenances. ltalian Journal of Food Science, 28(3),
464-479. https://doi.org/10.14674/1120-1770/ijfs.v332

Ullah, N., Ali, J., Khan, F., Khurram, M., Hussain, A., Inayat-ur-
Rahman, Ibne Siddique, Z. ur R., & Shafqatullah. (2012).
Proximate composition, minerals content, antibacterial and

antifungal activity evaluation of pomegranate (Punica
granatum L.) peels powder. Middle-East Journal of Scientific
Research, 11(4), 396-401.
Viuda-Martos, M., Ruiz-Navajas, Y., Martin-Sanchez, A., Sanchez-
Zapata, E., Fernandez-Lopez, J., Sendra, E., Sayas-Barbera,
23 ISTJ — Volume 39-1 1 - 39 2=l - A 5 o slall 440 5all Alaall



http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.1016/j.indcrop.2017.12.023
https://doi.org/10.1002/fsn3.1831
https://doi.org/10.1016/j.isci.2024.111677
https://doi.org/10.1093/jaoac/86.5.899
https://doi.org/10.14674/1120-1770/ijfs.v332

International Science and Volume 39 1) Ty el Tl Al )
_Technology Journal Part 1 daal i <
Gl ) ISTA7

Chemical Characterization and Antibacterial Activity of Aqueous
Extracts from Dried Pomegranate Peels and Pressed Seed Residues
http://www.doi.org/10.62341/istj-vol39-1-zf47

E., Navarro, C., & Pérez-Alvarez, J. A. (2012). Chemical,
physico-chemical and functional properties of pomegranate
(Punica granatum L.) bagasse powder co-product. Journal of
Food Engineering, 2010, 110(2), 220-224.
https://doi.org/10.1016/j.jfoodeng.2011.05.029

Wang, J., Sun, M., Yu, J., Wang, J., & Cui, Q. (2024). Pomegranate
seed: A comprehensive review of traditional uses, chemical
composition, and pharmacological properties. Frontiers in
Pharmacology, 15, Article 1401826.
https://doi.org/10.3389/fphar.2024.1401826

24 ISTJ — Volume 39-1 1 - 39 2aall - A8l 5 o slall 23] gal) Alaall


http://www.doi.org/10.62341/istj-vol39-1-zf47
https://doi.org/10.1016/j.jfoodeng.2011.05.029
https://doi.org/10.3389/fphar.2024.1401826


  𝑴 𝒂 𝒔 𝒔   𝒐 𝒇   𝑵   ( 𝒈 )   =   𝐀 𝐜 𝐭 𝐮 𝐚 𝐥   𝐂 𝐨 𝐧 𝐜 .   ( 𝐦 𝐠 / 𝐋 ) ×   𝐓 𝐨 𝐭 𝐚 𝐥   𝐕 𝐨 𝐥 𝐮 𝐦 𝐞   ( 𝐋 )  𝟏 𝟎 𝟎 𝟎


  % 𝑵 𝒊 𝒕 𝒓 𝒐 𝒈 𝒆 𝒏   =     Mass   of   N   ( g )  Sample   Weight   ( g ) × 100


  %   C r u d e   P r o t e i n   =   %   N i t r o g e n   × 6 . 25  


  𝒚 = 𝒂 𝒙 + 𝒃


    C  a l i q u o t  ( p p m ) =   ( y   −   b )   /   a


    C  f i n a l  (   m g  g ) =    (   C  a l i q u o t ∗   D F   ∗   V L )  W g


  Percentage Yield (% w/w) =    (     C  f i n a l  (   m g  g ) 1000 ) ∗   100

