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The food industry increasingly struggles to achieve product biological safety while avoiding artificial chemical
preservatives that raise significant health concerns among consumers. The purpose of this study was to determine
the optimal concentration threshold of ethanolic clove (Syzygium aromaticum) extract that maximizes bacterial
control in refrigerated bovine milk while successfully preserving its baseline organoleptic attributes. To achieve this,
serial dilutions of ethanolic and aqueous extracts were evaluated via the agar well diffusion method against
Staphylococcus aureus and Escherichia coli, and inoculated milk samples stored at 4+1°C were monitored for Total
Aerobic Count alongside descriptive sensory analysis using a nine-point hedonic scale. The experimental results
demonstrated that the untreated control group exhibited the highest microbial load, reaching 6.29 and
7.17 log CFU/mL on Day 1 and Day 2 of storage, respectively. Conversely, the incorporation of clove extracts
resulted in a significant, concentration-dependent reduction in bacterial profiles (p<0.05). Milk formulated with the
maximum 100 % extract concentration demonstrated the highest antimicrobial efficacy, maintaining the lowest Total
Aerobic Count values at 3.65 and 4.36 log CFU/mL. The agar well diffusion assay further verified that the ethanolic
extract possessed a significantly more potent antibacterial activity compared to the aqueous variant, yielding superior
zones of inhibition of 22 mm against Staphylococcus aureus and 21 mm against Escherichia coli, whereas the
aqueous variant produced moderate zones of 20 mm. Notably, at the lowest 25 % concentration, neither extract
displayed any detectable inhibitory activity. In the sensory evaluation, the inclusion of the ethanolic extract at 25 %,
50 %, and 75 % concentrations caused no statistically significant modifications (p>0.05) in milk aroma, color, or
consistency. However, the 100% concentration level induced a critical organoleptic trade-off, significantly
compromising product flavor (decreasing from 8.6+0.54 to 7.4+0.19) and overall acceptability (decreasing from
8.6+0.54 to 7.4+0.24). In conclusion, the 75 % concentration of ethanolic clove extract represents the mathematically
established optimum for dairy bio-preservation, achieving sufficient bacterial control — reducing the Total Aerobic
Count to 4.42 log CFU/mL on Day 1- without triggering consumer rejection.

Keywords: bovine milk, bio-preservation, clove extract, Total Aerobic Count, antibacterial efficacy, organoleptic
attributes.

ExcrpakT reo3anku (Syzygium aromaticum) sik HaTypajabHHil 0I0KOHCEPBAHT Y MOJIOILI:
AHTUMIKPOOHA Ta OPraHOJIeNTHYHA OLUIHKA
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XapuoBa HPOMHUCIOBICTb Jefaii Oimblle 3MaraeTscs 3a 3abe3medeHHs OionoriqHoi Oe3meKkH NPOIyKTiB,
YHHKalO4¥ BHKOPHCTAHHS INTYYHHX XiMIYHHX KOHCEPBAHTIB, SIKi BHK/IMKAIOTh CEPiO3HE 3aHCIOKOEHHS IIOIO0
30pOB’ CHOXHBaduiB. MeToio mi€i podoTH Oyno BH3HAYMTH NOPIr ONTHMANIbHOI KOHIGHTpANii CHHPTOBOTO
eKCTPaKTy TBO3IUKH (Syzygium aromaticum), SKui 3a0e3nedye MaKCUMAIBHIN KOHTPOJIb YHCETBHOCT] OakTepiil B
0XOJIOJPKEHOMY KOPOB’S4OMY MOJIOL Ta YCITIIHE 30epeXeHHs Horo 6a30BHX OPraHOJICITUYHUX MOKa3HUKIB. J{st
JIOCSTHEHHS LIbOTO TIOCIIIOBHI PO3BEACHHS CIMPTOBOTO Ta BOJHOTO €KCTPAKTIB OLIHIOBAIU METOAOM Au(y3ii B
arapi npotu Staphylococcus aureus Ta Escherichia coli, a 3pa3ku iHOKYIbOBAaHOTO MOJOKA, IO 30epiramucs 3a
Temnepatypu 4+1°C, KOHTpOJIIOBaIM 3a IIOKa3HMKOM 3arajbHOI KUIBKOCTI aepoOHMX OakTepiii pasoMm i3
MIPOBEJCHHSM OIKMCOBOTO CEHCOPHOTO aHaji3y 3a JieB’ATHOAIBHOI TeJOHICTUYHOI MIKaNow. ExcriepuMeHTa bHi
pe3yJbTaTi 3aCBiAYMIN, 0 HEOOPOOIeHA KOHTPOJIbHA TPyIa AEMOHCTPYBaa HalBUIIE MiIKpOOHE HaBaHTa)KCHHS,
nocsratount 6,29 Ta 7,17 log KYO/Mn Ha mepury ta apyry noOy 30epiranHs BixmoBimHo. HaBmaku, BHeCEHHs
€KCTPaKTiB 'BO3/IMKH ITPU3BEIIO JI0 3HAYHOTO, 3aJIEKHOTO BiJl KOHIIEHTPALIIT, 3HIKEHHS KUTbKOCTI OakTepiit (p<0,05).
Mooko 3 I0JaBaHHAM EKCTPAKTy 3 MAaKCHMAalIbHOIO KOHIEHTpamicio 100 % BHABHIO HaMBHUINy aHTUMIKPOOHY
e(eKTHBHICTb, 3abe3Neuyroun HaifHWK4Yi ITOKa3HUKM 3arajbHOi KilnbKOCTi aepoOHuMX Oakrepiii — 3,65 Ta
4,36 log KYO/mi. Anani3 merogom qudysii B arapi J0aTKOBO HiATBEP/IHB, 110 CIUPTOBUI EKCTPAKT MA€E 3HAUYHO
MOTYXHIITy aHTHOAKTEpiallbHy aKTHBHICTh OPIBHIHO 3 BOJAHUM BapiaHTOM, 3a0€31e4youn Oiblli 30HU 3aTPHMKH
pocty — 22 MM nipoTH Staphylococcus aureus ta 21 mm npotu Escherichia coli, Toi sk BoxHuMiA BapiaHT c(hopMyBaB
noMipHi 304 aiamerpom 20 mm. [IpumiTHO, 110 32 HAHMKYOT KOHUEHTpauii 25 % KOIeH 3 eKCTPAKTIB HE BUSBUB
MOMITHOI NPUTHIYYBaJIbHOI aKTHBHOCTI. IliJ] Yyac CEHCOPHOro OLIHIOBAHHS BHECEHHS CIIMPTOBOTO EKCTPAKTY B
KoHIeHTpanisx 25 %, 50 % Tta 75 % He BUKIMKAJIO CTATHCTHYHO 3Ha4ymuX 3MiH (p>0,05) apomary, KoIb0py 4u
koHcHcTeHIii Momoka. IIpote piBens konneHtpamii 100 % mnpu3BiB 10 KPUTHYHOTO OPraHONENTHYHOTO
KOMIIPOMICY, IOCTOBIpHO IOTipIIMBIIN CMaK IPOAYKTY (3HIKEHH: 3 8,6+0.54 1o 7,4+0.19 6amniB) Ta Horo 3arajibHy
NPUHHATHICTE (3HMKeHHA 3 8,6+0.54 no 7,4+0.24 GaniB). Ha 3aBepmienns, 75 % KOHIEHTpALis CHHPTOBOIO
€KCTPaKTy TBO3JIMKM € MAaTeMaTHYHO OOIPYHTOBaHMM ONTUMYMOM /Ui OiOKOHCEpBallii MOJOYHOI MPOAYKIIii,
OCKINBKH 3a0e3medye IOCTAaTHIH MiKpOOiOMOTIUHMIT KOHTPOIb — 3HIKYIOUH 3arajbHy KiTbKICTh OakTepiit 10
4,42 log KYO/Mn Ha epnry 100y 30epiranns — 6e3 pu3HKy BiATOPTHEHHS IPOIYKTY CIIO)KHBAYaMU.

KaiouoBi c10Ba: KOpoB’siue MOJIOKO, OiOKOHCEpBalis, eKCTPAaKT TBO3AUKH, 3arajlbHa KUIBKICTh aepOOHHX
OakTepill, anTHOaKTepiadbHa e()eKTHBHICTh, OPTAHOJICTITHYHI OKa3HHUKN.

bioniorpadiunnii omuc nas nuryBauusi: Moxameo B. M., Iopazim I E., Moxammeo A. A. Exctpakr rBo3muku (Syzygium aromaticum) sK
HaTypaJbHUI GIOKOHCEPBAHT Y MOJIOLI: aHTUMIKpOOHA Ta OpraHOJCNITUYHA oLiHKa. Scientific Progress & Innovations. 2026. Ne 29 (2). C. 86-94.
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Introduction

Food is currently recognized not only for its
nutritional value but also for its capacity to enhance
overall well-being. According to [1], individuals actively
seek to include healthy foods in their diets to promote
longevity. The dairy sector illustrates this evolution
through the development of novel processing techniques
aimed at enhancing the dietary value of its derivatives.
Milk derivatives are highly abundant in vital elements,
containing essential minerals, fatty acids, proteins,
lactose, and vitamins [2].

The worldwide sector for dairy-based drinks,
although still niche compared to yogurt and plain milk,
has experienced steady growth. Nutritional dairy drinks,
including those containing probiotics and prebiotics,
have become increasingly popular. These beverages
generally fall into two categories: those formulated from
fruit juices and dairy products (especially whey), and
those fortified with bioactive compounds such as sterols,
vitamins, peptides, prebiotics, polyphenols, probiotics,
fish oil, and minerals [3]. Many flavored milk-based
drinks contain ingredients such as almonds, chocolate,
coffee, sugar, or various natural and artificial flavors and
colors to enhance consumer appeal, particularly among
children and teenagers. All these drinks undergo thermal
processing, such as pasteurization or sterilization [4].
However, synthetic pigments and artificial flavors raise
significant health concerns and potential hazards.
Conversely, natural herbal remedies mitigate these risks
while offering further nutritional advancements. Aromatic
plants, for instance, garlic, cardamom, ginger, cinnamon,
and clove, are readily available and can serve as effective
natural flavor enhancers, improving taste profiles and
lowering production expenditures compared to artificial
flavorings.

Clove (Syzygium aromaticum), a member of the
Myrtaceae family, is a widely esteemed spice, ranking
second in global commerce [6]. It is a prominent
medicinal plant owing to its ability to treat various
diseases. Clove contains phytochemicals that are crucial
for plant development and exhibits potent antibacterial,
antifungal, antiviral, antioxidant, and anti-inflammatory
effects [5]. Furthermore, it significantly reduces the risk
of gastric ulcers by decreasing inflammation in the
stomach lining, making it an effective natural remedy for
gastrointestinal distress [9]. Similarly, cinnamon has been
used for centuries to treat inflammation and improve
digestion due to its powerful antibacterial, anti-
inflammatory, and antioxidant properties [7]. One of the
main reasons for cinnamon's medicinal benefits is its
bioactive compounds, especially its essential oils, which
contain high concentrations of eugenol, exhibiting high
efficacy against a wide range of viruses, fungi, and
bacteria [8].

The aim of the study

The purpose of this study was to determine the
optimal concentration threshold of ethanolic clove
(Syzygium aromaticum) extract to maximize bacterial
control in refrigerated milk while preserving its baseline
organoleptic attributes.

Materials and methods

Plant material and origin

Plant samples of clove (Syzygium aromaticum)
were purchased from a local market in Diyala Province,
Iraq, in 2026. The specimens were initially cleaned to
remove foreign matter and subsequently pulverized into a
fine powder utilizing an electric grinder (Fig. I).

Fig. 1. Clove (Syzygium aromaticum) buds before and
after the milling process

Preparation of clove (Syzygium aromaticum) extracts

The extraction procedure followed a modified method
described by [10], utilizing two distinct solvents: distilled
water and a 10 % ethanol solution. Initially, fresh clove
buds were thoroughly washed, drained, and dried in a
vacuum oven at 40°C for 12 hours. Once completely
dehydrated, the buds were milled into a fine powder. This
powder was continuously stirred with the respective
solvent at room temperature for two hours. The resulting
mixture was filtered through Whatman No. 1 filter paper.
The filtrate was subsequently concentrated using a rotary
evaporator at 40°C, and the residual solution was distilled
to yield the primary aqueous extract.

In a parallel preparation aimed at evaluating an
alternative extraction thermal profile, 10 grams of the
ground clove powder were suspended in 100 mL of
distilled water and stirred continuously using a magnetic
stirrer for 30 minutes at 50°C. The suspension was
subsequently centrifuged at room temperature for
10 minutes at a standardized speed. The supernatant was
separated, and the remaining solid residue was removed
by filtration through Whatman No. 1 paper to obtain the
alternative hot aqueous extract. Both extract variants were
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transferred to sterile amber glass containers and stored
under refrigeration at 4+1°C until further antimicrobial
analysis.

To achieve a standardized stock solution (designated
as 100 % concentration), the obtained clove extract was
reconstituted in the respective solvent to yield a final stock
concentration of 100 mg/mL. To ensure sufficiency for all
experimental stages, this ratio was proportionally scaled
up utilizing 100 g of the crude plant material per 1000 mL
of solvent during the initial extraction phase for both the
aqueous and ethanolic groups. Working concentrations
were subsequently prepared via serial dilution of this
standardized stock solution: 75 % (75 mL stock + 25 mL
solvent), 50 % (50 mL stock + 50 mL solvent), and 25 %
(25 mL stock + 75 mL solvent). All prepared working
dilutions were transferred to sterile amber glass jars and
stored under refrigerated conditions at 4+1°C prior to
antibacterial sensitivity testing on Mueller-Hinton agar
against Staphylococcus aureus and Escherichia coli.

Antimicrobial activity of clove extracts

The antibacterial properties of both ethanolic
and aqueous clove extracts were evaluated using the agar
well diffusion method, following the approach described
by [11]. Two bacterial strains — the Gram-positive
Staphylococcus  aureus and the Gram-negative
Escherichia coli — were selected to determine microbial
sensitivity. To prepare the bacterial suspension, four to
five colonies were isolated from each pure culture and
transferred into test tubes containing 4 mL of sterile
normal saline. The turbidity of each suspension was
adjusted to match the 0.5 McFarland standard,
corresponding to approximately 1 x 10® colony-forming
units per milliliter (CFU/mL). A sterile cotton swab was
immersed in the suspension and evenly spread across the
surface of Mueller-Hinton agar plates. The plates were
allowed to dry for 10 minutes, and wells were
subsequently introduced. Following the application of the
extracts, the plates were incubated at 37°C for 24 hours.
The diameters of the zones of inhibition surrounding each
well were measured and recorded in millimeters (mm), as
outlined by [12].

Bacterial enumeration protocol for milk samples

Bacterial analysis of the milk samples was performed
in strict accordance with the ISO 4833-1:2013 standard
guidelines using the pour plate technique. Milk samples
were collected aseptically into sterile containers and
immediately transferred to storage at 4+1°C. Microbial
enumeration was subsequently carried out on Day 1 and
Day 2 of the storage period.

To prepare the serial dilutions, each milk sample was
thoroughly agitated under a laminar flow hood to ensure
a homogenous distribution of microorganisms.
Sequentially, a 1 mL aliquot of the milk sample was
aseptically transferred into a sterile test tube containing
9 mL of sterile 0.1 % peptone water to establish a 10!
dilution, which was then vortexed for 10 seconds. This
procedure was repeated by transferring 1 mL from the
107" dilution into a subsequent 9 mL of sterile diluent to
obtain a 1072 dilution. Serial tenfold dilutions were
continued up to 107° depending on the anticipated
microbial load.

For the plating procedure, 1 mL of each prepared
dilution was pipetted into sterile Petri dishes in triplicate.
Approximately 15 mL of liquefied Plate Count Agar
(PCA), cooled to 44+1°C, was dispensed into each dish.
The plates were gently rotated to facilitate uniform mixing
of the inoculum with the medium and allowed to solidify
on a level surface. Upon solidification, the plates were
inverted and incubated at 37°C for 48 hours.

Following the incubation period, Petri dishes
containing between 30 and 300 colonies were selected for
enumeration using an electronic colony counter. If no
visible colonies were observed at the lowest dilution
(107Y), the result was documented as < 10 CFU/mL,
representing the limit of detection. The total number of
colony-forming units per milliliter (CFU/mL) of milk was
calculated according to the following formula:

CFU/mL = £X2
where:
- C is the number of colonies counted on the selected
plate;

- D is the reciprocal of the dilution factor;
- V'is the volume of the inoculum plated (1 mL).

The obtained data were subsequently transformed into
logarithmic form (logio) CFU/mL) and documented for
each sample on Day 1 and Day 2 of cold preservation.

To ensure the reliability of the method, rigorous
quality control protocols were implemented. A negative
control consisting of the sterile diluent plated on Plate
Count Agar (PCA) was included in each analytical batch
to monitor potential contamination. Concurrently,
Escherichia coli ATCC 25922 was utilized as a positive
control strain with a known countable range to validate
medium performance and verify the consistency of
incubation conditions.

Preparation of clove-flavored milk and experimental
groups

To ensure bacteriological safety, 20 fresh bovine
milk samples were subjected to thermal treatment.
Initially, sugar was dispersed into the milk samples at a
ratio of 9 % (w/v) at 50°C under continuous agitation to
ensure complete dissolution, following the method
described by [13]. The mixtures were subsequently heated
to 90°C and held for 5 minutes. Following heat treatment,
the milk was rapidly cooled to 45°C to prevent thermal
decomposition of its nutritional constituents.

The heat-treated milk was then inoculated with the
ethanolic extract of clove (Syzygium aromaticum). Five
distinct experimental treatment groups were established
based on the final concentration of the extract in the milk
matrix:

e Control group: Untreated milk (0 mg/mL, no
extract added);

o 25% Extract group: 1 mL of a 25 mg/mL
dilution (prepared from 25 mL stock + 75 mL alcohol)
added to 100 mL of milk, yielding a final concentration of
0.25 mg/mL;

o 50% Extract group: 1mL of a 50 mg/mL
dilution (prepared from 50 mL stock + 50 mL alcohol)
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added to 100 mL of milk, yielding a final concentration of
0.50 mg/mL;

. 75 % Extract group: 1 mL of a 75 mg/mL
dilution (prepared from 75 mL stock + 25 mL alcohol)
added to 100 mL of milk, yielding a final concentration of
0.75 mg/mL;

e 100 % Extract group: 1 mL of the pure stock
extract (100 mg/mL) added to 100 mL of milk, yielding a
final concentration of 1.00 mg/mL.

Each treated milk sample was thoroughly
homogenized under aseptic conditions and transferred
into sterile, transparent container vials. All samples were
stored under refrigeration at 4+1°C for 2 days to monitor
and evaluate the preserving effect of the clove extract on
the shelf life of the milk product.

Organoleptic Evaluation

Sensory evaluation of the milk samples was
performed by a trained panel consisting of five expert
examiners from the veterinary medical staff of the Public
Health Division. While larger consumer panels are
typically used for market preference studies, a small,
highly trained panel of five to ten assessors is
scientifically validated for descriptive organoleptic
analysis of dairy and milk-based products, ensuring low
intra-panel variability. The panelists underwent rigorous
sensory training and were thoroughly acclimated to the
specific evaluation criteria.

Prior to sensory analysis, each milk sample was coded
with a unique barcode to ensure a blind study design.
Following the evaluation protocols outlined by [14], the
specimens were assessed for flavor, odor, color, texture,
and overall acceptability. A nine-point hedonic scale was
utilized for scoring, ranging from 1 (dislike extremely)
to 9 (like extremely). To eliminate carryover effects and
ensure data accuracy, panelists thoroughly rinsed their
mouths with purified water between samples, and sessions
were conducted at staggered time intervals. Each panel
member recorded evaluations independently in isolated
booths to ensure objectivity and uniformity in the
outcomes, in accordance with [13].

Statistical analysis

The experimental data were subjected to statistical
analysis utilizing the SAS software package (Statistical
Analysis System, version 9.1). Differences among
treatment means were evaluated via two-way analysis
of variance (ANOVA), followed by the Least
Significant Difference (LSD) post-hoc test for multiple
comparisons. All data are presented as mean + standard
error (SE). Statistical significance was defined a priori at
a p-value <0.05 [15].

Results and discussion

Microbiological analysis of milk during storage

The Total Aerobic Count (TAC) serves as a critical
indicator of product shelf life, given that elevated levels
of these microorganisms inevitably accelerate product
spoilage. To determine the preservation capacity of the
plant material, the variations in the TAC of milk samples
treated with distinct concentrations of ethanolic clove

extract during refrigerated storage were systematically
evaluated, as summarized in Table 1.

Table 1

Effect of different concentrations of ethanolic clove
extract on the Total Aerobic Count (log CFU/mL) of
milk samples

Concentration Day 1 Day 2
Control 6.29° 7.170
25% 6.082 7.02
50% 5.65b 6.19°
75% 4.42¢ 4.81¢
100% 3.65¢ 4.36¢
LSD 0.19

Note: different lowercase superscript letters within the same column
indicate statistically significant differences (p<0.05).

At the initial evaluation points, the untreated
control samples exhibited the highest microbial
loads, reaching 6.29 and 7.17 log CFU/mL on Day 1
and Day 2, respectively. Conversely, data analysis
presented in Table 1 confirms that the incorporation
of clove extracts resulted in a significant, concentration-
dependent reduction in bacterial counts (p<0.05).
Milk samples flavored with 100 % clove extract
demonstrated the highest antimicrobial efficacy,
maintaining the lowest microbial profiles at 3.65 and
4.36 log CFU/mL.

To visually track the dynamics of this inhibitory effect
over the cold storage period, a comparative graphical
projection of the concentrations against time intervals was
established, as illustrated in Fig. 2.
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Fig. 2. Effect of different concentrations (25 %, 50 %,
75 %, and 100 %) of ethanolic clove (Syzygium
aromaticum) extract over different storage periods

(Day 1 and Day 2) on the Total Aerobic Count
(log CFU/mL) of milk

The linear trends in Fig. 2 illustrate that while the
25 % extract concentration showed non-significant
divergence from the control group, concentrations of
50 % and above achieved a sharp, statistically validated
drop in the log values. The post-hoc Least Significant
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Difference (LSD) test established distinct homogenous
groups, showing that doubling the extract strength

progressively intensifies the preservation effect.

To provide primary microbiological proof of this
suppression, the physical colony growth on the respective
culture media was documented, as presented in Fig. 3.

Fig. 3. Total Aerobic Count (TAC) plates of milk samples after treatment with different concentrations of ethanolic
clove (Syzygium aromaticum) extract (Control: untreated; T1: 25 %; T2: 50 %; T3: 75 %; T4: 100 % concentration)

The visual comparison of the Petri dishes in Fig. 3
confirms a profound reduction in colony-forming units,
shifting from a dense, confluent bacterial lawn in the
control plate to isolated, sparse colonies in the T3 and T4
treatment groups. This direct visualization perfectly
corroborates the numerical parameters verified in Table 1,
demonstrating that the ethanolic extract structurally
inhibits the logarithmic replication phase of aerobic flora
in the milk matrix.

Antibacterial  efficacy  of  clove
aromaticum) extracts

To establish the baseline sensitivity of specific
bacterial profiles before milk application, the
antimicrobial efficiency of two distinct variants of clove
extracts (aqueous and ethanolic) was evaluated against
prominent Gram-positive and Gram-negative indicators,
with the resulting zone configurations shown in Fig. 4.

(Syzygium

Fig. 4. Antibacterial activity of clove (Syzygium aromaticum) extracts evaluated via the agar well diffusion method
against Staphylococcus aureus (left plates) and Escherichia coli (right plates) using ethanolic (top) and aqueous
(bottom) extracts at various concentrations (1: 100 %, 2: 75 %, 3: 50 %, 4: 25 %)
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The experimental results from the well diffusion assay
illustrated in Fig. 4 indicated that the ethanolic extract
exhibited a substantially stronger antibacterial effect
against both bacterial species compared to the aqueous
extract (p<0.05). Notably, at the lowest evaluated
concentration (25 %), neither the aqueous nor the

25

20

—
S

Inhibition zone diameter, mm
wn

100% 75%
® Ethanolic extract 22 18
H Aqueous extract 20 16

ethanolic extract displayed any detectable inhibitory
activity (0 mm) against either of the tested microbial
species. To perform a rigorous comparative analysis of
the extraction yield efficacy specifically against the
Gram-positive target, the measured inhibition diameters
for Staphylococcus aureus were plotted in Fig. 5.

22
20
18
16
12
10
I . 0 0
0

50% 25%
12 0
10 0

Fig. 5. Comparative antibacterial effect of ethanolic (alcoholic) and aqueous clove (Syzygium aromaticum) extracts at
various concentrations against Staphylococcus aureus

As detailed in the comparative bar chart in Fig. 5, the
ethanolic extract demonstrated a highly significant
antibacterial influence against S. aureus, producing
superior inhibition zones of 22mm at the 100 %
concentration level, whereas the aqueous extract
displayed a moderate reduction diameter of 20 mm. This

25

_ — o
W =) O =

Inhibition zone diameter, mm

(=)

100% 75%
W Aqueous extract 20 17
H Ethanolic extract 21 19

variance underscores the higher solubility of hydrophobic
phenolic compounds in organic solvents. To verify
whether this susceptibility trend remains consistent when
encountering the structural obstacles of Gram-negative
cell walls, a parallel assessment was performed for
Escherichia coli, as charted in Fig. 6.

21
20 19
17
10 11
I I 0 0

50% 25%
10 0
11 0

Fig. 6. Comparative antibacterial effect of ethanolic (alcoholic) and aqueous clove (Syzygium aromaticum) extracts at
various concentrations against Escherichia coli

The data represented in Fig. 6 show a similar trend for
E. coli, with the ethanolic extract generating a peak zone
of 21 mm compared to 20 mm for the aqueous variant at
maximum strength.

The findings of this research align with prior
investigations conducted by [16], which demonstrated
that the ethanolic extract of clove exhibits clear inhibition
zones against both Gram-negative and Gram-
positive bacteria, indicating robust antimicrobial activity.
This suggests that the inhibitory activity depends
primarily on the chemical nature and constituents of the

extract itself rather than on structural differences in the
bacterial cell walls. Consequently, several dairy matrices
have been the focus of clove incorporation in previous
literature, including ice cream [17], probiotic yogurt
powder [18], fermented milk beverages [19], and soft
cheese [20].

The high phenolic content of clove induces
the coagulation of bacterial cellular components,
exerting a potent germicidal effect against numerous
pathogenic microorganisms by disrupting active
transport mechanisms, the proton motive force, and
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electron flow [5]. This mechanism of action emphasizes of 15.8mm, 11.9mm, 13.4mm, and 14.6 mm,

the potency of ethanolic clove extract in suppressing respectively.
microbial proliferation and supports its potential Furthermore, [26] highlighted that clove has garnered
application as a natural antimicrobial agent in food considerable attention for its pivotal role in mitigating
preservation systems. Furthermore, [21] confirmed these antimicrobial resistance. As drug-resistant bacterial
findings, demonstrating that ethanolic extracts possess infections become increasingly prevalent, the capacity of
higher efficacy compared to aqueous variants. This clove constituents to enhance the efficacy of traditional
enhanced efficiency is further supported by an earlier antibiotics positions it as an essential complementary
study conducted by [22], which indicated that the therapeutic agent. Research indicates that clove can help
increased solubility of plant-derived bioactive compounds restore antibiotic activity against resistant pathogens, such
in polar organic solvents is a key determinant of their as Proteus spp., which are frequently associated with
antimicrobial capacity. urinary tract and wound infections. By increasing
A previous study by [23] also demonstrated that both bacterial sensitivity to conventional antibiotics, clove aids
ethanolic and aqueous clove extracts exhibit substantial in combating multidrug-resistant strains, thereby offering
antibacterial effects, specifically against Klebsiella a viable contribution to addressing the escalating global
pneumoniae and E. coli. The choice of extraction solvent challenge of antimicrobial resistance within healthcare
significantly influences the overall yield of bioactive systems.
molecules; ethanol is documented to be more efficient
than water due to the superior solubility of hydrophobic Organoleptic assessment of flavored milk samples
phenolic substances in organic media. Previous literature While achieving microbial stability is a primary
has similarly established that clove extracts prepared with objective in bio-preservation, the incorporation of potent
ethanol have the potential to enhance both the nutritional botanical extracts must not degrade the baseline consumer
value and health-promoting properties of milk and characteristics of the beverage. To determine the practical
derivative dairy products [24]. Additionally, related viability of the formulation, the organoleptic attributes of
investigations conducted by [25] demonstrated the milk flavored with various concentrations of ethanolic
efficacy of ethanolic extracts of Syzygium aromaticum at clove extract — specifically evaluating aroma, flavor,
a concentration of 10 mg/mL against several pathogenic color, texture (consistency), and overall acceptability —
bacteria, including S. aureus, E. coli, Pseudomonas were systematically monitored by the expert panel and are
aeruginosa, and Bacillus cereus, yielding inhibition zones summarized in Table 2.
Table 2

Organoleptic characteristics of flavored milk samples supplemented with different concentrations of ethanolic clove
extract, mean+SE.

Sensory attributes Aroma Flavor Color Consistency Overall acceptability

Control 8.440.542 8.6+0.542 8.6+0.542 8.2+0.442 8.6+0.542

25% Extract 8.4+0.24» 8.6£0.31» 8.6+0.192 8.4+0.242 8.6+0.192

50% Extract 8.0+0.442 8.440.242 8.4+0.192 8.4+0.242 8.4+0.192

75% Extract 7.8+0.192 8.4+0.242 8.2+0.192 8.4+1.412 8.0+0.312
100% Extract 7.6+£0.242 7.4+0.19% 7.8+0.192 8.6+0.182 7.4+0.24°

LSD 1.18 1.87 1.17 0.85 0.73
Significance NS p<0.05 NS NS p<0.05

Note: NS: non-significant (p>0.05). Different lowercase superscript letters within the same column indicate statistically significant differences (p<0.05).

The experimental results compiled in Table 2 use as a natural preservative in various food matrices,
revealed no statistically significant differences (p>0.05) serving as a viable alternative to synthetic chemical
in the monitored sensory properties compared to the additives.
untreated control group, with the sole exceptions of flavor The compiled experimental outcomes indicated that
and overall acceptability scores at the maximum (100 %) while the 100 % clove extract concentration exhibited the
concentration level. This study aligns with previous most robust antibacterial effect, it simultaneously exerted
literature, such as the report by [20], which documented a negative impact on the sensory attributes of the milk
excellent sensory retention in beef cuts and soft matrix, particularly reducing overall acceptability scores
cheeses processed with clove and alternative herbal due to an over-concentrated flavor profile. In contrast, the
extracts. Consistent with those reports, the current data 75% concentration demonstrated effective antibacterial
suggest that ethanolic clove extract can be successfully efficacy while successfully maintaining acceptable
utilized to enhance the organoleptic attributes of sensory quality. Therefore, selection of the optimal
various food matrices, including dairy-based beverages. extract concentration must be based on a balanced
Throughout the storage period, the inclusion of the evaluation of both microbiological stability and sensory
extract at any evaluated concentration did not notably quality, rather than prioritizing antibacterial potency
alter the visual color values of the milk. This observation alone. From both industrial manufacturing and consumer
is in close agreement with [13], who reported that milk- perspectives, natural preservatives must effectively
based beverages fortified with plant extracts exhibit inhibit bacterial proliferation while preserving the desired
minimal or negligible color modifications. Additionally, organoleptic characteristics of the product. For this
as noted by [27], clove has a well-established history of reason, the 75 % concentration of ethanolic clove extract
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was determined to be optimal and most suitable for
commercial application, achieving sufficient bacterial
control without compromising consumer acceptance.

The compiled experimental outcomes indicated that
while the 100 % clove extract concentration exhibited the
most robust antibacterial effect, it simultaneously exerted
a negative impact on the sensory attributes of the milk
matrix, particularly reducing overall acceptability scores
due to an over-concentrated flavor profile. In contrast, the
75 % concentration demonstrated effective antibacterial
efficacy while successfully maintaining acceptable
sensory quality. Therefore, selection of the optimal
extract concentration must be based on a balanced
evaluation of both microbiological stability and sensory
quality, rather than prioritizing antibacterial potency
alone. From both industrial manufacturing and consumer
perspectives, natural preservatives must effectively
inhibit bacterial proliferation while preserving the desired
organoleptic characteristics of the product. For this
reason, the 75 % concentration of ethanolic clove extract
was determined to be optimal and most suitable for
commercial application, achieving sufficient bacterial
control without compromising consumer acceptance.

Based on the established optimal parameters, several
prospective recommendations for future research can be
outlined:

e  To comprehensively understand the long-term
preserving capacity of ethanolic clove extract, future
investigations should evaluate its potential to extend the
refrigerated storage life of dairy products over a
prolonged period of one to two weeks.

e  Recent literature supports the development of
nanotechnology-based delivery systems for clove
extracts; such nanoparticles could significantly improve
the absorption and stability of eugenol, maximize targeted
antibacterial efficacy, and effectively bypass microbial
drug resistance pathways.

e  Additional rigorous screening is needed to
evaluate potential synergistic interactions between clove
extracts and standard pharmaceutical antibiotics, which
could significantly augment conventional antimicrobial
effectiveness in healthcare and food preservation systems.

Scientific novelty statement

While the antimicrobial properties of clove extract are
widely recognized, this study provides the first systematic
evidence establishing a precise optimal concentration
threshold (75 %) that maximizes the reduction of bacterial
loads in refrigerated milk — achieving a decrease from
6.29 to approximately 4.42log CFU/mL - while
simultaneously preserving all key organoleptic attributes
(flavor, aroma, color, and consistency) without
statistically significant differences from the untreated
control.  Furthermore, this investigation uniquely
demonstrates that concentrations exceeding this threshold
(100 %), despite offering the maximum antibacterial
potency (inhibition zones of 22mm  against
Staphylococcus aureus and 21 mm against Escherichia
coli), create a critical organoleptic trade-off by
significantly compromising flavor profiles and overall
consumer acceptability. These findings deliver a practical,

evidence-based solution for the dairy industry aimed at
replacing synthetic chemical additives with natural plant-
derived alternatives without triggering consumer
rejection.

Conclusions

The agar well diffusion analysis demonstrated that the
ethanolic clove (Syzygium aromaticum) extract possesses
a significantly more potent antibacterial activity
compared to the aqueous variant, yielding maximum
zones of inhibition of 22 mm against Staphylococcus
aureus and 21 mm against Escherichia coli at 100 %
concentration, whereas both extracts displayed no
inhibitory activity (0 mm) at 25 % concentration. In the
sensory evaluation, the incorporation of the ethanolic
extract at concentrations of 25 %, 50 %, and 75 % caused
no statistically significant modifications (p>0.05) in milk
aroma, color, or consistency compared to the untreated
control group. However, the maximum 100 %
concentration level induced a critical organoleptic
trade-off, significantly compromising the product flavor
(decreasing from 8.6+0.54 to 7.4+0.19) and overall
acceptability (decreasing from 8.6+0.54 to 7.4+0.24).
Consequently, the 75 % concentration was established
as the optimal formulation for bio-preservation,
as it successfully balanced high microbiological
efficacy — achieving a substantial reduction in the Total
Aerobic Count from 6.29 to 4.42 log CFU/mL on Day 1
and from 7.17 to 4.81log CFU/mL on Day2 of
refrigerated storage — with the complete retention of
acceptable product sensory quality.
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