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ABSTRACT

This study evaluated the biochemical physiochemical, antimicrobial and preservative properties of edible
coatings prepared from sunflower seed and ginger essential oils on minced goat and rabbit meatballs.
Essential oils were extracted and incorporated into edible coatings, which were applied to the meatballs
before storage. Parameters, biochemical characteristics and microbial activities against selected foodborne
microorganisms were assessed . the results showed that the coated meatballs had improved preservation
qualities compared to the uncoated samples. The essential oils exhibited notable antimicrobial and
antioxidant activities, inhibiting the growth of microorganisms such as Staphylococcus aureus,
Esxherichia coli, klebsiella pneumonia, Bacillus spp., Serratia spp., and fungal isolates including
Aspergillus fumigatus and Aspergillus niger. The coatings also helped maintain the quality and extend the
shelf life of the meatballs during storage. The study concluded that sunflower seed and ginger essential
oil-based edible coatings can serve as natural preservatives for minced goat and rabbit meatballs,
enhancing food safety, quality and shelf stability
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INTRODUCTION

Meat products such as goat and rabbit meatballs are highly nutritious but are easily affected by microbial
spoilage and oxidation, which reduce their quality and shelf life (Falowo et al., 2014). Conventional
preservation methods, including refrigeration and synthetic additives, have several limitations due to
consumer concerns about health and food safety (Burt, 2004). As a result, modern food technology now
emphasizes the use of natural preservatives extracted from plants.

Essential oils obtained from plants such as thyme, clove, and oregano contain strong antimicrobial and
antioxidant properties (Hyldgaard et al., 2012). Despite these benefits, the direct use of essential oils in
foods is limited because of their volatility, instability, and strong flavor (Prakash et al., 2018).
Therefore, edible coatings made from biopolymers such as polysaccharides, proteins, and lipids
have been introduced as suitable carriers for essential oils in food preservation (Galus & Kadzinska,
2015). These coatings help to improve the stability and controlled release of essential oils, thereby
enhancing food quality and extending shelf life (Valdés et al., 2017).
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2.0 MATERIALS AND METHODS

This study adopted an experimental laboratory-based research design. The study involved evaluation of
the biochemical of the dried seeds of sunflowers and rhizome of ginger (Zingiberofficinale and
Helianthus annuus), assessment of the antibacterial activity against selected food pathogenic
microorganisms. The design allowed systematic extraction, standardization, and antimicrobial evaluation
of the plant material under controlled laboratory conditions.

2.1Area of Study

The study was conducted in the Microbiology Laboratory of Michael Okpara University of Agriculture
Umudike Abia Sate where facilities for plant analysis, extraction, and antimicrobial testing were
available.

2.2 Collection and Identification of Plant Material

Dried seed of sunflowers and rhizome of ginger (Zingiberofficinale and Helianthus annuus) were
collected from a cultivated garden or local herbal market within Abia State. The plant was authenticated
by a qualified taxonomist in the Department of Botany. A voucher specimen was prepared and deposited
in the institutional herbarium for future reference. The collected seed and rhizome were cleaned to
remove dirt and foreign materials. A portion was air-dried at room temperature for two weeks, while
another portion was used fresh for comparative evaluation.

2.3 Processing of the plant parts

The dried seeds of sunflowers and rhizome of ginger were pulverized into coarse powder using a
mechanical grinder. The powdered material was stored in airtight containers to prevent moisture
absorption and contamination prior to analysis.

2.4 Preparation of Plant Material

Ethanol extracts of the dried seed powder were prepared using the method described by Oluwatuyi M, et,
al. (2004). This were carried out by suspending 50 g of leaves powder into 200 ml of 95% ethanol. The
ethanol extraction were done at room temperature and the extracts were decanted and filtered through
filter paper No 10.The filtered extracts were sterilized using membrane filter and evaporated to dryness at
40°C. The crude methanol and ethanol extract were stored at 4°C until required.

2.5 Preparation of Extracts concentration

This was carried out according to the method described by (Akinjogunla, et al. 2011). The crude
ethanol extract of Sunflower seed and Ginger were prepared by dissolving 1.0g of each of the crude plant
extracts in 10 ml of aqueous in test tube to give a concentration of 200 mg/ml. The stock solution was
double-diluted to get other concentrations of 100, 50, and 25 mg/ml respectively.

2.6 Source of Test Organisms

Food pathogenic bacterial and fungal isolates which include Streptococcus pneumonia, Staphylococcus
aureus, Klebsiella pneumonia, Escherichia coli, serritia species, Bacillus species, Aspergillus fumigatus
and Aspergillus Niger were obtained from Microbiology Laboratory stocks in Michael Okpara University
of Agriculture Umudike, Abia State, Nigeria. Confirmation tests were carried out on the organisms
according to the method of Cheesbrough (2004).

2.7 Culture Media for Confirmatory Test Organisms

MacConkey agar used for Escherichia coli and Klebsiella pneumoniae, Blood agar for Streptococcus
pneumonia and Mannitol Salt Agar (MSA) for Staphylococcus aureus, and nutrient agar for serritia
species and Bacillus species while Potatoes Dextrose Agar used for confirmatory of Aspergillus
fumigatus and Aspegillus Nigers test organisms. The stock cultures were stored at 4°C in Nutrient Agar
slants (for the bacteria) Potatoes Dextrose Agar slants for fungal Cheesbrough (2004).
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2.8 Standardization of Inoculums

Standardization of test organisms inoculums were done by picking five colonies of each organism into
nutrient broth and incubated at 37°C for 18-24 hrs. Turbidity produced were adjusted to 0.5 McFarland
standard (1.5 X 108 CFU/ml) turbidity for bacteria isolates and 1 x 106 spores/ml for the fungi isolates by
adding sterile normal saline. McFarland standards were used as a reference to adjust the turbidity of
microbial suspension so that the number of microorganisms will be within a given range. For the
preparation of the 0.5 McFarland standard, 0.05mL of barium chloride (BaCl2) (1.17% w/v BaCl2.2H20)
was added to 9.95mL of 0.18M H>SO4 (1.0% w/v) with constant stirring. To aid comparison, the standard
was compared against a white background with a contrasting black line according to Kaya et al. (2012).
2.9 Determination of Minimum Inhibitory Concentration (MIC)

The MIC values were determined by broth dilution assay. Sterile reconstituted of ethanol extract of dried
seed of sunflowers and rhizome of ginger (Zingiberofficinale and Helianthus annuus)were serially diluted
(two-fold) in sterile Mueller-Hinton broth (MHB) and Potatoes dextrose broth supplemented with
(0.05mg/ml of chloramphenicol to inhibit the growth of likely bacterial) in test tubes for bacterial and
fungal respectively to obtain a concentration range of 200 mg/ml to 25 mg/ml. Then one (1 ml) of each
standardized previously diluted to 0.5 McFarland test organism was added to each of the test tubes and
the preparation was incubated at 370C for 24 hours for bacteria and 48 hours for fungal. Negative controls
were equally set up using broth cultures of test organisms without herbal mixtures. Tubes with medium
only were set as controls for sterility of the medium. Test tubes were evaluated for the presence or
absence of visible turbidity in the broth after the incubation period. The lowest concentration (highest
dilution) of the mixture preventing appearance of turbidity (growth) was considered and recorded as the
MIC (CLSI, Wayne. 2023.).

2.10 Determination of Minimum Bactericidal and Fungicidal Concentrations (MBC and MFC)
From the tubes showing no visible growth in MIC, 0.1 ml of the suspension was inoculated onto sterile
Nutrient agar and Potatoes Dextrose Agar plates for bacterial and fungal respectively. The plates were
incubated at 370C for 24hours and 48 hours for bacterial and fungal respectively. The least concentration
that did not show any visible growth of the test microorganism was considered as the MBC for the
bacterial organisms and MFC for the fungal organisms. A plate with media only was set as negative
control to check the sterility of the media (Ajaiyeoba et al. 2003).

2.11 Antimicrobial activities of the plants extract by Agar well diffusion

Antimicrobial activities of the both extract were tested using Mueller-Hinton Agar (MHA) and Potatoes
Agar supplemented with 0.05mg/ml of chloramphenicol to inhibit the growth of likely bacterial.
Standardized organism in nutrient broth of 24 hours culture was introduced into the plates and sterile
cotton swab was used by spreading technique. A sterile Cork borer of Smm diameters was used to make 4
ditches on the plates. Varying concentrations of the extracts, i.e. 200, 100, 50, 25 mg/ml were made and
0.1ml of the each extract and Levofloxacin (10mcg) for the bacterial test organisms and fluconazole
(25pg/ml) for the fungal served as positive control they were place at the middle of surface agar.

Then plates were duplicated and left on the bench for few minutes for the extract to diffuse into the agar
and then incubated at 37°C for 24hours.After incubation the zone of clearance around each ditch was
measured using a metric ruler by taking measurement from the edge of the plate to the point where the
growth of the organism started. The diameter of the zone of inhibition which represents antibacterial
activity was measure in (mm) using a meter ruler Bauer and Kirby (2000).
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Plate 1: The Dried, Grinded Ginger and Sunflower, Extraction Process using Ether.

49



NKkele et al. ........I nt. J. Innovative Biochem. & Microbio. Res. 14(3):46-55, 2026

3.0 RESULTS AND DISCUSSION

The cultural characteristics of test bacterial revealed distinct colony morphologies aiding their
identification. Klebsiella species were pale pink, colony, large mucoid and Lactose-fermented, while
Staphylococcus aureus produced golden-yellow colonies on Manito salt agar and Bacillus species
produced white raised Large, moist colonies and Serratia species produced bright red pigment ,round
colonies on nutrient agar and Escherichia coli Lactose-fermenting 'shiny, rose pink on MacConkey agar.
Streptococcus species show B-hemolysis blood agar.
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Table 1 Cultural Characteristics of test bacterial

Media Colony morphology Isolate
Manito salt agar  Golden-yellow, round, smooth colonies Staphylococcus aureus
Nutrient agar White raised Large, moist colonies Bacillus species
Bright red pigment ,round colonies Serratia species
Blood agar B-hemolytic on nutrient-rich blood agar Streptococcus species
MacConkey agar ~ Lactose-fermenting 'shiny, rose pink Escherichia coli
Pink, colony, large mucoid, ferment lactose Klebsiella species

The biochemical and morphological analysis identified six bacterial were isolates. Staphylococcus aureus
was Gram-positive cocci, catalase, Voges-Proskauer, Methyl Red, and coagulase-positive, test confirming
its identity. The gram-negative rods. Klebsiella species was catalasemethyl Red, and citrate positive and
Escherichia coli were catalase, Voges-Proskauer, Motility, methyl Red, andIndole positive, while Bacillus
species was gram-positive long rod positive to Motility, Citrate and Catalase identification test. And
Serratia species produce positive to catalase, citrate and Voges-Proskauer, While Streptococcus species
produce negative to all biochemical test used respectively.

Table 2: Morphological and Biochemical Characteristics of Bacterial

Gram Cell Catalase  Coagulase Oxidase Citrate Indole Motility MR VP Probable
Reaction  Shape Organism
Gram + Cocci + + - - - - + + Staph. aureus
Gram + Rod + - - + - + - - Bacillus species
Gram + Rods + - - + - - +- - Klebsiella species
Gram + Cocci - - - - - - - - Strep. Species
Gram Rods + - - - + + + + Escherichia coli
Gram-- + - - + - - - + Serratia species

Key: Positive (+ ve), Negative (- ve),

Identification and characterization of test fungal isolatedwere presented in table 4:3. The fungal isolates
showed distinct colony colors, and microscopic features that aided in their identification.Aspergillus
fumigatuswhite to green colored colonies with echinuated conidia produce in chains, macroconidia,
microconidia, and chlamydospores... Aspergillus niger produced yellow- green with edge, granular
surface and green coloration on the reverse side, with thick walled conidiophores, hyaline and Septate
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hyphae with conidial headschains under the microscope.
Table 3 Identification and characterization of test fungal isolated

S/N Fungal Species Macroscopy Microscopy
2 Aspergillus White to green colored colonies It exhibit echinuated conidia
fumigatus produce in chains from phialides

with macroconidia, microconidia,
and chlamydospores
3 Aspergillus niger The upper surface of the colony was Septate hyphae with conidial heads.
yellow- green with edge, granular
surface and green coloration on the

reverse side.

Table 4 Minimum Inhibitory Concentration (MIC), MBC values of the extract against food pathogenic

organisms.
Test Organisms Ethanol extract of Sunflowers Ethanol extract of Ginger
MIC(mg/l) MBCMFC (mg/l) MIC (mg/l) MBC /MFC(mg/l)

Staphylococcus aureus 50 100 100 >200
Escherichia coli 50 100 100 200
Klebsiela pneumoniae 50 100 100 200
Streptococcus pneumonia 50 200 100 >200
serritia species 50 100 100 >200
Bacillus species, 50 200 100 >200
Aspergillus fumigatus 100 >200 200 >200
Aspergillus Niger 100 >200 200 >200

Table 4 presents the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal/Fungicidal
Concentration (MBC/MFC) values of ethanol extracts of sunflower seeds and ginger rhizome against
selected foodborne bacterial and fungal pathogens. The sunflower seed extract exhibited stronger
antimicrobial activity than the ginger rhizome extract, For all testbacterial the MIC was 50 mg/L, while
ginger rhizome extract showed MIC values of

100 mg/1 for all test bacterialisolates and 200 mg/ml. Regarding bactericidal activity, the sunflower seed
extract produced MBC values ranging from 100-200 mg/l against bacterial isolates. Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae, and bacillus spp. were killed at 100 mg/l while
Streptococcus pneumoniae and bacillus spp. required 200 mg/l. The ginger rhizome extract exhibited
higher MBC values, ranging from 200mg/ml to > 200 mg/l. For Escherichia coli and Klebsiella
pneumoniae, the MBC was 200 mg/l, whereasfor Staphylococcus aureus, Streptococcus pneumoniae,
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Bacillus spp., and Serritaspp, concentrations request (> 200 mg/l). For the fungal isolates (Aspergillus
fumigatus and Aspergillus niger), the sunflower seed extract exhibited MIC values of 100 mg/l, whereas
the ginger rhizome extract required 200 mg/l to inhibit fungal growth. Both extracts recorded MFC values
greater than 200 mg/L, indicating that complete fungicidal activity was not achieved within the tested
concentration range.

The ethanol extract of sunflower seeds demonstrated the highest activity against Klebsiella pneumoniae
and Bacillus species, producing inhibition zones of 18 mm at 200 mg/ml. while against Staphylococcus
aureus and Serratia species (16 mm each), and Escherichia coli showed the lowest inhibition zone of 13
mm. Similarly, the ethanol extract of ginger rhizome exhibited antibacterial activity. The highest
inhibition zones were recorded against Staphylococcus aureus and Bacillus species (16 mm each) at 200
mg/ml, followed by Serratia species (15 mm), and no inhibitory effect was observed at lower
concentrations (50 and 25 mg/ml) for some organisms. The commercial antibiotic Levofloxacin produced
larger inhibition zones ranging from 19-24 mm, against Bacillus species (24 mm), while the lowest was
against Streptococcus species (19 mm). Regarding the fungal isolates, both extracts inhibited the growth
of Aspergillus fumigatus and Aspergillus niger. Ginger rhizome extract showed greater antifungal activity
against A. fumigatus (15 mm) than sunflower seed extract (12 mm) at 200 mg/ml. Against A. niger,
sunflower seed extract exhibited a slightly larger inhibition zone (14 mm) than ginger extract (12 mm).
The antifungal control, Fluconazole, produced inhibition zones of 16 mm against A. fumigatus and 19
mm against A. niger, indicating superior antifungal effectiveness compared to the plant extract.
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Table 5 Antimicrobial activity of extract against test bacterial

Test Ethanol extract of Ethanol extract of Ginger Commercial antibiotics and

Organisms Sunflower seeds (mg/ml) rhizome (mg/ml) antifungal control (10mcg)
200 100 50 25 200 100 50 25 Levofloxacin Fluconazole

Staphylococcu 16 14 11 9 16 13 10 0 22 -

s aureus

Escherichia coli 13 10 0 0 10 0 0 0 20 -

Klebsiella 18 15 13 11 13 9 0 0 22 -

pneumoniae

Streptococcus 15 12 10 0 13 11 9 0 19 -

species

serritia species 16 14 11 9 15 12 9 0 21 -

Bacillus 18 15 11 9 16 13 100 0 24 -

species,

Aspergillus 12 9 0 0 15 12 9 0 - 16

fumigatus

Aspergillus 14 10 0 0 12 9 0 0 - 19

Niger

The result so far addressed the questions raised in the specific objectives. The processing of dried seed of
sunflower and ginger rhizome were carried out to extract essential oil needed to inhibit some bacterial and
fungal isolated on minced goat and rabbit meatballs. Evaluations were carried out on the biochemical and
physicochemical and preservative properties of the essential oils properties.

The essential oils derived showed positive antimicrobial and antioxidant properties on test organisms that
reduce shelf-life of minced goat and rabbit meat balls. The result of the findings promises to overcome
the food challenges hitherto faced in food preservation. The study when finally completed will compare
the quality and shelf life of coated and uncoated meat balls. So far, test organisms such as food
pathogenic bacterial and fungal isolates, which include Streptococcus pnemonia, Staphylococcus aureus,
Klebsiella pneumoniae, Escherichia coli, Serratia species, Bacillus spp., Aspergillus fumigatus, and
Aspergillus Niger, have been obtained from microbiology laboratory stocks in Michael Okpara University
of Agriculture, Umudike, Abia-State, Nigeria Confirmation tests were carried out on the organisms
according to the method of cheesbrough (2004).

The biochemical and morphological analysis identified six bacterial isolates. These are Staphylococcus
aureus, Klebsiella species, Escherichia coli, Bacillus spp, Serratia species and Streptococcus species and
two fungal isolates.
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4.0 CONCLUSION

This study evaluated the biochemical, physicochemical, and preservative properties of edible coatings
containing essential oils on minced goat and rabbit meatballs. The findings indicated that the application
of edible-coated essential oils improved the quality and shelf life of the meatballs by reducing microbial
growth, maintaining desirable physicochemical characteristics, and preserving important biochemical
components during storage. The coated samples showed better stability and freshness compared to the
uncoated samples. Therefore, edible coatings enriched with essential oils can serve as natural and
effective preservatives for minced goat and rabbit meatballs, enhancing product quality, safety, and
storage life while reducing dependence on synthetic preservatives.
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