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1. Introduction
Muscovy duck (Cairina moschata) meat is a source of animal protein with high nutritional value. It contains
21.4% protein, 8.2% fat, 1.2% ash, and 15,900 kcal/kg of energy [1]. In addition, muscovy duck meat contains
various minerals and vitamins that are beneficial to health [2]. However, muscovy duck meat has several
drawbacks, such as a relatively tougher texture and a distinctive gamey odor [3]. Its high nutritional content
makes muscovy duck meat susceptible to microbial contamination and quality deterioration during storage [4].

Various preservation methods have been used to maintain meat quality, such as refrigeration, freezing,
smoking, and the use of synthetic preservatives. However, the use of synthetic preservatives raises concerns
due to their potential negative impact on consumer health [5]. Therefore, the development of safe and
environmentally friendly natural preservation methods is increasingly necessary. One widely developed
approach is the use of biopreservatives. Biopreservatives are preservation methods that utilize beneficial
microorganisms, fermentation metabolites, or bioactive compounds derived from plants to inhibit the growth
of spoilage microorganisms and pathogens [6]. Plant bioactive compounds such as flavonoids, phenolics,
tannins, saponins, and essential oils are known to possess antimicrobial and antioxidant activities that can help
maintain quality and extend the shelf life of food.

Fermentation is a technology with the potential to support the use of biopreservatives through the
production of various antimicrobial compounds, such as organic acids, hydrogen peroxide, and bacteriocins
[6]. These compounds can inhibit the growth of spoilage microorganisms and pathogens during storage. In
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addition, fermentation can increase the availability of bioactive compounds that contribute to improved food
quality and safety [7].

Celery (Apium graveolens L.) is a plant with potential for use as a natural biopreservative because it
contains various bioactive compounds, such as flavonoids, tannins, saponins, apigenin, and essential oils,
which exhibit antimicrobial activity [8]. Celery also contains antioxidants that can help maintain the quality of
food products during storage [9]. [10] reported that celery extract can be used as a natural curing agent in meat
products. [11] stated that the use of celery can preserve sensory quality and extend the shelf life of products.
[12] found that celery seed extract effectively inhibits the growth of spoilage microorganisms in beef burgers.
Additionally, [13] reported that celery products exhibit antimicrobial activity against pathogenic bacteria in
meat products.

This study aims to determine the effect of using a celery fermentation solution and storage duration
on the physical quality and total plate count (TPC) of duck meat.

2.Material and Method

2.1. Material

The ingredients used included 4.8 kg of duck meat, 500 g of celery leaves (Apium graveolens L.), salt, sugar,
distilled water, Buffer Peptone Water (BPW), MRS Agar, 1% CaCOs, 90% alcohol, label paper, polyethylene
plastic, Whatman No. 42 filter paper, graph paper, Folin-Ciocalteu reagent, and other supporting chemicals.
The main equipment used included a pH meter, a UV-Vis spectrophotometer, an autoclave, an incubator, an
oven, 10% Na2COs, gallic acid, 96% ethanol, methanol, AlCls, and sodium acetate solution, aluminum foil,
tissues, label paper, wrapping paper, and other supporting materials.

2.2. Method

The study used a completely randomized design (CRD) with a 4 % 4 factorial pattern and two replications. The
first factor was the dose of celery fermentation solution, consisting of PO (0), P1 (60), P2 (80), and P3 (100)
mL. The second factor was the duration of storage at room temperature, consisting of L0 (0), L1 (12), L2 (24),
and L3 (36) hours.

2.3. Preparation of the Celery Fermentation Solution

The celery fermentation solution was prepared using a modified version of the method described in [14]. Celery
leaves were washed, cut into pieces approximately 2 cm long, and 100 g of the leaves were placed in a
fermentation container containing 1 L of water, 2.5% salt, and 2.5% sugar. The mixture was homogenized,
tightly sealed, and fermented at room temperature for 6 days. After fermentation was complete, the solution
was filtered and used to treat the duck meat.

2.4 Preparation of the BAL Isolation Medium and Isolation of BAL from Celery Fermentation solution

The medium used for BAL isolation was MRS Agar supplemented with 1% (w/v) CaCOs. The medium was
prepared by dissolving MRS Agar in distilled water, then homogenizing it using a hot-plate stirrer at 100°C
until completely dissolved. The medium is then sterilized in an autoclave at 121°C for 15 minutes at a pressure
of 15 Ibs, poured into Petri dishes in amounts of approximately 15 ml, and allowed to solidify [15].

BAL isolation was performed using a stepwise dilution method down to 107 using 9 mL of Peptone Water
Buffer (BPW) and 1% CaCOs. A total of 0.1 mL from each dilution (10'-107*) was inoculated onto MRS
Agar medium using the spread plate method, then incubated at 37°C for 72 hours.

2.5 Phenolic Analysis of Celery Fermentation Solution

Total phenolic content was determined using the Folin—Ciocalteu method with gallic acid as the standard, as
described in [16] and [17]. Absorbance was measured at a wavelength of 765 nm using a UV-Vis
spectrophotometer, and results were expressed as mg GAE/g fresh sample.

2.6 Flavonoid Assay of Celery Fermentation Solution

Total flavonoid content was determined using the AIClz method, as described in [18]. The maximum
wavelength was determined using a quercetin standard solution and was found to be 439 nm. A calibration
curve was prepared using quercetin standard solutions of various concentrations. Samples dissolved in
methanol were reacted with AICls and sodium acetate, then incubated before measuring absorbance at 439 nm
using a UV-Vis spectrophotometer. Total flavonoid content was calculated based on the quercetin standard
curve and expressed as mg QE/g sample
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2.7. Treatment Application

The duck meat used was from 8- to 12-month-old ducks. Samples of duck meat weighing 50 g were treated
with the specified dose of celery fermentation solution, soaked for 90 minutes, drained for 5 minutes, and then
stored in sterile, tightly sealed containers at room temperature according to the specified treatment
[modification 14].

2.8 Measured Variables

The parameters observed included physical quality—such as pH, cooking loss, and water-holding capacity—
as well as microbiological quality, specifically Total Plate Count (TPC). pH measurements were performed
according to the method in [19], cooking loss according to [20], water-holding capacity using the Hamm
method [21], moisture content based on the method in [22], and TPC according to [23]

2.9. Data Analysis
Data were analyzed using analysis of variance (ANOVA) based on a completely randomized design (CRD)

with a factorial pattern. If a treatment showed a significant effect (P < 0.05), Duncan’s Multiple Range Test
(DMRT) [24] was performed.

3. Result and Discussion

3.1. Isolation of Lactic Acid Bacteria (LAB)

Dilution 1071 Dilution 102 Dilution 1073

Figure 1. Isolation of Lactic Acid Bacteria from a Celery Fermentation Solution

The formation of a clear zone on MRS agar medium indicates the ability of bacteria, particularly lactic acid
bacteria (LAB), to produce organic acids that result in the dissolution of 1% CaCOs. The production of these
acids lowers the pH of the environment, thereby inhibiting the growth of spoilage microorganisms and
pathogens by damaging cell membranes and disrupting microbial metabolic systems [25]. LLA colonies on
MRS agar are generally white to cream-colored and are accompanied by the formation of a clear zone around
the colonies [26]. During celery fermentation, simple sugars are utilized as an energy source, thereby
increasing lactic acid production and creating conditions that support LLA growth [27]. In addition, the
bioactive compounds in celery—such as flavonoids, phenolics, and essential oils—contribute to antimicrobial
and antioxidant activities that synergize with BAL metabolites, thereby enhancing the formation of the clear
zone [8]. The presence of this clear zone indicates the potential of BAL isolates as biopreservatives that can
be utilized to improve the safety and quality of food products [28].

3.2. Testing for Phenolic Content

The determination of the total phenolic content of the celery fermentation solution yielded a value of 91.1914
mg GAE/g, which is higher than the phenolic content of the celery methanol fraction reported by [29]. The
increase in phenolic content is thought to result from the enzymatic activity of lactic acid bacteria during
fermentation, which releases bound phenolic compounds from the plant cell walls, thereby increasing their
availability. [30] states that the esterase and B-glucosidase enzymes produced by microbes play a role in
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releasing phenolic compounds into forms that are easier to extract. Furthermore, acidic conditions during
fermentation can help convert complex compounds into simpler forms, thereby enhancing their bioavailability
[31]. Celery is known to contain various phenolic compounds, such as caffeic acid, ferulic acid, apigenin, and
luteolin, which contribute to its antioxidant activity [32]. The high phenolic content observed in this study
indicates that the fermentation process can increase the availability of bioactive compounds that help inhibit
lipid oxidation and preserve food quality [33].

Table 1. Phenolic Content of Celery Fermentation Solution

Samble Name Sample ABS Total Phenolic Content
p Weight(g) Sample (mg GAE /g)
Celery Fermentation 0,1012 0,177 91,1914

Solution

3.3. Flavonoid Content Testing

The determination of the total flavonoid content in the celery fermentation solution at 15.95 mg QE/g indicates
that flavonoids remain present in sufficiently high amounts after the fermentation process. This value is slightly
lower than the results reported in [34], which is likely due to differences in sample form and the processing
methods used. [31] states that fermentation by lactic acid bacteria (LAB) can increase the availability of
bioactive compounds through the activity of B-glucosidase, which hydrolyzes flavonoid glycosides into
simpler aglycone forms that are more easily absorbed. Additionally, the fermentation process helps release
flavonoids bound to the plant cell wall matrix, making them easier to detect. Although fermentation can cause
changes or partial degradation of some flavonoids, the relatively high content observed in this study indicates
that the fermentation process is capable of preserving the flavonoids in celery. The presence of flavonoids,
such as apigenin, luteolin, and quercetin, acts as antioxidants that can inhibit oxidation and support the potential
of celery fermentation solutions as functional foods [35].

Table 2. Flavonoid Content of Celery Fermentation Solution

Samole Name Sample ABS Total Flavonoid Content
p Weight (g)  Sample (mg QE /g)
Celery Fermentation 0,0505 0,100 15,95

Solution

3.4 Physical Properties

3.4.1. Acidity Level (pH)

The results of the study showed that the interaction between the celery fermentation solution
concentration and storage duration had a significant effect (P<0.05) on the pH of duck meat. The highest pH
value was observed in the POLO treatment (5.79), while the lowest was in the P3L3 treatment (5.03). The
decrease in pH occurred due to increased absorption of organic acids from the celery fermentation solution,
which had a low pH (3.6). According to [21], the ultimate pH of meat ranges from 5.4 to 5.8. These results are
consistent with [36], which reported that an increase in acid concentration causes a decrease in the pH of duck
meat.

The higher the celery fermentation dose, the lower the meat’s pH becomes due to the activity of lactic
acid bacteria (LAB), which produce lactic acid through the metabolism of simple sugars [37]. Fermentation
by Lactobacillus is also known to increase lactic acid production, thereby lowering meat pH [38]. Additionally,
longer storage periods lead to lactic acid accumulation, causing the pH to continue decreasing [39]. Phenolic
compounds and flavonoids in celery also help inhibit spoilage bacteria and maintain meat quality during
storage [40].
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Table 3. Acidity level (pH) in the interaction between dose and storage duration

Dl(?)zzlt;glfeggloe;y Storage Duration Mean-
Solution Lo L1 L2 L3 SD
PO 5,79 5,534 5,31# 5,121 5,44°+0,29
P1 5,71° 5,47¢ 5,25¢ 5,09" 5,38°+0,27
P2 5,62¢ 5,31 5,20 5,07 5,32¢+0,24
P3 5,57 5,25¢ 5,131 5,03 5,259+0,23
Mean £SD 5,67*+£0,10 5,41°+0,12 5,2240,08 5,084£0,04

Note: Different superscripts in columns and rows indicate statistically significant differences (P < 0.05).

The highest interaction was observed in POLO, while the lowest was in P3L3. The low pH in P3L3
indicates that the highest dose of celery fermentation solution and 36 hours of storage resulted in a greater
accumulation of organic acids, thereby lowering the pH of the meat [41]. In addition, the antimicrobial
compounds in celery help inhibit spoilage bacteria and support BAL activity during storage [42]. [43] reported
that antimicrobial compounds from Lactobacillus plantarum are capable of suppressing bacterial growth in
meat products.

3.4.2. Cooking Loss

Table 4. Cooking loss in the interaction between dose and storage time

+
Dosage Storage Duration Mean

Celery SD
Fermention L0 L1 L2 L3
Solution
PO 27,78 32,42 35,44 49,60 36,31°+£9.40
P1 25,38 29,99 33,46 40,90 32,43%+6,54
P2 23,47 28,43 32,30 37,07 30,32%+5,77
P3 14,08 17,81 27,12 35,80 23,70°49,75

Mean£SD 22,684£6,00 27,16°46,45  32,08°+3.55  40,84+6,23
Note: Different superscripts in columns and rows indicate statistically significant differences (P < 0.05).

The results of the study showed that the interaction had no significant effect (P>0.05), whereas the dose of the
celery fermentation solution and the storage duration had significant effects (P<0.05) on the cooking loss of
duck meat. The lowest cooking loss value was observed in P3L0 (14.08%) and the highest in POL3 (49.60%).
All values remained within the normal range for meat cooking loss according to [44].

Higher doses of the celery fermentation solution tended to result in lower cooking loss in duck meat.
This is because the phenolic and flavonoid compounds in celery help maintain protein stability and the meat’s
water-binding capacity, thereby reducing fluid loss during cooking [45]. Flavonoids also act as antioxidants
that protect proteins from oxidative damage [40]. The meat’s improved ability to retain water results in lower
cooking loss values [46]. Longer storage periods increase cooking loss due to changes in protein structure and
a decrease in the meat’s water-binding capacity. The production of organic acids by lactic acid bacteria during
storage can affect the physical properties of the meat [37]. [47], changes in myofibrillar protein structure cause
more fluid to be lost during cooking.

The absence of an interaction effect indicates that the dose of the celery fermentation solution and the
storage duration act independently in influencing the cooking shrinkage of duck meat. Celery’s bioactive
compounds also play a role in helping to maintain protein stability during storage [48].

3.4.3 Water Holding Capacity

The results of the study showed that the interaction had no significant effect (P > 0.05), whereas the dose of
the celery fermentation solution and the storage duration had significant effects (P < 0.05) on the water-holding
capacity of duck meat. The water-holding capacity values obtained were still within the normal range
according to [21]. These results are consistent with [49], which reported that the use of phytobiotic ingredients
can increase the water-holding capacity of meat.
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Table 5. Water holding capacity in the interaction between dose and storage time

Storage Duration Mean+SD
Dosage Celery
Fermention L0 L1 L2 L3
Solution
PO 44,93 36,32 33,70 22,58 34,38%+9,22
P1 47,69 39,56 37,18 24,62 37,26°+9,55
P2 58,04 48,68 43,71 32,35 45,70°+10,70
P3 59,20 50,35 45,47 38,84 48,47°+8,57

Mean = SD 52,47°£7,21  43,73+6,85 40,02°+5,52 29,60°+7,46

Note: Different superscripts in columns and rows indicate statistically significant differences (P < 0.05).

Increasing the dose of the celery fermentation solution tends to increase the water-holding capacity of
the meat. This effect is thought to be related to the activity of lactic acid bacteria, which produce organic acids
during fermentation, as well as the phenolic and flavonoid content of celery, which help maintain protein
integrity, thereby preserving the meat’s ability to bind water [50]. The antioxidant activity of celery’s bioactive
compounds also plays a role in maintaining the meat’s water-holding capacity [51]. Conversely, prolonged
storage causes a decrease in water-holding capacity due to postmortem changes and protein degradation, which
reduce the proteins’ ability to bind water [52]. A decrease in pH resulting from organic acid production during
storage further accelerates the decline in water-holding capacity [53]. Nevertheless, the bioactive compounds
in celery help maintain meat quality during storage [54]. The absence of an interaction effect indicates that the
two factors act independently on the water-holding capacity of duck meat [55].

3.5. Total Plate Count (TPC)

Table 6. Total Plate Count in the interaction between dose and storage time

Dosage Celery Storage Duration Mean+SD
Fesrme‘.‘t“’“ Lo L1 L2 L3
olution
PO 5.91% 6.08" 6.19% 6.29% 6.12°+ 0,16
P1 5.87% 5.93¢de 6.18%® 6.25%® 6.06°+ 0,19
P2 5.66% 5.88% 6.00% 6.23%® 5.94°+ 0,24
P3 5.53¢ 5.66 5.89¢f 6.21%° 5.82°+0.30

Mean = SD 5749+ 0,18 5.89°£0,17 6.07°+0,15  6.25°+0,03

Note: Different superscripts in columns and rows indicate statistically significant differences (P < 0.05).

The results of the study showed that the interaction between the dose of the celery fermentation
solution and storage duration had a significant effect (P<0.05) on the Total Plate Count (TPC) of duck meat.
The lowest TPC value was observed in treatment P3L.0 (5.53 log CFU/g), while the highest was in POL3 (6.29
log CFU/g). These results indicate that the addition of celery fermentation solution is effective in suppressing
microbial growth in duck meat. This finding is consistent with [36], which reported that organic acid treatments
can reduce the total bacterial colony count in meat.

The decrease in TPC in treatments with higher fermentation doses is likely due to the activity of lactic
acid bacteria (LAB), which produce organic acids, hydrogen peroxide, and bacteriocins with antimicrobial
properties. Additionally, celery contains bioactive compounds such as flavonoids, saponins, tannins, and
alkaloids that can inhibit bacterial growth by damaging cell membranes and disrupting microbial metabolism.
These results are consistent with the reports in [56] and [57]. The increase in TPC during storage indicates that
meat is a nutrient-rich medium that supports microbial growth. The longer the storage period, the more the
microbial count tends to increase due to metabolic activity and bacterial proliferation. These results are in line
with [58], which states that microbial growth increases during meat storage. The highest interaction was
observed in the POL3 treatment, while the lowest interaction was observed in the P3L0 treatment. This
indicates that the use of 100 ml of celery fermentation solution without storage is most effective in inhibiting
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microbial growth. These findings are supported by [59] which state that increasing the concentration of celery
can enhance antimicrobial activity and reduce the number of microbes in meat.

4. Conclusion

The biopreservation of duck meat using a celery (Apium graveolens L.) fermentation solution was found to
lower the pH, reduce cooking loss, increase water-holding capacity, and lower the total plate count of the duck
meat. The best results were obtained with treatment P3L1, which involved a 100-ml dose of the celery
fermentation solution and a storage time of 12 hours.
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