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Abstract

Chia seed mucilage coatings enriched with cell-free supernatant (CFS) from Lactococcus lactis

LBM15 effectively delayed spoilage of refrigerated ostrich meat for 10 days.

remainied at 3100109 meq O2/kgwith the29%6ICESI o or retention was improved, with smaller

declines in redness and a reduced overall color difference (AE). Sensory evaluations for odor,
color, texture, and overall acceptance were also higher in coatings enriched with CFS. Meat slices
were treated with a chia coating alone or with 1% or 2% CFS, along with an untreated control, and
assessed for microbial counts, lipid oxidation, color metrics, texture, pH, moisture, and sensory

attributes. Overall, combining chia mucilage with L. lactis CFS shows potential as a clean-label

method to extend the shelf life of high-value ostrich meat. _
parameters. Model performance was evaluated using Mean Absolute Percentage Error (MAPE)

Keywords: Chia seed mucilage, L. lactis LBM15, _
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This study examines the impact of chia seed mucilage—based edible coatings enriched with 1%
and 2% cell-free supernatant from L. lactis LBM15 on microbial stability, oxidative changes,
physicochemical properties, color, and sensory quality of ostrich meat during refrigerated storage.
Furthermore, the applicability of SVR modeling is evaluated for the simultaneous prediction of
multiple quality-related laboratory parameters, offering both a natural preservation method and a

predictive tool for assessing the quality of high-value meat products.

2. Materials and Methods
2.1. Materials
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2.3. Extraction of Chia Seed Mucilage

Chia seed mucilage was extracted using a hydration—drying method. Seeds were mixed with
distilled water (1:20 w/v) and stirred at 50 = 2 °C for 45 min (100 rpm). The mixture was
refrigerated at 4 °C for 8 h, after which the mucilage was separated, dried at 50 °C for 24 h, ground,
sieved (25 mesh), and stored in sealed containers at room temperature until use (Mufioz-Tebar et

al., 2021).
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2.5. Application of Coatings and Storage Conditions



121
122

123
124

125
126
127
128
129

130
131

132
133
134
135
136
137
138

139
140

141
142
143
144

145
146

147
148
149

150
151
152
153

Journal of Agricultural Science and Technology (JAST), 29(1)
In Press, Pre-Proof Version

Peroxide value (PV) was determined by _ Briefly, 2 g of minced meat was
mixed with a chloroform—acetic acid solution, followed by the addition of potassium iodide. The

released iodine was titrated with 0.01 N sodium thiosulfate, and results were expressed as -
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2.10. Texture analysis (firmness)

2.11. Total Volatile Basic Nitrogen (TVB-N)
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2.15. Statistical Analysis

All experiments were conducted in triplicate using a completely randomized design with a factorial
arrangement. Data were analyzed using Minitab software (version 16). Analysis of variance
(ANOVA) was performed to evaluate the effects of treatments and storage time, and mean

comparisons were conducted using Tukey’s post hoc test at a significance level of p< 0.05.
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3. Result and Discussion

3.1. Microbial Load Changes

The microbial results clearly indicate that enrichment of chia seed gum coatings with cell-free
supernatant (CFS) from L. lactis LBM15 effectively delayed spoilage of ostrich meat during
refrigerated storage (Figure 1). In control samples, all microbial indices increased sharply,
consistent with the high-water activity and relatively elevated pH of ostrich meat. Total viable

counts (TVC) increased from 4.60 = 0.12 t0 9.50 = 0.14 log CFU/g by day 10, with similar upward

reports on ostrich meat deterioration (Hashemi et al’2023)] Application of chia seed gum alone

modestly reduced microbial growth, with counts lower than the control by day 10 (e.g., TVC: 9.10
+ 0.16 log CFU/g). This effect is attributed to the barrier properties of polysaccharide-based
coatings, which limit oxygen diffusion and surface dehydration (Hashemi et al., 2023). However,
the gum-only coating showed limited antifungal activity, indicating a predominantly physical
mode of action.

The most potent antimicrobial effect was observed in CFS-enriched coatings, particularly at the
2% level. By day 10, TVC values were reduced to 7.35 + 0.12 and 6.80 + 0.11 log CFU/g in the
1% and 2% treatments, respectively, corresponding to 28-35% reductions compared with the
control. Similar dose-dependent reductions were observed for psychrotrophic bacteria, coliforms,
and fungi. The antimicrobial effect of CFS-enriched coatings is mainly attributed to LAB-derived
metabolites such as organic acids and bacteriocin-like compounds, which inhibit microbial growth
by lowering surface pH and disrupting cell membranes. Encapsulation of these metabolites within

the chia mucilage matrix may further enhance their effectiveness by prolonging their retention on
the meat surface during storage. The enhanced efficacy of the CFS-containing coatings likely
reflects a synergistic interaction, in which the chia mucilage matrix acts as a controlled-release
system for antimicrobial metabolites, as commonly reported for active edible coatings (Ng et al.,

2020; Hashemi et al., 2023).
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Fig. 1. Changes in total viable count (A), fungi count (B), coliforms count (C), and psychrotrophic
count (D) of ostrich meat samples coated with chia mucilage loaded with cell-free supernatant
(CFS) of L. lactis LBM15 at 1% and 2% v/v levels. Samples labeled with different letters differ
significantly at p < 0.05.

3.2. Physicochemical Changes

significantly delayed both primary and secondary oxidation reactions. In control samples, peroxide

= 1%CFS+ Chia musilage a

10
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value (PV) rose sharply from 1.15 + 0.03 to 7.85 + 0.13 meq O:/kg by day 10. The gum-only
coating moderately reduced PV (6.70 + 0.13 meq O-/kg), whereas supernatant-enriched coatings
showed a clear dose-dependent antioxidant effect, reaching 4.80 + 0.10 and 3.10 + 0.09 meq O-/kg
in the 1% and 2% treatments, respectively. Similar trends were observed for TBA values, which

increased to 1.08 = 0.06 mg MDA/kg in the control but remained significantly lower in the 1%

(0.68 +0.06) and 2% (0.57 + 0.06) supernatant treatments. _

_ (Moura et al., 2023). A study found that edible coatings containing

microbial-derived antioxidants effectively lowered both PV and TBA values in chilled meat
products by reducing oxygen diffusion and stopping free radical spread. Similar reduction levels
observed in this study indicate that the L. lactis cell-free supernatant exhibits potent antioxidant
activity when embedded in a polysaccharide matrix (CHEIICHANNZ020)!

Changes in pH and moisture content further reflected the stabilizing effect of the coatings (Figures
2c¢ and 2d). Although pH increased slightly in all samples during storage, the increase was more
controlled in supernatant-treated meat, reaching 6.08 + 0.01 in the control compared with 5.93 +

0.02 in the 2% treatment by day 10. This change in pH indicates reduced proteolytic activity, as

previously reported for LAB-based coatings (da Silva et al., 2020). _
of CFS-containing coatings, the gradual increase in pH during storage can be attributed to residual
proteolytic activity and the accumulation of basic nitrogenous compounds resulting from protein
degradation.

Moisture loss was most pronounced in the control (74.80 + 0.18% to 64.50 = 0.21%), whereas
coated samples, especially the 2% supernatant treatment, retained significantly higher moisture
(73.60 £ 0.16%), consistent with the barrier function of polysaccharide matrices (Hashemi et al.,
2023). Texture analysis (Figure 2e) showed progressive softening in all treatments, with firmness
decreasing from 39.50 & 1.05 to 31.10 = 1.15 N in the control. Chia gum alone partially mitigated

this decline, while supernatant-enriched coatings, particularly at 2%, maintained higher firmness

(36.40 = 1.13 N), likely due to improved water retention and reduced structural degradation.
and reduced structural breakdown of muscle fibers, resulting from both moisture retention and
inhibition of proteolytic activity (Bao et al2025). A recent study reported that polysaccharide-

based edible coatings significantly improved moisture retention and texture stability in refrigerated

10
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meat by reducing water vapor transmission and limiting structural protein degradation. The higher

firmness values observed in the supernatant-treated samples of this study further support the role

of active coatings in preserving meat structural integrity during storage
_ Protein degradation, assessed by TVB-N (Figure 2f), increased rapidly in control
samples (6.90 = 0.18 to 34.30 £ 0.32 mg/100 g), whereas the 1% and 2% supernatant treatments
significantly suppressed TVB-N accumulation (21.80 + 0.27 and 18.90 + 0.24 mg/100 g). These

findings agree with previous studies showing that antimicrobial and antioxidant-enriched coatings

effectively limit volatile nitrogen formation during meat storage (Zhang et al., 2022)._

3.3. Color Measurement

Color parameters (L*, a*, b*, and AE) exhibited clear treatment-dependent changes during
refrigerated storage (Figure 3). Discoloration progressed most rapidly in the control samples,
where lightness (L*) declined from 34.20 & 0.55 to 28.80 = 0.60 by day 10. The chia gum coating
partially mitigated this decrease (29.60 + 0.25), while supernatant-enriched coatings preserved
brightness more effectively, maintaining L* values of 30.70 £ 0.37 and 30.95 = 0.33 in the 1% and
2% treatments, respectively. This protective effect is attributed to reduced oxygen exposure and

delayed myoglobin oxidation, consistent with previous reports on mucilage-based coatings. Color

( Heydari et al., 2020). Redness (a*) followed a similar trend. Control samples declined sharply
from 17.30 £ 0.27 to 9.10 £ 0.35, indicating rapid metmyoglobin formation, whereas gum-only
coatings provided partial protection (10.90 = 0.33). In contrast, LAB-supernatant treatments

maintained significantly higher a* values (12.70 + 0.40 and 13.50 + 0.36), reflecting enhanced

pigment stability,
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coatings (Behbahani et al., 2024), Although yellowness (b*) decreased across all treatments,

coated samples—particularly the 2% supernatant formulation—retained higher values (10.85 +
0.35 at day 10). Overall color difference (AE) clearly distinguished treatments, with the control
reaching 10.47, compared with lower values in the gum-only (7.39) and supernatant-enriched
coatings (5.67 and 5.14 for 1% and 2%, respectively), indicating superior color retention. Similar
AE reductions have been reported for active polysaccharide-based coatings containing bioactive
compounds (Moura-Alves et al., 2023; _). Also, previous research using isolated
soy protein films incorporated with peppermint essential oil demonstrated that bioactive films can
modify color parameters (L, a*, b*, AE) and exhibit antimicrobial activity, contributing to
extended shelf life of meat products. These results support the broader applicability of edible films
with functional additives for meat quality preservation (Karimian et al., 2019). Overall, chia gum
provided baseline protection against discoloration, while incorporation of L. lactis LBM15
supernatant markedly enhanced color stability, with the 2% formulation showing the strongest

effect.

12
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Fig. 2. Changes in PV (A), TBA (B), pH (C), moisture (D), firmness(E), and TVB-N(F) of ostrich meat samples coated with chia mucilage loaded
with cell-free supernatant (CFS) of L. lactis LBM15 at 1% and 2% v/v levels. Samples labeled with different letters show significant differences at

p <0.05.
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329  Fig. 3. Changes in L* (A), a* (B), b* (C), and AE (D) of ostrich meat samples coated with chia
330 mucilage loaded with cell-free supernatant (CFS) of L. lactis LBM15 at 1% and 2% v/v levels.
331  Samples labeled with different letters differ significantly at p < 0.05.
332
333 3.4. Sensory Analysis
334  Sensory evaluation revealed faster deterioration of odor, color, and texture in untreated ostrich
335 meat, whereas chia-based coatings—especially those enriched with L. lactis LBMI15
336  supernatant—significantly improved sensory stability during refrigerated storage. Odor scores
337  declined sharply in control samples from 8.20 + 0.40 to 2.85 + 0.45 by day 10, while gum-only
338  coatings moderately delayed odor loss (3.65 + 0.28). In contrast, LAB-supernatant treatments
339  maintained higher odor scores (4.55 + 0.42 and 4.80 + 0.38 for 1% and 2%, respectively),
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consistent with reduced microbial growth and lower TVB-N levels reported for LAB-derived
metabolites (Heydari et al., 2020; Behbahani et al., 2024).
Sensory color acceptability followed a similar pattern. The control declined from 8.30 + 0.33 to

3.20 = 0.37, in agreement with instrumental color deterioration, whereas LAB-enriched coatings

preserved higher scores (4.60 + 0.32 and 5.00 + 0.38). _

LAB metabolites (Noshad et al., 2021)! Texture scores also showed clear treatment-dependent

differences. Control samples decreased markedly from 8.20 + 0.36 to 2.65 + 0.37, reflecting
moisture loss and structural softening, while supernatant treatments preserved texture more
effectively (4.85 £ 0.33 and 5.50 £+ 0.35). These improvements were reflected in overall
acceptance, which remained significantly higher in LAB-supernatant treatments (4.70 £+ 0.39 and
5.10 £ 0.34) compared with the control (3.00 + 0.30). Overall, chia gum provided baseline sensory
protection, whereas incorporation of L. lactis LBM15 supernatant offered superior preservation by

simultaneously limiting microbial spoilage, oxidative changes, and moisture loss (Moura-Alves et
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Fig. 4. Changes in color (a), texture (b), odor (c), and overall acceptance (d) of ostrich meat
samples coated with chia mucilage loaded with cell-free supernatant (CFS) of L. lactis LBM15 at
1% and 2% v/v levels. Samples labeled with different letters show significant differences at p <
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Fig.5. The results of modeling with SVR to predict all 12 laboratory factors.

4. Conclusions

This study demonstrates that chia seed mucilage enriched with cell-free supernatant from L. lactis
LBM15 -13, particularly at the 2% level, effectively improves the microbial, oxidative, textural,
color, and sensory stability of ostrich meat during refrigerated storage. These effects arise from a
synergistic interaction in which the hydrocolloid matrix limits gas and moisture transfer, while
LAB-derived metabolites inhibit spoilage-related processes. Despite these promising results, this
study has certain limitations. The experiments were conducted under a single storage temperature
and packaging condition, and the coating performance was evaluated over a fixed storage period.
In addition, the coating formulation was limited to two supernatant concentrations. Future studies
should therefore investigate the performance of this coating system under varying storage

temperatures, packaging atmospheres, and extended storage durations, and evaluate a broader

range of postbiotic concentrations and industrial-scale applicability. _
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