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Figure 1. (a) pH and (b) Acidity of the Samples
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Figure 2. (a) Vitamin C Content and (b) Reducing Sugars Content of the Samples
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Figure 3. (a) Total Phenolic Content (TPC) and (b) Free Radical Scavenging Activity (FRSA) of the samples (S1-54).
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Figure 5. FTIR spectra of four different formulations overlaid for comparison. The blue spectrum (S1)
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spectrum (S2) shows the milk protein concentrate alone. The red spectrum (S3) corresponds to Lactobacillus

rhamnosus combined with milk protein concentrate, while the purple spectrum (S4) corresponds to the

transglutaminase enzyme. Differences in spectral bands reflect molecular interactions and structural
modifications among the formulations.
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Table 1. Color Measurement of the Samples

Sample b* (Yellow to Blue)  a* (Red to Green)  L* (Lightness)
Sl 15.45£0.6 -8.79+0.3 73.5%£0.8
82 11.3%+0.7 1.7+ 0.4 57.8%£1.0
83 145508 0.9%+0.5 60.8Y £0.9
S4 1249405 0.85+0.4 62.3Y + 1.1

Values are expressed as mean + standard deviation (n = 3). Different letters
(xyz) within each column indicate significant differences (P < 0.05) according

to Tukey’s test.
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bacterial resistance against environmental, chemical, and
gastrointestinal stresses. In this study, milk protein concentrate (MPC)
was used as a wall material due to its strong biological and protective
properties. The aim was to evaluate the effect of this material,
combined with transglutaminase enzyme, on the survival of
Lactobacillus rhamnosus in the acidic environment of orange juice.
Four samples were prepared: S1 (plain orange juice), S2 (protein +
bacteria), S3 (protein + bacteria + enzyme), and S4 (protein +
enzyme). During storage, samples were analysed for bacterial
viability, antioxidant activity, pH, titratable acidity, vitamin C,
reducing sugar, total phenolic content, color, FTIR spectra, and
molecular weight. The results showed that sample S3 exhibited the
best performance with a viability of 5.5%x107 CFU/mL, antioxidant
activity of 68.5%, and acidity of 4.4%, along with a pH of 3.6. In
contrast, sample S4 showed the lowest viability (3.8x107 CFU/mL)
and vitamin C content (32.3 mg/L). Sample S2 had the highest total
phenolic content (14.7 mg GAE/mL) and the lowest reducing sugar
(9.07 mg/mL). During storage, vitamin C, reducing sugars, and
phenolics decreased, whereas acidity and antioxidant activity
increased. Samples containing bacteria showed higher vitamin C and
acidity, while those with the enzyme exhibited higher reducing sugar
content. FTIR analysis confirmed the presence of carbonyl, methyl,
and amine functional groups. Sample S2 showed decreased molecular
weight and increased solubility, indicating effective interactions
between bacteria and protein.
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