
Journal of Agricultural Science and Technology (JAST), 28(4) 

In Press, Pre-Proof Version 
 

1 
 

Assessment of the physicochemical, antioxidant, microbial, and sensory 1 
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Shakouri1  5 

ABSTRACT 6 

This study was conducted aiming at evaluating the physicochemical, antioxidant, microbial and 7 

sensory properties of functional fermented camel milk (FCM) with varying β-glucan 8 

concentrations (0, 0.1, 0.2, and 0.3%), and a combination of the bacterial cultures Lactobacillus 9 

Plantarum and Lactobacillus Rhamnosus. The FCM matrix was assessed for pH/acidity, phase 10 

separation, viscosity, color, total phenolic content (TPC), antioxidant activity (AO), probiotic 11 

viability, and sensory characteristics by 12 participants. The results were analyzed using one-way 12 

ANOVA applied to data from a completely randomized design with three replicates, followed by 13 

LSD post hoc tests for comparison of treatment means. The pH, acidity, antioxidant activity 14 

(IC50), viscosity, and probiotic viability of fortified FCM ranged from 3.46-4.4, 0.141%-0.429%, 15 

27.01-69.67 (mg.mL-1), 1025-2355 (mPa.s-1), and 6.17-8.95 (cfu.mL-1) respectively. The Results 16 

demonstrated that β-glucan fortification (0–0.3%) significantly (P˂0.05) increased acidity, TPC, 17 

AO, viscosity, and probiotic viability in FCM, while reducing pH and phase separation. 18 

Increasing β-glucan concentration in the samples was associated with a significant decrease in 19 

the brightness index (L), accompanied by significant increases in the yellowness (b) and redness 20 

(a*) indexes (P<0.05). According to the sensory panelists' assessments, increasing the β-glucan 21 

concentration to 0.2% was deemed favorable. These findings suggest that fortification of 22 

fermented camel milk with 0.2% β-glucan optimally enhances its functional, physicochemical, 23 

and sensory properties, supporting its potential as a health-promoting dairy product. 24 

Keywords: β-glucan, Camel milk, Lactobacillus Plantarum,  Lactobacillus Rhamnosus, 25 
Probiotic. 26 

 27 
INTRODUCTION 28 

Currently, products that have the potential to promote physiological responses in the body or 29 

decrease the risk of illness are called functional foods. Fermentation is widely regarded as a 30 
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means of promoting the growth of microorganisms and enzymatic transformations in nutrient 31 

content, resulting in the production of functional foods that possess health-enhancing properties.  32 

Lactic acid bacteria are the best options due to their high fermentation potential, product safety, 33 

and compatibility during fermentation (Benkirane et al., 2022). Lactic acid bacteria, which are 34 

capable of fermenting and promoting digestive health, are commonly referred to as probiotics 35 

and are consumed in the form of microbial food supplements as part of functional foods. To gain 36 

the full health benefits of probiotics, it is recommended that the product contains at least 107 37 

colony-forming units (cfu) per milliliter at the time of consumption. Similarly, prebiotics are 38 

dietary components that support the growth and activity of probiotic bacteria, ultimately 39 

resulting in positive health effects (Soemarie et al., 2021).  40 

Milk from various species (goat, cow, sheep, buffalo, etc.) has been used to produce fermented 41 

milk products (Benkirane et al., 2022). The appropriate choice for the production of fermented 42 

dairy products is camel milk, which has adequate nutrition and biological components. Camel 43 

milk contains high amounts of vitamin C (150 mg.L-1) and niacin, in addition, compared to 44 

bovine milk it has a higher content of copper (Cu) and iron (Fe) (Soleymanzadeh et al., 2016). 45 

Studies have also been conducted on the antioxidant and antidiabetic effects of camel milk 46 

fermented with Lactobacillus bulgaricus (Lactobacillus delbrueckii subsp. bulgaricus) and 47 

Streptococcus thermophiles (Shori and Baba, 2014). In one study, the antioxidant activity of 48 

fermented camel milk (FCM) with Streptococcus thermophilus, L. acidophilus, and B. bifidum 49 

was reported (Algonaiman and Alharbi, 2023). The antibacterial activity of FCM with 50 

Lactobacillus bulgaricus and Streptococcus thermophilus was also observed in a previous study 51 

(Lafta et al., 2014). Furthermore, some studies have reported the functional properties of FCM 52 

(Solanki and Hati, 2018). However, there is a scarcity of relevant information in the literature 53 

regarding the camel milk properties fermented with Lactobacillus plantarum and Lactobacillus 54 

rhamnosus supplemented with yeast β-glucan. 55 

β-glucan is a polysaccharide located in the cell walls of cereals, yeasts, marine plants, and 56 

fungi, naturally. β-glucan produced from yeast cell wall is composed of 1→ 3 β-linked 57 

glucopyranosyl residues with a few 1→ 6 β-linked branches. β-glucan is now being considered 58 

due to its prebiotic properties, immune system stimulation, limited uric acid production, reduced 59 

blood sugar, and controlled blood pressure.  However, this polysaccharide is not only important 60 
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in the food industry  for its health benefits to consumers, but also because of its functional 61 

properties, such as its ability to form gels and thicken food products (Mykhalevych et al., 2022).  62 

Based on previous studies, Lactobacillus plantarum, and Lactobacillus rhamnosus were 63 

selected for this study because of their proper fermentative activity and potential for the 64 

production of aromatic compounds (Ma et al., 2021). We propose that incorporating yeast β-65 

glucan into fermented camel milk (FCM) with these probiotic strains will enhance its 66 

physicochemical, antioxidant, microbial, and sensory properties, thereby improving its potential 67 

as a functional food. The objective of this research was to assess the physicochemical, microbial, 68 

and sensory characteristics of FCM formulated with Lactobacillus plantarum, Lactobacillus 69 

rhamnosus, and yeast β-glucan. 70 

 71 
MATERIALS AND METHODS 72 

Materials 73 

Camel milk was purchased from Asayesh Co. (Gorgan, Iran) on July 11, 2023. Yeast β-glucan 74 

from Saccharomyces cerevisiae (≥80% purity, yellowish fine powder) was obtained from 75 

LonierHerb Co. and stored at 4°C for 28 days. L. plantarum PTCC 1058 and L. rhamnosus 76 

PTCC 1637 were supplied by the IROST Company in Tehran. Lyophilized L. plantarum PTCC 77 

1058 and L. rhamnosus PTCC 1637 (around 108 cfu.mL-1) were cultured in MRS broth medium 78 

for 24 h at 37°C in a CO2 incubator (Memmert, Munich, Germany). Analytical grades of 79 

chemicals were prepared from Merck (Germany) and used in this study. 80 

 81 

FCM samples production 82 

Fresh camel milk (4.9% fat, 2.7% protein, and 4.3% lactose) was pasteurized at 70°C for 20 83 

min and afterward cooled to 37°C. The activated probiotic cultures (L. plantarum and L. 84 

rhamnosus) were centrifuged (Eppendorf 5427, Germany) at 5000×g for 15 min to harvest the 85 

bacterial biomass. β-glucan (0, 0.1, 0.2, and 0.3% w/v), and 0.2% (w/v) biomass of each 86 

probiotic culture were subsequently added. These strains have been widely referred to as 87 

probiotics based on their demonstrated functional properties in previous studies (Haghshenas et 88 

al., 2016; Rezaei et al., 2022). The milk was fermented at 37˚C for 6-8 hours until it reached a 89 

pH of 4.5. Thereafter, the FCM was stored in the refrigerator for 28 days  at 4˚C and analyses 90 

were conducted on days 1, 7, 14, 21 and 28 (Soleymanzadeh et al., 2016).  91 
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Physico-chemical analysis 92 

Fresh camel milk was analyzed for protein, fat and lactose content. A digital pH meter (Taiwa, 93 

AZ 86502) was used to measure the pH of the prepared samples (El-Deeb et al., 2017).  The 94 

FCM samples viscosity was evaluated with a rheometer (MCR 301, Anton paar, Austria) 95 

equipped with a CC27 spindle and was sheared from 1.0 to 500 (1s-1) at 20°C. The FCM samples 96 

were also poured into the test tubes and stored at 4°C to assess the stability of the FCM.  97 

Equation (1) was applied to assess the phase separation of FCM samples (Farahani et al., 2022).  98 

Phase separation (%)= Volume of supernatant/Volume of total sample×100                            (1) 99 

 100 

Antioxidant activity evaluation 101 

To assess the antioxidant activity (AO), 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) was 102 

used. Three milliliters of 0.1 mM DPPH in ethanol were added to 100 μl of the FCM 103 

supernatant, which was then mixed and left to stand at room temperature for 60 minutes. 104 

Afterward, the absorption of the samples was measured using a spectrophotometer at 515 nm 105 

(Atwaa et al., 2022). Inhibition values (%) were calculated using the formula: % Inhibition = 106 

[(A0 - A1) / A0] × 100, where A0 is the absorbance of the control and A1 is the absorbance of 107 

the sample being tested. The IC50 value for each FCM sample, the amount of FCM (mg) needed 108 

to inhibit 50% of DPPH have been calculated as a standard curve, which uses inhibition (%) 109 

values against various concentrations of FCM (Celik et al., 2023). 110 

 111 
Color measurement 112 

To determine color parameters, i.e., L*, a*, and b* indices in FCM, the Hunterlab instrument 113 

(UltraScanvis, US-Vis 1,310, USA) was used. Lightness was assessed between zero (black) to 114 

100 (white), a* was determined from + 127 (red) to –128 (green), and b* was evaluated from + 115 

127 (yellow) to –128 (blue) (Bhaskar et al., 2017; Soemarie et al., 2021). 116 

 117 

Microbial analysis 118 

To perform the microbiological analysis, a sample was mixed with 90 mL of sterile saline 119 

solution (0.95% w/v) in a sterile glass to create the initial dilution (10-1). This dilution was used 120 

to prepare a series of decimal dilutions using the same diluent. To determine the count of colony-121 

forming probiotic bacteria in liquid samples, dilutions were cultured in the bottom on MRS agar 122 

supplemented with vancomycin (10 mg.L-1) using the Pour Plate method for enumeration 123 
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(vancomycin is employed in selective media for the enumeration of Lactobacillus plantarum and 124 

Lactobacillus rhamnosus due to their intrinsic resistance to this antibiotic). The plates were 125 

incubated in a CO2 incubator at 37°C for 72 hours, and the results were expressed as Log 126 

cfu.mL-1 (Sakai et al., 2010). 127 

   128 
Sensory analysis  129 

A group of 12 trained and expert panelists, comprising six men and six women aged between 130 

20 and 30 years, conducted a sensory evaluation using a 5-point hedonic scale ranging from 1 131 

(extremely dislike) to 5 (extremely like). The parameters related to sensory evaluation were 132 

color, taste, flavor, texture, and overall acceptability. These characteristics were assessed on the 133 

28th day of storage. Twenty milliliters of FCM samples were placed in labeled bottles and kept at 134 

a temperature of 4 ± 1ºC before being served to the panelists along with their meal. Following 135 

each test, panelists rinsed their mouths with water (Farahani et al., 2022).  136 

  137 
Statistical analysis 138 

Experiments was performed in triplicate, and significant differences among means were 139 

assessed using one-way ANOVA followed by LSD post hoc tests (SPSS, version 22, 2016). The 140 

significance level was set at P<0.05. Nonparametric data were analyzed using the Kruskal-Wallis 141 

test (Arabshahi and Sedaghati, 2022). 142 

 143 

RESULTS  144 

The pH values of FCM samples during storage are presented in Figure 1a. Statistical analysis 145 

revealed that the pH of FCM samples were affected by adding yeast β-glucan significantly 146 

(P<0.05). By increasing the concentration of yeast β-glucan, the pH of the treated samples 147 

decreased significantly  (P<0.05). The FCM sample with 0.3% yeast β-glucan had the lowest pH 148 

on the 28th day (3.46 ± 0.09), while the control sample (0% yeast β-glucan) had the highest pH 149 

on the first day (4.44 ± 0.06). During the storage period, the pH of samples reduced significantly 150 

(P<0.05).  151 

The effects of refrigerated storage time and β-glucan concentration on the probiotic viability are 152 

shown in Figure 1b. Both factors significantly influenced the number of viable probiotic cells 153 

(P<0.05). Viability increased significantly after 14 days of refrigerated storage, reaching a 154 

maximum of 8.95 log (cfu.mL-1) in the sample containing 0.3% β-glucan, before declining 155 
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significantly by day 28 (P<0.05). The viscosity of FCM samples was calculated at 4 ˚C for all the 156 

tested samples (Figure 2a). The average viscosity of the FCM samples was between 1025 and 157 

2355 mPa.s. The results showed an increase in the viscosity of camel milk samples as a result of 158 

the addition of β-glucan. The addition of β-glucan significantly increased the viscosity of camel 159 

milk samples (P<0.05), with the highest concentration (0.3%) producing the greatest effect. 160 

Conversely, viscosity decreased significantly during cold storage (P<0.05). Phase separation 161 

during refrigerated storage is presented in Figure 2b. A significant increase in phase separation 162 

was observed over time (P<0.05), consistent with findings by Arabshahi and Sedaghati (2022). 163 

However, the addition of β-glucan substantially reduced phase separation compared to the 164 

control (P<0.05). Even a low β-glucan concentration (0.1%) effectively prevented phase 165 

separation, with higher concentrations (up to 0.3%) further enhancing stability. Figure 3a 166 

presents the antioxidant activity of FCM samples measured by the IC50 value, which indicates 167 

the quantity of sample (in mg.mL-1) required to scavenge 50% of DPPH radicals. Lower IC50 168 

values correspond to higher antioxidant activity. On the first day, the treated sample with 0.3% 169 

β-glucan exhibited the highest antioxidant activity (69.67 ± 0.06 mg.mL-1), while the control 170 

samples on the 28th day showed the lowest content (27.01 ± 0.02 mg.mL-1). Statistical analysis 171 

revealed a significant increase (P<0.05) in antioxidant activity with increasing β-glucan 172 

concentration from 0% to 0.3%. Additionally, antioxidant activity significantly declined 173 

(P<0.05) in all samples over the 28-day storage period at 4°C. The color indexes L* (whiteness), 174 

a* (red–green) and b* (yellow/blueness) of FCM samples are noticed in Table 1. The L* values 175 

of FCM samples were significantly decreased in the presence of β-glucan, and a higher darkness 176 

was observed for greater amounts of β-glucan. The b* values for FCM samples were between 177 

10.98 and 16.61. Our results indicated that the b* value or the intensity of the yellow color was 178 

slightly increased during storage. Also, the FCM samples with β-glucan had a significant 179 

increase in b* value (P<0.05). As the concentration of β-glucan increased, the FCM sample 180 

tended to red color. Regarding a* values, the control sample on the first day had the lowest 181 

redness, while the sample with 0.3% β-glucan exhibited the highest redness. Increasing β-glucan 182 

concentration tended to shift the color toward red. 183 

 184 
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Fig. 1. The effect of β-glucan concentrations on pH (a) and probiotic viability (b) of fermented 185 

camel milk during 28 days of storage 186 
 187 

Fig. 2. The effect of β-glucan concentrations on viscosity (a) and phase separation (b) of 188 
fermented camel milk during 28 days of storage. 189 

 190 
Table 1. The effect of β-glucan on color of fermented camel milk during 28 days of storage. 191 

Colour 

properties 

 Storage days 

1 7 14 21 28 

 

L* 

Control 81.86±0.36Aa 79.74±0.55Aab 76.99±0.67Ab 75.62±0.05Ab 73.58±0.16Ac 

T1 79.31±0.21ABa 77.65±0.17ABab 75.87±0.24ABb 75.28±0.24Ab 73.09±0.07Ac 

T2 77.05±0.11Ba 75.61±0.55Bab 74.38±0.13Bb 73.79±0.13Bbc 71.65±0.37Bc 

T3 74.03±0.51Ca 73.61±0.36Cab 72.98±0.36Cb 72.58±0.39Cb 70.48±0.64BCbc 

 

b* 

Control 10.98±0.71Cb 11.15±0.13Cb 11.97±0.05Ca 12.26±0.21Ca 12.50±0.06Ba 

T1 12.70±0.14Bbc 13.25±0.25Bb 13.39±0.08Bb 13.56±0.26Ba 14.26±0.09ABa 

T2 13.37±0.18Bb 13.41±0.25Bb 13.67±0.03Bb 13.8±0.03Ba 14.45±0.02ABa 

T3 15.08±0.41Ab 15.2±0.27Ab 15.71±0.15Aa 15.77±0.92Aa 16.61±0.09Aa 

 

a* 

Control 2.35±0.03ABa 2.77±0.06ABab 3.28±0.08ABab 3.47±0.05ABab 3.69±0.06Ab 

T1 2.81±0.06Aa 3.28±0.04Aab 3.48±0.02Ab 3.54±0.01Ac 3.88±0.04Ac 

T2 3.09±0.17Aa 3.10±0.12Aa 3.33±0.1Aab 3.45±0.14Ab 3.63±0.14Ac 

T3 3.34±0.05Aa 3.34±0.02Aa 3.61±0.05Aab 3.72±0.02Aab 3.91±0.02Ab 

A-D: Means within each column followed by different letters show significant differences (P˂0.05) between 192 
treatments at the same time. 193 
a-b: Means within each row followed by differences letters (a–b) show significant differences (P˂0.05) at treatment 194 
during the storage period. 195 

 196 
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Figure 3b presents the results of the sensory properties of FCM on 28th day of storage. All 197 

samples showed the same acceptance of smell parameters with no significant differences 198 

(P>0.05). The highest flavor score belongs to T2 treatment, and the presence of β-glucan 199 

significantly increased this score (P<0.05). However, only an increase of 0.2% had a positive 200 

effect on flavor acceptance, whereas a higher amount of β-glucan reduced it. The highest color 201 

score was observed in the T2 sample, and the addition of 0.2% β-glucan significantly increased 202 

the color score (P<0.05). The addition of β-glucan only to 0.2% increased the texture score 203 

significantly (P<0.05), and a higher amount of β-glucan reduced texture acceptance. The T2 204 

sample had the highest texture score, whereas the control sample had the lowest. The overall 205 

acceptance scores of the FCM samples revealed a significant difference among the samples 206 

(P<0.05). The highest acceptance was observed for the T2 treatment, and the presence of β-207 

glucan significantly increased the acceptance score (P<0.05). However, an increase in β-glucan 208 

to only 0.2% had a positive effect on overall acceptance, while a higher amount of β-glucan 209 

reduced its score. 210 

 211 

 Fig. 3. The effect of β-glucan concentrations on antioxidant activity (a) and sensory properties 212 
(b) of fermented camel milk during 28 days of storage. 213 

 214 
DISCUSSION 215 

The decrease in pH of fermented dairy products during storage can be attributed to the creation 216 

of lactic acid and other organic acids from lactose. Biochemical activity of bacterial cultures 217 

during cold refrigeration storage results in post-fermentation acidification and subsequent acid 218 

production (Ayyash et al., 2018). This is consistent with the findings of Soleymanzadeh et al. 219 

(2016) who reported that the pH of camel milk fermented by lactic acid bacteria decreased 220 

during storage. Similarly, Algonaiman and Alharbi (2023) observed a decrease in the pH of FCM 221 
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in the presence of oats and date palms. Al-Sahlany et al. (2022) also reported organic acid 222 

production in bio-yogurt samples supplemented with yeast β-glucan during storage. The results 223 

for camel milk acidity decrease in the presence of β-glucan were consistent with the data on 224 

probiotic survival. It is possible that the presence of β-glucan improved the numbers and viability 225 

of probiotic bacteria, which may be related to the presence of prebiotic ingredients in β-glucan. 226 

This is consistent with the findings of Vasiljevic et al. (2007) who observed that yogurt probiotic 227 

survival improved in the presence of β-glucan as a non-digestible complex carbohydrate. 228 

The incorporation of various concentrations of β-glucan significantly enhanced the population 229 

of probiotic bacteria and samples with higher percentages of β-glucan displayed a greater 230 

number of probiotic bacteria.  This finding aligns with previous research demonstrating that β-231 

glucan acts as a protective agent and prebiotic substrate, improving probiotic survival under 232 

various stress conditions. The polysaccharide’s ability to form a protective matrix around 233 

probiotic cells helps shield them from environmental stresses such as acidity, bile salts, and heat, 234 

thereby enhancing their stability during storage. Moreover, β-glucan serves as a fermentable 235 

dietary fiber that can stimulate the growth and metabolic activity of probiotics, promoting their 236 

persistence in the FCM. The increase in viability observed at 0.3% concentration suggests a 237 

dose-dependent effect, where sufficient β-glucan levels provide both physical protection and a 238 

favorable substrate for probiotic metabolism (Moayednia et al., 2009; Al-Sahlany et al. 2022). 239 

However, the number of viable cells of probiotic bacteria in FCM decreased throughout 14 to 28 240 

days of storage due to the damages from high produced organic acids, limited nutrients and high 241 

redox potential (Anli et al., 2023). Moayednia et al. (2009) found that the survival of L. 242 

acidophilus decreases during storage in the refrigerator, but the proteolytic activity of probiotic 243 

bacteria can lead to improved survival in some cases. Kurtuldu and Ozcan (2018) stated that 244 

adding β-glucan to yogurt can enhance the survival of B. animalis subsp. lactis strain Bb-12 and 245 

metabolic functionality, which is attributed to the prebiotic properties of the supplement. 246 

Similarly, Sahlany et al. (2022) indicated that β-glucan extracted from Saccharomyces cerevisiae 247 

improved Lactobacillus acidophilus and Bifidobacterium bifidum viability in bio-yogurt. 248 

The presence of β-glucan had a significant increasing effect on the viscosity of FCM samples. 249 

β-glucan's unique structure enables it to interact with water molecules and form a network that 250 

retains water within the fermented milk matrix. This network of β-glucan molecules aids in 251 

thickening the fermented dairy product. Additionally, β-glucan has been shown to possess 252 
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gelling properties that can help stabilize the dairy structure and improve texture (Ahmad and 253 

Ahmed, 2016). In addition, the decrease in viscosity of FCM during the storage might be due to 254 

the production of degradative enzymes by lactic acid bacteria, which are associated with milk 255 

protein (Moradi et al., 2023). Similarly, Mykhalevych et al. (2022) recommended the use of β-256 

glucan for increasing viscosity in fermenting milk products. Qu et al. (2021) revealed that the 257 

presence of 0.3% oat β-glucan to some extent diminishes the interaction with protein particles, 258 

which reduces the fermentation process and increases the viscosity of the set-type yogurt. 259 

Salgado et al. (2021) reported that the apparent viscosity of donkey milk yogurt enriched with 260 

fiber reduced after 14 days of storage. 261 

According to observations in FCM samples, increasing β-glucan concentration to 0.3% 262 

significantly reduced phase separation. This stabilization effect is attributed to two key 263 

mechanisms: (1) the gelling properties of β-glucan form a three-dimensional network that 264 

immobilizes water molecules and fat globules, preventing gravitational separation; and (2) its 265 

high water-binding capacity increases matrix viscosity, which inhibits droplet coalescence and 266 

serum release. These mechanisms collectively enhance structural integrity in colloidal systems 267 

(Zielke et al., 2018; Arabshahi and Sedaghati, 2022). The non-linear concentration dependence 268 

observed in our study aligns with Bhaskar et al.'s findings in dahi (traditional fermented Indian 269 

yogurt), where phase separation decreased at 0.75% β-glucan but increased at 1% (Bhaskar et al. 270 

2017). This suggests an optimal concentration window where β-glucan's polymer entanglement 271 

provides maximal stabilization (Algonaiman and Alharbi, 2023). Al-Sahlany et al. (2022) also 272 

reported a reduction in phase separation in bio-yogurts supplemented with yeast β-glucan. 273 

Antioxidants effectively inhibit the oxidation of reactive compounds at low concentrations, 274 

thereby preserving cells from oxidative damage caused by free radicals such as singlet oxygen. 275 

Camel milk contains a high concentration of antioxidant compounds, including polyphenols, 276 

flavonoids, bioactive peptides, and vitamins (Bouhaddaoui et al., 2019). The fermentation 277 

process can result in substantial improvements in the content of phenolics, primarily by 278 

activating enzymes that hydrolyze proteins and produce bioactive peptides, as well as liberating 279 

bound phenolic compounds, which enhances antioxidant activity (Benkirane et al., 2022). β-280 

glucan can improve antioxidant activity by modulating microbial enzyme production, and 281 

antioxidant peptide release (Vieira et al., 2016). However, the antioxidants activity during 282 

storage may be affected by factors such as temperature, enzymes, microbial activity, and acids in 283 
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the storage environment (Esparza et al., 2020). Similarly, Algonaiman and Alharbi (2023) 284 

reported an increment in the antioxidant activity of fermented camel milk fortified with oat β-285 

glucan and date palm. Also, Atwaa et al. (2022) reported a substantial reduction in antioxidant 286 

activity in all yogurt samples fortified with fennel extract during storage. In a related study, 287 

Soliman and Nasser (2022) discovered a significant decline in antioxidant activity in stirred 288 

yogurt samples as the storage period increased.  289 

According the observations in FCM samples, as the concentration of β-glucan increased, L* 290 

values decreased. This decrease in L* values can be attributed to the interaction between light 291 

brown color β-glucan and milk protein, which results in a reduction in the whiteness of the 292 

products with higher concentrations (Raju and Pal, 2014). According to a study conducted by 293 

Bhaskar et al. (2017) the addition of β-glucan to low-fat dahi leads to a lower L* value compared 294 

to the control (Bhaskar et al. 2017). Similarly, Raju and Pal reported that L* value of misti dahi 295 

(traditional sweetened fermented Indian yogurt) was reduced in the presence of oat and soy fiber 296 

(Raju and Pal, 2014). 297 

Our results indicated that the b* value of FCM samples was increased in the presence of β-298 

glucan and during storage. This effect may be due to the light brown color of β-glucan, which 299 

causes yellowness in the fortified (Bhaskar et al. 2017). A positive correlation between β-glucan 300 

levels and b* increment has been reported by Gulzar et al. (2020) in all fortified skim milk 301 

samples containing β-glucan. Kurtuldu and Ozcan (2018) also reported a considerable increase 302 

(p<0.05) in the b* value of probiotic yogurt fortified with β-glucan.  303 

Similar to the significant increase in red color intensity in samples treated with β-glucan, 304 

Bhaskar et al. (2017) reported a similar trend for low-fat dahi enriched with β-glucan. During 305 

storage, a* index showed an increasing trend, which was attributed to oxidation of compounds 306 

present in FCM and microbial activity that metabolized pigmented ingredients (Kurtuldu and 307 

Ozcan, 2018). Bhaskar et al. (2017) reported a similar increasing trend in a* value for low-fat 308 

dahi enriched with β-glucan. Singh et al. (2012) found an increased redness index of set-style 309 

yogurt in the presence of 0.3% to 0.5% β-glucan.  310 

The sensory characteristics of FCM samples such as flavor, smell, texture, color and overall 311 

acceptance are very important at the time of consumption. The proper effect of 0.2% β-glucan on 312 

FCM flavor score suggests that β-glucan can be used as a stabilizer in FCM formulations to 313 

maintain the integrity of flavor compounds and prevent flavor degradation during storage. This 314 
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may prolong the FCM's flavor release and allow for a longer and more pleasant taste (Kurtuldu 315 

and Ozcan, 2018). However, Sahan et al. (2008) revealed that adding 0.5% β-glucan to non-fat 316 

yogurt had insignificant effect on flavor score. The Increment in the color score of FCM samples 317 

in the presence of β-glucan may due to an increase in the intensity of the red and yellow colors in 318 

treated samples. Our findings are inconsistent with Singh et al. (2012) who noted that the color 319 

of set-style yogurt is not affected by the presence of 0.3% β-glucan. β-glucan improved the 320 

texture score of FCM and has the ability to enhance viscosity and modify syneresis in FCM, 321 

ultimately contributing to its thickening effect. These changes can help stabilize the FCM 322 

structure, resulting in a more consistent and desirable texture. Raikos et al. (2018) reported an 323 

increase in the texture score of skim milk yogurt containing 0.6% β-glucan owing the increase in 324 

hardness of the yogurt samples in the presence of β-glucan. The increment in flavor, texture and 325 

color score of the treated samples only to 0.2% β-glucan was revealed improvement in the 326 

overall acceptance score and higher concentration (0.3%) reduced overall acceptance score. At 327 

0.2% β-glucan, viscosity increases and syneresis decreases, enhancing creamy texture and 328 

mouthfeel. However, higher levels (e.g., 0.3%) may cause excessive thickness, color changes, 329 

and reduced clarity, negatively impacting visual appeal and sensory quality. Also, Raikos et al. 330 

(2018) reported a reduction in the overall acceptance score of skim milk yogurt by increasing β-331 

glucan up to 0.8%, but these changes were not significant (P˃0.05). 332 

 333 

CONCLUSIONS 334 

In this study, the formulation of a functional FCM incorporating β-glucan was evaluated. The 335 

results revealed that FCM fortified with β-glucan showed a considerable increase in TPC and 336 

antioxidant activity. By enhancing the total phenolic content and antioxidant activity in FCM, β-337 

glucan fortification may help mitigate oxidative stress, a key factor implicated in aging and the 338 

pathogenesis of chronic diseases such as cardiovascular disease, diabetes, and certain cancers. 339 

The FCM sample containing 0.2% β-glucan (T2) had an acceptable probiotic level and overall 340 

acceptability score even after 28 days of storage. The sustained viability of L. plantarum and L. 341 

rhamnosus probiotics in the β-glucan enriched FCM indicates potential for improved gut 342 

microbiota modulation. Based on the data obtained in this study, the T2 sample was found to be 343 

the best treatment with desirable properties for creating functional FCM. 344 

 345 
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 458 

 459اکسیدانی، میکروبی و حسی شیر شتر تخمیر شده با لاکتوباسیلوس  ارزیابی خواص فیزیکوشیمیایی، آنتی 

 460 پلانتاروم و لاکتوباسیلوس رامنوسوس 

 461 ی و محمدجواد شکور ،یصفت، مرجانه صداقت یانی محمد باقر ک

 462 چکیده 

آنتی فیزیکوشیمیایی،  ارزیابی خواص  با هدف  فراسودمنداین مطالعه  تخمیر شده  میکروبی و حسی شیر شتر   463    اکسیدانی، 
FCM)   غلظت بتابا  مختلف  )-های  کشت0.3و    0.2،  0.1،  0گلوکان  از  ترکیبی  و  باکتریایی  %(   464لاکتوباسیلوس  های 
فاز شدناسیدیته،  ،  pH  از نظر FCM انجام شد. ماتریس  لاکتوباسیلوس رامنوسوسو    پلانتاروم   465، ویسکوزیته، رنگ،  دو 
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کل فنلی  آنتی (TPC)محتوای  فعالیت  زنده (AO)اکسیدانی،  ویژگی،  و  پروبیوتیک  توسط  مانی  حسی   466ارزیاب   12های 
 467یک طرح کاملاً تصادفی با سه تکرار تجزیه و  در   (ANOVA) طرفهشد. نتایج با استفاده از آنالیز واریانس یک  بررسی

آزمون آن  از  پس  و  شد  تعقیبیتحلیل  میانگین LSD های  مقایسه  تیماربرای  اعمال های  فعالیت   pH.شد  ها  اسیدیته،   ،468 
زنده  ، (IC50)اکسیدانیآنتی قابلیت  و  پروبیوتیکویسکوزیته  از  غنی FCM مانی  ترتیب  به   469-%0.141،  4.4-3.46شده 

 470متغیر   mL .(cfu 6.17-8.95-1 (و   2355-1025پاسکال ثانیه(  )میلی،    69.67-27.01  لیتر(گرم در میلی)میلی%،0.429

 471، ویسکوزیته و قابلیت  TPC  ،AO،  اسیدیته داری%( به طور معنی0.3-0گلوکان )-سازی با بتابود. نتایج نشان داد که غنی 
 472. افزایش غلظت   (P< 0.05)را کاهش داد  دو فاز شدنو    pH، در حالی که  افزایش داد FCM مانی پروبیوتیک را درزنده

 473 (*a) و قرمزی (b) های زردیدار شاخصافزایش معنی  و (L) دار شاخص روشناییها با کاهش معنیگلوکان در نمونه-بتا
بود ارزیابی . (P< 0.05)همراه  بتا طبق  غلظت  افزایش  یافتهمطل  ٪0.2تا  گلوکان  -های حسی،  این  شد.  تلقی  نشان  وب   474ها 

 475ی، فیزیکوشیمیایی و حسی آن را به طور  عملکرد  خواص  گلوکان، -بتا  ٪0.2سازی شیر شتر تخمیر شده با  دهد که غنیمی

 476 .کنددهد و از پتانسیل آن به عنوان یک محصول لبنی ارتقا دهنده سلامت پشتیبانی میمطلوب افزایش می
 477 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

27
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

https://jast.modares.ac.ir/article-23-77456-en.html
http://www.tcpdf.org

