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Table 1. Formulations of licorice-based functional beverages enriched with Spirulina platensis

Sample Spirulina platensis (%) Licorice powder (g) Inulin (%) Xanthan gum (%) Water (mL)
Control (T0) - 1000 0.5 0.15 2000
Treatment 1 (T1) 0.5 1000 0.5 0.15 2000
Treatment 2 (T2) 1.0 1000 0.5 0.15 2000
Treatment 3 (T3) 1.5 1000 0.5 0.15 2000
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Figl: pH of licorice drink containing hydroalcoholic extract of Spirulina platensis during storage period
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over
time (p<0.05).
TO (control), T1 (0.5%), T2 (1%), and T3 (1.5%).
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Fig2: Acidity of licorice drink containing hydroalcoholic extract of Spirulina platensis during storage period
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over
time (p<0.05).
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Fig3: Viscosity of licorice drink containing hydroalcoholic extract of Spirulina platensis during storage period
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over
time (p<0.05)
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Fig4: Two-phase formation of licorice drink containing hydroalcoholic extract of Spirulina platensis during storage period
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Different lowercase letters indicate significant differences (p<0.05)
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Fig8: Color index L”, a”, and b" of licorice drink containing hydroalcoholic extract of Spirulina platensis during storage period
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time (p<0.05)
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Fig10: Overall acceptance score, odor, and taste of licorice drink samples containing hydroalcoholic extract of Spirulina platensis on zero day
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over
time (p<0.05)
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Figl1: Overall acceptance score, odor, and taste of licorice drink samples containing hydroalcoholic extract of Spirulina platensis on day 7.
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over

time (p<0.05)
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Figl2: Overall acceptance score, odor, and taste of licorice drink samples containing hydroalcoholic extract of Spirulina platensis on day 14
Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over

time (p<0.05).
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Figl3: Overall acceptance score, odor, and taste of licorice drink samples containing hydroalcoholic extract of Spirulina platensis on day21.

Different lowercase letters indicate significant differences on each day and different uppercase letters indicate significant differences over

time (p<0.05)
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The biological bioactive compounds and appropriate protein content of the microalga
Spirulina platensis can provide a novel strategy for the development and maintenance
of consumer health in the food and pharmaceutical sectors. Licorice (Glycyrrhiza
glabra) has also been introduced as an effective natural oral medicinal plant and as a
food additive. The present study aimed to investigate the effects of different levels of
hydroalcoholic extract of Spirulina platensis on the physicochemical properties,
sensory attributes, antimicrobial activity, and stability of a functional licorice
beverage. The functional licorice beverages were prepared using inulin (0.5%),
xanthan gum (0.15%), water (2000 mL), and licorice powder (1000 g). Subsequently,
different levels of hydroalcoholic extract of Spirulina platensis (0.5, 1, and 1.5%)
were added, and four treatments were prepared: control (T0), T1 (containing 0.5%
hydroalcoholic extract of Spirulina platensis), T2 (containing 1% hydroalcoholic
extract of Spirulina platensis), and T3 (containing 1.5% hydroalcoholic extract of
Spirulina platensis). Finally, physicochemical properties, antioxidant activity,
antimicrobial properties, and sensory characteristics of the samples were evaluated.
The results showed that T3 had the highest pH value, and with increasing storage
time, the pH of all samples decreased significantly (P < 0.05), while their acidity
increased significantly (P < 0.05). T3 exhibited the highest viscosity (187 cP)
compared to the other samples at day zero, and increasing the level of hydroalcoholic
extract of Spirulina platensis significantly increased the viscosity of the samples (P <
0.05). The degree of phase separation (serum separation) of the functional beverages
containing the hydroalcoholic extract of Spirulina platensis significantly decreased
with increasing extract concentration (P < 0.05); however, with storage time, phase
separation significantly increased on days 14 and 21 (P < 0.05). In color evaluation,
the lowest lightness parameter (L*) was recorded in T3. At all storage times,
increasing the level of hydroalcoholic extract of Spirulina platensis significantly
decreased the color parameters lightness (L*), redness—greenness (a*), and
yellowness—blueness (b*) (P < 0.05), and with increasing storage time, these color
indices in T2 and T3 decreased significantly (P < 0.05). Evaluation of antimicrobial
properties showed that Escherichia coli had the highest minimum inhibitory
concentration, while Lactobacillus plantarum exhibited a significantly lower
minimum bactericidal concentration than the other tested bacteria (P < 0.05). Sensory
evaluation indicated that the sample containing 0.5% Spirulina platensis extract (T1)
achieved the highest scores for odor, taste, and overall acceptance and was identified
as the most suitable formulation. Based on the findings, the use of a low concentration
of Spirulina platensis extract (0.5%) can improve nutritional and functional
characteristics while maintaining desirable sensory quality of the licorice beverage
and can be proposed as an appropriate option for the production of functional
beverages.
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