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Abstract

The present study aimed to develop and evaluate a spice-based functional herbal beverage
using extracts of ginger (Zingiber officinale), turmeric (Curcuma longa), and tulsi (Ocimum
sanctum). Different formulations were prepared by varying the proportions of herbal extracts
and evaluated for their physicochemical, nutritional, antioxidant, sensory, microbiological,
and storage characteristics. Proximate analysis of the raw materials revealed appreciable
levels of nutrients and bioactive compounds. The developed beverages exhibited acceptable
pH, total soluble solids (TSS), viscosity, vitamin C content, and antioxidant activity. Sensory
evaluation using a nine-point hedonic scale indicated significant differences among
treatments, with formulation Ts receiving the highest overall acceptability score. High-
Performance Liquid Chromatography (HPLC) analysis of the optimized formulation
confirmed the presence of curcumin, gingerol, rosmarinic acid, and eugenol, indicating a rich
profile of health-promoting phytochemicals. Storage studies conducted under refrigerated
conditions (4 £+ 1°C) for 30 days demonstrated good physicochemical stability,
microbiological safety, and sensory acceptability throughout the storage period. The findings
suggest that the developed herbal beverage possesses considerable potential as a functional
drink with enhanced nutritional value, antioxidant capacity, and health-promoting properties,
making it suitable for commercial production and consumer acceptance.

Keywords: Functional beverage, Ginger, Turmeric, Tulsi, Antioxidant activity, HPLC,
Curcumin, Gingerol, Rosmarinic acid, Eugenol, Storage stability, Sensory evaluation.

1. Introduction

Consumer interest in functional foods and beverages has increased substantially due
to growing awareness of the relationship between diet and health. Functional
beverages containing natural bioactive compounds have gained considerable attention
because of their potential role in promoting health and preventing chronic diseases.
Medicinal herbs and spices such as ginger, turmeric, and tulsi have been
traditionally used in various systems of medicine owing to their therapeutic
properties.
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Ginger is recognized for its antioxidant, anti-inflammatory, antimicrobial, and digestive
benefits, primarily attributed to compounds such as gingerol and shogaol. Turmeric
contains curcumin, a polyphenolic compound known for its strong antioxidant and
anti-inflammatory activities. Tulsi is rich in phenolic compounds, flavonoids, and
essential oils, which contribute to its antimicrobial and adaptogenic properties.

Combining these herbal ingredients in a beverage system may provide synergistic
health benefits while improving consumer acceptability. Therefore, the present study
was undertaken to develop a spice-based functional herbal beverage and evaluate its
nutritional, physicochemical, sensory, antioxidant, microbiological, and storage
characteristics.

2. Materials and Methods
2.1 Raw Materials

Fresh ginger rhizomes, turmeric rhizomes, and tulsi leaves were procured from the
local market. Sugar, citric acid, and other ingredients used in beverage preparation
were of food-grade quality.

2.2 Preparation of Herbal Extracts

Ginger and turmeric rhizomes were washed, peeled, cut into pieces, blended with
distilled water, and filtered through muslin cloth. Fresh tulsi leaves were washed,
blended with water, and filtered to obtain tulsi extract.

2.3 Beverage Formulation

Various formulations were prepared by blending ginger, turmeric, and tulsi extracts in
different proportions. Sugar syrup and citric acid were added to achieve desirable
sweetness and acidity. The beverages were pasteurized, bottled, and stored under
refrigerated conditions.

2.4 Physicochemical Analysis

The beverages were analyzed for pH, total soluble solids (°Brix), viscosity, vitamin
C content, and antioxidant activity using standard analytical procedures.

2.5 Sensory Evaluation

Sensory evaluation was conducted by a semi-trained panel using a nine-point hedonic
scale to assess color, aroma, taste, mouthfeel, and overall acceptability.

2.6 HPLC Analysis

The optimized formulation was subjected to High-Performance Liquid Chromatography
(HPLC) analysis for identification and quantification of major bioactive compounds.

2.7 Storage Study

The optimized beverage was stored under refrigerated conditions and analyzed
periodically  for  physicochemical, microbiological, antioxidant, and sensory
characteristics over 30 days.
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2.8 Statistical Analysis

Experimental data were analyzed using appropriate statistical methods, and results
were expressed as mean + standard deviation.

3. Flow Chart-4 Development of Spice-Based Functional Herbal Beverage

Ginger Extract + Turmeric Extract + Tulsi Extract

l
Addition of Honey

l
Mixing
l
Heating (80°C, 5 min)
!

Addition of Lemon Juice

!

Filtration

!
Bottling

!
Refrigerated Storage (4 + 1°C)

4. Results and Discussion

4.1 Proximate analysis of Ginger Powder, Turmeric Powder and Tulsi Leaf
Powder

Table 4.1 presents the proximate composition of ginger, turmeric, and tulsi powders
used in the formulation of the spice-based immunity-boosting Functional Harbal
Beverage. The results indicate noticeable differences in the nutritional composition of
the three ingredients.

Table 4.1 Proximate analysis of Ginger Powder, Turmeric Powder and Tulsi
Leaf Powder

Parameter (%) Ginger Powder Turmeric Powder Tulsi Leaf Powder
Moisture 85 £ 0.2 7.8 £ 0.3 6.5 + 0.2

Ash 52 + 0.1 6.8 + 0.2 10.5 £ 0.3

Crude Protein 9.1 + 0.3 84 £ 0.2 147 + 04

Crude Fat 4.8 £ 0.2 62 + 0.2 3.5 + 0.1

Crude Fiber 86 = 0.3 74 + 0.2 128 + 0.4
Carbohydrates* 63.8 £ 0.5 63.4 + 0.6 52.0 £ 0.7

Energy (kcal/100 g) 3356 £ 2.4 3422 + 2.8 3023 + 2.1

Among the samples, ginger powder contained the highest moisture content (8.5%),
followed by turmeric (7.8%) and tulsi (6.5%). Lower moisture content in tulsi
powder may contribute to better storage stability and reduced microbial growth. The
ash content, which represents the total mineral content, was highest in tulsi powder

I Journal of
ionc S

e ll"/\[\lS He




Ijfans International Journal of Food and Nutritional Sciences
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

(10.5%), indicating that tulsi is a rich source of minerals compared to ginger and
turmeric.

The protein content was also highest in tulsi powder (14.7%), followed by ginger
(9.1%) and turmeric (8.4%). This suggests that tulsi contributes significantly to the
nutritional quality of the beverage. Similarly, tulsi exhibited the highest crude fiber
content (12.8%), which may provide digestive health benefits and improve the
functional value of the product.

Turmeric powder showed the highest crude fat content (6.2%), which may be
associated with the presence of essential oils and curcuminoids. Ginger contained
moderate levels of fat (4.8%), while tulsi had the lowest fat content (3.5%).
Carbohydrates constituted the major component in all three ingredients, with ginger
(63.8%) and turmeric (63.4%) having comparable values, whereas tulsi contained a
relatively lower carbohydrate content (52.0%).

The calculated energy values ranged from 302.3 to 342.2 kcal/l100 g, with turmeric
providing the highest energy value due to its higher fat and carbohydrate content.
Overall, the results demonstrate that ginger, turmeric, and tulsi are valuable sources
of nutrients and bioactive compounds, making them suitable ingredients for the
development of functional Functional Harbal Beverages with enhanced nutritional
and health-promoting properties.

4.2 Physicochemical and antioxidant properties of the developed spice-based
Functional Herbal Beverages

The physicochemical and antioxidant properties of the developed spice-based
Functional Herbal Beverages were significantly influenced by the varying
concentrations of ginger, turmeric, and tulsi extracts. The pH of the beverages
ranged from 3.95 to 4.20, with the control sample (To) exhibiting the highest pH
value and treatment To showing the lowest. The decrease in pH observed with
increasing concentrations of spice extracts may be attributed to the presence of
organic acids and phenolic compounds naturally occurring in ginger, turmeric, and
tulsi. The acidic nature of these extracts contributes to improved microbial stability
and enhanced shelf life of the beverage.

Table 4.2 Physicochemical and antioxidant properties of the developed spice-
based Functional Herbal Beverages

Treatment pH Specific  Gravity | Viscosity Antioxidant Activity
(g/mL) (cP) (%)
To (Control) |4.20 +£ 0.02 | 1.032 + 0.01 2.15 £ 0.03 | 185 £ 0.5
T, 4.12 £ 0.03 | 1.034 £+ 0.01 228 £ 0.04 (423 +£ 0.8
T2 4.08 £ 0.02 | 1.036 £ 0.01 235 £ 0.05 |51.6 £ 0.7
T 4.05 £ 0.03 | 1.038 £+ 0.02 242 £ 0.04 |584 £ 0.9
T4 4.01 £ 0.02 | 1.039 £+ 0.01 246 £ 0.03 |63.7 £ 0.8
Ts 398 £ 0.02 | 1.041 £ 0.02 253 £ 005 |712 £ 1.0
Ts 4.00 £ 0.03 | 1.040 £+ 0.01 251 £ 004 [685 £ 09
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T, 4.06 £ 0.02 | 1.037 £ 0.01 238 £ 0.04 [569 £ 0.8
Ts 397 £ 0.02 | 1.042 £ 0.02 255 £ 005 |73.8 £ 1.1
To 395 £ 0.03 | 1.043 + 0.01 258 £ 004 [764 £ 1.2

Specific gravity values ranged from 1.032 to 1.043 g/mL. The control sample
recorded the lowest specific gravity, whereas treatments containing higher
concentrations of spice extracts, particularly Ts and T, exhibited higher values. This
increase can be attributed to the greater amount of dissolved solids, phytochemicals,
and suspended particles contributed by the spice extracts. The results indicate that
increasing extract concentration enhances the density and total solid content of the
beverage.

The viscosity of the beverage samples increased progressively with increasing levels
of spice extracts. Viscosity values ranged from 2.15 cP in the control sample to
2.58 cP in treatment To. The increase in viscosity may be due to the extraction of
soluble fibers, polysaccharides, and other colloidal substances from the spices during
processing. Although the viscosity increased, all formulations remained within an
acceptable range for beverage consumption and maintained a desirable mouthfeel.

A substantial increase in antioxidant activity was observed with increasing
concentrations of spice extracts. Antioxidant activity ranged from 18.5% in the
control sample to 76.4% in treatment Ts. The enhanced antioxidant potential can be
attributed to the presence of bioactive compounds such as curcumin in turmeric,
gingerols and shogaols in ginger, and phenolic compounds and flavonoids in tulsi.
Treatments containing higher levels of turmeric extract demonstrated superior
antioxidant activity, highlighting the important role of turmeric as a natural source
of antioxidants.

Among all formulations, treatments Ts and Ts exhibited a desirable balance between
physicochemical properties, antioxidant activity, and sensory acceptability. These
treatments provided sufficient concentrations of bioactive compounds without
adversely affecting beverage quality. Treatment To recorded the highest antioxidant
activity and functional value; however, excessive turmeric concentration may affect
sensory characteristics due to the development of a slightly bitter taste. Therefore, Ts
and Ts can be considered the most suitable formulations for the development of a
consumer-acceptable spice-based Functional Herbal Beverage with enhanced functional
properties.

4.3 Analysis of Spice-Based Functional Herbal Beverage Vitamin C and TSS
Table 4.3 Vitamin C and TSS Analysis of Spice-Based Functional Herbal

Beverage
Treatment Vitamin C (mg/100 mL) TSS (°Brix)
To (Control) 12.5 =+ 0.3 82 + 0.2
Th 158 £ 04 93 + 0.2
T2 18.6 + 0.5 104 + 0.3
Ts 204 £ 04 11.1 £ 0.2
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T4 22.8 £ 0.5 11.7 £ 0.3
Ts 24.6 + 0.6 124 + 0.3
Ts 239 + 0.5 12.1 £ 0.2
T, 21.7 £ 0.4 11.3 £ 0.2
Ts 252 + 0.6 12.6 = 0.3
T 24.8 £ 0.5 12.5 £ 0.3

Vitamin C Content

The vitamin C content of the developed spice-based Functional Harbal Beverages
ranged from 12.5 to 25.2 mg/100 mL. The control sample (To) recorded the lowest
vitamin C value due to the absence of spice extracts. Among all formulations, Ts
showed the highest vitamin C content (25.2 mg/100 mL), followed closely by To
and Ts. This increase may be attributed to the protective antioxidant effect of
ginger, turmeric, and tulsi extracts, which reduce oxidation and degradation of
ascorbic acid. Treatments containing balanced proportions of spice extracts exhibited
higher vitamin C retention compared to single dominant extracts.

Total Soluble Solids (TSS)

The TSS of the beverage samples ranged from 8.2 to 12.6 °Brix. The lowest value
was observed in the control sample (To), while the highest was recorded in Ts (12.6
°Brix). The increase in TSS across treatments is due to the addition of
honey/jaggery syrup and soluble solids from ginger, turmeric, and tulsi extracts.
Higher TSS levels contribute positively to sweetness, body, and mouthfeel of the
beverage, thereby improving sensory acceptability.

The HPLC analysis of formulation Ts confirmed the presence of major bioactive
compounds responsible for antioxidant and immunity-boosting properties. Curcumin
was found to be the dominant compound, contributing significantly to the antioxidant
activity of the beverage. Gingerol content further supported anti-inflammatory and
digestive benefits. The presence of rosmarinic acid from tulsi enhanced antimicrobial
and immunomodulatory properties.

The relatively balanced composition of Ts ensured the coexistence of multiple
phytochemicals without degradation during processing. The results correlate well with
the antioxidant activity and sensory acceptability data, indicating that Ts is a
functionally rich and stable formulation.

4.4 HPLC Analysis of Selected Product (Ts)

High Performance Liquid Chromatography (HPLC) analysis was to identify and
quantify major bioactive compounds present in the selected optimized beverage
formulation Ts, prepared using ginger, turmeric, and tulsi extracts.

Fig-1- HPLC Analysis of Selected Product (Ts)
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Table 4.4 Retention Time Peak

Compound Retention Time | Peak Area | Concentration (mg/100
(min) (%) mL)

Curcumin 8.5 423 18.6 + 0.4

Gingerol 5.2 28.7 124 + 0.3

Eugenol 6.8 10.5 42 + 0.2

Rosmarinic

Acid 4.6 18.5 7.8 £ 0.3

High-Performance Liquid Chromatography (HPLC) analysis was performed to identify
and quantify the major bioactive compounds present in the optimized spice-based
functional herbal beverage formulation (Ts). The chromatographic profile revealed the
presence of five important phytochemical compounds, namely rosmarinic acid,
gingerol, eugenol, curcumin, and quercetin, which are responsible for the antioxidant,
anti-inflammatory, antimicrobial, and immunity-enhancing properties of the beverage.

The HPLC chromatogram showed distinct peaks at retention times of 4.6, 5.2, 6.8,
8.5, and 11.3 minutes corresponding to rosmarinic acid, gingerol, eugenol, curcumin,
and quercetin, respectively. Among the identified compounds, curcumin exhibited the
highest peak area (35.1%) and concentration (18.6 = 0.4 mg/100 mL), indicating that
turmeric contributed significantly to the functional properties of the beverage.
Curcumin is well known for its strong antioxidant, anti-inflammatory, and
immunomodulatory activities.

Gingerol, the principal bioactive compound of ginger, was detected at a retention
time of 5.2 minutes with a concentration of 12.4 + 0.3 mg/100 mL and represented
23.8% of the total chromatographic area. The presence of gingerol contributes to the
beverage's antioxidant capacity, digestive benefits, and anti-inflammatory effects.

4.5 Sensory Evaluation Results of Spice-Based Functional Herbal Beverage

The sensory evaluation of the developed spice-based Functional Herbal Beverages was
carried out using a 9-point hedonic scale to assess color, aroma, taste, mouthfeel,
and overall acceptability. The results revealed significant variations among the
treatments due to differences in the concentrations of ginger, turmeric, and tulsi
extracts.
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Table 4.5 Sensory Evaluation Results of Spice-Based Functional Herbal Beverage

Treatment Color | Aroma | Taste | Mouthfeel Overall Acceptability
To 6.2 5.8 5.9 6.0 59
T 7.1 7.5 7.0 7.2 7.2
T2 7.8 7.9 7.7 7.6 7.8
Ts 7.3 7.5 6.8 7.0 7.0
T4 8.0 7.2 6.9 7.1 7.3
Ts 8.4 8.5 8.3 8.2 8.4
Ts 7.2 7.4 6.7 6.9 6.9
T, 7.0 7.6 7.1 7.2 7.3
Ts 8.3 8.4 8.2 8.1 8.3
To 8.1 7.3 6.8 7.0 7.2

The control sample (To) recorded the lowest scores for all sensory attributes, with an
overall acceptability score of 5.9, indicating that the beverage was neither liked nor
disliked by the panelists. The absence of spice extracts resulted in a less appealing
flavor and aroma profile.

Among the experimental samples, Ts achieved the highest sensory scores for color
(8.4), aroma (8.5), taste (8.3), mouthfeel (8.2), and overall acceptability (8.4). The
balanced combination of ginger and turmeric extracts produced a pleasant flavor,
attractive appearance, and desirable aroma, making it the most preferred formulation.

Similarly, Ts exhibited excellent sensory characteristics, with scores of 8.3 for color,
8.4 for aroma, 8.2 for taste, 8.1 for mouthfeel, and 8.3 for overall acceptability. The
combination of turmeric and tulsi extracts contributed to a harmonious flavor profile
and enhanced consumer acceptance.

Treatments T2, T4, and T» received good to very good acceptability scores ranging
from 7.3 to 7.8, indicating that moderate levels of spice extracts improved the
sensory quality of the beverage. These formulations provided a balanced blend of
herbal aroma and spicy flavor without causing excessive pungency or bitterness.

In contrast, Ts, Te, and To showed comparatively lower taste scores (6.7-6.8) and
overall acceptability scores (6.9-7.2). The reduced acceptability may be attributed to
the higher concentration of individual spice extracts, which imparted stronger pungent
or bitter notes to the beverage.

The color scores increased with the incorporation of turmeric extract, with treatments
Ta, Ts, Ts, and Te receiving scores above 8.0 due to their attractive golden-yellow
appearance. Aroma scores were highest in Ts and Ts, suggesting that a balanced
combination of spice extracts produced the most desirable fragrance.

4.6 Storage Stability Study of Optimized Beverage (Ts)
4.6.1 Changes in Physicochemical Properties during Storage
Table.4.6 Changes in Physicochemical Properties during Storage
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Storage pH TSS Viscosity | Vitamin C | Antioxidant

Period (°Brix) (cP) (mg/100 mL) Activity (%)

(Days)
124  £]2.53 +

0 3.98 £ 0.02 0.3 0.05 246 = 0.6 712 £ 1.0
12.5 + | 2.56 +

10 3.95 + 0.03 0.2 0.04 23.8 £ 0.5 70.1 £ 0.9
127  +12.59 +

20 3.92 + 0.03 0.3 0.05 22.7 £ 0.5 689 + 0.8
128 +]2.63 +

30 3.89 £ 0.04 0.2 0.04 213 + 04 672 £ 0.7

The physicochemical properties of the optimized beverage (Ts) were monitored during
refrigerated storage for 30 days. The pH of the beverage decreased gradually from
398 to 3.89 during storage. This decline may be attributed to the formation of
organic acids and the occurrence of natural biochemical reactions during storage. The

acidic nature of the beverage contributes to microbial stability and extended shelf
life.

The Total Soluble Solids (TSS) increased slightly from 12.4 to 12.8 °Brix. This
increase may be due to the hydrolysis of complex carbohydrates into simpler soluble
sugars and continued extraction of soluble components from suspended spice
particles. Similar increases in TSS during storage have been reported in herbal and
fruit-based beverages.

Viscosity showed a gradual increase from 2.53 to 2.63 cP over the storage period.
The increase in viscosity could be attributed to the hydration of polysaccharides,
pectin substances, and other soluble solids present in ginger, turmeric, and tulsi
extracts. The increase was minimal and did not adversely affect the beverage
quality.

Vitamin C content decreased from 24.6 mg/100 mL at the beginning of storage to
21.3 mg/100 mL after 30 days. The reduction in vitamin C may be due to
oxidation of ascorbic acid during storage. Despite this decrease, the beverage
retained a considerable amount of vitamin C throughout the storage period.

Antioxidant activity decreased from 71.2% to 67.2% during storage. The reduction
may be associated with the degradation of phenolic compounds, curcuminoids, and
other antioxidant constituents. However, the beverage maintained a relatively high
antioxidant activity even after 30 days, indicating good functional stability.

Overall, the physicochemical properties remained within acceptable limits throughout
refrigerated storage, demonstrating the stability of the developed beverage.

4.6.3 Microbiological Quality during Storage

Table 4.8- Microbiological Quality during Storage

Storage Period | Total Plate Count | Yeast & Mold Count
(Days) (CFU/mL) (CFU/mL)
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0 ND* ND*
10 1.2 x 10? ND*
20 2.8 x 10? 1.0 x 10!
30 4.5 x 10? 2.0 x 10!

*ND = Not Detected

The microbiological quality of the beverage was evaluated throughout the storage
period to assess product safety and shelf stability. No microbial growth was detected
at the initial stage, indicating that the beverage was prepared under hygienic
conditions and packaged effectively.

The Total Plate Count (TPC) increased gradually from non-detectable levels to 4.5 X
10> CFU/mL after 30 days of storage. The increase may be attributed to the
survival and slow growth of naturally occurring microorganisms during storage.
However, the microbial counts remained well below the permissible limits for ready-
to-serve beverages.

Yeast and mold counts were not detected up to 10 days of storage. Low levels were
observed on the 20th and 30th days, reaching 2.0 x 10' CFU/mL at the end of
storage. The low pH of the beverage, presence of natural antimicrobial compounds
from ginger, turmeric, tulsi, clove, and cinnamon, along with refrigerated storage
conditions, effectively restricted microbial proliferation.

The microbiological results demonstrate that the beverage remained microbiologically
safe and suitable for consumption throughout the 30-day refrigerated storage period.

The optimized beverage formulation (Ts) exhibited excellent storage stability under
refrigerated conditions. Although slight reductions in nutritional and sensory attributes
were observed, the product maintained acceptable physicochemical quality, high
antioxidant activity, desirable sensory characteristics, and microbial safety throughout
the 30-day storage period. Therefore, the developed spice-based functional herbal
beverage can be safely stored for up to 30 days under refrigeration without
significant deterioration in quality.

5. Conclusion

The study successfully developed a spice-based functional herbal beverage using
ginger, turmeric, and tulsi extracts. The beverage exhibited desirable physicochemical
characteristics, enhanced antioxidant activity, and good sensory acceptability.
Treatment Ts was identified as the optimized formulation based on overall quality
attributes. HPLC analysis confirmed the presence of important bioactive compounds,
including curcumin, gingerol, rosmarinic acid, and eugenol. The beverage remained
stable, safe, and acceptable during 30 days of refrigerated storage. Therefore, the
developed herbal beverage has significant potential as a health-promoting functional
drink for consumers seeking natural and nutritious alternatives.
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