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Abstract
Introduction

Among different blue-green algae, Spirulina (Arthrospira platensis) is known for its high protein content and
is hence considered a dietary single-cell protein. In recent decades, Spirulina has been one of the nutritive
additives in food and beverage products to enhance the nutritional value of food products. The aim of this
study was to brew a “Prot-Tea” enriched with antioxidants and protein for nutrition care.

Materials and methods

In combination, both the Spirulina and green tea were brewed together in three different formulations:
formulation A: 0.5 g of Spirulina powder and 1.5 g of green tea; formulation B: 1 g each of Spirulina powder
and green tea; and formulation C: 1.5 g of Spirulina powder and 0.5 g of green tea. All the formulations were
brewed in 100 mL of hot water at 80°C for two minutes. Then, all the formulations were subjected to a 2,2-
diphenylpicrylhydrazyl free radical scavenging assay and a quantitative protein estimation assay (Lowry
method).

Results

Among the three different formulations, formulation B showed greater antioxidant and protein content. The
antioxidant activity of formulation B was directly proportional to the concentration, with an ICs value of

37.98 uL/mL. Similarly, the protein content was also higher in formulation B, with 287.33 ug/100 pL. The
total antioxidant in formulation B was 47.61 mg of ascorbic acid equivalent. Concurrently, the total protein
content was 229.86 mg in 80 mL of the total volume of Prot-Tea yield.

Conclusion

Based on this study, Prot-Tea is considered a future healthy beverage for nutrition care.
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Introduction

Spirulina (Arthrospira platensis) is a blue-green alga that constitutes about 50-70% of the protein content
and is rich in essential amino acids, including 2-3% of phenylalanine, leucine, valine, tryptophan, threonine,
lysine, isoleucine, and methionine [1,2]. Spirulina (single-cell protein) is prescribed as a cheap vegan source
of protein as a nutraceutical agent. Other than protein, Spirulina is also rich in B12 (cyanocobalamin), B9
(folic acid), B6 (pyridoxine), B3 (nicotinamide), B2 (riboflavin), vitamin B1 (thiamine), polyunsaturated fatty
acids, vitamin D and E (tocopherol), and vitamin A (carotenoids) [3]. C-phycocyanin from Spirulina is a blue-
colored, water-soluble phycobiliprotein and a food-grade natural pigment employed in food industries
approved by the US FDA and awarded Spirulina as “Generally Recognized as Safe (GRAS)” [4,5]. Additionally,
the United States Pharmacopeia Convention, based on the report of the Dietary Supplements Information
Expert Committee, awarded Spirulina a “Class A” on several clinical case reports and released it as safe for
human consumption. Therefore, dietary Spirulina is considered a “functional food” with additional benefits
[6]. Lafarga et al. proposed that the Spirulina biomass, a “superfood,” can be consumed as a nutritional
supplement in powder, capsules, or flakes [7]. Thus, Spirulina biomass was used in protein supplements for
athletes, preparation of snack items, dried soup, protein concentrate, milkshakes, pasta, snack bars, ice
cream, chocolate milk, biscuits, and sauce [8-14].

Based on the medical documentation, Spirulina showed significant anti-inflammatory activities by
hampering histamine release in mast cells and reducing IL-4 levels (32%) in allergic rhinitis. Calcium
spirulan, a sulfated polysaccharide in Spirulina, exhibits antiviral activity by inhibiting the replication of
several enveloped viruses, including influenza A, HIV-1, herpes simplex virus type 1, measles and mumps

How to cite this article
Gopal R, Govindaraj S (February 25, 2024) A Study on the Brewing of “Prot-Tea” by Blending Spirulina (Arthrospira platensis) With Green Tea.
Cureus 16(2): e54906. DOI 10.7759/cureus.54906


https://www.cureus.com/users/593780-dr-rajesh-kanna-g
https://www.cureus.com/users/593788-sruthilakshmi-govindaraj
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

virus, and human cytomegalovirus [15]. The Spirulina extract inhibits the glycation of hemoglobin and is
suitable for diabetic treatment [16]. The diet enriched with Spirulina enhances the glutathione (GSH) levels
in the cerebellar region, suppresses the pro-inflammatory cytokines and malondialdehyde in the brain
region, and also induces the vasomotor function of the aorta of aged rats [17,18]. Adding Spirulina enhances
the antioxidant properties of sports drinks and improves their nutritional value [19].

Spirulina, with promising health benefits, is commercially sold in capsules as a nutraceutical. Phycocyanin
pigment is a major protein in Spirulina with antioxidant and anticancer properties. However, healthcare
products from Spirulina would be a good choice for consumption in a more suitable way. Therefore, this
study aims to blend Spirulina with green tea to not only enhance the antioxidant properties of tea but also
supplement good quality dietary protein in the tea.

Materials And Methods

The study was conducted at Saveetha Dental College and Hospitals, Saveetha Institute of Medical and
Technical Sciences, Chennai, India.

The brewing of Prot-Tea

For brewing Prot-Tea, commercial Spirulina powder (A. platensis) was purchased from Innoram Biogenics
(Chennai, India). Simultaneously, for commercial green tea, Lipton Green Tea, without any flavor, was
purchased from DMart (Chennai, India). The reverse osmosis (RO) water used was derived from the RO plant
at Saveetha Dental College and Hospitals, Chennai, India.

Three different formulations were used: formulation A, which consists of 0.5 g of Spirulina powder and 1.5 g
of green tea; formulation B, which consists of 1 g each of both Spirulina powder and green tea; and
formulation C, which consists of 1.5 g and 0.5 g of Spirulina powder and green tea, respectively. To each
formulation, 100 mL of hot water (70-80°C) was added and incubated for one minute. Then, the tea extracts
were filtered and subjected to antioxidant assays and protein estimation. The best formulation will have the
maximum amount of antioxidant and protein content.

Antioxidant assay

About 0.135 mM of 2,2-diphenylpicrylhydrazyl (DPPH) solution was prepared in methanol. Different
volumes of Prot-Tea formulations ranging from 5 to 320 pL/mL and 2.5 mL of the DPPH solution were
combined separately. An ultraviolet-visible spectrophotometer (Hitachi U-2900, Hitachi, Ltd., Tokyo, Japan)
was used to detect the optical density (OD) values at 517 nm after the mixture had been vortexed and
incubated for 30 minutes. Ascorbic acid was used as a reference standard. Distilled water (dis. HyO) was

used as a blank. The percentage of DPPH inhibition was calculated using the following formula [20]: % DPPH
inhibition = [(OD of control - OD of the test sample) / (OD of control)] x 100.

Estimation of protein

For the preparation of the Lowry reagent, 2% sodium carbonate in 0.1 N NaOH (sodium hydroxide) was
mixed with 1% sodium potassium tartrate solution in a 0.5% copper sulfate solution that was freshly made
for the assay. Equally diluted Folin-Ciocalteu reagent in dis. HyO was taken. Bovine serum albumin was used

as the reference standard (1 mg/mL). About 100 uL of Prot-Tea formulations were taken as a test sample. The
test samples, or different concentrations of the reference standard (50-1,600 ug/mL), were made up to 1 mL
using dis. HyO, and 1 mL of dis. HyO was used as a blank. A total of 5 mL of Lowry reagent was added to the
test samples, reference standards, and blank, and the mixture was left undisturbed at room temperature for
15 minutes. After that, 0.5 mL of Folin-Ciocélteu reagent was added and again incubated for 30 minutes at
room temperature. At 660 nm, absorbance values were measured and recorded. The concentration of protein
content in the test samples was calculated using the reference standard values and a standard graph [21].

Statistical analysis

All the experiments were carried out in triplets, and their average mean was chosen for statistical analysis
and graphical representations. The standard error bars were added to the graphical representations.

Results
The brewing of Prot-Tea

Three different Prot-Tea formulations were brewed without adding sugar or other flavors, considering only
green tea (antioxidant) and Spirulina powder (protein). Among the three different tea formulations,
formulation A (F1) appears green in color, while formulations B (F2) and C (F3) appear in blue-green color
(Figure I).
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FIGURE 1: Prot-Tea brewed from the combination of Spirulina powder
and green tea

F1, formulation 1; F2, formulation 2; F3, formulation 3

The total yield of Prot-Tea was 70 mL in formulation A, 80 mL in formulation B, and 60 mL in formulation
C. The difference in yield was due to the high green tea and low Spirulina powder in formulation A (70 mL)
and the low green tea and high Spirulina powder in formulation C (60 mL). Hence, 80 mL was obtained in
formulation B, which had an equal amount of both green tea and Spirulina powder.

Antioxidant assay (DPPH inhibition)

Based on the results in Figure 2A, the purple color indicates the oxidation of DPPH free radicals. However,
the pale yellow color indicates the inhibition of DPPH free radicals, showing antioxidant activity. Thus, it is
obvious that the antioxidant activity was greater when the concentration of the Prot-Tea formulations
increased (concentration is inversely proportional to DPPH free radicals) (Figure 2B). Moreover, among the
three different Prot-Tea formulations, formulation B showed greater antioxidant activity (Figure 2).
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FIGURE 2: (A) Photograph showing the antioxidant activity (DPPH
inhibition) of Prot-Tea formulations (B denotes blank). (B) Graph
showing the antioxidant activity (DPPH inhibition) of different Prot-Tea
formulations

The standard deviation is represented by error bars.

DPPH, 2,2-diphenylpicrylhydrazyl

The ICs values of three Prot-Tea formulations were 46.81 pL/mL, 37.98 uL/mL, and 43.07 uL/mL for

formulations A, B, and C, respectively. Hence, comparatively, formulation B was top-ranked with a greater
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ICs value (i.e., greater antioxidants at a lower concentration). Therefore, the total antioxidant content in

formulation B was equivalent to 47.61 mg of ascorbic acid in 80 mL of volume.
Estimation of protein
Among the three different Prot-Tea formulations, the protein content was found to be greater in formulation

B than in formulations A and C. The protein content in formulation B was 287.33 pg/100 pL, and in
formulations A and C, it was 218.33 ng/100 uL and 258.33 pg/100 pL, respectively (Figure 3).

50 100 150 200 250 300 350
ug/100 uL

Formulations

o

FIGURE 3: (A) Standard protein (BSA). (B) Graph showing protein
content in the three different Prot-Tea formulations

The standard deviation is represented by error bars.

BSA, bovine serum albumin

The total protein content in formulation A was 152.83 mg in 70 mL of volume. Simultaneously, the total
protein content in formulations B and C was 229.86 mg in 80 mL of volume and 155 mg in 60 mL of volume,
respectively. Therefore, the total protein content was also higher in formulation B. About 22.98% of the
protein was found to be extracted in the Prot-Tea (formulation B).

The three different tea formulations consist of both the antioxidants from green tea and the protein content
from Spirulina powder. However, based on the results obtained from total antioxidants and total protein
content, formulation B has both greater antioxidants and protein content, with 47.61 mg of ascorbic acid
equivalents and 229.86 mg of protein content, than formulations A and C.

Discussion

The methanol extract of Arthrospira maxima showed potential antioxidant activity with an ICs value of 180
pg/mL [22]. However, C-phycocyanin also reported antioxidant activity, with an ICs value of 0.185 mg/mL
[23]. In the present study, among three different formulations, formulation B (IC5: 37.81 pL/mL) obtained
the top rank in the list with a greater amount of antioxidants than A (ICgy: 43.07 uL/mL) and C (IC 5¢: 46.81
uL/mL). Patel et al. found that C-phycocyanin derived from Lyngbya had greater inhibition of peroxide free
radicals, with an ICg( value of 6.63 pM. In comparison, the IC 5 values for Spirulina and Phormidium were
12.15 pM and 12.74 pM, respectively [24]. Hence, the antioxidant richness is greater in formulation B due to

the effectiveness of extraction than that of A and C. Finally, the estimated total volume of antioxidants in
formulation B was equivalent to 47.61 mg of ascorbic acid.

In the current investigation, the total percentage of protein extracted in formulation B was about 22.98%,
which was found to be very low in A (15.28%) and C (15.5%). However, approximately 42% of protein
recovery was recorded from Spirulina by using methanol and ethanol solvents [25]. In another study, about
28.4% of protein content was derived from 100 g of Spirulina biomass by using an ultrasound mechanism
with a protein recovery rate of 50% [26]. Based on a clinical study, the Spirulina extract rectifies the
symptoms of allergic rhinitis patients by suppressing IL-4 and Th2 cell differentiation [27].
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Direct consumption of Spirulina (4,500 mg) in 16 systemic arterial hypertension patients for 12 weeks along
with angiotensin-converting enzyme inhibitors resulted in controlled systolic blood pressure, sE-selectin,
sVCAM-1, and endothelin-1 levels, and elevated antioxidant GSH levels [28]. Similarly, the phycocyanin
levels in Spirulina had both anti-inflammatory and insulin-sensitizing activities [29]. In another study, 1.5 g
of Spirulina was administered to 920 pregnant women from the 28th to the 42nd postnatal day, and a
significant increase in hemoglobin levels was found compared to iron and folic acid supplementation [30].
As a result, in the present study, an equal proportion of green tea and Spirulina powder got good results in
terms of both the antioxidant levels and dietary protein content in formulation B.

As a result of the study, the resultant formulation, rich in antioxidants and protein content, will be the best
choice for Spirulina consumption as a healthy beverage.

Limitation

The allergic reaction of some people to Spirulina is the main limitation of the study.

Conclusions

Tea is a widely consumed beverage around the world. According to the findings of this study, the
combination of green tea and Spirulina provides a modern source of antioxidants and dietary protein,
making it a healthy option for healthcare and nutrition.
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