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ABSTRACT

This study conducted a trial to mix three traditional medicinal herbs to make tea bags, such
as Cordyceps militaris, Siraitia grosvenorii, and Chrysanthemum sinense. It investigated the
chemical composition as well as the biological activity of the product. Cordyceps militaris,
Siraitia grosvenorii, and Chrysanthemum sinense are precious medicinal species widely used in
East Asian countries to make medicines and herbal b everages. However, research on the effects
of tea bags with the above 3 ingredients has not yet been published in Vietnam. This study
focuses on investigating the chemical composition, antioxidant, and anti-cancer activities of this
tea bag to orient towards its application in food. The results of the study showed that the ratio of
mixing Cordyceps militaris:Siraitia grosvenorii:Chrysanthemum sinense (w:w:w) of 2:1:1
obtained the highest sensory value and the basic chemical composition of the tea bag product
was determined, including protein of 4%, the concentrations of polysaccharide of 23.4%, total
polyphenol content of 56.34 mg GAE/g extract, adenosine of 0.183 mg/g extract, and cordycepin
of 0.231 mg/g extract. An extract of the tea bag exhibited a free radical scavenging activity of
DPPH with 1Csy 428.4 pg/mL. The concentration of the extract of the tea bag up to 1600 ppm
induced cell death with 49.63% of A549 cells and 62.82% of MCF7 cells. In addition to showing
the advantages of a tea bag product from Cordyceps militaris combined with Siraitia grosvenorii
and Chrysanthemum sinense, this study has explored new research directions with potential
applications in food for the first time.
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1. INTRODUCTION

Herbal teas are widely consumed worldwide and play a significant role as a therapeutic
agent in various traditional medical practices [1]. Several widely consumed herbal teas include
black tea, green tea, chamomile tea, ginger tea, ginseng tea, peppermint tea, and cinnamon tea.
Among these, certain varieties exhibit potent medicinal properties, such as Astragalus tea,
derived from a Chinese native herb known for its anti-inflammatory and antibacterial effects [2].
The improvement in socio-economic status has seen an increase in demand for tea bags due to
convenience, and ease of throwing away-cutting and blending many ingredients can be done
in a small tea bag [3]. The quality of tea bags is primarily determined by the type of raw
materials used, whether they consist of tea, herbs, or a combination of both.

Cordyceps militaris has a long history of use in traditional Chinese medicine [4].
Cordyceps militaris has been widely distributed in many parts of the world, but the largest
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concentration is still in East Asian countries such as China, Japan, and Korea [5]. Many studies
have proven that Cordyceps militaris contains many kinds of bioactive components such as
cordycepin, adenosine, and some polysaccharides. These compounds are effective in
supporting and treating many diseases such as anti-inflammatory, antioxidant, anticancer, and
immunomodulatory as well as the enhancement of liver, kidney, and lung function [6-9].

Siraitia grosvenorii is a perennial plant that cultivated mainly in Guangxi province of China
for over 200 years [10]. Siraitia grosvenorii is rich in triterpenoids, flavonoids, vitamins,
proteins, saccharides, and essential oils [11]. Mogrosides, a group of triterpenoid glycosides
isolated from the fruit of Siraitia grosvenorii, are considered the main active substances for
sweetness as well as are responsible for the major biological effects of Siraitia grosvenorii [12].
Siraitia grosvenorii fruit has been used for many centuries in China as a natural sweetener and
a traditional medicine to treat lung congestion, colds, and sore throats [13]. Nowadays, the fruit
Siraitia grosvenorii has been proven many benefits such as antitussive, anti-asthmatic,
antioxidant, hepatoprotective, hypoglycemic, immunomodulatory, and anticancer [14].

Chrysanthemum sinense is a traditional medicinal species in Vietnam and a native plant
of China [15]. The chemical composition of Chrysanthemum sinense includes flavonoids such
as luteolin, cosmosin, acacetin-rhamnosin, and apigenin [16] and triterpene alcohols such as
heliaol, lupeol, taraxerol, and cycloartenol. Stachydrine is a kind of compound of alkaloid that
has also been found in Chrysanthemum sinense. In addition, Chrysanthemum sinense also
contains amino acids such as choline, adenine, and some vitamins such as vitamins B1, C, E,
and A [17]. In traditional Chinese medicines, Chrysanthemum sinense has been used as an
herb with many beneficial effects such as anti-inflammatory, analgesic, antipyretic, and eye
diseases [18, 19]. According to recent research, Chrysanthemum sinense inhibited the
aggregation of platelets and promoted the circulation of myocardial blood [20].

Tea bags have many natural ingredients, conveniences, the treatment of many diseases,
and the improvement of human health. Currently, there are many different types of tea bags
(Panax notoginseng tea, lotus tea, etc.) in the Vietnamese market, but the combination of these
three herbs has not been studied yet. Therefore, this study was conducted to provide
information that would be the foundation of application in food.

2. MATERIALS AND METHODS
2.1. Materials

Cordyceps militaris was provided by the Institute of Tropical Biology. Fruiting bodies of
Cordyceps militaris were oven-dried at 50-60 °C for 6-8 h until the moisture content was less
than 10%. Siraitia grosvenorii and Chrysanthemum sinense were purchased at An Quoc Thai
Traditional Medicine Pharmacy (Address: 347 Tran Hung Dao B, Ward 10, District 5, HCMC).

Chemicals: PBS (Phosphate buffered saline), pH 7.4, Himedia, India; DPPH (2,2-
Diphenyl-1-picrylhydrazyl (free radical), 95%), Sigma-Aldrich, USA; MTT (3-(4,5-dimethyl-
2-thiazolyl)-2-5-diphenyl-2H-tetrazolium bromide), Merck, Germany; acid ascorbic 99,75%,
Duchefa, Netherlands; Na,COs 99.8%; ethanol 96%; methanol 96%; acid hydrochloric (36%
HCI); acid sulfuric (36% H>SO4); NaOH 99%; FeCls 95%; Ks[Fe(CN).] 99,5%); ethyl acetate
99%; sodium acetate buffer, pH 5.5, Sigma-Aldrich, USA.

2.2. Methods

2.2.1. Mixing ratio

34



Study of the chemical composition and bioactivity of tea bags from Cordyceps militaris,, ...

Cordyceps militaris, Siraitia grosvenorii, and Chrysanthemum have been used as an herb
to improve human health and to treat many diseases in the world. In Vietnam, dried Cordyceps
militaris is used as a healthcare beverage. However, for some people, this usage has a slightly
pungent taste that makes it difficult to drink. Therefore, the addition of fragrance and natural
sweeteners from Siraitia grosvenorii and Chrysanthemum can enhance the attractive flavor of
Cordyceps militaris. Dried Cordyceps militaris, Siraitia grosvenorii, and Chrysanthemum
were ground into a fine powder (< 1 mm). The mixing of auxiliary materials with prices many
times lower than Cordyceps militaris also helps to reduce the costs of the product and to reach
consumers effectively. The basic samples were mixed in the ratios (w:w:w) of 1:1:1, 2:1:1,
and 3:1:1 respectively, with 150 g of each sample and 3 replicates.

Each tea bag contained approximately 2 g of the blended samples. The material of the tea
bag was food grade non-woven material, safe and hygienic, easy to break down, and
environmentally friendly. Its variant was 6 cm x 8 cm. The tea bags were placed in tightly
sealed glass bottles and appropriately labeled for analysis.

2.2.2. Extraction

After mixing at the above ratios, 10 g of ingredients (corresponding to 5 tea bags) into a
250 mL Erlenmeyer flask, added 100 mL of 80 °C hot water, and soaked for 24 hours at room
temperature. Then, the extract was subsequently filtered using Whatman filter paper and
lyophilized at a temperature of -70 °C. The crude extract obtained was stored at -20 °C in the
dark until used to determine the chemical composition of tea bags.

2.2.3. Sensory evaluation

According to Vietnam’s national standard method (TCVN 3215-79), samples were
evaluated periodically for their sensory characteristics of structure, color, smell, and taste. The
evaluation was based on a score scale rated in the interval from 1.0 to 5.0 for 4 parameters:
structure, color, smell, and taste (Table 1), important coefficient was rated from 0.6 to 1.2 to
express the important level of each parameter [21].

Table 1. Important coefficient of each target

Quota Important coefficient
Structure 1.0

Color 0.6

Smell 1.2

Taste 12

The total scores of each parameter were to multiply the score of each parameter and its
important coefficient. The last sensory score of the product was the total score of the 4
parameters. If the last sensory score is 20, the sample meets the highest quality (Table 2).

Table 2. Assessing the quality of tea bag

Quality level Common score Quality level Common score
Good type 18.6-20.0 Poor type 7.2-11.1
Pretty good type 15.2-18.5 Very poor type 4.0-7.1
Medium type 11.2-15.1 Type of damage 0.0-3.9

Notes when evaluating the sensory quality of products: Place the teacup in a balanced
position and a well-lit room and keep your eyes on the right line to observe the color and status
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of the product. Hold the tea cup close to the nose, open the lid with the hands, and smell the
product on the top of the cup to evaluate the smell. Taste the product in the mouth to determine
its taste.

Conditions for conducting sensory evaluation: The sensory evaluation was done in a
laboratory that had a quiet, cool, well-lit, and clean place. The people selected for sensory
evaluation are those who have been trained and practiced in sensory evaluation of products
and had good health such as specialist teachers, and students of food processing technology.

The number of testers selected for each experiment was 7.
2.2.4. Phytochemical analysis

The organic substances in the tea bag extracts were determined by standardized
laboratory quantitative methods.

Samples were sent to the Center of Analytical Services and Experimentation of HCM
City (CASE) to determine the content of the main ingredients in the product (adenosine and
cordycepin) by the high-performance liquid chromatography (HPLC) method. After that, the
determination of total protein content by the Kjendah method, and the determination of fat
content by the Soxhlet machine.

The total phenolic content was quantified using the Folin-Ciocalteu assay, following the
method outlined by Prieto et al. The crude extract was prepared in a series of dilutions with distilled
water at varying concentrations. A 100 pL aliquot of the water-diluted extract was thoroughly
mixed with 500 pL of Folin-Ciocalteu reagent for 4-5 minutes, followed by the addition of 400 pL
of a 7.5% sodium carbonate solution. The mixture was incubated in the dark for 60 minutes, after
which it was centrifuged and transferred into a 96-well plate. The absorbance at 765 nm was
recorded using a microplate reader. A standard curve was generated using gallic acid (0.01-0.4
mM), and the results were reported as gallic acid equivalents (GAE) in mg/g.

Polysaccharide was quantified using the phenol-sunfuric acid method [22]. A 400 pL
aliquot of the sample solution containing polysaccharides was thoroughly mixed with 200 pL
of a 5% phenol solution, followed by the addition of 1 mL of concentrated sulfuric acid
(H2S04). The mixture was allowed to stand for a further at room temperature. The color of the
reaction was detected on a spectrophotometer at 490 nm. The polysaccharide content was
guantified based on the optical density obtained from the test sample against the glucose
standard graph. The relative percentage value is the polysaccharide content of the highest
group specified as 100%, and the other groups with the lower polysaccharide content as a
percentage of the highest group.

2.2.5. DPPH assay

The antioxidant activity was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay, which measures free radical scavenging capacity. The total methanolic extract and its
fractions were dissolved in ethanol at serial concentrations. Reaction mixtures, comprising 100
pL of the sample and 100 pL of DPPH solution, were prepared in a 96-well plate. After 30
minutes, the absorbance of the solution was measured at 517 nm. The DPPH radical
scavenging activity was determined using the following equation:
A (control)—A (sample)

*
A (control) 100

% Scavenging = [

Each sample was mesured in triplicaite. The 50% inhibitory concentration (ICso), defined as
the concentration of the sample required to scavenge 50% of DPPH radicals, was calculated using
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probit-graphic interpolation across seven concentration levels. The commercial antioxidant
(vitamin C 99.75% solution, Duchefa, Cas 50-81-7) was used as a positive control [23].

2.2.6. MTT assay

The tea bag extract was evaluated for its cell growth inhibitory effects on MCF7 and
A549 cell lines using the MTT assay, as described by Dantu et al. (2012) [24]. MCF7 and
A549 cell lines (provided by the Biotechnology Center, Ho Chi Minh City) were seeded in 96-
well plates at a density of 40,000 cells per well. The cells were treated with the sample solution
at varying concentrations and incubated for 72 hours. Subsequently, MTT solution (5 mg/mL)
was added, and the cells were further incubated at 37°C for 4 hours. Afterward, the
supernatants were removed, and 100 pL of isopropanol-HCI was added to each well to dissolve
the formazan crystals. The optical density was determined at 540 nm. The cytotoxicity of each
compound is expressed as an 1Csp value.

2.2.7. Analysis of data

The experiment was repeated three times independently. Data values are expressed as
mean + SD (standard derivation). The IC50 value was obtained by plotting percentage
inhibition (1%) versus concentration of total extract and tea bag extracts.

3. RESULTS AND DISCUSSION
3.1. Effects of mixed ratios

The results presented in Figure 1 showed that tea bags with a ratio of 2:1:1 gave the
highest sensory score. According to TCVN 3215-79, this sample was classified as a pretty
good type because it had an average total score of 16.63. Therefore, the ratio of 2:1:1 was
selected for the subsequent experiments.

o B N W B~ O

Sensory evaluation score

Ratio 1:1:1 Ratio 2:1:1 Ratio 3:1:1
Mixed ratio (w/w/w)

Figure 1. Effect of mixing ratio Cordyceps militaris/Siraitia grosvenorii/Chrysanthemum
on sample quality

3.2. Chemical composition of tea bags

The Folin-Ciocalteu assay is one of the earliest methods established for determining the
total phenolic content. A standard curve of gallic acid was built by preparing solutions of gallic
acid with concentrations of 0, 25, 50, 100, 150, and 200 g/mL. The standard curve is shown in
Figure 2. The total polyphenol content of the extract was quantified using a gallic acid standard
curve and expressed as milligrams of gallic acid equivalents (GAE)/g extract. The content of
total polyphenol in the extract of the tea bag sample was 56.31 mg GAE/g extract.
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Figure 2. Standard curve of gallic acid

The results presented in Table 3 show that tea bags have a high polysaccharide content
of 23.4%. In addition, the composition of the sample had a small amount of protein (4%), and
fat was not detected. Polysaccharide was able to reverse the damage of ethanol-induced liver
and this effect was enhanced with increasing doses of the extract. Yan et al. (2008), suggested
that this effect may be due to the antioxidant function of polysaccharides from Cordyceps
militaris [26]. Adenosine and cordycepin are two highly bioactive compounds of Cordyceps
militaris. The content of adenosine and cordycepin in the tea bag sample is 0.183 mg/g extract
and 0.231 mg/g extract, respectively.

Table 3. Chemical composition of tea bags

Compositions Rate, %
Lipid < MLQ* = 5%
Protein 4%
Polysaccharide 23.4%
Polyphenol 56.34 mg GAE/ g extract
Adenosine 0.183 mg/g extract
Cordycepin 0.231 mg/g extract

(*) Method Quantification Limit

3.3. Investigation of antioxidant activity of tea bags

The tea bag extract was evaporated into the extract form and diluted into an
appropriate dilution at a range of different concentrations (0.039, 0.0781, 0.15625, 0.3125,
0.625, 1.25 mg/mL). The total antioxidant potential of tea bags was determined by using the
DPPH assay. The antioxidant activities of tea bags are presented in Figure 3. According to our
results, tea bags had a high antioxidant activity with ICsp = 428.4 ug/mL. This study showed
the antioxidant capacity of cordycepin contained in the extract obtained from the culture of
Cordyceps militaris. The following research by Zhang et al. (2013) reported cordycepin
concentrations of 0.8 and 1.8 mg/mL, respectively [27]. An antioxidant capacity to remove
OH and DPPH free radicals can reach 50%. This result is consistent with the cordycepin
concentration in the extract we obtained. Zhang's research suggests that cordycepin's
antioxidant properties are near to that of ascorbic acid. Thus, cordycepin in tea bag products
has an antioxidant capacity (ICso = 428.4 pg/mL). Our research has demonstrated potential
with materials of HTLC originating from Vietnam.
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Figure 3. Antioxidant activity of tea bag extract using DPPH test.
3.4. Investigate of Anticancer effect of tea bags in human cancer cell lines A549 and MCF7

For the investigation of the toxicity of tea bags, cancer cell lines A549 and MCF7 were
pretreated with total tea bag extracts at different concentrations (from 50 ppm to 1600 ppm for
72 h). Toxicity was determined by the MTT assay. The results showed that the concentration
of tea bags up to 1600 ppm can inhibit 49.63% of A549 cells and 62.82% of MCF7 cells.
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Figure 4. Effect of total tea bag extract on lung cancer (A549) cell line
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Figure 5. Effect of total tea bag extract on breast cancer (MCF7) cell lines

The results in Figure 4 show that the cordycepin sample in tea bag extract exhibited
cytotoxic activity in both lung cancer (A549) and breast cancer (MCF7) cell lines at
concentrations of 50, 100, 200, 400, and 800 ppm. The graph of Figure 5 clearly shows that
the cytotoxic potential of cordycepin compounds in the extract is directly proportional to the
concentration of the analyte. Therefore, increased cordycepin concentration corresponds to a
greater ability to inhibit cell proliferation.
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4. CONCLUSIONS

The combination of the ratio of Cordyceps militaris, Siraitia grosvenorii, and

Chrysanthemum (2:1:1) has created a tea bag sample that has a high sensory value. The extract
of the tea bag sample has the content of total polyphenol and polysaccharide with 56.31 mg
GAE/g extract and 23.4% w/v extract. The high amount of adenosine and cordycepin in the
tea bag is 0.183 mg/g extract and 0.231 mg/g extract, respectively. The extract of the tea bag
has the free radical scavenging activity of DPPH with I1Cs 428.4 ug/mL and induces cell death
with 49.63% of A549 cells and 62.82% of MCF7 cells at a concentration of 1600 ppm. The
present study highlights that the tea bag with the combination of Cordyceps sinensis, Siraitia
grosvenorii, and Chrysanthemum has the potential for use in food applications.
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Nghién ciru ndy tién hanh thir nghiém phéi tron ba loai duoc liéu truyén thong 1a Dong tring
Ha thao (Cordyceps militaris), La han qua (Siraitia grosvenorii) va Hoa cic (Chrysanthemum
sinense) dé ché bién san pham tra tui loc, dong thoi khao sét thanh phan hda hoc ciing nhu
hoat tinh sinh hoc ciia san phim. Pong trung Ha thao, La han qua va Hoa cuc la céc loai dugc
liéu quy, duoc st dung rong rai tai cac nudc Dong A délam thuoc va lam d6 udng. Tuy nhién,
nghién cau vé tac dung cua tra tdi loc véi 3 thanh phan trén van chwa dugc cong bo ¢ Viét
Nam. Nghién ctiu nay tap trung khao sat thanh phan héa hoc va hoat tinh khang oxy hoa,
khang ung thu cta tra tdi loc nay, dinh huéng tng dung trong thuc pham. Két qua nghién cau
cho thay, ty 1¢ phéi tron Cordyceps militaris:Siraitia grosvenorii: Chrysanthemum sinense la
2:1:1 cho gia tri cam quan cao nhét va ham lugng tinh theo khdi lugng dich chiét lan lugt gom
protein 4%, polysaccharide 23,4%, polyphenol tong sé 56,34 mg GAE/g, adenosine 0,183 mg/
g va cordycepin 0,231 mg/g. Hoat tinh khang oxy héa thé thién qua hiéu qua loai bo géc tu do
DPPH cuia dich chiét tra tdi loc dat 1Cso = 428,4 pg/mL. Thir nghiém doc tinh trén cc dong té
bao cho thay & ndng do 1600 ppm dich chiét tra tai loc gay chét 49,63% té bao A549 va
62,82% té bao MCF7. Nghién ctru nay, lan dau tién cho thiy nhirng wu diém cia san pham tra
thi loc tir Pong tring Ha thao két hop véi La han qua va Hoa ctic, dong thoi mé ra hudng
nghién ciru méi ¢d tiém ning tng dung trong thuc pham.
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