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ABSTRACT

Herbal tea has been shown to possess multiple health benefit.
Current study was done to formulate polyherbal tea from
antioxidant-rich medicinal herbs such as Camellia sinensis,
Hibiscus sabdariffa, Marantodes pumilum, Morinda citrifolia,
Centella asiatica and Stevia rebaudiana based on the sensory
evaluation. Then, the chemical composition and bioactivities
were investigated for the selected formulation. 5 formulations
with different proportion of selected herbs were evaluated
based on aroma, colour, taste, aftertaste, mouthfeel and
overall acceptability. Formulation 348 containing 15% M.
pumilum, 19% M. citrifolia, 10% C. sinensis, 10% H.
sabdariffa, 45% C. asiatica, and 1% S. rebaudiana exhibited
the highest mark for overall acceptibility. Single component
of S. rebaudiana showed the highest total phenolic (TPC) and
total flavonoid content (TFC). The mixture of six selected
herbs consisted significant amount of TPC (198.18 + 0.02 mg
GAE/L) and TFC (192.07+0.03 mg RE/L infusion). Based on
GCMS analysis, it was found that caffeine (69.54%) was the
most abundant compound in the herbal mixture followed by
quinic acid (9.95%) and 4H-Pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl- (8.40%) which might
contribute to its biological activities. For antioxidant activity,
the single component of C. sinensis and S. rebaudiana
showed higher DPPH scavenging and FRAP reducing ability
compared to the herbal mixture. However, for ABTS assay,
there were no significant differences in ABTS value between
the single component and the herbal mixture. The herbal
mixture displayed 16.46 + 3.02 % inhibitions towards
tyrosinase enzyme and 7.22% inhibition in collagenase
inhibition assay. Further study is needed to explore the
potential of the selected herbal formulation which could be
developed into nutraceutical beverages.

Key words : Anti-aging; Antioxidant; Polyherbal tea;
Tyrosinase inhibition; Collagenase inhibition; GCMS
analysis

1. INTRODUCTION

Herbal tea or also called tisane has increased in popularity due
to its biological properties and certainly can be complement to
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modern medicine. This beverage is made up of dried leaves,
seeds, grasses, flowers, nuts or any botanical elements which
originated from plant species other than widely consumed tea
species, Camellia sinensis [1,2]. In spite of brewing single
herb in hot water, the herbal tea also has been prepared in
form of mixture. Polyherbal tea has been used in many
traditions for centuries. The old culture, such as Ayuverda and
Traditional Chinese Medicine (TCM) has formulated herbal
mixtures for the treatment of various ailments [3]. The herbs
were mixed based on the similarities of health benefit for
individual species [4]. Current market has showed that most
of herbal-based products have been shifted from using single
herb to polyherbs which are believed to exert more
pharmacological effects compared to the single herb [4].

Marantodes pumilum (Blume) Kuntze or locally known as
Kacip Fatimah is among the popular herbs in Malaysia. M.
pumilum (Family : Myrsinaceae) possess wide range of
bioactivities such as phytoestrogenic, anti-inflammatory,
antioxidant, anti-aging, anti-microbial and anti-carcinogenic
activities [5]. Other tropical medicinal plants such as Morinda
citrifolia L. (family: Rubiaceae), Hibiscus sabdariffa L.
(family: Malvaceae) and Centella asiatica (L.) Urb (family:
Apiaceae) have been used in traditional medicine and
currently been consumed in the form of infusion or added as
flavor in the drinks.

Current study aims to develop new polyherbal tea comprise
of the well-known green tea, from C. sinensis and also
antioxidant-rich tropical medicinal plants (M. pumilum, M.
citrifolia, H. sabdariffa, and Centella asiatica) with addition
of Stevia rebaudiana as sweetener. Other than health benefit
displayed by herbal tea, the sensory characteristic (i.e taste,
aroma, and colour) always become major factors in selecting
the herbal beverages by consumers [6]. Thus, the herbal
mixture was formulated based on sensory evaluation.
Subsequently, the chemical composition, antioxidant,
anti-aging (anti-collagenase) and anti-tyrosinase activities
were evaluated.

2. EXPERIMENTAL PROCEDURE

2.1. Plant materials and infusion preparation

The dried leaves of Camellia sinensis leaves, Hibiscus
sabdariffa flowers, Marantodes pumilum leaves, Morinda
citrifolia leaves, Centella asiatica leaves and Stevia
rebaudiana leaves were obtained from herbal supplier at



Melaka, Malaysia. The dried samples were stored in an
air-tight container with the aid of silica gel to ensure the
moisture content of the herbs is maintained and the shelf life
can be extended.

The herbal tea was freshly prepared by mimicking domestic
brewing technique [7]. About 1.0 g of the single herb/herbal
mixture was infused in 100 mL of boiling water (100°C). The
mixture was stirred constantly by using magnetic stirrer for 3
minutes and the sample was left to cool for 3 to 5 minutes. The
infusion was then filtered by using filter paper and the filtrate
was used for the assay. Five formulations of herbal tea from
six plant species were prepared based on manual testing in
preliminary studies (data not shown). The formulations were
randomly labelled with 3 numbers. The percentage
composition of each herb in the coded formulations was
displayed in Table 1.

Table 1 :
formulations

Percentage composition of herbs for each

529 847 253 482
20 10 25 20
20 25 25 15

Formulation 348

M. pumilum 15
M. citrifolia 19

C. sinensis 10 15 10 15 20

H. 10 15 10 15 10

sabdariffa

C. asiatica 45 29 39 185 335
S. 1 1 1 15 15

rebaudiana

2.2. Sensory evaluation

The best formulation was selected based on sensory
evaluation. A total of 30 semi-trained panelists were involved
and the evaluation was carried out at Sensory Analysis
Laboratory, Universiti Tun Hussein Onn Malaysia. The
evaluation was done by asking the panelists to score the
infusions with respect to colour, taste, appearance, odour,
flavor and overall quality by using 9-point hedonic scale
(varied from dislike extremely or like extremely) in prepared
questionnaire.

2.3. Chemical characterization

2.3.1 Total phenolic and flavonoid contents

The total phenolic content (TPC) of samples was determined
by using Folin-Ciocalteu method [8] and the result was
presented as milligram gallic acid equivalent in 1 litre of
infusion (mg GAE/L). The total flavonoid content (TFC) was
determined by using aluminium chloride colorimetric method
[9] and the result obtained was expressed as milligram
catechin equivalent in 1 litre of infusion (mg CE/L).

2.3.2 GCMS analysis

The chemical composition of the best herbal tea formulation
was determined by using Gas Chromatography coupled with
Mass Spectrometry (GCMS). Freeze dried infusion was
reconstituted with methanol and was injected into column.
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The spectrum obtained was compared with NIST 11 Mass
Spectral Library.

2.4, Antioxidant activites

Three antioxidant assays were used in current study, which
were 2,2-diphenyl-1-pycryl-hydrazyl (DPPH) free radical
scavenging assay [10], ferric reducing/antioxidant power
(FRAP) [11] and
2,2’-azinobis(3-ethylbenzothiazoline)-6-sulphonic acid
(ABTS) decolourization assay [12]. The DPPH scavenging
activity of selected formulation was presented in the form of
percentage inhibition. The final result for FRAP was
presented as the concentration of antioxidant having a ferric
reducing ability. The result for ABTS decolourization activity
was expressed as milligram  ascorbic acid equivalent
antioxidant capacity in 1 litre of infusion (mg AEACI/L).

2.5. Collagenase inhibition assay

The assay was performed by using drug discovery Kits
(MMP-1 Colorimetric Protocols) by Enzo Life Science.
Positive controls were performed with NNGH whereas
negative controls were performed without any inhibitor. The
absorbance was read at 412 nm. The slope remaining activity
was calculated as below (1)-(3).

Inhibitor activity remaining (%) = (Vinhibitors Veontro) X 100
@

Velocity reaction of inhibitor, Vimnipior = Absorbance / min
(2)

Velocity reaction of control,Veno= Absorbanceno /
mincontrol (3)

The percentage of inhibition was obtained by subtracting the
obtained value from 100.

2.6. Tyrosinase inhibitory activity

The tyrosinase inhibitory activity was conducted according to
method by Atta-ur-Rahman et al.[13]. Kojic acid was used as
standard. Percentage of tyrosinase inhibition was calculated
as follows (4):
Tyrosinase  activity

(4)

%) = [(A-B)(C-D)] x 100

Where, A = absorbance of reaction mixture containing test
sample and mushroom tyrosinase; B = absorbance of blank
sample containing test sample but without mushroom
tyrosinase; C = absorbance of reaction mixture without test
sample and with mushroom tyrosinase; D = absorbance of the
well without both test sample and mushroom tyrosinase
(L-DOPA alone)

2.7. Statistical analysis

All experiments were carried out in triplicate in 3 independent
experiments. The results were presented as mean + standard
deviation. The data was statistically analysed by using
one-way ANOVA with a significant value of p < 0.05 to test



the significant difference between the samples. Pearson’s
correlation was used to determine the relationship between
phytochemicals and antioxidant activity.

3. RESULTS AND DISCUSSION

3.1. Sensory evaluation of herbal tea

The average score for aroma, colour, taste, aftertaste,
mouthfeel and overall acceptability varied between 3.17 and
7.20. This indicates that the panelists have their own
preferences for the herbal tea. For all attributes, the most
preferred formulation was formulation 348 (Figure 1). This
formulation contains 15% Marantodes pumilum, 19%
Morinda citrifolia, 10% Camellia sinensis, 10% Hibiscus
sabdariffa, 45% Centella asiatica and 1% Stevia rebaudiana.
The colour of formulation 348 is greenish brown, which
obtained the highest score among the panelist. The small
proportion of M. pumilum and C. sinensis in formulation 348
and 847 might be the reason of the higher taste acceptance.
Individual M. pumilum has woody-like taste, which
undesirable for consumer acceptance. C. sinensis has bitter
and astringent taste [14], but has sweet aftertaste. The
undesirable taste of the formulation 348 has been masked by
the sweetness of S. rebaudiana which estimated to be 110 to
270 times sweeter than sucrose [15]. Since formulation 348
obtained the highest score for sensory evaluation, it has been
selected for further evaluation of chemical composition,
antioxidant and anti-aging activities.

—s—Formulation 348

Figure 1: Radar plot of sensory evaluation for all
formulations

3.2. Chemical characterization

3.2.1 Total phenolic and flavonoid content

The total phenolic content (TPC) and total flavonoid content
(TFC) of the formulation 348 is compared with its single
component (Table 2). In terms of single herb, S. rebaudiana
was recognized to contain high TPC (490.15 + 0.05 mg
GAE/L) and TFC (621.27+0.10 mg RE/L) followed by green
tea (C. sinensis), C. asiatica, H. sabdariffa, M. citrifolia and
M. pumilum. Formulation 348 contain significant amount of
TPC and TFC. Eventhough S.
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J VPR VU SO 0 NS OO < U
Figure 2 : A typical gas chromatogram of the chemical
constituents of formulation 348 extract

rebaudiana contain the highest TPC and TFC, the
contribution of this herb is only 1% to the mixture. Previous
research on herbal infusions showed that green tea contains
higher TPC, TFC and non-flavonoid component compared to
stevia and roselle [16]. However, current study indicates that
S. rebaudiana contain higher TPC and TFC followed by green
tea and roselle. The differences might due to the distinction in
the way of preparation, varieties and cultivation characteristic
[16]. The major phenolic in Centella asiatica is asiatic acid
and asiaticoside [17]. A strong correlation (r=0.964, p<0.05)
existed between phenolic and flavonoid, which indicate
flavonoid may contribute to most of the phenolic in the tea
which in agreement with previous study [18] on various
herbal tea.

Table 2 : TPC and TFC of formulations and single herb.

Sample TPC (mg GAE/L) TFC (mg RE/L)
Formulation 198.18 + 0.02° 192.07 + 0.03°°
348

M. pumilum 72.80 + 0.02° 16.73 + 0.01¢
M. citrifolia 77.84 +0.02° 164.20 + 0.02%"
C. sinensis 258.18 + 0.04° 341.27 £ 0.02°
H. sabdariffa 146.56 + 0.08° 118.20 + 0.01°
C. asiatica 148.86 + 0.13¢ 197.93 +0.02%"

S. rebaudiana 490.15 + 0.05° 621.27 + 0.10°

Values are presented as mean = standard deviation (SD) (n =
3) which, with different letters (within column), are
significantly different at p < 0.05.

3.2.2 GCMS analysis

The chromatogram of chemical compounds for formulation
348 has been displayed in Figure 2. The major peak with the
highest concentration as can be seen in Figure 2, is peak 9 that
was represented by caffeine. Quinic acid (9.95%) showed
second highest concentration followed by 4H-Pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl-  (8.4%) (Table 3).
Quinic acid is among the phenolic acid that could be found in
Centella asiatica extract [19]. As C. asiatica make up 45% of
the formulation, the presence of quinic acid might contribute
by C. asiatica. Caffeine is the common compound found in
green and black tea which exhibited the antioxidant activities
and showed stimulatory effects on the nervous system [20].
The high concentration of caffeine might be contributed by
the 10% of green tea in the polyherbal formulation. According



to Okello et al. [21], caffeine exhibited strong inhibitory
activities against acetylcholinesterase enzyme. 4H-Pyran-4-

one, 2,3-dihydro-3,5-dihydroxy-6-methyl- which also
known as DDMP also have been found in Bougainvillea x
buttiana [22] and Pyrus pyrifolia which contribute to the
ABTS radical scavenging activity [23]. The major compound
in the formulation might be responsible for the bioactivities of
the selected formulation.

Table 3: Chemical composition of formulation 348.

ID Chemical Compounds  Concentrat  Retention
ion (%) Time
(min)
1  2,4-Dihydroxy-2,5-dim 1.44 10.21
ethyl-3(2H)-furan-3-on
e
2  1,2,5,6-Tetrahydropyrid 1.17 11.98
in-2-one, 5-methyl-
3  4H-Pyran-4-one, 2.07 14.61
2-hydroxy-3-methyl-
(CAS)
2-Hydroxy-3-methyl-4-
pyrone
4  4H-Pyran-4-one, 8.40 17.84
2,3-dihydro-3,5-dihydr
oxy-6-methyl-
5  Hydroxymethylfurfural 1.92 22.14
6  1,2,3-Propanetriol, 2.75 22.86
1-acetate
8  Quinicacid 9.95 40.07
9 Caffeine 69.54 48.43
10  Theobromine 2.10 49.31

3.3. Antioxidant activities

Antioxidant play roles by donating a hydrogen atom or
electron to reactive species (i.e reactive oxygen species,
reactive nitrogen species), which deactivate the activity of the
reactive species [24]. In DPPH inhibition assay, formulation
348 and its single components showed inhibition towards
DPPH radicals in vitro (Table 4). No significant difference
existed between formulation 348 with C. sinensis and S.
rebaudiana. Eventhough C. asiatica, M. citrifolia and M.
pumilum individual infusion exhibit low antioxidant activity,
it did not influence the high antioxidant activity of green tea
when it is mixed. This indicate that formulation 348 exhibit
high DPPH scavenging activity in comparable with
antioxidant-rich green tea. Jain et al. [25] has found out that
the the mixture of Vitis vinifera, Phyllanthus emblica, Punica
granatum, Cinnamomum cassia, Ginkgo biloba and Camellia
sinensis produced higher antioxidant properties compared to
the individual species which in line with current research. In
ABTS assay, statistically, there is no significant difference
between the herbal mixture and single component (Table 4).
Meanwhile, in FRAP assay, S. rebaudiana and C. sinensis
exhibit high antioxidant potential followed by formulation
348, C. asiatica, H. sabdariffa, M. pumilum, and M. citrifolia.
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In correlation analysis, it was found that TPC have significant
positive correlation with DPPH and FRAP (r=0.771, p< 0.05;
r=0.845, p<0.05). ABTS did not show any significant
correlation with TFC. Meanwhile, TFC is positively correlate
with FRAP (r=0.817, p<0.05). Among the antioxidant
activities, DPPH and FRAP has been found to be highly
correlated with each other (r= 0.968; p<0.05). The same
relationship has been found by Wong et al. [26] on the
antioxidant activities of aqueous infusion including Centella
asiatica and Hibiscus sabdariffa. This indicates that the
compound presented in the infusion is able to donate
hydrogen atom, at the same time able to reduce ferric ion via
single electron donation [26]. Meanwhile, no significant
correlation has been observed between ABTS with DPPH and
FRAP.

Table 4 : Comparison of antioxidant activity of selected
formulation and single herb

Sample DPPH (%) ABTS FRAP
(mg (mM/L)
AEAC/L)
Formulation 87.72+  38.10+0.04% 3700 +
348 0.04% 410°
M. pumilum 2557+  40.0240.02° 560 +
0.01° 170°
M. citrifolia 0.43 + 36.11+0.01° 290 + 90°
0.05°
C. sinensis 92.10+  40.27+0.01* 5600 +
0.01 110
H. sabdariffa 2176+  30.66+0.16° 920 +
0.03¢ 800
C. asiatica 3495+  36.03+0.11* 1600 +
0.01° 180°
S.rebaudiana  90.12+  40.41+0.01° 5400 +
0.03 10°

Values are presented as mean = SD (n = 3) which, with
different letters (within column), are significantly different at
p <0.05.

3.4 . Collagenase inhibition activity

Collagenase inhibition activity was determined by analysing
the inhibition ability of plant infusion towards Matrix
Metalloproteinase-1 (MMP-1) enzyme. MMP-1 is one of the
key collagenase which involved in physiological and
pathological of connective tissues [27]. Table 5 shows the
percentage inhibition of MMP-1 enzyme by formulation 348
in comparison with the standard (NNGH Inhibitor). The
percentage inhibition of the collagenase activity was very low
for herbal tea sample as compared to the NNGH
(N-1sobutyl-N-(4-methoxyphenylsulfonyl) glycylhydroxamic
acid) inhibitor. Based on previous research, C. sinensis, M.
pumilum and C. asiatica extracts have demonstrate the ability
to restore collagen synthesis and reduce the MMP-1
expression [28-30].



Sample MMP-1 Inhibition (%)
Formulation 348 7.22
NNGH Inhibitor (1.3 pM) 86.11

Table 5 : Collagenase inhibition activity

3.5. Tyrosinase inhibition activity

Tyrosinase is an enzyme that responsible for melanin
production which has protective function in human skin.
However, the accumulation of melanin will caused
undesirable skin condition such as pigmented patches [31,32].
The search for natural tyrosinase inhibitors from plants in
replacement with synthetic tyrosinase inhibitor is still
on-going [32]. Current study showed that tyrosinase
inhibition by formulation 348 increased with increasing
concentration (Table 6). However, the percentage inhibition is
lower than kojic acid which act as standard. In previous
research, individual Morinda citrifolia leaf extract [33], C.
sinensis [34] and M. pumilum [5] has showed the protection
against melanin in in vitro and in vivo assay which might
contribute to the tyrosinase inhibition activity in current
study.

Table 6 : Tyrosinase inhibitory activity

Sample/Standard 0.5 mg/mL 1.0 mg/mL
Formulation 348 7.56 +0.17 14.72 £ 0.39
Kojic acid 85.7240.34 89.24 + 0.82

4. CONCLUSION

The selected formulation 348 is the most acceptable
formulation based on sensory evaluation. By comparing the
mixture of herb with individual herb, the mixture formulation
exhibit significant phytochemical and antioxidant activities.
The evaluation on anti-aging potential by using tyrosinase and
collagenase inhibition assays exhibit considerable inhibition
activity. Further study is needed to explore the potential of the
selected herbal formulation which could be developed into
nutraceutical beverages.
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