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PHYTOCHEMICAL AND ORGANOLEPTIC CHARACTERISTICS OF FALOAK (Sterculia quadrifida
R.BR.) TREE BARK HERBAL TEA. Sterculia guadrifida R Br. Bark decoction is used to treat hepatitis and
consumed as a tonic by Timorese in the East Nusa Tenggara Province, Indonesia. Raw herbal materials
are susceptible to fungi contamination, have limitations in transportation, and have low economic value.
Processing the bark into powder packed in tea bags is expected to overcome these obstacles. Stevia, ginger,
and mint leaves are herbs often added to herbal drink formulas. This study aimed to evaluate the antioxidant
capacity, total flavonoid content (TFC), total phenol content (TPC), physicochemical properties, and
sensory properties of six formulas, namely: (F1) pure S. guadrifida bark; (F2) bark of S. guadrifida and leaves
of stevia; (F3) stem bark of . guadrifida and ginger; (F4) bark of S. guadrifida, stevia, and ginger; (F5) bark
of S. quadrifida and mint leaves; (F0) bark of S. guadrifida, stevia, and mint. Total phenolic content was
measured using the Folin-Ciocalteu method, and total flavonoids were determined using the AICI, method.
Antioxidant activity was measured using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method. The
TPC of S. quadrifida tea ranged from 14.0910.7 to 68.20+0.95% Gallic Acid Equivalent (GAE), and the TFC
ranged from 0.03£0.005 to 0.09£0.004% QE. The Ascorbic acid Equivalent Antioxidant Capacity (AEAC)
of F1, F2, F5, and F6 were insignificantly different. The pure S. guadrifida bark formula (F1) contained the
highest levels of antioxidants (1,044.3728.48 ppm Ascorbic Acid Equivalent (AAE)). Formulas with the
addition of stevia, mint, and ginger showed weaker antioxidant activity than pure S. guadrifida. The formula
of pure S. guadrifida bark (F1) and S. guadrifida with the addition of stevia (F2) have the potential to be
developed as commercial herbal teas.
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KARAKTERISTIK FITOKIMLA DAN ORGANOLEPTIK TEH HERBAIL KULIT BATANG POHON
FALLOAK (Sterculia quadrifida R.BR.). Rebusan kulit batang Sterculia quadrifida R.Br. digunakan untuk mengobati
hepatitis dan dikonsumsi sebagai tonik oleh orang Timor di Provinsi Nusa Tenggara Timunr, Indonesia. Baban herbal
mentah rentan terhadap kontaminasi jamur, akan menghadapi kesulitan dalam pengiriman, dan memiliki nilai ekonomi
yang rendab. Pengolaban kulit batang menjadi bentuk serbuk yang dikemas dalam kantong teh celup dibarapkan dapat
mengatasi kendala-kendala tersebut. Daun stevia, jabe, dan mint adalab beberapa tumbuban yang sering digunakan dalam
SJormula minuman herbal. Penelitian ini bertujuan untuk mengevaluasi kapasitas antioksidan, kandungan flavonoid total,
kandungan fenol, sifat fisikokimia, dan sensori enam formula yaitu: (F1) kulit batang S. quadrifida murni; (F2) kulit
batang 8. quadrifida dan daun stevia; (F3) kulit batang S. quadrifida dan jabe; (F4) kulit batang S. quadrifida, stevia
dan jahe; (F5) kulit batang S. quadrifida dan daun mint; (F6) kulit batang S. quadrifida, stevia dan mint.  Kandungan
total fenolik dinkur dengan menggunakan metode Folin-Ciocalten dan Total flavonoid ditentukan dengan menggunakan
metode AICI3. Aktivitas antioksidan dinkur menggunakan metode DPPH. Kandungan fenol total teh S. quadrifida
berkisar antara 14.09%0.7 hingga 68.2010.95% EAG, dan kandungan flavonoid berkisar antara 0.0310.005 hingga
0.09%0.004% EK. Kapasitas antioksidan tertinggi adalah 1,044,33%28.48 ppm EAA pada F1, dan terendah adalah
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801.8129.46 ppm EAA pada F2 yang memiliki nilai sensori tertinggi. Formmula dengan tambaban stevia, mint dan jabe
meniliki aktivitas antioksidan yang lebih rendab dibandingkan dengan formula S. quadrifida murni. Formula kulit batang
S. quadrifida murni (F1) dan formmla S. quadrifida dengan tambaban stevia (F2) memiliki potensi untuk dikenbangkan

menjadi teh herbal komersial.

Kata kunci: Antioksidan, faloak, teh herbal, hepatitis, peannt tree, fenolik

I. INTRODUCTION

Sterculia quadrifida R.Br., or "Peanut tree,"
is a medicinal plant of the Malvaceae family.
This plant can be found in Indonesia, Australia,
Pakistan, Timor Leste, and India (Cowie, 2000;
Karthikeyan, Shanthi, Saravanan, & Saranya,
2014; Akter, 2016; Manirujjaman, 2019; Siswadi
et al,, 2021). The plant is known as "Faloak"
in East Nusa Tenggara province, Indonesia. S.
guadrifida bark decoction is a traditional remedy
for hepatitis, lumbago, ulcers, and malaria and is
consumed as a tonic (Siswadi, Raharjo, Pujiono,
Rianawati, & Saragih, 2016). To treat health
problems, the bark is boiled, and the decoction
is consumed several times daily.

Sterculia quadrifida bark is harvested from
trees that naturally grow along roadsides, yards,
gardens, green spaces, and forests. The high
number of debarked §. guadrifida trees in the
region indicated the high demand for this herbal
remedy (Siswadi et al., 2021). Sterculia guadrifida
bark extract exhibits high antioxidant capacity
(Lulan, Fatmawati, Santoso, & Ersam, 2018;
Saragih & Siswadi, 2019) and has the potential
to be used as a mixture of breast cancer drugs

(Rollando & Prilianti, 2017) and diabetes mellitus
treatment (LLalong, Zubaidah, & Martati, 2022).
It is also immunomodulatory (Hertiani et al.,
2019; Winanta, Hertiani, Purwantiningsih, &
Siswadi, 2019) and has the potential to inhibit
HVC (Dean, Handajani, & Khotib, 2019; Sola,
2019), and is hepatoprotective (Darojati, 2022;
Renggani, 2022). The bark extract also has
low toxicity since the LD, was higher than
2,000 mg/kg BW (Siswadi & Saragih, 2018;
Noviyanah, Hertiani, Murwanti, Siswadi, &
Setyowati, 2021)).

Sterculia quadrifida bark is sold in traditional
markets in Kupang without post-harvesting
treatment (Figure 1). Raw herbal materials
risk fungi contamination, have limitations in
transportation and have low economic value (Li
et al., 2015; Setiarso, Rusijono & Kusumawati,
2018; Singh, Tiwari, Maurya, Kumar, & Dubey,
2022). Moreover, the decoction has a woody
aroma and chelate taste. Some ingredients are
commonly added to herbal drinks, including
stevia leaves ($7evia rebaudiana B.), ginger (Zingiber
officinale Rosc.), and mint (Mentha piperita1..) This
study processed the bark into tea bag packaging

Figure 1. Sterculia guadrifida bark is sold in traditional markets in Kupang city.
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and combined it with dried stevia leaves (S7wvia
rebandiana B.), ginger (Zingiber officinale Rosc.),
and mint (Mentha piperita L.). It was aimed to
provide functional S. guadrifida bark herbal
preparation and improve the taste and hygiene
since herbal mixtures can improve the taste
of herbal preparation (Guimaries, Barros,
Carvalho, & Ferreira, 2011).

An analysis of water content, microbial and
heavy metals contamination was conducted to
determine the quality of herbal tea formulas.
Moreover, the formulas' total phenol, total
flavonoid content, and antioxidant capacity
were also analyzed. This study was carried out
to determine the phytochemical, antioxidant
activity, and sensory properties of S. guadrifida
herbal tea and the blending of . guadrifida with
stevia, ginger, and mint.

II. MATERIAL AND METHOD

A. Study Site

Sterculia quadrifida bark was harvested in
Kupang city, the capital of Nusa Tenggara
Timur province, Indonesia. This region has a
semi-arid climate with low rainfall and long dry
season.

B. Methods
1. Preparation of S. quadrifida bark tea

S. quadrifida bark was obtained from trees far
from residential areas and roadside in Kupang
City. The bark was cleaned, then chopped into
small pieces (£ 0.5 — 2 cm), and oven-dried
at 55°C for 48 hours. Dry bark was powdered
using a grinder. The powder was re-dried for
8 hours using the same temperature to ensure
that the powder's moisture content was less
than 10%. . guadrifida powder was then sieved

Table 1. The formula of herbal teas tested

............ (Siswadi Siswadi et al.)

to obtain a powder with a particle size between
0.42 - 1.41 mm.

Dried ginger, mint, and stevia were purchased
from the local market. All ingredients were dried
in the oven at 55°C for 12 hours. Afterward,
the ingredients were weighed, mixed with S.
guadrifida bark powder, and packed in tea bags.
Formula F1, F2, F3, F4, F5, and F6 were herbal
tea formulas made from the main ingredient
of S. guadrifida bark with ginger, stevia, and
mint (Table 1). The tea bags were steeped in
hot water (£ 90° C) for 5 minutes before being
served.

2. Physicochemical and Microbiological properties of
S. quadrifida herbal tea ingredients

According the Regulation of the
Indonesian National Agency of Drug and
Food Control (BPOM) Number 32 of 2019
concerning Traditional Medicine Safety and
Quality Requirements, several parameters must
be analyzed to determine the quality of raw
materials in herbal tea production.

The moisture contents were determined
according to the methods described in the
Indonesian National Standard (abbreviated
SNI) 01-2891-1992 Food and Beverages Test
Methods (National Standardization Agency of
Indonesia, 1992). The contents of lead (Pb),
Cadmium (Cd), Mercury (Hg), and Arsen (As)
were determined according to the method
described by AOAC 999.11 Official Method
999.11 (2001); SNI 01-2896-1998 Test Method
for Arsenic Pollutant in Food (1998); SNI 01-
4866-1998 Test Method for Metal Pollutant in
Food (1998); Test Method for Arsenic Pollutant
in Food (1998); SNI 01-2896-1998 Test Method
for Metal Pollutant in Food (1998).

to

) Formula
Ingredients Fl  F2 F3 F4 F5 F6
S quadrifida bark 100% 90%  90%  80%  70% 60%
Stevia 10% 10% 10%
Ginger 10%  10%
Mint 30% 30%
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Microbiological analysis was carried out
using the following methods: total plate
count at 30°C for 72 hours using the ISO
4833:2003 and ISO 7218:2012; method from
Bacteriological Analytical Manual (BAM) 2002
Chapter 4 for the detection of Escherichia col,
Psendomonas aeruginosa pour plate method with
Psendomonas agar base; ISO 6579: 2002 for the
detection of Salmonellain food samples; method
from BAM 2001 chapter 12 for the detection
of  Staphylococcus anrens (Sandra, Bennett, &
Lancette, 2019; Tournas, Stack, Mislivec, Koch,
& Bandler, 2001).

3. Extraction

Aqueous extraction was conducted using a
modification of the method described by (Kim,
Goodner, Park, Choi, & Talcott, 2011). A tea
bag containing 4 grams of each formula was
steeped in 200 mL hot water at a temperature
of * 90°C for 5 minutes. Brewed teas were
filtered using filter paper, and then 5-10 mL was
taken for the total phenolic content, flavonoid
content, and antioxidant activity analysis.

4. Total Flavonoid Content (I'T'C)

The calibration curve was prepared by
using quercetin. Quercetin (Sigma Aldrich)
standard solution was prepared by weighing
10 mg quercetin diluted with 96% ethanol to
a volume of 10 ml.. Stock solution pipetted
of 1 ml added by 10 mlL ethanol 96%. The
concentration of the resulting solution was
made above concentrations of 3.75, 5, 6.25,
7.5, 8.75, and 10 ppm; then added with 3 mL
of 96% ethanol, added 0.2 mL of 10% AICI3
(Merck) solution, added 0, 2 mIL of 1 M acetic
acid (Merck EMSURE®), added up to 10 mL
sterile distilled water allowed for 30 minutes at
room temperature. The measured wavelength
of maximum absorbance at 415 nm, against
sterile distilled water as the blank and 10%
AlCI, created a calibration curve with linearity
of (r=10.99).

Total flavonoids were determined using the
AICI, method (Ahmad, Wisdawati, & Asrifa,
2014). One mL of 2% AICI, (Merck) and 8 mL
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of 5% acetic acid (Merck EMSURE®) were
added to 1 mL of 10,000 ppm sample solution,
which was then allowed to stand for 30 minutes
at room temperature. The absorbance of
the sample solution was read at a wavelength
of 415 nm wusing a Thermo Scientific™
GENESYS 10S UV-Vis spectrophotometer.
TFC was determined from extrapolation of
calibration curve, which was made by preparing
quercetin solution as described earlier. The
total flavonoids were expressed as Quercetin
Equivalents (QE).

5. Total Phenolic Content (IPC)

Total phenolic content was measured using
the Folin-Ciocalteu’s method with gallic acid
as standard (Singleton, Orthofer, & Lamuela-
Raventds, 1999). The analysis began with
dissolving 1 mL of the standard solution or
sample in 5 mL of distilled water and 0.5 mL
of reagent solution Folin-Ciocalteu’s (Sigma-
Aldrich). The solution was then incubated for 5
minutes in a dark room, then 1 mL of Na,CO,
solution was added, and it was incubated again
in the darkroom for 1 hout. After incubation,
the solution was vortexed (Thermo Scientific™
88882012 Vortex Mixer), and a GENESYS
10S  UV-Vis spectrophotometer (Thermo
Scientific™) measured its absorbance at a
wavelength of 725 nm. The spectrophotometer
blank solution is distilled water. The total
phenolic content was expressed as Gallic Acid
Equivalents (GAE).

6. Ascorbic Acid Equivalent Antioxidant Capacity
(AEAC)

The extract's antioxidant activity was
measured using the DPPH (1,1- diphenyl-2-
picrylhydrazyl) (Sigma-Aldrich) free radical
(Molyneux, 2004). Ascorbic acid was used as
the standard for comparing the antioxidant
activity of the samples. The herbal tea formula
antioxidant activity was calculated based on
its equivalence with ascorbic acid's (AAE)
antioxidant activity expressed in ppm AEAC.

The analysis was started by mixing 2 ml of
buffered acetate solution (pH 5.5), 3.75 mL of
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methanol with 200ul.of DPPH 3 mM solutionin
methanol, then vortexed (Thermo Scientific™
Vortex Mixer). After that, 50pl of sample
solution or standard solution of antioxidants
was added to the mixed solution. The solution
was then incubated at 37°C using a water bath
for 30 minutes. The absorbance of the solution
was then measured with a Thermo Scientific™
Genesys 10S UV-Vis spectrophotometer at
A=517 nm. The spectrophotometer blank
solution was distilled water.

7. Sensory Analysis

The sensory evaluation was approved by
the Ministry of Environment and Forestry of
the Republic of Indonesia and conducted in
the Faculty of Public Health, Nusa Cendana
University, The State Agricultural Polytechnic
of Kupang, and Kupang Education and
Training Agency of Environment and Forestry.
There were 40 untrained panellists aged 20 to
56 years that participated voluntarily. In each
questionnaire, the panellists were asked to
rate using 7-point hedonic scales (1= 'Strongly
dislike'; 2 = 'Moderately dislike'; 3 = 'Slightly
dislike'; 4 = 'neither like nor dislike'; 5 = 'Slightly
like'; 6 =" Moderately like', and 7 = 'Strongly
like") about their satisfaction degree on sensory
attributes (colour, taste, and aroma) of the teas
(Granato, De Castro, Ellendersen, & Masson,
2010). Each tea bag was filled with 4 g of herbal
tea formula and brewed with 200 mL of hot
water at a temperature of 90°C. Then 40 mL
of each herbal tea formula was poured into a
coded plastic cup (Figure 2).

C. Statistical Analysis
The TFC, and TPC

measurements were performed in triplicate.
The data were tabulated and presented as
mean T SD (standard deviation). All data
were checked for normality and homogeneity

antioxidant,

by the Kolmogorov—Smirnov and Levene’s
test. One-way ANOVA and Tukey Honestly
Significant Difference (HSD) test were used
to test differences among the formula's
antioxidant, TPC, and TFC. The non-
parametric  Independent-Samples  Kruskal-
Willis test was used to test differences among
the formula's organoleptic scores, and then
further analyzed by a pairwise comparison test
to see the significance between the formulas.
The Pearson correlation coefficient was used to
examine the correlation between total phenolic
and flavonoid content and antioxidant activity.
Significance was set at a 95% confidence level
(p < 0.05). Statistical data were analyzed using
SPSS IBM 25.

III.RESULT AND DISCUSSION
A. Result

1. Physicochemical and Microbiological Properties

In general, all ingredients of S. quadrifida
herbal tea formulas met the requirements of
the Indonesian National Agency for Drug and
Food Control, WHO, and European standards
(WHO, 2007; THIE, 2018, BPOM, 2019)
(Table 2). The moisture content requirement
for brewed herbal is less than 10%. Staphylococcus
anreus, Psendomonas aeruginosa, Escherichia coli, and
Salmonella sp. were absent in all herbal materials.

Figure 2. Six §. guadrifida formulas for the organoleptic test
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This study showed that lead, cadmium, mercury,
and arsenic in examined herbal materials were
within permissible limits. The total plate count
of stevia, ginger, and mint exceeded the limit
the National Agency of Drugand Food Control
required but was lower than the permissible
limit of WHO and Tea & Hetbal Infusions
Europe association (THIE).

2. Phytochemical and Antioxidant Properties

The highest TPC was measured in the
S. gquadrifida bark and mint formula F5
(68.20£0.95% GAE) but the formula also
has the lowest TFC (0.03£0.005% EQ) and
is significantly different from other formulas.
Meanwhile, formula F6 has the highest TFC.
The phenolic content of all formulas was
significantly different. In two formulas with the
addition of stevia, the antioxidant decreased
from 851.95£19.21 in F5 and to 801.81%£9.46
ppm AAE in F6. The addition of stevia in the
F5 formula reduced TPC but increased TFC.
Likewise, the TPC of the F3 formula that
contains S. guadrifida and ginger is 17.89%1.47%
GAE, but then with the addition of stevia in
F4, the TPC decreased to 14.09£0.72% GAE.

ISSN: 2355-7079/E-ISSN: 2406-8195

The antioxidants, TFC, and TPC, of the
six herbal tea formulas are presented in Table
3. The TFC, TPC, and antioxidants in the
six tea formulas ranged from 0.03%£0.005 to
0.0910.004% QE, 14.09%0.7 to 68.20£0.95%
GAE, and 801.81£9.46 to 1,044.33+28.48 ppm
AAE, respectively. The antioxidant capacity of
the F1 formula was significantly different from
those of the F2, F3, F4, F5, and F6 formulas.
Formula F5 and F6, with the addition of
mint leaves, had the lowest AEAC capacity
(801.811+9.46 and 851.95£9.46 ppm AAE). The
AEAC of F1, F2, F5 and F6 were insignificantly
different. The pure S. guadrifida bark formula
(F1) contained the highest levels of antioxidants
(1.044.3£28.48 ppm AAE). The addition of
stevia in the F2 formula also decreased the
AEAC activity from 1,044.33£28.48 in F1 to
889.76+10.66 ppm AAE in F2.

TFC levels correlated negatively with TPC,
showing very low correlation coefficient (r =
-0.22). Meanwhile, very low correlation was
also shown by TFC with AEAC (r = 0.05) and
TPC with AEAC (r = 0.167) (Table 4).

Table 2. Heavy metal content and total microbial plate count for the raw material for the herbal tea

formulation
WHO and
Indonesian European
Parameter S. quadrifida  Stevia Ginger Mint FDA Standard standards
BPOM (2019)  (THIE, 2018);
WHO, 2007)
Moisture content (%) 6.71 5.39 7.94 15.2 <10 <12
Total aflatoxins (ug/kg) <9.94 <9.94 <9.94 <9.94 <20 <20
Heavy metals
contamination
- Lead (Pb) (mg/kg) < 0.031 < 0.031 < 0.040 0.21 <10 10
- Cadmium (Cd) (mg/kg) 0.03 < 0.004 < 0.005 < 0.007 <0.3 0.3
- Mercury (Hg) (mg/kg) < 0.005 < 0.005 < 0.005 < 0.005 <0.5 0.2
- Arsen (As) (mg/kg) <0.013 <0.013 < 0.003 <0.013 <5 5
Microbial contamination
- Total Plate Count 6.3 x 10? 1.0x10° 52x10° 4.8x10* 3x10° <10’
(CFU/g)
- E. coli (APM/g) <3 <3 <3 <3 Negative <10
- Salmonella sp. Negative Negative  Negative  Negative ~ Negative Negative
- 8. anrens (CFU/g) 0 0 0 0 Negative <10°
- Pseudomonas aernginosa 0 0 0 0 Negative <10’
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Table 3: The Total Flavonoid Content (TFC), Total Phenolic Content (TPC), and AEAC activity of six S.

guadrifida herbal tea formulas

Formula  TFC (% QE) TPC (% GAE) AEAC ppm AARE.)
F1 0.07£0.020a 47.66%0.82a 1,044.33£28.48a
F2 0.06£0.012a 21.89+1.57b 889.76%+10.66b
F3 0.04£0.008a 17.89+1.47¢ 870.71%£15.52bc
F4 0.05%£0.005a 14.09£0.72d 893.571+4.58b
F5 0.03%0.005b 68.20£0.95¢ 851.95+19.21c
6 0.09£0.004a 29.24+0.89f 801.81£9.46d

Remars:

*F1 = S. quadrifida bark powder 100%; F2 = 90% S. guadrifida bark and 10% stevia leaf; F3 = . guadrifida bark and
ginger; F4 = §. quadrifida bark, ginger, and stevia; F5 = . guadrifida bark and mint; F6 = §. guadrifida bark, mint, and
stevia. The different letter indicates significant differences at p < 0.05

Table 4. Pearson's correlation coefficients between TFC, TPC, and AEAC of . guadrifida herbal tea

(p> 0.05)
Variable TFC TPC AEAC
TFC 1 0.226 0.059
TPC 0.226 1 0.167
AEAC 0.059 0.167 1
3. Sensory characteristics

In each parameter, different formulas
obtained the highest score. Formula F2

obtained the highest score for taste (5.741+1.30)
and color (5.98%0.65). The I3 formula is the
most preferred for aroma (5.63%1.02). The
aroma score is divided into two groups: slightly
like and neutral. The slightly liked formulas
were F2 (5.28%1.30), F3 (5.63£1.02), and
F4 (5.47£1.00), and the nor like nor dislike
formulas were F1 (4.88£1.19), IF5 (4.00£1.60),
and F6 (4.67£1.75). The formula with the
highest color scores was F2 (5.98%0.65). While,
the FF6 formula combination of stevia and mint
(F6) showed the lowest color score (4.62%£1.52)
(Table 5).

S. quadrifida bark formula with stevia leaf
(F2) had the highest overall score. The score
indicates that the combination of §. guadrifida
bark and stevia is preferred. Meanwhile,
formulas with the addition of mint leaf had the
lowest score. S. guadrifida and ginger formula,

and S. gquadrifida, ginger, and stevia formula
have the same overall score (Figure 3).

B. Discussion
1. Physicochenzical and microbiological properties

The moisture content of raw materials can
affect physicochemical properties, antioxidant,
and sensory test results (Asikin etal., 2014). Mint
is the only herbal material with a water content
higher than 10%. Mint leaves naturally have
high water content, reducing moisture content
and bacteria total plate count (Haile, Admassu,
& Fisseha, 2015). Heat treatment of 70°C for at
least 2 min is sufficient to kill bacteria (James et
al., 2021). Heavy metal contamination is often
found in herbal medicines (Meseret, Ketema, &
Kassahun, 2020; Luo et al., 2021). Cadmium,
lead,
because of their potential toxicity even at low

mercury, and arsenic is concerned
concentrations. Accumulating heavy metals can
lead to human metabolism dysfunction (Fu &

Xi, 2020). This study was in accordance with
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Table 5: Sensory score of . guadrifida herbal tea formulas

ISSN: 2355-7079/E-ISSN: 2406-8195

Formula Taste Aroma Color

F1 4.84+11.19a 4.88+1.19b 5.44%0.86ab
F2 5.74%+1.30b 5.28+1.30a 5.98%+0.65a
F3 5.4711.20b 5.63+1.02a 5.37+1.07ab
F4 5.491+1.34b 5.4711.00a 5.51+0.95ab
F5 3.7411.41a 4.00%1.60b 5.16+1.46b
F6 4.97+1.75b 4.6711.75b 4.6211.52b

Remarks:

F1 = S. quadrifida bark powder 100%; F2 = 90% . guadrifida bark and 10% stevia leaf; F3 = §. guadrifida bark and ginger; F4 = §.
guadrifida bark, ginger, and stevia; F5 = §. guadrifida bark and mint; F6 = S. quadrifida bark, mint, and stevia. Means with different
letters in the same column indicate significant differences (p< 0.05). Data are means of triplicates (n = 3) = SD

= Taste === Aroma

S. quadrifida
z

S. quadrifida +
Mint + Stevia

S. quadrifida +
Mint

= Colour

S. quadrifida +
stevia

S. quadrifida +
ginger

S. quadrifida +
ginger + Stevia

Figure 3. The radar chart shows the overall acceptance of S. guadrifida herbal tea formulas

another study showing that heavy metals in
the herbal materials were below the required
limits (Keshvari et al., 2021). A study showed
lead, mercury, and cadmium contamination in
herbal medicine, but within considerably safe
limits (Wang, Wang, Wang, Li, & Li, 2019). §.
quadrifida bark in this study was obtained from
locations far from residential areas and roads.
Therefore, the trees were not exposed to heavy
metals pollution from human activities.

2. Phytochemical and antioxidant properties

The flavonoid content in all . guadrifida
herbal tea formulas is lower than in black teas
ranging from 2.3 to 4.3% (Bansode, 2015).
Other studies showed similar total flavonoid
content. The highest flavonoid content of
brewed Rosmarinus officinalis was 0.03% (Kilig,
Can, Yimaz, Yidiz, & Turna, 2017). Total
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flavonoid content is varied, even within the same
species. The flavonoid content of . guadrifida
bark differs between the colours of the bark,
diameter classes, and the elevation of their
habitat (Siswadi, Faridah, & Hertiani, 2021).
The bark's colour, the harvested tree's diameter
class, and its habitat's altitude determine the
flavonoid content of . guadrifida. In brewed
herbal, the water temperature affected the
flavonoid content (Kilig, et al., 2017).

Phenolic compounds contribute to the
biological activity of medicinal plants (Nguyen
& Chuyen, 2020; Ambriz-Pérez, Leyva-Lopez,
Gutierrez-Grijalva, & Heredia, 2016). The TPC
of the brewed combination of . guadrifida, and
ginger was lower (14.09£0.72%) than the TPC
of all the tested herbal teas in this experiment.
Another study on the total phenolic content
of several types of herbal tea in China also
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resulted in lower TPC that ranged from 0.0032
to 0.1395% (Fu et al.,, 2011). The variation of
TPC may be caused by the parts used (Saragih
& Siswadi, 2019), tree age, harvesting season
(Aregay et al., 2021), processing technique
(Rekasih, Muhandri, Safithri, & Wijaya, 2021),
and fermentation (Rahmi, Khairiah, Rufida,
Hidayati & Rahmi, 2020).

Antioxidant activity of herbal tea is mainly
determined by the plant's bioactive component
and the post-harvesting processing (Piljac-
Zegarac, Samec, & Piljac, 2013). Studies have
processed S. quadrifida bark and measured the
antioxidant activity of the product. A study
made syrup from S. guadrifida extract. The result
showed that S. guadrifida bark syrup has weak
antioxidant activity (IC50 = 1,042 ppm) (Tenda,
2018). It is similar to the antioxidant activity of
the instant drink of S. guadrifida bark mixed
with ginger which has a very weak IC50 value
ranging from 2,044.2 - 2,077.1 ppm (Tenda,
Hilaria, & Wijaya, 2019). However, fermentation
of the bark powder of . guadrifida for 14 days
can increase its antioxidant activity by 11%
(Lalong et al., 2022). The drying technique is
among the post-harvest treatments that affect
the antioxidant content of herbal substances.
Drying was said to reduce antioxidants. TPC
and AEAC in Vitex negundo were better than
those in oven-dried leaves (Rabeta & Vithyia,
2013). The study also showed that the higher
the temperature in the brewing process, the
lower the antioxidant content.

Adding ginger, stevia, and mint was
expected to increase the antioxidant activity
of brewed pure S. guadrifida bark. Stevia is a
natural sweetener safe for consumption that
contains flavonoids with antidiabetic potential
(Zaidan, Zen, Amran, Shamsi, & Abd Gani,
2019). Dietary flavonoids exhibit antioxidant
capacity (Khan et al.,, 2021). Ginger is known
to have antiviral, antidiabetic, and antioxidant
properties (Hussain, Zamir, Javed, Munawar,
& Batool, 2020). It is also recommended as a
food flavouring agent (Kiyama, 2020; Shafique,
2019). Mint contains flavonoids, antioxidants,
and antibacterial compounds (Juri¢ et al,

2021). Mint leaves showed antiviral, anti-
inflammatory, and antioxidant activity and
contained high levels of flavonoid and phenolic
acid (Figueroa-Pe rez, Rocha-Guzma n, Perez-
Ramirez, Mercado-Silva, & Reynoso-Camacho,
2014; Li et al., 2017). However, in this study,
formulas with the addition of stevia, mint, and
ginger showed weaker antioxidant activity than
pure S. guadrifida. As another study suggests,
combining several herbal ingredients lowered
the antioxidant activity even if each ingredient
has a high antioxidant value (Guimaries
et al,, 2011). The effect of interaction can
be the results of different doses (Sonam &
Guleria, 2017; Pan et al.,, 2018) and chemical
composition (Nedamani, Mahoonak, Ghorbani,
& Kashaninejad, 2015).

TFC, TPC, and antioxidant activity of S.
guadrifida herbal tea formulas are uncorrelated.
This is similar to a previous study that found a
very weak correlation between TPC, TFC, and
antioxidant ethanol extract of . guadrifida parts
(Saragih & Siswadi, 2019). The result in this
study is also in accordance with a study of TPC,
TFC, and antioxidant activity of cocoa beans
which did not find a correlation between TPC
and antioxidant activity (Othman, Ismail, Ghani
& Adenan, 2007). Another study also did not
detect a significant correlation between TPC
and DPPH (Othman, Mukhtar, Ismail & Chang,
2014). The antioxidant activity of S. guadrifida
bark aqueous extract could be due to other
compounds besides phenolics and flavonoids,
which are not soluble in water. Another study
found a moderate negative correlation between
TFC and TPC and a weak positive correlation
between TFC and antioxidant activity in
M. malabathricums methanol extract (Danladi
et al, 2015). It is possible that flavonoids
and phenolics are not the compounds that
contribute to the antioxidant activity of .
quadrifida herbal tea formulas. Moreover, the
reagents used in the analysis may become a
reason for the inaccuracy of TFC and TFC
estimation (Othman et al., 2014). The Ministry
of Health in Supplement II of the Indonesian
Herbal Pharmacopoeia Edition I (2011) also
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recommends stock solution be used as the
blank solution, so the reading only resulted in
the target compounds.

3. Sensory characteristics

Pure S. guadrifida formula (F1) has a light
astringent taste like commercial black tea.
Therefore, the taste of F1 is acceptable for
people who used to drink black tea. The
addition of stevia leaf adds a mild sweet taste.
The formulas with stevia addition have a high
taste score, except for the formula with mint.
The addition of 30% mint results in a strong
mint aroma and taste. The addition of mint
leaves decreased the panellists' preference,
while stevia leaves increased the panellists'
preference (Testiningsih, 2015). Mint taste is
identical to the taste of a sore throat lozenge,
and panellists were not used to mint flavour
drinks. The panellists’ also liked the addition of
ginger since it gave a familiar fresh taste.

S. quadrifida bark contains tannin (Dillak,
Kristiani & Kasmiyati, 2019). Tannins are a
phenolic compound usually identified with
a bitter taste (Hariyadi, Tedja, Zubaidah,
Yuwono, & Fibrianto, 2020). The tannin
content can produce brownish-red colour
(Widyawati, Budianta, Utomo, & Harianto,
2016). The addition of ginger results in a
significant difference in the acceptance of taste
but not in the aroma and colour (Wahyunus &
Tamrin, 2017). The addition of too much (20%0)
stevia or very little (5%) does not increase the
acceptance of herbal teas (Siagian, Bintoro, &
Nurwantoro, 2020).

Pure S. quadrifida bark tea and S. guadrifida
bark with stevia tea were patented by the
Directorate General of Intellectual Property
in 2021 (Siswadi & Saragih, 2021; Siswadi &
Saragih, 2021a).

IV. CONCLUSION

Heavy metals and microbe contamination in
some ingredients were below the permissible
levels. S. guadrifida and mint formulas have the

highest TPC and TFC but obtained the lowest
organoleptic scores. The pure S. guadrifida bark
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(F1) and the formula with stevia (F2) have
the highest antioxidant activity and are more
preferred. However, further research is needed
to determine the shelf life of S. guadrifida bark
herbal tea and sustainable bark harvesting of .
quadrifida are also needed.

ACKNOWLEDGEMENT

We would like to thank Kupang Environment
and Forestry Research Development Institute
for funding this research. We also express our
sincere gratitude to the lecturers and students
of the Faculty of Public Health, Nusa Cendana
University, The State Agricultural Polytechnic
of Kupang, and Kupang Education and
Training Agency of Environment and Forestry
staff for their participation as panellists' in the
organoleptic test.

REFERENCES

Ahmad, Aktsar. (2014). Study of Antioxidant
activity and determination of Phenol and
Flavonoid content of Pepino’s Leaf extract

(Solanum muricatum Aiton). International Jonrnal
of PharniTech Research. 6. 600-600.

Akter, K. (2016). Chemical and biological  studies
of medicinal plants wused by Chungtia villagers
of Nagaland and Aboriginal people of New
South Wales. Sydney, Australia: Macquarie
University.

Ambriz-Pérez, D. L., Leyva-Lépez, N., Gutierrez-
Grijalva, E. P, & Heredia, J. B. (2016).
Phenolic compounds: Natural alternative
in inflammation treatment. .4 Revzenw. Cogent
Food & Agriculture, 2(1), 1131412. doi://10.1
080/23311932.2015.1131412.

Aregay, N., Belew, D., Zenebe, A., Haile, M,
Gebresamuel, G., & Girma, A. (2021). Tree
age and harvesting season affected physico-
chemical and bioactive compounds of elite
type of Gunda Gundo Orange (Citrus spp)
in the Northern Ethiopia. International Journal
of Fruit Science, 21(1), 26-39. doi://10.1080/
15538362.2020.1852150.

Asikin, Y., Kamiya, A., Mizu, M., Takara, K.,
Tamaki, H., & Wada, K. (2014). Changes
in the physicochemical characteristics,
including flavour components and Maillard
reaction products, of non-centrifugal
cane brown sugar during storage. Food



Phytochemical and Organoleptic Characteristic of Sterculia Quadrifida R.BR Tree Bark Herbal Tea ............ (Siswadi Siswadi et al.)

Chemistry, 149, 170-177. doi://10.1016/j.
foodchem.2013.10.089.

Bansode, P. A. (2015). Total flavonoid content of
commonly consumed teas in India. World
Journal of Pharmacentical Research, 4(1), 874—
881.

BPOM. (2019). Peraturan badan  pengawas —obat
dan makanan nomor 32 tabun 2019 tentang
persyaratan feamanan dan mutu obat tradisional.
Badan Pengawas Obat dan Makanan.

Cowie, 1. (2000). A survey of flora and vegetation of
the proposed Jaco — Tutuala — Lore National
Park, Timor-Leste (East Timor). Environment,
May, 68.

Darojati, U. A. (2022). Evaluasi aktivitas hepatoprotetor
ekstrak  etanol kulit  batang faloak (Sterculia
guadrifida R. Br) pada tikus galur wistar yang
diinduksi  D-Galaktosamin/ 1 ipopolisakarida.
Tesis. Fakultas Farmasi, Universitas Gadjah
Mada.

Danladi, S., Wan-Azemin, A., Sani, Y. N., Mohd, K.
S., Us, M., Mansor, S. M., & Dharmaraj, S.
(2015). Phytochemical screening, antioxidant
potential and cytotoxic activity of Melastoma
malabathricum Linn. from different locations.

International  Journal — of  Pharmacy — and

Pharmacentical Sciences, 7, 408-413.

M., Handajani, R., & Khotib, J. (2019).

Faloak (Sterculia gunadrifida R. Br) stem bark

extract inhibits hepatitis C Virus JFHI.

Oriental Journal of Chemistry, 35(1), 430—435.

doi://10.13005/OJC%2F350155.

Dillak, H. I., Kristiani, E. B. E., & Kasmiyati,
S. (2019). Secondary metabolites and
antioxidant activity of ethanolic extract
of Faloak (Sterculia guadrifida). Biosaintifika:
Journal of Biology & Biology Edncation, 11(3),
296-303. doi://10.15294/biosaintifika.
v11i3.20730.

Haile, F, Admassu, S. & Fisseha, A. (2015). Effects
of pre-treatments and drying methods on
chemical composition, microbial and sensory
quality of orange-fleshed sweet potato flour
and porridge. Awmserican Journal of Food Science
and Technology, 3(3), 82—88. doi://10.12691/
ajfst-3-3-5.

Figueroa-Pérez, M. G., Rocha-Guzman, N. E.,
Perez-Ramirez, 1. F., Mercado-Silva, E., &
Reynoso-Camacho, R. (2014). Metabolite
profile, antioxidant capacity, and inhibition
of digestive enzymes in infusions of
peppermint (Mentha piperita) grown under
drought stress. Journal of Agricultural and
Food — Chemistry,  62(49), 12027-12033.
doi://10.1021/j£503628c.

Dean,

Fu, L., Xu, B. T, Gan, R. Y,, Zhang, Y., Xu, X.
R., Xia, E. Q., & Li, H. B. (2011). Total
phenolic contents and antioxidant capacities
of herbal and tea infusions. International
Journal of Molecular Sciences, 12(4), 2112-2124.
doi://10.3390/ijms12042112.

Fu, Z., & Xi, S. (2020). The effects of heavy metals
on human metabolism. Toxicology Mechanisms
and Methods, 30(3), 167-176. doi://10.1080/
15376516.2019.1701594.

Granato, D., De Castro, I. A., Ellendersen, .. S. N.,
& Masson, M. L. (2010). Physical stability
assessment and  sensory  optimization
of a dairy free emulsion using response
surface methodology. Journal of Food Science,
75(3), S149-8155. doi://10.1111/j.1750-
3841.2010.01514.x.

Guimaries, R., Barros, L., Carvalho, A. M., &
Ferreira, 1. C. E. R. (2011). Infusions and
decoctions of mixed herbs used in folk
medicine: synergism in antioxidant potential.
Phytotherapy — Research,  25(8), 1209-1214.
doi://10.1002/ptt.3366.

Hariyadi, D. M., Tedja, C. A., Zubaidah, E., Yuwono,
S. S., & Fibrianto, K. (2020). Optimization
of brewing time and temperature for
caffeine and tannin levels in Dampit Coffee
Leaf Tea of Robusta (Coffea canephora) and
Liberica (Coffea liberica). Potravinarstvo,
14(1). doi://10.5219/1212.

Hertiani, T., Purwantiningsih, Winanta, A,
Sasikirana, W., Munawaroh, R., Setyowati, E.
P, Murwanti, R., & Siswadi. (2019). In Vitro
immunomodulatory and cytotoxic potentials
of faloak (Sterculia gquadrifida R.Br.) Bark.
OnlLine Journal of Biological Sciences, 19(4), 222—
231. doi://10.3844/0jbsci.2019.222.231.

Hussain, S., Zamir, 1., Javed, M., Munawar, K.
S., & Batool, I. (2020). Phytochemical
composition of ginger, its nutritional and
pharmacological importance. Lahore Garrison
University Journal of Life Sciences, 4(01), 17-31.
doi://10.54692/1guijls.2019.040103.

Official Method 999.11 Determination of lead,
cadmium, copper, iron, and zinc in foods,
(2001). https://img.21food.cn/img/
biaozhun/20100108/177/11285282.pdf.

James, C., Dixon, R., Talbot, L., James, S. ],
Williams, N., & Onarinde, B. A. (2021).
Assessing the Impact of heat treatment
of food on antimicrobial resistance genes
and their potential uptake by other bacteria
a critical review. Antibiotics, 10(12), 1440.
doi://10.3390/antibiotics10121440.

57



Indonesian Journal of Forestry Research Vol. 10 No. 1, April 2023, 47-60

Juri¢, T., Mi¢i¢, N., Potkonjak, A., Milanov, D,
Dodi¢, J., Trivunovié, Z., & Popovié, B.
M. (2021). The evaluation of phenolic
content, in vitro antioxidant and antibacterial
activity of Mentha piperita extracts obtained
by natural deep -ecutectic solvents. Food
Chemistry, 362, 130226. doi://10.1016/j.
foodchem.2021.130226.

Karthikeyan, S., Shanthi, P., Saravanan, A., & Saranya,
K. (2014). Sorption of basic dye (Rhodamine
B) by nano porous activated carbon from
Sterculia  quadrifida shell waste. Journal of
Environmental Nanotechnology, 3(1), 88-100.
doi://10.13074/jent.2014.12.144133.

Kementerian Kesehatan Republik Indonesia. 2011.
Suplemen II farmakope herbal Indonesia
Edisi 1. Jakarta Direktorat Jenderal Bina
Kefarmasian dan Alat Kesehatan, Jakarta.

Keshvari, M., Nedaeinia, R., Nedaeinia, M., Ferns,
G. A, Nia, S. N, & Asgary, S. (2021).
Assessment of heavy metal contamination
in herbal medicinal products consumed
in the Iranian market. Environmental Science
and Pollution Research, 28(25), 33208-33218.
doi://10.1007/s11356-021-13020-7.

Khan, ], Deb, P. K., Priya, S., Medina, K. D,
Devi, R.,, Walode, S. G., & Rudrapal, M.
(2021). Dietary flavonoids: Cardioprotective
potential with antioxidant effects and
their pharmacokinetic, toxicological and
therapeutic concerns. Molecules, 26(13), 4021.
doi://10.3390/molecules26134021.

, Y., Goodner, K. L., Park, J-D., Choi,
J, & Talcott, S. T. (2011). Changes in
antioxidant phytochemicals and volatile
composition of Camellia sinensis by oxidation
during tea fermentation. Iood Chemistry,
129(4), 1331-1342. doi://10.1016/j.
foodchem.2011.05.012.

Kiyama, R. (2020). Nutritional implications of
ginger: chemistry, biological activities and
signaling pathways. The Journal of Nutritional
Biiochemistry, 86, 108486. doi://10.1016/].
jnutbi10.2020.108486.

Kilig, C., Can, Z., Yimaz, A., Yidiz, S., & Turna,
H. (2017). Antioxidant properties of some
herbal teas (green tea, senna, corn silk,
rosemary) brewed at different temperatures.
International Journal of Secondary Metabolite, 4(3,
Special Issue 1), 142-148. doi://10.21448/
1jsm.369273.

Lalong, P. R. E,, Zubaidah, E., & Martati, E. (2022).

In vivo evaluation of faloak (Sterculia

guadrifida R. Br) stem bark kombucha as

hyperglycemia and therapeutic agent. E3§

Kim

58

ISSN: 2355-7079/E-ISSN: 2406-8195

Web of Conferences, 344, 2002.

Li, X., Chen, Y, Lai, Y, Yang, Q., Hu, H., & Wang, Y.
(2015). Sustainable utilization of traditional
chinese medicine resources: systematic
evaluation on different production modes.

Evidence-Based Complementary and Alternative
Medicine, 2015. doi://10.1155/2015/218901.

Li, Y, Liu, Y, Ma, A, Bao, Y, Wang, M., &
Sun, Z. (2017). In vitro antiviral, anti-
inflammatory, and antioxidant activities of
the ethanol extract of Mentha piperita 1.. Food
Science and Biotechnology, 26(6), 1675-1683.
doi://10.1007/s10068-017-0217-9.

Lulan, T. Y. K., Fatmawati, S., Santoso, M., &
Ersam, T. (2018). Antioxidant capacity
of some selected medicinal plants in East
Nusa Tenggara, Indonesia: The potential
of Sterculia quadrifida R. Br. Free Radicals and
Abntioxidants, 8(2), 96-101. doi://10.5530/
fra.2018.2.15.

Luo, L., Wang, B, Jiang, |., Fitzgerald, M., Huang,
Q., Yu, Z., Li, H., Zhang, J., Wei, J., Yang,
C., Zhang, H., Dong, L., & Chen, S. (2021).
Heavy metal contaminations in herbal
medicines: Determination, comprehensive
risk assessments, and solutions. Frontiers

in  Pharmacology, 71(January),  1-14.
doi://10.3389/fphar.2020.595335.

Manirujjaman.  (2019).  Identification of  bioactive
compounds in native plants and their effects on
wound  healing. Queensland University of
Technology.

Meseret, M., Ketema, G., & Kassahun, H. (2020).
Health risk assessment and determination of
some heavy metals in commonly consumed
traditional herbal preparations in Northeast
Ethiopia. Journal of Chemistry, 2020(8883837).
doi://10.1155/2020/8883837.

Molyneux, P. (2004). The use of the stable free
radical diphenylpicrylhydrazyl (DPPH) for
estimating antioxidant activity. Songklanakarin
Journal of Science and Technology, 26(2), 211—
219.

Nedamani, E. R., Sadeghi Mahoonak, A., Ghorbani,
M., & Kashaninejad, M. (2015). Evaluation
of antioxidant interactions in combined
extracts of green tea (Camellia sinensis),
rosemary (Rosmarinus officinalis) and oak fruit
(Quercus branti). Journal of Food Science and
Technology, 52(7), 4565-4571. doi://10.1007/
$13197-014-1497-1.

National Standardization Agency of Indonesia.
(1998). Indonesian National Standard 01-2891-
7992. Food and Beverages, Test Methods.



Phytochemical and Organoleptic Characteristic of Sterculia Quadrifida R.Br Tree Bark Herbal Tea ............ (Siswadi Siswadi et al.)

National Standardization Agency of Indonesia.
(1998). Indonesian National Standard 01-2896-
7998. Test Method for Metal Pollutant in
Food.

National Standardization Agency of Indonesia.
(1998). Indonesian National Standard 01-4866-
7998. Test Method for Arsenic Pollutant in
Food.

National Standardization Agency of Indonesia.
(2017).  Indonesian National =~ Standard 15O
7218:2012.Microbiology of Foodand Animal
Feeding Stuffs - General Requirements and
Guidance for Microbiological Examinations.

Nguyen, Q. V., & Chuyen, H. Van. (2020).
Processing of herbal tea from roselle
(Hibiscus sabdariffa 1.): Effects of drying
temperature and brewing conditions on total
soluble solid, phenolic content, antioxidant
capacity and sensory quality. Beverages, 6(1), 2.
doi://10.3390/beverages6010002.

Noviyanah, S., Hertiani, T. Murwanti, R., Siswadi,
S. & Setyowati E.R. (2021). Acute toxicity
study of standardized faloak bark (Szerculia
guadrifida R. Br.) Extract on wistar rats.
International Jonrnal of Research in Pharmacentical
Sciences, 12(1), 656-661. doi://10.26452/
ijrps.v12i1.4154.

Othman, A., Ismail, A., Ghani, N. A., & Adenan,
1. (2007). Antioxidant capacity and phenolic
content of cocoa beans. Food Chemistry,
100(4), 1523-1530. doi://10.1016/j.
foodchem.2005.12.021.

Othman, A., Mukhtar, N. J., Ismail, N. S., & Chang,
S. K. (2014). Phenolics, flavonoids content
and antioxidant activities of 4 Malaysian
herbal plants. International Food Research
Journal, 21(2), 759.

Pan, Y., Deng, Z., Zheng, S., Chen, X., Zhang, B.,
& Li, H. (2018). Daily dietary antioxidant
interactions are due to not only the
quantity but also the ratios of hydrophilic
and lipophilic phytochemicals. Journal of
Agricultural and Food Chemistry, 66(34), 9107—
9120. doi://10.1021/acs.jafc.8b03412.

Piljac-Zegarac, I gamec, D, & Piljac, A. (2013).
Herbal teas: A focus on antioxidant
properties. In Tea in health and disease prevention
(pp- 129-140). Elsevier.

Rabeta, M. S., & Vithyia, M. (2013). Effect of
different drying methods on the antioxidant
properties of Vitex negundo Linn. tea.
International Food Research Journal, 20(6), 3171.

Rahmi, N., Khairiah, N., Rufida, R., Hidayati,
S, & Muis, A. (2020). Pengaruh
fermentasi terhadap total fenolik, aktivitas

penghambatan radikal dan antibakteri
ekstrak tepung biji teratai (INymphaea pubescens
Willd.). Biopropal Industri, 11(1), 9-18.
Rekasih, M., Muhandri, T., Safithri, M., & Wijaya, C.
H. (2021). Antihyperglycemic activity of Java
tea-based functional drink-loaded chitosan
nanoparticle in  streptozotocin-induced
diabetic rats. HAY.ATI Journal of Biosciences,
28(3), 212. doi://10.4308 /hjb.28.3.212.

Renggani, H. D. (2022). Evaluation of hepatoprotective
activity of Sterculia quadrifida R. Br bark extract
againts alcohol-induced liver injury in wistar rats.
Universitas Gadjah Mada.

Rollando, R., & Prilianti, K. R. (2017). Fraksi etil
asetat kulit batang faloak (Sterculia guadrifida
R. Br) menginduksi apoptosis dan siklus sel
pada sel kanker payudara T47D. Journal of
Pharmacentical Sciences and Conmunity, 14(1),
1-14.

Sandra T., H., J., Bennett, R. W, & Lancette, G.
A. (2019). BAM chapter 12: Staphylococcus
aurens. https:/ /www.fda.gov/food/
laboratory-methods-food/bam-chapter-12-
staphylococcus-aureus.

Saragih, G. S., & Siswadi, S. (2019). Antioxidant
activity of plant parts extracts from Sterculia
quadrifida R. Br. Asian Journal of Pharmacentical
and  Clinical ~ Research, 12(7), 143-148.
doi://10.22159/ajpcr.2019.v12i7.33261.

Setiarso, P, Rusijono, S., & Kusumawati, N. (2018).
The production and characterization of
kaempferia galanga l—based herb powder:
blanching and drying procedure influence
on proximate, metal, and microbial
contamination.  Adpances  in  Engineering
Research, 171. doi://10.2991 /snk-18.2018.1.

Shafique, A. (2019). Therapeutic plants ingredients
are also used as flavoring agent in foods
and beverages and as a fragrance in soaps
and cosmetics. Journal of Pharmacognosy and
Phytochemistry, 8(5), 121-123.

Siagian, I. D. N., Bintoro, V. P, & Nurwantoro,
N. (2020). Karakteristik fisik, kimia dan
organoleptik teh celup daun tin dengan
penambahan daun stevia (Stevia rebandiana
Bertoni) sebagai Pemanis. Jurnal Teknologi
Pangan, 4(1), 23-29. doi://10.14710/jtp.
v4i1.23875.

Singh, B. K., Tiwari, S., Maurya, A., Kumar, S., &
Dubey, N. K. (2022). Fungal and mycotoxin
contamination of herbal raw materials
and their protection by nanoencapsulated
essential oils: An overview. Biocatalysis
and Agricnltural - Biotechnology, 39, 102257.
doi://10.1016/j.bcab.2021.102257.

59



Indonesian Journal of Forestry Research Vol. 10 No. 1, April 2023, 47-60

Singleton, V. L., Orthofer, R., & Lamuela-Raventos,
R. M. (1999). Analysis of total phenols and
other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent. In
Methods in enzymology (Vol. 299, pp.
152-178). Elsevier. doi://10.1016/S0076-
6879(99)99017-1.

Siswadi, S, Faridah, E., & Hertiani, T. (2021).
Total flavonoid content of faloak (Sterculia
guadrifida) bark in varieties of bark colour,
tree diameter and growth altitude. Journal
of Tropical Forest Science, 33(3), 298-307.
doi://10.26525/jtfs2021.33.3.298.

Siswadli, S, Raharjo, A. S., Pujiono, E., Rianawati, H.
& Saragih, G. S. (2010). Utilization of faloak
bark (Sterculia quadrifida R. Br.) as herbal
medicinal raw material on Timor Island.

Savana Biodiversity of Nusa Tenggara.
doi://10.22146/mot.34871.

Siswadi, S, & Saragih, G. S. (2018). Uji toksisitas akut
ekstrak etanol kulit batang faloak (S7erculia
guadrifida R. Br.) pada tikus sprague-dawley.
Traditional Medicine Jonrnal, 23(2), 127-134.

Siswadi, S, & Saragih, G. S. (2021). Teh celup kulit
batang faloak (S zerculia  quadrifida  R.Bt.)
(Patent No. IDP000075937). Direktorat
Jenderal Kekayaan Intelektual.

Siswadi, S, Saragih, G. S., Rianawati, H., Umroni,
A., Pyjiono, E., Setyowati, R., Turu, V. W, &
Banani, F. (2021). Faloak (Sterculia quadrifida
R. Br.) bark harvesting for curing hepatitis
in Kupang City: Herbal medicine in the
urban environment. IOP Conference Series:
Earth and Environmental Science, 918(1), 12014.
doi://10.1088/1755-1315/918/1/012014.

Siswadi, S. & Saragih, G. S. (2021a). Komposisi teh
celup kulit batang faloak (Szerculia guadrifida
R.Br) dan daun stevia (Stwia rebandiana
Bertoni) (Patent No. IDP000075930).
Direktorat Jenderal Kekayaan Intelektual.

Sola, M. A. W. M. (2019). Identifikasi bahan aktif
kulit batang faloak (Sterculia quadyifida R. Br)
sebagai antivirus hepatitis C. Universitas
Airlangga.

Sonam, K. S., & Guleria, S. (2017). Synergistic
antioxidant activity of natural products. .Anzn.
Pharmacol. Pharm, 2(16), 10806.

Tenda, P. E. (2018). Antioxidant activity and quality
test of faloak syrup (Sterculia quardifida R.
Br.).  Proceeding 17.  International  Conference
Health Polytechnic of Kupang, 89-97.

Tenda, P. E., Hilaria, M., & Wijaya, H. (2019).
Antioxidant activities and quality test of
instant faloak (Sterculia gquadrifida R. Br.)
From East Nusa Tenggara with added ginger

60

ISSN: 2355-7079/E-ISSN: 2406-8195

(Zingibera officinale Roch). International Journal
of Advancement in Life Sciences Research, 15-20.
doi://10.31632/ijalst.2019v02i04.003.

Testiningsih, R. T (2015). Aktivitas antioksidan seduban
teh daun  alpukat dengan variasi penambahan
dann  mint dan  daun  stevia. Universitas
Muhammadiyah Surakarta.

THIE. (2018). Thie’ S recommended microbiological
specification for trade in herbal infusion raw materials
(dry) thie’s recommended microbiological specification
Jor berbal infusions (dry) thie’ s recommended
microbiological specification for extracts of herbal
(Issue 11).

Tournas, V., Stack, M. E., Mislivec, P. B., Koch, H.
A., & Bandler, R. (2001). BAM Chapter 18:
yeasts, molds and mycotoxins. https:/ /www.fda.
gov/food/ laboratory- methods-food/ bam-
chapter-18-yeasts-molds-and-mycotoxins

Wahyunus, W, & Tamrin, T. (2017). Pengaruh
penambahan sari jahe merah (Zingiber
officiniale Var. Rubrum) terhadap karakteristik
organoleptik  dan  aktivitas antioksidan
minuman cokelat. [urnal Sains dan Teknologi
Pangan, 2(0).

Wang, Z., Wang, H., Wang, H., Li, Q., & Li, Y.
(2019). Heavy metal pollution and potential
health risks of commercially available
Chinese herbal medicines. Science of the Total
Environment, 653, 748=757. doi://10.33772/
jstp.v2i6.3871.

WHO. (2007). WHO guidelines for assessing
quality of herbal medicines with reference to
contaminants and residues. WHO Press.

Widyawati, P. S., Budianta, T. D. W, Utomo, A. R.,
& Harianto, 1. (2016). The physicochemical
and antioxidant properties of Pluchea indica
Less drink in tea bag packaging. International
Journal of Food and Nutritional Sciences, 5(3),
113-120.

Winanta, A., Hertiani, T., Purwantiningsih, &
Siswadi. (2019). In vivo Immunomodulatory
activity of faloak bark extract (Sterculia
guadrifida R. Br.). Pakistan Journal of Biological
Sciences, 22(12), 590-596. doi://10.3923/
pjbs.2019.590.596.

Zaidan, U. H., Zen, N. I. M., Amran, N. A., Shamsi,
S, & Abd Gani, S. S. (2019). Biochemical
evaluation of phenolic compounds and
steviol glycoside from Stevia rebandiana
extracts associated with in vitro antidiabetic
potential.  Biocatalysis  and — _Agricultural
Biotechnology, 18, 101049. doi://10.1016/j.
bcab.2019.101049.



