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Abstract

Anoectochilus formosanus Hayata is an important medicinal plant with various pharmaceutical properties. In this
study, A. formosanus plants were hydroponically cultivated in different nutrient solutions to achieve enhanced
biomass and secondary metabolites production. Three months-old A. formosanus plants were grown for 8 weeks
under controlled environment in plastic pots containing Murashige and Skoog (MS), Nitrophoska Foliar (NF),
Hydro Green (HG), or Hydro Bee (HB) media. Among 4 nutrient solutions tested, HB was the most efficient me-
dium for the plant growth with the highest fresh weight (FW, 2.56 g/plant) and dry weight (DW, 0.18 g/plant)
values. The results of phytochemical screening showed the presence of alkaloids, flavonoids, terpenoids, glyco-
sides, and steroids in the extracts of A. formosanus cultivated in HB, HG, and MS medium. The level of these
compounds was significantly different in plants cultivated in tested media. The highest alkaloids (34.87 μg/g DW)
and terpenoids (56.43 μg/g DW) contents were obtained on HG medium, whereas flavonoids were present in
highest amounts (90.13 μg QE/g DW) in plants grown in NF medium. On the other hand, HB medium stimulated
the production of the highest glycoside (64.33 μg/g DW) and steroids (22.83 μg/g DW) levels. The antioxidant
activity of the extracts was also tested using the 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) scavenging activity assay
and the results demonstrated strong antioxidant activities of A. formosanus  extracts with IC50 of 136.19 to
248.85 μg/ml. Concluding, the hydroponic-cultivation of A. formosanus is a promising way for obtaining highly
valuable compounds for pharmaceutical and nutraceutical industries.
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Introduction

Anoectochilus formosanus Hayata is a terrestrial or-
chid species of the Orchidaceae family, which is growing
mainly in Asia (Tseng et al., 2006; Yang et al., 2017).
This is an ornamental plant often called “King medi-
cine”, because of its high pharmacological potential. Its
extract possess hepatoprotective (Fang et al., 2008;
Cheng and Chang, 2009), anti-diabetic (Rehman et al.,
2015), anti-inflammatory (Hsiao et al., 2016), antitumor

(Tseng et al., 2006; Yang et al., 2014; Yang et al., 2017),
anti-arthritic (Han et al., 2016), and immunomodulatory
activities (Yang et al., 2014; Yang et al., 2017). These
pharmaceutical properties are due to the activities of
many phytochemicals, including alkaloids, flavonoids,
terpenoids, steroids, and their derivatives, which are
present in various parts of this plant (Ng et al., 2011;
Zhang et al., 2013). A number of biological compounds
which showed strong antioxidant activity, eg. glycosides,
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have been found in A. formosanus (Du et al., 2000; Wang
et al., 2002; Han et al., 2016). Du and coworkers (2000)
have isolated megastigma glycosides and butanoic acid
glucoside, whereas Wang and coworkers (2002) and Du
and coworkers (1998) have identified a kinsenoside and
kinsenone, respectively. The antioxidant activities of
these compounds are based on scavenging diverse re-
active oxygen species (ROS), including peroxyl radicals,
hydroxyl radicals, hypochlorous acid, superoxide anions,
and peroxynitrite, thus protecting the organism against
oxidative damages (Wang et al., 2002; Shih et al., 2003).
A. formosanus is therefore considered to be a promising
natural source of important and highly valuable meta-
bolite compounds.

The demand of A. formosanus is dramatically in-
creasing since the international trade of medicinal plants
is becoming a major force in the global economy (Ma
et al., 2010; Li et al., 2017). However, the natural source
of A. formosanus has been significantly reduced due to
indiscriminate collection, slow seed germination rate,
and slow growth of natural A. formosanus plants (Cheng
and Chang, 2009; Ma et al., 2010; Zhang et al., 2013).
On the other hand, traditional plant growth in soil is bur-
dened by various stress conditions, therefore obtaining
the highest quality and quantity of plants for medicinal
preparation is often impossible (Ma et al., 2010). From
an agricultural viewpoint, plant growth, crop yield and
quality are significantly affected by environmental con-
ditions at every growth stage, from seedlings to the har-
vest (Ma et al., 2010). To conserve and to meet the de-
mands for medicinal plant material, developing new tech-
nologies for A. formosanus plant production with greater
biomass and higher quality is urgently needed. 

In recent years, thanks to the advances in tissue cul-
ture techniques, large-scale propagation using seedlings
and micropropagated plantlets can be achieved (Chang
and Chou, 2007; Cheng and Chang, 2009; Wu et al.,
2010). Such artificial cultivation techniques have already
been employed to establish a rapid propagation system
for A. formosanus (Jiang et al., 2015; Ket et al., 2004).
Although the use of these techniques for plant culti-
vation led to some achievements, traditional intensive
in vitro culture still has several drawbacks such as low
survival rates of transplanted tissue-cultured plantlets,
slow growth of plants, long cultivation time (Chang and
Chou, 2007; Cheng and Chang, 2009; Jiang et al., 2015).
In addition, although tissue culture methods provide

a better means to multiple this plant, the metabolic path-
ways of a plant obtained by tissue cultures may differ
from that of the original plant (Huang et al., 1991).

The environmental pollution associated with inten-
sive agriculture has motivated the development of
a greenhouse cultivation methods such as closed soilless
culture, among which hydroponics is the most widely
and frequently used (Molders et al., 2012; Jin et al.,
2013; Lin et al., 2013). The method protects plants
grown under controlled environment, thus shortening
growth cycles and maximizing plant biomass, consis-
tency, and quality (Ma et al., 2010; Molders et al., 2012).
Therefore, growing plants under a controlled environ-
ment can be considered an alternative way for medicinal
plant production to ensure safety and efficacy. In ad-
dition to the environmental factors such as temperature,
light density, and humidity, the nutrition solutions have
remarkable effects on biomass production and biosyn-
thesis of secondary metabolites (Ma et al., 2010; Jin
et al., 2013). A number of studies have reported that the
balanced nutrient mixture (NH4+, K

+, Mg2+, Ca2+, NO3-,
H2PO4+, SO42-) can significantly improve growth and alter
the concentrations of metabolites (Yoon et al., 2007;
Dong et al., 2014). For example, the organic additives
such as coconut water or rare earth elements like
lanthanum (La), cerium (Ce), and neodymium (Nd) have
been reported to have positive effects on plants such as
faster growth, higher crop yield, and secondary meta-
bolite compounds levels (Yoon et al., 2007). Recently,
Jin and coworkers (2013) reported that a mild iron (Fe)-
deficient nutrition solution increases the yield and qua-
lity of spinach. Therefore, management of mineral nu-
trient elements in the solution is one of the most im-
portant agronomic practices in the hydroponic cultures
(Jin et al., 2013). However, there is little information
about the effects of nutrients on growth and secondary
metabolites of A. formosanus. Understanding this effect
may help us develop an optimal way of managing nu-
trient solution in the hydroponic, thus improving the
yield and quality of future crops. Therefore, the aim of
this study was to investigate the effects of 4 nutrient so-
lutions (Murashige and Skoog (MS, 1962), Nitrophoska
Foliar (NF), Hydro Green (HG), and Hydro Bee (HB))
on the growth and secondary metabolite accumulation of
hydroponicaly-cultivated A. formosanus, under controlled
environment. 
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Materials and methods

Plant materials and growth conditions 

Anoectochilus formosanus Hayata plants were obtai-
ned from Daklak province, Vietnam. The plants were
hydroponically grown in 0.5 l plastic container (3 plants 

Table 1. Composition of nutrient solutions
used for hydroponic cultivation of A. formosanus

Composition
[mg/l]

Medium

NF HG HB

N 25.000 7.250 6.410

P2O5 10.000 4.600 3.050

K2O 17.500 12.840 7.000

Zn 0.019 – –

Mn 0.050 – –

B 0.011 – –

Cu 0.019 – –

Mo 0.001 – –

2Fe NaEDTA – – –

Mg – – –

Ca – – –

Fe 0.050 4.560 4.400

NF – Nitrophoska Foliar, HG – Hydro Green, HB – Hydro Bee

per container) filled with different aerated, full-strength
complete nutrient solutions. The compositions of nu-
trient solutions for plant cultivation are as given in
Table 1. The pH and Electrical Conductivity (EC) of these
nutrient solutions were daily adjusted to 6.3 and 1.5,
respectively, and renewed after 2 weeks. The plants were
grown in a greenhouse with a controlled temperature of
22 ± 2EC, relative humidity of 75%, and light intensity of
approximately 200 μmol @ m!2 @ s!1 provided by fluores-
cents lamps with a light to dark cycle of 16 :8 h. The
whole plants were harvested after 8 weeks to determine
the growth and secondary metabolite content. All experi-
ments were set up in triplicate for each treatment.

The growth measurements

The whole harvested plants including roots, stem,
and leaves were measured for their fresh weigh (FW)
and dry weight (DW). To measure the dry weight, the
plant samples were dried in an oven at 60EC until re-
ceiving the constant weight. 

Preparation of plant extracts 
and phytochemical screening

The whole plants were ground with a micromill
(Drum Mixer, Hockmeyer) into a powder. To extract the
compounds, 1 g of dry powder was immersed in 10 ml
methanol and incubated with stirring for 5 h at 60EC.
The liquid phase was then separated from the cell debris
through filtration using Whatman filter paper No. 4 to
obtain the crude extract, then concentrated using a ro-
tary evaporator at a maximum temperature of 60EC and
freeze-dried for 24 h. All freeze-dried extracts were
stored at 4EC until further analyses.

The freeze-dried extract was dissolved in absolute
MeOH (1 : 10 w/v). The methanolic Anoectochilus ex-
tracts were subjected to phytochemical analysis to
screen for the presence of secondary metabolites such
as alkaloids, flavonoids, terpenoids, tannins, glycosides,
phenolics, saponins, and steroids. The phytochemical
screening was carried out using standard procedures
(Herborne, 1973; Parekh and Chanda, 2007). The ex-
periments were conducted in triplicate. 

Determination of alkaloids, flavonoids, glycosides,
tepernoids, and steroids content in plant extracts

The alkaloids content in the crude methanolic ex-
tracts was determined according to the method of Har-
bone and coworkers (1973). Briefly, 5 g of dry powder
samples were immersed in 200 ml of 10% acid acetic in
ethanol and incubated at 55EC for 4 h. The liquid phase
was obtained through filtration using Whatman filter pa-
per No. 4 and then concentrated by a rotary evaporator
to one-quarter of the original volume. The concentrated
NH4OH (25%) was then added stepwise to the extract
until the precipitation was complete. The precipitate was
subsequently collected, washed with diluted NH4OH
(3%), and filtered using filter paper (Whatman No.1).
The precipitate composed of alkaloids was then dried in
oven at 60EC. 

Total flavonoids content in the plant extracts was de-
termined following the method of Djeridane and cowor-
kers (2006). One ml of methanol extract was mixed with
1 ml aluminum chloride (2%). The mixture was stirred and
kept at room temperature for 15 min. The absorbance
was then measured at 430 nm using a spectrophotometer
(Industrial Area, Panchkula, Haryana). Quercetin (Sigma
-Aldrich, Singapore) was used as a reference standard to
calculate the flavonoids content. The total flavonoids con-
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tent was expressed as micrograms of quercetin equiva-
lents per gram of dry weight (μg QE/g DW).

The glycosides content was measured using the pro-
tocol of Steve and coworkers (2016). Briefly, 1 ml of the
methanolic extract was mixed with 1 ml of 2% solution of
3, 5-DNS (di-nitro salicylic acid) in methanol and 1 ml of
5% aqueous NaOH. The mixture was then boiled for
2 min until the brick-red precipitation was completed.
The precipitate was retained through Whatman filter
paper No. 4 and dried in an oven at 60EC, and weighed. 

Terpenoids content was determined using a method
described by Gulza and coworkers (2017). One g of plant
powder sample was mixed with 12 ml ethanol and in-
cubated for 24 h with stirring. The mixture was filtered
through Whatman paper No. 4 and the filtrate was ex-
tracted with petroleum ether (Sigma–Aldrich, Singa-
pore). The ether extract was containing total terpenoids,
which were then dried by oven at 60EC and weighed.

To determine steroids content, 1 g of dry powder
sample was added to 12 ml of ethanol and heated at
80EC. The mixture was filtered using Wahtman paper
No. 4 and the filtrate was mixed with petroleum ether.
The ether extract was then dried and weighed to de-
termine the content of steroids.

Determination of the antioxidant activity

In this study, antioxidant activity of the crude extract
and the glycoside extract of A. formosanus was deter-
mined using the 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
free radical-scavenging assay described by Yoshiki and
coworkers (2001) with slight modifications. Two mg of
glycosides of A. formosanus were firstly dissolved in
1 ml absolute methanol to obtain stock solution, then
diluted to serial dilutions (10–1000 μg/ml). Aliquots of
serial dilutions of 0.05 ml of the extracts were added to
0.15 ml of a DPPH solution (0.4 mM in methanol). Me-
thanol was used instead of a sample as the control. The
mixtures were then mixed well and kept in the dark at
room temperature for 90 min before measuring the
absorbance at 517 nm using a spectrophotometer (In-
dustrial Area, Panchkula, Haryana). The radical-scaven-
ging activity was calculated using the following equation:

Scavenging activity (%) =  [1 ! (OD1 sample ! OD2 sample) / 
                                        /(OD3 control ! OD4 control)] × 100%

whereas: OD1 is the absorbance value of sample con-
tained DPPH in the experimental group, OD2 is the ab-

sorbance value of sample did not contain DPPH in the
experimental group, OD3 is the absorbance value of con-
trol contained DPPH in the control (methanol), OD4 is
the absorbance value of control did not contain DPPH in
the control (methanol). 

A calibration curve was constructed using different
concentrations (10–1000 μg/ml) of ascorbic acid, used
as a positive control. The concentration required for
a 50% decrease in the absorbance of DPPH radicals
(IC50) was calculated as the percent of inhibition of
DPPH by plotting the percentage of residual DPPH at
a steady state as a function of the sample concentration.

Statistical analysis

Data were determined in triplicate and the results
were expressed as the mean ± standard deviation (SD).
All measurements were evaluated for significance by an
analysis of variance (ANOVA) with the least significant
difference (LSD) test at P # 0.05 using SAS 9.1 (SAS
Institute, Cary, NC, USA).

Results

Effect of nutrient solutions on the growth 
of A. formosanus

In this study, 4 nutrient solutions were studied for
their effect on the growth of A. formosanus. As shown in
Figure 1, fresh and dry biomasses of A. formosanus culti-
vated in 4 tested media were significantly different.
Among 4 nutrient solutions tested, HB medium was ob-
served to be the most potent for the growth of A. formo-
sanus in hydroponic cultivation. The highest fresh and
dry biomasses of 2.56 and 0.18 g/plant, respectively,
obtained by cultivating the plant in HB medium, were
followed by those obtained in HG medium, and NF me-
dium. MS medium resulted in the lowest growth of
A. formosanus with the biomass of 1.02 g/plant FW and
0.08 g/plant DW. These finding suggest that HB medium
is a promising nutrient solution for hydroponic cultiva-
tion of A. formosanus. 

Phytochemical screening 

Secondary metabolites present in A. formosanus
cultivated in different nutrient solutions are given in
Table 2. Different nutrient solutions used for the plant
growth resulted in different composition of various com-
pounds in the extracts. Alkaloids, flavonoids, and glyco-
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Fig. 1. The production of biomass of A. formosanus cultivated
in different media

Table 2. Phytochemical constituents of crude extracts
of A. formosanus cultivated in different media

Constituent
Medium

MS NF HG HB

Alkaloids + + + +

Flavonoids + + + +

Terpenoids + – + +

Tannin – – – –

Glycoside + + + +

Phenolic – – – –

Saponin – – – –

Steroids + – + +

MS – Murashige and Skoog, NF – Nitrophoska Foliar, HG – Hydro
Green, HB – Hydro Bee, + – presence of secondary metabolite,
– – absence of secondary metabolite

sides were observed in all A. formosanus extracts. Ter-
penoids and steroids were found in the extracts of A. for-

mosanus cultivated in the MS, HG, and HB medium, but
those compounds were absent from the plants cultivated
in the NF medium.

The content of secondary metabolite compounds among
the plant extracts

In this experiment, different nutrient solutions were
employed to cultivate A. formosanus and investigated
for their effects on the level of secondary metabolite
compounds. The content of alkaloids, flavonoids, glyco-
sides, terpernoids, and steroids in the extracts of A. for-
mosanus cultivated in 4 nutrition solutions is presented
in Table 3. The level of secondary metabolites varied
among nutrient solutions used. The highest level of alka-
loids (34.87 μg/g DW) and terpenoids (56.43 μg/g DW)
were obtained in the extracts of A. formosanus cultivated
in HG medium, whereas flavonoids reached the highest
level of 90.13 μg QE/g DW in NF medium. Interestingly,
the growth in NF medium resulted in the lowest alka-
loids (17.13 μg/g DW), terpenoids (0 μg/g DW), and ste-
roids (0 μg/g DW) contents compared to other media.
On the other hand, the extract of A. formosanus cultiva-
ted in HB medium contained significantly higher levels
of glycosides (64.33 μg/g DW) and steroids (22.83 μg/g
DW) than in other media. Since the A. formosanus
growth in HB medium resulted in a high level of se-
condary metabolite compounds, especially glycosides, it
is considered as a potential medium for hydroponic culti-
vation of A. formosanus.

Antioxidant activity

The antioxidant activities of A. formosanus crude ex-
tracts and the glycoside extracts cultured in HB medium
were measured as DPPH radical-scavenging activity. As
shown in Figure 2, different samples possessed different
free radical-scavenging activities. The glycoside extract
of A. formosanus grown in HB medium had significantly
higher DPPH radical scavenging activity than the crude
extract with the IC50 value of 136.19 μg/ml. The glyco-
side extract demonstrated however lower ability to sca-
venge DPPH as compared to ascorbic acid in the same
concentration (IC50 = 25.56 μg/ml).

Discussion 

A. formosanus Hayata is an important medicinal
plant, which has been used to treat many diseases
including hypertension, cancer, and diabetes mellitus in
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Table 3. Content of alkaloids, flavonoid, glycoside, terpenoids, and steroids in the extracts
of A. formosanus cultivated in different media

Medium Alkaloids
[μg/g DW]

Flavonoids 
[μg QE/g DW]

Glycoside
[μg/g DW]

Terpenoids
[μg/g DW]

Steroids
[μg/g DW]

MS 22.43 ± 1.76b 47.57 ± 3.38d 34.65 ± 0.35b 34.27 ± 0.71c 12.07 ± 0.67b

NF 17.13 ± 0.51c 90.13 ± 1.46a 31.97 ± 4.14b 0.00 

± 0.00d

0.00 

 ± 0.00d

HG 34.87 ± 2.70a 65.50 ± 5.67c 38.17 ± 3.26b 56.43 ± 1.17a 13.10 ± 0.75b

HB 20.97± 2.50bc 75.60 ± 4.17b 64.33 

± 3.34a
50.20 ± 2.45b 22.83 ± 0.55a

All values are the mean ± SD (n = 3); means within a column with different letters significantly differ by LSD’s test
at P < 0.05

Fig. 2. DPPH-scavenging activities of different extracts
of A. formosanus compared to the standard (ascorbic acid)

Table 4. The 50% inhibitory concentration (IC50) values
of DPPH radical-scavenging activities,

of extracts of A. formosanus

Samples IC50 [μg/ml]

Crude extract 248.85 ± 1.11a

Glycoside-based extract 136.19 ± 0.27b

Ascorbic acid (control) 25.56 ± 1.38c

All values are the mean ± SD (n = 3); means within a column with
different letters significantly differ by LSD's test at P < 0.05

folk medicine in India and Southeast Asia (Tseng et al.,
2006; Ng et al., 2011). However, the low preproduction
of this plant in the nature and its unlimited collection
caused a significant decrease in its population. There-
fore, it is necessary to conserve the plants. For further
medicinal use it is also crucial to improve its quality.
In this study, different nutrient solutions used to hydro-
ponically cultivate A. formosanus resulted in wide varia-

tions in the growth and chemical constituents of this
plant. Among nutrient solutions tested, HB medium was
found to be the most efficient for the growth and the
production of glycosides and steroids, while HG medium
was best suitable for the cultivation of A. formosanus to
produce alkaloids and terpenoids. This could be caused
by the fact that different nutrients present in the me-
dium exert different effects on the growth and the bio-
synthesis of secondary metabolites (Yoon et al., 2007;
Jin et al., 2013). Generally, the nutrients required for
normal plant growth in the hydroponic cultures include
6 macronutrients (nitrogen, potassium, magnesium, cal-
cium, phosphorus, and sulfur) and 7 micronutrients
(iron, zinc, molybdenum, boron, copper, manganese, and
chlorine) (Jin et al., 2013). Among those macronutrients,
nitrogen, phosphorus, and potassium are 3 main highly
important in the improvement of the crop yield (Jin
et al., 2013). In addition to macronutrients, it has been
reported that the level of micronutrients also affected
the biomass production and chemical constituents of
plants in hydroponic-based cultures (Jin et al., 2013).
Micronutrients such as iron and zinc are essential for
the synthesis of metabolite compounds because they are
components of many enzymes associated with the
energy transfer, nitrogen reduction and fixation, and
lignin formation (Luo et al., 2012; Yadavalli et al., 2012;
Jin et al., 2013). The deficiency or excess of micro-
nutrients significantly reduce plant biomass and secon-
dary metabolite production (Luo et al., 2012; Jin et al.,
2013). Jin and coworkers (2013) reported that high or
low levels of iron in the nutrient solutions strongly de-
crease the yield and the quality of hydroponic-cultivated
spinach. Shafeek and coworkers (2014) reported that
micronutrients such as zinc and manganese improve the
crop yield and chemical constituents of hot pepper.
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Those micronutrients activate a number of enzymes
involved in carbohydrate metabolism and are essential
for the functioning of photosynthetic apparatus. More-
over, the micronutrients at optimal levels can also faci-
litate plants to acquire more macronutrients, thus fur-
ther improve crop yield (Jin et al., 2013). Therefore,
management of macronutrients and micronutrients to
obtain a balanced nutrient mixture is the most important
issue in the hydroponic cultures, which helps improve
the growth and the quality of plants. From that point of
view, the highest production of biomass and secondary
metabolite compounds of plants grown in HB medium
could be a result of an optimal nutrient mixture for the
growth and synthesis of metabolites of A. formosanus. 

There is an increasing interest in using plants as
functional foods and nutraceutical products with high
antioxidant properties (Brewer, 2011). The wild and
in vitro based tissue cultures of A. formosanus were pre-
viously reported to be the sources of antioxidants (Yoon
et al., 2007; Chang, 2009). In this study, the antioxidant
activities of hydroponic-cultivated A. formosanus were
studied using DPPH-scavenging activity assays since free
radical scavenging is one of the mechanisms by which
antioxidants inhibit lipid oxidation and prevent oxidative
damage (Huang et al., 2017). Results showed that both
crude extract and glycoside extract obtained from A. for-
mosanus  cultured in HB medium had strong antioxidant
activity with the IC50 values of 248.85 μg/ml and
136.19 μg/ml, respectively. This result is in agreement
with other studies since glycosides extract has been
reported to possess strong antioxidant activity (Wang
et al., 2002). In addition, the high antioxidant activity of
the crude extract could be due to the presence of high
levels of secondary metabolites such as alkaloids, fla-
voinods, terpenoids, glycosides, and steroids. Evidences
showed that such plant components have strong free-
radical scavengers and high antimicrobial activity (Jin
et al., 2013; Gulzar et al., 2017). The antioxidant acti-
vities of these compounds (the inhibition of free radicals,
superoxide anions and also inhibition of lipid peroxida-
tion) protecting the human body against oxidative dama-
ges have been reported (Wang et al., 2002; Tseng et al.,
2006). As a result, the antioxidant activity of A. formo-
sanus grown in hydroponic medium (HB) can produce
great chemical components as well as antioxidant acti-
vity in comparison with many plants such as sweet po-
tato (Ipomoea batatas L.), Gynura bicolor DC., Sanicula

lamelligera Hance, Anredera cordifolia (Ten.) Steenis,
Solanum nigrum, Asplenium antiquum Makino, Lycium
chinense Mill., Saccharum officinarum, Potamogeton
pectinatu, Basella alba, Amaranthus mangostanus-green,
Amaranthus mangostanus – red, Sechium edule (Jacq.)
Swartz – green, Momordica charantia var. abbreviata
Ser., and Brassica campestris L. ssp. Chinensis (Chang
and Shao, 2006; Chao et al., 2014). Our results suggest
that hydroponically cultivated A. formosanus can be
used as functional food or in medicinal applications. 

Conclusions

This study reported the hydroponic cultivation of
A. formosanus for biomass and secondary metabolites
production. Among 4 nutrient solutions tested, HB was
found to be the most efficient medium for cultivating
A. formosanus. The extracts of A. formosanus in such
medium showed potential antioxidant activities due to
their high contents of secondary metabolites, especially
glycosides. These results provide a new efficient cultiva-
tion method to improve the biomass and quality of
A. formosanus. The hydroponic-cultivated A. formosanus
can be a promising source for the pharmaceutical and
neutraceutical industries.
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