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Abstract

Studies on the therapeutic potential of secondary metabolites derived from Dendrobium species have gained increasing
attention in recent years, particularly due to their antioxidant, anticancer and anti-inflammatory properties. The inherently low
production of secondary metabolites in Dendrobium species, combined with their slow growth in the wild, poses significant
challenges in obtaining sufficient plant tissue for the extraction of bioactive compounds. Based on the hypothesis that
supplementing plant tissue cultures with exogenous elicitors promotes biomass accumulation and enhances secondary
metabolite production, this study investigated whether the biological elicitors chitosan and salicylic acid could increase total
phenolic content and antioxidant activity in Dendrobium fimbriatum. In vitro shoot cultures of D. fimbriatum were treated
with various concentrations of chitosan or salicylic acid for different durations. Colorimetric assays were used to assess the
total phenolic content and antioxidant activity. The results showed that treating shoot tissue cultures with 100 mg/L chitosan
for 30 days increased the total phenolic content from 14.73+1.47 to 21.07+1.01 mg GAE/g dry weight, a 30% increase.
Moreover, this treatment did not affect photosynthetic pigments, suggesting there was no physiological stress. These results
highlight the potential of chitosan as an effective elicitor for improving secondary metabolite production in D. fimbriatum.
Future studies could focus on optimizing these conditions to further advance the production of bioactive compounds for use in
herbal remedies derived from D. fimbriatum.
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Introduction

The epiphytic orchid Dendrobium fimbriatum is widely
recognized as an ornamental plant species. In addition to its
aesthetic value, several pharmacological activities have
been documented in Dendrobium species, including anti-
platelet aggregation (He et al. 2020) hepatoprotective
effect (Wu et al. 2011) and anti-diabetic properties
(Zhang et al. 2020). Given its rich reservoir of bioactive
compounds with therapeutic properties, D. fimbriatum
has been used in traditional medicine for decades (Wang et
al. 2021). Numerous pharmacologically significant
bioactive compounds have been identified in extracts

from D. fimbriatum, including ayapin, [-sitosterol, and
sesquiterpenes (Bi et al. 2003; Paul ef al. 2017; Favre-Godal
et al. 2022). Furthermore, alkaloids from D. fimbriatum
have demonstrated various pharmacological effects; for
instance, anosmines exhibit anti-inflammatory activity
(Chen et al. 2018), while dendrobines have shown potential
anti-tumor activity (Song et al. 2019). However, the
extraction and purification of individual bioactive
compounds from D. fimbriatum require substantial amounts
of plant tissue. Like most orchids, D. fimbriatum grows
relatively slowly in nature and necessitates specific growth
conditions (Gurung and Gurung 2016). To address this
limitation, tissue culture techniques have been employed to
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accelerate the growth rate of D. fimbriatum under controlled
conditions, providing a sustainable approach to increase
biomass for pharmacological applications.

To enhance the production of secondary metabolites,
various elicitors, including chitosan (Ferri and Tassoni
2011) and salicylic acid (Dong et al. 2010), have been
applied to plant cell cultures. Both compounds are
associated with plant responses to external inducers.
Chitosan, a deacetylated derivative of chitin obtained from
the shells of arthropods such as crabs and prawns, is known
to trigger plant defense mechanisms. This activation leads to
the release of secondary metabolites that help deter harmful
insects. As a result, chitosan is widely used as an elicitor to
enhance secondary metabolite production in plants (Ferri
and Tassoni 2011). Molecular studies have demonstrated
that chitosan interacts with transcription factors in the signal
transduction pathways involved in secondary metabolite
biosynthesis (Singh et al. 2020). Numerous studies have
verified chitosan's effectiveness as a secondary metabolite
enhancer. For instance, research on the medicinal plant
Momordica charantia revealed that 10, 50 and 100 mg/L of
chitosan significantly induced the production of phenolics,
flavonoids, and anthocyanins in four-leaf stage seedlings
(Sharifi-Rad et al. 2020). In Dysphania ambrosioides tissue
cultures, secondary metabolite Z-ascaridole production was
enhanced by applying 50-100 mg/L of chitosan (Carvalho
et al. 2020).

Similarly, the medicinal orchid, Coelogyne ovalis,
showed significant increases in total phenolic, flavonoid,
and anthocyanin contents when 150 uM chitosan was
applied to seedlings (Singh and Kumaria 2021).
Furthermore, in another orchid species, D. ovatum, chitosan
was identified as the most effective elicitor for inducing the
production of moscatilin, a bioactive compound (Pujari et
al. 2021). These results emphasize the potential of chitosan
as an effective elicitor for inducing secondary metabolite
production. However, to date, no study has investigated the
effect of chitosan on the tissue culture of D. fimbriatum. In
this study, D. fimbriatum, a medicinal orchid species, was
used as a model plant to explore and validate the efficacy of
chitosan in enhancing the biosynthesis of valuable
secondary metabolites.

Salicylic acid (SA) is a naturally occurring organic
acid derived from phenolic compounds. It functions as a
plant hormone, playing a critical role in recognizing
pathogen invasions and acting as an external growth
regulator in physiological processes such as photosynthesis,
growth, and root development (Miura and Tada 2014).
Furthermore, SA stimulates the expression of defense-
related genes and promotes the biosynthesis of secondary
metabolites (Ali 2021; Rai ef al. 2021). SA is also known to
protect plants from various environmental stresses, including
drought, high temperatures, salinity, and pathogen attacks. SA
has been extensively utilized to stimulate the production of
flavonoids and polyphenols in callus and tissue cultures of
several plant species (Ali 2021). Moreover, SA has been

reported to function as a non-living elicitor, enhancing
the production of secondary metabolites such as
terpenes, alkaloids, flavonoids, phytoalexins and
essential oils (Silva et al. 2014; Gorni and Pacheco
2016). Research has shown that the use of SA plays a
significant role in the synthesis of secondary metabolites
in many plants. For example, SA increases
polysaccharide production in D. officinale (Yuan et al
2014) and enhances total flavonoid and phenolic content in
Crocus sativus L. (Tajik et al. 2019). However, there is
limited research on the use of SA treatment in tissue-cultured
D. fimbriatum to increase the secondary metabolite
production. This study aimed to enhance the total phenolic
content and antioxidant activity in the in vitro shoot tissue
cultures of D. fimbriatum by employing chitosan and salicylic
acid as biological elicitors.

Material and Methods
Propagation of D. fimbriatum tissue culture shoots

D. fimbriatum plants were purchased from a local market
and taxonomically identified. Newly emerging shoots were
sterilized and propagated on a half-strength Murashige and
Skoog (MS) medium with 7 mg/L of Phytoagar. The
medium was supplemented with 0.5 mg/L 1-
Naphthaleneacetic acid (NAA), 0.1 mg/L thidiazuron (TDZ)
and 2 g/L peptone to support optimal growth. The pH of the
medium was adjusted to 5.7 using 1 N potassium hydroxide
(KOH). All cultures were maintained under controlled
conditions, including illumination with cool daylight
fluorescent lamps providing 25 wgmol'm?s”, a 16:8
light/dark cycle and a temperature of 25 + 2°C.

Chitosan and salicylic acid treatment

One-month-old tissue-cultured shoots of D. fimbriatum
were carefully transferred to fresh half-strength MS medium
to assess the effects of elicitor treatments (Fig. 1). The
experiment was designed to investigate the influence of
two types of elicitors: low molecular weight chitosan
and salicylic acid (SA). Shoots were placed in media
either without any supplement, serving as the control or
supplemented with varying concentrations of chitosan (5,
10, 20, 50 and 100 mg/L) or salicylic acid (25, 50, 75, 100
and 150 uM).

To examine the time-dependent effects of these
treatments, the cultures were maintained for three different
durations—7, 15 and 30 days—under controlled
environmental conditions. The tissue cultures were
incubated in a growth chamber with a 16-hour light and 8-
hour dark photoperiod, illuminated by cool white
fluorescent lamps providing a light intensity of
approximately 40 umolm™2s'. The temperature was
maintained at 25 £ 2°C with relative humidity ranging from
60 to 70%.
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Fig. 1: One-month-old in vitro shoot culture of D. fimbriatum in
half-strength MS medium

At each time point, the shoots were harvested, and
their fresh weight was recorded. The samples were then
immediately frozen in liquid nitrogen to preserve their
metabolic state. Subsequently, the frozen tissues were
ground to a fine powder, lyophilized to remove moisture,
and stored at —80°C until further biochemical analyses. Each
treatment and time-point combination included at least three
biological replicates to ensure statistical reliability.

Secondary metabolite extraction

The 50 mg of ground shoot tissue was extracted in 5 mL of
ice-cold 70% ethanol with regular shaking for 2 h at 4°C.
After centrifugation at 13,000 rpm for 5 min, the clear
supernatant was collected. The clear supernatant was divided
into 4 portions which were used to determine (1) total
phenolic content, (2) antioxidant capacity via 2, 2-diphenyl-
1-picrylhydrazyl (DPPH) assay, (3) antioxidant capacity via
2,2" -azino-bis (3-ethylbenzothiazoline-6-sulfonic  acid)
(ABTS) assay and (4) photosynthetic pigment contents.

Total phenolic contents
Each reaction was prepared by mixing 100 xL of the extract

with 200 uL of 10% Folin-Ciocalteu reagent, followed by
vortexing and allowing the mixture to react for 5 min before

adding 800 uL of 700 mM sodium carbonate (Na2COs). A
blank (70% ethanol) and a standard solution of gallic acid
were included. The reaction was incubated at room
temperature in the dark for 1 h and then was centrifuged
at 13,000 rpm for 5 min to remove any precipitates.
Finally, 200 uL of the clear supernatant was transferred to a
96-well plate, and absorbance was measured at 765 nm
using a microplate reader (Ainsworth and Gillespie 2007).
Total phenolic content was calculated based on a gallic acid
calibration curve.

Antioxidant capacity via DPPH and ABTS

To determine antioxidant capacity, the DPPH assay was
performed with modifications based on a previous study
(Sirisarn et al. 2024). The DPPH solution was prepared by
dissolving DPPH in absolute methanol until the solution
reached an ODs17 of 0.8. In a 96-well plate, each reaction
included 190 uL. of working DPPH solution and 20 uL of
extracts, blank or standard. The reactions were incubated in
the dark at room temperature for 30 min before absorbance
was measured at ODs17. For the ABTS assay, the working
ABTS solution was prepared by mixing 7 mM ABTS and
2.45 mM potassium persulfate (K2S20s), which was kept in
the dark for 16 h before dilution to an OD734 of 0.8 (Sirisarn
et al. 2024). In the 96-well plate assay, 180 uL of the
working ABTS solution and 20 uL of extracts, blank or
standard were added, followed by measurement at OD73a.
Antioxidant capacity for both assays was calculated based
on the Trolox calibration curve, expressed as mg Trolox
equivalent per g of dry weight.

Total chlorophyll and carotenoid contents

The content of photosynthetic pigments, including
chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids (Chl a, Chl b, total chlorophyll and
carotenoids), was determined following the previous
methods (Batool ef al. 2020; Shemi et al. 2021). A 50 uL
aliquot of the supernatant from each extracted sample was
used to measure absorbance at 470, 645 and 663 nm. The
chlorophyll and carotenoid content were calculated using
the following formulas, V represented the volume of the
extract (cm®) and W was recorded from fresh weight (mg).

Chlorophyll a content = (12.7 X Ass3 - 2.69 X Ae4s) %

V /(1000 x W) (1)
Chlorophyll b content = (22.7 x Ae4s - 4.68 xAse3) X V
/(1000 x W) )
Total chlorophyll content = (20.2 % Ag4s + 8.02 x Ass3)
x V /(1000 x W) 3)
Carotenoids = (1000 x Aa470 — 3.27 x Chl @ — 104 x
Chl b) /229 4)

Statistical analysis

Each treatment was conducted in at least three biological
replicates unless otherwise stated. Statistical analyses were
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Fig. 2: The effect of chitosan treatments on total phenolics and antioxidant capacity of in vitro shoot culture of D. fimbriatum (a-i). Total
phenolic contents (a-c): 7-day treatment (a), 15-day treatment (b) and 30-day treatment (c). Antioxidant capacity via DPPH assay (d-f):
7-day treatment (d), 15-day treatment (e) and 30-day treatment (f). Antioxidant capacity via ABTS assay (g-i): 7-day treatment (g), 15-

day treatment (h) and 30-day treatment (i)

performed using GraphPad software. Data were tested for
normality using the Shapiro-Wilk test and for homogeneous
variance using the Bartlett test. Analysis of variance
(ANOVA) followed by Dunnett's test was used for
comparison analysis, with significant differences considered
at P < 0.05.

Results

Effects of chitosan on total phenolic contents and
antioxidant capacity in the whole shoot of D. fimbriatum

To investigate the impact of chitosan as a biological elicitor
on the induction of secondary metabolites in D. fimbriatum,
I-month-old in vitro shoot cultures were treated with
varying concentrations of chitosan (0, 5, 10, 20, 50 and 100
mg/L) and maintained for 7, 15 and 30 days (Fig. 2).
Phenolics, a major group of secondary metabolites, were
quantified and compared to the control group (untreated
with chitosan). The results showed that treatment with 100
mg/L of chitosan for 30 days significantly enhanced
phenolic production in the shoot tissue of D. fimbriatum (P
< 0.05) (Fig. 2c). Specifically, the total phenolic content
increased from 14.73 + 1.47 mg gallic acid equivalents per
gram dry weight (mg GAE/g DW) in the control to 21.07 £+
1.01 mg GAE/g DW under the 100 mg/L chitosan

treatment, representing an approximate 30% increase,
demonstrating a potential approach for inducing phenolic
production in D. fimbriatum through the in vitro shoot
culture method. Phenolic compounds are known to
contribute to antioxidant capacity, which is defined as the
ability of a compound to donate electrons and neutralize free
radicals. Therefore, we further evaluated the antioxidant
capacity of D. fimbriatum in response to chitosan treatment
using two assays: DPPH and ABTS. However, no
significant increase in antioxidant capacity via DPPH (Fig.
2d-f) and ABTS (Fig. 2g-i) assays was observed for any
chitosan treatment compared to the control condition.

Effects of salicylic acid on total phenolic contents and
antioxidant capacity in the whole shoot of D. fimbriatum

Salicylic acid is another well-known biological elicitor often
used to enhance secondary metabolite production. In this
study, various concentrations of salicylic acid (25, 50, 75,
100 and 150 M) were introduced to 1-month-old in vitro
shoot cultures of D. fimbriatum for three specific durations:
7 days, 15 days and 30 days. As phenolics are the primary
compounds in secondary metabolites, total phenolic content
was quantified, as shown in (Fig. 4a, b, c). However, no
significant increase in total phenolic content was observed in
any salicylic acid treatments compared to the control condition.
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Fig. 3: The effect of Chitosan treatments on photosynthetic pigment contents of in vitro shoot culture of D. fimbriatum (a-1). Chlorophyll
a contents (a-c): 7-day treatment (a), 15-day treatment (b) and 30-day treatment (c). Chlorophyll 4 contents (d-f): 7-day treatment (d),
15-day treatment (e) and 30-day treatment (f). Total Chlorophyll contents (g-i): 7-day treatment (g), 15-day treatment (h) and 30-day
treatment (i). Carotenoid contents: 7-day treatment (j), 15-day treatment (k) and 30-day treatment (1)

To further evaluate the effects of salicylic acid, the
antioxidant capacity of the shoot tissues was assessed using
DPPH and ABTS assays. Similar to the results for total
phenolic content, no significant increase in antioxidant
capacity via DPPH (Fig. 4d-f) and ABTS (Fig. 4g-i) was
detected for any treatment. These findings suggest that
salicylic acid is not a suitable biological elicitor for
enhancing the production of secondary metabolites or
improving antioxidant properties in the in vitro shoot
cultures of D. fimbriatum.

Effects of chitosan on photosynthetic pigment contents
in the whole shoot of D. fimbriatum

The results indicated that chlorophyll a, chlorophyll b and
total chlorophyll contents were not significantly affected
(Fig. 3a-d) by any concentration of chitosan treatment,
except for an increase in chlorophyll » observed with 20

mg/L chitosan after 15 days of treatment, rising from
0.035 £ 0.01 to 0.06 £ 0.01 mg/g DW (P < 0.05) (Fig. 3e).

Similarly, total carotenoid content showed no
significant differences across chitosan concentrations,
except after 30 days of treatment, where contrasting trends
were observed (Fig. 31). A significant decrease in carotenoid
content was recorded at 5 mg/L chitosan, from 1.84 £+ 0.01
to 0.88 = 0.20 mg/g DW (P < 0.05), while a significant
increase was observed at 50 mg/L chitosan, from 1.84 +
0.01 t0 2.55 £ 0.15 mg/g DW (P < 0.05).

Opverall, these findings suggest that a 30-day treatment
with 100 mg/L chitosan is the optimal condition for
inducing secondary metabolite production in the in vitro
shoot cultures of D. fimbriatum. Furthermore, this
condition does not negatively impact total
photosynthetic pigment levels, indicating that the plants
are not under stress.
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Fig. 4: The effect of salicylic acid treatments on total phenolics and antioxidant capacity of in vitro shoot culture of D. fimbriatum (a-i).
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Effects of salicylic acid on photosynthetic pigment
contents in the whole shoot of D. fimbriatum

In this study, all photosynthetic pigment contents were
measured. However, no significant increase in chlorophyll a
(Fig. 5a-c), chlorophyll b (Fig. 5d-f) and total chlorophyll
(Fig. 5g-i) was observed across various salicylic acid
concentrations and treatment durations (7-day, 15-day and
30-day treatments). Additionally, carotenoid content was
analyzed to assess whether the plants experienced stress.
Similarly, no significant decrease in carotenoid content (Fig.
5j-1) was detected in any salicylic acid treatment compared
to the control (without salicylic acid supplementation).
These results collectively suggest that salicylic acid does not
exert a detectable impact on photosynthetic pigments under
the controlled conditions of this study.

Discussion

Dendrobium species are among the key orchids studied for
their medicinal and pharmaceutical properties (Li et al.
2023a). Furthermore, tissue culture techniques represent an
effective approach for propagating plants with a slow-
growing nature, such as orchids. Previous studies have
demonstrated that various biological elicitors can serve as
tools to induce secondary metabolites, which are essential

chemical compounds with pharmaceutical significance. For
instance, research on the medicinal orchid Coelogyne ovalis
revealed that treatments with chitosan, methyl jasmonate,
and salicylic acid induced the accumulation of flavonoids
and total phenolic content in specific organs (Singh and
Kumaria 2021). Similarly, chitosan, methyl jasmonate and
salicylic acid were shown to enhance the accumulation of
moscatilin, a bioactive compound, in tissue cultures of
Dendrobium ovatum (Pujari et al. 2021). However, it is
noteworthy that elicitors may stimulate the production of
secondary metabolites in certain plants but not in others. For
example, in tissue cultures of Dendrobium, salicylic acid,
but not methyl jasmonate, was reported to induce
anthocyanin accumulation (Malik et al 2021). This
variability underscores the importance of investigating the
specific elicitors and their optimal concentrations required
to trigger secondary metabolite production in different plant
species. In the present study, we demonstrated for the first
time that chitosan at a concentration of 100 mg/L

successfully induced the accumulation of phenolic
compounds in D. fimbriatum.
Phenolic compounds are primarily synthesized

through the phenylpropanoid biosynthetic pathway (Rosa et
al. 2019). A previous study demonstrated that the optimal
concentration of chitosan activated the expression of genes
involved in this pathway in Haplophyllum virgatum cell
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suspension cultures (Torabi ef al. 2023). Based on this, it is
reasonable to anticipate that the optimal concentration of
chitosan used in our study may similarly induce the
expression of genes related to phenylpropanoid
biosynthesis, thereby enhancing phenolic production in D.
fimbriatum. However, our investigation was limited to the
measurement of total phenolics and antioxidant activity
using colorimetric assays. We did not examine the
underlying cellular mechanisms or specific metabolic
changes that might contribute to increased secondary
metabolite production, particularly phenolic compounds.
Contrary to expectations, salicylic acid treatments
across all concentrations and durations did not significantly
enhance phenolic content or antioxidant activity in D.
fimbriatum in our study. These results diverge from studies
in other medicinal plants, such as Prunella vulgaris and
Dendrobium officinale, where SA was shown to promote
secondary metabolite accumulation and antioxidant activity
(Feng et al. 2021; Tang et al. 2023). The lack of response in
D. fimbriatum may be attributed to species-specific
metabolic pathways. Interestingly, SA has been shown to

enhance flavonoid and anthocyanin content in certain orchid
species, such as Phalaenopsis pulcherrima and Dendrobium
ovatum, but at specific concentrations and treatment
durations (Smetanska 2008; Pujari ef al. 2021; Chashmi et
al. 2023). These findings highlight the importance of
optimizing SA concentrations and exposure times for each
plant species to maximize its elicitation potential.

Despite the increased phenolic content, no
corresponding improvement in antioxidant capacity,
assessed via DPPH and ABTS assays, was observed. This
suggests that the phenolic compounds induced by chitosan
may not significantly contribute to radical scavenging
activity or the induced phenolic profile may differ from
compounds with strong antioxidant potential, similar to
findings from a previous study on antioxidant activity in 32
selected herbs (Wojdylto ef al. 2007). Similar discrepancies
between phenolic accumulation and antioxidant activity
have been observed in Linum album and Coelogyne ovalis,
where phenolic compounds with varied bioactivities were
differentially induced by chitosan and other elicitors
(Samari et al. 2020; Singh and Kumaria 2021).
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Both chlorophyll and carotenoid levels change
dynamically with plant age or in response to stress (Munné-
Bosch and Alegre 2002; Huang ef al. 2016; Li et al. 2023b).
Therefore, the activation of elicitors may simultaneously
induce stress in plants. In our study, chitosan-treated shoots
maintained stable levels of photosynthetic pigments, with
slight increases in chlorophyll » and carotenoid content at
specific concentrations, along with enhanced accumulation
of phenolics stimulated by chitosan. This indicates that no
significant stress was imposed on plant growth during the
treatment. These findings are consistent with studies in other
Dendrobium species, where elicitors such as chitosan
supported plant growth and stress resilience without
significantly affecting photosynthesis (Malik et al. 2021).
Conversely, SA treatments had no measurable impact on
pigment levels, corroborating reports that high SA
concentrations or specific treatment conditions may not
enhance photosynthesis (Chashmi et al. 2023).

Conclusion

A suitable elicitor can be employed to induce secondary
metabolite production in medicinal orchids. In this study, we
identified chitosan as a promising elicitor for enhancing
phenolic production in D. fimbriatum without compromising
photosynthetic pigment levels, highlighting its potential utility
in tissue culture-based metabolite production systems. Future
research should focus on characterizing the specific phenolic
compounds induced by chitosan, optimizing elicitor
concentrations, and elucidating the molecular mechanisms
underlying the elicitation process. Furthermore, combining
chitosan with other elicitors, such as methyl jasmonate, may
synergistically enhance metabolite production, as observed in
other medicinal plants. Advances in pharmaceutical research
and tissue culture techniques could further accelerate the
discovery of novel drugs.
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