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Abstract  

 Dendrobium extracts are rich sources of bioactive phytochemicals with potential applications in cosmetics and 

healthcare. This study investigated the phytochemical composition and bioactivities of four hybrid cut-flower 

Dendrobium cultivars: Sonia ‘Jo Daeng’, Suree Peach, Black Pearl, and White Pearl. The crude flower extracts were 

evaluated for their antioxidant and antimelanogenic properties, and cytotoxic effects against human fibroblasts, 

keratinocytes, melanocytes, and macrophages. Among the tested cultivars, Black Pearl flower extracts exhibited the 

highest contents of phenolics, flavonoids, tannins, sugars, and vitamin C, which correlated with strong DPPH and Ferric 

Reducing Antioxidant Power (FRAP) antioxidant activities. The extracts were noncytotoxic at concentrations ≤ 800 

µg/mL, maintaining > 90% cell viability. The extracts of D. Black Pearl and D. Sonia ‘Jo Daeng’ flowers significantly 

reduced ROS generation in THP-1-derived macrophages. However, Black Pearl extracts decreased melanin production 

in α-MSH-stimulated B16F10 melanocytes by ~41.0%, comparable to control. These findings suggest Black Pearl as a 

promising source of natural antioxidants and antimelanogenic compounds suitable for cosmetic and dermatological 

applications. 

 

Keywords: Dendrobium hybrids, Antioxidant, Melanogenesis inhibition, Phenolic compounds, Reactive oxygen species 
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Introduction 

 Orchid species have long been recognized as 

valuable sources of naturally occurring bioactive 

compounds, and multiple studies have reported the 

presence of diverse phytochemicals in the genus 

Dendrobium. Notably, significant amounts of phenolic 

compounds and flavonoids have been identified in 

Dendrobium species such as stem and leaf of  D. nobile 

[1], as well as across numerous Dendrobium species, 

which contain bibenzyl derivatives such as moscatilin 

and gigantol and flavonoid-related compounds 

including homoeriodictyol [2]. In addition, 

polysaccharides and bibenzyl have been widely detected 

in various Dendrobium spp [3-5]. Collectively, these 

findings highlight Dendrobium orchids as a rich  

 

 

botanical resource with strong potential for functional 

and bioactive applications.  

 In recent years, growing attention has been 

directed toward the development of plant-derived 

ingredients for dermatological and cosmetic products, 

particularly those targeting oxidative stress, skin 

inflammation, and hyperpigmentation. Oxidative stress 

plays a central role in skin aging and dysfunction by 

promoting cellular damage, impairing barrier integrity, 

and accelerating inflammatory responses. Reactive 

oxygen species (ROS) can further exacerbate skin 

problems by amplifying oxidative injury and 

contributing to uneven pigmentation and premature 

aging. Therefore, antioxidant-rich botanical extracts that 

can reduce ROS accumulation are increasingly 
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investigated as promising candidates for skin-protective 

and anti-aging cosmeceutical development [6-8].  

 Regulation of melanogenesis is another key target 

in cosmetic science, especially for managing 

hyperpigmentation and achieving uniform skin tone. 

Melanocytes primarily control melanin biosynthesis and 

are strongly influenced by environmental stressors, 

including ultraviolet radiation and oxidative imbalance. 

Tyrosinase is the rate-limiting enzyme in melanin 

production, and inhibiting its activity remains a widely 

used screening strategy for identifying potential skin-

brightening agents. Importantly, cell-based 

melanogenesis models provide biologically relevant 

confirmation beyond enzyme-based assays, allowing 

evaluation of both efficacy and cellular responses within 

melanocytes and thereby strengthening the translational 

relevance of cosmetic research [9-11]. Consequently, 

combining antioxidant profiling with tyrosinase 

inhibition and cell-based melanogenesis assays offers a 

robust approach for evaluating the cosmeceutical 

potential of botanical materials.  

 Several investigations have already shown that 

Dendrobium species contain phytochemicals relevant to 

skin health, including compounds associated with 

antioxidant defense, pigmentation modulation, and 

cellular protection [12]. Phenolics, flavonoids, and 

anthocyanins, particularly in flower tissues, have been 

strongly linked to antioxidant capacity and may 

contribute to the regulation of oxidative and pigmentary 

pathways [7,8,13]. Compared with vegetative organs, 

floral tissues, especially pigmented petals, are 

metabolically specialized for the accumulation of 

secondary metabolites involved in UV protection and 

stress adaptation, making them promising sources of 

antioxidant and pigmentation-modulating compounds 

[7,12,14]. In addition, dendropachol isolated from D. 

pachyglossum has been reported to exhibit no cytotoxic 

effects on HaCaT keratinocytes at 50 µg/mL after 24 h 

exposure, supporting the preliminary dermatological 

safety potential of certain Dendrobium-derived 

compounds [15].  

 From a cosmetic science perspective, 

demonstration of biological efficacy alone is 

insufficient; botanical extracts must also exhibit cellular 

safety across multiple skin-relevant cell types. 

Cytotoxicity screening in fibroblasts, keratinocytes, and 

melanocytes therefore represents a critical prerequisite 

for cosmetic applicability, enabling differentiation 

between functional bioactivity and non-specific cellular 

stress responses.  

 Despite these promising pharmacological 

findings, the practical use of wild Dendrobium species 

is limited by their slow growth and seasonal flowering, 

which typically occurs only once per year. In contrast, 

commercial hybrid Dendrobium orchids cultivated for 

the cut-flower industry exhibit faster growth and can 

flower continuously under managed production 

systems. In Thailand, orchids are among the most 

important floricultural crops, with large-scale 

production of Dendrobium flowers concentrated in 

Kanchanaburi, Ratchaburi, Samut Sakhon, and Nakhon 

Pathom provinces [16]. Thailand is also a leading 

exporter of tropical orchids, contributing substantially to 

the global market and generating significant export 

revenue. However, oversupply frequently occurs during 

peak production periods, resulting in severe price 

declines and causing farmers to discard surplus flowers 

or sell them at markedly reduced prices. Therefore, the 

valorization of surplus orchid flowers as functional bio-

ingredients may provide both economic and 

sustainability benefits by increasing product value and 

supporting more efficient utilization of floral biomass.  

 Flower pigmentation may further contribute to 

variability in bioactivity among Dendrobium cultivars. 

Dark-colored orchid flowers are frequently associated 

with higher anthocyanin and phenolic contents, which 

are strongly correlated with enhanced antioxidant 

potential when compared with light-colored varieties 

[7,12,15]. However, systematic comparisons linking 

floral pigmentation, phytochemical composition, and 

skin-relevant biological activities in commercial hybrid 

Dendrobium flowers remain limited. Despite 

accumulating evidence of bioactive compounds in 

Dendrobium species, integrated studies combining 

phytochemical profiling with multi-cellular safety 

assessment and melanogenesis-related bioactivity of 

commercially available hybrid Dendrobium flower 

extracts are still scarce. 

 In this study, crude flower extracts were 

systematically evaluated for antioxidant activity, 

tyrosinase inhibitory effects, and anti-melanogenic 

activity, together with cytotoxicity screening in human 

dermal fibroblasts, keratinocytes, melanocytes, and 

macrophages. These endpoints are directly relevant to 
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cosmetic and dermatological applications, as oxidative 

stress, and hyperpigmentation are key mechanisms 

underlying skin aging and melanin overproduction. The 

findings of this work provide scientific support for the 

development of orchid flower-derived functional 

ingredients and establish a foundation for value-added 

utilization of surplus commercial Dendrobium flowers 

in dermatological and cosmetic formulations. 

 

Materials and methods 

 Sample collection 

 All Dendrobium samples were obtained from the 

Mana Orchid Farm (3.9800° N, 100.0420° ± 0.005° E)., 

Nakhon Pathom, Thailand during October, 2023. 

 

 Preparation of flower extracts 

 Fresh flowers of D. Sonia ‘Jo Daeng’, D. Black 

Pearl (dark-colored), and D. Suree Peach, D. White 

Pearl (light-colored) were harvested at commercial 

maturity stage. Harvesting was conducted in the 

morning under standardized commercial conditions. For 

each cultivar, three independent biological batches were 

collected and processed separately. The flowers were 

thoroughly washed 3 - 4 times with tap water and oven-

dried at 60 °C for 72 h or until constant weight and 

subsequently ground into fine powder to ensure 

microbial safety and consistency with previous 

Dendrobium studies. While partial degradation of heat-

sensitive compounds may occur, identical processing 

conditions were applied to all samples to maintain 

comparative validity. For each extraction replicate, 1 g 

of dried flower powder was extracted with 99.5% 

methanol at a 1:10 (w/v) ratio (Powder: Solvent) for 24 

h at room temperature with continuous agitation [7]. The 

resulting extracts were concentrated under reduced 

pressure using rotary evaporation until complete 

removal of methanol, thereby preventing solvent-related 

cytotoxic effects in subsequent cell-based assays. All 

extracts were handled under standardized conditions to 

ensure reproducibility and suitability for biological 

evaluation. 

  

 Phytochemical quantification 

 Total phenolic content (TPC) 

 A 0.1 mL aliquot of the orchid flower extract was 

mixed with 0.5 mL of 10% Folin-Ciocalteu reagent and 

dark incubated for 1 min. Subsequently, 1.5 mL of 7.5% 

Na2CO3 was added, and the volume was adjusted to 4 

mL with distilled water. After dark incubation for 30 

min, the OD765 was measured using an Optizen 3220UV 

UV-Vis spectrophotometer (K LAB Co., Ltd., Daejeon, 

and Republic of Korea). TPC was ascertained using a 

gallic acid standard curve and expressed as mg gallic 

acid equivalents (GAE)/g dry weight (DW) [7,17,18].  

 

 Total flavonoid content (TFC) 

 A 0.5 mL aliquot of the extract was mixed with 1.5 

mL of methanol, 0.1 mL of 10% AlCl3, and 0.1 mL of 

1.0 M potassium acetate. The volume was then adjusted 

to 5 mL with distilled water. The mixture was incubated 

for 30 min at room temperature, and the OD415 was 

determined on the Optizen 3220UV UV–Vis 

spectrophotometer. TFC was calculated employing a 

quercetin standard curve and expressed as mg quercetin 

equivalents (QE)/g DW [17]. 

 

 Total tannin content (TTC) 

 TTC was determined by a Folin–Ciocalteu-based 

colorimetric method, adapted with modifications from 

Kanlayavattanakul et al. (2018) and Kannaian et al. 

(2020) [12, 19]. Briefly, a 0.2 mL aliquot of the extract 

was mixed with 2.5 mL of distilled water and 0.2 mL of 

Folin-Ciocalteu reagent, followed by 2 mL of 7% 

Na2CO3. After dark incubation for 90 min, the OD760 

was recorded. TTC was estimated using a tannic acid 

standard curve and expressed as mg tannic acid 

equivalents (TAE)/g DW. 

 

 Total anthocyanin content (TAC) estimated 

using the pH differential method 

 TAC was quantified by the pH differential method 

with adapted from Obsuwan et al. (2019) [7], based on 

Lee et al. (2005) [20]. A 0.5 mL aliquot of the extract 

was mixed separately with 4.5 mL of KCl (pH 1.0) or 

sodium acetate (pH 4.5) buffer. After 15 min of 

incubation, the OD510 and OD700 were measured. 

Anthocyanin content was calculated utilizing cyanidin-

3-glucoside as a standard and expressed as mg cyanidin-

3-glucoside/100 g DW with the formula: 

 

A =  (A510 − A700) pH1.0 − (A510 −

A700) pH 4.5         (1) 

 

Monomeric anthocyanin content was expressed as mg/L 

using: 
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Monomeric anthocyanin =  
𝐴×MW×DF×1000

ε×L
    (2) 

 

where MW = 449.2 g/mol, DF = 10, ε = 26,900 

L·mol⁻¹·cm⁻¹, and L = 1 cm. 

 

 Total sugar content (TSC) 

 The total soluble carbohydrate content (TSC) was 

determined by the phenol–sulfuric acid method of 

Dubois et al. (1956), with slight modifications [21]. 

Briefly, a 0.5 mL aliquot of the extract or glucose 

standard was mixed with 0.5 mL of 5% phenol and 2.5 

mL of concentrated sulfuric acid. The mixture was 

vortexed and incubated at room temperature for 30 min, 

after which absorbance was measured at 490 nm using 

an Optizen 3220UV UV–Vis spectrophotometer. 

Analyses were performed in triplicate, and results were 

expressed as mg glucose equivalents (GE)/g DW. 

 

 Reducing sugar content (RSC) 

 Reducing sugars were determined by a 

dinitrosalicylic acid (DNS)-based assay adapted from 

Miller (1959) and Leitão et al. (2023) with 

modifications [22,23]. A 0.5 mL aliquot of the extract 

was added to 0.5 mL of the DNS reagent, heated at 90 

°C for 5 min, and cooled on an ice bath. After cooling, 

2.5 mL of distilled water was added. The OD540 was 

ascertained with an Optizen 3220UV UV–Vis 

spectrophotometer. The assay was performed in 

triplicate, and results were expressed as mg glucose 

equivalents/g DW. 

 

 Vitamin C content 

 Vitamin C was determined by a ferric ion 

reduction–1,10-phenanthroline colorimetric method, 

adapted from Li et al. (2012) with modifications. [24]. 

For this, 1 g of dried orchid flowers was extracted with 

10 mL of 5% TCA, vortexed, and centrifuged at 10,000 

rpm for 10 min. Then, 0.5 mL of the supernatant was 

mixed with ethanol, 0.4% phosphoric acid–ethanol, 

0.5% 1,10-phenanthroline–ethanol, and 0.03 g/L ferric 

chloride, and incubated at room temperature for 30 min. 

The OD534 was recorded with an Optizen 3220UV UV–

Vis spectrophotometer. Vitamin C content was 

calculated based on an ascorbic acid standard curve and 

expressed as mg/g DW. 

 

 Antioxidant activity assay 

 2,2-diphenyl-1-picrylhydrazyl (DPPH)-based 

free radical scavenging assay 

 Free radical scavenging activity was determined 

by the DPPH assay, adapted from Obsuwan et al. (2019) 

with modifications [7]. Briefly, the extract, at different 

concentrations (2.5–40 mg/mL), was mixed with 2 mL 

of 0.2 mM DPPH in methanol and dark incubated for 30 

min. The OD515 was recorded. Free radical scavenging 

activity was ascertained by applying the formula: 

 

% DPPH inhibition =
(OD control−OD sample)

OD control
× 100   (3) 

 

 The IC50 values were determined, and the 

antioxidant activity was expressed as mg Trolox 

equivalents/g extract. 

 

 Ferric reducing antioxidant power (FRAP) 

Assay 

 FRAP activity was determined with slight 

modifications using 150 µL of the extract mixed with 

2.85 mL of the FRAP reagent (acetate buffer, FeCl₃, and 

TPTZ). After incubation at 37 °C for 30 min, the OD593 

was measured. The results were compared with a FeSO₄ 

standard curve and expressed as mM Fe²⁺/g DW [17]. 

 

 Tyrosinase inhibition assay 

 Tyrosinase inhibitory activity was evaluated using 

mushroom tyrosinase (Agaricus bisporus), a commonly 

used screening enzyme for tyrosinase inhibition studies 

[25]. The assay was adapted from Maksup and Obsuwan 

(2020), with modifications [8]. Briefly, a0.1 mL aliquot 

of the extract or standard (kojic acid at 5 mg·L⁻¹, 

L-ascorbic acid at 5 mg·L⁻¹, or quercetin at 3 mg·L⁻¹, 

corresponding to the concentrations used for the 

reference inhibitors in Figure 1(H) was mixed with 1.8 

mL of sodium phosphate buffer (pH 6.8) and 0.1 mL of 

tyrosinase (138 U). The mixture was incubated for 10 

min at room temperature and then added with 1 mL of 

2.5 mM Levodopa (L-DOPA). After further incubation 

for 10 min, the OD475 was recorded with an Optizen 

3220UV UV-Vis spectrophotometer. Inhibition was 

calculated employing the formula: 

 

% Inhibition =
A−(B−C)

A
× 100      (4) 
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where A = absorbance of the control, B = absorbance of 

the sample with tyrosinase, and C = absorbance of the 

sample without tyrosinase. 

 

 Cell culture  

 The human monocytic leukemia cell line THP-1 

(JCRB0112.1, lot#: 11102017) was obtained from the 

Japanese Collection of Research Bioresources Cell 

Bank, Osaka, Japan. The human keratinocyte cell line 

HaCaT and MRC-5 human fibroblasts were purchased 

from the American Type Culture Collection (ATCC), 

VA, USA. The murine melanoma cell line B16F10 was 

generously provided by Chulalongkorn University, 

Thailand. Cells were maintained in tissue culture flasks 

(T-25; Nunclon, Thermo Fisher Scientific, Shanghai, 

China) with complete growth medium (CGM). For the 

adherent cells, B16F10, MRC-5, and HaCaT, the CGM 

consisted of Dulbecco’s Modified Eagle’s Medium 

(DMEM; HyClone, Cytiva Life Sciences, UT, USA) 

supplemented with low or high levels of glucose, 10% 

fetal bovine serum (FBS; HyClone), 2 mM L-glutamine 

(Corning Inc., NY, USA), and 1% penicillin + 

streptomycin (HyClone). For the suspension cells, THP-

1, Roswell Park Memorial Institute medium (RPMI-

1640; Gibco, Thermo Fisher Scientific, MA, USA; cat#: 

21870076, lot#: 2051389), added with 10% FBS, 2 mM 

L-glutamine, and 1% penicillin + streptomycin, was the 

CGM.  

 

 Cell viability assays and crystal violet staining 

 Cytotoxicity was assessed using the resazurin cell 

viability assay. HaCaT, MRC-5, or B16F10 cells were 

seeded in 96-well plates at 1.5×10⁴ cells/well. To induce 

differentiation into macrophage-like cells (THP-1m), 

THP-1 cells were seeded in 96-well plates at 3.5×10⁴ 

cells/well and treated with 100 ng/mL phorbol 12-

myristate 13-acetate (PMA; Sigma-Aldrich, MO, USA; 

cat#: 16561298) for 48 h. The differentiated THP-1m 

cells were treated with 50 - 800 µg/mL of orchid extracts 

for 72 and 120 h (HaCaT, B16F10, and MRC-5) and 72 

h for THP-1m. Next, 120 µL of 4.4 µM resazurin was 

added and dark incubated for 4 h. OD570 and OD600 were 

measured using a microplate reader. 

 Cytotoxicity of the crude extracts was assessed 

using crystal violet staining followed by morphological 

observation. After treatment for the required duration, 

the cells were washed twice with PBS, fixed in 70% 

ethanol for 10 min, and stained with 0.5 %w/v crystal 

violet for 30 min. Excess dye was removed by rinsing 

with PBS. After air-drying, cell morphology was 

examined under a CK30 inverted microscope (Olympus 

Tokyo, Japan). 

 

 Reactive oxygen species (ROS) quantification 

 Intracellular ROS levels were determined using 

2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) 

staining, as previously described for THP-1-derived 

macrophages with modifications [26]. THP-1-derived 

macrophages (THP-1m) were seeded in 96-well plates 

at a density of 3.5 × 10⁴ cells/well and pretreated with 

each orchid extract at 400 µg/mL for 72 h. This 

concentration was selected based on preliminary 

cytotoxicity screening in the present study, which 

showed >90% cell viability and therefore allowed 

assessment of antioxidant effects without cytotoxic 

interference. Inflammation was then induced with 

lipopolysaccharide (LPS, 100 ng/mL) for 24 h. Cells 

treated with tert-butyl hydroperoxide (TBHP, 50 µM for 

30 min) served as a positive control for ROS generation. 

After treatment, cells were washed with PBS and 

incubated with 20 µM DCFH-DA for 45 min in the dark. 

Fluorescence images were captured using a fluorescence 

microscope, and intracellular ROS levels were 

quantified as corrected total cell fluorescence from at 

least three images per condition using ImageJ software 

and expressed relative to the untreated control. 

 

 Melanin contents 

 To evaluate the melanogenesis suppression 

capability of orchid extracts, the B16F10 cells were 

seeded in 6-well plates for 48 h at 1×106 cells/well. The 

medium was then replaced with a fresh one containing 

100 nM melanocyte-stimulating hormone (α-MSH) and 

incubated for 24 h. The cells were then treated with 

orchid extracts at 400 µg/mL for 72 h. Then, the cells 

were disassociated with 0.05 µM trypsin and lysed 

employing 10% dimethyl sulfoxide (DMSO) in 1N 

NaOH, at 70 °C for 1 h. Next, 100 µL of each 

supernatant was transferred into a 96-well plate, and the 

OD405 was measured with a microplate reader.  

 

 Statistical analysis 

 All experiments were performed using three 

independent biological replicates (n = 3) and presented 
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as the means ± standard deviation (SD). Statistical 

significance was evaluated using Duncan’s multiple 

range test (DMRT) at p < 0.05 with SPSS Statistics 

version 26 (IBM, NY, USA). 

 

Results and discussion 

 Although the phytochemical composition and 

biological activities of Dendrobium species have been 

reported previously, most studies focus on individual 

compounds or single biological endpoints. In contrast, 

the present study adopts an integrated, application-

oriented approach by valorizing surplus hybrid 

Dendrobium flowers as potential cosmetic bio-

resources. By systematically comparing dark- and light-

colored commercial cultivars, and by combining 

phytochemical profiling with multi-cellular safety 

assessment and melanogenesis-related bioactivity, this 

work provides new insight into cultivar-specific 

functional differences. Importantly, the study frames 

orchid flower by-products not merely as sources of 

antioxidants, but as differentiated bio-ingredients with 

distinct biological profiles, thereby supporting 

sustainable utilization within a circular economy 

framework. 

 

 Phytochemicals  

 All Dendrobium hybrids contained 

phytochemicals at varying levels (Figures 1(A) - 1(C)). 

The TPC ranged from 4.00 ± 0.07 to 4.48 ± 0.07 mg 

GAE/g DW, TFC from 2.87 ± 0.18 to 3.55 ± 0.13 mg 

QE/g DW, and TTC from 6.01 ± 0.04 to 7.19 ± 0.02 mg 

TAE/g DW. Black Pearl exhibited the highest TPC (4.48 

± 0.07 mg GAE/g DW), TFC (3.55 ± 0.13 mg QE/g 

DW), and TTC (7.19 ± 0.02 mg TAE/g DW). TFC did 

not markedly differ between Black Pearl and ‘Sonia Jo 

Daeng’. The lowest TPC was observed in White Pearl, 

Suree Peach showed the lowest TFC and TTC. The 

higher phenolic and anthocyanin contents observed in 

the darker cultivar extracts may partially explain their 

stronger antioxidant activity, consistent with the known 

redox-active properties of these phytochemical groups.  

 These findings are consistent with previous reports 

showing that purple-flowered orchid hybrids may 

contain elevated levels of flavonoids and anthocyanin-

related pigments in floral tissues [27]. These compounds 

exhibit free radical-scavenging activity and may 

contribute to cellular protection against oxidative 

damage, which is associated with chronic diseases such 

as cardiovascular disease, cancer, and diabetes [28,29].  
In addition, tannins are polyphenolic constituents 

known to contribute to antioxidant, anti-inflammatory, 

and antimicrobial activities and are therefore of interest 

for pharmaceutical and cosmetic applications [6]. In 

Dendrobium flower extracts, tannin content has been 

quantified together with antioxidant and enzyme 

inhibitory activities, supporting their potential as 

specialty cosmetic ingredients [12]. 

 The TAC was highest in Black Pearl (27.78 ± 5.67 

mg cyanidin-3-glucoside/100 g DW), while 

anthocyanins were undetectable in White Pearl (Figure 

1(D)). This pattern is consistent with findings in 

Rhynchostylis gigantea, in which anthocyanins were 

likewise not detected in the white-flowered form [30]. 

In Dendrobium flower extracts, pelargonidin and 

cyanidin have been identified among the major 

anthocyanins, and anthocyanins are widely recognized 

as pigments contributing to red-to-purple floral 

coloration and antioxidant activity [12,28]. Therefore, 

the greater accumulation of anthocyanins in the darker 

hybrid, particularly Black Pearl, may partly explain its 

stronger antioxidant performance relative to the paler 

hybrids. Beyond their general antioxidant capacity, 

anthocyanins such as cyanidin-3-O-glucoside may also 

contribute to antimelanogenic activity through 

interaction with the catalytic copper center of tyrosinase, 

although their inhibitory potency appears to depend on 

structural features and assay context [31]. In parallel, 

polyphenol- and flavonoid-rich extracts have been 

shown to suppress melanogenesis by downregulating 

MITF and downstream melanogenesis-related genes, 

including TYR, TRP-1, and TRP-2 [32]. Collectively, 

these mechanisms provide a plausible explanation for 

the strong antimelanogenic effect observed in the Black 

Pearl cultivar, which contained the highest anthocyanin 

content among the tested flowers. 

 The TSC and RSC ranged from 82.15 ± 4.00 to 

100.00 ± 1.19 and from 93.27 ± 2.07 to 143.17 ± 0.83 

mg/g DW, respectively. Black Pearl exhibited the 

maximum levels of both, while Suree Peach had the 

least. Vitamin C contents ranged from 1.35 ± 0.22 to 

3.37 ± 0.04 mg/g DW in Black Pearl, with Sonia ‘Jo 

Daeng’ containing markedly higher amounts. The 

elevated sugar levels observed in the darker flowers may 

be linked to enhanced anthocyanin biosynthesis, as 
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sucrose functions as a signaling molecule that induces 

anthocyanin accumulation and upregulates anthocyanin 

biosynthetic genes [33,34]. Vitamin C may also 

contribute to the antioxidant status of floral tissues, as 

ascorbate functions as a redox-active co-antioxidant 

involved in free radical scavenging and maintenance of 

cellular redox balance [35]. Collectively, these results 

indicate that enhanced sugar and vitamin C levels of 

Black Pearl may support enhanced pigmentation and 

antioxidant capacity. Nevertheless, these results should 

be interpreted with caution. Drying at elevated 

temperatures, as applied in the present study, may 

induce partial degradation of thermolabile compounds 

such as vitamin C and anthocyanins, potentially leading 

to an underestimation of their actual concentrations 

[36,37]. Furthermore, the colorimetric method used for 

vitamin C determination may overestimate true vitamin 

C levels due to interference from other reducing 

substances present in crude extracts. While suitable for 

comparative analysis across samples, this limitation 

highlights the need for more specific analytical 

approaches. Future studies employing high-

performance liquid chromatography (HPLC) would 

enable compound-specific quantification and provide a 

more accurate assessment of vitamin C stability in 

relation to floral pigmentation and antioxidant activity 

[38]. This study is limited to flower-derived crude 

extracts and in vitro screening models. Future studies 

should further identify active compounds using 

chromatographic profiling (HPLC/LC–MS), investigate 

melanogenesis-related signaling pathways, and validate 

efficacy and safety in advanced skin models or clinical 

settings. In addition, formulation studies including 

stability and compatibility testing are necessary to 

support potential cosmetic application. 

 

 Biological activities 

 The antioxidant capacity of the extracts, assessed 

employing DPPH and FRAP assays, was maximal in 

Black Pearl (DPPH: 0.40 ± 0.17 mg Trolox/g DW and 

IC₅₀: 0.80 ± 0.36 mg/mL; FRAP: 84.26 ± 3.99 mM 

Fe(II)/g DW) (Figures 1(E) - 1(G)). These findings are 

consistent with the elevated TPC, TFC, TTC, and 

anthocyanin contents observed in this cultivar. Such a 

relationship is plausible because the hydroxyl (–OH) 

groups of phenolic compounds can donate hydrogen 

atoms to free radicals, thereby interrupting oxidative 

chain propagation and enhancing radical-scavenging 

activity [39]. Such antioxidant-rich extracts may 

contribute to suppressing oxidative stress-related 

disorders, including atherosclerosis, cancer, and 

cardiovascular diseases [40,41]. ROS suppression in 

activated macrophage-like cells suggests that the 

extracts may exert antioxidant effects under 

inflammatory oxidative conditions [42,43], supporting 

potential cosmetic relevance in protecting skin from 

oxidative and inflammation-related stress [11,15]. 

 All extracts demonstrated notable tyrosinase 

inhibitory activity, ranging from 46.90 ± 3.37% to 59.71 

± 2.31% (Figure 1(H)). Black Pearl exhibited the 

strongest inhibition (59.71 ± 2.31%), comparable to 

Sonia ‘Jo Daeng’ (55.19 ± 1.50%), whereas Suree Peach 

and White Pearl showed the weakest suppressive 

effects. The positive association between tyrosinase 

inhibition and total flavonoid content suggests that 

flavonoids may contribute, at least in part, to 

melanogenesis suppression through direct tyrosinase 

inhibition. Proposed mechanisms include interaction 

with the copper-containing active site of the enzyme and 

competitive effects on substrate-related catalytic 

processes, depending on flavonoid structure [44,45]. 

While mushroom tyrosinase inhibition provides an 

initial screening of anti-melanogenic potential [9], 

melanocyte-based models offer greater biological 

relevance for evaluating pigmentation-related responses 

in the skin, particularly in the context of oxidative stress 

and photoaging [10,11]. In this study, the observed 

suppression of melanin accumulation in α-MSH-

stimulated melanocytes therefore provides biologically 

relevant support for the anti-melanogenic potential of 

the extracts. 
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Table 1 Total sugar content, reducing sugar, and vitamin C contents of the flower extracts of four Dendrobium hybrids. 

 
Total sugar 

(mg/g/DW) 

Reducing sugar 

(mg/g/DW) 

Vitamin C 

(mg/g/DW) 

D. Sonia ‘Jo Daeng’ 96.52 ± 0.89a 132.02 ± 0.83b 3.33 ± 0.167a 

D. Black Pearl 100.07 ± 0.97a 143.17 ± 0.68a 3.38 ± 0.03a 

D. Suree Peach 82.15 ± 3.3b 115.20 ± 0.61c 1.54 ± 0.21b 

D. White Pearl 86.88 ± 0.65b 93.27 ± 1.68d 1.35 ± 0.18b 

Values are presented as the means ± standard deviation (SD) of three independent replicates. The various letters in 

superscripts within the same column indicate statistically significant differences among groups (DMRT, p < 0.05; n = 3).  

 

 

Figure 1 Phytochemical contents and biological activities of the flower extracts of Dendrobium hybrids.  

 

 (A) Total phenolic content (TPC), (B) total 

flavonoid content (TFC), (C) total tannin content (TTC), 

and (D) total anthocyanin content (TAC). Antioxidant 

capacities were represented as (E) Trolox equivalent 

antioxidant capacity (TEAC), (F) DPPH radical 

scavenging activity expressed as IC₅₀ values, and (G) 

Ferric reducing antioxidant power (FRAP) assay. (H) 

Tyrosinase inhibitory activity of Dendrobium flower 

extracts compared with those of the standard 

compounds, kojic acid, L-ascorbic acid, and quercetin. 

Values represent mean ± SD (n = 3). Different letters 

indicate statistically significant differences (DMRT, p < 

0.05). Abbreviations: TPC, total phenolic content; TFC, 

total flavonoid content; TTC, total tannin content; TAC, 

total anthocyanin content; FRAP, ferric reducing 

antioxidant power. 
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 Morphological observations of the human 

fibroblasts, keratinocytes, and melanocytes, 

indicating cytotoxicity 

 Safety evaluation using different skin cell types is 

a critical step in developing plant-derived ingredients 

for cosmetic applications. The skin consists of several 

major cell populations, including fibroblasts, 

keratinocytes, and melanocytes. Assessing the effects of 

plant extracts on these representative cell types provides 

a realistic indication of their suitability for topical use. 

The crude extracts of Sonia ‘Jo Daeng’, Suree Peach, 

Black Pearl, and White Pearl flowers were evaluated for 

their cytotoxicity against MRC-5 human fibroblasts, 

HaCaT keratinocytes, and B16F10 melanocytes. After 3 

and 5 days of exposure, flower extracts at concentrations 

ranging from 50 to 800 µg/mL were non-cytotoxic, with 

relative cell viability > 90% (Figures 2(A) - 2(C), Table 

2). Crystal violet staining further confirmed these 

results; the OD570 did not vary significantly compared 

with the control, indicating that none of the extracts 

reduced cell viability (Figures 2(D) - 2(F)). 

Microscopic examinations supported these findings, 

revealing that cell morphology and confluency were 

preserved across all treatments. Images taken on day 5 

showed MRC-5 fibroblasts with normal elongated 

shapes comparable to the control group, with no 

evidence of shrinkage or detachment (Figure 2(G)). 

These results suggest that Dendrobium flower extracts 

were biocompatible and safe for subsequent bioassays. 

This safety profile may be attributed, at least in part, to 

their phytochemical composition. Alkaloids are 

nitrogen-containing natural products that are widely 

distributed in plants and are known to function in 

ecological defense against herbivores and pathogens 

[46,47]. However, many alkaloids also exhibit strong 

bioactivity, including cytotoxic effects against cancer 

cells [47]. In D. officinale, transcriptomic analysis 

together with organ-specific alkaloid quantification 

showed that total alkaloids accumulate most strongly in 

leaves, whereas flowers contain lower levels, supporting 

organ-specific differences in alkaloid accumulation 

among tissues [48]. 

 

Table 2 Cell viability of MRC-5 human fibroblasts, HaCaT keratinocytes, and B16F10 melanocytes after 3 days of 

exposure to the flower extracts of four Dendrobium varieties.  

 %Cell viability (800 µg/mL of flower extracts) 

 MRC-5 HaCaT B16F10 

D. Sonia ‘Jo Daeng’ 106.0 ± 2.88a 97.6 ± 4.11a 102.0 ± 2.57a 

D. Black Pearl 102.0 ± 9.78a 106.0 ± 7.09a 98.4 ± 3.16a 

D. Suree Peach 103.0 ± 5.01a 107.0 ± 4.62a 101.0 ± 2.35a 

D. White Pearl 100.4 ± 5.59a 102.0 ± 5.13a 98.7 ± 5.18a 

Values are presented as the means ± standard deviation (SD) of three independent replicates. The various letters in 

superscripts within the same column indicate statistically significant differences among groups (DMRT, p < 0.05; n = 3). 
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Figure 2 Cytotoxicity of Dendrobium flower extracts assessed using human fibroblasts (MRC-5), keratinocytes (HaCaT), 

and melanocytes (B16F10) based on cell morphology.  

 

 (A) - (C) Percent cell viability of MRC-5, HaCaT, 

and B16F10 cells after 5 days of treatment with various 

concentrations (50 - 800 µg/mL) of flower extracts of 

the Dendrobium cultivars Sonia ‘Jo Daeng’, Black 

Pearl, Suree Peach, and White Pearl. (D) - (F) 

Representative OD570 post-crystal violet staining, 

showing viable cell density on day 5, after treatment 

with orchid flower extracts. (G) Morphologically, the 

MRC-5 cells showed a typical shape on day 5 of 

exposure. Values represent mean ± SD (n = 3). Different 

letters indicate statistically significant differences 

(DMRT, p < 0.05). 

 

 Antioxidant/Redox-modulating effects  

 Before evaluating antioxidant/redox-modulating 

effects, the cytotoxicity of the four extracts was 

examined using THP-1-derived macrophages. After 3 

days of exposure to the extracts at concentrations 

between 50 and 800 µg/mL, the macrophage viability 

remained > 90% for all treatments, confirming their 

safety toward immune cells (Figure 3(A)). The 

oxidative stress-inducing potential of the extracts was 

assessed by measuring their ROS-generating ability 

using DCFH-DA staining. None of the four extracts 

induced ROS formation in unstimulated macrophages 

after 3 days of treatment (Figure 3(B)), confirming their 

non-pro-oxidative and biocompatible nature. In 

contrast, the ROS generated by LPS pre-treatment was 

effectively suppressed by the extracts of Sonia ‘Jo 

Daeng’ and Black Pearl flowers at 400 µg/mL. Notably, 

with Black Pearl extracts, the ROS levels decreased the 

most, by 3.43-fold compared with the LPS control 

(Figure 3(C)). We acknowledge that intracellular ROS 

is an upstream mediator rather than a direct marker of 

the inflammatory response; therefore, in this study we 

interpret the LPS-induced ROS reduction primarily as 

evidence of antioxidant and redox-modulating activity 

in activated macrophages, which may secondarily 

contribute to reduced intracellular ROS levels profile 

rather than constituting definitive proof of 
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anti-inflammatory action. Accordingly, we have 

softened our wording and now refer to “ROS reduction 

in LPS-stimulated THP-1 macrophages” instead of 

claiming direct Antioxidant and redox-modulating 

effects, and we recognize the lack of canonical 

inflammatory readouts (e.g., TNF-α, IL-6, IL-1β, 

COX-2, or NF-κB activation) as a limitation of the 

present work. Such a variation in the antioxidant 

influence of Dendrobium cultivars appears to be closely 

related to their pigment-associated phytochemical 

composition. Dark-colored orchids such as Black Pearl 

and Sonia ‘Jo Daeng’ exhibited more robust ROS 

scavenging than the light-colored varieties (Suree Peach 

and White Pearl), which can be attributed to their higher 

contents of anthocyanins, phenolics, and flavonoids, 

compounds with electron-donating and redox-

modulating properties [14]. Anthocyanins act as chain-

breaking antioxidants that directly neutralize reactive 

oxygen intermediates, while phenolic acids and 

flavonoids can chelate metal ions, thereby stabilizing the 

ROS contents through hydrogen atom and single 

electron transfer mechanisms [41]. By attenuating 

oxidative stress in LPS-stimulated macrophages, these 

phytochemicals are likely to modulate redox-sensitive 

signaling pathways such as NADPH oxidase and 

NF-κB, which are critically involved in the production 

of pro-inflammatory mediators [10,32], although 

specific cytokine and enzyme markers were not 

measured in this study and should be addressed in future 

work. Conversely, the cultivars with light-colored 

flowers, which contained fewer pigmented polyphenols, 

showed limited ROS-scavenging efficiency, consistent 

with their lower TPC and TAC.

 

 

Figure 3 Antioxidant effects of Dendrobium flower extracts in THP-1-derived macrophages. (A) Cell viability (%) after 

3 days of exposure to Sonia ‘Jo Daeng’ (R), Black Pearl (B), Suree Peach (S), and White Pearl (W) extracts at 50 - 800 

µg/mL, determined via the resazurin assay. (B) Intracellular ROS generation in unstimulated macrophages after 3 days 

of treatment with orchid extracts (400 µg/mL), visualized using DCFH-DA fluorescence microscopy. (C) ROS levels in 

LPS-stimulated macrophages (100 ng/mL, 24 h) treated with orchid extracts at 400 µg/mL. Values represent mean ± SD 

(n = 3). Different letters indicate statistically significant differences (DMRT, p < 0.05). 
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 Anti-melanogenic activity 

 The ability of Dendrobium flower extracts to 

inhibit melanin biosynthesis was investigated via 

melanin content assays. B16F10 melanocytes were 

treated with the crude flower extracts at 400 µg/mL, 

while for the positive controls, 100 µg/mL of kojic acid 

was added. These concentrations were selected based on 

the non-cytotoxic levels determined employing the 

cytotoxicity assays. Melanin synthesis was stimulated 

with 100 nM α-MSH, and melanin content was 

measured after 3 days. Among the tested cultivars, 

Black Pearl flower extracts significantly reduced 

melanin accumulation compared with the +α-MSH 

control, by ~41.17 ± 0.12%, indicating a 2.55- and 2.81-

fold reduction relative to Suree Peach and White Pearl 

flower extracts, respectively. The inhibitory ability of 

Black Pearl flower extracts was comparable to that of 

kojic acid, whereas that of Sonia ‘Jo Daeng’ showed 

moderate suppression. Microscopic observations 

corroborated these results; cells treated with Black Pearl 

flower extracts and kojic acid exhibited lighter 

pigmentation and fewer intracellular melanin granules, 

while the +α-MSH, Suree Peach, and White Pearl flower 

extracts-treated groups remained strongly pigmented. 

 Notably, the White Pearl extract increased 

melanin content to approximately 180% of the baseline 

level, which was even higher than that of the +α MSH 

control (~170%), indicating a lack of anti-melanogenic 

activity and a potential pro melanogenic or α MSH–

synergistic effect under the present experimental 

conditions. 

 Melanin, synthesized within the melanosomes of 

melanocytes, plays a critical photoprotective role by 

helping shield the skin from ultraviolet-induced damage 

and oxidative stress [10,11]. However, chronic UV 

exposure can dysregulate melanogenesis and contribute 

to hyperpigmentation [10,11,49]. Thus, identifying safe 

natural compounds that can modulate tyrosinase activity 

or suppress the expression of melanogenesis-related 

genes remains a major focus in skin-lightening research 

[50].  In the present study, Black Pearl flower extracts 

exhibited the maximal antimelanogenic effect, 

consistent with their highest phenolic, flavonoid, tannin, 

anthocyanin, and vitamin C contents. This effect may be 

related, at least in part, to the antioxidant-rich 

composition of the extract, because natural antioxidants 

can support melanocyte redox homeostasis [11]. In 

consistency, Sebok (SB) rice seed extracts, enriched in 

polyphenols (~21.6 mg TAE/g extract) and flavonoids 

(~14.1 mg QE/g extract), markedly suppressed 

melanogenesis in melan-a cells without affecting 

viability. At 100 µg/mL, SB reduced cellular tyrosinase 

activity by ~53.8% and downregulated MITF, TYR, 

TRP-1, and TRP-2 expression [32]. Additional studies 

have likewise shown that natural compounds can 

suppress melanogenesis in B16F10 cells through 

regulation of melanogenesis-related signaling pathways 

[50,52]. It should be noted that cell-free mushroom 

tyrosinase inhibition and cell-based melanogenesis 

assays evaluate different levels of biological response; 

cell-based systems additionally reflect intracellular 

regulation of tyrosinase activity, melanin accumulation, 

and melanogenic signaling [32,51,52]. This discrepancy 

may explain why some extracts that showed comparable 

mushroom tyrosinase inhibition, such as Suree Peach 

and White Pearl, did not reduce intracellular melanin 

accumulation in B16F10 cells; in the case of White 

Pearl, melanin content was even increased. These 

findings indicate that inhibition of mushroom tyrosinase 

in a cell-free assay does not necessarily translate into 

suppression of cellular melanogenesis, which is 

additionally influenced by intracellular uptake, 

metabolic transformation, substrate availability, and 

melanogenic signaling pathways, including the α-

MSH/MITF axis and downstream melanogenesis-

related genes [9,32,52]. It is therefore plausible that 

certain phytoconstituents present in these lighter-

colored cultivars may stimulate melanogenic signaling 

or counteract direct enzyme inhibition under cellular 

conditions, thereby overriding the inhibitory effect 

observed in the cell-free tyrosinase assay.  

 Here, the cultivars with dark-colored flowers 

(Black Pearl and Sonia ‘Jo Daeng’), which have higher 

anthocyanin and phenolic levels, exhibited a more 

robust depigmenting influence than those with lighter-

colored flowers (Suree Peach and White Pearl). This 

divergence between dark- and light-colored cultivars 

underscores the importance of cell-based assays for 

distinguishing truly depigmenting extracts from those 

with neutral or even pro melanogenic effects, despite 

similar performance in enzyme-based screening assays 

[9]. Anthocyanins most likely contribute through dual 
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mechanisms: Direct tyrosinase inhibition and oxidative 

signaling modulation that promotes melanogenesis 

[31,41]. The strong association between antioxidant 

capacity and melanin synthesis suppression suggests 

that the whitening activity of Dendrobium extracts 

primarily operates through redox rather than 

cytotoxicity regulation. Collectively, these findings 

highlight dark-pigmented Dendrobium flowers, 

particularly of Black Pearl, as promising sources of safe 

and effective natural whitening agents. In contrast, 

Suree Peach and White Pearl are not considered suitable 

whitening candidates based on the present data and may 

warrant further investigation to identify specific 

constituents responsible for their potential pro 

melanogenic activity. Their combined antioxidant, and 

tyrosinase-inhibitory activities suggest the potential use 

of surplus cut-flower orchids in cosmeceutical 

formulations aimed at alleviating hyperpigmentation 

and photoaging.

 

 

Figure 4 Anti-melanogenic effects of Dendrobium flower extracts determined using B16F10 melanocytes. (A) The 

appearance of melanin pellets in α-MSH-stimulated cells treated with Sonia ‘Jo Daeng’ (R), Black Pearl (B), Suree Peach 

(S), and White Pearl (W) flower extracts (400 µg/mL), compared with those exposed to α-MSH (control) and kojic acid 

(100 µg/mL). (B) Melanin content (%) relative to the −α-MSH control. (C) Representative micrographs showing 

intracellular melanin accumulation in α-MSH-stimulated B16F10 cells post-treatment with each extract. Data are 

expressed as the means ± SD (n = 3). Values represent mean ± SD (n = 3). Different letters indicate statistically significant 

differences (DMRT, p < 0.05). 

 

 

Conclusions 

 This study highlights the remarkable potential of 

Dendrobium flowers, particularly of the hybrid Black 

Pearl, as natural sources of antioxidant and anti-

melanogenic agents. Black Pearl flower extracts 

exhibited the highest phenolic, flavonoid, tannin, sugar, 

and vitamin C contents, resulting in a strong antioxidant 

ability. Its extracts were compatible with human 

fibroblasts, keratinocytes, melanocytes, and 

macrophages, maintaining > 90% cell viability at ≤ 800 

µg/mL. Moreover, Black Pearl flower extracts 

effectively reduced ROS generation and melanin 
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biosynthesis at levels comparable to those of kojic acid. 

Collectively, these findings establish a robust scientific 

foundation for the development of Dendrobium-derived 

cosmetic formulations targeting oxidative stress and 

hyperpigmentation. Beyond cosmetic applications, the 

demonstrated safety and potent antioxidant properties of 

Black Pearl flower extracts also suggest their potential 

for further exploration as functional bioingredients for 

food or nutraceutical applications. Utilizing surplus 

flowers of hybrid orchids as high value bioingredients 

could therefore enhance the economic and sustainable 

use of Thailand’s floricultural resources while 

advancing innovation in the cosmetic, nutraceutical, and 

healthcare industries. 

 This study is limited to flower-derived crude 

extracts and in vitro screening models. Future studies 

should further include cytokine profiling and 

inflammation-related signaling pathways to substantiate 

the anti-inflammatory potential suggested by ROS 

modulation, identify active compounds using 

chromatographic profiling (HPLC/LC–MS), investigate 

melanogenesis-related signaling pathways, and validate 

efficacy and safety in advanced skin models or clinical 

settings. In addition, formulation studies including 

stability and compatibility testing are necessary to 

support potential cosmetic application.  
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  A   =   ( A 510 − A 700 )   pH 1 . 0 − ( A 510 − A 700 )   pH   4 . 5


  Monomeric   anthocyanin   =     A × MW × DF × 1000  ε × L


  %   DPPH   inhibition =   ( OD   control − OD   sample )  OD   control × 100


  %   Inhibition =   A − ( B − C ) A × 100

