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ABSTRACT: Dendrobium, one of the largest genera in the Orchidaceae, represents a distinctive plant resource with 

ornamental, edible and medicinal value. Owing to its rich floral diversity and long history of dietary and medicinal use 

in East and Southeast Asia, Dendrobium has attracted sustained attention from horticulture, food science and 

pharmacological research. Ornamentally, this genus is characterized by diverse floral morphology, color variation, 

abundant germplasm resources, and well-established cultivation systems that support its widespread use. In terms of 

edible value, only certain species, especially Dendrobium officinale, have been formally incorporated into food use in 

China, with stems, flowers and leaves approved as food materials. These edible parts contain polysaccharides, flavonoids, 

alkaloids and phenolic compounds, providing a chemical basis for functional food development. Accumulating 

preclinical studies indicate that Dendrobium-derived constituents exert neuroprotective effects in experimental models 

of Alzheimer’s disease, Parkinson’s disease, aging, ischemic stroke and spinal cord injury. Reported mechanisms 

involve oxidative stress regulation, neuroinflammatory modulation, autophagy-lysosome pathways and gut-brain axis 

signaling. This review examines the ornamental, edible and neuroprotective value of Dendrobium from a food medicine 

homology, with emphasis on species-specific uses, edible-part composition, translational limits and future directions for 

rational development and application. 

Keywords: Dendrobium; food medicine homology; functional foods; neuroprotection; Alzheimer’s disease; Parkinson’s 

disease 

1. Introduction 
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Plants that simultaneously possess ornamental, edible and medicinal functions represent a distinctive 

category of biological resources in both traditional and modern use systems[1,2]. The genus Dendrobium 

(Orchidaceae), comprising more than 1,500 species distributed mainly across Asia and the Pacific region, 

exemplifies this multifunctionality[3]. Historically, Dendrobium species have been valued for medicinal use in 

traditional Chinese medicine and related ethnomedical systems[4,5], while selected species have also entered 

local diets as teas[6], decoctions[7] and culinary ingredients[8]. In parallel, Dendrobium has achieved global 

prominence as a cultivated ornamental orchid, supported by extensive breeding, commercial production and 

international trade[9]. 

The ornamental value of Dendrobium largely derives from its pronounced diversity in floral morphology, 

coloration, flowering behavior and growth habits[9,10]. Advances in tissue culture, controlled-environment 

cultivation and cultivar selection have enabled large-scale, standardized production of ornamental 

Dendrobium, ensuring stable supply and phenotypic consistency[11,12]. Although these characteristics primarily 

underpin the horticultural and commercial importance of Dendrobium, they also affect germplasm 

conservation, raw material traceability and cultivation management relevant to its sustainable use as a food 

and medicinal resource[9,13]. 

Within food medicine homology, several Dendrobium species, particularly Dendrobium officinale, have 

a long history of dietary use and have been formally approved as edible materials in China[14]. The stems, 

flowers and leaves of these species are incorporated into teas, beverages, solid preparations and other food 

forms[6-8]. Chemical and nutritional studies indicate that these edible parts are rich in polysaccharides, 

flavonoids, alkaloids and phenolic compounds, providing a biochemical basis for their rational development 

as functional food materials beyond traditional medicinal use[15]. 

Concurrently, an expanding body of pharmacological research has explored the neuroprotective effects 

of Dendrobium-derived constituents in experimental models of neurodegenerative and neurological 

disorders[16-18]. Preclinical studies report beneficial effects in models of Alzheimer’s disease (AD)[18], 

Parkinson’s disease (PD)[19], brain aging[20], ischemic stroke[21] and spinal cord injury[22], involving multiple 

pathogenic processes such as oxidative stress[23], neuroinflammatory signaling[24], autophagy-lysosome 

pathways[25] and disturbances of the gut-brain axis[26]. These findings suggest that Dendrobium may exert 

multi-target neuroprotective actions that are compatible with the complex etiology of neurological disorders[27], 

although the available evidence remains largely preclinical. 

In the context of food medicine homology, Dendrobium should not be treated as a homogeneous resource. 

Moreover, the broader concept of food medicine homology is also shifting from traditional experience-based 

understanding toward a more modern and prevention-oriented paradigm[2]. Dendrobium officinale is discussed 

here primarily in relation to edible use and regulated food development, whereas Dendrobium nobile is more 

prominently represented in alkaloid-rich neuropharmacological studies, and Dendrobium huoshanense 

appears in selected studies on polysaccharides and phenolic constituents. By contrast, ornamental Dendrobium 

includes both nobile-type and phalaenopsis-type horticultural groups, which overlap only partially with edible 
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or medicinal resources at the species level. This distinction is important for understanding which cultivation 

systems, plant parts and bioactive constituents are relevant to each application. This review examines the 

ornamental, edible and neuroprotective value of Dendrobium within food medicine homology, with emphasis 

on species-specific use, species-part-component relationships and translational limits relevant to realistic food 

use. 

2. Ornamental Value of Dendrobium 

Dendrobium species are valued as ornamental orchids primarily for their diverse flower shapes, vibrant 

colors and long flowering period[28]. The genus includes a broad range of species distributed across tropical 

and subtropical regions of Asia and the Pacific. This broad distribution has supported the development of 

distinct ornamental types adapted to different climatic and cultivation conditions[9]. 

Cultivated Dendrobium is commonly classified into two major groups based on flowering habit and 

ecological adaptation (Fig 1). The spring-flowering group (Soft-caned Dendrobium), represented by 

Dendrobium nobile and related species, typically exhibits pseudobulbous canes with seasonal leaf loss and 

produces dense flowers along mature stems following exposure to cooler temperatures. These plants are 

mainly used as potted ornamentals and are intrinsically linked to the traditional orchid culture of East Asia. In 

contrast, the autumn-flowering or phalaenopsis-type group (Hard-caned Dendrobium) is derived largely from 

evergreen tropical species and is characterized by robust canes, persistent leaves and inflorescences that 

emerge from the upper nodes. Owing to their relatively stable flowering under warm conditions and long-

lasting blooms, these cultivars dominate the international market for cut Dendrobium flowers. 

The ornamental appeal of Dendrobium flowers is determined by variations in floral architecture, labellum 

structure and pigment composition. Flower color is mainly related to anthocyanin and flavonoid 

composition[29-31], while differences in petal epidermal structure contribute to color intensity and visual 

stability[32]. In addition, substantial interspecific and cultivar-level variation exists in flowering duration and 

postharvest longevity, which directly influences ornamental quality and commercial usability[33]. 

As cut flowers, Dendrobium is recognized for its relatively long vase life compared with many other 

orchids. Flower longevity is closely related to temperature, water quality and ethylene sensitivity[34,35]. 

Appropriate postharvest handling (Fig 1), including timely harvesting at partial bloom, water control[36,37], 

maintenance at moderate temperatures[38], controlled atmosphere storage[39,40], irradiation[41] and the use of 

preservative solutions containing sugars and antimicrobial agents[42,43], can effectively delay petal senescence 

and extend display time. In some cultivars, inhibition of ethylene action further prolongs the vase life, making 

Dendrobium particularly suitable for transport and display over extended periods[43,44]. 

Ornamental cultivation of Dendrobium prioritizes visual traits, yet decades of horticultural practice have 

generated mature technical systems for species identification, clonal propagation and postharvest handling. 

While these protocols primarily serve the flower trade, they offer transferable expertise for germplasm 

conservation and raw material standardization in food and pharmaceutical sectors. However, direct conversion 

of ornamental germplasm to edible or medicinal use requires rigorous species authentication, compositional 
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evaluation and regulatory compliance. Thus, the value of ornamental Dendrobium lies not in direct substitution 

but in providing cultivation infrastructure and supply-chain support for approved edible and medicinal species. 

 
Fig 1. Differences in the classification of ornamental Dendrobium and techniques to extend the vase life of Dendrobium 

inflorescences. 

3. Edible Value of Dendrobium 

Dendrobium represents an important plant group within food medicine homology, with a documented 

history of both medicinal and dietary use in China and Southeast Asia[45]. Traditionally, the stems of 

Dendrobium, particularly those of Dendrobium officinale, have been used as medicinal materials for 

nourishing yin and promoting fluid production[46]. With the development of modern food regulations and 

growing interest in functional foods, additional plant parts, including flowers and leaves, have gradually been 

incorporated into edible applications[11]. Contemporary studies on chemical composition and nutritional 

characteristics indicate that different edible organs of Dendrobium contain distinct profiles of bioactive 

constituents, supporting their rational utilization as food materials[8,47]. 

3.1 Historical Use and Regional Dietary Culture 

The use of Dendrobium as both food and medicine is deeply rooted in traditional dietary and medical 

systems of China and neighboring regions, where the boundaries between nourishment and therapy have 

historically been fluid[48]. In the context of food medicine homology, Dendrobium served not only as a 

medicinal material but also as a dietary ingredient in everyday use within specific cultural traditions. In several 

regions of southern and southwestern China, sliced Dendrobium stems have long been consumed as herbal 

infusions or added to soups and congee, reflecting a dietary tradition that emphasizes mild, tonic foods 

intended for long-term consumption rather than acute treatment[5]. 

The dietary use of Dendrobium is also reflected in local culinary customs and seasonal practices. In some 

areas, Dendrobium preparations were traditionally associated with convalescence, seasonal dryness or aging-

related dietary adjustment, aligning with cultural concepts of balance and maintenance[49]. In Southeast Asia, 

particularly in Thailand and parts of Malaysia, orchid flowers, including those of Dendrobium, have been used 

as edible garnishes or ingredients in desserts and beverages, contributing to the broader cultural acceptance of 

orchids as edible plants[9,50]. 

At present, the transition of Dendrobium from traditional dietary use to regulated food material has been 
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formalized through modern food governance. In China, Dendrobium officinale stems were approved as a novel 

food ingredient in 2013, followed by the approval of leaves in 2017 and flowers in 2018[46]. In 2023, these 

plant parts were further included in the national list of substances traditionally used as both food and medicinal 

materials, establishing a clear regulatory basis for their use in conventional and functional foods[14]. 

Meanwhile, several provinces have issued local food safety standards for dried Dendrobium stems, flowers 

and leaves, covering processing requirements and safety indicators[11]. This regulatory development also 

reflects the broader evolution of food medicine homology policy in China, in which traditionally used 

substances are being re-evaluated within more systematic and internationally informed regulatory 

frameworks[51]. Together, historical dietary practices and contemporary regulatory frameworks provide 

complementary support for the current edible use of Dendrobium. 

3.2 Edible Parts and Major Nutritional and Functional Components 

The edible value of Dendrobium is species- and organ-dependent. Current discussion of food use is 

centered mainly on Dendrobium officinale, for which stems, flowers and leaves have been formally 

incorporated into regulated food use in China, whereas compositional data from other species are informative 

but should not be taken as directly interchangeable. For clarity, the major component classes discussed below 

should be interpreted in relation to specific species and plant parts rather than to the genus as a whole. The 

species-part-component correspondence and representative compositional characteristics of edible 

Dendrobium resources are summarized in Table 1. 

Table 1. Species-part-component correspondence and representative compositional characteristics of edible 

Dendrobium resources 

Species Part Major component 
Content range Representative food 

form 
Refs. 

D. officinale Stem 

Polysaccharides, 
flavonoids, phenolics, 
minor 
alkaloids/bibenzyls 

Polysaccharides 20-35% dry weight (DW), 
with higher values reported in some sources 
or harvest periods 

Slices, teas, 
decoctions, 
powders, solid 
beverages 

[53,55,56]

D. officinale Flower 

Flavonoids, phenolic 
glycosides, 
polysaccharides, 
amino acids 

Flavonoids around 1.4-1.8% DW; phenolic 
fraction prominent; polysaccharides up to 
13.75% DW 

Floral teas, dried 
flowers, soups, 
powders, functional 
beverages, edible 
garnishes 

[59-61] 

D. officinale Leaf 
Flavonoids, 
phenolics, 
polysaccharides 

Polysaccharides 8.99-16.55% DW; total 
flavonoids 7.66-9.50 mg/g DW; rutin 1.33-
2.89 mg/g DW 

Leaf teas, powders, 
compound 
beverages 

[60,67,71]

Selected 
non-
officinale 
species 
(e.g., D. 
nobile) 

Mainly 
stem 
or 
flower 

Species-dependent 
polysaccharides, 
phenolics, alkaloids 

Polysaccharides are a major constituent; 
total alkaloids are typically present at low 
levels, with dendrobine as a representative 
marker alkaloid; marked variation by 
source, growth stage, and harvest time. 

Traditional 
medicinal use (not 
approved for food) 

[4,15,54] 

3.2.1 Stems 

The stems, especially those of Dendrobium officinale, constitute the primary edible and medicinal parts 

and remain the most extensively studied food material within this genus. Chemical investigations indicate that 
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stems contain polysaccharides, flavonoids, phenolic compounds, alkaloids, bibenzyls and related secondary 

metabolites[52-54]. Among these, polysaccharides are generally the most prominent food-related constituents in 

stems and largely account for the characteristic viscosity, aqueous extractability and textural properties of 

stem-based products[55]. By contrast, alkaloids and certain bibenzyl-type constituents are more often 

emphasized in medicinal or pharmacological studies and may vary substantially across species, meaning that 

their presence should not be generalized across all edible Dendrobium materials. 

Dendrobium officinale stems exhibit a mild and slightly sweet taste, which facilitates their incorporation 

into teas, beverages and solid food products[45,56]. Safety evaluation studies, including acute toxicity and 

subchronic feeding assessments, have not revealed obvious toxicological concerns within recommended 

intake ranges[47,57,58], supporting the suitability of Dendrobium stems as food raw materials under regulated 

conditions. Available comparative studies also suggest that stems are compositionally distinct from flowers 

and leaves, with greater relevance to polysaccharide-rich preparations used in teas, beverages and other water-

based food forms. Accordingly, stems remain the most representative edible organ when discussing the food-

grade development of Dendrobium. 

3.2.2 Flowers 

The flowers of Dendrobium, particularly those of Dendrobium officinale and some related edible species, 

have attracted increasing attention as edible flowers and functional ingredients. Chemical analyses indicate 

that flowers contain polysaccharides, flavonoids, phenolic acids, free amino acids and minor lipid 

components[59,60]. Compared with stems, flowers generally show a greater relative contribution of flavonoids 

and phenolic compounds, whereas their polysaccharide profile is less emphasized in food research[60]. This 

compositional tendency is consistent with the use of flowers in dried teas, floral beverages and other products 

in which aroma, color and polyphenol-related sensory attributes are important. 

Edible flower products derived from Dendrobium are mainly used in the form of dried flowers, floral 

teas, powders or extracts[6,61]. Experimental studies in animal models have suggested potential biological 

activities of flower-derived extracts[62-64]; however, such findings should be interpreted cautiously, as they do 

not directly reflect nutritional outcomes at typical dietary intake levels. At present, the edible value of 

Dendrobium flowers is more appropriately understood in terms of their nutritional composition and suitability 

as food ingredients rather than confirmed health functions. 

3.2.3 Leaves 

Leaves were historically not recognized as major edible parts of Dendrobium, but recent studies indicate 

that they also contain polysaccharides, flavonoids and phenolic compounds[60]. Compared with stems, leaves 

appear to have greater relevance to polyphenol-related antioxidant properties and to whole-plant resource 

utilization, although their food application remains less established[65,66]. Based on compositional evidence 

and safety evaluations, Dendrobium officinale leaves have been approved for food use, and local standards 

have been formulated in certain regions to regulate quality parameters such as moisture content, impurity 

limits and heavy metal levels[67]. 
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The inclusion of leaves in food use may improve resource efficiency and reduce waste during cultivation 

and processing[68]. However, their current role is still complementary rather than central, and they should not 

be regarded as interchangeable with stems in terms of compositional profile, historical dietary use or product 

maturity. 

3.3 Major Forms of Consumption and Food Processing Applications 

Traditional consumption of Dendrobium is primarily based on aqueous extraction, reflecting both 

historical dietary practice and the physicochemical characteristics of its major constituents[60]. Sliced or dried 

stems are commonly infused or lightly decocted in water, allowing efficient extraction of water-soluble 

polysaccharides and other hydrophilic components. Flowers are typically prepared as floral teas or 

incorporated into soups and mild dishes, while leaves are less frequently used in traditional preparations. These 

practices align with the thermal sensitivity and solubility profiles of polysaccharides and polyphenolic 

compounds present in Dendrobium tissues[8]. 

With the formal approval of Dendrobium officinale stems, flowers and leaves as food materials, modern 

processing methods have been developed to adapt Dendrobium to standardized food products. In 

contemporary applications, Dendrobium raw materials are commonly processed into dried teas, granulated 

products, powdered ingredients and solid beverages[6,69,70]. Drying methods play a critical role in determining 

product quality. Low-temperature hot-air drying and freeze-drying are widely applied to preserve 

polysaccharides and flavonoids, whereas prolonged exposure to high temperatures may lead to partial 

degradation of heat-sensitive phenolic compounds[71]. 

Powdered Dendrobium products are mainly used as ingredients in compound beverages and solid drink 

formulations, often in combination with other plant-based materials[72]. In such applications, attention is paid 

to particle size distribution, hygroscopicity and dispersion properties to ensure product stability and sensory 

acceptability[70,73]. Extraction-based ingredients, including aqueous concentrates and dried extracts, are also 

utilized in some formulations; however, their application is generally constrained by considerations of 

compositional consistency, processing cost and regulatory classification. 

The stability of Dendrobium-derived components during processing and storage is an important quality 

consideration[74,75]. Polysaccharides are generally better preserved by freeze-drying, whereas hot-air drying 

can reduce polysaccharide retention and related functional readouts. However, the extent of loss varies with 

plant part, drying conditions and the indicator measured. Flavonoids and phenolic compounds are also 

susceptible to oxidation and thermal degradation. Accordingly, packaging strategies that limit moisture ingress 

and oxygen exposure are commonly employed to maintain product quality[39]. However, from the perspective 

of neuroprotective translation, stability should not be discussed only at the level of broad chemical classes. 

Many studies reporting neuroprotective effects have used enriched extracts, partially purified fractions or 

isolated compounds rather than conventionally processed food matrices. As a result, preservation of 

polysaccharides, flavonoids or phenolic compounds during drying and storage does not necessarily indicate 

preservation of neuroprotective efficacy after food processing. This issue is particularly relevant for phenolic 
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and other small-molecule constituents that may be sensitive to heat, oxidation and prolonged storage. 

Therefore, future work should distinguish compositional retention from functional retention and identify 

which food-compatible components remain biologically relevant after realistic processing and intake 

conditions. Currently, Dendrobium-based foods are positioned primarily as conventional or functional food 

ingredients, and their formulation is guided by compositional characteristics and safety assessments rather 

than by pharmacological efficacy. 

In summary, the edible value of Dendrobium is supported by a combination of historical dietary use, 

regulatory recognition and chemical composition. The stems, flowers and leaves provide distinct but 

complementary sources of polysaccharides and polyphenolic compounds, enabling diversified food 

applications (Fig 2). Further work is required to establish standardized processing methods, intake guidelines 

and evidence-based evaluation of nutritional relevance, thereby supporting the rational development of 

Dendrobium as a food-derived resource within food medicine homology. 

 
Fig 2. Edible value of Dendrobium: Edible parts and methods of consumption of Dendrobium. 

4. Neuroprotective Effects of Dendrobium 

In recent years, the neuroprotective effects of Dendrobium species and their derived constituents have 

been explored primarily in preclinical experimental systems[76]. These studies have examined a range of 

materials, including alkaloids, polysaccharides, phenolic compounds and partially purified extracts, using 

diverse in vitro and in vivo models relevant to neurodegeneration, aging-related functional decline and acute 

neural injury (Fig 3)[18,62,77]. Representative evidence differs across component classes, with Dendrobium 

nobile being particularly prominent in alkaloid-focused studies, Dendrobium officinale in polysaccharide-

oriented and gut-related studies, and selected other species such as Dendrobium huoshanense contributing 

additional phenolic or small-molecule evidence. 

Across these experimental contexts, Dendrobium-derived materials have been reported to influence 

several processes associated with neuronal vulnerability, including oxidative imbalance, inflammatory 
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responses, disturbances in protein homeostasis and mitochondrial dysfunction[23,78,79]. Within food medicine 

homology, however, these findings are best interpreted as mechanistic evidence that may inform preventive 

food research and function-oriented ingredient development, rather than as direct support for therapeutic 

efficacy under ordinary dietary exposure. To facilitate horizontal comparison across major component classes, 

representative preclinical models, mechanisms and translational relevance to food use, the available evidence 

is summarized in Table 2. 

Table 2. Comparative summary of major Dendrobium-derived component classes, neuroprotective 

mechanisms and food-use translational relevance 

Component 
class 

Species 
Preclinical 
models 

Main mechanisms 
Translational relevance to food 
use and limitations 

Refs. 

Alkaloids 
 

D. nobile 

AD, PD, 
aging, 
ischemic 
injury 

• Aβ-related pathology 
• Tau phosphorylation 
• Autophagy-lysosome 
function 
• Anti-
neuroinflammatory 
signaling 

Primarily studied as concentrated 
extracts or purified compounds; 
experimental doses generally 
exceed realistic food intake levels, 
which limits direct translation to 
food fortification 

[16,18,79,100] 

Polysaccharides 
 

D. officinale 
D. 
huoshanense 
D. nobile 

AD, 
aging, 
ischemic 
injury, 
SCI 

• Gut-brain axis 
modulation 
•  Systemic 
immunomodulation 
•  Antioxidant enzyme 
activation 
•  Cellular and 
mitochondrial protection

Relatively compatible with food 
matrices, but preparations are 
heterogeneous and structure-
function relationships remain 
insufficiently defined 

[21,22,26,94,106,116]

Phenolic 
compounds & 
Bibenzyls 
(erianin, 
moscatilin) 

D. officinale 
D. 
huoshanense 
and selected 
other 
species 

AD, PD, 
ischemic 
injury 

• Antioxidant (ROS 
scavenging) 
• Tau phosphorylation 
• Anti-
neuroinflammatory 
signaling 
• Mitochondrial 
protection 

Mechanistically relevant to food-
related polyphenol research, but 
their stability during processing 
and activity at realistic dietary 
exposure levels remain uncertain 

[19,25,91] 

4.1 Alzheimer's disease 

Among neurological disorders investigated in relation to Dendrobium, AD has received the most 

extensive experimental attention. Preclinical studies have evaluated a range of Dendrobium-derived materials. 

These include Dendrobium nobile alkaloids (DNLA) and individual alkaloids such as dendrobine, 

polysaccharides from Dendrobium officinale, as well as phenolic and bibenzyl compounds[79-81]. These 

materials have been examined across diverse AD-related models, including transgenic mice, chemically or 

diet-induced AD-like models, and cellular systems, consistently reporting improvements in cognitive 

performance or attenuation of neuropathological features[16,82,83]. While these constituents share common 

neuroprotective targets, such as oxidative stress and inflammation, available studies suggest partially distinct 

mechanistic emphases. Alkaloid-rich preparations from Dendrobium nobile may act more directly in central 

models, whereas polysaccharides from Dendrobium officinale are more often discussed in relation to gut-brain 

interactions and systemic immunomodulation, and phenolic compounds are commonly linked to antioxidant 
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and anti-inflammatory effects. 

In transgenic and induced animal models, DNLA has been shown to ameliorate learning and memory 

deficits, reduce amyloid beta (Aβ) deposition and preserve neuronal and synaptic integrity[79,84]. Mechanistic 

investigations suggest that DNLA influences both Aβ generation and clearance by modulating key proteins 

involved in amyloid processing, including amyloid precursor protein (APP), beta-site amyloid precursor 

protein cleaving enzyme 1 (BACE1) and presenilin-1 (PS1), alongside increased activity of amyloid-

degrading enzymes such as neprilysin and insulin-degrading enzyme[82,85]. In addition, DNLA has been 

reported to enhance autophagy-lysosome function by improving lysosomal acidification and promoting 

degradation of aggregated proteins, thereby facilitating Aβ clearance within neurons[86,87]. 

Dysregulated Tau phosphorylation represents another hallmark of AD pathology addressed in 

Dendrobium-related studies. DNLA and dendrobine have been reported to attenuate Tau 

hyperphosphorylation in aging and AD models through modulation of stress-associated signaling pathways, 

including endoplasmic reticulum stress-related protein kinase R-like endoplasmic reticulum kinase (PERK) 

activation and downstream kinases such as glycogen synthase kinase-3β (GSK-3β) and cyclin-dependent 

kinase 5 (Cdk5)[16,88-90]. Through these mechanisms, neuronal loss and synaptic disruption in hippocampal 

regions were alleviated in preclinical systems. Complementary findings from phenolic and bibenzyl 

compounds, including moscatilin, indicate reduced Tau phosphorylation and aggregation, potentially related 

to antioxidant activity and kinase inhibition[91]. 

Beyond Aβ and Tau pathology, Dendrobium-derived constituents have also been associated with 

modulation of neuroinflammatory responses and synaptic plasticity[92,93]. DNLA suppressed microglial 

activation and inflammasome-associated signaling in inflammation-related AD models, accompanied by 

reduced release of proinflammatory cytokines[24]. Additionally, improvements in synaptic structure and 

function were observed, including increased expression of synaptic proteins and normalization of 

neurotransmission-related pathways[83,93]. Polysaccharides from Dendrobium officinale have further been 

implicated in regulating gut-brain interactions in AD models, with reported changes in intestinal barrier 

integrity and microbiota composition coinciding with cognitive improvement[26,94]. Recent evidence that 

Dendrobium officinale oligosaccharides alleviate chronic colitis through concurrent modulation of 

inflammatory responses and gut microbiota further supports the plausibility that specific Dendrobium-derived 

carbohydrates may influence gut-derived inflammatory tone relevant to gut-brain axis signaling[95], although 

direct neuroprotective evidence from this line of work remains limited. 

Although these findings collectively suggest that Dendrobium-derived materials can influence multiple 

pathogenic processes relevant to AD, several limitations warrant consideration. The majority of evidence is 

derived from animal or cellular models, with substantial variability in experimental design, treatment duration 

and dosing strategies. In addition, the multifactorial and heterogeneous pathogenesis of AD further 

complicates mechanistic integration and therapeutic translation[96-98]. Material composition is often 

heterogeneous, particularly for alkaloid mixtures and polysaccharide preparations, which complicates 
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reproducibility and cross-study comparison. Moreover, pharmacokinetic properties, brain exposure, blood-

brain barrier relevance and long-term safety remain insufficiently characterized. It should also be noted that 

the tested materials were commonly administered as concentrated extracts, enriched fractions, purified 

compounds, or experimentally defined doses that are not directly comparable to ordinary dietary intake of 

Dendrobium-based foods. Consequently, current data are better interpreted as evidence of mechanistic 

neuroprotection in experimental AD models and as support for preventive food-oriented research, rather than 

as evidence of disease-modifying efficacy in humans. 

4.2 Parkinson's disease 

As another representative neurodegenerative disease, PD-related studies of Dendrobium have been 

conducted mainly in experimental models of dopaminergic neurodegeneration induced by neurotoxins or 

oxidative and inflammatory stress, reflecting the dominant pathological features targeted in current 

research[19,99,100]. In these models, Dendrobium-derived materials are evaluated primarily for their ability to 

preserve nigrostriatal dopaminergic neurons and to modulate glia-associated pathological processes. 

At the cellular level, several Dendrobium-derived small molecules and extracts have shown protective 

effects against oxidative injury in dopaminergic neuron-like systems. Compounds isolated from Dendrobium 

nobile, including alkaloid-related compounds, improved cell viability and reduced apoptosis in hydrogen 

peroxide-challenged PC12 or SH-SY5Y cells[101,102]. Additionally, metabolites produced by Dendrobium-

associated endophytic microorganisms demonstrated cytoprotective effects characterized by reduced reactive 

oxygen species accumulation, stabilization of mitochondrial membrane potential, and attenuation of 

inflammatory signaling, with activation of nuclear factor erythroid 2-related factor 2 (Nrf2)-associated stress 

response pathways frequently implicated[103]. 

More disease-relevant findings have been obtained from toxin-based animal models. Alkaloid-enriched 

fractions from Dendrobium nobile, particularly DNLA, have been reported to alleviate dopaminergic neuron 

loss in the substantia nigra and to improve motor performance in 6-hydroxydopamine (6-OHDA) lesioned 

rodents. Mechanistic analyses indicate that these effects are associated with suppression of microglial 

activation and reduced production of proinflammatory mediators, suggesting that modulation of 

neuroinflammatory pathways contributes to the observed neuroprotection[100,102]. Consistent with these 

observations, ethanol extracts of Dendrobium nobile have been shown to protect dopaminergic neurons and 

enhance stress resistance in Caenorhabditis elegans models, implicating conserved cellular defense 

mechanisms[104]. 

Phenolic constituents, particularly bibenzyl derivatives, represent another important class of 

Dendrobium-derived compounds investigated in PD-related models. Compounds such as erianin have 

demonstrated protective effects in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced PD mouse 

models, accompanied by improved motor behavior and preservation of dopaminergic markers[19]. In 

microglial activation systems, these compounds suppressed inflammatory signaling pathways, including 

nuclear factor-κB (NF-κB) and inflammasome-associated cascades, while reducing oxidative stress markers, 
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supporting a role for immunomodulation in their neuroprotective actions. 

Despite these convergent findings, several limitations should be noted. Most studies rely on acute or 

subacute toxin-based models that reproduce selected aspects of dopaminergic degeneration but do not capture 

the chronic progression and etiological complexity of PD. In addition, heterogeneity in material composition, 

particularly among crude extracts and alkaloid mixtures, limits reproducibility and mechanistic resolution. 

Pharmacokinetic properties, blood-brain barrier penetration and long-term safety of Dendrobium-derived 

constituents remain insufficiently characterized. Importantly, the exposure conditions used in these studies 

often involve concentrated extracts, alkaloid-enriched fractions or isolated compounds at experimental doses 

that are not directly comparable to daily dietary intake. Accordingly, current evidence supports mechanistic 

neuroprotective potential in experimental PD models and may inform preventive food or ingredient research, 

but it does not yet provide a basis for therapeutic or disease-modifying claims in clinical PD. 

4.3 Aging-Related Neuroprotection 

Dendrobium has been examined in a range of experimental models that address age-associated changes 

in neural function, including cognitive performance, oxidative balance, inflammatory status and cellular stress 

responses[20,80]. These studies address functional decline during aging and provide insight into how 

Dendrobium-derived constituents influence the aging nervous system. 

Polysaccharides isolated from Dendrobium officinale and Dendrobium huoshanense have been widely 

evaluated in chemically induced aging models[105], most commonly D-galactose-treated rodents[80,106]. In these 

models, administration of Dendrobium polysaccharides was associated with improved learning and memory 

performance, increased activities of endogenous antioxidant enzymes and reduced accumulation of oxidative 

damage markers in brain tissues[107,108]. Concurrently, decreases in proinflammatory mediators and 

improvements in mitochondrial-related indices have been reported, suggesting coordinated regulation of redox 

homeostasis and cellular energy metabolism during aging[109-111]. 

Alkaloids from Dendrobium nobile, particularly DNLA, have also been investigated in aging-prone 

animal models such as senescence-accelerated mouse-prone 8 (SAMP8) mice. In these systems, DNLA 

treatment was associated with improvements in cognitive behavior and synaptic integrity. Mechanistic 

analyses indicated modulation of cellular stress-related pathways, including attenuation of excessive 

endoplasmic reticulum stress and partial normalization of autophagic activity, which may contribute to 

enhanced neuronal survival under aging-related stress conditions. 

Additional experimental evidence from lower-order model organisms further supports the influence of 

Dendrobium-derived constituents on aging-associated neural phenotypes. Dendrobine has been reported to 

extend lifespan and enhance stress tolerance in yeast and invertebrate systems[77,112], while extracts obtained 

from Dendrobium flowers and other plant parts have been shown to affect neurotransmitter balance and 

hippocampal morphology in senescent animals[110]. 

Taken together, existing studies indicate that Dendrobium-derived polysaccharides and alkaloids 

modulate multiple biological processes associated with neural aging, including oxidative stress, inflammatory 
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responses and cellular stress pathways. However, the available evidence remains derived from preclinical 

models with variable experimental designs and material definitions. In addition, many studies employ 

concentrated extracts or purified constituents at doses that exceed ordinary dietary exposure, which limits 

direct nutritional interpretation. Therefore, these findings are more appropriately regarded as mechanistic 

support for the possibility that Dendrobium-derived food materials or ingredients may contribute to healthy 

aging research, rather than as direct evidence that routine dietary intake can reproduce the reported anti-aging 

neuroprotective effects. 

4.4 Neuroprotection in Acute Neural Injury 

In addition to chronic and aging-related contexts, Dendrobium-derived constituents have been 

investigated in experimental models of acute neural injury, including ischemic brain damage and traumatic 

spinal cord injury[113,114]. These models are characterized by rapid neuronal loss and secondary injury cascades 

involving oxidative stress, mitochondrial dysfunction, and inflammatory responses. Studies in this area focus 

on the capacity of Dendrobium-related materials to mitigate early pathological events and to support structural 

and functional recovery following acute neural insult. 

Compounds isolated from Dendrobium nobile and related species have demonstrated neuroprotective 

effects in experimental models of cerebral ischemia and reperfusion injury. In middle cerebral artery occlusion 

(MCAO) models, administration of Dendrobium nobile compounds was associated with reduced infarct 

volume, improved neurological scores and decreased neuronal apoptosis[115]. Mechanistic investigations 

indicated that these effects were accompanied by suppression of ischemia-induced inflammatory responses 

and modulation of cell-survival-related signaling pathways[113]. 

Studies on Dendrobium officinale polysaccharides have further suggested a supportive role in post-

ischemic recovery through indirect mechanisms. In vitro experiments showed that these polysaccharides 

promoted neuronal differentiation of bone marrow-derived mesenchymal stem cells by regulating 

developmental signaling pathways. Transplantation of such induced cells into ischemic injury models was 

associated with reduced expression of inflammatory markers and partial functional recovery, indicating 

potential involvement in neural repair processes following acute injury[116]. 

In addition to naturally occurring compounds, Dendrobium-derived phenolic structures have also inspired 

the development of bioactive derivatives targeting ischemic injury-related mechanisms[117]. Modified bibenzyl 

compounds demonstrated protective effects in ischemic models through attenuation of oxidative damage, 

regulation of mitochondrial function and reduction of excitotoxic signaling, supporting the experimental 

neuroprotective potential of Dendrobium-associated chemical classes. 

Neuroprotective effects of Dendrobium constituents have also been examined in experimental models of 

traumatic spinal cord injury. Administration of Dendrobium nobile polysaccharides in spinal cord contusion 

models improved locomotor function, reduced lesion cavity formation and preserved neuronal and glial 

architecture[22]. These outcomes were associated with attenuation of secondary injury processes that contribute 

to progressive tissue damage after trauma. Mechanistic studies have implicated regulation of ferroptosis-
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related pathways in these effects. Treatment with Dendrobium-derived polysaccharides was reported to restore 

glutathione levels, enhance antioxidant enzyme activity and maintain mitochondrial integrity within injured 

spinal cord tissue. By limiting iron-dependent lipid peroxidation and oxidative damage, these materials may 

help protect against secondary neuronal loss following spinal trauma. 

Although these studies suggest that Dendrobium-derived materials may attenuate secondary injury 

cascades in acute neural damage, their interpretation requires particular caution. The relevant models involve 

severe and rapidly evolving pathological conditions, and the tested materials are usually administered as 

isolated compounds, enriched fractions or experimentally defined doses rather than as conventional foods. As 

a result, the observed benefits should not be directly extrapolated to daily dietary intake or to routine food use 

scenarios. At present, these findings are best understood as experimental evidence of neuroprotective potential 

in acute injury systems, with uncertain relevance to food-level exposure in humans. 

 
Fig 3. Neuroprotective Effects of Dendrobium. 

5. Conclusions and Future Perspectives 

Dendrobium represents a distinctive plant resource within food medicine homology, characterized by 

long-standing dietary use, formal regulatory recognition and increasing investigation of biological activities. 

However, this genus should not be treated as a homogeneous entity across ornamental, edible and 

neuroprotective contexts. Current evidence suggests that different species, plant parts and preparations 

contribute unequally to these applications. In particular, Dendrobium officinale is most relevant to regulated 

edible use, whereas Dendrobium nobile is more prominently represented in alkaloid-centered 

neuropharmacological studies. 

Neuropharmacological studies suggest that Dendrobium-derived materials can modulate diverse 

processes involved in neuronal vulnerability, including oxidative stress, inflammatory signaling, autophagy-

related dysfunction, mitochondrial injury and gut-brain interactions. These findings support mechanistic 

plausibility for neuroprotective actions in experimental systems, but important translational barriers remain. 
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Current evidence is dominated by preclinical studies with substantial heterogeneity in species, plant parts, 

extraction methods and chemical characterization. Oral bioavailability, tissue distribution and blood-brain 

barrier relevance of specific constituents remain insufficiently defined. In addition, the doses and 

administration routes used in experimental settings are often not comparable to exposures achievable through 

conventional food consumption, and long-term safety under realistic intake conditions remains inadequately 

characterized. Therefore, the present evidence should be interpreted as supporting biological plausibility and 

research value rather than clinical efficacy or dietary recommendations. 

Future research on Dendrobium within food medicine homology should prioritize several issues. First, 

species-authenticated raw materials and species-part-component relationships should be more clearly 

established to improve reproducibility and avoid overgeneralization at the genus level. Second, standardized 

processing methods and quality markers should be developed to better preserve food-relevant active fractions 

and to improve batch-to-batch consistency. Third, future studies should distinguish compositional retention 

from functional retention and should evaluate whether food-compatible preparations retain biologically 

relevant activity after realistic processing and storage conditions. Fourth, more attention should be paid to 

exposure-relevant study designs, including pharmacokinetic evaluation, dose conversion and long-term 

nutritional safety[118,119]. 

For future development, Dendrobium may be more appropriately advanced first as a preventive or health-

supporting food resource rather than as a therapeutic intervention. Functional teas, beverages, powders and 

other food-grade ingredients derived from species with established edible use may represent the most realistic 

near-term direction. Ultimately, well-designed human studies, together with stronger integration of food 

science, phytochemistry, neuropharmacology and regulatory evaluation, will be necessary to define the 

appropriate scope and limitations of Dendrobium within modern food medicine homology. 
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