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Abstract 

Context: Edible bird's nest (EBN), a salivary secretion produced by swiftlets, is a traditional functional food with reported nutritional and biological benefits, but 

evidence on its safety, translational relevance, and pharmacological activity remains insufficiently clarified. 

Aims: This systematic review evaluated evidence on EBN's nutritional composition, bioactive constituents, pharmacological activities, safety concerns, and 

human relevance. 

Methods: PubMed and Scopus were searched for studies published between January 2016 and May 2026, with the final search on June 3, 2026. Eligible studies 

included compositional analyses, in vitro experiments, and animal studies evaluating EBN or EBN-derived preparations; studies that did not address EBN or its 

pharmacological activity were excluded. Data were synthesized qualitatively by study type, source, processing method, outcomes, and pharmacological 

activity; risk of bias was assessed using SYRCLE and QUIN. The review was prospectively registered with PROSPERO (CRD420261426214). 

Results: Sixteen preclinical studies met the eligibility criteria; clinical studies were not included in the formal synthesis. Compositional studies generally 

reported high protein and carbohydrate content, detectable levels of sialic acids, and mineral profiles that varied by origin, nest type, and processing method. 
Preclinical findings indicated antioxidant, anti-inflammatory, immunomodulatory, neuroprotective, and antiviral activities, though evidence was 

heterogeneous and mechanisms were largely inferred rather than directly validated. Safety concerns included nitrite, heavy metal, and microbial 

contamination, allergenicity, and processing-related variability.  

Conclusions: EBN contains several biologically active constituents with potentially promising pharmacological activities in experimental models. However, 

clinical evidence remains extremely limited, and well-designed randomized controlled trials are needed before therapeutic applications can be recommended.  

Keywords: Aerodramus fuciphagus; antioxidant activity; functional food; glycoproteins; preclinical evidence; sialic acid. 

 

Resumen 

Contexto: El nido de ave comestible (EBN), secreción salival de las salanganas, se ha consumido tradicionalmente como alimento funcional, con beneficios 
nutricionales y biológicos reportados. Sin embargo, la evidencia sobre su seguridad, relevancia traslacional y actividad farmacológica no se ha aclarado lo 

suficiente.  

Objetivos: Esta revisión sistemática evaluó la evidencia sobre la composición nutricional, los constituyentes bioactivos, las actividades farmacológicas, las 

preocupaciones de seguridad y la relevancia humana del EBN. 

Métodos: Se realizaron búsquedas en PubMed y Scopus de estudios publicados entre 2016 y mayo de 2026. Se incluyeron análisis de composición y estudios in 
vitro o en animales sobre el EBN o sus derivados, excluyendo los que no evaluaran su actividad farmacológica. Los datos se sintetizaron según el tipo de estudio, 

la fuente, el procesamiento, los resultados y la actividad farmacológica; el riesgo de sesgo se evaluó mediante SYRCLE y QUIN. La revisión se registró en 

PROSPERO (CRD420261426214). 

Resultados: Dieciséis estudios preclínicos cumplieron los criterios. Los estudios clínicos no fueron incluidos en la síntesis formal. Los estudios de composición 

mostraron un alto contenido de proteínas y carbohidratos, ácido siálico detectable y perfiles minerales variables según el origen, el tipo de nido y el 
procesamiento. Los estudios preclínicos reportaron actividad antioxidante, antiinflamatoria, inmunomoduladora, metabólica, reproductiva, neuroprotectora, 

dermatológica, antimicrobiana y antiviral, aunque la evidencia fue heterogénea y los mecanismos se infirieron a partir de biomarcadores, sin validación directa. 

Las preocupaciones de seguridad incluyeron nitritos, nitratos, metales pesados, contaminación microbiana, alergenicidad, adulteración y variabilidad en el 

procesamiento. 

Conclusiones: La evidencia actual indica que el nido de ave comestible contiene diversos componentes biológicamente activos y presenta actividades 
farmacológicas prometedoras en modelos experimentales. No obstante, la evidencia clínica sigue siendo extremadamente limitada, por lo que se requieren 

ensayos controlados aleatorizados bien diseñados antes de poder recomendar aplicaciones terapéuticas. 

Palabras Clave: actividad antioxidante; Aerodramus fuciphagus; alimento funcional; ácido siálico; evidencia preclínica; glicoproteínas. 
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Abbreviations: ABTS: 22,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) assay; α-SMA: Alpha-smooth muscle actin; 
BDNF: Brain-derived neurotrophic factor; CALU: Calumenin; CREB: cAMP-responsive element-binding protein; DPPH: 
2,2-Diphenyl-1-picrylhydrazyl; EBN: Edible bird’s nest; EGF: Epidermal growth factor; ERK: Extracellular signal-regu-
lated kinase; FRAP: Ferric reducing antioxidant power; FSH: Follicle-stimulating hormone; GLUT2: Glucose transporter 
2; GNE: UDP-N-acetylglucosamine 2-epimerase/N-acetylmannosamine kinase; HUVEC: Human umbilical vein endothe-
lial cells; IgA: Immunoglobulin A; IgE: Immunoglobulin E; IgG3: Immunoglobulin G3; IgM: Immunoglobulin M; IL-1β: 
Interleukin-1 beta; IL-2: Interleukin-2; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-10: Interleukin-10; LH: Luteinizing hor-
mone; MSLN: Mesothelin; MUC5AC: Mucin 5AC; Neu5Ac: N-Acetylneuraminic acid; NOS: Nitric oxide synthase; 
ORAC: Oxygen radical absorbance capacity; PUFA: Polyunsaturated fatty acids; ROS: Reactive oxygen species; SCFA: 
Short-chain fatty acids; ST8SIA4: ST8 alpha-N-acetylneuraminide alpha-2,8-sialyltransferase 4; T2DM: Type 2 diabetes 
mellitus; TNF-α: Tumor necrosis factor-alpha; VEGF: Vascular endothelial growth factor. 
 

INTRODUCTION 

Edible bird’s nest (EBN) is a high-value natural 
product produced by a few species of the genera Aero-
dramus and Collocalia of the Apodidae family. How-
ever, the most traded EBNs nowadays originate from 
the white-nest swiftlets, namely Aerodramus fuciphagus, 
Aerodramus unicolor, Aerodramus francicus, and Aerodra-
mus germani, and the black-nest swiftlets, namely Aer-
odramus maximus, and several species of the Collocalia 
genus (Kong et al., 2022). Intriguingly, EBNs obtained 
from Aerodramus fuciphagus are more preferred com-
pared to others because of their purity, in terms of no 
contamination with feathers or bird droppings (Chua 
& Zukefli, 2016). Beyond visible contamination, the 
high market value of EBN also raises concerns about 
authentication and species identification, which are 
addressed in detail below, alongside the review's 
safety findings. In Chinese tradition, EBN has been rec-
ognized since the Tang Dynasty as a symbol of social 
status among the nobility (Lee et al., 2021). Today, pro-
duction is concentrated in Southeast Asia, particularly 
Indonesia, Malaysia (Sarawak & Sabah), Thailand, and 
Vietnam (Hobbs, 2004). From January to July 2025, In-
donesia exported EBN worth USD 260.04 million, pri-
marily to China (USD 201.65 million) (BPS Indonesia, 
2025), thereby supporting EBN's status as one of the 
most expensive animal products with health and me-
dicinal benefits (Mohamad et al., 2021).  

From an anatomical perspective, EBNs are formed 
from glutinous salivary secretions produced by male 
adult swiftlets (Fig. 1) over a period of approximately 
35 days, during nesting and breeding, in seaside caves 
or artificial structures, using a gel-like, cementing fi-
brous material (Al-Khaldi et al., 2022; Ma & Liu, 2012; 
Marcone, 2005). Traditional Chinese medicine has his-
torically recommended EBN for a wide range of condi-
tions, including dry cough, general weakness, gastro-
intestinal discomfort, and respiratory ailments. EBN 
has also been associated with improved skin appear-
ance and enhanced voice quality, reflecting its role as a 
restorative dietary tonic rather than a targeted phar-
maceutical intervention. In general, EBNs contain a 
complex array of nutrients, including high protein and 

carbohydrates, amino acids, minerals, low fat and fatty 
acids, and other bioactive compounds (Hun et al., 2020; 
Mohd Noor et al., 2018; Shi et al., 2017; Yida et al., 
2015a). The triglycerides of EBNs were associated with 
abundant polyunsaturated fatty acids (PUFAs) (Dai et 
al., 2021). The nests (Fig. 2) are usually double-boiled 
for 30-45 minutes with rock sugar to produce a delicate 
luxury soup (Hobbs, 2004; Mohd Noor et al., 2018) or 
added with chicken broth and ginseng for a savorier 
taste (Hobbs, 2004), thus making it highly esteemed as 
a food tonic (Al-Khaldi et al., 2022; Marcone, 2005). 

However, from a compositional perspective, EBN is 
rich in sialic acid, glycoproteins, and other bioactive 
constituents, including epidermal growth factor and 
collagen. These components have attracted growing 
scientific interest due to their potential biological rele-
vance (Chua & Zukefli, 2016; Daud et al., 2021). Exper-
imental studies have reported a range of pharmacolog-
ical activities associated with EBN, including immuno-
modulatory, antioxidant, anti-inflammatory, and anti-
aging effects (Harahap et al., 2023). EBN has also been 
reported to exhibit antiviral activity, particularly 
against influenza A virus (Akmal et al., 2017), and has 
been explored for its potential role in respiratory 
health management, including conditions such as 
asthma and chronic obstructive pulmonary disease 
(Cheng et al., 2024). Despite its long-standing use in 
traditional medicine and the empirical evidence from 
recent scientific studies, the mechanism underlying the 
reported health benefits of EBN remains only partially 
understood (Yan et al., 2021).  

Consequently, current interpretations of EBN’s po-
tential therapeutic relevance largely rely on observed 
biological outcomes rather than on clearly established 
molecular pathways. As summarized in Table 1, re-
views from the past decade have either focused nar-
rowly on a single pharmacological domain (Chi et al., 
2026; Gong et al., 2026; Yan et al., 2021) or broadly sur-
veyed EBN properties without systematic methodol-
ogy (Arya et al., 2025; Dai et al., 2021; Lee et al., 2021). 
The closest approach is Yan et al. (2021), whose system-
atic review of EBN's bioactive compounds and glyco-
peptide hydrolysates focuses on functional-food for-
mulation rather than pharmacological mechanisms.  

https://jppres.com/


Musdalifah et al. Edible bird’s nest for human health 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(5): 3 

 

 

 

Figure 1. House edible bird’s nest (EBN) produced by male adult swiftlets. 

This figure was taken by the first author at Pinrang Regency, located in the northwest of the South 

Sulawesi peninsula, South Sulawesi, Indonesia. 

 
 
 

 

Figure 2. Harvested house edible bird’s nest (EBN) from Pinrang Regency. 

This was located in northwest South Sulawesi, Indonesia. 
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Table 1. Comparison of Published Reviews about EBN. 

Previous review, 

Year 
Focus Current review contribution 

Chi et al., 2026 Systematic review limited to animal studies 
only, on cognitive function/neuroprotection 

only (11 studies) 

Confined to one physiological axis (CNS) via a narrow, effectively 
single-endpoint synthesis. Together with Gong et al., this forms a 

neuro-centric cluster in the EBN literature; neither review, nor the 

two combined, systematically evaluates cardiometabolic, 

antimicrobial/antiviral, antitumor, or wound-healing 

pharmacology.  

The current review closes this gap by applying the same PRISMA 

rigor across all reported biological systems, making 

neuroprotection one evidenced domain among several rather than 

the sole endpoint, enabling cross-system comparison of evidence 

strength that a single-domain review structurally cannot offer. 

Gong et al., 2026 Systematic review that organizes EBNs ' 
bioactive into functional network modules 

for brain aging (oxidative stress, 

neuroinflammation, apoptosis, and gut-

brain) 

Broader mechanistically than Chi et al., but still confined to CNS. 
The two reviews overlap thematically rather than complement 

each other. Gong's contribution is a proposed framework of how 

mechanisms might interconnect, not a tally of what has been 

experimentally shown.  

The current review differs on two axes: (i) scope (extending beyond 
CNS to multiple systems), and (ii) evidentiary basis (replacing 

theoretical/hypothesized mechanistic linkage with a study-by-

study PRISMA tally of demonstrated evidence); effectively, this 

review converts a hypothesized mechanism map into a verified 

evidence map. 

Arya et al., 2025 Narrative review that spans nutrition, 

therapeutics, ecology, and 

market/commercial relevance of EBN 

Breadth across non-biomedical domains (ecology, commerce) 

comes at the cost of reproducibility and pharmacological depth. 

The current review deliberately trades that topical breadth for 

PRISMA-based reproducibility, a choice justified by its 

translational (not commercial/ecological) aim. 

Dai et al., 2021 Narrative review that explained EBN quality 
control, processing, and many health 

functions (antimicrobial, antiviral, cancer, 

cardiometabolic, neuroprotection, etc.) 

This review offered a wide-angle view of EBN spanning quality, 
processing, and several health functions. This review picks up that 

pharmacological thread specifically, incorporating five additional 

years of preclinical research and applying a PRISMA-guided 

approach rather than general narrative synthesis.  

Lee et al., 2021 Narrative review of EBN’s general functional 

values that focus on species in Southeast Asia 
that have pharmacological activity, including 

anti-aging, antiviral, anticancer, and wound 

healing. 

This review offered the breadth of EBN’s functional reputation on 

pharmacological activity largely through a narrative lens. This 
review complements that groundwork by digging into the 

underlying preclinical evidence behind each claimed effect; 

reproducible methodology and transparency make this review's 

strength of evidence for each domain more clearly assessable.  

Yan et al., 2021 Systematic review of ESN’s nutritional 

bioactive compounds and functional food 
applications, including glycopeptide 

hydrolysate development 

This review offered specifically preclinical pharmacological 

evidence across in vitro and in vivo models, rather than 

nutritional/functional-food applications. 

Zulkefle et al., 2024  Narrative review of EBN quality standards 

and manufacturing practices 

Different than the review that addresses the pharmacological or 

biological activity of EBN, this review approached EBN from the 

quality control and manufacturing standards. 

 
This gap limits the development of an integrated, 

methodologically rigorous picture of EBN's pharmaco-
logical potential across its proposed mechanisms of ac-
tion. 

Given the increasing scientific interest in edible 
bird’s nest, a systematic synthesis of its composition, 
biological activities, safety profile, and methodological 
quality is warranted. Previous reviews have summa-
rized the nutritional composition and biological activ-
ities of edible bird's nest; however, recent advances in 
metabolomics, standardized extraction methods, 

mechanistic pharmacology, and preclinical validation 
have not yet been comprehensively synthesized in a 
systematic review. Unlike prior narrative reviews, 
which describe mechanistic findings on a study-by-
study basis, this review synthesized evidence by phar-
macological mechanism across models, preparations, 
and outcome measures. By explicitly linking mechanis-
tic claims to methodological quality (via QUIN, 
SYRCLE, and GRADE), this review identifies which 
pharmacological activities of EBN are best supported 
by the current evidence base and which require 
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stronger mechanistic and preclinical validation before 
translation to clinical research. Therefore, this study 
aimed to systematically evaluate the available preclin-
ical evidence on EBN, focusing on its biological activi-
ties, experimental models, outcome measures, and 
methodological quality. Clinical studies were not in-
cluded because they were beyond the scope of this re-
view; the implications of this limitation are discussed 
below. This review was designed to provide a compre-
hensive overview of the experimental evidence sup-
porting the biological potential of EBN, while also 
identifying methodological limitations and research 
gaps that may influence its translation into clinical re-
search. This gap underscores the need for a review that 
combines broad pharmacological coverage with meth-
odological rigor. Accordingly, this review systemati-
cally synthesizes preclinical (in vitro and in vivo) evi-
dence on EBN's pharmacological activities, using a 
PRISMA-guided methodology, with the review proto-
col prospectively registered in PROSPERO.  

MATERIAL AND METHODS 

This systematic review synthesized evidence from 
published studies on edible bird’s nest (EBN), with 
particular emphasis on its bioactive constituents and 
pharmacological activities demonstrated in in vitro and 
in vivo models, as well as their potential implications 
for clinical translation. The reporting of this review fol-
lowed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines 
(Page et al., 2021) (Supplementary Tables S1 and S2). 
The protocol was registered in PROSPERO 
(CRD420261426214). As this study was based exclu-
sively on previously published data and did not in-
volve human participants or animals directly, ethical 
approval from the Research Ethics Committee (REC) 
was not required. 

Research question (PICOS) 

The research question, “What preclinical evidence 
is available regarding the nutritional composition, bio-
active constituents, biological activities, and methodo-
logical quality of edible bird’s nest studies?” was for-
mulated using the Population (P), Intervention (I), 
Comparison (C), Outcome (O), and Study designs (S) 
strategy, as summarized in Table 2. This method pro-
vided a structured framework to ensure a clear, fo-
cused approach to identifying key components of the 
research question, thereby facilitating a systematic ex-
ploration of relevant, evidence-based articles. The fol-
lowing list highlights the PICOS criteria used for study 
inclusion and exclusion in the current review: 

Eligibility criteria  

Eligible studies comprised original research, in-
cluding in vivo (animal) studies, cell-line experiments, 
and in vitro studies employing enzymatic assays or 
commercial assay kits, including antioxidant assays. 
Eligible studies investigated the nutritional composi-
tion and/or pharmacological properties of EBN. Out-
comes of interest encompassed nutritional composi-
tion and biological and pharmacological activities, in-
cluding antibacterial, antiviral, antioxidant, anti-in-
flammatory, and anti-hypercholesterolemic effects. El-
igible primary studies were required to include a com-
parison group (e.g., a negative control, a standard 
treatment, or another comparator) and be peer-re-
viewed articles published in English. Secondary 
sources, including reviews, commentaries, meta-anal-
yses, editorials, and conference abstracts, were ex-
cluded. Studies that did not investigate EBN, or that 
referenced EBN without characterizing its pharmaco-
logical activity, were likewise excluded from the re-
view.  

Search strategy 

The articles were searched through the PubMed 
and Scopus databases. PubMed was selected because 
it contains citations and abstracts of literature in the 
health science field, and Scopus was selected because 
it has indexed thousands of health science titles (Burn-
ham, 2006). Throughout the search process, synonyms 
and related terms were used interchangeably as key-
words. Boolean operators such as “AND”, “OR,” and 
“NOT” were employed to refine the search and include 
or exclude specific terms. Specifically, the PubMed and 
Scopus databases were searched until May 2026. This 
review utilized PubMed and Scopus as the primary lit-
erature databases. Both databases were selected for 
their extensive coverage of peer-reviewed biomedical 
and pharmacological literature and their widespread 
recognition as principal sources for systematic reviews 
in the health and life sciences. While other databases, 
such as Web of Science, Cochrane Library, and Em-
base, are also valuable resources, access to these plat-
forms requires institutional subscriptions or collabora-
tive agreements that were not available through the 
author's affiliated institution at the time of this review. 
Google Scholar was not included as a primary data-
base due to its considerably broader and less curated 
scope, which includes non-peer-reviewed sources and 
grey literature, potentially compromising the method-
ological consistency and reproducibility of the search 
strategy. 
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Table 2. PICOS framework for the systematic review. 

Component Explanation 

Population/Problem (P) Biological systems used to evaluate edible bird’s nest, including cell-based models, reagent-

kit models, animal models, and their intervention and human participants, where 

applicable.  

Intervention (I) Treatment with edible bird’s nest (EBN) or EBN-derived preparations used as a dietary tonic 

or as a source of reported pharmacological activity.  

Comparison (C) Any type of comparison, including untreated control, normal control, negative control, and 

positive control, or even EBN from different swiftlet species, sources, or processing 

methods, when reported.  

Outcomes (O) Nutritional composition and reported biological activities of EBN, including but not limited 

to anti-inflammatory, antioxidant, immunomodulatory, and antiviral effects. 

Study designs (S) Preclinical studies, including in vitro experiments in cells or kits used and in vivo animal 

studies; not in silico or computational studies; review articles were excluded.  

 
This systematic literature search was conducted in-

dependently by two authors (MM and DKP), with any 
discrepancies resolved through discussion or by con-
sulting a third reviewer (ISW). The selection process 
involved four key stages: identification, followed by 
screening, eligibility, and inclusion. Initially, duplicate 
studies were removed during the identification phase, 
followed by screening based on titles and abstracts. 
Subsequently, the eligibility of each study was as-
sessed by reviewing the full text to determine if it met 
the inclusion criteria. The excluded articles and their 
justifications were recorded. Studies that met these cri-
teria were then included in the subsequent synthesis.  

 The literature search covered studies published 
from January 2016 to May 2026, and the final database 
search was performed on June 3, 2026. Articles were 
retrieved from the Scopus and PubMed databases us-
ing search terms organized into four main concepts: 
“Edible Bird’s Nest” for concept 1, “nutritional compo-
sition” for concept 2, “biological activities” for concept 
3, and preclinical studies” for concept 4. Additional 
topic-related terms, synonyms, and closely related 
phrases were incorporated to enhance the search's sen-
sitivity and relevance. Boolean operators were applied 
to combine, refine, and restrict search terms as appro-
priate. The searches in PubMed and Scopus were con-
ducted up to May 2026. The complete search strategy, 
including combinations of All fields, Title-Abstract-
Keywords, Medical Subject Headings (MeSH Terms), 
and filter terms, is provided in Supplementary Data 
(Table S3). To maintain the specificity and rigor of the 
review, the search was restricted to studies explicitly 
related to “Edible Bird’s Nest”. Eligible studies were 
required to report nutritional composition and phar-
macological effects supported by experimental evi-
dence using cell-based or animal models. Studies lim-
ited to general antioxidant or free-radical scavenging 
assays, without mechanistic, cellular, or animal-level 
validation, were excluded, as such findings alone pro-
vide insufficient evidence of biological reliability. 

Nonetheless, the grey literature, including conference 
proceedings, theses, dissertations, and unpublished 
studies, was not searched and was therefore excluded 
from this review. This decision was made to ensure 
that only peer-reviewed evidence was synthesized; 
however, it may have led to the omission of relevant 
unpublished or non-indexed findings on EBN's phar-
macological activities. 

Selection process 

After duplicate removal, titles and abstracts were 
screened, followed by full-text assessment of poten-
tially eligible studies. The authors (MM and DKP) 
screened the titles and abstracts of all identified rec-
ords using the web-based tool Rayyan.ai. Articles that 
met the initial screening criteria were subsequently ad-
vanced to the second phase or full-text assessment. To 
be eligible, articles were required to report phytochem-
ical or nutritional composition and pharmacological or 
biological activities of EBN, specifically Aerodramus or 
Collocalia species, and to report outcomes related to nu-
tritional composition and pharmacological or biologi-
cal activities in the context of preclinical studies. Arti-
cles were excluded if they were reviews, commen-
taries, or other secondary literature that did not pri-
marily focus on the species of interest, or reported only 
general free radical scavenging assays without accom-
panying mechanistic or cellular-level evidence. Any 
studies deemed eligible at the full-text stage were then 
reviewed by the authors (DLA, ISW, and JL) and, 
through discussion among reviewers, consensus on fi-
nal inclusion was reached. Disagreements were re-
solved by discussion or, where necessary, by other 
means. Following this process, 16 studies met the eligi-
bility criteria and were included in the final review.  

Data collection and item processing 

Data extraction was performed using a predefined 
framework designed to capture key methodological 
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and outcome-related information from the included 
preclinical studies. The studies comprised diverse de-
signs, including analyses of EBN nutritional composi-
tion according to geographic origin, in vitro experi-
ments, and animal studies. Most studies reported on 
the pharmacological activities of EBN, with variability 
in experimental models and outcomes. Information 
from each study was compiled into structured evi-
dence tables and synthesized qualitatively. The col-
lected data included the author and year of publica-
tion, study design and data-collection setting, popula-
tion or experimental subjects, intervention or exposure 
characteristics, comparator or control conditions, 
methods or assays used, and reported outcomes. For in 
vitro studies, particular attention was given to the cell 
line or biochemical model used, the concentration of 
edible bird’s nest or its derived compounds, the expo-
sure duration, the assay type, and the cellular re-
sponses. For in vivo studies, the specific animal species 
and strain included, the number of subjects, the treat-
ment dose, the intervention period, the biological sam-
ples collected, and the observed pharmacological ef-
fects (Outcomes) were specified. This structured ex-
traction process enabled systematic comparison of 
findings across different experimental models and 
supported a clearer interpretation of the preclinical ev-
idence. In addition to the database search, reference 
lists of all 16 included studies were manually screened 
by the review team to identify additional potentially 
eligible studies not captured by the original search 
strategy (backward citation tracking). Identified rec-
ords were imported into Rayyan and screened using 
the same eligibility criteria applied to the primary da-
tabase search. 

Risk of bias assessments  

Risk of bias in the included studies was assessed in-
dependently by three reviewers (DKP, DLA, and JL), 
using different tools appropriate to each study design: 
the Quality Assessments Tool for In Vitro Studies 
(QUIN) (Sheth et al., 2024) for the eight eligible in vitro 
studies, and the Systematic Review Center for Labora-
tory Animal Experimentation (SYRCLE) Risk of Bias 
Tool for animal studies (Hooijmans et al., 2014) for the 
ten eligible in vivo studies. Both tools were applied 
without modification to their original item structures. 
Studies reporting both in vitro and in vivo components 
(e.g., a cell-culture experiment paired with an animal 
model in the same publication) were scored on each 
portion separately with the corresponding tool were 
scored on each portion separately with the correspond-
ing tool so that a single publication may contribute one 
row to each risk-of-bias table. 

 QUIN was developed through a two-round Delphi 
consensus process involving ten methodological and 

subject-matter experts across eight meetings, and has 
documented content validity (item-level content valid-
ity index >6/7 for all retained domains) and internal 
consistency (Nasa et al., 2024; Sheth et al., 2024; 
Wiertelak-Makala et al., 2024). It was selected over 
Cochrane-family tools (e.g., RoB 2, ROBINS-I) because 
those instruments were developed for randomized or 
observational studies in human subjects. In contrast, 
QUIN's twelve domains clearly state the aims/objec-
tives, sample size calculation, sampling technique, de-
tails of the comparison group, methodological details, 
details of the operator, randomization, method of out-
come measurement, details of the outcome assessor, 
blinding, statistical analysis, and presentation of re-
sults. Based on experimental designs, each domain was 
scored on a three-point ordinal scale: 2 (adequately 
specified), 1 (inadequately specified), or 0 (not speci-
fied), with a "not applicable" option excluded from that 
study's denominator when a domain did not apply.  
Domain scores were summed to a total (maximum 24, 
or lower where domains were not applicable) and con-
verted to a percentage score. Studies were categorized 
using cutoffs pre-specified by our review team with 
low risk (≥80%), medium risk (50–79%), and high risk 
(<50%) (which are an operational definition adopted 
for this review and not part of the original QUIN pub-
lication). 

SYRCLE's tool assesses six bias domains via ten sig-
naling questions: Selection bias (sequence generation, 
baseline characteristics, allocation concealment), per-
formance bias (random housing, blinding of caregiv-
ers/investigators), detection bias (random outcome as-
sessment, blinding of the outcome assessor), attrition 
bias (incomplete outcome data), reporting bias (selec-
tive outcome reporting), and other sources of bias. 
Each domain was judged as low risk ("Yes"; bias un-
likely), high risk ("No"; bias likely), or unclear risk (in-
sufficient information), following the tool's original 
signaling-question format (Hooijmans et al., 2014). Un-
like QUIN, SYRCLE judgments map directly onto risk 
categories without an intermediate percentage-score 
conversion, and no composite numerical score was cal-
culated, consistent with current Cochrane guidance 
discouraging summary risk-of-bias scores. Domain-
level judgments for all included in vivo studies are pre-
sented as a traffic-light plot (Fig. 5). 

The three reviewers independently scored all do-
mains for all included studies without access to one an-
other’s judgments. Discrepancies, whether in individ-
ual domain scores or judgments, or in the overall risk 
categorization, were recorded in a standardized con-
sensus log (Supplementary Tables S4 and S5) for each 
tool and resolved through discussion; where consen-
sus could not be reached, a majority decision rule was 
applied. The assessment results were summarized in 
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tabular form and visualized using the Risk-of-bias Vis-
ualization tool (robvis), with the generic template 
(McGuinness & Higgins, 2021). A risk-of-bias assess-
ment was conducted for the 15 studies investigating 
pharmacological activity using the SYRCLE risk-of-
bias tool. One additional included study, which re-
ported only the chemical composition of EBN without 
assessing a pharmacological outcome, was not sub-
jected to a risk-of-bias assessment, as ROB tools are de-
signed to evaluate intervention-outcome study designs 
and do not apply to purely descriptive compositional 
analyses.  

Certainty of evidence 

Certainty of evidence was assessed here at the level 
of confidence in the preclinical evidence itself. This re-
view includes in vitro and in vivo (animal studies). This 
review adapts the GRADE framework (Guyatt et al., 
2011) following the approach proposed for preclinical 
animal evidence by Hooijmans et al. (2018), modified 
for a review spanning both in vitro and in vivo study 
types with no clinical comparator. Certainty was rated 
per outcome domain (i.e., per biological effect evalu-
ated across ≥1 study, e.g., anti-inflammatory activity, 
antiviral activity) using a three-tier scale (Moderate, 
Low, and Very Low), omitting "High," since no study 
design in this review (in vitro assay or animal model) 
provides evidence anchored to a human clinical trial, 
which is the customary basis for a "high" starting point 
in GRADE. Ratings and the accompanying text de-
scribe confidence only in the preclinical evidence. They 
should not be read as, or extended to, any claim about 
clinical efficacy, safety, or readiness for human use. For 
each outcome domain, certainty was assessed narra-
tively by considering five factors: study type, risk of 
bias, consistency, directness, and reproducibility. Each 
outcome domain’s certainty rating was determined by 
considering judgment across these five factors rather 
than by a points-based formula, and is reported with 
its supporting rationale.   

Data analysis and synthesis 

A total of 16 articles were included in the qualitative 
synthesis. The study selection process is presented in 
Fig. 3, which summarizes the identification, screening, 
eligibility assessment, and final inclusion of studies in 
accordance with the PRISMA guidelines. The extracted 
data were synthesized using a narrative approach. De-
scriptive tables were developed to summarize the 
characteristics of the included studies, outcome 
measures, and research protocols. Findings were then 
categorized according to the relevant outcomes or bio-
logical targets. A meta-analysis was not performed due 
to methodological heterogeneity among the included 
studies and variability in reported outcomes. Studies 

differed systematically in EBN preparation, dose, spe-
cies/model system, experimental model, outcome 
measure, and reporting metric, such that findings 
could not be reconciled into a common effect-size met-
ric. Following the Synthesis Without Meta-analysis 
(SWiM) reporting guideline (Campbell et al., 2020), 
these sources of heterogeneity are detailed below (Ta-
ble 3) rather than asserted as a single general state-
ment. 

RESULTS  

Study selection 

The literature search initially identified 41 records 
after applying the predefined filters; 38 remained after 
duplicate removal. Following title and abstract screen-
ing, 32 records were selected for full-text retrieval and 
assessment. The main reasons for exclusion during 
screening were irrelevant outcomes, inappropriate 
populations, or unsuitable study designs. During full-
text retrieval, three records could not be obtained be-
cause their full texts were inaccessible (Chantakun & 
Benjakul, 2022a; 2022b; Liu et al., 2026). Of the remain-
ing records assessed for eligibility, nine studies were 
excluded because of unsuitable study designs (Ausa-
wanetmanee et al., 2024; Dai et al., 2022; Lee et al., 2020; 
2024a; Poon & Sze, 2023; Turiman et al., 2024; Wang et 
al., 2024; Yeo et al., 2023), and five studies were ex-
cluded because they reported irrelevant outcomes (Al-
Khaldi et al., 2022; Lee et al., 2024b; Mohd Aris et al., 
2025; Tong et al., 2020; Wong et al., 2017). Studies were 
excluded for irrelevant outcomes if they did not report 
biological, pharmacological, biochemical, cellular, his-
tological, physiological, or disease-related effects of 
EBN or its derivatives. This category included studies 
that focused primarily on authentication, chemical fin-
gerprinting, processing optimization, food formula-
tion, or antioxidant activity without assessing a func-
tional preclinical outcome. Ultimately, 16 studies were 
included in the qualitative synthesis. The study selec-
tion process is presented in Fig. 3. 

Study characteristics 

This review included 16 primary studies that met 
the predefined inclusion and exclusion criteria, as 
summarized in Table 5. All selected studies were pre-
clinical. Pharmacological activity was examined in 15 
studies; five used in vitro models, seven used in vivo 
models, and three combined both approaches. Nota-
bly, among the 15 studies on pharmacological activity, 
five also assessed nutritional composition alongside 
their pharmacological evaluation using either in vitro 
or in vivo models. Furthermore, one study focused 
solely on the nutritional composition of EBN. Overall, 
the included evidence suggests that edible bird’s nest 
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has been explored across diverse preclinical models; 
however, further studies are needed to clarify its 

molecular mechanisms and strengthen evidence on its 
in vivo efficacy.  

 
 
 

 

Figure 3. PRISMA flow diagram.  

Adapted from Page et al. (2021). 
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Table 3. Synthesis without meta-analysis (SWiM) evaluation. 

Dimension Heterogeneity observed 

EBN preparation Interventions differed chemically, not just in name; they include crude water extract, enzymatic (pepsin) digest, 

acid-hydrolyzed extract (H₂SO₄/NaOH), and purified single compounds (e.g., isolated N-acetylneuraminic acid). 
Each carries a different ratio of intact glycoprotein to free peptide to free sialic acid. EBN does not refer to one 

consistent intervention across studies. 

Dose/concentration Concentrations are reported in μg/mL, mg/mL, and mM across studies (e.g., 1–100 μg/mL for extract/digest vs. 

0.01–1 mM for purified NANA vs. 0.006–12.5 mg/mL for antiviral IC₅₀ determination), with no common dose metric 

available. 

Experimental model At least eight distinct models are represented, addressing different biological questions rather than replicating 
one effect: TNF-α-induced inflammation, DNCB-induced dermatitis, viral infection (SARS-CoV-2, influenza A), LPS-

induced macrophage activation, mitogen-driven lymphocyte proliferation, oxidative-stress/melanogenesis as-

says, and wound-healing/scratch assays 

Species/model system In vitro work spans four species: human (keratinocyte, lung epithelial, PBMC, fibroblast lines), mouse (melanoma, 

macrophage lines), canine (kidney line), and monkey (kidney line). In vivo work adds two further species across at 

least four strains: mouse (C57BL/6 and outbred "white" mice, Mus musculus) and rat (Sprague-Dawley and Wistar, 
Rattus norvegicus), including at least one maternal/pregnant-animal model. Effects in a canine kidney cell line 

cannot be assumed equivalent to effects in a human keratinocyte, nor can a non-pregnant rat model be assumed 

to generalize to a maternal one. 

Outcome measure Endpoints span at least ten incompatible measurement types: organ morphometry/histology, growth-factor/hor-

mone-receptor expression, enzymatic antioxidant assays, cosmetic/dermatological bioactivity assays, cell viabil-

ity and cytokine signaling, immune-cell/lymphoid-organ phenotyping, virological assays (IC₅₀/CC₅₀/SI), neurobe-
havioral testing, dermatitis clinical/histological scoring, and serum biochemistry panels. These share no common 

unit and cannot be converted into one another. 

Reporting metric Results are also reported in incompatible formats: some studies give precise pharmacological values with uncer-

tainty (e.g., IC₅₀ ± SEM, R²), others report direction only with no magnitude, others report only the dose at which 

an effect was strongest, and others report efficacy only relative to a reference drug (e.g., oseltamivir, dexame-

thasone) rather than an absolute value. Dosing units also differ — mg/kg body weight, g/day, and % dietary inclu-

sion —with no reliable conversion between them. 

 

Table 4. Certainty of evidence assessments. 

Pharmacology 

activity outcome 
Study 

Qualitative assessments 

Risk of 

bias  

Inconsistency  Indirectness Imprecision Publication 

Bias 

Overall 

Certainty 

Antioxidant/ anti-
melanogenic/ 

wound-healing 

Bai et al., 2023 Moderate 

risk of bias 

Serious 

inconsistency 

Serious 

indirectness 

Serious 

imprecision 

Undetected ⊕◯◯◯ 

Very low 
Nguyen et al., 2024b 

Sandi & Susiani, 2021 

Anti-inflammatory Bi et al., 2024 Moderate 

risk of bias 

No serious 

inconsistency 

No serious 

indirectness 

Not serious 

imprecision 

Undetected ⊕⊕⊕◯ 

Moderate 
Lai et al., 2022 

Anti-hyperlipidemic Yida 2022 Moderate 

risk of bias 
N/A No serious 

indirectness 

Serious 

imprecision 
Undetected ⊕⊕◯◯ 

Low 

Antiviral Haghani et al., 2016  Moderate 

risk of bias 

No serious 

inconsistency 

No serious 

indirectness 

Not serious 

imprecision 

Undetected ⊕⊕⊕◯ 

Moderate 
Kuncorojakti et al., 

2025 

Immunomodulatory Dobutr et al., 2022 Moderate 

risk of bias 

No serious 

inconsistency 

No serious 

indirectness 

Serious 

imprecision 
Undetected ⊕⊕◯◯ 

Low 
Dobutr et al., 2023 

Neuroprotective Hou et al., 2017 Moderate 

risk of bias 

No serious 

inconsistency 

Serious 

indirectness 

Not serious 

imprecision 

Undetected ⊕⊕⊕◯ 

Moderate 
Sirinupong et al., 

2024 

Zhu et al., 2023 

Uterine health Albhistue et al., 2018  Moderate 

risk of bias 

No serious 

inconsistency 

No serious 

indirectness 

Serious 

imprecision 

Undetected ⊕⊕◯◯ 

Low 
Albhistue et al., 2019 
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Table 5. Characteristics of included studies. 

Study 

(author, 

year) 

EBN species 

used 

(sources/origin) 

Study design Model/population 

EBN 

preparation 

and route 

Dose(s) and duration Comparators(s) 
Methods or 

Intervention 
Outcomes 

Albhistue et 

al., 2018 

Aerodramus spp. 

(NR) 

In vivo 

experimental 

animal 

studies 

24 adult female 

Sprague-Dawley 

rats; 4 groups (n = 

6/group) 

NR 0, 30, 60, 120 mg/kg 

BW/day for 8 weeks 

Control group 

(vehicle/normal saline) 

Body weight; estrous 

cycle; uterine gross 

exam; histology; 
histomorphometry; IHC 

(EGF, REGF, VEGF, PCNA, 

ER, PR); oxidative stress 

assays 

EBN increased uterine 

weight/length and 

luminal/glandular epithelial 
proliferation; increased number of 

uterine glands. 

Upregulated EGF, REGF, VEGF, 

PCNA, estrogen receptor, and 

progesterone receptor; increased 
antioxidant capacity and reduced 

oxidative stress. 

Albhistue et 

al., 2019 

NR In vivo 

experimental 

animal 

studies 

30 female Sprague-

Dawley rats, 12 

weeks old; 5 groups 

(n=6/group) 

Whole EBN, 

aqueous 

solution (60°C, 

45 min with 
Oral gavage 

route 

0 (LA only), 30, 60, 120 

mg/kg BW/day + lead 

acetate 10 mg/kg 

BW/day for 5 weeks 

Distilled water 

(negative); LA-only group 

(toxicant/positive 

control); no drug positive 

control 

Body weight; uterine 

morphometry; 

histopathology; 

histomorphometry; IHC 
(EGF, VEGF, PCNA); 

plasma SOD activity 

EBN dose-dependently improved 

uterine morphology/morphometry, 

increased EGF, VEGF, and PCNA 

expression, and enhanced SOD 

activity. 

Protected against lead-acetate-

induced uterine damage; strongest 

effect at 120 mg/kg BW. 

Bai et al., 

2023 

NR In vitro study HaCaT, B16, MRC-5 

cells.  

EBN peptide 

(EBNP); culture-
added / 

waterborne 

exposure 

(zebrafish) 

50–2500 µg/mL; the 

duration was not 

reported 

Control (Vehicle/Normal  

Saline) 

CCK-8; antioxidant 

assays (DPPH, ABTS, 
•OH, TAC); melanin 

inhibition assay; scratch 

assay;  

EBNP showed antioxidant, anti-

photoaging, anti-melanogenic, and 
wound-healing activity, greatest at 

the highest concentrations tested. 

In vivo 

experimental 

study 

Zebrafish 

embryos/larvae 

(30/group; 5 

groups) 

Zebrafish melanin 

inhibition and anti-

photoaging assays 
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Table 5. Characteristics of included studies (continued...) 

Study 

(author, 

year) 

EBN species 

used 

(sources/origin) 

Study 

design 
Model/population 

EBN 

preparation 

and route 

Dose(s) and duration Comparators(s) 
Methods or 

Intervention 
Outcomes 

Bi et al., 2024 NR In vitro study A549 cells Simulated 

digested EBN 

with culture-

added 

0–1000 µg/mL (TNF-α-

induced A549).:  

In vitro: untreated and 

TNF-α model 

CCK-8, ELISA, IF (NLRP3), 

WB (TNFR1, NLRP3, p-Iκ-

Bα, Iκ-Bα, p-p65, NF-κB 

p65).  

Increased cell viability, reduced IL-

6/IL-8, increased IL-10, and 

inhibited TNFR1/NF-κB/NLRP3 

signaling. 

In vivo 

experimental 

study 

50 BALB/c mice, 7 

weeks old, 5 groups 

(n = 10/group) 

NR 0.008 or 0.019 g/day for 

15 days of cigarette 

smoke exposure  

Control (Vehicle/Normal  

Saline), smoke model, 

positive drug group 

Body weight, H&E, Smith 

lung injury score, IHC 
(NLRP3), ELISA (IL-6, IL-8, 

IL-10, TNF-α) 

EBN alleviated smoke-induced lung 

injury and reduced inflammatory 
cytokines/NLRP3; strongest at 

0.019 g/day 

Dobutr et al., 

2022 

Aerodramus spp. 

(Krabi Province, 

Thailand) 

In vitro study Peripheral blood 

mononuclear cells 

of rats 

Raw EBN 

(rEBN), extract 

EBN (eEBN), 

commercial 
EBN-1 (cEBN1), 

and 

commercial 

EBN-2 (cEBN2) 

0.01, 0.1, 1 mg/mL of 

every EBN sample type 

(Culture-added)   

Untreated and 

cyclosporine A (CsA)-

treated PBMCs.  

Lymphocyte 

proliferation, flow 

cytometry, CsA 

immunosuppression 

assay 

Enhanced T-cell proliferation and 

recovery from CsA-induced 

immunosuppression. 

In vivo 

experimental 

study 

40 male Sprague-

Dawley rats; 5 

groups (n = 8/ 

group) 

310 mg/kg of rEBN, 

12.4 mg/kg of eEBN, 

101.25 mg/kg of cEBN1, 

and 108.5 mg/kg of 

cEBN2 were 
administered daily for 

30 consecutive days by 

oral gavage 

Control (vehicle/normal 

saline),  

Flow cytometry, spleen 

histology, Peyer’s 

patches, spleen 

morphometry, cytokine 

profiling 

Increased T-cell populations, 

Peyer’s patches, spleen weight, and 

IL-2; EBN extract (EBNE) showed 

the strongest effect. 

Dobutr et al., 

2023 

Aerodramus spp. 

(Surat-Thani, 

Thailand) 

In vitro 

experimental 

study 

RAW 264.7 cells and 

C57BL of 6 mouse 

splenocytes 

Digested rEBN 

and pEBN with 

culture-added 

0.1 and 1 mg/mL of 

every EBN sample type 

(culture-added)   

Untreated control and 

LPS-treated cells 

qPCR; CCK-8 

proliferation assay; flow 

cytometry 

EBN enhanced T-cell 

proliferation/activation via 

increased MHC-II and CD80 

expression 
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Table 5. Characteristics of included studies (continued...) 

Study 

(author, 

year) 

EBN species 

used 

(sources/origin) 

Study 

design 

Model/populatio

n 

EBN preparation 

and route 
Dose(s) and duration Comparators(s) 

Methods or 

Intervention 
Outcomes 

Haghani et 

al., 2016 

NR (Teluk Intan, 

Perak (house-

nest) & Gua 

Madai, Sabah 

(cave-nest), 

Malaysia) 

In vitro study H1N1-infected 

and MDCK cells 

EBN extracts, EBN 

combined with 

enzymatic 

treatment 

(Pancreatin F or 

Neuraminidase) 

NR Untreated infected 

control 
RT-qPCR and ELISA EBN reduced viral replication and 

inhibited neuraminidase activity; 

enhanced immune responses via 

cytokine modulation, with efficacy 

comparable to oseltamivir. 
In vivo 

experimental 

study 

75 BALB/c mice; 5 

groups 

EBN with no enzymatic 

preparation (100 

mg/kg in two groups) 
or oseltamivir 

phosphate (40 mg/kg 

in one group). 

Oseltamivir phosphate 

and amantadine HCl 

(active/positive 

comparators) 

Viral neuraminidase 

gene quantification, 

cytokine profiling and 
toxicity assessment in 

mice 

Hou et al., 

2017 

Aerodramus/Collo

calia spp. 

(Malaysia) 

In vivo 

experimental 

study 

42 

ovariectomized 

(OVX) female 
Sprague-Dawley 

rats; 3 months 

old, 180-200 g, 7 

groups (n = 

6/group) 

NR 1.2, 0.6, and 0.3 g/kg 

body weight/day of 

EBN. 

OVX control; estrogen-

treated group 

Morris Water Maze 

(MWM); ELISA; 

immunohistochemistry 

EBN improved cognitive function 

and spatial memory; increased 

serum estrogen and hippocampal 
SIRT1 expression. Lower hepatic 

toxicity than estrogen therapy, 

suggesting neuroprotective and 

anti-aging effects. 

Kuncorojakti 

et al., 2025 

NR, (East 
Kalimantan, 

Indonesia) 

In vitro 
experimental 

study 

Vero-E6 cells with  
SARS-CoV-2 

strain  

powdered/dried 
EBN, 0.2% w/v in 

water, + 0.4 M 

H₂SO₄ (80°C, 4 h), 

neutralized to pH 

7.0–7.2 with 1 M 
NaOH, with 

cultural medium 

added 

two-fold serial dilution 
0.006–12.5 mg/mL, pre-

/co-/post-treatment 

models (n=5 replicates) 

for 1 h EBN–virus 

exposure + 4 days (96 

h) incubation to CPE 

Untreated/non-infected 
normal cell group 

(negative control) for 

both assays) 

MTT colorimetric assay 
for CC₅₀ and IC₅₀ (non-

linear regression); 

selectivity index (SI = 

CC₅₀/IC₅₀);  

EBN showed low cytotoxicity in 
Vero-E6 cells, with CC₅₀ = 10.28 

mg/mL (R² = 0.98). Morphological 

damage appeared only from 6.25 

mg/mL and increased dose-

dependently. EBN demonstrated 
stronger antiviral activity when 

applied before or during viral 

exposure, with IC₅₀ values of 0.021 

± 0.02 and 0.021 ± 0.01 mg/mL, 

respectively, compared with 0.505 
± 0.06 mg/mL after infection. The SI 

values were high in pre-treatment 

and co-treatment groups, but 

significantly lower in post-

treatment. 
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Table 5. Characteristics of included studies (continued...) 

Study 

(author, 

year) 

EBN species 

used 

(sources/origin) 

Study 

design 

Model/populatio

n 

EBN preparation 

and route 
Dose(s) and duration Comparators(s) 

Methods or 

Intervention 
Outcomes 

Lai et al., 

2022 

Aerodramus 

fuciphagus / A. 

maximus 

(Malaysia) 

In vitro HaCaT 

keratinocytes. 

EBN water 

extract, 

enzymatic 

(pepsin) digest, 

and N-
acetylneuraminic 

acid (NANA) for in 

vitro studies 

culture-added) 

and in vivo study 

topical cream 

NANA 0.05–1 mM, 

extract/digest 1–100 

µg/mL for 2–24 h 

observation.  

TNF-α-induced 

keratinocyte model  

mRNA (IL-1β, IL-6, TNF-α, 

Cox-2, filaggrin/-2); NF-

κB/ARE/HRE luciferase 

reporters. 

EBN suppressed pro-inflammatory 

cytokines, inhibited NF-κB/p38/JNK 

signaling, and reduced ROS; 

enhanced filaggrin and filaggrin-2. 

In vivo 

experimental 

study 

C57BL/6 mice, 2–

3 months old; 6 

groups 

NANA 1–100 mM, 

extract/digest 0.1–10 
mg/mL for 11 days in 

induced DNCB model 

DNCB-induced 

dermatitis model with 
vehicle (blank/Vaseline) 

negative control; and 

dexamethasone 10 

mg/BW as positive 

control 

Western blot (Iκ-Bα, NF-

κB, p38, JNK, EGFR); ROS 
assay; scratch/severity 

scoring; histology; ELISA 

(cytokines, IgE) 

EBN ameliorated DNCB-induced 

dermatitis (scratching, severity, 
thickness, immune cell infiltration, 

IgE), comparable to 

dexamethasone. 

Lee et al., 

2024a 

Aerodramus spp. 

(Johor, Malaysia) 

In vitro 
experimental 

study 

EBN protein 

extracts 

EBN protein 
concentrates via 

different 

precipitation 

methods 

(ammonium 
sulfate (AS), 

Trichloroacetic 

acid (TCA), 

isoelectric (IE)) 

N/A EBN-AS, EBN-TCA, EBN-
IE (precipitation 

methods compared to 

one another) 

Proteomics (UHPLC-Q-
TOF-MS/MS); GO 

analysis; antioxidant and 

anti-inflammatory 

assays 

EBN-AS gave the highest protein 
yield and was enriched in proteins 

linked to immune regulation, 

lymphocyte activation, and 

adaptive immune responses, with 

significant antioxidant/anti-

inflammatory activity. 

Nguyen et al., 

2024b 

Aerodramus spp. 

(farmed) 

(Vietnam) 

In vitro 

experimental 

study 

EBN hydrolysates 

applied to 
human fibroblast 

model (DMEM 

high glucose 

medium) for 24 h 

at 37 ◦C with 5 % 

CO2.  

Hydrolysis with 

papaya, 
pineapple, 

cantaloupe juices, 

papain, and 

bromelain; 

culture-added 

EBN concentrations of 

0.0325, 0.075, 0.15, 0.3, 
and 0.6 mg/m for 4 

hours in an anti-

tyrosinase assay 

Unhydrolyzed EBN; 

enzyme-treated controls 
using papaya, pineapple, 

and cantaloupe juices 

Antioxidant, anti-

tyrosinase, protein 
solubility, free sialic acid, 

and wound-healing 

assays 

EBN hydrolysates showed 

enhanced antioxidant, anti-
tyrosinase, and wound-healing 

activity vs. unhydrolyzed EBN; 

pineapple-juice hydrolysate had 

the strongest overall bioactivity 

and highest free sialic acid content. 
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Table 5. Characteristics of included studies (continued...) 

Study 

(author, 

year) 

EBN species 

used 

(sources/origin) 

Study 

design 

Model/populatio

n 

EBN preparation 

and route 
Dose(s) and duration Comparators(s) 

Methods or 

Intervention 
Outcomes 

Sandi & 

Susiani, 2021 

Aerodramus 

fuciphagus 

(Central 

Kalimantan, 

Indonesia) 

In vivo 

experimental 

animal study 

28 male white 

mice (Mus 

musculus), 4 

groups (n = 

7/group) 

Topical EBN 

cream (40%), oil-

in-water (O/W) 

and water-in-oil 

(W/O) 

formulations 

40% EBN cream in 14 

days (post-UVA 

exposure) 

Negative control = 

glycerin cream; Positive 

control = commercial 

whitening/moisturizing 

cream 

Cream physicochemical 

characterization 

(organoleptic, 

homogeneity, pH, 

viscosity, spreadability, 
adhesion, emulsion 

type); skin color 

assessment; skin 

moisture analysis 

Both O/W and W/O EBN creams 

were associated with improved skin 

lightening and moisturization vs. 

negative control; no significant 

difference between formulations. 

O/W had better spreadability and 

highest moisture level (53.70±1.21), 

reaching skin color level 1 by day 9; 

W/O had better adhesion. 

Sirinupong et 

al., 2024 

Aerodramus 

fuciphagus 

(Thailand) 

In vivo 

experimental 

animal study 

40 adult male 

Wistar rats 
(Rattus 

norvegicus); 250-

300 g, 8 weeks 

old, 5 groups (n= 

8/group) 

EBN, oral, 14 days 

before and 21 

days after MCAO 

10, 50, 100 mg/kg 

BW/day and 14 days 
pre- + 21 days post-

(middle cerebral artery 

occlusion) 

Normal control (Vehicle); 

Donepezil 100 mg/kg BW 

as positive control) 

Morris Water Maze; 

Radial Arm Maze; 
neurological score; 

sensorimotor forelimb 

flexion; AChE assay; β1–

42 ELISA; infarct volume 

EBN improved learning, memory, 

neurological and sensorimotor 
function; reduced AChE activity, β-

amyloid accumulation, and infarct 

volume. Greatest neuroprotection 

at 100 mg/kg BW, comparable to or 

better than donepezil on several 

parameters. 

Yida et al., 

2022 

NR (Terengganu, 

Malaysia) 

In vivo 

experimental 

animal study 

30 Sprague-

Dawley rats, 10 

weeks old; 230-

280 g, 5 groups (n 

=6/group) 

Whole EBN 

incorporated into 

diet via 

oral/dietary 

0, 2.5%, 20% EBN in 

high-cholesterol diet 

(HCD: 4.5% cholesterol 

+ 0.5% cholic acid) and 

simvastatin 10 
mg/kg/day as positive 

control for 12 weeks 

Normal pellet diet as 

negative control; and 

simvastatin 10 mg/kg as 

positive control 

Body weight; lipid 

profile; liver/kidney 

function; lipase activity; 

oxLDL ELISA; liver 

histology; hepatic mRNA 
(APOB, PCSK9, HMGCR, 

LDLR, CYP7A1) 

EBN improved 

hypercholesterolemia and reduced 

hepatic lipid accumulation; 

regulated cholesterol-metabolism 

gene expression. Greatest effect at 
20% EBN; outperformed 

simvastatin on LDL reduction. 

Zhu et al., 

2023 

NR (Malaysia) In vivo 

experimental 

animal study  

30 female 

Sprague-Dawley 

rats and 15 male 

Sprague-Dawley 
Rats, 7 weeks 

old, 4 groups 

Aqueous EBN 

decoction; oral 

gavage, gestation 

through lactation 

0, 4.5, 9 g/kg/day EBN; 

sialic acid 45 

mg/kg/day comparator 

Vehicle (saline); sialic 

acid (SA) 45 mg/kg/day 

as positive control 

Morris Water Maze; Golgi 

staining; 

immunofluorescence 

(NeuN, DCX, SOX2); RT-
qPCR (GAP-43, SYP, 

PSD95); Western blot 

(BDNF, ERK, CREB) 

EBN enhanced learning/memory, 

hippocampal neurogenesis, and 

synaptic plasticity, and upregulated 

ERK-CREB-BDNF signaling. Effects 
exceeded sialic acid alone; 

strongest response at 9 g/kg/day. 
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Figure 4. The traffic light plot-QUIN tool was used to assess the methodological quality of the included in vitro studies.  

Green indicates a low risk of bias, while red indicates a high risk of bias. The judgments were categorized as follows: (1) low risk of bias, 

indicating that the study was comparable to a well-conducted randomized study; (2) unclear risk of bias, indicating that the study did not 

provide sufficient information to allow a clear judgment; and (3) high risk of bias, indicating that the study had important methodological 

concerns. Further details are provided in the Supplementary Material, Table S4. 

 
Risk of bias assessments 

Risk of bias was independently assessed by three 
reviewers, with almost perfect inter-rater agreement 
prior to consensus discussion (Fleiss' κ = 0.853). All 
eight in vitro studies were rated as having a moderate 
risk of bias, as shown in the heat map in Fig. 4. QUIN 
scores ranged from 54.2% to 62.5%, as shown in Sup-
plementary Table S4. Discrepancies were resolved by 
majority decision or discussion. Six criteria were ade-
quately reported in 100% of studies in objectives, com-
parison group, methodology description, outcome 
measurement method, statistical analysis, and presen-
tation of results. Sample-size calculation, operator de-
tails, randomization, and blinding were not adequately 
reported in any of the eight studies. Sampling tech-
nique was inadequately specified in 87.5% of studies, 
and outcome assessor details were split evenly be-
tween inadequately specified (50%) and not specified 
(50%), with no study achieving full marks on this crite-
rion.  

For the in vivo studies, the risk-of-bias assessment is 
presented in Fig. 5. Overall, the risk of bias was rela-
tively high or unclear in most studies, mainly because 
several key methodological domains were insuffi-
ciently reported (Supplementary Table S5). 

Approximately 90% of studies (9 of 10) did not describe 
the method used for sequence generation. Baseline 
characteristics were adequately reported in 60% of 
studies (6 of 10), while 40% (4 of 10) did not provide 
sufficient information on baseline comparability be-
tween groups. Allocation concealment was not ade-
quately reported in any of the included in vivo studies 
(0 of 10). Although all studies reported randomization 
during the experiment, only five studies described ran-
dom housing or blinding-related procedures. In addi-
tion, none of the studies clearly reported random out-
come assessment. Nevertheless, all in vivo studies (10 
of 10) included all animals in the final analyses, re-
ported the primary outcomes, and were judged to be 
free from other potential sources of bias. 

Both assessments showed almost-perfect pre-con-
sensus reliability (QUIN κ = 0.853; SYRCLE κ = 0.943), 
supporting the robustness of the ratings. Across both 
study designs, blinding-related domains were consist-
ently under-reported (QUIN Q10 = 0%; SYRCLE D7 = 
100% unclear), as were procedures for randomiza-
tion/sequence generation (QUIN Q7 = 0%; SYRCLE 
D1 = 100% unclear), pointing to a shared methodolog-
ical gap in the pharmacological EBN literature rather 
than a tool-specific artifact. 

 

https://jppres.com/


Musdalifah et al. Edible bird’s nest for human health 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(5): 17 

 

 

Figure 5. SYRCLE’s risk-of-bias tool was used to assess the methodological quality of the in vivo studies.  

Green indicates a low risk of bias, while red indicates a high risk of bias. The judgments were categorized as follows: (1) low risk of 

bias, indicating that the study was comparable to a well-conducted randomized study; (2) unclear risk of bias, indicating that the 

study did not provide sufficient information to allow a clear judgment; and (3) high risk of bias, indicating that the study had im-

portant methodological concerns. Further details are provided in the Supplementary Material, Table S4. 

 
Certainty of evidence  

The certainty of evidence for each pharmacological 
outcome category was assessed using the GRADE ap-
proach, evaluating risk of bias, inconsistency, impreci-
sion, and publication bias across the seven identified 
outcome categories (Table 4). Certainty ranged from 
very low to moderate depending on the outcome, ra-
ther than being uniformly low across the evidence 
base.  

The risk of bias was rated as moderate for all out-
comes. All eight in vitro studies scored within the me-
dium-risk range on QUIN (54.2–62.5%), and six of the 
twelve QUIN criteria were adequately reported in 
every study. The moderate-risk concerns were concen-
trated in four specific criteria, including sample size 
justification, randomization, operator details, and 
blinding (QUIN Q2, Q6, Q7, Q10). The animal studies, 
in two SYRCLE domains: allocation concealment and 
random outcome assessment (D3, D6). This pattern of 
moderate, unevenly distributed risk of bias supported 
a one-level rather than two-level downgrade. Publica-
tion bias was judged undetected, rather than serious, 
across all outcome categories: with only 1–3 studies in-
forming any single outcome, standard detection meth-
ods such as funnel plot asymmetry or Egger's test 
could not be meaningfully applied, as these typically 
require at least 10 studies per outcome. 

The antioxidant/anti-melanogenic/wound-heal-
ing outcome was the only category rated very low cer-
tainty, downgraded for inconsistency, indirectness, 
and imprecision in addition to risk of bias. This re-
flected substantial heterogeneity in the underlying cell 
models and exposure routes, which contributed to this 

outcome and limited confidence in a single pooled in-
terpretation. The antiviral and neuroprotective/cogni-
tive outcomes were rated with moderate certainty, 
downgraded only for risk of bias. Although the con-
tributing studies for each of these outcomes used dif-
fering disease models or assay approaches, all directly 
measured the outcome construct of interest with con-
sistent direction of effect and adequate cumulative 
sample sizes, supporting not-serious ratings for incon-
sistency, indirectness, and imprecision. The remaining 
outcomes were rated as low certainty, downgraded for 
risk of bias and imprecision arising from small, under-
powered study groups. Taken together, these findings 
indicate that the certainty of evidence for EBN's phar-
macological activity is not uniform; antiviral and neu-
roprotective effects are supported with comparatively 
greater confidence, while antioxidant/wound-healing 
evidence remains the least certain, and the remaining 
outcomes fall in between. Across all categories, how-
ever, further well-designed, adequately powered, ran-
domized, and anonymous studies are needed to 
strengthen confidence in these findings. 

Results of individual studies 

A qualitative and descriptive synthesis was con-
ducted to assess the preclinical evidence on EBN, in-
cluding its nutritional composition and pharmacologi-
cal activities. A total of 16 primary studies met the pre-
defined inclusion and exclusion criteria and were in-
cluded in the synthesis. Overall, the included studies 
showed that EBN contains bioactive nutritional com-
ponents, including proteins, carbohydrates, sialic acid, 
lactoferrin, ovotransferrin, and essential amino acids, 
which may contribute to its reported benefits. EBN 
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derived from A. fuciphagus contained high levels of 
protein, carbohydrate, sialic acid, ovotransferrin, and 
lactoferrin (Yida et al., 2015b). EBN protein hydroly-
sates also contained amino acids such as leucine, thre-
onine, lysine, and valine. At the same time, EBN pep-
tide showed a high proportion of sialic acid and essen-
tial amino acids, particularly lysine, tyrosine, phenyl-
alanine, and leucine (Bai et al., 2023). More recently, 
Kuncorojakti et al. (2025) identified several metabolites 
in EBN using LCHRMS and found 4 metabolites with 
potential pharmacological relevance, including N-
acetylneuraminic acid, ketodeoxynonulosonic acid, N-
acetyl-D-glucosamine, and N-acetyl-9-O-acetylneu-
raminic acid. 

Across pharmacological studies, EBN and its hy-
drolysates demonstrated several preclinical activities. 
Antioxidant activity was among the most frequently 
reported outcomes, with EBN samples and hydroly-
sates exhibiting radical-scavenging capacity in DPPH, 
ABTS, FRAP, and ORAC assays (Bai et al., 2023). Enzy-
matic hydrolysis or hydrolysis using fruit juices ap-
peared to enhance antioxidant activity, protein solubil-
ity, and sialic acid content (Nguyen et al., 2024a). Some 
studies also reported anti-tyrosinase, antimicrobial, 
and wound-healing effects, including increased 
wound closure in human fibroblast models (Nguyen et 
al., 2024b). In vivo studies further suggested that EBN 
may improve memory and cognitive performance, re-
duce beta-amyloid accumulation and acetylcholines-
terase activity, enhance hippocampal neurogenesis, 
and regulate neuroprotective signaling pathways such 
as ERK/CREB/BDNF (Hou et al., 2017; Sirinupong et 
al., 2024; Zhu et al., 2023). Furthermore, EBN demon-
strated potential antiviral activity across three treat-
ment conditions, namely pre-treatment, co-treatment, 
and post-treatment. The findings indicated that EBN 
exerted stronger antiviral effects when administered 
before or during viral exposure than when adminis-
tered after viral exposure (Kuncorojakti et al., 2025).  

Other individual studies reported metabolic, im-
munological, anti-inflammatory, and reproductive ef-
fects. EBN supplementation improved insulin signal-
ing alterations in high-fat diet models and showed po-
tential anti-hypercholesterolemic effects (Yida et al., 
2015b; 2022). Immunostimulant activity was observed 
through increased expression of antigen-presenting 
cell surface markers. At the same time, anti-inflamma-
tory effects were reported in lung inflammation, acute 
lung injury, and dermatitis models through reductions 
in pro-inflammatory mediators such as IL-6, TNF-α, 
IL-8, IL-1β, COX-2, and NLRP3 (Bi et al., 2024; Dobutr 
et al., 2023; Lai et al., 2022; Li et al., 2025). In 

reproductive models, EBN improved uterine histo-
morphology, increased antioxidant enzyme activity, 
and upregulated growth and proliferation-related 
markers, including EGF, EGFR, VEGF, PCNA, and 
steroid receptors (Albishtue et al., 2018; 2019).  

These findings also indicate that EBN exhibits di-
verse preclinical biological activities. However, the ev-
idence remains heterogeneous across EBN origins, 
preparation methods, doses, intervention durations, 
experimental models, and outcome measures. Overall, 
anti-inflammatory activity was consistently reported 
across two independent studies combining in vitro and 
animal models, with moderate certainty of evidence 
supporting reasonable consistency in findings, and an-
tioxidant and wound-healing activity was reported 
across three studies; however, substantial heterogene-
ity in models and outcome measures resulted in very 
low certainty of evidence, limiting direct comparison 
across studies. The detailed results of the individual 
studies are summarized in Table 6 for in vitro studies 
and Table 7 for in vivo studies. 

DISCUSSION 

The present systematic review synthesized recent 
evidence regarding the nutritional composition and bi-
ological activities of edible bird's nest. Overall, the 
findings indicate substantial experimental interest but 
limited clinical validation. These findings of this sys-
tematic review should be interpreted in relation to the 
biological origin, production environment, and com-
positional variability of EBN. Edible-nest swiftlets, 
particularly Aerodramus fuciphagus, mainly produce 
EBN, although swiftlets from the genera Collocalia, Aer-
odramus, and Hydrochous have also been reported as 
nest producers (Ma & Liu, 2012). As shown in Fig. 1, 
EBN is formed from the glutinous saliva secreted by 
enlarged sublingual salivary glands of male adult 
swiftlets during the nesting and breeding seasons. This 
saliva, which contains mucin glycoproteins, gradually 
solidifies upon exposure to air, forming the character-
istic translucent half-cup nest that protects eggs and 
birdlings (Al-Khaldi et al., 2022; Marcone, 2005; Yeo et 
al., 2021; Zulkefle et al., 2024).  

The composition of EBN may vary according to 
species, geographic origin, harvesting site, and pro-
duction system; cave nests are harvested from natural 
stone or limestone caves, whereas house nests are pro-
duced in man-made swiftlet houses, and these differ-
ences may influence nest color, mineral content, safety 
profile, and biological activity (Ma & Liu, 2012; Yeo et 
al., 2021; Zulkefle et al., 2024).  
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Table 6. Preclinical studies of bioactive EBN via in vitro studies. 

Source of 

EBN, 

collected in 

[location, 

year] 

Preparation/ extraction 

method and active 

concentration 

Specific 

bioconstituents 

Model/cell type, 

induction method, 

exposure time 

Results Ref. 

NR (Xiamen, 

China, 2023) 

Alkaline protease 

hydrolysis (0.04%, 6 h, 

pH 8–9, 51 °C); 50–2500 

µg/mL (50-2500 µg/mL 

for oxidative damage 
assay, and 50-100 µg/mL 

for melanin synthesis 

evaluation) 

Oligopeptides 

(Mn 355 Da), sialic 

acid (6.64%) 

HaCaT cells, H₂O₂-

induced oxidative 

damage (300 µmol/L), 

for 24 h 

EBNP protected against H₂O₂-

induced cell death in a dose-

dependent manner; significant 

protection ≥250 µg/mL (p<0.05); EC₅₀ 

= 14.14 mg/mL. 

Bai et al., 

2023 

B16 melanoma cells, 
24 h incubation, 

repeated ×3 over 48 h 

intervals 

Dose-dependent inhibition of 
intracellular melanin synthesis; 

significant from 50 µg/mL (p<0.05); 

EC₅₀ = 1.48 mg/mL. 

NR  Boiling (95°C, 15 min) 

then simulated gastric 
and intestinal digestion, 

0–1000 mg/mL 

NR A549 alveolar 

epithelial cells, TNF-α 
(10 ng/mL) induction, 

2–24 h 

EBN (1000 µg/mL) reduced pro-

inflammatory cytokines, including IL-
6 by 27% and IL-8 by 78%, while 

increasing IL-10 by 6.3-fold. It also 

decreased NLRP3 expression by 31% 

and dose-dependently suppressed 

TNFR1, p-IκBα, and p-p65. 

Bi et al., 

2024 

Aerodramus 
spp. (Krabi 

Province, 

Thailand) 

Simulated 
gastrointestinal 

digestion (pepsin then 

pancreatin), 0.1–1 

mg/mL 

Glycoprotein, 
sialic acid 

(Neu5Ac/Neu5Gc) 

RAW 264.7 
macrophages 

induced by LPS (10 

ng/mL), for 24 h 

Digested EBN upregulated MHC-II, 
CD86, CD80 mRNA at 1 mg/mL 

(p>0.05, non-dose-dependent); no 

induction of IL-1β/TNF-α; pEBN dose-

dependently increased IL-6 (p<0.05). 

Dobutr et 

al., 2022 

Aerodramus 

spp. (Surat-
Thani, 

Thailand 

Boiled/GI-digested, 0.01–

1 mg/mL 

NR PBMCs under CsA-

induced 
immunosuppression, 

48 h 

REBN (1 mg/mL) significantly 

restored CD3⁺ T-cells rather than CsA 
control (p<0.05). However, REBN, 

EBNE, and CEBN2 were associated 

with improvement of CD3⁺ T-cells at 

0.1–1 mg/mL. 

Dobutr et 

al., 2023 

NR (Cave-

nest, Gua 
Madai, 

Malaysia; 

House-nest, 

Teluk Intan, 

Malaysia) 

Aqueous extraction 

(distilled water) and 

freeze-dried, NR 

N-

acetylneuraminic 
acid, N-

glycolneuraminic 

acid, 5-N-acetyl-

9-O-

acetylneuraminic 
acid, 5-N-acetyl-

8,9-di-O-

acetylneuraminic 

acid 

MDCK (Madin-Darby 

Canine Kidney) cells 
infected with 

influenza A virus 

strain for 48 h 

The House nest and Cave nest EBN 

significantly reduced extracellular 
neuraminidase activity and CCL2 

levels, enhanced TNF-α and NF-κB 

expression, and lowered IFN-β and 

IL-6 levels in influenza-infected MDCK 

cells. Cave nest EBN showed 
additional antiviral effects by 

significantly reducing extracellular 

NS1 and increasing IL-27, responses 

that were not observed with house 

nest EBN. Enzymatic treatment with 
neuraminidase for cave nest EBN4 

and Pancreatin F for house nest EBN2 

weakened or reversed the antiviral 

effects in both nest types. 

Haghani et 

al. 2016 

NR, (East 

Kalimantan, 

Indonesia) 

Acid extraction (0.4 M 

H₂SO₄, 80°C, 4 h); 0.006–

100 mg/mL 

N-

acetylneuraminic 
acid, N-acetyl-D-

glucosamine, 

ketodeoxynonulo

sonic acid, N-

acetyl-9-O-
acetylneuraminic 

acid 

Vero-E6 cells ± SARS-

CoV-2 (MOI 0.01), pre-
/co-/post-treatment, 

4 days 

EBN showed low cytotoxicity in Vero-

E6 cells, with CC₅₀ = 10.28 mg/mL. 
Morphological damage appeared 

only from 6.25 mg/mL and increased 

dose-dependently. EBN 

demonstrated stronger antiviral 

activity when applied before or 
during viral exposure, with IC₅₀ 

values of 0.021 ± 0.02 and 0.021 ± 0.01 

mg/mL, respectively, compared with 

0.505 ± 0.06 mg/mL after infection. 

Kuncorojakt

i et al., 2025 
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Table 6. Preclinical studies of bioactive EBN via in vitro studies (continued...) 

Source of 

EBN, 

collected in 

[location, 

year] 

Preparation/ extraction 

method and active 

concentration 

Specific 

bioconstituents 

Model/cell type, 

induction method, 

exposure time 

Results Ref. 

Aerodramus 

fuciphagus / 

A. maximus 

(Malaysia) 

Boiling then simulated 

gastric digestion (pepsin, 

48 h); 1–100 µg/mL 

(extract/digest), 0.01–1 

mM (NANA) 

NR HaCaT keratinocytes, 

TNF-α (20 ng/mL), 2 

h–24 h 

The treatment reduced inflammatory 

markers IL-1β, IL-6, TNF-α, and COX-2 

by up to 80%, suppressed NF-κB and 

MAPK signaling through decreased p-

IκBα, p-p65, p-p38, and p-JNK, 
increased filaggrin and filaggrin-2 by 

around 100%, and lowered ROS by 

about 50%. 

Lai et 

al.,2022 

Aerodramus 

spp. 

(farmed) 

(Vietnam) 

EBN hydrolysates by 

papaya/pineapple/cantal

oupe juice, papain, 
bromelain fruit juice or 

enzyme hydrolysis (60°C, 

4 h, juice:substrate 

2.5:2); 5% v/w 

NR Human dermal 

fibroblasts, pipette-

tip scratch assay, 

0/12/24 h 

The treatment using juice-derived 

hydrolysates produced greater 

wound closure at 24 h, reaching 
approximately 70% to 90%, 

compared with about 40% for 

unhydrolyzed EBN and enzyme 

hydrolysates. 

Nguyen et 

al., 2024b 

 
Across the available compositional studies, EBN 

consistently emerges as a protein-dominant matrix, 
with reported protein content ranging from approxi-
mately 53% to 67% across samples from Malaysia and 
Indonesia (Amin et al., 2025; Elfita et al., 2020; Tan et 
al., 2020), alongside carbohydrate contents spanning 
roughly 16–32% and detectable sialic acid across all 
three studies. This convergence across independent re-
search groups and geographic origins lends reasonable 
confidence to protein and carbohydrate content as 
core, reproducible features of EBN composition. How-
ever, the spread itself likely reflects genuine composi-
tional heterogeneity driven by nest type, harvest re-
gion, and processing method, rather than measure-
ment inconsistency, since studies using comparable 
analytical methods still diverged. Mineral and lipid 
content showed even less consistency, and provenance 
details (species, harvest season, cleaning method) were 
inconsistently reported, limiting the ability to attribute 
this variation to specific production factors. These data 
support EBN as a protein-rich natural product with re-
producibly detectable bioactive constituents; however, 
the relationship between EBN source, color, and bio-
logical activity remains debated, particularly because 
the causes of red or yellow pigmentation are not yet 
fully elucidated (Yeo et al., 2021). Unfortunately, not all 
papers described the bioactive compounds that con-
tributed to the biological activities; however, several 
papers delineated that the main glycoprotein, namely 
sialic acid, and two minor glycoproteins, namely ovo-
transferrin and lactoferrin, and other proteins and 
amino acids contained in the saliva of the male Aero-
dramus swiftlets may be responsible for its biological 
activities. It should be emphasized at the outset that 
the mechanisms and bioactivities discussed in the fol-
lowing sections are derived exclusively from 

preclinical in vitro and in vivo evidence; they character-
ize the biological potential of EBN's constituents but do 
not constitute evidence of clinical efficacy in humans. 

Sialic acid, with the synonym Neu5Ac, is an acidic 
amino sugar possessing a nine-carbon skeleton, which 
exists in different forms, including glycolipids or gly-
coproteins, allowing it to participate in numerous 
pathological and physiological processes. Sialic acid 
has been investigated as a nutritional and pharmaco-
logical molecule, but its potential therapeutic rele-
vance depends on dose, bioavailability, and disease 
context (Li et al., 2023a). Sialic acid has been reported 
for its anti-inflammatory properties by downregulat-
ing TNF-α, CRP, and NF-κB (Yida et al., 2015a), by in-
hibiting NF-κB and MAPK signaling (Li et al., 2023b), 
by attenuating phosphorylation of IκB and 
Erk1/2/p38/JNK (Xue et al., 2018), and by modulating 
the anti-inflammatory activity of IgG (Böhm et al., 
2012). Notably, these four independent studies consist-
ently converge on suppression of the NF-κB/MAPK 
axis as the underlying mechanism, despite differing 
disease models and outcome measures, lending rea-
sonable mechanistic reproducibility to this anti-inflam-
matory pathway. Sialic acid modulates inflammation 
by promoting pathogen growth and proliferation and 
activating the immune response (Wang et al., 2025). Si-
alic acid was also reported for its effects in improving 
learning and memory function in rats (Oliveros et al., 
2018), ameliorating cognitive deficits and amyloid 
deposition in an Alzheimer's mouse model (Xiao et al., 
2021), normalizing hippocampal neuron morphology 
in a valproic acid-induced autism rat model (Yang et 
al., 2025), and improving cognitive performance in 
adult mice following neonatal supplementation 
(Chung et al., 2020).
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Table 7. Preclinical studies of bioactive EBN via in vivo studies. 

Source of EBN, 

collected in 

[location, year] 

Preparation/ 

extraction method 

Bioactive 

component(s) 

Animal/cell model 

used in preclinical 

study 

Induction/ model 

method 

Control 

(negative and 

positive) 

Duration Results Interpretation Ref. 

Aerodramus spp. (NR) Aqueous extract; 

EBN powder 

dissolved in 

distilled water, 

heated in a water 

bath at 60°C for 45 

min 

NR 24 female Sprague-

Dawley rats (4 

groups, n=6), 

assessed at 

proestrus stage 

None (dietary 

supplementation 

study, not disease-

induced); graded 

oral doses of 0, 30, 

60, 120 mg/kg BW 

for 8 weeks 

Vehicle (normal 

saline) as 

negative 

control; 

Positive control 

was not 

reported 

8 weeks Uterine weight-to-BW ratio and length 

increased dose-dependently, highest in 

120 mg/kg BW (p<0.05). 

Luminal/glandular epithelial and 

endometrial thickness and uterine 

gland number increased dose-

dependently. EGF, REGF, VEGF, PCNA, 

E2R, and P4R expression were 

significantly upregulated, greatest in 

120 mg/kg BW (p<0.05). Plasma TBARS 

decreased, and SOD/TAC increased 

dose-dependently; no hepatotoxicity 

was observed. 

EBN promotes 

uterine proliferation 

via upregulation of 

growth factors and 

steroid receptors 

and exerts 

antioxidant activity, 

supporting a role as 

an estrogen-like 

reproductive 

supplement. 

Albishtue 

et al., 

2018 

NR Whole EBN, 

aqueous 

dissolution 

(distilled water, 

heated to 60°C, 45 

min) 

NR 30 female Sprague-

Dawley rats, 12 

weeks old 

Lead acetate (LA), 

10 mg/kg BW, oral 

gavage, once daily 

Vehicle 

(Distilled water) 

as Normal 

control; lead 

acetate as toxic 

control on Day 

0. Positive 

control was not 

reported 

5 weeks EBN co-treatment at 30, 60, and 120 

mg/kg BW restored uterine 

histoarchitecture; EBN 120 mg/kg BW 

was comparable to the control and 

showed the greatest number of uterine 

glands. 

Plasma SOD activity was lower in 

controls  (p<0.05) and restored toward 

control levels with EBN. The expression 

of EGF, VEGF, and PCNA in 

luminal/glandular epithelium and 

stroma was significantly higher in EBN 

60 mg/kg BW than other treatments 

(p<0.05). 

EBN protects 

against LA-induced 

uterine toxicity by 

restoring 

antioxidant–ROS 

balance and 

upregulating 

EGF/VEGF/PCNA-

mediated cell 

proliferation. 

Albishtue 

et al., 

2019 

NR Boiled aqueous 

extract (95°C, for  15 

min) with simulated 

gastric and 

intestinal digestion, 

freeze-dried to 

powder 

NR 50 BALB/c mice, 7 

weeks old,  5 

groups (n = 

10/group) 

Cigarette smoke 

exposure (4 

cigarettes/day x 8 

days) to induce 

pneumonia/lung 

inflammation.  

Baihe gujin 

decoction as 

Positive control  

8 days smoke 

exposure; 15-

day gavage 

High-dose EBN (0.019 g) reduced the 

Smith lung injury score by 62% and 

pulmonary/serum IL-6, TNF-α, and IL-8 

while raising IL-10 (p<0.01); it reduced 

NLRP3 inflammasome expression in 

lung tissue. 

EBN alleviates 

cigarette smoke-

induced pulmonary 

inflammation by 

inhibiting the 

TNFR1/NF-

κB/NLRP3 signaling 

axis, supporting its 

traditional use to 

'moisten the lungs.' 

Bi et al., 

2024 
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Table 7. Preclinical studies of bioactive EBN via in vivo studies (continued...) 

Source of EBN, 

collected in 

[location, year] 

Preparation/ 

extraction method 

Bioactive 

component(s) 

Animal/cell model 

used in preclinical 

study 

Induction/ model 

method 

Control 

(negative and 

positive) 

Duration Results Interpretation Ref. 

Aerodramus spp. 

(Krabi Province, 

Thailand) 

 

Simulated gastric + 

intestinal fluid 

digestion of raw 

EBN, EBN extract, 

and 2 commercial 

EBN 

NR 40 male Sprague-

Dawley rats (5 

groups, n=8 

no disease 

induction  

NR 30 consecutive 

days of 

intervention 

oral gavage  

REBN, EBNE and CEBN2 significantly 

increased CD3+ T-cells (p<0.05) without 

affecting B- or NK-cells. EBN increased 

Peyer's patch number and spleen 

weight (EBNE group) 

EBN selectively 

promotes T-

lymphocyte 

proliferation and IL-

2 production and 

can partially 

counteract 

pharmacologic 

immunosuppression

, supporting a role in 

T-cell-mediated 

immune support. 

Dobutr et 

al., 2022 

NR Dietary 

incorporation into 

pellet feed of EBN 

at dose 1.5%, 3% 

and 6% 

Lactoferrin, 

Ovotransferrin, 

Sialic acid, and 

amino acids 

42 female Sprague-

Dawley rats (3 

months, 180–200 g, 

n=6/group) 

Bilateral 

ovariectomy (OVX) 

to induce 

menopause-related 

memory/cognitive 

decline 

Control 

(unoperated), 

Sham (surgery, 

ovaries spared) 

as negative 

controls, and 

Estrogen 0.2 

mg/kg/day as 

positive control 

12 weeks OVX+EBN groups showed spatial 

learning/memory (Morris water maze) 

comparable to the estrogen group and 

superior to untreated OVX; serum 

estradiol and hippocampal SIRT1 

immunoreactivity (pyramidal layer and 

dentate gyrus) increased dose-

dependently. Unlike estrogen, EBN did 

not significantly elevate liver enzymes 

(ALT, ALP). 

EBN attenuates 

OVX-induced 

cognitive decline via 

upregulation of 

hippocampal SIRT1, 

offering a lower-

toxicity alternative 

to estrogen therapy 

for menopause-

related memory 

loss. 

Hou et al., 

2017 

White EBN cup 

grade, house-

farmed, (NR) 

Water extract – 

soaked, then boiled 

at 98±2°C for 8 h; 

Enzymatic digest – 

simulated gastric 

fluid + pepsin, 37°C, 

48 h 

NR C57BL/6 mice, 2–3 

months old; 6 

groups 

DNCB (7% w/w, 

topical 

sensitization day 1 

and challenge day 

6) 

Vehicle 

(blank/Vaseline

) as negative 

control, and 

Dexamethason

e (0.12% w/w in 

vivo) as positive 

control. 

11 days  

In DNCB-induced dermatitic mice, EBN 

reduced scratching duration, severity 

score, skin/epidermal thickness, mast 

cell and immune cell infiltration, serum 

IgE, and skin cytokines (TNF-α, IL-1β, 

IL-6) in a dose-dependent manner, 

comparable to dexamethasone 

(p<0.05). 

EBN (especially its 

enzymatic digest 

and NANA) exerts 

anti-inflammatory 

and skin-barrier-

restorative effects 

via suppression of 

ROS/NF-κB/MAPK 

signaling, 

supporting its use in 

atopic dermatitis. 

Lai et al., 

2022 
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Table 7. Preclinical studies of bioactive EBN via in vivo studies (continued...) 

Source of EBN, 

collected in 

[location, year] 

Preparation/ 

extraction method 

Bioactive 

component(s) 

Animal/cell model 

used in preclinical 

study 

Induction/ model 

method 

Control 

(negative and 

positive) 

Duration Results Interpretation Ref. 

NR (Buntok, Central 

Kalimantan, 

Indonesia) 

Soaked in distilled 

water 10 min, 

steamed at 34°C 

(max 72°C, 10–15 

min); formulated at 

40% into O/W and 

W/O creams 

NR 28 male white mice 

(Mus muscullus) (4 

groups, n=7) 

UVA (360 nm) 

irradiation, 30 

min/day, until skin 

color level reached 

4 

(hyperpigmentation

/dehydration 

model) 

Glycerin cream 

as negative 

control and 

Commercial 

moisturizing 

cream as 

Positive 

control. 

14 days Skin color level fell to 1 by day 9 with 

O/W and W/O EBN creams. However, 

positive control reached level 1 by day 

8, and negative control remained at 

level 4 through day 14. Skin moisture 

content rose to 50.1–53.7% (normal 

hydration) with EBN creams vs. 21.5% 

(dehydration) with negative control. 

Furthermore, no significant difference 

vs. positive control. 

Topical EBN cream 

has lightening and 

moisturizing 

efficacy statistically 

comparable to a 

positive commercial 

control, supporting 

its use as a cosmetic 

active. 

Sandi & 

Susiani, 

2021 

Aerodramus 

fuciphagus 

(Thailand) 

Aqueous extract; 

soaked 1:30 (w/v) 

24 h at 4°C, boiled 

90°C for 6 h, freeze-

dried to powder 

NR 40 adults male 

Wistar rats (Rattus 

norvegicus); 250-

300 g, 8 weeks old, 

5 groups (n= 

8/group) 

Middle cerebral 

artery occlusion 

(MCAO, modified 

Longa technique) to 

mimic vascular 

dementia/cerebral 

ischemia 

Normal control 

(Vehicle); 

Donepezil 100 

mg/kg BW as 

positive control 

14 days pre-

surgery + 21 

days post-

surgery 

EBN at doses of 10, 50, 100 mg/kg) 

decreased hippocampal beta-amyloid 

(comparable to donepezil at 100 

mg/kg), inhibited AChE activity in 

cerebral cortex, hippocampus, and 

basal forebrain (p<0.05), improved 

neurological score, shortened MWM 

escape latency, improved radial arm 

maze performance, and reduced brain 

infarction volume in 

cortex/striatum/hippocampus. 

EBN exerts 

neuroprotective 

effects against 

vascular dementia 

via AChE inhibition 

and reduction of 

beta-amyloid 

accumulation, 

comparable to the 

standard drug 

donepezil. 

Sirinupong 

et al., 2024 

NR (Terengganu, 

Malaysia) 

Whole EBN 

incorporated into 

diet at low (2.5%) or 

high (20%) dose. 

NR 30 Sprague-Dawley 

rats, 10 weeks old; 

230-280 g, 5 groups 

(n =6/group) 

High-cholesterol 

diet (HCD): 4.5% 

cholesterol + 0.5% 

cholic acid for 12 

weeks 

Normal pellet 

diet as negative 

control, and 

Simvastatin (10 

mg/kg/day) as 

positive 

control. 

12 weeks High-dose EBN (20%) significantly 

lowered cholesterol and LDL, and 

outperformed simvastatin in reducing 

LDL; both EBN doses improved liver 

enzymes and attenuated hepatic fatty 

deposits on histology. HCD upregulated 

hepatic PCSK9, ApoB, and HMGCR and 

downregulated LDLR and CYP7A1 

mRNA. However, High-dose EBN 

reversed this pattern with fold changes 

of 0.7, 0.6, 0.5 (down) and 1.7, 2.7 (up), 

respectively. 

EBN attenuates 

HCD-induced 

hypercholesterolem

ia through 

transcriptional 

regulation of 

hepatic cholesterol 

metabolism genes, 

with efficacy 

comparable to or 

better than 

simvastatin. 

Yida et al., 

2022 
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Table 7. Preclinical studies of bioactive EBN via in vivo studies (continued...) 

Source of EBN, 

collected in 

[location, year] 

Preparation/ 

extraction method 

Bioactive 

component(s) 

Animal/cell model 

used in preclinical 

study 

Induction/ model 

method 

Control 

(negative and 

positive) 

Duration Results Interpretation Ref. 

NR (Malaysia) Aqueous decoction 

soaked in water for 

12 h, simmered at 

95°C for 10–25 min, 

solid:liquid 1:20; 

administered by 

oral gavage 

NR Maternal 

(pregnant/lactating

) Sprague-Dawley 

rats (n = 30 female, 

15 male) and their 

offspring (n=8 

offspring/group 

tested) 

None (maternal 

dietary 

supplementation 

model; no 

disease/toxicant 

induction) 

Saline-gavaged 

dams as 

vehicle; sialic 

acid (SA, 45 

mg/kg) group 

as active 

comparator 

Beginning of 

pregnancy 

through end of 

lactation 

(weaning, 

~P21); offspring 

assessed 

thereafter 

Maternal high-dose (HEBN, 9 g/kg) and 

low-dose (LEBN, 4.5 g/kg) improved 

offspring Morris Water Maze 

performance: reduced escape latency 

and increased platform crossings 

(+121.4%/+78.6%) and time in target 

quadrant (p<0.05) than control, EBN at 

both doses increased hippocampal CA1 

dendritic spine density 

(+66.7%/+53.1%) and synaptic proteins 

SYP, GAP-43, PSD95 (mRNA and 

protein) more robustly than SA. 

EBN increased hippocampal 

neurogenesis markers (NeuN+, DCX+, 

SOX2+ in dentate gyrus) and BDNF, p-

CREB/CREB, p-ERK/ERK levels (p<0.05). 

Maternal EBN 

supplementation 

during pregnancy 

and lactation 

enhances offspring 

learning and 

memory by 

promoting 

hippocampal 

synaptic plasticity 

and neurogenesis 

via activation of the 

ERK-CREB-BDNF 

pathway, more 

potently than sialic 

acid alone. 

Zhu et al., 

2023 
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While these four studies span different disease 

models and species, supporting a broadly reproducible 
cognitive/neuroprotective signal, they rely on hetero-
geneous outcome measures (amyloid burden, neu-
ronal counts, behavioral performance), which preclude 
direct comparison of effect magnitude across studies 
and limit conclusions to a qualitative, rather than 
quantitative, level of consistency. In contrast, the re-
ported amelioration of atherosclerosis by exogenous 
sialic acid in apolipoprotein E-deficient mice (Guo et 
al., 2016) remains an isolated finding supported by a 
single study. It has not yet been independently repli-
cated, warranting cautious interpretation until con-
firmed. 

Other glycoproteins present in EBN, such as ovo-
transferrin and lactoferrin, have been reported to ex-
hibit antioxidant effects against hydrogen peroxide-in-
duced oxidative stress in human SH-SY5Y cells (Hou 
et al., 2015). This antioxidative finding, however, is 
based on a single in vitro model and has not been cor-
roborated in vivo. Ovotransferrin and lactoferrin work 
together to maintain the balance of endogenous iron by 
reversibly binding and releasing iron as required, and 
these glycoproteins may contribute to antimicrobial ac-
tivity through iron-binding mechanisms, a mechanism 
supported consistently across two independent 
sources (Bezkorovainy et al., 1981; Fijałkowski et al., 
2025); however, this mechanism has not been directly 
established for whole EBN in most included studies, 
representing a methodological gap between mechanis-
tic plausibility and demonstrated EBN-specific activ-
ity. Ovotransferrin was also reported to have anti-in-
flammatory properties in ethanol-induced gastric mu-
cosal injury in BALB/c mice, downregulating TNF-α, 
IL-1β, and IL-6 while upregulating IL-4, IL-10, and 
prostaglandin E2 (Huang et al., 2023), a finding cur-
rently supported by a single study. By contrast, ovo-
transferrin's immunomodulatory activity showed in-
creased MHC-II and CD83 levels and regulated the 
Th1/Th2 ratio in a cyclophosphamide-induced intesti-
nal immunosuppression mouse model, which was in-
dependently replicated across two separate studies us-
ing the same model (Zhu et al., 2018; 2019), providing 
comparatively stronger reproducibility than the other 
reported bioactivities of ovotransferrin in this review. 

Safety concerns identified across the included stud-
ies were predominantly contamination- and pro-
cessing-related rather than intrinsic to EBN itself. 
Heavy metals (arsenic, mercury, lead, cadmium, tin) 
have been detected at low levels in raw, uncleaned 
house EBN (Wahyuni et al., 2022), consistent with 
known environmental accumulation pathways such as 
industrial air pollution, contaminated building materi-
als, and the swiftlets' insect diet; chronic exposure to 

these metals is independently associated with carcino-
genicity, neurological damage, impaired cognition, 
and hypertension (Ha et al., 2017). Environmental ni-
trites similarly accumulate through anaerobic fermen-
tation of guano and, under acidic gastric conditions, 
can form N-nitrosamines, which IARC classifies as 
probable carcinogens. EBN also carries an intrinsic, 
contamination-independent allergenicity risk from 
glycoprotein carbohydrate epitopes that resist routine 
boiling (Goh et al., 2000; 2001), and unprocessed nests 
may harbor fecal pathogens or act as vectors for avian 
influenza, underscoring the importance of adequate 
heat pasteurization during commercial processing. 

Regulatory responses to these risks remain uneven 
across producing countries. Following the 2011 China–
Malaysia nitrite crisis, both countries established a 
shared nitrite limit for raw-clean EBN (≤30 mg/kg), 
along with heavy metal and microbial limits (GB 2762-
2025; MS 2334:2011). By contrast, Indonesia — the 
world's largest EBN producer — revoked its dedicated 
nitrite standard in 2021, with current oversight limited 
to disease transmission and allergenicity through agri-
cultural quarantine regulation rather than chemical 
contaminant limits, and no jurisdiction currently man-
dates allergen labeling for EBN products. This regula-
tory unevenness is directly relevant to translational 
readiness: without consistent contaminant and aller-
gen standards across major producing countries, the 
safety profile of EBN used in future clinical research 
cannot be assumed to reflect prior industry compliance 
and would require independent verification. 

Interpreting the pharmacological effects observed 
across the included studies requires consideration of 
two factors that remain unresolved by the current evi-
dence base. The pharmacokinetic fate of EBN’s bioac-
tive constituents remains largely unaddressed; the 
only available preclinical evidence in this domain used 
simulated gastrointestinal digestion rather than an in 
vivo system, finding that EBN’s antioxidants likely ex-
ceed absorbed amounts, a pattern consistent with the 
known minimal systemic absorption of lactoferrin 
(Yida et al., 2014). Without oral bioavailability or 
plasma metabolite data, the pharmacological effects re-
ported in the included in vivo studies cannot be confi-
dently attributed to circulating levels of any specific bi-
oactive constituent. Second, the composition of EBN it-
self is not standardized; house-farmed A. fuciphagus 
EBN exhibits higher antioxidant activity and sialic acid 
content than cave-farmed A. maximus EBN, and carbo-
hydrate content varies markedly by production system 
and country of origin (Seow et al., 2016; Zulkefle et al., 
2024). Given that few of the included studies reported 
detailed provenance of their EBN samples, this uncon-
trolled compositional variability may plausibly 
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account for some of the inconsistency in effect sizes 
across the reviewed literature, reinforcing earlier calls 
to establish a standard operating procedure for EBN 
quality control (Lee et al., 2021). 

To avoid overestimating translational relevance, 
the strength of evidence across the 16 included studies 
is graded based on study design and GRADE certainty 
(Table 4). Anti-inflammatory (Bi et al., 2024; Lai et al., 
2022), neuroprotective (Hou et al., 2017; Sirinupong et 
al., 2024; Zhu et al., 2023), and antiviral (Haghani et al., 
2016; Kuncorojakti et al., 2025) activities show the most 
reliable evidence, each supported by ≥2 independent 
studies with moderate certainty. Immunomodulatory 
(Dobutr et al., 2022; 2023) and uterine health (Albhistue 
et al., 2018; 2019) effects each rely on two studies from 
the same research group rather than independent rep-
lication, yielding low certainty. Anti-hyperlipidemic 
activity rests on a single study (Yida et al., 2022; low 
certainty). Notably, antioxidant/wound-healing activ-
ity, despite three supporting studies (Bai et al., 2023; 
Nguyen et al., 2024b; Sandi & Susiani, 2021), was rated 
very low certainty due to inconsistency, indirectness, 
and imprecision, illustrating that study count alone 
does not equal strong evidence. Overall, only anti-in-
flammatory, neuroprotective, and antiviral effects cur-
rently meet a threshold of independence and con-
sistency sufficient to prioritize for translational re-
search. 

These certainty ratings were substantially shaped 
by the risk-of-bias profile of the included studies: se-
quence generation/randomization was rated unclear 
in 100% of animal studies (SYRCLE domain 1), and 
blinding-related domains were similarly unclear in 
100% of studies (SYRCLE domain 7), meaning alloca-
tion concealment and outcome-assessor blinding were 
rarely reported. Since inadequate allocation conceal-
ment and blinding are well-established sources of in-
flated effect sizes in preclinical research, the risk of bias 
was a primary domain contributing to the down-rating 
of the certainty of anti-inflammatory and antioxi-
dant/wound-healing evidence from moderate to very 
low. It should also be emphasized that a rating of mod-
erate certainty within the GRADE framework reflects 
confidence in the preclinical effect estimate itself and 
should not be interpreted as approaching clinical-
grade certainty. No degree of preclinical consistency, 
however reproducible, substitutes for direct evidence 
from human trials; moderate preclinical certainty 
therefore identifies priority candidates for clinical in-
vestigation, not findings ready for clinical application. 
No eligible clinical studies were identified during the 
search and screening process. This is likely attributable 
to the current stage of EBN research, which remains 
predominantly preclinical; key translational prerequi-
sites have not yet been established. In the absence of 

this foundational work, researchers may not yet have 
proceeded to clinical trial design, or clinical investiga-
tions may currently be limited to non-pharmacological 
outcomes rather than the pharmacological endpoints 
addressed by this review. The absence of eligible clini-
cal evidence, therefore, reflects a genuine gap in the 
field's translational pipeline rather than a limitation of 
the search strategy. 

Although scientific interest in EBN continues to 
grow, this review reveals several limitations. The ex-
trapolation of findings from preclinical studies to hu-
man physiology requires careful interpretation. All the 
animal studies employ small sample sizes and short 
observation periods, thus limiting the generalizability 
of their results and the long-term safety and efficacy. 
Studies on in vivo toxicity are not available. Moreover, 
variations in sample origin (mostly from different re-
gions in Malaysia) and processing methods (drying 
temperature, cleaning methods, and enzymatic hy-
drolysis) further influence protein integrity, glycopro-
tein stability, and the concentration of bioactive pep-
tides, and analytical techniques also affect the con-
sistency of EBN research outcomes. Differences in spe-
cies (Aerodramus or Collocalia), nesting environments 
(cave or house), and geographical factors may contrib-
ute to significant variations in nutritional and bio-
chemical composition. Other insufficiently reported 
factors, including harvesting season, species identifica-
tion methods, storage conditions, extraction protocols, 
and quality control procedures, likely contribute fur-
ther to this variability, with direct consequences for the 
reproducibility of findings and their translational rele-
vance. In addition, contamination remains a major 
challenge in the EBN industry, posing health risks to 
consumers; therefore, a strict quality control system is 
essential to ensure product safety. 

This review was also restricted to PubMed and Sco-
pus, without inclusion of additional databases such as 
Web of Science, Cochrane Library, Embase, or Google 
Scholar. This decision reflects access limitations and 
the reduced reproducibility of Google Scholar as a 
search source. However, this restriction is a limitation, 
as EBN research is inherently multidisciplinary, and 
relevant studies may also be published in food science, 
veterinary, agricultural, and nutrition journals, as well 
as regional journals that are not consistently indexed in 
PubMed or Scopus. In addition, this review was re-
stricted to studies published in English, as retrieved 
through PubMed and Scopus. This restriction reflects 
the language proficiency of the review team and the 
absence of translation resources for non-English litera-
ture, and may have introduced language bias, as rele-
vant preclinical studies on edible bird's nest published 
in non-English languages, particularly Chinese, given 
the concentration of EBN research and industry in 
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China and other East/Southeast Asian countries, 
where findings are frequently published in domestic-
language journals, may have been excluded. Restrict-
ing the search to English-language sources may also 
have contributed to publication bias, as studies report-
ing non-significant or negative findings are less likely 
to be published in English-language, internationally 
indexed journals compared to regional or non-English 
outlets. This may have skewed the synthesized evi-
dence toward predominantly positive pharmacologi-
cal findings. As a result, the current synthesis may not 
fully capture the breadth of available preclinical evi-
dence, and caution is warranted when generalizing 
these findings to the broader body of research on EBN. 

Future research should focus on robust clinical val-
idation, standardization of identification and quality-
testing methods, and a deeper understanding of the 
molecular mechanisms underlying EBN's biological 
activities. Collectively, the evidence indicates a clear 
translational gradient, in which the clinical efficacy of 
EBN in humans remains unproven despite consistent 
preclinical signals for select bioactivities. Bridging this 
gap will require standardized EBN preparation, con-
sistent dosing protocols, a standard operating proce-
dure for EBN quality control, including toxicity assess-
ments, and well-designed randomized controlled trials 
(RCTs) to evaluate EBN's pharmacological effects in 
the future. Such improvements are essential to deter-
mine whether the preclinical pharmacological effects 
of EBN can translate into reliable clinical benefits. 

Limitation of the study 

Several limitations should be considered when in-
terpreting the findings. First, this review included 16 
primary preclinical studies, comprising five in vitro, 
seven in vivo, and three studies combining both ap-
proaches. In comparison, one study explains the nutri-
tional composition, which may have introduced incon-
sistencies in how rigorously pharmacological out-
comes were measured or reported compared with 
studies focused solely on pharmacology. Additionally, 
one included study that reported only the chemical 
composition of EBN was not subjected to a risk-of-bias 
assessment because it lacked an interventional design 
suitable for existing ROB tools. This represents a meth-
odological asymmetry in how included studies were 
evaluated, though it does not affect the pharmacologi-
cal findings synthesized in this review. 

Second, the search was restricted to PubMed and 
Scopus and did not include additional databases such 
as Web of Science, Cochrane Library, Embase, or 
Google Scholar. This decision reflects access con-
straints and the reduced reproducibility of Google 
Scholar as a search source. As EBN research is 

inherently multidisciplinary, relevant studies may also 
be published in food science, veterinary, agricultural, 
and nutrition journals, as well as regional journals not 
consistently indexed in PubMed or Scopus; this re-
stricted database coverage is therefore considered a 
limitation of the current synthesis. In addition, this re-
view was restricted to studies published in English, as 
retrieved through PubMed and Scopus. This re-
striction reflects the language proficiency of the review 
team and the absence of translation resources for non-
English literature, and may have introduced language 
bias, as relevant preclinical studies on edible bird's nest 
published in non-English languages, particularly Chi-
nese, given the concentration of EBN research and in-
dustry in China and other East/Southeast Asian coun-
tries, where findings are frequently published in do-
mestic-language journals, may have been excluded. As 
a result, the current synthesis may not fully capture the 
breadth of available preclinical evidence, and caution 
is warranted when generalizing these findings to the 
broader body of research on EBN. 

Third, sample sizes across the included studies 
were generally small, ranging from 4 to 8 ani-
mals/group, which may limit the statistical power and 
reliability of the reported pharmacological effects. In 
addition, the certainty of the findings was affected by 
the risk-of-bias profile of the included studies. Alt-
hough inter-rater agreement across the three reviewers 
was almost perfect for both tools, indicating that the 
ratings themselves are robust, the underlying primary 
studies showed poor reporting on several key do-
mains. Blinding was inadequately reported in both in 
vitro and animal studies, as were randomization and 
allocation/sequence-generation procedures. These 
gaps reflect a systemic weakness in the primary litera-
ture rather than in the assessment process, but they 
nonetheless constrain confidence in the pooled find-
ings; accordingly, this risk-of-bias pattern contributed 
to down-rating the certainty of evidence in our 
GRADE assessment. Future in vitro and animal studies 
in this field should adopt and explicitly report blinding 
and randomization procedures to allow more rigorous 
risk-of-bias evaluation. 

Nonetheless, as this review is restricted to preclini-
cal evidence, the findings represent only indirect ap-
proximations of possible human physiological re-
sponses; translational relevance to clinical outcomes 
remains unconfirmed and requires validation through 
future human trials. Substantial heterogeneity was ob-
served in dosing protocols. However, the in vitro stud-
ies applied EBN concentrations ranging from 0.1 
µg/mL, while in vivo studies used doses ranging from 
10% to 120 mg/kg BW. This wide variability, com-
bined with differences in EBN extraction and prepara-
tion methods across studies, complicates direct 
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comparison of pharmacological potency and limits the 
feasibility of establishing a standardized dose-re-
sponse relationship. Finally, while several pharmaco-
logical domains (antioxidant, anti-inflammatory, anti-
cholesterol) were investigated, the underlying in vivo 
mechanisms for many of these effects remain insuffi-
ciently validated. They would benefit from more tar-
geted mechanistic studies in future research. This re-
view protocol was prospectively registered with 
PROSPERO (CRD420261426214), thereby enhancing 
methodological transparency and reducing the risk of 
reporting bias. Relatedly, the pharmacological activi-
ties attributed to individual EBN constituents, espe-
cially the antioxidant properties of sialic acids or the 
anti-inflammatory effects of lactoferrin, are, in most 
cases, inferred from these compounds' established bio-
activity in other biological contexts rather than con-
firmed through mechanistic studies conducted specifi-
cally on the compounds within the EBN matrix. At the 
same time, such attribution provides a plausible bio-
logical rationale; it does not constitute evidence that 
the compound exerts the same activity, via the same 
pathway, when present as part of the whole EBN, 
which is why the mechanism of action of EBN as a 
whole remains only partially understood despite the 
frequency with which specific activities are assigned to 
specific constituents in the literature. 

Future perspectives 

Despite encouraging experimental findings, several 
methodological limitations remain. Based on observa-
tions across the included studies, future research 
should prioritize three directions to advance EBN from 
preclinical to translational evidence. First, mechanistic 
work should move from descriptive pathway associa-
tion toward causal validation, which converges on NF-
κB and Nrf2 involvement, with EBN preparations 
shown to inhibit pro-inflammatory cytokine expres-
sion and IκBα/NF-κB/p38/JNK phosphorylation (Lai 
et al., 2022) and to attenuate pulmonary inflammation 
via the TNFR1/NF-κB/NLRP3 axis (Bi et al., 2024), 
while more recent work has additionally implicated 
PI3K-AKT and ERK signaling downstream of EGFR 
activation (Zhang et al., 2026). Confirming these rela-
tionships will require pathway-specific inhibitor or 
knockdown studies rather than expression-level corre-
lation alone. 

Second, bioactive compound validation is needed 
at the constituent level, since EBN’s pharmacological 
activity is consistently attributed to a shared pool of 
compounds, principally sialic acid, ovotransferrin, and 
lactoferrin. Yet, lactoferrin and ovotransferrin have 
been shown to protect against oxidative stress without 
individually reproducing the full potency of whole-
EBN, suggesting a synergistic rather than a single-

compound mechanism (Hou et al., 2015). Isolation of 
these compounds, followed by direct comparison with 
the whole EBN extract, would clarify whether the ob-
served effects are compound-specific or matrix-de-
pendent. 

Finally, human clinical trials remain the most con-
sequential gap in the field. A previous systematic re-
view of animal studies noted the absence of clinical tri-
als evaluating EBN’s neuroprotective efficacy (Ismail 
et al., 2021), and although clinical studies were outside 
the eligibility criteria for this preclinical review, the 
limited available human evidence suggests that clinical 
translation remains at an early stage, two recent RCTs 
have begun to address this, one demonstrating im-
proved skin wrinkles, elasticity, and moisture after 12 
weeks of oral EBN extract (Kim et al., 2022), and an-
other reporting dose- and time-dependent metabo-
lomic changes in healthy adults (Zhou et al., 2026). Pre-
clinical findings on metabolic syndrome-related bi-
omarkers (Permatasari et al., 2023) have yet to be tested 
in adequately powered human trials evaluating cogni-
tion, metabolic syndrome, skin aging, and inflamma-
tory biomarkers. 

CONCLUSION 

EBN is a protein- and glycoprotein-rich animal-de-
rived functional food with low fat content. Preclinical 
evidence suggests antioxidant, anti-inflammatory, im-
munomodulatory, metabolic, reproductive, neuropro-
tective, and skin-related activities. These effects have 
been proposed to involve sialic-acid-containing glyco-
proteins, peptides, amino acids, and other bioactive 
constituents, although causal mechanisms have not 
been established for whole EBN preparations. How-
ever, current evidence is limited by a high or unclear 
risk of bias across many included studies, substantial 
heterogeneity in EBN origin, processing methods, ex-
traction procedures, experimental models, and out-
come measures, and by the fact that it remains almost 
entirely preclinical, with human evidence still scarce. 
Consequently, these findings should be regarded as 
hypothesis-generating rather than conclusive. Stand-
ardized compositional profiling, contaminant control, 
validated authentication methods, mechanistic experi-
ments, and well-designed clinical trials with rigorous 
methodology are required before disease-preventive 
or therapeutic claims can be supported, and therapeu-
tic applications of EBN should not yet be recom-
mended. 
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included in the review, ideally using a flow diagram. 

Page 8; Results section; Study 

Selection subsection 

16b Cite studies that might appear to meet the inclusion criteria, but which 

were excluded, and explain why they were excluded. 

Page 8; Results section; Study 

Selection subsection 

Study 

characteristics  

17 Cite each included study and present its characteristics. Pages 8, 11-15; Results section; 

Table 5, Characteristics of 

Included Studies and Results of 

Individual Studies subsection 

Risk of bias in 

studies  
18 Present assessments of risk of bias for each included study. Page 16; Results section; Risk of 

Bias Assessments; Figure 4 (QUIN 

tool used to assess the 

methodological quality of the 

included in vitro studies) and 
Figure 5 (SYRCLE's risk-of-bias tool 

used to assess the methodological 

quality of the in vivo studies) 

Results of 

individual 

studies  

19 For all outcomes, present, for each study: (a) summary statistics for 

each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured 

tables or plots. 

Page 11-15, 17-18; Results section; 

Results of Individual Studies 

subsection 

Results of 

syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of 

bias among contributing studies. 

Page 17; Results section; Certainty 

of Evidence subsection 

20b Present results of all statistical syntheses conducted. If meta-analysis 
was done, present for each the summary estimate and its precision 

(e.g. confidence/credible interval) and measures of statistical 

heterogeneity. If comparing groups, describe the direction of the 

effect. 

Page 17; Results section; Certainty 

of Evidence subsection 

20c Present results of all investigations of possible causes of heterogeneity 

among study results. 

Page 10; Table 3, Synthesis 

Without Meta-Analysis 

20d Present results of all sensitivity analyses conducted to assess the 

robustness of the synthesized results. 

Page 10; Table 3, Synthesis 

Without Meta-Analysis; Table 4, 

Certainty of Evidence Assessments 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from 

reporting biases) for each synthesis assessed. 

Page 16; Results section; Risk of 
Bias Assessments; Fig. 4 (QUIN tool 

used to assess the methodological 

quality of the included in vitro 

studies) and Fig. 5 (SYRCLE's risk-

of-bias tool used to assess the 
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Table S2. PRISMA 2020 Checklist  

Section and 

Topic  

Item 

# 
Checklist item  Location where item is reported  

methodological quality of the in 

vivo studies) 

Certainty of 

evidence  
22 Present assessments of certainty (or confidence) in the body of 

evidence for each outcome assessed. 

Pages 10, 17; Table 3, Synthesis 

Without Meta-Analysis; Table 4, 

Certainty of Evidence 

Assessments; and Results section, 

Certainty of Evidence subsection 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other 

evidence. 

Page 18, Paragraph 1 

23b Discuss any limitations of the evidence included in the review. Pages 25, 27; Limitations of the 

Study section 

23c Discuss any limitations of the review processes used. Pages 26-27; Limitations of the 

Study section 

23d Discuss implications of the results for practice, policy, and future 

research. 

Pages 27-28; Discussion and 

Future Perspectives section 

OTHER INFORMATION  

Registration and 

protocol 

24a Provide registration information for the review, including register 
name and registration number, or state that the review was not 

registered. 

Page 5; Methods section 

24b Indicate where the review protocol can be accessed, or state that a 

protocol was not prepared. 

Page 5; Methods section 

24c Describe and explain any amendments to information provided at 

registration or in the protocol. 

Page 5; Methods section 

Support 25 Describe sources of financial or non-financial support for the review, 

and the role of the funders or sponsors in the review. 

Page 29; Acknowledgements 

section 

Competing 

interests 

26 Declare any competing interests of review authors. Page 28; Conflict of Interest 

section 

Availability of 

data, code and 

other materials 

27 Report which of the following are publicly available and where they 

can be found: template data collection forms; data extracted from 

included studies; data used for all analyses; analytic code; any other 

materials used in the review. 

N/A 
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Table S3. Searching strategy. 

Database Concept Search Term Result Date 

PubMed Concept 1 "edible"[All Fields] OR "edibles"[All Fields]) AND "swiftlet's"[All Fields] AND 
"nest"[All Fields]) OR "edible swiftlet s nest"[Title/Abstract]) AND 

(("edible"[All Fields] OR "edibles"[All Fields]) AND ("bird's"[All Fields] OR 

"birds"[MeSH Terms] OR "birds"[All Fields]) AND "nest"[All Fields])) OR 

"edible bird s nest"[Title/Abstract]) AND "Aerodramus"[All Fields]) OR 

"Aerodramus"[Title/Abstract]) AND "EBN"[Title/Abstract]) OR "EBN"[All 

Fields] 

593 03/06/2026 

Concept 2 "nutritional composition"[Title/Abstract] OR "chemical 

composition"[Title/Abstract] OR "proximate composition"[Title/Abstract] 

OR "protein"[Title/Abstract] OR "glycoprotein"[Title/Abstract] OR 

"glycopeptide*"[Title/Abstract] OR "sialic acid"[Title/Abstract] OR "N-

acetylneuraminic acid"[Title/Abstract] OR "bioavailability"[Title/Abstract] 

3,567,415 03/06/2026 

Concept 3 "bioactive"[Title/Abstract] OR "bioactivity"[Title/Abstract] OR "biological 
activity"[Title/Abstract] OR "biological activities"[Title/Abstract] OR 

"antioxidant"[Title/Abstract] OR "antioxidants"[Title/Abstract] OR "anti-

inflammatory"[Title/Abstract] OR "antiinflammatory"[Title/Abstract] OR 

"immunomodulatory"[Title/Abstract] OR 

"immunomodulation"[Title/Abstract] OR 
"immunostimulatory"[Title/Abstract] OR 

"immunostimulation"[Title/Abstract] OR "neuroprotective"[Title/Abstract] 

OR "neuroprotection"[Title/Abstract] OR "antimicrobial"[Title/Abstract] 

OR "antibacterial"[Title/Abstract] OR "antiviral"[Title/Abstract] OR 

"anticancer"[Title/Abstract] OR "antitumor"[Title/Abstract] OR 
"antiproliferative"[Title/Abstract] OR "antidiabetic"[Title/Abstract] OR 

"antihyperglycemic"[Title/Abstract] OR "wound healing"[Title/Abstract] 

OR "osteogenic"[Title/Abstract] OR "bone regeneration"[Title/Abstract] OR 

"skin regeneration"[Title/Abstract] OR "Functional Food"[Title/Abstract] 

OR "functional foods"[Title/Abstract] OR "Functional Food"[MeSH Terms] 

1,971,854 03/06/2026 

Concept 4 (((((("preclinical studies"[All Fields] OR "preclinical studies"[Title/Abstract]) 
AND "in vitro"[All Fields]) OR "in vitro"[Title/Abstract]) AND "in vivo"[All 

Fields]) OR "in vivo"[Title/Abstract]) NOT "in silico"[All Fields]) OR "in 

silico"[Title/Abstract] 

1,312,987 03/06/2026 

All concept 

for Preclinical 

studies 
(Concept 

1+2+3+4 and 

Filters) 

(((((((((("edible"[All Fields] OR "edibles"[All Fields]) AND "swiftlet's"[All 

Fields] AND "nest"[All Fields]) OR "edible swiftlet s nest"[Title/Abstract]) 

AND (("edible"[All Fields] OR "edibles"[All Fields]) AND ("bird's"[All Fields] 
OR "birds"[MeSH Terms] OR "birds"[All Fields]) AND "nest"[All Fields])) OR 

"edible bird s nest"[Title/Abstract]) AND "Aerodramus"[All Fields]) OR 

"Aerodramus"[Title/Abstract]) AND "EBN"[Title/Abstract]) OR "EBN"[All 

Fields]) AND ("nutritional composition"[Title/Abstract] OR "chemical 

composition"[Title/Abstract] OR "proximate composition"[Title/Abstract] 
OR "protein"[Title/Abstract] OR "glycoprotein"[Title/Abstract] OR 

"glycopeptide*"[Title/Abstract] OR "sialic acid"[Title/Abstract] OR "N-

acetylneuraminic acid"[Title/Abstract] OR "bioavailability"[Title/Abstract]) 

AND ("bioactive"[Title/Abstract] OR "bioactivity"[Title/Abstract] OR 

"biological activity"[Title/Abstract] OR "biological 
activities"[Title/Abstract] OR "antioxidant"[Title/Abstract] OR 

"antioxidants"[Title/Abstract] OR "anti-inflammatory"[Title/Abstract] OR 

"antiinflammatory"[Title/Abstract] OR 

"immunomodulatory"[Title/Abstract] OR 

"immunomodulation"[Title/Abstract] OR 
"immunostimulatory"[Title/Abstract] OR 

"immunostimulation"[Title/Abstract] OR "neuroprotective"[Title/Abstract] 

OR "neuroprotection"[Title/Abstract] OR "antimicrobial"[Title/Abstract] 

OR "antibacterial"[Title/Abstract] OR "antiviral"[Title/Abstract] OR 

"anticancer"[Title/Abstract] OR "antitumor"[Title/Abstract] OR 
"antiproliferative"[Title/Abstract] OR "antidiabetic"[Title/Abstract] OR 

"antihyperglycemic"[Title/Abstract] OR "wound healing"[Title/Abstract] 

OR "osteogenic"[Title/Abstract] OR "bone regeneration"[Title/Abstract] OR 

"skin regeneration"[Title/Abstract] OR "Functional Food"[Title/Abstract] 

OR "functional foods"[Title/Abstract] OR "Functional Food"[MeSH Terms]) 
AND ((((((("preclinical studies"[All Fields] OR "preclinical 

6 03/06/2026 
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studies"[Title/Abstract]) AND "in vitro"[All Fields]) OR "in 
vitro"[Title/Abstract]) AND "in vivo"[All Fields]) OR "in vivo"[Title/Abstract]) 

NOT "in silico"[All Fields]) OR "in silico"[Title/Abstract])) AND ((y_10[Filter]) 

AND (ffrft[Filter])) 

 2 
Scopus Concept 1 ALL ( "edible bird's nest" ) OR TITLE-ABS-KEY ( "edible bird's nest" ) OR ALL 

( "edible birds' nest" ) OR TITLE-ABS-KEY ( "edible birds' nest" ) OR ALL ( 

"edible bird nest" ) OR TITLE-ABS-KEY ( "edible bird nest" ) OR ALL ( "edi-

ble birds nest" ) OR TITLE-ABS-KEY ( "edible birds nest" ) OR ALL ( "edible 

swiftlet's nest" ) OR TITLE-ABS-KEY ( "edible swiftlet's nest" ) OR ALL ( "edi-
ble swiftlet nest" ) OR TITLE-ABS-KEY ( "edible swiftlet nest" ) OR ALL ( 

"swiftlet nest" ) OR TITLE-ABS-KEY ( "swiftlet nest" ) OR ALL ( "swiftlet 

nests" ) OR TITLE-ABS-KEY ( "swiftlet nests" ) OR ALL ( "bird nest" ) OR 

TITLE-ABS-KEY ( "bird nest" ) OR ALL ( "birds nest" ) OR TITLE-ABS-KEY ( 

"birds nest" ) OR ALL ( Aerodramus ) OR TITLE-ABS-KEY ( Aerodramus ) OR 
ALL ( Collocalia ) OR TITLE-ABS-KEY ( Collocalia ) OR ALL ( EBN ) OR TITLE-

ABS-KEY ( EBN ) 

35,167 03/06/2026 

Concept 2 ALL ( bioavailability ) OR TITLE-ABS-KEY ( bioavailability ) OR ALL ( bioac-

cessibility ) OR TITLE-ABS-KEY ( bioaccessibility ) OR ALL ( bioaccessible ) 

OR TITLE-ABS-KEY ( bioaccessible ) OR ALL ( absorption ) OR TITLE-ABS-

KEY ( absorption ) OR ALL ( digestion ) OR TITLE-ABS-KEY ( digestion ) OR 
ALL ( digestive ) OR TITLE-ABS-KEY ( digestive ) OR ALL ( metabolism ) OR 

TITLE-ABS-KEY ( metabolism ) OR ALL ( metabolic ) OR TITLE-ABS-KEY ( 

metabolic ) OR ALL ( pharmacokinetic ) OR TITLE-ABS-KEY ( pharmacoki-

netic ) OR ALL ( pharmacokinetics ) OR TITLE-ABS-KEY ( pharmacokinetics ) 

OR ALL ( nutrition ) OR TITLE-ABS-KEY ( nutrition ) OR ALL ( nutritional ) OR 
TITLE-ABS-KEY ( nutritional ) OR ALL ( nutrient ) OR TITLE-ABS-KEY ( nutri-

ent ) OR ALL ( nutrients ) OR TITLE-ABS-KEY ( nutrients ) OR ALL ( "nutri-

tional composition" ) OR TITLE-ABS-KEY ( "nutritional composition" )  

28,043,328 03/06/2026 

Concept 3 ALL ( bioactive ) OR TITLE-ABS-KEY ( bioactive ) OR ALL ( bioactivity ) OR 

TITLE-ABS-KEY ( bioactivity ) OR ALL ( "biological activity" ) OR TITLE-ABS-

KEY ( "biological activity" ) OR ALL ( "biological activities" ) OR TITLE-ABS-
KEY ( "biological activities" ) OR ALL ( antioxidant ) OR TITLE-ABS-KEY ( an-

tioxidant ) OR ALL ( antioxidants ) OR TITLE-ABS-KEY ( antioxidants ) OR 

ALL ( "anti-inflammatory" ) OR TITLE-ABS-KEY ( "anti-inflammatory" ) OR 

ALL ( antiinflammatory ) OR TITLE-ABS-KEY ( antiinflammatory ) OR ALL ( 

immunomodulatory ) OR TITLE-ABS-KEY ( immunomodulatory ) OR ALL ( 
immunomodulation ) OR TITLE-ABS-KEY ( immunomodulation ) OR ALL ( 

immunostimulatory ) OR TITLE-ABS-KEY ( immunostimulatory ) OR ALL ( 

immunostimulation ) OR TITLE-ABS-KEY ( immunostimulation ) OR ALL ( 

neuroprotective ) OR TITLE-ABS-KEY ( neuroprotective ) OR ALL ( neuro-

protection ) OR TITLE-ABS-KEY ( neuroprotection ) OR ALL ( antimicrobial ) 
OR TITLE-ABS-KEY ( antimicrobial ) OR ALL ( antibacterial ) OR TITLE-ABS-

KEY ( antibacterial ) OR ALL ( antiviral ) OR TITLE-ABS-KEY ( antiviral ) OR 

ALL ( anticancer ) OR TITLE-ABS-KEY ( anticancer ) OR ALL ( antitumor ) OR 

TITLE-ABS-KEY ( antitumor ) OR ALL ( antiproliferative ) OR TITLE-ABS-KEY 

( antiproliferative ) OR ALL ( antidiabetic ) OR TITLE-ABS-KEY ( antidiabetic 
) OR ALL ( antihyperglycemic ) OR TITLE-ABS-KEY ( antihyperglycemic )  

71,073 03/06/2026 

Concept 4 ALL ( preclinical ) OR TITLE-ABS-KEY ( preclinical ) OR ALL ( "pre-clinical" ) 

OR TITLE-ABS-KEY ( "pre-clinical" ) OR ALL ( "in vitro" ) OR TITLE-ABS-KEY ( 

"in vitro" ) OR ALL ( "in vivo" ) OR TITLE-ABS-KEY ( "in vivo" ) OR ALL ( ani-

mal ) OR TITLE-ABS-KEY ( animal ) OR ALL ( animals ) OR TITLE-ABS-KEY ( 

animals ) 

17,696,814  03/06/2026 

All concept 

(Concept 

1+2+3+4 and 

Filters) 

( ALL ( "edible bird's nest" ) OR TITLE-ABS-KEY ( "edible bird's nest" ) OR 

ALL ( "edible birds' nest" ) OR TITLE-ABS-KEY ( "edible birds' nest" ) OR ALL 

( "edible bird nest" ) OR TITLE-ABS-KEY ( "edible bird nest" ) OR ALL ( "edi-

ble birds nest" ) OR TITLE-ABS-KEY ( "edible birds nest" ) OR ALL ( "edible 

swiftlet's nest" ) OR TITLE-ABS-KEY ( "edible swiftlet's nest" ) OR ALL ( "edi-
ble swiftlet nest" ) OR TITLE-ABS-KEY ( "edible swiftlet nest" ) OR ALL ( 

"swiftlet nest" ) OR TITLE-ABS-KEY ( "swiftlet nest" ) OR ALL ( "swiftlet 

nests" ) OR TITLE-ABS-KEY ( "swiftlet nests" ) OR ALL ( "bird nest" ) OR 

TITLE-ABS-KEY ( "bird nest" ) OR ALL ( "birds nest" ) OR TITLE-ABS-KEY ( 

"birds nest" ) OR ALL ( Aerodramus ) OR TITLE-ABS-KEY ( Aerodramus ) OR 

ALL ( Collocalia ) OR TITLE-ABS-KEY ( Collocalia ) OR ALL ( EBN ) OR TITLE-
ABS-KEY ( EBN ) ) AND ( ALL ( bioactive ) OR TITLE-ABS-KEY ( bioactive ) OR 

ALL ( bioactivity ) OR TITLE-ABS-KEY ( bioactivity ) OR ALL ( "biological ac-

tivity" ) OR TITLE-ABS-KEY ( "biological activity" ) OR ALL ( "biological 

35 03/06/2026 
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activities" ) OR TITLE-ABS-KEY ( "biological activities" ) OR ALL ( antioxi-
dant ) OR TITLE-ABS-KEY ( antioxidant ) OR ALL ( antioxidants ) OR TITLE-

ABS-KEY ( antioxidants ) OR ALL ( "anti-inflammatory" ) OR TITLE-ABS-KEY 

( "anti-inflammatory" ) OR ALL ( antiinflammatory ) OR TITLE-ABS-KEY ( 

antiinflammatory ) OR ALL ( immunomodulatory ) OR TITLE-ABS-KEY ( im-

munomodulatory ) OR ALL ( immunomodulation ) OR TITLE-ABS-KEY ( im-
munomodulation ) OR ALL ( immunostimulatory ) OR TITLE-ABS-KEY ( im-

munostimulatory ) OR ALL ( immunostimulation ) OR TITLE-ABS-KEY ( im-

munostimulation ) OR ALL ( neuroprotective ) OR TITLE-ABS-KEY ( neuro-

protective ) OR ALL ( neuroprotection ) OR TITLE-ABS-KEY ( neuroprotec-

tion ) OR ALL ( antimicrobial ) OR TITLE-ABS-KEY ( antimicrobial ) OR ALL ( 
antibacterial ) OR TITLE-ABS-KEY ( antibacterial ) OR ALL ( antiviral ) OR 

TITLE-ABS-KEY ( antiviral ) OR ALL ( anticancer ) OR TITLE-ABS-KEY ( anti-

cancer ) OR ALL ( antitumor ) OR TITLE-ABS-KEY ( antitumor ) OR ALL ( anti-

proliferative ) OR TITLE-ABS-KEY ( antiproliferative ) OR ALL ( antidiabetic ) 

OR TITLE-ABS-KEY ( antidiabetic ) OR ALL ( antihyperglycemic ) OR TITLE-
ABS-KEY ( antihyperglycemic ) OR ALL ( "wound healing" ) OR TITLE-ABS-

KEY ( "wound healing" ) OR ALL ( osteogenic ) OR TITLE-ABS-KEY ( osteo-

genic ) OR ALL ( "bone regeneration" ) OR TITLE-ABS-KEY ( "bone regenera-

tion" ) OR ALL ( "skin regeneration" ) OR TITLE-ABS-KEY ( "skin regenera-

tion" ) OR ALL ( "functional food" ) OR TITLE-ABS-KEY ( "functional food" ) 
OR ALL ( "functional foods" ) OR TITLE-ABS-KEY ( "functional foods" ) ) AND 

( ALL ( preclinical ) OR TITLE-ABS-KEY ( preclinical ) OR ALL ( "pre-clinical" ) 

OR TITLE-ABS-KEY ( "pre-clinical" ) OR ALL ( "in vitro" ) OR TITLE-ABS-KEY ( 

"in vitro" ) OR ALL ( "in vivo" ) OR TITLE-ABS-KEY ( "in vivo" ) OR ALL ( ani-

mal ) OR TITLE-ABS-KEY ( animal ) OR ALL ( animals ) OR TITLE-ABS-KEY ( 
animals ) ) AND PUBYEAR > 2015 AND PUBYEAR < 2025 AND PUBYEAR > 

2015 AND PUBYEAR < 2023 AND ( LIMIT-TO ( OA , "all" ) ) AND ( LIMIT-TO ( 

DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-

TO ( EXACTKEYWORD , "Edible Bird Nest" ) OR LIMIT-TO ( EXACTKEYWORD , 

"Edible Bird's Nest" ) ) AND PUBYEAR > 2016 AND PUBYEAR < 2021 
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Table S4. QUIN Tool (Quality Assessment Tool for In Vitro Studies) for assessing the risk of bias in in vitro studies. 

Criteria 

No. 
Criteria Details 

1 Clearly stated 

aims/objectives 

Study should clearly state aims and/or objectives, which should then be 

followed throughout. 

2 Detailed explanation 

of sample size 

calculation 

Details regarding method by which given sample size calculated should be 

clearly stated. Details regarding software program, formula, and 

parameters used for calculation of sample size should also be specified. 

3 Detailed explanation 

of sampling 

technique 

Details regarding predefined population from which sample has been 

selected. Details of sampling technique and inclusion and exclusion criteria 

should be clearly stated. 

4 Details of 

comparison group 

Details of comparison group (positive control, negative control, or 

standard) should be clearly specified. 

5 Detailed explanation 

of methodology 

Clarity of procedure, method of standardization, and details of any 

universal standards used (if applicable) should be clearly stated. 

6 Operator details Number of operators and details regarding training and calibration of 
operator/s (inter-operator and intra-operator reliability) should be clearly 

specified. 

7 Randomization Details regarding sequence generation and allocation concealment should 

be clearly stated. 

8 Method of 

measurement of 

outcome 

Clarity of procedure and rationale for choosing method should be stated. 

Method of standardization along with details of any universal standards 

used (if applicable) should also be clearly specified. 

9 Outcome assessor 

details 

Number of outcome assessors and details regarding training and 

calibration of assessor/s (inter-outcome and intra-outcome assessor 

reliability) should be clearly specified. 

10 Blinding Details regarding blinding of operator(s), outcome assessor(s), and 

statistician should be clearly specified. 

11 Statistical analysis Details regarding software program used and statistical analysis should be 

clearly specified. 

12 Presentation of 

results 

Outcome should be based on predefined aims and/or objectives. All data 
should be adequately tabulated with baseline data clearly specified (if 

applicable). 

 
 

Study (Author, 

Year) 

Reviewer A 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 
Total 

score 

Bai et al., 2023 2 0 1 2 2 0 0 2 0 0 2 2 13 

Bi et al., 2024 2 0 1 2 2 0 0 2 0 0 2 2 13 

Dobutr et al., 2022 2 0 0 2 2 0 0 2 0 0 2 2 12 

Dobutr et al., 2023 2 0 0 2 2 0 0 2 0 0 2 2 12 

Haghani et al., 2016 2 0 2 2 2 0 0 2 0 0 2 2 14 

Kuncorojakti et al., 

2025 
2 0 2 2 2 0 0 2 0 0 2 2 14 

Lai et al., 2022 2 0 1 2 2 0 0 2 0 0 2 2 13 

Nguyen et al., 2024b 2 0 0 2 2 0 0 2 0 0 2 2 12 
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Study (Author, 

Year) 

Reviewer B 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 
Total 

score 

Bai et al., 2023 2 0 1 2 2 0 0 2 1 0 2 2 14 

Bi et al., 2024 2 0 2 2 2 0 0 2 1 0 2 2 15 

Dobutr et al., 2022 2 0 1 2 2 0 0 2 0 0 2 2 13 

Dobutr et al., 2023 2 0 1 2 2 0 0 2 1 0 2 2 14 

Haghani et al., 2016 2 0 1 2 2 0 0 2 0 0 2 2 13 

Kuncorojakti et al., 

2025 
2 0 1 2 2 0 0 2 0 0 2 2 13 

Lai et al., 2022 2 0 1 2 2 0 0 2 2 0 2 2 15 

Nguyen et al., 2024b 2 0 1 2 2 0 0 2 1 0 2 2 14 

 
 

Study (Author, 

Year) 

Reviewer C 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 
Total 

score 

Bai et al., 2023 2 0 1 2 2 0 0 2 1 0 2 2 14 

Bi et al., 2024 2 0 2 2 2 0 0 2 1 0 2 2 14 

Dobutr et al., 2022 2 0 1 2 2 0 0 2 0 0 2 2 13 

Dobutr et al., 2023 2 0 1 2 2 0 0 2 1 0 2 2 15 

Haghani et al., 2016 2 0 1 2 2 0 0 2 0 0 2 2 13 

Kuncorojakti et al., 

2025 
2 0 2 2 2 0 0 2 0 0 2 2 14 

Lai et al., 2022 2 0 1 2 2 0 0 2 1 0 2 2 14 

Nguyen et al., 2024b 2 0 1 2 2 0 0 2 1 0 2 2 13 

 
 

Study 

(Author, 

Year) 

Assessments by reviewers Resolution 

method 

(discussion 

/ majority) 

Risk 

category Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total 
% 

Score 

Bai et al., 

2023 
2 0 1 2 2 0 0 2 1 0 2 2 14 58.3% Majority Moderate 

Bi et al., 2024 2 0 2 2 2 0 0 2 1 0 2 2 15 62.5% Majority Moderate 

Dobutr et al., 

2022 
2 0 1 2 2 0 0 2 0 0 2 2 13 54.2% Majority Moderate 

Dobutr et al., 

2023 
2 0 1 2 2 0 0 2 1 0 2 2 14 58.3% Discussion Moderate 

Haghani et 

al., 2016 
2 0 1 2 2 0 0 2 0 0 2 2 13 54.2% Majority Moderate 

Kuncorojakti 

et al., 2025 
2 0 1 2 2 0 0 2 0 0 2 2 13 54.2% Majority Moderate 

Lai et al., 

2022 
2 0 1 2 2 0 0 2 0 0 2 2 13 54.2% Discussion Moderate 

Nguyen et al., 

2024b 
2 0 1 2 2 0 0 2 1 0 2 2 14 58.3% Majority Moderate 
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Table S5. SYRCLE’s tool for assessing risk of bias in in vivo studies. 

Item Type of bias Domain Description of domain Review authors judgement 

1 Selection bias Sequence generation Describe the methods used, if any, to generate the allocation sequence in 

sufficient detail to allow an assessment whether it should produce 

comparable groups 

Was the allocation sequence adequately generated and 

applied? (*) 

2 Selection bias Baseline characteristics Describe all the possible prognostic factors or animal characteristics, if any, 
that are compared in order to judge whether or not intervention and control 

groups were similar at the start of the experiment. 

Were the groups similar at baseline or were they 

adjusted for confounders in the analysis? 

3 Performance bias Allocation concealment Describe the method used to conceal the allocation sequence in sufficient 

detail to determine whether intervention allocations could have been 

foreseen before or during enrolment. 

Was the allocation adequately concealed? (*) 

4 Performance bias Random housing Describe all measures used, if any, to house the animals randomly within the 

animal room. 

Were the animals randomly housed during the 

experiment? 

5 Performance bias Blinding Describe all measures used, if any, to blind trial caregivers and researchers 

from knowing which intervention each animal received. Provide any 

information relating to whether the intended blinding was effective. 

Were the caregivers and/or investigators blinded from 

knowledge which intervention each animal received 

during the experiment? 

6 Detection bias Random outcome assessment Describe whether or not animals were selected at random for outcome 

assessment, and which methods to select the animals, if any, were used. 

Were animals selected at random for outcome 

assessment? 

7 Detection bias Blinding Describe all measures used, if any, to blind outcome assessors from knowing 

which intervention each animal received. Provide any information relating to 

whether the intended blinding was effective. 

Was the outcome assessor blinded? (*) 

8 Attrition bias Incomplete outcome data Describe the completeness of outcome data for each main outcome, 

including attrition and exclusions from the analysis. State whether attrition 

and exclusions were reported, the numbers in each intervention group 

(compared with total randomized animals), reasons for attrition or 

exclusions, and any re-inclusions in analyses for the review. 

Were incomplete outcome data adequately addressed? 

(*) 

9 Reporting bias Selective outcome reporting State how selective outcome reporting was examined and what was found Are reports of the study free of selective outcome 

reporting? (*) 

10 Other Other source of bias State any important concerns about bias not covered by other domains in the 

tool 

Was the study apparently free of other problems that 

could result in high risk of bias? (*) 
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Study 
Reviewer A 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

Albhistue et al., 2018 NI NI High Low NI High NI Low NI Low 

Albhistue et al., 2019 NI Low High Low NI High NI Low NI Low 

Bi et al., 2024 NI NI High Low Low High NI Low Low Low 

Dobutr et al., 2022 NI NI High Low Low High NI Low Low Low 

Hou et al., 2017 NI NI High Low NI High NI Low NI Low 

Lai et al., 2022 NI Low High Low Low High NI Low NI Low 

Sandi & Susiani, 2021 NI Low High Low Low High NI Low Low Low 

Sirinupong et al., 2024 NI Low High Low Low High NI Low Low Low 

Yida et al., 2022 NI Low High Low NI High NI Low Low Low 

Zhu et al., 2023 NI Low High Low NI High NI Low Low Low 

NI: No information. 

 

Study 
Reviewer B 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

Albhistue et al., 2018 NI NI High Low NI High NI Low NI Low 

Albhistue et al., 2019 NI NI High Low NI High NI Low NI Low 

Bi et al., 2024 NI NI High Low Low High NI Low Low Low 

Dobutr et al., 2022 NI Low High Low Low High NI Low Low Low 

Hou et al., 2017 NI NI High Low Low High NI Low Low Low 

Lai et al., 2022 NI Low High Low Low High NI Low NI Low 

Sandi and Susiani, 2021 NI Low High Low Low High NI Low Low Low 

Sirinupong et al., 2024 NI Low High Low Low High NI Low Low Low 

Yida et al., 2022 NI Low High Low NI High NI Low Low Low 

Zhu et al., 2023 NI Low High Low NI High NI Low Low Low 

NI: No information. 

 

Study 
Reviewer C 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

Albhistue et al., 2018 NI NI High Low NI High NI Low NI Low 

Albhistue et al., 2019 NI NI High Low Low High NI Low NI Low 

Bi et al., 2024 NI NI High Low Low High NI Low Low Low 

Dobutr et al., 2022 NI NI High Low Low High NI Low Low Low 

Hou et al., 2017 NI NI High Low NI High NI Low NI Low 

Lai et al., 2022 NI Low High Low Low High NI Low NI Low 

Sandi and Susiani, 2021 NI Low High Low Low High NI Low Low Low 

Sirinupong et al., 2024 NI Low High Low Low High NI Low Low Low 

Yida et al., 2022 NI Low High Low NI High NI Low Low Low 

Zhu et al., 2023 NI Low High Low NI High NI Low Low Low 

NI: No information. 

  

https://jppres.com/


Musdalifah et al. Edible bird’s nest for human health 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(5): 45 

 

 

SYRCLE   

Study  

Sequence 

generation 
(selection 

bias) 

Baseline 

characteri

stics 
(selection 

bias) 

Allocation 

concealmen
t (selection 

bias) 

Random 

housing 
(performanc

e bias) 

Blinding 

(performanc

e bias) 

Random 

outcome 

assessment 
(detection 

bias) 

Blinding 

(detection 

bias) 

Incomplete 

outcome 

data 
(attrition 

bias) 

Selective 

outcome 

reporting 
(reporting 

bias) 

Other 

sources 

of bias 
(other 

bias) 

Resolution 

method 
(discussion / 

majority) 

Risk 

category 

Albhistue et al., 2018 NI NI High Low NI High NI Low NI Low Discussion Moderate 

Albhistue et al., 2019 NI Low High Low NI High NI Low NI Low Discussion Moderate 

Bi et al., 2024 NI NI High Low Low High NI Low Low Low Discussion Moderate 

Dobutr et al., 2022 NI NI High Low Low High NI Low Low Low Discussion Moderate 

Hou et al., 2017 NI NI High Low v High NI Low NI Low Discussion Moderate 

Lai et al., 2022 NI Low High Low Low High NI Low NI Low Discussion Moderate 

Sandi and Susiani, 2021 Low High Low Low High NI Low Low Low Low Discussion Moderate 

Sirinupong et al., 2024 Low High Low Low High NI Low Low Low Low Discussion Moderate 

Yida et al., 2022 Low High Low NI High NI Low Low Low Low Discussion Moderate 

Zhu et al., 2023 Low High Low NI High NI Low Low Low Low Discussion Moderate 

NI: No information. 
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