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Obesity has become a global public health issue with increasing prevalence in the recent 

decade. Managing obesity with anti-obesity drugs have been marked by numerous 

adverse effects. Therefore, current research focuses on commonly consumed foods to 

provide multi-target functions beyond their traditional nutritive values which would 

likely prevent obesity. Edible bird nest (EBN) is made from saliva of swiftlets which was 

deemed as an important ethno-medicinal commodity for its nutritional and healing 

values. Growing evidence suggests EBN as a potential functional food for managing 

metabolic disorders, which has initiated the present study to explore the therapeutic 

benefit of EBN to prevent obesity and its related disorders. The present study evaluated 

the comparative analysis in nutrient compositions between two different shapes of house-

farmed EBN which are half cup and stripe-shape EBN. Nutrient analysis showed half 

cup EBN has significantly higher protein, carbohydrate, calcium and sulfur content 

compared to stripe-shaped EBN (p < 0.05). Next, stew extract (SE) and full stew (FS) 

was prepared form half cup EBN to determine sialic acid (SA) content and subsequently 

evaluated for their antioxidant effects and enzyme inhibition activities. Stew extract 

exhibited higher SA content than FS and both EBN showed significantly greater 

antioxidant and enzyme inhibition activities at concentration of 10 mg/mL (p < 0.05).  In 

vitro anti-adipogenic potential of SA standard (1 mg/mL), SE and FS (10 mg/mL) on 

3T3-L1 adipocytes showed significant reduction in lipid accumulation, lipase and 

G3PDH enzymes level (p < 0.05). The anti-obesity effect of EBN were further evaluated 

in high fat-cholesterol diet (HFCD)-induced obese rabbits for 12 weeks. Both SE and FS 

groups significantly prevented weight gain and improved Lee Index as well as reduced 

white adipose tissue and liver weights compared to HFCD group (p < 0.05). Also, the 

EBN groups significantly improved serum lipid profile, free fatty acids, leptin, 

adiponectin, IL-6, MCP-1 and catalase levels (p < 0.05). Gene expression studies 

revealed that the anti-obesity effects of EBN were associated to regulation of adipokines 

and adipogenesis along with AMPK activation which significantly improved genes 

involved in lipid metabolism pathway. Furthermore, SE and FS significantly inhibit NF-

κB signalling pathway which in turn downregulated the expression of pro-inflammatory 
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(IL-6, CRP, MCP-1) and insulin resistance (IRS1) genes. Supplementation of SE and FS 

significantly enhanced the expression of antioxidant genes such as SOD3, CAT, GSR and 

PON1 (p < 0.05). Additionally, both SE and FS supplementation prevented the toxicity 

effect of HFCD reflected with significant reduction of ALT and GGT enzymes level (p 

< 0.05). In conclusion, the present study indicates that EBN via synergism of SA and 

other nutrients provide anti-obesity action through regulation of genes involved in 

adipokines, adipogenesis, lipid metabolism along with improvement in obesity-mediated 

inflammation, insulin resistance and antioxidants. 
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Obesiti telah menjadi isu kesihatan awam dengan peningkatan kadar pada dekad terkini. 

Rawatan obesiti menggunakan ubat-ubatan telah mendatangkan pelbagai kesan buruk. 

Oleh itu, penyelidikan semasa memfokuskan pada makanan fungsian yang mempunyai 

nilai terapeutik melebihi nilai nutrisi asas yang berkemungkinan mencegah obesiti. 

Sarang burung walit (EBN) diperbuat daripada air liur burung walit dianggap sebagai 

komoditi etno-perubatan penting kerana nilai pemakanan dan penyembuhannya. 

Peningkatan bukti saintifik mencadangkan EBN sebagai makanan fungsian yang 

berpotensi untuk melindungi gangguan metabolik yang mana telah memulakan kajian ini 

bagi meneroka manfaat terapeutik EBN untuk mencegah obesiti dan gangguan metabolik 

yang berkaitan dengannya. Kajian ini menilai perbandingan analisis dalam komposisi 

nutrien antara dua bentuk EBN dari rumah penternakan burung walit iaitu bentuk cawan 

dan bentuk jalur. Analisis nutrien menunjukkan bahawa EBN bentuk cawan mempunyai 

kandungan protein, karbohidrat, kalsium dan sulfur yang lebih tinggi berbanding EBN 

bentuk jalur (p < 0.05). Seterusnya, “stew extract” (SE) dan “full stew” (FS) disediakan 

dari EBN bentuk cawan bagi menentukan kandungan asid sialik (SA) dan kemudiannya 

dinilai untuk kesan antioksidan dan aktiviti perencatan enzim. “Stew extract” 

mempamerkan kandungan SA yang lebih tinggi berbanding FS dan kedua-dua EBN 

menunjukkan aktiviti perencatan antioksidan dan enzim yang signifikan pada kepekatan 

10 mg/mL (p < 0.05). Potensi anti-adipogenik secara in vitro bagi SA (1 mg/mL), SE 

dan FS (10 mg/mL) pada sel adipos 3T3-L1 menunjukkan pengurangan yang signifikan 

terhadap pengumpulan lemak, paras enzim lipase dan G3PDH (p < 0.05). Kesan anti-

obesiti EBN seterusnya dinilai menggunakan arnab yang diaruh obesiti melalui diet yang 

tinggi lemak dan kolesterol (HFCD) selama 12 minggu. Kedua-dua kumpulan SE dan 

FS secara signifikan menghalang penambahan berat badan dan mengawal Indeks Lee 

serta mengurangkan berat tisu adipos putih dan hati berbanding kumpulan HFCD (p < 

0.05). Juga, kumpulan EBN secara signifikan telah memperbaikkan tahap serum profil 

lemak, asid lemak bebas, leptin, adiponektin, IL-6, MCP-1 dan katalase (p < 0.05). 

Kajian ekspresi gen mendedahkan bahawa kesan anti-obesiti EBN dikaitkan dengan 

pengawalan adopkin dan adipogenesis bersama-sama dengan pengaktifan AMPK secara 
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signifikan memperbaikkan gen yang terlibat dalam laluan metabolisme lemak. 

Tambahan pula, SE dan FS dengan signifikan menghalang laluan isyarat NF-Κb yang 

seterusnya menurunkan ekspresi gen pro-radang (IL-6, CRP, MCP-1) dan rintangan 

insulin (IRS1). Suplemen SE dan FS meningkatkan dengan signifikan ekspresi gen 

antioksidan seperti SOD3, CAT, GSR dan PON1 (p < 0.05). Tambahan pula, kedua-dua 

suplemen SE dan FS menghalang kesan ketoksikan HFCD yang dicerminkan melalui 

pengurangan signifikan tahap enzim ALT dan GGT (p < 0.05). Kesimpulannya, kajian 

ini menunjukkan bahawa EBN melalui sinergi SA dan nutrien lain memberikan kesan 

anti-obesiti melalui kawalatur gen yang berkait dengan adipokin, adipogenesis, 

metabolisme lemak bersama-sama dengan penambahbaikan keradangan, rintangan 

insulin dan antioksidan berantarakan obesiti.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Study background 

 

 

Overweight and obesity are among the world’s critical health problems in which the rates 

have nearly tripled in recent decades. This problem affects people of all ages from entire 

social groups. It was once considered a problem of developed nation, but now obesity is 

prevalent in low and middle-income countries as well. Globally, incidence of overweight 

in adults aged 18 years and above is 39%, while the prevalence of obese is 13%. 

According to the World Health Organization (WHO), about 65% of the world’s 

population live in nations in which mortality rate of obesity is higher than underweight 

problem (WHO, 2016). In a national front, the current trend of obesity in Malaysia 

continues to rise compared to previous report of National Morbidity Survey (NHMS) in 

year 2015 with latest national prevalence of overweight and obesity among adults were 

30.4% and 19.7%, respectively. The current NHMS report indicate that relatively at least 

one-in-two adults were overweight and obese which is an alarming trend of obesity 

epidemic in Malaysia (NHMS, 2019). 

 

 

Overweight and obesity are complex, multi-factorial condition characterized by 

accumulation of excessive fat which possess a health threat to those affected individuals. 

The most established and commonly used index to classify overweight and obesity in 

adults is based on body mass index (BMI), defined as weight in kilograms divided by the 

square of the heights in meters (kg/m2). Based on WHO classification, the cut-off points 

for overweight and obesity is 25 and 30 kg/m2, respectively (WHO, 2000).  Obese 

individuals are at a higher risk of developing various non-communicable diseases such 

as hypertension, type 2 diabetes, cirrhosis, stroke, cancers etc. which may affect nearly 

all parts of the body (Zhang et al., 2014). Among the main pathological hallmarks of 

obesity includes adipogenesis, insulin resistance, dysregulation of lipid metabolism, 

inflammation, and oxidative stress (Kim et al., 2020; Dludla et al., 2018; Saltiel and 

Olefsky, 2017; Sears and Perry, 2015; Sung et al., 2011). The increasing epidemic, 

growing threat of obesity related co-morbidities and economic burden urges the need for 

various approaches to prevent obesity. 

 

 

Pharmacotherapy is a beneficial adjunct to lifestyle changes which is aimed to induced 

weight loss in overweight and obese individuals with co-morbidities. Several 

pharmacological drugs approved for obesity treatment includes orlistat, sibutramine and 

phentermine (Zainudin et al., 2014). However, safety concerns have been raised 

regarding the use of these weight-loss medications due to the adverse side effects which 

may outweigh their benefits and these drugs may not be appropriate for all overweight 

or obese individuals. Current approaches highlight the importance and possible health 

effects of certain foods, referred to as functional foods as a complementary approach for 

preventing and treating obesity with enhanced efficacy and less side effects (Nderitu et 

al., 2017). Moreover, numerous studies have showed that the consumption of functional 

foods irrespective of any form (whole foods, extracts, or bioactive fractions), could 
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considerably lower the risk of metabolic disorders including obesity via synergistic 

effects of its nutrient components (Martinez et al., 2019; Ntrigiou et al., 2019; Attari et 

al., 2017). 

 

 

Edible bird nest (EBN) is made from the saliva of swiftlets. It is used as a renowned 

heritage delicacy due to its health promoting properties since the early Chinese dynasties 

(Ma and Liu, 2012). Moreover, the consumption of EBN for years among the consumers 

without any major safety concerns, prompting its continuous and widespread use 

(Murugan et al., 2020). Scientific evidence to prove the claimed medicinal properties of 

EBN is limited, and information on the bioactive and metabolic pathway on how the 

EBN responsible for its functional effects is also lacking. Previously, the cardio-

protective efficacy of EBN has been scientifically proven in our laboratory. Treatment 

with EBN has demonstrated a cardio-protective effect in high fat diet-induced 

hyperlipidaemic rats through regulation of insulin resistance, oxidative stress and 

hypercoagulation, most probably due to the bioactive component in EBN which is sialic 

acid (Yida et al., 2015). Therefore, the former research project had opened the 

exploration into new therapeutic approach of EBN on other cardio-metabolic indices 

including obesity. Thus, this present study was aimed to investigate the antioxidant, 

enzyme inhibitory activities along with in vitro anti-adipogenic potential of EBN and its 

bioactive content, sialic acid. Following this, the functional properties of EBN to provide 

anti-obesity effect in high fat-cholesterol diet-induced obese rabbits and those underlying 

transcriptional regulation that been associated with obesity has also been evaluated.  

 

 

In view of the increasing drive to use safer alternatives for the management of chronic 

diseases such as obesity, the findings from this study could have profound health 

implications to EBN consumers since it has been widely consumed by majority of people 

in Asia, where obesity being an increasing public health problem. Moreover, with the 

rising price and demand for EBN every year at the global level, more people are expected 

to consume EBN as a health food (Hidayah et al., 2019). However, the anti-obesity 

activity of EBN is yet to be explored and the exact mechanisms involved remains 

unknown. Therefore, the present study is expected to offer a novel therapeutic option in 

management and prevention of obesity and how it may contribute to the specific effect. 

This study will also provide an important basis for further development and 

commercialization of EBN and its bioactive components as functional food or anti-

obesity nutraceutical. 
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1.2 Hypotheses 

 

 

i. The EBN samples are proven authentic via molecular fingerprint of its 

functional groups and chemical compositions is varied between the 

different shapes of EBN.  

 

ii. EBN and sialic acid exhibit good antioxidant and enzyme inhibitory 

potentials, in addition to the inhibition of adipogenesis in 3T3-L1 cell.  

 

iii. EBN possesses anti-obesity effect via regulation of biomarkers related to 

adipokines, adipogenesis and lipid metabolism in high fat-cholesterol diet-

induced obese rabbits. 

 

iv. EBN exerts anti-inflammatory effect, improves insulin resistance and 

enhances endogenous antioxidants in high fat-cholesterol diet-induced 

obese rabbits. 

 

 

1.3 Objectives 

 

 

General objective 

 

To investigate the anti-adipogenic and anti-obesity activities of EBN in in vitro and in 

vivo experimental models.  

 

 

Specific objective 

 

i. To determine the authenticity of genuine EBN and chemical constituents 

in different shapes of EBN.  

 

ii. To investigate the antioxidant and enzyme inhibitory properties of EBN 

and sialic acid along with their anti-adipogenic effects in adipogenesis of 

3T3-L1 cell. 

 

iii. To investigate the anti-obesity effect of EBN supplementation in high fat-

cholesterol diet-induced obese rabbits via regulation of genes related to 

adipokines, adipogenesis and lipid metabolism. 

 

iv. To investigate the effect of EBN supplementation in high fat-cholesterol 

diet-induced obese rabbits on inflammation, insulin resistance and 

endogenous antioxidant defence system associated to obesity including the 

underlying actions. 
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