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ABSTRAK 

Burung walet (Aerodramus fuciphagus) merupakan burung pemakan serangga yang 

banyak ditemui di Asia Tenggara yang menghasilkan sarang yang boleh dimakan (EBN) 

melalui rembesan air liur. Industri EBN di Malaysia berkembang dengan pesat dan 

penggunaan aroma adalah salah satu faktor yang dipercayai dapat menarik burung untuk 

masuk dan membuat sarang di dalam rumah burung. Walau bagaimanapun, penggunaan 

produk aroma yang sedia ada tidak terbukti secara saintifik dan juga mengandungi bahan 

kimia yang boleh membahayakan burung walet dan manusia. Fokus utama kajian ini 

adalah untuk mengenal pasti wap sebatian organik (VOC) daripada aroma EBN, bulu 

pelepah, dan guano sebagai sampel rujukan dari rumah burung walet yang berjaya. Alat 

deria hidung elektronik (e-nose) digunakan untuk mengenal pasti indeks persamaan VOC 

berdasarkan sampel rujukan yang diambil di rumah burung, diikuti dengan analisis 

pemprofilan kimia menggunakan kromatografi gas/spektrometri jisim (GC/MS) melalui 

ruang tutupan-pengekstrakan mikro fasa pepejal (HS-SPME). Formulasi aroma yang 

terdiri daripada bahan berasaskan EBN, bulu pelepah, dan guano uang dilarutkan 

menggunakan proses hidrolisis enzim dan ekstrak akueus dan seterusnya dikaji untuk 

perbandingan VOC yang diperoleh daripada data e-nose. Data e-nose menunjukkan 

peratusan indeks persamaan bulu pelepah (87.06%), guano (67.15%), dan sarang 

(60.23%) terhadap kawasan yang didiami burung walet di dalam rumah burung. Analisis 

HS-GC/MS dijalankan menggunakan empat jenis gentian SPME yang berbeza, dan 

gentian PDMS adalah yang terbaik untuk pengekstrakan VOC daripada sampel. 2,4-di-

tert-butilfenol (10.41%) adalah sebatian utama daripada 16 sebatian EBN yang ditemui 

secara konsisten. Terdapat sebelas sebatian yang dikenal pasti untuk sampel bulu pelepah 

walet dengan heptadekana (7.26%) dan pentadekana (6.14%) sebagai sebatian utama, 

diikuti oleh sepuluh sebatian yang diekstrak daripada sampel guano, dengan 2,4-di-tert-

butilfenol (3.35%) dan heksadekana (7.39%) sebagai sebatian utama. Seterusnya, teknik 

hidrolisis enzim digunakan untuk melarutkan sampel EBN dan bulu pelepah untuk 

formulasi produk. Teknik pengekstrakan akueus selama 24 jam dilakukan ke atas sampel 

guano. Analisis UV-Vis dilakukan untuk mengkaji keadaan optimum yang diperlukan 

untuk proses hidrolisis EBN iaitu pada suhu 80 °C selama 90 minit dengan kepekatan 4% 

enzim alkalase, manakala hidrolisis bulu pelepah adalah yang terbaik pada 80 °C selama 

120 minit dengan kepekatan 5% enzim keratinase. Berdasarkan keputusan analisis e-

nose, formulasi aroma dihasilkan menggunakan nisbah 80 (hidrolisat bulu pelepah): 15 

(ekstrak guano): 5 (hidrolisat EBN). Analisis HS-GC/MS menunjukkan 2,4-di-tert-

butilfenol (26.5%) sebagai sebatian utama yang diperolehi daripada produk yang 

dirumus. ini dapat memberikan maklumat yang bermanfaat berkaitan penggunaan aroma 

walet sebagai daya penarik dan membantu perusahaan dan penternakan burung walet dan 

seterusnya meningkatkan produktiviti industri EBN di Malaysia. 
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ABSTRACT 

Swiftlets (Aerodramus fuciphagus) are small insectivorous birds that breed throughout 

Southeast Asia and can produce edible birds' nest (EBN) from the secreted saliva. EBN 

industries in Malaysia expand greatly and the aroma is one of the factors believed to 

attract swiftlets to enter and build nests in the birdhouse. However, the use of existing 

aroma products has not been scientifically proven and the products also contain chemicals 

which are harmful to swiftlets and humans. This study focused on the identification of 

volatile organic compounds (VOCs) from the aroma of EBN, feather, and guano as 

reference samples in a successful swiftlet birdhouse. E-nose technology was used to 

determine the VOC similarity index based on the reference samples collected. Further 

validation and chemical profile identification were done using the headspace technique 

coupled with gas chromatography/mass spectrometry (HS-GC/MS). Then, samples 

solubilization for aroma formulation was developed using enzymatic hydrolysis and 

aqueous extraction. The VOCs of the formulated product were compared with the e-nose 

database. The results from the e-nose showed the similarity index of the feather (87.06%), 

guano (67.15%), and EBN (60.23%) to the area concentrated with the swiftlet population. 

Next, HS-GC/MS using four different types of solid-phase microextraction (SPME) 

fibers were used in the analysis. PDMS fiber showed the highest efficiency in extracting 

the VOCs from the reference samples. 2,4-Di-tert-butylphenol (10.41%) was the main 

compound from 16 compounds identified in EBN. Eleven compounds were identified in 

the feather sample with heptadecane (7.26%) and pentadecane (6.14%) as the main 

compounds, followed by ten compounds extracted from the guano sample, with 2,4-Di-

tert-butylphenol (3.35%) and hexadecane (7.39%) as the main compounds. Next, 

enzymatic hydrolysis was used to facilitate the solubility of the EBN and feather sample 

for product formulation. Meanwhile, 24-h aqueous extraction was conducted on the 

guano sample to obtain the extract for aroma formulation. UV-Vis analysis was carried 

out to obtain the optimum condition for EBN hydrolysis, which was achieved at 80 °C 

for 90 min with 4% alcalase concentration, while feather hydrolysis was the best at 80 °C 

for 120 min with 5% keratinase concentration. Based on the similarity index obtained 

from the e-nose analysis previously, the aroma formulation was produced using the ratio 

of 80 (feather hydrolysate): 15 (guano extract): 5 (EBN hydrolysate). Further analysis 

using HS-GC/MS showed that 2,4-di-tert-butylphenol (26.5%) was the main compound 

obtained from the formulated product. This research provides much beneficial 

information regarding the use of attractant aroma toward the success of swiftlet ranching 

in Malaysia and increasing productivity of the EBN industry. 

 



v 
 

 TABLE OF CONTENT  

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES viii 

LIST OF FIGURES ix 

LIST OF SYMBOLS xi 

LIST OF ABBREVIATIONS xii 

LIST OF APPENDICES xiii 

CHAPTER 1 1 

1.1 Introduction 1 

1.2 Problem Statement 3 

1.3 Objectives of the Study 4 

1.4 Scope of the Study 4 

1.5 Significance of the Research 5 

CHAPTER 2 6 

2.1  Swiftlets 6 

2.2  Edible Birds' Nest 6 

2.3 Swiftlet Industry 8 

2.4 Swiftlet Farming 9 

2.4.1   Factor for a Successful Birdhouse 12 

2.4.2   Aroma as Attractant Factor 12 

2.5 Volatile Organic Compounds in Bird Farming 14 

 2.5.1   Volatile Organic Compound Analysis using E-Nose Sensor 14 



vi 
 

2.5.2   Volatile Organic Compound Analysis using Solid-Phase    

Microextraction 16 

2.5.3   Volatile Organic Compound Analysis using Gas Chromatography/      

Mass Spectrometry 19 

2.6 Formulation of Aroma Attractant 20 

2.6.1 Proteolytic Hydrolysis 22 

2.6.2 Keratinolytic Hydrolysis 22 

2.6.3 Water Extraction 23 

2.7 Analysis for Enzyme-Treated and Untreated Samples 23 

CHAPTER 3 24 

3.1 Introduction 24 

3.2 Materials 25 

3.2.1 Materials and Chemicals 25 

3.3 Swiftlet Sample Preparation 26 

3.4 Volatile Organic Compound Analysis 26 

3.4.1 E-Nose Sensor Technology 27 

3.4.2 Solid-Phase Microextraction 28 

3.5 Formulation of Aroma 30 

3.5.1 Enzymatic Hydrolysis 31 

3.5.2 Water Extraction 31 

3.5.3 Fourier Transform Infrared Spectroscopy (FTIR) 31 

CHAPTER 4 33 

4.1 Introduction 33 

4.1.1 Sample Collection 31 

4.2 Odor Analysis using E-Nose Technology 35 

4.3  Volatile Organic Compound Analysis for Raw Materials 38 

4.3.1 Chromatogram and Structure of the Main Aroma Compound for      

Edible Birds' Nest 38 

4.3.2 Chromatogram and Structure of the Main Aroma Compound for    

Feather 44 



vii 
 

4.3.3 Chromatogram and Structure of the Main Aroma Compound for      

Guano 48 

4.4 Hydrolysis Process and Analysis of Raw Materials 53 

4.4.1    Enzymatic Hydrolysis of Edible Birds' Nest 53 

            4.4.1.1 Fourier Transform Infrared Spectroscopy of EBN 56 

4.4.1.2 Chromatogram and Structure of the Main Aroma Compound for          

Edible Birds' Nest Hydrolysate 56  

4.4.2 Enzymatic Hydrolysis of Feather 60 

4.4.2.1 Fourier Transform Infrared Spectroscopy of Feather 60 

4.4.2.2 Chromatogram and Structure of the Main Aroma Compound for     

Feather Hydrolysate 65 

4.4.3 Aqueous Extraction of Guano 68 

4.4.3.1 Fourier Transform Infrared Spectroscopy of Guano 68 

4.4.3.2 Chromatogram and Structure of the Main Aroma Compound for the 

Aqueous Extract of Guano 70 

4.5       Aroma Formulation 73 

 4.5.1 Chromatogram and Structure of the Main Aroma Compound for     

Aroma Mixture Sample 74 

CHAPTER 5 77 

5.1 Conclusion 77 

5.2 Recommendations 78 

REFERENCES 79 

APPENDICES                         92 



79 
 

REFERENCES 

 

Abd Rahman, Munirah., Ghazali, P. L., & Lian, C. J. (2018). Environmental parameters

 in successful edible bird nest swiftlet houses in Terengganu. Journal of

 Sustainability Science and Management, 13(1), 127-131. 

Alashwal, B. Y., Gupta, A., & Husain, M. S. B. (2019, November). Characterization of

 dehydrated keratin protein extracted from chicken feather. In IOP Conference

 Series: Materials Science and Engineering (Vol. 702, No. 1, p. 012033). IOP

 Publishing.  

Abd. Aziz, M. F. (2009). Memelihara Walet. Kuala Lumpur: Synergy Media  

Abd Rahman, M., Ghazali, P. L., & Lian C. J. (2018). Environmental parameters in 

successful edible bird nest swiftlet houses in Terengganu. Journal of 

Sustainability Science and Management, 13(1), 127-131. Retrieved from 

http://jssm.umt.edu.my/wp content/uploads/sites/51/2020/05/bab-11-13.1.pdf 

Ahn, J. W., Pandey, S. K., & Kim, K. H. (2011). Comparison of GC-MS calibration 

properties of volatile organic compounds and relative quantification without 

calibration standards. Journal of chromatographic science, 49(1), 19-28. 

Amiza, M. A., Oon, X. X., & Norizah, M. S. (2019). Optimization of enzymatic 

hydrolysis conditions on the degree of hydrolysis of edible bird’s nest using 

Alcalase® and nutritional composition of the hydrolysate. Food Research, 3(5), 

570-580. doi:10.26656/fr.2017.3(5).120 

Amo, L., Visser, M. E., & van Oers, K. (2011). Smelling out predators is innate in

 birds. Ardea, 99(2), 177-184. doi:10.5253/078.099.0207 

Azahar, I., Abdul-Aziz, A., & Munirah, A. R. (2014). An overview of the study of the 

right habitat and suitable environmental factors that influence the success of 

http://jssm.umt.edu.my/wp%09content/uploads/sites/51/2020/05/bab-11-13.1.pdf


80 
 

Edible Bird Nest production in Malaysia. Asian Journal of Agricultural 

Research, 8(1), 1-16. 

Bak, K., Petersen, M., Lametsch, R., Hansen, E., & Ruiz-Carrascal, J. (2018).

 Development of volatile compounds during hydrolysis of porcine hemoglobin

 with papain. Molecules, 23(2), 357. 

Bang, G., B, Cobb, S. (1968) The Size of the Olfactory Bulb in 108 Species of Birds, The

 Auk, 85(1), 55–61. 

Basir, M. M., Gombek, F., Ambu, L., Yatim, S. H., & Sim, L. K. (1996, November).

 Biology, distribution and management of swiftlets in Malaysia with special

 reference to Collocalia fuciphaga & C. maxima. In Proceedings of the

 CITES technical workshop on conservation priorities and actions on

 edible bird's nest. Surabaya Indonesia. 

BD Biosciences, (2009). Hydrolysis to Hydrolysate. Retrieved from

 https://www.bdbiosciences.com/documents/Hydrolysis_to_Hydrolysate.pdf 

Batter, T. (2011). A Comparison of the Effectiveness of Scent Lures on Attracting

 Mesopredators. 

Benevolence Food Product, LLC (2012). Fake vs Real. Consumer’s Guide to Choosing

 Real/ Natural Bird’s Nest. Retrieved from http://www.bbnest.com/BBNEST_

 _Real_or_fake.html 

Bordusa, F., Ullmann, D., Elsner, C., & Jakubke, H. D. (1997). Substrate mimetic

 mediated peptide synthesis: an irreversible ligation strategy that is

 independent of substrate specificity. Angewandte Chemie International

 Edition in English, 36(22), 2473-2475. 

 

https://www.bdbiosciences.com/documents/Hydrolysis_to_Hydrolysate.pdf
http://www.bbnest.com/BBNEST_%09_Real_or_fake.html
http://www.bbnest.com/BBNEST_%09_Real_or_fake.html


81 
 

Bucci, L., & Unlu, L. (2000). Proteins and amino acid supplements in exercise and sport.

 Energy yielding macronutrients and energy metabolism in sports nutrition, 191

 212. 

Bonadonna, F., Miguel, E., Grosbois, V. (2007). Individual odor recognition in birds: an

 endogenous olfactory signature on petrels’ feathers?. Journal of Chemical

 Ecology 33, 1819–1829. Doi: https://doi.org/10.1007/s10886-007-9345-7 

Che Mohd, C. M. A., Tajuddin, S.N. (2017, November). Application of Aroma for Edible

 Nest Swiftlets Attraction. Paper presented at Edible Bird Nest Industry

 Conference (EBNIC 2014), Putrajaya. Unpublished.

 DOI:10.13140/RG.2.2.12900.68488 

Chua, Y. G., Chan, S. H., Bloodworth, B. C., Li, S. F. Y., & Leong, L. P. (2014).

 Identification of edible bird’s nest with amino acid and monosaccharide

 analysis. Journal of agricultural and food chemistry, 63(1), 279-289. 

Chua, L. S., & Zukefli, S. N. (2016). A comprehensive review of edible bird nests and

 swiftlet farming. Journal of integrative medicine, 14(6), 415-428. 

Caro, S. P., & Balthazart, J. (2010). Pheromones in birds: myth or reality?. Journal of

 comparative physiology. A, Neuroethology, sensory, neural, and behavioral

 physiology, 196(10), 751–766. https://doi.org/10.1007/s00359-010-0534-4 

Chua, L. S., & Zukefli, S. N. (2016). A comprehensive review on edible bird nests and

 swiftletfarming. Journal of Integrative Medicine, 14(6), 415-428. doi:

 10.1016/S20954964(16)60282-0.  

Chua, Y. G., Chan, S. H., Bloodworth, B. C., Li, S. F. Y., & Leong, L. P. (2015).

 Identification of edible bird’s nest with amino acid and monosaccharide

 analysis. Journal of agricultural and food chemistry, 63(1), 279-289. doi:

 10.1021/jf503157n 



82 
 

Deeming C., D & Reynolds J., S, (2015). Nests, Eggs, and Incubation: New ideas about

 avian reproduction. New York, United States of America: Oxford University

 Press. 

DeMilo, A. B., Lee, C. J., Levi, V. A., & Moreno, D. S. (1997). Volatile components of

 a chicken feather hydrolysate that is highly attractive to the West Indian and

 Mexican fruit fly (Diptera: Tephritidae). Journal of Entomological

 Science, 32(3), 245-256. 

Douglas, D., H. (2008) In Defense of Chemical Defense: Quantification of Volatile

 Chemicals in Feathers is Challenging, The Auk, 125(2), 496–497. 

Dong, X. G., Gao, L. B., Zhang, H. J., Wang, J., Qiu, K., Qi, G. H., & Wu, S. G. (2021).

 Discriminating eggs from two local breeds based on fatty acid profile and flavor

 characteristics combined with classification algorithms. Food Science of Animal

 Resources, 41(6), 936. 

Du, X., Witzgall, P, Wu, K., Yan, F., Ma, C., Zheng, H, Xu, F. Ji, G. and Wu, X. (2018)

 Volatiles from Prunus persica Flowers and Their Correlation with Flower

 Visiting Insect Community in Wanbailin Ecological Garden, China. Advances in

 Entomology, 6, 116-133. doi: 10.4236/ae.2018.62009. 

Eberhard, W. G. (1977). Aggressive chemical mimicry by a bolas

 spider. Science, 198(4322), 1173-1175. 

Gagaoua, M., Hoggas, N., & Hafid, K. (2015). Three phase partitioning of zingibain, a

 milk clotting enzyme from Zingiber officinale Roscoe rhizomes. International

 journal of biological macromolecules, 73, 245-252. 

 

https://doi.org/10.4236/ae.2018.62009


83 
 

Gardner, J. W., & Bartlett, P. N. (1994). A brief history of electronic noses. Sensors and

 Actuators B: Chemical, 18, 210-211. 

Ghasemi-Varnamkhasti, M., & Aghbashlo, M. (2014). Electronic nose and electronic

 mucosa as innovative instruments for real-time monitoring of food dryers.

 Trends in Food Science & Technology, 38,158-166. doi:

 10.1016/J.TIFS.2014.05.004 

Gausset, Q. (2004). Chronicle of a foreseeable tragedy: birds' nests management in the

 Niah caves (Sarawak). Human Ecology, 32(4), 487-507. doi:

 https://doi.org/10.1023/B:HUEC.0000043517.23277.54 

Guo, C. T., Takahashi, T., Bukawa, W., Takahashi, N., Yagi, H., Kato, K., Hidari, K. I.,

 Miyamoto, D., Suzuki, T., & Suzuki, Y. (2006). Edible bird's nest extract inhibits

 influenza virus infection. Antiviral research, 70(3), 140–146.

 https://doi.org/10.1016/j.antiviral.2006.02.005 

Guo, L., Wu, Y., Liu, M., Ge, Y., & Chen, Y. (2018). Rapid authentication of edible

 bird's nest by FTIR spectroscopy combined with chemometrics. Journal of the

 Science of Food and Agriculture, 98(8), 3057-3065. 

Guo, X.; Tian, S.; Small, D.M. (2010). Generation of meat-like flavourings from

 enzymatic hydrolysates of proteins from Brassica sp. Food Chemistry, 119,

 167–172. 

Guo, Y., Pan, D., & Tanokura, M. (2009). Optimisation of hydrolysis conditions for the

 production of the angiotensin-I converting enzyme (ACE) inhibitory peptides

 from whey protein using response surface methodology. Food Chemistry,

 114(1), 328-333. 

Garner, C.E., Smith, S., de Lacy Costello, B., White, P., Spencer, R., Probert, C.S.J. and

 Ratcliffem, N.M. (2007), Volatile organic compounds from feces and their



84 
 

 potential for diagnosis of gastrointestinal disease. The FASEB Journal, 21:

 1675 1688. https://doi.org/10.1096/fj.06-6927com  

Gherghel, S., Morgan, R. M., Arrebola-Liébanas, J., Romero-González, R., Blackman, 

C. S., Garrido-Frenich, A., & Parkin, I. P. (2018). Development of a HS-SPME/GC–

MS method for the analysis of volatile organic compounds from fabrics for forensic

 reconstruction applications. Forensic science international, 290, 207-218. doi:

 https://doi.org/10.1016/j.forsciint.2018.07.015. 

Handa, P., & Singh, B. (2016). Electronic nose and their application in food industries.

 Food Science Research Journal, 7, 314-318. doi:10.15740/HAS/FSRJ/7.2/314

 318 

Hendri, S.C. (2007). Strategi Jitu Memikat Walet. Jakarta Selatan Indonesia: PT

 AgroMedia Pustaka.80pp. 

Huang, X., Li, Z., Xiaobo, Z., Shi, J., Tahir, H. E., Xu, Y., ... & Hu, X. (2020).

 Geographical origin discrimination of edible bird’s nests using smart handheld

 device based on colorimetric sensor array. Journal of Food Measurement and

 Characterization, 14(1), 514-526.  

Harper W. J. (2001). The strengths and weaknesses of the electronic nose. Advances in

 experimental medicine and biology, 488, 59–71. doi:

 https://doi.org/10.1007/978146151247-9_5 

Hendri, S.C. (2007). Strategi Jitu Memikat Walet. Jakarta Selatan Indonesia: Kuala

 Lumpur:Synergy Media.  

Hobbs, J. J. (2004). Problems in the Harvest of Edible Birds' Nests in Sarawak and Sabah,

 Malaysian Borneo. Biodiversity and Conservation 13, 2209–2226.

 doi:10.1023/B:BIOC.0000047905.79709.7f 

https://doi.org/10.1096/fj.06-6927com
https://doi.org/10.1007/97814615


85 
 

Ibrahim, S., H., Teo, W., C., Baharun, A. (2009). A Study on Suitable Habitat for Swiftlet

 Farming. E journal of Civil Engineering, Vol. 1(1) Retrieved from

 www.feng.unimas.my/JCEST/images/article/vol1issue1/3874-0809-01.pdf 

Je, J. Y., Qian, Z. J., Byun, H. G., & Kim, S. K. (2007). Purification and characterization

 of an antioxidant peptide obtained from tuna backbone protein by enzymatic

 hydrolysis. Process Biochemistry, 42(5), 840-846. 

Ketty, G., Khairunnisak, M., Faridah, I., Roosnoor, F., Izwan, I., Norakmar, I., & Saipul, 

B. (2017). Preliminary study on classification of raw bovine’s milk using atr‐ftir 

coupled with pca from peninsular malaysia. Malaysian Journal of Veterinary 

Research, 8(1), 95-101. 

Khushairay, E. S. I., Ayub, M. K., & Babji, A. S. (2014, September). Effect of enzymatic 

hydrolysis of pancreatin and alcalase enzyme on some properties of edible 

bird’snest hydrolysate. In AIP Conference Proceedings (Vol. 1614, No. 1, pp. 

427-432). American Institute of Physics. 

Koon, C.L., Cranbrook, E. (2002). Swiftlet of Borneo Builders of Edible Nests. Kota

 Kinabalu, Sabah:Natural History Publications (Borneo) Sdn. Bhd. 

Koon, L. C. (2000). Features – Bird’s Nest Soup – Market demand for this expensive

 gastronomic delicacy threatens the aptly named edible-nest Swiftlets with

 extinction in the east.Wildlife Conservation, 103(1): 30-35. 

Koon, L. C. (2000). Bird's Nest Soup. Wildlife Conservation, 103(1), 30-35. 

Jacob, J., 1978. Uropygial gland secretions and feather waxes. In: Florkin, M., Scheer,

 B.T. (Eds.), Chemical Zoology. Academic press, New York, pp. 165–211. 

Kamaruddin, R., Che Engku Ismail, C. E. M., & Ahmad, S. A. (2019). Key factors for 

the sustainable production of swiftlet birds’ nest industry in Malaysia: a case study 

http://www.feng.unimas.my/JCEST/images/article/vol1issue1/3874-0809-01.pdf
http://www.feng.unimas.my/JCEST/images/article/vol1issue1/3874-0809-01.pdf


86 
 

in northern peninsular Malaysia. International Journal of Supply Chain 

Management (IJSCM), 8(1), 724-733. 

Koon, L. C, & Cranbrook, Earl of (2002). Swiftlets of Borneo: Builders of Edible Nests. 

Kota Kinabalu: Natural History Publications (Borneo). 

Lambrechts, M. M., & Hossaert-McKey M. (2006). S16-4 Olfaction, volatile

 compounds and reproduction in birds. 

Leksrisompong, P.P.; Miracle, R.E.; Drake, M. (2010). Characterization of Flavor of

 Whey Protein  Hydrolysates. Journal of Agricultural Food Chemistry, 58, 6318

 6327. 

Lim, C. K. and Cranbrook, Earl of (1999). Cave swiftlets. In The Birds of Borneo 4th

 Edition (Smythies, B. E., Ed.), p. 75 – 102. Natural History Publication (Borneo),

 Malaysia. 

Leduc, D., Gris, P., Lheureux, P., Gevenois, P. A., De Vuyst, P., & Yernault, J. C. (1992).

 Acute and long term respiratory damage following inhalation of ammonia.

 Thorax, 47(9), 755-757. 

Lee, T. H., Wani, W. A., Koay, Y. S., Kavita, S., Tan, E. T. T., & Shreaz, S. (2017).

 Recent advances in the identification and authentication methods of edible bird's

 nest. Food research international, 100, 14-27. doi:

 10.1016/j.foodres.2017.07.036. Epub 2017 Jul 17. PMID: 28873672. 

Mamduh, S. M., Shakaff, A. Y. M., Saad, S. M., Kamarudin, K., Kamarudin, L. M.,

 Zakaria, A., & Abdullah, A. H. (2012). Odour and hazardous gas monitoring

 system for swiftlet farming using wireless sensor network (WSN). Chemical

 Engineering Transactions, 30, 331-336. doi:10.3303/CET1230056 



87 
 

Marcone, M. F. (2005). Characterization of the edible bird’s nests The Caviar of the

 East”. Food Research International. 38(10): 1125–1134.

 doi:10.1016/J.FOODRES.2005.02.008 

Mardiastuti, A., Mulyani, Y. A., & Gultom, T. A. (1997). Breeding success of Edible

 nest Swiftlets in a manmade nesting habitat. Media Konservasi, 5(2).

 https://doi.org/10.29244/medkon.5.2.%p  

Mokrejs, P., Svoboda, P., Hrncirik, J., Janacova, D., & Vasek, V. (2011). Processing

 poultry feathers into keratin hydrolysate through alkaline-enzymatic

 hydrolysis. Waste management & research, 29(3), 260-267.  

Mottaleb, M. A., Meziani, M. J., & Islam, M. R. (2006). Solid‐Phase Microextraction and 

Its Application to Natural Products and Biological Samples. Encyclopedia of 

Analytical Chemistry: Applications, Theory and Instrumentation, 1-28. 

Mottaleb, M.A., Meziani, M.J. and Islam, M.R. (2014). Solid-Phase Microextraction and

 its Application to Natural Products. In Encyclopedia of Analytical Chemistry,

 R.A. Meyers (Ed.). https://doi.org/10.1002/9780470027318.a9905 

Mulia A. H., & Ibrahim, N., R. (2008). Strategi jitu memikat walet. Kuala Lumpur: 

Synergy Media. 

Nasir, S. (2009). Membangun Rumah Walet Hemat Biaya. Jakarta: Agromedia Pustaka.

 28 pp. 

Neucere, N. J., & Ory, R. L. (1968). Effect of organic on the proteins extracted from

 peanuts. Journal of Agricultural and Food Chemistry, 16(2), 364-365. 

Neghab, M., Mirzaei, A., Kargar Shouroki, F., Jahangiri, M., Zare, M., & Yousefinejad, 

S. (2018). Ventilatory disorders associated with occupational inhalation exposure 

https://doi.org/10.1002/9780470027318.a9905


88 
 

to nitrogen trihydride (ammonia). Industrial health, 56(5), 427–435. doi: 

https://doi.org/10.2486/indhealth.2018-0014 

Nordin, N. F. N. binti M., bin Che Mohd, C. M. A., & bin Tajuddin, S. N. (2021). Analysis 

of volatile compound from commercial swiftlet aroma using solid-phase 

microextraction gas chromatography-mass spectrometry (SPME-GC-MS). 

Materials Science Forum, 1025, 122–127. doi: 

https://doi.org/10.4028/www.scientific.net/msf.1025.122 

Nurfatin, M. H., Syarmila, I. E., Aliah, D. N., Zalifah, M. K., Babji, A. S., & Ayob, M. 

K.(2016). Effect of enzymatic hydrolysis on angiotensin converting enzyme 

(ACE)inhibitory activity in swiftlet saliva. International Food Research 

Journal, 23(1), 141. 

Ong, F. K. (2012). Identification of chemical compounds in liquid aroma for swiftlet 

ranching (Unpublished undergraduate’s thesis). Universiti Malaysia Pahang, 

Pahang. 

Ouyang, G., & Pawliszyn, J. (2006). SPME in environmental analysis. Analytical and

 bioanalytical chemistry, 386(4), 1059-1073. doi:10.1007/s00216-006-0460-z 

Paydar, M., Wong, Y. L., Wong, W. F., Hamdi, O. A. A., Kadir, N. A., & Looi, C. Y. 

(2013). Prevalence of nitrite and nitrate contents and its effect on edible bird nest's 

color. Journal of food science, 78(12), T1940-T1947. doi:10.1111/1750-

3841.12313 

Pyatt F. B. (2003). Potential effects on human health of an ammonia rich atmospheric 

environment in an archaeologically important cave in southeast 

Asia. Occupational and environmental medicine, 60(12), 986–988. doi: 

https://doi.org/10.1136/oem.60.12.986 

https://doi.org/10.2486/indhealth.2018-0014
https://doi.org/10.4028/www.scientific.net/msf.1025.122


89 
 

Ramji, S., Fizl, M., Koon, L. C., & Rahman, M. A. (2013). Roosting and nest-building

 behaviour of the white-nest swiftlet aerodramus fuciphagus (thunberg)(aves:

 apodidae) in farmed colonies. The Raffles Bulletin of Zoology, 29, 225-235. 

Robacker, D. C., Garcia, J. A., & Bartelt, R. J. (2000). Volatiles from duck feces attractive

 to Mexican fruit fly. Journal of Chemical Ecology, 26(8), 1849-1867. 

Ruff, K. J., DeVore, D. P., Leu, M. D., & Robinson, M. A. (2009). Eggshell membrane: 

a possible new natural therapeutic for joint and connective tissue disorders. 

Results from two open-label human clinical studies. Clinical interventions in 

aging, 4, 235. 

Rutowski, R. L. (1981). The function of pheromones. 7(2), 481-484.

 doi:10.1007/bf00995770 

Safi, K., Gagliardo, A., Wikelski, M., & Kranstauber, B. (2016). How displaced 

migratory birds could use volatile atmospheric compounds to find their migratory 

corridor: a test using a particle dispersion model. Frontiers in behavioral 

neuroscience, 10, 175. 

Schlexer, F.V. 2008. Attracting animals to detection devices. Noninvasive Survey 

Methods for Carnivores. Ed. Robert A. Long. Washington, DC: Island. 263-292. 

Shukri, N. N. H. M., Nawi, N. M., Abdullah, A. M., & Man, N. (2018). Consumer’s 

perception on the quality of controversial contents in edible bird’s nest 

products. Pertanika Journal of Scholarly Research Reviews, 4(1). 

Schnug, E., Jacobs, F., & Stoven, K. (2018). Guano: The White Gold of the 

Seabirds. Seabirds, 81-100. doi:10.5772/intechopen.79501 

Tapal, A., Tiku, K., P. (2019) Enzymes in Food Biotechnology: Production, Applications, 

and Future Prospects. London, United Kingdom: Andre Gerhard Wolff 



90 
 

Tan, X., Qi, L., Fan, F., Guo, Z., Wang, Z., Song, W., & Du, M. (2018). Analysis of

 volatilecompounds and nutritional properties of enzymatic hydrolysate of protein

 from cod bone. Food chemistry, 264, 350-357. 

Tavano, O. L. (2013). Protein hydrolysis using proteases: an important tool for food

 biotechnology. Journal of Molecular Catalysis B: Enzymatic, 90, 1-11. 

The Protein Man. (2018, December 11). Organic solvent extraction of proteins [Blog

 Post]. Retrieved from https://info.gbiosciences.com/blog/organic-solvent

 extraction-of proteins 

Trabue, S., Scoggin, K., Li, H., Burns, R., Xin, H., & Hatfield, J. (2010). Speciation of 

volatileorganic compounds from poultry production. Atmospheric 

environment, 44(29), 3538 3546. doi:10.1016/j.atmosenv.2010.06.009 

Wang, L. C., Tang, K. T., Kuo, C. T., Ho, C. L., Lin, S. R., Sung, Y., & Chang, C. P.

 (2009, October). A portable electronic nose system with chemiresistor sensors to

 detect and distinguish chemical warfare agents. In 2009 IEEE 3rd International

 Conference on Nano/Molecular Medicine and Engineering (pp. 302-306). IEEE. 

Wan Ibrahim, W. K., Yaccob, M. R., Abdullah, A. (2015). The importance of technical 

knowledge in sustainability of malay bird’s nest industry in Malaysia. Journal of 

Applied Environmental and Biological Sciences, 5(4), 190-196 Retrieved from 

https://www.researchgate.net/publication/288258432_The_Importance_of_Tech

nicalKnowledge_in_Sustainability_of_Malay_Bird%27s_Nest_Industry_in_Mal

aysia 

Xu, C. H., Chen, G. S., Xiong, Z. H., Fan, Y. X., Wang, X. C., & Liu, Y. (2016). 

Applications of solid-phase microextraction in food analysis. TrAC Trends 

in Analytical Chemistry, 80, 12-29. 

https://info.gbiosciences.com/blog/organic-solvent
https://info.gbiosciences.com/blog/organic-solvent
https://www.researchgate.net/publication/288258432_The_Importance_of_TechnicalKnow
https://www.researchgate.net/publication/288258432_The_Importance_of_TechnicalKnow


91 
 

Zahed, N., Najib, M. S., Fatin, N., Nik, N., & Azhani, M. (2016). Classification of honey

 odor profile using case-based reasoning technique (Cbr). ARPN J. Eng. Appl.

 Sci., 11(10), 6675-6679. 

Zhang, J. X. (2010). An approach to search for putative pheromones in birds via chemical

 analysis—a reply to Mardon J, Saunders SM, and Bonadonna F. Chemical

 senses, 36(1), 5-7. 

Zannoni, N., Wikelski, M., Gagliardo, A. (2020). Identifying volatile organic compounds 

used for olfactory navigation by homing pigeons. Sci Rep 10, 15879 

doi:https://doi.org/10.1038/s41598-020-72525-2 

Zahed, N., Najib, M. S., & Tajuddin, S. N. (2018). Categorization of gelam, acacia and 

tualang honey odor-profile using k-nearest neighbors. International Journal of 

Software Engineering and Computer Systems, 4(1), 15-28 doi: 

10.15282/ijsecs.4.1.2018.2.0035. 

Zailani, N. A. Z., Najib, M. S., Mohd Daud, S., Mohamad, M., Tajuddin, S. N.., & Che 

     

https://doi.org/10.1038/s41598-020-72525-2
http://dx.doi.org/10.15282/ijsecs.4.1.2018.2.0035



