
Ahn J, ร., Choi, H.K., Lee, K.H., Nahm, J.H., and Cho, c . ร. (2001) Novel 
mucoadhesive polymer prepared by template polymerization of acrylic acid 
in the presence of silk sericin. Journal of Applied Polymer Science, 80, 274- 
280.

Ajibola, C.F., Fashakin, J.B., Fagbemi, T.N. and Aluko, R.E. (2011). Effect of
Peptide Size on Antioxidant Properties of African Yam Bean Seed 
(Sphenostylis stenocarpa) Protein Hydrolysate Fractions. International 
Journal of Molecular Sciences, 12, 6685-6702.

Akturk, O., Tezcaner, A., Bilgili, FL, Deveci, M.S., Gecit, M.R. and Keskin, D.
(2011) Evaluation of sericin/collagen membranes as prospective wound 
dressing biomaterial. Journal of Bioscience and Bioengineering, 112, 279- 
288.

Alvarez, O.M., Patel, M., Booker, J., and Markowitz, L., (2004) Effectiveness of a
biocellulose wound dressing for the treatment of chronic venous leg ulcers: 
Results of a single center randomized study involving 24 patients. 
Wounds. 16, 224-233.

Ang-atikarnkul, p. (2011) Preparation and Characterization of Cellulose
Whisker/Chitin Whisker/Silk Sericin Bionanocomposite Sponges for 
Potential Wound Dressing Applications. M.s. Thesis, The Petroleum and 
Petrochemical College, Chulalongkom University, Bangkok, Thailand.

Aramwit, p., and Sangcakul, A. (2007) The effects of sericin cream on wound 
healing in rats. Biosci. Biotechnol. Biochem., 71, 2473-2477.

Aramwit, p., Kanokpanont, ร., De-Eknamkul, พ. and. Srichana, T. (2009) 
Monitoring of inflammatory mediators induced by silk sericin. Journal of 
Bioscience and Bioengineering, 107, 556-561

Aramwit, p., Siritientonga, T., Kanokpanontb, ร., Srichanac, T. (2010) Formulation 
and characterization of silk sericin-PVA scaffold crosslinked with genipin. 
International journal of Biological Macromolecules, 47, 668-675.

REFERENCES



54

Baklagina, Y.G., Khripunov, A.K., Tkachenko, A.A., Kopeikin, V.V., Matveeva,
N.A., Lavrent'ev, V.K., Nilova, V.K., Sukhanova, T.E., Smyslov,
R.Y., Zanaveskina, I.ร., Klechkovskaya, V.V., Feigin, L.A. (2005) Sorption 
Properties of Gel Films of Bacterial Cellulose. Russian Journal of Applied 
Chemistry. 78. 1176-1181.

Bharathi, R.V., Veni, B.K., Jayashree, Suseela, L., and Thiruma, M. (2010)
Antioxidant and wound healing studies on different extracts of 
Stereospermum colais leaf. Int. J. Res. Pharm. Sci. 1, 435-439.

Bielecki ร, Krystynowicz A, Turkiewicz M, Kalinowska H. (Ed.) (2002) Bacterial
Cellulose : A Biopolymers Polysaccharides I (pp. 37-90). Gremany: 
Steinbuchel Munster.

Boateng, J.S., Matthews, K.H., Stewens , H.N.E., and Eccleston G.M. (2008).
Wound healing dressings and drug delivery systems: A Review. Journal of 
Pharmaceutical sciences, 97, 2892-2923.

Brett, D. พ . (2006). A Review of Moisture-Control Dressings in Wound Care.
Journal of Wound Ostomy Continence Nursing, 33, S3-S8.

Brown, A. J., (1886) An acetic ferment which forms cellulose. Journal of Chemical 
Society. 49, 432-439.

Byrom, D. (Ed.) (1991) Microbial cellulose. Biomaterials: Novel materials from 
biological sources (pp. 263-284). New York: Stockton press.

Chaplin, M. (2009). “Water structure and science.” Lsbu. 20 Apr 2011.
<http://wwwl.lsbu.ac.uk/water/hycmc.html>, visited 20/04/2011.

Chen, H.M., Muramoto, K., Yamauchi, F., and Nokihara, K. (1996) Antioxidant
activity of designed peptides based on the antioxidative peptide isolated 
from digests of a soybean protein. Journal of Agricultural and Food 
Chemistry. 44, 2619-2623.

Chen, W.Y.J., Rogers, A. A., Lydon, M.J. (1992).Characterization of biologic
properties of wound fluid collected during early stages of wound healing. 
Journal of Invest Dermatol, 99, 559-564.

Czaja, พ., Krystynowicz, A., Bielecki, ร., Brown, R.M. (2006) Microbial
cellulose—the natural power to heal wounds. Biomaterials, 27, 145- 151.

http://wwwl.lsbu.ac.uk/water/hycmc.html


55

Czaja, พ., Romanovicz, D., and Brown, R.M. (2004) Structural investigations of
microbial cellulose produced in stationary and agitated culture. Cellulose, 
11,403-411.

Czaja, W.K., Young, D. J., Kawecki, M. and Brown, R.M. (2007) The Future
prospects of microbial cellulose in biomedical applications. Biomacromole 
cules, 8, 1-12.

Dash, R., Acharya, c., Bindu, P.C., and Kundu s.c . (2007) Antioxidant potential of 
silk protein sericin against hydrogen peroxide-induced oxidative stress in 
skin fibroblasts. BMB reports, 236-241.

De Jesus-Gallardo, E.,Andres, R.M., and Magno, E.T. (1971) A study on the
isolation and screening of microorganism for production of diversed 
textured Nata. Philippine Journal of Science, 100, 41-51.

Eming, S.A., Smola, H., Krieg, T. (2002) Treatment of chronic wounds: state of 
the art and future concepts. Cells Tissues Organs, 172,105-117.

Farah, L.F.X. (1990) Process for the preparation of cellulose film, cellulose film
produced thereby, artificial skin graft and its use. United states patent, 
4912049.

Fontana, J.D., de Sousa, A.M., Fontana, C.K., Torriani, I.L., Moreschi ,J.C, Gallotti, 
B.J., de Souza, S.J., Narcisco, G.P., Bichara, J.A., and Farah, L.F.X. (1990) 
Acetobacter cellulose pellicle as a temporary skin substitute. Applied 
Biochemistry and Biotechnology, 24-25, 253-64.

Guptar, B. (2010). Textile-based smart wound dressing. Indian Journal of Fibre & 
Textile Research, 35, 174-187.

Halliwell, B. (1991) Reactive oxygen species in living systems: Source biochemistry 
and role in human disease. American Journal of Medicine. 91,14-22.

Heasley, D., and Reeves c., (2003) Evaluation of XCell® cellulose wound dressing 
on wound healing of diabetic ulcers, Diabetic ulcer experience, 1-3.

Hestrin, ร. and Schramm, M., (1954) Synthesis of cellulose by Acetobacter
xylinum: preparation of freeze dried cells capable of polymerizing glucose 
to cellulose. Biochemical Journal, 58, 345-352.



56

Horii, F., Hirai, A., and Kitamaru, R. (1987) Transformation of native cellulose 
crystals from cellulose I(P) to 1(a) through solid-state chemical reactions. 
Macromolecules, 20, 1440-1442.

Iguchi, M., Yamanaka, ร., Budhiono, A., (2000) Review Bacterial Cellulose -a 
masterpiece of nature's arts. Journal of Materials Science, 35, 261-270.

Ilango, K., and Chitra, V. (2010) Wound Healing and Anti-oxidant Activities of the 
Fruit Pulp of Limonia Acidissima Linn (Rutaceae) in Rats Tropical. Journal 
of Pharmaceutical, 9,223-230

Jonas, R., and Farah, L.F. (1998). Production and application of microbial cellulose. 
Polymer degradation and stability. 59, 101-106.

Jonkman, M.F., Hoeksma, E.A., Nieuwenhuis, p. (1990) Accelerated epithelial 
ization under a highly vapor-permeable wound dressing is associated with 
increased precipitation of fibrin(ogen) and fibronectin. Journal of Invest 
Dermatol. 94, 477-484.

Kato, N., Sato, ร., Yamanaka A, Yamada H, Fuwa N, Nomura M. (1998) Silk 
protein, sericin, inhibits lipid peroxidation and tyrosinase activity. Biosci. 
Biotechnok Biochem., 62, 145-147.

Klemm, D., Schumann, D., Udhardt, บ., and Marsch, ร. (2001) Bacterial
synthesized cellulose - artificial blood vessels for microsurgery. Progress in 
polymer science, 26, 1561-1603.

Kong, J., and Yu, ร. (2007) Fourier Transform Infrared Spectroscopic Analysis
of Protein Secondary Structures. Acta Biochimica et Biophysica Sinica, 
39,549-559.

Korsmeyer, R.W., Gurny, R., Doelker, E., Buri, P., Peppas, N.A., 1983. Mechanism 
of solute release from porous hydrophilic polymers. Int. J. Pharm. 15, 25-35.

Kundu, S.C., Dash, B.C., Dash R., and Kaplan D.L. (2008) Natural protective glue
protein, sericin bioengineered by silkworms: Potential for biomedical and 
biotechnological applications. Progress in polymer science, 33,998-1012.

Lehninger, A. L., (3rd Ed.) (1971). Biochemistry: Worth Publishers.



57

Lou, c .w . (2008) Process Technology and Properties Evaluation of a Chitosan-
coated Tencel/cotton Nonwoven Fabric as a Wound Dressing. Fibers and 
Polymers, 9,286-292.

Mandai, B.B., Priya, A.S., and Kundu, s .c . (2009) Novel silk sericin/gelatin 3-D 
scaffolds and 2-D films: Fabrication and characterization for potential tissue 
engineering applications. Acta Biomaterialia, 5, 3007-3020.

Mandai, B.B., Ghosh, B., and Kundu, s.c . (2011) Non-mulberry silk sericin/poly
(vinyl alcohol) hydrogel matrices for potential biotechnological 
applications. International Journal of Biological Macromolecules, 49, 125- 
133.

Maneerung, T. (2007) Impregnation of silver nanoparticles into bacterial cellulose
for antimicrobial wound dressing. M.s. Thesis, The Petroleum and 
Petrochemical College, Chulalongkorn University, Bangkok, Thailand.

Mendis, E., Rajapakse, N., Byun, H. G., and Kim, ร. K. (2005) Investigation of
Jumbo squid (Dosidicus gigas) skin gelatin peptides for their in vitro 
antioxidant effects. Life Sciences, 77, 2166-2178.

Meyer, K., Rajanahalli, P., Ahamed, M, Rowe, J.J., and Hong, Y. (2011) ZnO
nanoparticles induce apoptosis in human dermal fibroblasts via p53 and p38 
pathways. Toxicology in Vitro, 25, 1721-1726.

Nakayama, A., Kakugo, A., Gong , J.P., and Osada, Y. (2004) High mechanical 
strength double-network hydrogel with bacterial cellulose. Advanced 
Functional Materials, 14, 1124-1128.

Namviriyachote, N., Bang, N.and Aramwit, p. (2009) Sericin film: Influence of 
concentration on its. physical properties. World Academy of Science, 
Engineering and Technology , 56, 7-9.

Nishiyama. T., Tsunenaga, M., Akutsu, N., Horii, L, Nakayama, Y., Adachi, E.,
Yamato, M., and Hayashi, T. (1993) Dissociation of actin microfilament 
organization from acquisition and maintenance of elongated shape of human 
dermal fibroblasts in three-dimensional collagen gel. Matrix, 13, 447-455.

Padamwar, M.N., and Pawar, A.p. (2004) Silk sericin and its applications:
A review. Journal of Scientific & industrial research, 63, 323-329.



58

Padamwar, M.N., Pawar, A.P., Daithankar, A.V., and Mahadik, K.R. (2005)
Silk sericin as a moisturizer: an in vivo study. Journal of Cosmetic 
Dermatology, 4, 250-257.

Phisalaphong, M., Jatupaiboon, N. (2008) Biosynthesis and characterization of 
bacteria cellulose-chitosan film. Carbohydrate Polymers, 74, 482-488.

Phisalaphong, M., Suwanmajo, T., and Thamarat p. (2008) Synthesis and 
Characterization of Bacterial Cellulose/ Alginate Blend Membrane. Journal 
of Applied Polymer Science, 107, 3419-3424.

Razzak, M.T., Darwis, D., Zainuddin, Sukimo. (2001) Irradiation of polyvinyl
alcohol and polyvinyl pyrrolidone blended hydrogel for wound dressing. 
Radiation Physics and Chemistry, 62, 107-113.

Rigueiro, J.P., Elices, M., Llorca, J. and Viney, c. (2001) Tensile Properties of 
Silkworm Silk obtained by Forced Silking, Journal of Applied Polymer 
Science, 82, 1928-1935.

Ross, p., Mayer, R., and Benziman, M. (1991) Cellulose biosynthesis and function 
in bacterial. Microbiological review, 55, 35-58.

Saibuatong, o. A., and Phisalaphong, M. (2010) Novo aloe vera-bacterial cellulose 
composite film from biosynthesis. Carbohydrate polymers, 79, 455-460.

Sarovart, ร., Sudatis, B., Meesilpa, p., Grady, B.P., and Magaraphan, R. (2003) 
The use of sericin as an antioxidant and antimicrobial for polluted air 
treatment. Reviews on Advanced Materials Science, 5, 193-198.

Senakoon, พ., Nuchadomrong, ร., Sirimungkararat, ร., Senawong, T., and Kitikoon, 
p. (2009) Antibacterial action of eri (samia ricini) sericin against escherichia 
coli and staphylococcus aureus. Journal of Food and Agro-Industry, Special 
issue, 222-228.

Sjoestrom, E. (2nd Ed.) (19934 Wood chemistry: Fundamentals and Applications.
Stojadinovic, A., Carlson, J. พ., Schultz G.s, Davis, T.A., and Elster. E.A. (2008) 

Topical advances in wound care. Gynecologic Oncology. I l l ,  70-80.
Surma-Slusarska, B., Presler, ร., and Danielewicz, D. (2008) Characteristics of 

bacterial cellulose obtained from Acetobacter xylinum culture foi- 
application in papermaking. Fibres & Textiles, 16,108-111.



59

Tao, พ., Li, M., and Xie, R. (2005) Preparation and Structure of Porous Silk Sericin 
Materials, Macromolecular Materials and Engineering, 290, 188-194.

Teramoto, H., Nakajima, K., and Takabayashi, c. (2005) Preparation of elastic silk 
sericin hydrogel. Biosci. Biotechnol. Biochem., 69, 845-847.

Teramoto, H., Kameda, T., and Tamada, Y., (2008) Preparation of gel film from 
Bombyx mori silk sericin and its characterization as a wound dressing. 
Biosci. Biotechnol. Biochem., 72, 3189-3196.

Tokoh, C., Takabe, K., Fujita, M., and Saiki, H. (1998) Cellulose synthesized by
Acetobacter xylinum in the presence of acetyl glucomannan. Cellulose, 
5,249-261.

Tsubouchi, K., Igarashi, Y., Takasu, Y., and Yamada, H. (2005) Sericin enhances
attachment of cultured human skin fibroblasts. Biosci. Biotechnol. 
Biochem.' 69, 403-405.

Twentyman, P.R. and Luscombe, M. (1987) A study of some variables in a
tétrazolium dye (MTT) based assay for cell growth and chemosensitivity.
Br. J. Cancer, 56, 279-285.

Valla, ร., and Kjosbakken J (1982) Cellulose-negative mutants of Acetobacter 
xylinum, Journal of General Microbiology. 128, 1401 -  1408.

Vandamme, E. J., Beats, ร. D., Vanbalen , A., Joris, K. and Wulf, P. D. 
(1998) Improved production of bacterial cellulose and its application 
potential. Polymer Degradation and Stability, 59, 93-99.

Velnar, T., Bailey, T., and Smrkolj, V. (2009) The wound healing process : an
overview of the cellular and molecular mechanisms. The Journal of 
international medical research, 37, 1528-1542.

Voegeli, R., Meier, J. and Blust, R. (1993) Sericin silk protein: unique structure 
and properties. Cosmet Toilet, 108, 101-108.

Watanabe, K., Tabuchi, M., Morinaga, Y., and Yoshinaga, F. (1998) Structural
features and properties of bacterial cellulose produced in agitated culture. 
Cellulose, 5, 187-200.



60

Wei, B., Yang,G., and Hong, F. (2011) Preparation and evaluation of a kind of
bacterial cellulose dry films with antibacterial properties. Carbohydrate 
polymers, 84, 533-538.

Williams, พ.ร. and Cannon, R.E., (1989) Alternative environmental roles for
cellulose produced by Acetobacter xylinum. Applied and Environmental 
Microbiology, 55, 2448-2452.

Winter, G.D. (1962) Formation of the Scab and the Rate of Epithelization of 
Superficial Wounds in the Skin of the Young Domestic Pig. Nature, 193, 
293-294.

Witthayaprapakorn, c . (2011) Design and Preparation of Synthetic Hydrogels Via
Photopolymerisation for Biomedical Use as Wound Dressings. Procedia 
Engineering, 8,286-291.

พน, p., Fisher, AC., Foo, P.P., Queen, D. and Gaylor, J.D.S. (1995). In Vitro
assessment of water vapour transmission of synthetic wound dressings. 
Biomaterials. 16, 171-175.

พน, J.H., Wang, z. and Xu, S.Y. (2007) Preparation and Characterization of Sericin 
Powder Extracted from Silk Industry Wastewater. Food Chemistry, 103, 
1255-1262.

Yamanaka, ร., Watanabe, K., Kitamura, N., Iguchi, M., Mitsuhashi, ร., Nishi, Y and 
Uryu, M. (1989) The structure and mechanical properties of sheets prepared 
from bacterial cellulose. Journal of Materials Science, 24, 3141-3145.

Yang, Y.K., Park, S.H., Hwang, J.W., Pyun, Y.R., and Kim, Y.s. (1997) Cellulose
production by Acetobacter xylinum BRCS under agitated condition. 
Journal of fermentation and bioengineering, 85, 312-317.

Yoshinaga, F., Tonouchi, N., and Watanabe, K. (1997) Research progress in
production of bacterial cellulose by aeration and agitation culture and its 
application as a new industrial material. Biosci. Biotech. Biochem., 61, 
219-224.

Zhang, Y.Q. (2002) Applications of natural silk protein sericin in biomaterials. 
Biotechnology Advances, 20, 91-100.



61

Zhijiang, c., Chengwei, H., and Guang, Y. (2011) Preparation and characterization 
of a Bacterial cellulose/Chitosan composite for potential biomedical 
application. Journal of Applied Polymer Science, 121, 1488-1494.

Zhijiang, c., and Guang, Y. (2011) Bacterial cellulose/collagen composite: 
Characterization and first evaluation of cytocompatibility. Journal of 
Applied Polymer Science. 120, 2938-2944.

Zhu, L. J, Arai, M., and Hirabayashi, K. (1996) Sol-gel transition ofsericin, 
Nippon Sanshigaku Zasshi, 65(4) 270-274.

Zhu, L.J., Yao, J., and Youlu, L. (1998). Structural transformation of sericin
dissolved from cocoon layer in hot water. Zhejiang Nongve Daxue 
Xuebao. 24, 268-272.



APPENDICES

Appendix A Extraction Time of Sericin by Autoclaving Under High Pressure 
and Temperature

The effect of extraction time on the yield of sericin was examined which 
extracted from silk cocoons by boiling in distilled water (1 g of silk cocoon: 10 ml of 
distilled water) in an autoclave at 121 °c at different time.

Table A1 The effect of extraction time of sericin by autoclaving method

Autoclave time (hr) Solid content of sericin (mg/ml)
1 2 3 Average S.D.

0.25 16.1 15.1 16.1 15.8 0.6
0.5 22.8 23.8 23.1 23.2 0.5
1 25.3 24.9 24.9 25.0 0.2
2 28.1 27.9 27.5 27.8 0.3
4 27.2 28.6 29.4 28.4 1.1

Autoclave 
time (hr)

Solid content of 
sericin (mg/ml)

Percent 
increase (%)

0.25 15.8 -
0.5 23.2 46.8
1 25.0 58.2
2 27.8 75.9
4 28.4 79.7
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Appendix B Nitrogen Content of Different Sericin Concentration in Bacterial 
Cellulose

The amount of sericin incorporated into bacterial cellulose pellicle was 
determined by using Kjeldahl method for determining the nitrogen contents of 
sericin.

Table B1 Nitrogen content of different sericin concentration in bacterial cellulose

Sericin concentration mg of N/ g of sample
(mg/ml) 1 2 3 Average S.D.

10 76.92 79.96 68.38 75.09 6.00
20 89.01 77.91 90.78 85.90 6.98
30 108.07 92.43 102.02 100.84 7.88
40 110.85 119.07 111.47 113.80 4.58
50 126.83 132.50 133.33 130.89 3.54



64

Appendix c  Antioxidant Activity of Bacterial Cellulose Containing Sericin

The antioxidant activity of sericin was determined based on the 2,2-diphenyl - 
1 -picryhydrazyl (DPPH) free radical scavenging activity method.

Table Cl Antioxidant activity of sericin in bacterial cellulose

Sericin concentration Scavenging activity (%)
(mg/ml) 1 2 3 Average S.D.

10 22.06 21.13 20.24 21.14 0.91
20 34.57 32.26 35.82 34.22 1.81
30 50.21 46.54 48.91 48.55 1.86
40 59.25 57.01 55.36 57.21 1.95
50 67.69 67.26 70.45 68.47 1.73
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Appendix D Swelling Behavior

Table D1 Water absorption capicity of bacterial cellulose containing sericin

Sericin concentration Water absorption capacity (%)
(mg/ml) 1 2 3 Average S.D.

0 483.87 467.65 464.62 472.04 10.35
10 591.13 606.15 552.31 583.20 27.79
20 722.09 704.68 792.86 739.88 46.70
30 868.38 923.79 807.08 866.42 58.38
40 756.64 775.00 733.33 754.99 20.88
50 695.68 790.38 747.45 744.50 47.42
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Appendix E Water Vapor Transmission Rate

Table El Water vapor transmission rate of bacterial cellulose containing sericin

Sericin concentration Water vapor transmission rate (g/m2/hour)
-(mg/ml) 1 2 3 Average S.D.

0 2188.71 2258.98 2483.93 2310.54 154.22
10 1436.93 1388.17 1465.10 1430.07 38.92
20 1157.14 1024.20 894.89 1025.41 131.13
30 728.87 770.61 762.54 754.01 22.14
40 746.52 713.67 742.31 734.17 17.88
50 679.88 683.04 687.36 683.43 3.76
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Appendix F Sericin Releasing Behavior

Table FI Sericin releasing profile of BC/Sericin 10 mg/ml in tris-HCl buffer

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.2848 14.7000 4.85

4.44 0.370.2738 13.1286 4.33
0.2698 12.5571 4.14

0.333
0.2964 16.3571 5.40

4.78 0.550.2746 13.2429 4.37
0.2788 13.8429 4.57

0.5
0.3879 29.4286 9.71

8.93 1.230.3412 22.7571 7.51
0.3850 29.0143 9.58

0.75
0.3909 29.8571 9.85

10.64 0.830.4057 31.9714 10.55
0.4260 34.8714 11.51

1
0.4528 38.7000 12.77

12.61 0.140.4474 37.9286 12.52
0.4477 37.9714 12.53

1.30
0.5534 53.0714 17.52

17.83 0.640.5512 52.7571 17.41
0.5757 56.2571 18.57

2
0.5518 52.8429 17.44

20.03 2.690.6028 60.1286 19.84
0.6658 69.1286 22.81

3
0.6373 65.0571 21.47

23.78 2.340.7366 79.2429 26.15
0.6852 71.9000 23.73
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(tig/ml)
%Sericin
Releasing Average SD

5
0.9097 103.9714 34.31

30.56 3.530.7610 82.7286 27.30
0.8197 91.1143 30.07

8
0.9003 102.6286 33.87

34.44 0.500.9181 105.1714 34.71
0.9189 105.2857 34.75

12
0.9971 116.4571 38.43

37.77 0.610.9716 112.8143 37.23
0.9805 114.0857 37.65

24
1.0093 118.2000 39.01

41.30 2.291.0576 125.1000 41.29
1.1065 132.0857 43.59

36
1.0861 129.1714 42.63

41.31 1.531.0226 120.1000 39.64
1.0653 126.2000 41.65

48
1.0849 129.0000 42.57

42.95 1.231.0718 127.1286 41.96
1.1220 134.3000 44.32

60
1.0982 130.9000 43.20

43.05 1.221.0678 126.5571 41.77
1.1191 133.8857 44.19

72
1.0816 128.5286 42.42

43.04 0.561.1041 131.7429 43.48
1.0989 131.0000 43.23
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Table F2 Sericin releasing profile of BC/Sericin 20 mg/ml in tris-HCl buffer

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.4393 36.7714 8.45

10.25 1.560.5264 49.2143 11.31
0.5159 47.7143 10.97

0.333
0.4920 44.3000 10.18

11.55 1.610.5208 48.4143 11.13
0.5877 57.9714 13.33

0.5
0.5353 50.4857 11.61

12.12 1.110.5895 58.2286 13.39
0.5278 49.4143 11.36

0.75
0.7511 81.3143 18.69

18.81 1.020.7259 77.7143 17.87
0.7874 86.5000 19.89

1
0.8278 92.2714 21.21

20.51 0.670.7875 86.5143 19.89
0.8036 88.8143 20.42

1.30
0.8301 92.6000 21.29

24.93 3.320.9648 111.8429 25.71
1.0278 120.8429 27.78

2
1.0967 130.6857 30.04

30.87 0.931.1526 138.6714 31.88
1.1160 133.4429 30.68

3
1.2514 152.7857 35.12

36.47 1.211.3226 162.9571 37.46
1.3028 160.1286 36.81
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(|ig/ml)
%Sericin
Releasing Average SD

5
1.2451 151.8857 34.92

37.09 1.901.3512 167.0429 38.40
1.3380 165.1571 37.97

8
1.3107 161.2572 37.07

39.23 1.971.3905 172.6571 39.69
1.4284 178.0714 40.94

12
1.4353 179.0571 41.16

42.62 2.241.4459 180.5714 41.51
1.5582 196.6143 45.20

24
1.6120 204.3000 46.97

47.28 0.311.6310 207.0143 47.59
1.6219 205.7143 47.29

36
1.5300 192.5857 44.27

47.38 3.011.6309 207.0000 47.59
1.7133 218.7714 50.29

48
1.6306 206.9571 47.58

48.13 1.661.7042 217.4714 49.99
1.6072 203.6143 46.81

60
1.6290 206.7286 47.52

48.06 0.831.6745 213.2286 49.02
1.6322 207.1857 47.63

72
1.6680 212.3000 48.80

48.21 0.761.6578 210.8429 48.47
1.6236 205.9571 47.35
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Table F3 Sericin releasing profile of BC/Sericin 30 mg/ml in tris-HCl buffer

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.5367 50.6857 10.33

10.57 0.400.5372 50.7571 10.35
0.5605 54.0857 11.03

0.333
0.5299 49.7143 10.14

11.72 1.550.5874 57.9286 11.81
0.6360 64.8714 13.23

0.5
0.6728 70.1286 14.30

15.04 0.650.7072 75.0429 15.30
0.7145 76.0857 15.51

0.75
0.8469 95.0000 19.37

19.96 0.560.8703 98.3429 20.05
0.8848 100.4143 20.47

1
0.9901 115.4571 23.54

23.78 1.491.0534 124.5000 25.38
0.9520 110.0143 22.43

1.30
1.1633 140.2000 28.58

28.79 2.041.2437 151.6857 30.92
1.1042 131.7571 26.86

2
1.2275 149.3714 30.45

31.94 1.291.3025 160.0857 32.64
1.3058 160.5571 32.73

3
1.2709 155.5714 31.72

33.26 1.371.3394 165.3572 33.71
1.3612 168.4714 34.35



72

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

5
1.6202 205.4714 41.89

43.70 1.631.6988 216.7000 44.18
1.7283 220.9143 45.04

8
1.6628 211.5571 43.13

45.32 1.931.7876 229.3857 46.77
1.7633 225.9143 46.06

12
1.8029 231.5714 47.21

49.52 2.371.9656 254.8143 51.95
1.8780 242.3000 49.40

24
1.8634 240.2143 48.97

51.71 2.992.0670 269.3000 54.90
1.9421 251.4571 51.27

36
1.9391 251.0286 51.18

52.10 2.701.8980 245.1572 49.98
2.0752 270.4714 55.14

48
1.8789 242.4286 49.42

51.79 2.192.0270 263.5857 53.74
1.9743 256.0571 52.20

60
2.0014 259.9286 52.99

53.68 0.592.0363 264.9143 54.01
2.0368 264.9857 54.02

72
1.9831 257.3143 52.46

53.85 1.502.0236 263.1000 53.64
2.0856 271.9571 55.44
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Table F4 Sericin releasing profile of BC/Sericin 40 mg/ml in tris-HCl buffer

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.7376 79.3857 14.34

17.09 2.390.8878 100.8429 18.22
0.9070 103.5857 18.71

0.333
1.0088 118.1286 21.34

20.81 0.710.9988 116.7000 21.08
0.9571 110.7429 20.01

0.5
1.0355 121.9429 22.03

24.72 2.391.1715 141.3714 25.54
1.2122 147.1857 26.59

0.75
1.1979 145.1429 26.22

27.19 1.391.2972 159.3286 28.79
1.2112 147.0429 26.57

1
1.3741 170.3143 30.77

31.88 1.971.3721 170.0286 30.72
1.5056 189.1000 34.16

1.30
1.5407 194.1143 35.07

37.58 2.201.7000 216.8714 39.18
1.6736 213.1000 38.50

2
1.6202 205.4714 37.12

39.25 1.901.7617 225.6857 40.77
1.7266 220.6714 39.87

3
1.8385 236.6571 42.76

46.08 4.042.1415 279.9429 50.58
1.9221 248.6000 44.91
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

5
2.0870 272.1571 49.17

47.73 1.372.0251 263.3143 47.57
1.9817 257.1143 46.45

8
2.0899 272.5714 49.25

50.37 0.982.1593 282.4857 51.04
2.1512 281.3286 50.83

12
2.2109 289.8571 52.37

52.52 0.322.2313 292.7714 52.89
2.2087 289.5428 52.31

24
2.1917 287.1143 51.87

52.92 1.012.2699 298.2857 53.89
2.2351 293.3143 52.99

36
2.2759 299.1428 54.05

53.07 1.062.2438 294.5572 53.22
2.1942 287.4714 51.94

48
2.3407 308.4000 55.72

54.32 1.212.2623 297.2000 53.69
2.2571 296.4572 53.56

60
2.3272 306.4714 55.37

54.62 1.222.3238 305.9857 55.28
2.2436 294.5286 53.21

72
2.3138 304.5572 55.02

54.84 0.942.2674 297.9286 53.83
2.3390 308.1571 55.67
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Table F5 Sericin releasing profile of BC/Sericin 50 mg/ml in tris-HCl buffer

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.9518 109.9857 19.82

18.16 2.190.9194 105.3571 18.98
0.7906 86.9571 15.67

0.333
0.9519 110.0000 19.82

22.33 2.301.0682 126.6143 22.81
1.1279 135.1429 24.35

0.5
1.0558 124.8429 22.49

24.43 1.701.1570 139.3000 25.10
1.1802 142.6143 25.70

0.75
1.3171 162.1714 29.22

30.15 0.821.3646 168.9571 30.44
1.3776 170.8143 30.78

1
1.4441 180.3143 32.49

35.07 2.341.6217 205.6857 37.06
1.5674 197.9286 35.66

1.30
1.6930 215.8714 38.90

41.51 2.521.8019 231.4286 41.70
1.8885 243.8000 43.93

2
1.7742 227.4714 40.99

42.31 2.581.9411 251.3143 45.28
1.7613 225.6286 40.65

3
2.0241 263.1714 47.42

49.75 2.272.2007 288.4000 51.96
2.1188 276.7000 49.86
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

5
2.1737 284.5429 51.27

51.03 1.362.2120 290.0143 52.25
2.1079 275.1428 49.58

8
2.2480 295.1571 53.18

53.14 0.312.2335 293.0857 52.81
2.2571 296.4572 53.42

12
2.2540 296.0143 53.34

53.67 0.332.2799 299.7143 54.00
2.2671 297.8857 53.67

24
2.3596 311.1000 56.05

54.45 1.412.2575 296.5143 53.43
2.2750 299.0143 53.88

36
2.3280 306.5857 55.24

55.33 2.442.2386 293.8143 52.94
2.4283 320.9143 57.82

48
2.4575 325.0857 58.57

56.23 2.312.3640 311.7286 56.17
2.2782 299.4714 53.96

60
2.4444 323.2143 58.24

56.65 1.582.3823 314.3428 56.64
2.3215 305.6572 55.07

72
2.4658 326.2714 58.79

58.14 1.362.4764 327.7857 59.06
2.3798 313.9857 56.57
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Table F6 Sericin releasing profile of BC/Sericin 50 mg/ml in tris-HCl buffer
containing 0.01%w/v NaCl

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.6914 72.7857 13.77

19.90 5.311.0368 122.1286 23.11
1.0260 120.5857 22.82

0.333
0.9220 105.7286 20.01

23.61 4.031.0275 120.8000 22.86
1.2165 147.8000 27.97

0.5
1.1640 140.3000 26.55

30.40 3.581.3292 163.9000 31.01
1.4259 177.7143 33.63

0.75
1.0540 124.5857 23.57

32.69 8.141.4875 186.5143 35.29
1.6325 207.2286 39.21

1
1.1617 139.9714 26.48

35.99 8.411.7536 224.5286 42.48
1.6247 206.1143 39.00

1.30
1.5926 201.5286 38.13

38.42 7.371.8812 242.7571 45.93
1.3362 164.9000 31.20

2
1.6096 203.9571 38.59

44.25 5.901.8020 231.4429 43.79
2.0452 266.1857 50.37

3
1.9181 248.0286 46.93

51.85 5.392.0686 269.5286 51.00
2.3134 304.5000 57.62
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(fig/ml)
%Sericin
Releasing Average SD

5
1.9481 252.3143 47.74

52.92 5.582.3585 310.9429 58.83
2.1123 275.7714 52.18

8
2.1891 286.7429 54.26

56.89 2.632.2864 300.6429 56.89
2.3837 314.5429 59.52

12
2.2821 300.0286 56.77

57.23 0.902.2776 299.3857 56.65
2.3374 307.9286 58.26

24
2.3256 306.2429 57.95

57.86 4.212.1652 283.3286 53.61
2.4769 327.8571 62.04

36
2.4489 323.8571 61.28

58.70 3.182.2221 291.4571 55.15
2.3892 315.3286 59.66

48
2.4151 319.0286 60.36

59.21 3.502.2270 292.1571 55.28
2.4750 327.5857 61.98

60
2.4258 320.5571 60.65

60.64 1.552.3679 312.2843 59.09
2.4823 328.6349 62.18

72
2.4326 321.5240 60.84

61.53 0.612.4672 326.4742 61.77
2.4750 327.5857 61.98
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Table F7 Sericin releasing profile of BC/Sericin 50 mg/ml in tris-HCl buffer
containing 0.1 %w/v NaCl

Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
0.8496 95.3857 17.95

24.59 6.191.1349 136.1429 25.61
1.3058 160.5571 30.21

0.333
1.0600 125.4428 23.60

30.81 6.461.4004 174.0714 32.75
1.5240 191.7286 36.07

0.5
1.3925 172.9429 32.54

34.35 1.631.4775 185.0857 34.82
1.5095 189.6571 35.68

0.75
1.5089 189.5714 35.67

37.09 1.661.5470 195.0143 36.69
1.6298 206.8429 38.92

1
1.7218 219.9857 41.39

42.95 2.421.8836 243.1000 45.74
1.7338 221.7000 41.71

1.30
1.9708 255.5571 48.08

44.39 3.301.7348 221.8429 41.74
1.7948 230.4143 43.35

2
1.9610 254.1571 47.82

47.93 0.721.9408 251.2714 47.28
1.9939 258.8571 48.70

3
2.0334 264.5000 49.76

54.16 4.342.2009 288.4286 54.27
2.3560 310.5857 58.44
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

5
2.4175 319.3714 60.09

54.42 5.322.0249 263.2857 49.54
2.1776 285.1000 53.64

8
2.4372 322.1857 60.62

58.23 3.022.3858 314.8429 59.24
2.2221 291.4571 54.84

12
2.5040 331.7286 62.41

59.24 3.482.2472 295.0429 55.51
2.4063 317.7714 59.79

24
2.2266 292.1000 54.96

59.66 4.852.5869 343.5714 64.64
2.3909 315.5714 59.37

36
2.3326 307.2429 57.81

60.28 2.172.4838 328.8429 61.87
2.4578 325.1286 61.17

48
2.4098 318.2714 59.88

61.02 1.142.4516 324.2429 61.01
2.4945 330.3714 62.16

60
2.4176 319.3857 60.09

61.47 1.222.4837 328.8286 61.87
2.5050 331.8715 62.44

72
2.4786 328.0949 61.73

62.02 1.162.4523 324.3500 61.03
2.5367 336.4051 63.29
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Table F8 Sericin releasing profile of BC/Sericin 50 mg/ml in tris-HCl buffer
containing 0.5%w/v NaCl

Time (hr) Absorbance 
at 562 nrn

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

0.166
1.1016 131.3857 24.79

25.65 3.181.2641 154.6000 29.17
1.0347 121.8286 22.99

0.333
1.3537 167.4000 31.58

34.14 2.511.5397 193.9714 36.60
1.4525 181.5143 34.25

0.5
1.4970 187.8714 35.45

35.55 3.161.6200 205.4429 38.76
1.3858 171.9857 32.45

0.75
1.6105 204.0857 38.51

41.95 3.771.8876 243.6714 45.98
1.7169 219.2857 41.37

1
1.7521 224.3143 42.32

45.11 3.181.9841 257.4571 48.58
1.8301 235.4572 44.43

1.30
1.9669 255.0000 48.11

47.87 3.932.0987 273.8286 51.67
1.8077 232.2571 43.82

2
2.1576 282.2428 53.25

51.25 3.312.1504 281.2143 53.06
1.9417 251.4000 47.43

3
2.1626 282.9571 53.39

55.33 1.732.2856 300.5286 56.70
2.2555 296.2286 55.89
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Time (hr) Absorbance 
at 562 nm

Protein
Concentration

(pg/ml)
%Sericin
Releasing Average SD

5
2.2019 288.5714 54.45

59.20 4.172.4397 322.5428 60.86
2.4927 330.1143 62.29

8
2.3047 303.2571 57.22

61.55 3.962.4986 330.9571 62.44
2.5926 344.3857 64.98

12
2.3602 311.1857 58.71

62.00 2.962.5738 341.7000 64.47
2.5123 332.9143 62.81

24
2.5792 342.4714 64.62

62.52 1.992.4324 321.5000 60.66
2.4923 330.0572 62.27

36
2.4733 327.3429 61.76

63.34 1.682.5250 334.7286 63.16
2.5972 345.0429 65.10

48
2.4170 319.3000 60.25

64.06 4.352.5244 334.6429 63.14
2.7342 364.6143 68.80

60
2.4371 322.1714 60.79

64.46 4.312.5331 335.8799 63.37
2.7495 366.8043 69.21

72
2.4522 324.3255 61.19

64.72 4.372.5327 335.8256 63.36
2.7643 368.9176 69.61
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Appendix G Cytotoxicity Test

Table G1 Absorbance of cell cultured with samples compared to control at a 
wavelength of 570 nm

Absorbance at 570 nm
1 2 3 Average S.D.

Cell control 1.342 1.284 1.414 1.347 0.065
Bacterial cellulose 1.106 1.098 1.256 1.153 0.089

BC/Sericin 30 mg/ml 0.837 0.769 0.936 0.847 0.084
BC/Sericin 50 mg/ml 0.933 0.965 1.024 0.974 0.046
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Table G2 Percent cell viability of human dermal fibroblast cell lines

Cell viability (%)
1 2 3 Average S.D.

Cell control 100 100 100 100 0
Bacterial cellulose 82 86 89 85.67 0.09

BC/Sericin 30 mg/ml 62 60 66 62.67 0.08
BC/Sericin 50 mg/ml 70 75 72 72.33 0.05
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