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ABSTRACT

.Silk Cocoon Membrane (SCM), a complex natural proteinfibrous membrane is gaining

significantattention in the textile industry, biomedical industryandthe research-society due its

outstanding properties and ecological friendliness, The possibility of obtaining electricity from

the S<;::Mattracts particular interest, Silver nanoparticlesare widely used for antimicrobial and

electrical applications. dueto their improved antimicrobial activity and good electrical

conductivity. Nevertheless, several toxological studies have indicated that they are potentially

hazardous to human health and the environment as well therefore", the need to use them with

.great attention. In this work, we report Improved electrical properties of SCM fhrough In vivo

addition of silver nanoparticles to the silkworm. After feeding silkworm larvae with different

concentrations of'nanoparticles, we evaluated the changesin survival.rates, performance of the

larva-and cocoon weights and 'we found that AgNP' s ·tI:~nughincrease cocoon weights, :have some.

lethal effects on silk worms as well-as affecting normal body performance of the silk worm larva,

An analysis of the thermal electric properties of the SCM fed on AgNP' s under different

conditions of temperature and-humidity revealed that addition of silver nanoparticles to silkworm

larvae through traditional functionalization approach can result into jncrease in electricity

obtained from the SCM. Therefore, the successful ~eneration of silver nanoparticle cocoons by

in-vivo feeding is expected to open up 'possibilities for the.large-scale production of electricity

iron, the silk cocoon membrane.

Keywords; Silk-Cocoon Membrane (SCM)~ Silver nanoparticles (AgNP's), Electricity.
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LIST OF ACR.,ONYMS

SCM - Silk Cocoon membranets).

AgNP's-Silver nanoparticles

riOz NP's - Titanium dioxide nanoparticles.

NMR- Nuclear Magnetic Resonance.

FTJR:- Fourier Transform Infraked Spectroscopy

EDX- Energy DispersiveXsray Spectroscopy

B. mori- Bombyx mod
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CHAPTER ONE.

This chapter outlines-the' relevant information about the project, problem statement.justification,
objectives of'the study; significance and scope of the study.

1.1 ~ACKGROUND.

Natural biomaterials have received extensive research interests owing to their superior properties
. " .

.and ecological friendliness. Inparticular, silk cocoon membrane? a natural protein biological

material has 'gained significant attention from the textile industryfl'anet aL20ii), biomedical

industry( Scheibel et al. 201 0), basis fQT research in future material designf'Iansil et al, 2011) rind

other-aspects of-technology due to its good properties.Ilvlorse et.al. 2Ql;J).

Silk cocoon membrane (SCM),. a fibrous protein membranous shell; acts asa protective

enclosure ensuringeffective metamorphosis of the silkwormpupae to silk moth and; it offers

protection for the dormant pupae against predators.offers photo protettion(Kaur el aL.2013)? and

carbon dioxide gating(Roy et al. 2012), which ate necessary for the growth, arid survival of the

developing pupae. Further, the nervous organization of the dormant pupae is governed by

environmentalinfluences and. senses environmental changes by capturing-the incident light as

wen as translating the variation in.temperature and humidity and converting it into electrical

signalsf'Iulachan et al. 2016)_ In particular, B. mori is the most commercially domestic exploited

species ..due to cannibalistic natura] instincts of other species especially spiders{Wang et al.

2016).

TO.enhance silk performance, various approaches have been undertaken intending to improve

silk properties and 'extend its functionalities tor various. applications: These approaches include
./.

postfunctionalization processes and traditional functionalization method, Post functionalization.

methods include regenerating of silk fibroin through wet or dry spinning methodswhich are

costly. and employtoxic chemicals and multi complex procedures(Liu et at 2015)~Traditional

.functionalization approach entails direct feeding of silkworms with mulberry leaves

accompanied with various supplements, It is an easy and green method which has.been adopted

to produce modified silks and -ill 'particular inorganic nanoparticles have been added to mulberry

leaves to produce silk with special features tor example, Ti~ NP' s for UV resistant silks(Cai er

NAMBAJJWE CHRISTINE BUlUG/2015/82 1



References

L Cai, Lingyue, Huili Shao, Xuechao Hu, and Yaopeng Zhang. 2015. "Reinforced and

Ultraviolet Resistant Silks from Silkworms Fed with Titanium Dioxide Nanoparticles."

ACS Sustainable Chemistry & Engineering 3 (10): 2551-57.

2. Chen, Fujia, David Porter, and Fritz Vollrath. 2012. «Structure and Physical Properties of

Silkworm Cocoons." Journal of the Royal Society Interface 9 (74): 2299-2308.

3. Chen, Xin. 2015. "Tough Prolein&#x2013;Carbon Nanotube Hybrid Fibers Comparable

to Natural Spider Silks." Journal of Materials Chemistry B 3 (19): 3940-47.

4. Cheng, Lan, Huirning Huang, Shaoyong Chen, Wenlu Wang, Fangyin Dai, and Hongping

Zhao. 2017. "Characterization ofSillcworm Larvae Growth and Properties of Silk Fibres

after Direct Feeding of Copper or Silver Nanoparticles." Materials and Design 129: 125-

34.

5. Ishay, Jacob S., and Vered Barenholz-Paniry. 1995. "Thermoelectric Effect in Hornet

(Vespa Orientalis) Silk and Thermoregulation ina Hornet's Nest" Journal of Insect

Physiology 41 (9): 753-59.

6. Kaur, Jasjeet, Rangam Rajkhowa, Takuya Tsuzuki, Keith Millington, Jin Zhang, and

Xungai Wang. 2013. "Photoprotection by Silk Cocoons." Biomacromolecules 14 (10):

3660-67.

7. Martin, Cheryl, Francesco Starace, and Jean P. Tricoire. 2017. "The Future of Electricity

New Technologies Transforming the Grid Edge." World Economic Forum, no. March:

32. http://www3.weforum.org/docslWEF Future of Electricity 2017.pdf.

8. Meier, Patrick. 2015. Digital Humanitarians: How Big Data Is Changing the Face of

Humanitarian Response. Routledge.

9. Ornenetto, Fiorenzo, Kaplan, and David. 2010. "From Silk Cocoon to Medical Miracle."

Sci. Am. 303: 76-77. https://doi.org/10.1038/scientificamericanlII0-76.

10. Pan, Hui, Yaopeng Zhang, Yichun Hang, Huili Shao, Xuechao Hu, Yuemin Xu, and

Chao Feng. 2012. "Significantly Reinforced Composite Fibers Electrospun from Silk

Fibroin/Carbon Nanotube Aqueous Solutions." Biomacromolecules 13 (9): 285~7.

https:lldoLorg/}0.1021Ibm300877d.

11. Patel, Prachi. 2017. "Dissolvable Batteries Made of Silk." AMER CHEMICAL SOC

1155 16TH ST, NW, WASHINGTON, DC 20036 USA.

NAMBAJJWE CHRISTINE BU/UG/2015/82



12. Pile, David. 2016. "Silk Nano-Optics." Nature Photonics 10 (1): 2-2.

https://doi.orgllO.l038/nphoton.2015.262.

13. Rahmathulla, V. K. 2012. "Management of Climatic Factors for Successful Silkworm

(Bombyx Mori L.) Crop and Higher Silk Production: A Review." Psyche (New York)

2012. https:!/doi.orgl1O.l155/2012l121234.

14. Rai. Mahendra, Alka Yadav, and Aniket Gade. 2009. "Silver Nanoparticles as a New

Generation of Antimicrobials." Biotechnology Advances 27 (I): 76-83.

https:lldoi.orgl10.10161i·biotechadv.2008.09.002.

15. Rasool, Ghularn, Farrukh Ehsan, and Muhammad Shahbaz. 2015. ~<ASystematic

Literature Review on Electricity Management Systems." Renewable and Sustainable

Energy Reviews 49: 975-89.

16. Rio, Pablo del, and Emilio Cerda. 2014. "The Policy Implications of the Different

Interpretations of the Cost-Effectiveness of Renewable Electricity Support." Energy

Policy 64: 364-72.

17. Roy, Manas, Sunil Kumar Meena, Tejas Sanjeev Kusurkar, Sushil Kumar Singh, Niroj

Kumar Sethy, Kalpana Bhargava, Sabyasachi Sarkar, and Mainak Das. 2012.

"Carbondioxide Gating in Silk Cocoon." Biointerphases 7 (1-4): 1-11.

https:lldoi.orgllO.1007/s13758-012-0045-7.

18. Seydel, Tilo, Wiebke Knoll, Imke Greving, Cedric Dicko, Michael M Koza, Igor

Krasnov, and Martin Muller. 2011. "Increased Molecular Mobility in Humid Silk Fibers

under Tensile Stress." Physical Review E 83 (1): 16104.

19. Shell, Vi, and Ruo He Yao. 2016. "Improved Electrical Conductivity of Silver Nanowire

Film by Adding Silver Nanoparticles." Journal of Display Technology, no. c.

https:lldoi.orgllO.l1 09/JDT .2016.2520470.

20. Sokolov, P, and P Sokolov. 1996. 'IT & 1186," 483-87. hnps:lldoi.org/1O.2307/1384782.

21. Tai, Nyan Hwa, Meng Kao Yeh, and Jia Hau Liu. 2004. "Enhancement of the

Mechanical Properties of Carbon NanotubelPhenolic Composites Using a Carbon

Nanotube Network as the Reinforcement." Carbon 42 (12-13): 2774-77.

https:lldoi.org/10.1016/j.carbon.2004.06.002.

22. Tanaka, Kazuyoshi. 2014. "Classification of Carbon." In Carbon Nanotubes and

Graphene (Second Edition), 1-5. Elsevier.

NAMBA.J.JWECHRISTINE BU/UG/2015/82 24



23. Tansil, Natalia C., Yang Li, Cboon Peng Teng, Shuangyuan Zhang, Khin Yin Win, Xing

Cben, Xiang Yang Liu, and Ming Yong Han. 2011. "Intrinsically Colored and

Luminescent Silk." Advanced Materials 23 (12): 1463-66.

https:lldoi.orgl10.1002/adma201003860.

24. Tulacban, Brindan, Sunil Kumar Meena, Ratan Kumar Rai, Chandrakant Mallick, Tejas

Sanjeev Kusurkar, Arun Kumar Teotia, Niroj Kumar Sethy, et al. 2014. "Electricity from

the Silk Cocoon," 38-42. https:lldoi.org/10.l038/srep05434.

25. Tulachan, Brindan, Shivansh Srivastava, Tejas Sanjeev Kusurkar, and Niroj Kumar

Sethy. 2016. "The Role of Photo-Electric Properties of Silk Cocoon Membrane in Pupal

Metamorphosis: A Natural Solar Cell." Nature Publishing Group, no. October 2015:

26. Vaisman, Linda, H Daniel Wagner, and Gad Marom. 2006. "The Role ofSurfactants in

Dispersion of Carbon Nanotubes." Advances in Colloid and Interface Science 128: 37-

46.

27. Vendrely, Charlotte, and Thomas ScheibeL 2007. '<Biotechnological Production of

Spider-Silk Proteins Enables New Applications." Macromolecular Bioscience 7 (4): 401-

9. https:lldoLorg/10.1oo2/mabi200600255.

28. Wang, lun Ting, Lu Li, Lei Feng, Jin Fan Li, Lin Hai Jiang, and Qing Shen. 2014.

«Directly Obtaining Pristine Magnetic Silk Fibers from Silkworm." International Journal

of Biological Macromolecules 63: 205-9. https:lldoi.orgllO.1016/j.ijbiomac.2013.11.006.

29. Wang, Qi, Chunya Wang, Mingchao Zhang, Muqiang Jian, and Yingying Zhang. 2016.

"Feeding Single-Walled Carbon Nanotubes or Grapbene to Silkworms for Reinforced

Silk Fibers." Nano Letters 16 (10): 6695-6700.

https:lldoi.orgllO.l021/acs.nanolett.6b03597.

30. Wang, Qin, Quan Cben, Yuhong Yang, and Zhengzhong Shao. 2013. "Effect of Various

Dissolution Systems on the Molecular Weight of Regenerated Silk Fibroin."

Biomacromolecules 14 (I): 285-89. https:lldoi.org/10.1021IbmJ0174Ig.

31. Wilaiwan, S, B Chirapha, S Yaowalak, and S Prasong, 2010. "Screening of Some

Elements in Different Silk Cocoon Varieties." J Appl Sci 10: 575-79.

32. Zhou, Li, Xin Chen, Zhengzhong Shao, Ping Zhou, David P Knight, and Fritz Vollrath.

2003. "Copper in the Silk Formation Process of Bombyx Mori Silkworm." FEBS Letters

NAMBA-I-IWE CHRISTINE BU/UG/2015/82 25


	Nambajjwe 1.pdf
	Nambajjwe 2.pdf

