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Abstract
Aims: Biofilm is a complex structure that provides protection towards the bacteria within the barrier. Enhanced biogas
production from Palm Oil Mill Effluent (POME) can be achieved by applying biofilm based anaerobic digestion system.

Methodology and results: Bacteria that produces biofilm were isolated and tested on its hydrolytic enzyme secretion. The
biofilm produced were also characterized. Out of 120 strains isolated from POME, PKC and food waste compost, only 33
strains were producing biofilm and only 11 of them exhibited significant amount of biofilm produced at optical density of
wavelength 595 nm (> 0.01). In hydrolysis enzyme assay test, all strains were not able to secrete protease enzyme. The
biofilms were extracted and characterized to show similar characteristic for all strains. Strain numbers of 11, 9C, 23C and 30C
showed positive result for cellulase, amylase and lipase enzymes, to be tested as single strain bacteria and also mixed with
other isolated bacterium for prospect research on effective hydrolysis towards enhanced biogas production. The
composition of biofilms from different bacteria mixture also similar under the same incubation condition.

Conclusion, significance and impact of study: Bacteria producing biofilm are very limited and does not secrete the same
hydrolytic enzymes. Utilization of these bacteria may eliminate the problem of microbial instability in a system.

Keywords
Author Keywords: Biofilm; isolation; hydrolytic enzyme
KeyWords Plus: ANAEROBIC TREATMENT; PRETREATMENT; DIGESTION

Author Information
Reprint Address: Alam, MZ (reprint author)

+ IntlIslamic Univ Malaysia, Kulliyyah Engn, Dept Biotechnol Engn, POB 10, Kuala Lumpur 50728, Malaysia.
Addresses:

+ [1]IntlIslamic Univ Malaysia, Kulliyyah Engn, Dept Biotechnol Engn, POB 10, Kuala Lumpur 50728, Malaysia
E-mail Addresses: zahangir@iium.edu.my
Funding

Funding Agency Grant Number

Fundamental Research Grant (FRG) FRGS15-257-0498

View funding text

Publisher
MALAYSIAN SOC MICROBIOLOGY, UNIV SAINS MALAYSIA, SCHOOL BIOLOGICAL SCIENCES, PENANG, 11800, MALAYSIA

Categories / Classification
Research Areas: Microbiology

Web of Science Categories: Microbiology

Web of Science [v.5.31] - Web of Science Core Collection Full Record

2 Clarivate
Analytics

4 1of1 b

Citation Network

In Web of Science Core Collection

0

Times Cited

‘ Create Citation Alert

21

Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

0 0

Last 180 Days Since 2013

Learn more

This record is from:
Web of Science Core Collection

- Emerging Sources Citation Index

Suggest a correction

Ifyou would like to improve the quality of
the data in this record, please suggest a
correction.

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=213&SID=D5Ir26D44HRRckieQrV&page=1&doc=1

1/3


http://apps.webofknowledge.com/home.do?SID=D5lr26D44HRRckieQrV
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Fazil,%20NA&dais_id=10780652&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000436811900003-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Alam,%20MZ&dais_id=1078877&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000436811900003-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Azmi,%20AS&dais_id=3346731&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000436811900003-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Mansor,%20MF&dais_id=5014440&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000436811900003-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Zubairi,%20NHM&dais_id=11757664&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000436811900003-1')
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Biofilm&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=isolation&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=hydrolytic+enzyme&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=ANAEROBIC+TREATMENT&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=PRETREATMENT&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=DIGESTION&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
mailto:zahangir@iium.edu.my
javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=D5lr26D44HRRckieQrV&component=pct&forwardTo=None&qid=213&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d213%26log_event%3dyes%26product%3dWOS%26SID%3dD5lr26D44HRRckieQrV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000436811900003&search_mode=CitedRefList&SID=D5lr26D44HRRckieQrV&parentProduct=WOS&parentQid=213&parentDoc=1&recid=WOS:000436811900003&PREC_REFCOUNT=21&fromRightPanel=true
http://apps.webofknowledge.com/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d213%26log_event%3dyes%26product%3dWOS%26SID%3dD5lr26D44HRRckieQrV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000436811900003&parentProduct=WOS&parentQid=213&search_mode=RelatedRecords&SID=D5lr26D44HRRckieQrV&parentDoc=1
javascript:;
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com/WOS_CombineSearches_input.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CombineSearches
http://apps.webofknowledge.com/ViewMarkedList.do?action=Search&product=WOS&SID=D5lr26D44HRRckieQrV&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=GeneralSearch
http://apps.webofknowledge.com/summary.do?product=WOS&search_mode=GeneralSearch&qid=213&SID=D5lr26D44HRRckieQrV&page=

1/22/2019 Web of Science [v.5.31] - Web of Science Core Collection Full Record

See more data fields

4 10f1 P
Cited References: 21
Showing 21 of 21 View Allin Cited References page (from Web of Science Core Collection)
1. Extracellular enzyme production by freshwater ascomycetes Times Cited: 58
By: Abdel-Raheem, A; Shearer, CA
FUNGAL DIVERSITY Volume: 11 Pages: 1-19 Published: OCT 2002
2. Optimization of microtitre plate assay for the testing of biofilm formation ability in different Salmonella serotypes. Times Cited: 23
By: Agarwal, R.K.; Singh, S.; Bhilegaonkar, K. N.; et al.
International Food Research Journal Volume: 18 Issue: 4 Pages: 1493-1498 Published: 2011
3. Purification and Characterization of Biofilm-Associated EPS Exopolysaccharides from ESKAPE Organisms and Other Pathogens  Times Cited: 66
£ Associated Data
By: Bales, Patrick M.; Renke, Emilija Miljkovic; May, Sarah L.; et al.
PLOS ONE Volume: 8 Issue:6 Article Number: e67950 Published: JUN 212013
4. Improved biogas production from palm oil mill effluent by a scaled-down anaerobic treatment process Times Cited: 27
By: Basri, M. F.; Yacob, S.; Hassan, M. A,; et al.
WORLD JOURNAL OF MICROBIOLOGY & BIOTECHNOLOGY Volume: 26 Issue: 3 Pages: 505-514 Published: MAR 2010
5. Syntrophic microbial communities on straw as biofilm carrier increase the methane yield of a biowaste-digesting biogas reactor Times Cited: 3
By: Bengelsdorf, Frank R.; Gabris, Christina; Michel, Lisa; et al.
AIMS BIOENGINEERING Volume: 2 Issue: 3 Pages: 264-276 Published: 2015
6.  Biotreatment of high fat and oil wastewater by lipase producing microorganisms. Times Cited: 10
By: Bhumibhamon, O.; Koprasertsak, A.; Funthong, S.
Kasetsart Journal, Natural Sciences Volume: 36 Issue: 3 Pages: 261-267 Published: 2002
7. ARAPID METHOD OF TOTAL LIPID EXTRACTION AND PURIFICATION Times Cited: 39,080
By: BLIGH, EG; DYER, WJ
CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY Volume: 37 Issue: 8 Pages: 911-917 Published: 1959
8. Anaerobic treatment of winery wastewater in moving bed biofilm reactors Times Cited: 8
By: Chai, Sheli; Guo, Jia; Chai, Yuan; et al.
DESALINATION AND WATER TREATMENT Volume: 52 Issue: 10-12 Pages: 1841-1849 Published: MAR 21 2014
9. Microtiter plate assay for assessment of Listeria monocytogenes biofilm formation Times Cited: 465
By: Djordjevic, D; Wiedmann, M; McLandsborough, LA
APPLIED AND ENVIRONMENTAL MICROBIOLOGY Volume: 68 Issue: 6 Pages: 2950-2958 Published: JUN 2002
10. COLORIMETRIC METHOD FOR DETERMINATION OF SUGARS AND RELATED SUBSTANCES Times Cited: 32,807
By: DUBOIS, M; GILLES, KA; HAMILTON, JK; et al.
ANALYTICAL CHEMISTRY Volume: 28 Issue: 3 Pages: 350-356 Published: 1956
11.  The biofilm matrix Times Cited: 2,554
By: Flemming, Hans-Curt; Wingender, Jost
NATURE REVIEWS MICROBIOLOGY Volume: 8 Issue:9 Pages: 623-633 Published: SEP 2010
12. A comparative study of various staining techniques for determination of extra cellular cellulase activity on Carboxy Methyl Times Cited: 6

Cellulose (CMC) agar plates

By: Gohel, HR; Contractor, CN; Ghosh, SK; et al.

Int J Curr Microbiol App Sci Volume: 3 Pages: 261-266 Published: 2014
[Show additional data]

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=213&SID=D5Ir26D44HRRckieQrV&page=1&doc=1

2/3


javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=213&parentDoc=1&qid=214&SID=D5lr26D44HRRckieQrV&colName=WOS&page=1
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000179354500001
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=1&REFID=29473858&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=2&REFID=421242546&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000320846500158
javascript:open_ra_entery_overlay('cited-refs-full-record_associated_data_3','cited-refs-full-record_associated_data_link_3', 'associated-data-overlay');void(0);
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=3&REFID=455685714&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000274634900014
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=4&REFID=290203451&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000215257500010
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=5&REFID=519265984&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=6&REFID=84861367&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=7&REFID=122160&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000333998000004
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=8&REFID=468889283&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000176030100042
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=9&REFID=31042223&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=10&REFID=134096&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000280855500009
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=11&REFID=336470840&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_12 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_12 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_12 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=12&REFID=499850276&excludeEventConfig=ExcludeIfFromNonInterProduct

1/22/2019

13.

14.

15.

16.

17.

18.

19.

20.

21.

Web of Science [v.5.31] - Web of Science Core Collection Full Record

DETERMINATION OF PROTEIN - MODIFICATION OF LOWRY METHOD THAT GIVES A LINEAR PHOTOMETRIC RESPONSE

By: HARTREE, EF
ANALYTICAL BIOCHEMISTRY Volume: 48 Issue:2 Pages: 422-& Published: 1972

Dynamics of biofilm formation during anaerobic digestion of organic waste
By: Langer, Susanne; Schropp, Daniel; Bengelsdorf, Frank R.; et al.
ANAEROBE Volume: 29 Pages: 44-51 Published: OCT 2014

Lipase-Secreting Bacillus Species in an Oil-Contaminated Habitat: Promising Strains to Alleviate Oil Pollution
By: Lee, Li Pin; Karbul, Hudzaifah Mohamed; Citartan, Marimuthu; et al.
BIOMED RESEARCH INTERNATIONAL  Article Number: 820575 Published: 2015

The effect of microwave pretreatment on biogas production from agricultural straws
By: Sapci, Zehra
BIORESOURCE TECHNOLOGY Volume: 128 Pages: 487-494 Published: JAN 2013

ANAEROBIC MOVING BED BIOFILM FERMENTER FOR BIOGAS PRODUCTION
By: Szentgyoergyi, Eszter; Nemestothy, Nandor; Belafi-Bako, Katalin
ENVIRONMENT PROTECTION ENGINEERING Volume: 36 Issue:4 Pages: 117-125 Published: 2010

Improving biogas production from wheat plant using alkaline pretreatment
By: Taherdanak, Mohsen; Zilouei, Hamid
FUEL Volume: 115 Pages: 714-719 Published: JAN 2014

A review of biofilm treatment systems in treating downstream Palm Oil Mill Effluent (POME).
By: Takriff, M. S.; Jaafar, N. L.; Abdullah, S. R. S.
Journal of Applied Sciences Volume: 14 Issue: 12 Pages: 1334-1338 Published: 2014

Mechanical pretreatment effects on macroalgae-derived biogas production in co-digestion with sludge in Ireland
By: Tedesco, S.; Benyounis, K. Y.; Olabi, A. G.
ENERGY Volume: 61 Pages: 27-33 Published: NOV 12013

A simple method for the detection of protease activity on agar plates using bromocresolgreen dye
By: Vijayaraghavan, Ponnuswamy; Vincent, Samuel Gnana Prakash
JOURNAL OF BIOCHEMICAL TECHNOLOGY Volume: 4 lIssue: 3 Pages: 628-630 Published: 2013

Showing 21 of 21 View Allin Cited References page

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=213&SID=D5Ir26D44HRRckieQrV&page=1&doc=1

Times Cited

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

:5,220

3/3


http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=13&REFID=1456496&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000338599100007
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=14&REFID=471662987&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000356710800001
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=15&REFID=490734483&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000315545800069
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=16&REFID=443879814&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000286445400011
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=17&REFID=411118336&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000325647000083
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=18&REFID=460264016&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=19&REFID=469847035&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000327685000005
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=20&REFID=463019503&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=214&parentDoc=21&REFID=470868969&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=213&parentDoc=1&qid=214&SID=D5lr26D44HRRckieQrV&colName=WOS&page=1
javascript: void('home')
javascript: void('copyright')
javascript: void('policy');
javascript: void('privacy');
javascript: void('cookies')
javascript: void('Newsletter')

