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Abstract

The effect of initial pH, metal oxide and concentration of nanoparticles (NP) on hydrogen production were investigated in
batch assays using glucose-fed anaerobic mixed bacteria in thermophilic condition of 60 degrees C. Two type of metal oxide
nanoparticles, iron (I1) oxide and nickel oxide, were tested and both metal capable of increasing the hydrogen yield about
34.38% and 5.47% higher than the control test. The experiments on the effect of initial pH were done without adding the
nanoparticles to determine the optimum pH for maximum hydrogen production, in which at pH 5.5, the maximum hydrogen
yield has reached about 1.78 mol H-2/mol glucose. However, at pH 5.5 and the optimal iron (Il) oxide concentration of 50
mg/L, the maximum hydrogen yield has reached to 1.92 mol H-2/mol glucose, and the hydrogen content was 51%.
Furthermore, the analysis of metabolites has indicated that the hydrogen production follows the acetic acid pathway. In all
experiments with metal oxide nanoparticles, the metal NP was not consumed by the microbes, and the amount of it at the
end of the fermentation was similar to the starting amount, which can be concluded that it was acting as an enhancer to the
system to improve the hydrogen production. These results suggest that the addition of iron (Il) oxide nanoparticles in the
system is the vital factor to enhance the hydrogen production. (C) 2017 Hydrogen Energy Publications LLC. Published by
Elsevier Ltd. All rights reserved.

Keywords

Author Keywords: Anaerobic mixed bacteria; Thermophilic; Nanoparticles (NPs); Biohydrogen production
KeyWords Plus: HYDROGEN-PRODUCTION; SILVER NANOPARTICLES; NICKEL NANOPARTICLES; WASTE-WATER;
ENHANCEMENT; BACTERIA; STARCH; OPTIMIZATION; EFFICIENCY; CELLULOSE

Author Information
Reprint Address: Jahim, JM (reprint author)

+ Univ Kebangsaan Malaysia, Fac Engn & Built Environm, Dept Chem & Proc Engn, Bangi 43600, Selangor, Malaysia.

Addresses:
+ [1]UnivKebangsaan Malaysia, Fac Engn & Built Environm, Dept Chem & Proc Engn, Bangi 43600, Selangor, Malaysia
+ [2] UM, Kulliyyah Engn, Dept Biotechnol Biochem Engn, POB 10, Kuala Lumpur 50728, Malaysia
+ [3]FengChia Univ, Dept Chem Engn, Taichung 40724, Taiwan

E-mail Addresses: nurulsakinah0912@gmail.com; jamal@ukm.edu.my

Funding

Grant Number

Funding Agency

KK-2014-002

Universiti Kebangsaan Malaysia-Yayasan Sime Darby Malaysia (UKM-YSD) Program
GUP-2016-040

Add to Marked List

4 1of1 »

Citation Network

In Web of Science Core Collection

11

Times Cited

‘ Create Citation Alert

All Times Cited Counts

11in All Databases

See more counts

56

Cited References

View Related Records

Most recently cited by:

Abd Nasir, Muhammad Azri; Jahim,
Jamaliah Md; Abdul, Peer Mohamed; et al.
The use of acidified palm oil mill effluent
for thermophilic biomethane production
by changing the hydraulic retention time
in anaerobic sequencing batch reactor.
INTERNATIONAL JOURNAL OF HYDROGEN
ENERGY (2019)

Hwang, Yuhoon; Sivagurunathan,
Periyasamy; Lee, Mo-Kwon; et al.
Enhanced hydrogen fermentation by zero
valentiron addition.

INTERNATIONAL JOURNAL OF HYDROGEN
ENERGY (2019)

View All

Use in Web of Science

Web of Science Usage Count

0 4

Last 180 Days Since 2013

Learn more

This record is from:

Web of Science Core Collection

- Science Citation Index Expanded

- Conference Proceedings Citation Index-
Science

Suggest a correction
Ifyou would like to improve the quality of

the data in this record, please suggest a
correction.

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=F4xR35LLCvhVxkFJQY3&... 1/4


http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=F4xR35LLCvhVxkFJQY3
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&author_name=Engliman,%20NS&dais_id=12237887&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000416191500004-1')
javascript:sup_focus('addressWOS:000416191500004-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&author_name=Abdul,%20PM&dais_id=4407809&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000416191500004-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&author_name=Wu,%20SY&dais_id=866524&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000416191500004-3')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&author_name=Jahim,%20JM&dais_id=431637&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000416191500004-1')
javascript:hide_show('show_resc_blurb', 'inline');hide_show('show_resc_blurb_link', 'none');hide_show('hide_resc_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=Anaerobic+mixed+bacteria&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=Thermophilic&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=Nanoparticles+%28NPs%29&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=Biohydrogen+production&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=HYDROGEN-PRODUCTION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=SILVER+NANOPARTICLES&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=NICKEL+NANOPARTICLES&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=WASTE-WATER&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=ENHANCEMENT&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=BACTERIA&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=STARCH&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=OPTIMIZATION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=EFFICIENCY&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&field=TS&value=CELLULOSE&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')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
mailto:nurulsakinah0912@gmail.com
mailto:jamal@ukm.edu.my
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&REFID=550436693&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=1&parentDoc=1&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=F4xR35LLCvhVxkFJQY3&component=pct&forwardTo=None&qid=1&doc=1&colName=WOS&num_cited=11');
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?REFID=550436693&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=1&parentDoc=1&product=UA&betterCount=11&excludeEventConfig=ExcludeIfFromFullRecPage&fromPID=WOS&toPID=UA
http://apps.webofknowledge.com.ezproxy.um.edu.my/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%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF4xR35LLCvhVxkFJQY3%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000416191500004&search_mode=CitedRefList&SID=F4xR35LLCvhVxkFJQY3&parentProduct=WOS&parentQid=1&parentDoc=1&recid=WOS:000416191500004&PREC_REFCOUNT=56&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/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%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF4xR35LLCvhVxkFJQY3%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000416191500004&parentProduct=WOS&parentQid=1&search_mode=RelatedRecords&SID=F4xR35LLCvhVxkFJQY3&parentDoc=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF4xR35LLCvhVxkFJQY3%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&SID=F4xR35LLCvhVxkFJQY3&qid=3&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=CitingArticles&queryNatural=no&doc=1&URL=%2Ffull_record.do%3Fsearch_mode%3DMostRecentCitingArticles%26qid%3D3%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26product%3DUA%26SID%3DF4xR35LLCvhVxkFJQY3%26colName%3DWOS%26recordID%3DWOS%3A000457662600011%26doc%3D1
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF4xR35LLCvhVxkFJQY3%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&SID=F4xR35LLCvhVxkFJQY3&qid=3&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=CitingArticles&queryNatural=no&doc=2&URL=%2Ffull_record.do%3Fsearch_mode%3DMostRecentCitingArticles%26qid%3D3%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26product%3DUA%26SID%3DF4xR35LLCvhVxkFJQY3%26colName%3DWOS%26recordID%3DWOS%3A000457662600013%26doc%3D2
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=UA&toPID=UA&action=AllCitationService&isLinks=yes&highlighted_tab=UA&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%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF4xR35LLCvhVxkFJQY3%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&REFID=550436693&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=1&parentDoc=1&excludeEventConfig=ExcludeIfFromFullRecPage&betterCount=11
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.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=F4xR35LLCvhVxkFJQY3&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:void('Links');
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=F4xR35LLCvhVxkFJQY3&page=

4/8/2019

Web of Science [v.5.32] - Web of Science Core Collection Full Record

International Islamic University Malaysia (IlUM)

View funding text

Publisher
PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification

Research Areas: Chemistry; Electrochemistry; Energy & Fuels

Web of Science Categories: Chemistry, Physical; Electrochemistry; Energy & Fuels

See more data fields

4 10f1 P
Cited References: 56
Showing 30 of 56 View Allin Cited References page (from Web of Science Core Collection)
1. Energetics of overall metabolic reactions of thermophilic and hyperthermophilic Archaea and Bacteria Times Cited: 392
By: Amend, JP; Shock, EL
FEMS MICROBIOLOGY REVIEWS Volume: 25 Issue:2 Pages: 175-243 Published: APR 2001
2. Production of bioengineering and biochemicals from industrial and agricultural wastewater Times Cited: 1
By: Angenenta, LT; Karima, K; Al-Dahhana, MH; et al.
Trends Biotechnol
[Show additional data]
3. Improving effect of metal and oxide nanoparticles encapsulated in porous silica on fermentative biohydrogen production by Times Cited: 41
Clostridium butyricum
By: Beckers, Laurent; Hiligsmann, Serge; Lambert, Stephanie D.; et al.
BIORESOURCE TECHNOLOGY Volume: 133 Pages: 109-117 Published: APR 2013
4. Metabolic flux network and analysis of fermentative hydrogen production Times Cited: 55
By: Cai, Guigin; Jin, Bo; Monis, Paul; et al.
BIOTECHNOLOGY ADVANCES Volume: 29 Issue: 4 Pages: 375-387 Published: JUL-AUG 2011
5. Renewable hydrogen generation by bimetallic zero valent iron nanoparticles Times Cited: 40
By: Chen, Ku-Fan; Li, Shaolin; Zhang, Wei-xian
CHEMICAL ENGINEERING JOURNAL Volume: 170 Issue: 2-3 Special Issue: SI Pages: 562-567 Published: JUN 12011
6.  Advances in biohydrogen production processes: An approach towards commercialization Times Cited: 135
By: Das, Debabrata
INTERNATIONAL JOURNAL OF HYDROGEN ENERGY Volume: 34 Issue: 17 Pages: 7349-7357 Published: SEP 2009
7.  CFD optimization of continuous stirred-tank (CSTR) reactor for biohydrogen production Times Cited: 75
By: Ding, Jie; Wang, Xu; Zhou, Xue-Fei; et al.
BIORESOURCE TECHNOLOGY Volume: 101 Issue: 18 Pages: 7005-7013 Published: SEP 2010
8.  Effect of different redox mediators during thermophilic azo dye reduction by anaerobic granular sludge and comparative study Times Cited: 69
between mesophilic (30 degrees C) and thermophilic (55 degrees C) treatments for decolourisation of textile wastewaters
By: dos Santos, AB; Bisschops, IAE; Cervantes, FJ; et al.
CHEMOSPHERE Volume: 55 Issue:9 Pages: 1149-1157 Published: JUN 2004
9.  Acritical literature review on biohydrogen production by pure cultures Times Cited: 85

By: Elsharnouby, Omneya; Hafez, Hisham; Nakhla, George; et al.
INTERNATIONAL JOURNAL OF HYDROGEN ENERGY Volume: 38 Issue: 12 Pages: 4945-4966 Published: APR 222013

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=F4xR35LLCvhVxkFJQY3&...

2/4


javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:;
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=1&parentDoc=1&qid=2&SID=F4xR35LLCvhVxkFJQY3&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000167599700002
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=1&REFID=15486715&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_2 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_2 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_2 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=2&REFID=550471837&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000318261000016
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=3&REFID=446744093&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000292076900001
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=4&REFID=411824051&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000292947200028
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=5&REFID=409320459&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000270165800028
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=6&REFID=274873738&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000279575300018
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=7&REFID=324537639&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000221212700001
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=8&REFID=46496338&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitedFullRecord&isickref=WOS:000317996700005
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4xR35LLCvhVxkFJQY3&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=9&REFID=451004421&excludeEventConfig=ExcludeIfFromNonInterProduct

