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Abstract

The ability of microalgae to utilize CO2 during photosynthesis and grow rapidly shows their potential in CO2 bio-fixation to

capture and store the gas. However, CO2 capture by this biological approach is very slow compared to chemical reaction-

based processes such as absorption using amine or aqueous ammonia. Integration between chemical (aqueous ammonia)

and biological (microalgae) aspects might enhance the capturing process and at the same time the microalgae can

assimilate CO2 for beneficial bioproduct formation. Thus, it is important to assess the growth of the microalgae in various

concentrations of ammonia with CO2 supply. Hence, the main objective of this study is to investigate Chlorella vulgaris

growth and its kinetics in aqueous ammonia. To achieve that, C. vulgaris was cultivated in various concentrations of

aqueous ammonia between 0 to 1920 mg/L at room temperature (i.e. 27 degrees C) and supplied with 15% (v/v) of CO2

under illumination of 3500 lux of white fluorescent light. Result shows that the maximum growth capacity (X-max) of C.

vulgaris is deteriorating from 1.820 Au to 0.245 Au as the concentration of aqueous ammonia increased. However, no

significant change in maximum specific growth rate (mu(max)) was observed. The growth data was then fitted into the

logistic growth model. The model coefficient of determination (R-2) is decreasing, which suggests modification of the model

is required.

Keywords

Author Keywords: aqueous ammonia; Chlorella vulgaris; growth kinetics; logistic growth model

KeyWords Plus: CO2 BIO-MITIGATION; OPTIMIZATION

Author Information

Reprint Address: Puad, NIM (reprint author)

Int Islamic Univ Malaysia, Kulliyyah Engn, Dept Biotechnol Engn, POB 10, Kuala Lumpur 50728, Malaysia.

Addresses:

[ 1 ] Int Islamic Univ Malaysia, Kulliyyah Engn, Dept Biotechnol Engn, POB 10, Kuala Lumpur 50728, Malaysia

[ 2 ] Univ Teknol PETRONAS, Dept Chem Engn, Tronoh 31750, Perak, Malaysia

E-mail Addresses: illi@iium.edu.my

Funding

Funding Agency Grant Number

  RIGS16-089-0253 

View funding text    

Publisher

KULLIYYAH ENGINEERING, INT ISLAMIC UNIV MALAYSIA, JALAN GOMBAK, 53100, MALAYSIA

Categories / Classification

Research Areas: Engineering

Web of Science Categories: Engineering, Multidisciplinary

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

28 

Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

0 0 

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Emerging Sources Citation Index 

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

Free Full Text from Publisher Look Up Full Text   Add to MarkFull Text from Publisher Save to EndNote online 

 1  of  1 

Learn more

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=C6uOSBsQuwS4ktRnzfU
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Azmi,%20AS&dais_id=3346731&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Aziz,%20NAC&dais_id=29246257&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Puad,%20NIM&dais_id=6421471&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Halim,%20AA&dais_id=11923879&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Yusof,%20F&dais_id=690193&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&author_name=Yusup,%20S&dais_id=100138&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000451872400001-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=aqueous+ammonia&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=Chlorella+vulgaris&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=growth+kinetics&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=logistic+growth+model&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=CO2+BIO-MITIGATION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&field=TS&value=OPTIMIZATION&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')
mailto:illi@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=C6uOSBsQuwS4ktRnzfU&component=pct&forwardTo=None&qid=11&doc=1&colName=WOS&num_cited=0');
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%3d11%26log_event%3dyes%26product%3dWOS%26SID%3dC6uOSBsQuwS4ktRnzfU%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000451872400001&search_mode=CitedRefList&SID=C6uOSBsQuwS4ktRnzfU&parentProduct=WOS&parentQid=11&parentDoc=1&recid=WOS:000451872400001&PREC_REFCOUNT=28&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%3d11%26log_event%3dyes%26product%3dWOS%26SID%3dC6uOSBsQuwS4ktRnzfU%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000451872400001&parentProduct=WOS&parentQid=11&search_mode=RelatedRecords&SID=C6uOSBsQuwS4ktRnzfU&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.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=C6uOSBsQuwS4ktRnzfU&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
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=C6uOSBsQuwS4ktRnzfU&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=C6uOSBsQuwS4ktRnzfU&page=


1/30/2019 Web of Science [v.5.31] - Web of Science Core Collection Full Record

http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=C6uOSBsQuwS4ktR… 2/4

(from Web of Science Core Collection)

See more data fields

  1  of  1 

Cited References: 28

Showing 28 of 28 View All in Cited References page

Microalgae as a sustainable energy source for biodiesel production: A review

By: Ahmad, A. L.; Yasin, N. H. Mat; Derek, C. J. C.; et al.

RENEWABLE & SUSTAINABLE ENERGY REVIEWS  Volume: 15   Issue: 1   Pages: 584-593   Published: JAN 2011

Times Cited: 390  

Optimization of CO2 bio-mitigation by Chlorella vulgaris

By: Anjos, Mariana; Fernandes, Bruno D.; Vicente, Antonio A.; et al.

BIORESOURCE TECHNOLOGY  Volume: 139   Pages: 149-154   Published: JUL 2013

Times Cited: 78  

The effect of CO2 concentrations and the injection strategy on Synechococcus sp. PCC7002 culture

By: Azmi, AS; Amid, A; Puad, NIM; et al.

Asia Pacific of Molecular Biology and Biotechnology  Volume: 25   Pages: 56-60   Published: 2017

[Show additional data]

Times Cited: 1  

Tackling Climate Change and Malaysia's Emission Reduction Target

By: Begum, RA.

Scientific Malaysian.  Published: 2017

URL: http://magazine.scientificmalaysian.com/issue-13-2017/tackling-climate-change-malaysias-emission-reduction-target/

Times Cited: 1  

Technology roadmap for biofixation of CO2 and greenhouse gas abatement with microalgae

By: Benemann, J; Pedroni, PM; Davison, J; et al.

2 NAT C CARB SEQ  Published: 2003

URL: https://www.netl.doe.gov/publications/proceedings/03/carbon-seq/PDFs/017.pdf

[Show additional data]

Times Cited: 4  

Light and growth medium effect on Chlorella vulgaris biomass production

By: Blair, Matthew Forrest; Kokabian, Bahareh; Gude, Veera Gnaneswar

JOURNAL OF ENVIRONMENTAL CHEMICAL ENGINEERING  Volume: 2   Issue: 1   Pages: 665-674   Published: MAR 2014

Times Cited: 29  

Cultivation of Microalgae (Chlorella vulgaris) for biodiesel production

By: Blinova, L.; Bartosova, A.; Gerulova, K.

J. Slovak Univ. Tech.  Volume: 23   Pages: 87-95   Published: 2015

Times Cited: 4  

Carbon dioxide biofixation by Chlorella vulgaris at different CO2 concentrations and light intensities

By: Clement-Larosiere, Barbara; Lopes, Filipa; Goncalves, Ana; et al.

ENGINEERING IN LIFE SCIENCES  Volume: 14   Issue: 5   Pages: 509-519   Published: SEP 2014

Times Cited: 8  

Effect of temperature and nitrogen concentration on the growth and lipid content of Nannochloropsis oculata and Chlorella

vulgaris for biodiesel production

By: Converti, Attilio; Casazza, Alessandro A.; Ortiz, Erika Y.; et al.

CHEMICAL ENGINEERING AND PROCESSING  Volume: 48   Issue: 6   Pages: 1146-1151   Published: JUN 2009

Times Cited: 560  

Comparison of maximum specific growth rates and lag times estimated from absorbance and viable count data by different

mathematical models

By: Dalgaard, P; Koutsoumanis, K

JOURNAL OF MICROBIOLOGICAL METHODS  Volume: 43   Issue: 3   Pages: 183-196   Published: JAN 2001

Times Cited: 152  

Increasing Lipid Accumulation of Chlorella vulgaris using Spirulina platensis in Flat Plate Reactor for Synthesizing Biodiesel

By: Dianursanti; Santoso, Albert

NEW AND RENEWABLE ENERGY AND ENERGY CONSERVATION, THE 3RD INDO EBTKE-CONEX 2014, CONFERENCE AND EXHIBITION

INDONESIA  Book Series: Energy Procedia   Volume: 65   Pages: 58-66   Published: 2015

Times Cited: 2  

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

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=11&parentDoc=1&qid=12&SID=C6uOSBsQuwS4ktRnzfU&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000284863100042
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=1&REFID=351387019&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000321163100022
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=2&REFID=452051196&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_3 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_3 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_3 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=3&REFID=573700262&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:open_location('http://magazine.scientificmalaysian.com/issue-13-2017/tackling-climate-change-malaysias-emission-reduction-target/','on');
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=4&REFID=573700263&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:open_location('https://www.netl.doe.gov/publications/proceedings/03/carbon-seq/PDFs/017.pdf','on');
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_5 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_5 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_5 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=5&REFID=413012249&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=6&REFID=503699876&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=7&REFID=553059487&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000341812700007
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=8&REFID=476417889&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000274371800008
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=9&REFID=268423733&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000166598000004
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=10&REFID=23275150&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitedFullRecord&isickref=WOS:000353446600009
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C6uOSBsQuwS4ktRnzfU&search_mode=CitingArticles&parentProduct=WOS&parentQid=12&parentDoc=11&REFID=487085106&excludeEventConfig=ExcludeIfFromNonInterProduct

