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Abstract

Recently, the widespread use of proteases in industries, such as detergent, food, and pharmaceutical
sectors, has increased the demand for proteolytic enzymes in the global market. Although the main
sources of commercial proteases are animals and microorganisms, the potential of using
nonconventional sources, especially plants, should not be overlooked. In this study, proteolytic
enzymes were extracted from the sarcocarp of ridged gourd (Luffa acutangula), and the effect of the
extraction process on protease activity was evaluated. The crude enzyme was optimized via response
surface methodology (RSM) using a central composite rotatable design (CCRD). Four independent
variables were studied, namely, the pH, the concentrations of Triton X-100 (TX-100) and 2-
mercaptoethanol, and the mixing time. The optimum level of each variable based on the RSM model
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was determined: at pH 6.38, 4.99% (v/v) TX-100, 0.15 M 2-mercaptoethanol, and a mixing time of 4.09
min, the optimum protease activity was estimated at 1.35 U/g. A verification test revealed satisfactory
agreement between the model and experimental results with 96% desirability, indicating that the
quadratic model generated from RSM is significant. © 2023 Malaysian Institute of Chemistry. All rights
reserved.

Author keywords

Central Composite Rotatable Design; Luffa acutangular; Optimization; protease; Response Surface
Methodology

SciVal Topics ® e
Funding details v
References (38) View in search results format >

1 Al

Export (@ Print X E-mail [ Saveto PDF  Create bibliography

1 Jisha, V. N., Smitha, R. B., Pradeep, S., Sreedevi, S., Unni, K. N., Sajith,
S., Priji, P, (...), Benjamin, S.
Versatility of microbial proteases
(2013) Advance in Enzyme Research, 1 (3), pp. 39-51. Cited 97 times.

2 Motyan, J. A., Toth, F., Tozser, ).
Research applications of proteolytic enzymes in molecular biology
(2013) Biomolecules, 3, pp. 923-942. Cited 154 times.

[ 3 Bonne, K., Verbeke, W.

Muslim consumer trust in halal meat status and control in
Belgium

(2008) Meat Science, 79 (1), pp. 113-123. Cited 151 times.
doi: 10.1016/j.meatsci.2007.08.007

View at Publisher

[ 4 Westermeier, R., Gorg, A.
(1998) Protein purification: principles, high resolution methods and
applications. Cited 367 times.
New York: John Wiley and Sons

5 Brueske, C. H., Dropkin, V. H.
(1980) Plants enzymology and histo enzymology
New Delhi: Kalyani Publishers

e Lattanzio, V., Linsalata, V., Palmieri, S., Van Sumere, C.F.

The beneficial effect of citric and ascorbic acid on the phenolic
browning reaction in stored artichoke (Cynara scolymus L.)
heads

(1989) Food Chemistry, 33 (2), pp. 93-106. Cited 67 times.


https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=c890f97417b66445b43ca84d4cb650eb&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85166253908%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85166253908
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84895780391&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84904245663&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-39449132141&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-39449132141&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.meatsci.2007.08.007&locationID=3&categoryID=4&eid=2-s2.0-39449132141&issn=03091740&linkType=ViewAtPublisher&year=2008&origin=reflist&dig=8efe9548ddf08ceb131b9816227765e2
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0004117099&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-38249026407&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-38249026407&src=s&origin=reflist&refstat=core

Kadiri, D.D., Shanmukha Anand, P.

Optimization of protease extraction from Billbergia
pyramidalis (Sims) Lind|. by response surface methodology

(2016) International Journal of Pharmaceutical Sciences Review and
Research, 36 (1), art. no. 48, pp. 267-276. Cited 4 times.

http://globalresearchonline.net/journalcontents/v36-1/48.pdf

Tari, C., Genckal, H., Tokatli, F.

Optimization of a growth medium using a statistical approach
for the production of an alkaline protease from a newly
isolated Bacillus sp. L21

(2006) Process Biochemistry, 41 (3), pp. 659-665. Cited 84 times.
doi: 10.1016/j.procbio.2005.08.012

View at Publisher

Adinarayana, K., Ellaiah, P.

Response surface optimization of the critical medium
components for the production of alkaline protease by a
newly isolated Bacillus sp

(2002) Journal of Pharmacy and Pharmaceutical Sciences, 5 (3), pp. 272-
278. Cited 246 times.

http://www.ualberta.ca/~csps/JPPS5(3)/P.Ellaiah/alkaline.pdf

View at Publisher

Myers, R. H., Montgomery, D. C.

(2002) Response surface methodology: Process and product optimization
using designed experiments. Cited 13863 times.

(2nd ed). Canada: John Wiley and Sons

Yamagata, H., Masuzawa, T., Nagaoka, Y., Ohnishi, T., Iwasaki, T.

Cucumisin, a serine protease from melon fruits, shares
structural homology with subtilisin and is generated from a
large precursor

(1994) Journal of Biological Chemistry, 269 (52), pp. 32725-32731. Cited 141
times.

View at Publisher

Chitturi, S., Talatam, V.G., Suneetha, V.

Studies on protein content, protease activity, antioxidants
potential, melanin composition, glucosinolate and pectin
constitution with brief statistical analysis in some medicinally
significant fruit peels

(2013) Der Pharmacia Lettre, 5 (1), pp. 13-23. Cited 23 times.

http://scholarsresearchlibrary.com/dpl-vol5-iss1/DPL-2013-5-1-13-23.pdf

Ahmad, M.N., Liew, S.L., Yarmo, M.A., Said, M.

Optimization of protease extraction from horse mango
(Mangifera foetida Lour) kernels by a response surface
methodology

(2012) Bioscience, Biotechnology and Biochemistry, 76 (8), pp. 1438-
1444, Cited 15 times.
https://www.jstage.jst.go.jp/article/bbb/76/8/76 120073/ pdf

doi: 10.1271/bbb.120073

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-84957579947&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84957579947&src=s&origin=reflist&refstat=core
http://globalresearchonline.net/journalcontents/v36-1/48.pdf
https://www.scopus.com/record/display.uri?eid=2-s2.0-32244441927&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-32244441927&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.procbio.2005.08.012&locationID=3&categoryID=4&eid=2-s2.0-32244441927&issn=13595113&linkType=ViewAtPublisher&year=2006&origin=reflist&dig=8d4a9c30a44b52fe2dd8cedb0fa8ab3a
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036769480&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0036769480&src=s&origin=reflist&refstat=core
http://www.ualberta.ca/~csps/JPPS5(3)/P.Ellaiah/alkaline.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fwww.ualberta.ca%2f%7ecsps%2fJPPS5%283%29%2fjourcont5%283%29.htm&locationID=3&categoryID=4&eid=2-s2.0-0036769480&issn=14821826&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=af7b0080aa023e6477a2661bb5e5b310
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0004294559&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-0028587825&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0028587825&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fdx.doi.org%2f10.1016%2fs0021-9258%2820%2930051-x&locationID=3&categoryID=4&eid=2-s2.0-0028587825&issn=00219258&linkType=ViewAtPublisher&year=1994&origin=reflist&dig=4d43e631e3e6837030a2e2b68eac63c3
https://www.scopus.com/record/display.uri?eid=2-s2.0-84875388521&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84875388521&src=s&origin=reflist&refstat=core
http://scholarsresearchlibrary.com/dpl-vol5-iss1/DPL-2013-5-1-13-23.pdf
https://www.scopus.com/record/display.uri?eid=2-s2.0-84865489979&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84865489979&src=s&origin=reflist&refstat=core
https://www.jstage.jst.go.jp/article/bbb/76/8/76_120073/_pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1271%2fbbb.120073&locationID=3&categoryID=4&eid=2-s2.0-84865489979&issn=09168451&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=74271b00c5926c181686940ca55e074a

[] 14

] 18

] 19

Patel, S., Kothari, D., Goyal, A.

Enhancement of dextransucrase activity of Pediococcus
pentosaceus mutant SPAm1 by response surface methodology
(Open Access)

(2011) Indian Journal of Biotechnology, 10 (3), pp. 346-351. Cited 10 times.
http://nopr.niscair.res.in/bitstream/123456789/12115/1/1)BT%2010(3)%20346
-351.pdf

Fakhri, A.

Application of response surface methodology to optimize the
process variables for fluoride ion removal using maghemite
nanoparticles

(2014) Journal of Saudi Chemical Society, 18 (4), pp. 340-347. Cited 76 times.
http://www.sciencedirect.com/science/journal/13196103
doi: 10.1016/jjscs.2013.10.010

View at Publisher

Thys, R.C.S., Guzzon, S.O., Cladera-Olivera, F., Brandelli, A.
Optimization of protease production by Microbacterium sp. in
feather meal using response surface methodology

(2006) Process Biochemistry, 41 (1), pp. 67-73. Cited 74 times.
doi: 10.1016/j.procbio.2005.03.070

View at Publisher

Fakhfakh-Zouari, N., Haddar, A., Hmidet, N., Frikha, F., Nasri, M.

Application of statistical experimental design for optimization
of keratinases production by Bacillus pumilus A1 grown on
chicken feather and some biochemical properties

(2010) Process Biochemistry, 45 (5), pp. 617-626. Cited 104 times.
doi: 10.1016/j.procbio.2009.12.007

View at Publisher

Potumarthi, R., Subhakar, Ch., Pavani, A., Jetty, A.

Evaluation of various parameters of calcium-alginate
immobilization method for enhanced alkaline protease
production by Bacillus licheniformis NCIM-2042 using
statistical methods (Open Access)

(2008) Bioresource Technology, 99 (6), pp. 1776-1786. Cited 51 times.
doi: 10.1016/j.biortech.2007.03.041

View at Publisher

Ahmad, M.N., Shuhaimen, M.S., Normaya, E., Omar, M.N., Igbal, A., Ku
Bulat, K.H.

The applicability of using a protease extracted from cashew
fruits (Anacardium occidentale), as possible meat tenderizer:
An experimental design approach

(2020) Journal of Texture Studies, 51 (5), pp. 810-829. Cited 5 times.
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1745-4603
doi: 10.1111/jtxs.12529

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-79960776451&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-79960776451&src=s&origin=reflist&refstat=core
http://nopr.niscair.res.in/bitstream/123456789/12115/1/IJBT%2010(3)%20346-351.pdf
https://www.scopus.com/record/display.uri?eid=2-s2.0-84904961884&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84904961884&src=s&origin=reflist&refstat=core
http://www.sciencedirect.com/science/journal/13196103
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.jscs.2013.10.010&locationID=3&categoryID=4&eid=2-s2.0-84904961884&issn=13196103&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=b223ac691b2c0bb01fb6010efbfc1a93
https://www.scopus.com/record/display.uri?eid=2-s2.0-28944439159&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-28944439159&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.procbio.2005.03.070&locationID=3&categoryID=4&eid=2-s2.0-28944439159&issn=13595113&linkType=ViewAtPublisher&year=2006&origin=reflist&dig=3658f0acc29a3ef57517718948ad57de
https://www.scopus.com/record/display.uri?eid=2-s2.0-77950299226&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-77950299226&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.procbio.2009.12.007&locationID=3&categoryID=4&eid=2-s2.0-77950299226&issn=13595113&linkType=ViewAtPublisher&year=2010&origin=reflist&dig=0f0a82326b6a30f07a2bc854b4effed1
https://www.scopus.com/record/display.uri?eid=2-s2.0-37649014195&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-37649014195&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.biortech.2007.03.041&locationID=3&categoryID=4&eid=2-s2.0-37649014195&issn=09608524&linkType=ViewAtPublisher&year=2008&origin=reflist&dig=b512833b1582fccc7d3a5a0ce8a9f931
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086090475&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85086090475&src=s&origin=reflist&refstat=core
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1745-4603
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1111%2fjtxs.12529&locationID=3&categoryID=4&eid=2-s2.0-85086090475&issn=17454603&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=a07afad5ca4b676b19bea645f7a60317

[C] 20 Ahmad, M.N., Mohd Azli, N.H., Ismail, H., Mohamed Igbal, M.A., Mat Piah,
B., Normaya, E.

Inhibitory effects of Manihot esculenta extracts on Food-
Borne pathogens and their antioxidant properties:
Supercritical fluid extraction, statistical analysis, and
molecular docking study (Open Access)

(2020) Journal of Food Process Engineering, 43 (9), art. no. e13452. Cited 2
times.

http://onlinelibrary.wiley.com/journal/10.1111/(1SSN)1745-4530

doi: 10.1111/jfpe.13452

View at Publisher

21 Joardar, N., Mukherjee, S., Babu, S.P.S.

Thioredoxin reductase from the bovine filarial parasite Setaria
cervi: Studies on its localization and optimization of the
extraction

(2018) International Journal of Biological Macromolecules, Part B 107, pp.
2375-2384. Cited 19 times.

www.elsevier.com/locate/ijbiomac

doi: 10.1016/j.ijbiomac.2017.10.114

View at Publisher

[ 22 Bisht, D., Yadav, S.K., Darmwal, N.S.

Computation of interactive effects and optimization of
process parameters for alkaline lipase production by mutant
strain of Pseudomonas aeruginosa using response surface
methodology

(2013) Brazilian Journal of Microbiology, 44 (1), pp. 245-252. Cited 14 times.

http://www.scielo.br/pdf/bjm/v44n1/aop_635200.pdf
doi: 10.1590/S1517-83822013005000016

View at Publisher

[J 23 Hunter, W. G., Hunter, J. S.
(1987) Statistic for experimenters: An introduction to design, data analysis
and model building. Cited 3433 times.
New York: John Wiley

[ 24 Ho, J.G.S., Middelberg, A.P.J., Ramage, P., Kocher, H.P.
The likelihood of aggregation during protein renaturation can
be assessed using the second virial coefficient

(2003) Protein Science, 12 (4), pp. 708-716. Cited 95 times.
doi: 10.1110/ps.0233703

View at Publisher

[l 25 suberu, Y., Akande, I., Samuel, T., Lawal, A., Olaniran, A.

Optimization offprotease production in indigenous Bacillus
species isolated from soil samples in Lagos, Nigeria using
response surface methodology (Open Access)

(2019) Biocatalysis and Agricultural Biotechnology, 18, art. no. 101011. Cited
27 times.

http://www.journals.elsevier.com/biocatalysis-and-agricultural-biotechnology/
doi: 10.1016/j.bcab.2019.01.049

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-85085558471&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85085558471&src=s&origin=reflist&refstat=core
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1745-4530
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1111%2fjfpe.13452&locationID=3&categoryID=4&eid=2-s2.0-85085558471&issn=17454530&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=b549860087f9a1995adf26d6ec61bd54
https://www.scopus.com/record/display.uri?eid=2-s2.0-85033487817&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85033487817&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/locate/ijbiomac
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.ijbiomac.2017.10.114&locationID=3&categoryID=4&eid=2-s2.0-85033487817&issn=18790003&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=4ce800958dd8b3a878cc0406318d314e
https://www.scopus.com/record/display.uri?eid=2-s2.0-84879178037&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84879178037&src=s&origin=reflist&refstat=core
http://www.scielo.br/pdf/bjm/v44n1/aop_635200.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1590%2fS1517-83822013005000016&locationID=3&categoryID=4&eid=2-s2.0-84879178037&issn=15178382&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=afa13d657e47c68272930a8a5b268b50
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0003687677&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-0037378389&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0037378389&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1110%2fps.0233703&locationID=3&categoryID=4&eid=2-s2.0-0037378389&issn=09618368&linkType=ViewAtPublisher&year=2003&origin=reflist&dig=e8e35980098678b10c536413734e989c
https://www.scopus.com/record/display.uri?eid=2-s2.0-85061347733&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85061347733&src=s&origin=reflist&refstat=core
http://www.journals.elsevier.com/biocatalysis-and-agricultural-biotechnology/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.bcab.2019.01.049&locationID=3&categoryID=4&eid=2-s2.0-85061347733&issn=18788181&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=72166c22f1499368e8292a02efe72a80

] 26

] 27

] 28

] 29

] 30

] 31

] 32

Uchikoba, T., Hosoyamada, S., Onjyo, M., Arima, K., Yonezawa, H., Kaneda,
M.

A serine endopeptidase from the fruits of Melothria japonica
(Thunb.) Maxim. (Open Access)

(2001) Phytochemistry, 57 (1), pp. 1-5. Cited 11 times.
doi: 10.1016/5S0031-9422(00)00511-2

View at Publisher

Anderson, M. ).

(2005) RSM simplified: Optimizing process using Response Surface Methods
for design of experiments. Cited 508 times.

New York: Productivity Press

Fatima, S., Ajmal, R, Badr, G., Khan, R.H.
Harmful Effect of Detergents on Lipase (Open Access)
(2014) Cell Biochemistry and Biophysics, 70 (2), pp. 759-763. Cited 14 times.

https://link.springer.com/journal/12013
doi: 10.1007/s12013-014-9978-4

View at Publisher

Trinh, T.H.T., Kim, J., Lee, C.-H., Ryou, C.

Non-ionic detergents Nonidet P-40 and Triton X-100 increase
enzymatic activity of plasmin

(2019) Biochemical and Biophysical Research Communications, 512 (2), pp.
314-318. Cited 2 times.
http://www.sciencedirect.com/science/journal/0006291X

doi: 10.1016/j.bbrc.2019.03.052

View at Publisher

Ezgimen, M.D., Mueller, N.H., Teramoto, T., Padmanabhan, R.
Effects of detergents on the West Nile virus protease activity

(2009) Bioorganic and Medicinal Chemistry, 17 (9), pp. 3278-3282. Cited 27
times.
doi: 10.1016/j.bmc.2009.03.050

View at Publisher

Furth, A).
Removing unbound detergent from hydrophobic proteins

(1980) Analytical Biochemistry, 109 (2), pp. 207-215. Cited 79 times.
doi: 10.1016/0003-2697(80)90638-7

View at Publisher

Amid, M., Tan, C.P., Mirhosseini, H., Aziz, N.A,, Ling, T.C.

Optimisation of serine protease extraction from mango peel
(Mangifera Indica Cv. Chokanan)

(2011) Food Chemistry, 124 (2), pp. 666-671. Cited 21 times.
doi: 10.1016/j.foodchem.2010.06.027

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-0035341706&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0035341706&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fS0031-9422%2800%2900511-2&locationID=3&categoryID=4&eid=2-s2.0-0035341706&issn=00319422&linkType=ViewAtPublisher&year=2001&origin=reflist&dig=bcc3bdcb7e59ea591618669bf14113c4
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-19944386816&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84924070613&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84924070613&src=s&origin=reflist&refstat=core
https://link.springer.com/journal/12013
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs12013-014-9978-4&locationID=3&categoryID=4&eid=2-s2.0-84924070613&issn=15590283&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=95ec2cd9a6635c7ce17bde3fcf0805ff
https://www.scopus.com/record/display.uri?eid=2-s2.0-85062893727&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85062893727&src=s&origin=reflist&refstat=core
http://www.sciencedirect.com/science/journal/0006291X
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.bbrc.2019.03.052&locationID=3&categoryID=4&eid=2-s2.0-85062893727&issn=10902104&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=f6e338763830cad38f53fc7e076c43f9
https://www.scopus.com/record/display.uri?eid=2-s2.0-65249091497&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-65249091497&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.bmc.2009.03.050&locationID=3&categoryID=4&eid=2-s2.0-65249091497&issn=09680896&linkType=ViewAtPublisher&year=2009&origin=reflist&dig=197a11afc91755062ab8db413efe22f3
https://www.scopus.com/record/display.uri?eid=2-s2.0-0019261674&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0019261674&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2f0003-2697%2880%2990638-7&locationID=3&categoryID=4&eid=2-s2.0-0019261674&issn=10960309&linkType=ViewAtPublisher&year=1980&origin=reflist&dig=60ec87b5b721572fb05c51f969e2da1a
https://www.scopus.com/record/display.uri?eid=2-s2.0-77955771117&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-77955771117&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.foodchem.2010.06.027&locationID=3&categoryID=4&eid=2-s2.0-77955771117&issn=03088146&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=483869c1a430450316c1652da7df0f48

[] 33 Amid, M., Abd Manap, Y., Zohdi, N.
Optimization of Processing Parameters for Extraction of Amylase Enzyme
from Dragon (Hylocereus polyrhizus) Peel Using Response Surface
Methodology
(2014) The scientific world journal, 2014, pp. 1-12.

[] 34 Mehrnoush, A., Mustafa, S., Sarker, Md.Z.1., Yazid, A.M.M.

Optimization of the conditions for extraction of serine
protease from kesinai plant (streblus asper) leaves using
response surface methodology

(2011) Molecules, 16 (11), pp. 9245-9260. Cited 17 times.

http://www.mdpi.com/1420-3049/16/11/9245/pdf
doi: 10.3390/molecules16119245

View at Publisher

[ 35 Sadhukhan, B., Mondal, N.K., Chattoraj, S.

Optimisation using central composite design (CCD) and the
desirability function for sorption of methylene blue from
aqueous solution onto Lemna major (Open Access)

(2016) Karbala International Journal of Modern Science, 2 (3), pp. 145-
155. Cited 145 times.

https://kijoms.uokerbala.edu.iq/

doi: 10.1016/j.kijoms.2016.03.005

View at Publisher

] 36 Myers, R. H., Montgomery, D. C.
(2016) Response surface methodology. Cited 13863 times.
(2nd ed). New York, NY: John Wiley and Sons Inc

[] 37 Ahmad, M.N., Mat Noh, N.A., Abdullah, E.N., Yarmo, M.A., Mat Piah,
M.B., Ku Bulat, K.H.

Optimization of a protease extraction using a statistical
approach for the production of an alternative meat tenderizer
from Spondias cytherea roots (Open Access)

(2019) Journal of Food Processing and Preservation, 43 (11), art. no.
€14192. Cited 9 times.
http://onlinelibrary.wiley.com/journal/10.1111/(1ISSN)1745-4549
doi: 10.1111/jfpp.14192

View at Publisher

[C] 38 Kotlar, C., Ponce, A., Roura, S.

Characterization of a novel protease from Bacillus cereus and
evaluation of an eco-friendly hydrolysis of a brewery
byproduct

(2015) Journal of the Institute of Brewing, 121 (4), pp. 558-565. Cited 17
times.

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)2050-0416

doi: 10.1002/jib.257

View at Publisher

9 Ahmad, M.N.; Experimental and Theoretical Research Lab, Department of Chemistry,
Kulliyyah of Science International Islamic University Malaysia, Kuantan, Pahang,
Malaysia; email:mnorazmi@iium.edu.my

© Copyright 2023 Elsevier B.V., All rights reserved.

1ofl A Top of page


https://www.scopus.com/record/display.uri?eid=2-s2.0-82255164510&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-82255164510&src=s&origin=reflist&refstat=core
http://www.mdpi.com/1420-3049/16/11/9245/pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fmolecules16119245&locationID=3&categoryID=4&eid=2-s2.0-82255164510&issn=14203049&linkType=ViewAtPublisher&year=2011&origin=reflist&dig=70b9232fda903bf059c1b2109e84a9a2
https://www.scopus.com/record/display.uri?eid=2-s2.0-85016564781&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85016564781&src=s&origin=reflist&refstat=core
https://kijoms.uokerbala.edu.iq/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.kijoms.2016.03.005&locationID=3&categoryID=4&eid=2-s2.0-85016564781&issn=24056103&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=dd6eab7dc3bdeb55afa9f0f5a00bca00
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-0004294559&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85073970944&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-85073970944&src=s&origin=reflist&refstat=core
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1745-4549
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1111%2fjfpp.14192&locationID=3&categoryID=4&eid=2-s2.0-85073970944&issn=17454549&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=06276fadf3c3276e9a4ea6bcb8faed51
https://www.scopus.com/record/display.uri?eid=2-s2.0-84944387148&origin=reflist
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85166253908&refeid=2-s2.0-84944387148&src=s&origin=reflist&refstat=core
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)2050-0416
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1002%2fjib.257&locationID=3&categoryID=4&eid=2-s2.0-84944387148&issn=20500416&linkType=ViewAtPublisher&year=2015&origin=reflist&dig=75cc27cf73425fa6c4ed8c0d87d3f25d
mailto:mnorazmi@iium.edu.my

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

BABRERTT 2
BEEERFIIRA
BEZREPXRE

lMpocmoTp Bepcum Ha pycckom A3bike

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 71 Privacy policy 71

Copyright © Elsevier B.V 7. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use of cookies 7.

& RELX


https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/termsandconditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/privacypolicy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/online-tools/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/online-tools/scopus/content-overview/?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/about/our-business/policies/privacy-principles?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

