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ABSTRAK 

Penghasilan pigmen merah oleh spesies Monascus telah dikenali sebagai pigmen yang 

boleh dimakan dimana kaya dengan pelbagai jenis aktiviti biologi. Secara tradisinya, 

pigmen dari Monascus telah dihasilkan dengan menggunakan tepung beras sebagai 

substrat, namun kelemahannya ialah tidak praktikal untuk skala komersial berikutan 

harganya yang mahal. Untuk mengurangkan kos, penggunaan pelepah kelapa sawit 

(OPF) sebagai substrat alternatif telah dikaji. Kajian  ini memberi tumpuan kepada 

pemajuan dan pengoptimuman pengeluaran pigmen merah dari Monascus purpureus 

FTC 5356 menggunakan OPF sebagai substrat dalam fermentasi pepejal. Dapatan 

kajian yang dibentangkan dalam tesis ini adalah berdasarkan kepada siri eksperimen 

yang dijalankan berbeza-beza mengikut kerumitan seperti dari eksperimen mudah 

seperti satu faktor dalam satu masa (OFAT) kepada proses penyaringan, 

pengoptimunan dan proses pengesahan. Untuk menetapkan julat bagi setiap faktor, lima 

faktor seperti kandungan kelembapan awal OPF (%), pH awal (pH), peratusan pepton 

(%), peratusan batang OPF dan saiz inokulum (spora / ml) adalah dinilai melalui 

kaedah OFAT. Untuk penyaringan, teknik reka bentuk faktorial digunakan dan didapati 

bahawa peratusan pepton, kandungan kelembapan awal, dan nilai pH merupakan faktor 

yang menyumbang kepada peningkatan pengeluaran pigmen merah. Untuk 

pengoptimuman, kaedah Central Composite Design (CCD) dari Response Surface 

Methodology (RSM)  telah digunakan dan dalam keadaan optimum, didapati bahawa 

nilai pH awal adalah faktor yang paling penting yang mempengaruhi dalam 

pengeluaran pigmen merah. Penghasilan pigmen merah menunjukkan peningkatan dari 

2.90 AU/g (sebelum optimum) kepada 46 AU/g (selepas optimum). Konklusinya, 

penggunaan OPF untuk penghasilan pigmen merah dari Monascus purpureus FTC 

5356 telah berjaya dan mepunyai potensi tinggi untuk digunakan sebagai substrat kos 

rendah. 
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ABSTRACT 

Production of red pigment by Monascus species has known as an edible pigment which 

rich in wide range of biological activities. Traditionally, Monascus pigment has been 

produced using rice powder as a culture substrate, which was industrially impractical 

due to pricey. To reduce the cost, the feasibility of oil palm fronds (OPF) used as an 

alternative substrate was investigated. This work focused on development and 

optimization of red pigment production from Monascus purpureus FTC 5356 using 

OPF as a substrate in solid state fermentation. The research findings presented in this 

thesis are based on a series of experiments carried out varying in complexity such as 

from simple preliminary and One Factor at One Time (OFAT) process to screen, 

optimize and validate process. In order to set the range for each factor, five factors 

which are initial moisture content of OPF (%), initial pH (pH), percentage of peptone 

(%), percentage of petiole and size of inoculums (spores/ml) were evaluated through 

OFAT method. For screening, factorial design technique was used and it was found that 

percentage of peptone, initial moisture content, and initial pH were the significant 

factors that contribute to the increasing of red pigment production. For optimization, 

Central Composite Design (CCD) of Response Surface Methodology (RSM) was used. 

Under the optimal condition, it was found that initial pH was the most significant factor 

that influences the red pigment production. The red pigment yield shows the increment 

from 2.90 AU/g (before optimized) to 46 AU/g (after optimized). As a conclusion, the 

usage of OPF is succeeded and has high potential as an alternative low-cost substrate 

for red pigment production by using Monascus purpureus FTC 5356. 

  

 



70 
 

REFERENCES 

Agbor, V.B., Cicek, N., Sparling, R., Berlin, A. & Levin, D.B. (2011). Biomass 

pretreatment: fundamentals toward application. Biotechnology Advanced, 

29(6):675–685. doi: 10.1016/j.biotechadv.2011.05.005 

Ahmad, M. & Panda, B.P. (2014). Optimization of red pigment production by 

Monascus purpureus MTCC 369 under solid state fermentation using response 

surface methodology. Songklanarin Journal Science Technology, 36(4), 439-

444. 

Ajdari, Z.,  Ebrahimpour, A., Abdul Manan, M.,  Hamid, M., Mohamad, R. & Ariff, 

A.B. (2011). Nutritional requirements for the improvement of growth and 

sporulation of several strains of Monascus purpureus on solid state cultivation. 

Journal of Biomedicine and Biotechnology, 2011:9 pages.487329 

Alam, M. Z., Mamun, A. A., Qudsieh, I. Y., Muyibi, S. A., Salleh, H. M. & Omar, N. 

M. (2009). Solid state bioconversion of oil palm empty fruit bunches for 

cellulase enzyme production using a rotary drum bioreactor. Biochemical 

Engineering Journal, 46 (1):61-64. 

Aliyu, A. S.,  Aziz, A. A.,  Yahya, A. & Latiff, Z. A. (2015). Potential of oil palm 

frond liquid extract and fiber as feedstock for bio-butanol production. Jurnal 

Teknologi, 74,10, 63-67. 

Amirkhani, H., Yunus, R., Rashid, U., Salleh, S,F., Radhiah, A.B.D. & Syam, S. 

(2015). Low temperatures dilute acid hydrolysis of oil palm frond. Chemical 

Engineering Communications, 202:1235-1244. 

Babitha, S. (2009). Microbial pigments. In: Nigam, P.S. & Pandey, A., editors. 

Biotechnology for agro-industrial residues, 8. Dodrdrecht: Springer, pp. 147–

62. 

Babitha, S., Carvahlo, J.C., Soccol, C.R. & Pandey, A. (2008). Effect of light on 

growth, pigment production and culture morphology of Monascus purpureus 

in solid-state fermentation. World Journal Microbiology Biotechnology, 24: 

2671-2675. 

Babitha, S., Soccol, C.R. & Pandey, A. (2006). Jackfruit seed - a novel substrate for 

the production of Monascus pigments through solid state fermentation. Food 

Technology and Biotechnology, 44(4): 465-471. 

Babitha, S., Soccol, C. R. & Pandey, A. (2007). Solid-state fermentation for the 

production of Monascus pigments from jackfruit seed. Bioresource 

Technology, 98, 1554–1560.  



71 
 

Babitha, S., Soccol, C. R. & Pandey, A. (2007a). Effect of stress on growth, pigment 

production and morphology of Monascus sp. in solid cultures. Journal of 

Basic Microbiology, 47, 118-126. 

Batten, K.M., Scow, K.M., Davies, K.F., & Harrison, S.P. (2006). Two invasive 

plants alter soil microbial community composition in serpentine grasslands. 

Biology Invasions, 8, 217-230. 

Bau, Y.S. & Wong, H.C. (1979). Zinc effects on growth, pigmentation and 

antibacterial activity of Monascus purpureus. Physiology Plantarum. Vol 46, 

issue 1, pp 63-67. 

Bezerra, M.A., Santelli, R.E., Oliveira, E.P., Villar, L.S. & Escaleira, L.A. (2008). 

Response surface methodology (RSM) as a tool for optimization in analytical 

chemistry. Talanta, 76: 965-977. 

Broder, C.H. & Koehler, P.F. (1980). Pigment produced by Monascus purpureus with 

regard to quality and quantity. Journal Food Science, 45, 467-468. 

Carels, M. & Shepherd, D. (1977). The effect of different nitrogen sources on pigment 

production and sporulation of Monascus sp.in submerged shaken culture. 

Canadian Journal of Microbiology, 23, 1360–1372. 

Carvalho, J.C.D., Pandey, A., Babitha, S. & Soccol, C.R. (2003). Production of 

Monascus biopigments : An overview. Agro Food Industry Hi-Tech, 14, 37-

42. 

Cauto, S.R. (2008). Exploitation of biological wastes for the production of value-

added products under solid-state fermentation condition: Review. 

Biotechnology Journal 35: 859 – 870. 

Cauto, S.R. & Sanroman, M.A. (2006). Application of solid-state fermentation to food 

industry – A review. Journal of Food Engineering, 76: 291 – 302. 

Chen, G., Shi, K., Song, D., Quan, L., & Wu, Z. (2015). The pigment characteristics 

and productivity shifting in high cell density culture of Monascus anka 

mycelia. BMC Biotechnology, 15, 72. doi:10.1186/s12896-015-0183-3 

Chen, H. (2013). A novel structured bioreactor for solid state fermentation. 

Bioprocess Biosystem Engineering, 36(2): 223-30. doi: 10.1007/s00449-012-

0778-1 

Chen, M. H. & Johns, M. R. (1994). Effect of carbon source on ethanol and pigment 

production by Monascus purpureus. Enzyme Microbiology Technology, 16: 

584-590. 

 

http://doi.org/10.1186/s12896-015-0183-3


72 
 

Cheng, M.J., Wua, M.D., Yuan, G.F., Su, Y.S. & Yanai, H. (2012). Secondary 

metabolites produced by the fungus Monascus pilosus and their 

antiinflamatory activity. Phytochemical Lett. 5:567–571. 

doi:10.1016/j.phytol.2012.05.015 

Choi, J., Rahman, M.M.,  Lee, S.Y., Chang, K.H. & Lee, S.M. (2016). Effects of 

dietary inclusion of fermented soybean meal with Phaffia rhodozyma on 

growth, muscle pigmentation, and antioxidant activity of juvenile rainbow 

trout (Oncorhynchus mykiss).Turkish Journal of Fisheries and Aquatic 

Sciences, 16:91-101. 

Chongkhong, S., Lolharat, B. & Chetpattananondh, P.  (2012). Optimization of 

ethanol production from fresh jackfruit seeds using response surface 

methodology. Journal of Sustainable Energy and Environment, 3, 97-101. 

Collins, L. M., Dziak, J. J., & Li, R. (2009). Design of experiments with multiple 

independent variables: a resource management perspective on complete and 

reduced factorial designs. Psychological Methods, 14(3), 202–224. 

http://doi.org/10.1037/a0015826 

Dahlan, I. (2000). Oil palm frond, a feed for herbivores. Asian-Australia Journal 

Animal Science, 300-303. 

Danuri, H. (2008). Optimizing angkak pigments and lovastatin production by 

Monascus purpureus. Journal of biosciences, Vol 15, no 2. 

Dikshit, R. & Tallapragada, P. (2013). Comparative study of Monascus sanguineus 

and Monascus purpureus for red pigment production under stress condition. 

International Food Research Journal, 20(3): 1235-1238. 

Dufosse, L., Galaup, P., Yaron, A., Arad, S.M., Blanc, P., Murthy, K.N.C. & 

Ravishankar, G.A. (2005). Microorganisms and microalgae as sources of 

pigments for food use: a scientific oddity or an industrial reality? Trends Food 

Science Technology, 16:389–406. doi:10.1016/j.tifs.2005.02.006 

Elmoubarki, E.R., Taoufik, M., Moufti, A., Tounsadi, H., Mahjoubi, F.Z., Bouabi, Y., 

Qourzal, S., Abdennouri, M & Barka, N. (2017). Box-Behnken experimental 

design for the optimization of methylene blue adsorption onto Aleppo pine 

cones. Journal Materials and Environmental Sciences, 8(6), pp 2184-2191. 

Endo, A. (1979). Monakolin K, a new hypocholesterolemic agent produced by 

Monascus species. Journal of Antibiotic, 32, 852-854. 

 

Fannin, T.E., Marcus, M.D., Anderson, D.A. & Bergman, H.L. (1981). Use of a 

fractional factorial design to evaluate interactions of environmental factors 

affecting biodegradation rates. Applied and Environmental Microbiology, 42, 

6, 936-943. 



73 
 

Feng, Y., Shao, Y. & Chen, F. (2012). Monascus pigments. Applied Microbiology 

fermentation. European Journal of Applied Microbiology and Biotechnology, 9, 199-

209. 

Future Market Insight (FMI). (2014). Natural food colours market: Global industry-

analysis and opportunity assessment 2014-2020, available from 

http://www.futuremarketinsights.com/reports/details/global-natural-food-

colours-market, accessed 9 November 2015. 

Garrote, G., Dominguez, H., &  Parajo, J. C. (1999). Hydrothermal processing of 

lignocellulosic materials. Holzforschung. 57:191-202. 

Gautam, P., Sabu, A., Pandey, A., Szakacs, G., & Soccol, C.R. (2002). Microbial 

production of extra-cellular phytase using polystyrene as inert solid support. 

Bioresource Technology, 83(3):229–233. doi: 10.1016/S0960-8524(01)00215-

2 

Goh, C.S., Lee, K.T. & Bhatia, S. (2010). Hot compressed water pretreatment of oil 

palm fronds to enhance glucose recovery for production of second generation 

bio-ethanol. Bioresources Technology, 101, 7362-7367. 

Hailei, W., Zhifang, R., Ping, L., Yanchang, G., Guosheng, L. & Jianming, Y. (2011). 

Improvement of the production of a red pigment in Penicillium sp. HSD07B 

synthesized during co-culture with Candida tropicalis. Bioresource 

Technology, 102:6082–6087. 

Hajjaj, H., Goma, G. & François, J.M. (2015). Effect of the cultivation mode on red 

pigments production from Monascus ruber. International Journal Food 

Science Technology, 50:1731–1736. doi:10.1111/ijfs.12803 

Haliza, N. , A.H., Fazilah , A., & Azemi, M.N. (2006). Development of 

hemicelluloses biodegradable films from oil palm from (Elais Guinnesis). In 

International Conference on Green and Sustainable Innovation. Chang Mai, 

Thailand: Energy Management and Conservation Centre, Chang Mai 

University. 

Hamano, P.S. & Kilikian, B.V. (2006). Production of red pigments by Monascus 

ruber in culture media containing corn steep liquor. Brazilian Journal of 

Chemical Enggineering, Vol 23, no 4. 

Hashim, R., Wan Nadhari, W.N.A., Sulaiman, O., Kawamura, F., Hiziroglu, S., Sato, 

M., Tay, G.S. & Tanaka, R. (2011). Characterization of raw materials and 

manufactured binderless particleboard from oil palm biomass. Material 

Design, 1, 246-254. 

 



74 
 

Hassan, O. (1995). Processing and utilization of oil-palm biomass (by-products) for 

animal feed. In. Proc. PORIM National Oil Palm Conference-Technologies in 

Plantation - The Way Forward, 11-12 July 1995, Bangi, Malaysia., pp. 197- 

207. 

Hassan, O., Ishida, M., Mohd. Shukri, I. & Ahmad Tajuddin, Z. (1994). Oil palm 

fronds as a roughage feed source for ruminants in Malaysia. Malaysia 

Agriculture Research and Development Institute (MARDI), Kuala Lumpur, 

Malaysia. 

Hassim, H. A., Lourenço, M., Goel, G., Vlaeminck, B., Goh, Y. M. & Fievez, V. 

(2010). Effect of different inclusion levels of oil palm fronds on in vitro rumen 

fermentation pattern, fatty acid metabolism and apparent biohydrogenation of 

linoleic and linolenic acid. Animal Feed Science and Technology, 162 (3-

4):155-158. 

Hatakka, A.I. (1983). Pretreatment of wheat straw by white-rot fungi for enzymatic 

saccharification of cellulose. Applied Microbiology Biotechnology, 18, 350–

357. 

Hsu, W.H. & Pan, T.M. (2012). Monascus purpureus fermented products and oral 

cancer : a review. Applied Microbiology Biotechnology, 93:1831–1842. 

doi:10.1007/s00253-012-3891-9  

Husain, Z., Zainac, Z. & Abdullah, Z. (2002). Briquetting of palm fibre and shell from 

the processing of palm nuts to palm oil. Biomass Bioenergy, 22: 505-509. 

Islam, M. (2000). Nutritional evaluation and utilization of oil palm (Elaeis guineensis) 

frond as feed for ruminants. PhD thesis, Universiti Putra, Malaysia. 

Johns, M.R. & Stuart, D.M. (1991). Production of pigments by Monascus purpureus 

in solid culture. Journal of Industrial Microbiology, 8: 23-28. 

Johnson, G.T. & Mchan, F. (1975). Some effects of zinc on the utilization of carbon 

sources by Monascus purpureus. Mycologia, 67(4): 806-16. 

Joshi, V. K. & Attri, D. (2006). Solid state fermentation of apple pomace for the 

production of value added products. Natural Product Radiance, Vol 5(4), pp. 

289-296. 

Juzlova, P., Martinkova, L. & Kren, V. (1996). Secondary metabolites of the fungus 

Monascus: a review. Journal of Industrial Microbiology, 16, 16663-170. 

Kaar, W. E., & Holtzapple, M. T. (2000). Using lime pretreatment to facilitate the 

enzymatic hydrolysis of corn stover. Biomass and Bioenergy, 18: 189-199. 

 



75 
 

Karuppaiya, M., Sasikumar, E., Viruthagiri, T. & Vijayagopal V. (2010). 

Optimization of process variables using response surface methodology (RSM) 

for ethanol production from cashew apple juice by Saccharomyces cerevisae. 

Asian Journal of Food and Agro-Industry, 3, 462-473. 

Kawamoto, H. M., Wan Zahari, M. & Oshio, S. (1999). Digestibility and voluntary 

intake of treated oil palm fronds. MARDI-JICA Project Report, 8, 1999. 

Khalil, H. P. S., Jawaid, M., Hassan, A., Paridah, M. T. & Zaidon, A. (2012). Oil 

palm biomass fibres and recent advancement in oil palm biomass fibres based 

hybrid biocomposites. Intech Open, pp. 187-220. 

Khalil, H. P. S., Nurul Fazita, M. R., Bhat, A. H., Jawaid M. & Nik Fuad N. A. 

(2010). Development and material properties of new hybrid plywood from oil 

palm biomass. Materials and Design, 31 (1):417-424. 

Krishna, C. (2005). Solid-state fermentation System – An overview. Critical Reviews 

in Biotechnology, 25: 1 – 30. 

Kristiani, A., Abimanyu, H., Setiawan, A.H., Sudiyarmanto, & Aulia, F. (2013). 

Effect of pretreatment process by using diluted acid to characteristic of oil 

palm frond. International conference on Sustainable Energy Engineering and 

Application. 1876-6102. 

Kumar, A., Vishwakarma, H. S., Singh, J., Dwivedi, S. & Kumar, M. (2015). 

Microbial pigments: Production and their applications in various industries. 

International Journal of Pharmaceutical,Chemical and Biological Sciences, 

5(1), 203-212. 

Lai, L.W. & Idris, A. (2013). Destruption of oil palm trunks and fronds by 

microwave- alkali pretreatment. Bioresources, 8(2) 2792- 2804. 

Lau, M.J., Lau, M.W., Gunawan, C. & Dale, B.E. (2010). Ammonia Fiber Expansion 

(AFEX) pretreatment, enzymatic hydrolysis, and fermentation on empty palm 

fruit bunch fiber (EPFBF) for cellulosic ethanol production. Applied 

Biochemistry and Biotechnology, Vol 162, Issue 7, pp 1847-1857. 

Lee, B.K., Park, N.H., Piao, H.Y. & Chung, W.J. (2001). Production of red pigments 

by Monascus purpureus in submerged culture. Biotechnology Bioprocess 

Engineering, 6:341-346. 

Lee, B.K., Piao, H.Y. & Chung, W.J. (2002). Production of red pigments by 

Monascus purpureus in solid state culture. Biotechnology Bioprocess 

Engineering, 7:21-25. 

Lee, C.K. & Halim, F.A.A. (2014). Oil palm fronds juice: A potential feedstock for 

bioethanol production. International  Journal of Scientific and Research 

Publications, Vol 4, Issue 12. 



76 
 

Lim, S.H. & Ibrahim, D. (2013). Bioconversion of oil palm frond by Aspergillus niger 

to enhances its fermentable sugar production. Pakistan Journal of Biological 

Sciences.  16(18) :920-6. 

Lim, S.H., Ibrahim, D. & Ibrahim, C.O. (2010). Microscopic studies of oil palm frond 

during processing for saccharification. International Journal Bioengineering, 

4 (2): 1- 13. 

Lin, T.F. & Demain, A.L. (1992). Fermentation of water soluble Monascus red 

pigments by biological and semi synthetic processes. Journal of Industrial 

Microbiology, 9, 173-179. 

Lin, T.F. & Demain, A.L. (1991). Effect of nutrition of Monascus sp. on formation of 

red pigments. Applied Microbial Biotechnology, 36, 70 75. 

Lin, Y.L., Wang, T.H. & Lee, M.H. (2008). Biologically active components and 

nutraceuticals in the Monascus-fermented rice: a review. Applied 

Microbiology Biotechnology, 77:965–973. doi:10. 1007/s00253-007-1256-6 

Lonsane, B.K., Ghildyal, N.P., Budiatman, S. & Ramakrishna, S.V. (1985). 

Engineering aspects of solid-state fermentation. Enzyme and Microbial 

Technology, 7(6):258–265. doi: 10.1016/0141-0229(85)90083-3 

Lopes, F.C., Tichota, D.M., Pereira, J.Q., Segalin, J., Rios, A.D.O. & Brandelli, A. 

(2013). Pigment production by filamentous fungi on agro-industrial 

byproducts: an eco-friendly alternative. Applied Biochemistry and 

Biotechnology, Vol 171, Issue 3, pp 616-625. 

Maail, C.M.H., Ariffin, H., Hassan, M.A., Shah, U.K.M. & Shirai, Y. (2014). Oil 

palm frond juice as future fermentation substrate: A feasibility study. Biomed 

Research International. 2014, 465270. http://doi.org/10.1155/2014/465270 

Magnuson, J. K. & Lasure, L. L. (2004). Organic acid production by filamentous 

fungi. In: Tracz, J. S. & Lange, L. (Eds), Advances in fungal biotechnology for 

industry, agriculture and medicine. Kluwer/Plenum, New York, USA, pp. 

307–340. 

Manan, M.A. (2014). Design aspects of solid state fermentation.  PhD Thesis. The 

University of Manchester, United Kingdom. 

Manzoni, M. & Rollini, M. (2002). Biosynthesis and biotechnological production of 

statins by filamentous fungi and application of these cholesterol-lowering 

drugs. Applied Microbiology and Biotechnology, 58, 555-564. 

Martinkova, L. & Patakova, P. (1999). Monascus. In Robinson, R.K., Batt, C.A. & 

Patel, P.D. (eds.), Encyclope- dia of Food Microbiology. Academic Press. 

London, pp. 1481-1487. 

http://doi.org/10.1155/2014/465270


77 
 

Maurya, D.P., Singh, D., Pratap, D. & Maurya, J.P. (2012). Optimization of solid state 

fermentation conditions for the production of cellulose by Trichoderma reesei. 

Journal Environmental Biology, 33(1): 5-8. 

Mchan, F. & Johnson, G.T. (1970). Zinc and amino acids: Important components of a 

medium promoting growth of Monascus purpureus. Mycologia 62: 1018-

1031. 

Mienda, S.B., Idi, A. & Umar, A. (2011). Microbiological features of solid state 

fermentation and applications and overview. Resource Biotech, 2(6):21e6. 

Miller, G.L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing 

sugar. Analytical Chemistry, 31, 426-428. 

Mitchell, D.A., de Lima Luz, L.F. & Krieger, N. (2011). Bioreactors for solid-state 

fermentation. In: Comprehensive Biotechnology, Second ed. Edited by: Moo-

Yong, M. Elsevier, 2: 347 – 360. 

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M. & Ladisch, 

M. (2005). Features of promising technologies for pretreatment of 

lignocellulosic biomass. Bioresources Technology, 96:673–686. doi: 

10.1016/j.biortech.2004.06.025 

MPOB. Overview of the Malaysian Oil Palm Industry 2014. MPOB 2014. 

Mpountouka, P., Panatzaki, A., Kostareli, E., Christo-doulou, P., Kareli, D., Poliliou, 

S., Mourelatos, C., Lam-bropoulou, V. & Lialiaris, T. A. (2010). Cytogenetic 

evaluation and DNA interaction studies of the food colorants amaranth, 

erythrosine and tartrazine. Food and Chemical Toxicology, 4810, 2934-2944. 

Mukherjee, G. & Singh, S.K. (2011). Purification and characterization of a new red 

pigment from Monascus purpureus in submerged fermentation. Process 

Biochemistry. 46: 188-192. 

Murai, K., Uchida, R., Okubo, A. & Kondo, R. (2009).  Characterization of the oil 

palm trunk as a material for bio-ethanol production. Mokuzai Gakkashi, 55, 

346-355. 

Nandakumar, M.P., Thakur, M.S., Raghavarao, K.S.M.S. & Ghildyal, N.P. (1996). 

Substrate particle size reduction by Bacillus coagulans in solid-state 

fermentation. Enzyme and Microbial Technology, 18: 121 – 125. 

Nigam, P.S. & Pandey, A. (2009). Solid-state fermentation technology for 

bioconversion of biomass and agricultural residues. In: Biotechnology for 

agro-industrial residues utilisation, Edited by: Nigam, P.S. & Pandey, A. 

Springer Science + Business Media B.V. Pp, 197 – 221. 



78 
 

Niladevi, K.N., Sukumaran, R. & Prema, P. (2007). Utilization of rice straw for 

laccase production by Streptomyces psammoticus in solid state fermentation. 

Journal of Industrial Microbiology and Biotechnology, 34(10) 665-674. 

Noordin, M.Y., Venkatesh, V.C., Sharif, S., Elting, S. & Abdullah, A. (2004). 

Application of response surface methodology in describing the performance of 

coated carbide tools when turning AISI 1045 steel. Journals of Material 

Processing Technology, 145, 46-58, 2004. 

Nordin, N.A., Sulaiman, O., Hashim, R. & Kassim, M.H.M. (2016). Characterization 

of different parts of oil palm fronds (Elaeis Guineensis) and its properties. 

International Journal on Advanced Science Engineering Information 

Technology. Vol 6, no 1. 

Oehlert & Gary, W. (2000). Design and analysis of experiments: Response surface 

design. New York: W.H. Freeman and Company 

Oriol, E., Raimbault, M., Roussos, S. & Gonzales, G.V. (1988). Water and water 

activity in the solid state fermentation of cassava starch by Aspergillus niger. 

Applied Microbiology and Biotechnology, 27: 498-503. 

Orozco, S.F.B. & Kilikian, B.V. (2008). Effect of pH on citrinin and red pigment 

production by Monascus purpureus CCT3802. World Journal of Microbiology 

and Biotechnology, 24, 263-268, 2008. 

Pandey, A. (2003). Solid-state fermentation. Biochemistry Engineering Journal, 

13(2), 81–84. 

Pandey, A. & Radhakrishnan, S. (1992). Packed-bed column bioreactor for 

production of enzyme. Enzyme and Microbial Technology, 14, 486-488. 

Pandey, A., Soccol, C.R. & Mitchel, D. (2000). New developments in solid state 

fermentation. Bioprocess and product. Process Biochemistry, 35:1153-1169. 

Pandey, A., Soccol, C.R., Rodriguez-Leon, J.A. & Nigam, P.S. (2001). Solid-state 

fermentation in biotechnology: Fundamentals and Application. First Edition. 

Asistech Publishers, INC. New Delhi 

Panesar, P.S., Kaur, R., Singla, G. & Sangwan, R.S. (2016). Bioprocessing of agro-

industrial wastes for production of food-grade enzymes: Progress and 

prospects. Applied Food Biotechnology, 3(4): 208-227. 

Panesar, R. (2014). Bioutilization of kinnow waste for the production of biopigments 

using submerged fermentation. International Journal of Food and Nutritional 

Sciences, Vol 3, Issue 1. 



79 
 

Panesar, R., Kaur, S. & Panesar, P. S. (2015). Production of microbial pigments 

utilizing agro-industrial waste: a review. Current Opinion Biotechnology, 26, 

pp. 56-61. 

Parmar, R.S., Singh, C. & Kumar, A. (2017). Optimization of cultural parameters for 

pigment production from Streptomyces flavofuscus ARITM02, isolated from 

rhizosphere soil. International Journal of Current Microbiology and Applied 

Sciences. Vol 6, No 2, pp 961-966, doi.org/10.20546/ijcmas.2017.602.108 

Patakova, P. (2013). Monascus secondary metabolites:production and biological 

activity. Journal Industrial Microbiology Biotechnology, 40:169. 

doi:10.1007/s10295-012-1216-8 

Pattanagul, P., Pinthong, R., Phianmongkhol, A. & Leksawasdi, N. (2007). Review of 

angkak production (Monascus purpureus). Chiang Mai Journal of Science, 

34,319-328. 

Perez-Guerra, N., Torrado-Agrasar, A., Lopez-Macias, C. & Pastrana, L. (2003). 

Main characteristics and applications of solid substrate fermentation. 

Electronic Journal of Environmental, Agricultural & Food Chemistry, 2 (3): 

343-350. 

Prajapati, V.S., Soni, N., Trivedi, U.B. & Patel, K.C. (2014). An enhancement of red 

pigment production by submerged culture of Monascus purpureus MTCC 410 

employing statistical methodology. Biocatalyst Agricultural Biotechnology, 3, 

140–145. 

Raimbault, M. (1998). General and microbiological aspects of solid substrate 

fermentation. Electronic Journal Biotechnology, Vol 1, no 3. 

Raimbault, M. & Alazard, D. (1980). Culture method to study fungal growth in solid 

fermentation. Europian Journal Application Microbiology Biotechnology, 9, 

199-209. 

Rao, P. G. P., Satyanarayana, A. & Rao, D. G. (2002). Effects of storage stability of 

water solubleannatto dye formation in a simulated orange-beverage model 

system. Lebensm. Wiss.Technology. 35, 617–621. 

Rashid, J.I.A., Samat, N. & Yusoff, W.M.W. (2011). Optimization of temperature, 

moisture content and inoculum size in solid state fermentation to enhance 

mannanase production by Aspergillus terreus SUK-1 using RSM. Pakistan 

Journal of Biological Sciences, 14: 533-539. 

Rashmi, D. & Padmavathi, T. (2013). Exploring Monascus sanguineus as a potential 

natural source for pigment production. International Resource Journal 

Biology Science, 2(5):59–67. 



80 
 

Ratnasingam, J. (2011). Oil Palm Biomass Utilization – Counting the Successes in 

Malaysia. Available from http://www.woodmagmagazine.com/node/417. 

 

Rehman, N.M.A. & Dixit, P.P. (2017) Optimization of pigment production using 

Placket-Burman and surface response methodology. International Journal 

Recent Sciences Resources, 8(7), pp. 18477-18481. 

doi.org/10.24327/ijrsr.2017.0807.0516 

Richard, T.L., Veeken, A.H.M., de Wilde, V. & Hamelers, H.V.M. (2004). Air-filled 

porosity and permeability relationships during solid-state fermentation. 

Biotechnology Progress 20 (5), 1372–1381. 

Roopesh, K., Ramachandran, S., Nampoothiri, K.M., Szakacs, G. & Pandey, A. 

(2006). Comparison of phytase production on wheat bran and oilcakes in solid 

state fermentation by Mucor racemosus. Bioresource Technology, 97, 506-

511. 

Roslan, A.M., Zahari, M.A.K.M., Hassan, M.A. & Shirai, Y. (2014). Investigation of 

oil palm frond properties for use as biomaterials and biofuels. Tropical 

Agriculture and Development. Vol 58, no 1, pp 26-29. 

Said, F. B. M. (2010). Monascus ruber ICMP 15220 fermentation for the production 

of pigment. PhD Thesis. Massey University. New Zealand 

Santos-Ebinuma, V. C., Roberto, I. C., Teixeira, M. F. S. & Pessoa, A. (2014). 

Improvement of submerged culture conditions to produce colorants 

by Penicillium purpurogenum. Brazilian Journal of Microbiology, 45(2), 731–

742. 

Seyedin, A., Yazdian, F., Hatamian-Zarmi, A., Rasekh, B. & Mir-derikvand, M. 

(2015). Natural pigment production by Monascus purpureus :Bioreactor yield 

improvement through statistical analysis. Applied Food Biotechnology, 2(2): 

23-30. 

Sharmila, G., Nidhi, B. & Muthukumaran, C. (2013). Sequential statistical 

optimization of red pigment production by Monascus purpureus MTC 369 

using potato powder. Industrial crops and products, Vol 44, pages 158-164. 

Show, K.Y. & Guo, X. (2012). Industrial waste. Croatia: Intech. 

Silveira, S.T., Daroit, D.J., Anna, V.S. & Brandelli, A. (2013). Stability modeling of 

red pigments produced by Monascus purpureus in submerged cultivations 

with sugarcane bagasse. Food and Bioprocess Technology, Vol 6, Issue 4, pp 

1007-1014. 

 

http://www.woodmagmagazine.com/node/417


81 
 

Singh, N., Goel, G., Singh, N., Pathak, B.K. & Kaushik, D. (2015). Modeling the red 

pigment production by Monascus purpureus MTCC 369 by artificial neural 

network using rice water based medium. Food Bioscience II 11:17–22. 

doi:10.1016/j.fbio.2015.04.001 

Souza, P.M. & Magalhaes, P. (2010). Application of microbial α-amylase in industry 

– a review. Brazilian Journal of Microbiology, 41: 850–861. 

Srianta, I., Hendrawan, B., Kusumawati, N. & Blanc, P.J. (2012). Study on durian 

seed as a new substrate for angkak production. International Food Research 

Journal, 19(3): 941-945. 

Srianta, I., Zubaidah, E., Estiasih, T., Yamada, M. & Harijono. (2016). Comparison of 

Monascus purpureus growth, pigment production and composition on 

different cereal substrates with solid state fermentation. Biocatalyst and 

Agricultural Biotechnology, 7, 181-186. 

Srivastav, P., Yadav, V.K., Govindasamy, S. & Chandrasekaran, M. (2015). Red 

pigment production by Monascus purpureus using sweet potato-based medium 

in submerged fermentation. Nutrafoods. Vol 14, issue 3, pp 159-167. 

Su, Y. C., Wang, J. J., Lin, T. T. & Pan, T. M. (2003). Production of secondary 

metabolites, gamma amino butyric acid and monakolin K by Monascus. 

Journal of Industrial Microbiolgy and Biotechnology, 30, 41-46. 

Subhasree, R.S., Babu, P., Vidyalakshmi, R. & Chandra, V. (2011). Effect of carbon 

and nitrogen sources on stimulation of pigment production by Monascus 

purpureus on jackfruit seeds. International Journal Microbiology Resource, 2: 

184 187. 

Sukri, S.S.M., Rahman, R.A. & Norzita, N. (2013). Pretreatment of oil palm fronds 

for improving hemicellulose content for higher recovery of xylose. Jurnal 

Teknologi. 62:2, 39-42. 

Sumathi, S., Chai, S.P. & Mohamed, A. R. (2008). Utilization of oil palm as a source 

of renewable energy in Malaysia. Renewable and Sustainable Energy Reviews, 

12 (9):2404- 2421. 

Supranto, D.W.R.W., Sopian, K., Othman, M.Y. & Yatim, B. (1999). Drying curves 

of oil palm fronds. In Proceedings of First Asian- Australian Drying 

Conference (ADC’99), Bali, Indonesia, 1999; 281- 289. 

Swift, M.J. (1973). The estimation of mycelial biomass by determination of the 

hexosamine content of wood tissue decayed by fungi. Soil Biology 

Biochemistry, 55,321-332. 

 



82 
 

Tan, H.T., Lee, K.T. & Mohamed, A.R. (2011). Pretreatment of lignocellulosic palm 

biomass using a solvent-ionic liquid (BMIM) for glucose recovery: An 

optimization study using response surface methodology. Carbohydrate 

polymer, 83, 1862-1868. 

Tang, X.Z., Dong, Y.X., Wei, S.Q., Zhang, X.S. & Yin, Y.P (2010). Antioxidant 

activity of pigment extracted from green wheat bran. Agricultural Sciences in 

China, Vol 9, Issue 6, pp 825-832. 

Tepparin, S., Porntip, S.B., Jantip, S. & Chum Rum, S. (2011). Preparation of 

tamarind seed thickener for pigment printing on cotton. Advanced Materials 

Research, Vol. 233-235, pp. 1388-1391. 

Teramura, H., Sasaki, K., Oshima, T., Matsuda, F., Okamoto, M., Shirai, T., 

Kawaguchi, H., Ogino, C., Hirano, K., Sazuka, T., Kitano, H., Kikuchi, J. & 

Kondo, A. (2016). Organosolv pretreatment of sorghum bagasse using a low 

concentration of hydrophobic solvents such as 1-butanol or 1-pentanol. 

Biotechnology Biofuels, 9:27. DOI 10.1186/s13068-016-0427-z 

Tieghem, P. V. (1884). Monaseus, genre nouveau de l'ordre des As- comycetes. Bull 

Soc Bot Fr 31:226-231 

Torres, F. A. E., Zaccarin, B. R., Novaes, L. C. L. N., Jozala, A.F., Santos, C.A., 

Teixeira, M. F. S. & Ebinuma, V. C. S. (2016). Natural colorants from 

filamentous fungi. Applied Microbiology Biotechnology, 100, 2511-2521. 

Uncu, O. N. & Cekmecelioglu, D. (2011). Cost-effective approach to ethanol 

production and optimization by response surface methodology. Waste 

management, 31,636-643. 

Velmurugan, P., Hur, H., Balachandar, V., Kannan, S.K., Lee, K.J., Lee, S.M., Chae, 

J.C., Shea, P.J. & Oh, B.T. (2011). Monascus pigment production by solid-

state fermentation with corn cob substrate. Journal of Bioscience and 

Bioengineering, 112:6, pp.590-594; doi: 10.1016 

Velmurugan, P., Lee, Y.H., Nanthakumar, K., Kamala-Kannan, S., Dufossé, L., 

Mapari, S.A. & Oh, B.T. (2010). Water-soluble red pigments from Isaria 

farinosa and structural characterization of the main colored component. 

Journal Basic Microbiology, 50(6):581-590. 

Venil, C. K.,  Zakaria, Z. A. & Ahmad, W. A. (2013). Bacterial pigments and their 

applications. Process Biochemistry, 48, 1065-1079. 

Wahid, M. B., Abdullah, S. N. A. & Henson, I. E. (2004). Oil palm - Achievements 

and potential.) Proceding of the 4
th

 International Crop Science Congress. 

Brisbane, Australia. 



83 
 

Wang, H. L. & Hesseltine, C. W. (1979). Mold-modified foods. pp. 95-129. In: 

ficrobial technology. Vol. 2. Fermentation technology. 2nd ed. Eds.. Peppler, 

H. J. & Perlman, D. Academic Press, New York. 

Wang, J. J., Lee, C. L., & Pan, T. M. (2003). Improvement of monakolin K, gamma-

aminobutyric acid and citrinin production ratio as a function of environmental 

conditions of Monascus purpureus NTU 601. Journal of Industrial 

Microbiology and Biotechnology, 30, 669-676. 

Wang, L. & Yang, S.T. (2007). Chapter 18: Solid state fermentation and its 

application. In: Bioprocessing for value-added products from renewable 

resources. Edited by: Yang, S.T. Elsevier B.V. Pg.: 465 – 489. 

Wong, H.C. (1982). Antibiotic and pigment production by Monascus purpureus. PhD 

Thesis, University of Georgia, Athens 

Wu, C.F.J. & Hamada, M.S. (2000). Experiments: Planning, analysis and parameter 

design optimization. New York: A Wiley-Interscience Publication. 

Yamada, H., Tanaka, R. & Sulaiman, O. (2010). Old oil palm trunk: a promising 

source of sugars for bioethanol production. Biomass and Bioenergy, 34, 1608–

1613. 

Yongsmith, B., Kitprechavanich, V., Chitradon, L. & Budda, N. (2000). Color 

mutants of Monascus sp. KB9 and their comparative glucoamylases on rice 

solid sculture. Journal of Molecular Catalysis B Enzymatic, 10(1-3): 263-272. 

Yoshimura,  M., Yamanada, S., Mitsugi, K. & Hirose, Y. (1975). Production of 

Monascus pigment in a submerged culture. Agrotechnology Biology 

Chemistry, 39:1789-1795. 

 

Yusoff, S. (2006). Renewable energy from palm oil innovation of effective utilization 

of waste. Journal of Cleaner Production, 14(1), pp. 87 – 93. 

Zadrazil, F. & Brunnert, H. (1981). Investigation of physical parameters important for 

the solid state fermentation of straw by white rot fungi. European Journal 

Applied Microbiology Biotechnology, 11: 183. doi:10.1007/BF00511259 

Zahari, M. W. O., Abu Hassan, O., Wong, H. K. & Liang, J. B. (2003). Utilization of 

oil palm frond - based diets for beef and dairy production in Malaysia. Asian-

Australia Journal Animal Science, 16 (4): 625-634. 

Zahari, M. W. O., Alimon, A. R., & Wong, H. K. (2009). Utilization of oil palm co-

products as feeds for livestock in Malaysia, pp. 243–302, 2009. 

Zou, Y. & Hou, X. (2017). Optimization of culture medium for production of melanin 

by Auricularia auricula. Food Science and Technology, 37(1), 153-157. 

doi.org/10.1590/1678-457x.18016 


	Production of red pigment from oil palm frond using monascus purpureus FTC 5356 in solid state fermentation - Table of contents
	Production of red pigment from oil palm frond using monascus purpureus FTC 5356 in solid state fermentation - Abstract
	Production of red pigment from oil palm frond using monascus purpureus FTC 5356 in solid state fermentation - References

