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ABSTRAK 

Penghasilan asid ferulik (FA) menggunakan mikrob kini telah diperluaskan kerana 

kandungan antioksidan yang terdapat di dalamnya. Kulat dan bakteria telah digunakan 

dalam penghasilan asik ferulik daripada sisa pertanian. Namun, tidak banyak 

penyelidikan yang telah dijalankan terhadap bakteria berbanding kulat. Oleh itu, teknik 

fermentasi yang sesuai oleh ko-kultur bakteria menggunakan sisa batang pisang (BSW) 

sebagai substrat telah dilaksanakan untuk meningkatkan penghasilan FA. Mikrob 

daripada tanah telah dipencilkan dan kajian awal dilaksanakan untuk memilih strain 

bakteria yang terbaik. Setelah itu, 26 jenis ko-kultur bakteria telah dihasilkan dan dinilai 

keupayaannya berdasarkan kandungan FA yang dihasikan. Pengoptimuman penghasilan 

FA telah dijalankan menggunakan kaedah gerak balas permukaan menggunakan ko-

kultur yang terpilih sebagai inokulum. Kajian kinetik telah dijalankan untuk menentukan 

pemalar kinetik menggunakan persamaan Michaelis-Menten. Manakala, pengasaian 

enzim telah dijalankan untuk mengkaji mekanisma penghasilan FA melalui enzim 

hidrolisis. Eksperimen telah dilaksanakan melalui fermentasi tenggelam dan sampel 

dianalisis oleh HPLC untuk mengukur kandungan FA. Hasil kajian mendapati bahawa 5 

daripada 46 strain bakteria yang dipencil menunjukkan kecekapan dalam membebaskan 

FA daripada BSW. Namun, penghasilan FA yang paling tinggi telah diperhatikan dalam 

ko-kultur A (Bacillus cereus CCM 2010, Bacillus pumilus SAFR-032 dan Bacillus 

thuringiensis Bt407), diikuti oleh ko-kultur B (Bacillus cereus CCM 2010, dan Bacillus 

thuringiensis Bt407). Dalam usaha menambah baik proses fermentasi, penyaringan oleh 

rekabentuk pecahan faktorial telah dijalankan dan hasil yang diperoleh menunjukkan 

hanya empat faktor termasuk pH, kadar putaran, jenis ko-kultur, dan jumlah inokulum 

mempunyai kesan yang nyata terhadap penghasilan FA. Selanjutnya, kadar putaran pada 

150 rpm dan jumlah inokulum 5 % adalah optimum dalam mempengaruhi peningkatan 

hasil FA sehingga 510.24 mg/kg dalam tempoh 24 jam menggunakan ko-kultur B sebagai 

inokulum. Sementara itu, pemalar kinetik 𝑉𝑚𝑎𝑥 , 𝐾𝑚  dan 𝐾𝑠  telah dilaporkan masing-

masing sebagai 0.0003 g L-1 h-1, 1.636 g L-1 dan 0.0095 h-1 dengan menggunakan kaedah 

Runge-Kutta Keempat. Manakala, aktiviti esterase asid ferulik (0.046 mU/mL) adalah 

maksimum semasa keadaan fasa pegun pertumbuhan ko-kultur. Hasil yang diperoleh 

membuktikan bahawa hidrolisis enzim telah berlaku dengan menguraikan dinding sel 

BSW dalam proses membebaskan FA. Penemuan dalam kajian ini mencadangkan 

bahawa ko-kultur bakteria berupaya merangsang kesan sinergistik dalam meningkatkan 

penghasilan FA daripada sisa batang pisang semasa proses fermentasi. 
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ABSTRACT 

Ferulic acid (FA) production using microbes has currently become extensive owing to its 

antioxidant properties. Both fungi and bacteria have been used in producing ferulic acid 

from agricultural waste. However, less work has been done on bacteria compared to 

fungi. Therefore, an appropriate bacterial co-culture fermentation technique using banana 

stem waste (BSW) as substrate was implemented to improve FA production. Soil 

microbes were isolated and preliminary study was performed to select the best bacterial 

strain. Subsequently, 26 type of bacterial co-cultures were formed and evaluated their 

ability dependent on FA production. Optimization of the FA production was conducted 

by employing response surface methodology using the selected co-culture as inoculum. 

A kinetic study was carried out to determine kinetic constants using Michaelis-Menten 

equation. Meanwhile, the enzyme assay was performed to investigate the mechanism 

release of FA by enzymatic hydrolysis. Ferulic acid production was accomplished 

through submerged fermentation and the sample was analyzed by HPLC to quantify the 

FA content. The result found that 5 out of 46 isolated bacterial strains were efficient in 

releasing FA from BSW. However, the highest production of FA was observed in co-

culture A (Bacillus cereus CCM 2010, Bacillus pumilus SAFR-032 and Bacillus 

thuringiensis Bt407), followed by co-culture B (Bacillus cereus CCM 2010, and Bacillus 

thuringiensis Bt407). In improving the fermentation process, screening by fractional 

factorial design was performed and the result obtained presented four factors including 

pH, rotation rate, type of co-culture, and volume of inoculum have significant effects on 

FA production. Furthermore, rotation rate at 150 rpm and volume of inoculum of 5 % 

were found to be optimum in increasing FA yield up to 510.24 mg/kg within 24 h using 

bacterial co-culture B as an inoculum. Meanwhile, the kinetic constant of 𝑉𝑚𝑎𝑥, 𝐾𝑚 and 

𝐾𝑠 were reported as 0.0003 g L-1 h-1, 1.636 g L-1 and 0.0095 h-1, respectively using Runge-

Kutta Forth method. Besides, the maximum activity of ferulic acid esterase (0.046 

mU/mL) was detected in the stationary phase of co-culture growth. The result proved that 

the enzymatic hydrolysis was taking place to break down the cell wall of BSW in 

releasing FA. The finding of this study suggests that co-culture could induce the 

synergistic work in improving the FA production from banana stem waste during the 

fermentation process. 

 

 

 



 

 145   

REFERENCES 

Aarabi, A., Honarvar, M., Mizani, M., Faghihian, H., & Gerami, A. (2016). Extraction 

and purification of ferulic acid as an antioxidant from sugar beet pulp by alkaline 

hydrolysis. Italian Journal of Food Science, 28(3), 362–375. 

Abdullah, N., Sulaiman, F., Miskam, M. A., & Taib, R. M. (2014). Characterization of 

banana (Musa spp.) pseudo-stem and fruit-bunch-stem as a potential renewable 

energy resource. International Journal of Biological, Veterinary and Agricultural 

Engineering, 8(8), 794–798. 

Adler, E. (1977). Lignin chemistry-past, present and future. Wood Science and 

Technology, 11(3), 169–218.  

Adom, K. K., & Liu, R. H. (2002). Antioxidant activity of grains. Journal of Agricultural 

and Food Chemistry, 50(21), 6182–6187.  

Agustini, L., Efiyanti, L., Faulina, S. A., & Santoso, E. (2012). Isolation and 

characterization of cellulase- and xylanase-producing microbes isolated from 

tropical forests in Java and Sumatra. International Journal of Environment and 

Bioenergy, 3(3), 154-167. 

Ahmad, M. N., & Holland, C. R. (1995). Growth kinetics of single-cell protein in batch 

fermenters. Journal of Food Engineering, 26(4), 443-452. 

Ahmed, I., Yokota, A., Yamazoe, A., & Fujiwara, T. (2007). Proposal of Lysinibacillus 

boronitolerans gen. nov. sp. nov. and transfer of Bacillus fusiformis to 

Lysinibacillus fusiformis comb. nov. and Bacillus sphaericus to Lysinibacillus 

sphaericus comb. nov. International Journal of Systematic and Evolutionary 

Microbiology, 57, 1117–1125. 

Akinbile, C. O., El-Latif, K. A., Abdullah, R., & Yusoff, M. S. (2011). Rice production 

and water use efficiency for self-sufficiency in Malaysia: A review. Trends in 

Applied Sciences Research, 6(10), 1127. 

Akpinar, Ö., & Usal, G. (2015). Investigation of the effect of temperature and alkaline 

concentration on the solubilization of phenolic acids from dilute acid-pretreated 

wheat straw. Food and Bioproducts Processing, 95, 272-280. 

Alwi, H., Idris, J., Musa, M., & Ku Hamid, K. H. (2013). A preliminary study of banana 

stem juice as a plant-based coagulant for treatment of spent coolant wastewater. 

Journal of Chemistry. 2013, 1-7. 



 

 146   

Amin, M., Rakhisi, Z., & Ahmady, A. Z. (2015). Isolation and identification of Bacillus 

species from soil and evaluation of their antibacterial properties. Avicenna J Clin 

Microb Infec, 2, 10–13.  

Ascher, U. M., & Petzold, L. R. (1998). Computer methods for ordinary differential 

equations and differential-algebraic equations. Philadelphia: Society for Industrial 

and Applied Mathematics (SIAM). 

Aslan, N. (2008). Application of response surface methodology and central composite 

rotatable design for modeling and optimization of a multi-gravity separator for 

chromite concentration. Powder Technology, 185(1), 80–86.  

Aziz, N. A. A., Ho, L. H., Azahari, B., Bhat, R., Cheng, L.-H., & Ibrahim, M. N. M. 

(2011). Chemical and functional properties of the native banana (Musa 

acuminata×balbisiana Colla cv. Awak) pseudo-stem and pseudo-stem tender core 

flours. Food Chemistry, 128(3), 748–753.  

Baciu, I. E., & Jordening, H. J. (2003). Kinetics of galacturonic acid release from sugar 

beet pulp. Enzyme Microb. Technol., 34, 505-512. 

Bader, J., Mast-Gerlach, E., Popović, M. K., Bajpai, R., & Stahl, U. (2010). Relevance 

of microbial coculture fermentations in biotechnology. Journal of Applied 

Microbiology. 109(2), 371-387. 

Badoei-Dalfard, A., & Karami, Z. (2013). Screening and isolation of an organic solvent 

tolerant-protease from Bacillus sp. JER02: Activity optimization by response 

surface methodology. Journal of Molecular Catalysis B: Enzymatic, 89, 15-23. 

Balasubramanian, N., & Simoes, N. (2014). Bacillus pumilus S124A carboxymethyl 

cellulase; a thermo stable enzyme with a wide substrate spectrum utility. 

International Journal of Biological Macromolecules, 67, 132-139.  

Barberousse, H., Roiseux, O., Robert, C., Paquot, M., Deroanne, C., & Blecker, C. 

(2008). Analytical methodologies for quantification of ferulic acid and its oligomers. 

Journal of the Science of Food and Agriculture. 88, 1494–1511. 

Bartolome, B., Faulds, C. B., & Williamson, G. (1997). Enzymic release of ferulic acid 

from barley spent grain. Journal of Cereal Science, 25, 285–288. 

Bartolomé, B., Gómez-Cordovés, C., Sancho, A. I., Díez, N., Ferreira, P., Soliveri, J., & 

Copa-Patiño, J. L. (2003). Growth and release of hydroxycinnamic acids from 

brewer’s spent grain by Streptomyces avermitilis CECT 3339. Enzyme and 

Microbial Technology, 32(1), 140–144.  



 

 147   

Bates, M. K., Phillips, D. S., & O’Bryan, J. (2011). Shaker agitation rate and orbit affect 

growth of cultured bacteria. Retrieved from Fisher Scientific website: 

https://tools.thermofisher.com/content/sfs/brochures/D02594~.pdf 

Baucher, M., Monties, B., Montagu, M. Van, & Boerjan, W. (1998). Biosynthesis and 

genetic engineering of lignin. Critical Reviews in Plant Sciences, 17(2), 125–197.  

Berg, J. M., Tymoczko, J. L., & Stryer, L. (2002). The Michaelis-Menten Model Accounts 

for the Kinetic Properties of Many Enzymes (5th ed). New York: W H Freeman. 

Bertrand, S., Bohni, N., Schnee, S., Schumpp, O., Gindro, K., & Wolfender, J. L. (2014). 

Metabolite induction via microorganism co-culture: A potential way to enhance 

chemical diversity for drug discovery. Biotechnology Advances. 32, 1180-1204. 

Beyenal, H., & Babauta, J. T. (2015). Biofilms in Bioelectrochemical Systems: From 

Laboratory Practice to Data Interpretation. Hoboken, USA: John Wiley & Sons. 

Bezerra, R. M., Fraga, I. & Dias, A. A. (2013). Utilization of integrated Michaelis–

Menten equations for enzyme inhibition diagnosis and determination of kinetic 

constants using Solver supplement of Microsoft Office Excel. Computer methods 

and programs in biomedicine, 109(1), 26-31. 

Bezerra, M. A., Santelli, R. E., Olieveira, E. P., Silveira, V. L., & Escaleira, L. A. (2008). 

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

chemistry. Talanta, 76, 965–977. 

Bidlack, J., Malone, M., & Benson, R. (1992). Molecular structure and component 

integration of secondary cell walls in plants. Proceedings of the Oklahoma Academy 

of Science, 72, 51–56. 

Bilba, K., Arsene, M. A., & Ouensanga, A. (2007). Study of banana and coconut fibers 

botanical composition, thermal degradation and textural observations. Bioresource 

Technology, 98(1), 58–68. 

Bisswanger, H. (2014). Enzyme assays. Perspectives in Science, 1(1), 41-55. 

Box, G. E. P., Hunter, W. J., & Hunter, J. S. (1978). Statistics for Experimenters: An 

Introduction to Design, Data Analysis, and Model Building. USA: John Wiley & 

Sons, Inc. 

Box, G. E. P., & Wilson, K. B. (1951). On the experimental attainment of optimum 

conditions. Journal of the Royal Statistical Society, 13(1), 1–45. 



 

 148   

Brown, S., & Coleman, G. (1975). Messenger ribonucleic acid content of Bacillus 

amyloliquefaciens throughout its growth cycle compared with Bacillus subtilis 

168. Journal of Molecular Biology, 96(2), 345-352. 

Buranov, A. U., & Mazza, G. (2008). Lignin in straw of herbaceous crops. Industrial 

Crops and Products, 28(3), 237–259. 

Butler, N. A. (2008). Defining equations for two-level factorial designs. Journal of 

Statistical Planning and Inference, 138(10), 3157-3163. 

Chai, L., Zhang, H., Yang, W., Zhu, Y., Yang, Z., Zheng, Y., & Chen Y. (2013). Journal 

of Central South University of Technology. 20(7), 1964-1970. 

Chakuton, K., Puangpronpitag, D., & Nakornriab, M. (2012). Phytochemical content and 

antioxidant activity of colored and non-colored Thai rice cultivars. Asian Journal of 

Plant Sciences, 11(6), 285. 

Chamkha, M., Patel, B. K. C., Garcia, J. L., & Labat, M. (2001). Isolation of Clostridium 

bifermentans from oil mill wastewaters converting cinnamic acid to 3-

phenylpropionic acid and emendation of the species. Anaerobe, 7(4), 189-197.  

Chang, S. H., Teng, T. T., & Ismail, N. (2011). Screening of factors influencing Cu(II) 

extraction by soybean oil-based organic solvents using fractional factorial design. 

Journal of Environmental Management, 92(10), 2580–2585.  

Chapra, S. C., & Canale, R. P. (2010). Numerical methods for engineers. New York: 

McGraw-Hill. 

Claus, D. (1992). A standardized gram staining procedure. World Journal of 

Microbiology and Biotechnology, 8(4), 451-452. 

Crepin, V. F., Faulds, C. B., & Connerton, I. F. (2003). A non-modular type B feruloyl 

esterase from Neurospora crassa exhibits concentration-dependent substrate 

inhibition. The Biochemical Journal, 370, 417–427.  

Cruz, J. M., Domínguez, J. M., Domínguez, H., & Parajó, J. C. (2001). Antioxidant and 

antimicrobial effects of extracts from hydrolysates of lignocellulosic materials. 

Journal of Agricultural and Food Chemistry, 49(5), 2459–64. 

 



 

 149   

Damásio, A. R. L., Braga, C. M. P., Brenelli, L. B., Citadini, A. P., Mandelli, F., Cota, 

J., … Squina, F. M. (2013). Biomass-to-bio-products application of feruloyl esterase 

from Aspergillus clavatus. Applied Microbiology and Biotechnology, 97(15), 6759–

6767.  

Dodić, J. M., Vučurović, D. G., Dodić, S. N., Grahovac, J. A., Popov, S. D., & 

Nedeljković, N. M. (2012). Kinetic modelling of batch ethanol production from 

sugar beet raw juice. Applied Energy, 99, 192–197.  

Donaghy, J., Kelly, P. F., & McKay, A. M. (1998). Detection of ferulic acid esterase 

production by Bacillus spp. and lactobacilli. Applied Microbiology and 

Biotechnology, 50, 257–260.  

Duza, M. B., & Mastan, S. A. (2013). Microbial enzymes and their applications–a review. 

American Journal of Pharm Research, 3(8), 6208-6219. 

El-Mansi, E. M. T., Bryce, C. F., Demain, A. L., & Allman, A. R. (2011). Fermentation 

microbiology and biotechnology. USA: CRC press. 

Fadel, M. (2000). Production physiology of cellulases and ß-glucosidase enzymes of 

Aspergillus niger grown under solid state fermentation conditions. OnLine journal 

of biological sciences, 1(5), 401-411. 

Faulds, C. B., & Williamson, G. (1995). Release of ferulic acid from wheat bran by a 

ferulic acid esterase (FAE-III) from Aspergillus niger. Applied Microbiology and 

Biotechnology, 43, 1082–1087.  

Fazary, A. E., & Ju, Y. H. (2007). Feruloyl esterases as biotechnological tools: Current 

and future perspectives. Acta Biochimica et Biophysica Sinica, 39, 811–828.  

Fazary, A. E., Ismadji, S., & Ju, Y. H. (2010). Studies on temperature dependent kinetics 

of Aspergillus awamori feruloyl esterase in water solutions. Kinetics and Catalysis, 

51(1), 31–37.  

Felix, E., Clara, O., & Vincent, A. O. (2014). A kinetic study of the fermentation of cane 

sugar using Saccharomyces cerevisiae. Open Journal of Physical Chemistry, 4(1), 

26-31. 

Ferreira, P., Diez, N., Faulds, C. B., Soliveri, J., & Copa-Patiño, J. L. (2007). Release of 

ferulic acid and feruloylated oligosaccharides from sugar beet pulp by Streptomyces 

tendae. Bioresource Technology, 98(8), 1522–1528.  



 

 150   

Ferreira, P., Diez, N., Gutierrez, C., Soliveri, J., & Copa-Patino, J. L. (1999). 

Streptomyces avermitilis CECT 3339 produces a ferulic acid esterase able to release 

ferulic acid from sugar beet pulp soluble feruloylated oligosaccharides. Journal of 

the Science of Food and Agriculture, 79, 440–442. 

Fogler, H. S. (2010). Elements of chemical reaction engineering. United Sate: Pearson 

Education. 

Furuya, T., & Kino, K. (2014). Catalytic activity of the two-component flavin-dependent 

monooxygenase from Pseudomonas aeruginosa toward cinnamic acid derivatives. 

Applied Microbiology and Biotechnology, 98(3), 1145–1154.  

Ganesapillai, M., Mathew, M., Singh, A., & Simha, P. (2016). Influence of microwave 

and ultrasound pretreatment on solvent extraction of bio-components from walnut 

(Julgans regia L.) shells. Periodica Polytechnica Chemical Engineering, 60(1), 1-

9. 

Georgiou, S. D. (2007). New two-variable full orthogonal designs and related 

experiments with linear regression models. Statistics and Probability Letters, 77(1), 

25–31.  

Gibson, L. J. (2012). The hierarchical structure and mechanics of plant materials. Journal 

of the Royal Society Interface, 9(76), 2749–2766.  

Godoy, L., Martínez, C., Carrasco, N., & Ganga, M. A. (2008). Purification and 

characterization of a p-coumarate decarboxylase and a vinylphenol reductase from 

Brettanomyces bruxellensis. International Journal of Food Microbiology, 127(1), 

6-11. 

Goers, L., Freemont, P., & Polizzi, K. M. (2014). Co-culture systems and technologies: 

taking synthetic biology to the next level. Journal of the Royal Society Interface, 

11(96), 1-13. 

Golshani, T., Jorjani, E., Chelgani, S. C., Shafaei, S. Z., & Nafechi, Y. H. (2013). 

Modeling and process optimization for microbial desulfurization of coal by using a 

two-level full factorial design. International Journal of Mining Science and 

Technology, 23, 261-265. 

Golub, K. W., Forrest, A. K., Wales, M. E., Hammett, A. J. M., Cope, J. L., Wilkinson, 

H. H., & Holtzapple, M. T. (2013). Comparison of three screening methods to select 

mixed-microbial inoculum for mixed-acid fermentations. Bioresource Technology, 

130, 739–749.  



 

 151   

Gómez, J. M., & Cantero, D. (2003). Kinetic study of biological ferrous sulphate 

oxidation by iron-oxidising bacteria in continuous stirred tank and packed bed 

bioreactors. Process Biochemistry, 38(6), 867–875.  

Gopalan, N., Rodríguez-Duran, L. V., Saucedo-Castaneda, G., & Nampoothiri, K. M. 

(2015). Review on technological and scientific aspects of feruloyl esterases: A 

versatile enzyme for biorefining of biomass. Bioresource Technology. 193, 534-544. 

Gottipati, R., & Mishra, S. (2010). Process optimization of adsorption of Cr(VI) on 

activated carbons prepared from plant precursors by a two-level full factorial design. 

Chemical Engineering Journal, 160(1), 99–107.  

Guimaraes, J. L., Frollini, E., Da Silva, C. G., Wypych, F., & Satyanarayana, K. G. 

(2009). Characterization of banana, sugarcane bagasse and sponge gourd fibers of 

Brazil. Industrial Crops and Products, 30(3), 407–415. 

Guowei, S., Chunji, D., He, C., & Xu, W. (2013). Application of Box-Behnken design in 

optimization for crude polysaccharides from fruits of Tribulusterristris L. Journal 

of Chemical and Pharmaceutical Research, 5(10), 342-350. 

Gutierrez-Correa, M., Portal, L., Moreno, P., & Tengerdy, R. P. (1999). Mixed culture 

solid substrate fermentation of Trichoderma reesei with Aspergillus niger on sugar 

cane bagasse. Bioresource Technology, 68(2), 173–178. 

Hagedorn, S., & Kaphammer, B. (1994). Microbial biocatalysis in the generation of 

flavor and fragrance chemicals. Annual Review of Microbiology, 48(19), 773–800.  

Hall, B. G., Acar, H., Nandipati, A., & Barlow, M. (2014). Growth rates made easy. 

Molecular Biology and Evolution, 31(1), 232-238.  

Hamzaoui, A. H., Jamoussi, B., & M'nif, A. (2008). Lithium recovery from highly 

concentrated solutions: Response surface methodology (RSM) process parameters 

optimization. Hydrometallurgy, 90, 1-7. 

Hashizume, K., Ito, T., Ishizuka, T., & Takeda, N. (2013). Formation of ethyl ferulate by 

rice koji enzyme in sake and mirin mash conditions. Journal of bioscience and 

bioengineering, 116(2), 209-213. 

Herrick, J. B., Madsen, E. L., Batt, C. A., & Ghiorse, W. C. (1993). Polymerase chain 

reaction amplification of naphthalene-catabolic and 16S rRNA gene sequences from 

indigenous sediment bacteria. Applied and Environmental Microbiology, 59(3), 

687-694. 



 

 152   

Hooda, A., Nanda, A., Jain, M., Kumar, V., & Rathee, P. (2012). Optimization and 

evaluation of gastroretentive ranitidine HCl microspheres by using design expert 

software. International journal of biological macromolecules, 51(5), 691-700. 

Hoorman, J. J., & Islam, R. (2010). Understanding soil microbes and nutrient recycling 

(Fact sheet SAG-16-10). Retrieved from The Ohio State University Extension 

website: http://ohioline.osu.edu/factsheet/SAG-16 

Hoson, T., & Wakabayashi, K. (2015). Role of the plant cell wall in gravity resistance. 

Phytochemistry, 112, 84–90. 

Hua, D., Ma, C., Song, L., Lin, S., Zhang, Z., Deng, Z., & Xu, P. (2007). Enhanced 

vanillin production from ferulic acid using adsorbent resin. Applied Microbiology 

and Biotechnology, 74(4), 783–790.  

Huang, Y. C., Chen, Y. F., Chen, C. Y., Chen, W. L., Ciou, Y. P., Liu, W. H., & Yang, 

C. H. (2011). Production of ferulic acid from lignocellulolytic agricultural biomass 

by Thermobifida fusca thermostable esterase produced in Yarrowia lipolytica 

transformant. Bioresource Technology, 102, 8117–8122. 

Huang, C., Wu, H., Liu, Z.-J., Cai, J., Lou, W.-Y., & Zong, M.-H. (2012). Effect of 

organic acids on the growth and lipid accumulation of oleaginous yeast 

Trichosporon fermentans. Biotechnology for Biofuels, 5(1), 1-12. 

Humberstone, F. J., & Briggs, D. E. (2000). Extraction and assay of ferulic acid esterase 

from malted barley. Journal of the Institute of Brewing, 106(1), 21–30.  

Hussain, T., Roohi, A., Munir, S., Ahmed, I., Khan, J., Edel-Hermann, V., … Anees, M. 

(2013). Biochemical characterization and identification of bacterial strains isolated 

from drinking water sources of Kohat, Pakistan. African Journal of Microbiology 

Research, 7(16), 1579-1590. 

Ibemhal, D. A., Majumder, P. B., Imotomba, R. K., & Laishram, J. M. (2015). Genomic 

DNA extraction from the black scented rice (Chakhao). Indian Journal of Plant 

Sciences, 4(1), 34–37. 

Idrees, M., Adnan, A., Malik, F., & Qureshi, F. A. (2013). Enzymatic saccharification 

and lactic acid production from banana pseudo-stem through optimized pretreatment 

at lowest catalyst concentration. EXCLI Journal, 12, 269–281. 

INIBAP. (2007). Bananas International Network for the improvement of banana and 

plaintain. Retrived from http://www.bananas.biodiversityinternational.org/ 

files/files/pdf/publications/brochurebananas 



 

 153   

Ismail, S. N., & Zainol, N. (2014a). Factorial analysis of ferulic acid extraction from 

banana stem waste. International Journal of Applied Engineering Research, 9, 

6823-6833.  

Ismail, S. N., & Zainol, N. (2014b). Optimization of ferulic acid extraction from banana 

stem waste.  Asian Journal of Microbiology, Biotechnology and Environmental 

Sciences, 16(3), 479-484. 

Irshad, M., Anwar, Z., But, H. I., Afroz, A., Ikram, N., & Rashid, U. (2013). The 

industrial applicability of purified cellulase complex indigenously produced by 

Trichoderma viride through solid-state bio-processing of agro-industrial and 

municipal paper wastes. BioResources, 8(1), 145–157. 

Ito, T., Suzuki, N., Nakayama, A., Ito, M., & Hashizume, K. (2014). Factors affecting 

phenolic acid liberation from rice grains in the sake brewing process. Journal of 

Bioscience and Bioengineering, 118(6), 640–645.  

Jabeen, H., Iqbal, S., Anwar, S., & Parales, R. E. (2015). Optimization of profenofos 

degradation by a novel bacterial consortium PBAC using response surface 

methodology. International Biodeterioration and Biodegradation, 100, 89–97.  

Janda, J. M., & Abbott, S. L. (2002). Bacterial identification for publication: when is 

enough enough?. Journal of clinical microbiology, 40(6), 1887-1891.  

Javed, M. M., Zahoor, S., Shafaat, S., Mehmooda, I., Gul, A., Rasheed, H., ... & Aftab, 

M. N. (2012). Wheat bran as a brown gold: Nutritious value and its biotechnological 

applications. African Journal of Microbiology Research, 6(4), 724-733. 

Jo, J. H., Lee, D. S., Park, D., Choe, W. S., & Park, J. M. (2008). Optimization of key 

process variables for enhanced hydrogen production by Enterobacter aerogenes 

using statistical methods. Bioresource Technology, 99(6), 2061–2066.  

Johnson, T. R., & Case, C. L. (2013). Laboratory Experiments in Microbiology (10th ed). 

USA: Pearson Education. 

Johnson, K. A., & Goody, R. S. (2011). The original Michaelis constant: translation of 

the 1913 Michaelis–Menten paper. Biochemistry, 50(39), 8264-8269. 

Kamalipourazad, M., Sharifi, M., Maivan, H. Z., Behmanesh, M., & Chashmi, N. A. 

(2016). Induction of aromatic amino acids and phenylpropanoid compounds in 

Scrophularia striata Boiss. cell culture in response to chitosan-induced oxidative 

stress. Plant Physiology and Biochemistry, 107, 374–384.  



 

 154   

Kaminari, N. M. S., Ponte, M. J. J. S., Ponte, H. A., & Neto, A. C. (2005). Study of the 

operational parameters involved in designing a particle bed reactor for the removal 

of lead from industrial wastewater -central composite design methodology. 

Chemical Engineering Journal, 105(3), 111–115.  

Karagöz, P., & Özkan, M. (2014). Ethanol production from wheat straw by 

Saccharomyces cerevisiae and Scheffersomyces stipitis co-culture in batch and 

continuous system. Bioresource Technology, 158, 286–293.  

Karazhiyan, H., Razavi, S. M., & Phillips, G. O. (2011). Extraction optimization of a 

hydrocolloid extract from cress seed (Lepidium sativum) using response surface 

methodology. Food Hydrocolloids, 25, 915-920. 

Kareem, S. A., Kefas, H. M., Chior, T. J., & Latinwo, G. K. (2011). Kinetics of 

fermentation by enzymes: a mathematical approach. AU Journal of Technology, 

15(2), 109-114. 

Karunaratne, R., & Zhu, F. (2016). Physicochemical interactions of maize starch with 

ferulic acid. Food Chemistry, 199, 372–379.  

Kleerebezem, R., & van Loosdrecht, M. C. (2007). Mixed culture biotechnology for 

bioenergy production. Current Opinion in Biotechnology. 18(3), 207-212. 

Klimova, T., Esquivel, A., Reyes, J., Rubio, M., Bokhimi, X., & Aracil, J. (2006). 

Factorial design for the evaluation of the influence of synthesis parameters upon the 

textural and structural properties of SBA-15 ordered materials. Microporous and 

Mesoporous Materials, 93(1–3), 331–343. 

Kondo, T., & Kondo, M. (1996). Efficient production of acetic acid from glucose in a 

mixed culture of Zymomonas mobilis and Acetobacter sp. Journal of Fermentation 

and Bioengineering, 81, 42–46. 

Körbahti, B. K., & Rauf, M. A. (2008). Response surface methodology (RSM) analysis 

of photoinduced decoloration of toludine blue. Chemical Engineering Journal, 

136(1), 25–30.  

Koshijima, T., & Watanabe, T. (2013). Association between lignin and carbohydrates in 

wood and other plant tissues. New York: Springer Series in Wood Science. 

Kotay, S. M., & Das, D. (2007). Microbial hydrogen production with Bacillus coagulans 

IIT-BT S1 isolated from anaerobic sewage sludge. Bioresource Technology, 98(6), 

1183-1190. 



 

 155   

Kovárová-Kovar, K., & Egli, T. (1998). Growth kinetics of suspended microbial cells: 

from single-substrate-controlled growth to mixed-substrate kinetics. Microbiology 

and Molecular Biology Reviews, 62(3), 646-666. 

Kroon, P. A, Faulds, C. B., Brézillon, C., & Williamson, G. (1997). Methyl 

phenylalkanoates as substrates to probe the active sites of esterases. European 

Journal of Biochemistry / FEBS, 248(1), 245–251.  

Kryndushkin, D. S., Alexandrov, I. M., Ter-Avanesyan, M. D., & Kushnirov, V. V. 

(2003). Yeast [PSI+] prion aggregates are formed by small Sup35 polymers 

fragmented by Hsp104. Journal of Biological Chemistry, 278(49), 49636-49643. 

Kühnel, S., Pouvreau, L., Appeldoorn, M. M., Hinz, S. W. A., Schols, H. A., & Gruppen, 

H. (2012). The ferulic acid esterases of Chrysosporium lucknowense C1: 

Purification, characterization and their potential application in biorefinery. Enzyme 

and Microbial Technology, 50(1), 77–85.  

Kumar, N., & Pruthi, V. (2014). Potential applications of ferulic acid from natural 

sources. Biotechnology Reports. 4, 86-93. 

Lee, K. E., Morad, N., Teng, T. T., & Poh, B. T. (2012). Factorial experimental design 

for reactive dye flocculation using inorganic-organic composite polymer. APCBEE 

Procedia, 1, 59–65.  

Lemos, M., Borges, A., Teodósio, J., Araújo, P., Mergulhão, F., Melo, L., & Simões, M. 

(2014). The effects of ferulic and salicylic acids on Bacillus cereus and 

Pseudomonas fluorescens single- and dual-species biofilms. International 

Biodeterioration and Biodegradation, 86, 42–51.  

Li, K., Fu, S., Zhan, H., Zhan, Y., & Lucia, L. A. (2010). Analysis of the chemical 

composition and morphological structure of banana pseudo-stem. BioResources, 

5(2), 576–585.  

Lineweaver, H., & Burk, D. (1934). The determination of enzyme dissociation 

constants. Journal of the American Chemical Society, 56(3), 658-666. 

Linh, T. N., Fujita, H., & Sakoda, A. (2017). Release kinetics of esterified p-coumaric 

acid and ferulic acid from rice straw in mild alkaline solution. Bioresource 

Technology, 232, 192-203. 

Liyana-Pathirana, C., & Shahidi, F. (2005). Optimization of extraction of phenolic 

compounds from wheat using response surface methodology. Food Chemistry, 

93(1), 47–56.  



 

 156   

Lomascolo, A., Uzan-Boukhris, E., Herpoël-Gimbert, I., Sigoillot, J. C., & Lesage-

Meessen, L. (2011). Peculiarities of Pycnoporus species for applications in 

biotechnology. Applied Microbiology and Biotechnology. 92(6), 1129-1149. 

Mahouachi, J., López-Climent, M. F., & Gómez-Cadenas, A. (2014). Hormonal and 

hydroxycinnamic acids profiles in banana leaves in response to various periods of 

water stress. Scientific World Journal, 2014, 1-9.  

Mandal, A., Kar, S., Mohapatra, P. K. D, Maity, C., Pati, B. R., & Mondal, K. C. (2012). 

Regulation of xylanase biosynthesis in Bacillus cereus BSA1. Applied Biochemistry 

and Biotechnology. 167(5), 1052–1060. 

Maoka, F. Tanimoto, M. Sano, K. Tsurukawa, T. Tsuno, S. Tsujiwaki, K., … Takii, K. 

(2008). Effects of dietary supplementation of ferulic acid and γ-Oryzanol on 

integument color and suppression of oxidative stress in cultured Red Sea Bream, 

Pagrus major, Journal of Oleo Science, 57(2), 133-137. 

Marchetti, P., Jimenez Solomon, M. F., Szekely, G., & Livingston, A. G. (2014). 

Molecular separation with organic solvent nanofiltration: a critical 

review. Chemical reviews, 114(21), 10735-10806.  

Martendal, E., Budziak, D., & Carasek, E. (2007). Application of fractional factorial 

experimental and Box-Behnken designs for optimization of single-drop 

microextraction of 2, 4, 6-trichloroanisole and 2, 4, 6-tribromoanisole from wine 

samples. Journal of chromatography A, 1148(2), 131-136. 

Martinek, R. (1969). Practical clinical enzymology. The American Journal of Medical 

Technology, 31, 162. 

Masaji, Y. (1999). Preservation measures for food products. Preventive method of 

coloring agricultural products using ferulic acid. Journal of Food Chemistry, 8, 76–

79. 

Masoumi, H. R. F., Kassim, A., Basri, M., & Abdullah, D. K. (2011). Determining 

optimum conditions for lipase-catalyzed synthesis of triethanolamine (TEA)-based 

esterquat cationic surfactant by a Taguchi robust design method. Molecules, 16, 

4672-4680. 

Max, B., Salgado, J. M., Cortes, S., & Dominguez, J. M. (2010). Extraction of phenolic 

acids by alkaline hydrolysis from the solid residue obtained after prehydrolysis of 

trimming vine shoots. Journal of Agricultural and Food Chemistry, 58(3), 1909-

1917. 



 

 157   

McAuley, K. E., Svendsen, A., Patkar, S. A., & Wilson, K. S. (2004). Structure of a 

feruloyl esterase from Aspergillus niger. Acta Crystallographica Section D: 

Biological Crystallography, 60(5), 878–887. 

McCleary, B., & Prosky, L. (Eds.). (2008). Advanced dietary fibre technology. USA: 

Blackwell Science Ltd. 

McMurrough, I., Madigan, D., Donnelly, D., Hurley, J., Doyle, A., Hennigan, G., … 

Smyth, M. R. (1996). Control of ferulic acid and 4-vinyl guaiacol in brewing. 

Journal of the Institute of Brewing, 102(5), 327–332. 

Meehnian, H., Jana, A. K., & Jana, M. M. (2017). Pretreatment of cotton stalks by 

synergistic interaction of Daedalea flavida and Phlebia radiata in co-culture for 

improvement in delignification and saccharification. International Biodeterioration 

& Biodegradation, 117, 68-77. 

Mellefont, L. A., McMeekin, T. A., & Ross, T. 2008. Effect of relative inoculum 

concentration on Listeria monocytogenes growth in co-culture. International 

Journal of Food Microbiology, 121(2), 157-168. 

Micard, V., Renard, C. M. G. C., & Thibault, J. F. (1994). Studies on enzymic release of 

ferulic acid from sugar-beet pulp. LWT - Food Science and Technology, 27(1), 59–

66.  

Michaelevski, I., Kirshenbaum, N., & Sharon, M. (2010). T-wave ion mobility-mass 

spectrometry: basic experimental procedures for protein complex analysis. Journal 

of Visualized Experiments, 1–7. 

Michaelis, L., & Menten, M. (1913). Die kinetic der invertinwirkung/ The Kinetics of 

Invertase Action. Biochemistry Zelgung, 49, 333-69. 

Minton, A. P. (2001). The Influence of macromolecular crowding and macromolecular 

confinement on biochemical reactions in physiological media. Journal of Biological 

Chemistry. 276, 10577–10580. 

Mo, X. L., & Xu, Y. (2010). Ferulic acid release and 4-vinylguaiacol formation during 

chinese rice wine brewing and fermentation. Journal of the Institute of Brewing, 

116(3), 304–311. 

 

 



 

 158   

Mohanasrinivasan, V., Diksha, D., Suganthi, V., Selvarajan, E., & Subathra Devi, C. 

(2014). Process optimization for enhanced production of  α-amylase by submerged 

(SmF) and solid state fermentation (SSF) using Bacillus pumilus VITMDS2. 

Research Journal of Pharmaceutical, Biological and Chemical Sciences, 5(2), 

1784–1800. 

Mohapatra, D., Mishra, S., & Sutar, N. (2010). Banana and its by-product utilization: an 

overview. Journal of Scientific and Industrial Research, 69(5), 323-329. 

Moravec, T. L. (2012). Soil microbes. Biotechnology and Bioengineering, 27(10), 1482-

1489. 

Morgan, M. C., Boyette, M., Goforth, C., Sperry, K.V., & Greene, S. R. (2009). 

Comparison of the Biolog OmniLog Identification System and 16S ribosomal RNA 

gene sequencing for accuracy in identification of a typical bacteria of clinical origin. 

Journal of Microbiological Methods, 79, 336-343. 

Mrwebi, M. (2004). Testing Monod: growth rate as a function of glucose concentration 

in Saccharomyces cerevisiae (Master's thesis, University of Stellenbosch). 

Retrieved from 

https://scholar.sun.ac.za/bitstream/handle/10019.1/16398/mrwebi_testing_2004.pd

f?sequence=1 

Mukherjee, G., Singh, R. K., Mitra, A., & Sen, S. K. (2007). Ferulic acid esterase 

production by Streptomyces sp. Bioresource Technology, 98, 211–213.  

Müller, V. (2001). Bacterial fermentation. Encyclopedia of Life Science, 1–7.  

Mussatto, S. I., Dragone, G., & Roberto, I. C. (2007). Ferulic and p-coumaric acids 

extraction by alkaline hydrolysis of brewer’s spent grain. Industrial Crops and 

Products, 25(2), 231–237.  

Myburg, A. A., Lev‐Yadun, S., & Sederoff, R. R. (2013). Xylem structure and 

function.  USA: John Wiley & Sons. 

Myers, R. H., & Montgomery, D. C.  (2002). Response surface methodology: Process 

and product optimization using designed experiments, USA: John Wiley& Sons. 

Nakamura, S., Wakabayashi, K., Nakai, R., Aono, R., & Horikoshi, K. (1993). Production 

of alkaline xylanase by a newly isolated alkaliphilic Bacillus sp. strain 41M-1. 

World Journal of Microbiology and Biotechnology, 9(2), 221–224. 



 

 159   

Nemeckova, I., Solichova, K., Roubal, P.  Uhrova, B., & Svirakove, E. (2011). Methods 

for detection of Bacillus sp., B. cereus, and B. licheniformis in raw milk. Czech 

Journal of Food Sciences, 29, S55–S60.  

Nienow, A. W., McLeod, G., & Hewitt, C. J. (2010). Studies supporting the use of 

mechanical mixing in large scale beer fermentations. Biotechnology Letters. 32(5), 

623-633. 

Noor Hasyierah, M. S. N., Zulkali, M. M. D., & Ku Syahidah, K. I. (2008). Ferulic acid 

from lignocellulosic biomass: review. Proceeding of MUCET2008. pp. 1-8  

Odabaş, H. İ., & Koca, I. (2016). Application of response surface methodology for 

optimizing the recovery of phenolic compounds from hazelnut skin using different 

extraction methods. Industrial Crops and Products, 91, 114–124.  

Oh, S. E., Kim, K. S., Choi, H. C., Cho, J., & Kim, I. S. (2000). Kinetics and physiological 

characteristics of autotrophic dentrification by denitrifying sulfur bacteria. Water 

science and technology, 42(3-4), 59-68. 

Okada, T., Nakagawa, K., & Yamaguchi, N. (1982). Antioxidative activities of amino 

compounds on fats and oils: VIII. Antioxidative activity of ferulate and the 

synergistic effect of amino compounds. Journal of the Japenase Society for Food 

Science and Technology-Nippon Shokuhin Kogyo Gakkaishi, 29(5), 305–309. 

Okpokwasili, G. C., & Nweke, C. O. (2005). Microbial growth and substrate utilization 

kinetics.  African Journal of Biotechnology, 5(4), 305-317. 

Oliveira, L., Cordeiro, N., Evtuguin, D. V., Torres, I. C., & Silvestre, A. J. D. (2007). 

Chemical composition of different morphological parts from “Dwarf Cavendish” 

banana plant and their potential as a non-wood renewable source of natural products. 

Industrial Crops and Products, 26(2), 163–172. 

Oliveira, L., Freire, C. S. R., Silvestre, A. J. D., Cordeiro, N., Torres, I. C., & Evtuguin, 

D. (2006). Lipophilic extractives from different morphological parts of banana plant 

“Dwarf Cavendish.” Industrial Crops and Products, 23(2), 201–211. 

Olkowski, A. A., Amarowicz, R., Peiquiang, Y., McKinnon, J. J., & Maenz, D. D. (2003). 

A rapid HPLC method for determination of major phenolic acids in plant 

material. Polish journal of food and nutrition sciences, 12(1), 53-58. 

Olmos, J. C., & Hansen, M. Z. (2012). Enzymatic depolymerization of sugar beet pulp: 

Production and characterization of pectin and pectic-oligosaccharides as a potential 

source for functional carbohydrates. Chemical Engineering Journal, 192, 29-36. 



 

 160   

Omoniyi, T. E., & Olorunnisola, A. O., (2014). Experimental characterisation of bagasse 

biomass material for energy production. International Journal of Engineering and 

Technology, 4(10), 582-589. 

Onsekizoglu, P., Bahceci, K. S., & Acar, J. (2010). The use of factorial design for 

modeling membrane distillation. Journal of Membrane Science, 349, 225-230. 

Ou, S., & Kwok, K. C. (2004). Ferulic acid: Pharmaceutical functions, preparation and 

applications in foods. Journal of the Science of Food and Agriculture. 84(11), 1261–

1269. 

Ou, S., Zhang, J., Wang, Y., & Zhang, N. (2011). Production of feruloyl esterase from 

Aspergillus niger by solid-state fermentation on different carbon sources. Enzyme 

Research, 2011, 1-4. 

Papagianni, M., Nokes, S. E., & Filer, K. (2001). Submerged and solid-state phytase 

fermentation by Aspergillus niger: Effects of agitation and medium viscosity on 

phytase production, fungal morphology and inoculum performance. Food 

Technology and Biotechnology, 39(4), 319–326. 

Pappu, A., Patil, V., Jain, S., Mahindrakar, A., Haque, R., & Thakur, V. K. (2015). 

Advances in industrial prospective of cellulosic macromolecules enriched banana 

biofibre resources: A review. International Journal of Biological Macromolecules. 

79, 449-458. 

Price, N. C. (1985). The determination of Km  values from lineweaver‐burk plots. 

Biochemical Education, 13(2), 81-81. 

Pasangulapati, V., Ramachandriya, K. D., Kumar, A., Wilkins, M. R., Jones, C. L., & 

Huhnke, R. L. (2012). Effects of cellulose, hemicellulose and lignin on 

thermochemical conversion characteristics of the selected biomass. Bioresource 

Technology, 114, 663–669.  

Pavan, F. A., Gushikem, Y., Mazzocato, A. C., Dias, S. L. P., & Lima, E. C. (2007). 

Statistical design of experiments as a tool for optimizing the batch conditions to 

methylene blue biosorption on yellow passion fruit and mandarin peels. Dyes and 

Pigments, 72(2), 256–266.  

Pérez-Rodríguez, N., Moreira, C. D., Torrado Agrasar, A., & Domínguez, J. M. (2016). 

Feruloyl esterase production by Aspergillus terreus CECT 2808 and subsequent 

application to enzymatic hydrolysis. Enzyme and Microbial Technology, 91, 52–58.  

 



 

 161   

Pettit, R. K. (2009). Mixed fermentation for natural product drug discovery. Applied 

Microbiology and Biotechnology. 83(1), 19-25. 

Pires, E. J., Ruiz, H. A., Teixeira, J. A., & Vicente, A. A. (2012). A new approach on 

brewer’s spent grains treatment and potential use as lignocellulosic yeast cells 

carriers. Journal of Agricultural and Food Chemistry, 60(23), 5994–5999.  

Prasad, K. N., Kong, K. W., Ramanan, R. N., Azlan, A., & Ismail, A. (2012). 

Determination and optimization of flavonoid and extract yield from brown mango 

using response surface methodology. Separation Science and Technology, 47(1), 

73–80.  

Prasad, S., Singh, A., & Joshi, H. C. (2007). Ethanol as an alternative fuel from 

agricultural, industrial and urban residues. Resources, Conservation and 

Recycling, 50(1), 1-39. 

Ragauskas, A. J., Williams, C. K., Davison, B. H., Britovsek, G., Cairney, J., Eckert, C. 

A., … Tschaplinski, T. (2006). The path forward for biofuels and biomaterials. 

Science (New York, N.Y.), 311(5760), 484–489. 

Rajasekar, V., Murty, R. V., & Muthukumaran, C. (2015). Development of a simple 

kinetic model and parameter estimation for biomass and nattokinase production by 

Bacillus subtilis 1A752. Austin Journal of Biotechnology and Bioengineering, 2(1), 

1-5. 

Rangel-Vazquez, N. A., Hernandez-Montoya, V., & Bonilla-Petriciolet, A. (2014) 

Spectroscopy analysis and applications of rice husk and gluten husk using 

computational chemistry. In V. K. Thakur (Ed.). Lignocellulosic polymer 

composites: Processing, characterization, and properties. USA: John Wiley & 

Sons.  

Rao, R. S. P., & Muralikrishna, G. (2006). Water soluble feruloyl arabinoxylans from 

rice and ragi: Changes upon malting and their consequence on antioxidant activity. 

Phytochemistry, 67(1), 91–99.  

Razak, M. I.  M., Abas,  N. M., Yaacob, N. J. A.,  Rodzi, S. N. A. M., Yusof, N. M., & 

Azidin, R. A. (2015). An overview of primary sector in Malaysia. International 

Journal of Economics, Commerce and Management, 3(2), 13. 

Rinne, M., Jaakkola, S., & Huhtanen, P. (1997). Grass maturity effects on cattle fed 

silage-based diets. 1. Organic matter digestion, rumen fermentation and nitrogen 

utilization. Animal Feed Science and Technology, 67(1), 1-17. 



 

 162   

Riser-Roberts, E. (1998). Remediation of petroleum contaminated soils: biological, 

physical, and chemical processes. Bota Raton: CRC Press. 

Robertson, J. A., I’Anson, K. J. A., Treimo, J., Faulds, C. B., Brocklehurst, T. F., Eijsink, 

V. G. H., & Waldron, K. W. (2010). Profiling brewers’ spent grain for composition 

and microbial ecology at the site of production. LWT - Food Science and 

Technology, 43(6), 890–896.  

Rodríguez Porcel, E. M., Casas López, J. L., Sánchez Pérez, J. A., Fernández Sevilla, J. 

M., & Chisti, Y. (2005). Effects of pellet morphology on broth rheology in 

fermentations of Aspergillus terreus. Biochemical Engineering Journal, 26(2–3), 

139–144.  

Rosa, N. N., Dufour, C., Lullien-Pellerin, V., & Micard, V. (2013). Exposure or release 

of ferulic acid from wheat aleurone: impact on its antioxidant capacity. Food 

chemistry, 141(3), 2355-2362. 

Russell, W. R., Labat, A., Scobbie, L., Duncan, G. J., & Duthie, G. G. (2009). Phenolic 

acid content of fruits commonly consumed and locally produced in Scotland. Food 

Chemistry, 115(1), 100–104.  

Khan, T. S., & Mubeen, U. (2012). Wheat straw: A pragmatic overview. Current 

Research Journal of Biological Sciences, 4(6), 673–675. 

Salleh, N. H. M., Daud, M. Z. M., Arbain, D., Ahmad, M. S., & Ismail, K. S. K. (2011). 

Optimization of alkaline hydrolysis of paddy straw for ferulic acid extraction. 

Industrial Crops and Products, 34(3), 1635–1640.  

Santos, L. O., Gonzales, T. A., Ubeda, B. T., & Monte Alegre, R. (2007). Influence of 

culture conditions on glutathione production by Saccharomyces cerevisiae. Applied 

Microbiology and Biotechnology, 77, 763–769.  

Saqib, M., Mumtaz, M. W., Mahmood, A., & Abdullah, M. I. (2012). Optimized biodiesel 

production and environmental assessment of produced biodiesel. Biotechnology and 

Bioprocess Engineering, 17(3), 617–623.  

Saraiva, A. B., Pacheco, E. B. A. V., Visconte, L. L. Y., & Pereira, E. (2012). Potentials 

for utilization of post-fiber extraction waste from tropical fruit production in Brazil 

– the example of banana. International Journal of Environment and Bioenergy, 4(2), 

101–119. 

Sarangi, P. K., & Sahoo, H.P. (2010). Ferulic Acid production from wheat bran using 

Staphylococcus aureus. New York Science Journal, 4, 79-81. 



 

 163   

Saravanan, K., & Aradhya, S. M. (2011). Polyphenols of pseudostem of different banana 

cultivars and their antioxidant activities. Journal of Agricultural and Food 

Chemistry, 59(8), 3613–3623.  

Saulnier, L., & Thibault, J. F. (1999). Ferulic acid and diferulic acids as components of 

sugar-beet pectins and maize bran heteroxylans. Journal of the Science of Food and 

Agriculture. 79(3), 396–402. 

Shah, M., & Pathak, K., (2010). Development and statistical optimization of solid lipid 

nanoparticles of simvastatin by using 23 full-factorial design. AAPS PharmSci Tech., 

11, 489-496. 

Shahidi, F., & Naczk, M. (2006). Phenolics in food and nutraceuticals. New York: CRC 

Press.  

Shahzadi, T., Anwar, Z., Iqbal, Z., Anjum, A., Aqil, T., Afzal, A., … Irshad, M. (2014a). 

Induced production of exoglucanase, and β-Glucosidase from fungal co-culture of 

T. viride and G. lucidum. Advances in Bioscience and Biotechnology, 5(5), 426-433. 

Shahzadi, T., Mehmood, S., Irshad, M., Anwar, Z., Afroz, A., Zeeshan, N., … Sughra, 

K. (2014b). Advances in lignocellulosic biotechnology : A brief review on 

lignocellulosic biomass and cellulases. Advances in Bioscience & Biotechnology, 5, 

246–251.  

Shalin, T., Sindhu, R., Binod, P., Soccol, C. R., & Pandey, A. (2014). Mixed cultures 

fermentation for the production of poly-ß-hydroxybutyrate. Brazilian Archives of 

Biology and Technology, 57(5), 644-652. 

Sharp, R. J., Riley, P. W., & White, D. (1992). Heterotrophic thermophilic Bacilli. In J. 

K. Kristjanssono (Ed.). Thermophilic bacteria. Boca Raton: CRC Press.  

Shimizu, H., Mizuguchi, T., Tanaka, E., & Shioya, S. (1999). Nisin production by a 

mixed-culture system consisting of Lactococcus lactis and Kluyveromyces 

marxianus. Applied and Environmental Microbiology, 65(7), 3134-3141. 

Shin, H. D., & Chen, R. R. (2006). Production and characterization of a type B feruloyl 

esterase from Fusarium proliferatum NRRL 26517. Enzyme and Microbial 

Technology, 38(3–4), 478–485.  

Shuler, M. L., & Kargi, F. (2010). Bioprocess engineering basic concepts. United Sate, 

Westford: Pearson Education Publisher. 



 

 164   

Silhavy, T. J., Kahne, D., & Walker, S. (2010). The bacterial cell envelope. Cold Spring 

Harbor perspectives in biology, 2(5), 1-16. 

Silva, J. P. A., Mussatto, S. I., & Roberto, I. C. (2010). The influence of initial xylose 

concentration, agitation, and aeration on ethanol production by Pichia stipitis from 

rice straw hemicellulosic hydrolysate. Applied Biochemistry and Biotechnology, 

162(5), 1306–1315. 

Silveira, M. L. L., Furlan, S. A., & Ninow, J. L. (2008). Development of an alternative 

technology for the oyster mushroom production using liquid inoculum. Food 

Science and Technology (Campinas), 28(4), 858-862. 

Silveira, J. E., Zazo, J. A., Pliego, G., Bidóia, E. D., & Moraes, P. B. (2014). 

Electrochemical oxidation of landfill leachate in a flow reactor: optimization using 

response surface methodology. Environmental Science and Pollution Research, 

22(8), 5831–5841.  

Singh, B., Singh, J. P., Kaur, A., & Singh, N. (2016). Bioactive compounds in banana 

and their associated health benefits - A review. Food Chemistry. 206, 1-11. 

Srinivasan, M., Sudheer, A. R., & Menon, V. P. (2007). Ferulic acid: Therapeutic 

potential through its antioxidant property. Journal of Clinical Biochemistry and 

Nutrition, 40(2), 92-100. 

Stager, C. E., & Davis, J. (1992). Automated systems for identification of 

microorganisms. Clinical Microbiology Review, 5, 302-327. 

Strigul, N., Dette, H., & Melas, V. B. (2009). Environmental modelling & software a 

practical guide for optimal designs of experiments in the Monod model. 

Environmental Modelling and Software, 24, 1019–1026. 

Suhaila, Y. N., Ramanan, R. N., Rosfarizan, M., Latif, I. A., & Ariff, A. B. (2013). 

Optimization of parameters for improvement of phenol degradation by Rhodococcus 

UKMP-5M using response surface methodology. Annals of microbiology, 63(2), 

513-521. 

Suli, E. (2014). Numerical solution of ordinary differential equations. Retrieved from 

https://people.maths.ox.ac.uk/suli/nsodes.pdf 

Süli, E., & Mayers, D. F. (2003). An introduction to numerical analysis. UK: Cambridge 

University Press. 



 

 165   

Sun, R., Sun, X. F., Wang, S. Q., Zhu, W., & Wang, X. Y. (2002). Ester and ether linkages 

between hydroxycinnamic acids and lignins from wheat, rice, rye, and barley straws, 

maize stems, and fast-growing poplar wood. Industrial Crops and Products, 15(3), 

179-188. 

Sutton, S. (2006). The gram stain. Retrieved from the Microbiology Network, Inc. 

website: http://www.microbiol.org/resources/monographswhite-papers/the-gram-

stain/ 

Suzuki, N., Ito, T., Hiroshima, K., Tokiwano, T., & Hashizume, K. (2016). Formation of 

ethyl ferulate from feruloylated oligosaccharide by transesterification of rice koji 

enzyme under sake mash conditions. Journal of Bioscience and Bioengineering, 

121(3), 281–285.  

Szwajgier, D., & Jakubczyk, A. (2011). Production of extracellular ferulic acid esterases 

by Lactobacillus strains using natural and synthetic carbon sources. Acta 

Scientiarum Polonorum, Technologia Alimentaria, 10(3), 287–302.  

Tabaraki, R., & Nateghi, A. (2011). Optimization of ultrasonic-assisted extraction of 

natural antioxidants from rice bran using response surface methodology. Ultrasonics 

Sonochemistry, 18(6), 1279–1286.  

Tesfaw, A., & Assefa, F. (2014). Co-culture: A great promising method in single cell 

protein production. Biotechnology and Molecular Biology Reviews, 9(2), 12-20. 

Tilay, A., Bule, M., Kishenkumar, J., & Annapure, U. (2008). Preparation of ferulic acid 

from agricultural wastes: Its improved extraction and purification. Journal of 

Agricultural and Food Chemistry, 56(17), 7644–7648.  

Torre, P., Aliakbarian, B., Rivas, B., Dominguez, J. M., & Converti, A. (2008). Release 

of ferulic acid from corn cobs by alkaline hydrolysis. Biochemical Engineering 

Journal, 40(3), 500–506.  

Tripathi, S., Singh, S., Gangwar, A., Mishra, O. P., Chakrabarti, S. K., Bhardwaj, N. K., 

& Varadhan, R. (2013). Blending of banana stem with wheat straw and bagasse to 

enhance physical strength properties of paper. Ippta, 25(2), 121–125. 

Tsuchiya, T., & Takasawa, M. (1975). Oryzanol, ferulic acid, and their derivatives as 

preservatives. Japan. Kokai Tokkyo Koho JP, 7, 518–521. 

 



 

 166   

Ueno, A., Ito, Y., Yumoto, I., & Okuyama, H. (2007). Isolation and characterization of 

bacteria from soil contaminated with diesel oil and the possible use of these in 

autochthonous bioaugmentation. World Journal of Microbiology and 

Biotechnology, 23(12), 1739-1745. 

Uraji, M., Kimura, M., Inoue, Y., Kawakami, K., Kumagai, Y., Harazono, K., & 

Hatanaka, T. (2013). Enzymatic production of ferulic acid from defatted rice bran 

by using a combination of bacterial enzymes. Applied Biochemistry and 

Biotechnology, 171(5), 1085–1093. 

Van Soest, P. V., Robertson, J. B., & Lewis, B. A. (1991). Methods for dietary fiber, 

neutral detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. 

Journal of dairy science, 74(10), 3583-3597. 

Vieira, F. C. S., & Nahas, E. (2005). Comparison of microbial numbers in soils by using 

various culture media and temperatures. Microbiological Research, 160(2), 197–

202.  

Volm, T. G. 1997. Isolation, purification, characterization of ferulic acid decarboxylase 

from Bacillus pumilus. (Doctoral dissertation). Available from ProQuest 

Dissertations and Theses Global data base. (UMI No. 9731883) 

Walter. R. H. (1991). The chemistry and technology of pection. Food Sci. Technol. San 

Diego, California: Academic Press, Inc. 

Wang, N. S. (2007). Experiment No. 9C–Measurements of cell biomass concentration. 

Reteved from University of Maryland website:  

http://terpconnect.umd.edu/~nsw/ench485/lab9c.htm 

Wang, J., Sun, B., Cao, Y., Tian, Y., & Li, X. (2008). Optimisation of ultrasound-assisted 

extraction of phenolic compounds from wheat bran. Food Chemistry, 106(2), 804–

810. 

Widdel, F. (2007). Theory and measurement of bacterial growth. Grundpraktikum 

Mikrobiologie, 4, 1-11. 

Williamson, K., & McCarty, P. L. (1976). A model of substrate utilization by bacterial 

films. Journal (Water Pollution Control Federation), 48(1), 9-24. 

Witek-Krowiak, A., Chojnacka, K., Podstawczyk, D., Dawiec, A., & Pokomeda, K. 

(2014). Application of response surface methodology and artificial neural network 

methods in modelling and optimization of biosorption process. Bioresource 

Technology, 160, 150–160.  



 

 167   

Wragg, P., Randall, L., & Whatmore, A. M. (2014). Comparison of Biolog GEN III 

MicroStation semi-automated bacterial identification system with matrix-assisted 

laser desorption ionization-time of flight mass spectrometry and 16S ribosomal 

RNA gene sequencing for the identification of bacteria of veterinary interest. 

Journal of microbiological methods, 105, 16-21. 

Wu, H., Li, H., Xue, Y., Luo, G., Gan, L., Liu, J., ... & Long, M. (2017). High efficiency 

co-production of ferulic acid and xylooligosaccharides from wheat bran by 

recombinant xylanase and feruloyl esterase. Biochemical Engineering Journal. 

Xiangli, F., Wei, W., Chen, Y., Jin, W., & Xu, N. (2008). Optimization of preparation 

conditions for polydimethylsiloxane (PDMS)/ceramic composite pervaporation 

membranes using response surface methodology. Journal of Membrane Science, 

311, 23-33. 

Xie, C. Y., Gu, Z. X., You, X., Liu, G., Tan, Y., & Zhang, H. (2010). Screening of edible 

mushrooms for release of ferulic acid from wheat bran by fermentation. Enzyme and 

Microbial Technology, 46(2), 125–128.  

Xiros, C., Moukouli, M, Topakas, E., & Christakopoulos, P. (2009). Factors affecting 

ferulic acid release from brewer’s spent grain by Fusarium oxysporum enzymatic 

system. Bioresource Technology, 100(23), 5917–5921. 

Xue, Y., Wang, R., Zhang, J., Xu, C., & Sun, H. (2012). Production and some properties 

of the thermostable feruloyl esterase and xylanase from Bacillus pumilus. African 

Journal of Biotechnology. 11(15), 3617-3622. 

Yagi, K., & Ohishi, N. (1979). Action of ferulic acid and is derivatives as antioxidants. 

Journal of nutritional science and vitaminology, 25(2), 127–130. 

Yahiaoui, I., & Aissani-Benissad, F. (2010). Experimental design for copper cementation 

process in fixed bed reactor using two-level factorial design. Arabian Journal of 

Chemistry, 3(3), 187–190.  

Yang, W., Meng, F., Peng, J., Han, P., Fang, F., Ma, L., & Cao, B. (2014). Isolation and 

identification of a cellulolytic bacterium from the tibetan pig’s intestine and 

investigation of its cellulase production. Electronic Journal of Biotechnology, 17(6), 

262–267.  

Yao, J., Chen, Q. L., Shen, A. X., Cao, W., & Liu, Y. H. (2013). A novel feruloyl esterase 

from a soil metagenomic library with tannase activity. Journal of Molecular 

Catalysis B: Enzymatic, 95, 55-61. 



 

 168   

Yi, S., Su, Y., Qi, B., Su, Z., & Wan, Y. (2010). Application of response surface 

methodology and central composite rotatable design in optimizing the preparation 

conditions of vinyltriethoxysilane modified silicalite/polydimethylsiloxane hybrid 

pervaporation membranes. Separation and Purification Technology, 71(2), 252–

262.  

Yoshizawa, K., Komatsu, S., Takahashi, I., & Otsuka, K. (1970). Phenolic compounds in 

the fermented products: part I. Origin of ferulic acid in saké. Agricultural and 

Biological Chemistry, 34(2), 170-180. 

 Yu, P., McKinnon, J. J., & Christensen, D. A. (2005a). Hydroxycinnamic acids and 

ferulic acid esterase in relation to biodegradation of complex plant cell 

walls. Canadian journal of animal science, 85(3), 255-267. 

Yu, P., McKinnon, J. J., & Christensen, D. A. (2005b). Improving the nutritional value 

of oat hulls for ruminant animals with pretreatment of a multienzyme cocktail: In 

vitro studies. Journal of Animal Science, 83(5), 1133–1141.  

Yuan, X., Liu, J., Zeng, G., Shi, J., Tong, J., & Huang, G. (2008). Optimization of 

conversion of waste rapeseed oil with high FFA to biodiesel using response surface 

methodology. Renewable Energy, 33, 1678-1684.  

Alam, M. Z., Fakhru’l-Razi, A., Abd-Aziz, S., & Molla, A. H. (2003). Optimization of 

compatible mixed cultures for liquid state bioconversion of municipal wastewater 

sludge. Water, Air, and Soil Pollution, 149(1), 113–126.  

Zhang, Z. Y., Pan, L. P., & Li, H. H. (2010). Isolation, identification and characterization 

of soil microbes which degrade phenolic allelochemicals. Journal of Applied 

Microbiology, 108(5), 1839–1849.  

Zhang, S. B., Wang, L., Liu, Y., Zhai, H. C., Cai, J. P., & Hu, Y.S. (2015). Expression of 

feruloyl esterase A from Aspergillus terreus and its application in biomass 

degradation. Protein expression and purification, 115, 153-157. 

Zhao, Z., & Moghadasian, M. H. (2008). Chemistry, natural sources, dietary intake and 

pharmacokinetic properties of ferulic acid: A review. Food Chemistry, 109(4), 691-

702. 

Zhao, S., Yao, S., Ou, S., Lin, J., Wang, Y., Peng, X., … Yu, B. (2014). Preparation of 

ferulic acid from corn bran: Its improved extraction and purification by membrane 

separation. Food and Bioproducts Processing, 92(3), 309–313.  

 



 

 169   

Zheng, D. Q., Wu, X. C., Tao, X. L., Wang, P. M., Li, P., Chi, X. Q., … Zhao, Y. H. 

(2011). Screening and construction of Saccharomyces cerevisiae strains with 

improved multi-tolerance and bioethanol fermentation performance. Bioresource 

Technology, 102(3), 3020–3027.  

Zheng, Y., Zhang, H., Wang, D., Gao, P., & Shan, A. (2014). Strain development and 

optimized fermentation conditions for blood meal using Aspergillus niger and 

Aspergillus oryzae. Journal of Microbiological Methods, 101(1), 70–80. 

Zywicka, A., Peitler, D., Rakoczy, R., Konopacki, M., Kordas, M. & Fijałkowski, K. 

(2015). The effect of different agitation modes on bacterial cellulose synthesis by 

Gluconacetobacter xylinus strains. Acta Scentiarum Polonorum Zootechnica, 14(1), 

137-150. 


