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By 

 

KOHGILAA A/P MUTHU KUMAR 

 

July 2014 

 

 

Chair: Wan Zuhainis binti Saad, PhD 

Faculty: Institute of tropical Forests and Forestry Products (INTROP)  

 

Kenaf (Hibiscus cannabinus L.) is a fast growing warm seasonal plant in the family 

of Malvaceae cultivated mainly for its fibre. The two distinct layers in kenaf stalk 

include the inner core and outer bast layer. The process of removing non cellulosic 

substances in kenaf to obtain high quality bast fibres is retting. Common method of 

retting is by placing kenaf in water where microorganisms degrade the pectin rich 

middle lamella connecting adjacent fibre cells and release bast fibre. However, the 

long retting time is not economically worthy and causes pollution. The aim of the 

study is to assess and characterize kenaf bast fibre retted by microorganisms. 

Following that, microorganisms were isolated from various sources of kenaf and 

screened for enzyme activities. The retting capacities of these microorganisms were 

evaluated by treating the kenaf in the monoculture of each isolates. Total of five 

fungi and three bacteria isolated. These isolates were identified based on 

morphological structures, biochemical tests and API Kit analysis. All fungal isolates 

were identified to be Aspergillus sp. The bacterial isolates were identified as Bacillus 

sp and Sphingomonas sp. The isolates were screened for cellulase, hemicellulase and 

pectinase production. The enzyme activities were determined by growing the fungal 

isolates in solid state fermentation and bacterial isolates in submerged fermentation. 

Both fungal and bacterial isolates showed higher pectinase activities compared to 

cellulase and hemicellulase activities. Pectinase activity of fungal isolates varies 

between different isolates and treatment days and the activities for all the isolates 

increased from third day onwards. Three isolates Aspergillus sp. P1, Aspergillus sp. 

P2 and Aspergillus sp. M1 showed higher pectinase activity (0.03 – 0.06 µg/ml/min) 

compared to the other two isolates, Aspergillus sp. P3 and Aspergillus sp. M2. 

Highest pectinase activity of bacterial isolates recorded at 12
th
 h which ranged 

between 0.04 – 0.09 µg/ml/min. Bioretting process was performed by treating kenaf 

stalk with monoculture of the fungal isolates for five days. The samples were then 

evaluated for fibre brightness and tensile strength. All the treated fibres showed 

brightness within the range of 65 – 75% based on CIE L.a.b system. The tensile 

strength recorded lies within the range of 150 – 500 MPa which varies between 

isolates on different treatment days. In conclusion, retting reached completion on 

third day of treatment producing fibres of considerable tensile strength and 
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brightness. The fibres were also easily separated and combed upon retting. Fungal 

and bacterial inoculums substantially improved the kenaf retting process.  
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PENILAIAN PROSES PENGERETAN KENAF (Hibiscus cannabinus) OLEH 

MIKROORGANISMA YANG DIASINGKAN 

 

Oleh 

 

KOHGILAA A/P MUTHU KUMAR 

 

Julai 2014 

 

 

Pengerusi: Wan Zuhainis binti Saad, PhD 

Fakulti: Institut Perhutanan Tropika dan Produk Hutan (INTROP) 
 

Kenaf (Hibiscus cannabinus L.) adalah tumbuhan yang cepat tumbuh semasa musim 

panas. Kenaf berasal dari keluarga Malvaceae dan ditanam terutamanya untuk serat. 

Batang tumbuhan ini terdiri daripada dua lapisan yang berbeza iaitu teras dalaman 

dan serat bahagian luar. Proses pengeretan melibatkan pengasingan bahan-bahan 

bukan selulosa daripada kenaf untuk mendapatkan serat gentian yang berkualiti 

tinggi. Kaedah pengeretan yang biasa adalah dengan menempatkan kenaf di dalam 

air di mana mikroorganisma akan melepaskan sel – sel bersebelahan yang dicantum 

oleh kandungan pektin yang tinggi. Kaedah ini mengurangkan kandungan pektin 

dalam lamela tengah dan melepaskan serat bahagian luar kenaf. Walau 

bagaimanapun, kaedah pengeretan ini mengambil masa yang panjang dan tidak 

sesuai dari segi ekonomi dan menyebabkan pencemaran. Dalam kajian ini, 

mikroorganisma telah diasingkan daripada pelbagai sumber kenaf dan disaring untuk 

aktiviti enzim. Kapasiti pengeretan oleh semua mikroorganisma dinilai dengan 

menjalankan pengeretan kenaf menggunakan monokultur mikrorganisma yang 

diasingkan. Sebanyak lima spesies kulat dan tiga spesis bakteria berjaya diasingkan. 

Mikroorganisma yang diasingkan telah dikenal pasti berdasarkan struktur morfologi, 

ujian biokimia dan analisis Kit API. Kulat adalah Aspergillus sp. dan bakteria adalah 

Bacillus sp. dan Sphingomonas sp. Mikroorganisma juga telah disaring untuk 

kandungan enzim selulosa, hemiselulosa dan pektin. Aktiviti-aktiviti enzim kulat 

ditentukan melalui kaedah fermentasi keadaan pepejal dan bakteria melalui 

fermentasi keadaan cecair. Kedua-dua kulat dan bakteria menunjukkan aktiviti enzim 

pektin lebih tinggi berbanding dengan enzim selulosa dan hemiselulosa. Aktiviti 

enzim pektin oleh kulat berbeza mengikut spesis kulat dan masa pengeretan. 

Kesemua kulat menunjukkan aktiviti enzim pektin tinggi pada hari ketiga pengeretan 

dan hari – hari yang seterusnya. Tiga spesis kulat iaitu Aspergillus sp. P1, 

Aspergillus sp. P2 dan Aspergillus sp. M1, menunjukkan aktiviti pektin yang tinggi 

(0.03 – 0.06 μg/ml/min) berbanding dengan spesis kulat Aspergillus sp. P3 dan 

Aspergillus sp. M2. Aktiviti enzim pektin yang tinggi untuk bakteria dicatatkan pada 

jam ke-12 iaitu pada julat 0.04 – 0.09 μg/ml/min. Proses pengeretan secara biologi 

dilakukan dengan menempatkan tangkai kenaf dalam monokultur mikroorganisma 

selama lima hari. Sampel kemudiannya dinilai untuk kecerahan gentian dan kekuatan 

tegangan. Semua gentian daripada monokultur mikroorganisma menunjukkan 
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kecerahan antara 65 – 75% berdasarkan sistem Lab CIE. Nilai kekuatan tegangan 

direkodkan adalah antara 150 – 500 MPa. Nilai kekuatan tegangan berbeza 

bergantung kepada spesis mikroorganisma dan masa pengeretan. Berdasarkan 

kekuatan tegangan, kecerahan serat dan analisis SEM boleh dibuat kesimpulan 

bahawa pengeretan yang sempurna adalah pada hari ketiga pengeretan di mana serat 

kenaf yang dihasilkan mempunyai tegangan yang tinggi dan cerah. Serat ini juga 

mudah dipisahkan dan disikat selepas pengeretan. Inokulum kulat dan bakteria 

meningkatkan taraf serat kenaf yang dihasilkan. 
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CHAPTER 1 

 

INTRODUCTION 

 

Non wood fibres can be grouped into two categories; Monocots such as cereal 

straws, sugarcane bagasses, bamboo and corn stalk (similar to hardwood owing to 

the fibre fractionation similarity, but much more heterogenous and contain a large 

proportion of very thin walled cells, vessels and fine epidermal cells in a wide range 

of dimension) and dicot such as kenaf, flax, hemp and straw (contains two distinct 

fibre types: an inner core of short fibre surrounded by a layer of longer bast fibre) 

(Hurter, 1997). The chemical composition of non-wood plant fibre vary widely 

depending on plant, the soil and growing conditions (H’ng et al., 2009; Jahan et al., 

2008; Ververis et al., 2004). In comparison with wood species, non-wood fibres have 

lower lignin and higher hemicelluloses and ash contents (Ashori et al., 2006). 

 

Kenaf (Hibiscus cannabinus L.) is a fast growing warm seasonal plant in the family 

of Malvaceae. It yields a soft fibre from the stem that is very similar to jute but has 

certain advantages over jute. It has better adaptations to various growth condition and 

produce fibre crop in shorter time compared to jute. Kenaf plantation reaches its peak 

after World War II where kenaf used to supply cordage material for the war effort 

(Wilson et al., 1965). Ever since, many researches carried on kenaf to enhance fibre 

yield. 

 

The bark of kenaf, which contains bast fibres (phloem tissues) and core (xylem 

tissues), are separated by meristematic tissue, the vascular cambium. The presence of 

vascular cambium interface between kenaf bast and core results in easy separation 

between these two components as long as the plants are recently harvested (Webber 

et al., 2002). Whole stalk kenaf can be used in corrugated medium (Kugler, 1988), in 

building materials such as particle boards and for reinforcement in injection molded 

and extruded plastics (Webber and Bledsoe, 1993).  

 

Retting is a process used to remove non-cellulosic substances to obtain textile quality 

bast fibres. During this process, the pectin rich middle lamella connecting adjacent 

fibre cells degraded to release the bast fibres (Yu and Yu, 2007). Small scale farmers 

usually spread the harvested kenaf stem in flowing river with one end tied to the 

bank. After 10 to 15 days, the stem collected, washed and bast fibre stripped to be 

used in industries.  

 

Preliminary retting experiments revealed that a natural bacterial population already 

present on the bark. Kenaf stalks retted in open plastic troughs with temperature 

maintained at 32±2°C throughout the process (Ramaswamy et al., 1994). Water 

retting, which depended on fermentation of matrix polysaccharides by anaerobic 

bacteria, was the primary method used formerly. Pollution from this method as well 

as high cost of labour and drying caused water retting to be replaced with dew 

retting.  

 

The common retting method used is water retting. Harvested kenaf bast decorticated 

manually and placed in flowing river water or lake and left to ret for more than ten 

days. The long retting period is economically not worthy and at the same time causes 
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pollution. Following this, dew retting suggested to replace water retting. However, 

this method is restricted to geographical area and climate (Akin et al., 1997) 

 

Research were done to test the efficiency of chemicals on retting process. 

Throughout the research, various concentration of sodium hydroxide tested for kenaf 

bast retting process. This method greatly improves the retting by reducing the retting 

period to less the three days. But somehow, it affects the strength of fibres produced 

and not advisable for industries requiring strong fibre (Kawahara et. al., 2004) 

 

Enzyme retting suggested next where enzymes applied directly to ret the kenaf bast 

(Akin et. al., 2000). It has shown that enzyme retting produced good quality fibre in 

just 24 h. However, due to high cost, this method is not applicable for now. An 

alternative method required to produce higher grade fibre with shorter retting period. 

To achieve this goal, it is essential amongst other things, to set up suitable method 

for extracting the fibre from the stems. At present, the most promising process would 

appear to be to be microbiology retting (Candillo et al., 2009).  

 

The aim of this study is to assess and characterize kenaf bast fibre retted by 

microorganisms. Microbial retting performed on kenaf, cultivar V36 and evaluated 

for strength and brightness. The following specific objectives were executed to 

achieve this crucial goal: 

 

1. to isolate fungi and bacteria from various sources of kenaf and identify. 

2. to screen the isolates for retting enzymes; carboxymethyl cellulase, filter 

paperase, β-glucosidase, xylanase, β-xylosidase and pectinase. 

3. to determine the characteristics of the retted kenaf based on fibre brightness, 

tensile strength and SEM analysis 



© C
OPYRIG

HT U
PM

70 

 

REFERENCES 

 

 

Abdul Khalil, H.P.S., Ireana Yusra, A.F., Bhat, A.H. and Jawaid, M. (2010). Cell 

wall ultrastructure, anatomy, lignin distribution and chemical composition of 

Malaysian cultivated kenaf fiber. Industrial Crops and Product 31(1): 113 – 

121. 

 

Abott, T.P., Tijarks, L.W. and Bagby, M.O. (1987). Kenaf lignin structure by 

correlation of CMR, FTIR, and chemical analysis. In: Proceedings of 1987 

Tappi. 

 

Adamsen, A., Akin, D. and Rigsby, L. (2002). Chelating agents and enzyme retting 

of flax. Textile Research Journal 72: 296 – 302. 

 

Akin, D. E., Condonb, B., Sonha, M., Foulk, J. A., Dodd, R. B. and Rigsby, L. L. 

(2007). Optimization for enzyme retting of flax with pectate lyase. Industrial 

Crops and Products 25: 136 – 146. 

 

Akin, D.E., Slomczynski, D., Rigsby, L.L and Eriksson, K.L. (2002). Retting flax 

with endopolygalacturonase from Rhozopus oryzae. Textile research Journal 

1: 27 – 34.  

 

Akin, D.E., Dodd, R.B, Perkins, W., Henriksson, G. and Eriksson, K.E.L. (2000). 

Spray enzymatic retting: A new method of processing flax fibres. Textile 

Research Journal 70: 486 – 494. 

 

Akin, D.E., Henriksson, G., Hanlin, R.T., Rodriguez, C., Archibald, D.D., Rigsby, 

L.L. and Eriksson, K.L. (1997).  Identification and retting efficiencies of 

fungi isolated from dew-retted flax in the United States and Europe. Applied 

and Environmental Microbiology 63: 3950 – 3956. 

 

Albersheim, P. (2003). Pectin lyase from fungi. Methods in Enzymology 8: 628 – 

631. 

 

Alexopoulou, E., Papatheohari, Y. and Kipriotis, E. (2007). Response of kenaf 

(Hibiscus cannabinus L.) growth and yield to fertilization. Journal of Food, 

Agriculture and Environment 5(2): 228 – 232.   

 

Aravamuthan, R., Lechlitner, J. and Lougen, G. (2002). High yield pulping of kenaf 

for corrugating medium. Paper presented at the Tappi, Fall Technical 

Conference. 

 

Ariogele, K.H., Sano, Y., Uraki, Y., Sasaya, N. and Sameshima, K. (1993). 

Separation and utilization of kenaf components obtained by continuous acetic 

acid pulping under normal pressure. Paper presented at Japan Wood 

Research Society, Hokkaido Branch. 

 



© C
OPYRIG

HT U
PM

71 

 

Ashori, A., Jalaludin, H., Raverty, W.D. and Mohammad Nor, M.Y. (2006). 

Chemical and morphological characteristics of Malaysian cultivated kenaf 

(Hibiscus cannabinus) fibre. Polymer Plastics Technology and Engineering 

45: 131 – 134. 

 

ASTM  International D-3822. (2008). Annual book of ASTM standards, Section 7; 

Textiles. Volume 07.01 pp. 865-874. West Conshohocken, PA, US. 

 

Bacarat, M.C., Valentin, C., Muchovej, J. and Silva, D.O. (1989). Selection of 

pectinolytic fungi for degumming of natural fibres. Biotechnology Letters 11: 

899 – 902. 

 

Bailey, M.J. and Poutanen, K. (1989). Production of xylanotic enzymes by strain of 

Aspergillus. Applied Microbiology Biotechnology 30: 5 – 10. 
 

Bajaj, B.K., Wani, M.A., Sharma, A. and Pangotra, H. (2009). Partial purification 

and characterization of highly thermostable PH stable endoglucanase from a 

newly isolated Bacillus strain M-9. Indian Journal of Chemical Technology 

16: 382 – 387. 

 

Barry, A.L., Bernsohn, K.L., Adams, A.P. and Thrupp, L.D. (1970). Improved 18 

hour methyl red test. Applied Microbiology 20: 866. 

 

Bhardwaj, V.  and Garg, N. (2010). Exploitation of microorganisms for isolation and 

screening of pectinase from environment. Globelics 2010 8
th

 International 

Conference, University of Malaya, Kuala Lumpur. November 2010.  

 

Beg, Q.K., Kapoor, M., Mahajan, L. and Hoondal, G.S. (2001). Microbial xylanases 

and their industrial applications: a review. Applied Microbiology 

Biotechnology 56: 326 – 388. 

 

Berg, B. and Petersson, G. (1977). Location and formation of cellulases in 

Trichoderma viride. Journal of Applied Bacteriology 42: 65 – 75. 

 

Berger, P.B., Hoven, T.V., Ramaswamy, G.N., Kimmel, L. And Boylston, E. (1999). 

Cotton/Kenaf fabric: A viable natural fabric. The Journal of Cotton Science 

3: 60 – 70.  

 

Berner, R.A. (2003). The long-term carbon cycle, fossil fuels and atmospheric 

composition. Nature 426: 323 – 326. 

 

Bhatia, Y., Mishra, S. and Bisaria, V.S. (2002). Microbial β-glucosidae: Cloning, 

properties and applications. Critical Review in Biotechnology 22(4): 375 – 

407. 

 

Biermann, C.J. (1996). Handbook of pulping and paper making (Second ed.). San 

Diego, California. Academic Press.  



© C
OPYRIG

HT U
PM

72 

 

Brooks, K.A., Jens, M. and Soderman, T.M. (1974). A clinical evaluation of the API 

microtube system for identification of Enterobacteriaceae. American Journal 

of Medical Technology 40: 55 – 61. 

 

Brumano, M.H.N., Coelho, J.L.C., Araujo, E.F. and Silva, D.O. (1993). Pectin lyase 

activity of Penicillium griseoroseum related to degumming of ramie. Review 

Microbiology 24(3): 175 – 178. 

 

Buchanan, R.E. and Gibbons, N.E. (1975). Bergey’s Manual on Determinative 

Bacteriology (Eighth ed.). Williams & Wilkins Co., Baltimore, Md. 

 

Candilo, M.D, Bonatti, P.M., Guidetti, C., Focher, B., Grippo, C., Tamburini, E. and 

Mastromei, G. (2009). Effects of pectinolytic bacterial strains on water-

retting of hemp and fibre properties. Journal of Applied Microbiology 108: 

194 – 203. 

 

Candillo, D.M., Ronalli, P., Bozzi, C., Focher, B. and Mastromei, G. (2000). 

Preliminary results of tests facing with the controlled retting of hemp. 

Industrial Crops and Products 11: 197 – 203.  

 

Cappucino, J.G and Sherman, N. (2007). Microbiology a laboratory manual (Eighth 

ed.). New York, Pearson. 

 

Carpana, E., Marocchi, L. and Gelmini, L. (1995). Evaluation of API 50 CHB system 

for the identification and biochemical characterization of Bacillus larvae. 

Apidologie 26: 11 – 26.  

 

Cavaco-Paulo, A. and Gubitz, G.M. (2003). New substrates for reliable enzymes: 

enzymatic modification of polymers. Current Opinion in Biotechnology 

14(6): 577-582.  

Cavalitto, S.F., Arcas, J.A. and Hours, R.A. (1996). Pectinase production profile of 

Aspergillus foetidus in solid state cultures at different acidities. Biotechnology 

Letters 18: 251 – 256. 

  

Cherry, J.R. and Fidantsef, A.L. (2003). Directed evolution of industrial enzymes: an 

update. Current Opinion in Biotechnology 14: 438 – 43. 

 

Clark, J.A. (1995). Pulp technology and treatment for paper (Second ed.). San 

Francisco, Miller-Freeman. 

 

Coughlan, M.P and Hazlewood, G.P. (1993). β-1,4-D-Xylan-degrading enzyme 

systems: biochemistry, molecular biology and applications. Biotechnology 

Applied Biochemistry. 17: 259 – 289. 

 

 

 

 



© C
OPYRIG

HT U
PM

73 

 

Coughlan, M.P., Tuohy, M.G., Filho, E.X.F., Puls, J., Claeyssens, M., Vrsanka, M 

and Hughes, M.M. (1993). Enzymological aspect of microbial hemicellulases 

with emphasis on fungal systems. In: Hemicelluloses and Hemicellulases, ed. 

M.P. Coughlan and G.P. Hazlewood, pp. 53 – 84. London and Chapel Hill, 

Portland Press.  

 

Collins, T., Gerday, C. and Feller, G. (2005). Xylanases, xylanase families and 

extremophilic xylanases. FEMS Microbiology Review 29: 3 – 23. 

 

Crane, J. C. (1947). Kenaf-fibre plant rival of jute. Economy Botany 1: 334-350. 

 

Cunningham, R.L., Carr, M.E. and Bagby, M.O. (1986). Hemicellulose isolation 

from annual plants. Biotechnology and Bioengineering Symposium 17: 159. 

 

 

Donaghy, J.A., Levette, P.N and Haylock, R.W. (1990). Changes in microbial 

populations during anaerobic flax retting. Journal of Applied Bacteriology 

69: 634 – 641. 

 

Dempsey, J.M. (1967). An economic comparison of kenaf and other crops. Tehran, 

Iran: U.S Agency for International Development. 

 

Duckart, L., Byers, E. and Thompson, N.S. (1988). The structure of xylan from 

kenaf. Cellulose Chemistry and Technology 22: 29. 

 

 

Dutt, D., Upadhay, J.S., Singh, B. and Tyagi, C. H. (2009). Studies on Hibiscus 

cannabinus and Hibiscus sabdariffa as an alternative pulp blend for 

softwood: An optimization of kraft delignification process. Industrial Crops 

and Poducts 29(1): 16 – 26. 

 

Edeerozey, A.M., Akil, H.M., Azhar, A.B. and Zainal Ariffin, M.I. (2007). Chemical 

modification of kenaf fibers. Material Letters 61: 2023 – 2025. 

 

Eggleston, G. and Cote, G.L. (2003). Oligosaccharides in food and agriculture. 

Washington: Chemical Society. 

 

Elliot, S. (1953). Progress of the Mexican kenaf industry. Textile Quart (Belfast) 3: 

243 – 246. 

 

Esquivel, J.C.C., Hours, R.A., Voget, C.E. and Mignone, C.F. (1999). Aspergillus 

kawachii produces an acidic pectin releasing enzyme activity. Journal of 

Bioscience and Bioengineering 88(1): 48 – 52.  

 

Ewan, J.D., Akin, D.E. and Foulk, J.A. (2002). Flax retting by polygalacturonase 

containing enzyme mixtures and effects on fibre properties. Journal of 

Biotechnology 97: 223 – 231.  

 



© C
OPYRIG

HT U
PM

74 

 

Falkowski, P., Scholes, R.J., Boyle, E., Canadell, J., Canfield, D., Elser, J. (2000). 

The global carbon cycle: a test of our knowledge of earth as a system. Science 

290: 291 – 296. 

 

FAO. (2006). Jute, Kenaf, Sisal, Abaca, Coir and Allied Fibers Statistics. Retrieved 

on 20 January 2011 from 

http://www.fao.org/es/esc/en/20953/21005/highlight_51023en.html. 

 

Fisher, G. (1994). Availability of kenaf fibers for the US paper industry. Paper 

presented at the Tappi pulping conference proceeding, Book 2, November 6-

10, Sheroton Harbor Island, San Diego, California, Tappi Press, Atlanta, GA, 

USA. 

 

Green J.W. (1963). Wood cellulose. Methods in Carbohydrate Chemistry 3: 9 – 21. 

 

Goring, D.A.I. (1971). Polymer properties of lignin and lignin derivatives. Lignins: 

Occurrence, formation, structure and reactions: 695-768. 

 

Goyal, M. and Soni, G. (2011). Production and characterization of cellulolytic 

enzymes by Pleurotus florida. Mycosphere 2(3): 249 – 254.  

 

H’ng, P.S., Nobuchi, T., Khor, B.N, Chin, K.L., Abdul Shukor, N.A. and Paridah, 

M.T. (2009). Anotomical structure, fiber morphology and chemical 

constituents of different kenaf varieties. 7
th

 Pacific Regional Wood Anatomy 

Conference (PRWAC), 57.  

 

Ho Lee, B., Joong Kim, H. and Ryeol Yu, W. (2009). Fabrication of long and 

discontinuous natural fiber reinforced polypropylene biocomposites and their 

mechanical properties. Fibers and Polymers 10(1): 83 – 90. 

 

Hoondal, G.S., Tiwari, R.P., Tiwari, R., Dahiya, N. and Beg, Q. K. (2002). Microbial 

alkaline pectinases and their industrial applications: a review. Applied 

Microbiology Biotechnology 59: 409 – 418. 

 

Hurter, R.W. (1997). Agricultural Residues. Tappi Nonwood Fibers Short Course 

Notes. 

 

Ibrahim, A.S.S. and El- Diwany, A.I. (2007). Isolation and identification of new 

cellulases producing thermophilic bacteria from an Egyptian hot spring and 

some properties of the crude enzyme. Australian Journal of Basic and 

Applied Sciences 1(4): 473 – 478. 

 

Important parameters for paper and paperboard. Retrieved on 3 August 2013 from 

http://www.istragrafika.hr/preuzimanja/files/Important-Parameters-for-Paper-

and-Paperboard_Technical_Notes.pdf 

 

Jahan, M.S., Kanna, G.H., Mun, S.P. and Chowdhury, D.A.N (2008). Variations in 

chemical characteristics and pulpability within jute plant (Chorcorus 

capsularis). Industrial Crops and Products 28(2): 199 – 205. 

http://www.fao.org/es/esc/en/20953/21005/highlight_51023en.html
http://www.istragrafika.hr/preuzimanja/files/Important-Parameters-for-Paper-and-Paperboard_Technical_Notes.pdf
http://www.istragrafika.hr/preuzimanja/files/Important-Parameters-for-Paper-and-Paperboard_Technical_Notes.pdf


© C
OPYRIG

HT U
PM

75 

 

Janani, Karthik, L., Gaurav Kumar, Bhaskara Rao, K.V. (2011). Screening of 

pectinase producing microorganism from agricultural waste dump soil. Asian 

Journal of Biochemical and Pharmaceutical Research 1(2): 329 – 337. 

 

Jarman, C.G. (1985). The Retting of Jute. Food and Agricultural Organization of the 

United Nations, Rome. 

 

Jonoobi, M., Harun, J., Shakeri, A., Misra, M. and Oksman, K. (2009). Kenaf 

composition and nanofibres. Bioresources 4(2): 626 – 639. 

 

Kadla, J.F. and Gilbert, R.D. (2000). Cellulose structure: A review. Cellulose 

Chemistry and Technology 34(3-4): 197 – 216. 

 

Kamra, D.N., Agarwal, N. and McAllister, T.A. (2010). Screening for compounds 

enhancing fibre degradation. In In Vitro Screening of Plant Resources for 

Extra-Nutritional Attributes in Ruminants: Nuclear and Related 

Methodologies, ed. P.E. Vercoe, pp 87 – 105. Dordrecht,  Springer Science. 

 

Kaldor, A.F., Kerlgren, C. and Werwest, H. (1990). Kenaf-a fast growing fiber 

source for paper making. Tappi 73(11): 205 – 209. 

 

Kashyap, D.R., Vohra, P.K., Chopra, S. and Tewari, R. (2001). Application of 

pectinases in commercial sector: a review. Biosource Technology 77: 215 – 

227. 

 

Kasyap, D.R., Chandra, S. Kaul, A. and Tewari, R. (2000). Production, purification 

and characterization of pectinase from Bacillus sp. DT7. World Journal of 

Microbiology Biotechnology 16: 277 – 282. 

 

Kawahara, Y., Tadokoro, K., Endo, R., Shioya, M., Sugimura, Y. and Furusawa, T. 

(2004). Chemically Retted Kenaf Fibres. Sen’i Gakkaishi 61: 115-117. 

 

Kawai, S. (2005). Development of high performance kenaf bast oriented fibreboard 

and kenaf core binderless particleboard. Sustainable Humanospere 1:12. 

 

Keshk, S., Wiwin, S. and Kazuhiko, S. (2006). Physiochemical characterization of 

different treatment sequences on kenaf bast fiber. Carbohydrate Polymers 65: 

202 – 206. 

 

Khairnar, Y., Krishna, V.K., Boraste, A., Gupta, N., Trivedi, S., Patil, P., Gupta, S., 

Gupta, M., Jhadar, A., Mujapara, A., Joshi, B. and Mishra, D. Study of 

pectinase production in submerged fermentation using different strains of 

Aspergillus niger. International Journal of Microbiology Research 1(2): 13 – 

17.  

 

Khalili, S., Akin, D., Petterson, B. and Henriksson, G. (2002). Fibernodes in flax and 

other bast fibers. Journal of Applied Botany and Food Quality 76 (5-6): 133 – 

138. 

 



© C
OPYRIG

HT U
PM

76 

 

Kirk, O., Borchert, T.V., Fuglsang, C.C. (2002). Industrial enzyme applications. 

Current Opinion in Biotechnology 13: 345 – 351. 

 

Klich, M.A. (2002).  Identification of common Aspergillus sp. Netherlands: 

Centraalbureau voor Schimmelautures. 

 

Ko, K.C., Han, Y., Choi, J.H., Kim, G.J., Lee, S.G. and Song, J.J. (2011). A novel 

bifunctional endo-/exo-type cellulase from an anaerobic ruminal 

bacterium. Applied microbiology and biotechnology 89(5): 1453 – 1462. 
 

Kugler, D.E. (1988). Non-wood fiber crops: Commercialization of kenaf for 

newsprint. In Advances in new crops, eds. J. Janick and J.E. Simon, pp. 285 – 

292. Portland, Timber Press. 

 

Lee, H.J., Han, Y.S., Yoo, H.J., Kim, J.H., Song, K.H. and Ahn, C.S. (2003). Effect 

of chemical retting  on fibre separation of kenaf bast. Journal of Korean 

Societies of Clothing and Textiles 27(9/10): 1144 – 1152. 

 

Li, Y., Pickering K.L. and Farrell, R.L. (2009). Analysis of green hemp fibre 

reinforced composited using bag retting and white rot fungal treatments. 

Industrial Crops and Products 29: 420 – 426. 

 

Lopez, M.J., Carmen, M.D., Garcia, V., Suarez-Estella, F., Nicholas, N.N., Dien, B.S 

and Moreno, J. (2007). Lignocellulose-degrading enzymes produced by 

ascomycete Coniochaeta lignaria and related species: Application of a 

lignocellulosic substrate treatment. Journal of Enzyme Microbiology 

Technology 40: 794 – 800.  

 

Magnusson, K. And Svennerstedt, B. (2007). The influence of temperature on the 

water retting process of hemp (Cannabis Sativa L.) cultivated under Swedish 

climate conditions. Journal of Industrial Hemp 12(2): 3 – 7.  

 

Majidi Samira, Roayaei Mohammad and Ghezelbash Gholamreza. (2011). 

Carboxymethyl-cellulase and filter-paperase activity of new strains isolated 

from Persian Gulf. Microbiology Journal 1 (1): 8 – 16. 

 

Mandels, M. and Stenberg, D. (1976). Recent advances in cellulase technology. 

Journal of Fermentation Technology 54: 267 – 286. 

 

Mansfield, S.D., Mooney, C. And Saddler, J.N. (2008). Substrate and enzyme 

characteristics that limit cellulose hydrolysis. Biotechnology Process 15(5): 

804 – 816. 

 

Matsen, J.M. and Sherris, J.C. (1969). Comparative study of seven paper reagent 

strips and conventional biochemical tests in identifying gram negative 

organisms. Applied Microbiology 18: 452. 

 



© C
OPYRIG

HT U
PM

77 

 

Melillo, J.M., Steudler, P.A., Aber, J.D., Newkirk, K., Lux, H., Bowles F.P. (2002). 

Soil warming and carbon-cycle feedbacks to the climate system. Science 298: 

2173 – 2176. 

 

Miettinen-Oinonen, A. (2007). Cellulases in the textile industry,. In Industrial 

enzymes: structure, function and applications, eds, J. Polainoa and 

A. MacCabe, pp. 51-63. Springer, Dordrecht, The Netherlands. 

 

Nakamura, L.K. and Jackson, M.A. (1995). Clarification of the taxanomy of Bacillus 

mycoides. International Journal of Systematic and Evolutionary 

Microbiology 45(1): 46 – 49. 

 

Naseri, N. (2006). Replacing Imported Long Fiber Pulp with Kenaf Bast Fiber Kraft 

Pulp to Improve Quality of Paper from Local Hardwood CMP Pulp, Thesis, 

PhD, Gorgan University, Iran. 

 

Nezamoleslami, A., Suzuki, K., Nishida, T. and Ueno, T. (1998). Biobleaching of 

kenaf bast fiber, soda–AQ pulp using white-rot fungus. Tappi Journal 81: 

179 – 183. 
 

Ohtani, Y., Mazumder, B.B. and Sameshima, K. (2001). Influence of chemical 

composition of kenaf bast and core on the alkaline pulping response. Journal 

of Wood Science 47(1): 30 – 35. 

 

Ossola, M. and Galante, Y.M. (2004). Scouring of flax rove with the aid of enzymes. 

Enzyme and Microbial Technology 34: 177 – 186. 

 

Paridah, M.T., Hafizah, A.W.N., Zaidon, A., Azmi, I., Nor, M.Y.M. and Yuziah, 

M.Y.N. (2009). Bonding properties and performance of multi layered kenaf 

board. Journal of Tropical Forest Science 21(2): 113 – 122. 

 

Pastor, F.I.J., Gallardo, O.,  Aparicio, J.S. and Diaz, P. (2007). Xylanases: molecular 

properties and applications. In Industrial Enzymes Structure, Function and 

Applications, ed. J. Polaine, and A.P. MacCabe, pp. 65 – 82. The 

Netherlands: Springer. 

 

Paulo, C. A. and Gubitz, G. (2003) Catalysis and processing. In Textile processing 

with enzymes, ed. C.A. Paulo, G. Gubitz, pp.120 – 157. England: Woodhead 

Publishing Limited.  

 

Polizeli, M.L.T.M., Rizzatti, A.C.S., Monti, R., Terenzi, H.F., Jorge, J.A. and 

Amorim, D.S. (2005). Xylanases from fungi: properties and industrial 

applications. Applied Microbiology and Biotechnology 67: 577 – 591. 

 

Ramaswamy, G.N., Ruff, C.G. and Boyd, C.R. (1994). Effect of bacterial and 

chemical retting on kenaf fiber quality. Textile Research Journal 64: 305–

308. 

 



© C
OPYRIG

HT U
PM

78 

 

Rowell, R.M., Han, j.S. and Rowell, J.S. (2000). Characterization and factors 

effecting fibre properties. In Natural Polymer and Agrofibre Composites, eds, 

F. Elisabete, L.L. Alcides, and H.C. Matusso, pp. 115 – 134. Emrapa 

Instrumentacao Agropecuaria, Brasil. 

 

Rowell, R.M. and Stout, H.P. (1998). Jute and Kenaf. In Handbook of Fiber 

Chemistry, ed. M. Lewin and E. M. Pearce, pp. 466 – 502. USA, Marcell 

Dekker Inc. 

 

Rowell, R.M., Young, R.A. and Rowell, J.K. (1997). Paper and composites from 

agro based resources. New York, Lewis. 

 

Salazar, L. and Jayasinghe, U. (1999). Fundamental of purification of plant viruses. 

In Techniques in Plant, Virology, CIP, Training Manual, J.O. Virus 

Purification. International Potato Centre, Peru. 

 

Samira, S. and Majid, M. (2011). Pretreatment of wool/polyester blended fabrics to 

enhance titanium dioxide nanoparticles adsorption and self cleaning 

properties. Colouration Technology 127(5): 322 – 327. 

 

Samson, R.A., Hoekstra, E.S. and Frisvad, J.C. (2004). Introduction to food and 

airborne fungi, (Seventh ed). Centraalbureau voor Schimmelcultures, Utrecht, 

The Netherlands. 

 

Sathyanarayana, N.G., Manoj, N. and Sunil Kumar, D. (2007). Structural and 

biochemical properties of pectinases. Industrial Enzymes: 99 – 115. 

 

Satyanarayana, K.G., Sukumaran, K, Mukherjee, R.S., Pavithran, C and Pillai, 

S.G.K. (1990). Natural fibre-polymer composites. Cement and Concrete 

Composites 12: 117 – 136. 

 

Scott, A.W.J. and Taylor, C.S. (1988). Economics of kenaf production in the lower 

Rio Grande Valley of Texas. In Advances in new crops, ed. J. Janick and J.E. 

Simon, pp. 292 – 297. Portland: Timber Press. 

 

Sharma, H.S.S., Lefevre, J. and Boucaud, J. (1992). Role of microbial enzymes 

during retting and their effects on fibre characteristics. In The biology and 

processing of flax, ed. H.S.S. Sharma and S.F Van Sumere, pp. 199 – 212. 

Belfast, M Publication. 

 

Sharma, H.S and Van Sumere, C.F. (1992). Enzyme treatment of flax. Genetic 

Engineering and Biotechnology 12: 19 – 23.  

 

Sheehan, J. and Himmel, M. (1999). Enzymes, energy, and the environment: A 

strategic perspective on the U.S. department of energy's research and 

development activities for bioethanol. Biotechnology Process 15(9): 817 – 827.  

 

 

 



© C
OPYRIG

HT U
PM

79 

 

Siakia, R. and Samantha, R. (2009). Microbial degumming of decorticated ramie 

 and its fibre characteristics. Indian Journal of Fibre and Textile Research 34: 

187 – 190. 

 

Shakhes, J., Dehghani-Firouzabadi, M.R. and Rezayati Charani, P. (2010). 

Evaluation of harvesting time effects and cultivars of kenaf on papermaking. 

Bioresources 5(2): 1268 – 1280. 

 

Shallom, D. and Shoham, Y. (2003). Microbial hemicellulases. Current Opinion in 

Microbiology 6: 219 – 228. 

 

Sharrock, K.R. (1988). Cellulase assay methods: a review. Journal of Biochemical 

and Biophysical Methods 17: 81 – 105. 

 

Shewale, J.G. and Sadana, J.C. (1978). Cellulase and β-glucosidase by a 

basidomycete species. Canadian  Journal of Microbiology 24: 1204 – 1216.  

 

Silva, D.M., Batista, L.R., Rezende, E.F., Fungaro, M.H.P., Sartori, D. and Alves, E. 

(2011). Identification of fungi of the genus Aspergillus section Nigri using 

polyphasic taxanomy. Brazilian Journal of Microbiology 42: 761 – 773. 

 

Sittidilokratna, C., Suthirawut, S., Chitradon, L., Punsuvon, V., Vaithanomsat, P. and 

Siriacha, P. (2007). Screening of pectinase producing bacteria and their 

efficiency in biopulping of paper mulberry bark. Science Asia 33: 131 – 135. 

 

Sjostrom, E. (1993). Wood Chemistry: Fundamentals and Applications (Second ed.) 

San Diego, USA: Academic.  

 

Sunna,  A. and Antranikian, G. (1997). Xylanolytic enzymes from fungi and bacteria. 

Critical Reviews in Biotechnology 17: 39 – 67. 

 

Sunnotel, O. and Nigam, P. (2002). Pectinolytic activity of bacteria isolated from soil 

and two fungal strains during submerged fermentation. World Journal of 

Microbiology and Biotechnology 18: 835 – 839. 

 

Tahir, P., Ahmed, A., SaifulAzry, S.O.A. and Ahmed, Z. (2011). Review of bast 

fibre retting. BioResources 6(4): 5260 – 5281. 

 

Tamburini, E., Leon, A.G., Perito, B. and Mastromei, G. (2003). Characterization of 

bacterial pectinolytic strains involved in the water retting process. 

Environmental Microbiology 5(9): 730 – 736. 

 

Tamburini, E., Leon, A.G., Perito, B., Candillo, M.D. and Mastromei, G. (2004). 

Exploitation of bacterial pectinolytic strains for improvement of hemp water 

retting. Euphytica 140: 47 – 54. 

 

Teeri, T.T. (1997). Crystalline cellulose degradation: new insight into the function of 

cellobiohydrolases. Trends in Biotechnology 15(5): 160 – 167.  



© C
OPYRIG

HT U
PM

80 

 

Tuttobello, R. and Mill, P.J. (1961). The pectic enzymes of Aspergillus niger, 1. The 

production of active mixtures of pectic enzymes. Journal of Biochemistry 79: 

51 – 57. 

 

Van Sumere, C.F. (1992). Retting of flax with special reference to enzyme retting. In 

The Biology and Processing of Flax, eds, H. Sharma and C. Van Sumere. In 

Publication, Belfast: Nothern Ireland. 

 

Ververis, C., Georghiou, K., Christodoulakis, N., Santas, P., and Santas, R. (2004). 

Fiber dimensions, lignin and cellulose content of various plant materials and 

their suitability for paper production. Industrial Crops and Products 19(3): 

245 – 254.  

 

Villar, J.C., Revilla, E., Gomez, N. Carbajo, J.M. and Simon, J. L. (2009). Improving 

the use of kenaf for kraft pulping by using mixtures of bast and core fibres. 

Industrial Crops and Products 29(2-3): 301 – 307. 

 

Voulgaridis, E., Passialis, C. and Grigoriou, A. (2000). Anatomical characteristics 

and properties of kenaf stems (Hibiscus cannabinus). IAWA Journal 21(4): 

435 – 442. 

 

Vries, R.P. and Visser, J. (2001). Aspergillus enzymes involved in degradation of 

plant cell wall polysaccharides. Microbiology and Molecular Reviews 64(4): 

497 – 522. 

 

Walsh, G. (2002). Industrial enzymes: proteases and carbohydrases. In: Protein, 

Biochemistry and Biotechnology. John Wiley and Sons. Ltd. 

 

Wan, J. and Ramaswamy, G.N. (2003). One step processing and bleaching of 

mechanically separated kenaf fibres: Effect on physical and chemical 

properties. Textile Research Journal 73(4): 339 – 344.  

 

Warnock, M., Muller, D.H. and  Stryjewski, D.D. (2002). Improved chemical retting 

of kenaf fibers. Textile Research Journal 72(7): 618 – 624. 

 

Washington, J.A. II., Yu, P.K.W. and Martin, W.J. (1971). Evaluation of accuracy of 

multitest micromethod system for the identification of Enterobacteriaceae. 

Applied Microbiology 22: 267 – 269. 

 

Watkins, J.M. (1946). Growth and fibre production of kenaf, Hibiscus cannabinus 

L., as affected by plant spacing in El Salvador. Journal of American Society 

Agronomy 38: 978 – 982. 
 

 

Webber, C.L. (1992). The effects of kenaf cultivars and harvest dates on plant 

grown, protein content, and dry matter yields. In: New Industrial Crops and 

Products. Proceedings of The First International Conference on New 

Industrial Crops and Products, eds. H.H. Naqvi, A. Estila, I.P. Ting, pp. 147 

– 152. Riverside, CA. Office of Arid Lands Studies, College of Agriculture, 

The University of Arizona, Tucson, AZ. 



© C
OPYRIG

HT U
PM

81 

 

Webber (III), C.L. (1994). Kenaf (Hibiscus cannabinus L.) yield component as 

affected by sewage sludge application. Noonwood Plant Fibres. Progress  

Report. 21: 19 – 24. 

 

Webber (III), C.L. and Bledsoe, V.K. (2002). Plant maturity and kenaf yield 

component. Industrial Crop and Product 16: 81 – 88.  

 

Webber (III), C.L. and Bledsoe, R.E. (1993). Kenaf: Production, harvesting, and 

products. In New Crops, ed. J. Janick and J.E. Simon, pp. 416 – 421. New 

York: Wiley. 

 

Wilson, F.D., Summers, T.E., Joyner, J.F., Fishler, D.W. and Seale, C.C. (1965). 

‘Everglades 41’ and ‘Everglades 71’, two new varieties of kenaf (Hibiscus 

cannabinus L.) for the fibre and seed. Florida Agricultural Experiment 

Station Circular. S-168. 

 

Wood, T.M. and Bhat, K.M. (1988). Methods for measuring cellulase activities. 

Methods in Enzymology 160: 87 – 117. 

 

Wong, K.K.Y., Tan, L.U.L. and Saddler, J.N. (1988). Multiplicity of β-1,4-xylanase 

in micro-organisms: functions and applications. Microbiology Review 52: 

305–317. 

 

Xue, Y., Du, Y., Elder, S., Sham, D., Hostemeyer, M. and Zhang, J. (2007). 

Statistical kenaf properties of kenaf fibres and its composites. 9
th

 

International Conference on Wood and Biofibre Plastic Composites. Monona 

Terrace Community & Convention Center Madison, Wisconsin, USA. 

 

Yu, H.Q and Yu, C.W. (2010). Influence of various retting methods on properties of 

kenaf fibre. The Journal of Texile Institue 5: 452 – 456. 

 

Yu, H.Q and Yu, C.W. (2008). Influence of various retting method on properties of 

kenaf fibre. The Journal of Textile Institute 101: 452 – 456. 

 

Yu, H.Q. and Yu, C.W. (2007). Study on microbe retting of kenaf fiber. Enzyme and 

Microbial Technology 40: 180-1809. 

 

Yugandhar, N.M., Ravi Kumar, D.V.R., Prashanthi, V., Kiran Kumar, N. and Sri 

Samy Reddy, D. (2008). Optimization of pectinase production from Manihot 

utilissma by Aspergilus niger NCIM 548 using experimental design. 

Research Journal of Microbiology 3(1): 9 – 6.  

 

Zhang, J. (2006). Biochemical study and technical applications of fungal pectinases. 

PhD Thesis, Uppsala Universitet, Sweden. 

 

Zhang, J., Henriksson, G. and Johansson, G. (2000). Polygalacturonase is the key 

component in enzymatic retting of flax. Journal of Biotechnology 81: 85 – 

89. 

 



© C
OPYRIG

HT U
PM

82 

 

Zhang, Y.H.P., Himmel, M.E. and Mielenz, J.R. (2006). Outlook for cellulase 

improvement: Screening and selection strategies. Biotechnology Advances 

24: 452 – 481. 

 

Zhang, Y.H.P. and  Lynd, L.R. (2004). Toward an aggregated understanding of 

enzymatic hydrolysis of cellulose: non complexed cellulose systems. 

Biotechnology and Bioengineering 88: 797 – 824. 

 

Zhang, J., Siika-Aho, M., Tenkanen, M. and Viikari, L. (2011). The role of acetyl 

xylan esterase in the solubilization of xylan and enzymatic hydrolysis of 

wheat straw and giant reed. Biotechnology for biofuel 4(60): 1 – 9.  

 


	ASSESSMENT OF KENAF (Hibiscus cannabinus) BIORETTING PROCESS BY LOCALLY ISOLATED MICROORGANISMS
	Abstract 
	TABLE OF CONTENT
	CHAPTER 1
	REFERENCES



