
. 2015. 3. . 5–23. 
DOI: 10.14258/jcprm.201503575 

 

 
 

 
 
 
 

 628.336.4:577.15 

 
 

 

© . *, .  

 ( ) . . , 
. , 17, , 163002 ( ),  

e-mail: biotech@narfu.ru 
 

, -
 ( ). , -

. , , , , -
, . 

, 
,  

. -
, . -

. 
: , , , , 

, , . 
 (  

», . . -
, 2015 .) . 

 

-
,  « » . 

, -
 – .  –  

, , , -
, .  

 
.  

-
 [1–3]. , -

,  
. -

 
, -

. 
 

,  

                                                
* , . 

 –  
,  

, e-mail: k.bolotova@narfu.ru 
 –  

, 
, ,  

e-mail: e.novozhilov@narfu.ru 



. , .  

 

6

, , -
- . -

-
, ,  

. 
, ,  

 ( ). -
-

. , -
, , ,  
.  

, , -
, . , , , , -

,  – -
 [4–8].  

, , 
,  

.  
, -

.  
 

: 
– , -

, , ; 
– ; 
– , -

 ( ), , -
; 

–  ( )  
;  

– ,  
 ( , ); 

– , -
, .  

  

-
  

-
, .  

, -
. -

, , -
.  

, , . -
-

,  
.  [9]. 

-
 [6, 10–14].  

, -
.  –  



 … 

 

7

10%  [11]. , -
. -

.  
. -

, , , -
 [15].  

-
 [16].  

,  [17–19]. -
 

 [13, 14]. 
-

 [13–15]. ,  
.  

,  
.  

 [20–22], -
.  [20, 21],  

. -
, -

, .  [22] 
 (0,53 )  Pulpzyme HC, 

-
 2,91–4,59 . ,  

, . 
.  

 
, .  

, .  
, , , -

, , , -
 ( )  [23, 24]. -
 ( ) ,  ,  -

, , -
 ( ) .  

. 
 

 [25–28].  
, . -

. 
, .  

 –  ,  .   
 [29]. , 

,  
 [30].  [31],  Trametes 

versicolor,  , , -
.  90% , -

,  40–60% .  
 

, ,  [31–33]. -
, . ,  

, .  



. , .  

 

8

-
 ( ) [6, 7, 34]. -
. ,  

. -
 .  

,  
.  

-
. -

-
.  

, .  
. 

 –  
.  

, , . , 
, , .  

, , -
 [6, 7].  

.  
, -

 
. .  

-
, . -

 [35, 36]  
. -

-
 0,2–0,3%  [37]. 

, .  
, -

, , ,  [38, 39]. -
, -

 [40–43]. ,  
. ,  

, . -
, . 

, 
. 

, , -
 [41].  

-
.  

-
 [44].  « »,  

 [42]. , -
 (fines), 

.  
,   

. :  
,  [45]. -

, -



 … 

 

9

. -
 0,1%  [42]. 

 
. , -

 6–15 °  [46]. -
, . 

, -
 [47, 48]. -

, , . -
 

. ,  
,  [48, 

49]. ,  
.  ( -

 7) -
. -

 40%, ,  
 [50, 51].  

 
, ,  

, , , -
. , , -

-
. -

 [52]. -
 [50, 53]. 

, -
, , , . -

,  
. ,  

, ,  30  
100 ,  149–160  [54–56]  1200  [57]. -

, -
. ,  

[58, 59]. , -
 [58]. 

.  
-

.  
. -

,  
 [46]. , , -

.  
 

. -
. ,  

, -
. . -

 
 [44, 60, 61].  

.  



. , .  

 

10

 
-

.  
, 

- , , -
,  ( ).  

, . 
, -

. ,  
,  [62]. 

, , 
,  [7].  

. , -
, -

, , , 
,  [63, 64]. -

,  
, ,  

. -
.  

 
. -

.  [7],  
, , , -

 20  250 .  
,  [7, 65, 66]. -

, .  
, -

.  
, 

. , , 
, , , , ,  [5, 67–69].  [62],  

,  
.  [5, 

71, 72].  [73, 74]  
, , .  

, , -
 ( -

,  15–50%) , , .  

 
, , -

.  
 ( , , ),  ( -

, , , , , ),  
[75, 76].  

, .  
-

 [77]. -
 [77, 78]. -

-
, .  



 … 

 

11

, -
.  

,  
 2,3,5-  

[79, 80].  –  1,5 . -
 [81, 

82], . -
 –  10 .  

, -
 [83]. 

,  
, . -

, -
. 

, , -
. -

, , ,  
 [6, 7]. 

 –  – -
, .  

 [7]. ,  Phanerochaete chrysosporium, -
, . 

- , -
 [84]. 

,  Streptomyces albus ATCC 3005,  
,  2,4- ,  

L-3,4- , 2,4,5- ,  [53].  
[85] , , -

, .  
, .  

, -
 Bacillus  [86]. -

 Bacillus ,  
 [87].  Aspergillus fumigatus  

Aspergillus flavus, ,   Thelephora  
 [88, 89].  

 (  Rhizoctonia praticola  Trametes versicolor), -
 [90] -

. -
.  20%  

 2,4- .  
.  ( ),  

Phanerochaete chrysosporium,  [91].  
 [91, 92] -

. , , -
 Phlebia radiate, Phanerochaete 

chrvsosporium, Merulius (Phlebia) tremellosus. 
 [94] -

.  
. , -

 1- , ,  
 [6, 93, 94].  



. , .  

 

12

 – -
, , .  [95] -

, .  
- .  

 
 [96].  

,   
,  [5–7, 97]. -

 [98].  Trametes versicolor (  B7)  
 

.  92% -
,  ( )  69%.  

,  
,   ( ,  ,  )  -

 ( ,  Trametes versicolor) -
.  

. -
,  90% -

 [99].  
 [100].  

 
.  

 ( - )  
.  

, , -
.  ,  ,  ,   

. 

,  
 

  -
.  

, . -
, -

. , ,  [5–7].  
 95–

97%  60–75%.  6,5–7,5 [101]. 
, ,  

 30–50%,  – 20–40%,  – 5–15% [102]. 
 65–75% [103, 104]. 

 ( )  
,  

.  85–90% .  
 , , , -

. -
, -

. , -
 ( ).  

 15–20% . -
. , -

. -
 12–55%  [105].  



 … 

 

13

, , . -
, ,  –  

. ,  
: , , , ,  

. -
.   

.  
,  

.  
. , ,  

, , ,  
, .  [5–7] -

 
. -

. 
, -

, , . .  
, -

 [106, 107].  
. , ,  

, , . -
, , ,  

.  [101]. 
 50–88%  1 ,  – 98%  (  

). , -
,  97–98% [101, 105, 108, 109].  

 ( ) .  
,  

 [67, 110]. -
, -

 ( ) .  
, , , , , ,  [97, 111]. 

, , -
 [112]. -

.  
.  

,  10% 
 [113].  

.  – -
 [114–117].  

-
, . ,  

,  
.  – , 

.  
. -

. -
,  

 [118].  
-

 [119]. -
, -



. , .  

 

14

.  
,  

. ,  
.  

, ,  
.  

, ,  
. .  

, -
.  

,  
 [120].  

, : , 
, , . -

,  
, , , -

 [121].  
, -

.  
-

, .  
-

, .  

  
-

, . ,  
, – -

.  
, -

 [58]. ,  
-

. -
.  

 
.  
, ,  

, -
.  [122–125]. 

 
. -

 [83] , -
 [126–129]. 

 [130],  
, . 

 
-

. 
. 
. 

, -
 [131–133].  



 … 

 

15

-
. ,  

, -
 [134, 135].  

-
. 

 

, -
.  

. -
.  

, -
.  

, -
-

. ,  
 

-
. 

 

1. . . . 4- . ., 1999. 512 . 
2. ., ., . -

. ., 1990. . 25. C. 30–37. 
3. ., ., ., ., ., ., ., 

., .  « » -
 Penicillium verruculosum -

 // . 2013. 5. . 65–73. 
4. ., .  ( -

) // . 2011. 3. . 15–32. 
5. Aehle W. Enzymes in Industry. Weinheim: Wiley-VCH Verlag GmbH&Co. KgaA, 2004. 484 p.  
6. . . -

, 2013. 235 .  
7. Bajpai P. Biotechnology for Pulp and Paper Processing. Springer Science. 2012. 427 p. 
8. ., . -

 ( ) // . 2013. . 2, 3. . 28–34. 
9. ., ., ., . -

 // . . . 2006. . . 15–17. 
10. Kantelinen A., Hortling B., Sundquist J. Proposed mechanism of the enzymatic bleaching of kraft pulps with 

xylanases // Holzforschung. 1993. Vol. 47. Pp. 18–28. 
11. Biotechnology in Pulp and Paper Industry: volume editor: K-E. Ericsson, 1997. 340 p. 
12. Bajpaj P. Application of enzymes in the pulp and paper industry // Biotechnol. Prog. 1999. N15. Pp. 147–157. 
13. Valls C., Vidal T., Gallardo O. Obtaining low-HexA-content cellulose from eucalypt fibres: Which glycosil hydrolase 

family is more efficient? //Carbohydrate Polymers. 2010. Vol. 80, issue 1. Pp. 154–160. 
14. Shatalov A., Pereira H. Impact of hexenuronic acids on xylanase-aided bio-bleaching of chemical pulps // 

Bioresource Technology. 2009. Vol. 100, issue 12. Pp. 3069–3075. 
15. ., ., .  

 //  : . . -
, 2005. . 89–93. 

16. ., ., ., .  
 

 // . . 
2001. . 184–185. 

17. Buchert J., Bergnor E., Lindblad G. Significance of xylan and glucomannan in the brightness reversion of kraft pulps 
// Tappi J. 1997. Vol. 80, N6. Pp. 165–170. 

18. Wong K., Allison R., Spen S. Effects of alkali and oxygen extractions of kraft pulps on xylanase-aided bleaching // 
2000 International Pulp Bleaching Conference: Oral presentations. TAPPI of Canada. Monreal, 2000. Pp. 63–67. 

19. Nguyen D., Zhang X., Jiang Z.-H. Bleaching of kraft pulp by a commercial lipase: Accessory enzymes degrade 
hexenuronic acids // Enzyme Microbiol Technol. 2008. Vol. 43. Pp. 130–136. 



. , .  

 

16

20. Noe P., Chevalier J., Mora F., Comtat J. Action of xylanases on chemical pulp fibres. Part II: Enzimatic beating // 
J. Wood Chem.Technol. 1986. Vol 6, N2. Pp. 167–184. 

21. Mora F., Comtat J., Bamoud F. Action of xylanases on chemical pulp fibers. Part I: Investigations on cell-wall modi-
fications // J. Wood Chem. Technol. 1986. Vol. 6. Pp. 147–165. 

22. Bhardwaj N., Bajpai P., Bajpai P. . Use of enzymes in modification of fibers for improved beatability // J. Biotech-
nology. 1996. Vol. 51. Pp. 21–26. 

23. Gutierrez A. J.del Rio, Martinez M., Martinez A. The biotechnological control of pitch in paper pulp manufacturing // 
Trends in Biotechnology. 2001. Vol. 19, N9. p. 340–347 

24. Back E., Allen L. Resin in suspensions and mechanisms of its deposition // Pitch Control, Wood Resin and 
Deresination. TAPPI Press. 2000. Pp. 151–183. 

25. Mustranta A., Buchert J., Spetz P., Holmbom B. Treatment of mechanical pulp and process waters with lipase // Nor-
dic Pulp Paper Res. J. 2001. Vol. 16, N2. Pp. 125–129. 

26. Rundlof M., Eriksson M., Strom H., Wagberg L. Effect of mannanase and lipase on the properties of colloidal wood 
extractives and their interaction with mechanical pulp fines // Cellulose. 2002. Vol. 9. Pp. 127–137. 

27. Qin M., Holmbom B. Effect of hydrophilic substances in spruce TMP resin on its physico-chemical characterization 
and deposition tendency // Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2008. Vol. 312,  
issues 2–3. Pp. 226–230. 

28. Kantelinen A., Jokinen ., Sarkki M-L. Effects on enzymes on the stability of colloidal pitch // 8th International 
Wood and Pulping Chemistry Conference Proceedings K.C.L. Helsinki. 1995. Vol. 1. 605 p 

29. Xu F. Oxidation of phenols, anilines, and benzenethiols by fungal laccases: correlation between activity and redox 
potentials as well as halide inhibition // Biochemistry-US. 1996. Vol. 35. Pp. 7608–7614. 

30. Bermek H., Li K., Eriksson K.- E. Pulp bleaching with marganese peroxidase and xylanase: synergistic effect // Tappi 
J. 2000. Vol. 83, N10. Pp. 1–11. 

31. Paice M., Bourbonnais R., Reid I. Bleaching kraft pulps with oxidative enzymes and alkaline hydrogen peroxide // 
Tappi J. 1995. Vol. 78. Pp. 161–169. 

32. Iimori I., Miyawaki S., Machida M. Biobleaching of unbleached and oxygen-bleached hardwood kraft pulp by culture 
filtrate containing manganese peroxidase and lignin peroxidase from Phanerochaete chrysosporium // Journal of 
Wood Science. 1998. Vol. 44. Pp. 451–456. 

33. Moreira M., Sierra-Alvarez R., Lema J., Feijoo G., Field J. Oxidation of lignin in eucalyptus kraft pulp by manganese 
peroxidase from Bjerkandera sp. strain BOS55 // Bioresource Technology. 2001. Vol. 78, issue 1. Pp. 71–79. 

34. ., ., ., ., . -
-

.  // -
. 2013. 5. [ ]. URL: www.science-education.ru/111-10229.  

35. Pommier J-C., Goma G., Fuentes J-L., Rousset C., Jokinen O. Using enzymes to improve the product quality in the 
recycled paper industry Part II. Industrial applications // Tappi J. 1990. Vol. 73, N12. p. 197–200. 

36. Jackson L., Heitmann J., Joyce T. Enzymatic modification of secondary fiber // Tappi J. 1993. Vol. 76, N3. Pp. 147–154. 
37. Mansfield S., Swanson D., Roberts N. Enhancing Douglas-fir pulp properties with a combination of enzyme treat-

ments and fiber fractionation // Tappi J. 1999. Vol. 82, N5. Pp. 152–158. 
38. ., ., . -

. , 2007. 1118 .  
39. Ow S. Biogical deinking methods of newsprint wastepaper // World pulp and paper technology. 1992. Pp. 63–66. 
40. Viesturs U., Leite M., Eisimonte M. Biological deinking technology for the recycling of office waste papers // 

Bioresourse Technol. 1999. Vol. 67. Pp. 255–265.  
41. Elegir G., Panizza E., Canetti M. Neutral enzyme assisted deinking of xerographic office waste with a 

cellulase/amylase mixture // Tappi J. 2000. Vol. 83, N11. Pp. 71–79. 
42. Geng X., Li K. Deinking of recycled mixed office paper using two endo-glucanases, CelB and CelE, from the anaer-

obic fungus Orpinomyces PC-2 // Tappi J. 2003. Vol. 2, N7. Pp. 29–32. 
43. ., ., .  // 

. . 1998. . 34, 4. . 382–387. 
44. .  //  

-
 : . . .- . . , 2006. . 31–34. 

45. Prasad D.Y., Heitmann J., Joyce T. Enzymatic deinking of black and white letterpress printed newsprint waste // Pro-
gress in paper recycling. 1992. Vol. 1, N3. Pp. 21–30. 

46. ., ., ., .  
 // -

 : . . 7- . .- . . -
, 2010. . 31–34. 

47. Ricard M., Reid I. Purified pectinase lowers cationic demand in peroxide-bleached mechanical pulp // Enzyme and 
Microbial Technology. 2004. Vol. 34. Pp. 499–504. 

48. Thornton J. Enzymatic degradation of polygalacturonic asids released from mechanical pulp during peroxide bleach-
ing // Tappi J. 1994. Vol. 77, N3. Pp. 161–167. 

49. Buchert J., Mustranta A., Holmbom B. Enzymatic control of dissolved and colloidal substances during mechanical 
pulping // Biotechnology in Pulp and Paper Industry. 8th ICBPPI / Ed. L. Viikari, R. Lantto. 2002. Pp. 271–280. 

50. Reid I., Ricarg M. Decreasing cationic demand and increasing fines and filler retention of peroxide-bleached 
thermomechanical pulp with pectinase enzyme // Paprican. 1998. P. 20. 

51. Reid I., Ricarg M. Pectinase in papermaking: solving retention problems in mechanical pulp bleached with hydrogen 
peroxide // Enzyme and Microbial Technology. 2000. Vol. 26, N2-4. Pp. 115–123. 



 … 

 

17

52. ., ., ., ., .  
 // -

 : . . . . , 2014. . 243–247. 
53. Antonopoulos V., Rob A., Ball A. Dechlorination of chlorophenols using extracellular peroxidases produced by 

Streptomyces albus ATCC 3005 // Enzyme and Microbial Technology. 2001. Vol. 29. Pp. 62–69. 
54. ., ., .  100% :  

 // . . . 2001.  7–8. . 32–34. 
55. ., ., ., .  

 //  
 : . . 5- . .- . . , 2004. . 58–62. 

56. ., ., . -
 « » //  

 : . . 5- . .- . . , 2004. . 43–46. 
57. ., ., ., . -

 //  : . II -
. .- . . , 2013. . 33–43. 

58. ., ., ., ., .  
 //  : -

. . . . , 2014. . 235–238. 
59. Paper, board and process waters. Starch content. SCAN-P 91:09. SCAN-W 13:09 Accepted 2008. 
60. Bajpaj P. Solving the problems of recycled fiber processing with enzymes // BioResources. 2010. Vol. 5, N2. Pp. 1–15. 
61. Jones D. Enzymes: Using mother natures tools to control man-made stickies // Pulp and Paper Canada. 2005. 

Vol. 106, N2. Pp. 23–25. 
62. Rice L.E., Kehoe V.M., Robertson L.R. The diversity of filamentous bacteria in paper systems from incoming water 

to wastewater effluent // Tappi International Environmental Conference. Denver, 2000. Pp. 559–565. 
63. Kiuru J., Tsitko I., Sievanen J., Wathen R. Optimization of biocide strategies for fine paper machines // Bioresources. 

2010. N5 (2). p. 514–524. 
64. Kiuru J., Tukiainen P., Tsitko I.Electrochemically generated biocides for controlling contamination in papermaking // 

Bioresources. 2010. N5 (4). p. 2664–2680. 
65. Torres C.E., Lenon G., Craperi D., Wilting R., Blanco Á. Enzymatic treatment for preventing biofilm formation in the 

paper industry // Appl. Microbiol. Biotechnol. 2011. N92. p. 95–103. 
66. Torres C. E., Negro C., Fuente E., Blanco A. Enzymatic approaches in paper industry for pulp refining and biofilm 

control // Appl Microbiol Biotechnol. 2012. N96. p. 327–344. 
67. Patent 5071765 (USA). Application of multiple enzyme blend to control industrial slime of equipment surfaces / 

C.L. Wiatr. 10.12.1991. 
68. Patent 4055467 (USA). Enzymatic dispersion of biological slimes / R.J. Christensen, G.J. Zivtins. 25.10.1977 
69. ,  Thermus Acuaticus //  

: . , 1987. 7. . 13–14. 
70. Chaudhary A., Gupta L., Gupta J., Banerjee U. Levanases for control of slime in paper manufacture // Biotechnology 

Advances. 1998. Vol. 16, N5–6. Pp. 899–912. 
71. Patent 4684469 (USA). Two component biocidal process / D.E. Pedersen, H.J. Hatcher. 04.08.1987. 
72. Patent 3773623 (USA). Slime control in industrial waters / H.J. Hatcher, R.J. Truda, T.G. Lechner, C.R. McDuff. 

20.11.1973. 
73. ., ., ., ., ., ., -

. . ., 1973. 456 . 
74.  // -

: . , 1987. 
7. . 20–21. 

75. ., ., ., . -
. , 2005. 211 c. 

76. . -
 : . … . . . , 2007. 145 . 

77. . . 
., 2003. 512 . 

78. ., . . 2- ., . . ., 1982. 120 . 
79. ., . -

. ., 1970. 
80. Gabbitas K., Huang J. Dehydrogenases activity of activated sludge // Toxicological and Environmental Chemistry. 

1984. Vol. 8. Pp. 151–164. 
81.  2476598 ( ).  / . , 

. . 2013.  
82. ., ., ., .  

 // . . 2010. 3. . 119–124. 
83.  117149 ( ).  / . -

, . . 2011.  
84. Ricotta A. Unz R., Bollag J. Role of a Laccase in the Degradation of Pentachlorophenol // Bulletin of Environmental 

Contamination and Toxicology. 1996. Vol. 57. p. 560–567. 



. , .  

 

18

85. Guerra A., Ferraz A., Cotrim A. Polymerization of lignin fragments contained in a model effluent by 
lyphenoloxidases and horseradish peroxidase/hydrogen peroxide system // Enzyme and Microbial Technology. 2000. 
Vol. 26. Pp. 315–323. 

86. Mishra M., Thakur I.S. Isolation and characterization of alkalotolerant bacteria and optimization of process parame-
ters for decolorization and detoxification of pulp and paper mill effluent by Taguchi approach // Biodegradation. 
2010. N21. p. 967–978. 

87. Mishra M., Thakur I.S. Purification, characterization and mass spectroscopic analysis of thermo-alkalotolerant b-1,4 
endoxylanase from Bacillus sp. and its potential for dye decolorization // International Biodeterioration & Biodegra-
dation. 2011. N65. p. 301–308. 

88. Sahoo D.K., Gupta R. Evaluation of ligninolytic microorganisms for efficient decolorization of a small pulp and pa-
per mill effluent // Process Biochemistry. 2005. N40. p. 1573–1578. 

89. Selvam K., Swaminathan K., Rasappan K., Rajendran R., Pattabhi S. Decolourization and dechlorination of a pulp 
and paper industry effluent by Thelephora sp // Ecol Environ Conserv. 2006. Vol. 12. Pp. 223–226. 

90. Dec J., Bollag J.-M. Detoxification of substituted phenols by oxidoreductive enzymes through polymerization reac-
tions // Archives of Environmental Contamination Toxicology. 1990. Vol. 19. Pp. 543–550. 

91. Lankinen V.P., Inkeröinen M.M., Pellinen J., Hatakka A.I. The Onset of Lignin-Modifying Enzymes, Decrease of 
AOX and Color Removal by White-Rot Fungi Grown on Bleach Plant Effluents // Water Science and Technology. 
1991. Vol 24, N3–4. Pp. 189–198. 

92. Manzanares P.I, Fajardo S., Martin C. Production of lignolytic activities when treating paper pulp effluents by 
Trametes versicolor // Journal of Biotechnology. 1995. Vol. 43, N2. Pp. 125–132. 

93. Monje P., González-García S., Moldes D. Biodegradability of kraft mill TCF biobleaching effluents: Application of 
enzymatic laccase-mediator system // Water research. 2010. Vol. 44, issue 7. Pp. 2211–2220. 

94. Widsten P., Kandelbauer A. Laccase application in the forest products industry:  review // Enzyme and microbial 
technology. 2008. Vol. 42. Pp. 293–307. 

95. Milstein O., Haars A., Majcherczyk A. Removal of Chlorophenols and Chlorolignins from Bleaching Effluent by 
Combined Chemical and Biological Treatment // Water Science Technology. 1988. Vol. 20, N1. Pp. 161–170. 

96. Szklarz G., Leonowicz A. Cooperation between fungal laccase and glucose oxidase in the degradation of lignin deriv-
atives // Phytochemistry. 1986. Vol. 25. Pp. 2530–2539. 

97. Patent 6733673 (USA). Method of dewatering sludge using enzymes / J. Sarkar, J. Shah, M. Ramesh. 11.05.2004. 
98. Mehna A., Bajpai P., Bajpai P. Studies on decolorization of effluent from a small pulp mill utilizing agriresidues with 

Trametes versicolor // Enzyme Microbial Technol. 1995. N17. Pp. 18–22. 
99. Zhang X., Stebbing D.W., Soong G., Saddler J.N., Beatson R.P. A combined fungal and enzyme treatment system to 

remove TMP/newsprint mill white water substances // Tappi Journal. 2002. May. p. 26–32. 
100. Demarche P., Junghanns C., Nair R.R., Agathos S.N. Harnessing the power of enzymes for environmental steward-

ship // Biotechnology Advances. 2012. N30. p. 933–953. 
101. ., ., . : . ., 1974. 64 .  
102. ., . . ., 1988. 248 . 
103. ., .  // -

. . . 1995. 7. . 29–32. 
104. . ,  // . 

. . 2009. 6. . 50–55. 
105. . . . ., 

1977. 47 .  
106.  // : -

. . 1987. 3. . 20–21. 
107. ., . . . ., 1978. 59 .  
108. . . 2- ., . . ., 1982. 223 .  
109. ., . . ., 

1985. 112 .  
110. ., ., . -

 //  : . 
. . . 73. , 2007. . 21–26.  

111. Bonilla S., Tran H., Grant D. Allen Enhancing pulp and paper mill biosludge dewaterability using enzymes // Water 
research. 2015. N68. p. 692–700. 

112. ., ., . -
 // . . . 2004. 7. . 64–66.  

113. .  // -
: , , . 2011. 3. . 55–62. 

114. Lund L.R., Lyford K., South C.R., Walsum P.V., Levenson K. Evaluation of paper sludges for amenability to enzy-
matic hydrolysis and conversion to ethanol // Tappi Journal. 2007. Febr. . 50. 

115. Marques S., Alves L., Roseiro J.C., G rio F.M. Conversion of recycled paper sludge to ethanol by SHF and SSF using 
Pichia stipites // Biomass and bioenergy. 2008. N32. p. 400–406. 

116. Prasetyo J., Kato T., Park E.Y. Efficient cellulase-catalyzed saccharification of untreated paper sludge targeting for 
biorefinery // Biomass and bioenergy. 2010. N34. p. 1906–1913. 

117. Prasetyo J., Park E.Y. Waste paper sludge as a potential biomass for bio-ethanol production // Korean J. Chem. Eng. 
2013. N30 (2). p. 253–261. 

118. .  
 : . … . . . , 2009. 118 . 



 … 

 

19

119. .  // -
. 2006. 4. . 42–45. 

120. ., . -
 // . 2000. . 40. . 205–266. 

121. ., .  // The Chemical Journal. 2012. . . 48–53. 
122. Vikman M., Itavaara M, Poutanen K. Measurement of the Biodegradation of Starch-Based Materials by Enzymatic 

Methods and Composting // J. of Environmental Polymer Degradation. 1995. Vol. 3, N1. Pp. 23–29. 
123. Itavaara M., Siika-aho M., Viikari L. Enzymatic Degradation of Cellulose-Based Materials // J. of Environmental 

Polymer Degradation. 1999. Vol. 7, N2. Pp. 67–73. 
124. ., ., . -

 //  : . . . . -
, 2014. . 310–313. 

125. ., ., ., . -
 // . 2014. . 17, 13. 

C. 277–280. 
126. ., ., . -

 //  : . . . . -
, 2014. . 178–180. 

127. ., ., ., ., . -
 //  

 : . . . . , 2014. . 99–103. 
128. ., ., ., ., ., . -

 //  
 : . . . . , 2014. . 329–333. 

129. ., ., .  
 « » //  : . . . -

. , 2014. . 264–267. 
130. , ., ., . -

 // -
. 2009. 2. . 33–40. 

131. ., .  //  
. 2009. 2. C. 5–18. 

132. .  : . . … . . . ., 
2007. 28 . 

133. Alpeeva I.S., Niculescu-Nistor M., Castillo Leon J., Cs regi E., Sakharov I.Yu. Palm tree peroxidase-based biosensor 
with unique characteristics for hydrogen peroxide and glucose monitoring // Proc. 18 Intern. Symp. On 
Bioelectrochemistry and Bioenergetics. 14–19 June 2005. Coimbra. Portugal. P. 123. 

134. ., ., . -
 // . 2012. 12. . 17–21. 

135.  2359036 ( ).  / . -
, . , . , . . 2009.  

 13  2015 . 

 

 

 
 
 
 
  



. , .  

 

20

Bolotova K.S.*, Novozhilov E.V. ENZYMES APPLICATION FOR IMPROVING ECOLOGICAL SAFETY OF PULP 
AND PAPER INDUSTRY  
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e-mail: biotech@narfu.ru 
Review concerning enzymatic technologies for pulp and paper industry is presented in the article. Enzymes as additives 

for technological process provide selective destruction of different components and have positive effect on compositions of 
technological fluids, improving ecological safety of the factory.  

Enzymatic treatment (xylanases, cellulases, laccases, peroxydases) enhances lignin removing and decreases 
delignificating and bleaching agents dosage including chlorine-bleaching agents. Pitch removal with enzymes (lipases, 
laccases) provides destruction of pitch components. As a result removing of extractives destruction products and their biocon-
version are more effective. Enzymatic deinking is alternative for chemical processes based on alkali, hydrogen peroxide, sodi-
um silicate or chelates additives. Cellulases, xylanases, cellulases are recommended for these purposes.  

Microbiological monitoring of technological fluids and prevention of biofilms formation are perspective directions for indus-
trial enzymes application. Enzymatic destruction provides obtaining low-molecular products and increasing bioconversion thereof. 

Based on the complex approach for technology realization (water recycling, quality of waste water treatment) enzymes 
are recommended for pollutants degradation and decreasing of waste water colour in the technological fluids. Enzyme prepara-
tions for waste water sludge utilization as a biofuel, compost and fertilizers are developed as well. 

Enzymatic analytic methods (peroxydase) provide highly-sensitive and selective detection of different substances in 
technological fluids.  

Keywords: enzyme, pulp and paper industry, ecology, microbiological monitoring, biological treatment, wastewater 
sludge, analytic methods.  
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