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) [1]. -
 62–70%. -

 –  12% .  
, -

 – 5% . -
, -

 – 5% . -
 – 40%  40% [1]. 

-
. -

, .  
(13–16),  ( -

 = 2,5–2,9%  – 72–84%) . -
.  

 150  



 ... 95

180 ° , .  –  
 (  = 35–42% .  53–65% )  

;  ( -
 – -

 (7–14%) [2]).  
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. 

 

 ( .)  
 d<1 ) .  

- -
.  

,  
.  

- -
, , 

,  ( -
, , ) .  

 [2, 5–7]. -
,  .  ,  ,   

, .  
, -

,  
, .  24–30% , 



. , . , . , .  96

,  – 19–29%, ,  
 – 14,5–18,6%  – 16–24,5% [2, 5–7].  

 
 [2, 5–7].  

 – , -
, . -

, -
, . . .  
 ( ) -

. .  [6]  
: , . -

. 
, :  

– ; 
– ; 
–   . 

 1–4%,  
 3  12% , ,  

17% . -
.  

.  
, . -

, .  
,  

. , -
 40  60% , -

 80  20% [4, 8].  
. 

, , , .  
.  

: 1) ; 2)  
-

. -
, -

. ,  
, ,  

. 
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 – , ,  
. : , -

, . , , ,  
, -

. , , -
.  

.  -
. 

 ( )  
: ;  

, ;  
) ,  [4]. 

:  
;  

,  (SPORL) -
 ( ) -  

. 
-

, . 

 

.  ( )  
, -

, . -
, ,  [2]. -

:  
 ( ) , ; 

 ( ).  
-

.  –  
-

. 
,  

. ,  
.  

:  (  1,0  2,0 ),  :  
1 : 3,5-5,5; t< 100 ° ,  15–20 . ,  

.  ,  .  
 1,5–2  ( -

 0,47–2,0% ),    
.  

 ( .  18% .)  88,54–91,64%  
 (  9% .)  [9]. 

, -
 ( ).  
:  = 1 : 5–10, t = 60–140 ° ,  = 1–3  [2, 4]. ,  

 t>80 ° .  1 : 10  2  t = 140 ° -
 ( )  

)  88,6  10%  [2]. , -
. -

 :   = 1 : 5–7; t = 96–100 ° ,  = 1  
[2]. : 



. , . , . , .  98

,  (  « ), -340 +N, -340 +,  
-4000 ( ).  

 (  « »).  
, : , , -

, -340 +N, -
, .  (d<1 ) -

 ( )  84,7%  – 92,2%  
 (  1 : 7, t = 80–100 ° ,  1 ).  

-340 +N,  (d<1 )  79,2%;  
 61–63%. -

 Saccharomyces cerevisiae diastaticus -1218, ,  
Trichosporon  cutaneum -

 18% .  ( : . 6,7%, -
 = 1,77%,  250–600 3

2 5 100–200 3)  
 39,8  32,4%  [2]. 

-
. ,  

 
) . 

.  
,  (  45–41 : 54–59% 
).  (44,0%)  (33,6%) [2].  

,  
-

 –  15%. ,  
 40%, -

. ,  
.  TN SH 72-1  

3  [10]. .  
 9–10%.  

 
. 

,   
. -

.  
 

 – . 
,  

. -
:  – 1 : 10,  96–100 °  15 -

 (  – 4,7–5,0,  – 55 ° ,  – 2 )  
,  (  « »,  1 -

 ( )), OPTI-MASH BG,  (10300  U/ ) (Genencor,  
0,05 ),  83,9%  ( , % .: . 
6,44;  = 2,70;  = 3,6) [4, 11]. : , 
OPTI-MASH BG  GC 220, , , -

 (6200 IU/ ) (Genencor,  20 ), Novozymes 188,  (Novozymes,  
5 ),  96,3%  ( -

, % .: . 10,00;  = 3,54;  = 4,94) [4]. 
, , , -

 GC 220, , ,  
OPTI-MASH BG , . 



 ... 99

 ( , ,  
) , -

 ( ),  120–160  
.  15–25%.  ,   

,  ,   
. .  

, -
. :  

1)  « 2» (Laminex BG2) 
 ( ),  (  

; ),  50 ° ,  5,0  30  (  
 15,0 );  

2)  «  4 » (Amylex4T)  ( ), -
 86 ° ,  5,7,  1  (  25,6 );  

3)  59 °  4,8 
 1  (  45,0 );  

4)  « » (Diazym SSF)  ( ), -
,  59 ° ,  4,3  1  (  

71,0 ).  
 – -

.  Saccharomyces 
cerevisiae  Y-3585, .  

 – 49–60%,  38%  
 [12]. .  

 
. 15–25%. 

 
.  

. ,  
.  

,  9%. 
 

,  1 : 1 -
.  

: 60–100 °  4,0–5,5  1 , .  1  8%.  
 700–800 3. -

 Candida retilis -651, .  
 43,44–44,0% ( +5% ); 43,9–46,0% ( +5% 

); 46,0–46,8% ( +5% ). -
 [13]. -

.  
-

 (  43,9–46,0%)  
 (  49–60%) . -

, , -
.  

, -
: , -

,  
; , .  

-
:  



. , . , . , .  100 

– ;  
–  

: . 15%, t = 86–100 ° ,  
 1  (  340 * -4000 ( , 

)   4  ( , )), ,  
;  

–  t = 55 ° ; - 
–  (  4,7–5,0,  55 ° , -

 2 ) :  (  « ), GC 220, -
  , ,  (Genencor International), 

Novozymes 188,  (  Novozymes, ).  
-

, . 
-

. 
 (  d<1 ,  1 : 7,  

 120 °  60 ) -
 ( ). : 

:  (  « »,  5 ),  OPTI-MASH BG (  0,3 ), 
:  5,5–4,5;  50±2 ° ;  1 ); -
 GC-220 (  20 ) -3 (  « »,  10 ,  

350 ,  5000±500  300 )  Novozymes 188 (  
5 ) (  24 ) [4, 8].  

 
 ( .)  70% ( , :  = 43,8;  = 63,6;  
:  – 30,0;  – 6,7;  – 2,3;  – 0,8) [4, 8]. -

-
, . -

-
. . 

 100 °  230 °  
5  2,5 .  t>230 °  [14–16]. , -

 121 ° ,  2,0  0,25  
, ,  

. -
, .  

. -
 [15].  

 (t = 180  200 °C  30  10 )  
,  

(85%) [16]. 
 (t = 200–230 °C) ,  – -

, .  
 33  84%  17% [17]. 

 - . -
 180  230 °  2,0  0,5–15  

. , -
, .  t>230 ° -

 [2,  14,  17,  18].  ,   
. , -

.  
 68–85% [2]. -



 ... 101 

 
.   
,  -

: 
–  –  ( :  t < 100 °  

 15–20 )  ( )  
, -

; 
– -

:  t = 86–100 °  
1 , ; 

– - -
:  t = 180–230 °  0,25–15 , -

 
, . 

 
.  

. ,   
, ,  

 [2, 8, 9, 18–27]. -
:  

, , -
, , ,  

.  
 « »,  « » .  

,  « »  
.  « » , -

 [20, 21]. 
 « »  « » ,  

 (1–10%) .  
: ; -

;  
 «  – ».  « » , , -

.  « » -
,  

 9,87%. .  
. -

 6%  (11%) -
. ,  

. -
 «  – »  1% [22]. 

-
, .   

: -
,  (  

), -
 [22–27]. 

,  « »  
 (d = 5–12,5 )  4  1  

 5 .  
» .  7–10  18% -

. , , 



. , . , . , .  102 

.  (7–18%) -
; ,  

 [23]. 
 « »  « »  

.  
. 

 (« »)  
, . -

 (0–14% .) -
 (t = 135–180 ° ).  100 .  

 12–14%  t = 165–180 °  [24].  
 « »  

 (0,4–4,0 )  (  5,0; -
 1,1;  SPORL  4,2  1,9).  (8–

10 )  1,1  1,9  2,5–4,0 
 (56–80 )  0,4  [25]. 

,  
, -

 [3, 23, 26].  
. -

:  
–  2%  (  

20 : 1, t = 140 °  30 ) -
 15 ;  

–  Accellerase 1500 (Danisco US Inc., Rochester, NY, USA), -
: , ,   ( . 

5%,  1 ., t = 50 °C  72 ).  
 1,2%  4  -

 ( 11 ) ,  2  1  (8 ) [23].  
 3,2  6,5 -

 [23].  
. , 

 d = 0,03–0,08  –  18  d = 0,59–0,85  – 10  [23]. 
 

. . -
,  

 [26].  
, -

, .  [27]. 
-

, , , , 
, . ,  

.  
,  

,  ( , ) [3, 24–27].  
, ,  

 
-

.  
,  

, . -
, , -



 ... 103 

 
, ).  

- .  
 

: ;  
; ; . 

. -
-

.  
: , , , , 

 [3]. , -
 SEW (  SO2 15%,  50%; t = 135 ° , 

 = 40 ,  6,  54,3%,  3,1%) [28]  
 1,10-  0,5% (t = 160 ° ,  = 115 ,  10,  58,5%;  

 10,9) [29].  
:  Acetcell (  –  –  35 : 35 : 30; 

t = 185 ° , P = 1,85–1,96 .  = 160-185 ,  4,  45-49%) [30];  SEW (  
SO2 12%,  50%; t = 170 ° ,  = 70 ,  6–7,  51,2%,  30,  

 3,1%) [28]; Organosell c  (NaOH 17–22%,  25–40% ; t = 155-170 ° ,  = 60–
120 ,  4,2;  56–58%,  20–30) [31, 32]; -

 (  NaOH 70-90  Na2O, ; t = 156 ° ,  = 180 ,  4,  48,6%, 
 25–30) [33]; ASAM (Na2O 19,4%,  0,1%, Na2SO4/NaOH 80/20,  20% .; 

t = 180 ° ,  = 110+160 ,  3–5,  22,1) [34, 35]. 
,  SEW. 

, , -
. 

 SEW-  « -
» . -

 
Organosell  ASAM. , -

-
 [3, 36, 37].  «formicobio» (  Chempolis, 

)  SO2  
,  

.  
 

,  -
 ( ) -

. , -
, . , -

 
.  

. -
. 
 
 

.  
.  

 [37]:  
1) : , 40–80 .% , -
, ;  (  55–75%,  0,9–1,44%;  

1 : 7–13,5) ,  t = 170-198°C  15–77 ;  
2)  –  70% ; 
3) ; 



. , . , . , .  104 

4, 5) ;  
6) ; 
7) ;  
8)  

 35% . ; 
9)  18%; 
10)  (2–15% ,  

 2 : 1  5  40 FPU/ -
;  24  72 , t = 45–50 ° ,  4,8; n = 150 );  

11)  
.  

 [37],  (  Celluclast  Novozim 188), 
 ( , , -

), . -
:  1 : 1 -

 2,0–3,4; t = 185–198 °C,  30–60 ,  7–10 : 1; -
 70% .  3  

 6,4, 18,4  9,2%. : -
 2%,  20 FPU/ . , -

 90%  24  48 -
.  40 FPU/  90–

100% . , ,  
.  6,4; 9,2; 18,4  28,4%  12, 36 

 48 .    10%  
,  72%  

 20,  40 FPU/  48 .  
 Saccharomyces cerevisiae . -

 ( -
 40 FPU/ ,  = 8 )  90% -

 8  90%  (  0,51  /  
). -

 24  84%  (  0,57 ) [3, 
37].  76% . 

,  
,  (  20  90%, -

 24  76% ) [3]. 
, -

 ( 2SO4 0,9–1,1%;  55–75%, t = 170–180 °C,  
50–77  7 : 1)  37,7–40,8%  9–
11%;  66  75%.  

 –  90%.  2% -
 (Celluclast)  (Novozim 188) (  1 : 2,  

10–20 FPU/ )  
 80  98%  –  24  72 ;  10%  

 20-40 FPU/    70%  36 
 48  .   Saccharomyces cerevisiae  

0,46  90% .  
. 

, 
  -

, 
. 

 18,4%  48  
 20FPU/  90%.  
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-
: -

; ;  
.  

. -
, 

.   
 [2, 3, 38–50].  

.  
. -

,  [2]. 
-

.  (  500–
2000 )  (  800°),  

.  
, , . -

 SO2.  
 (  10  10 ) , , 

. . -
, .  

 1 4- , -
, , -

 10–25% .  
. -

 [38]. 
, -

 SO2  
,  [38–50]: 

1) ,  SO2 , :  
, -

; ; -
 

;  
2)  1% -

; 
3) -

- ; 
4)  

; 
5) ; 
6) ; 
7) , -

; 
8)  Sacharomyces cerevisiae -

; 
9) -

 [2]. 
 

.  
 190  226 °C  SO2 1,6–3,0% 2SO4 0,25–0,6%. -

-
: 2SO4 – 0,58%,  = 1,33 , t = 200 ° ,  

,  – 84,7%  [3, 39]. 



. , . , . , .  106 

 
 182  290 °C  0,5  4,5%  0,55–20  [41]. -

:  
2SO4 – 0,5–0,65%,  = 1,67 , t = 215 ° ,  – 79%  [3, 42, 43, 47].  

 SO2 .  
,  

:  SO2 – 4,0–4,5%, t = 195–200 ° ,  4,0–4,5 , , 
 96% . [45, 48].  

 (>100% )  (90%)  
 Douglas-fir  SO2 -

 SO2 4,5%, t = 195 °C,  4,5 )  ( -
 8%)  (  11,5; 1% 2 2; t = 85 ° ,  45 ). 

 
,  

.  t = 25 °  
46%.  0,4%  NaOH  1% 2 2 ( 11,5)  t = 25 ° -

 12  16%.  
  t = 80 °  0,75  – 8%.  

 [43], ,  
. ,  72%  

 21% .  
 38%  (  22%)  44%  

,  82% . -
 21%  (  6%  

)  40% .  81% .  
: -

, .  3%  
. , ,  65% -

.   27% .   
 92% , 8% – . 

, ,  (t = 25 ° )  >100% 
 (38% )  3% . -

 21%  (6% )  65% -
.  

 8% (  
elluclast 10–84 FPU/g  Novozyme188  346–

480 U/ ,  FPU/ U 1–2 : 1–1,75, t = 45°C, 48 )  95% 
.  54,3 .  0,46  

 90%  48 . 
 16%  

 85–90%  24–48 .  46% -
   42%  

 48–96  [43]. 
 c SO2  (t = 210 °C, 5,5 , 3,6% SO2)  

 (  1: 190 °C, 2 ,  3% SO2;  2: 210–220 °C, 5 , 3% SO2)  
 52  95% . -

 66  80% .  
 (215 °C, 1,7 , 0,65% H2SO4) 

:  (  1: 180 °C, 4 ,  2,66% H2SO4;  2: 210 ° , 1,5 , 2,5% H2SO4)  
 84  82% .  

 75  82%  [41]. 



 

 SO2   

,   , %    

 t, °  SO2, 
% 

, 
  

 

 

 
 
, 

% 

 .  

-
, %  

-
. 

, % 
 

  
, %  
 

1 2 3 4 5 6 7 9 10 11 12 13 14 15 
 

 187 2,0 2,0  70 77   – – – – 44 
 192 2,6 2,0  100 89   – – P. stipitis R, 

372 
0,372  

. 
44 

 200 2,5 5,0  – 79 – – 59 40 – – 50 
Pinus Radi-

ata 
215 2,55 3,0  – 88 – 82 – 57 – – 47 

 210 3,6 5,5  – 52 – – 66 – – – 41** 
 215 3,0 5,0  – 77 –– – 67 47,6  – 50 

  195 3,91 2,38  59 >90 – – – –  64% 48 
  175 4,5 7,5  80 87 – – – – – – 48 
 195 4,5 4,5  75 100 – 73 – – S. cere-

visiae. 
86%; 0,44  48 

Douglas-fir, 
 30% 

195 4,5 4,5 , 
25 °  

82 127, 
–75 

elluclast 20 
FPU / -

, 
Novozyme188, 

48 , 45 °C, 
 46% 

63 82 40,2 
10 FPU/g 

– – 43 

Douglas-fir 195 4,5 4,5 1% H2O2, 

 11,5, 
25 ° , 
12  

82 127, 
–75 

– 

elluclast 20 
FPU/  Novo-
zymes188 48 , 
45 °C,  

16% 

90 
 

– – – – 43 

Douglas-fir 195 4,5 4,5 1% H2O2, 
 11,5, 

80 ° ,  
0,75  

82 127,  
–75 

elluclast 20 
FPU/  Novo-

zyme188 48 
,45 °C, 

 8% 

95 
 

82 56,4 
10 FPU/g 

S. cere-
visiae, -

 2%, 48 
 

90% 
0,46  

[42] 

43 
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1 2 3 4 5 6 7 9 10 11 12 13 14 15 
  
-

 

200 4,0 5,0  75 96 2% , 
 Spezyme, 

Novozymes188
, 20 FPU/   

84 – – S.cerevisiae, 
30 ° , 48  

72–73% 
77% SSF 

45 

  
-

 

215 4,5 5,0  78 86 2% , 
 Spezyme, 

Novozymes188
, 20 FPU/   

96 – – S.cerevisiae, 
30 ° , 48  

72–73% 45,46 

 
 205 0,7 3,0  57  – – – 68 45,0 – – 27 
 210 1,6 2,0 2- -

 
–  – 95, 

 – 79,8 
 

 
Trichoderma 

harzianum E58, 
100 J.U./ , 

30 °C, 3–5 . 

– – – Klebsiella 
pneumoniae, 
3–4 , 

5%  

2,3-
 

 
42% 

39** 

 190 3,0 5,0 -
–

 

57 96 Spezyme, GC–
220  

Multifect, Xy-
lanase –

, 
15 FPU/    

– 83 53,2 .* S. cere-
visiae 424A 
(LNH–ST), 
28 °C, 48  

86,2% 
0,46  

27,40 

*  88%  0,444–0,487  150–180 . [2], 
** , . – . 
 

108 
 

 
 

 
.

. 
, 

.
. 

, 
.

. 
, 

.
. 
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. -
-

. -
, -11 « » ( -

 550 3) [51].  SO2 (  SO2 – 
6%, 190 °C,  5 ) -

 81% .  Sacharomyces cere-
visiae  90–96%  [52, 53]. 

,  
 SO2  H2SO4  

:  
–  SO2 – 4,0–4,5%, t = 195–200 ° ,  = 4,0–4,5 -

, -
 80%  96% . -

 – 1,6% SO2, t = 210 °C,  = 2 ;  0,58% 2SO4, t = 210 °C,  = 1,3 , -
 79,8  84,7% ; 

 2%  -
: elluclast  10–84 FPU/g  Novozyme 

188  346–480 U/  (  20 FPU/ ,  FPU/ U 
1-2 : 1-1,75  48 )  

 63  90% ,  8  16% -
 95  90% ; 

 
 82% ; 

 Sa charomyces cerevisiae  
 72  90% .  

 
,   

.  
,  

,  
.  

: -
 18  25%, .   

 90% : 
–  [5];  
– . 

 [2, 20, 54]. -
, , , . -

, -
,  [2]. -

, ,  
.   

. -
.  

, .  
, .  

. . -
 [54, 55]. 

, -
 [56, 57],  – -

,  26% [57].  



. , . , . , .  110 

, -
 [3, 58].  

 (d = 1–120 ) 
 ( , ), -

 ( . – 5–10%;  12–13, t = 90 ° ,  = 2 ,  = 0,35–
0,59%).  4 ,  [12, 20]. -

.  = 8% -
. . 

, -
 

 Saccharomyces cerevisiae  Trichosporon mycotoxininorans.   
 (  42,1%), ,  ( -

 88,5%)  2,3; 2,6; 3,6% ( . 3,95; 5,6; 4,9)  (% .): 35–
40; 45–50; 48–54  [20].  

 
: -

 (  35–40%)   
 (  39,8% [2]), .    2,3%  

. ,  
,  = 1,77%.  

-
, . : -

 (  48–54%)  
 (  5% ,  46,0–46,8% [13]) 

.   
. 

, -
 

.  
. , -

: 1,5% ,  144 , t = 20 ° .  60% -
 80%  [55, 57, 59].  

  
: 

1)  ,  ,   
: ; ;  

; ; ; -
; 

2) ; 
3) ; 
4) ; 
5)  

; 
6)  Sacharomyces cerevisiae, -

, . 
 [60].  

 (15% NaOH,  = 180 , t = 110 ° ;)  84%,  
.  90  100%  20  40 . -

 /  48  [59].  
-

 (t = 120–170 ° ,  0,5–
5%). ,  5%. 



 ... 111 

  Trichoderma viride  Aspergillius foetidus 
 1 ./ ,  2 ./  0,6 ./  t = 46 °C c -

 0,05 ,  48 ,  20) -
: t = 170 °C  1,4%. -

 64%  (  – 63,6%)  41%  (65,8%) [61]. 
 

[3, 39, 40, 42, 43].  
:  SO2 (SO2 3,0%, t = 190 °C, 5 , . 15%), -

 Sunds (H2SO4 2,0% ., t = 190 °C; 1,1 ;  
. 15%),  (Lime:  20,0%, t = 160 °C, 5 , . 

39%, );  (AFEX) [40].  
 

: Spezyme CP  59 FPU/ , GC-220  89 FPU/  
 Multifect Xylanase  41 ,  85  (  

 2,0 : 1,  15 FPU/ ) -
 95,9, 82,8, 91,3, 52,8% . -

 Sac haromyces cerevisiae 424A(LNH-ST) (t = 28,5 °C,  48 ), 
.  (  

 – 0,51) : 86,2% 
 25,9 ; 81,4%  26,4 ; 100%  39,9 ; 88,6%  35,5  [40].  

, -
:  SO2 -

 (Lime);  
. ,  (Lime)  

. 
, -

 [3, 39, 42, 43]. -
: 1 –  ( -

 18,7%); 2 –  (18,4%); 3 –  
 (17,1%); 4 –  SO2 c -

 (14,8%); 5 –  SO2 c -
 1%  (  11,5; t = 80 °C,  45 )  3  (8%). 

-
.  48  

 90% ,  4 – 70%,  5 – 95%. -
-

 [3, 37].  [37],    5 -
 [42, 43] .  

, ,  
 90% : -
 (Lime) (91,3);  SO2 (95,9%).  

 100  86,2% .  90% 
:  

 18,4% (90%);  SO2 c -
 1%  8% (  95%)  16% 

(90%).  
 90%. 

. -
: 

 (SPORL) . -
 

 [2].  
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 (SPORL) [3, 25, 58, 62–64].  
(SPORL)  [25, 63]:  

1)   ,  1–4%  
 ( , .)  6–9% –  (t = 160–190 °C, 

 2–3,  10–30 ,  1,5–3;  1,84–3,7%);  
2)  

 1  (  
26–39% . .,  25,6–38% . ) [62, 63]; 

3) ; 
4) ;  
5) ; 
6)  

 Saccharomyces cerevisiae YRH400 . 
 

 [25]. -
 81–93 .% . -

 18–28,3%  [3, 25].  
 ( :  

 7,5  14,6–15 FPU/ ,  22,5 CBU/ )  
 90%  24  100%  48 .  – 38  40% . -

. , -
 SPORL  1,9 -

 1,1.  Saccharomyces cere-
visiae YRH400 (35 °C and pH 5,5), ,  ( ellulase (CTec2) 9 FPU  
0,06 )  8–10% -

 0,33–0,40  48 ,  243–287 .  40–45,9  
[3, 64].  18% -

 45–55  100–120  [25].  
 90%  48 -

 0,35–0,42 ,  238–270 . [25, 58].  
,  .   

,  
 [3].  

 SPORL:  
–  1,5–3,0  

 18%  55  
,  

;  
– ;  
–  

,  90%  
 30%;  

–  
; 

–  Sac haromyces cerevisiae YRH400  
 1,5 . -

 [3, 25]. 
 SPORL:  

,  
, . 

.  
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. : 
, . -

 ( )  (  
t = 135–180 °C  5  15 ),  

. -
. -

. , . .  [24]. -
.  

 ( ) .  
.  [24, 65].  

,  25–30% . -
 8–12% .  t = 165–180 °C,  12–17% .  1–4% .  

t = 150 °C.  [3, 24, 65].  
, -

.  –  
.  – -

, . , -
, – , -

. 
-

 SPORL (  8%, 
2SO4 3,68%;  1,9–3;  1,5–3; t = 160–190 °C, 10–30 )  

. 

 

 ( , -
) :  ;  -

 ( ) : .  15%; 
t = 86–100 ° ,  1 -

,  (  340 * -4000  4 ).  
-

: , GC 220, -
  , , ,  Novozymes 188, -

. 
-

, -
.  

. 
,  2%  

 20–25 FPU/ elluclast 20 FPU/  
Novozyme188  Spezyme CP, GC-220 (15 FPU/g), Multifect Xylanase  

 90%  
:  

–  H2SO4 0,1–1,1%,  55–75%,  7, t = 170–180 °C, 55–77 ; 
–  SO2 4,5%, t = 195 °C, 4,5 -
; 
– SPORL  8%, 2SO4 3,68%;  1,9–3;  1,5–3; t = 160–190 °C, 10–30 ; 
–  15% NaOH, t = 110 °C, 3 ;  
–  ( ) (Lime:  20,0%, t = 160 °C, 5 , -

. 39%).  
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,  [3, 19], 
 16–

18%,  –  30%. 
-

 [3]. 
:  

,  SPORL [50].  SPORL -
 

. ,  1 , -
.  SPORL [50].  

: -
,  ( ) -

 SPORL . 
-

 10–18% . 
. 
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Sushkova V.I.1*, Ustyjaninova L.V.2, Berezina O.V.1, Yarotsky S.V.1 METHODS OF PREPARING PLANT RAW MA-
TERIAL FOR BIOCONVERSION IN FEED PRODUCTS AND ETHANOL 

1State Scientific-Research Institute of Industrial Microorganisms Genetics and Breeding, 1st Dorozhny proezd, 1, Mos-
cow, 117545 (Russia), e-mail: sushkovaval@mail.ru 
2Vyatka State University, ul. Moscowskaya, 36, Kirov, 610000 (Russia) 
An analysis of literature data the following preprocessing methods starch, pentosane- and cellulosic feedstock for en-

zymatic hydrolysis  polysaccharides: hydrothermal, organosolvent obtaining technical cellulose, organosolvent with sulfuric 
acid, acid-catalyzed steam explosion, alkali, bisulfite (SPORL) and acid-catalyzed using a disk mill is presented.  

Recommendations about improvement of technological schemes of obtaining fodder protein products of bran together 
with other grain waste are provided.  Technological scheme should include additional process fine grinding of bran and grain 
waste and hydro-thermodynamic treatment (HTDO) at the next technological mode: a.d.s  15%; t = 86–100 °C; processing 
time  1 h; using a thermostable -amylase (Zymajunt-340 * or Amylase HT-4000 or Amileks 4T). The effectiveness of a 
subsequent enzymatic hydrolysis of partially decomposed starch and non-starch polysaccharides of starchy raw material is en-
sured by the enzymatic complex including Glucoamylase, GC 220, containing cellulase, cellobiase, xylanase and -glucanase 
activities, and Novozymes 188, containing cellobiase. 

The most effective methods for preprocessing of pentosan - and cellulosic feedstock to enzymatic hydrolysis of cellu-
lose in a 2% suspension of lignocellulosic residue are allow obtained an overall yield of sugars and ethanol at least 90% of the 
theoretical. The following preprocessing methods are considered to be as the most promising: organosolvent with H2SO4 and 
steam explosion with SO2 and the subsequent washing of the extruded biomass with water and oxidation-alkaline solution and 
mechanochemical: bisulfite (SPORL) and acid catalysis units with installation of hot grinding (IHG). It is established, that in 
the first two methods allowed the lignin content in the lignocellulose is to 16-18%, and the third up to 30%. Acid-catalyzed 
hydrolysis method with elements of SPORL technology with the use of installation hot grinding (IHG) is recommended for 
laboratory and experimental-industrial tests in the hydrolysis industry. 

Cellulose from lignocellulosic residue is efficiently hydrolysed by elluclast (20 FPU/g glucan), and Novozyme 188 ( -
glucosidase : cellulase 1,75–2,0 : 1) or Spezyme CP, GC-220 (15 FPU/g glucan), Multifect Xylanase ( -glucosidase:cellulase 2,0 : 1). 

Keywords: starchy raw materials, grain waste, pentosane- and cellulosic feedstock, polysaccharides, hemicelluloses, 
hemicelluloses hydrolysate, lignocellulosic residue, enzymatic hydrolysis, an enzyme; amylase, cellulase, silananda activity; 
the degree of conversion, product yield, crude protein, stage of the technological scheme, material balance. 
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