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Abstract : Enzymatic hydrolysisof alarge number
of not-treated and pretreated biomass samplesof vari-
ousorigins containing different amounts of cellulose,
hemicellulosesandlignin hasbeen studied. Todisclose
theeffect of individua polymeric componentsonyield
of glucose, acorrelation anaysiswas performed and
sguared correl ation coefficients (R?) were cal cul ated.
Thisanayssshowed that hemicelluloseshaveanegli-
gibleimpact on enzymatic digestion of thecellulosic
component. Content of lignin affected negatively on
enzymatic cleavageof cdlulose, and namdy aninversaly
proportiond regression between content of lignininthe
samplesand yidd of glucosewasobserved (R?=0.68).
Conversdly, increased cellulose content inthe biomass
affectspositively on enzymatic digestion and glucose
output (R? = 0.90). The best correlation (R? = 0.98)

INTRODUCTION

Current industrial technologies of biofuelsand
bi ochemical s are based on the hydrolysisof carbo-
hydratesto monosaccharides, mainly to glucose, with
the subsequent biological or chemical transformation
of the monosaccharides into bioproductsiy. At
present, the main sources of carbohydratesarejuices
of sugarcane and sugar beet, aswell as starches of
corn, wheat, potatoes and some others agricultural
plants. In Brazil about 100 percents of the bioethanol

wasfound for the dependence of glucoseyield (Y) on
difference between contentsof celluloseandlignin (X)
intheinvestigated biomass samples. Thus, increasing
the content of cellul ose and decreasing the content of
ligninin the samples promotes enzymatic cleavage of
the cellulosic component. The discovered correlation
Y=F(X) is a basis of choice the best pretreatment
method. In particular, the mild alkaline pretreatment
supplemented with bleaching can beaquite efficient
method sinceit providesobtaining theddignified biom-
assenriched with cellulosethat showsan excellent en-
zymdicdigestibility. © Global Scientificlnc.

K eywor ds: Biomass; Chemical composition; En-
zymatic hydrolysis; Yield of glucose; Correlation
analysis.

are produced from juice of sugar cane. In USA ap-
proximately 85 percents of thetotal ethanol produc-
tion relieson the corn grains. Since carbohydrates
arerequired by thefood industry, their usefor pro-
duction of biofuelsor biochemicalsislimited. More-
over, further expansion of the production to higher
volumes of the bioproducts can cause a shortage of
land areas, soil exhaustion, lack of food and feed
productsand raisetheir prices. Federa office of Ger-
many for the environment said that intheworld is
not enough agricultural land for cultivation specially
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the energy crops.

Alternative way to obtain biofuelsand valuable
bi ochemi cal swithout competing with food and feed
industry isthe use of non-edible biomass as afeed-
stock. Thishiomasstypeinvolvesresiduesof agricul-
tura plants(e.g. stalks, husks, cobs, etc.), forest resi-
dues (e.g. sawdust, twigs, shrubs, etc.), waste of
wood, textile, pulp, paper and cities, aswell assome
plant species(e.g. Miscanthus, Switchgrass, Bermuda
grass, etc.). Agriculture, forestry, pulp and paper in-
dustry, aswell ascities create vast amounts of ligno-
cellulosic residues. Moreover, huge amounts of algae
are not utilized yet and can be used as appropriate
feedstock for productions energy or chemicals. The
not-edible plant raw materia sare attributed to abun-
dant, renewabl e and inexpensive biomasstypes. The
total amount of such biomassthat accumul ates annu-
alyintheworldisestimatedin 10 billiontonsat least.
Only in USA annual accumulation of thelignocellu-
losic biomassisof around 1 billion tong?.

Any plant materia comprisesthreemain polymeric
components—cellulose, hemicelluloses and lignin. Natu-
ral lignocellulosic biomass can contain 25 to 50% cel-
lulose, 20 to 40% hemicelluloses, and 10t0 35% lig-
nin®el,

Cédluloseisalinear, stereo-regular semi-crystal-
line polysaccharide that is built of repeated D-
glucopyranosyl units linked by 1, 4-B-glycosidic
bondg”8. The cellulose chains form thin and long
nanofibrilsconsisting of satisticaly dternated crystal -
litesand non-crystdlineamorphousdomains. Thecrys-
talitesare stable congtituents, whereasthe amorphous
domainsareweak pointsof thecellulosestructure. As
known, thehigh crystdlinity of celluloseisamainfac-
tor limiting complete enzymatic cleavage of thispoly-
mer. However, only afew cellulose samplessuch as
cotton cellulose, microcrystalline celluloseand some
others, haveahigh crystalinity degree(70-80 %). The
crystallinity degreeof natura celluloseinthe non-ed-
ible biomass of agricultural and herbaceous plants,
energy crops, forest residuesand othersisreativelow
(50-55%) and isnot an obstacleto enzymatic degra-
dation™. In plant cell walls, the cellulosic nancfibrils
areglued by hemicdlulosesintofibrillar bundlesthat
are surrounded by lignin layerg*8.,

Hemicelluloses are hydrophilic amorphous
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heteropolymers. Themacromol ecules of hemicellulo-

sesconsist of acetylated links of pentosesor hexoses.

Inadditionto physical bonding of cellulose, hemicelu-

losesd so formester bondswith lignin. Thus, inthecell

wallsof plant fibers, hemicellul osesfulfill afunction of
intermedi ate binder between hydrophilic cellulosefibrils
and hydrophobicligninlayergs8.

Ligninisarigid aromatic, anorphousand hydro-
phobic polymer stableto somechemica reagentsand
cdlulolyticenzymes®él. Ligninisacomplex polymer of
phenylpropane units, which are cross-linked to each
other withavariety of different chemica bonds. Inthe
plant cell walls, lignin layers surrounding hydrophilic
hemicelluloses and cellulosefibrilsprotect them from
theenzymatic attack5%4,

Thecommon technol ogy for obtaining bioproducts
from non-edible biomassinvolvesthree main steps:

1. Pretrestment of theinitial biomass,

2. Enzymatic hydrolysisof the pretreated biomassin
order to convert the cellulosic component into glu-
COSe;

3. Transformation of glucoseintofina bioproducts.

Asknown, initid biomassesarehighly recalcitrant
to enzymatic hydrolysis. Therefore, somekind of pre-
treatment isusually applied to makethecellulosic com-
ponent more accessibleto enzymes®842, Various pre-
treatment methods have been proposed, including
steam explosion, acidictreatment, alkaline extraction,
ammoniatreatment, oxidation and some others. Pre-
treatment methods and conditionsdeterminethe struc-
ture, chemica composition and hydrolysis degree of
pretreated biomass samples. Theeffective pretreatment
should beinexpensveand must providean obtaining of
theaccessibleand cdllulose-rich biomasswith high en-
zymdicdigedihility.

It isbelieved that the main reason for thelow ac-
cessbility of celluloseininitial biomassisthe presence
of increased amountsof non-cellulos c components, lig-
ninand hemicd luloses®34, Asknown, intheplant cell
wadlsligninlayersformaphysica barrier tocdlulolytic
enzymesthat hindershydrolysisof cdlulose. Non-pro-
ductive adsorption of cdlulolyticenzymesbyligninis
a so regarded as animportant factor preventing access
of theenzymesto cellulose™. Furthermore, denatur-
ation and i nactivation of thebound enzymesonthelig-
nin surfacewasobserved a the hydrolysisconditiong™®.
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Removal of ligninfrom plant materia sbreaksthe bar-
rier layersand reducesthe non-productive absorption
of theenzymes, thusimprovesenzymetic hydrolysis of
the cellul ose congtituent(®417,

Severd studieshave discussed theimpact of hemi-
cdlulosesonenzymatic hydrolysisof celluloseinbiom-
ass sampl es. It has been shown that enzymatic diges-
tion of cellulose can be significantly improved after re-
moval of hemicelluloses, thereby suggesting that a so
hemicelluloses form a barrier to cellulolytic en-
zymes418, Moreover, acetyl groups of natural hemi-
cdlulosescaninhibit theenzymes®. However, other
studiesdon’t support a negative effect of hemicellulo-
seson enzymatic hydrolysisof the cellulosic compo-
nent2°21, Simultaneouslignindteration or remova dur-
ing variouspretreatments can confound theroleof hemi-
cdluloses. In particular, the extraction of hemicellulo-
sesunder alkaline pretreatments of biomassisaccom-
panied alwaysby theremoval of lignin, thereby indi-
rectly improvestheenzymatic hydrolyss.

Theeffect of the most important component - cel-
lulose, onenzymatic hydrolysishasbeen studied insuf-
ficiently, thoughitisknown that increasing the content
of cellulosein the pretreated biomassis probably the
main factor that may increasetheyield of glucosd®.

Thus, despiteabundant investigationsaroleof each
polymeric component of the plant biomassinenzymetic
hydrolysisisnot enough clear. To clarify the problem,

inthispaper aquantitative correlation andys swascar-
ried out in order to find the best concordance between
the content of cellulose, hemicellulosesandlignin, on
the one hand, and the yield of glucose produced by
enzymatic hydrolysis of variousbiomasssamples, on
theother hand.

EXPERIMENTAL

Materials

Theseven plant materiad s— poplar, bagasse of sugar
cane, switchgrass, corn stover, corn cobs, wheat and
rice straw, were used asinitial biomass samples. The
initial samples were cut, knife-milled and screened
through asieveto obtain thefraction of 2-3 mm.

Pretreatments

Theinitid plant materid swere pretreated inoneor
two steps by different methods at various conditions
(TABLE 1, 2).

The pretreated biomass samples werewashed up
to neutral pH and squeezed on vacuum glassilter up
to afinal solids content of 20-30 wt.%. As aresult,
about fifty various sampleswere prepared.

Chemical analysis

Thechemical composition of initial and pretreat-
ment biomass sampl eswas determined by conventiona
methods of chemical analysig*®?2. The content of

TABLE 1: Methodsand conditionsfor one-step pretreatment of initial plant materials

Method Reagent L SR* Temperature, °C Time, min
Steam explosion (SE) 1% H,S0, 5 165 5
Acidic treatment (AC) 3% H,SO, 10 100 60
Alkaline extraction (AL) 2% NaOH 10 100 60
Non-selective oxidation (NSO) 10% NaClO 10 25 60
Selective oxidation (SO) 1% NaClO, 20 100 90
Note: LSR isliquid to solid ratio
TABLE 2: M ethodsand conditionsfor two-stepspretreatment of initial plant materials
Method Steps Reagent LSR Temperature, °C Time, min
AH (2). Alkaline 2% NaOH 10 100 30
(2). Hypochlorite 6% NaClO 10 25 30
AB (2). Alkaline 2% NaOH 10 100 30
2). Bleachin 1% NaClO, 10 100 30
g
(2). Nitric acid 5% HNO; 5 110 30
NA
(2). Alkaline 1% NaOH 10 100 30
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hol ocellulose was measured after compl ete selective
ddignification of thebiomasswith sodium chlorite. The
obtai ned hol ocellul ose samplewas hydrolyzed with
boiling 1.5% hydrochloric acid for 2 h. The content of
cdlulosewascd culated fromthedry residueremained
after hydrolysisof the holocedl lulose, whilethe content
of hemicelluloseswas measured from weight lossof the
hydrolyzed hol ocellulose sample. Content of lignin
Klason was analyzed according to TAPPI standard
T222. Three of the same samplesweretested to cal cu-
late an averagevaueand standard deviation. Thestan-
dard deviation (SD) at determination of the percentage
of componentswas=+ 1 %.

Thepercentagedf lignininhighly delignified samples
was evaluated by Kappa number (K) in accordance
with TAPPI standard T236.

L (%)=0.13K ()
Inthiscase, SD at determination of thelignin con-
tentwas+ 0.3 %.

Enzymatichydrolysis

Thebiomasssampleswerehydrolyzed with amix-
tureof commercid cdlulolyticenzyme GC-220 (DuPont
Ind. Biosciences, Wilmington, DE, USA) and —glu-
cosidase Novozyme-188 (NovozymesA/S, Bagsvaerd,
Denmark). Theloading of GC-220 was 15 FPU (or
12.5mg) per 1 g of solid sampleand of f—glucosidase
was 7 CBU per 1 g of solid sample. Enzymatic hy-
drolysis of the samples was carried out in 50-mL
polypropylenetubes. Thesamplescontaining 1 g of the
solid matter and 10 ml of 50 mM acetate buffer
(pH=4.8) were put into thetubes, and then the enzyme
cocktail wasadded. Further, an additiona volume of
the buffer was supplemented to achievefina concen-
tration of thebiomasssample 50 g/L.. Thetubesclosed
with coverswere placed in ashaker incubator at 50°C
and shakenat 150 rpmfor 24 h. Findly, thetubeswere
centrifuged in order to separate the sugar solution (hy-
drolyzate) fromtheresidual biomass.

Concentration of the glucose (Cg, g/L) and other
sugarsin the hydrolyzate was determined by the by
HPL C-gpparatusof Agilent Technologies 1200 Infinity
Series. TheAminesHPX-87H columnwasused. Main
conditions of the analysis were: temperature 55°C;
mobile phase 0.005 M sulfuric acid; flow rate 0.6 ml/
min. Thesampleof hydrolyzatewas preliminary filtered

through 0.45 um Nylon filter and degassed. Yield of
olucosedfter enzymatic hydrolyssof thebiomasssample
was cal cul ated by the equation:
Y (%)=2C, )
Three samples of the samebiomasstypewere hy-
drolyzed ssmultaneoudy to obtain accurateresults. The
standard deviation at determination of theglucoseyield
was+ 2%.

RESULTSAND DISCUSSION

The content of three main polymeric components,
i.e. cellulose, hemicdluloses, and lignin, intheinitia
plant materidsisshownin TABLE 3. Theinvestigated
biomass samples contained 35 to 45% cellul ose, 25
to 38% of hemicellulosesand 10 to 23 % of Klason
lignin. The higher content of cellul ose (45%) and lig-
nin (23%) was observed for theinitia poplar biom-
ass. Bagasse, switchgrass, corn stover and whest straw
contained an intermedi ate content of cellulose (37-
38%) and lignin (17-20%). Thelow lignified corn cobs
and rice straw contai ned 35-36% cellulose and 10-
12% lignin. Besides, the corn cobs had the highest
content of hemicellul oses, 38%.

Variouspretreatmentsof theinitial biomassescause
essentid changesinthechemica compostion. Theeffect
of sngleand double pretreatmentsonthechemica com-
position can beillustrated on theexampleof corn stover
biomass(Figurel, 2). Thedidtinctivefeatureof thesteam
explosion (SE) and acidic pretreatment (AC) isthere-
mova of themain part of hemicellulosesand forming
cdloligninwithincreased content of cdluloseand lignin.

TABLE 3: Chemical composition of initial biomasssamples

Biomass Cellulose, Hemicelluloses, Lignin,

% % %
Poplar 45 25 23
Bagasse 38 27 20
Switchgrass 37 28 18
Corn stover 37 26 19
Corn cobs 35 38 12
Wheat straw 37 27 17
Rice straw 36 25 10

In contrast to SE and A C-pretreatment, thea ka-
line pretreatment or non-selective oxidation leadsto ex-
traction both of hemicellulosesand lignin, but appre-
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ciableamountsof these componentsremainyet inthe
pretreated biomass. Theremova of non-cdllulosiccom-
ponentsisaccompanied by increasing of cellulosecon-
tent inthe pretreated biomass (Figure1). Selective oxi-
dation of lignininthe plant material (e.g. corn stover)
with sodium chloritegiveshol ocd lulose containing only
polysaccharides— cellulose (about 56%) and hemicel-
|uloses (about 44%). The doubl e pretreatment meth-
odspermit obtaining cellulose-rich biomasssampleswith
asmdl content of non-cellulosicingredients(Figure 2).

Changesin thechemica composition of plant bio-
mass caused by pretreatment are crucial for the subse-
quent enzymatic hydrolysis. So, remova of hemicellu-
loses and simultaneousincrease of the percentage of
cellulose and lignin after SE or AC-pretreatment has
an ambiguouseffect on enzymatic digestibility. Onthe
onehand, increased cdllulose content in the pretreated
bi omass can promote enzymetic hydrolysis, but on the
other hand, increased lignin content should hinder the

80

Hemi

Cellulose

Lignin

Figure 1 : Percentage of cellulose, hemicelluloses (Hemi)
and ligninin corn sover biomass: Non-treated (NT), sream-
exploded (SE), acid pretreated (AC), alkali pretreated (AL)
and non-selectiveoxidized (NSO)
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Figure 2 : Percentage of cellulose, hemicelluloses (Hemi)

andligninin corn sover biomass Non-treated (NT) and double

pretreated by AH,AB and NA methods(see TABLE 2)

hydrolysis. Thefina result showed someimprovement
of theenzymatic digestibility of the pretreated biomass
in comparison with the non-treated sample. However,
theyield of glucose after enzymatic hydrolysis of the
SE or AC-pretreated biomass was relative low, 25-
30% only (Figure 3).

Thealkaline pretreatment or non-specific oxida
tion leadsto removal of non-cellulosic component and
considerableincreasein the content of cellulose, which
can contributeto theenzymatic digestibility of the pre-
treated biomass.

Indeed, the experiments have shown that, for ex-
ample theakali pretreated biomassafter enzymatic hy-
drolysisgivesanincreased yied of thesugar, about 64%.
Thecdlulose-richAB and NA biomassesshow thehigh-
est digestibility with theglucoseyield of 80-85% (Fig-
ure3). Thesmilar resultswereestablished al sofor other
biomasstypes pretreated by the same methods.

100
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Y, %

40

20 -
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Figure3: Yield glucose after enzymatic hydrolysisof corn
sover biomass: Non-treated (NT), stream-exploded (SE), acid
pretreated (AC), alkali pretreated (AL ), non-sdectiveoxidized
(NSO) and doublepr etr eated by AB and NA methods

For adetailed study of theeffect of individua poly-
meric componentson the enzymatic digestion, acorre-
lation analysiswas performed. Moreover, regression
equationsand squared correl ation coefficients (R?) were
cdculated. For thispurpose, about fifty variousuntrested
and pretreated biomass sampleswith different chemi-
cal compositionswereinvestigated. Asfollowsfrom
theanays's, hemicelluloseshaveanegligibleimpact on
enzymatic hydrolysisof the cellulosic component of the
samples(Figure4).

The squared correl ation coefficient for theyield
of glucose asafunction of the hemicellul oses con-
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tent was slight, R2=0.16 (TABLE 4); this means
thereis no correlation. The obtained resultsdon’t
confirm the supposition about barrier properties of
hemi cellul oses obstructing the access of enzymesto
the cellulosic component of biomass!®9. Improve-
ment of theenzymatic digestion after removal of hemi-
cellulosesfrom the biomassis probably aside effect
caused by simultaneous extraction of ligninand in-
crease of the cellul ose content.
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Figure4: Yield of glucose after enzymatic hydrolysis of
varioushbiomass sampleshaving different content of hemi-
celluloses (Hemi)

Lignin hasan evident negative effect on the enzy-
matic hydrolysisof the cellulosic component of biom-
asssamples, and namely aninversely proportional re-
gression was observed between lignin content in the
samplesand yield of glucose (Figure5). Thecorrela
tion coefficient for theyield of glucose asafunction of
the lignin content has a moderate value, R? = 0.68
(TABLE4); it meansthereisasufficient correlation.

TABLE 4: Squared correlation coefficientsfor regression

Y=F(X)

X, % Regression equation R?
Hemicelluloses Y=-09X +64 0.16
Lignin (L) Y=-22X+78 0.68
Cellulose (C) Y=13X-33 0.90
Difference: C-L Y =098X +0.6 0.98

Note: X is percentage of the component or of the difference
C-L

The correlation coefficient for theyield of glucose
asafunction of the cellulose content hasahigh value,
R?=0.90 (TABLE 4). Thereisagood correl ation be-
tween cellulose content and yield of glucose after enzy-
matic hydrolysisof various biomass samples (Figure
6). So, increased cdllulose content in the pretreated bio-
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massisthemain factor that promotesrisetheyield of
glucose.
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Figure5: Correlation between content of lignin and yield of
glucose after enzymatic hydrolysis of various biomass
samples

20  —

0

100

P
80 .
. °
. L J
s 60 /.
on o®
> [
40 ]
/'
o0
o0 —= / ®
A,
0
30 50 70 90 110
Cellulose, %

Figure6: Correation between content of celluloseand yield
of glucose after enzymatic hydrolysis of various biomass
samples

Thebest correlation wasfound for the dependence
of glucose yield on the difference (X) between per-
centage contentsof cellulose (C) andlignin (L) inthe
investigated biomasssamples(Figure7). Thiscorrda
tion can be expressed by thefollowing regresson equa
tion:

Y=0.98X +0.6 ©)
where X (%) =C-L

Sincethe correlation coefficient isvery high, R?=
0.98, theregression (3) isresembletheexact functiona
dependence. Thisevidencesthat just thecontent of cel-
lulose and ligninin the biomassrather than structural
detail sof these components determinesthe enzymatic
cleavage and sugar output. Thus, increasethe content
of cellulose and decrease the content of ligninin the
biomass sampl es contributesto enhance theenzymatic
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Figure7: Dependenceof glucoseyield on differ encebetween
contentsof cellulose(C) and lignin (L) inthepretreated bio-
mass samples

digestion of the cellulosic component.

Using theregression equation (3), the enzymatic
reactivity of the pretreated biomasswith determined
chemical composition can be predicted. Thisequa-
tion can be also abasisfor choicethe best pretreat-
ment method. Asit followsfrom theresults, when the
difference (X) between percentage content of cellu-
loseand ligninin the pretreated biomass exceedsthe
boundary value (X, = 60%), the pretreated biomass
will besuitablefor enzymatic hydrolyss, sncethemost
part of thefeedstock transformsenzymaticaly into glu-
cose. Viceversa, if X <X, it can beargued that the
pretreated biomasswill be poorly suitablefor enzy-
matic hydrolysis.

For example, theakaline pretrestment (AL) pro-
vides obtaining the pretreated corn cobswith X =64%
> X,. Therefore, theAL-pretreatment method is pre-
ferred than, for exampl e, theacidic pretrestment method
with X =40% < X, Another exampleisthe AB-pre-
treatment of corn stover that providesobtainingthe pre-
treeted biomasswithincreased vaueof X =82%; there-
fore, after enzymatic hydrolysisthisbiomassgivesthe
highyield of glucose, about 80%.

CONCLUSIONS

Theenzymatic hydrolysisof alargenumber of not-
treated and pretreated biomass samples of variousori-
gins (poplar, bagasse, switchgrass, corn stover, corn
cobs, whest and ricestraw) containing different amounts
of cdlulose, hemicellulosesand lignin hasbeeninvesti-
gated. Thestudy of initial plant materia sbearsout that

non-treated biomass samplesarehighly recalcitrant to
enzymatic hydrolysisand giveasdight glucose output,
20-30% only. Thiscan be explained by alow content
of cellulose and presencein the non-treated materias
more 50 percents of non-cellulose components that
hinder enzymatic hydrolysisof the cellulosic compo-
nent. Various pretrestment methods of theinitial biom-
asses are applied in order to remove non-cellulosic
components, increasethe content of celluloseand ulti-
mately improvethe enzymatic cleavage. However, the
final chemical composition of the pretreated biomass
anditsenzymatic digestibility dependsontheparticular
method and conditions of the pretreatment, aswell as
onthebiomassorigin. For examplethedistinctivefea
ture of the acidic pretreatment isthe removal of the
main part of hemicdlulosesand forming cdloligninwith
increased content of celluloseand lignin. In contrast to
acidic pretreatments, the a kaline pretreatment of the
biomass|eadsto reduction inthe content both of hemi-
cellulosesand lignin; besidestheremova of non-cdlu-
losic componentsis accompanied by increase of the
cellulose content in the pretreated biomass.

Todisclosetheeffect of individud polymeric com-
ponents of thebiomass, i.e. cellulose, hemicelluloses
andlignin, ontheglucoseyield, acorrelation analyss
was performed and squared correl ation coefficients (R?)
werecd culated. Asfollowsfromtheinvestigations, the
dependence of glucose output on the content of hemi-
cdlulosesinthebiomasssampleshasalow correlaion
coefficient, R?=0.16 only. Thus, hemicelluloseshaveno
appreciableeffect on enzymatic digestibility of thecd -
lulosic component of thebiomass. Thiscan beexplained
by fact that enzyme preparations have al so xylanase
activity and can cleavetheamorphous hemicellul oses.
For exampl e, the experimentsreveal ed that the used
enzyme preparation hydrolyzesthebirchxylanandturns
itinto xylose. Enzymatic hydrolysisof holocellulose
samplesyieldsamixture of glucoseand xylose. More-
over, moleculesof enzymecan easily diffusethrough
the swollen layers of amorphoushemiceluloses. The
final conclusionthat hemicdlulosesarenot abarrier to
cdlulolyticenzymesand don’t prevent cleavage of the
cellulos ccomponent.

Ligninisarigid aromatic, amorphousand hydro-
phobic polymer stableto cellulolytic enzymes. Lignin
layers surrounding cellulosefibrils protect them from
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theenzymatic attack. Therefore, aninversely propor-
tiond regressionisobserved between lignin content in
thebiomassand enzymatic digestibility of thecdlulosic
component.

Asknown, cdlluloseisasemi-crystaline polymer;
moreover thehigh crystdlinity isamain factor limiting
completeenzymatic cleavageof thispolymer. However,
thecrystdlinity degreeof natura celluloseinnon-edible
biomassof variousoriginsisrelativelow and isnot an
obstacle to enzymatic degradation. The experiments
showed that theincreased cellulose content in the bio-
masseshasapositive effect ontheenzymatic digestion
and glucose output. As aresult, the directly propor-
tional regression between cellul ose content and enzy-
matic digestibility isobserved.

Increasing the content of cellulose and decreasing
the content of lignininthesamplespromotesenzymatic
cleavage of the cellulosic component. Therefore, the
best correlation wasfound for the dependence of glu-
coseyidd(Y) onthedifference (X) between percent-
age contentsof celluloseand ligninin theinvestigated
biomass samples. Using theregression equation: Y=
0.98 X + 0.6, theenzymatic reactivity of the pretreated
bi omasswith determined chemical composition canbe
predicted. Thisequation can beaso abasisfor choice
the best pretreatment method. For this purpose, the
boundary value, X, = 60%, wasfound. If X > X, the
pretreated biomasswill be suitablefor enzymatic hy-
drolysis, since the most part of the feedstock can be
enzymatically converted into glucose. Viceversa, if X
<X, it can beargued that the pretreated biomasswill
be poorly suitablefor enzymatic hydrolysis.
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