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ABSTRACT

Background. Potato pulp constitutes a complicated system of four types of polysaccharides: cellulose, hemi-
cellulose, pectin and starch. Its composition makes it a potential and attractive raw material for the production
of the second generation bioethanol. The aim of this research project was to assess the usefulness of commer-
cial enzymatic preparations for the hydrolysis of potato pulp and to evaluate the effectiveness of hydrolysates
obtained in this way as raw materials for ethanol fermentation.

Material and methods. Sterilised potato pulp was subjected to hydrolysis with commercial enzymatic
preparations. The effectiveness of the preparations declared as active towards only one fraction of potato
pulp (separate amylase, pectinase and cellulase activity) and mixtures of these preparations was analysed.
The monomers content in hydrolysates was determined using HPLC method.

Results. The application of amylolytic enzymes for potato pulp hydrolysis resulted in the release of only
18% of raw material with glucose as the dominant (77%) constituent of the formed product. In addition, 16%
galactose was also determined in it. The hydrolysis of the cellulose fraction yielded up to 35% raw material
and the main constituents of the obtained hydrolysate were glucose (46%) and arabinose (40%). Simultane-
ous application of amylolytic, cellulolytic and pectinolytic enzymes turned out to be the most effective way of
carrying out the process as its efficiency in this case reached 90%. The obtained hydrolysate contained 63%
glucose, 25% arabinose and 12% other simple substances.

Conclusion. The application of commercial enzymatic preparations made it possible to perform potato pulp
hydrolysis with 90% eftectiveness. This was achieved by the application of a complex of amylolytic, cellulo-
lytic and pectinolytic enzymes and the hydrolysate obtained in this way contained, primarily, glucose making
it a viable substrate for ethanol fermentation.
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INTRODUCTION

From among potential alternative energy sourc-
es, lignocellulose is perceived as the most important
source for biofuel production, including bioethanol
of the 2™ generation. This complex forms the main
part of plant biomass and is made up, primarily, of
cellulose, hemicelluloses and lignin and, to a lesser
extent, of pectins, protein and ash. The lignocellulose

complex composition depends on plant species, its
age as well as conditions of its vegetation [Carpita and
Gibeaut 1993]. Standard lignocellulose raw materials
i.e. softwoods or hardwoods contain about 45-55%
cellulose, 25-35% hemicellulose and 20-30% lignin
[Sun and Cheng 2002]. Moreover they need cost con-
suming pretreatment to remove lignin and enhance the
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accessibility of cellulose fraction to cellulolytic en-
zymes. Potato pulp like sugar beet pulp significantly
differs from other lignocellulosic materials its loose
and hydrated structure, as well as significantly lower
lignin content. It contains not only cellulose and hemi-
cellulose but also considerable amount of pectin. [Sun
and Hughes 1998].

Potato pulp is a waste which is produced in con-
siderable quantities by starch manufacturing industry.
It constitutes the residue which remains after washing
out nearly all starch from potato mash. Its composition
depends, to a considerable extent, on starch produc-
tion technology. Apart from the non-starch fraction
which comprises cellulose, hemicellulose and pectins,
the so called ‘unwashed starch’ is present in significant
amounts in potato pulp. However, in the process of
bioethanol production, it is the hydrolysis of the cel-
lulose fraction that constitutes the most difficult stage
which has decisive impact on the efficiency of the en-
tire technological process [Gumul et al. 2011].

Cellulases are defined as a family of enzymes
which perform the process of degradation of cellulose
into glucose. They are widespread in nature and are
particularly common in the world of bacteria and fun-
gi. They are manufactured, among others, by symbi-
otic bacteria found in multi-compartmental stomachs
of ruminants (primarily in the rumen). Most animals,
including humans, do not synthesise cellulases and,
therefore, are incapable of utilising the entire energy
contained in plant material [Kuhls and Lieckfeldt
1996]. These enzymes are extracellular and can be
found in the post-culture liquid. That is why, even
commercially available preparations, alongside their
principle activity, also possess other properties, less
documented and not indicated by the manufacturer,
including pectinase or hemicellulase activity. The ad-
ditional activity of a given enzymatic preparation de-
pends, primarily, on the strain of microorganisms and,
first and foremost, on the applied technology of the
product isolation from the post-culture liquid [Kumar
et al. 1996].

The aim of this study was to assess the usefulness
of commercial enzymatic preparations for the hydrol-
ysis of potato pulp and to estimate the usefulness of
the hydrolysates obtained in this way as raw materials
for ethanol fermentation.
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MATERIAL AND METHODS

The potato pulp used in these experiments was ob-
tained in the course of potato campaign in 2009 from
a manufacturing plant in Staw which constitutes part
of the Wielkopolska Potato Industry Enterprise S.A.
in Lubon.

The following commercial enzymatic preparations
were employed in the performed investigations: Ther-
mamyl 120L (Novozymes) which was a thermo-stable
a-amylase derived from genetically modified strains
of the Bacillus genus, Fermenzyme L-400 (Genen-
cor) which was a glucoamylase from Aspergillus Ni-
ger, pectinase from Aspergillus niger (Sigma Aldrich)
as well as cellulase from Trichoderma reesei ATCC
26921 (Sigma Aldrich).

potato pulp

| | | 1
Thermamyl
66 pl/g
117°C, 10 min

117°C, 10 min 117°C, 10 min

66 jlig 3900xg, 30 min 3900xg, 30 min
60°C, 1 h

I_ glucoamylase centrifugation centrifugation

I- hydrolysis of residue I— hydrolysis of residue
with celulase with pectinase
27 ulig 13 /g

45°C,1h

45°C,1h

Fig. 1. Parameters of hydrolyses catalysed with the indi-
vidual enzyme preparations

The catalytic activity of preparations assumed to
be active only in relation to one fraction of the po-
tato pulp (separate action of amylases, pectinases and
cellulases — Fig. 1) as well as the activity of different
mixtures of enzymatic preparations (Fig. 2) were stud-
ied. Prior to hydrolysis, the applied potato pulp was
subjected to a hydrothermal treatment. In the case of
experiments with amylases, the applied hydrothermal
treatment was combined with hydrolysis by a ther-
mostable a-amylase (Thermamyl). In the case of ex-
periments conducted with pectinase and cellulase, the
potato pulp was centrifuged after the applied hydro-
thermal treatment, the supernatant was discarded, and
only the sediment was subjected to hydrolysis.
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potato pulp
|
1 | | |
Thermamyl Thermamyl Thermamyl
66 pl/g 66 pl/g 66 pl/g 117°C, 10 min
117°C, 10 min 117°C, 10 min 117°C, 10 min
glucoamylase glucoamylase glucoamylase I— celulase 27 pl/g
66 pl/g 66 pl/g 66 pl/g +pectinase 13 pl/g
60°C, 1h 60°C, 1h 60°C, 1h 45°C, 1 h
I_ celulase 27 pl/g I— celulase I— pectinase
+pectinase 13 pl/g 27 pllg 13 pl/g
45°C,1h 45°C,1h 45°C,1h

Fig. 2. Parameters of the hydrolyses catalysed with the mixtures of enzymes

The process of hydrolysis was carried out in 250
ml flasks and the weight of each analytical sample
was always 15 g. The applied enzyme doses and hy-
drolysis parameters are presented in diagrams (Figs 1
and 2). Samples for analyses were collected at definite
time intervals, centrifuged (3900%g, 30 min) and the
obtained supernatant was analysed for the content of
simple sugars and uronic acids with the use of high
performance liquid chromatography (HPLC).

Dry matter content was determined in three repli-
cations at the temperature of 105°C by the gravimet-
ric method in accordance with the PN-75/C-04616.01
standard.

Glucose, arabinose, galactose, galacturonic acid
and rhamnose were determined by HPLC method with
the assistance of the MERCK-HITACHI chromato-
graph (automatic sample injector MERCK HITACHI
L-7250, MERCK-HITACHI L-7100 pump with a RI
MERCK-HITACHI L-7490 detector, Aminex HPX-
87H 300x7.8 mm column from BIORAD) under the
following conditions: sample volume 30 pl; mobile
phase 0.001 N H,SO,; flow rate 0.5 ml/min; column
temperature 50°C.

The yield of hydrolysis was defined as the ratio of
the quantity of the liberated simple substances from
the fibrous fraction of the raw material to the amount
of these substances theoretically possible to obtain
determined on the basis of the dry matter content
of the potato pulp. The efficiency of hydrolysis was
calculated as a ratio of dry mass (g) contained in the
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supernatant of centrifuged sample of hydrolysate to
the dry mass (g) contained in the sample of potato pulp
subjected to hydrolysis and expressed as percentage.

All data are expressed as means +SD (n = 3).
Analysis of variance for measures was performed to
study differences in efficiency of hydrolysis catalyzed
by different mixtures of enzymes. A Tukey post hoc
test was applied in case of a significant F-ratio to lo-
cate the differences. Simple linear regression analysis
was also performed to estimate relationship between
the efficiency of hydrolysis and the different enzyme
dose. Statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION

The analysed potato pulp contained in its dry mat-
ter 15 to 20% of the so called “unwashed starch”.
This value is characterised by a considerable variabil-
ity associated, primarily, with changing technologi-
cal parameters of the starch plant. Unwashed starch
appears to be a significant and relatively easily avail-
able source of fermenting sugars and, therefore, the
hydrolysis efficiency of this potato pulp fraction can
be important for the cost-effectiveness of the entire
process of bioethanol production.

When only the Thermamyl 120L preparation was
applied, the output of the hydrolysis process of the
starch fraction present in the potato pulp was deter-
mined at the level of 8% (Fig. 3). When alongside the
thermostable o-amylase also the Fermenzyme L400
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preparation containing glucoamylase was used, the
hydrolysis output increased over two times to 18%.
Glucoamylase, also known as y-amylase, affords an
effective hydrolysis reaction of both a-1,4-glycoside
as well as a-1,6-glycoside bonds with glucose released
as the final product [Sadeghi et al. 2008]. When the
duration of the process was prolonged, the output of
the process was not found to increase and, in individ-
ual cases, it was even observed to decrease. It is pre-
sumed that at high glucose or enzyme concentrations,
as in the case of acid hydrolysis, glucose repolymeri-
sation (reversal) is possible accompanied by formation
of maltose and isomaltose [Mosier et al. 2005].

25

20

15

10

Efficiency of hydrolysis, %

A A+B A+B A+B A+B A+B
1h 1h 2h 3h 4h 5h

A+B
24 h

Variant of hydrosysis

Fig. 3. Efficiency of hydrolysis catalysed by amylases: A
— Thermamyl 120L, A+B — Fermenzyme L400 after prehy-
drolysis with Thermamyl 120L

The analysis of the composition of supernatant
fraction proved that it was made up, primarily, of glu-
cose (77%) exerting a positive impact on the assess-
ment of this hydrolysate as a substrate for ethanol fer-
mentation. Furthermore, the presence of other simple
substance, including galactose (16%) and galacturonic
acid (4%), was determined indicating that during the
hydrothermal treatment also the pectin fraction of the
potato pulp was susceptible to hydrolysis. The ob-
served quantities of released glucose indicated effec-
tive hydrolysis of the starch fraction.

The process of hydrolysis with the assistance of
cellulase isolated from Trichoderma reesei ATCC
26921 was carried out for 24 hour following hydro-
thermal treatment which caused removal of the entire
gelatinised starch fraction. Maximal yield values were
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reached already after 1 hour (Fig. 4) and prolongation
of the time of hydrolysis over 1 hour failed to exert
a significant impact on the process output (data not
given). The dose of 26 pl/g of the enzyme appeared
to be the adequate addition. It should be said that the
highest yield of hydrolysis was achieved after the ad-
dition of 46 ul/g of the enzymatic preparation (nearly
35%) but differences in the output of simple substanc-
es were negligible with p > 0.05.
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12p5 1.0 h: y = 19.8676 + 0.2302x; r = 0.8624, p = 0.0006; 12 = 0.74
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0 10 20 30 40 50 60 70
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Fig. 4. Efficiency of the hydrolysis catalysed by cellulase
preparation from 7richoderma reesei ATCC 26921

The analysis of the composition of the hydro-
lysate obtained after the treatment with cellulase
proved that it was dominated by glucose (46%) and
non-fermenting arabinose (40%). Galactose made up
5%, galacturonic acid 1% and other non-fermentable
substances 8%. Thus obtained hydrolysate consisted
half in fermentable sugars and half in non-fermentable
substances. Therefore, despite the fact that over 30%
of potato pulp dry matter passed into the liquid frac-
tion as a result of the action with this enzyme (against
barely 20% following the treatment with amylases),
the participation of this enzyme in the manufacture of
raw materials for ethanol fermentation turned out to be
not dominant.

Selective hydrolysis of the pectin fraction poten-
tially appears to provide the most attractive method of
initial processing of potato pulp because it should lead
to selective removal of the galacturonic acid as well
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as other simple substances dispensable in ethanol fer-
mentation. It was demonstrated in the course of the
performed experiments that the yield of the hydrolysis
process with pectinases barely changed significantly
with time of its duration (p < 0.05), however yielded
relatively low results ranging from 1% to 2% (Fig. 5).
The observed very low hydrolysis output of the potato
pulp with the assistance of pectinase can be attributed
to the fact that pectin — which is a biopolymer eas-
ily undergoing hydrolysis — was removed during the
hydrothermal process. This was also confirmed by the
results obtained during the hydrolysis with amylolytic
enzymes during which more than 20% of simple sub-
stances other than glucose were obtained.

20
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Efficiency of hydrolysis, %
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R = 0.5 h: y = 1.3309 + 0.0024x; r = 0.7896, p = 0.0066
""" 1.0 h: y = 1.7142 + 0.0041x; r = 0.8688, p = 0.0011
1.2
-10 0 10 20 30 40 50 60 70

Dose of enzyme, ug/g

Fig. 5. Efficiency of the hydrolysis with different doses of
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100

. 90 |

ES

& 80 +

2 70 |

[<]

4; 60 -

£ 50 |

2 40 |

§ 30

2 20 |

T

0 - . .
A+C+P A+C A+P C+P

Variant of hydrosysis

Fig. 6. Efficiency of hydrolysis catalysed by different mix-
tures of enzymes: A — amylases, C — cellulase, P — pectinase
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Investigations of the catalytic efficiency of differ-
ent mixtures of hydrolytic enzymes revealed that the
application of amylase and pectinase was the least ef-
fective system causing liquefaction of only 38% of the
potato pulp dry matter (Fig. 6). The mixture of am-
ylases and cellulases turned out to be as effective as
the mixture of amylases and pectinases because the
recorded yields of hydrolysis amounted to 68% and
72%, respectively. The highest degree of hydrolysis
(over 90%) was recorded in the case of the applica-
tion of all the examined enzymes (Fig. 6). According
to Spagnuolo et al. [1997] synergistic effect by using
cellulases in combination with pectinases in process of
hydrolysis of sugar beet pulp is observed. The amount
of glucose released is two- fivefold higher when the
pulp is hydrolysed by the mixture of enzymes than if
the enzymes are used individually.

The composition of the hydrolysate obtained using
this method was dominated by glucose (63%) confirm-
ing its usefulness for bioethanol production. Other fer-
menting sugar — galactose made only 2% of composi-
tion. The part of arabinose was 25%, galacturonic acid
1% and other non-fermentable substances 9%. In case
of enzymatic hydrolysis of sugar beet pulp 21% of
glucose, 5% od galactose 20% of arabinose, and 20%
of galacturonic acid is realsed [Micard et al. 1997],
whereas acid hydrolysis results in production of 24%
of glucose, 4% od galactose 19% of arabinose, 15%
of galacturonic acid, as well as 1% of xylose, 1% of
mannose and 1% of rhamnose [Spagnuolo et al. 1997].
These observations proves that potato pulp competi-
tive with sugar beet pulp as a raw material in bioetha-
nol production. However a considerable proportion
(35%) of the monomers unavailable to microorgan-
isms carrying out the process of ethanol fermentation
confirmed the need to carry our further investigations
aiming at the elaboration of methods allowing effec-
tive management of these constituents.

CONCLUSION

The performed investigations demonstrated that
the applied commercial enzymatic preparations made
it possible to carry out the hydrolysis of potato pulp
with 90% efficiency. This can be achieved by the ap-
plication of a complex of amylolytic, cellulolytic
and pectinolytic enzymes. The hydrolysate obtained
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in this way contained over 60% fermenting sugars
making it a substrate suitable for ethanol fermentation.
The exclusive application of amylases for the process
of potato pulp hydrolysis resulted in nearly 20% lique-
faction of the raw material, although the hydrolysate
obtained in this way contained almost 80% glucose.
The application of cellulase alone hydrolysed nearly
40% of the potato pulp but the obtained hydrolysate
contained over 50% of non-fermenting substances.
The application of mixtures of hydrolytic enzymes,
i.e. amylases with cellulase, amylases with pectinase
or cellulase with pectinase liquefied up to 70% of the
applied potato pulp.
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HYDROLIZA ENZYMATYCZNA WYCIERKI ZIEMNIACZANE)

STRESZCZENIE
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Wstep. Wycierka ziemniaczana jest skomplikowanym uktadem czterech typow polisacharydow: celulozy,
hemicelulozy, pektyny i skrobi. Sktad czyni ja surowcem potencjalnie atrakcyjnym do produkcji bioetanolu
I generacji, czyli takiego, ktory na przyktad jest pozyskiwany z surowcow odpadowych. Warunkiem opta-
calno$ci kazdego procesu technologicznego jest wykorzystanie wszystkich sktadnikow surowca bez gene-
rowania produktéw ubocznych lub przynajmniej ich minimalizacji. Celem pracy byta ocena efektywnosci
obrobki enzymatycznej wycierki ziemniaczanej, bedacej pierwszym etapem w procesie produkcji bioetanolu
II generacji.

Materiat i metody. Wysterylizowang wycierke ziemniaczang poddawano hydrolizie z zastosowaniem ko-
mercyjnych preparatdéw enzymatycznych. Badano efektywno$¢ preparatoéw w zatozeniu aktywnych tylko
w stosunku do jednej frakcji wycierki ziemniaczanej (osobno dziatanie amylaz, pektynazy i celulazy), jak
réwniez dzialanie ré6znych mieszanin preparatow enzymatycznych. Zawartos¢ monomeréw w hydrolizatach
oznaczano metoda HPLC.

Wyniki. Zastosowanie enzymdéw amylolitycznych do hydrolizy wycierki powodowato uwolnienie jedy-
nie 18% surowca. W powstatym produkcie stwierdzono zawartos¢ 77% glukozy i okoto 16% galaktozy.
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Hydroliza frakcji celulozowej skutkowata uwolnieniem do 35% surowca, a w hydrolizacie byla zawarta
gtownie glukoza (46%) i arabinoza (40%). Najbardziej korzystnym sposobem prowadzenia procesu byto
jednoczesne wykorzystanie enzymow amylolitycznych, celulolitycznych i pektynolitycznych, w ktérym to
wariancie osiggni¢to wydajno$¢ 90-procentowa. Otrzymany hydrolizat zawierat 63% glukozy, 25% arabino-
zy oraz 12% innych substancji prostych.

Whioski. Zastosowanie komercyjnych preparatéw enzymatycznych umozliwia przeprowadzenie hydrolizy
wycierki ziemniaczanej z wydajnoscig 90-procentowa. Osiaga si¢ to z uzyciem kompleksu enzymow amy-
lolitycznych, celulolitycznych oraz pektynolitycznych. Tak otrzymany hydrolizat w przewazajacej czesci
zawiera glukozg, co czyni go substratem przydatnym do fermentacji etanolowe;j.

Stowa kluczowe: wycierka ziemniaczana, hydroliza enzymatyczna, celuloza, skrobia, pektyny
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