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Biodegradation and bioconversion of cellulose containing waste
using bacterial and fungal consortium

In this paper, the results of study of the cellulose biodegradation using cellulolytic microorganisms are given.
Aspergillus awamori VUDT-2, Bacillus subtilis 82 and consortium consisted of named strains were used in the
enzymatic hydrolysis. Morphological features of these microorganisms were described using optical micros-
copy and by inoculation of suspensions on meat peptone agar. Initially, cellulose-degrading activity of micro-
organisms was tested in the medium containing reagent grade cellulose. The cultivation was carried out on a
shaker-incubator in 750 mL Erlenmeyer flasks at a temperature of 30 °C and a stirring speed of 200 rpm for
6 days. As a result, the consortium showed better cellulolytic activity and 49.2 % of total cellulose was degraded
in the end of the experiment. Then, the growth conditions of the consortium were optimized in terms of tem-
perature, stirring speed and the initial pH of the medium. For further experiments, the dried distillers grains
with solubles (DDGS) after alcohol production was used as a source of cellulose-containing waste. The content
of the cellulose in the DDGS is 20.78 %. Under the conditions of temperature 30 °C and the stirring speed at
200 rpm the biodegradation level of cellulose using consortium of cellulolytic microorganisms was 70.24 %
after 6 days.
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Introduction

From the all biopolymers with carbohydrate structure, cellulose is the most common organic substance
in the world. Different natural materials such as cotton and wood are mainly constituted by cellulose. Annually,
there are more than 75 billion tonnes of this compound produced worldwide [1].

The applications of cellulose-based materials have been described in uncountable number of research
papers in the fields of manufacturing new materials and nano-composites [2—4], biomedical [5, 6], environ-
mental [7, 8], bio energy and bio ethanol production [9-11] and many other. Another application is that cellu-
lose-containing materials can be used as a source for hydrolytic production of carbohydrates.

The molecular structure of cellulose is a linear polymer chain, consisted of an hydroglucose units which
are linked with B-1,4-glucoside bonds. The number of monomeric units in the macromolecules of cellulose
can be more than many thousands [12]. Nowadays, cellulose conversion to carbohydrates is mainly conducted
using acid and enzymatic hydrolysis. Generally, acid hydrolysis is carried out using sulfuric acid or hydro-
chloric acid, while enzymatic hydrolysis is occurred by catalyzing with cellulolytic enzymes [13].

To this time, there are many microorganisms that have been described to catalyze the hydrolysis of pol-
ysaccharides. Namely, they are strains of Bacillus pumilus, Pseudomonas sp., Trichoderma reesei, Tricho-
derma harzianum, Penicilliume chinulatum, Aspergillus phoenicis, Phanerochaete chrysosporium, Aspergil-
lus niger and other. All of them are considered as producers of cellulases [14].

Various types of cellulose-containing waste after pulp and paper industry as well as secondary products
from sawmilling and wood processing, waste from agricultural crops and a countless number of wild plants
can be used as a raw material for the hydrolytic production of carbohydrates. The cost, size of reserves and the
possibility of their transportation to the area of hydrolytic production are the main criteria for the use of certain
materials.

Thus, it should be noted that if even a small part of the listed sources is converted into useful products, it
will give a very tangible and important renewable source of carbohydrates as well as starting compounds for
microbiological synthesis.

At the present work, we carried out the enzymatic hydrolysis of cellulose using bacterial consortium,
which is consisted of strains Aspergillus awamori VUDT-2 and Bacillus subtilis 82. The fraction of dried
distiller grains with soluble (DDGS) is used as a source of cellulose-containing waste.
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Materials and methods

The microbial cultures used in this study are Aspergillus awamori VUDT-2 and Bacillus subtilis 82,
which are deposited in the official collection of the Branch of RSE “National Center for Biotechnology” under
the Science Committee of Ministry of Education and Science of the Republic of Kazakhstan.

Bacillus subtilis 82 on Petri dishes with MPA forms rod-shaped colonies of white or yellowish color with
a smooth or scalloped edge and a powdery surface. It is a gram-positive, aerobic bacterium, which is repre-
sented by single or associated cells. Spores are oval and located eccentrically, mostly closer to the center.
According to the registration document, the optimum temperature for bacterial growth is 30 °C.

From morphological perspective, Aspergillus awamori VUDT-2 is a highly branched mycelium, divided
by partitions. Conidia formed by micromycetes, covered with spikes. Conidia are round shape of brown color
with a dark brown shade. On the medium with MPA, Aspergillus awamori VUDT-2 forms rounded colonies
with a diameter of 18-20 mm with a smooth white edge and the surface is folded to the edges of the colony.
The color is dark brown with an olive tint and exudate on the surface. According to the registration document,
the optimum temperature for growth of Aspergillus awamori VUDT-2 is 30 °C.

The samples of the cellulose-containing waste were obtained from malt distilling plant “Alfa Organic”
LLP in Stepnogorsk. The content of cellulose in the DDGS is 20.78 %.

Pure cellulose and anthrone reagent were purchased from Sigma-Aldrich Co. Unless otherwise stated, all
reagents were of analytical grade.

The pH was determined by the analyzer “Mettler Toledo Seven Multi S47-K”.

The concentrations of cellulose and reducing sugars were determined by anthrone method. Firstly, the
sample with cellulose was digested with concentrated sulfuric acid. Then, anthrone reagent was added and the
green color mixture was measured spectrophotometrically on Bio Mate 3S (Thermo Scientific, USA) at wave-
length A = 620 nm [15].

Method of serial dilutions was used to count the number of the colony forming units.

Cell counting of the aerobic fungi Aspergillus awamori VUDT-2 was carried out by the method described
in [16], an approximate method of serial dilutions with the calculation of the power of the number of microor-
ganisms.

The morphological, cultural properties of microorganisms were studied by inoculating suspensions on
MPA medium with incubation at 30 °C for 48 hours. Microscopic investigations were performed on an Olim-
pus 56BX microscope.

The following nutrient media were used in the experiments:

— Meat peptone broth (MPB), g/L: peptone — 10, glucose — 5, meat extract — 5, NaCl — 5, pH 7.2—
7.4.

— Meat peptone agar (MPA), g/L: peptone — 10, glucose — 5, meat extract — 5, NaCl — 5, agar — 20,
pH 7.4-7.6.

— Cellulose containing medium (CCM), g/L: cellulose — 100, peptone — 5, yeast extract — 2, MgSO, —
1, KH,PO,— 1, pH 6.2.

— DDGS medium, g/L: DDGS —150, MgSO4 — 1, KH,PO4 — 1, pH 6.

Results

Natural cellulose is an insoluble, semi crystalline polymer (Fig. 1). Polymer alignment formed its crys-
talline sections and they held together by hydrogen bonding and Van der Waals interactions [17].
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Figure 1. Chemical structure of cellulose

In nature, aerobic and anaerobic cellulolytic microorganisms degrade a major part of cellulose materials.
Enzymatic degradation of cellulose occurs in several steps. Firstly, cellobiohydrolases acts on the reducing
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and non-reducing ends and endoglucanases hydrolyze internal bonds, then b-glucosidase converts the cellobi-
ose to glucose [18].

From the literature data [19, 20], both Aspergillus awamori and Bacillus subtilis are capable for producing
cellulolytic enzymes.

At the present work, Aspergillus awamori VUDT-2 and Bacillus subtilis 82 were initially cultivated in
the MPB medium. They were used to increase the reducing sugars because of their ability for bioconversion
of cellulose. For this purpose, the inocula of Aspergillus awamori VUDT-2, Bacillus subtilis 82 and a consor-
tium composed of strains of Aspergillus awamori VUDT-2 and Bacillus subtilis 82, were added in the amount
of 10 % on the cellulose-containing medium.

The cultivation was carried out on a shaker-incubator in 750 mL Erlenmeyer flasks at a temperature of
30 °C and a stirring speed of 200 rpm for 8 days. The results of the experiment are shown in Figure 2.
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Figure 2. Bioconversion of cellulose to reducing sugars

During the experiment, in all cases, a decrease in the amount of cellulose and an increase in concentration
of reducing substances were observed. This indicates the growth of Aspergillus awamori VUDT-2 and Bacillus
subtilis 82. The number of microorganisms on the 6th day of the experiment increased to 10° CFU/ml and
began to decrease on the 7th day of the experiment to 108 CFU/ml and on day 8 was 10’ CFU/ml. Therefore,
the optimal cultivation period was 6 days.

As it can be seen from Figure 2, in the case of the microorganism Aspergillus awamori VUDT-2, the
cellulose content decreased to 58.0 g/L on day 6, and for the microorganism Bacillus subtilis 82, the decrease
in cellulose content reached 65.5 g/l on day 6. When consortium was utilized, the cellulose content decreased
to 50.8 g/L on day 6 and remained constant until the end of the experiment. The content of reducing sugars on
the 3rd day increased and reached 7.0 g/lI, 11.5 g/l and 13.63 g/l for Aspergillus awamori VUDT-2, Bacillus
subtilis 82 and a consortium of microorganisms, respectively. However, during the experiment, the content of
reducing substances was significantly reduced due to consumption by microorganisms, accordingly, the titer
of cells decreased.

Therefore, the optimal option for biodegradation of cellulose is a consortium of microorganisms consist-
ing of Aspergillus awamori VUDT-2 from Bacillus subtilis 82.

A study of the bioconversion of the cellulose-containing waste with a cellulose content of 20.78 % was
conducted. For this, a consortium of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82
was inoculated into medium with DDGS. The cultivation was carried out on a shaker incubator in 750 mL
Erlenmeyer flasks at a temperature of 30 °C and a stirring speed of 200 rpm. The results of the experiment are
presented in Figure 3.

According to the data presented in Figure 3, the cellulose content of the medium with DDGS decreased
from 31.25 g/L to 9.3 g/L within 6 days. The content of reducing sugars increased in the first 3 days and
reached 4.94 g/L, however, after that the content of reducing substances decreased due to the consumption of
reducing sugars by microorganisms. On the 6™ day of the experiment, the cell titer was 108 CFU/mL. Further
incubation led to a decrease in cell titer to 106 CFU/mI, which indicates a decrease in carbohydrate sources.

As a result of the bioconversion of a sample of cellulose-containing wastes using a consortium of cellu-
lolytic microorganisms, the cellulose level decreased by 70.24 % over 6 days and did not change significantly
on days 7 and 8.
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Figure 3. Bioconversion of cellulose-containing waste into reducing sugars
using consortium of cellulolytic microorganisms

Thus, the consortium of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82 is demon-
strated high capability for the biodegradation of cellulose in waste from alcohol production.

Conclusion

As a result of growth of microorganisms Aspergillus awamori VUDT-2 and Bacillus subtilis 82, as well
as a consortium on CCM, the cellulose content decreased to 58.0 g/L, 65.5 g/L and 50.8 g/L, respectively. The
optimal incubation time is 6 days. Using a consortium of microorganisms Aspergillus awamori VUDT-2 and
Bacillus subtilis 82, it was possible to lower the cellulose content in waste products of alcohol production to
70.24 % within 6 days. Furthermore, experiments will be conducted to reveal the mechanism of biodegradation
and to study the cellulolytic enzymes of these strains.
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A.E. Xacenona, E.H. Kanadpun, H.K. XKannap, B.M. llaitxyraunos, A.K. llnbaesa

BakTepusiiap MeH caHbIPayKYJ1aKTap/AblH KOHCOPIUYMBbIH NaiilajlaHa OTHIPBII,
KYPaMbIH/A 1eJJII0J103a 0ap KaJAbIKTapabl OMoaerpaaanusiay
’KOHe OMOKOHCepBaALMSIIAY

Makaiaza HeJUTI0I030MTHKAIBIK MUKPOOPTaHU3MIEP/ i MafiaaiaHa OThIPHIIL, LEJUTI0II03a OHOIer palaliusIChIH
3eprrey HoTHKenepi kenripinren. Aspergillus awamori VULT-2, Bacillus subtilis 82 sxore ocbl Mukpoopra-
HU3MJIEPJCH TYPAThIH KOHCOPIUYM KOMEriMeH (pepMEHTATUBTI THIPOIIU3 XYpTi3iired. by Mukpoopranusm-
JepiH MOp]OJIOTHsUTBIK CHIIATTaMachl MUKPOCKOIINS apKBUIBI JKOHE €T-TIENTOHABI arapra ce0y JKOJIBIMEH CH-
narTainFaH. bacTankelna MUKpOOpraHU3MIEpAiH LEUTI0N030IUTHKAIIBIK OSNICeH 1IN KypaMblHIa aHAIUTHKA-
JIBIK EJUTI0JI03a Gap opTaaa tecrinenai. Ocipy 30 °C-na xoHe apanacTeipy *KburaaMIbFsl 200 aifH/MuH 60I1-
FaH#a 6 kyH 6oiter 750 mMu DpneHMmeliep KOJIOACHIHBIH HIeHKep-HHKYOaTOpbIHAa Kyprisinren. Hotmxkecinne
KoHCOPIHYM 49,2 % IEeNTI0N03aHb!I BIIBIPATHII, KaKChI IEJITI0N030IUT OeNceHauiriH kepceTTi. OnaH api 3Kc-
MEPUMEHT YIIiH KypaMbIHa [EeIUTIOI030JIUTHKAIBIK KAIIBIKTAPAbIH K631 PeTiHIe CIUPTTEH KeifiHT1 OapIaHbIH
KaTThl (pakiuscel 6ap oprana ecipy xyprisinres. Llemmronosa kypamsr 20,78 % xypanst. 30 °C-na xoHe apa-
nacTeIpy KeurgaMAbFel 200 aitH/MuH OoNFaHIa LEIUTION03aHbIH OHOeTrpafanusicel 6 KyH OOHBI LIEJUTI0I030-
JIMTUKAJIBIK MUKPOOPraHU3M/Iep KOHCOPLUYMBIH Nainanana oTeipbin 70,24 % Kypassl.

Kinm ce30ep: GUOKOHCepBalysl, KalIblHA KeleTiH kautTap, Aspergillus awamori, Bacillus subtilis.

A.E. Xacenosna, E.H. Kanadun, H.K. Xannap, B.M. [laiixytnunos, A.K. [llu6aesa

Buoaerpananusi u 6MoKOHCepBaNUsl HEJLTHJI030COAEPKAIMX 0TX010B
C UCIOJIb30BAHNEM KOHCOPUMYMA U3 0aKkTepuii U rpudoB

B cratse npuBeeHb! pe3ynbTaThl HCCIIEA0BAHMS OHO IETpalalliy IEJUTION03BI C UCTIOTb30BAHIEM IIEIITION030-
JMUTHYECKHX MHUKPOOPraHu3moB. [IpoBeneH (¢epmeHTaTHBHBIA ruaponn3 ¢ nomompio Aspergillus awamori
VUDT-2, Bacillus subtilis 82 u koHcopIimyMa, cOCTOSIIIIEro U3 ITHX K& MUKpOOprann3MoB. Mopdooruueckast
XapaKTepHCTHKA JAaHHBIX MUKPOOPTaHM3MOB ObUIa ONHKCAaHA C MOMOIIBI0 MUKPOCKOIHMU M IMyTEeM 3aceBa Ha
MSICO-TIETITOHHBIN arap. BHadase NeIroI030JUTHYECKYI0 aKTHBHOCTh MHKPOOPTaHW3MOB TECTHPOBAIN B
cpere, cozepiKalllell aHATUTHYECKYIO Le/uTionioly. KyabTHBHpOBaHHE NMPOBOAWIIM B IleHKepe-HHKyOaTtope B
Kos6ax Dpnenmeiipa Ha 750 mu npu Temneparype 30 °C u ckopoctu nepemernBanus 200 00/MHUH B TeUCHHE
6 nueil. B pesynprare KoHCOpIUYM pa3noxui 49,2 % Iemtono3s! ¥ MOKa3all JIyYIIyo HeJUTI0I030INTHIECKY IO
aKTUBHOCTG. J{JI manbHeHIero SKCIepuMeHTa ObIIO MPOBEAEHO KyJIFTHBHPOBAHUE Ha CpeJie, CoAepIKaIlei
OTXOJIBI TBEPOH (ppakiy mocaecIpTOoBON Gap/bl B KA4eCTBE HCTOYHHKA [EUIIOI030JIUTHIECKUX OTXOJIOB.
Conepxanne memmono3sl coctaBmio 20,78 %. Ilpu Ttemmeparype 30 °C m CKOpPOCTH HepeMENINBaHUS
200 o6/mMuH GHoeTpamaIys 1e/uT0I03sl coctaBuna 70,24 % B TeueHue 6 THEH C UCTTOIB30BAHUEM KOHCOPIIU-
yMa [EJUTION030IUTHIECKUX MUKPOOPTaHH3MOB.

Kniouesvle cnosa: Uemnonosa, OHOKOHCepBalus, peayuupyromue caxapa, Aspergillus awamori, Bacillus
subtilis.
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