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Introduction

As a clean and renewable source of energy, eth-
anol is a promising alternative to fossil fuels.1 Espe-
cially lignocelluloses, as raw material for ethanol 
production, have gained great interest during these 
years.2 Production of bio-ethanol will help to cope 
with the over-consumption of fossil fuels and fur-
ther work for the reduction of carbon dioxide emis-
sions.

Lignocelluloses (crop residue, cellulose waste, 
municipal solid waste, and so on) as raw material, 
cost less than starches, thus, larger quantities are ac-
quirable, permitting large-scale production.3 Ligno-
cellulose materials can be found everywhere in the 
world, and utilization makes use of waste. During 
the ethanol fermentation process, lignocellulose 
materials are hydrolyzed by acids and enzymes. Di-
lute-acid hydrolysis is a common but good method 
to quickly produce sugars form lignocelluloses.4–6 
Xylose is the major product of the hydrolysis of 

hemicellulose from many plant materials. Corn 
straw, as a plant material, contains two main types 
of polymers, cellulose and hemicellulose, whose 
conversion into fermentable sugars is easy. The hy-
drolyzates of corn straw are composed of xylose, 
hexose, and other hydrolysis byproducts. Hexose is 
easily fermented to ethanol but xylose is more diffi-
cult to ferment. Xylose utilization is important for 
successful lignocellulose-ethanol fermentation.7

Xylose is abundant in lignocellulosic biomass 
such as corn stover,8 and forest industry waste.9 The 
fermentation of xylose is still a key problem in cel-
lulose ethanol fermentation. Successful utilization 
of xylose could improve the efficiency of the bio-
mass-ethanol fermentation process. A number of at-
tempts have been made in obtaining a stable micro-
organism capable of utilizing xylose. It was reported 
that several xylose fermentation strains had been 
separated, such as Pichia stipites,10 Candida sheha-
tae,11 Pachysolen tannophilus,12 some genetically 
engineered xylose-fermenting yeast13 and so on. 
However, these fermentation strains are relatively 
poor fermentative microorganisms. And the influ-
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ence of the acid hydrolysis by-products on the 
growth and fermentation of these microorganisms 
was great.14 Namely, xylose can be fermented to 
ethanol by many bacteria and yeasts, but by-product 
formation or slow xylose conversion limits its eco-
nomical application for ethanol production.

In this research, the xylose fermentation strains 
were isolated from the soil sample. The microorgan-
ism identification was carried out by common physio-
logical and biochemical experiments. The xylose fer-
mentation performance was measured and the ethanol 
yield was analyzed to obtain the optimal fermentation 
conditions. At the same time, the glucose fermentation 
experiment by the isolated strain was carried out for 
the comparative analysis of mixed sugar and xylose 
fermentation. Finally, the influence of the acid hydro-
lysis by-products on the isolated strain was studied.

Material and methods

Materials

All chemicals of analytical reagent grade were pur-
chased from Beijing Chemical Factory (Beijing, China). 
All the biochemical reagents were bought form Beijing 
Biological Technology Factory (Beijing, China). The 
strains were stored in the tube culture at 4 °C.

Culture media and microorganism culture

The composition of the multiplying culture was 
as follows: xylose 20 g L–1, peptone 15 g L–1, yeast 
extract 10 g L–1, ammonium sulfate 1 g L–1,  KH2PO4 
1 g L–1, MgSO4 0.5 g L–1, and calcium chloride 
1 g L–1. The composition of solid medium was: 
 xylose 20 g L–1, peptone 15 g L–1, ammonium sul-
fate 1 g L–1, KH2PO4 1 g L–1, MgSO4 0.5 g L–1, 
yeast extract 10 g L–1, agar 20 g L–1 and calcium 
chloride 1 g L–1. The composition of the liquid fer-
mentation medium was: peptone 15 g L–1, yeast ex-
tracts 10 g L–1, ammonium sulfate 1 g L–1, KH2PO4 
1 g L–1, MgSO4 0.5 g L–1, and a certain amount of 
xylose. The composition of the screening medium 
was: xylose 25 g L–1, peptone 15 g L–1, yeast ex-
tracts 10 g L–1, ammonium sulfate 1 g L–1, KH2PO4 
1 g L–1, and MgSO4 0.5 g L–1. The composition of 
the TTC (2,3,5 – chlorinated three benzene tetrazole) 
upper medium was as follows: 2,3,5 – chlorinated 
three benzene tetrazole 0.5 g L–1, xylose 5 g L–1, 
and agar 15 g L–1. The composition of the TTC low-
er medium was: xylose 10 g L–1, peptone 2 g L–1, 
yeast extract 1.5 g L–1, KH2PO4 1 g L–1, MgSO4 
0.4 g L–1, citric acid 0.27 g L–1, and agar 20 g L–1. 
The composition of the mixed sugar fermentation 
medium was: peptone 15 g L–1, yeast extracts 
10 g L–1, ammonium sulfate 1 g L–1, KH2PO4 1 g L–1, 
MgSO4 0.5 g L–1, and a certain amount of sugar.

Isolation of efficient xylose fermentation bacteria

The soil sample was taken together with rotting 
leaves near a locust tree on March 26, 2012 (Yan-
shan University, Qinhuangdao, China). The soil 
sample was mixed with physiological saline and the 
solution was placed in the shaker bed with shaking 
speed of 150 r min–1 for 3 h. Then 5 mL suspension 
liquid was added to the multiplying culture 
(100 mL) in the conical flask. The flask was put in 
the incubator at 37 °C for 1–2 days. 1 mL superna-
tant liquor was diluted for different times and then 
poured onto the solid culture medium. The culture 
dish was put in the incubator at 37 °C for 2 days. 
After cultivation and crossed purification, the strains 
were stored in the tube culture at 4 °C. The crossed 
purification on the solid medium was processed 
 until the strains with the same morphology were 
 examined by microscope. The strains were then 
 inoculated in the TTC lower medium and cultured 
at 37 °C for 1 day. After the cultivation, TTC upper 
medium was added to the dishes, and the dishes 
shielded from light, were put in the incubator at 
37 °C for 3 h. The colony color was observed. The 
xylose fermentation strains dark red in colour were 
picked from the TTC medium and inoculated. The 
picked strains were inoculated in the fermentation 
medium, through the measure of ethanol yield, the 
efficient xylose fermentation strains were isolated.

After cultivation, the strains were stored in the 
tube culture at 4 °C. The microorganism identifica-
tion was carried out by common physiological and 
biochemical experiments. The cells concentration 
was represented by OD600. The dry cell weight 
(mg L–1) was measured by the centrifugal drying 
method.15

The genomic DNA of strain was extracted 
 using the precipitation method. The 16S rDNA was 
amplified using the primers; 16F (AGAGTTTGAT-
CCTGGCTCAG) and 16R (GGTTACCTTGTTAC-
GACTT). PCR amplification was performed under 
the following conditions; 3 min. at 95 °C; 35 cycles 
of 30 s at 94 °C, 30 s at 55 °C and 1 min. at 72 °C, 
plus an additional 5-minute cycle at 72 °C. The au-
tomatic sequence was carried out by Beijing Sun 
Biotech Co. Ltd. The 16S rDNA sequence was 
checked in GenBank.

Xylose fermentation experiments

In order to reach optimal fermentation condi-
tions, xylose fermentation experiments were carried 
out. The preserved strains were activated in the cul-
ture medium and then inoculated into the fermenta-
tion medium with a certain amount of xylose as car-
bon source in the shake flasks with rotating speed 
of 150 min–1. After a certain time (48h), the ethanol 
concentration and residual xylose concentration 
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were measured, and the ethanol yield was calculat-
ed. The effect of temperature, pH, inoculum amount, 
xylose concentration was considered in this re-
search. At the same time, the glucose fermentation 
experiments with the isolated strain were carried 
out for a comparative analysis of xylose and xylose 
fermentation. In order to improve accuracy, four 
groups of the same fermentation experiments were 
carried out under different fermentation parameters. 
The xylose fermentation efficiency was represented 
by sugar consumption percentage and sugar to eth-
anol conversion yield.

The influence of acid hydrolysis by-products 
on the isolated strain

The inhibitor-supplemented culture was pre-
pared in the present study. In order to investigate 
the effect of hydrolyzate inhibitors on the isolated 
strain, a certain amount of inhibitor was added to 
the culture medium respectively and then the cells 
concentration was measured under the same culture 
conditions.

Analytical methods

The reducing sugars were analyzed by the DNS 
method.16 The ethanol content (volume) (v/v) in the 
distilled fluid was determined by the colorimetric 
method.17 The pH was measured in a pH meter 
(PHS-3B, Shanghai Precision & Scientific Instru-
ment Co. Ltd, Shanghai, China). The ethanol yield 
was the quality of ethanol generated from per gram 
of the sugar consumption. The optical density (OD) 
of cell growth at regular intervals was determined at 
600 nm using a UVVIS spectrophotometer (TU-
1901, Purkinje General Instrument Co. Ltd, Beijing, 
China) throughout the study. Fourier transform in-
frared spectroscopy (Nicolet 5700, Thermo-Elec-
tron Co. Ltd, Madison, WI USA) was used for the 
analysis of the component in lignocellulose hydro-
lysates.

The sugar consumption percentage in the xy-
lose fermentation experiments was calculated as:

 SP = (S1 – S2)/S1

where S1 was sugar concentration (g L–1) before fer-
mentation, S2 was sugar concentration (g L–1) after 
fermentation.

The sugar to ethanol conversion yield in the 
xylose fermentation experiments was calculated as:

 Er = Ce/(S1 – S2)

where S1 was sugar concentration (g L–1) before fer-
mentation, S2 was sugar concentration (g L–1) after 
fermentation, and Ce was ethanol concentration 
(g L–1) after fermentation.

The inhibition rate of toxic compounds on the 
strain growth in the experiments was calculated as:

 Ir = (C2 – C1)/C1

where C1 was cell concentration in the standard me-
dium after cultivation, C2 was cell concentration in 
the liquid medium containing toxic compounds 
 after cultivation. The cells concentration was repre-
sented by OD600.

Results and discussion

The isolation of efficient xylose fermentation strain

Through the multiplication cultivation and 
plate streaking purification, 7 strains were selected 
which could use xylose as carbon source for growth. 
These seven strains were inoculated in the TTC me-
dium, the color of the colony was observed. If the 
colony was red, the strains could secrete the dehy-
drogenase and produce ethanol from xylose. Four 
strains of the isolated seven strains could secrete the 
dehydrogenase and the colony was red.

Then the four kinds of strains were inoculated 
in the fermentation medium under the same condi-
tions as for ethanol production. The concentration 
of residual sugar and ethanol were measured and 
the ethanol yield was calculated. The pentose fer-
mentation condition was as follows: inoculation 
amount 2 %; fermentation temperature 35 °C; rotate 
speed of 150 min–1; pH 7, and initial sugar concen-
tration 50 g L–1. The result is shown in Table 1.

As shown in Table 1, in the same conditions, 
the sugar utilization rate of No. 6 strain was the 
highest. With the better use of the sugar residue in 
the alcoholic fermentation broth, fermentation was 
promoted and the brewing rate was raised. Strain 
N6 was chosen for further experiments. Compari-
son of its 16S rDNA gene sequence (with available 
sequences in GenBank) showed that it was 100 % 
identical to Bacillus cereus strain SWFU2816 
( Accession No. JN935015.1). The phylogenetic tree 

Ta b l e  1  – Ethanol fermentation performance with different 
strains (numbers in parentheses correspond to the 
number of measurements used for the determina-
tion of the mean values and standard deviations)

Strain number Sugar consumption 
percentage/%

Sugar to ethanol 
conversion yield/%

Strain N4 70.0 ± 1.27 (4) 19.5 ± 0.2  (4)

Strain N5 31.0 ± 2.64 (4) 5.65 ± 0.62 (4)

Strain N6 78.2 ± 0.57 (4) 23.7 ± 0.31 (4)

Strain N7 48.5 ± 1.36 (4) 11.9 ± 0.47 (4)
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of the strain is shown in Fig. 1. Ethanol fermenta-
tion with Bacillus cereus strain SWFU2816 has not 
been reported in other references.

Ethanol fermentation with the strain N6

There are many factors that influence the etha-
nol yield and fermentation rate in the fermentation 
process from sugar with microorganism, such as 
pH, the sugar content, temperature and types of 
sugar.

Effect of pH on ethanol fermentation

The pH of the solution has an important influ-
ence on the growth of the microorganism. In the 
process of microorganism growth, the pH may 
cause a change in the charge of the cell membrane, 
thereby changing the permeability of the membrane. 
At the same time, pH may also cause a change in 
the degree of ionization of various ionic substances 
required for the growth of the microorganism, thus 
affecting both the absorption of nutrients, as well as 
growth and reproduction of microorganisms. On the 
other hand, the activity of various enzymes involved 
in the microbial physiological and biochemical ac-
tivity is influenced by the pH of the intracellular 
environment. Therefore, pH for bacterial growth 
has played a pivotal role.

The pH of the fermentation medium had con-
siderable influence on the ethanol yield and fermen-
tation rate in the fermentation process. In order to 
optimize pH in the ethanol fermentation process, 
the influence of pH on ethanol concentration is 
shown in Fig. 2. Residual sugar and ethanol con-

centration was determined after ethanol fermenta-
tion of 48 h. The fermentation conditions were as 
follows: inoculation amount 2 %; fermentation tem-
perature 35 °C; rotate speed 150 min–1; and initial 
sugar concentration 50 g L–1. The pH was 3 to 8.

Judging by Fig. 2, a pH of 7.0 was chosen to be 
a suitable parameter for ethanol fermentation. At 
pH 7.0, the highest ethanol yield could be obtained. 
The reason was that the decrease in pH could in-
crease the concentration of acids, which could in-
hibit yeast cells fermentation. However, higher ini-
tial pH would promote senescence of yeast cells 
and decrease the fermentation rate. At the same 
time, high pH increased the opportunity of contam-
ination.10,12

F i g .  1  – Phylogenetic tree of strain N6

F i g .  2  – Effect of pH on ethanol fermentation performance: 
(A) sugar consumption percentage; (B) sugar to eth-
anol conversion yield
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Effect of temperature on ethanol fermentation

Temperature is an important survival factor for 
microorganisms. The effect of temperature on sugar 
fermentation by strain N6 was analyzed. The tem-
perature gradient ranged from 25 °C to 46 °C. The 
fermentation conditions were as follows: inocula-
tion amount 2 %; pH 7; rotate speed 150 min–1; and 
initial sugar concentration 50 g L–1.

Residual sugar and ethanol concentration were 
determined after ethanol fermentation of 48 h. The re-
sult is shown in Fig. 3. Temperature affects the activity 
of the enzyme and changes the rate of enzymatic reac-
tion. Within the appropriate temperature range, if the 
temperature is increased, the enzymatic reaction rate 
will increase and lead to a corresponding increase in 
the rate of metabolism and growth rate of the microor-
ganisms. At appropriate temperature, microorganisms 
grow and reproduce the fastest. According to the opti-
mum growth temperature, microorganisms can be di-
vided into categories such as psychrophilic bacteria, 
mesophilic bacteria, and thermophilic bacteria, and so 
on. The temperature can also affect the fluidity of the 
cell membrane and the transport of substances, there-
fore the change in temperature has some effect on the 
absorption of nutrients and secretion of metabolites. In 
this research, when the temperature was 38 °C, the 
sugar and alcohol conversion rate was the highest 
reaching up to 25 %. According to the reported re-
search, the higher temperature could improve the eth-
anol productivity of bacteria. In Lacis’s research, ther-
mophilic bacteria was obtained through high 
temperature continuous cultivation and the ethanol 
yield reached 0.44 g ethanol/g xylose.18

Effect of nutrient conditions on ethanol fermentation

Nutrient conditions play an important role in 
the production of ethanol. The synthetic media with 
different sugar concentrations were run continuous-

ly for ethanol fermentation. Residual sugar and eth-
anol concentration was determined after ethanol 
fermentation of 48 h. The fermentation conditions 
were as follows: inoculation amount 2 %; pH 7; ro-
tate speed 150 min–1; and fermentation temperature 
38 °C. The initial sugar concentration was from 
20 g L–1 to 100 g L–1.

As shown in Fig. 4, with low sugar content, the 
concentration of ethanol increased but after the 
highest point, the concentration somewhat de-
creased. The optimal level of sugar content for mi-
croorganism fermentation was nearly 70 g L–1.

In the research, the effect of the types of sugar 
was considered. About five kinds of sugar combina-
tions of monosaccharide and mixed sugar fermenta-
tion culture were prepared. A fermentation solution 
contained xylose 50 g L–1. B fermentation solution 
contained glucose 50 g L–1. C fermentation solution 
contained xylose 25 g L–1 and glucose 25 g L–1. 
D fermentation solution contained xylose 40 g L–1 
and glucose 10 g L–1, and E fermentation solution 
contained xylose 10 g L–1 and glucose 50 g L–1. Re-
sidual sugar and ethanol concentration were deter-
mined after ethanol fermentation of 48 h. The fer-
mentation conditions were as follows: inoculation 
amount 2 %; fermentation temperature 35 °C; rotate 
speed 150 min–1; and pH 7.

The result is shown in Fig. 5. The ethanol fer-
mentation was best in the fermentation solution 
with 50 g L–1 xylose. The xylose transformation 
ability of strain N6 was better than the glucose 
transformation ability of strain N6.

At the same time, the inoculum can affect the 
fermentation effect and ethanol production. When 
the inoculum size was 5 %, the ethanol production 
rate was the highest and reached 26 %.

F i g .  3  – Effect of temperature on ethanol fermentation per-
formance: (A) sugar consumption percentage; (B) 
sugar to ethanol conversion yield

F i g .  4  – Effect of sugar concentration on ethanol fermenta-
tion performance: (A) sugar consumption percent-
age; (B) sugar to ethanol conversion yield
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In the research, strain N6, which ferments xy-
lose and hexose to ethanol, can produce fuel ethanol 
from lignocellulosic hydrolysates. As a result, the 
optimal conditions for ethanol fermentation were 
determined. The optimum fermentation conditions 
at 150 rpm for 48 h in a shake flask were as fol-
lows: pH 7.0, reducing sugar 70 g L–1, inoculation 
amount 5 %, and temperature 38 °C. The ethanol 
yield coefficient could reach a maximum of 0.26 
g ethanol/g xylose. The theoretical yield of ethanol 
from xylose is given by the equation if the main 
products are ethanol and CO2:

 3 xylose → 5 ethanol + 5 CO2

The maximal theoretical yield for complete fer-
mentative xylose conversion is 0.51 g ethanol/g xy-
lose. Therefore, in this research, 51 % of the maxi-

mum theoretical yield for complete fermentative 
xylose conversion was reached, which was close to 
other reported research. In Kötter’s research, in 
P. stipitis cultures the yield of fermentation prod-
ucts was 52 % of the maximum theoretical yield for 
complete fermentative xylose conversion.19 And in 
Li’s report, the maximum volume of ethanol by 
Candida tropoicalis was 0.06 g ethanol/g xylose 
and after domestication, the xylose conversion yield 
was 0.15 g ethanol/g xylose.20

Effect of toxic compounds in lignocellulose acid 
hydrolysate on strain N6

During acid hydrolysis,21 pentoses could be de-
graded to furfural, and the decomposition of hexoses 
could form 5-hydroxymethylfurfural (5-HMF). 
5-HMF could then be degraded, generating formic 
acid. Acetate is liberated from hemicellulose hydro-
lysis. The degradation of lignin results in numerous 
aromatic compounds, such as vanillin22 and phenol. 
The concentration of these hydrolysis byproducts de-
pends on the raw materials and hydrolysis condi-
tions.21 These inhibitors can retard the yeast fermen-
tation and other biochemical reactions. Therefore, 
knowing their inhibition on microorganisms is very 
important. Most studies focused on the effect of fur-
fural and acetic acid on fermentation,23,24 while lack-
ing other inhibitors for comparing effects on fermen-
tation. Thus, the research was scarce on different 
inhibitors’ tolerance toward domesticated strains and 
undomesticated strains (xylose fermentation). Some 
research involved hexose fermentation25,26 but the in-
hibitor of xylose fermentation was relatively small.

Strain N6 was inoculated into the liquid medium 
containing an adequate carbon source supplemented 
with varying initial concentrations of furaldehyde, 
acetate acid, formic acid, and benzyl phenol. The in-
hibition rate of toxic compounds on the strain’s 
growth after 24 h and 48 h are shown in Table 2.

F i g .  5  – Effect of sugar types on ethanol fermentation perfor-
mance: (A) fermentation solution contained xylose 50 g L–1; (B) 
fermentation solution contained glucose 50 g L–1; (C) fermen-
tation solution contained xylose 25 g L–1 and glucose 25 g L–1; 
(D) fermentation solution contained xylose 40 g L–1 and glu-
cose 10 g L–1; and (E) fermentation solution contained xylose 
10 g L–1 and glucose 50 g L–1

Ta b l e  2  – Effect of toxic compounds on strain growth

The concentration of furaldehyde (V/V): 0.05 % 0.10 % 0.15 % 0.20 % 0.25 %

The inhibition rate (24 h): 0 0 0 19.4 % 40 %

The inhibition rate (48 h): 0 0 0 5.20 % 42.27 %

The concentration of formic acid (V/V): 0.05 % 0.10 % 0.15 % 0.20 % 0.25 %

The inhibition rate (24 h): 5.27 % 45 % 65.2 % 75.5 % 89 %

The inhibition rate (48 h): 10.7 % 29 % 59.2 % 86.0 % 91 %

The concentration of acetate acid (V/V): 0.05 % 0.10 % 0.15 % 0.20 % 0.25 %

The inhibition rate (24 h): 0 0 18.97 % 25 % 40 %

The inhibition rate (48 h): 0 0 18.5 % 48 % 57.8 %

The concentration of phenol (V/V): 0.05 % 0.10 % 0.15 % 0.20 % 0.25 %

The inhibition rate (24 h): 0 51.8 % 64 % 79 % 64 %

The inhibition rate (48 h): 7.5 % 60.1 % 85 % 95.5 % 99 %
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Compared to the standard culture, all toxic 
compounds-supplemented cultures showed an inhi-
bition effect on cell growth. Of the tested inhibitors, 
furaldehyde had a less toxic effect on the strain. 
Low concentration (0.05, 0.1, and 0.15 %) could 
not decrease the growth of strain N6. Formic acid 
was more effective than furaldehyde. At the initial 
concentrations of 0.05 % or higher, formic acid in-
duced a decreased cell concentration. When the 
concentration of formic acid was 0.25 %, the inhibi-
tion rate increased to 91 %. Acetate acid was an im-
portant inhibition factor. The inhibition rate of strain 
N6 was 57.8 % when the concentration of furalde-
hyde in culture solution reached 0.25 %. Phenol 
played a more powerful role among all the inhibi-
tors. At low initial concentration (0.10 %), phenol 
was able to inhibit cell growth significantly; more-
over, at concentrations above 0.10 %, the toxicity 
increases. The toxicity order was phenol > formic 
acid > acetate acid > furaldehyde. The lowest initial 
concentrations of toxins affecting the growth of the 
strain were 0.15 % (acetate), 0.05 % (formic acid), 
0.20 % (furaldehyde), and 0.05 % (phenol) follow-
ing the preceding discussion. Compared to the com-
monly used saccharomycetes, the tolerance of strain 
N6 toward furaldehyde had greatly improved, which 
could help the ethanol fermentation from lignocel-
lulose materials. The research of Zhang14 reported 
that when the furadehyde concentration reached 0.1 
%, the inhibition rate of P. tannophilus after 24 h 
was 94 %.

In order to analyze the effect of toxic com-
pounds on the growth period of strain N6, the 
growth curves of the strain in the liquid medium 
containing different toxic compounds (0.15 % ace-
tate, 0.05 % formic acid, 0.20 % furaldehyde, and 
0.10 % phenol, respectively) are shown in Fig. 6.

The growth curve of strain N6 was measured. 
The period of logarithmic growth was from 3 h to 
24 h, and after 28 h the strain was in the stable 
phase.

As shown in Fig. 6, from 0–24 h was the 
fast-growing period of the strain and after 28 h the 
growth rate slowed down. The addition of furalde-
hyde slowed down the growth of the strain from 
0–30 h (compared to the strain cultivated in the 
solution without toxic compounds); however, after 
36 h, the cell growth rate had increased, indicating 
the adaptability of the strain to furaldehyde. Acetate 
acid also contributed to the decrease in growth rate, 
especially in the period from 0 to 24 h. Formic acid 
led to the stop of growth during the 24–36 h, and 
before 24 h the strain was slow-growing. Phenol re-
sulted in the slow growth rate of strains in 0–24 h, 
and after 24 h the growth rate was slower. Fig. 6 
also indicated that 0.10 % of phenol had not killed 
large numbers of strains, but it would affect the re-
production of the strains.

Conclusions

Xylose is abundant in lignocellulosic biomass. 
The fermentation of xylose is still a key problem in 
cellulose ethanol fermentation. Successful utiliza-
tion of xylose could improve the efficiency of the 
biomass-ethanol fermentation process.

In this research, the xylose fermentation strains 
were isolated from a soil sample. Strain N6 was 
chosen for further experiments. A comparison of its 
16S rDNA gene sequence (with available sequences 
in GenBank) showed that it was 100 % identical to 
that of Bacillus cereus strain SWFU2816 (Acces-
sion No. JN935015.1).

Strain N6, which ferments xylose and hexose to 
ethanol, is capable of producing fuel ethanol from 
lignocellulosic hydrolysates. The xylose transforma-
tion ability of strain N6 was better than its glucose 
transformation ability. As a result, optimum condi-
tions for xylose fermentation were determined. The 
optimum fermentation conditions at 150 rpm for 48 h 
in a shake flask were as follows: pH 7.0, reducing 
sugar 70 g L–1, inoculation amount 5 %, and the tem-
perature 38 °C. The xylose to ethanol yield coeffi-
cient could reach a maximum of 0.26 g/g.

At the same time, the influence of the acid hy-
drolysis by-products on the isolated strain was stud-
ied. The lowest initial concentrations of toxins af-
fecting the growth of the strain were 0.15 % 
(acetate), 0.05 % (formic acid), 0.20 % (furalde-
hyde), and 0.05 % (phenol). The toxicity order was 
phenol > formic acid > acetate acid > furaldehyde. 
The addition of furaldehyde slowed down the 
growth of the strain during the period from 0 to 

F i g .  6  – Effect of toxic compounds on the growth curve of the 
strain: (A) without toxic compounds; (B) 0.20 % furaldehyde; 
(C) 0.05 % formic acid; (D) 0.15 % acetate; (E) 0.10 % phenol
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30 h. Acetate acid also contributed to decreased 
growth rate, especially from 0 to 24 h. Formic acid 
stopped growth from 24 to 36 h. Phenol resulted in 
the slow growth rate of strains from 0 to 24 h, and 
after 24 h the growth rate was slower.
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