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The  parameters  of biosensors  based  on  the yeast  strains  Candida  maltosa  VKM  Y-2359,  Candida  blankii
VKM  Y-2675,  and  Debaryomyces  hansenii  VKM  Y-2482  for biochemical  oxygen  demand  (BOD)  detection
are  compared.  The  catalytic  activity  of  the  strains  was  analyzed  in relation  to  the growth  phase.  The
possibility  of  using  D. hansenii  as a basis  for  receptor  element  of a  biosensor  for  BOD  detection  in  municipal
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and  biotechnological  wastewaters  was  shown.
© 2012 Elsevier Inc. All rights reserved.
east Debaryomyces hansenii

. Introduction

The most important integral characteristic of water quality is
iochemical oxygen demand (BOD), i.e., the amount of dissolved
xygen required for oxidation of all biodegradable organic com-
ounds [1].  BOD assessment is an empirical test employing the
tandard laboratory procedure for determining oxygen uptake in
nalyzed water samples. The conventional method of BOD detec-
ion requires incubation of an oxygen-saturated sample for at least

 days [2]. Due to considerable time it takes, the method is not
dequate under modern conditions, because the results of analysis
re made available with a significant delay. Hence, environmen-
ally hazardous situations can occur, when an emergency inflow of
olluted waters to water treatment facilities passes unnoticed or,
he other way round, they are insufficiently purified in the course
f regeneration.

Alternatives are express methods of BOD detection by biosen-
or analyzers based on microorganisms that can metabolize a wide
ange of organic compounds [3].  At present, commercially pro-
uced biosensor analyzers detect BOD within a few minutes in the

ange of 2–500 mg/dm3 [4–6].

The bioreceptor elements of BOD sensors are based on either
ure cultures with certain functional properties (a wide range of
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oxidized substrates, resistance to negative environmental factors,
or specificity to certain wastes), or a mixture of identified microor-
ganisms (artificial associations), or activated sludge. Each of these
approaches has its own  advantages and disadvantages. Yeasts are
the preferable biomaterial for nearly all types of biosensors as
they oxidize a broad spectrum of substances, are resistant to neg-
ative environmental factors, and can function in the recognizing
biosensor element for a long time. Thus, a sensor based on the
yeast Saccharomyces cerevisiae encapsulated in calcium alginate
was described in [7]. The sensor was characterized by a satisfac-
tory stability and was  used for the analysis of wastewater samples.
A good correlation between BOD values determined by the biosen-
sor and by the standard BOD5 approach was shown. In [8],  a BOD
sensor based on the yeast Arxula adeninovorans immobilized in a
polyurethane-based polymer, polycarbomoyl sulfonate, was  used
for BOD detection in municipal and industrial wastewaters from
different sources, including wastes with a high salt content. Appli-
cation of various yeast strains for BOD sensors development is not
confined to these examples [9–11].

Development of biosensor methods of analysis places demands
on the quality of BOD sensors and accuracy of measurements, which
primarily depend on the properties of bioreceptor elements. The
promising research trend is to examine the possibility of using
bioreceptor elements that would improve measurement quality.
This work used the following yeast strains: Candida maltosa VKM

Y-2359, Candida blankii VKM Y-2675, and Debaryomyces hansenii
VKM Y-2482. According to the literature data, the yeasts C. mal-
tosa, C. blankii,  and D. hansenii have a broad substrate specificity
and can oxidize many alcohols, carbohydrates, amino acids, and

dx.doi.org/10.1016/j.enzmictec.2012.01.002
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Table 1
The growth phases of the yeasts Candida maltosa, Candida blankii,  and Debaryomyces
hansenii.

Growth phase C. maltosa C. blankii D. hansenii

Lag phase (h) 0–8 0–14 0–18
Exponential phase (h) 8–20 14–38 18–30
Stationary phase (h) 20–30 38–42 30–40
16 V. Arlyapov et al. / Enzyme and M

ther organic substances. The strain C. maltosa VKM Y-2359 is
esistant to heavy metals, in particular, chromates, and is used
or biological purification of petroleum products from pollutants
12,13]. It is known that the yeast D. hansenii is resistant to high
alt concentrations [14]. The above peculiarities suggest efficient
pplication of these microorganisms in the development of BOD
ensors that would have high accuracy and resistance to nega-
ive environmental factors. Still, the parameters of biosensors with
oint application of these strains have not been considered in the
iterature.

This work considered the parameters of biosensors based on
ach of the strains, which enabled their comparative assessment.
dsorption was used as a method of immobilization preserving

he native state of metabolic characteristics of the strains to a
igh degree. Activity of the strains was considered in relation to
he growth phase. Glucose–glutamate mixture was used as a cal-
bration standard. The possibility of using D. hansenii as a basis of
eceptor element of the biosensor for BOD detection in municipal
nd biotechnological wastewaters was demonstrated.

. Materials and methods

.1. Biosensor measurements

The multi-channel flow-injection biosensor analyzer used in this work was
ontrolled by a PC. Sensor signals were recorded and processed by special soft-
are (Kronas, Russia). The sensors were Clark oxygen electrodes with immobilized
icrobial cells. The mean current magnitude corresponding to an oxygen content

f 9.2 mg/dm3 in distilled water was 30 nA at a noise ±0.25 nA.
All  measurements were made in the flow mode at a flow rate of 0.5 cm3/min

nd  sample volume of 300 �l. The primary data processing included smoothing and
ubsequent differentiation of the curve for I(t). Sensor response was calculated as a
aximum rate of current variation in time.

The measurements were made in a sodium–potassium phosphate buffer (pH
.8);  salt concentration, 20 mM.  Samples were added by variable-volume automatic
icropipettes (200–1000 �l, 20–200 �l, and 0.5–10 �l) (Biotech, USA). A mixture of

lucose and glutamic-acid sodium salt (GGA) applied as a standard in BOD5 detec-
ion  was  used for calibration [2].  In accordance with the definition, BOD5 equal
o  205 mg/dm3 was taken to correspond to a solution containing 150 mg/dm3 of
lucose and 150 mg/dm3 of glutamic acid.

.2. Cultivation of microbial cells

Cells of C. maltosa VKM Y-2359, C. blankii VKM Y-2675, and D. hansenii VKM
-2482 were obtained from the All-Russian Collection of Microorganisms, Institute
f Biochemistry and Physiology of Microorganisms, Russian Academy of Sciences
Pushchino).

Yeast microorganisms were grown in a rich mineral medium (liquid
lucose–peptone nutrient medium). The cultivation medium was prepared by the
tandard method for growing yeast strains. The procedure is based on the appli-
ation of glucose. Peptone and yeast extract were used as a nitrogen source. The
edium contained: glucose, 10 g/dm3; peptone, 5 g/dm3; yeast extract, 0.5 g/dm3

Sigma, USA); distilled water, 200 cm3. Cell growth medium was  sterilized by auto-
laving at 1 atm for 45 min. Cells were grown aerobically for 18–20 h in 750 cm3

haken flasks at 29 ◦C. Then the biomass was centrifuged at room temperature at
000 rpm for 10 min. The centrifugate was washed with 20 mM phosphate buffer,
H  6.8. Sedimented cells were suspended in a fresh portion of the buffer, distributed
y  portions, and sedimented in an Eppendorf centrifuge for 3 min  at 8000 rpm. The
ashed biomass was  weighed and stored in micro test tubes at +4 ◦C.

.3. Formation of the receptor element

The grown microbial cells were washed with phosphate buffer solution (20 mM,
H 6.8) and centrifuged (2000 rpm, 10 min). The wet cell sediment was  weighed and
iluted with a certain quantity of buffer solution to a concentration of 150 mg/cm3.
he obtained mixture was applied to a Whatman GF/A glass-fiber filter (Sigma,
SA) in the amount of 3 �l. The element (3 × 3 mm2) was  dried on air for 15 min  at
0 ◦C. The prepared bioreceptor element was placed onto the surface of a Clark-type
xygen electrode and fixed with a nylon mesh.

.4. Quantification of viable microbial cells
The colony-forming units (CFU) (living cell concentrations) in a suspension were
uantified by the method of standard serial dilutions. Test tubes were filled with
.5 ml  each of sterile saline solution. The first dilution was done as follows: 0.5 ml  of
he initial cell suspension (null dilution) was transferred into the first test tube and
Death phase (h) 30–48 42–48 40–48
Maximum oxidative activity (h) 14 18 24

mixed by a mixer (Heidolph, Germany). At the second dilution, 0.5 ml  of the solution
from the first tube was  poured into the second tube, and then the third etc. dilution
was  done. Further on, the suspension from a test tube with required dilution was
inoculated on Petri dishes with rich nutrient medium (LB agar). For this purpose,
0.1 ml  of the suspension was applied to a dish and pounded with a curved glass rod
(Drigalsky spatula), spreading the liquid evenly over the agar surface. Immediately
before use, the spatula was dipped into 96% ethanol, passed through the flame of a
Bunsen burner, and then cooled on the Petri dish cover.

The dishes were placed into a thermal room at a temperature optimal for micro-
bial growth (24 ◦C) for 24–48 h; then the grown colonies were counted and the
concentration of microbial cells in the initial suspension was calculated.

2.5. BOD5 detection by the standard method of dilution

The method of dilution was  used as a reference method for BOD5 detection.
The analysis was  carried out strictly according to the technique given in [2]. The
content of dissolved oxygen in samples under study was determined by Winkler’s
iodometric method according to the standard procedure.

3. Results and discussion

3.1. Dependence of the oxidative activity of the used yeast
microorganisms on growth time

Microorganisms with high oxidative activity should be used for
developing biosensors capable of giving reliable and reproducible
results at low BOD values. The oxidative activity of microorganisms
may  vary depending on the growth period; for this reason, to obtain
microorganisms with high oxidative activities, it was of interest to
study the growth dynamics of the yeasts under study.

The dependence of the CFU number on cultivation time is of
shape typical of yeast strains [15]. Several phases can be distin-
guished in the growth of the strains studied (Table 1).

Comparison of the growth dynamics for the three yeast strains
shows that the yeasts D. hansenii and C. blankii have longer lag
phases and exponential growth phases, resulting in a later tran-
sition to the stationary phase as compared with C. maltosa.

The oxidative activities of the yeast strains were studied by the
electrochemical method of quantitative determination of substrate
oxidation intensity based on the registration of oxygen content in
the liquid medium by the Clark electrode. The principle of mea-
surement by the oxygen electrode is based on the registration of
current obtained in molecular oxygen reduction. Current strength
is proportional to oxygen concentration in the analyzed sample.
The change in oxygen concentration recorded by such an electrode
characterizes the respiratory activity of microorganisms immobi-
lized on the electrode surface.

To determine the dependence of the oxidative activity of the
yeast strains on growth time, cell suspension samples were taken
at equal time intervals, centrifuged, and washed three times with
the buffer solution. The washed cells were immobilized and applied
to the electrode. The glucose and glutamic acid mixture (GGA) was
used as a standard solution. All three yeast strains showed the high-
est oxidative activity at the end of the exponential growth phase

or at the beginning of the linear phase. All microorganisms were
grown with the maximum oxidative activity during the time indi-
cated in Table 1.
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ited by the KM constant, because the response depends linearly
on substrate concentration only in the vicinity of the calibration
point corresponding to the KM value. The dependence of BOD5
on biosensor responses (R) for the linear region of the calibration
Fig. 1. Substrate specificity of receptor elements based on th

.2. Characteristics of yeast-based BOD biosensors

One of the important characteristics of an assay is its selectivity,
.e., the possibility of detecting each component of an analyte irre-
pective of the other components. In the case of a biosensor assay,
electivity is determined by substrate specificity of biomaterial
sed in the receptor element. For BOD detection, it is preferable to
se whole cells of microorganisms with broad substrate specificity
low selectivity) as a receptor element. Broad substrate specificity is
n this case an advantage, as it increases the accuracy of the results
nd their identity to the standard BOD5 value. The substrate speci-
city of receptor elements based on C. maltosa, C. blankii,  and D.
ansenii was estimated for 20 different substrates. The substrates
ere easily oxidizable organic substances considerably decreasing

he level of dissolved oxygen in water reservoirs resulting in their
utrophication [1]. For estimation of substrate specificity, biosensor
esponse was recorded during the introduction of equal amounts
f substrates into the measuring cell. Fig. 1 shows the data on the
ubstrate specificities of receptor elements based on adsorbed C.
altosa, C. blankii,  and D. hansenii. It could be noted that a compar-

son with the described biosensors by the given parameter seems
o be problematic, because substrate specificity is presented very
arely. The specificities given here characterize the ability of cells
o oxidize a wide range of compounds. This extends the capabilities
f their use in biosensors. Various biosensors can be used for differ-
nt types of wastewaters. This approach provides for more reliable
easurements.
The D. hansenii based sensor has the broadest substrate speci-

city and can oxidize all substances under study. The practically
aluable facts are the presence of responses to sodium dodecylsul-
ate (SDS) and sodium dodecylbenzosulfate (SDBS) (components of
etergents) and the absence of a toxic effect of these substrates on
ioreceptor microorganisms during a short-time contact.

These results suggest that BOD detection in real samples can
rovide for a high degree of correlation between the readings of
iosensors and the standard method, because all three microbial

trains can oxidize a wide range of organic substances.

The calibration dependence of the response on analyte con-
entration is the most important metrological characteristic of

 sensor. We  obtained the calibration dependences of biosensor
ins under study (concentration of substrates, 0.09 mol/dm3).

response on GGA concentration in the measuring cell for biosensors
based on each receptor element (Fig. 2).

Bioreceptors based on intact microbial cells are catalytic biore-
ceptors, i.e., the biological response in such systems is provided
for by enzymatic reactions of microorganisms. The dependences
shown in Fig. 2 are well approximated by the Michaelis–Menten
equation:

R = Rmax[S]
KM + [S]

where Rmax is the maximum rate of oxygen uptake by immobi-
lized microorganisms reached at [S] → ∞ and KM is the effective
Michaelis constant, i.e., the substrate concentration at which
R = Rmax/2.

Analytical errors can be lowered by using only the linear region
of the calibration curve. The upper limit of the linear region is lim-
Fig. 2. Dependences of responses on GGA concentrations for biosensors based on
the developed receptor elements.
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Table 2
Characteristics of BOD biosensors based on various microorganisms.

Basis of receptor element Relative standard
deviation (%)

Long-term stability
(days)

Sensitivity
(nA dm3/min mg)

Duration of single
measurement (min)

Linear range of biosensor response
dependence on BOD5 (mg/dm3)

Candida maltosa 3 >30 0.05 8–20 9.3–422
.11 

.21 
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Candida blankii 5 8 0
Debaryomyces hansenii 4 >30 0

ependences appears as BOD5 = 21.7R − 13.1 for the C. maltosa
ased biosensor; as BOD5 = 9.4R − 3.7 for the C. blankii based biosen-
or; and as BOD5 = 4.8R − 18.1 for the D. hansenii based biosensor.
hus, it can be suggested that the linear region of calibration is
ithin 9.3–422.0 BOD5 for the C. maltosa based biosensor, within

.0–56.0 for the C. blankii based biosensor, and within 2.2–177.0 for
he D. hansenii based biosensor. Measurements can be performed
n situ; due to its low value, BOD of natural water bodies can be
stimated without usually obligatory dilution. Dilution is required
n measurements of higher BOD values.

The analytical and metrological characteristics of BOD biosen-
ors based on the developed receptor elements were determined
ith glucose–glutamate mixture used as a standard solution. The

esults are given in Table 2.
Biosensors with the developed receptor elements are charac-

erized by close levels of operational stability and time-dependent
arameters. It should be noted that the responses of the C. blankii
ased biosensor decrease by 50% in 8 days. It is the evidence of

ow long-term stability of receptor elements based on this cul-
ure. Long-term biosensor stability implies the stability of sensor
esponse values during a long period of measurement expressed
n days. The receptor elements based on D. hansenii and C. maltosa
ave the best long-term stability. The D. hansenii based biosensor is
haracterized by the highest sensitivity and, accordingly, the min-
mal lower limit of linear range. Thus, the D. hansenii biosensor has
he best characteristics of those tested. It is important to note that
he D. hansenii biosensor is highly competitive with its analogs by
ts characteristics [16].

.3. The effect of environmental conditions on the performance of
OD biosensors
The pH of the medium is one of the factors influencing the activ-
ty of cellular enzymes and, accordingly, bioreceptor sensitivity to
arious substrates. Biosensor responses to the standard GGA solu-
ion were obtained in the pH range of 5.4–7.8 (Fig. 3).

Fig. 3. The pH dependence of responses of D. hansenii b
10–22 3.0–56
10–17 2.2–177

The maximum biosensor response is observed at pH 6.5 for C.
maltosa, at pH 6.8 for C. blankii,  and at pH 7.0 for D. hansenii. Besides,
the results show that D. hansenii can work in a broader pH range
compared to the tested yeasts of the genus Candida.

One more factor that influences bioreceptor sensitivity is ionic
strength, which first of all affects the pressure inside the cell. The
ionic strength gradient in solution was  created by using a phos-
phate buffer system with pH 6.8 and a concentration range of
16.5–132.0 mM.  Fig. 4 shows a dependence of D. hansenii oxidative
ability on the ionic strength of solution; for two  other strains, the
dependence had a similar shape. The data obtained demonstrate
a practically linear character of cell oxidative activity on the ionic
strength of solution. Besides, the yeasts D. hansenii and C. blankii
resist better the increasing ionic strength of solution, which can be
due to the more efficient system of the regulation of intracellular
osmotic pressure compared with C. maltosa.

The dominant factor that can reduce biosensor response and
even lead to the death of bioreceptor is the presence of heavy metal
ions in many wastewaters. Heavy metal ions have both bacterio-
static and bactericidal effects. The mechanisms of their interactions
with enzymes are different: substitution of physiologically signifi-
cant cations and non-metal-containing oxyanions in active enzyme
centers, binding of functional sulfhydryl groups, etc. The inhibitory
effect of heavy metal compounds was studied by investigating the
dependence of the oxidative ability of C. maltosa, C. blankii,  and
D. hansenii on the presence of Zn, Ni, and Cr(VI) in solution in the
concentration range of 0–6 × 10−4 mol/dm3 (for wastewaters, MPC
of Zn2+ is 1.5 × 10−4 mg/l; MPC  of Ni2+ is 3.4 × 10−7 mol/dm3; and
MPC  of Cr(VI) is 2 × 10−7 mol/dm3). It was shown that the recep-
tor element based on C. blankii was  liable to the negative effect of
Ni2+ and Cr(VI) ions: its oxidative activity decreased. However, the
presence of heavy metals in solution in the concentration range of

0–6 × 10−4 mol/dm3 had no significant effect on C. maltosa and D.
hansenii, probably due to the resistance of the yeasts under study
to these compounds and the short time of contact of a sample
with the bioreceptor element owing to the flow-injection mode of

ased biosensors (concentration of GGA, 3 g/dm3).
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Fig. 4. Dependence of the oxidative ability of D. hansenii cells on the ionic strength of solution (concentration of GGA, 3 g/dm3).

Table  3
Results of BOD5 measurements by biosensors based on the yeast strains and by the standard method.

Sample BOD value (mg/dm3)

Biosensor based on Candida maltosa Biosensor based on Debaryomyces hansenii Biosensor based on Candida blankii Standard dilution method

Water treatment facilities of Pushchino
1  860 ± 10 1610 ± 50 1040 ± 30 1500 ± 200
2  700 ± 10 1280 ± 30 800 ± 20 1200 ± 200
3 570 ±  10 1180 ± 20 550 ± 10 1100 ± 100
4  220 ± 50 460 ± 20 240 ± 10 440 ± 60

Glucose-molasses plant
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1 1010 ± 70 840 ± 80 

2  1100 ± 100 940 ± 70 

3 840 ±  60 770 ± 50 

easurement. Advantages of the considered biosensors over com-
ercial devices are a broad substrate specificity and resistance to

egative environmental factors.

.4. Wastewater sample analysis

BOD5 values were determined in samples from wastewaters of
he water treatment facilities of the town of Pushchino and of a
ood-manufacturing plant. The samples were taken in accordance
ith the standard procedure [17] (Table 3).

The biosensors based on C. maltosa and C. blankii have a large
rror during the analysis of wastewaters from the water treat-
ent facilities. It is most probably associated with the presence

f substances not oxidized by these microorganisms. The BOD val-
es determined by the biosensor based on the yeast culture of D.
ansenii coincide in all cases with the BOD values determined by
he standard method (the correlation coefficient, 0.98). Thus, the D.
ansenii based biosensor can be efficiently used for BOD assays of
astewaters, including in the presence of Zn, Ni, and Cr(VI) com-
ounds and at a high ionic strength of solution.

. Conclusion

The growth dynamics of the yeast strains C. maltosa VKM Y-
359, C. blankii VKM Y-2675, and D. hansenii VKM Y-2482 in the

iquid glucose–peptone medium was described. All three yeast
trains demonstrated the highest oxidative activity against GGA in

he late exponential or early linear growth phase.

The developed laboratory-scale models of biosensors for BOD5
etection are based on receptor elements with the yeast cells
f C. maltosa, C. blankii,  and D. hansenii. The D. hansenii based
860 ± 70 900 ± 100
910 ± 80 1000 ± 100
730 ± 40 800 ± 100

biosensor showed the best characteristics among those studied and
was highly competitive with the possible analogs. The effects of pH,
ionic strength, and the content of heavy metals on the above yeast
strains were studied. The presence of Zn2+, Ni2+, and Cr(VI) ions in
the concentration range of 0–6 × 10−4 mol/dm3 in the medium had
no significant influence on the oxidative ability of any strain during
the measurement.

The possibility of using D. hansenii microorganisms as a basis
of the biosensor receptor element for BOD detection in munici-
pal and biotechnological wastewaters was  shown for the first time.
The described biosensor analyzer based on this microbial culture
can be a prototype model of a device for serial production and
application.

Acknowledgement

The work was  supported by the Federal Target Program “Sci-
entific and research-pedagogical personnel of innovative Russia”
(2009–2013), State Contracts nos. 02.740.11.0296 and P551.

References

[1] Henze M,  Armoes P, La Kur Jansen J, Arvan EM.  Wastewater purification (English
translation). Moscow: Mir; 2004, 480 p.

[2] Environmental Normative Documents, Federative 14. 1:2:3:4. 123-97. Quanti-
tative chemical water analysis. The method of measurements of biochemical
oxygen demand after n days of incubation (BODcompl) in the surface fresh, sub-

surface (ground), drinking, waste, and purified wastewaters. Moscow, 1997, 25
p.

[3] D’Souza SF. Microbial biosensors. Biosens Bioelectron 2001;16:337–53.
[4] Rodriguez-Mozaz S, de Alda MJL, Barcelo D. Biosensors as useful tools for envi-

ronmental analysis and monitoring. Anal Bioanal Chem 2006;386(4):1025–41.



2 icrobia

[

[

[

[

[

[

20 V. Arlyapov et al. / Enzyme and M

[5]  Bourgeois W,  Burgess JE, Stuetz RM.  On-line monitoring of wastewater quality:
a  review. J Chem Technol Biotechnol 2001;76:337–48.

[6] Baeumner AJ. Biosensors for environmental pollutants and food contaminants.
Anal Bioanal Chem 2003;377:434–45.

[7] Trosok SP, Driscoll BT, Luong JHT. Mediated microbial biosensor using a novel
yeast strain for wastewater BOD measurement. Appl Microbiol Biotechnol
2001;56:550–4.

[8] Lehmann M,  Chan C, Lo A, Lung M,  Tag K, Kunze G, et al. Measurement of
biodegradable substances using the salt-tolerant yeast Arxula adeninivorans
for  a microbial sensor immobilized with poly(carbamoyl)sulfonate (PCS). Part
II:  application of the novel biosensor to real samples from coastal and island
regions. Biosens Bioelectron 1999;14:295–302.

[9] Jianbo J, Tang M,  Chen X, Qi L, Dong S. Co-immobilized microbial biosensor for
BOD estimation based on sol–gel derived composite material. Biosens Bioelec-

tron 2003;18(8):1023–9.

10] Nakamura H, Suzuki K, Ishikuro H, Kinoshita S, Koizumi R, Okuma S, et al. A
new BOD estimation method employing a double-mediator system by ferri-
cyanide and menadione using the eukaryote Saccharomyces cerevisiae. Talanta
2007;72(April (1)):210–6.

[

[

l Technology 50 (2012) 215– 220

11] Seo KS, Choo KH, Chang HN, Park JK. A flow injection analysis system
with encapsulated high-density Saccharomyces cerevisiae cells for rapid
determination of biochemical oxygen demand. Appl Microbiol Biotechnol
2009;83(2):217–23.

12] Candida maltosa used for the bio-degradation of petroleum product pollutants.
United States Patent 6444204.

13] Chrzanowski L, Kaczorek E, Olszanowski A. The ability of Candida maltosa for
hydrocarbon and emulsified hydrocarbon degradation. Pol J Environ Studies
2006;15(1):47–51.

14] Prista C, Loureiro-Dias MC. Debaryomyces hansenii a salt loving spoilage yeast.
In: Pereira MS,  editor. A Portrait of State-of-the-Art Research at the Technical
University of Lisbon, part VII. Netherlands: Springer; 2007. p. 457–64.

15] Walmsley RM,  Keenan P. The eukaryote alternative: advantages of using yeasts
in place of bacteria in microbial biosensor development. Biotechnol Bioprocess

Eng 2000;5(6):387–94.

16] Liu J, Mattiasson B. Microbial BOD sensors for wastewater analysis. Water Res
2002;36:3786–802.

17] State Standard GOST P 51592–2000. Water: General Requirements to Sampling.
Moscow: IPK Standards Publishers; 2000, 30 p.


	Biosensor analyzer for BOD index express control on the basis of the yeast microorganisms Candida maltosa, Candida blankii...
	1 Introduction
	2 Materials and methods
	2.1 Biosensor measurements
	2.2 Cultivation of microbial cells
	2.3 Formation of the receptor element
	2.4 Quantification of viable microbial cells
	2.5 BOD5 detection by the standard method of dilution

	3 Results and discussion
	3.1 Dependence of the oxidative activity of the used yeast microorganisms on growth time
	3.2 Characteristics of yeast-based BOD biosensors
	3.3 The effect of environmental conditions on the performance of BOD biosensors
	3.4 Wastewater sample analysis

	4 Conclusion
	Acknowledgement
	References


