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The paper presents a comparative analysis of two methods of alcohol oxidase (AO) immobilization for the
development of amperometric biosensor for ethanol determination in wine. A method of AO immobilization
in glutaraldehyde vapour appeared to be an optimal one for this purpose. The selectivity, operational and
storage stability, and pH-optimum for operation of the created biosensor were determined. The procedure
of ethanol determination in wine by the amperometric biosensor, based on platinum printed electrode
SensLab and AO, was optimized. The analysis of ethanol concentration in several wine and must samples
was carried out using the developed high-stable biosensor. A good correlation between data obtained by 
the biosensor and densitometry methods was obtained.
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The pro ce dure of eth a nol de ter mi na tion in wine by

en zyme amperometric bio sen sor

Summary

Aim. Development of the procedure of ethanol determination in
wine by an enzyme amperometric biosensor. Methods. The am-
perometric biosensor method of ethanol analysis has been used in
this work. Results. The paper presents comparative analysis of two
methods of alcohol oxidase (AO) immobilization for development of
amperometric biosensor for ethanol determination in wine. The
method of AO immobilization in glutaraldehyde vapour was chosen
as optimal for this purpose. The selectivity, operational and storage 
stability, and pH-optimum for operation of the created biosensor
were determined. The procedure of ethanol determination in wine
by amperometric biosensor on the basis of platinum printed elec-

trode SensLab and AO was optimized. The analysis of ethanol
concentration in wine and must samples was carried out using the
developed high-stable biosensor. A good correlation between the
data obtained by the biosensor and densitometry methods was
shown. Conclusion. The proposed method of ethanol analysis could 
be used in wine production.

In tro duc tion. Eth a nol is a main prod uct of yeast fer -
men ta tion of grape must sug ars. An ac tual yield of eth -
a nol is 0.58 – 0.60 ml per 1 g of sugar and de pends on
the yeast state and race. The dry ta ble wines are char ac -
ter ized by low al co hol con tent, 100% of which is of en -
dog e nous or i gin. The des sert wines con tain much more
al co hol, 80 – 90% of which is added ex og e nously [1].
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Eth a nol con tent in wines should be strictly con -
trolled at all stages of wine mak ing be cause of its phys i -
o log i cal ef fect on hu man or gan ism [2]. It is eth a nol,
which calls forth toxic prop er ties of al co holic drinks, its 
high con cen tra tion can re sult in al co holic in tox i ca tion
[1, 3]. Thus, safe con sump tion of wines and other al co -
holic drinks is de ter mined by the amount of eth a nol in -
tro duced into an or gan ism. Be sides, an in crease in eth a -
nol con cen tra tion  in the  must has a neg a tive ef fect on
yeast growth and de vel op ment dur ing wine fer men ta -
tion [1]. There fore, per ma nent eth a nol mea sure ment,
along with an anal y sis of other key com po nents, is nec -
es sary from eco nom i cal viewpoint to optimize
fermentation process and prevent its disorder [1, 4].

An anal y sis of three-phase sys tem which is the must 
at fer men ta tion is rather a chal lenge. It is a com plex
mix ture of sug ars, or ganic ac ids, pro teins, amino ac ids,
pig ments, tan nins, ar o matic sub stances, vi ta mins, en -
zymes, min eral salts, be sides, there can be grape solid
par ti cles, mi cro or gan isms, and gases [1, 5]. Wine is
also a com plex of over 500 dif fer ent or ganic and in or -
ganic com pounds: al co hols, al de hydes, ke tones, ethers, 
car bo hy drates, ac ids, as well as phe no lic, ni trog e nous,
min eral, and bi o log i cally ac tive sub stances [1]. This is
why, tested com po nents va ri ety and me dium het er o ge -
ne ity are key fac tors to be taken into ac count at the wine 
and must anal y sis. Cor re spond ingly, a method sug -
gested for mea sure ment of a cer tain wine com po nent
should be based on the prin ci ples pro vid ing max i mum
se lec tiv ity to a tar get analyte. Since the com pound con -
tent es sen tially changes de pend ing on the wine va ri ety,
it is im por tant to en sure mea sure ment of the tar get
analyte in wide con cen tra tion range and to take into ac -
count the pres ence of in ter fer ing sub stances, amount
and composition of which are also different in diverse
types of wine materials and wines [6].

Tra di tion ally, eth a nol in wine is de ter mined by gas
chro ma tog ra phy as well as by al co hol dis til la tion with
sub se quent dis til late densitometry and refractometry
[1, 2]. These ap proaches can give re li able re sults, how -
ever, the dis til la tion method is low spe cific to wards eth -
a nol be cause of the pres ence of other light com pounds,
which are dis tilled to gether with the al co hol [2]. In ad -
di tion, the clas si cal meth ods re quire too much of time
con sump tion, highly ex pe ri enced per son nel, sam ple
spe cial pre treat ment, ex pen sive and/or large equip ment 

[1]. Be sides, the tra di tional de vices are im mo bile, can -
not be au to mated and adopted to the needs and fi nan cial 
con di tions of minor wineries, which require cheap and
reliable tools [7, 8]. 

Tak ing into con sid er ation the above stated, the en -
zyme amperometric biosensors seem to be at trac tive al -
ter na tive to the  tra di tional an a lyt i cal meth ods and,
thus, their ap pli ca tion is one of the most pro spec tive ap -
proaches to solv ing the prob lems of fast, cheap and re li -
able de ter mi na tion of eth a nol in com plex mix tures –
must and wines [4]. There fore, dur ing last years the
biosensors are more and more widely used for the anal -
y sis of pro duc tion qual ity in food industry including
winemaking [9].

Al co hol oxidase (AO), an en zyme pro duced by
methylotrophic yeast Hansenula, Pichia, Candida,
seems to be the most ap pro pri ate en zyme for de vel op -
ment of amperometric biosensors. AO is an oligomeric
block con sist ing of eight iden ti cal sub units or ga nized in 
quasi-cu bical sys tem, each of which con tains strongly
bound co fac tor PAD [10]. Ow ing to this, there is no
need to in tro duce the co fac tor ex og e nously that sim pli -
fies an an a lyt i cal pro ce dure [4]. The de vel oped
amperometric biosensors based on im mo bi lized AO,
have wide dy namic range from 0.1 to 30 mM of the sub -
strate con cen tra tion [10], which well cor re sponds to 
the vari a tion of ethanol concentration in wines and
wine materials.

How ever, nu mer ous AO based amperometric
biosensors de vel oped up to date are to some ex tent dis -
ad van ta geous com pared to the tra di tional meth ods of
eth a nol anal y sis in wine. The most im por tant chal lenge
is their low sta bil ity and in suf fi cient selectivity [4].

It is known, that en zymes re moved from the nat u ral
me dium ex hibit a ten dency to  fast loss of the ac tiv ity
that lim its the time of bio sen sor work ing ca pac ity [11].   
The data [12, 13] showed that AO is an en zyme with
low sta bil ity: it dem on strates only 50% of orig i nal ac -
tiv ity in 16 -18 days af ter im mo bi li za tion. Other in ves -
ti ga tions found that the sig nal of the AO based bio sen -
sor in one-month stor age was 60% [14] and 30% [15,
16] of the original level.

Note wor thy, that in [13, 14] the AO im mo bi li za tion 
on the sur face of plat i num elec trodes was car ried out
elec tro chem i cally in os mium-con tain ing [13] and ac ryl
[14] poly mers, in [12] AO was im mo bi lized in
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polycarbamoylsulphite hydrogel, in [15, 16] – on car -
bon elec trodes in glutaraldehyde. For the mo ment, it
has been  es tab lished that en zyme sta bil ity de pends,
along with other fac tors, on a method of its im mo bi li za -
tion on the elec trode sur face, an ef fect of sen si tive
mem brane com po nents on the en zyme func tion and se -
lec tion of the elec trode ma te rial [4]. As shown in [17],
the AO-based bio sen sor with gold elec trodes and the
en zyme, im mo bi lized by cross-link ing with BSA in
glutaraldehyde, demonstrated almost 100% activity
after 90 measurements.

The rea son of low bio sen sor se lec tiv ity to the sub -
strate can be sen si tiv ity of the en zyme mem brane
and/or the sur face of amperometric elec trode to wards
the in ter fer ing sub stances in wine, which are ox i dized
on the elec trode. In ad e quate re sults of the bio sen sor
anal y sis of wine and must can be also ob tained if some
wine com po nents act as ac ti va tors, in hib i tors and even
al ter na tive sub strates of the immobilized enzyme [19].

Study on se lec tiv ity of the biosensors based on im -
mo bi lized AO shows that reg u larly they are sen si tive to
lac tate [16, 18], ac e tate [18], and es pe cially to meth a nol 
[17, 18] and ascor bic acid [16, 18]. A non-spe cific sig -
nal to ascor bic acid ap pears be cause of its elec tro chem -
i cal ox i da tion on the elec trode at high work ing po ten -
tial. This sig nal can be de creased by us age of lower po -
ten tial, but it neg a tively in flu ences the bio sen sor
sen si tiv ity [20]. Ox i da tions of one chain aliphatic al co -
hol meth a nol, struc tur ally sim i lar to eth a nol, as well as
non-spe cific ox i da tion of lac tate and ac e tate, are ba si -
cally cat a lyzed by AO it self [18]. To avoid these ef -
fects, the wine sam ples an a lyzed should be di luted as
much as pos si ble. Thus, an op ti mi za tion prob lem arises
con cern ing the di lu tion ra tio which has to cor re spond to 
the def i nite sen sor sen si tiv ity to wards a mea sured
substrate and can be used for analyzing strong  as well
as   dry wines with lower ethanol content.

In ves ti ga tion and op ti mi za tion of sta bil ity and se -
lec tiv ity of the en zyme bio sen sor as well as elab o ra tion
of the wine anal y sis pro ce dure were the goal of this re -
search, as an im por tant stage, pre ced ing an ap pli ca tion
of the device  in winemaking.

Ma te ri als and meth ods. Ma te ri als. Al co hol
oxidase was from Hansenula sp with ac tiv ity of 1.6
U/mg pro duced by “Sigma-Aldrich” (Great Brit ain).

Mono mer 3,4- ethylenedioxythiophene (EDT),
pro duc tion of Baytron M (Ger many), and poly(eth yl -
ene gly col) 1450, pro duc tion of «Sigma» (Swit zer land) 
were used as a ma trix for en zyme elec tro chem i cal poly -
mer iza tion. Bo vine se rum al bu min (BSA), pro duc tion
of «Sigma-Aldrich Chimie S.a.r.l.» (France), and
glutaraldehyde, pro duc tion «Fluka» (Swit zer land),
were used for en zyme immobilization.

Re agents Na2HPO4×7H2O, KH2PO4, NaCl, NaOH,
HCl, hy dro gen per ox ide («Phargomed», Ukraine), so -
dium lac tate («Sigma», USA), glu cose and L-ascor bic
acid («Sigma-Aldrich Chimie S.a.r.l.», France), eth a nol 
(«Fluka», Ger many), glyc erol (Ukraine) were also
used. All the re agents, both do mes tic and im ported,
were of an a lyt i cal re agent grade and used as re ceived
with out ad di tional purification.

Mea sure ment. All elec tro chem i cal ex per i ments
were car ried out us ing tra di tional three-elec trode sys -
tem, in which the printed elec trode SensLab («SensLab
GmbH», Leip zig, Ger many) is a com bi na tion of all
three elec trodes, i.e. work ing plat i num, aux il iary and
ref er ent ones. Our pre lim i nary re search [20] showed
that bare SensLab elec trodes with no en zyme mem -
branes do not re spond to wine, must and their ba sic
com po nents, and there fore can be use ful in the
biosensors for wine analysis.

Reproducibility and workability of printed plat i -
num elec trodes SensLab were tested in the po ten tial
range of 0 – 600 mV (po ten tial scan rate of 20 mV/s).
Cy clic voltamperometry was per formed with the
PalmSens potentiostate (Palm In stru ments BV,
Netherland).

Amperometric mea sure ment was car ried out with
the PalmSens potentiostate at di rect volt age of +200
mV in 5-ml elec tro chem i cal cell.

AO im mo bi li za tion by elec tro chem i cal poly mer iza -
tion in poly mer poly(3,4- ethylenedioxythiophene).
Elec tro chem i cal poly mer iza tion of small mono mers is
one of the most novel ap proaches to mem brane for ma -
tion on the elec trode sur face, which has been al ready a
suc cess in biosensorics. This method al lows to choose
and keep con stant film shape and thick ness, and to con -
trol ac cu rately pre cip i ta tion [20]. Electropolymerized
films, due to their semipermeability to wards hy dro gen
per ox ide and impermeability for other com pounds, act
as a se lec tive bar rier, which sup presses in ter fer ing ef -
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fect of electroactive sub stances, such as ascor bic acid,
of ten present in must, wine and other real liquids [10,
21].

The en zyme im mo bi li za tion by elec tro chem i cal
poly mer iza tion in the poly mer
poly(3,4-ethylenedioxythiophene) (PEDT) is thor -
oughly de scribed in [20]. The com po nent mix ture, con -
sist ing of 10 mÌ 3,4- ethylenedioxythiophene (ÅDÒ),
1 mÌ poly eth yl ene gly col and 30% ÀÎ so lu tion, was
pre pared in 20 mM phos phate buffer, pH 6.2. EDT was
electropolymerized by volt age from + 0.2 V to + 1.5 V
ap plied dur ing 15 cy cles at a rate of 0.1 V/s. Elec tro -
chem i cal syn the sis of PEDT was con trolled using
cyclic voltamperometry.

AO im mo bi li za tion in glutaraldehyde vapour.
Glutaraldehyde (GA) is a polyfunctional agent, which
forms co va lent bind ing be tween biocatalytic par ti cles
or pro teins. That is why the en zyme im mo bi li za tion
with GA is of ten uti lized at the bio sen sor de vel op ment.
In three-di men sional ma trix, ob tained by this method,
an en zyme is strongly bound to the elec trode ma te rial
that en sures both re ten tion of a biomolecule within the
mem brane and ef fi cient elec tric con tact be tween a
biomolecule and electrode surface [22].

To ob tain bioselective mem branes, the mix ture of
30% AO so lu tion with 5% BSA (1:1) pre pared in 10
mM phos phate buffer, pH 7.2, was de pos ited on the
elec trode work ing sur face. For the mem brane poly mer -
iza tion, the trans duc ers were placed into sat u rated GA
vapour for 10 min, and then dried in the open air.

Eth a nol de ter mi na tion in model so lu tions. Mea -
sure ment was car ried out at room tem per a ture in an
open ves sel at in ten sive stir ring. 20 mM so lu tion
KH2PO4 – Na2HPO4, ðÍ 7.2, was used as a work ing
buffer, NaCl (10 – 200 mÌ) – as a base electrolyte.

Sub strates con cen tra tion was changed by ad di tion
of de fined aliquots of con cen trated so lu tions. Af ter
each sig nal, the sen sor was washed in a buffer so lu tion
un til the base sig nal was stabilized.

Eth a nol de ter mi na tion in wine and must. Eth a nol
was an a lyzed in 23 sam ples of wines of dif fer ent kinds
made un der con di tions of microproduction in the
“Magarach” In sti tute of grape and wine, as well as in 2
sam ples of white and red wine ma te ri als. Mea sure -
ments were car ried out at room tem per a ture in an open
ves sel filled with in ten sively stirred 20 mM phos phate
buffer solution, pH 7.2.

Eth a nol con cen tra tion was de ter mined by the
method of stan dard ad di tions. The sam ple was
2000-fold di luted. Af ter ob tain ing each re sponse, the
sen sor was washed by the buffer so lu tion un til the base
sig nal stabilization.

Con trol mea sure ment was made by the method of
al co hol dis til la tion with con se quent densitometry.

In ves ti ga tion of op er a tional and stor age sta bil ity of 
biosensors. To de ter mine op er a tional sta bil ity and
reproducibility of bio sen sor re sponses, the sub strate
aliquots (20mM) and the sam ples of wine “Port red”
(20 µl) were pe ri od i cally in serted into an elec tro chem i -
cal cell, and the changes of bio sen sor sig nal were reg is -
tered during 8-hour continuous work.

Re sults and dis cus sion. Op er a tion of AO-based
amperometric biosensors is grounded on the en zy matic
re ac tion:

                        ÀÎ

                Åthanol ® Acetaldehyde + Í2Î2.

The eth a nol en zy matic con ver sion is fol lowed by
pro duc tion of elec tro chem i cally ac tive sub stance, hy -
dro gen per ox ide, ox i da tion of which re sults in gen er a -
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Fig. 1. Calibration curves of laboratory prototypes of amperometric
biosensors based on alcohol oxidase, immobilized in
BSA-containing membrane in glutaraldehyde vapour (1) and
electrochemically polymerized in polymer PEDT (2). Measurement
in 20 mM phosphate buffer, pH 7.2, potential of +200 mV vs
reference electrode.



tion of elec trons reg is tered by an amperometric trans -
ducer:

                   Í2Î2 ® Î2 + 2Í
+
 + 2 e

–
.

The first stage of re search was aimed at se lec tion of
the most ef fec tive method of AO im mo bi li za tion on the
elec trode SensLab sur face. Two pro ce dures, dif fer ent
by the tech nol ogy, were in ves ti gated, i.e., elec tro chem -

i cal poly mer iza tion in poly mer PEDT and im mo bi li za -
tion in GA vapour in the BSA-con tain ing mem brane.
The cal i bra tion curves of AO-based biosensors us ing
these im mo bi li za tion meth ods are pre sented in Fig. 1.
As seen, at start the val ues of eth a nol de ter mi na tion
limit and use ful sig nal were lower in the PEDT case.
The dy namic ranges are very close for both ap proaches: 
0.32 – 41 mÌ for GA method and 0.64 – 41 mÌ – for
PEDT.
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Fig. 2. Responses of laboratory prototypes of amperometric biosensor based on AO, immobilized in GA vapour (a) and in polymer PEDT
(b), to ethanol (1), glycerol (2), glucose (3), lactate (4), ascorbic acid (5). Measurement in 20 mM phosphate buffer, pH 7.2, potential of
+200 mV vs reference electrode.

Fig. 3. Operational stability of laboratory prototypes of amperometric biosensors based on AO, immobilized in GA vapour (a) and in
polymer PEDT (b). Measurement in 20 mM phosphate buffer, pH 7.2, potential of +200 mV vs reference electrode. Curve 1 - sensor

response to insertion of 20 mM ethanol, curve 2 - that for 20 ml sample of "Port red".



To study the se lec tiv ity of the de vel oped
biosensors, the re sponses to the com po nents, the pres -
ence of which in wine can in flu ence the work of eth a nol 
trans duc ers, i.e., glyc erol, glu cose, lac tate and ascor bic
acid, were mea sured. As seen in Fig. 2a and 2b, the im -
mo bi li za tion method has no sig nif i cant ef fect on the
bio sen sor se lec tiv ity. The AO-based trans duc ers give
prac ti cally no re sponse to lac tate, small neg a tive re -
sponse to ascor bic acid and pos i tive re sponse to glyc -
erol, the value of which is com pa ra ble with that to wards 
eth a nol. Note wor thy, that ab so lute in sen si tiv ity to glyc -
erol is not oblig a tory since eth a nol con cen tra tion in
wine is by doz ens of times higher than glyc erol con tent, 
and this insufficient selectivity can be negligible at
sample dilution.

An anal y sis of op er a tional sta bil ity and re sponse
reproducibility showed that the biosensors based on
PEDT-im mo bi lized AO dem on strated 160% of ini tial
ac tiv ity in 8-hour con tin u ous work while those with
GA-im mo bi lized AO – about 400% (Fig. 3a, 3b). This
can be a re sult of grad ual in creas ing of in ter ac tion be -
tween the im mo bi lized en zyme and the elec trode sur -
face; be sides, dur ing the first day af ter im mo bi li za tion
the en zyme mol e cules ac quire an op ti mal functional
conformation in the membrane.

The re sults on stor age sta bil ity (Fig. 4) prove that
AO elec tro chem i cally im mo bi lized in PEDT re tains the 
sig nal ini tial level for only one week af ter im mo bi li za -
tion, and then its ac tiv ity grad u ally drops. AO im mo bi -
lized in GA is more sta ble: in 60-day stor age the en -
zyme dem on strates 133% initial signal.

Thus, as a re sult of the com par a tive anal y sis of two
meth ods, AO im mo bi li za tion in GA vapour in
BSA-con tain ing mem brane was cho sen as more ef fec -
tive for eth a nol mea sure ment in wine. The bio sen sor
de vel oped with use of this im mo bi li za tion method is
char ac ter ized by wide dy namic range of op er a tion, suf -
fi cient se lec tiv ity and high sta bil ity, which al lows its
application in the wine and must analysis.

The op ti mum pH for the bio sen sor based on AO im -
mo bi lized in GA vapour was de ter mined to be 7.2 (Fig.
5a). This value dif fers from pH op ti mum for free AO,
7.5 – 8.0 [23, 24], which can be ex plained by the fact
that at bio sen sor func tion ing the elec tro chem i cal re ac -
tion takes place along with en zy matic, and this causes
cer tain shift of optimal pH value [23].

Be sides, the re sponse value of this bio sen sor was
shown to be in de pend ent on buffer ca pac ity and ion
strength of work ing so lu tion (Fig. 5b), which is typ i cal
for amperometric biosensors [4].

At the first stage of work with wine ma te ri als, an
op ti mal level of di lu tion of wine sam ples was de ter -
mined re gard ing their anal y sis by the de vel oped
amperometric bio sen sor based on AO im mo bi lized in
GA. 0.5, 1, 2.5, 5, 10 and 20 ml sam ples of three types of 
wine with dif fer ent eth a nol con tents (10,000-, 5,000-,
1,000-, 500- and 250-fold di lu tion, cor re spond ingly)
were in serted into an elec tro chem i cal cell. The wines
an a lyzed were ta ble wine “Mont Blanc”, des sert wine
“Kara-Dag”, and strong wine “Ma deira”, the eth a nol
con tent in which de ter mined by dis til late densitometry
was 10.5%, 16%, and 19%, cor re spond ingly. The re -
sponses ob tained are pre sented in Fig. 6. As seen,
within the di lu tion range of 250 – 2000 times prac ti -
cally lin ear de pend ence be tween the sam ple di lu tion
and the bio sen sor re sponse is ob served for all three
types of wine while 5,000- and 10,000-fold di lu tions
are un suit able for the anal y sis of dry and des sert wines
with low eth a nol con tent. To re duce an ef fect of in ter -
fer ing sub stances in wine on the bio sen sor re sponse, in
fur ther ex per i ments the value of samples dilution was
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Fig. 4. Dependence of responses of laboratory prototypes of
amperometric biosensors based on AO, immobilized in GA vapour
(1) and in polymer PEDT (2) on duration of dry storage at + 4° Ñ.
Measurement in 20 mM phosphate buffer, pH 7.2, potential of +200
mV vs inner reference electrode, ethanol concentration - 20 mM.



taken the maximal from obtained optimal range, i.e. by
2,000 times.

The max i mum con cen tra tions of main in ter fer ing
sub stances in 2,000-fold di luted sam ples of must and
wine are as fol lows [1]: glyc erol – to 0.1 mÌ, glu cose –
to 0.5 mÌ, lac tate – to 0.03 mÌ, ascor bic acid – tî
0.002 mÌ. Thus, con sid er ing the re sults pre sented in

Fig. 2, the bio sen sor with AO im mo bi lized in GA is in -
sen si tive to these sub stances in mentioned
concentrations.

To elu ci date an ef fect of other wine com po nents
(meth a nol, ac e tate, phe nol com pounds, etc.) on op er a -
tion of the de vel oped trans ducer with AO im mo bi lized
in GA, an ex per i ment was car ried out as fol lows. To the
“Ma deira” sam ple (ac cord ing to the dis til late
densitometry data, eth a nol con tent – 19 vol. %) AO
(2.5mg) was added and in cu bated for eth a nol dis in te -
gra tion. The 10 ml sam ples of the mix ture taken ev ery
cer tain in terim af ter mix ing were in serted into the elec -
tro chem i cal cell, and the bio sen sor re sponses were
mea sured. It was shown that no lon ger than in one hour
af ter mix ture in cu ba tion the bio sen sor re sponse
dropped by 33%, in 7 hour – by 50%, and in a day when
eth a nol was com pletely dis in te grated by the en zyme,
the bio sen sor re sponse was no more than 0.5 nA. This
ex per i ment proves high spec i fic ity and selectivity of
the developed biosensor for ethanol analysis in wine.

At the next stage, the eth a nol con tent was mea sured
by the de vel oped bio sen sor in ac cor dance with the op ti -
mized pro ce dure. 23 sam ples of dif fer ent wines (dry,
semi sect, des sert and strong; white, rose, red) and 2
sam ples of red and white must were an a lyzed. The re -
sults were com pared with the data of tra di tional anal y -
sis – dis til late densitometry (Ta ble 1). Note wor thy, a
high level of cor re la tion be tween the re sults of mea -
sure ments was obtained by two methods.
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Fig. 5. Dependence of response of amperometric biosensor based on AO, immobilized in GA vapour, on pH of working solution (a),
concentration of background electrolyte in buffer (b, curve 1), and concentration of buffer solution (b, curve 2). Measurement in phosphate
buffer, potential of +200 mV vs inner reference electrode.

Fig. 6. Responses of amperometric biosensors based on AO,
immobilized in GA vapour, to insertion of different wine aliquots
into electrochemical cell: "Madeira" (19% ethanol, curve 1),
"Kara-Dag" (16% ethanol, curve 2), "Mont Blanc" (10.5% ethanol,
curve 3). Measurement in 20 mM phosphate buffer, pH 7.2, potential 
of +200 mV vs inner reference electrode.



Thus, the pro ce dure of eth a nol de ter mi na tion in
wine by the amperometric bio sen sor, based on
screen-printed plat i num elec trode SensLab and al co hol
oxidase, has been elab o rated. The work ing char ac ter is -
tics of amprometric biosensors cre ated us ing two meth -
ods of AO im mo bi li za tion were in ves ti gated. The trans -

ducer with AO im mo bi lized in glutaraldehyde vapour
was shown to dem on strate lower mea sur able limit of
sub strate con cen tra tion and higher sta bil ity as com -
pared with im mo bi li za tion in PEDT. That is why the
first method was ac cepted for the de vel op ment of the
bio sen sor for eth a nol anal y sis in wine. The pH op ti -
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Ïðî áà Òèï
Êîí öåí òðàö³ÿ åòà íî ëó, % îá.

Á³îñåí ñîð* Äåí ñè òî ìåò ðè÷ íèé ìå òîä

«Ìî íàñ òè ðñüêà ³çáà» Á³ëå, ñòî ëî âå, íàï³âñî ëîä êå 10,7 10,4

Ìîí òå Áëàí «Êîê òå áåëü» Á³ëå, ñòî ëî âå, íàï³âñî ëîä êå 10,5 10,4

«Âåä ìå æà êðîâ» ×åð âî íå, ñòî ëî âå, íàï³âñî ëîä êå 11,2 10,5

Áàñ òàð äî «Êàë³ñòîí» ×åð âî íå, ñòî ëî âå, íàï³âñî ëîä êå 12,5 12,0

Ðêà öè òåë³ «Êîê òå áåëü» Á³ëå, ñòî ëî âå, ñó õå 12,7 12,0

Àë³ãî òå «Êîê òå áåëü» Á³ëå, ñòî ëî âå, ñó õå 11,6 11,2

Ôå òÿñ êà «Ãîë³öèíñüê³ âè íà» Á³ëå, ñòî ëî âå, ñó õe 12,7 12,0

Ìåð ëî «Êîá ëå âî» ×åð âî íå, ñòî ëî âå, ñó õå 12,1 12,0

Êà áåð íå «Êîê òå áåëü» ×åð âî íå, ñòî ëî âå, ñó õå 9,6 11,2

Êà áåð íå «Ãîë³öèíñüê³ âè íà» ×åð âî íå, ñòî ëî âå, ñó õå 12,0 12,0

Ìóñ êàò á³ëèé Á³ëå, äå ñåð òíå 15,6 15,7

Êî êóð «Êîê òå áåëü» Á³ëå, äå ñåð òíå 18,1 16,0

Êà ðà-Äàã «Êîê òå áåëü» ×åð âî íå, äå ñåð òíå 16,3 16,0

Êà ãîð «Ä³îí³ñ» ×åð âî íå, äå ñåð òíå 16,6 16,0

Êà ãîð «Óêð à¿íñüêèé» ×åð âî íå, äå ñåð òíå 15,9 16,1

Ìà äå ðà Á³ëå, ì³öíå 18,9 18,0

Ìà äå ðà «Ìà ñàí äðà» Á³ëå, ì³öíå 19,6 19,0

«Ïðè ìî ðñüêå» Á³ëå, ì³öíå 16,9 17,5

Õå ðåñ ñî ëîä êèé «Ä³îí³ñ» Á³ëå, ì³öíå 17,8 17,0

Ïîð òâåéí á³ëèé Á³ëå, ì³öíå 18,4 17,0

Ïîð òâåéí 777 ðî æå âèé Ðî æå âå, ì³öíå 18,2 17,5

Ïîð òâåéí 777 ÷åð âî íèé ×åð âî íå, ì³öíå 18,8 17,5

Ìàð ñà ëà «Ìà ñàí äðà» ×åð âî íå, ì³öíå 18,1 18,5

Ñóñ ëî á³ëå – 0,8 –

Ñóñ ëî ÷åð âî íå – 0,3 –

*Â³äíîñ íå ñòàí äàð òíå â³äõè ëåí íÿ 6,2 %

Êîí öåí òðàö³ÿ åòà íî ëó ó çðàç êàõ âèíà òà âè íîã ðàä íî ãî ñóñ ëà, âèç íà ÷å íà çà äî ïî ìî ãîþ á³îñåí ñî ðà òà ìå òî äó äåí ñè òî ìåòð³¿
äèñ òè ëÿ òó



mum for this bio sen sor was de ter mined, an in de pend -
ence of its re sponse on buffer ca pac ity and ion strength
of work ing so lu tion was proved. The level of sam ple di -
lu tion for anal y sis was op ti mized to elim i nate the   ef -
fect of wine in ter fer ing sub stances on bio sen sor op er a -
tion. The eth a nol con cen tra tion in var i ous wines and
must has been mea sured by the de vel oped bio sen sor.
Good cor re la tion be tween the re sults ob tained by eth a -
nol amperometric biosensor and the data of traditional
method of ethanol analysis, distillate densitometry, was 
stated.

Ò. Á. Ãî ðþøê³íà, À. Ï. Îðëî âà, Ã. Ì. Âå ðèê, Î. Ï. Ñîë äàòê³í,
 Ñ. Â. Äçÿ äå âè÷

Ìå òî äè êà âèç íà ÷åí íÿ åòà íî ëó ó âèí³ ôåð ìåí òíèì àì ïå ðî ìåò -

ðè÷ íèì á³îñåí ñî ðîì

Ðå çþ ìå

Ìåòà. Ðîç ðîá êà ìå òî äè êè âèç íà ÷åí íÿ åòà íî ëó ó âèí³ ôåð ìåí -
òíèì àì ïå ðî ìåò ðè÷ íèì á³îñåí ñî ðîì. Ìå òî äè. Âè êî ðèñ òà íî
ôåð ìåí òíèé àì ïå ðî ìåò ðè÷ íèé á³îñåí ñîð íèé ìå òîä àíàë³çó
åòà íî ëó. Ðå çóëü òà òè. Ïðî âå äå íî ïîð³âíÿëü íèé àíàë³ç åôåê -
òèâ íîñò³ çà ñòî ñó âàí íÿ äâîõ ìå òîä³â ³ììîá³ë³çàö³¿ àë êî ãîëü îê -
ñè äà çè (ÀÎ) ïðè ðîç ðîáö³ àì ïå ðî ìåò ðè÷ íî ãî á³îñåí ñî ðà äëÿ
àíàë³çó åòà íî ëó ó âèí³. Îáðà íî ìå òîä ³ììîá³ë³çàö³¿ ôåð ìåí òó ó 
ïà ðàõ ãëó òà ðî âî ãî àëü äåã³äó, çà âè êî ðèñ òàí íÿ ÿêî ãî
³ììîá³ë³çî âà íà ÀÎ äå ìî íñòðóº êðàù³ ðî áî÷³ õà ðàê òå ðèñ òè êè.
Äîñë³äæå íî ñå ëåê òèâí³ñòü, îïå ðàö³éíó ñòàá³ëüí³ñòü òà
ñòàá³ëüí³ñòü ïðè çáåð³ãàíí³ ñòâî ðå íî ãî á³îñåí ñî ðà, âñòà íîâ -
ëå íî ðÍ-îïòè ìóì éîãî ðî áî òè. Â³äïðàöü î âà íî ìå òî äè êó âèç -
íà ÷åí íÿ åòà íî ëó ó âèí³ çà äî ïî ìî ãîþ àì ïå ðî ìåò ðè÷ íî ãî
á³îñåí ñî ðà íà îñíîâ³ ïëà òè íî âî ãî åëåê òðî äà SensLab òà ÀÎ. ²ç
çà ñòî ñó âàí íÿì ðîç ðîá ëå íî ãî âè ñî êîñ òàá³ëüíî ãî á³îñåí ñî ðà
ïðî à íàë³çî âà íî êîí öåí òðàö³þ åòà íî ëó ó çðàç êàõ âèíà. Ïî êà çà -
íî âè ñî êó êî ðå ëÿö³þ îò ðè ìà íèõ ðå çóëü òàò³â ³ç äà íè ìè ìå òî äó
äåí ñè òî ìåòð³¿ äèñ òè ëÿ òó. Âèñ íîâ êè. Çàï ðî ïî íî âà íó ìå òî äè -
êó àíàë³çó åòà íî ëó ìîæ íà â ïîä àëü øî ìó âè êî ðèñ òî âó âà òè ó
âè íî ðîáñòâ³.

Êëþ ÷îâ³ ñëî âà: àì ïå ðî ìåò ðè÷ íèé á³îñåí ñîð, àë êî ãîëü îê ñè -
äà çà, åòà íîë, âèíî, ñóñ ëî.

Ò. Á. Ãî ðþø êè íà, À. Ï. Îðëî âà, Ã. Í. Âå ðèê, À. Ï. Ñîë äàò êèí, 
Ñ. Â. Äçÿ äå âè÷

Ìå òî äèêà îïðå äå ëå íèÿ ýòà íî ëà â âèíå ôåð ìåí òíûì àì ïå ðî ìåò -

ðè ÷åñ êèì áè î ñåí ñî ðîì

Ðå çþ ìå

Öåëü. Ðàçðàáîòêà ìå òî äè êè îïðå äå ëå íèÿ ýòà íî ëà â âèíå ôåð -
ìåí òíûì àì ïå ðî ìåò ðè ÷åñ êèì áè î ñåí ñî ðîì. Ìå òî äû. Èñïîëü -
çî âàí ôåð ìåí òíûé àì ïå ðî ìåò ðè ÷åñ êèé áè î ñåí ñîð íûé ìå òîä
àíà ëè çà ýòà íî ëà. Ðå çóëü òà òû. Ïðî âå äåí ñðàâ íè òåëü íûé àíà -
ëèç ýô ôåê òèâ íîñ òè ïðè ìå íå íèÿ äâóõ ìå òî äîâ èì ìî áè ëè çà öèè
àë êî ãîëü îê ñè äà çû (ÀÎ) ïðè ðàç ðà áîò êå àì ïå ðî- ìåò ðè ÷åñ êî ãî
áè î ñåí ñî ðà äëÿ àíà ëè çà ýòà íî ëà â âèíå. Âûá ðàí ìå òîä èì ìî áè -
ëè çà öèè ôåð ìåí òà â ïà ðàõ ãëó òà ðî âî ãî àëü äå ãè äà, ïðè èñ ïîëü -

çî âà íèè êî òî ðî ãî èì ìî áè ëèçðî âàí íàÿ ÀÎ äå ìîí- ñòðè ðó åò
ëó÷ øèå ðà áî ÷èå õà ðàê òå ðèñ òè êè. Èññëå äî âà íû ñå ëåê òèâ -
íîñòü, îïå ðà öè îí íàÿ ñòà áèëü íîñòü è ñòà áèëü íîñòü ïðè õðà -
íå íèè ñî çäàí íî ãî áè î ñåí ñî ðà, îïðå äå ëåí ðÍ-îïòè ìóì åãî
ðà áî òû. Îòðà áî òà íà ìå òî äè êà îïðå äå ëå íèÿ ýòà íî ëà â âèíå ñ
ïî ìîùüþ àì ïå ðî ìåò ðè ÷åñ êî ãî áè î ñåí ñî ðà íà îñíî âå ïëà òè íî -
âî ãî ýëåê òðî äà SensLab è ÀÎ. Ñ ïðè ìå íå íè åì ðàç ðà áî òàí íî ãî
âû ñî êîñ òà áèëü íî ãî áè î ñåí ñî ðà ïðîàíà ëèçèðîâàíà êîí öåí òðà -
öèÿ ýòà íî ëà â îá ðàç öàõ âèíà è ñóñ ëà. Ïî êà çà íà âû ñî êàÿ êîð ðå -
ëÿ öèÿ ïî ëó ÷åí íûõ ðå çóëü òà òîâ ñ äàí íû ìè ìå òî äà
äåí ñè òî ìåò ðèè äèñ òèë ëÿ òà. Âû âî äû. Ïðåä ëî æåí íóþ ìå òî -
äè êó àíà ëè çà ýòà íî ëà ìîæ íî â äàëü íåé øåì èñïîëüçîâàòü â
âèíîäåëèè.

Êëþ ÷å âûå ñëî âà: àì ïå ðî ìåò ðè ÷åñ êèé áè î ñåí ñîð, àë êî ãîëü -
îê ñè äà çà, ýòà íîë, âèíî, ñóñ ëî.
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