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The objective is to use a serial connection of yeast generators (according to the battery principle)
and by means of this to increase the rate of medium dilution therein from 0.18-0.20 to 0.88-0.96 h-1,
to reduce the solids concentration in the yeast mash from 17 to 10-12% and to enter the whole
volume of it into the first streamwise device. The amount of molasses that has not been added to the
mash in order to reduce the concentration of solids in it, was introduced into the last two yeast
generators. Consequently, the experiments demonstrated the intensification of biomass accumulation,
the increase of the amount of yielded ethanol by 29%, and the increase in productivity of yeast

culturing by 18%.
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Alcohol branch of food industry of
Ukraine is a powerful industry that provides
comprehensive processing of raw materials
(grain or sugar beet molasses) to produce
ethanol and several other useful products [1].
Despite some reduction of alcohol production
volume in the last decade, the problems of
energy saving, greater use of raw materials,
reduction of contaminated waste, etc. are still
relevant for businesses [2].

One of the advanced areas of integrated
molasses processing in the alcohol production
is two products (ethanol and baking yeast)
obtaining from it. This technology is referred
to as two-product technology; it is operated at
15 alcohol enterprises of Ukraine and provides
the desired output of each of these products
and quality standards [3].

However, quite often the market situation of
these products requires the increasing of baking
yeast’s production while the alcohol production
power is unchanged or even reduced. This can
be achieved by increasing the outcome of yeast,
compared to the volume of produced ethanol.

The solution of this problem requires the
intensification of yeast biosynthesis in the
medium [4-12].
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For many years the two-product
production was based on the classic single-
threaded molasses mash fermentation
technology. Its main feature was the use
of mash with the same solids concentration
(S) — 21-22%, that at first comes on
a full scale to the yeast generators for
growing the industrial yeast, and then as
industrial yeast enters the main fermenter
for anaerobic fermentation. Using this
technology, 8-9 vol. % of alcohol and 18—
22 g/l of yeast biomass are accumulated in
spirit mash [2]. The pressed yeast yield,
which in alcohol technology is accepted to
count as the ratio of the produced biomass
amount with moisture content of about
75% (kg) to the amount of the obtained
anhydrous alcohol (decalitres — dal), for
this technology is 1.8-2.0 kg/dal.

Scientists of the Ukrainian Research
Institute of Alcohol and Biotechnology
of Food Products have improved this
technology towards the biosynthesis of yeast
intensification. The essence of technology
is to reduce solids concentration in yeast
mash from 21-22 to 16-17% and to enter
the underissue part of molasses into the
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first and the second fermenters [2]. Due to
the reduction of medium osmotic pressure
in the course of yeast cultivation, their
accumulation increases, and the yield
increases by 10%.

The next step improving the process
was a developing of a new approach in
conducting the yeast generation process.
It was serial devices connection (battery
principle) with the differential aeration of
the medium: increased — in the first yeast
generators with a gradual decrease of this
parameter toward the last apparatus [3].
The proposed method improves the biomass
throughput process, the rate of sugars
fermentation and economic factor for their
usage.

The aim of the study was the further
improvement of cultivation stage of biomass
producer in two-product alcohol production
technology towards increasing the crop of
baking yeast.

Materials and Methods

As a producer of alcohol and yeast
biomass the yeast Saccharomyces cerevisiae
strain M-5 were used, which were
received from the collections of industrial
microorganisms of the Ukrainian Research
Institute of Alcohol and Biotechnology of
Food Products [1]. The sterile malt wort
was filled in a test tube with yeast on wort
agar. Then a gradual dilution of pure culture
of alcohol producers was performed, firstly
under laboratory conditions and then in
industrial pure culture devices followed
by the insertion into the yeast generator
for growing the industrial yeast under the
natural pure culture conditions in accordance
with applicable regulations [3].

The objects of research were also: raw
materials (sugar beet molasses), molasses
mash, spirit mash and its distillates.

Sugar beet molasses containing 48.8%
of fermentable carbohydrates and 77.6% of
solids was the raw material for molasses mash
making. Molasses was enriched with nitrogen
(urea) and phosphate (H3PO,) nutrients in
accordance with applicable rules, and H,SO,
was added in an amount that ensures active
mash acidity at pH 5.0-5.2.

In molasses mash and in the fermented
medium, the content of solids was determined
by refractometric method, and pH was
determined by electrometric method.

Spirit mash (medium after fermentation)
was analyzed in terms of: medium pH, yeast

biomass — by weighting on conversion to
75% humidity, alcohol concentration — in
wort distillate by picnometer method [4].
The amount of unfermented carbohydrates
in the mash was determined by resorcin
colorimetric method [3]. Besides, the content
of glycerol in mash was determined by
distillation colorimetric method, and in mash
distillates — the content of higher alcohols
(by photo colorimetric method with reagent
p-dimethylbenzaldehyde) by the accepted in
science and practice of alcohol production
methods [4].

The study was performed under industrial
conditions at Barskyy distillery (Bar, Ukraine).
Yeast fermenter (Figure) consists of six yeast
generators 1 (each one of 50 m?), recirculation
pump 2 and eight series-connected fermenters
3 (each one of 100 m?).

Statistical analysis of the obtained data
was performed using Microsoft Excel. The
defining of abovementioned indicators was
conducted in three — four repetitions. The
difference between the results of measurement
was considered significant at P < 0.05.

Results and Discussion

Considering the known theoretical
and practical biotechnology principles of
positive impact of carbohydrate substrate
stepped adding during microbial cultivation
on the biomass synthesis intensity [5-7,
12], and also the results of our previous
laboratory investigations [8, 9], it was
recommended in research option to improve
the process of battery yeast generation in
such a manner. Solids concentration in yeast
mash was reduced from 17 to 10-12% and
it was added fully into the first streamwise
device. The amount of molasses that has not
been added to the mash in order to solids
concentration reduction in it was introduced
into the last two yeast generators. Thus,
the initial concentration of mash solids
(C,) was increased up to a value close to
17 g/100 cm3. Aeration intensity in the first
and the second devices were maintained
at 10—-15 and were gradually reduced to
3-5 m?®/m? of medium - h in the last two
devices. In order to prevent yeast washing
out during yeast generation the part of
medium (30-40% of the value of the wort
inflow) from the last (the sixth) apparatus
was recirculated by pump into the first
one. The industrial yeast was administered
from the sixth apparatus into the first
fermenter. Required initial concentration
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of fermented wort solids in anaerobic stage
(22 g/100 cm?) has been reached by input of
the calculated amount of molasses into the
first two fermenters.

An advanced single-threaded fermentation
method widely used in ethanol plants that
produce alcohol and baking yeast was used as
a control [2, 3].

Technological parameters of both processes
are presented in Table 1 and 2.

The obtained results suggest that the
proposed yeast generation method helps
intensify the biosynthesis of yeast, resulting
in increase in biomass accumulation as in
finished yeast (up to 31.1 vs. 22.5 g/dm?
in control, P <0.05) and in spirit mash (up
to 39.3 vs. 30.5 g/dm?, P < 0.05). In pilot

trial the productivity of yeast generation at
that has increased from 3.7 to 4.9 kg/m? - h
(P < 0.05). Characteristically, the growth of
yeast in the anaerobic stage of the process
(i.e., from the first to the last fermenter)
was about the same in both variants — 8.2
(experiment) and 8.0 g/dm? (control). This
indicates that yeast generation stage is
foreground rather than fermentation stage
in the accumulation of biomass in the whole
process.

It has been established that in
biotechnology at alcohol obtaining from
carbohydrate containing raw materials
[10-12], the improvement of yeast cultivation
conditions and their physiological state leads
to the weakens of glycerol accumulation,
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Apparatus-technological diagram of fermentation process with gradient continuous yeast generating:
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40



Experimental articles

Table 1. Indicators of yeast generating technological mode for serial connection
of devices and molasses wort fermentation

The number of yeast generator
Indicators

The number of fermenter

2 3 4

2 3 5

The
apparent
solids con-
centra-
tion, %

9.6+0.3 | 8.6+=0.3 | 7.1+0.2 | 8.3+0.3

8.4+0.2

9.0+0.3 | 8.2+0.2| 7.8+0.2 | 7.0+0.2 | 6.8=0.1

pH of the

. 5.1+0.1
medium

5.1+0.1 | 5.1+0.1 | 5.0+0.1

5.1+0.1

5.1+0.1 | 5.1+0.1| 5.2+0.1 | 5.2+0.1 | 5.2+0.1

Yeast bio-
mass,
g/dm

14.0+=1.1]19.4=+1.2| 26.9+1.6 | 28.5+1.4

31.1+1.5

29.7=1.5 36.5+1.8 | 38.0+1.8 | 39.3+2.0

Alcohol

concen-

tration,
vol.%

1.3+0.1 | 2.2+0.1 | 2.9+0.2 | 3.8=0.2

4.7+0.2

6.7+0.2 | 7.2+0.3 | 7.5+0.2 | 8.0+0.2 | 8.2+0.2

C.

g/100 cm®| 121

12.4 12.2 14.9

16.6

21.5

Unfer-
mented
carbohy-
drates,
g/100 cm?®

2.9+0.14

4.30+0.3 1.87+0.08 0.28+0.02

The con-
tent of:
higher

alcohols,
vol.%

glycerol,
g/100 cm?

0.043=
0.002
0.20=
0.01

0.053=

0.003
0.25=
0.02

0.062=
0.003
0.65%=
0.03

Note: here and in the Table 2 «—» means "not defined"”.

which occurs in the glycolytic monosaccharides
cleavage and requires the consumption of the
latter. This contradicts the basic aim of alcohol
fermentation that is the maximal conversion
of sugars into alcohol, so glycerol formation
minimizing is an important task of this
technology.

It has been shown in our investigations
(Table 1 and 2) that for equal values of alcohol
concentration in spirit mash in the control and
experimental versions (8.2 vol. %) the glycerol
formation in the test process slightly decreases
(0.65 vs. 0.72 g/100 cm?®). We can assume that
this is the result of improving the physiological
state of yeast cells due to solids concentration
reduction in yeast wort in the first stage of
the cultivation with the gradual inflow of the
substrate in the final stage of the process. This
fact became also a prerequisite for better yeast
cells reproduction and their biomass increase.

According to the known biochemical
mechanisms of alcohol fermentation
[2, 9] the increase of the amount of
synthesized yeast biomass is regularly
accompanied by increased biosynthesis of
higher alcohols: in industrial yeast — up
to 0.053 (Table 1) vs. 0.042 vol. % in the
control (Table 2), and in spirit mash —
up to 0,062 (Table 1) vs. 0,056 vol. %,
P <0.05 (Table 2).

Thus, the investigations give enough
reasons to claim, that the yield of baking
yeast at application conditions of the proposed
method of producer cultivation is significantly
increased within two-product alcohol
production technology.

Table 3 shows a comparative assessment of
traditional technology and the one, proposed
by us, according to the results of industrial
and departmental tests.
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Table 2. Indicators of yeast generating technological mode and wort fermenting by single-threaded way

(control)
The number of fermenter
Indicators Yeast generators
1 3 5 8
The apparent solids 8.4+ 0.2 9.7+ 0.3 8.0 = 0.2 6.7+ 0.2 7.5+ 0.2
concentration, %
pH of the medium 5.0=+0.1 5.0=0.1 5.0=0.1 5.1=+0.1 5.1=+0.1
Yeast biomass, g/dm? 22.5+1.4 24.8+1.6 27.9=+1.8 29.2+1.7 30.5=2.0
Alcohol concentration, | 5 ¢+ g, 5.2+0.15 6.8+0.2 8.0+0.15 | 8.2%0.15
C;, /100 cm?® 17.5 19.2 2.9 21.3 21.3
Unfermented carbohy-
drates, 2.55+0.10 3.60 =0.22 1.15+0.09 0.42 =0.03 0.26 = 0.01
g/100 cm?®
The content of:
higher alcohols, vol.% 0.042 =0.002 | 0.052=0.003 | 0.052 =0.002 | 0.054 = 0.003 | 0.056 = 0.002
glycerol, g/100 cm® 0.30 = 0.02 - - - 0.72+0.03
Biomass productivity
of cultivation process, 3.7 _ _ _ _
kg/m>h :

Table 3. Comparative evaluation of traditional (control) and advanced (experiment) technologies
by the results of industrial tests

The
Rate of amount of
. . . Biomass | The flux | molasses The
Duration medium Biomass of P - Yeast
e . . productivity | rate of | which was | amount
. of yeast | dilution in finished . . . .. | outcome,
Test options - . of cultiva- | finished | entered |of spirit
cultiva- | particular yeast . . kg/dal of
tion, h east gener- /dmé tion prog, ess, yegst, into the m%sh, alcohol
’ b gen g kg/m~h m°/h main fer- | m°/h
ator, h
menters,
m3/h
Industrial tests
Control 5.5 0.18 25 4.55 46.3 2.65 49.0 3.29
Experiment 6.3 0.96 34 5.40 41.4 2.60 43.0 4.14
Departmental tests
Control 5.3 0.20 21.5 4.01 51.0 2.90 53.7 3.00
Experiment 6.8 0.88 31.9 4.70 39.5 2.70 42.2 4.46
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Increasing the medium dilution rate in
yeast generators with serial connection
up to 0.88-0.96 vs. 0.18-0.20 h™! in
the control (P < 0.05) had a positive
effect on the microbiological state of the
medium and physiological properties of
yeast. The number of cells of infecting
microflora was not increased from the
first to the sixth yeast generator even
after 4 days of apparatus operation,
and the yeast cells were large and had a
significant percentage of budding yeast.
As a result, the productivity of yeast
generation process according to the
proposed gradient continuous cultivation
technology has increased from 4.55 to
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TEXHOJIOT'TA ABOIIPOAYKTOBOI'O
OTPUMAHHS CITHPTY HA OCHOBI
I'PAJICHTHO-HEIIEPEPBHOTI'O
APLERGKETEHEPYBAHHA

JI. B. JIesandoscvkuil
B.C. Muxaiinuk

KuiBcbKuit HallioHAJTBHUI TOPTOBEJIBHO-
eKOHOMiuHUI yHiBepcuTeT, YKpaina

E-mail: levan39@yandex.ua

MeTo10 poboTu 0yJaI0 3aCTOCYBATH IOCJIiIOB-
He 3’€IHAHHA alapaTiB-ApisKaKereHepaTopis
(baTapeiiHUI IPUHIIUI) Ta 301JBITUTH 3a paxy-
HOK IIbOTO IITBUAKICTh PO36aBIeHHA CepegoBUIa
B HuX 3 0,18-0,20 10 0,88—0,96 Ton ', 3MeHIIH-
TU KOHIIEHTPAIiI0 CYXUX PEUOBUH APisKAKOBOTO
cycaa 3 17 1o 10-12% i BBoguTH #10T0 B IIOBHO-
My 00csa3i B mepiiuii 3a morokom amapar. Kinb-
KicTh Messicu, 1o ii HeJZomaiu B CyCJIO 3 METOIO
3MEHIIIeHHSA B HbOMY KOHIIeHTPAIlil cyXux peuo-
BUH, BBOAWJM B [Ba OCTAHHIX ApimKAsKereHepa-
Topu. ¥ pes3yabTaTi 0yJao goBeaeHo (PAKT iHTeEH-
cudikarnii HakonuueHHA 6ioMacu, MiABUIEHHS
BUXOAY APisKIKiB BiJIHOCHO KiJIBKOCTI CIIUPTY
KinmbkocTi eranosy Ha 29% i 36iabIieHHS mpo-
IYVKTUBHOCTI HpoIlecy KyJbTUBYBAHHA IPiK-
mxiB HA 18% .

Knarmouwosi cnosa: npimmxi, npimamxereHeparop,
30pOoKyBaHHA.
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KueBckuit HaIfuoHAJIBLHBIN TOPTOBO-
SKOHOMUYECKUIT YHUBEPCUTET, ¥ KpanHa

E-mail: levan39@yandex.ua

IMenwvio paboThl OBIJIO MCIOJIB30BATH IOCJIE-
IoBaTeJIbHOE COeqUHEeHNe alnapaToB-IPoiKIiKe-
reHepaTopoB (baTapedHBI!I IPUHIIUII) U YBEJU-
YUTH 34 CUET B3TOT0 CKOPOCTH pas3baBIeHUA cpe-
ne1 B Hux ¢ 0,18-0,20 10 0,88-0,96 u !, ymens-
MUTh KOHIEHTPANNIO CYXUX BEIIECTB IPOXK-
sKeBoro cycia ¢ 17 o 10-12% u BBOAUTH €ro B
HOoJHOM o0’beMe B IIePBBIM IO MOTOKY almmapar.
KoauuecTBO Mesacchl, He f0OaBJIeHHOE B CYCJIO
C I[eJIbI0 YMEHBIIIEHUA B HeM KOHIIEHTPAI[UU CY-
XWX BeIeCTB, BBOAWUJIYU B IBA IIOCJETHUX TPOIK-
sKereHeparopa. B pesyabrare Ob1y foKa3aH GaKT
VHTeHCU(DUKAINY HAKOMJIeHUA OMOMACCHI, I10-
BBIIIIEHUS €e BhIXO0Ja OTHOCUTEJIbHO KOJINYECTBA
sTaHoJia Ha 29% U yBeJIUUYeHUA IPOU3BOAUTEb-
HOCTH IIpoliecca KyJIbTUBUPOBAHUA APOKIKEN Ha
18%.

Kntouesvle cnosa: npoxiKu, IpOKIKereHeparop,
cOpakuBaHUe.



