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The purpose. To establish influence of melasses non-sugars on physiological activity of yeast and efficiency
of fermentation of mash from sacchariferous raw material. Methods. Determination of physical and chemical
structure of sacchariferous raw material, parameters of mash and mature distillers’ beer spent according to
techniques which are used in production of sugar and spirit. Statistical. Results. At decrease of melasses
share in nutrient medium the general high quality of a mash raises, concentration of dry substances in it
decreases, reducing thus osmotic stress of cells of yeast, and, accordingly, charges of sugars on glycerin
production. Reduction of non-sugars in a mash at replacement of melasses sugars with sugars of diffusion
juice promotes on 25 and 50% greater accumulation of spirit in distillers’ beer, increases biomass in it and
decreases parameter of non-fermented sugar. Increase in a share of sugars of diffusion juice in a mash up to
75% actually levels negative influence of melasses non-sugars on ability to live of yeast cell. Replacement of a
part of melasses sugars with sugars of juice increases output of ethanol that enables in addition to receive 1,24
— 2,29 dal on each ton of raw material of this quality. Conclusions. It is established that melasses non-sugars
negatively influence growth of yeast biomass and its alcohol-forming ability. Decrease in non-sugars in a mash
because of replacement of melasses sugars with sugars of diffusion juice improves parameters of quality of
mature distillers’ beer. Normative output of spirit from saccharose is reached at fermentation of diffusion juice
with high quality of 84,9%. The highest effect of processing melasses of this quality can be reached by its
mixing with diffusion juice in a proportion 25:75.
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Introduction. The economic feasibility of use of sugar beet processing products as feedstock for
bioethanol production was proved by both domestic and foreign scientists [1-5]. The integration of
bioethanol production into the structure of a sugar plant is successfully used in several countries of the
world. Thus, one of Europe's largest producers is Bazancourt-Pomacle Biorefinery (France), is based on the
Crystal Union sugar plant and the ethanol production Cristanol [6].

Enterprises of a similar design are being established and operate in Ukraine. However, the efficiency
of such process is significantly reduced due to the use at the sugar factories of a three-product sugar-
production layout aimed at maximizing the profit of the sugar compartment, which negatively affects the
quality of molasses, increasing the content of harmful non-sugars in it, and, accordingly, decreases the
economic performance of bioethanol production. In this regard, the use of such molasses in the production of
bioethanol requires adjustment of technological parameters of their processing to minimize negative effects
of an increased quantity of non-sugars, in particular melanoidins, caramelans etc., on the viability of the
yeast cell.

The purpose of research is to determine the influence of molasses’ non-sugars on physiological
activity of yeast and the efficiency of fermentation of wort from sugar-containing raw materials.

Materials and methods. The wort based on raw diffusion juice, molasses and their mixtures, the
process of yeasts cultivation and fermentation, matured wort were the objects of research.

As a producent of ethanol the yeasts” Saccharomyces cerevisiae strain K-7 (Y 5007) was used,
which can ferment molasses-based wort with concentration of dry matter 26-28% and ethanol accumulation
in the mature wort within 10 — 11 %vol. The strain is characterized by high alcohol-forming ability and
economy of ethanol synthesis [7].



The cultivation of yeasts and wort fermentation was carried out within the parameters used on the
refinery. The control of the fermentation process was carried out by the amount of CO: released during
fermentation.

The physicochemical composition of sugar-based feedstocks, quality indicators of wort and mature
wort were analyzed according to the methods used in sugar and ethanol production [8—13].

All the experimental trials were conducted in triplicate sets. Results shown in tables and figures
represent average values.

Results. The physicochemical composition of samples received from industrial-technological
process in 2016 - 2017 - raw diffusion juice and molasses - was investigated for their alcoholic fermentation
eligibility (Table 1).

Received data give a reason to affirm the sufficient amount of usable sugars in these types of raw
materials and possibility of their fermentation into bioethanol. But molasses received from industrial-
technological process has the characteristic of “defective” [9] that significantly affects for efficiency of its
fermentation by yeasts cells.

Table 1. Physicochemical composition of sugar-containing raw materials received from refinery

Ne Characteristic - — _Result of analysis
Diffusion juice Molasses
1 Concentration of dry matter (DM)% 18,25 80,00
2 pH of the medium 5,36 5,68
3 Content of sucrose, % 15,60 45,50
4 Contt_ant g)f reducing substances (Muller 0,83 1,70
reactive), %
5 Total amount of fermentable sugars, % 15,50 46,40
6 Content of total nitrogen, % 1,20 1,25
7 Content of amine nitrogen, % n/a 0,21
8 Coloration value, % to light transmission
s n/a 2,67
of distilled water
10 Purity, % 84,93 58,00

Our opinion, one of possible reasons of molasses™ quality deterioration is high content of saponin in
second and third massecuite of sugar production, which caused intensive foam formation in them and
increased duration of boiling. Under such conditions the content of invert sugar was increased, which
decomposition is followed by formation of apoglucinic and other acids that are inhibitors of yeasts.

The molasses received from sugar refinery have a low coloration value — 2,67 % against 40 %, as
defined by Typical Regulation [9], which is caused by the significant content of melanoidins formed in the
process of Maillard reaction. Melanoidins are quite significant inhibitors of yeasts since they absorb on the
surface of yeast cells, especially at low pH values, what impede access of nutrients into the cell and inhibit
its enzymatic activity [14]. In the process of fermentation of such molasses, mature wort was characterized
by a low content of yeast biomass and a significant excess of non-fermented sugar content, which confirms
the negative effect of the abovementioned molasses indicators.

The investigation of molasses’ non-sugars influence on the enzyme system of yeasts was carried out
by replacing the part of molasses sugar with raw diffusion juice sugar, since previous studies [15] have
established a positive effect of blending of intermediates of sugar production as feedstock for bioethanol
production. As a control variant, the wort based on sugar beet molasses was used. Other variants of the
research included the replacement of the part of sugar of molasses by the equivalent of sugar of diffusion
juice in various ratios. The duration of fermentation was 72 hours, for control variant — 80 hours. The
distribution of dry matter content in the wort when molasses are replaced with juice is shown in Figure 1.
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Figure 1. The ratio of the dry matter content of molasses and diffusion juice in sugar-
containing wort

It should be noted that the content of dry matter in the wort decreases with the increase of content of
sugar of juice in it, since this type of raw material has a higher purity value (84.93%) compared to molasses
(58.00%), and consequently, the equivalent amount of sugars corresponds to less amount of non-sugars,
which may affect the vital activity of the yeast cells. One of the indicators of such influence is the increase in
the amount of yeasts biomass with an increase in the proportion of diffusion juice in the wort (Table 2) - by
4.14% - 31.72% compared to control. Given the published data [14, 16] about negative impact of
melanoidins on the functioning of the yeast cells it can be argued that just high quantity of molasses™ non-
sugars, including melanoidins, in the wort is the reason of a reduction in the biomass content in mature wort
with the decrease of juice part in the initial wort.

Table 2. The influence of non-sugars of molasses on the efficiency of fermentation of sugar-containing
wort

The replacement molasses™ sugars by sugars of
Control juice, %
Ch teristi
aracteristic (molasses) 25 50 75 100
(var.1) (var. 2) (var. 3) (var. 4)
pH of mature wort 5,04 5,00 4,96 4,75 4,10
The content of ethanol, % vol. 9,05 9,55 9,65 9,80 9,80
Th tent -f ted ,
e content on non-fermented sugar 1.04 0,40 0.35 0.26 0.23
g/100cm?
The biomass, g/dm? 14,50 15,10 18,60 18,70 19,10
The content of glycerol, g/100cm? 1,18 1,10 0,98 0,90 0,90

Influences by high-osmolar media, S. cerevisiae cells react by rapid intracellular accumulation of
glycerol to counteract their dehydration [17]. Consequently, a decrease of dry matter concentration in a wort
helps to reduce the accumulation of glycerol in mature wort, as evidenced by the data of Table 2.

The reduction of non-sugars content in the wort by introducing juice in it positively affects generating
ability of yeasts and accumulation of ethanol in the mature wort. Thus, if only 25% of sugars of molasses are
replaced with sugars of juice, the ethanol content in the mature wort increases by 5.53%, with the
replacement of 75% of sugars - by 8.29% compared to the control corresponding to the ethanol content
obtained with the complete replacement of molasses by diffusion juice.

The fermentation of wort of control variant is characterized by high content of non-fermented sugar -
1,04 g/100cm?® (Table 2) which is 4.5 times higher than in variant 4 (0,23 g/100cm?), which also reflecting the
negative impact of high content of non-sugars on enzymatic activity of the yeast cells.



In the process of vital activity yeast cells produce organic acids that affect the indicator of active
acidity. For optimal functioning of yeast, the initial pH of the wort in all variants was 4.80, but in fermented
wort of variant 4, this indicator decreased to 4.10, which is explained by the small buffering of diffusion juice.
Increase of part of molasses in the nutritive medium stabilized the pH index at 4.75 - 5.04, since the
presence of more quantity of salts, especially phosphates, in it, facilitates to rising medium buffering and
increases the propensity for glycerol production through higher pH and that most salts act as triggers of
osmotic stress.
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Figure 2. The addiction of ethanol yield per ton of input sugar and per ton of molasses from
total purity of the wort

With the decline of part of molasses in nutritive medium total purity of the wort increases - up 46.04%
when complete replacement of sugar of molasses by sugars of juice, compared with the control. The yield of
ethanol per ton of input sugar is 63.23 dal, which corresponds to norms of production. However, it should be
noted that the yield of ethanol per ton of sugar in variant 3 (75% replacement) is similar under lower purity of
the wort (Figure 2). It is possible that such quantity of non-sugars of molasses doesn’t have explicit negative
effect on cells, besides availability of additional nutrients which are in the raw diffusion juice at the medium
can particularly level influence of non-sugars on the yeasts. It is possible that such quantity of non-sugars
of molasses doesn’t have explicit negative effect on cells, furthermore availability of additional nutrients,
which are in the raw diffusion juice, at the medium can partially reduce influence of non-sugars on the
yeasts. In general, the introduction of diffusion juice in different proportions contributes to an increase of the
yield of ethanol per ton of input sugar at the level of 4.56 - 8.42% compared with control, which reduces
production losses.

One of the important indicators in the production of ethanol is the yield of ethanol per a ton of raw
materials. As can be seen from Figure 2, the replacement of sugars of molasses by sugars of juice increases
the yield of ethanol to 28.40 - 29.45 dal / t, with 27.16 dal / t in control variant, which allows additionally to
obtain 1.24-2.29 dal per every ton of raw materials of such quality.

Conclusions
It was determined that molasses’ non-sugars have a pronounced negative effect on the rate of
biomass growth of yeasts and their alcohol-forming ability. Reducing the content of non-sugars in the wort by
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replacing sugars of molasses with diffusion juice sugars contributes to a greater accumulation of ethanol in
fermented wort, an increase the content of biomass in it and a decrease non-fermented sugar content.

The normative yield of ethanol from sucrose is achieved by fermentation of diffusion juice with a
purity of 84, 9%. Reducing the part of sugars of diffusion juice in a nutritive medium below 75% of the total
input sugar reduces the yield of ethyl alcohol. The highest effect of the processing of molasses of this quality
can be achieved by mixing it with diffusion juice in the proportion of 25:75.
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