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Target setting. Rye is known to be a stubborn raw material for the industrial production of alcohol because of alkylres-
orcinols contained in grain of the said crop these effecting the enzymes of amylase complex in the negative way. Thus it is 
important to find and scientifically substantiate proper deactivating substances for batches preparation stabilizing enzyme 
activity without increase of normative consumption rates of enzyme preparations. 

Actual scientific research and issues analysis. Outer cuticle shell of rye grain contains alkylresorcinols – compounds of 
resorcine and alkyls of different chain length and odd number of carbon atoms. The presence of alkylresorcinols containing 
carbon atoms is characteristic for rye only. While grinding grain, the most part of alkylresorcinols remains in bran. When 
effected by high temperatures alkylresorcinols partly disintegrate, and in alcohol production alkylresorcinols retain their 
native form and effect the activity of enzyme preparations in negative way.  

Defining of uninvestigated parts of general matter. Objects of research were: rye, fractions obtained while grinding; 
batches and wort made of rye mill under the conditions of low temperature digestion with the use of enzyme preparations of 
alpha- and glucoamylase action and auxiliary cytolytic enzyme preparations, mature mash. To fulfill the research, media 
were prepared of rye mill and water, rye bran was added as a source of alkylresorcinols; fermentative hydrolysis of starch 
was fulfilled with the use of «Novozymes» enzyme preparations. 

The research objective. The aim of the research was to determine the effect of alkylresorcinols derivatives upon the sac-
charifying ability of wort and to choose substances to neutralize alkylresorcinols.  

The statement of basic materials. The efficiency of catalytic activity of enzyme preparation during wort fermentation is effected 
by a number of factors, the index of saccharifying ability of wort being an index of activity of enzyme preparations. The research of 
deactivating alkylresorcinols derivatives with different substances was fulfilled to confirm or to reject the said assumption. For the 
research, food grade sodium bicarbonate, ammonia water and sodium hydroxide solution were used as deactivators.  

Conclusions and proposals. The alkylresorcinols contained in rye effect enzyme preparations of alpha amylitic action in 
the negative way. The neutralization of alkylresorcinol derivatives promotes retention of enzyme preparations activity along 
the entire fermentation period of the media. The use of ammonia water and lactic acid at the stage of batches preparation 
positively influences the fermentation activity of yeast owing to the media enrichment with a source of nitrogen and increases 
alcohol content in mature mash. 

Key words: alcohol; alkylresorcinol derivatives; enzyme preparations; bran; fermentation; mash; rye; saccharifying 
ability; starch; wort. 
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Target setting. Rye is known as stubborn raw material for the industrial production of al-
cohol because of alkylresorcinols contained in grain of the said crop these effecting the en-
zymes of amylase complex in the negative way. Thus it is important to find and scientifically 
substantiate proper deactivating substances for batches preparation stabilizing enzyme activity 
without increase of normative consumption rates of enzyme preparations  

Actual scientific research and issues analysis. Outer cuticle shell of rye grain is known 
[1] to contain alkylresorcinols – compounds of resorcine and alkyls of different chain length 
and odd number of carbon atoms ranging from 15 to 23. Their content in rye grains amounts 
as much as 40 % of cuticle volume. The presence of alkylresorcinols containing 15 carbon 
atoms is characteristic for rye only this being the principal negative factor effecting the en-
zymes of amylase complex [2].  

The negative effect of rye grain under the conditions of uniform feeding of agricultural 
animals was recorded it is being connected with the presence of 5-alkylresorcinols in grain, 
these being known as toxic substances for live organisms [3, 4].  

While grinding grain, the most part of alkylresorcinols remains in bran. When effected by 
temperatures higher than 100 0С alkylresorcinols partly disintegrate [5], and in alcohol pro-
duction alkylresorcinols retain their native form and effect the activity of enzyme preparations 
in negative way.  

Defining of uninvestigated parts of general matter. We considered it necessary to study 
such objects of research as: rye (containing 57.1 % of starch), fractions obtained while grind-
ing (mill of the sizing corresponding to 95 % passage through the sieve of 1 mm mesh, bran); 
batches and wort made of rye mill under the conditions of low temperature digestion with the 
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use of enzyme preparations of alpha- and glucoamylase action and auxiliary cytolytic enzyme 
preparations, mature mash. 

To fulfill the research, media were prepared of rye mill and water (hydromodule 1:3), rye 
bran was added as a source of alkylresorcinols; fermentative hydrolysis of starch was fulfilled 
with the use of «Novozymes» enzyme preparations: thinning enzyme preparation was added 
calculated as 1 unit of activity per 1 g of starch, saccharifying enzyme preparation calculated 
as 6 units of activity per 1 g of starch and enzyme preparation of cytolytic action calculated as 
0,015 cm3 per 100 g of mill; batches were digested by the temperature of 65 0С for 2,5 h, the 
batches were saccharified by the temperature of 58 0С for 1 h. Alcohol fermentation was held 
by ХІІ-Т yeast race by the temperature of 30-32 0С for 72-80 h.  

The analyses of mature mash and the fermentation process were fulfilled according to the 
methods typical for alcohol production [6,7]. 

The research objective. The aim of the research was to determine the effect of alkylres-
orcinols derivatives (ARD) upon the saccharifying ability of wort and to choose substances to 
neutralize alkylresorcinols.  

The statement of basic materials. The digested batch (under optimal temperature condi-
tions) for the period of 1 h can be saccharified for 70-75 % only that is why the additional sac-
charification is important to occur also during wort fermentation. The efficiency of catalytic ac-
tivity of enzyme preparation during wort fermentation is effected by a number of factors, the 
index of saccharifying ability (SA) of wort being an index of activity of enzyme preparations.  

The results of research aiming in determination of the effect of alkylresorcinols deriva-
tives upon the activity of enzyme preparations by the parameters of SA are shown in table 1.  

It can be seen from the data adduced in Table 1 that for the control, rye bran having been 
added to, the parameter of saccharifying ability was 1,2 units/100 cm3 of brot, this being 2,75 
less than the value of saccharifying ability of control without any rye bran added. 

After first 24 h of fermentation the parameter of saccharifying ability of brot could not be de-
tected and one of the probable reasons for decrease in enzyme preparations activity is the presence 
of alkylresorcinols in rye bran, these acting as inhibitors of enzyme preparations activity.  

Table 1 
Parameters of saccharifying ability of wort 

Duration of fermentation 

Parameters of saccharification ability, 
units/100 cm3 of wort 

control 
(wheat starch) 

experiment 
(wheat starch + rye bran) 

Brot after saccharification 3,3 1,2 
24 h 2,4 none 
48 h 1,3 none 
72 h 0,8 none 

The research of deactivating alkylresorcinols derivatives with different substances was 
fulfilled to confirm or to reject the said assumption. 

It should be mentioned that alkylresorcinols derivatives can be deactivated in the media 
their рН value ranging from 10 to 11 units [5]. 

For the research, food grade sodium bicarbonate (variant I), ammonia water (variant II) 
and sodium hydroxide solution (variant III) were used as deactivators, these having been add-
ed to rye batches before addition of enzyme preparations providing that pH values of batches 
are within the range from 10 to 11 units. 

After holding for 25-30 min under such conditions to renew pH values of batches, these 
were acidulated with N-solution of lactic acid to the values to be in the range from 6,0 to 6,3 
units. The batches obtained were digested, saccharified and used for fermentation. The results 
for the mature mashes obtained are given in Table 2.  
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Table 2 
Parameters of mature mashes 

Parameter Variants 
І ІІ ІІІ Control  

Alcohol content, vol. %  6,8 7,4 7,0 7,25 
рН of medium, units 4,5 4,55 4,6 4,4 
Acidity, grad 0,56 0,54 0,4 0,6 
Carbohydrates not fermented, g/100cm3:  
- total 0,65 0,38 0,58 0,64 
- water soluble 0,52 0,35 0,56 0,53 
- starch not dissolved 0,12 0,03 0,11 0,1 

The analysis of the results obtained makes it possible to conclude that the neutralization of 
ARD with ammonia water (variant II) allowed to get the most significant alcohol content 
amounting to 7,4 vol.%, this exceeding the control by 0,15 vol.%, while the content values of 
the water soluble carbohydrates not fermented and of starch not fermented were the lowest 
amounting to 0,38 % (by 40,6 % less) and 0,03 % (by 70 % less) correspondingly, when 
comparing to the values for the control variant. The amount of reducing substances can be 
assumed to increase due to fuller starch hydrolysis while using ammonia water at the stage of 
batch preparation, this resulting in higher alcohol content.  

A peculiarity of the chemical composition of rye shall be mentioned, this including a sig-
nificant amount of the polysaccharides non-starch and slime, these determining rye as raw 
material difficult for processing comparing to other crops. According to literature data [8], the 
increase in enzyme preparations consumption compared to normative consumption rates is 
allowed: up to 25 % for alpha-amylase and up to 15 % for glucoamylase. 

One of the reasons to increase normative consumption rates of enzyme preparations is the 
negative effect of the alkylresorcinols derivatives on the activity of the sad preparations. For 
the reason the research of rye wort fermentation with preliminary neutralization of ARD was 
fulfilled. There were the following variants of wort preparation for the research: control – 
consumption rate of enzyme preparation – 1,15 units per 1 g of starch; variant І – consump-
tion rate of enzyme preparation – 1 unit per 1 g of starch; variant ІІ – consumption rate of en-
zyme preparation – 1 unit per 1 g of starch providing that ammonia water is used. The results 
obtained during the research are given in Table 3.  

Table 3 
Parameters of mature mashes providing that ARD are neutralized  

at the stage of batch preparation 

Parameter Variants 
Control І ІІ 

Alcohol content, vol. %  7,25 7,0 7,4 
рН of medium, units 4,3 4,1 4,5 
Acidity, grad.  0,65 0,71 0,56 
Carbohydrates not fermented, g/100cm3: 
- total 0,62 0,86 0,48 
- water soluble 0,51 0,63 0,45  
- starch not dissolved 0,1 0,21 0,03 

According to the data of Table 3, during the use of enzyme preparation Termamyl SC DS in 
the amount of 1 unit per 1 g of starch almost twofold increase of undissolved starch content is rec-
orded for the variant I comparing to the control. As for the variant II, preliminary use of ammonia 
water at the stage of batch preparation makes it possible to reduce the content of undissolved starch 
down to 0,03 % without increase in the consumption of thinning enzyme preparation Termamyl 
SC DS by 15 %. The maximal hydrolysis of starch and increase in the content of reducing sugars 
in digested and saccharified rye wort let increase the alcohol content in mature mash. 
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Thus comparing to the control with 7,25 vol.% alcohol content, the alcohol content of the 
variant І (without additional neutralization of ARD) increased by 3,5 vol.% to reach 7,0 
vol.%, when for the variant II (with additional neutralization of ARD) alcohol content in-
creased by 2 vol. % to reach 7,4 vol. %.  

According to results of the research principal technological scheme of wort preparation for 
fermentation with the use of ammonia water aiming in ARD neutralization was developed (fig.1). 

Conclusions and proposals. The alkylresorcinols contained in rye effect enzyme prepara-
tions of alpha-amylitic action in the negative way. 

 
Fig. 1. Principal technological scheme of rye wort preparation  

for fermentation with the use of ammonia water 
It is determined that the best deactivating substance for batches preparation is ammonia 

water, its use making stabilization of enzyme preparations activity possible during the prepa-
ration of enzyme preparations for fermentation without any simultaneous increase of norma-
tive consumption rates of enzyme preparations.  

ADR neutralization promotes retention of enzyme preparations activity within the entire 
fermentation period of the media. 

The use of ammonia water and lactic acid at the stage of batches preparation positively in-
fluences the fermentation activity of yeast owing to the media enrichment with a source of 
nitrogen and increases alcohol content in mature mash. 
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ВПЛИВ ПОХІДНИХ АЛКІЛРЕЗОРЦИНОЛІВ  
НА АКТИВНІСТЬ ФЕРМЕНТНИХ ПРЕПАРАТІВ 

Постановка проблеми. Відомо, що жито є проблемною сировиною для виготовлення етилового спирту через на-
явність у зернівці цього злаку алкілрезорцинолів, що негативно впливають на ферменти амілазного комплексу. Отже, 
важливо знайти та науково обґрунтувати ефективні дезактивувальні речовини, які під час приготування замісів ста-
білізують ферментну активність без збільшення витрат ферментних препаратів понад встановлені норми. 

Аналіз останніх досліджень і публікацій. Зовнішня оболонка кутікули зернівки жита містить алкілрезорциноли – 
сполуки резорцина та алкілів з різною довжиною ланцюга та різною кількістю атомів карбону. Наявність алкілрезорцино-
лів з атомами карбону є характерною тільки для жита. При подрібненні зерна більша частина алкілрезорцинолів залиша-
ється у висівках. Під дією високих температур алкілрезорциноли розкладаються частково, тобто у спиртовому виробни-
цтві алкілрезорциноли залишаються у нативному вигляді та негативно впливають на активність ферментних препаратів. 

Виділення не вирішених раніше частин загальної проблеми. Об’єктами досліджень були: жито, фракції, 
отримані під час подрібнення; заміси та сусло з помелу жита, отримані в умовах розварювання за низьких темпе-
ратур з використанням ферментних препаратів альфа- та глюкоамелазної дії та допоміжних ферментних препа-
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ратів; зріла бражка. Для виконання досліджень було приготовано середовища з жита та води, житні висівки було 
додано як джерело алкілрезорцинолів; ферментативний гідроліз крохмалю було проведено із застосуванням ферме-
нтного препарату «Новозаймс». 

Мета досліджень. Метою досліджень було визначання впливу похідних алкілрезорцинолів на оцукрюючу здат-
ність сусла та підбір речовин для нейтралізації алкілрезорцинолів. 

Виклад основного матеріалу. На ефективну каталітичну активність ферментного препарату під час збро-
джування сусла впливає низка чинників, показник оцукрюючої здатності сусла і є показником активності фермент-
них препаратів. Для підтвердження наведеного твердження було проведено дослідження з дезактивації похідних 
алкілрезорцинолів різними речовинами. Під час досліджень як дезактивуючі речовини було застосовано харчову со-
ду, аміачну воду та розчин гідроксиду натрію. 

Висновки та пропозиції. Алкілрезорциноли, що містяться у житі, негативно впливають на альфа-амілитичну 
активність. Нейтралізація похідних алкілрезорцинолів зумовила збереження активності ферментного препарату 
протягом всього періоду зброджування середовища. Використання аміачної води та молочної кислоти на стадії 
приготування замісів позитивно впливає на бродильну активність дріжджів за рахунок збагачення середовища 
джерелом азоту та підвищує вміст спирту у дозрілій бражці. 

Ключові слова: бражка; висівки, жито, зброджування, крохмаль, оцукрююча здатність, похідні алкілрезорци-
нолів, спирт, сусло, ферментні препарати.  

Рис.: 1. Табл.: 3. Бібл.: 8. 
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ВЛИЯНИЕ ПРОИЗВОДНЫХ АЛКИЛРЕЗОРЦИНОЛОВ  
НА АКТИВНОСТЬ ФЕРМЕНТНЫХ ПРЕПАРАТОВ 

Определено негативное влияние производных алкилрезорцинолив ржи на активность ферментных препаратов α-
амилолитической действия. Подобрано вещество – аммиачную воду – для дезактивации производных алкилрезорцино-
лов. Разработана принципиально технологическая схема приготовления сусла для сбраживания с использованием ам-
миачной воды с целью нейтрализации производных алкилрезорцинолов и стабилизации активности ферментных пре-
паратов, во время приготовления сред для сбраживания, при нормативных затрат ферментных препаратов. 

Ключевые слова: бражка; отруби; рожь; сбраживание; крахмал; осахаривающая способность, производные 
алкилрезорцинолов, спирт, сусло, ферментные препараты. 

Рис.: 1. Табл.: 3. Библ.: 8. 
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