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EFFECT OF ALKYLRESORCINOLS DERIVATIVES
ON THE ACTIVITY OF ENZYME PREPARATIONS

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 «Novozymesy 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 °C 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 cm’ per 100 g of mill; batches were digested by the temperature of 65 °C for 2,5 h, the
batches were saccharified by the temperature of 58 °C for 1 h. Alcohol fermentation was held
by XII-T yeast race by the temperature of 30-32 °C 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 cm® 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.

Ne 4 (10), 2017

Table 1
Parameters of saccharifying ability of wort
Parameters of saccha;‘iﬁcation ability,
Duration of fermentation units/100 cm” of wort -
control experiment
(wheat starch) (wheat starch + rye bran)

Brot after saccharification 3,3 1,2

24 h 2,4 none

48 h 1,3 none

72h 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 pH 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
| 1I 111 Control

Alcohol content, vol. % 6,8 7,4 7,0 7,25
pH 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/100cm’:

- 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 I — consump-
tion rate of enzyme preparation — 1 unit per 1 g of starch; variant II — consumption rate of en-
zyme preparation — 1 unit per 1 g of starch providing that ammonia water 1s 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 I 11

Alcohol content, vol. % 7,25 7,0 7,4
pH of medium, units 43 4.1 4.5
Acidity, grad. 0,65 0,71 0,56
Carbohydrates not fermented, g/100cm’:

- 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 I (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.

—> .
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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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Hamanisa Ilpoyan, Cepeiti Onitiniuyk, Cepeiti Bepouybkutl
BIIJIUB MOXIJHUX AJIKIJIPESOPLIUHOJIIB
HA AKTUBHICTb ®EPMEHTHUX ITPEITAPATIB

ITocmanoska npoonemu. Bioomo, wjo srcumo € npooremHoI0 cuposUHOIO OJisl BUOMOGIEHHS eMUIOB020 CHUPNTY Yepe3 Ha-
SAGHICMb Y 3ePHIBYI YbORO 31AKY ANKIIPE3OPYUHONIE, WO HE2AMUBHO GNAUSAIONb HA (epMeHmu aminaznoeo komnaexcy. Omoice,
6ADICIUBO 3HAUMU MA HAYKOBO OOIPYHMYBAMU eQheKmueHi 0e3aKmuey8anbti pedosunl, SKIi nio 4ac nPpUsOMy8aHHs 3amicie cma-
binizyroms pepmenmmuy axmugnicms 6e3 30i1bLUeHHs BUMPam QepmMenmHuxX npenapamie NOHAO 8CMAHOBIEHI HOPMU.

Ananiz ocmanmix 0ocnioxcens i nyonikayiti. 306niwins 000IOHKA KYMIKYIU 3€PHIGKU JHCUMA MICIMUMb ATKIPE30PYUHOTU —
CHONYKU Pe30PYUHa ma aJiKinig 3 PisHolo O0BHCUHOIO TAHYI02A MA PIZHOIO KiIbKICHIo amomie kapoony. Hasenicmu ankinpe3opyumo-
718 3 amomamu Kapobomny € XapakmepHoro mineku 0 scuma. Tpu noopibnenni 3epha Oinbua YacmuHa anKinpe3opyYUHONIE 3anuiid-
emvea y suciekax. 110 Oieto eucokux memnepamyp anKinpe3opyuHony poskiaoaionbcs Yacmko6o, moomo y cnupmosomy 6UpoOHU-
Ym6I ANKIPE3OPYUHONU 3ATUUAIOMbCS Y HAMUBHOMY 8UTIAOL A HE2AMUBHO BNAUBAIOMb HA AKIMUBHICING (hePMEHIMHUX NPENnapamis.

Buoinenns ne eupiwienux paniwe wacmun 3acanvnoi npoonemu. O6’ckmamu 0ocriodxcens Oyau. dscumo, Qpaxuii,
OMPUMAHi Ni0 4ac NOOPiOHeHHs; 3aMicl Ma CyClo 3 NOMENY dHCUma, OMPUMAHi 8 YMO8AX PO3BAPIOBANHS 34 HU3LKUX memne-
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pamig; 3pina opasicka. [{is UKOHAHHS 00CTIONCEHb OYNI0 NPULOMOBAHO CEPEO0BUWYA 3 JHCUMA A 800U, HCUMHI BUCIBKU 6)10
000aH0 5K 0JHCcepeno anKiipe3opyunonis;, hepmenmamugnuii 2iOponiz Kpoxmanto 6yio npogeoeHo i3 3acmocy8antim gepme-
Hmuo2o npenapamy «Hoeosaiimey.

Mema docriocens. Memoro docniodicensv Oyn0 GU3HAUAHHA GNAUSY NOXIOHUX AIKIIPE30PYUHONIE HA OYYKPIOIOWY 30am-
Hicmb cycia ma niobip pewosun 05 Hellmpanizayii aiKiaipe3opyuHoiis.

Buxnao ocnoenozo mamepiany. Ha egpexmusny xamanimuuny akmusHicme pepmenmno2o npenapamy nio uac 30po-
0JHCYBAHHA CYCNIA NIAUBAE HUZKA YUHHUKIG, NOKAZHUK OYYKPIOIOUOT 30aMHOCI CYCa | € NOKAZHUKOM AKMUBHOCI (hepmenm-
Hux npenapamis. J{na niomeepodicents HageoeHo2o meepodiCceHHs. 6Y10 NPO8eOeHO OOCAIONCEHHS 3 0e3aKMUBAYii NOXIOHUX
ankinpezopyunonie piznumu pevosunamu. I1io uac docniodicensv sk 0e3aKkmugyioui pevosunu 6yno 3acmoco8aHo Xapiogy co-
0y, amiayny 600y ma po3yuH 2iOpoKCUOy Hampiio.

Bucnoeku ma nponozuuii. Anxiipezopyunonu, wjo MiCmamuCs y JHCumi, He2amueHo 6NAUBAIOMb HA AlbGHA-AMITUMUYHY
akmuenicms. Helimpanizayia noxionux ankiipe3opyunonie 3ymosuna 30epedxcens akmueHOCHI (pepmMeHmno2o npenapamy
Npomsi2oM 8Cb020 nepiody 30pooicysants cepedosuua. Bukopucmanns amiaunoi o0u ma Mono4HoOi Kuciomu Ha cmaoii
NpUeOMyBants 3amicig¢ NO3UMUBHO GNIUBAE HA OPOOUNLHY AKMUSHICMb OpPIdCONCIE 3a PAXYHOK 30azauenHsi cepedosuuyd
0dicepenom azomy ma niosUWYE GMIiCm cnupmy y 003piniti 6paxicyi.

Knrouogi cnosa: 6pasicka; suciexu, sicumo, 30p0o0dcy8antisl, KPOXMaib, OYYKpIOIOYa 30amHicmy, NOXIOHI ankinpe3zopyu-
Hoxnis, cnupm, cycio, ghepmenmui npenapamu.

Puc.: 1. Tabn.: 3. Bion.: 8
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BJIUAHUE MTPOU3BOJHbIX AJIKUJIPEZOPIIMHOJIOB
HA AKTUBHOCTDb ®EPMEHTHBIX ITPEITAPATOB

Onpedeneno nezamugHoe GIusHue NPOUEOOHBIX AIKUIPE30PYUHONUG PIICU HA AKIMUBHOCHTL (DEPMEHNHBIX NPENapamos o-
amunonumuyeckoul oeticmeusi. Ilooobpano eewecmeo — ammuaynyio 600y — 0iisl 0e3aKMUaAYUY NPOU3BOOHbIX AIKUTPE30PYUHO-
7108. Pazpabomana npuHyunuaibHO mexHoN0SUeCKas cxema NPUeomoeienus cycia O COpalCusaniisi ¢ UCHONb308AHUEM aM-
MUAUHOTL OObL C Yeblo HeUMPaTU3ayul NPOU3EOOHLIX ATKWIPE3OPYUHON08 U CINAOUIU3AYUYU AKIMUSHOCIU (YEPMEHHBIX npe-
napamos, 8o 6pems RPUSOMOGIEHUs, CPeO Osl COPANCUBAHUSA, NPU HOPMAMUBHBIX 3AMPAM hepMEHMHbIX NPEnapamos.

Kniouegvie cnosa: opasicka; ompyou, pooics, cOpadicuganue; Kpaxmau, ocaxapueaioujas cnocoonocmy, NPou3goOHble
QIKUTPE3OPYUHOTIO8, CRUPIN, CYCIO, (pepMeHmHble NPEenapanvi.
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