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1 UvoD

Amarant (laskavec) patfi do skupiny rostlin péstovanych pred
4000 lety na uzemi dnedniho Mexika a dalSich jihoamerickych
zemi. Tento kiizenec kukufice a bobu byl hlavni péstovanou plo-
dinou fise Inki a Aztékl za dob objeveni Ameriky. Jeho obilky
byly pouzivany k vyrobé mouky pro pfipravu peciva a tortill. Mladé
listy a vyhonky byly konzumovany jako zelenina a kofeni [1].

Prvni komplexni studie fyziclogie péstovani, aklimatizace
a wyuziti amarantu, vydana v Polsku VarSavskou zeméedélskou
univerzitou (katedra fyziologie rostlin} v roce 1983, prokazala,
Ze amarant miZe byt péstovan v riznych pldnich a klimatic-
kych regionech Polska. Amarant je schopen snadno se pfi-
zplsobit podminkam prostfedi, kde je péstovan. Jako nej-
vhodnégjsi se jevilo péstovani na lehkych a stfedné téZkych
pldach, o néco horsi na padach t&2kych, Amarant vyZaduje
hodné svétla, proto je vysoky vynos ziskan za podminek do-
stateéné slunného pocasi.

V polskych podminkach je moiné dosahnout vynosu okolo
3,5 t'ha. Navic zelena masa amarantu muze byt pouzita jako
krmeni pro zvifata [2].

VW USA a zemich EU je péstovani amarantu povaZovano za
uziteény nastroj proti vétrné erozi pady a k prodisténi zemé
kontaminované nadmarnym mnozstvim dusiénand a tézkych
kovl. Piedpoklada se také, 2e amarant — diky jeho schopnosti
velmi intenzivng vazatl atmosféricky CO, — mlzZe hrat vy-
znamnou roli ve zmirnéni sklenikového efektu, ktery chroZuje
svét na poéatku 21. stol. [3, 4]. Pfedb&zné laboratorni studie
uéinku pfidavku amarantu na fermentaci lihovarskych zapar
byly v Polsku provedeny na Fakulté potravinafské technolo-
gie VarSavske zemédélské univerzity [5].

Z pohledu technologie zemédélského lihovarnictvi (ze-
jména wytézku ethylalkoholu) je obsah zkvasitelnych sacha-
rid(l, zejména skrobu, velmi podstatny. Jeho obsah dosahuje
48-69 % v zavislosti na odridé amarantu. Zrna amaranto-
vého Skrobu jsou velmi mald. Jejich primér je 1-3 pm. Tak
malé velikosti zrn krobu dovoluji vyuziti v potravinarstvi, far-
maceutickém a kosmetickém primyslu apod. jako pinidlo, kos-
metické a potravinafské pudry a prasky, skrob, biodegrado-
vatelné plasty [6].

Velmi zajimavé vysledky pfinesly studie Uéinku pridavku
mouky z amarantu na vybrané znaky riznych druhl pediva
a tést vyrobenych ze Zila a pSenice [7]. Byl zjistén pozitivni
viiv pfidavku amarantové mouky na kynuti tésta (stupen uvol-
néni CO.). Piidani amarantu v mnoZstvi 5 a 10 % urychlilo fer-
mentaci (méfeno v mnozstvi uvolnéného CO.) glukosy, mal-
tosy a sacharosy.

Zakladnim a zajimavym problemem byla otazka, zda dojde
k podobnému zvySeni intenzity kvaseni pii pridavku amarantu
v pribéhu fermentace skrobu s participaci enzymatickych pre-
parati mikrobiologického plvodu a drozdi uZzivaného v ze-
médélskych lihovarech.

Cilem nadi studie bylo vyhodnoceni technologické pouzi-
telnosti amarantu pro produkei lihu v zemeédélskych lihova-
rech a vyhodnoceni kvality ziskaného lihu s ohledem na ob-
sah vedlejsich produkti alkoholoveho kvaSeni.

Key words: alcoholic fermentation, by-products formation,
fermentation of amaranthus grain

1 INTRODUCTION

Amaranthus belongs to the group of plants grown four
thousands years ago on the territory of today’s Mexico and other
South American countries. Amaranthus —besides maize and bean
—was the main grown plant in Inka's and Azteck’s Empires in the
times of America discoveries. Its grain was used for production of
flour applied for baking the rolls and tortillas. The young leaves
and shoots were consumed as vegetables or seasonings [1].

The first complex studies of the physiclogy of growing,
acclimatisation and application of amaranthus carried out in
Poland in 1983 by Warsaw Agricultural University (Chair of
Physiology of Plants) proved that amaranthus could be grown
in various soil and climatic regions of Poland. Amaranthus is
able to readjust easily its character of growth to the envi-
ronmental conditions. However, the most favourable growth
was observed on the light and medium firm scils but con-
siderably worse on heavy and packed ones. Amaranthus
requires much light, thus high crops are obtained in conditions
of a very good insolation.

Itis possible to obtain crops amounting to about of 3.5 tons/ha
of grain in Polish conditions. Additionally, the green mass of all
the amaranthus forms can be used as a feed for animals [2].

In USA and EWG countries, the amaranthus growing is
expected to be helpful against the weather erosion of soil and
in purifying the soils contaminated by the excessive amounts
of nitrates and heavy metals. Moreover, it is expected that
amaranthus — because of its ability to bind atmospheric CO.
very intensively — can play a significant role in mitigating the
greenhouse effect that endangers the world in the beginning
of XXI century [3,4]. The preliminary laboratory studies on the
effect of Amaranthus addition on fermentation of distillary
mashes were carried out in Poland in Department of Food
Biotechnology of Warsaw Agricultural University [5].

From the point of view of agricultural distillery technology
{especially with respect to the yield of ethanol), the content of
fermentable carbohydrates including mainly starch is a very
substantial matter. lts content amounts from 48 % to 69 %
depending on the amaranthus species. Grains of the amaranthus
starch are very small, their diameters reach from 1 um to 3 pm.
So small sizes of starch grains allow to apply them in food,
pharmaceutical and cosmetic industries e.g. as food thickeners,
cosmetic and food powders, starch, biodegradabie plastics [6].

The very interesting observations were made during the
studies on the effect of amaranthus flour addition on the
selected features of bakery products and dough made from
rye and wheat [7]. The positive influence of amaranthus flour
addition on dough fermentation (rate of CO, liberation) was
observed. The addition of amaranthus in amount of 5 % and
10 % enhanced fermentation rate (measured as a quantity of
CO. liberated) of glucose, mallose and saccharose.

An essential and interesting problem is the question whether
the similarincrease of the fermentation intensity will be observed
during fermentation of starch with amaranthus addition as well
as with participation of enzymatic preparations of microbiological
arigin and yeast applied in agricultural distilleries.
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2 CHARAKTERISTIKA SUROVIN

K experimentu bylo pouZito zrno amarantu (Amaranthus
cruentus L) a zita (Darikowskie zfote, Polsko). Obsah $krobu
byl u amarantu 52,8 % v su$. a u Zita 50,3 % v sus. Pro mleti
zrna byl pouzit laboratorni diskovy mlyn vyrobeny Vyzkum-
nym zavodem pecivaiského primyslu v Bydgoszczi. Polomér
zrn byl v rozsahu od 0,3 mm do 1,0 mm (sitova analyza).

Pro zakvaSeni byly pouzity suSené lihovarské kvasnice
druhu D-2, vySlechténé na Institutu biotechnologie zemédél-
skeho a potravinafského pramyslu v Bydgoszczi a vyprodu-
kované KaSubianskou droZzdarnou v Maszevo Leborskie.
Kmen kvasnic D-2 je tetraploidni kmen ziskany pouzitim ,al-
koholického Soku“ [8]. Ke ztekuceni Skrobu byl pouZzit enzym
Thermamyl 120 L (termostabilni bakterialni c.-amylasa aktivity
120 KNU"/g), pro zcukfeni byl pouZzit enzym SAN super 240
L (glukoamylasa, aktivita 240 AGU?/g, vyrobce Novo-Nordisk,
Dansko).

") KNU — Kilo-Novo-alfa-amylase Unit je mnozstvi enzymu, které roz-
lozi 5,26 g $krobu za hodinu, standardni metodou pro uréeni o-amy-
lasy (Novozymes)

2) AGU — zkratka pro amyloglukosidasovou jednotku — mnoZstvi en-
zymu, ktery katalyzuje konverzi 1 mmol maltosy za minutu za da-
nych podminek

3 METODY
3.1 Priprava zaparek pro fermentacni testy

Pokusy byly provedeny v laboratornim méfitku (0,5 | lahve)
technologii beztlakého uvolnéni Skrobu (PLS — Pressureless
Liberation of Starch). Zakladni suroviny byly smichany s vo-
dou. Po zahfati na 90 °C byl za nepfetrzitého michani pfidan
enzym ztekucujici Skrob — Thermamyl 120 L — v mnoZstvi
0,14 | na 1 t Skrobu. Zaparka byla udrzovana na této teplo-
té po 20 min (pH= 6,1-6,2). Poté byla ochlazena na 55 °C,
hodnota pH byla sniZzena kyselinou sirovou na 5,4 a byl pfi-
dan zcukfujici enzym SAN Super 120 L v mnozstvi 1 | na
1t Skrobu.

S cilem zredukovani viskozity a dobrého vyuZziti neskrobo-
vych cukr, jako B-glukant, pentosant a celulosy, byl pfidan
pfipravek Viscozyme 120 L (aktivita: 100 FBG/®'g Novo-Nor-
disk, Dansko) v mnozstvi 0,2 I/t 8krobu, a to spole¢né se SAN
Super 120 L.

Pro vzajemné porovnani byly pfipraveny tfi rlizné varianty
zaparky (fab.7). Prvni byla pfipravena vyhradné z zitného
zrna, druha vyhradné ze zrn amarantu a tfeti zitna s pfidav-
kem amarantového skrobu v mnozstvi 10 %. Vahové podily
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The aim of our studies was evaluation of the technological
usability of amaranthus grains for the spirit production in
agricultural distilleries as well as the evaluation of quality of
the spirit obtained with respect to contaminations caused by
by-products of alcoholic fermentation.

2 CHARACTERISTICS OF RAW MATERIALS

The amaranth (Amaranthus cruentus L) and the rye
(Darikowskie Ziote, Polish) grains were applied for experiments.
The amaranth and rye grains contained 52.8 % and 50.3 % (dry
mass) of starch, respectively. The laboratory disk mill manufactured
by Research Plants of Bakery Industry in Bydgoszcz was used
for grinding the grains. The diameters of the ground grains were
within the range from 0.3 mm to 1.0 mm (sieve analysis).

The dry distillery yeasts of D-2 race selected in Institute of
Biotechnology for Agricultural and Food Industry in Bydgoszcz
and produced by Kashubian Factory of Yeasts in Maszewo
Leborskie were applied for investigations. The strain of D-2
yeasts is a tetraploidal strain obtained after application of
walcoholic shock™ [8].

The Termamyl 120L enzyme (thermostabile bacterial ci-amy-
lase, activity: 120 KNU"/g) was used for liquefaction of starch
and SAN Super 240L enzyme (glucoamylase, activity: 240
AGU?/g produced by Novo-Nordisk, Denmark) was applied
for saccharification.

'} KNU — One Kilo Novo alpha-amylase Unit is the amount of enzyme,
which breaks down 5.26 g starch per hour at Novozymes standard
method for determination of alpha-amylase.

2) AGU - is abbreviation for AmyloGlucosidase Units — 1 amyloglucosi-
dase unit is the amount of enzyme which catalyses the conversion of
1 mmole of maltose per minute under the given conditions.

3 METHODS
3.1 Preparation of mashes for fermentation tests

The fermentation tests were carried out in a laboratory scale
(0.5 L flasks) according to technology of pressureless liberation
of starch (PLS). The ground raw materials were mixed with water.
After heating to 90 °C, the enzyme liquefying the starch —
Termamyl 120L was added at continuous stirring in amount of
0.14 L per 1 ton of starch. The mash was kept at that temperature
for about 20 min (pH = 6.1 — 6.2). Then the mash was cooled to
temperature of 55 °C, pH value was reduced with sulphuric acid
to 5.4 and saccharifying enzyme (SAN Super 120L) was added
in amount of 1 L per 1 ton of starch.

The preparation Viscozyme 120L (activity: 100 FBG¥/g Novo-
Nordisk, Denmark) was added (0.2 L per 1 ton of starch) to the

Tab. 1/Table 1 SloZeni a pfiprava zdpary PLS metodou pro jednotlive varianty fermentace/Composition and preparation of mashes by PLS

method for the individual variants of fermentation

Varianta Obsah suroviny v zapare/ Celk. Pridavek Pridavek enzymu/ Celkovy pH
fermentace/ Content of raw materials in mash mnozstvi vody/ Addition of enzymes extrakt/
Variant of Zito/Rye Amaranth skrobu/ | Addition | Termamyl | San Super | Viscozyme Total
fermentation Celk. Obsah Celk. Obsah Total of water 120L 240 L 120 L extract

mnozstvi/ | Skrobu/ | mnoiZstvil | Skrobu/ amount [°Bg]

Total Starch Total Starch of starch Mm
amount content amount content
lg] [ml]

Var. |
zito/rye mash 1900 955,7 - - 9557 7.0 0,14 0,96 0,20 16,5 54
(100%)
Var. Il
amaranth - - 1820 995,5 9555 7,0 0,14 0,96 0,20 16,5 54
mash (100%)
Variant |l
smésna zapara/
mixed mash 1728 869,18 165 86,63 955,8 7.0 0,14 0,96 0,20 16,5 54
(90% of rye + 10%
of amaranth)

Pozn./Note: Obsah $krobu v Zitu/Content of starch in rye grain — 50.3 % (v susiné/dry mass)
Obsah skrobu v amarantu/Content of starch in amaranth grain — 52.5 % (v susiné/dry mass)
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jednotlivyich druhd surovin byly vybrany tak, Ze souhrnné
mnoZstvi Skrobu v kaZdé fermentacni varianté bylo shodné.
Podrobné slozeni zaparek, uZitych v jednotlivych zkusebnich
variantach, je uvedeno v tab. 1. Hotové zaparky po inokulaci
kvasnicénou kulturou kvasily 72 hodin. Souhrmny objem kazde
zaparfky (7,4 1) byl rozdélen do fermentacnich vzorki v pullit-
rovych lahvich (objern vzorku 0,3 1). Lahve byly uzavieny kvas-
nymi zatkami a uloZeny v termostatech pfi 38 *C. Pro kazdou
variantu byly pfipraveny 4 davky a kaidy test byl opakovan
4x. Cast zapafky kvasila ve sklenénych fermentorech o ob-
jemu 10 |

V priubéhu kvasnych zkousek v 0,5 lahvich byla prove-
dena méfeni mnozstvi vzniklého CO; a obsahu alkoholu po
17, 24, 41, 48, 65 a 72 h. Poté, co byla fermentace ukon-
¢ena, byl analyzovan obsah redukujicich cukri metodou
Lane-Eynon [9] a byla zjisténa hodnota pH. MnoZstvi uvol-
néného CO, bylo zjisfovano méfenim vahového Gbytku lahvi
s kvasicimi vzorky v udanych hodinach fermentace a po
ukonceni fermentace. Celkové mnozstvi uvolnéného CO,,
pouZzité pro vypoéet fermentaéni energie v uvedenych fazich,
je vyjadfeno jako suma CO; uvolnéného v pribéhu celého
fermentaéniho procesu.

# FBG - Fungal Beta-Glucanase Units — mnoZsivi enzymu, které za
standardnich podminek, shora uvedenych, uvolni glukosu nebo re-
dukujici cukry, s redukéni kapacitou rovnou 1 pmol glukosy/min

3.2 Priprava kvasnicne suspenze

Susené kvasnice v mnoZstvi 1 g byly rehydratovany a de-
kontaminovany v 50 mi kyseliny sirove (1,84 g/ml) a smichany
s vodou v poméru 1:200. Ziskany zakvas (pH okolo 2,0) byl
michan magnetickym michadlem po 10 minut a poté byl pii-
dan do zapary. Zakvasna davka: pro kaZdy litr zapary byly
pouzity sugené kvasinky kmene D-2 v mnoZstvi 0,15 g (92 %
susiny).

3.3 Analyza destilatu
Zkvasena zapara byla destilovana ve sklenéné destilaéni
kolon& vybavené 25 dny klobougkového typu. V prabéhu de-
stilace byla v deflegmatorech udrzovana konstantni teplota
odpafovani (B0 — 85 "C), coz nam umoznilo ziskat destilat ob-
sahujici od 89,5 do 92 % obj. ethanoclu po jednofazové desti-
laci. V ziskaném destilatu byly zjistény nasledujici necistoty:
— methanol, vys&i alkoholy, akrolein, karbonylové slouceniny
— kapilarni plynovou chromatografickou metodou [10, 11,
12],
— acidita, estery — titraéné [13]

4 VYSLEDKY A DISKUSE

Alkoholové kvadeni vedené jak ve sklenénych fermento-
rech (10 1), tak v lahvich (0,5 I}, umisténych v termostatech,
probéhla bez zavad. Mikroskopické testy prokazaly nepfi-
tomnost cizi bakterialni mikroflory, coZ bylo potvrzeno spra-
vnou koneénou hodnotou pH v prokvasené zapare. Za
zminku stoji fakt, 2e prokvasena zapara pfipravena z ama-
rantu (varianta &. Il) byla charakterizovana vy3ssi finalni hod-
notou pH ve srovnani s Zitnou (var. 1) a smidenou (var. Il
zaparou. Vysledky jsou uvedeny v tab. 2a 3. VySsi hodnota
pH zapary z amarantu je pravdépodobné zapficinéna riz-
nou mirou pufrovacich vlastnosti slozek. Tyto slozky stabili-
zuji hodnotu pH a pfedchazeji jejimu poklesu v pribéhu fer-
mentace.

Zjisténa hodnota pH okolo 4,7 je 0 0,2-0,5 jednotky vyssi
nez hodnota ziskand bézné v pfipadé zitné a bramborove za-
pary.

Hodnoty zdanlivého extraktu (tab. 2) ukazuji, Ze zapara pfi-
pravena vyhradné z amarantu byla lépe prokvadena a pri-
mérna hodnota byla 1,0 “Bg. ProkvaSeni Zitné a smiseneé (Zito
s pfidavkem amarantu) zapary bylo horsi o 0,2-0,3 “Bg. Po-
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mash in the aim to reduce the viscosily and to make good use
of non-starchy carbohydrates i.e. [i-glucanes, pentosanes and
cellulose. It was added together with SAN Super 120 L.

Three various mashes were prepared for comparison
(Table 1). The first mash was prepared from rye grains
exclusively, the second one from amaranth grains exclusively
and the third one from the rye mash with addition of amaranth
starch in amount of 10 %. The weighed portions of the
individual raw materials were selected in such a manner that
the total amount of starch in each fermentation variant was
equal. The detailed compositions of mashes applied in the
individual experimental variants are presented in Table 1. The
ready mashes, after inoculation with yeast cream, were
subjected to fermentation for 72 h. The total volume of each
mash (7.4 L) was divided into fermentation samples in 0.5
L flasks (the mash volume — 0.3 L). The flasks were closed
with a stopper equipped with fermentation pipe and put into
thermostais at temperature of 38 °C. For each variant of
experiments, four pitches were prepared and each test was
repeated four times. A part of mash was subjected to
fermentation in glass fermenters of 10 L volume.

The measurements of CO. mass increment and alcohol
content after 17, 24, 41, 48, 65 and 72 h were made during
fermentation tests carried out in flasks of 0.5 L volume. After
fermentation had been finished the content of reducing
saccharides was analysed by Lane — Eynon methoed [9] and
pH value was measured. Liberated CO, was determined by
measurement of weight decrement of fermentation flasks with
fermenting mash in successive hours (mentioned above) of
fermentation and after fermentation. Total amount of liberated
CO. applied for calculation of fermentation energy In
successive phases is expressed as a sum of CO, liberated
during entire fermentation process.

% FBG - Fungal Beta-Glucanase Units. 1 FBG is the amount of
enzyme which, under the standard conditions oullined above,
releases glucose or reducing carbohydrate with a reduction capacity
equivalent to 1mole of glucose per minute.

3.2 Preparation of yeast cream

The dry yeasts in amount of 1 g were rehydrated and
decontaminated in 50 mL of sulphuric acid (1.84 g/mL) and mixed
with water in ratio 1 : 200. The obtained yeast cream (pH about
2.0) was stirred with a magnetic stirrer for 10 min and then it was
added to mashes. Dry yeasts of D-2 race in the amount of 0.15 g
(92 % dry substance) were used for each 1 L mash.

3.3 Analysis of distillate

The attenuated mashes were distilled in glass distillation
assembly consisted of distillation glass column equipped with
25 overflow plates of bubble cap type. The constant
temperature of vapours (from 80 °C to 85 °C) was kept in
dephlegmator during distillation of mashes what allowed us
to obtain distillate containing from 89.5 % to 92 % v/v of ethanol
after one-pass distillation.

The following impurities were determined in the obtained
alcoholic distillates:
- methanol, higher alcohols, acrolein, carbonyl compounds -

by capillary gas chromatography method [10, 11, 12],
— acidity, esters — titrimetric method [13].

4 RESULTS AND DISCUSSION

The aleoholic fermentation carried out both in glass fer-
menters (10 L) and in flasks (0.5 L) placed in thermostats pro-
ceeded without disturbances: The microscopic testing showed
no presence of foreign bacterial microflora what was confir-
med by the right final pH value in attenuated mashes. It was
worth noticing that attenuated mashes prepared from ama-
ranth (variant I} were characterised by higher final pH in com-
parison with rye {(variant I) and mixed (variant lll) mashes. The
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dobné skuteény ex-
trakt v prokvaseneé za-

Tab. 2/Table 2 Charakteristika pokusnych zkvasenych zapar (tfi dny kvaseni v 10 | fer-
mentoru)/Characteristics of experimental attenuated mashes (three days lasting fer-
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results are presented
in Tables 2and 3.The

pafe amarantu byl mentation in fermenters of 10 L) Sweet mash: 7,4 L 16,5-16,6 “Bg pH 5,4 higher pH values of at-
0 0,2-0,4 °Bg niZSi [varianta Zkvasené zdparalFermented mash tenuated amaranth
nez v ostatnich vari- | fermentace/ pH | Zdanlivy | Skuteény | Redukujici cukry/ | Concen- |  Vyjtéznost/ mashes resulted pro-
antach a jeho prl- | Variant of extrakt/ | extrakt/ Substances tration Yield of bably from different
mérna hodnota byla | fermentation Apparent |  Real reducing of alcohol | fermentation buffer properties of
3,5 °Bg. extract | extract directly [L ethanol /100 kg | components. These
Obsah  redukuiji- ['Bg] | [Bg] [%] [% vV of starch] components  have
cich latek v prokva- |Varl 41 14 40 0,29 8,43 65,29 a stabilizing effect on
$ené zapare (fermen- | Zito/rye mash 43 | 13 39 0,28 8,45 65,45 pH value and prevent
tace v 0,5 | lahvich (100%) 3'3 :52; gg gg g-jg gg'ig its drop during fer-
ifermentorech) bylna | o iaverage | 42 | 13 39 0,28 845 65,43 mentation.
stejné urovni pro The observed pH
vechny studované | V&"! 3'2 ”} gg g’gg g'g; gg'ig value i.e. about 4.7 is
varianty, tj. v rozmezi amarnthmash: | 4.7 10 34 0.24 858 66.46 higher by 0.2-0.5 of
od 0,21 do 0,24 % (100%) 48 09 36 0,24 8,58 66,46 unit than 1hqse obtai-
(tab. 2 a 3). primér/average | 4,7 | 1,0 35 0,24 8,58 66,44 ned usually in the ca-
Nejvyssi koncent- [z i 43 11 34 0,27 8,53 86,07 se of rye and potato
race alkoholu v pro- |smasna zaparal | 42 | 12 36 0,27 8,52 66,99 mashes.
kvasené zapare byla | mixed mash 41 13 37 0.28 8,51 65,92 The results obtai-
ziskana provariantu Il | (90% of rye + 42 1.2 34 0,26 8,54 66,15 ned for apparent ex-
(primér od 8,57 do | 10% of amaranth) tract (Table 2) showed
8,58 % obj.), kde jedi- |Prumér/average | 42 | 12 35 0,27 8,52 66,03 that the mashes pre-

nou sloZkou byl ama-

rant. Fermentaéni vytéZzek ze 100 kg Skrobu (méfeno jako
mnozstvi abs. alkoholu — | ethanolu/100 kg Skrobu) byl rovnéz
nejvy8si ve varianté Il a pohyboval se v rozmezi od 66,38 do
66,44 | (tab. 2 a 3). Vysledky prokazaly, Ze Skrob z amarantu
byl pfi alkoholovém kvaseni lépe vyuZit nez zitny Skrob. Tyto
rozdily mohou byt vysledkem rozdilné struktury Skrobovych
fetézcll a rozdilného procentudiniho obsahu amylasy ve
vztahu k amylopektinu. Tento rozdil mize vest k hlubsi hyd-
rolyze amarantového Skrobu pod vlivem amylolytického pa-
sobeni, a tak ke vzniku mensiho mnozstvi kone¢nych produkt
rozkladu skrobu, tj. limitovanych dextrina.

Mirné niz§iho (o 0,31 — 0,41 % obj.) fermenta&niho vynosu
bylo dosazeno ve varianté I, {j. Zitna zapara s 10% pridav-
kem amarantu. Pfesto vSak mnozstvi 66,03—-66,07 | ethanolu
ziskaného v tomto pfipadé bylo vyssi nez ve varianté | (pouze
zitny Skrob). Pridavek amarantu (10 %) do Zitné zapary za-
pficinil lepsi vyuziti suroviny a zvyseni alkoholového vynosu
ze 100 kg Skrobu 0 0,60-0,77 |. Pozorované zvyseni bylo prav-

pared from amaranth
only were better attenuated and its mean value was 1.0°Bg.The
attenuation of rye and mixed (rye with amaranth addition) mas-
hes was worse by about 0.2 — 0.3 °Bg. Similarly, the real extract
in attenuated amaranth mash was by about 0.2-0.4 °Bg lower
than in the other variants and its mean value was 3.5 °Bg.

The content of reducing substances in attenuated mashes
(fermentation in flasks of 0.5 L and fermenters) was at the
same level for all the variants studied i.e. within the range from
0.21 —0.24 % (Table 2 and 3).

The highest final concentration of alcohol in attenuated
mashes was obtained for variant Il (average from 8.57 % to
8.58 % v/v) where the only component was amaranth. The
yield of ethanol obtained from 100 kg of starch (measured as
a guantity of absolute alcohol (L ethanol /100 kg of starch)
was also the highest one in variant Il and it was ranging from
66.38 to 66.44 L (Table 2 and 3). The results proved that
amaranth starch was better utilized during alcoholic
fermentation as compared with rye starch. The differences can

Tab. 3/Table 3 Hodnoty biotechnologickych faktort alkoholového kvaseni pro jednotlivé pokusné varianty (primér ze 4 méreni)/Biotechnolo-
gical factors of alcoholic fermentation for the individual experimental variants (mean values from 4 repetitions)

Varianta Doba fermentace/Fermentation time [h]

fermentace/ 17 24 41 48 65 72

Variant of s = 3 = ] =

fermentation | '8 S - 8 bl 8 8 - 8 >
S EEr B8 S8 o F S| SRl B (Ea EElag @ BiE | el e B sl BilGas
sT|E8|55|25|E8 |38 |55 |E2 |22 |2|Ea |55 |55 |E5 |58 |5|2g (25|88
E=|JE|SE (5= JE|2E |52 |2 (2L |52 |JE |22 |E=|3E (2L (5= (2L (28|52
E E& K f§‘ 2= RS ‘g EJ‘.’ 2 E 23 = E £s = E Ea = 5?‘:
= = = = = =
S S 3 38 S S

Var. |

Zito/rye mash 6,13 | 361 |4748| 717 | 298 |5553 | 7,85 | 1,91 | 60,80 | 8,32 | 1,73 | 64,44 | 8B40 | 1,29 | 65,06 | 843 | 1,17 | 6530 027

(100%)

Var. I

amaranth 648 | 3815019 712 | 296 |5515 | 7,92 | 193 | 61,35| 839 | 1,75 | 64,99 | 849 | 1,31 | 6576 857 | 1,19 | 66,38 | 0,21

mash (100%)

Var. Il

smésna zapara/

mixed mash 672 | 395)|5205| 7,34 | 3,06 (5685 | 799 | 195 |61,89| 843 | 1,76 | 6530 | 849 | 1,31 | 65,76 | 8,53 | 1,18 | 66,07 | 0,24

(90% of rye +

10% of amarantfus)

Pozn./Note: Hodnota pH po 72 h fermentace ve var. | a lll — 4,2, ve var.ll — 4,7/pH values after 72 h of fermentation: in variant | and Ill — 4.2

in variant Il - 4.7

Produktivita fermentace [ml ethanolu .I'' . h'}/Productivity of fermentation [mL ethanol .L-7 . h'']
Vytézek fermentace [l ethanolu.100 kg skrobu)/Yield of fermentation [L ethanol.100 kg' of starch]
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Tab. 4/Table 4 Uvolnény CO, a energie fermentace/Increment of CO, and energy of fermentation

Varianta Doba fermentace/Fermentation time [h]

fermentace/ 17 24 41 48 65 72

Variant of = 2 - 5 = = =

fermentation | €8 T |58 = O |%05 ST -] € T [(s8 t TJ|s8 £t T8
S3E |28 |89E |28 |E E |25 | 80E |28 | 2SE |28 | 20E | 25
E08 | §8= | 838 |PE= 588 | PE= 808 |F8= | 838 | PE= 898 | P&
£°p|af |2°a|3§ |I »|af |£7e|8f |2°s|8f | 272 |4§

Var. |

Zito/rye mash 4,76 72,77 5,56 85,07 6,09 93,16 6,46 98,76 6,52 99,74 6,54 100

(100%)

Var. Il

amaranth 5,06 75,66 5,56 83,00 6,19 92,46 6,56 97,96 6,63 98,03 6,69 100

mash (100%)

Var. Il

smésna zapara/

mixed mash 5,24 79,09 571 86,15 6,21 93,78 6,57 9912 6,60 99,63 6,63 100

{90% of rye +

10% of amaranth)

Energie fermentace je pomér mnozstvi CO, [%] uvolnéného v jednotlivych fazich procesu k celkovému mnozstvi uvolnéného CO./Energy of
fermentation is a ratio of CO, amount (expressed in %) liberated in the individual phase of process to the total amount of CO. liberated du-

ring entire fermentation process.

dépodobné dano pozitivhim vliivem neskrobovych komponent
amarantového zrna na fermentaéni aktivitu kvasnicové mikro-
flory.

Ve vSech pfipadech byla nejvyssi intenzita fermentace na
pocatku kvaseni zjisténa pro variantu lll, tj. pro zitnou zaparu
s 10% pfidavkem amarantu. V této etapé byla nejvySsi pro-
duktivita fermentace ziskana po 17 h procesu, a to 9,95 ml et-
hanolu/1 | zapary v pribéhu 1 h. Predominace tohoto para-
metru pro variantu Il byla pozorovana téméfr az do konce
fermentace po 72 h (tab. 3), nebyla v3ak tak vyznamna, jako
na pocatku kvaseni.

V této varianté byl také fermentaéni vynos a koncentrace
alkoholu v periodé do 48 h rovnéz vy33i nez v ostatnich vari-
antach. Vysledky byly potvrzeny uréenim pfirastku CO, a sni-
Zzenim energie fermentace. Vysledky jsou uvedeny v tab. 4.
Nejvyssi priristek CO, a energie fermentace byly ziskany ve
varianté |ll do 48 h kvaSeni.

Biotechnologické faktory (tab. 4) fermentace Zzitné za-
pary s 10% amarantovym ptidavkem byly lepsi nez ty, které
byly ziskany z ¢isté Zitné & amarantové zapary. To jedno-
znacné ukazuje, ze maly pfidavek amarantu (10 %) — a ze-
jména jeho neskrobové komponenty — ma pozitivni vliv na
fermentaci zitné zapary. Tento efekt byl pozorovan ze-
jména v prubéhu rozkvaSovani a na za¢atku hlavniho kva-
Seni. Pouziti této varianty je vhodné z dlvodu vy$siho
(o cca 11) mnozstvi alkoholu, ziskaného ze stejného mnoz-
stvi §krobu.

Fermentace amarantové zapary ve srovnani s zitnou za-
parou byla charakterizovana vy$si produktivitou, energii a vy-
nosem fermentace, hlavné na poéatku kvaseni, tj. do 24 h.
Poté vSak hodnoty shora uvedenych faktord byly témér
shodné, u amarantu pouze mirné lepsi. Tento trend se udrzo-
val po celou dobu fermentace, a disledkem je vy35i mnozstvi
alkoholu ziskané ze stejného mnozstvi Skrobu.

Analyza vedlejsich produktd kvaseni pro jednotlivé
experimentalni varianty

Obsah vedlejSich produktt s ohledem na slozeni zapary je
v lab. 5. Ziskané destilaty byly charakterizovany podobnou
pramérnou koncentraci ethanolu v rozmezi od 89,99 do
91,51 % obj.

Acidita vSech destilatl — nezavisle na sloZzeni zapary — byla
shodn4, a to 0,01 g kyseliny octové /I ethanolu.

Podobné obsah estert se u jednotlivych variant lisil jen ne-
vyznamneé, a dosahoval hodnot od 0,21 do 0,23 g ethylace-
tatu/l ethanolu.

Rozdily v obsahu karbonylovych slozek véetné akroleinu

result from various structures of starch chains and from
various percentage content of amylase in relation to
amylopectin. The difference can lead to deeper hydrolysis of
amaranth starch under the influence of amylolytic preparations
and thus to formation of smaller quantity of the final starch
decomposition products i.e. limiting dextrines.

A slightly lower (by about 0.31 — 0.41 % v/v) fermentation
yield was obtained in variant Il i.e. for rye mash with addition
of amaranth in amount of 10 %. However, the yield of 66.03
— 66.07 L ethanol obtained in this case was higher than that
in variant | (rye starch only). Addition of amaranth (10 %) to
the rye mash caused better utilization of a raw material and
the increase of alcohol yield from 100 kg of starch by about
0.60 — 0.77 L. The observed increase was probably caused
by the positive influence of non-starchy components of
amaranth grain on the fermentative activity of yeast microflora.

During each process of alcoholic fermentation, the highest
intensity of fermentation in the preliminary fermentation phase
was found for variant Ill, i.e. for rye mash with amaranth
addition (10 %). In this stage, the highest productivity of
fermentation was obtained after 17 h of process, it was 9.95
mL of ethanol per 1 L of mash during 1 h. The predomination
of this parameter for variant Ill was observed almost till the
end of fermentation after 72 h (Table 3), however it was not
as significant as in preliminary fermentation.

In this variant, the fermentation yield and alcohol
concentration in the period till 48 h of fermentation was also
higher than in the other variants. The results were confirmed
by determination of CO, increment and decreased energy of
fermentation. The results are given in Table 4. Both the highest
CO, increment and the energy of fermentation were obtained
in variant 11l up till 48 h of fermentation.

The biotechnological factors (Table 4) for fermentation of
rye mash with amaranth addition (10 %) were better than those
obtained for rye and amaranth mashes. It shows univocally
that a small addition of amaranth grains (10 %) — mainly its
non-starchy components — has a positive effect on
fermentation of rye mash. This effect was observed particularly
during preliminary fermentation phase and at the beginning
of main fermentation. Application of this variant is
recommended because of the higher (by about 1 L) yield of
alcohol obtained from the same quantity of starch.

Fermentation of amaranth mash was characterized by the
higher productivity, energy and yield of fermentation mainly at
the beginning i.e. till 24 h in comparison with rye mash. Then,
the values of the factors mentioned above became almost
equal with the slight advantage towards amaranth mash. Such
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Tab. 5/Table 5 Obsah vedlejsich produktu alkoholového kvaseni v destilatech pro jednotlivé pokusné varianty/Composition of by-products of
alcoholic fermentation in distillates for individual experimental variants

Varianta Koncentrace | Kyselost/ | Estery/ | Karbonylové | Akrolein/ | Methanol/ Vy$si alkoholy/Higher alcohol
(slozeni suroviny)/ ethanolu/ Acidity | Esters | slouceniny/ | Acrolein | Methanol [g/L ethanol]

Experimental Ethanol jakolas | jakolas Carbonyl

variant (composition | concentration | acetic acid |ethylacetate| compounds

of raw material) [% viv] [g /L ethanol] n-propanol | isobutanol| n-butanol | amyl alcohols| X
Var. |

zito/rye mash 90,42 0,01 0,22 0,096 8,510-4 0,06 0,522 1,683 0,0064 2,500 4713
(100%)

Var. Il

amaranth mash 90,58 0,01 0,21 0,090 9,210-4 0,52 0,841 1,416 0,0232 2,463 4,744
(100%)

Var. Il

smésna zapara/

mixed mash 89,99 0,01 0,22 0,090 4,510-4 0,10 0,415 1,101 0,0047 1,950 3472
(90% of rye +

10% of amaranth)

byly v pfipadé Zitného a amarantového lihu rovnéz nevy-
znamneé (fab. 5). Primérna konecna hodnota obsahu alde-
hydl a akroleinu v zitném lihu byla 0,096 g/l resp. 8,5.104
g/l ethanolu. Amarantovy lih obsahoval 0,090 g/l aldehydd
a 9,2.10* g/l akroleinu. Rovnéz ve varianté Il byl obsah kar-
bonylovych latek podobny, tj. 0,090 g/l, avéak obsah akroleinu
byl vice nez dvakrat niz§i nez v ostatnich experimentalnich va-
riantach. Dobrzanska, Haberova et al [14] ziskaly zna¢né vyssi
mnozstvi aldehydu v lihu pfipraveném z amarantové zapary
— amarantovy ethanol obsahoval 5x vice aldehydl nez Zitny
ethanol a 7x vic nez pSenictny ethanol.

Obsah methanolu v lihu vyprodukovaném z amarantu byl
9x vy88i nez v Zitném lihu (tab. 5).

Obsah methanolu ve varianté Ill se zvysil ve srovnani s zit-
nym lihem o 100 %.

Ziskaneé vysledky nas opraviuji k vyroku, Ze v lihu vyrobe-
ném z amarantového zrna mize byt oéekavana mnohem vyssi
koncentrace methanolu ve srovnani s Zitnym lihem. Méli by-
chom zdUraznit, Ze obsah methanolu v amarantovém lihu za
podminek nasi studie (0,52 g/l) byl nejblize k limitu povolenému
polskou normou PN — 90 /A — 79523, tj. 0,8 g/l ethanolu.

Primérny obsah vyssich alkohol( v lihu vyrobeném z ama-
rantu byl témér identicky s jejich obsahem v Zitné zapafe (cca
4,7 g/l ethanolu). Vyznamny pokles obsahu vyssich alkoholl
se projevil v pfipadé, kdy byl do zapary pfidan amarant (ob-
sah pfiboudlinového oleje — 3,472 g/l). Zastoupeni jednotli-
vych vyssich alkohol(, kromé 1-butanolu, bylo pfiblizné a ne-
zaviselo na slozeni surovin.

Obsah 1-butanolu v amarantovém lihu byl 4x vy§§i nez v Zit-
ném a smiSeném lihu. Rozdily jsou uvedeny v tab. 5.

5 ZAVERY

1. Amarantovy Skrob muze byt v pribéhu alkoholové fer-
mentace ve srovnani s zitnym Skrobem lépe vyuzit, dd-
sledkem je vy8Si vytéZnost ethanolu, a to o 1 1 na 100 kg
Skrobu.

2. Pridani amarantovych zrn do Zitné zapary v mnoZzstvi 10 %
zvysi fermentaéni vytéznost o 0,6-0,7 | ethanolu ze 100 kg
Zitného skrobu. Souc¢asné se vyznamné zvysi produktivita
a energie fermentace — zejména v jeji poéatecni fazi, tj.od
24 do 41 h — a to jako dusledek kladného vlivu amaranto-
vych neskrobnatych soucéasti.

3. Hodnota pH prokvasené zapary pfipravené z amaranto-
vého zrna je vy$Si nez v pfipadé Zitné zapary, a jeji stfedni
hodnota je okolo 4,7.

4. Lih ziskany z amarantového zrna je charakteristicky 9x vy$-
§im obsahem methanolu a zhruba 4x vy$sim obsahem
1-butanolu ve srovnani s Zitnym lihem.

5. Amarantové zrno je vhodné ke zpracovani na destilat v ze-
médélskych lihovarech pouzivajicich metodu beztlakého
uvolnéni skrobu.

a trend was kept at a constant level till the fermentation was
finished what resulted in higher yield of alcohol obtained from
the same quantity of starch.

Analysis of alcoholic fermentation by-products for
individual experimental variants

The content of by-products with respect to the mash
composition is presented in Table 5. The distillates obtained
were characterized by the similar mean concentration of
ethanol in distillate ranging from 89.99 to 91.51 % v/v.

The acidity of all the spirits — independently of the mash
composition — was equal to 0.01 g acetic acid/L of ethanol.

Similarly, the ester contents was insignificantly different for
each variant and its value was within the range from 0.21 to
0.23 g ethyl acetate/L of ethanol.

The differences in the contents of carbonyl compounds
including acrolein were also insignificant in the case of rye
and amaranth spirit (Table 5). The mean total contents of
aldehydes and acrolein in rye spirit was 0.096 g/L and 8.510
g/L of ethanol, respectively. However, it was similar in
amaranth spirit and was equal to 0.090 g/L of aldehydes and
9.210* g/L of acroleine. Also in variant Il, the contents of
carbonyl compounds was similar i.e. 0.090 g/L, however the
content of acrolein was as much as two times lower then in
other experimental variants. Dobrzariska, Haberowa et al [14]
obtained considerably higher amounts of aldehydes in the
spirit prepared from amaranth mashes i.e. amaranth ethanol
contained 5 times more aldehydes than rye ethanol and 7
times more than wheat ethanol.

The content of methanol in the spirit produced from amaranth
was nine times higher than in the rye spirit ( Table 5).

The content of methanol increased by about 100 % in
variant Il in comparison to the rye spirit.

The results obtained allowed us to state that much higher
concentration of methanol can be expected in spirit produced
from amaranth grain as compared with rye spirit. It should be
emphasized that the content of methanol in amaranth spirit
(0,52 g/L) was the most close to the limit permissible by Polish
Standard PN-90/A-79523, i.e. 0.8 g/L of ethanol, under the
conditions of our studies.

The mean content of all higher alcohols in the spirit
produced from amaranth was almost identical to their content
in the rye mash (about 4.7 g/L of ethanol). The significant
decrease of higher alcohols was observed in the case when
amaranth was added to the mash (content of fusel oil — 3.472
g/L). The quantitative composition of the individual higher
alcohols, except of 1-butanol, was approximate and
independent of the raw material composition.

The content of 1-butanol in amaranth spirit was four times
higher than that in rye and mixed spirits. The differences are
presented in Table 5.
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5 CONCLUSIONS

1. The amaranth starch can be better utilized during alcoholic
fermentation in comparison with the rye starch what results
in higher yield by about 1 L of ethanol obtained from 100
kg of starch.

2. Addition of amaranth grain to the rye mash in amount of
10% increased the fermentation yield by about 0.6 — 0.7
L from 100 kg of rye starch. Simultaneously, the significant
increase of productivity and energy of fermentation — mainly
in its initial phase i.e. from 24 till 41 h — was obtained as
a result of advantageous influence of amaranth non-starchy
components in this variant.

3.The pH value of attenuated mashes prepared from
amaranth grain is higher than that of rye mashes and its
mean value is about 4.7.

4. The spirit obtained from amaranth grain is characterized by
9 times higher content of methanol and about 4 times higher
content of butanol as compared with the rye spirit.

5. The amaranth grain is suitable for production of distillate in
agricultural distilleries applying method of pressureless
liberation of starch.
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Ktosowski, G.— Czupryniski, B.— Kotarska, K.—Wolska, M.: Vyzkum vyuziti
amarantu v zemédélskych lihovarech pfi pouZiti technologie beztlakého
uvolnéni Skrobu. Kvasny Prum. 48, 2002, ¢. 11-12, s. 302-308.

Pokusy zkoumajici vhodnost zrn amarantu pro vyrobu lihu potvrdily, Ze se
jedna o surovinu vhodnou pro zemédélské lihovary, obzvlasté pro technologii
beztlakého uvolfovani skrobu. Zrna amarantu Ize snadno rozmélnit. Ukazalo
se, ze aplikaci technologie beztlakého uvolfiovani Skrobu (tj. bez pusobeni tlaku
a tepla na surovinu) Ize dosahnout zvyseni vytéznosti kolem 2,7 | na 100 kg
amarantového $krobu (1,4 | ethanolu ze 100 kg suroviny).

Pridavek 10 % amarantu do zitné zapary zvysil vytéznost ethanolu o cca
0,6-0,7 | ze 100 kg zitného Skrobu. Zaroven vliv neskrobnatych komponent
amarantu zplsobuje vySsi rust produktivnosti a energie fermentace méfené
mnozstvim uvolnéného CO,, zejména ve fazi zakvaseni a na pocatku hlavniho
kvaseni.

pH zkvagenych amarantovych zapar bylo vyssi nez u Zitnych, a pohybovalo
se okolo 4,7.

Alkohol ziskany z amarantu v prubéhu pokusi byl v porovnani s Zitnym cha-
rakteristicky devétkrat vyssim obsahem methanolu a cca ctyfnasobné vyssim
obsahem 1-butanolu, obsah dalsich vedlejSich produktu byl srovnatelny. Mnoz-
stvi methanolu a 1-butanolu v ziskaném surovem destilatu nedosahovalo limitd
povolenych polskou normou.

Ktosowski, G. — Czupryriski, B. — Kotarska, K. — Wolska, M.: Studies on
Application of Amaranthus Grain in Agricultural Distilleries Using
Pressureless Liberation Of Starch (Pls) Technology. Kvasny Prum 48,
2002, No. 11-12, p. 302-308.

The studies on the usability of amaranth grains for the spirit production allow
us to state that it is a suitable raw material for agricultural distilleries, especially
for technology of pressureless liberation of starch. The amaranth grains can
be easily ground on buhrstone mills. It was found that application of PLS method
(i.e. without pressure and thermal treatment of raw material) resulted in higher
yield by about 2.7 L per 100 kg of amaranth starch (1.4 L of ethanol from 100
kg of raw material).

Addition of amaranth (10%) to rye mashes resulted in higher yield of
fermentation by about 0.6 to 0.7 L obtained from 100 kg of rye starch.
Simultaneously, the influence of non-starchy components of amaranth caused
higher increase of productivity and energy of fermentation measured as an
amount of liberated CQ,, especially during preliminary fermentation phase and
at the beginning of main fermentation.

It was found that pH of attenuated amaranth mashes was higher than that
of rye mash it was around pH 4.7.

The spirit obtained from amaranth was characterized by nine times higher
content of methanol and four times higher content of 1-butanol as compared
with rye spirit; content of other by-products was at the same level. The amount
of methanol and 1-butanol in the obtained distillate was below the limits
permitted by Polish Standard.

Ktosowski, G. — Czuprynski, B. — Kotarska, K. — Wolska, M.: Versuche mit der
Verarbeitung des Amarants in landwirtschaftlichen Spiritusbrennereien bei
Applikation der Technologie der drucklosen Starkefreisetzung. Kvasny Prum.,
48, 2002 Nr. 11-12, S. 302-308.

Die Versuche zur Ermittlung der Eignung des Amarantkorns zur Spiritusfabri-
kation bestéatigten, dass es sich um einen fir landwirtschaftliche Brenereien, insb.
fiir die Technologie der drucklosen Starkefreisetzung geiegneten Rohstoff handelt.
Die Amarantkérner kdnnen pronlemlos verkleinert werden. Es zeigte sich, dass bei
der Applikation der Technologie des drucklosen Starkefreisetzens (ohne Einwir-
kung von Druck und Temperatur auf den Rohstoff) eine hohere Ausbeute cca 2,7
| pro 100 kg Amarantstérke (1,4 | Athanol aus 100 kg Rohstoff) erzielt werden kann.

Durch Zugabe von 10 % Amarants in die Roggenmaische erhohte sich die Atha-
nolausbeute um cca 0,6-0,7 | aus 100 kg Roggenstarke. Zugleich werursacht der
Einfluss der nichtstérkehaltigen Komponenten des Amarants eine Erhéhung der Pro-
duktivitat und Energie der Fermentation, gemessen durch die Menge des freigeset-
zen CO,, vor allem in der Phase der Angérung und zu Beginn der Hauptgérung.

Das pH der vergarten Amarantmaischen lag héher als bei den Roggenmais-
chen und bewegte sich um 4,7.

Der aus Amarant im Verlauf der Versuche gewonnene Alkohol war im Vergleich
mit dem Roggenalkohol durch einen neunmal héheren Methanolgehalt und einen
cca viermal hoheren Gehalt an 1-Butylalkohol gekennzeichnet. Der Gehalt weite-
rer Nebenprodukte war vergleichbar. Die Menge des Methanols und des 1-Butyl-
alkohols in dem gewonnenen Rohdestillat erreichte nicht die durch die polnische
Norm genehmigte Limite.

Knocoacku, . — LiaynpeiHcku, B. — Kotapcka, K. - Boncka, M.: Wccnepoeanue
BO3MOXHOCTM WCMONb30BaHUA amapaHTa B CeNbCKOXO3AWCTBEHHLIX CNMPTOBLIX
3aBofax ¢ NCnonb3oBaHieM TexHonoruu GeaHanopHoro BuiAeneHus kpaxmana. Kvasny
Prum. 48, 2002, Ho. 11-12, cTp. 302-308.

MccnenoBanus HanpasneHHble Ha BOMPOC, MOAXOAMT Nv amapaHT (Amaranthus sp.) Ans
NPOM3BOACTEA CNWPTA, NOATBEPANNN, YTO AMapPaHT ABNRETCA PaCTEHMEM, NOAXOAAMM Ans
CEMbCKOXO3ANCTBEHHLIX CNMPTOBLIX 3aBOA0B, OCOGEHHO ANS TEXHONOriM GesHanopHoro
BblENEHNS Kpaxmana. 3epHa aMapaHTa MOKHO HETPYAHO U3Menb4aTh. Bing BLIABNEHD, 4TO
TPUMEHEHWEM TEXHONOMMM B83HANOPHOrO BbIfENEHNA Kpaxmana (7. e. 683 BAMAHNA AaBneHus
W TEeMNEpaTypsl Ha CIPEE) MOXHO JOCTMYL MOBLILIEHUA BbIXOAA Kpaxmana okono 2,7 n/100
Kr amapaHToBoro kpaxmana (1,4 n atunosoro cnnpta/100 Kr chipbs).

[ofasneHie 10 NPOLEHTOB aMapaHTa B PXKaHoM 3aTOP NOBLICKN BbIXOA 3TUMOBOrO CNYpTa
npuGnmautensHo Ha 0,6-0,7 1 1 13 100 Kr paanoro kpaxmana. OfHOBPEMEHHO BIMAHNE
HEKDAXMANUCTLIX KOMNOHEHTOB amMapaHTa Bbi3biBagT GONee BbICOKMA POCT NPOM3BOAHTE-
NBHOCTY M 3HEpriK (hepMEHTaLMM, M3MEPAEMOR KONM4ecTBOM BbineneHHoro CO,, oco6eHHo
B TEYEHUE 3aKBALUMBAHWA M B HAYANE rNEBHOTO OPOKEHNA.

pH COpOMEHHLIX aMapaHTOBbIX 3aTOPOB GbiN0 BLILE, YEM Y MKaHbIX 3aTOpOs,
NPeACTaBNAN0 NpUBUanTeNsHo 4,7.

CnupT MONy4eHHbIA 3 amapaHTa B TEYEHUe WCCNeoBaHui 06nafan no CPABHEHMIO C
pAKaHbIM B 188ATL Pa3 60Nee BLICOKMM COAEPIKaHUEM METUMIOBOMO CIMPTa U NPHGNM3NTENEHO
B 4eThIpe pa3a Gonee BbICOKMM cofiepxanmem 1-6ytaHona. Cofepanme Apyrix NOCTOPOHHIX
MPOAYKTOB G610 CPABHUMbIM. KONWYECTBO METUNIOBOTO CMMPTa U 1-6yTaHoNa B NoMy4EHHOM
MOTOHE He [OCTWIMD NOJEN0B AANYCTUMBIX NONLCKMM CTAHAAPTOM.



