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Wolska, M. — Czuprynski, B. — Klosowski, G. — Kotarska, K.: Vy-
uziti kmene kvasinek I-7-43 pfipraveného fuzi bunék Saccharo-
myces cerevisiae a Saccharomyces diastaticus v zemédélském
lihovaru. Kvasny Prum. 50, 2004, ¢. 9, s. 254-260.

Cilem studie bylo provéfit vhodnost kmene kvasinek |-7-43, ziska-
ného fuzi protoplastll a charakterizovaného jak fermentacni aktivitou,
tak i schopnosti hydrolyzovat $krob, pro zkvasovani zapar, a to v pro-
voznim méfitku za béznych technickych podminek zemédélského liho-
varu.

RyZzové zapary byly fermentovany s pfidavkem obvyklych a snize-
nych davek (90%, 80% a 70%) enzymového preparatu s obsahem
glukoamylasy. Kontrolni fermentace byly provadény se standardné
pouzivanym kmenem As-4.

V provoznich podminkach lihovaru vykazoval kvasni¢ny kmen 1-7-
43 vysokou fermentacni aktivitu a dynamiku produkce ethanolu, srov-
natelnou s hodnotami ziskanymi v pfipadé standardniho kmene
As-4.

Nezavisle na davkovani enzymoveého preparatu byl vytézek etha-
nolu ze 8krobu pfiméreny, tj. 61,7—61,8 dm3/100 kg. Po prvnim dni
fermentace bylo vytvofeno 70-80 % z celkového mnozstvi alkoholu
a po dvou dnech fermentace 95-97 % z celkového mnozstvi.

NasSe studie ukazuji, ze diky amylolytickym schopnostem
kmene 1-7-43 mUze byt v provoznich podminkach u$etfeno 30 %
davky zcukfujiciho pfipravku, aniz by se zhorSily technologické
podminky vyroby lihu. Obsahy aldehyd(, methanolu a kyselin v su-
rovém lihu z ryze byly nizsi, nez jsou hodnoty pfipustné polskou
normou.

Pozitivni vysledky ovéreni fermentacni aktivity a amylolytickych
schopnosti kvasni¢ného kmene 1-7-43 za provoznich podminek pre-
duréuji tento kmen k pouziti v provozni praxi lihovaru.

Wolska, M. — Czuprynski, B. — Klosowski, G. — Kotarska, K.: Stu-
dies on utilization of the yeast strain I-7-43 — fusant between Sac-
charomyces cerevisiae and Saccharomyces diastaticus in agri-
cultural distillery. Kvasny Prum. 50, 2004, No. 9, p. 254-260.

The aim of our study was to determine the usefulness (in full-pro-
duction scale under common technical conditions of agricultural di-
stillery) of the agricultural yeast strain I-7-43 obtained by electrofu-
sion of protoplasts and characterized by both the fermentative
activity and ability to hydrolysis of starch.

The fermentations of rye mashes were carried out with application
of standard and limited to 90 %, 80 % and 70 % doses of sacchari-
fying preparation i.e. glucoamylase San-Super 240 L (Novo-Nordisk).
The control fermentations were carried out with application of the
standard agricultural distillery strain As-4.

It was found that under distillery conditions, the yeast strain 1-7-43
was characterized by the high fermentative activity and dynamics of
ethanol production comparable with the values obtained in the case
of the standard strain As-4. Independently of the glucoamylase dose
applied, the ethanol yield from starch was appropriate i.e. 61,7-61,
8 dm®100 kg; after | day of fermentation 70-80 % of total alcohol
quantity was produced and after Il days 95-97 %, respectively. Our
studies show that thanks to amolilytic abilities of fusant 1-7-43, 30%
of dose of saccharifying preparation can be saved under full-produc-
tion conditions without detriment to technological effects of the spirit
production process. The contents of aldehydes, methanol and acids
in raw rye spirits were lower than the values permissible by Polish
Standard.

The positive results of verification of the fermentative activity and
amylolitic abilities of the yeast strain [-7-43 in full-production scale
empower us to implement it into the distillery practice.

Wolska, M. — Czuprynski, B. — Ktosowski, G. — Kotarska, K.: Die
Ausnutzung des Hefestammes I-7-43, der durch eine Fusion von
Saccharomyces cerevisiae und Saccharomyces diastaticus
zelle vorbereitet wurde, in einer Landwirtschaftsbrennerei.
Kvasny Prum. 50, 2004, Nr. 9, S. 254—-260.

Der Zielpunkt dieser Arbeit wurde eine Eignungsprifung des Hefestam-
mes |-7-43 (der durch eine Fusion von Protoplasten erworben wurde und
durch eine Fermentationsaktivitat und Stérkehydrolysenfahigkeit charakte-
risiert wird) fir eine Maischenvergérung unter herkdmmlichen technischen
Bedingungen und Betriebsgrdsse in einer Landwirtschaftsbrennerei.

Die Reismaische wurde unter Zugabe der herkémmlichen und re-
duzierten (90%, 80% und 70%) Enzymendosen mit Glukoamylasen-
inhalt fermentiert. Die Blindfermentationen wurden mit dem Ublichen
Hefestamm As-4 durchgefuhrt.

Unter Betriebsbedingungen einer Brennerei wies der Hefestamm |-7-
43 eine hohe Fermentationsaktivitét der Ethanolproduktiondynamik aus,
diese Parameter waren mit den aus den Versuchen mit einem Stan-
dardhefestamm As-4 erworbenen Resultaten vergleichbar. Auf der En-
zymenpreparatdosierung unabhéngig blieb die Ethanolsausbeute aus
der Starke als adaquat beim Wert 61,7-61,8 dm®100 kg. Nach dem Verlauf
des ersten Fermentationstages wurde 70-80 % und nach dem zweiten Tag
schon 95-97 % der gesamten Ethanolmenge hergestellt. Aus dieser
Forschung geht hervor, dass Dank den amylolytischen Hefestammei-
genschaften |-7-43 kann unter Betriebsbedingungen bis zu 30 % Ver-
zukerungsmittel eingesparrt werden ohne die technische Bedingungen
der Ethanolproduktion negativ zu beeinflussen. Die Aldehyds-, Metha-
nols — und Saureninhalts im aus dem Reis hergestellten Rohspiritus li-
egen unter den durch eine polnische Standarde festgestellte Werten.

Die positive Ergebnisse der Fermentationsaktivitats- und Amyloly-
tischenfahigskeits beglaubigung des Hefestamms |-7-43 unter Betri-
ebsbedingungen zeichen ihn zur Betriebsanwendung vor.

Boncka, M. - Liaynpbincku, B. - Knocoseku, I'. - Kotapcka K.: cnonb3oBaHue
wTamMMma ApoxoKeit |-7-43 NoAroToBNEHHOro coevHeHeM KneTok Saccha-
romyces cerevisiae n Saccharomyces diastaticus B cenbcKkoxo3sicTBeHHOM
cnupToBoM 3asofe. Kvasny Prum. 50, 2004, Ho. 9, cTp. 254-260.

Llenblo n3y4eHns SBASNOCh, Kak MOOXOAWT LiTaMM APOXOkeii |-7-43, nony-
YeHHbIA NyTEM COEAMHEHNS NMPOTONNACTOB, Y KOTOPOrO MMAPONM30BaTh Kpaxman,
ANst (hepMeHTaLmMn 3aTopa B NPONU3BOACTBEHHOM MacLuTabe npu 06bIKHOBEHHbIX
TEXHUUYECKIX YCNOBUAX CEMbCKOXO3ANCTBEHHOrO CNMPTOBOMO 3aBOAA.

Bb1n10 BbINONHEHO COpaXXMBaHIE PUCOBBIX 3aTOPOB C L06aBNIEHNEM OObIKHOBEHHbIX
W MOHMKEHHbIX 803 (90 %, 80 % u 70 %) (bepmeHTaTUBHOTO npenapata C
COfIEPXKaHWEM TTIHOKOaMblnasbl. KOHTPOMbHOE (hepMeHTUpOBaHue NpoBOAMIOCH C
“Cnonb30BaHNeM CTaHAAPTHOTO LWTamMa As-4.

B npon3BOACTBEHHbIX YCMOBUSX CIMPTOBOTO 3aB0Aa OT/MYANCA WTamMm |-7-43
BbICOKOW (DEPMEHTATMBHOA aKTUBHOCTLIO M AMHAMMKOA MPOAYKLMK STUNOBOrO
CMMPTa, CPABHIUMOI C BENMUMHAMM NOAYYEHHbIM MPY UCTIONb30BAHIN CTAHAAPTHOMO
wramma As-4.

He3asuciMo 0T 03 3H3MMHOrO npenaparta 6bin BbIX04 STUNOBOMO CMpTa U3
Kpaxmana copasmepHblit, T.e. 61,7-61,8 am3/100 «kr. [llocne nepsoro AHs
hepmeHTMpOBaHUS 660 Nony4eHo 70-80 % o6LUero KonnyecTsa ankorons u
nocne AByx AHeit hepMeHTupoBanmns 95-97 % o6LLuero KonnyecTsa.

Bbino aokasaHo, uTo 6naroaaps aMUnoNMTUYECKIM CBOVCTBAM LuTammMa |-7-43
MOXXHO B MPOM3BOACTBEHHbIX YCNOBUAX CIKOHOMUTL 30 % [03bl OCAXapuBatoLLEro
CpeacTBa, He YXyAlwasi TeXHonornyeckue YCroBis MPOM3BOACTBA ChMPTA.
CopepxaHuns anbAeraos, METUNOBOTO CIMPTA W KUCMOT B CIIMPTE-ChIPeLie 13 puca
HaxoAMNMNCh HIKE BENMYMH AOMYCKAEMbIX MOMbCKUMI CTaHAapTaMMU.

lMonoxuTenbHble  pesynbTaTbl  NPOBEPKM  (DEPMEHTATUBHOM  aKTUBHOCTM
aMUIIONNTUYECKUX CBOWCTB APOXOKEBOro WTamma |-7-43 B NMPON3BOACTBEHHbIX
YCNOBUSX MPEAHA3HAYAIOT STOT LUTaMM A5 UCMONb30BAHMNS Ha NPOU3BOACTBEHHOM
npaKT1Ke CUPTOBOrO 3aB0JaA.
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1 UvVoD

Schopnost biosyntézy amylolytickych enzymi je vitanou vlastnosti
provoznich kvasinek pro fermentaci zapar ze Skrobnatych surovin,
protoZe to ma vliv na snizovani nakladu pfi vyrobé lihu.

Kmeny kvasinek — mezofilni B4, termofilni Bc16a, termofilni rezi-
stentni vGci alkoholu a osmofilni kmeny D-2 a As-4 [1, 2, 3], bézné
pouzivané v polskych lihovarech, jsou charakterizovany vysokou
energii a produktivitou fermentace a vysokou dynamikou tvorby et-
hanolu, nemaji vSak amylolytické schopnosti.

Preména Skrobu na mono- a disacharidy probiha vyhradné hydro-
lyzou pomoci amylolytickych pfipravku ziskavanych z plisni nebo bak-
terii. V lihovarském prdmyslu by pouziti vhodnych kmenl kvasinek,
schopnych fermentace a sou¢asné hydrolyzy Skrobu, mohlo vést ke
zlepseni ekonomiky vyroby lihu diky sniZzeni davky pfipravk( zcukiu-
jicich Skrob a dextriny.

V poslednich letech jsou ve vyzkumnych centrech v Polsku i ve svété
provadény studie pfipravy a aplikace kvasinkovych kmen( pro zemé-
délské lihovary, charakterizovanych stabilnimi vySe uvedenymi viast-
nostmi [4, 5, 6, 7].

V Institutu biotechnologie potravinafského priimyslu a zemédélstvi
byla provedena elektrofuze protoplastu kvasinek Saccharomyces ce-
revisiae x Saccharomyces diastaticus a byl ziskan kmen kvasinek
I-7-43, charakterizovany zvySenou amylolytickou aktivitou a vyssi
schopnosti tvorby alkoholu, nez tomu bylo pivodné u rodi¢ovskych
kmen(.

Novy kmen [-7-43, spojujici vlastnosti obou rodi¢ovskych kmend, byl
podroben technologickym zkouském v laboratornich podminkéach [8].

Pozitivni hodnoceni nového kmene s ohledem na jeho amylolytické
a fermentaéni schopnosti nas podpofila v pfeneseni studii z labora-
torniho do primyslového méfitka ve standardnich podminkach ze-
médélského lihovaru. Cilem bylo stanovit mozné snizeni davek amy-
lolytického pfipravku, aplikovaného pro zcukfovani zapar, za
predpokladu, ze vytéZzek alkoholu by byl srovnatelny s vytézkem pfi
aplikaci celych davek tohoto enzymu. Pokusy byly provedeny v ze-
meédeélském lihovaru Zalesie pobliz Szubina v kraji Kujawsko-Pomor-
skie v Polsku.

2 METODY

2.1 Mikroorganismy
V nasich zkouskach byly pouzity dva typy kmenu kvasinek:

e |-7-43 — pfipraveny fuzi kmenu S. cerevisiae (As-4) a S. diastaticus
ve formé ¢isté kultury na agarové plidé,

* As-4 — bézné pouzivany v polskych zemédélskych lihovarech v su-
Sené formé, v nasich studiich byl zaroven aplikovan jako jeden z ro-
di¢ovskych kmenU pro kontrolni fermentace [3].

2.1.1 Kultivace a pfiprava kvasnic pro inokulaci lihovarskych za-
par
Kmen |-7-43
Pro pfipravu kmene k aplikaci v lihovaru byla reaktivovana a na-
mnozena Cista kultura ve tfech stupnich: stupen | a Il probihal v labo-
ratofi (tekutd puda YPG 2%, pH 5,0, inkubace 24 hodin pfi teploté
38 °C), lll. faze propagace pak v provoznich podminkach v lihovaru
(sladka zapara v rozkvasné kadi, pH 3,1, teplota 32 °C, inkubace 24 h).
Cely objem namnoZzenych kvasnic byl pfidan do prvniho podilu za-
pary v zaparovaci kadi. Po promichani byla ¢ast masy pfecerpana do
rozkvasné kadeé a zbytek do fermentaéni k&ddé. Obsah v rozkvasné
kadi byl pouzit pro inokulaci zapar dal$i dny (v opakovanych cyklech,
dokud neskoncily pokusné fermentace).

Kmen As-4 — kontrolni

Kontrolni kmen As-4 byl aplikovan v suSené formé v biotechnolo-
gické korporaci Lesaffre (Maszewo Leborskie, Polsko) v poslednich
tfech fermentaénich cyklech pokusu. Susené aktivni kvasinky (po re-
hydrataci a dezinfekci) byly pfidany do sladké zapary v rozkvasné
kadi (pfi teploté a pH uvedenych vySe) v mnozstvi 10 g na kazdych
100 cm?® zépary. Po inkubaci trvajici 24 hodin byly technicky zralé
kvasnice pfidany do prvni zapary v zaparovaci kadi. Dalsi postup byl
analogicky s postupy uvedenymi vySe.

2.2 Technologické postupy
Celkem bylo provedeno pét serii pokusnych fermentaci ryzovych
zapar pripravenych aplikaci riznych davek glukoamylasy. Ctyfi fer-

Keywords: amylolytic yeasts, glucoamylase, fermentation of rye
mashes, yield and dynamics of ethanol production

1 INTRODUCTION

The desired feature of agricultural yeasts for fermentation of mas-
hes from starchy raw materials is their ability to biosynthesis of amy-
lolytic enzymes since it has an effect on the cost reduction in spirit
production. The yeast strains: mesophilic B4, thermophilic Bc16a as
well as thermophilic, alcohol-resistant and osmophilic strains D-2
and As-4 [1, 2, 3], commonly applied in Polish distilleries, are cha-
racterized by a very high energy and productivity of fermentation
and high dynamics of ethanol formation, however, they have not
amylolytic abilities. Starch conversion into mono- and disaccharides
must proceed exclusively by its hydrolysis with application of amy-
lolytic preparations of mould or bacterial origin. In distillery industry,
application of the appropriate yeast strains which would couple the
fermentative activity with ability to hydrolysis of starch can result in
improvement of the economy of spirit production thanks to reduc-
tion of the dose of preparations saccharifying the starch and dex-
trins.

At the last years, the studies on preparation and application in ag-
ricultural distilleries the yeast strains characterized by the stable fe-
atures mentioned above are carried out in research centers in Po-
land and in the world [4, 5, 6, 7].

As a result of electrofusion of protoplasts between Saccharomy-
ces cerevisiae and Saccharomyces diastaticus realized in Institute of
Biotechnology of Food and Agricultural Industry, the yeast strain |-7-
43 characterized by the increased amylolytic activity and higher abi-
lity to alcohol production than that of parent strains was obtained.

The new yeast strain 1-7-43 joining the features of both the parent
strains was put to the technological tests under the laboratory con-
ditions i.e. simulated industrial production of alcohol [8].

The positive laboratory evaluation of the new yeast strain with res-
pect to amylolitic and fermentative abilities encouraged us to conti-
nue the studies on the industrial scale in standard conditions of ag-
ricultural distillery. The expected effect of our studies was
determination of the possibly reduced doses of amylolytic prepara-
tion applied for saccharification of mashes, under assumption that
the alcohol yield was comparable with that obtained while applying
the full doses of this enzyme. The experiments were carried out in
agricultural distillery in Zalesie near Szubin in Kujawsko-Pomorskie
province.

2 METHODS

2.1 Microorganisms
Two distillery yeast strains were applied in our tests:

¢ |-7-43 — fusant between S. cerevisiae (As-4) and S. diastaticus in
the form of pure culture on agar bed,

* As-4 — commonly applied in Polish agricultural distillery in ;the form
of dry preparation in our studies it was applied as a parent strain
for control fermentations [3].

2.1.1 Cultivation and preparation of yeasts for inoculation of di-
stillery mashes
Strain I-7-43

In order to prepare the fusant for application in distillery, the pure
strain culture was vivified and grown in three stages: | and Il stages
in laboratory (fluidal bed YPG 2 %, pH = 5.0, incubation 24 h in tem-
perature of 38 °C), Ill stage in distillery (sweet mash in yeast vat, pH
= 3.1, temperature 32 °C, incubation 24 h).

The whole portion of mature yeasts was introduced into the first
mash in mashing vat. After mixing, a portion of mass was pumped
into yeast vat and the rest into fermenting vat. The content of yeast
vat was used for inoculating the mashes in the next day (in repeated
cycles until the experimental fermentations were finished).

Strain As-4 — control strain

The control strain As-4 was applied in the form of dry preparation
in Lesaffre bio-corporation (Maszewo Leborskie), in the last three fer-
menting cycles of experiments. Dry yeasts (after rehydratation and
disinfection) were introduced into sweet mash in yeast vat (at tem-
perature and pH given above) in amount of 10 g for each 100 cm? of
mash. After incubation lasting for 24 h, the technically mature yeasts
were introduced into the first mash in mashing vat. The next proce-
dures were analogical to the given above.



256

KVASNY PRUMYSL
ro¢. 50 /2004 — ¢islo 9

mentace byly provedeny za pouziti studovaného kmene [-7-43
(100 %, 90 %, 80 % a 70 % davky zcukfujiciho pfipravku) a jedna
fermentace byla provedena pomoci kontrolniho kmene As-4 (cela
davka zcukfujiciho pFipravku). Kazda z pokusnych sérii byla opako-
vana tfikrat (celkem bylo provedeno 15 fermentaci trvajicich 3 dny).

2.2.1 Priprava sladkych zapar v lihovaru

Pro kazdy cyklus pokusnych fermentaci byly pfipraveny vzdy tfi za-
pary. Pro pfipravu zapary v kazdém cyklu bylo pouzito 1000 kg ryze
(celkem 3000 kg). Byla vybrana zrna dobré kvality z jedné partie. Na
zakladé laboratorni analyzy vytézku alkoholu ze 100 kg suroviny byl
stanoven obsah Skrobu (51,9 %).

Destrukce buné&né struktury, umozriujici uvolnéni Skrobu, byla pro-
vedena pomoci Henzeho parakové (tlakové) metody, tj. pafenim pfi
teploté 150 °C a tlaku vodni pary 0,4 MPa.

Proparené dilo bylo vystaveno plsobeni amylolytickych enzym(
(Novo-Nordisk, Dansko). Ve vSech pfipadech byla pro ztekuceni
Skrobu pouzita a-amylasa Termamyl 120 L ve standardnich davkach
(140-200 cmd/t 8krobu). Pro kazdou ze tfi zapar bylo aplikovano
90 cm?® a-amylasy pfi teploté 90 °C. Po prodlevé 10 minut byla za-
para ochlazena na 55 °C a pfidan zcukfujici pfipravek s obsahem en-
zymu glukoamylasy San-Super 240 L (pro jednoduchost je v dalsim
textu uvadéno davkovani jako ,glukoamylasa“). V pfipadé zapar ur-
¢enych pro fermentaci s aplikaci studovaného kmene I-7-43 byly pou-
zity rizné davky glukoamylasy od 100 % do 70 % standardni davky,
podle nasledujicich 4 variant:

* 100 % davky — 520 cm®/4,4 m?3 zapary,

* 90 % davky — 470 cm®4,4 m?3 zapary,

e 80 % davky — 420 cm3/4,4 m3 zapary,

e 70 % davky — 360 cm3/4,4 m3 zapary.

V pfipadé zapar fermentovanych pomoci kontrolniho kmene kva-
sinek As-4 byla aplikovana standardni davka glukoamylasy (100 %)
v mnozstvi 520 cm®/4,4 m® zapary.

Pocatec¢ni obsah extraktu v pfipravenych zaparach se pohyboval
vrozmeziod 17,1 do 18,3 % hm., po¢ate¢ni hodnota pH byla 5,2-5,4.
Pramérny obsah redukujicich cukr(i v nulté hodiné fermentace se po-
hyboval v rozmezi od 13,01 do 13,97 (obr. 2):

* 13,97 % — 100% davka glukoamylasy,

* 13,77 % — 90% davka glukoamylasy,

* 13,23 % — 80% davka glukoamylasy,

* 13,01 % — 70% dévka glukoamylasy.

2.3 Technické a analytické metody
V priibéhu technologickych zkou$ek byl proces kazdy den vyhod-
nocovan na zakladé vysledkl nasledujicich stanoveni:

m obsah zdanlivého a skuteéného extraktu — hustomérem, v % hm.,
po filtraci,

m pH zakvaSenych a technicky zralych kvasnic, sladkych, kvasi-
cich a prokvasenych zapar — pomoci pH-metru,

m objem sladké zapary — dm3, pomoci mérné tyce,

m stupen zcukfeni Skrobu v kvasicich a prokvasenych zaparach —
pomoci jédové zkousky nebo mikroskopicky,

m teplota zakvaSenych a technicky zralych kvasnic, sladkych, kva-
sicich a prokvasenych zapar,

m mnozstvi vyprodukovaného lihu — dm3, v jimagi.

Pokusy provadéné v lihovaru byly dolozeny laboratorni analyzou:
* pro kvasici a prokvasené zapary byly stanoveny nasledujici para-
metry:

— koncentrace alkoholu v % obj., za pouziti imerzniho refraktometru,
po destilaci 100 cm? filtrované zapary, po 24, 48 a 72 h. Stfedni
hodnoty vysledk( stanoveni byly pouzity pro vypoéet vytézku al-
koholu ze $krobu (dm3 A4,/100 kg), skute¢né rychlosti produkce
ethanolu (cm?3 A,o/kg glukdzy x h) a Uginnosti fermentace (% te-
oretického vytézku),

— obsah redukuijicich latek v %, pfimo pomoci Lane-Eynonovy metody,

e pro surovy lih: obsahy kyselin a esterd [3], aldehydl (pocitdno na
acetaldehyd), methanolu, vy$sich alkoholl a akroleinu byly stano-
veny kapilarni plynovou chromatografii (GC).

3 DISKUSE A VYSLEDKY

3.1 Vysledky fermentaci vedenych s pouzitim kmene 1-7-43

Vysledky studii pribéhu a technologickych u¢inkl fermentaci ve-
denych za pouziti kmene |-7-43 po aplikaci celé davky a omezenych
davek zcukfujiciho pfipravku jsou uvedeny v tab. 1 a 2.

2.2 Technological methods

Totally, five series of the experimental fermentations of rye mas-
hes prepared by application of various glucoamylase doses were car-
ried out; four of them were carried out by using the studied fusant I-
7-43 (100%, 90%, 80% and 70% of saccharifying preparation dose)
and one fermentation was conducted by the control strain As-4 (full
dose of saccharifying preparation). Each of the experimental series
was repeated three times (totally — 15 fermentations lasting 3 days).

2.2.1 Preparation of sweet mashes in distillery

Each time, 3 mashes were prepared for each cycle of experimen-
tal fermentations; for mash preparation in each cycle, 10 q of rye (to-
tally 30 g — 3000 kg of grain) were used. The good quality rye grain
originated from one part were used for experiments. On the basis of
laboratory analysis of the alcohol yield from 100 kg of raw material,
the starch content (51.9 %) was determined.

Destruction of the cell structure allowing for liberation of starch was
carried out by Henze’s thermal method, i.e. by evaporation at tempera-
ture of 150 °C and under the pressure of water vapour equal to 0.4 MPa.

The vaporized mass was subjected to the action of amylolytic en-
zymes (Novo-Nordisk). In the case of each mash, a-amylase Ter-
mamyl 120 L in standard doses (140—200 cm?/t of starch) was app-
lied for liquefaction of starch. For each from 3 mashes, 90 cm?® of
«-amylase at temperature of 90 °C was applied. After 10 minutes
lasting break, mash was cooled to 55 °C and saccharifying enzyme
— glucoamylase San-Super 240 L was added. In the case of mas-
hes designed for fermentation with application of the studied fusant
I-7-43, the various doses of glucoamylase were used i.e. from 100%
to 70% with respect to standard dose, according to 4 following vari-
ants:

* 100% of dose — 520 cm?3/4,4 m? of mash,

* 90% of dose — 470 cm34,4 m® of mash,

* 80% of dose — 420 cm®/4,4 m® of mash,

* 70% of dose — 360 cm®4,4 m? of mash.

In the case of mashes fermented by control yeasts As-4, the stan-
dard dose of glucoamylase (100%), in amount of 520 cm3/4,4 m3 of
mash was applied.

The initial contents of extracts in mashes prepared were within the
range from 17.1 to 18.3 °Blg, initial pH value was 5.2-5.4. The mean
content of reducing sugars in the 0 h of fermentation was within the
range from 13.01 to 13.97% (Fig. 2):

* 13.97 % — 100% of glucoamylase dose,

* 13.77 % — 90% of glucoamylase dose,

* 13.23 % — 80% of glucoamylase dose,

* 13.01 % — 70% of glucoamylase dose.

2.3 Technical and analytical methods
Everyday, during leading the technological tests, the process was
evaluated on the basis of the results of the following determinations:
= content of apparent and real extract — by densimeter, in °Blg, af-
ter filtration,
m pH of pitched and technically mature yeasts as well as sweet,
fermenting and attenuated mashes — by pH-meter,
= volume of sweet mash — dm?, by measure rod,
m degree of starch saccharification in fermenting and attenuated
mashes — by iodine test or microscopically,
m temperature of pitched and technically mature yeasts as well as
sweet, fermenting and attenuated mashes,
= quantity of the spirit produced — dm?, in receiver.

Experiments carried out in distillery were completed by the labo-
ratory analysis:
« for fermenting and attenuated mashes the following quantities were
determined:
— concentration of alcohol in % v/v, using immersion refractome-
ter, after distillation of 100 cm? of filtrated mash, after 24, 48 and
72 h; mean results of determinations were used for calculating
the biotechnological indexes of fermentation: alcohol yield from
starch (dm3 A;,/100 kg), real rate of ethanol production (cm?3
Ajoo/kg of glucose x h) and efficiency of fermentation (% of the-
oretical yield),
— content of reducing substances, in %, directly by Lane-Eynon
method.
e for high wines: content of acids and esters [9], aldehydes (calcula-
ted to acetaldehyde), methanol, higher alcohols and acroleine were
determined by capillary gas chromatography (GC).
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Uginky davky zcukrujiciho ptipravku na dynamiku tvorby ethanolu
v prubéhu fermentace, dynamiku zmén obsahu redukujicich cukrd
a vytézek alkoholu v po sobé jdoucich dnech fermentace v kvasicich
a prokvasenych zaparach (pocitdno na 100 kg $krobu) jsou uvedeny
vobr1,2a3.

Na zakladé ziskanych vysledkl bylo zjisténo, ze véechny fermen-
tace ryzovych zapar zcukfenych davkami glukoamylasy redukova-
nymina 90 %, 80 % a 70 % za ucasti studovaného kmene I-7-43 byly
charakterizovany stejnymi nebo podobnymi vytézky alkoholu ze
Skrobu v porovnani jak s paralelnimi fermentacemi po aplikaci celé
davky glukoamylasy, tak s kontrolnimi vzorky s kvasnicemi As-4
(tab. 2, obr. 3).

Tedy,

e v kontrolnich fermentacich (zakvasy 13—15) a ve fermentacich za-
par zcukfenych pomoci 100% davky glukoamylasy s aplikaci kmene
I-7-43 (zakvasy 1-3) byla stfedni hodnota vytézku alkoholu po 72
hodinach 61,9 a 61,8 dm® A;o,/100 kg Skrobu, bylo mozné ziskat
vytézek 100,2 a 100,1 % alkoholu za podminek v tomto lihovaru
(ukazatel vytéZku na 100 kg Skrobu pro lihovar — 61,75 %).

3 DISCUSSION AND RESULTS

3.1 Technological effects of fermentations led with application
of 1-7-43 fusant

The results of studies on the course and technological effects of
fermentations led by 1-7-43 fusant, after application of full and limi-
ted to 90, 80 and 70% doses of saccharifying preparation are pre-
sented in Tables 1 and 2.

The effects of saccharifying preparation dose on: dynamics of al-
coholincrease during fermentation, dynamics of reducing sugars con-
tent changes and alcohol yield in successive days of fermentation in
fermenting and attenuated mashes calculated to 100 kg of starch were
presented in Figures 1, 2and 3.

On the basis of technological results obtained, it was found that all
the fermentations of rye mashes saccharified by glucoamylase do-
ses reduced to 90%, 80% and 70% with participation of the studied
fusant I-7-43 were characterized by analogical or similar final alco-
hol yield from starch in comparison with both parallel fermentations
after applying full dose of glucoamylase and control samples with As-
4 yeasts (Tab. 2, Fig. 3).

Tab. 1 Pribéh fermentace vedené kmenem I-7-43 s aplikaci Uplnych a sniZenych ddvek glukoamylasy/ The course of fermentation led by fu-

sant I-7-43 with application of full and limited doses of glucoamylase

Cislo Davka Nejvyssi | Teplota Prokvas / pH/ pH Koncentrace Redukujici Zcukieni |Vytézek
zakvasu | glukoamylasy | teplota v den Apparent alkoholu / cukry a ztekuceni| lihu
(fermen-| /Dose of | fermentace| ukonéeni attenuation Concentration of | ve vypalcich Skrobu | /Yield

tace) | glucoamylase | /The highest|fermentace| [% hm./m/m] alcohol h / Reducing | /Sacchari- | of spirit
I No. of temp. of | [Temp. in [% obj./viv] sugars fication | [dm?]

pitch [%] fermenta- | the day of in slops and lique-

(fermen- tion expelling [%] faction of

tation) [°C] [°C] starch

24h (48h [72h |24h (48h |72h |24 h (48h (72 h 48h|72h
1. 100 36 30 41 (14 [ 13 |45 | 45 |42 |7,02|8,38]8,78 0,40 ++ | ++ 1150
2. 100 36 32 42 (15 [ 13 |46 | 44 | 44 |6,95 8,52 | 8,65 0,32 ++ | ++ 1160
3. 100 37 33 38 |15 [13 |44 | 45 |44 | 7,16 8,38 |8,65 0,39 ++ | ++ 1180
4. 90 38 31 42 (15 [ 12 |46 | 46 | 45 | 7,02 8,58 8,85 0,38 ++ | ++ 1180
5 90 37 31 43 [ 14 [12 |46 | 46 | 45 |6,82|8,65]8,78 0,31 ++ | ++ 1190
6. 90 37 32 37 |13 [11 |46 | 46 [ 45 | 7,02 8,28 | 8,58 0,27 ++ | ++ 1180
7. 80 38 32 42 (16 [ 13 |46 | 46 | 46 |6,89 8,18 | 8,65 0,40 + ++ 1170
8. 80 38 28 48 [ 16 [ 1,3 |46 | 46 | 46 |6,61[8,45]8,65 0,39 + ++ 1170
9. 80 35 31 48 [ 16 [ 12 |46 | 46 | 46 |6,08 | 8,05 8,65 0,32 + ++ 1170
10. 70 36 30 51 |16 [11 |46 | 46 [ 46 |6,19 7,98 | 8,45 0,31 + ++ 1160
11. 70 36 32 53 |16 [11 |46 | 46 | 46 |6,26 | 8,05 | 8,52 0,46 + ++ 1160
12. 70 36 31 53 |16 [10 |46 | 46 | 46 |6,05]8,11 |8,58 0,38 + ++ 1170
13. & T;, § 100 33 28 42 (15 [ 14 |44 | 43 | 43 | 7,00 (8,58 |9,05 0,43 ++ | ++ 1160

X+
14. E i g&n 100 35 32 41 (16 [ 1,3 |45 | 44 | 44 |6,83[8,25]8,58 0,40 ++ | ++ 1160
15. g %g £1(100 35 30 42 (16 [ 1,3 |44 | 45 | 43 |6,83 (8,38 8,72 0,44 ++ | ++ 1180
258"

Poznamky: stuperi zcukreni a ztekuceni skrobu: ++ — velmi dobry, + — dobry/ Notes: degree of starch saccharification and liquefaction: ++ — very good, + — good
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Obr. 1/Fig. 1 Dynamika tvorby alkoholu v pribéhu fermentaci s kme-
nem [-7-43 po aplikaci piné davky a snizenych davek glukoamyldzy
/ Dynamics of the increase of alcohol content during fermentations
led by fusant I-7-43 after application of full and limited doses of glu-
coamylase

Doba fermentace / Hours of fermentation [h]

Obr. 2/ Fig. 2 Dynamika zmén obsahu redukujicich cukr( v prabéhu
fermentace kmenem [-7-43 pfi aplikaci Uplné a sniZenych dévek glu-
koamylasy / Dynamics of changes of reducing sugars content during
fermentations led by fusant I-7-43 after application of full and limited
doses of glucoamylase
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Tab. 2 Biotechnologické ukazatele fermentaci vedenych kmenem I-7-43 po aplikaci celé a sniZenych davek glukoamylasy / Biotechnological
indexes of fermentations led by fusant I-7-43 after application of full and limited doses of glucoamylase

Davka glukoamylasy Vytézek ethanolu ze Skrobu Specificka rychlost tvorby Produktivita fermentace Uginnost
/ Dose of | Ethanol yield ethanolu / Productivity of fermentation fermentace
glucoamylase from starch / Specific rate of [cm3A,o/ dm?® zapary/mash x h] | [ Efficiency of
[dm3A,e/ 100 kg] ethanol formation fermentation
[cm3A;4/ kg gluk. x h] [%]
24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h
100 % 50,0 59,9 61,8 18,8 11,2 7,7 2,9 1,7 1,2 86,1
90 % 491 60,1 61,7 18,4 11,3 7,7 2,9 1,8 1,2 86,0
80 % 47,0 59,2 61,8 17,6 11,1 7,7 2,7 1,7 1,2 86,1
70 % 44,7 58,3 61,7 16,8 10,9 7,7 2,6 1,7 1,2 86,0
100 % 49,0 59,1 61,9 18,2 11,2 7,7 2,8 1,7 1,2 86,2
As-4
kontrolni fermentace

Poznamky / Notes: Kazdy vysledek je primérem ze tii zakvasu (fermentaci). / Each result is the mean from three pitches (fermentations).
Ucinnost fermentace — % teoretického vytézku alkoholu ze 100 kg Skrobu. / Efficiency of fermentation — % of the theoretical yield of alcohol

from 100 kg of starch.

* ve fermentacich zapar zcukfenych snizenymi davkami enzymu (za-
kvasy 4-12) byl vytézek fermentace pfiblizné 61,7-61,8 dm?®
A00/100 kg Skrobu, coz bylo 99,9-100,1 % vytézku akceptovaného
lihovarem.

Vytézek ethanolu ze Skrobu ve vSech fermentacich €inil pfiblizné 86
% teoretického vytézku (U€innost fermentace v lihovaru je 84-88 %).

DalSi biotechnologické ukazatele fermentace, tj. specificka rychlost
produkce ethanolu a produktivita procesu (tab. 2), byly nezavisle na
aplikované davce glukoamylasy ve vSech pokusech se studovanym
kmenem analogické, stejné jako pfislusné ukazatele ziskané v pru-
béhu kontrolnich fermentaci. Jejich hodnoty byly 7,7 cm3 A;40/100 kg
gluk. x h a 1,2 cm?® A4x/100 kg zapary x h.

Z udaji uvedenych v tab. 1 a 2 vyplyva, ze pfi fermentacich kme-
nem |-7-43 v zaparach zcukrfenych 70% a 80% davkou enzymu byla
uginnost a dynamika procesu vyrazné niz$i v porovnani s ostatnimi
fermentacemi v prvnim dni procesu.

V pribéhu prvnich 24 hodin téchto fermentaci kmen I-7-43 produ-
koval men&i mnozstvi alkoholu v kvasicich zaparach (pfiblizné 6,17
% obj. a 6,52 % obj.) v porovnani se zaparami zcukfenymi pomoci
plné a 90% davky (pfiblizné 6,95 % a 7,04 % obj.). To se projevilo ve
viditeIné horsi fermentaci zapar — napf. v pfipadé 70% davky gluko-
amylasy byl prokvas vyssi nez 5 % hm., zatimco v pfipadé 100%
a 90% davky byl 0 1 % hm. niz8i (pfi stejnych po€ate¢nich hustotach
sladkych zapar).

Popsanou skute¢nost potvrdily rovnéz hodnoty biotechnologickych
ukazatell, pouzitych pro vyhodnocovani: fermentace zapar zcukie-
nych pomoci 70% a 80% davky glukoamylasy po prvnim dnu fer-
holu ze $krobu, specifickou rychlosti produkce ethanolu a produkti-
vitou procesu, tj. 44,7 a 47,0 dm® A;,,/100 kg $krobu, 16,8 a 17,6
A400/100 kg gluk. x h a 2,6 a 2,7 cm?® A;,,/100 kg zapary x h.

Analogické biotechnologické ukazatele v ostatnich fermentacich se
nachazely v rozmezich 49,0-50,0 dm?3 A;4,/100 kg $krobu, 18,2-18,8
cm?3 A;0/100 kg gluk. x h a 2,8-2,9 cm?® A;,,/100 kg zapary x h.

V pribéhu dalsi fermentace zapar (davka glukoamylasy 70% a 80 %)
byla rychlost procesu vyrazné urychlena a po dvou dnech bylo pro-
kvaSeni zapar, koncentrace ethanolu, vytézek alkoholu ze Skrobu,
specificka rychlost a produktivita procesu podobné &i stejné jako uka-
zatele v pfipadé ostatnich fermentovanych zapar.

Celkoveé bylo zjisténo, ze snizeni standardnich davek zcukfujiciho
pfipravku na 80 % a 70 % mélo nepfiznivy vliv na Ucinnost fermen-
tace vedené za pouziti kmene |-7-43 pouze v prvnim dnu procesu.

Pozdéji se rychlost procesu zacala vyrovnavat a kone¢né techno-
logické parametry fermentace byly analogické s parametry ziskanymi
u zapar zcukrfenych pomoci 90% a 100% davky enzymu a byly srov-
natelné rovnéz s vysledky kontrolnich fermentaci vedenych za pou-
ziti kmene As-4.

Mélo by byt zdGraznéno, ze nezavisle na riznych poc¢atecnich rych-
lostech fermentace zépar obsahujicich rdzné davky glukoamylasy
aplikované v prabéhu jejich zcukrfovani byl kvasniény kmen 1-7-43
charakterizovan dobrou dynamikou produkce ethanolu, protoze po
prvnim dni fermentace kmen vyprodukoval pfiblizné 72-81 % a po
dvou dnech pfiblizné 95-97 % z celkového mnozstvi ethanolu.

Pres pocate¢ni neuplné zcukfeni zapar byl kmen 1-7-43 ve vSech

Thus,

¢ in control fermentations (pitches 13-15) and in fermentations of
mashes saccharified by 100% dose of glucoamylase with applica-
tion of 1-7-43 strain (pitches 1-3), the mean alcohol yield after 72
hours was 61.9 and 61.8 dm?® A;4,/100 kg starch, respectively; it was
100.2 and 100.1% of the alcohol yield possible to obtain under con-
ditions of this distillery (index of alcohol efficiency from 100 kg of
starch under distillery conditions is 61.75)

¢ in fermentations of mashes saccharified by the limited doses of en-
zyme (pitches 4-12) the fermentation yield was approximately
61.7-61.8 dm?3 A,,,/100 kg of starch what was 99.9-100.1 % of the
yield accepted by the distillery.

The ethanol yield from the starch in all the fermentations was app-
roximately 86% of the theoretical one (correct effectiveness of fer-
mentation in distillery is 84—88%).

Other final biotechnological indexes of fermentation i.e. specific
rate of ethanol production and productivity of process (Tab. 2),
were analogical in all fermentations with participation of the stu-
died fusant independently of the glucoamylase dose applied; they
were also analogical to the respective indexes obtained during
control fermentations with As-4 strain; their values were equal to
7.7 cm® A400/100 kg of gluc. x h and 1.2 cm?® A;,,/100 kg of mash
x h.

On the basis of data presented in Tables 1 and 2, it was found that
in case of fermentation led by the strain I-7-43 in mashes sacchari-
fied by 70 and 80% of enzyme dose, the effectiveness and dynamics
of process was significantly lower in comparison with other fermen-
tations in the first day of process.

During the first 24 h of these fermentations, the strain 1-7-43 pro-
duced smaller amounts of alcohol in fermenting mashes (approx.
6.17 % v/v and 6.52 % v/v) as compared to the mash samples sac-
charified by 90% and full doses (approx. 6.95 % v/v and 7.04 % v/v).
It resulted from the visible worse fermentation of mashes — for exam-
ple in the case of the limited dose of glucoamylase i.e. 70% after the
first day of process, it was over 5 °Blg while in the case of 90% and
100% doses, it was lower by approximately 1 °Blg and it was (at ana-
logical initial densities of sweet mashes) 4.1-2.3 on the average. It
was confirmed by the values of biotechnological indexes applied for
the process evaluation. Fermentations of mashes saccharified by 70
and 80% dose of glucoamylase after | day of fermentation were cha-
racterized by lower values of ethanol yield from starch, specific rate
of ethanol production and productivity of process i.e. 44.7 and 47.0
dm? A,4,/100 kg of starch, 16.8 and 17.6 cm? A,4,/100 kg of gluc. x
hand 2.6 and 2.7 cm?® A,,,/100 kg of mash x h, respectively. The ana-
logical biotechnological indexes in other fermentations were within
the ranges: 49.0-50.0 dm® A,,,/100 kg of starch, 18.2-18.8 cm?
A100/100 kg of gluc. x h and 2.8-2.9 cm?® A;,,/100 kg of mash x h,
respectively.

During fermentation of the mashes (70% and 80% of glucoamy-
lase dose) the rate of process was considerably accelerated and as
soon as after Il days of fermentation: attenuation of mashes, con-
centration of ethanol, alcohol yield from starch, specific rate and pro-
ductivity of process were similar or the same as the biotechnologi-
cal indexes in the case of other fermented mashes. Summarizing, it
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pfipadech, kdy byla pouzita nizsi davka glukoamylasy (zejména v pfi-

padé 80 % a 70 %), schopen dostate¢né vyrovnat hladinu zkvasitel-

nych cukrd pouzitelnych pro kvasnice (tvorbou vlastni glukoamylasy).

Jak vyplyva z udajd uvedenych na obr. 1 a 2, doslo k tomu po 48 ho-
dinach fermentace, protoZe nezavisle na zplisobu zcukfeni byly v indivi-
dualnich pfipadech jak koncentrace alkoholu, tak obsah redukujicich
cukrd v zaparach na podobné hladiné, tj. 8,1-8,5 % resp. 0,6-0,8 %.

Spravnost pribéhu vsech fermentaci vedenych za pouziti kmene
I-7-43 je také prokazana vysledky nasledujicich méreni a pozorovani
(tab. 2):

* kone¢né zdanlivé prokvaseni — na hladiné odpovidajici ryzovym za-
param, tj. 1,0-1,4 % hm. v zavislosti na po¢ate¢nim extraktu slad-
kych zapar,

* pH prokvaSenych zapar — na spravné hlading, tj. 4,2—4,6,

* koncentrace ethanolu v prokvasené zapare — s ohledem na poca-
te¢ni extrakt sladkych zépar v rozmezi od 17-18 % hm. — byla
spravna, tj. 8,6-9,1 % obj.,

e stupen zcukfeni a ztekuceni Skrobu — velmi dobry (100 % a 90 %
davky glukoamylasy) a dobry (80 % a 70 % davky glukoamylasy)
po 48 hodinach fermentace. V pfipadé vSech fermentovanych za-
par bylo pozorovano velmi dobré zcukieni a ztekuceni Skrobu (ne-
zavisle na aplikované davce enzymu) po skonceni fermentace,

e mnozstvi zbytkovych redukujicich latek ¢inilo 0,27—0,46 %, coz pro-
kazalo dobré vyuziti cukrd kmenem |-7-43.

KvaSeni pokusnych zapar za pouziti jak kmene |-7-43 (nezavisle
na davce aplikované glukoamylasy), tak i kontrolniho kmene As-4
probihalo intenzivné a dynamicky, byl pozorovan ustaleny vinivy po-
hyb hladiny bez tvorby pény. Rychlost rozkvasovani zapar obsahuji-
cich kmen |-7-43 byla obvykle velmi vysoka a srovnatelna s aktivitou
kontrolniho kmene As-4 (4—6 hodin).

3.2 Kvalita surovych lihli ziskanych z fermentaci vedenych za
pouziti kmene I-7-43

Laboratorni analyza ziskanych lihG (tab. 3) prokéazala vliv kvasni¢-

ného kmene |-7-43, aplikovaného v technologickych procesech, na

was found that — in distillery — limitation to 80% and 70% of stan-
dard glucoamylase doses applied for saccharifying the mashes had
the unfavourable effect on effectiveness of fermentation led by fu-
sant I-7-43 only in the first day of process. Later, the rate of process
became equalized and the final technological parameters of fer-
mentation were analogical to those obtained while applying the mas-
hes saccharified by 90% and 100% doses of enzyme and they were
also comparable to the results of control fermentations led with the
strain As-4.

It should be emphasised that independently of the various initial
rates of fermentation of mashes containing various glucoamylase
doses applied during their saccharification, the yeast strain 1-7-43
was characterized by good dynamics of ethanol production since af-
ter the first day of fermentation, it produced approximately 72—-81 %
and after two days about 95-97 % of the total ethanol amount. Des-
pite the initial incomplete saccharification of mashes, the fusant
strain 1-7-43, in each case of glucoamylase dose limitation (especi-
ally to 80 % and 70 %) was able to equalize sufficiently (by produc-
tion of its own glucoamylase) the level of fermenting sugars acces-
sible for yeasts. It results from the data presented in Figures 1 and
2that it occurred in 48 h of fermentation since independently of the
variant of saccharification, both the ethanol concentration in mas-
hes and content of the reducing sugars in mashes were in the indi-
vidual cases on the similar level i.e. 8.1-8.5 % v/v and 0.6-0.8 %,
respectively.

The correctness of the course of all fermentations led with applica-
tion of fusant |-7-43 is also proved by the results of the following me-
asurements and observations (Table 2);

e final apparent attenuation — on the level correct for rye mashes i.e.
1.0-1.4 °Blg depending on the initial extract of sweet mashes,

* pH of attenuated mashes — on the correct level i.e. 4.2-4.6,

» ethanol concentration in attenuated mash - having respect to the
initial extract of sweet mashes within the range from 17-18 °Blg, it
was correct i.e. 8.6-9.1 % v/v,

» degree of starch saccharification and liquefaction —very good (100%

Tab. 3 Obsah vedlejsich produkti v destilatech ziskanych fermentaci za pouziti kmene 1-7-43 s aplikaci celé ddvky a sniZenych davek glu-
koamylasy / Content of by-products in alcoholic distillates obtained by fermentations led by fusant I-7-43 with application of full and limited

deses of glucoamylase

Davka Ethanol /| Aldehydy / | Kyseliny Estery / | Methanol Vyssi alkoholy / Higher alcohols
glukoamylasy Proof | Aldehydes | Acids Esters [g/dm?A o]
| Doses of [g/100cm?®
glucoamylase | [% obj.] |[g/ dm3 A;qo] |[9/ dm® Asgo] [ [9/dmMBA 0] |  Aqge] |1-propanol /| 2-methyl- | 1-butanol / |pentanoly / 3
n-propanole | 1-propanol /| n-butanole amyl
isobutanole alcohols
100 % 90,3 0,010 0,04 0,11 0,01 0,383 1,526 0,013 8,375 10,303
90 % 91,5 0,009 0,03 0,10 0,01 0,435 1,820 0,012 6,366 8,635
80 % 91,5 0,012 0,04 0,17 0,02 0,416 1,472 0,006 6,375 8,269
70 % 89,9 0,020 0,05 0,17 0,01 0,519 2,492 0,018 9,355 12,386
100 % 91,7 0,080 0,03 0,11 0,02 0,426 1,876 0,008 4,536 6,851
As-4
k) § o4 and 90% of glucoamylase dose) and good (80% and 70% of glu-
2 62 =" coamylase dose) after 48 h of fermentation; very good saccharifi-
8% 60 ,,_?.-’ - cation and liquefaction of starch was observed for all fermented
8% 58 - ——Joowaawa)  Mashes (independently of the enzyme dose applied) after fermen-
<28 56 % 4 oo oy|  tation had been finished,
2 o 54 7 i - 21, gozzvka/ * the amount of the residual reducing substances was 0.27-0.46 % what
§ —o@ 52 2R = of dose proved about good utilization of carbohydrates by the strain [-7-43.
<8 .
§\§ iz y Fermentations of the experimental mashes led both with applica-
g < 7 tion of fusant I-7-43 (independently of the glucoamylase dose app-
>E o i lied) and control strain As-4 run intensively and dynamically; a very
44 steady wavy motion without foaming was observed. The rate of pre-
24 48 72

Doba fermentace / Hours of fermentation [h]

Obr. 3/ Fig.3 Porovnani vytézku alkoholu ze skrobu pro kmen I-7-43
po aplikaci riznych davek glukoamyldzy / Comparison between al-
cohol yields from starch for the strain I-7-43 after application of vari-
ous glucoamylase doses

liminary fermentation of the yeast starters and mashes containing
strain 1-7-43 was usually very high and comparable with the activity
of control strain As-4 (46 h).

3.2 Quality of high vines obtained from fermentations led by fu-
sant |-7-43
The laboratory analysis of the spirits obtained ( Table 3) showed an
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jejich chemické sloZeni. Bylo zjisténo, ze ve vSech vzorcich lihu ode-
branych z fermentaci vedenych za pouziti kmene 1-7-43 (nezavisle
na varianté zcukfeni zapary) byl celkovy obsah aldehydd podstatné
niz8i v porovnani s kontrolnim lihem ziskanym z fermentace za pou-
ziti kmene As-4.

Vzorky lihu ziskaného z fermentace za pouziti kmene |-7-43 byly cha-
rakterizovany opakované nizsi hladinou aldehydd, nez povoluje polska
norma (0,1 g/dm?3 Aq), jejich praimérny obsah ¢inil 0,01 az 0,02 g/dm?3
Ajgo. Primérny obsah aldehydd v kontrolnim lihu €inil 0,08 g/dm3 A .

Jak vyplyva z udaji uvedenych v fab. 3, lihy ziskané z fermentace
za pouziti kmene |-7-43 obsahovaly vy$Si koncentrace vyssich alko-
holli v porovnani s kontrolnim lihem. Koncentrace vyssich alkoholl
v pokusnych variantach byla v rozmezi 8,3 az 12,4 g/dm?® Ay, — za-
timco v kontrolnim vzorku lihu &inila 6,7 g/dm3 A;q.

VSeobecné zvySeni obsahu pfiboudliny ve zminénych vzorcich lihu se
vyskytovalo hlavné proto, ze obsah pentanoll (3-methyl-1-butanolu
a 2-methyl-1-butanolu) zde byl vy3Si nez v pfipadé kontrolnich vzorka.

Obsah rezidudlnich vedlej$ich produktll fermentace, tj. kyselin (pfe-
pocet na kyselinu octovou) a methylalkoholu byl vyrazné pod hladinou
povolenou polskou normou a jejich hodnoty byly podobné v pokusnych
a kontrolnich vzorcich: kyseliny 0,03-0,05 g/dm® Ay, methanol —
0,01-0,02 g/cm?® A;qo. Primérny obsah ester(i ¢inil 0,10-0,17 g/dm?
Aigo- Akrylaldehyd nebyl nalezen v zadném ze vzorka.

4 ZAVERY

4.1 Technologicka prospésnost nového kvasni¢ného kmene 1-7-43,
pfipraveného fuzi bunék Saccharomyces cerevisiae a Saccha-
romyces diastaticus, v provoznich podminkach byla vyhodno-
cena pozitivné.

4.2 Dobré ucinky na fermentaci ryzovych zapar (zapary zcukfené
standardni davkou pfipravku s obsahem enzymu glukoamylasy
San-Super 240 L a davkami pfipravku snizenymi o 10-30 %)
byly prokédzany pomoci nasledujicich vysledkl dosazenych po-
moci studovaného kmene v tfidennim procesu:

e pfesny vytéZek ethanolu z vneseného skrobu (61,7-61,8 dm?
A100/100 kg) — coz odpovidalo maximalnimu moznému vy-
tézku, ktery Ize ziskat v lihovaru, kde byly provadény pokusy,

* velmi dobré prokvasy zapar, Upiné prokvaseni zapar—1,0-1,4 % hm.,

* vysoké konec¢né koncentrace alkoholu v prokvasenych zapa-
rach — 8,6-9,1 % obj.,

e velmi nizka hladina zkvasitelnych cukrd zbyvajicich v prokva-
Senych zaparach — 0,27-0,46 %.

4.3 Kmen I-7-43 byl za podminek lihovaru charakterizovan vysokou
kvasnou aktivitou a dynamikou tvorby alkoholu, protoze po prv-
nim dnu fermentace bylo vytvofeno 70-80 % a po dvou dnech
95-97 % z celkového mnozstvi alkoholu.

4.4 Diky amylolytickym schopnostem kmene 1-7-43 je mozno uSetfit
30 % zcukfujiciho pFipravku aplikovaného pro pfipravu zapar, aniz
by doslo ke zhor$eni technologickych parametrl v procesu vyroby
lihu.

4.5 Bylo zjisténo, ze surové lihy ziskané fermentaci ryzovych zapar
za pouziti kmene [-7-43 obsahovaly opakované mensi mnozstvi
aldehydud, methylalkoholu a organickych kyselin, nez jsou mnoz-
stvi povolend polskou normou.

Literatura / References

[1] Satek, A.T., Arnold, W. M.: Construction of ethanol-resistant, os-
mophilic industrial strains of Saccharomyces sp. Chemie, Mikro-
biologie, Technologie Der Lebensmittel 16, 1994, pp. 165—-183.

[2] Boettger, A.: Anmerkungen zur mikroskopischen Betriebskontrolle
in der Getreide — und Kartoffelbrennerei. Die Branntweinwirts-
chaft, 1996, 136, 2-3.

[3] Satek, A.: Studia nad amplifikacjg cech technologicznych dro-
zdzy Saccharomyces cerevisiae. Rozprawa habilitacyjna. Zeszyty
naukowe ART Olsztyn, Technologia Alimentorum 22, Wyd. ART,
1989, (polsky).

[4] Laluce, C., Mattoon, J. R.: Development of rapidly fermenting stra-
ins of Saccharomyces diastaticus for direct conversion of starch and
dextrins to ethanol. Appl.a. Environm. Microbiol. 48, 1984, pp. 17-25.

[5] Guiraud, J., P, Fontana, A.: Isolation and characterization of a flo-
cculating mutant of Saccharomyces diastaticus. Research in Mic-
robiology. 1992, 143 (1), 81.

[6] Taosheng, L., Jing, L., Shiti, Ch.: Reform of yeast cell by proto-
plast fusion. Il. A study on fermentation biology of interspe-
ciffic hybrid between Saccharomyces cerevisiae and Saccharo-

effect of the yeast strain I-7-43, applied in technological process, on
their chemical composition. It was found that in all the spirit samples
taken from fermentations led by fusant I-7-43, independently of the
variant of mash saccharification, the total content of aldehydes was
considerably lower in comparison with control spirit obtained from fer-
mentation with the strain As-4. The spirit samples obtained from fer-
mentation with strain |-7-43 were characterized by repeatedly lower
level ;of aldehydes than that permissible by Polish Standard (0.1
g/dm3 Aqo) their mean content was from 0.01 to 0.02 g/dm? A4, The
mean content of aldehydes in control spirit was 0.08 g/dm? Aq.

As it results from data presented in Table 3, the spirits obtained
from fermentation with the strain I-7-43 contained higher amounts of
higher alcohols in comparison with control spirit. Concentration of hig-
her alcohols in all the experimental variants achieved a relatively high
level i.e. within the limits from 8.3 to 12.4 g/dm3 Ay, while it was 6.7
g/dm3 A, in control spirit.

The general increase of fusel content in the mentioned spirit sam-
ples occurred mainly for the reason that the content of amyl alcohols
(including 3-methyl-1-butanol and 2-methyl-1-butanol) was there hig-
her than in the case of control samples. The content of the residue
by-products of fermentation i.e. acids (calculated to acetic acid) and
methyl alcohol was significantly below the level permissible by Polish
Standard and their values were similar in experimental and control
samples: acids 0.03-0.05 g/dm? Ay, and methanol — 0.01-0.02 g/cm?
Ai0o- The mean ester content was 0.10-0.17 g/dm?® A;q,. Acrylic al-
dehyde was not found in any distillate.

4 CONCLUSIONS

4.1 The technological usefulness of the new yeast strain (fusant I-
7-43) in full production scale was evaluated positively.

4.2 Good effects of rye mash fermentations (mashes saccharified
by standard and limited by 10-30% doses of glucoamylase) were
proved by the following results achieved by the studied strain in
3-days lasting process:

e correct yield of ethanol from the introduced starch (61.7-61.8
dm?3 A44,/100 kg) — maximum vyield possible to obtain in distil-
lery where experiments were carried out,

e very good, full attenuation of mashes - 1.0-1.4 °Blg,

¢ high final concentrations of alcohol in attenuated mashes —
8.6-9.1 % v/v,

e very low level of fermenting sugars remaining in decoction —
0.27-0.46.

4.3 Fusant I-7-43, under distillery conditions, was characterized by
high fermentative activity and dynamics of ethanol formation
since after I-day of process it formed 70-80% and after Il-days
95-97% of total alcohol produced.

4.4 Thanks to the amylolytic abilities of the I-7-43 strain, it is pos-
sible to economize 30 % of saccharifying agent applied for pre-
paration of mashes without changing for the worse the techno-
logical effects of spirit production process.

4.5 |t was found that raw spirits obtained from rye during fermenta-
tions with 1-7-43 strain contained repeatedly lower amounts of
aldehydes, methyl alcohol and acids than those permissible by
Polish Standard.

myces diastaticus. J. Hangzhou Univ. Natur. Sci. Ed., 14, 1987,
pp. 335-342.

[7] Seu, J. H., Kim, I. H., Jun, D. I, Lee, J. T.: A study on strain im-
provement by protoplast fusion between amylase secreting yeast
and alcohol fermenting yeast. I. Isolation and characterization of
fusant between S. cerevisiae and S. diastaticus. Sanop. Misa-
engmul. Hakhoecki 14, 1986, pp. 305-310.

[8] Wolska, M.: Ocena zdolnosci fermentacyjnych szczepu dro-
zdzy gorzelniczych 1-7-43 — fuzanta Saccharomyces cerevisiae
i Saccharomyces diastaticus. Wydawnictwo PM ,LOGO“, Byd-
goszcz, 2001, s. 27-32.

[9] Ktosowski, G., Czuprynski, B., Sieliwanowicz, B., Kotarska, K.,
Wolska, M.: Monitoring of sugar substrates utilization by D-2 and
As-4 yeasts and kinetics of by-products formation during alcoho-
lic fermentation of rye and corn mashes. Pol. J. Food Nutr. Sci.
2001., vol. 10/51 No 2, pp. 19-24.

Lektoroval doc. Ing. Karel Melzoch, CSc.
Do redakce doslo 18.8. 2003



