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Kvasinka rodu Saccharomyces je nejpbéznéji pouzivanym organismem v biotechnologiich a mnozstvi jeji biomasy vznikajici pfi vyrobé
piva a vina je obrovské. Uvadi se, Ze celosvétova roéni produkce obou napoju s sebou nese produkci vice nez pll milionu tun kvasinek,
pocitano na susinu, coz je nejvétsi produkce jakéhokoliv mikroorganismu na celém svété. Z tohoto dlivodu je mozno zvazit jeji pouziti
jako sekundarni suroviny. V nasledujicim review se zaméfujeme na vyuziti biomasy odpadnich kvasinek pfedevsim z hlediska jejiho
zpracovani na biopaliva, zejména bionaftu. Zvlastni pozornost je vénovana téz vyuziti kvasinek jako zdroje sofistikovanych produktd,
predevsim skvalenu a kyseliny palmitolejové, dllezité suroviny, kterd mize byt pouzita jako pfisada do bionafty, ale je také vyuzivana
v kosmetickych a dietetickych prostfedcich.

Rezanka, T., Palyzova, A., Sigler, K., 2017: Waste brewery and winery yeast as a raw material for biotechnological productions.
Kvasny Prum. 63(4): 158-162

Yeast of the genus Saccharomyces is the most commonly used organism in the production of biotechnological products, and its
amount produced in the production of beer and wine is enormous. It is reported that the worldwide annual production of both beverages
entails the production of more than half a million tons of yeast, calculated on dry matter, the largest production of any microorganism
worldwide. For this reason, it could be used as a potential secondary raw material. In the following review, we focus on the use of waste
yeast biomass, particularly in terms of its processing into biofuels, especially biodiesel. Particular attention is also paid to the use of yeast
as a source of sophisticated products, especially squalene and palmitoleic acid, an important raw material that can be used as a biodiesel
additive, but also in cosmetic and dietetic products.

Rezanka, T., Palyzova, A., Sigler, K., 2017: Die Abfallbrau- und Weinhefe als ein fiir die Herstellung wertvoller Rohstoff der
biotechnologisch wichtigen Produkten. Kvasny Prum. 63(4): 158—162

Die Hefe der Gattung Saccharomyces ist ein am meisten gebrauchter Mikroorganismen in der Biotechnologie und ihre wéhrend der
Bier- und Weinherstellung entstehende Biomasse ist riesig. Es wird angegeben, dass die gesamte Menge an Hefemasse entstandene
bei der Weltproduktion der beiden Getrédnke mehr als eine halbe Million Tonnen (Trockenmasse) betragt, was die gréBte Produktion
eines Mikroorganismus in der Welt bedeutet. Aus diesem Grund ist es mdéglich, die Abfallhefe als einen sekundaren Rohstoff zu be-
trachten. In diesem Artikel wird auf die Ausnutzung der Biomasse von Abfallhefe konzentriert, vor allem auf ihre Verarbeitung zum
Biobrennstoffe, hauptséchlich Biodiesel. Eine besondere Aufmerksamkeit wird der Nutzung der Abfallhefe als die Quelle der komplexen
Produkte gewidmet, vor allem Squalen und Palmitoleinsédure, einem wichtigen Rohstoff, der als Biodieselzusatz oder fir kosmetische

und diatetische Produkte angewandt werden kann.

Kli¢ova slova: pivovar, vinarstvi, kvasinky, bionafta, palmitolejova
kyselina, Saccharomyces cerevisiae

1 UvoD

Vyroba piva a vina je tradi¢ni zemédélska a potravinarska vyroba
s velkym ekonomickym potencialem. V roce 2014 Cinila vyroba piva
ve 28 zemich EU asi 384 milionG hl a pocet pivovard se pohyboval
kolem 6500, kromé dalSich 5000 mikropivovar(, tedy malych pivo-
varl s produkci méné nez 1000 hektolitrd piva ro¢né (Brewers of
Europe, 2015).

Celosvétova produkce vina v roce 2012 &inila asi 258 milion( hek-
tolitr(i, zatimco produkce vina v Evropé doséhla asi 165 miliont hek-
tolitrd (International Organization of Vine and Wine, 2016).

PFi vyrobé piva a vina jsou kvasinky odpadni druhotnou surovinou.
Po vyrobé 1hl piva zUstava asi 200g kvasinek, coz znamena v glo-
balnim méfitku produkci témé&r 400 000 tun kvasinek jako vedlejsiho
produktu pivovarské vyroby. Situace pfi vyrobé vina je podobna; ve-
dlejSim produktem po kvaseni 1 tuny hroznu je pfiblizné 1kg kva-
sinek, coz celosvétové predstavuje produkci pfiblizné 160 000 tun
kvasinek. Celkem je tak na svété vyrobeno pfes pul milionu tun kva-
sinek ro¢né. Mnozstvi biomasy ziskané z nepotravinarskych procesl
je omezené a je proto velice lakavé pouzivat vedlejSi produkty, coz
jsou pravé kvasinky z vyroby piva a vina. Tyto v podstaté odpadni

Keywords: brewery, viticulture, yeast, palmitoleic acid, biodiesel,
Saccharomyces cerevisiae

1 INTRODUCTION

The production of beer and wine is a traditional branch of
food production with a great economic potential. In 2014, beer
production in the 28 countries of EU was about 384 million
hl and the number of breweries was around 6,500, excluding
5,000 microbreweries, i.e. small breweries producing less than
1,000 hectoliters of beer per year (Brewers of Europe, 2015).
World wine production in 2012 was about 258 million hectoliters,
while wine production in Europe reached about 165 million hectolit-
ers (International Organization of Vine and Wine, 2016).

In both biotechnological productions, the secondary raw material,
formerly called waste, is yeast. Since about 200 grams of yeast re-
main after 1hl of beer, it means that almost 400,000 tons of yeast
was produced as a by-product of breweries. The situation in wine
production is similar, with approximately 1kg of yeast remaining as
a by-product of fermentation of 1 ton of grapes, representing around
160,000 tons of yeast worldwide. In total, over half a million tons of
yeast are produced in the world. The amount of biomass obtained
generally from non-food processes is limited and it is therefore very
tempting to make use of the yeast produced as by-product in beer
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suroviny Ize vyuzit riznymi zpusoby. Jednim z nich je moznost vyu-
2it kvasinky jako zdroj bionafty. Diky vyhodnému slozeni mastnych
kyselin ma bionafta ziskana z kvasinek optimalni vlastnosti, napf.
bod zéakalu pod 10 °C a cetanové €islo pfiblizné 58. Vyhodou je také
vysoky podil kyselin palmitové, palmitolejové a olejové v bionafté,
ktery zabrariuje oxidaci a polymerizaci polynenasycenych mastnych
kyselin, jak je to bézné u rostlinnych olejd (Wu et al., 2012).

Pfi zpracovani hroznt na vino vznika komplexni smés, ktera obsa-
huje vinné kaly, coz jsou zbytky na dné nadob po fermentaci, béhem
skladovani, nebo ziskané po filtraci a odstfedéni. Kaly se skladaji
hlavné z mikroorganismu (pfedevSim kvasinek ale také bakterii),
vinné kyseliny, anorganickych soli a fenolickych slou¢enin (Pérez-
-Serradilla a Luque de Castro, 2011). Zpracovani kall, Ize rozdélit
do dvou zakladnich pfistupl. Jeden z nich zahrnuje zpracovani kom-
plexni biomasy, ktera obsahuje kvasinky spolu s mnoha necistota-
mi, jak organickymi tak anorganickymi, a dale jiné mikroorganismy
(napf. bakterie mlééného kvaseni). Druhou moznosti je izolace orga-
nickych slou¢enin — skvalenu (Naziri et al., 2016; Naziri et al., 2012)
nebo lipidl (Gomez et al., 2004).

2 MOZNOSTI VYUZITI ODPADNICH
KVASNIC

Jednim ze zplsobl, jak vyrazné zlepsSit ekonomickou navratnost
investice do zpracovani vinnych kalll, je izolace skvalenu (Naziri et
al., 2016; Naziri et al., 2012). PfedevSim je to extrakce pomoci su-
perkritického CO, za zvy$eného tlaku a teploty. P¥i této extrakci je
vytézek 1,69 % skvalenu (vztazeno na susSinu kvasinek), pfi extrakci
hexanem ¢ini vytézek 2,04 % a pfi klasické extrakci smési organic-
kych rozpoustédel 1,76 % (Naziri et al., 2016).

Pfi extrakci n-butanolem nasycenym vodou obsahuji kaly z vina
kolem 5,4 % lipid(i. Byl také stanoven obsah jednotlivych lipidovych
skupin, stejné jako celkovych mastnych kyselin; hlavni identifikované
mastné kyseliny byly kyselina palmitova, stearova a olejova (Gomez
et al., 2004).

Vinné kaly mohou byt pouzity pro vyrobu bioplynu za termofilnich
podminek (Da Ros et al., 2014). Napfiklad Fan et al. (2006) pouzili
odpadni pivni kvasinky, které byly inkubovany s kravskym hnojem,
ktery obsahuje pfevazné anaerobni bakterie. Produkce vodiku byla
68,6 ml/g suché biomasy (Bando et al., 2013).

Mnoho praci se zabyva vyrobou mikrobialnich olejl z riznych uhli-
katych zdrojl a jejich pouzitim pro pfipravu bionafty (Xu et al., 2013).

2.1 Bionafta

Bionafta je definovana jako smés mono alkylestert mastnych ky-
selin pochazejicich z rostlinnych olejd, zivoc¢isnych tukd nebo odpad-
nich oleju. Bionafta je technicky konkurenceschopnd, Setrna k Zivot-
nimu prostredi, a tvofi alternativu ke konvenénim zdrojim motorové
nafty. DalSi vyhodou je jeji biologicka rozlozitelnost nebo moznost je-
jiho ziskavani z obnovitelnych zdroju. Ma vSak technické nedostatky,
jako je Spatna tekutost za studena a nestabilita na vzduchu. Za ide-
alniho kandidata pro zlepSeni téchto viastnosti bionafty se povazuje
methylester palmitolejové kyseliny (Xia et al., 2010), ktery vykazuje
nizkou teplotu tani (asi -34 °C), a pfijatelnou oxida¢ni stabilitu (2,1
podle testu Rancimat, sou¢asné ma cetanové ¢islo 56,6 a kinematic-
kou viskozitu 10,1 m2s™ pfi teploté 0 °C (EN 14214, 2008).

Estery nasycenych mastnych kyselin sice zvySuji cetanové cislo
(Knothe, 2009), ale také zvySuji teplotu tani a tim snizuji pouzitelnost
bionafty pfi nizkych teplotach. Na druhé strané estery nenasycenych
mastnych kyselin snizuji teplotu tani, ale maji nizké cetanové ¢islo
a nizkou oxidac¢ni stabilitu. Z tohoto hlediska je idealnim kandidatem
pravé palmitolejova kyselina (viz nize).

2.2 Palmitolejova kyselina

Palmitolejova kyselina mlze byt pouzita jak v potravinarstvi a kos-
metice, tak pro technické ucely, které zahrnuji, kromé vyroby bionaf-
ty, i jeji pouziti jako cenného obnovitelného zdroje pro vyrobu pri-
myslové dulezité chemikalie 1-oktenu, ktery se pouziva pfi vyrobé
linearnich polyethylen(i s nizkou hustotou. Tato kyselina ma dule-
Zitou pozici v oblasti zpracovani potravin, jako doplnék stravy nebo
v kosmetickém primyslu (All Star Health, 2016).

Studie ukazuji, ze palmitolejova kyselina mize zvysit fluiditu bu-
néénych membran, inhibovat onkogenezi (lto et al., 1982) a snizit
pravdépodobnost zanétll spojenych s diabetem, onemocnénim srd-
ce a dalSich zdravotnich problém. Kromé téchto biologickych funkci
ma antioxida¢ni, antimikrobidlni U€inky a je pouzivana proti starnuti.
To ji déla atraktivni jako doplnék stravy, a také v kosmetickém pra-

and wine production. These essentially waste materials can be used
in various ways. One of them is to use yeast as a biodiesel source.
Due to the preferred fatty acid composition, the yeast obtained from
the yeast has optimal properties, such as a cloud point below 10° C
and a cetane number of about 58, with the largest proportion of pal-
mitic, palmitoleic and oleic acids, so that no oxidation and polymeri-
zation of polyunsaturated fatty acids takes place, which is otherwise
common with vegetable oils (Wu et al., 2012).

The processing of grapes to obtain wine gives rise to a complex
mixture which contains wine sludges, which are the residues at the
bottom of the vessels after fermentation, during storage, or obtained
after filtration and centrifugation. The sludge consists mainly of mi-
croorganisms (mainly yeasts but also bacteria), tartaric acid, inor-
ganic salts and phenolic compounds (Pérez-Serradilla and Luque
de Castro, 2011). Sludge treatment can be divided into two basic
approaches. One involves the processing of a complex biomass
containing mostly yeast, including many impurities, both organic and
inorganic as well as other microorganisms (e.g., lactic acid bacteria).
The other possibility is the isolation of organic compounds - squalene
(Naziri et al., 2012; Naziri et al., 2016) or lipids (Gémez et al., 2004).

2 USES OF WASTE YEAST

One way to significantly improve the economic return on in-
vestments in sludge processing is to isolate squalene (Naziri et al.,
2012, Naziri et al., 2016). The first step is extraction with supercriti-
cal CO, at elevated pressure and temperature. This extraction yields
1.69% squalene based on yeast dry matter, extraction with hexane
yields 2.04% and classic extraction with an organic solvent mixture
gives 1.76% (Naziri et al., 2016).

In case of extraction with n-butanol saturated with water, the wine
sludge contains about 5.4% of lipids. The content of individual lipid
groups as well as total fatty acids was also determined, the main
identified fatty acids were palmitic, stearic and oleic acid (Gémez et
al., 2004).

Wine sludge can also be used to produce biogas under thermo-
philic conditions (Da Ros et al., 2014). For example, Fan et al. (2006)
used waste brewery yeast which was incubated with cow manure
containing essentially anaerobic bacteria. Hydrogen production was
68.6 ml/g dry biomass (Bando et al., 2013).

Many studies deal with the production of microbial oils from differ-
ent carbon sources and their use for the preparation of biodiesel (Xu
et al., 2013).

2.1 Biodiesel

Biodiesel is defined as a mixture of mono-alkyl esters of fatty acids
derived from vegetable oils, animal fats or waste oils. It is technically
competitive, environmentally friendly and forms an alternative to con-
ventional diesel fuel sources. Biodiesel has many benefits, such as
biodegradability or its production from renewable sources. However,
it also has technical drawbacks such as poor cold flow and air insta-
bility. The ideal candidate for improving these properties of biodiesel
is palmitoleic acid methyl ester (Xia et al., 2010). Palmitoleic acid
methyl ester, i.e. cis-9-hexadecenoic acid, exhibits a low melting
point (about -34° C) and acceptable oxidation stability 2.1 accord-
ing to the Rancimat test (EN 14214, 2008). It has at the same time
a cetane number of 56.6 and a kinematic viscosity of 10.1 m?s™' at
0 °C. There are therefore no problems with solidification of biodiesel
in winter and at reduced temperatures.

Although saturated fatty acid esters increase the cetane number
(Knothe, 2009), they also increase the melting point and, hence, de-
crease the usefulness of biodiesel, at low temperatures. On the other
hand, unsaturated fatty acid esters lower the melting point but have
a low cetane number and low oxidation stability. From this perspec-
tive, the ideal candidate is palmitoleic acid, (see below).

2.2 Palmitoleic Acid

Palmitoleic acid can also be used in both food industry and cos-
metics and for technical purposes, which may include, besides bio-
diesel production, its use as a valuable renewable source for the pro-
duction of industrially-important chemical 1-octene, a material used
in the production of linear polyethylenes with low density. Palmitoleic
acid has an irreplaceable position in the field of food processing, as
a dietary supplement or in the cosmetics industry (All Star Health,
2016).

Studies show that palmitoleic acid may increase cell membrane
fluidity, inhibit oncogenesis (Ito et al., 1982), and reduce the likeli-
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myslu, protoZe Udajné chrani pokozku pred Skodlivymi sluneé¢nimi
popéleninami a UV zafenim.

Jednou z moznosti, jak zvysit produkci palmitolejové kyseliny
v kvasinkéch, napfiklad u rodu Saccharomyces, kde jeji obsah pre-
sahuje 50 % z celkovych mastnych kyselin, je geneticka modifikace
spolu s optimalizaci kultivacnich podminek. BohuZzel, Saccharomy-
ces nepatfi mezi oleogenni kvasinky (Rattray, 1988). Kamisaka et
al. (2015) se uspésné pokusili zvysit obsah lipidi zvySenou expre-
si genu DGAT1, ktery kéduje diacylglycerol acyltransferazu (DGAT)
s kombinaci snf2. Tim byla vytvofena S. cerevisiae jako DGA1 mu-
tanta s nadmérnou expresi Dgalp (Dga1ANp). Kombinaci kultivace
pfi nizkych teplotach (do 20 °C) a pfidanim methioninu do kultiva¢ni-
ho média se zvysil relativni a absolutni obsah palmitolejové kyseliny
v kvasinkach az 2,5krat (Kamisaka et al., 2015).

Negativnim rysem vSech komeréné dostupnych a péstovanych
olejnin je, ze bud neobsahuji palmitolejovou kyselinu, nebo je jeji ob-
sah pouze 1-2 % z celkového obsahu mastnych kyselin. Vzhledem
k tomu, ze palmitolejova kyselina nem(ize byt ziskavana z pfirodnich
zdrojli ve velkych mnozstvich a za relativné nizkou cenu, zajem se
zaméfil na metabolické inzenyrstvi geneticky modifikovanych rostlin
olejnatych semen. VétSina genetickych experimentd (Brillhart, 2001;
Seip a Zhu, 2011) pouziva expresi genetického materialu (A° desatu-
rasy) ze Saccharomyces. Variabilita mastnych kyselin v kvasinkach,
a to zejména v Saccharomyces, je pomérné mala. Rod Saccharo-
myces obsahuje 4 hlavni mastné kyseliny, tj., palmitovou, palmito-
lejovou, stearovou a olejovou (Rezanka et al., 2013a), které tvofi
90 % z celkového mnozstvi mastnych kyselin (Rezanka et al., 2013b;
Sarris et al., 2011; Sarris et al., 2013). Genetické manipulace, které
vedou ke zvySeni obsahu palmitolejové kyseliny, spocivaji v tom, ze
je do rostlin zavadén gen kodujici A° desaturasu z kvasinek rodu
Saccharomyces. Dal$i moznosti je hledat alternativni zdroje pfirod-
ni palmitolejové kyseliny, tedy takové organismy, u kterych je jeji
obsah vy88i nez 10% celkovych mastnych kyselin (Khoomrung et
al., 2012). Bohuzel jen malo rostlin ve svych semenech obsahuje
vice nez 10 % palmitolejové kyseliny. K dispozici jsou ve skute€nosti
pouze dvé rostliny, a to makadamové ofechy (Knothe, 2010) a plody
rakytniku feSetlakovitého (Rlsch et al., 2004). Jiné zdroje jsou velmi
exotické, takze i v pfipadé, Ze olej z rostliny Kermadecia obsahuje az
70 % palmitolejové kyseliny, rostlina nemUze byt pouzita pro komer¢-
ni ucely, protoze je to endemicka kvetouci rostlina, ktera roste pouze
v Nové Kaledonii (Rezanka et al., 2015).

Jak jiz bylo uvedeno, slozeni lipidd a mastnych kyselin v kvasin-
kach je obecné velmi podobné konvenénim rostlinnym olejim. Tato
skute¢nost muze byt vyuzita k jejich nahrazeni, a to zejména v pfi-
padé specialnich tukl a olejl, jako je napfiklad kakaové maslo nebo
jiné exotické tuky pouzivané v potravinarském priimyslu (Henk et
al., 1992).

Vzhledem k tomu, Ze palmitolejova kyselina nemU(ze byt zatim
ziskavana z pfirodnich zdroju ve velkém mnozstvi a pfi nizkych na-
kladech, je tfeba najit takové zdroje, které by umoznily jeji vyrobu.
Bohuzel neochota pouzivat geneticky modifikované kvasinky pro
prdmyslovou vyrobu je obrovska. Jak jiz bylo zminéno vyse, idealni
jsou pivovarské kvasinky jak svrchniho (S. cerevisiae), tak spodniho
kvaSeni (S. pastorianus). Kvasinky jako vedlejsi surovina z pivovaru
s ro¢ni produkci 1 milion hektolitrd (kterou definuje EU jako stfedné
velky pivovar) zahrnuji 1000t pivovarské kvasinkové biomasy (15—
17 % susiny), ktera obsahuje asi 50 % palmitolejové kyseliny z celko-
vého obsahu mastnych kyselin (Sigler a Matoulkova, 2013). Pomér
palmitolejové kyseliny k celkovym mastnym kyselindm je tedy mno-
hem vys&i nez u konvencnich oleju a je srovnatelny s komerénim
olejem ziskanym z rakytniku nebo makadamovych ofechd.

Mnozstvi palmitolejové kyseliny v biomase je do urcité miry ovliv-
néno technologickym procesem pouzivanym pfi vyrobé piva (svrchni
— spodni kvaseni, kmen kvasinek). V anaerobni kultufe maze pfi ne-
dostatku kysliku dojit k zablokovani biosyntézy a nasledné reakci A°
desaturasy a skvalen-epoxidasy, coz mlze vést, zejména pfi vyrobé
piva v cylindrokénickych tancich, ke zvy$ené akumulaci nasycenych
mastnych kyselin nebo ke zvy$ené produkci prekurzord ergosterolu
(Rupcic¢ et al., 2010). Fermentaéni teplota méa vyznamny vliv na pro-
dukci palmitolejové kyseliny. V souvislosti s technologii vyroby piva
je oddélovani kvasinkové biomasy po fermentaci dobfe vyreSeno.
Nasledné centrifugace mlze byt pouzito pro vétsi snizeni obsahu
vody. | po extrakci lipid(l obsahuje biomasa stéle jesté az 48 % pro-
tein a mze byt proto pouzita jako krmivo pro hospodarska zvifata,
na rozdil od kvasinek po vyrobé vina, kde kvasinky maji extrémné
nizkou vyzivnou hodnotu, ktera je €ini nevhodnymi pro tento ucel
(Maugenet, 1973; Rivas et al., 2006).

hood of inflammation associated with diabetes, heart disease and
other health problems. In addition to these biological functions, pal-
mitoleic acid has antioxidant and anti-microbial and anti-aging ef-
fects. This makes it attractive as a dietary supplement, as well as
in the cosmetics industry, as it is reported to protect the skin from
harmful sunburns and UV radiation, see the Omega 7 Plus prepara-
tion (All Star Health, 2016).

One way to increase the production of palmitoleic acid in yeast, for
example in the genus Saccharomyces, where the content of palmi-
toleic acid exceeds 50% of total fatty acids, is genetic modification
along with the optimization of culture conditions. Unfortunately, this
yeast is not oleogenic (Rattray, 1988). Kamisaka et al. (2015) have
successfully attempted to increase the lipid content by increasing the
expression of DGA1, which encodes diacylglycerol acyltransferase
(DGAT) with the snf2 combination. This yielded a S. cerevisiae
DGA1 mutant with overexpression of Dga1p (Dga1ANp). By combin-
ing the culture at low temperatures (lower than usual, i.e. only up to
20° C) and adding methionine to the culture medium, the relative and
absolute levels of palmitoleic acid in yeast increased up to 2.5-fold
(Kamiska et al., 2015).

The negative feature of all commercially available and field-grown
oilseeds is that they either do not contain palmitoleic acid or con-
tain only 1 to 2% of the total fatty acid content. Due to the fact that
palmitoleic acid cannot be obtained from natural sources in large
quantities and at a relatively low price, the focus concentrated at first
on the metabolic engineering of genetically modified oilseed plants.
Most genetic experiments (Brillhart, 2001; Seip and Zhu, 2011) used
A°® desaturase gene expression from Saccharomyces. The variability
of fatty acids in yeasts, especially in Saccharomyces, is relatively
low. The Saccharomyces genus contains 4 major fatty acids, pal-
mitic, palmitoleic, stearic, and oleicv(lilezanka et al., 2013a), which
make up 90% of total fatty acids (Rezanka et al., 2013b; Sarris et
al., 2011; Sarris et al., 2013). Genetic manipulations that lead to an
increase in palmitoleic acid content thus included the introduction
of a gene coding for A9 desaturase from the Saccharomyces yeast.
Another possibility is to look for alternative sources of natural palmi-
toleic acid, i.e. those with its content higher than 10% of total fatty
acids (Khoomrung et al., 2012). Unfortunately, few plants contain
in their seeds more than 10% palmitoleic acid. Only two plants are
in fact available, namely, the macadamia nuts (Knothe, 2010) and
the fruits of the buckwheat (Rusch gen. Klaas and Meurer, 2004).
Other sources (Rezanka et al., 2015) are very exotic, so even if the
Kermadecia oil contains up to 70% palmitoleic acid, the plant can not
be used for commercial purposes because it is an endemic flowering
plant that grows only In New Caledonia.

As already mentioned, the composition of lipids and fatty acids in
yeast is generally very similar to conventional vegetable oils. This
may be used to replace them, especially in the case of special fats
and oils such as cocoa butter or other exotic fats used in the food
industry (Henk et al., 1992).

Since palmitoleic acid cannot yet be obtained from natural sources
in large quantities and at low cost, resources need to be found to
enable its large-scale production. Unfortunately, reluctance to use
genetically modified yeast for industrial production is enormous. As
mentioned above, brewery yeasts are ideal, both top and bottom
fermenting ones (S. pastorianus). Waste yeast as a side product
from the brewery with an annual production of 1 million hectoliters
(defined by the EU as a medium-sized brewery) includes 1000t of
yeast biomass (15-17% dry matter) containing about 50% palmitoleic
acid from the total fatty acid content (Sigler and Matoulkova, 2013).
The ratio of palmitoleic acid to total fatty acids is therefore much
higher than in conventional oils and is comparable to commercial oil
obtained from cane or macadamia nuts.

The amount of palmitoleic acid in biomass is to a certain extent
influenced by the technological process used in beer production (top
or bottom fermentation, yeast strain). In an anaerobic culture with
oxygen deficiency, its biosynthesis can be blocked and subsequent
reaction of A°® desaturase and squalene epoxidase can lead, in par-
ticular in beer production in cylindro-conical fermentors, to increased
accumulation of saturated fatty acids or increased production of er-
gosterol precursors (Rupcié et al., 2010). The fermentation tempera-
ture also has a significant effect on the production of palmitoleic acid.
In connection with brewery technology, separation of yeast biomass
after fermentation has been well solved. Subsequent centrifugation
can be used to reduce the water content. Even after the lipid extrac-
tion, biomass still contains up to 48% of proteins and can therefore
be used as feed for livestock, unlike yeast after wine production
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2.3 DalSi produkty

Kvasinky jsou obecné vybornym organismem pro vyrobu dalSich
dulezitych produktl. S. cerevisiae tak byla nap¥. pouzita pro produk-
ci karotenoidd a zvlasté B-karotenu tim, Ze v ni byly exprimovany
karotenogenni geny z kvasinky Xanthophyllomyces dendrorhous
produkujici karotenoidy. Protoze exprese téchto genli pomoci epi-
somalniho expresniho vektoru poskytla nestabilni kmeny, byly tyto
geny integrovany do genomické DNA a vysledkem byly stabilni buri-
ky S. cerevisiae, produkujici karotenoidy (Verwaal et al., 2007).

Odpadni kvasinky Ize pouzit napf. pro primyslovou vyrobu ergo-
sterolu, tj. provitaminu D, (Buehler,1958; Feeney, 1956). NejdlleZi-
téjSim krokem v procesu izolace lipidnich latek je bud mechanické,
nebo chemické naruSeni bunécnych stén a nasledné zpracovani.
Z ekonomického hlediska jsou kvasinky vlastné odpad a naklady
na jejich péstovani jsou souc¢asti nakladli na vyrobu piva.

Vyroba vina a piva je bézna v mnoha kulturéach a kvasené napoje
jsou jiz dlouho souéasti civilizace. Z tohoto divodu, je mozno pred-
pokladat, ze pivovarnictvi a vinafstvi bude i nadale nedilnou soucasti
potravinarského priimyslu v dal$ich letech. Primarni tlohou kvasinek
pfi fermentacnich procesech je pfevedeni cukrd pfitomnych v mostu
nebo v mladiné na alkohol. Na konci fermenta¢niho procesu jsou
kvasinky od produktu oddéleny. Diky sloZzeni mastnych kyselin mo-
hou byt tyto odpadni kvasinky dale pouzity pfi vyrobé bionafty, pfi-
padné palmitolejové kyseliny, ale i dalSich latek patficich do skupiny
lipid.
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where the yeast has an extremely low nutritional value that renders
it unsuitable for this purpose (Maugenet, 1973; Rivas et al., 2006).

2.3 Other products

Yeast, not only brewery or winery waste, is generally an excellent
organism for making other important products. Thus, S. cerevisiae
was used as a host organism for the production of carotenoids and in
particular B-carotene by expressing carotenoid genes from the yeast
Xanthophyllomyces dendrorhous producing carotenoids. Since ex-
pression of these genes by the episomal expression vector provided
unstable strains, these genes were integrated into genomic DNA and
stable carotenoid producing S. cerevisiae cells (Verwaal et al., 2007).

Waste yeast can also be used, for example, for the industrial man-
ufacture of ergosterol, i.e. provitamin D2 (Buehler, 1958; Feeney,
1956); this production process is being commonly used. The most
important step in the isolation process is either mechanical or chemi-
cal disruption of cell walls and subsequent processing. In addition, in
terms of economy, yeast is actually waste and the cost of its produc-
tion is in fact part of the cost of producing beer or wine.

3 CONCLUSIONS

Wine and beer production is common in many cultures, and fer-
mented beverages have long been part of civilization. For this reason
it is possible to assume that brewing and winemaking will continue
to be an integral part of the food industry in the coming years. The
primary role of yeast is to transfer sugars present in must and wort
to alcohol and, at the end of the fermentation process, the yeast is
separated from wine and beer. Due to the fatty acid composition, this
waste yeast can be further used in the production of biodiesel or pal-
mitoleic acid as well as other substances belonging to the lipid group.
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