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Clanek se zabyva sestavenim velkého Ballingova vzorce a odvozenim alkoholovych faktord i atenuaéniho kvocientu, jejichZ rozdilné
hodnoty se naleznou v Ballingovych knihach z roku 1846 a 1854. Uvadi se modifikovany Ballingliv vzorec, umozfiujici pfimy vypocet
puvodniho extraktu ze zméfeného zdanlivého extraktu a alkoholu bez nutnosti pouzit vzorec podle Tabarie. Popisuje se postup odvozeni
atenuacéniho kvocientu q pro potfeby souéasné se rozvijejicich femeslinych pivovara. Uzitna hodnota Ballingova vzorce spociva v popisu
vztahl mezi dosud zkvasenym a zbytkovym extraktem s pouzitim jednoduchého méreni. Tento postup se udrzel v neménné podobé pres
150 let a neda se predpokladat, Ze v technické praxi se uplatni modifikované verze. Navrhuje se uvadét hodnoty skute¢ného extraktu
a alkoholu pro orientaéni posouzeni nutricni hodnoty piva.

Savel, J. — Kosin, P. — Broz, A.: Balling alcohol factors from the perspective of contemporary brewing. Kvasny Prum. 61, 2015,
No. 4, pp. 120-128

The article deals with the history of formulation of the great Balling formula and derivation of alcohol factors and attenuation quotient
of which the different values are found in Balling books from 1846 and 1854. It is reported a modified Balling formula, allowing direct
calculation of original extract from the apparent extract and alcohol without the use of formula by Tabarie. The attenuation quotient g is
useful for simultaneously growing craft breweries. The value of Balling formula is to describe the relationship between fermented and
residual extract using a single measurement. This procedure has remained in stable form for over 150 years and it can not be assumed
that the technical practice applies a modified version. It is proposed to specify both value of the real extract and alcohol for the consumer
first assessment of the nutritional value of beverage.

Savel, J. — Kosin, P. — Broz, A.: Balling Alkoholfaktoren aus Sicht der zeitgendssischen Brauindustrie. Kvasny Prum. 61, 2015,
Nr. 4, S. 120-128

Der Artikel befasst sich mit der Zusammenstellung der groBen Balling Formel und der Ableitung von Alkoholfaktoren und Attenuati-
onsquotient deren verschiedliche Werte in den Balling’s Blicher aus den Jahren 1846 und 1854 zu finden sind. Es wird eine modifizierte
Balling Formel herbeigefihrt, die eine direkte Stammextraktsberechnung aus den gemessenen Werten des scheinbaren Extrakts und
Alkohols ohne Notwendigkeit die Tabariesformel anzuwenden. Es wird ein Verfahren der Ableitung des Attenuationsquotients g fur die
Bedurfnisse der damaligen entwickelnden Brauereien. Der Nutzungswert der Balling’s Formel liegt in der Beschreibung der Beziehung
zwischen bisher vergorenem Extrakt und dem Restextrakt unter Anwendung eines einfachen Messung. Dieses Verfahren blieb in einer
unveranderten Form Uber 150 Jahren und es gibt’s keine Voraussetzung, dass in der technischen Praxis eine modifizierte Version in
Kraft kommt. Es wird vorgeschlagen, fur die erste Bewertung des Nutritionsgehalts des Bieres die Werte des tatsachlichen Extrakts und

des Alkohols anzuftihren.
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1 UVoD

Pivovarstvi na celém svété vyuziva tzv. velkého Ballingova vzorce,
udavajiciho vztah mezi plvodnim extraktem, alkoholem a skutec-
nym extraktem piva. Od jeho vzniku se vSak postupné objevovali
kritici jeho vyuZitelnosti z analytického, technologického i darfiového
hlediska, spolu s ndvrhy na zpfesnéni vzorce. Zvlastni pozornost za-
sluhuje nespravna aplikace vzorce pfi vypoctu spotiebni dané mi-
chanych népoju z piva (Kosin a Savel, 2013).

Carl Napoleon Balling (1805-1868) byl vysokoskolsky profesor
v Praze a vyznamny chemik, ktery se zabyval metalurgii, cukrovar-
nictvim a kvasnou chemii (Basafova, 2005). Sv(j vzorec sestavil
v poloviné devatenactého stoleti a publikoval ho v knihach, které vy-
chazely od roku 1843 do 1865, obvykle ve tfech vydanich.

Jiz v té dobé Balling pouzival nazev skute¢ny extrakt pro véechny
latky rozpusténé v pivu kromé alkoholu. Extrakt pfitom kromé jed-
noduchych cukrG obsahuje dalsi latky, napf. horké latky, bilkoviny,
glycerol, organické kyseliny a mineraini slozky.

Vétsinu pfipominek k platnosti Ballingova vzorce shrnuje pfehled-
ny ¢lanek skandinavskych autord, vtipné nazvany ,Ballingliv vzorec
— peclivy dozor (skrutinium) na pivovarské dogma“ (Nielsen a Chris-
tiansen, 2007)

e rozdilny druh zkvaSovaného cukru

¢ odliSné sacharometrické tabulky

¢ Unik alkoholu a vihkosti béhem kvaseni

e kolisani vytézku kvasnic a CO, b&éhem kvaseni aj.

Keywords: Balling, alcohol factor, attenuation quotient, Balling
formulas

1 INTRODUCTION

Brewing world uses so-called great Balling formula which gives
the relationship between the original extract, real extract alcohol and
beer. Since its inception, however, the formula has been criticized be-
cause of its use for analytical, technological, and tax purposes, along
with suggestions how to modify the formula. Special attention should
be given to the correct application of the formula for the calculation of
excise tax of beer mixes (Ko$in and Savel, 2013).

Carl Napoleon Balling (1805—-1868), professor at the university in
Prague, was great chemist, who dealt with metallurgy, sugar industry
and fermentation chemistry (Basarova, 2005). His formula was de-
signed in the mid-nineteenth century and published in books which
were edited between years 1843 and 1865, usually in three editions.

Already at that time Balling used the name extract for all dissolved
substances in beer except for alcohol. The extract comprises among
simple sugars further substances e.g. bitter substances, proteins,
glycerol, organic acids and mineral components.

Most of the comments on the validity Balling formula was summa-
rized by Scandinavian authors in a review article, humorously called
“Balling’s formula — scrutiny of a brewing dogma” (Nielsen and Chris-
tiansen, 2007).

Main causes of inaccuracies of the formula from the position of
contemporary brewer are:

* the difference between the mono- and di-disaccharides used in the
balance
« different saccharometric tables
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Pivovarské vypocty také vyu-
zivaji klasicky vztah mezi husto-
tami piva, alkoholu a skute¢ného
extraktu, ktery uverejnil francouz-
sky chemik E. Tabarie v roce
1830.

Od té doby je vzorec po Upra-
vach pouzivan ve vSech odvét-
vich kvasné chemie a ve své
dobé ho pouzival i Balling. V sou-
¢asnosti se vyuziva ve v8ech au-
tomatickych analyzatorech, které
pfimo méfi hustotu piva i obsah
alkoholu, a z nich skute¢ny ex-
trakt dopoditavaji.

Presto je zivotopis E. Tabarie vel
témér neznamy a nelze ho najit *
ani ve starSich publikacich. Také
tento vzorec byl pfedmétem kriti-
ky, v posledni dobé kvdli interak-
cim mezi sacharosou a ethano-

Fig. 1 Balling book from 1854
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e the loss of moisture and alcohol during
fermentation
o fluctuations in the yield of yeast and

CO, during fermentation and others.

Brewer's calculations also use the
classic relationship between the density
of beer, alcohol and real extract, which
was published by French chemist E.
Tabarie at 1830.

After its adjustment the formula was
used in all sectors of fermentation in-
dustry together with the Balling equation.
Present automated analyzers use both
formulas for the original extract calcula-
tion from the beer density and its alcohol
content.

Nevertheless the biography of E. Taba-
rie is almost unknown and can not be
even found in older publications. This for-
mula was also subject to criticism lately
due to interactions between sucrose and

lem v roztoku (Hackbarth, 2009; mihen Celigitalt in tebmm, micltes. Siglin be L1, Taviwiah{aaiis et ethanol in solution (Hackbarth, 2009;
2011). Podrobné porovnani vy- ;l,'ﬁ:.';..".'..:'l:...’.:,,'..’.',".'.ﬁi'.',':r’-;'..ﬁ“’.:?'ﬂf‘ﬁﬁ'ﬂl'&g’.’,’;’iﬂ:ﬂ} '.-.: T 2011). A detailed comparison of calcu-
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poctu podle Ballingova a korigo-
vaného vzorce, ziskaného meto-
dou nelinearni regrese, umoznilo
ovéfit a zpresnit Ballingliv vzorec
pfidavkem dal&i konstanty (Cuta-
ia a Reid, 2009).

V pivovarske literatufe se dnes
jiz malo zminuje pavodni odvoze-
ni Ballingova vzorce a jes$té méné
navrh  alkoholovych  faktor(,
které meély zjednodusit zaklad-
ni pivovarské vypocty. Dokonce
i ve starSi pivovarské literature
se uvadi tato definice: ,,...Alko-
holové faktory jsou pomérna,
bezejmenna Ccisla, kterd udavaji
vztah mezi plvodni hutnotou miladiny pivni, zdanlivym a skute¢nym
prokvasenim piva a mezi mnoZstvim lihu v pivé obsaZzenym. Balling
pokusmo tato &isla pro mladiny 1-30 % stanovil...” (Hrach, 1927).

Autorem tohoto vykladu byl znamy ¢esky pivovarnik J. F. Hrach,
prvni sladek, ktery byl jmenovan doktorem technickych véd v Ce-
chach a byvalém Rakousku Uhersku. VétSina pivovarnikd se proto
domniva, ze Balling stanovil hodnoty alkoholovych faktor( pokusné.

V Ballingovych knihach se napf. naleznou malé rozdily v hodno-
tach jednotlivych udajl, napf. v knize z roku 1846 se uvadi hodnota
2,064 g sacharidu pro tvorbu 1g alkoholu, zatimco v roce 1854 je
dodnes pouzivana hodnota 2,0665g (obr.1). Naopak pro mnozstvi
susiny kvasnic vztazené na jednotkové mnozstvi alkoholu je hodnota
0,11 pro obé vydani (Balling, 1846; 1854).

K pochopeni téchto rozdild a zpusobu vypoctu alkoholovych fakto-
rl je nutné &ist Ballingovy spisy s ohledem na tehdej$i stav znalosti
o chemickém slozeni jednotlivych latek, vyskytujicich se pfi kvase-
ni. Knihy jsou psany némeckym novogotickym pismen, stfidavé se
v nich pouzivaji hmotnostni jednotky pfund nebo gram a relativni
atomové hmotnosti se nevztahuji k 1/12 dne$ni atomové hmotnosti
uhliku, ale k desetiné atomové hmotnosti kysliku. Vodik mél proto
relativni atomovou hmotnost 0,625, kyslik 10,00 a uhliku se pfisuzo-
vala relativni atomovéa hmotnost 7,5.

Ciselné poméry mezi mnozstvim cukru a z né&j vytvoreného alko-
holu stanovil jiz A. Lavoisier (1789) a pozdé&ji zpfesnil J. Gay-Lussac
(1815), pficemz dnesni hodnoty, odpovidajici rovnici vzniku 2 molQ
oxidu uhli¢itého a 2 moll ethanolu z jednoho molu cukru, jsou jen
nepatrné odliSné (Barnett, 2003).

Tento Clanek se zabyva vznikem a vyznamem Ballingovych alko-
holovych faktord podle dnesniho stavu znalosti. Clanek pouziva pl-
vodni Ballingovy symboly n, m, p pro skute¢ny, zdanlivy a pavodni
extrakt, aby se zachovala navaznost na jeho prace.
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2 MATERIAL A METODY

2.1 Databaze analytickych rozboru

VSechna data pochazeji z databaze pivovaru B. Budvar, n.p.,
do niz se pribézné ukladaji vysledky analyz piv s pouzitim Alcolyze-
ru Plus, Anton Paar (Rakousko).
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lations by Balling formula and corrected
formula obtained by nonlinear regres-
sion enabled to cross check and modify
Balling formula by adding additional con-
stants (Cutaia and Reid, 2009).

The brewing literature nowadays rarely
mentions original construction of Balling
formula and even less are mentioned the
proposals of alcohol factors that should
facilitate basic brewing calculations. The
following definition can be found in older
brewing literature:

. Alcohol factors are proportional,
unitless numbers that give the relation-
ship between the original, apparent or
real extract and the amount of alcohol
contained in beer. Balling determined these numbers experimentally
in the range of 1-30% of the original gravity ... (Hrach, 1927).

The author of this interpretation was known Czech brewer J.F.
Hrach, the first brewer appointed as doctor of technical sciences in
the Czech country of the former Austro-Hungarian Empire. Most of
the brewers therefore believe that Balling determined the values of
the alcohol factor experiments.

There are small differences in the values of individual data in Ball-
ing” s books, e.g. 1g of alcohol is formed from 2.064 g carbohydrate in
a book from 1846 while book from 1854 gives the value of 2.0665g
which is still being used (Fig. 7). Conversely, the amount of yeast dry
matter per 1 g of alcohol is 0.11 g for both editions (Balling, 1846; 1854).

To understand these differences and the method of calculat-
ing alcohol factors Balling book should be read with regard to the
state of then known chemical composition of substances occurring
during fermentation. Books are written in German neo-Gothic let-
ters, alternately using gram or pfund as a mass unit. Atomic weights
are not related to 1/12 of today’s atomic weight of carbon, but one
tenth atomic weight of oxygen. Hydrogen therefore had an atomic
weight of 0.625, oxygen 10.00 and carbon was attributed to the
relative atomic mass of 7.5.

The numerical ratio between the amount of sugar and alcohol
formed from it was determined already by A. Lavoisier (1789) and
specified later by J. Gay-Lussac (1815). The current values corre-
sponding to the production of two moles of carbon dioxide and two
moles of ethanol of one mole of sugar are only slightly different (Bar-
nett, 2003).

This article deals with the origin and meaning of Balling alcohol
factors from the today point of view. The article uses original Balling
symbols to keep continuity of his work e.g. n, m, p for real, apparent
and original extract.

2 MATERIAL AND METHODS

2.1 Beer database

All data come from Budweiser Budvar N.C. brewery where the re-
sults of beer analyses obtained by Alcolyzer Plus, Anton Paar (Aus-
tria) have been collected.
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2.2 Stanoveni skuteéného extraktu piv podle Ballinga (Hrach,
1927)

Vzorky (100g) dekarbonizovaného piva se odpafovaly v horko-
vzdu$né susarné s nucenym obéhem vzduchu po 3 h pfi 90 °C. Za-
husténé vzorky se doplnily destilovanou vodou na pavodni hmotnost
a stanovil v nich skuteény extrakt pfistrojem Alcolyzer Plus. Pro kon-
trolu odparu se soucasné stanovil obsah alkoholu (fab. 3). Zbytek
(odparek) je relativni hmotnost vzorku po odpareni ethanolu a vody,
procenta znamenaiji, kolik pomérné hmotnosti vzorku bylo odpareno.

3 VYSLEDKY A DISKUSE

3.1 Latkova bilance Ballingovy rovnice

Proti vSeobecné predstavé experimentalniho stanoveni alkoholo-
vych faktor( se jejich hodnoty vypocetly podle Gay-Lussacovy rovni-
ce se zahrnutim korekce na tvorbu dalSich produktd.

Balling byl zastancem chemické teorie kvaseni navrzené J. Liebi-
gem (1803-1873) na rozdil od biologické teorie L. Pasteura (1822-
1895). Pfedchozim snaham o vyjadfeni chemického slozeni kvasnic
ve formé souhrnného vzorce se v jeho knize vénuje témér tolik mista,
jako odvozeni a vypoctu alkoholovych faktord. V té dobé povazovali
néktefi chemici kvasinky za rostlinné buriky, slozené pouze z celulo-
sy, zatimco jini jiz rozeznali pfitomnost dusiku a fosforu.

Zakladem znamého Ballingova vzorce byla latkova bilance kvase-
ni, ktera se lisi v jednotlivych vydanich jeho knih, napf.:

(1) 100 g extraktu = 48,497 g alkoholu + 46,1689 CO, + 5,3359g

susiny kvasnic
coz ale odpovida 2,064 g extraktu na 1g ethanolu (Balling 1846).

Pozdéji Balling pouzil bilanci, zabyvajici se vztahem mezi pfemé-
nou cukru na ethanol a oxid uhliity podle:

2) Z=A+K
kde Z (Zucker) je cukr (100), A je alkohol (51,111 Z) a K (Kéhlensau-
re) je CO, (48,889 Z). Tato bilance nezahrnuje do vypoétu mnozstvi
vytvofenych kvasnic.

Ciselné hodnoty bilanci se lisily i v pozdéjsi pivovarské literature,
podobné jako stuperi prokvaseni, ktery podle Ballinga mél tvar:

(p—n)

@) vz
o

kde V' je skute€ny stupen prokvaseni, p je plvodni extrakt a n je sku-
te¢ny extrakt. Tento vzorec se stale pouziva v ¢eském i némeckém
pivovarstvi, ackoliv v Analytice EBC se pouziva vzorec:

4 _ 2,0665 A

(4)  RDF= 100—2’0665A+n
kde A je obsah alkoholu.

V americkém pivovarstvi se tzv. skuteény stuperi prokvaseni (RDF)
vypocte podle:

(5) RDF=[100( (p;n) ﬂ {(1 _0,(1)5161)17]

kde korekéni faktor pfedchoziho vztahu byl navrzen v roce 1979 (Cu-
taia a Reid, 2009). Zdanlivy stupen prokvaseni zlstal v ptuvodnim
tvaru podle Ballinga:

© y-lp=m
p
kde m je zdanlivy stupef prokvaseni, pozdéji se stupné prokvaseni
vyjadfovaly v procentech.
Soucasné uzivany Ballingliv vzorec vychazi z bilance:
(7) 100 g extraktu = 48,391 g alkoholu + 46,286 g CO, + 5,323g
susiny kvasnic
nebo po pfepoctu na 1g alkoholu:
(8) 2,0665¢g extraktu = 1,0000g alkoholu + 0,9565g CO, +
0,11 g susiny kvasnic

Z této bilance vychazi pozdéji tzv. velky Ballingtv vzorec. Jeho
Citatel ma tvar:

9) p=(p—-n)+n=2,0665A+n

Tato bilanéni rovnice udava vztah mezi plivodnim extraktem miladi-
ny a dosud zkvaSenym (p-n) i nezkvaSenym extraktem n.

PFi pfeméné mladiny na pivo vznika kromé 1g alkoholu 0,9565¢g
CO, a 0,119 kvasnic, tj. 1,06659 latek, které se pozdéji odstrani.
Hmotnost vyrobeného piva poklesne proti hmotnosti mladiny v po-
méru:

(10) ,-___ 100
100 + 1,0665 A

2.2 Determination of real extract beers according Balling
(Hrach, 1927)

Decarbonized beer samples (100g) were evaporated in hot air
oven with forced air circulation for 3 h at 90° C. Concentrated samp-
les were refilled with distilled water to the initial weight and analyzed
by Alcolyzer Plus to determine real extract and check up alcohol re-
moval (Tab. 3). The relative weight of the sample after evaporation of
the ethanol and water is called the residue.

3 RESULTS AND DISCUSSION

3.1 Balling mass balance equation

Against the general perception of experimental determination of
the alcohol factors their values were calculated according to Gay-
-Lussac corrected equation involving the formation of other products
such as yeast.

Balling was a proponent of the chemical theory of fermentation
which was proposed by J. Liebig (1803-1873) as opposed to biolo-
gical theories of L. Pasteur (1822-1895). In his book Balling devoted
almost as much space to previous attempts to express the chemi-
cal composition of yeast in the form of the general formula as the
derivation and calculation of alcohol factors. At that time yeast was
considered to be plant cells composed only of cellulose, although
other chemists recognized the presence of nitrogen and phosphorus.

The known Balling formula was based on mass balance of fermen-
tation, which differs in each edition of his books, for example:

(1) extract (100g) = alcohol (48.497g) + CO, (46.1689) +

yeast dry matter (5.3359)
but this corresponds to 2.064 g extract per 1g of the ethanol (Balling
1846).

Later Balling used the balance based on the sugar conversion into
ethanol and carbon dioxide:

2) Z=A+K
where Z (Zucker) is sugar (100), A is alcohol (51.111 2) and K (Ko-
hlensaure) is CO, (48.889 Z). This balance does not include the
amount of yeast into the calculation.

Balance values also varied in subsequent brewing literature, just
as the degree of fermentation which was defined by Balling:

(3) V= p—n)
p
where V' was the real degree of fermentation, p was the original
extract and n was the real extract. This formula is still used in Czech
and German brewing, although EBC Analytica states the formula:

2.0665 A
2.0665 A +n
where A is the alcohol content.
In the American brewing the real degree of fermentation (RDF) is
calculated by:

(5) RDF=[100< (p;n) )} [(1 _o,(1)5161)n]

where the correction factor was designed in 1979 (Cutaia and Reid,
2009). Apparent degree of fermentation remained in its original form
as designed by Balling:

4)  RDF=100

6 y-lp=m)
P

where mis the apparent degree of fermentation which was later ex-
pressed in percent.

Contemporary Balling formula is based on the balance:

(7) extract (100g) = alcohol (48.391g) + CO, (46.286Q) +

5.323¢ yeast dry matter
or per 1g of alcohol:
(8) extract (2.0665¢g) = alcohol (1.0000 g)+ CO, (0.9565¢) +
yeast dry matter (0.119)

The great Balling formula is based on this balance. Its numerator
has the form:

9) p=(p—n)+n=2.0665A+n

This balance equation gives the relationship between the original
wort extract, fermented (p-n) and still unfermented extract.

During conversion of the wort to beer 1 g of alcohol is formed toge-
ther with 0.9565g of CO, and 0.11 grams of yeast, i.e. 1.0665 grams
of substances which are later removed. The weight of the beer wort
falls against the original weight in ratio:
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takze plvodni extrakt ve vztahu (9) se musi nasobit hodnotou 1/r,
¢imz se do vypoctu zahrnuje vliv Uniku oxidu uhli¢itého a separace
kvasnic sedimentaci a filtraci:

(11) p( 100 + 1,0665 A
100

coz je velky Ballingtv vzorec.

PFi odvozeni tohoto vzorce Balling vychazel z Gay-Lussacovy rov-
nice:

(12)  G¢H,,0s =2 C,H;0H + 2CO,

Podle této bilance vznikaji z 1 molu glukosy 2 moly ethanolu. S po-
uzitim dnesnich hodnot molekulovych hmotnosti se po zaokrouhleni
ziska vztah:

) =2,0665A+n

1 M 180
(18) ——————=—d . — _ 19565
Yeion g 2Mgion 92

kde Ygo4 je vytéZnostni koeficient ethanolu z glukosy bez zapo-
¢teni kvasni¢né susiny. Na 1g alkoholu je zapotfebi 1,9565g cukru,
z néhoz vznika 0,9565 g oxidu uhli¢itého, coz po zapocteni mnozstvi
kvasni¢né susiny 0,11g na 1g ethanolu poskytuje obvykle citovanou
bilanci (8).

Hlavnim pfinosem Ballingovy prace proto neni pokusné stanoveni
¢iselnych vztahd mezi alkoholem a oxidem uhligitym pfi kvaseni, ale
navrzeni korekce na latky, které rovnéz vznikaji z cukru a dopliujici
stechiometrickou rovnici pfemény glukosy na alkohol. Pfitom skute¢-
né mnozstvi produkovanych kvasnic se pouze odhaduje a neuvazuji
se dalsi vedlejsi produkty, které zUstavaji v pive, coz by vedlo k Gpra-
vé bilanéni rovnice (7). Ve shodé s tim se hodnoty vytéznostniho
koeficientu susiny kvasnic z extraktu v literatufe dosti lisi.

Balling stanovil mnozZstvi kvasnic, ziskanych ze 100g extraktu
na 10—-15g s 20% susinou, ¢emuz odpovidalo 2-3 g suchych kvasnic
na 1009 extraktu, coz je asi polovina hodnoty v bilanci (8). Vytézek
kvasnic ovliviiuje druh kvasné nadoby a dalSi faktory, pfi¢emz jini
autofi uvadsji obvykle nizsi hodnoty (Balling, 1854; Nielsen, 2007).

Bez méfeni Ize hodnotu vytézku kvasnic odhadnout z jejich mnoz-
stvi, sklizeného pfi kvaseni v otevienych kvasnych kadich. Pfi kva-
Seni 10 a 12% mladin v €eskych pivovarech se v poloviné minulého
stoleti sklidilo 1,3—1,7 kg hustych kvasnic z 1 hl piva, coz po pfepoctu
na obvyklych 15% suSiny odpovida 2 az 2,5g susiny na 100g ex-
traktu (Hlavacek, 1958). V soucasné literatufe se uvadi o néco vyssi
hodnota 2 az 2,51 hustych kvasnic/hl, coz se blizi hodnoté nakonec
pouzité Ballingem.

Také tyto hodnoty svéd¢i o tvorbé dalSich meziproduktl, které ne-
musi byt odstranény filtraci a zUstavaji proto ve zkvaseném substra-
tu, coz by vedlo k modifikaci velkého Ballingova vzorce.

Modifikaci velkého Ballingova vzorce se zabyvalo vice autor(, pfi-
¢emz se optimalizovaly jak ¢iselné hodnoty zakladnich koeficientd,
tak jeho rozsifeni o pfidavnou konstantu (Cutaia a Reid, 2009).

Balling experimentalné ovérfoval platnost navrzeného vztahu pro
vypocet puvodniho extraktu mladiny a dospél k dobré shodé s teo-
retickymi pfedpoklady. Experimentalni technika se opirala o méfeni
mladiny a kvasiciho piva sacharometrem nebo pyknometrem a de-
stilani stanoveni alkoholu spolu s odparenim piva do sucha nebo
na 1/3 jeho plvodni hmotnosti. Jiz prfesnost téchto metod prakticky
vylucuje nalezeni hodnot alkoholovych faktor(i experimentalng, ale
umozriuje oveéfit platnost vztahu (11).

3.2 Vypocet alkoholovych faktort

Vzorec (11) byl pro tehdejsi sladky obtizny vzhledem k tomu, ze
mald vypocetni technika neexistovala a Balling proto vypracoval sys-
tém alkoholovych faktord pro usnadnéni vypoctu.

Alkoholové faktory udavaly vztahy mezi ptivodnim extraktem mila-
diny a jednotlivymi veli¢inami, pouzivanymi k popisu slozeni piva:

(14) A=(p-mya=(p-nb=(n-mc
kde a, b, ¢ jsou alkoholové faktory, kde b je mnozstvi alkoholu A,
vytvofeného z jednotky hmotnosti zkvaSeného extraktu a p je kon-
centrace plvodni mladiny. Zdanlivy extrakt m se pfitom povazoval
za virtudini extrakt odpovidajici udaji sacharometru, kalibrovaného
roztokem sachardzy a ponofeného do ¢aste¢né zkvaseného piva ne-
zbaveného alkoholu. Koncentrace p, n, m se vyjadfovaly v hmotnost-
nich procentech.Tyto vztahy maji podobny tvar jako Citatel velkého
Ballingova vzorce.

Z praktického divodu bylo nutné vyjadfit vztah mezi skuteénym
a zdanlivym extraktem, coz vedlo k zavedeni tzv. atenua¢niho kvo-
cientu q.

b p-m
15 -2
(15) ¢

(10 ,____ 100
100 + 1.0665 A

so the original extract in equation (9) must be multiplied by 1/r, to

include the effects of leakage of carbon dioxide and separation of

yeast by sedimentation and filtration into the calculation:

(11) p( 100 + 1.0665 A
100
which is the great Balling formula.

The derivation of this formula is based on Gay-Lussac equation:

(12) C¢H,,0, =2 C,H;OH + 2CO,

According to this balance 2 moles of ethanol are formed from 1
mole of glucose. Using present values of the molecular weights the
relationship is obtained after rounding:

1 M, 180
13 = gl = = 1 .

( ) YEtOh /glu 2MEtOh 92 9565

where Ygo4 is the yield coefficient of ethanol from glucose exclu-
ding yeast dry matter. To 1 g of alcohol is required 1.9565g of sugar,
which produces 0.9565¢g of carbon dioxide, that after inclusion of
0.11g yeast dry matter per 1g of ethanol provides usually cited ba-
lance (8).

The main contribution of the Balling work is therefore not expe-
rimental determination of numerical relationships between alcohol
and carbon dioxide during fermentation, but the proposed correction
to substances that are also formed from sugar to adjust the stoichio-
metric equation of conversion of glucose to alcohol. However, the
actual amount of yeast is only estimated and other by-products re-
maining in the beer are not included in the correction of the balance
equation (7). In accordance with this, the yield coefficient values of
yeast formed from the extract are quite different in the literature.

Balling determined the amount of yeast, obtained from 100g of
the extract to 10 to 15g with 20% dry matter, which corresponded to
2 to 3g of dry yeast per 100g of the extract, which is about half the
value of the balance (8). Yeast yield is also influenced by fermenta-
tion vessel type and other factors and other authors have reported
generally lower values (cit. Balling, 1854, Nielsen, 2007).

Without measurement the yield of yeast can be estimated from
their quantity harvested during fermentation in open fermentation
tanks. Worts with 10 and 12% original extract fermented in Czech
breweries in the middle of the last century provided 1.3 to 1.7kg of
thick yeast from 1hl of beer. It corresponds after correction on the
usual 15% dry matter equivalent to 2 to 2.5 g dry matter per 100 g ex-
tract (Hlavacek, 1958). In the current literature we can find a slightly
higher value of 2 to 2.5 liters of thick yeast/hl, which is close to the
value used by Balling.

These values also point to the formation of other by-products which
can not be removed by filtration, and therefore remain in fermented
substrate which could lead to modification of large Balling formula.

More authors have dealt with modification of the great Balling for-
mula using optimization of the value of the numerical coefficients and
its extension by an additional factor (Cutaia and Reid, 2009).

Balling experimentally validated his formula for calculating the ori-
ginal wort extract and reached a good agreement with the theoretical
prediction. The experimental technique is based on measuring the
fermenting wort and beer with saccharometer or pycnometer and de-
termination of alcohol by distillation and oven drying to 1/3 of its initial
weight. In fact the precision of these methods excludes finding the
alcohol factors experimentally, although allows to verify the validity
of the relation (11).

) =2.0665A+n

3.2 Calculation of alcohol factors

For antecedent brewers was the formula (11) to difficult to be used
in everyday routine due to the fact that a small computer technology
did not exist. Therefore it was necessary to develop a system of Ba-
lling alcohol factors to facilitate the calculations.

Alcohol factors gave a relationship between the original extract of
wort and other characteristics used to describe the composition of
beer:

(14) A=(p-ma=(p-nb=(n-mc
where a, b and ¢ are alcohol factors, b is the amount of alcohol
formed from the weight unit of the fermented extract and p is the
original wort extract. The apparent extract mis considered hyphote-
tic extract responding to the indication of saccharometer, calibrated
by sucrose solution and immersed into the fermenting beer contai-
ning alcohol. The concentrations of p, n, m are expressed in weight
percent. These relationships respond to the numerator of the great
Balling formula.
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kde g je atenuacni kvocient, s jehoz pomoci Balling odvodil dal$i
vyznamné vztahy:

(16) c=_P

qg-1
17 ~ng-m
a7 p p—
18 _n-m
(18) p el

(19) p=%(n—m)+n

Ciselné hodnoty alkoholovych faktor(i se podobné jako bilance (1)
a (8) lisily i v jednotlivych vydanich Ballingovych knih, podobné jako
se lisily i zakladni bilance, vedouci k velkému Ballingovu vzorci.

Proto jsme k dal$im vypoétim pouzili tabulky, uvefejnéné az
v pozdéjSich pivovarskych ucebnicich. | v nich se napf. kvocient g
udaval jak v plvodnim tvaru, tak jako zmen$eny o jednotku, tj. g-7
(Pawlowski a Doemens, 1932, cit. Cutaia a Reid, 2009). Ze stejného
ddvodu jsme k dal$im vypoctim pouzili idaje z roku 1927, kdy uz se
hodnoty faktorG neménily (fab.1, Hrach, 1927). Pro porovnani uva-
dime vybrané plvodni hodnoty téchto faktor(i podle Ballinga (fab.2).

Alkoholové faktory odpovidaji pfevracenym hodnotam vytéznost-
nich koeficientl pfemény cukru na oxid uhli¢ity, alkohol a vedlejsi
produkty, napf.:

20) p= dan 1
EZR
kde vytéznostni koeficient Yg,, vyjadfuje mnozstvi alkoholu, vznikaji-
ciho z jednotkového mnozstvi extraktu n.

Tab. 1 Hodnoty alkoholovych faktort (Hrach, 1927) / Table 1 Balling
alcohol factors (Hrach, 1927)

p q a b c
1 1.221 0.3983 0.4864 2.2010
2 1.222 0.4001 0.4889 2.2024
3 1.223 0.4018 0.4915 2.2041
4 1.224 0.4036 0.4941 2.2058
5 1.225 0.4054 0.4967 2.2076
6 1.226 0.4073 0.4993 2.2096
7 1.227 0.4091 0.5020 2.2116
8 1.228 0.4110 0.5047 2.2137
9 1.229 0.4129 0.5074 2.2160
10 1.230 0.4148 0.5102 2.2181
11 1.231 0.4167 0.5130 2.2209
12 1.232 0.4187 0.5158 2.2234
13 1.233 0.4206 0.5189 2.2262
14 1.234 0.4226 0.5215 2.2290
15 1.235 0.4246 0.5245 2.2319
16 1.236 0.4267 0.5274 2.2350
17 1.237 0.4288 0.5304 2.2381
18 1.238 0.4309 0.5334 2.2414
19 1.239 0.4330 0.5365 2.2448
20 1.240 0.4351 0.5396 2.2483
21 1.241 0.4373 0.5427 2.2519
22 1.242 0.4395 0.5458 2.2557
23 1.243 0.4417 0.5490 2.2595
24 1.244 0.4439 0.5522 2.2636
25 1.245 0.4462 0.5555 2.2677
26 1.246 0.4485 0.5589 2.2719
27 1.247 0.4508 0.5622 2.2763
28 1.248 0.4532 0.5656 2.2808
29 1.249 0.4556 0.5690 2.2854
30 1.250 0.4580 0.5725 2.2902

For practical reasons, it was necessary to express the relationship
between the real and the apparent extract, which led to the introduc-
tion of so called attenuation quotient q.

b -m

(15) g=—2-P~M

a p—-n

where q is the quotient of attenuation by which Balling derived

more significant relationships:

(16) c= qf1

(17) p=”3+’1””
(18) p= nq—_n”; +n
(19) p:%(n—m)+n

Numerical values of alcohol factors and balances (1) and (8) also
differed in various editions of Balling books, which influenced the
great Balling formula.

Therefore, we have used for further calculations tables, published
in later brewer textbooks. Therein is e.g. the quotient g set both in its
original form and reduced by one unit i.e. g-1 (Pawlowski and Do-
emens, 1932, loc. Cutaia and Reid, 2009). For the same reason, we
have to base further calculations on data from 1927, when the values
of alcohol factors were already stabile (Table 1, Hrach, 1927). For
comparison, we selected the initial values of these factors derived
by Balling (Table 2).

Alcohol factors correspond to the reciprocal values of the yield co-
efficients for the conversion of sugar to carbon dioxide, alcohol and
byproducts, e.g. :

20 pn__ 1

dA Yoa

where the yield coefficient Yj,, expresses the amount of alcohol pro-
duced from the unit amount of the extract n.

We tried to verify the linear relationship between the variables
(p-m) and (p-n), whose ratio is according to equation (10) an esti-
mation of the mean quotient q (Fig. 2, 3). To verify this relationship
we used analyses of 1046 samples of 10 types of bottled beers from
11 breweries taken in the Czech Republic during years 2010-2014
to obtain a g = 1.2389. The collection included non-alcoholic beers
(A <0.5 vol.%) and lagers with original extract 10, 11 and 12% w/w.
The alcohol range comprised 0.20 to 4.13% w/w and original extract
from 3.1 to 12.25%.

Tab. 2 Hodnoty alkoholovych faktor( podle rliznych autor( / Table 2
Alcohol factors from different sources

Zdroj / Source a b q
p=6

Balling 1846 0.4079 0.5004 1.226
Balling 1854 0.4312 0.5265 1.221
Hrach 1927 0.4073 0.4993 1.226
p=10

Balling 1846 0.4156 0.5112 1.230
Balling 1854 0.4386 0.5373 1.225
Hrach 1927 0.4148 0.5102 1.230
p=12

Balling 1846 0.4195 0.5169 1.232
Balling 1854 0.4424 0.5429 1.227
Hrach 1927 0.4187 0.5158 1.232
p=15

Balling 1846 0.4255 0.5255 1.235
Balling 1854 0.4484 0.5515 1.230
Hrach 1927 0.4246 0.5245 1.235




Ballingovy alkoholové faktory z pohledu sou¢asného pivovarstvi

KVASNY PRUM.
61/2015 (4)

125

Obr. 2 Zavislost rozdilu plvodniho a zdanlivého extraktu (p — m)
na rozdilu puvodniho a skute¢ného extraktu (p — n) u piv z ¢eskych
pivovarll (1046 vzorkd, smérnice = 1,2389) / Fig. 2 Dependence of
the difference between the original and apparent extract (p — m) on
the difference between the original and real extract (p — n) for beers
from Czech breweries (1046 samples. slope = 1.2389)

Obr. 3 Zavislost rozdilu plvodniho a zdanlivého extraktu (p — m)
na rozdilu pavodniho a skute¢ného extraktu u piv z CKT béhem
kvaSeni mladin z ¢eského pivovaru (968 vzorkd, smérnice 1,2396) /
Fig. 3 Dependence of the difference between the original and appar-
ent extract (p — m) on the difference between the original and real
extract beers from CKT during fermentation of wort from one brewery
(968 samples, slope 1.2396)

p-m %)
=

L]

Experimentalné Ize ovéfit linearni zavislost mezi veli¢inami (p-m)
a (p-n), jejichz podil je podle vztahu (10) odhadem stfedni hodnoty
kvocientu q (obr. 2, 3). Pro ovéfeni tohoto vztahu se pouzily analyzy
1046 vzorkd 10 druhl lahvovych piv z 11 ¢eskych pivovard v letech
2010-2014 s rozmezim alkoholu 0,20 az 4,13 %, ptvodniho extraktu
3,1 az 12,25 %, pfitemz se ziskala hodnota q = 1,2389. Vybér zahr-
noval nejCastéji vyrabéné druhy, nealkoholické pivo (A<0,5 obj. %)
a pivo s plivodnim extraktem 10, 11 a 12% hm. extraktu.

Pro 968 vzorkd kvasicich mladin odebranych z CKT (A = 0 az
6,21%, p = 10,61 az 17,48 %), jednoho pivovaru béhem dvou mé-
sicll, coz poskytlo g = 1,2396. Shoda s udaji v tab. 1 je pfijatelna
vzhledem k rozdilné experimentaini technice, rozdilim v latkovych
bilancich (1) a (7) a s pfihlédnutim k sou¢asnym technologickym po-
stupum.

Domnivame se, ze timto zplsobem ovéfoval vypoétené vztahy
s pouzitim grafickych metod i Balling. Balling vypocetl hodnoty g pro
plvodni extrakt 1 az 30 %, ale kvaseni takto koncentrovanych mladin
v praxi nepfipada v Uvahu. Podle Ballinga zaviselo q také na hodnoté
puvodniho extraktu, ale odhad g = 1,239 Ize povazovat pro praktické
ucely za dostatecny.

Pro sledovani stupné zdanlivého prokvaseni béhem hlavniho kva-
Seni postacuje méfit zdanlivy extrakt pfi udrzovani znamé hodnoty
extraktu plvodni mladiny, ¢ehoz se vyuziva v bézné praxi. Rovnéz
se vystaéi s m>0, protoze nulové hodnoté m odpovidaji podle (11)
vztahy:

@1) Pmo __4

Pm=o — Nmo _ l

pm:O q
kde p,.., @ n,,_, jsou puvodni a skuteény extrakt pro nulovou hodnotu
zdanlivého extraktu, tyto hodnoty se ale pfi hlavnim kvaseni praktic-
ky nevyskytuiji.

Bez méfeni je teoreticky vypocet g pro m = 0 mozny také ze vzor-
ce podle Tabarie. Vzorec byl pdvodné odvozen pro relativni hustotu
(specific gravity, SG) napojl, méfenou pfi 20 a 4 °C oznacovanou
SG 20/4, ale plati i pro v sou€asnosti uzivanou relativni hustotu
20 °C/20 °C.

(22)

(23) SGE(OH = SGbeer_ SGn +1
kde SG, je relativni hustota skute¢ného extraktu. PFi nulové hodnoté
m plati:

(24) SGgoy+ SG,=2

Z latkové bilance kva$eni (8) Ize také vypocitat zavislost Balingova
alkoholového faktoru b na pavodnim extraktu podle tab. 1:

11 1
@5 1__1 (1 _ ) b
b Ball YBaII 100

’
(26) b=
2,0665 — 0,01065 p

For 968 samples of the fermenting wort taken from CKT (A =0
to 6.21%, p = 10.61 to 17.48%), in one brewery within two months
the quocient g = 1.2396 was obtained. Compliance with the data in
Table 1 is acceptable due to the different experimental techniques,
differences in the balance (1) and (7) and contemporary technologi-
cal techniques.

We believe that Balling obtained the alcohol factors using graphi-
cal methods. Balling calculated g values for original extract int the
range 1 to 30%, but the fermentation of the most concentrated wort
is hardly possible. According to Balling g depended also on the value
of the original extract, but the estimate g = 1.239 can be considered
sufficient for practical purposes.

For monitoring the apparent attenuation during main fermentation
it is sufficient to measure the apparent extract for the known value
of the original wort extract, which is used in common practice. In cu-
rrent lager fernentation is m> 0, because zero m value corresponds
to formulas:

21) Pmo __ 49
Mmoo q-1
(22) Pm=o — Npo — l
Prm-o q

where p,,_,and n,,_,and are the original and real extract at zero value
of the apparent extract but these values are not reached during main
fermentation.

Theoretical calculation of g for m = 0is also possible using formula
by Tabarie. The formula was originally derived for the relative densi-
ty (specific gravity, SG) of beverages, measured at 20 °C and 4 °C
which was called SG 20/04, but it can be also applied to currently
used relative density of 20 °C/20 °C.

(23) SGEPOH = SGbeer_ SGn +1
where SG, is the relative density of real extract. If mis zero then:

(24) SGgoy+ SG,=2

From the mass balance of fermentation (8) can also be calculated
the relation between alcohol factor b and the original extract value
according to Table 1:

1 1 1
@5 1_ (1 __) b
b Yay U Ve ) 100

(26) p= !
2.0665 - 0.01065 p

The value of factor a can be determined from the dependence of
the quotient g on the original extract according to Table 1 and the
definition of alcohol quotient g in equation (15):

(27) g=1,220+0,001 p

Parallelly to equation (25) yield coefficient Y,, can be designed, co-
rresponding to a yield of 1 g of ethanol from the hypothetical apparent
extract unit. According to Table 1 the correlation between reciprocal
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Tab. 3 Stanoveni skute¢ného extraktu a alkoholu piv pfed a po jejich odpareni / Table 3 Real extract determination before and after on beer

evaporation
Druh piva / Beer Pavodni extract / n (%) A (%) Odparek /
Original extract (%) | pied / before po / after pred / before po / after Residuum (%)
Ovocny mix / Beer mix 8.93 6.26 6.25 1.36 0 39.5
Vyéepni / Light beer 9.80 3.66 3.65 3.13 0.02 38.2
Lezak / Lager 11.13 3.79 3.81 3.71 0.01 35.3
Strong / Strong 16.19 4.96 4.97 5.94 0.02 32.5

Hodnotu faktoru a Ize stanovit ze zavislosti kvocientu g na pavod-
nim extraktu podle tab. 1 a definice alkoholového kvocientu g ve vzta-
hu (15):

(27) g=1,220+ 0,001 p

Analogicky ke vztahu (25) Ize pfedpokladat vytéznostni koeficient
Y., odpovidajici vytézku ethanolu z 1g hypotetického zdanlivého ex-
traktu. Podle tab. 1 Ize napf. testovat zavislost prfevracené hodnoty
faktoru a na hodnoté plvodniho extraktu p vyrovnanim linearni za-
vislosti:

1
(28) —=Yn—kp
poskytujici odhad hodnoty Y;, = 2,523 a hodnotu k = 0,011, ktera je
blizka o¢ekavané hodnoté 0,010665.

S pouzitim koeficientu Y, Ize pfedpokladat analogicky ke vzorci
(11) vztah:

100 (Y, A+m)
~ 100 + 1,0665 A
kde Y, je vytéZnostni koeficient alkoholu ze zdanlivého extraktu m
a korekéni faktor ve jmenovateli vyjadfuje ztratu hmotnosti mladiny
stejné jako ve vztahu (10).

Podobné Ize odvodit vzorec pro vypocet kvocientu q :

_Y,,—0,010665 p
~ Y — 0,010665 p

Kvocient q zaujima ¢elné misto v Ballingové snaze stanovit vztah
mezi zdanlivym a skute¢nym prokvasenim a jeho zavislost na plvod-
nim extraktu p mGze mit rlzny tvar, jak plyne ze vzorcl (27) a (30),
pfiCemz s niz8i pfesnosti Ize pouzit i jeho stfedni hodnoty.

Presnéji Ize hodnotu Y,, napf. stanovit testovanim zavislosti:

(31) p(1+0,010665) A—m=Y, A
poskytujici hodnotu Y,, = 2,5324 pro vzorky ¢eskych piv. Obr. 4 zna-
zorfiuje vztah mezi pivodnim extraktem podle analyzatoru Alcolyzer
Plus a extraktem vypo&tenym ze vzorce (29) s hodnotou Y,,=2,5324.
Pfesna hodnota Y,, stanovena timto zplsobem zavisi na zastoupeni
jednotlivych druhd piv ve vybérovém souboru, ale pro bézna ¢eska
piva poskytuje dostate¢né presné vysledky.

S pouzitim vzorce (29) je mozné nalézt vztah mezi hodnotami
zdanlivého extraktu, alkoholu a plvodniho extraktu bez nutnosti po-
uzit vzorce podle Tabarie. Vypocet vychazi ze dvou pfimo méfenych
hodnot, tj. relativni hustoty piva a obsahu alkoholu, zatimco Alcolyzer
Plus pouziva nepfimy vypocet podle Tabarie. Protoze sou¢asné stu-
die uzivaji dat z analyzatoru Alcolyzer Plus, jsou ovlivnény i soubory
dat z databazi analyz (Cutaia a Reid, 2009).

Pro vylou€eni vlivu tohoto vypoctu se vzorky piv s rozdilnym pu-
vodnim extraktem odpafily a po doplnéni deionizovanou vodou do-
plnily na plvodni hmotnost. Vysledky rozbor( jsou priméry dvou
opakovanych stanoveni (tab. 3). Hodnoty skute¢ného extraktu, vypo-
¢teného analyzatorem z relativni hustoty piva, se prakticky shodova-
ly s hodnotami ziskanymi odparenim piva.

(29)

(30)

4 ZAVER

Ballingliv vzorec a alkoholové faktory predstavuji ukazku dokonalé
veédecké a vyzkumné prace, zamérené na praktické pouziti ziska-
nych poznatk( v primyslové praxi. V pivovarstvi se sacharometr po-
uzival jiz v 18. stoleti, ucelenou teorii a vypocet alkoholovych faktort
poskytl v8ak teprve Balling.

Balling také ztotoznil koncentraci jednoduchého cukru s extrak-
tem, ktery potom zobecnil v podobé zdanlivého extraktu. Original-
ni pfistup k vyuziti zdanlivého extraktu, jako hypotetického znaku
k popisu slozeni kvasici mladiny i hotového piva véetné stupné
zdanlivého prokvaseni umozfovaly jiz ve své dobé podrobné Fidit
kvasné vyroby.

alcohol factor a and the value of the original extract p can be tested
using linear relationship:

28 1 _y _
o= Y,—kp
providing an estimate value Y, = 2.523 and the value of k = 0.011,
which is close to the expected value of 0.010665.
The equation (11) can be modified using yield coefficient Y, :

100 (Y,, A+m)
~ 100 + 1.0665 A
where Y, is yield coefficient of alcohol to apparent extract m while
the denominator of formula expresses the weight loss of wort as in
equation (10).

Similarly a formula for calculation of quotient q is:

_ Y, —0.010665 p
" Y., —0.010665 p

The quotient g plays a main role in Balling attempt to establish
a relationship between the apparent and real attenuation. The rela-
tion between g and the original extract p can have a different form
which is obvious from the formulas (27) and (30), although the mean
value of g may be used with lower accuracy.

More precisely, the value Y,, can be determined using equation:

(31) p(1+0.010665) A—m=Y, A
which provided value Y,, = 2.5324 for samples of Czech beers. Fig. 4
shows the relationship between the original extract measured by Al-
colyzer Plus analyzer and extract calculated by formula (29) using
this value. The exact value Y,, determined in this way depends on the
representation of the different types of beer in the data collection, but
it provides sufficiently accurate results for current Czech beer.

Using formula (29) can be found the relationship between the val-
ues of apparent extract, alcohol and the original without using the
Tabarie formula. The calculation is based on two directly measured
values which are the relative density of beer and alcohol content,
while Alcolyzer Plus works with indirect calculation by Tabarie. Be-
cause our study uses the data obtained with the help of Alcolyz-
er Plus the calculated data are also derived using Tabarie formula
(Cutaia and Reid, 2009).

To avoid the influence of this calculation, beer samples having dif-
ferent original extract were evaporated (3 h at 90 °C), which was
followed by deionized water addition to the original weight. Results
are the means of two replicate determinations (Table 3). Real ex-
tract values of beer calculated from the specific gravity determined
by Alcolyzer Plus density meter practically coincide with the values
obtained by evaporation of beer.

(29)

(30)

4 CONCLUSIONS

Balling formulas and alcohol factors represent a perfect example
of research work focused on the practical application of acquired
knowledge in industrial practice. Although brewing saccharometers
were used already in the 18th century, the compact theory and cal-
culation alcohol factors were formulated at first by Balling.

Balling also identified a simple sugar concentration as extract unit,
which then generalized in the case of apparent extract. The original
approach to the use of apparent extract, as a hyphothetic character-
istic to describe the composition of the fermenting wort and finished
beer together with the degree of apparent attenuation permitted al-
ready in the Balling time of control of the fermentation process.

The results of this procedure were verified by classical analytical
method combining gravimetric analysis with a distillation method.
Results of these analyzes confirmed the possibility of establishing
an apparent extract and its connection with the other characteristic
using Tabarie formula.
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Vysledky tohoto postupu se
ovérovaly klasickou analytickou
metodou, kombinujici  gravi-
metrickou analyzu s destilaéni
metodou. Vysledky téchto ana-
lyz potvrdily vyznam zavedeni
zdanlivého extraktu a jeho pro-

Obr. 4 Porovnani hodnot ptvodniho extraktu stanoveného analyzato-
rem Alcolyzer Plus a vypocteného podle modifikovaného Ballingova
vzorce (29) z hodnot alkoholu a zdanlivého extraktu u ¢eskych piv /
Fig. 4 Comparison of values of the original extract determined by Al-
colyzer Plus analyzer and calculated according to the modified Ball-
ing formula (29) using apparent extract and alcohol value of Czech
beers

Balling formula was designat-
ed to re-calculate the original
wort extract from the analysis
of the finished beer. Result de-
viation in the application of the
formula on the whole course of
the main fermentation arrises

pojeni s ostatnimi znaky aplika-

from the variable yeast yield co-

ci vzorce podle Tabarie.

Ballingtiv vzorec byl sestaven 1
pro zpétny vypocet puvodniho
extraktu mladiny z analyzy ho- 2

tového piva. Odchylky pfi apli-

efficient values during different
phases of fermentation.

Modern analytical techniques
enable to determine the detailed
composition of the wort and

kaci vzorce na prabéh hlavniho 8 finished beer but these proce-
kvaSeni vyplyvaji z proménlivé o dures are expensive and time
hodnoty vytéZnostniho koefi- § consuming which is the reason
. . o . . = : ..
cientu kvasnic v ruznych jeho 3" why it can not be used in indus-
fézsl’ch. . g | s, :jrial Ibrewery. ?onv?rsebly, @he
pouzitim moderni analy- evelopment of craft brewing
tické techniky lze sice zjistit 2 requires easy calculation using
podrobné slozeni mladiny i vy- Balling alcohol factors to control
slvedneho piva, tyto postupy se o x : p X = = p fer_mentatlon t?y sac_:charqmeter.
vSak pro ¢asovou i cenovou R Still unappreciated is Balling at-

naro¢nost nemohou v praxi vy-

tenuation quotient g, connecting

uzivat. Naopak pfi sou¢asném
rozvoji femesliného pivovarstvi
umoznuji Ballingovy atenuaéni faktory snadnou kontrolu i s pouzitim
samotného sacharometru. Dosud nedocenény je Ballingliv atenuac-
ni kvocient g, spojujici skute¢ny a zdanlivy extrakt kvaSeného napoje.

Naproti tomu Ballingova teorie sice umoznuje vypocitat stupen
pfemeény zkvasitelného substratu na alkohol, ale pfi pouziti Castecné
zkvasitelného substratu je nutné ho doplnit dosazitelnym stupném
prokvaseni, coz ostatné vypoctové vzorce umoznuiji.

V soucasnosti se spotrebitel kvasenych napoji kromé obsahu al-
koholu stale vice zaméfuje na obsah sacharidll. Nutriéni hodnota
a energeticka naro¢nost napoje se sice mohou stanovit slozitymi
analytickymi postupy, ale udaje obsahu zbytkového extraktu a al-
koholu umoznuji spotrebiteli ziskat zakladni pfedstavu o vhodnosti
napoje pro zdravou vyzivu. Pouze v pfitomnosti vét§iho mnozZstvi
neprokvaseného extraktu je nutné stanovit dosazitelné prokvaseni,
popf. nezkvasitelny substrat pfedtim enzymové rozstépit.

Ballinglv vzorec umoZznuje vypogitat mnozstvi extraktu, ze kte-
rého vzniklo nalezené mnozstvi ethanolu, k némuz se pfipocitava
dalSi, dosud nezkvaSeny extrakt. Tento zbytek mohl sice pochazet
z plvodni mladiny, pfi jeho dodate¢ném pridavku se vSak plvod-
ni smysl vypoctu zkresluje. Stejny ucinek ma i fedéni piva vodou,
protoze pfidavek vody sniZzuje skute€ny extrakt a alkohol ve stejném
pomeéru. Pfi téchto operacich by se vypocet musel doplnit sméSovaci
rovnici skute¢ného extraktu a alkoholu.

K posouzeni nutriéni hodnoty napoje spotfebiteli postaci udaj
o obsahu alkoholu a skute¢ného extraktu nezavisle na jejich puvo-
du. Ztotoznéni skutec¢ného extraktu s obsahem sacharidu je sice ne-
presné, ale pro zakladni informaci postacuijici.

Tento postup by fesil i problémy s technologii HGB, nebot vypodcte-
ny pUvodni extrakt nesplfiuje pfesnou slozkovou bilanci skute¢ného
extraktu i alkoholu. Pfi vyrobé michanych népojl je princip vypoétu
dané z plvodniho extraktu zcela nespravny a nelogicky.

Dlvody pro kritiku Ballingova vzorce se zakladaji predevsim
na nepochopeni skute¢nosti, Ze vytéznostni koeficient ethanolu z ex-
traktu neni béhem kvaseni konstantni, nebot se tyka hotového piva.
Dal8i nepfesnosti se tykaji aplikace jediného vzorce, nezahrnujici
mistni vlivy kvaSeni, jako jsou velikost nadoby, vliv slozeni mladiny
a obsah cukru v ni. Pfesto je vzorec pro svoji univerzalnost mistrnym
nastrojem pro hodnoceni tvorby alkoholu za nejrtiznéjsich podminek
a domnivame se, Ze revize by narusila jeho univerzalnost a ani v bu-
doucnosti k ni vzhledem k 150leté praxi nedojde.
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the real and apparent extract of
fermented beverage.

In contrast, Balling theory, allows to calculate the degree of con-
version of fermentable substrate to alcohol, but in the case of partial-
ly fermentable substrate the analyse must be supplemented by the
determination of the final degree of attenuation.

Currently, consumer of fermented beverages is increasingly fo-
cused on sugar content. nutritional value and energy of beverage
can be determined using modern analytical techniques, but the con-
tent of real extract and alcohol allow consumers to get a basic idea
about the suitability of drinks for a healthy diet. Only in the presence
of large amount of not fermentable extract it is necessary to cleave
this substrate enzymatically before the degrese of attenuation deter-
mination.

Balling formula allows calculate the amount of the extract from
which the ethanol was formed to be added to the real extract. If any
further extract is introduced to the finished beer the original meaning
of the Balling formula is lost. The same effect has also beer dilution
with water, because the addition of water reduces the actual real
extract and alcohol at the same ratio. In these operations the mass
balance of both componets must be used too.

Alcohol content and real extract values are sufficient for consumer
to assess the nutritional value of the drink. Mutual substitution of real
extract for saccharide content is inaccurate, but sufficient for basic
information.

This calculation procedure could also solve problems associated
with HGB technology because the calculated original extract does
not meet the exact balance of real extract and alcohol. The applica-
tion Balling formula in the manufacture of mixed drinks to get original
extract value for tax calculation is totally incorrect and illogical.

Reasons for Balling formula criticism is based primarily on a mis-
understanding of the fact that yield coefficient of ethanol is not con-
stant during fermentation, because it was derived for finished beer.
Further inaccuracies regarding application of a single formula came
from local condition of fermentation, such as vessel size, the effect
of wort composition and a sugar content in it. Nevertheless, the for-
mula is for its versatility masterful tool for evaluating the formation of
alcohol under various conditions. We believe that its correction could
disrupt its versatility and due to the 150-year practice will not realize
in the future.
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