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Color and turbidity are important properties of fermented beverages, especially light and dark beers, white and red wines and spirits.
The spectrum of absorption and scattering of light is a decisive and very important analytical parameter of the consumer's quality and
health acceptability of the beverages. A large number of the above types of beverages are filled into transparent glass and plastic bottles
that allow for optical measurements. The Colorturb prototype has been designed, developed and constructed to determine color changes
and turbidity in commercial packaging. The device uses a red-green-blue (RGB) light-emitting diode as a light source to enable independ-
ent measurement of absorbance in the sample in 3 wavelength regions ranging up to 4 absorbance units. Absorbance measurement at 3
wavelengths makes it possible to eliminate the effect of the bottle color on the measurement and, apart from color intensity, to distinguish
differences in the color hue of the samples.

Gabriel, P., Sigler, K., 2018: Pfistroj pro monitorovani zmén barvy a zakalu napojti pfimo v komerénich lahvich. Kvasny Prum. 64(5):
224-232

Barva a zakal jsou vyznamnymi vlastnostmi fermentovanych napojl, zejména svétlych, tmavych piv, bilych a Eervenych vin a destilatd.
Spektrum absorpce a rozptylu svétla je uréujicim a velmi dllezitym analytickym parametrem spottebitelské kvality a zdravotni nezavad-
nosti uvedenych napojl. Velké mnozstvi vySe jmenovanych druhl napojli se pini do lahvi z prasvitného skla a plastl, které umozriuji
provadéni optickych méreni. Byl navrzen, vyvinut a realizovan pfistroj Colorturb pro uréovani zmeén barvy a zékalu napojt pfimo v ko-
mercnich obalech. Navrzeny pfistroj vyuzivd RGB LED svételny zdroj, ktery umozriuje nezavislé méreni absorbance ve vzorku ve 3
oblastech vinovych délek v rozsahu az do 4 absorbanénich jednotek. Méfeni absorbance na 3 vinovych délkach umozriuje odstranit vliv

lahve na méfeni barvy, a kromé intenzity barvy odliSit i rozdily v barevnych odstinech vzorkd.

Keywords: beer, color, turbidity, beverage, non-intrusive sample
measurement

1 INTRODUCTION

Color and turbidity are important features of fermented beverages
for two basic reasons. First, they have a basic effect on consumers;
second, they reflect the chemical and physical properties of the prod-
uct (Savel, 2005). Therefore, their determination is part of quality
management of most producers.

Turbidity is due to the presence of suspended solids and its meas-
urement is based on the intensity of elastically scattered light. Color
is a visual perception based on the ability of certain wavelengths of
light to induce physico-chemical response in light sensitive cone
cells in the retina. The retina contains three types of conical cells that
are individually sensitive to red (R), green (G) or blue (B) light. The
final color is created in the brain by combining the signals of these
three types of light sensitive cells. The sample color is obtained by
absorbing the light in the sample depending on the wavelength.
Sample color depends on the content, composition and absorption
spectrum of light absorbing substances.

Both turbidity and color are strongly influenced by raw materials,
production processes and product storage of fermented beverages.
Both parameters are indicators of a product change during its aging
(Callemien and Collin, 2007; Savel, 2005). The color changes of bev-
erages during storage are explained by various mechanisms, which
usually involve enzymatic or non-enzymatic oxidation of polyphenols
and / or melanoidin formation (Friedman, 1996). Oxygen plays an im-
portant role in these processes. In wine, the increase in color during
storage is associated with oxidation of the product and formation of
oxidative aroma (Godden et al., 2001). In-situ measurement of sample
color directly in the bottle can be used for continuous non-destructive
testing of the sample during storage (Skoromounis et al., 2003).

The exclusion of oxygen from the beer and the headspace of the
package was expected to stop the aging of the beer, but it was never
observed. Pigments formed from reductons and oxidized polyphe-
nols play an important role during aging and may be referred to as
aging indicators (Savel, 2005).

Kli¢ova slova: pivo, barva, zakal, ndpoje, neintruzivni méreni

1 UvVvoD

Barva a zakal jsou vyznamnou vlastnosti fermentovanych napojt
ze dvou zakladnich ddvodd. Za prvé maji vliv na spotfebitele, za dru-
hé, odrazeji chemické a fyzikalni vlastnosti produktu (Savel, 2005).
Proto je jejich ur€eni u vétsiny producentl soucasti kontroly kvality
produktu.

Zakal je zpusoben pfitomnosti suspendovanych nerozpusténych
latek a méfi se na zékladé intenzity elasticky rozptyleného svétla. Bar-
va je vizuélni viem zaloZeny na schopnosti ur€itych vinovych délek
svétla indukovat fyzikalné-chemickou odezvu ve svételné citlivych ko-
nickych burikach v sitnici oka. Sitnice obsahuje ffi typy kdnickych bu-
nék, které jsou individualné citlivé na Cervené (Red), zelené (Green)
nebo modré (Blue) svétlo. Vysledna barva je vytvofena v mozku kom-
binaci signald téchto tfi typd bunék. Barva vzorku vznika absorpci
svétla ve vzorku v zavislosti na vinové délce svétla a je zavisla na ob-
sahu, sloZeni a absorpénim spektru svétlo absorbuijicich latek.

Zakal i barva jsou u fermentovanych napoja silné ovlivnény suro-
vinami, procesem vyroby i skladovanim produktu. Oba parametry
jsou indikatorem zmén produktu béhem jeho starnuti (Callemien
a Collin, 2007; Savel, 2005). Zmény barvy napoji béhem skladovani
jsou vysvétleny rdznymi mechanismy, které obvykle zahrnuji enzy-
matickou nebo neenzymatickou oxidaci polyfenold a / nebo tvorbu
melanoidinovych latek (Friedman, 1996). Dllezitou roli v téchto pro-
cesech hraje kyslik. U vina je zvySovani barvy béhem skladovani
(tzv. browning) spojeno s oxidaci produktu a tvorbou oxidaéniho aro-
ma (Godden et al., 2001). In-situ méfeni barvy vzorku pfimo v lahvi
Ize vyuzit k prlibézné nedestruktivni kontrole vzorku béhem sklado-
vani (Skoromounis et al., 2003). Oc¢ekéavalo se, Ze vylou€eni kysliku
z piva a hrdlového prostoru lahve zastavi starnuti piva, ale tento jev
nebyl nikdy pozorovan. Pigmenty tvofené z reduktond a oxidova-
nych polyfenoll hraji dlileZitou roli pfi starnuti a mohou byt oznaco-
vany jako jeho ukazatele (Savel, 2005).

Zatimco zakal se jiz dlouho stanovuje pfimo v komerénich oba-
lech, analytické stanoveni barvy se u vétsiny napoji provadi otevie-
nim lahve a pfelitim ndpoje do méfici kyvety spektrofotometru. Pfi-
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While haze has long been established directly in commercial pack-
aging, analytical color determination is performed with most bever-
ages by opening the container and pouring the beverage into the
measuring cuvette of a spectrophotometer. In this way, the bottle
closure is destroyed and the general physico-chemical effect of
opening the bottle modifies the properties of the drink, and the as-
sociated color change. This applies in particular to carbonated bev-
erages such as beers or sparkling wines from which carbon dioxide
has to be removed by shaking, filtration or by ultrasound before the
color measurement.

The Colorturb device has been developed to measure the color of
beverages without dispensing samples into measuring cuvettes. It
makes it possible to determine turbidity and color of beverages di-
rectly in closed commercial bottles. The apparatus can be used to
determine the physico-chemical and colloidal stability and predict
beverage durability, as well as to measure the influence of tempera-
ture-controlled aging on the color change of beverages directly in
commercial bottles (Callemien and Collin, 2007).

The analytical beer color measurement method uses absorbance
measurements at 430 nm wavelength (Analytica EBC, 2009, equa-
tion 1) Abs,z,,, is an absorbance value measured at 430 nm wave-
length in a cuvette with 1cm optical pathlength while the analytical
method for measuring wine browning uses absorbance measure-
ment at 420 nm (Skoromounis et al., 2003). The color measurement
so established can provide information only about the concentration
of the chromophores present but cannot distinguish changes in the
color hues between the samples.

Color (EBC) = 25 - Abs,, (1)

The human eye contains three types of cone cells that are indi-
vidually sensitive to red (R), green (G) or blue (B) light. All colors can
be composed of these 3 basic colors; the colors form a 3-dimen-
sional space. The introduction of the tristimulus values (Smedley,
1995) is also based on this fact.

The introduction of tristimulus values is an attempt to represent the
color of the transmitted or reflected light as the individual intensities
Xred, Y green and Z blue. Tristimulus values can be obtained using
three standard color matching functions with transmission measure-
ments over the visible range of the spectrum (from 380 to 780 nm).
Calculation of tristimulus values is accomplished by integrating the
standard color matching function with the transmittance intensity
over the visible spectrum. Standard color matching functions corre-
spond to the light sensitivity of the three photosensitive pigments in
the retina of the eye. The resulting values X, Y, Z correspond to the
perception of the eye. Chromaticity values represent the proportion
of a particular color in the light transmitted through, or reflected by,
the sample (Equation 2),

X Y V4
Xzi, y: y Z=
X+Y+Z X+Y+Z X+Y+Z

)

where X, y, z are the chromaticity values of red, green, blue light in
the sample.

Various types of 3-dimensional color spaces are introduced, such
as CIE L*a*b*, RGB, CMY, and HLS color space, where the color is
completely described by three values calculated from the tristimulus
values. For example, for HLS space, color is defined by Hue, Lumi-
nance, and Saturation.

The disadvantage of tristimulus and chromaticity values is that
they are specific to a selected Standard llluminant. The values are
also dependent on the optical path length through which the object is
viewed. This disadvantage can be avoided by using absorbance val-
ues.

When the light passes through the liquid, it is attenuated by ab-
sorption. According to Lambert Beer law, the decrease in light inten-
sity is exponential depending on the path length of the beam of light
through the sample L and the concentration of the absorbing sub-
stances ¢ according to the formula (Equation 3),

I= 1l 10t 3)

where e is the is the molar attenuation coefficient or absorptivity of
the attenuating species. Iis the radiant flux transmitted by the sam-
ple, I, is the incident radiant flux attending the sample). Therefore,
the absorbance value Abs is introduced as the negative logarithm of
the intensity ratio of the beam that passed through the sample I to

tom dojde k destrukci uzavéru lahve a obecnym fyzikalné-chemickym
pusobenim i k modifikaci vlastnosti napoje, a s tim souvisejici zméné
barvy. To se tyka zvlasté napojl sycenych v lahvich oxidem uhliéi-
tym, jako jsou napf. piva, Sumiva vina, aj., ktera je nutné pro méfeni
barvy zbavit oxidu uhli¢itého tfepanim, filtraci nebo ultrazvukem.

Pro méfeni barvy napojd bez nutnosti pfelévani vzorkd do méfi-
cich kyvet byla vyvinuta aparatura Colorturb, kterd umozriuje stano-
veni zékalu a barvy napojl pfimo v uzavienych komerénich lahvich.
Aparaturu Ize vyuzit pro stanoveni fyzikalné-chemické a koloidni
stability a pfedpovéd’ trvanlivosti napojt a zaroveri i pro méfeni vlivu
teplotné fizeného starnuti na zménu barvy napojt pfimo v komeré-
nich lahvich (Callemien a Collin, 2007).

Analytickd metoda méfeni barvy piva pouzivd méfeni absorbance
na jedné vinové délce 430 nm (Analytica EBC, 2009, rovnice 1).
AbS,5,,m j€ hodnota absorbance méfeni na vinové délce 430 nm v ky-
veté s optickou drahou 1 cm, stejné tak analytickd metoda méfeni
hnédnuti vina pouziva méfeni absorbance na 420 nm (Skoromounis
et al., 2003). Takto zavedené méfeni barvy je schopné poskytnout
informaci pouze o koncentraci pfitomnych chromoford, ale nemuze
rozliSit zmény v barevném odstinu mezi jednotlivymi vzorky.

Color (EBC) = 25 - Abs,, (1)

Lidské oko obsahuije tfi typy konickych bunék, které jsou individu-
alné citlivé na Cervené, zelené a modré svétlo. VSechny barvy Ize
slozit z téchto tfi zakladnich (pure) barev, barvy tvofi tfidimenzionalni
prostor. Z tohoto faktu vychazi i zavedeni trichromatickych soufad-
nic (Smedley, 1995).

Zavedeni trichromatickych soufadnic je pokusem o vyjadfeni bar-
vy prochéazejiciho nebo odrazeného svétla jako jednotlivé barevné
podnéty (intenzity) X Cervend, Y zelena a Z modra. Barevné podnéty
(intenzity) v trichromatickych soufadnicich Ize ziskat pomoci tfi stan-
dardnich spekter odpovidajicich dané barvé a transmisnich spekter
vzorku naméfenych ve viditelném rozsahu spektra (od 380 do 780
nm).VypocCet barevnych podnétd se provadi integraci spektra odpo-
vidajiciho dané barvé nasobeného intenzitou propustnosti vzorku
pfes viditelné spektrum. Spektrum odpovidajici vybrané barvé je
funkce spektralni citlivosti daného pigmentu v o¢ni sitnici. Vysledné
hodnoty X, Y, Z odpovidaji vniméani oka. Hodnoty chromaticity pred-
stavuji pomér urcité barvy ve svétle prochazejicim nebo odrazeném
vzorkem (rovnice 2),

X Y z
X= A , Z=
X+Y+Z X+Y+Z X+Y+Z

@)

kde x,y, zjsou hodnoty chromaticity pro ¢ervené, zelené a modré
svétlo.

Zavadeéji se rtzné typy 3 rozmérnych barevnych prostord, napfi-
klad CIE L*a*b*, RGB, CMY, HLS barevné prostory, kde barva je
kompletné popsana tfemi veli¢inami vypoctenymi z barevnych pod-
nétd v trichromatickych soufadnicich. Napfiklad u HLS prostoru je
barva definovana veli¢inami odstin, jas a saturace.

Nevyhodou trichromatickych soufadnic a hodnot chromaticity je
to, ze jsou specifické pro vybrané standardni osvétleni a jsou zavislé
na optické draze paprsku ve vzorku. Vyhodnéjsi je pouziti hodnoty
absorbance.

Pfi prlichodu svétla kapalinou dochazi k jeho Gtlumu v disledku
absorpce. Pokles intenzity svétla je podle Lambert Beerova expo-
nencialni v zavislosti na draze svétla ve vzorku L a koncentraci ab-
sorbujicich latek ¢ podle rovnice 3,

I=ly-107-ct 3)

kde e je molarni absorpéni koeficient absorbuijici latky (/ je intenzi-
ta svételného zéareni proslého vorkem, I, je intenzita zafeni dopada-
jiciho na vzorek). Proto se zavadi hodnota absorbance Abs podle
rovnice 4 jako zaporny logaritmus poméru intenzity paprsku proslé-
ho vzorkem [ ku intenzité plvodniho paprsku /, (rovnice 4). Takto
zavedend hodnota absorbance je pfimo Umérna koncentraci absor-
bujicich latek c a draze svétla ve vzorku L (rovnice 4).

Iy
I

Vyhodou takto zavedené veli€iny je, ze pfi znamé draze svétla
ve vzorku a intenzité dopadajiciho svétla Ize vypocitat intenzitu svét-
la pro$lého stejnym vzorkem o jiné draze.

Abs =—log =e-c-L (4)
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the intensity of the original beam |/, (Equation 4). The absorption
value so established is directly proportional to the concentration of
the absorbing substances ¢ and the path of the beam of light L
through the material sample (Equation 4).

/
Abs:—logl—°=e-c-L (4)

The advantage of the quantity thus introduced is that, at a known
path length in the sample and the intensity of the incident light, the
intensity of the light passed through the same pattern in another path
can be calculated.

Another advantage of absorbance is additivity. If the light passes
through multiple absorbing layers, the resulting absorbance is given
by the sum of the absorbances of the individual layers. In our case
the measured absorbance is given by the sum of the absorbances of
the bottle and of the sample itself. When the light passes through the
sample placed in a bottle, it is possible to determine the resulting
beam attenuation by the sum of the absorbances of the bottle and of
the sample itself.

The Colorturb instrument measures absorbance values in the
sample in 3 wavelength regions that correspond approximately to
the light sensitivity of the three photosensitive pigments in the retina
of the eye. Measured absorbance values form a 3-dimensional vec-
tor in color space. These three values give a complete eye-color in-
formation and it is possible to specify all sample color parameters in
any color space selected, such as intensity, saturation and hue in
HLS color space. Using 3 absorbance values, it is possible to distin-
guish samples that differ not only in intensity but also in hue.

Beer is similar in color to caramel solutions. With increasing wave-
length, their absorption spectra are monotonically decreasing curves
without absorption maxima. The property of these spectra is that in
the logarithmic absorption scale (Log absorption spectra) these
spectra are linear in the visible part of the spectrum. The color can
then be expressed with only two parameters, intensity and hue. The
intensity is given by the absorbance logarithm at some particular
wavelength, the hue can be determined from the slope of the absorp-
tion spectrum log line. This feature was noticed by R.T. Linner (Lin-
ner, 1970) who introduced the so-called LHI - Linner hue index
(Equation 5),

LHI =10 - log,, (Abs (510) / Abs (610)) (5)

where the Abs(510), Abs(610) values are absorbance values at
wavelengths of 510 nm and 610 nm.

The purpose of this study is to show that the Colorturb allows the
color of samples to be measured in cylindrical optical cells and some
commercial bottles. Measurement of light attenuation in the 3-wave-
length-region range allows, in addition to the color intensity, for the
determination of the color hue.

2 MATERIALS AND METHODS

2.1 Apparatus

The Colorturb prototype, developed at the Department of Chemi-
cal Physics and Optics, Charles University in cooperation with
1-Cube s. r. 0. within the TACR project “Apparatus and method for
thermally controlled haze and color evaluation of beverages in com-
mercial bottles”, was used for the measurement (Fig. 7). The appa-
ratus measures samples in cuvettes and directly in commercial bot-
tles from 0.1 liter volumes for cuvettes up to 2 liters for PET bottles.
This makes it possible to measure the properties of beverages and
other liquids without opening the bottle. To minimize the effect of the
bottle on the measurement results, the sampler is placed in a cham-
ber with an immersion liquid and undergoes defined rotation during
measurement. The chamber is equipped with inputs for connecting
an external thermostat for controlled sample thermal control.

Fig. 2 schematically describes the arrangement of optical detec-
tion by Colorturb prototype. Detectors N (nephelometry) and F (for-
ward) sense the intensity of the radiation scattered at 90° and 13-
20°. The T (transmission) detector then senses the radiation
intensity of the light passed through the sample, and the R (refer-
ence) detector monitors the light intensity of the light source.

Measured T transmission values monitor the change in the inten-
sity of the measuring beam when passing through the sample due to
absorption and scattering of the light in the sample. LED is installed

Dalsi vyhodou absorbance je aditivnost. Pokud svétlo prochazi
pres vice absorbujicich vrstev, je vysledna absorbance dana jako
soucet absorbanci jednotlivych vrstev. V naSem pfipadé je namére-
na absorbance dana sou¢tem absorbanci lahve a vlastniho vzorku.
P¥i prichodu svétla pfes vzorek umistény v lahvi je mozny vysledny
Utlum paprsku zjistit sou¢tem absorbanci lahve a vlastniho vzorku.

Navrzeny pfistroj Colorturb méfi hodnoty absorbance ve vzorku
ve 3 oblastech vinovych délek, které koresponduji se svételnou citli-
vosti tfi typl fotosensitivnich bunék v oku. Namétené hodnoty absor-
bance vytvéareji trojrozmérny vektor v barevném prostoru. Tyto 3
hodnoty davaji kompletni informaci o barvé vnimané okem, je z nich
mozné urcit vSechny parametry barvy vzorku v libovolné vybraném
barevném prostoru, napfiklad intenzitu, sytost i odstin v HLS barev-
ném prostoru. Pomoci 3 hodnot absorbance je mozné rozlisit vzorky
liSici se nejen intenzitou, ale i svym odstinem.

Pivo vykazuje obdobné zabarveni jako karamelové roztoky. Jejich
absorpéni spektra jsou s rostouci vinovou délkou monoténné klesa-
jici kfivky bez absorp&nich maxim. Vlastnosti téchto spekter je, ze
v logaritmické Skale absorbance (Log absorpCni spektra) jsou tato
spektra ve viditelné €asti linearni. Barvu Ize potom vyjadfit pouhymi
dvéma parametry, intenzitou a zabarvenim. Intenzita je dana hodno-
tou logaritmu absorbance pro jednu vybranou vinovou délku. Zabar-
veni je mozné uréit ze smérnice pfimky log absorpéniho spektra.
Této vlastnosti si vS§iml R.T Linner (Linner, 1970) a zavedl barevny
index, pozdéji pojmenovany jako Linnerdv (LHI — Linner hue index),
rovnice 5,

LHI =10 - log,, (Abs (510) / Abs (610)) (5)

kde hodnoty Abs(510), Abs(610) jsou hodnoty absorbance na vl-
novych délkach 510 nm a 610 nm.

Cilem tohoto pfispévku je ukazat, Ze aparatura Colorturb umozru-
je méreni barvy vzork(l ve valcovych optickych kyvetach a v nékte-
rych typech komerénich lahvi. Méfeni Gtlumu svétla ve vzorku
ve tfech oblastech vinovych délek umozriuje kromé intenzity barvy
i uréeni barevného odstinu vzorku.

2 MATERIAL A METODY

2.1 Pristroje

Pro méfeni bylo vyuzito prototypu pfistroje Colorturb, vyvinutého
na Katedie chemickeé fyziky a optiky University Karlovy ve spolupraci
s firmou 1-Cube s. r. 0. v ramci projektu TACR ,Pfistroj a metoda
stanoveni zakalu a barvy lahvovych vzork napojl a jinych kapalin
v teplotné fizené méfici komore“ (obr. 7). Aparatura méfi vzorky v ky-
vetach a pfimo v komerénich lahvich od objem0 0,1 L pro kyvety
do 2 L pro PET lahve. To umozriuje zméfit vlastnosti napojl a jinych
kapalin bez nutnosti otevieni lahve. Pro minimalizaci vlivu lahve
na vysledky méfeni je vzorkovnice umisténa v komore s imerzni ka-
palinou a béhem méreni dochazi k jejimu definovanému otaceni.
Komora je vybavena vstupy pro pfipojeni externiho termostatu pro
fizené termostatovani vzorku.

Na obr. 2 je schematicky popsano uspofadani optické detekce pfi-
strojem Colorturb. Detektory N (nephelometry) resp. F (forward) sni-
maji intenzitu zafeni rozptyleného pod Uhly 90° resp. 13-20°. Detektor
T (transmission) pak snima intenzitu zafeni proslého vzorkem a de-
tektor R (reference) monitoruje intenzitu zafeni svételného zdroje.

Namérené hodnoty transmise T monitoruji zménu intenzity méfici-
ho paprsku po prichodu vzorkem v dlsledku absorpce a rozptylu
svétla ve vzorku. Jako vysila¢ optického zéafeni je v pfistroji instalo-
vana LED svitici nezavisle na tfech pasmech vinovych délek. Své-
telné zdroje Ize jednotlivé zapinat a vypinat a méfit optické veli€iny
pro vybrané spektralni pasmo. Jednotlivé svételné zdroje sviti na vi-
novych délkach se stfedni hodnotou 466 nm, 518 nm a 630 nm a po-
loSitkou 20 nm (obr. 3). Absorbance naméfené s pouzitim jednotli-
vych svételnych zdrojd jsou dale v textu ¢i grafech oznacovany:

+ zdroj 466 nm — absorbance oznacovana AbsBlue
+ zdroj 518 nm — absorbance ozna¢ovana AbsGreen
« zdroj 630 nm — absorbance oznacovana AbsRed

Nameérené hodnoty T mohou fluktuovat v disledku nestability své-
telného zdroje. Proto se k vypoctu Gtlumu paprsku ve vzorku pouziva
pomér hodnot T/R, ktery je nezavisly na intenzité svételného zdroje.
Jako referenéni bod se pouziji hodnoty naméfené na destilované
vodé s nulovou absorpci a rozptylem svétla (T, R,). Absorbance se
pak ur¢i z pomérl hodnot T/R pro méfeny i referenéni vzorek pomo-
ci vztahu (rovnice 6).
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Fig. 1 Apparatus for thermally controlled haze and color evaluation of
beverages in commercial bottles

Obr. 1 Pristroj na stanoveni zékalu a barvy lahvovych vzorkd napojt
a jinych kapalin

as a light source in the device containing 3 independent chips emit-
ting light independently at three wavelength bands. Light sources
can be individually switched on and off and measure optical quanti-
ties for the selected spectral band. The individual light sources emit
light at wavelengths with a mean value of 466 nm, 518 nm and 630
nm with a half-width of 20 nm (Fig. 3). The absorbance values meas-
ured using individual light sources are marked in the text or graphs:
+ Source 466 nm — absorbance labeled AbsBlue

+ Source 518 nm — absorbance labeled AbsGreen

+ Source 630 nm — absorbance labeled AbsRed

The measured T values may fluctuate due to instability of the light
source. Therefore, the ratio of Transmission / Reference values,
which is independent of the intensity of the light source, is used to
calculate the beam attenuation in the sample. The values measured
on distilled water with zero absorption and light scattering (T,, R,) are
used as the reference point. Absorbance is then determined from the
T/R values for both the measured and the reference sample using
the relationship (Equation 6).

R, T
Abs=-log — - — (6)
. R

The ratio of the output signals of the N/T and F/T photodetectors
from the scattering and transmission detectors gives the so-called
relative turbidity ZR. Ratiometric mode of measurement is also used
here to eliminate unwanted effects such as light source instability,
clogging of optical elements by dirt or light absorption in the sample.
Relative turbidity is then recalculated to yield the resulting turbidity
Zn (turbidity measured by detector N) and Zf (turbidity measured by
detector F) using the calibration curve measured on standard turbid-
ity-measuring solutions with a defined concentration. In most meas-

R, N, F, T- DETECTORS
R, N, F, T- DETEKTORY
R
=
—
T h e,
.
LIGHT SOURCE ': ‘., SAMPLE
SVETELNY ZDROJ " VZOREK
MEASURING CHAMBER
MERICI KOMORA

Fig. 2 The arrangement of optical detection by Colorturb prototype
Obr. 2 Usporadani optické detekce pfistrojem Colorturb

R T
Abs=-log — - — (6)
T, R

Pomér hodnot vystupnich signalll fotodetektord N/T a F/T z roz-
ptylového a transmisniho detektoru udava tzv. relativni zakal ZR.
Pomérovy mod méfeni se i zde pouziva s cilem odstranéni nezadou-
cich vliva, jako jsou nestabilita svételného zdroje, zanaseni optic-
kych prvkd necistotami a absorpce zafeni ve vzorku. Relativni zakal
se prepocitava na vyslednou hodnotu zakalu Zn (zakal méfeny de-
tektorem N), Zf (zakal méfeny detektorem F) pomoci kalibra¢ni kfiv-
ky naméfené na roztocich standardni zdkalomérné suspenze s defi-
novanou koncentraci. Ve vétSiné norem se jako standardni
kalibraéni roztok pouziva formazinové suspenze a vysledky méfeni
se udavaji v mezinarodnich jednotkach EBC, NTU, FTU nebo ppm.
Vysledny zakal je nezavisly na barvé vzorku.

PFistroj je fizen mikroprocesorem, ktery fidi vlastni proces méfeni,
ovlada funkci ota€eni vzorku, fidi zapinani a vypinani optickych
zdrojl, sniméani dat z detektord a pfepocet naméfenych hodnot po-
dle kalibra¢nich konstant. Mikropo¢ita¢ komunikuje po sériové lince
RS232 s pocitatem. PFistroj se ovlada z klavesnice, ktera umozriuje
spusténi méreni s vybranym optickym zdrojem. Po ukonéeni méfeni
jsou na displeji zdkaloméru zobrazeny namérené hodnoty absorban-
ce (Abs), nefelometrického zékalu méfeného pod Ghlem 90° (Zn)
a zékalu méfeného pod malym Ghlem 13-20° (Zf) pro pouzity zdroj
svétla. Méfici rozsah absorbance je 0-4 absorbanénich jednotek
(AU, az 4 fady atlumu), méfici rozsah zakalu je do 500 EBC (Analy-
tica-EBC, 2009).

Vysledkem méfeni na aparature Colorturb jsou vzdy trojice hodnot
absorbanci namérenych se svételnymi zdroji ve 3 oblastech vino-
vych délek AbsRed, AbsGreen, AbsBlue a dale hodnoty zékalu Zn
a Zf naméfené z intenzity rozptylu detektory pod uhly 90° - Zn resp.
13-20° — Zf pfi pouziti Cerveného zdroje svétla.

Fig. 3 The individual light sources
Obr. 3 Jednotlivé svételné zdroje
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urements, the formazin solution is used as the standard calibration
solution and the measurement results are reported in international
units of EBC, NTU, FTU or ppm. The resulting turbidity is independ-
ent of the color of the sample.

The instrument is controlled by a microprocessor that controls the
actual measurement process, the rotation of the sample, the switch-
ing on and off of optical sources, the sensing data from the detectors,
and recalculates the measured signals to final turbidity and absorb-
ance values. The microcomputer communicates over the RS232 se-
rial line with the computer. The device is operated from a keyboard
that allows measurement to be run with the selected optical source.
At the end of the measurement, the Absorbance (Abs), nephelomet-
ric turbidity measured at 90° (Hn) and turbidity measured at a small
angle of 13-20° (Hf) for the light source used are displayed on the
device screen. The absorbance measuring range is 0-4 absorption
units (AU, up to 4 orders of attenuation), the turbidity measuring
range is up to 500 EBC (Analytica EBC, 2009).

The Colorturb measurements result in three values of the absorb-
ances measured with light sources in the three wavelength regions
AbsRed, AbsGreen, AbsBlue, and the Zn and Zf turbidity values
measured by the detector at 90° (Zn) or 13-20° (Zf) using a red light
source.

3 RESULTS AND DISCUSSION

In the first step, the repeatability, linearity and measuring range of
the Colorturb apparatus were evaluated. Solutions of black food
color with different concentrations were prepared and their absorb-
ance was measured on a spectrophotometer in a 1 cm cuvette. The
absorbance of samples in the Colorturb apparatus was then meas-
ured in a reference cylindrical cell with an internal diameter of 56 mm.
When measured on the Colorturb apparatus, the beam passes
through a measuring chamber filled with immersion liquid. The de-
crease of the intensity of the measuring beam also occurs due to
scattering on dirt in the immersion liquid and reflection on the win-
dows and walls of the measuring sample container. Like in the stand-
ard spectrophotometer, the effect of these phenomena can be elimi-
nated by measuring the absorbance of a reference sample filled with
distilled water. The absorbance values of a sample of distilled water
are measured prior to the measurements on the Colorturb appara-
tus, and these values are subtracted from the absorbance values of
the measured samples. A repeated measurement of the sample of
the food dye has confirmed the repeatability of the absorbance
measurement better than +0.005 AU.

Fig. 4 shows the interdependence of the AbsBlue values meas-
ured on the Colorturb apparatus and the absorbance values meas-
ured on a spectrophotometer in a 1 cm cuvette at 466 nm, i.e.
Abs(466). Wavelength 466 nm corresponds to the average blue LED
wavelength of the RGB LEDs used in the Colorturb. The linear coef-
ficient of dependence, 5.63, corresponds to the optical path of the
reference cylindrical cuvette with an internal diameter of 56 mm.
Colorturb measures absorption up to 4 AU, until 3 AU the AbsBlue
increases linearly with color concentration. For AbsBlue values over
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Fig. 4 Interdependence of the AbsBlue values measured on the
Colorturb apparatus and the absorbance values measured on
a spectrophotometer in a 1 cm cuvette at 466 nm

Obr. 4 Zavislost hodnot AbsBlue naméfenych na pfistroji Colorturb
a hodnot absorbance naméfenych na spektrofotometru v 1cm kyveté
na vinové délce 466 nm

3 VYSLEDKY A DISKUSE

V prvnim kroku byla ovéfena opakovatelnost, linearita a méfici
rozsah aparatury Colorturb pfi méfeni hodnot absorbance. Byly pfi-
praveny roztoky ¢erné potravinarské barvy o rlizné koncentraci. Ab-
sorbance téchto roztokd byla proméfena na spektrofotometru v 1cm
kyveté. Poté byla zméfena absorbance vzorkd na aparatufe Color-
turb v referenéni valcové kyveté s vnitfnim prdmérem 56 mm. P¥i
méfeni na aparatufe Colorturb prochazi paprsek méfici komorou
naplnénou imersni kapalinou. K poklesu intensity méficiho paprsku
dochézi i v disledku rozptylu na nelistotach v imersni kapaling, od-
razu na oknech komory a sténach meéfici vzorkovnice. Vliv téchto
jevu Ize stejné jako u méfeni na standardnim spektrofotometru od-
stranit referenénim méfenim absorbance vzorkovnice napinéné de-
stilovanou vodou. Pfed zapogetim méfeni na aparatufe Colorturb se
vzdy méfi hodnoty absorbance na vzorku destilované vody a tyto
hodnoty se odecitaji od hodnot absorbanci méfenych vzorkd. Opa-
kovanym méfenim vzorku potravinafského barviva byla ovéfena
opakovatelnost méfeni absorbance lepsi nez +0,005 AU.

Na obr. 4 je zobrazena vzajemna zavislost hodnot AbsBlue namé-
fenych na pfistroji Colorturb a hodnot absorbance naméfenych
na spektrofotometru v 1cm kyveté na vinové délce 466 nm Abs(466).
Vinova délka 466 nm odpovida stfedni vinové délce modré LED
na RGB LED pouzité v aparatufe Colorturb. Linearni koeficient za-
vislosti 5,63 odpovida optické draze referenéni vélcové kyvety
s vnitfnim prdmérem 56 mm. Colorturb méfi absorbanci az do rozsa-
hu 4 AU, do 3 AU roste hodnota AbsBlue linearné s koncentraci bar-
vy. Pro hodnoty AbsBlue nad 3 AU zavislost neni linearni z diivodu
nezanedbatelné spektralni polositky LED zdroje v pfistroji Colorturb
(cca 20 nm) a z divodu odraz(l paprsku v méfici komore (stray light).
Obdobna situace nastava i pro ¢ervené a zelené svétlo a hodnoty
AbsRed a AbsGreen.

V rozsahu hodnot, kde je AbsBlue linearni (0-3 AU) je mozné vyu-
Zit aditivnost absorbance jednotlivych absorbujicich vrstev, Ize s¢itat
pfispévek absorbance vzorku a vzorkovnice. Pro hodnoty absorban-
ce vy$Si nez 3 AU jiz aditivnost neplati, je mozné sledovat zmény
absorbance vzorku, ale velikost pozorované zmény je mensi nez
skute¢na zména absorbance vzorku. Aparatura Colorturb umoz-
riuje pfesné méreni absorbance v rozsahu do 3 AU jednotek
a méreni zmén absorbance do 4 AU.

3.1 Moznost méfeni v komeréni lahvi

Dale jsme ovéfili moznost méfeni absorbance vzorku pfimo v ko-
meréni lahvi. Utlum méfticiho paprsku prochéazejiciho vzorkem v lah-
vi je ovlivnén i parametry této lahve - barvou skla, tloustkou stény
atd. Aby bylo mozné méfit barvu vzorkl pfimo v komeréni lahvi, je
nutné vliv lahve minimalizovat. Proto musi byt spinéno nékolik pfed-
pokladd. Utlum svétla ve sténach lahve musi byt pro vSechny lahve
vybraného typu totozny, opticka draha méficiho svétla v lahvi musi
byt totozna, odraz na sténach lahve musi byt minimalni nebo repro-
dukovatelné stejny. Parametry jednotlivych typl lahvi jsou rdzné,
proto musi byt vybrany typ lahve charakterizovan tak, aby bylo moz-
né urcit, zda je vhodny k méfeni barvy.

3.2 Absorbance lahve

Abychom vyhodnotili vliv barvy lahve na vysledné méfeni barvy
vzorku, byly na aparatufe Colorturb naméfeny hodnoty Absorbanci
vybranych typG lahvi naplnénych destilovanou vodou. Naméfené
hodnoty absorbance jsou v tomto pfipadé dany pfevazné absorpci
svétla ve sténach lahve. Vliv odrazl na sténach lahve je minimalizo-
van meéfenim v imerzni kapaling.

Byly proméFeny parametry nékterych typl barevnych pivnich lahvi
pouzivanych vyrobci piva v CR. Pro kazdy typ lahve byla méfena
sada 20 lahvi. V tab. 1 jsou shrnuty stfedni hodnoty absorbanci a je-
jich standardni odchylka (SD). Z vysledkl je mozné vyvodit dva za-
véry. Za prvé stfedni hodnoty absorbanci se pro jednotlivé typy lahvi
vyrazné liSi, u zelenych lahvi je to pro AbsBlue od 0,640 AU az
po 1,540 AU. Z toho plyne, Ze nelze pouZzit Zadny univerzalni ko-
eficient pro korekci vlivu libovolné lahve na méreni barvy.
Za druhé standardni odchylka (SD) absorpénich koeficientt u jed-
notlivych méfenych typu lahvi je okolo 10%. Napfiklad zelenéa lahev
0,51 Pilsner Urquell (PU) ma primérnou absorbanci v modrém svétle
AbsBlue = 0,744 AU se standardni odchylkou +0,063 AU (Na mére-
né sadé lahvi jsme nameéfili hodnoty od 0,665 AU az do 0,846 AU).
Pokud pfi méfeni barvy vzorku v této lahvi pouzijeme k odecteni vli-
vu lahve stfedni hodnotu absorbance AbsBlue = 0,744 AU, musime
pocitat s chybou namérené hodnoty absorbance vzorku + 0,100 AU,
pfi pfepoctu na optickou dréahu paprsku 1 cm je to chyba + 0,020 AU.
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3 AU the increase is no longer linear because of the non-negligible
spectral half-wavelength of the Colorturb LED source (about 20 nm)
and due to the stray light. The similar situation occurs for red and
green light and AbsRed and AbsGreen values.

In the range of values where AbsBlue is linear (0-3 AU) it is pos-
sible to use the absorption additivity of individual absorbing layers,
i.e. to add the contribution of sample absorbance and the sample
container absorbance. For absorbance values greater than 3 AU,
additivity is no longer applicable but changes in sample absorbance
may be observed though the magnitude of the observed change is
less than the actual change in absorbance of the sample. The Color-
turb instrument enables precise absorption measurements up
to 3 AU units and the measurement of absorbance changes up
to 4AU.

3.1 Measurement in a commercial bottle

We have verified the possibility of measuring sample absorbance
in a commercial bottle. The attenuation of the beam passing through
the sample in the commercial bottle is affected by the parameters of
this bottle, color, wall thickness, etc. In order to measure the color of
the sample directly in the commercial bottle, it is necessary to mini-
mize the influence of the bottle. Therefore, several assumptions
must be fulfilled. The light attenuation in the bottle walls must be the
same for all bottles of the selected type, the optical path length of the
light in the bottle must be the same, reflection on the bottle walls
must be minimal or reproducibly identical. The parameters of each
bottle type are different, so the selected bottle type must be charac-
terized in order to determine whether it is suitable for color measure-
ment.

3.2 Absorbance of the bottle

To evaluate the effect of the bottle color on the resulting sample
color measurements, absorbance values of selected bottle types
filled with distilled water were measured on the Colorturb apparatus.
Measured absorbance values in this case are predominantly due to
the absorption of light in the bottle walls. The impact of reflections on
the bottle walls is minimized by measuring in an immersion liquid.

The parameters of some types of colored beer bottles used by
beer producers in the Czech Republic were measured. For each bot-
tle type, a set of 20 bottles was measured. The Table 1 summarizes
the mean values of absorbances and their standard deviation (SD).
Two conclusions can be drawn from the results. First, the average
absorption coefficients vary considerably for each bottle type; for
green bottles the AbsBlue ranges from 0.640 AU to 1.540 AU. It fol-
lows that no universal coefficient can be used to correct the ef-
fect of any color measurement bottle. Second, the standard devi-
ation of the absorption coefficients for each measured bottle type is
about 10%. For example, a 0.5 liter Pilsner Urquell (PU) green bottle
has an average absorbance in blue AbsBlue = 0.744 AU with a stand-
ard deviation of + 0.063 AU. (We measured values from 0.665 AU to
0.846 AU on a measured bottle set). If the AbsBlue = 0.744 AU is
used to measure the color of the sample in this bottle, we must take
into account a + 0.100 AU error in the absorbance reading of the
sample, with an error of + 0.020 AU when converted to the 1cm opti-
cal path of the beam. It follows that some types of bottles have stand-
ard color properties that they allow for color measurement, provided
their parameters are measured in advance and used to correct the
measured values.

The color of beer is defined by the absorbance in the blue part of
the spectrum (Equation 1), and the AbsBlue values are thus decisive
for determining the color. The AbsBlue values for brown bottles
range from 2.2 AU to 3 AU. Blue light attenuation in the brown bottle
walls is so large that with the Colorturb measuring range of up to 4
AU units, the color of the sample can only be measured within the
sample absorbance range to about 1 AU - 1.8AU. In addition, this
measurement is burdened with a large absorption error. The AbsBlue
for green bottles is significantly lower (up to 1.5 AU) and the sample
color can be measured up to higher absorbance values and with
higher accuracy. For white NRW bottles, the absorbance is given by
reflection on walls and scattering on glass inhomogeneities and is
almost equal to 0.05 + 0.01 AU at all wavelengths.

3.3 Verifying the optical path length of the selected bottle type
Detection of the optical path length of light in the selected bottle
type can be done by measuring a set of samples with different ab-
sorbances and comparing the values measured in the Colorturb in-
strument on samples in a bottle set and in a reference precision cy-
lindrical cuvette with a known optical path length. The results of the

Z toho plyne, Ze nékteré typy lahvi maji natolik standardni barevné
vlastnosti, Ze umoznuji méfeni barvy piva za predpokladu, ze se je-
jich parametry pfedem naméfi a pouziji ke korekci naméfenych hod-
not.

Barva piva se podle definice uruje z absorbance v modré ¢asti
spektra (rovnice 1), proto jsou hodnoty AbsBlue rozhodujici pro urée-
ni barvy. Hodnoty AbsBlue u hnédych lahvi jsou v rozsahu 2,2 AU az
3 AU. Utlum modrého svétla ve sténach hnédych lahvi je natolik vel-
ky, Zze vzhledem k méficimu rozsahu pfistroje Colorturb do 4 AU, Ize
barvu vzorku méfit pouze v rozsahu absorbance vzorku do cca 1 AU
az 1,8 AU. Navic toto méfeni je zatizeno velkou chybou. U zelenych
lahvi je AbsBlue vyrazné nizsi (do 1,5 AU), barvu vzorku je mozné
v nich méfit do vy88ich hodnot a s vyssi pfesnosti. U bilych NRW
lahvi je absorbance dana odrazem na sténach a rozptylem na neho-
mogenitach skla a je na vSech vinovych délkach témér stejna
0,05+0,01 AU.

3.3 Ovéreni optické drahy vybraného typu lahve

Zjisténi optické drahy svétla ve vybraném typu lahve je mozné
provést proméfenim sady vzorkd s rozdilnou absorbanci a srovna-
nim hodnot naméfenych v pfistroji Colorturb na vzorcich v sadé lah-
vi a v referenéni pfesné valcové kyveté se zndmou optickou drahou.
Vysledky ukazkového méfeni jsou shrnuty na obr. 5. Jako referenéni
kyveta byla pouzita valcova kyveta z optického borosilikatového skla
s vnitfnim prdmérem 56 mm, k ukazkovému mérfeni byla vybrana
sada zelenych lahvi PU s objemem 0,51. Od naméfenych hodnot
na vzorcich v lahvich byla ode¢tena hodnota absorbance naméfena
na lahvi naplnéné Cistou vodou, aby se odecetla ¢ast absorbance
zplsobena absorpci stén lahve. Hodnotami byla proloZena regresni
pfimka s koeficientem Umérnosti 1,0041. Z toho je zfejmé, Ze testo-
vany typ lahve PU 0,51 ma stejnou optickou drahu paprsku jako refe-
renéni kyveta, tzn. 5,6 cm. P¥i stfedni hodnoté absorbance vzorku
AbsBlue=1,430 AU je stfedni odchylka naméfenych hodnot v kyveté
alahvi £ 0,025 AU, tj. 1,7 %. Stejna je i procentualni odchylka optické
drahy v sadé méfenych lahvi. Stejnym postupem je mozné urcit op-
tickou drahu porovnanim absorbanci namérenych v pfistroji Color-
turb na vzorcich v sadé lahvi s hodnotami naméfenymi ve spektrofo-
tometru.

Z predchozich ukazkovych méfeni vyplyva procedura, kterou je
nutné provést pro méfeni barvy na aparatufe Colorturb ve vybraném
typu lahve.

1) Vybrat sadu lahvi;

2) Naméfit na aparatufe Colorturb hodnoty absorbanci lahvi napl-
nénych destilovanou vodou a vypocitat primérnou hodnotu AbsPru-
mer;

3) Naplnit sadu lahvi vzorky barevnych roztokud o rdzné koncentra-
ci, naméfit na aparatufe Colorturb hodnoty absorbanci a naméfit re-
ferenéni hodnoty absorbanci téchto roztokd ve spektrofotometru
nebo v referenéni kyveté se zndmou optickou drahou. Z koeficientu
linearni zavislosti (viz obr. 5) urcit optickou drahu svétla OPL ve vy-
braném typu lahve;

4) Z naméfenych hodnot absorbanci na lahvi dostaneme absor-
banci vzorku na 1cm optické draze odectenim absorbance lahve
AbsPrumer a podélenim délkou optické drahy OPL.

Podle navrzené procedury byly naméfeny a vyhodnoceny para-
metry zelené lahve Budvar 0,51. Na sadé 25 lahvi se vzorky rliznych
piv byly na aparatufe Colorturb naméfeny hodnoty absorbance (Ab-
sBlue, AbsGreen,AbsRed), a poté ve spektrofotometru absorpéni
spektra v 1cm kyveté. Hodnoty AbsBlue byly korigovany odectenim
stfedni absorbance lahve a podélenim stfedni optickou drahou pa-
prsku v lahvi. Vysledky korelace korigovanych hodnot AbsBlue s ab-
sorbanci na 466nm Abs(466) uréenou spektrofotometricky jsou zob-
razeny na obr. 6. Namérené hodnoty absorbance v lahvi koreluji
s hodnotami uréenymi na spektrofotometru se stfedni kvadr. odchyl-
kou 0,005 AU pfi prdmérné hodnoté absorbance 0,274 AU, tzn. 2%
hodnoty.

3.4 Vypocet parametrti barvy piva

Na obr. 7 je ukazkové absorpéni spektrum vzorku svétlého piva
plzeriského typu s absorbanci v logaritmické stupnici, tzn. Log Abs
spektrum. Naméfenymi hodnotami je proloZena pfimka s korela¢nim
koeficientem 0,997. Log Abs spektrum piva je linearni, Ize ho charak-
terizovat 2 parametry: hodnotou absorbance pro jednu vinovou dél-
ku (urCuje intenzitu barvy) a smérnici pfimky log absorpéniho spekt-
ra (uruje zabarveni). Pomoci téchto parametrd je mozné urcit
hodnotu absorbance pro libovolnou vinovou délku. Podle EBC no-
rem se barva piva urCuje z absorbance na vinové délce 430 nm
ve spektrofotometru v 1cm kyveté (rovnice 1). Jako parametr uréujici
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Table 1 Beer bottle absorption properties
Tab. 1 Hodnoty absorbance pivnich lahvi

Bottle type | Colour Volume(L)

Typ léhve Barva Objem (1) AbsBlue AbsGreen SD AbsRed SD

Pilsner green, 0.5 0.744 0.063 0.197 0.020 0.679 0.062

Urquell zelena

Pilsner green, 0.3 0.640 0.023 0.233 0.010 0.618 0.023

Urquell zelena

Budvar green, 0.5 0.864 0.068 0.309 0.041 0.904 0.073
zelena

Staropramen | 97¢€" 0.5 0.983 0.139 0.352 0.054 1.026 0.158
zelena

Zlatopramen | 9"°" 0.5 0.693 0.065 0.247 0.025 0.753 0.068
zelena

Bakalar green, 0.5 1.540 0.136 0.528 0.051 1.584 0.110
zelena

Gambrinus | OWN 0.5 2.443 0.259 1.091 0.129 0.594 0.056
hnéda

NRW(HB) | orown 0.5 2.449 0.186 1.108 0.098 0.546 0.044
hnéda

Holba brown 0.5 2813 0.139 1.292 0.065 0.753 0.055
hnéda
white

NRW oty 0.5 0.050 0.005 0.047 0.006 0.052 0.006

sample measurement are in Fig. 5. A cylindrical cuvette made of
optical borosilicate glass with an internal diameter of 56 mm was
used as a reference cell and a set of green 0.5L PU bottles was se-
lected for the sample measurement. The absorbance reading meas-
ured on a bottle filled with clean water was subtracted from the
measured values on the samples in the bottles to subtract the bottle
wall absorbance influence. A regression line with a correlation coef-
ficient of 1.0041 was interpolated. From this, it is clear that the tested
type of PU 0.5L bottle has the same optical path length of the beam
as the reference cuvette, i.e., 5,6 cm. At the AbsBlue sample absorb-
ance value 1.430 AU, the mean deviation of the measured values in
the cuvette and bottle is +-0.025 AU, i.e. 1.7%. The percent deviation
of the optical path length in the set of measured bottles is the same.
Using the same procedure, it is possible to determine the optical
path length by comparing the absorbances measured in the Color-
turb apparatus on the samples in the set of bottles with the values
measured in the spectrophotometer.

The previous sample measurements give rise to the procedure
necessary for color measurement installation on the Colorturb ap-
paratus in the selected bottle type.

1) Select a bottle set

2) Measure the absorbance values of bottles filled with distilled
water on the Colorturb apparatus and calculate the average value of
AbsAverage (Red, Green, Blue)

3) Fill sample bottles with color solutions of varying concentra-
tions, measure Colorturb absorbance values and measure the ab-
sorbance values of these solutions in a spectrophotometer or a ref-
erence cell with a known optical path. From the linear dependence
coefficient (see Fig. 5), determine the optical path length of light
(OPL) in the selected bottle type

4) From the measured absorbance values on the bottle, one ob-
tains the absorbance of the sample in a 1 cm optical path by sub-
tracting the absorption of the AbsAverage bottle and dividing it by the
mean optical pathway OPL.

The parameters of the Budvar green 0.5L bottle type were meas-
ured and evaluated based on the proposed procedure. On a 25-bot-
tle set, the absorbance (AbsBlue, AbsGreen, AbsRed) values were
measured on the Colorturb apparatus, followed by a measurement
of the absorption spectrum in a 1 cm cuvette on a spectrophotome-
ter. The AbsBlue values were corrected by subtracting the mean ab-
sorbance of the bottle and dividing the result by the mean optical
path of the beam in the bottle. Correlation of corrected AbsBlue val-
ues with absorbance results at 466nm Abs(466) determined spectro-
photometrically are shown in Fig. 6. The absorbance values meas-
ured in the bottle correlate with the values determined on
a spectrophotometer with a mean square error of 0.005 AU at an
average absorbance value of 0.274 AU, i.e. 2% of the value.

zabarveni vzorku je mozné vzit Linnerdv barevny index (LHI - Linner
Hue index) viz rovnice 5, ktery je odvozen ze smérnice log abs spek-
tra.

Z hodnot absorbance naméfenych aparaturou Colorturb a znalos-
ti vinovych délek pouzitych LED (AbsBlue-466nm, AbsGreen-518nm,
AbsRed-630nm) Ize vypocitat intenzitu barvy a zabarveni charakte-
rizované LHI indexem a porovnat s vysledky ziskanymi z méfeni
na spektrofotometru. Absorbanci na vinové délce 430nm Abs(430)
a z ni barvu je mozné vypocitat z hodnoty AbsBlue a AbsGreen pfi-
mou Umérou podle vzorce 7, kde 88 je rozdil vinovych délek Ab-
sGreen-518nm a 430nm a 52 je rozdil vinovych délek AbsGreen
(518nm) a AbsBlue (466nm). Jednodussim zplsobem u piva jedno-
ho typu je najit koeficient pfimé imeérnosti mezi hodnotami AbsBlue
méfenymi Colorturbem a hodnotami Abs(430) méfenymi spektrofo-
tometrem.

l0g,0(Abs(430)) = log,,(AbsGreen) + log,,(AbsBlue/AbsGreen) - (88)/(52) (7)

K vypoctu LHI byly pouzity hodnoty AbsGreen a AbsRed podle
rovnice 8. NizSi koeficient ve vzorci 8 v porovnani s definici LHI
ve vzorci 5 je dan rozdilnymi vinovymi délkami LED pouzitymi v apa-
ratufe Colorturb (rozdil vinovych délek AbsGreen a AbsRed je 112
nm) ve srovnani s definici LHI (510 nm a 610 nm, rozdil 100 nm)

LHI =8.93 - log,,(AbsGreen/AbsRed) (8)
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Fig. 5 The results of the sample measurement
Obr. 5 Vysledky ukazkového méreni
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3.4 Calculation of beer color parameters

Fig. 7is a sample absorption spectrum of a Pilsener type light beer
sample with absorbance in a logarithmic scale, i.e., Log Abs spec-
trum. The measured values intersect with a line with a correlation
coefficient of 0.997. The Log Abs spectrum of the beer is linear and
it can be characterized by 2 parameters, the absorbance value for
one wavelength (determines the intensity of the color) and the line of
the Log absorption spectrum (defining the color hue). Using these
two parameters, it is possible to determine the absorbance value for
any wavelength. According to the EBC standards, the beer color in-
tensity is determined from the absorbance at a wavelength of 430
nm in a spectrophotometer in a 1cm cuvette (Equation 1). As a pa-
rameter determining the color hue of the sample, it is possible to take
the Linner Hue Index (LHI) see equation 5, derived from the log abs
spectrum. From the Colorturb absorbance measurements and the
knowledge of the wavelenghts of the LEDs (AbsBlue-466nm, Abs-
Green-518nm, AbsRed-630nm), the color intensity and hue of the
sample (characterized by the LHI index) can be calculated and com-
pared with the spectrophotometer results. Absorbance at a wave-
length of 430 nm and color can be calculated from the AbsBlue and
AbsGreen values using a direct proportion from equation 7, where
88 is the AbsGreen-518nm and 430nm wavelength difference, and
52 is the AbsGreen (518nm) and AbsBlue (466nm) wavelength dif-
ferences. A simpler way for beer of one type is to find a direct propor-
tionality coefficient between AbsBlue measured by Colorturb and
Abs (430) measured by a spectrophotometer.

log,o(Abs(430)) = log,,(AbsGreen) + log,,(AbsBlue/AbsGreen)+(88)/(52) (7)

The AbsGreen and AbsRed values were used to calculate LHI ac-
cording to equation 8. The lower coefficient in equation 8 compared
to the LHI definition in equation 5 is given by the different wave-
lengths of the LEDs used in the Colorturb apparatus (AbsGreen and
AbsRed wavelength difference is 112nm) compared to the definition
(510nm and 610nm, difference 100nm)

LHI =8.93 - log,,(AbsGreen/AbsRed) (8)

The results measured on the 25-beer sample set in Budvar bottles
of 0.5L were also used to compare the Color and LHI values deter-
mined by spectroscopy and by bottle measurements on the Color-
turb apparatus.

Fig. 8 gives a comparison of color intensity data determined spec-
trophotometrically in a 1 cm cuvette and a Colorturb apparatus in
a green bottle. The sample color measured by the Colorturb appara-
tus in the green bottle correlates with the color determined by the
spectroscopy, the mean color determination error in the bottle is 0.4
EBC. LHI results measured spectrophotometrically in a 1 cm cuvette
and in a Colorturb apparatus in a green bottle were compared. The
absorbance values used for the LHI calculation are low for the meas-
ured samples, so the calculated LHI values are loaded with a large
error of about 10% of the value. Within this error, LHI values deter-
mined by spectroscopy and the Colorturb apparatus correlate.

Vysledky naméfené na sadé vzorkd 25 rdznych piv v lahvich Bud-
var 0,51 byly pouzity i pro srovnani hodnot barvy a LHI uréenymi
spektroskopicky a méfenim v lahvi na aparatufe Colorturb.

Na obr. 8 je srovnani vysledkl uréeni barvy spektrofotometricky
v 1cm kyveté a aparaturou Colorturb v zelené lahvi. Barva vzorku
naméfena aparaturou Colorturb v zelené lahvi koreluje s barvou ur-
C¢enou spektroskopicky, stfedni chyba ureni barvy v lahvi je 0,4
EBC. Byly srovnany hodnoty LHI ur€ené spektrofotometricky v 1cm
kyveté a aparaturou Colorturb v zelené lahvi. Hodnoty absorbance
pouzité pro vypocet LHI jsou pro méfené vzorky nizké, proto jsou
vypoétené hodnoty LHI zatizeny velkou chybou cca 10% hodnoty.
V ramci této chyby jsou hodnoty LHI pro vSechny vzorky témér stej-
né, hodnoty LHI uréené spektroskopicky a aparaturou Colorturb ko-
reluji.

4 ZAVER

Prototyp pfistroje Colorturb byl navrzen, vyvinut a vyroben tak,
aby umoznil méfeni zakalu a barvy napoju pfimo v obchodnich lah-
vich. Zafizeni provadi nezavislé méfeni absorbance ve vzorku ve 3
oblastech vinovych délek kompatibilnich s burikami citlivymi na svét-
lo lidského oka, které jsou individualné citlivé na Cervené, zelené
nebo modré svétlo. To umozriuje uréeni véech parametrll barvy vzor-
ku, nejen intenzity ale i zabarveni. Méfeni prokazalo, ze po uréeni
zakladnich barevnych parametru lahvi je mozné uréovat barvu vzor-
ku i v nékterych typech komerénich lahvi. Méfici rozsah aparatury
Colorturb umozriuje provadét méfeni barvy ve vétSiné zelenych
a bilych lahvi. Utlum svétla v hnédych lahvich v modré ¢asti svétla je
natolik velky, Zze pfesné méfeni barvy neumoznuje. V ¢lanku je pre-
zentovan postup méteni zakladnich barevnych parametrli komeré-
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Fig. 7 Sample absorption spectrum of a Pilsener type light beer sam-
ple with absorbance in a logarithmic scale (Log Abs spectrum)

Obr. 7 Ukazkové absorpéni spektrum vzorku svétlého piva plzeriské-
ho typu s absorbanci v logaritmické stupnici (Log Abs spektrum)
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Fig. 6 Correlation of corrected AbsBlue values with absorbance re-
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Obr. 6 Vysledky korelace korigovanych hodnot AbsBlue s absorban-
ci na 466nm Abs(466) uréenou spektrofotometricky

Fig. 8 Comparison of color intensity data determined spectrophoto-
metrically in a 1 cm cuvette and a Colorturb apparatus in a green bottle
Obr. 8 Srovnani vysledkd ur€eni barvy spektrofotometricky v 1cm
kyveté a aparaturou Colorturb v zelené lahvi
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4 CONCLUSIONS

The Colorturb prototype has been designed and developed to
measure double angle turbidity and color of beverages directly in
commercial bottles. The device enables independent measurement
of sample absorbance in 3 wavelength regions compatible with the
human eye light sensitive cells that are individually sensitive to red,
green or blue light. This allows determination of all sample color pa-
rameters, not only color intensity but also color hue. The measure-
ment has shown that it is possible to determine the sample color in
certain types of commercial bottles after determining the basic color
parameters of a selected type of bottles. Colorturb‘’s measuring
range makes it possible to measure color in most green and white
bottles. The attenuation of light in brown bottles in the blue part of the
light is so great that it does not allow color measurements. The paper
presents a procedure for measuring the basic color parameters of
commercial bottles, and a procedure for calculating color parameters
from measured absorbance values.

Color measurements on the Colorturb apparatus in green bottles
can be done with an accuracy of 0.4 EBC, but this measurement can
not replace accurate color determination on the spectrophotometer.
On the other hand, color changes in one bottle can be measured with
an accuracy of better than 0.1 EBC and this allows precise monitor-
ing of the sample color development depending on its thermal and
light damage.The main benefit of Colorturb apparatus is that it allows
simultaneous monitoring of turbidity and color changes in closed bot-
tles.
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