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Different malt types (dark roasted, caramel, or kilned) affect the visible spectrum transmittance of beer in distinctly different The combining of malt types in a wort or 5 : Figure 4: Represents the Formula for 1bbl, where base malt color influence is Caramel (60L) = 2.0#, Caramel (120L) = 1.0#
ways. These were studied and quantified for each type of malt. These spectrums have several useful applications. By examining the beer will result in a spectrum that is a ‘ \i\\\ absorbance at and between assumed to be msignificant. Chocolate Malt (400L) = I# Black Malt (500L) = 0.5#
color spectrum of an individual beer, the percentage of each type of malt in formula can be determined. Conversely the percentage combination of the parent malt’s spectral shape, 25 X Zgicvgg‘t’liznti?ilﬁﬁﬂtf‘e’; The percent influence of each color type is calculated with (60 * 2) + (120 * 1) = 240 2407890 * 100 =27%
and amount of ea.ch type (?f malt in formula can be used to predict what the ﬁngl full Visibl.e spectrum peer color will be. This intensity, and quantity. g 2 i — CaramelMalt| | °. types used in an regard to Lovibond and usage rate. (400 * 1) + (500 * 0.5) = 650 650/890 * 100 = 73%
spectrum can be inputted into color generators to show visual beer color that will be perceived in a finished beer. g ; | unknown. The 420 and
Malt Composition can be determined by E s \ - Black Malt 440 wavelengths (in To determine the SRM of the formula divide the total 890/32.3=27.6L
A UV/Vis spectrophotometer (Ref. 4) was used to obtain wavelength scans of worts across the visible spectrum. The resulting color Spectrums.. Using the values obtained. 05 = Unknown for determination of Knowing the color influence percentage of each malt type  For each Wavelength:
graphs showed two distinct groupings. Kilned malts such as Munich malt displayed similar spectrums to lightly roasted and from the analysis of each spectrum an equation 0 | | | . composition. and the color of the resulting wort, the spectrums of (c=caramel) (b=black) (20 = L of ¢ and b spectrums)
caramelized malts. Black malts and dark roasted malts also displayed similar spectrums. These groupings of spectrums were can l?e used to calculate the influence of the 400 450 500 550 600 650 700 caramel and black malt (Fig. 5) can divided by 20 (SRM of  ((4bs(c) /20 * L)* %(c) / 100) + ((Abs(b) /20 * L) * %(b) / 100)
observed over the entire range of malt color intensities (measured by Lovibond). The spectrums explain why different worts and specialty malts types. Wavelength nm pervious spectrums, Fig. 4), multiplied by the recipe color,
beers .which have the same olovibond measurements are perceived as different colors. The differences in these spectrums and the — multiplied by the influence factors of each caramel and Example at 500nm (figure 5):
perceived beer colors are discussed below (Fig. 1). black wavelength, and summed. These absorbance values  Abs = (5374 /20 *27.6 *.27) + (7802 /20 *27.6 *.73) =.9862
e : . : The slope of the absorbance scans between 420 and 440nm (Fig. 4) are = iSsi = g -
The deviations in individual malt spectrums from the average was less than the error in the method and it 1s thus believed that the <ed to lzlesi nate an arbitrary hue fact\c))vr of the sample. in de( engden)t of Slope of Caramel Malt Wo_rt 1.340 are then converted to transmission to generate a spectrum. %7 = 10"(-.9862) * 100 = 10.3
color from each of the two groups of malts could simply be represented by two average spectrums. The spectrum of any beer or 4 oot g ding t ri;) u Lambert Law. R tl? 1’ p Slope of Black Malt Wort = .1:216
wort made with a mixture of malt types will lie somewhere between these two spectrums. This spectrum will be from the combined concentration (according to Beer-Lambert Law, Ref. 1). Slope of Unknown Composition = 1.283 Transmission values were obtained from data generated from
. . . : ) . . _ . o C I  Dark Roasted
;nf;:titlllcrzrel: ;)Vfl tt}lllguchflge\fieft fg(;l;]é):t(e)t; n\;as; used. The two spectrums can be manipulated mathematically to predict the resulting le)l; i]ilazl;z/i?ali[ Ssjigp: Lsai;lﬁ:cmd from the Caramel Malt slope to 1.340 - 1.216 =.124 wavelength scans at 400, 490, and 580nm (as displayed in Fig. 3). R 955 Figure 7: arame ark Roaste
P g ‘ S P P ' These values were converted to a 0-255 scale from percentage and % lliaS;M (?010{ S
Transmission at 20 SRM Caramel / Kilned : - - : simulations o
Greater Transmission of light through the green to red Assuming that the upknown color can bs: recreated from the two malts,  700% Caramel Malt = .124 the numbers inputted into a RGB color generator (Ref. 3), as B =170 2 base mal,
region, for equivalent SRM. the value .124 (previously stated) is equivalent to 100% Caramel Malt  100% Black Malt = 0 shown below. two specialty
, The total amount of light transmitted across the entire color, and the value of 0 is equivalent to 100% Black Malt color. malts (Figure
=== Special Roast L . . o — — : R=179 3) and an
spectrum is higher at equivalent Lovibonds resulting in a . : R, G, B =255, 255,255 = White Caramel
= Carammel 60 lighter color The Black Malt slope 1s subtracted from the Unknown slope to obtain 1,283 — 1.216 =.067 RGB=0.0. 0 =Black G=60 20 SRM Unknown
0 ' . . .- — s I, ) ’ B= 54% C |
% == Caramel 120 The proportion of red-wavelengths transmitted is greater the variance factor for calculating percent composition. 'Eo 46% g;r?;
£ —— Extra Special | resulting ina the perception of a reddish hue. Percent Caramel Malt influence is equal to the factor for the Unknown .067/.7124 x 100 = 54% R =red color factor = %T at S80nm * 2.55 color).
E === Dark Roasted Dark Roasted / Black divided by the slope variance, multiplied by 100. G = green color factor = %T at 490nm * 2.55 R =145 i
- —— Roasted Barl Transmits less light in the green to red region, for equivalent B = blue color factor = %T at 400nm * 2.55 G =47 2 HXNOWI
R 0asleaareyl  srm. Percent Black Malt influence is equal to 100 subtracted by the Caramel 700 — 54 = 46% B=2 0 SRM Figure 8:
‘ = Black Malt The total amount of light transmitted across the entire Malt percentage. Examble of Caramel Malt Wort at 20 L: _— COIOE
—— Aromatic Malt spectrum is lower at equivalent Lovibonds resulting in a _ P o/ ) simulations o
N | | j | . | darker color To recreate the Unknown color, the color (Lovibond) or SRM of Caramel 60L: 20 * 54 /100 =10.8 /60 * 32.3 =5.8 #/bbl R =580nm =70.2% *2.55 =179 R=111 Dcaliaﬁlel ing
400 450 500 550 600 650 700 750 800 The proportion of transmitted red-wavelengths is less unknown wort or beer) is multiplied by the percentage for each malt G =490nm =23.6% * 2.55 = 60 Gi - " M(:I‘fseat
Wavelength nm resulting in the perception of a brownish hue. and divided by 100. This value is divided by malt color (°Lovibond)  Black 500L: 20 * 46 /100 =9.2 =~ 500 * 32.3 =.59 #/bbl B =400nm = 4% *2.55 =1 B= various SRM.
Figure 1: Represents the transmission of light along the visible spectrum, made from worts of specialty malts. and multiplied by a factor to obtain usage rate (pounds per barrel).
All malts are represented as 20SRM (measured at 430nm).
Absorbance at 20 SRM Eti;‘;";;e) jricgzlf’liiegsﬁ?flzﬁ; Caramel and Black Malt Combinations If the spectrums of all malts in a recipe The color contributed by malt to wort and beer was studied. It was found that Caramel and kilned malt worts transmit light differently
: [ e a B the visible spectrum, 100 are known and the color obtained from these 3 100 Figure 5: Spectrum, in than worts from dark roasted malts. The differences can be quantified by measuring the absorbance or transmittance over the entire visual
3 made from worts of % I I l | malts are known, the resulting spectrum is ’\ Absorbance and % spectrum. Two distinct types of spectrums emerge. These spectral differences have several useful applications. A spectrum can be
25 specialty malts. All malts 80 I I I ‘ - Caramel predictable. This spectrum can be used to 2.5 - ggrame' Transmittance, generated from a malt bill using the known color influence of each malt and the spectrums of each malt type. Transmittance spectrums can
— Special Roast gr?m\r;:presenteddas 20 3 70 I l 1 — Black generate a simulation of color before EZ?S;C;%?{;;?I{IZTEE? then be used to generate a simulated color using a RGB color generator. This allows the brewer to gain an approximation of not only a
, 2 —garame: ?go 430n£Teasure at .~§° 50 | I 1 creating a wort or beer. This is especially S ° Black20 | 1k malt scans beer’s lovibond.ratin.g, .but alsp it’s actual observed color. An unknown sample can be :.cmalyzed.to determine the cplor contributi.on of §ach
: N \. :Eitrrzrgi) i g 50 4 I /s 75:/0 Caramel valuable for comparing the visual color of S 15 (displayed). type of malt, using distinct pmpts on the absorbance spectrpm for comparat1v§ calcula.tlons. Tl}ls can be used tp diagnose col.or i1ssues in
5 \ _ G | - A 257%Black - - 2 Recipe finished beer or to reverse engineer the beer’s color and adjust the recipe to hit the finished lovibond and perceived color desired.
g Dark Roasted = 409 I I —50% Caramel different recipes. 2 276
<., — Roasted Barley < 30 % 50% Black 14
— Black Malt 20 | ,I ! — 95% Caramel Example Recipe: %T Recipe
0.5 Aromatic Malt 10 M I 75% Black 2#p C pl M It (60L) 05 27.6 1) Harris, Daniel C. Quantitative Chemical Analysis 3rd ed. Chapter 19
| I I aramel Ma . .
00 | | | | . . | | Flgurf 3: 1Sh0\1)vs 12 0400 5(')0 6(')0 i 1# Caramel Malt (120L) 0 Jeactest 4 Figure 6: Color 2) http://www.mpq.mpg.de/~haensch/comb/Astrocomb/english.html
40 450 50 50 60 650 700 750 80 Caramel malt, Blac 1# Chocolate Malt encrated from formula 3) Microsoft Excel 2003
malt, and several Wavelenath Wavelength nm &
Wavelength nm combinations of the two. g 5# Black Malt spectrum. 27.6L. 4) Beckman Coulter, DU®8S00




