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ABSTRACT

The Infrared and Ultraviolet systems were used for the determination
of glycerols wwd polyphenols in beer and wine. Camparisan is made with
the standurd methods (Soxhlet, acetone weight extraciable, and carbox-
ymethyleellulose), and results for al} methods are presented.

Results from the Infrared and Ultraviolet metheds are lower due to
the presence of uily glycerols or phensls,

Qurntitative differences in ihese components that are dependent on
the amonuts of raw materialy and enzymes in beer bave Leen found.
Clycerol, polyphenols, and low moleatiar weight nitrogen compounds
were repurted in relation to the physical, chemical, und organoleptic
properties, and with rexpect to the foam stability, viscosity, and chill-
prooimess of the final product,

INTRODUCTION

The use ol enzymic preparations such as a-arnylase,
protease, and glycanase us hydrolyzing agents of un-
malted cereal compounds has been the subject of several
studies.* The sequence of these enzymatic reactious be-
gins with the breakdown of phospholipids of glycerides in
beer and leads to the formation of free fatty acids.5% The
fatty acids anel glycerides destroy the colloidal system, and
this factor decreases the foam stability of the final prod-
uct.8 The enzymatic reactions taking place during beer
preparation change the amount of nitrogenous and poly-
phenclic substances and also glycerol which influence the
properties of beer -

Thus, it is important to determine the various constitu-
ents of beer, especially glycerol and polyphenols. The mass
spectral identification of glycero! in beer has been re-
ported. ' Gas chromatographyt 112} distillation and co-
forimetryt374, acetone and carbon tetrachloride weight
extractable methodst'>18) spectrophotometry CMC/
EDTAUS d-aminoantipyrinet’™ have been used for the de-
termination of glycern! and polyphenols. But these meth-
ods are very complicated,

Infrared spectroscopy has not heen used extensively for
quantitative glycerol determination.

In this study a simple method for glycerol and poly-
phenol determination in the acetone-extractable beer frac-
tion by infrared {IR) and ultraviolet {UV} spectroscopy is
reported. This method hias also been applied to wine musts.
In comparison to other methods this procedure is fairly
rapid.
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SINTESIS

Se¢ han usado los sistemas jofrarcjo y ultravioleta para la
determinacion de gliceroles y polifensle en cerveza y vino. Se hace una
comparacidn con los métodos estandar {Soxhlet, peso extraible con ace-
tona y carboximetileelnlasa), y se presentan Jos resultados para todos los
métados.

Los resultados con los métodos infrarrgjo y Ultravialeta son mds bujos
debido a la presencia solamente de gliceroles y fenoles.

Se hun encontride diferencins cuantitativas en estos commponeites que
dependen de las cantidades de materias primas y envimus en la cerveza,
Se reportaron ghcevol, polifencles ¥ compuestos nitrogenados de bajo
peso molecular en reluctdn a las propiedades [sicas, quimicas y or-
ganolépticns y con respect a la estubilidad de la espuma, 1a viscosidad
y la estaliilidad al enfrinmiento del producto final.

METHOD

Apparatus and Reagents

The enzymes (Novo-Industria/s, Copenhagen, Den-
mnark) employed lor different biochemicul reactions were:
Termamyl 60L—for the liquetaction of adjincts; Neutrase
1.55—for the breakdown of proteins o peptides; Cereflo
200L—for splitting the A-glucan in malt and barley; and
Fungamyl 800L—for the hydrolysis of starch and dextrin
to fermentable sugars.

All the experiments were carried out on Lager type Is-
raeli beer made under normal processing conditions using
the following materials:

Control 1— 60% malt + 40% sorghun;
Controf 2— 100 malt. This sample was introduced for ob-
taining comparative data on nitrogen content;

Test 1—  65% malt + 35% sorghum with 4 enzymes;
Test 2—  60% malt + 40% sorghum with 4 enzymes;
Test 3—  50% malt + 50% sorghum with 4 enzymes.

The investigation also included some Israeli Semillon
musts and wines and other trade beer samples.

Standard solutions of glycerol in acetone were prepared
thus: 2,5,10,15,20,25 & 3tmg glycerol/m} acetone.

Standard solutions of polyphenols in methanol were
prepared 0.01, 0.02, 0.03, and 0.04mg resorcinol/ml
micthanol.

"The glycerol and palyphenol compounds were ex-
tracted from beer and wine lyophilizates with acetone,
and cxtracts assayed by IR and UV spectrometry. IR mea-
surements were made on a Perkin-Elmer Model 257 in-
frared spectrophotometer. UV measurements were carried
out with a spectrophotometer Varian Techtron, Maodel
635. ’

The analyses of total polvphenols in beer has been de-
seribed 1% The viscosity of the samples (a property which
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Fig, 1. Calilwation. curve for giyeerol.

determined hjterability) was measured with an Ostwald
viscosimeter1%.!% and calculated on the basis of one partic-
ular concentration of wort and beer.

Albumose was determined by the reported method
based on ZnSO4 precipitation.*” The nitrogen content
was determined in paralle] samples before and after pre-
cipitation by Kjeldahl analysistt®2® (Buchi Nitrogen De-
termination System: Digestion Apparatus, Buchi 425; Dis-
tillation Unit, Buchi 320).

Chill haze (physical stability) was measured with the
EBC hazemeter after one day’s storage at 40°C, followed
by chilling to 0°C for 24.

The foam stability was determined by maodified Carls-
berg method as sigma value of heer.?V

The determination of peptide nitrogen was carried out
by the glyoxal or methylglyoxal method at 321 or 335 nm,
respectively.?

Preparation of Samples

Initially the beer sample was degassed by shaking and
clarified by centrifugation. The 100 ml of each beer or
wine samples were lyophilized. The beer or wine lyophy-
lizates were extracted with three 100 ml portions of dis-
tilled acetone. The solvents were then evaporated to dry-
ness. Each of the samples was prepared by dissolving the
residue in 1 ml,

IR and UV determination

The determination of the glycercl content in beer and
wine was made by comparison of the IR absorption spectra
of the sample with that of glycerol standard solutions at
1040 em-t. The glycerol was quantified by comparison of
the IR stretching bands at 1040 em-? based on the experi-
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Fig. 2. Calibration curve for resorcinol.

menta) data.?® This band is reported according to the
characteristics to primary and secondary alcohols (isopro-
pyl alcohol, cyclohexanol, and t-Buthyl aleohol). Substi-
tuents shift the band to a higher frequencies. %

For polyphenol determination the samples and stand-
ards were dissolved in methanol, and the spectra were re-
corded against methanol at 275nm-Amy for phenols. @1

Calibration curves for glycerol and resorcinof are shown
in Figures 1 and 2,

RESULTS AND DISCUSSION
The spectral data of beer sample, glycerol, polyphenols
and acetone are shown in Figure 3.
Acetone extractable beer and wine fractions give dis-
tinctive absorption patterns similar to that of glycerol.
These bands did not change in all beer and wine samples

* with regard to standards. The broad band at 3600-3200

em-tis assumed to be the result of absorption of hydroxylic
group, including water, therefore this region cannot be
used for a quantitative glycerol determination. C-O ab-
sorption is seen at 1040 cm-? in all beer and wine samples,
in standard glycerol, but was not detected in acetone when
used as a solvent. This was the region used for quantitative
glycerol determination.

Spectrum of a beer sample showed the only glycerol
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TABLE 1.
_ COMPQSITION ARD PROPERTIES OF INVESTIGATED SAMPLES
Wart: Bear: Semiilon

Qualilative Coniral  Control  Test Test Test Contral  Control  Test Test Test  Macca
Indices ] 2 1 2 k! 1 2 1 2 3 bee  Amstel 0K tust  Wine
Lyaphilized weight,

g/ 100 ml 33 37 34 35 34 38 2.9 41 23 Lo
Acelong fraction

weight,

mg/ 10 ml 194.2 14.1 9.8 220 23.2 5.2 14.7 9.8 405 2300
Glycerol, mg/ 100 ml 13 6.0 52 19.0 14.2 i 11.2 44 27,5 1300
Palyphenols,

mg/ 100 ml 13.0 15.1 149 144 134 15.4
Yigcosily, cP .79 1,71 1.64 1.60 1.60 1.34 154 1,52 1,61 168 1.71
Mash filtration, hrs 4.1 34 3.2
Athumose, mg/ 100 ml 45 6.1 54 8.7 8.6
Peptide, my/ 100 ml 14.0 13.0 15.1 185 2.9 20 205
Chill haze EBC wnis 1.1 0.8 0.7 0.8 13
Foarn Stability (sigma} _ 97 122 125 100 114 121 102 82

characteristic bands and no absorption peaks for poly-
phenols. The limiting factor in this case was the low con-
centration of polyphenols in the acetone extractable frac-
tion.

The results of the chemical analyses are summarized in
Table 1. Several samples of beers and wines during proc-
essing were measured. All the samples except wine gave
the same amount of lyophilizate. These ranged from 2.9 to
4.1 g/100 ml. The acetone fractions varied from 10 to 30
mg/100 ml although wine gave a very high content (240
me/100 ml). Considering that we started with the same
amounts of lyophylizate in Contrel and Test samples, we
saw that the increase in the amount of acetone extractable
fraction had an increased glycerol content. In Testy 2 and
3 beers more glycerol than in Control 1 beer was found,
but the amount of glycero! in Test 1 was low compared to
Control 1, Enzymatic reactions led to more glycerol in
beer (Tests 2 and 3) because the hydrolysis took place dwr-
ing processing stage. Higher proportions of adjuncts in
Tesl 2 heer showed an increase in glycerol as compared to
Test !, but with increase of sorghum content up to 50%
(Test 3) had similar effect as 40% sorghwn (Test 2}. The
higher glycerol content in Tests takes from the acetone ex-
tractable fraction are reflected in higher levels of viscosity

of the corresponding beers, but this factor slightly de-
creased the foam stability. However, the viscosity of wort
and beer Tests was lower than in Control 1, and the mash
filtration time was also reduced.

Further examination of the Table 1 showed only small
differences in polyphenols between the Control and Test
samples.

Comparison of the commercial beers (Maccabee, OK,
and Amstel} showed an increase in the glycerol content
{Tahle 1}, and it was proportional to the viscosity and foam
stability.

Precision data for glycerol at different concentration
levels are summarized in Table 2, It shows the resylts of
twenty determinations at each of four different concentra-
tions.

TRBLE 2.
Precision of measurement al Different Conceatration Levels
for IR Spectroscopic Methed

Glycerol . Coefficient of
in acetone, Mean absorbance for Varation, n=20;
mg/ 100ml 20 measurements +  Std. Dev. %
5 0.46 + 002 2.67
1y 0.62 + 002 330
15 087 + 003 3.54
pall 1.1 + 07

4 66
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TABLE 3.
Comparison of Standard Sexhlet methed for tatly substances, acetone exiractable method,
and IR speciroscapic method for glycerol.

Saxhlat method for

fatty substances

Acetone extractable

method with mass IR spectroscopic method

__ s
mean conen, Mean conen.
wean congn. ghycerol glycerol
Sampte me/00mé C¥% mg/l00ml C¥% mg/100ml V%
Control 1 179406 3 18206 3 83403 3
Contral 2 127404 3 141+04 3 60+02 3
Tast 1 83502 3 98103 3 52102 3
Test 2 208+0.6 3 220%06 3 19.0+08 1
Test 3 223108 3 23.24£06 3 14.24£05 4
Maccabee 148£05 3 152+04 3 7102 K|
Amstal 136204 3 147 +04 3 11.2+0.3 3
Ok 288407 3 0808 3 254056 5
The coefficient of variation for all ten analyses with IR REFERENCES

spectroscopic method compare favourably with the ace-
tone and Soxhlet extractable methods as shown in Table 3.

Table 3 shows the results of comparison analyses for
some real samples of beers between the Soxhlet method,
weight extractable method, and IR spectroscopic method
for glycerol. Ten analyses were carried out on each of the
8 samples of beers shown at Table 3,

As expected, results with the IR spectroscopic method
are lower than the results with weight extractable method
and Soxhlet methad because the acetone and carbon tet-
rachloride extractable fractions contain not ouly glycerol
but also phenols and other fatty substances, such as glycer-
ides, ete.

Addition of enzymes in the mashing process gave a sig-
nificant increase in low molecular weight nitrogen com-
pounds in albumoses and peptides in Test samples as com-
pared to Countrol I This data deterinined the changes in
protein properties such as foamability and viscosity which
mfluence the quality characteristics of the beer and also
relate to its taste, foam and chillproofness. Such changes
result from the action of enzymes and the amownts of ad-
juncts, An acetone extractable haction of beverages was
characterized by spectroscopic methods. Coraparison of
the spectra revealed mainly quantitative differences in
glycerol and polyphenol content. Beer samples vary
widely in their content of these compounds. Beer prepared
with supplemental enzymes was observed to contain more
glycerol in the acetone extractable fraction than in heer
without enzymes. The amount of glycerol in the acetone
extractable fraction could be used to detect the degree of
enzymatic hydrolysis of fatty compounds in beer produc-
tion and to predict beer characteristics such as viscosity
and foain.
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