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Abstract: The purpose of this work was to examine the influence of
the temperature, the pitching rate of yeast and wort composition (Free
Amino Nitrogen) on the content of acetaldehyde in beer. It is known, that
higher fermentation temperatures stimulate the formation of acetaldehyde,
as well as the higher rate of acetaldehyde reduction, leading to lower
concentrations in the final beer. Beer produced with increased pitching rate
of yeast (26 and 35 x 10° cellsmL™), contains lower quantities of
acetaldehyde as compared to the control beer. Lower content of a-amino
nitrogen in result of substitution of 5 to 10% of the malt with rice, sugar or a
combination of both does not lead to considerable differences in the
acetaldehyde concentration in beer.
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INTRODUCTION

Aldehydes belong to the group of the carbonyl compounds, which are characterized
with a great flavor-determining potential and greatly influence the flavor stability of
beer. Over 200 carbonyl compounds have been established in beer, from which
acetaldehyde has the highest concentration [1]. Aldehydes with greater chain-length are
more flavor-active in comparison with acetaldehyde [2]. Acetaldehyde content varies
significantly and is about 60% of the overall aldehyde content [3]. Normal ranges for
acetaldehyde are between 1 and 20 mg-L™' [4], and according to other authors — below
16 mg- L' [5].

Acetaldehyde is an important flavor compound. It induces flavor of freshly cut green
apples, grass or green leaves in beer [4, 6]. Higher concentrations of this metabolite are
undesirable, due to the unpleasant off-taste [7], which is characterized as "young",
"green" it leaves in beer [8].

Aldehydes are intermediate metabolites in alcohol fermentation. They could also result
from alcohol oxidation [8 — 12]. Acetaldehyde is produced in the carbohydrate
metabolism as a result of the decarboxylation of piruvic acid. During fermentation and
maturation of beer, acetaldehyde concentration varies greatly, reaching a maximum
during the main fermentation and then decreasing. The decarboxylation reaction takes
place in the first 48 hours of the primary fermentation and is catalyzed by the enzyme
piruvate decarboxylase. After that acetaldehyde synthesis is decreased, and reduction to
ethanol is increased, catalyzed by the enzyme alcohol dehydrogenase [10].
Acetaldehyde could also be a result of bacterial contamination of beer with micro-
organisms from the genes Zymmomonas and Acetobacter [4, 8, 13].

It is known from numerous scientific studies and observations in practice, that wort
composition, yeast strain and the fermentation conditions are the essential factors
determining not only the course of the fermentation process, but also the flavor quality
of beer [14, 15]. Purpose of the current paper was to investigate the influence of
temperature, brewing yeast concentration and wort composition on the acetaldehyde
content in beer.

MATERIALS AND METHODS

Industrial wort was used in two of the experimental series, characterized as follows:
extract content — 11.78%, pH — 5.60, a-amino nitrogen — 176 mg-L™', dissolved oxygen -
7.5 mg-L". In the third experiment in order for a varying assimilable N-compound
concentration to be obtained, different raw materials were used — malt, sugar and rice in
the following ratios: K — 100% malt, V; — 90% malt and 10% sugar, V> — 90% malt and
10% rice, V3 — 90% malt, 5% sugar and 5% rice.

The experiment scheme of the different fermentation temperature variations is as
follows: initial temperature 6.5 °C, end-point temperature — 5.0 °C, and maximum
temperature: K — 8.5 °C, V; — 6.5 °C, V, — 12.0 °C, V3 — 16 °C. The pitching rate is
18x10° cells'mL™.
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Research on influence of the pitching rate is carried out at a maximum temperature of
8.5 °C, and the following cases: K — 18x10° cellssmL™", ¥; — 10x10° cellsmL™, V>, —
26x10° cellsmL™", V53— 35x10° cellsmL ™.

The experiments were conducted in a 2.5L fermenter with a strain of Saccharomyces
carlsbergensis. After conclusion of the primary fermentation, the green beer was
transferred for maturation in hermetically sealed bottles at temperature 2 — 4 °C for 20
days. In all of the analyses, methods commonly accepted in Bulgaria and the EBC
(European Brewing Convention) were used. The amount of acetaldehyde was
determined according to the method described by Arsenault and Yaphe [16].

RESULTS AND DISCUSSION

The results from the experiments conducted for establishing the influence of the
temperature are presented on Figure 1.
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Figure 1. Influence of temperature on the acetaldehyde content in beer:
K-85°C, V;—65°C, V,—12.0°C, V3—-16°C

The data from the diagram show that on temperature increase, the concentration of
acetaldehyde decreases. The higher temperatures induce acetaldehyde formation
followed, however, by more intense reduction of the metabolite to ethanol. This is
probably caused by the increased enzymatic activity in yeast, which leads to lower
acetaldehyde concentrations at the end of the primary fermentation. Levels of
acetaldehyde in beers, produced at fermentation temperatures 6.5 and 8.5 °C are
relatively high. Irrespective of the fact, that acetaldehyde content in all variations and
the control is lower than the 25 mg' L™ threshold cited in literature [17, 18], it is
considered that acetaldehyde concentration should not exceed 10 mg-L" [19]. These
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data corresponded with the tendency of increasing the ethanol content while
acetaldehyde decreased.

On Figure 2 the results from the investigation of the pitching rate are presented. The
pitching rate is known to influence the growth rate of yeast and the duration of the
fermentation. The lower initial concentration of yeast cells correlates with the more
intensive growth rate and the levels of acetaldehyde increase.

It is clear, that when the brewing yeast cell concentration rises in the range from 10x10°
to 35x10° cellsmL™, the levels of acetaldehyde decrease. Higher acetaldehyde
concentration was established in the young beer from V; and K. It can be assumed, that
the reason for accumulation of lower amounts of acetaldehyde in the medium when
greater pitching rates are used, is the earlier and more intense reduction, therefore
acetaldehyde levels in the end of the primary fermentation are lower. The acetaldehyde
concentration in the mature beers is within the normal range below 10 mgL™.
Therefore, the use of this technological factor for intensification of the fermentation
process can be considered reasonable.
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Figure 2. Influence of the pitching rate on the acetaldehyde content in beer:
K —18x10° cellssmL™, V; — 10x10° cellssmL”, V,— 26x10° cellssmL”,
Vi—35x10° cells-mL”

Data from Figure 3 indicate that in the percentage investigated, the malt substitution
(with rice, sugar, or a combination of them) leading to a-amino nitrogen levels in the
range 125 — 155 mg-L™' does not have a substantial influence on the acetaldehyde
content. The lowest value in the end of the primary fermentation is found in the control
beer, which was produced with malt only. In all four final beers the acetaldehyde is
within the normal range, i.e. below 10 mg-L", and is significantly lower than the flavor
threshold.
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Figure 3. Influence of the levels of free a-amino nitrogen on the acetaldehyde content
in beer: K— 100% malt, V; — 90% malt and 10% sugar, V>, — 90% malt and 10 %
rice, V3 —90% malt, 5% sugar and 5% rice

CONCLUSIONS

The higher fermentation temperature is known to enhance the reduction of the
acetaldehyde concentration in the final beer. Beer, produced at an increased pitching
rate (26 and 35%10° cellsmL™) exhibits lower acetaldehyde content. Therefore, altering
the pitching rates and temperature could be effective methods for acetaldehyde
concentration control. Substitution of 5 to 10% of the malt with rice, sugar, or a
combination of the two induces a decrease in the a-amino nitrogen in the worts. In the
range investigated (125 — 155 mg-L™") the amino nitrogen content does not influence the
acetaldehyde concentration substantially.

ACKNOWLEDGMENTS

The authors are grateful for the support of the University of Chemical Technology and
Metallurgy, Sofia, Bulgaria, Grant. No. 2010-10750.

REFERENCES

1. Priest, F., Stewart, G.: Handbook of Brewing, 2006, 503-506, 608-616;
2. Jackson, J., Linskens, H.: Analysis of taste and aroma, 2001, 29-44;

St. Cerc. St. CICBIA 2010 11 (3) 363



PETKOVA and JONKOVA

3. Boekhout, T., Robert, V.: Yeasts in Food: Beneficial and Detrimental Aspects, 2003, 347-383;

4. http://las.perkinelmer.com/Content/ApplicationNotes/FAR_ GCBrewingQCApplications.pdf;

5. Pajunen, E., Tapani, K., Berg, H., Ranta, B., Bergin, J., Lommi, H., Viljiava, T.: Proc. of the 2§-
th EBC, Budapest, 2001, 49;

6. Engan, S.: Brewing Science, Pollock, J. R. A., Ed., 1991, 93—165;

7. Ashurst, P., Dennis, M.: Analytical Methods of Food Authentication, 1998, 146- 147;

8. http://www.homebrewhaus.biz/html/acetaldehyde.html;

9. Engan, S.: Carbonyls in Beer, Brewers Digest, 1975, 50;

10.  Goldammer, T.: Brewer's Handbook, Second edition, 2008, (http://www.beer-brewing.com/);

11.  Narziss, L.: Abriss der Bierbrauerei, 1980, 187-265;

12.  Wellhoener, H.: Uber den Einfluss von Gérungsstoffwechselprodukten auf die Bierqualitit,
Brauwelt, 1966, 106, 813-818;

13.  Bamforth, C.: Beer: An Ancient Yet Modern Biotechnology, Chem. Educator, 2000, 5, 102—-112;

14.  Rainbow, C.: The Yeast, 1970, 3, 198-199;

15.  Wellhoener, H.-J.:Die Gaerungstechnologie und Reifung des Bieres, I. Gdrungsnebenprodukte,
Brauwissenschaft, 1973, 26, 125-129;

16.  Arsenault, G., Yaphe, W.: Fructose-Resorcinol-Hydrochloric Acid Test for Detection and
Determination of Acetaldehyde, Anal. Chem., 1966, 38, 503—504;

17.  Barwald, G.: Uber den Aldehydgehalt des Bieres, Tageszeitung fiir Brauerei, 1965, 62, 896;

18.  Meilgaard, C.: Flavour Chemistry of Beer. - Flavour Treshold of 239 Aroma Volatiles, 7Q MBAA,
1975, 12, 151-168;

19.  Zvirbljanskaja, A., Isaeva, F.: Drozdi v pivovarenija, 1979, 176.

364 St. Cerc. St. CICBIA 2010 11 (3)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


