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This work attempts to measure the importance of methional and phenylacetaldehyde on the flavor
stability of beer, as direct participants or as indicators of aroma deterioration. A trained sensory panel
identified the most important descriptors related to the typical aroma of aged beer: “malty”, “honey-
like”, “cooked potato”, and “metallic’. By GC—olfactometry analysis, six aromatic zones related to
the selected descriptors were highlighted, and by using GC-MS techniques it was possible to identify
methional and phenylacetaldehyde as being responsible for two odor zones. The quantification of
these molecules in samples submitted to forced aging treatments showed that the levels of methional
and phenylacetaldehyde are dependent on the temperature of storage. Normal aged beers were
also analyzed, and it was observed that these compounds accumulate with time of storage.
Furthermore, these molecules were negatively correlated with the aroma quality of beer as evaluated
by a sensorial panel. To validate the sensory impact of these substances, a fresh beer was spiked
with these molecules and also with trans-2-nonenal, singly and in combination, and the similarity
value between samples and the aged beer was then determined. The highest value from the similarity
tests was 72% when the three compounds were added simultaneously. The combination of the two
Strecker aldehydes increases by 54% the degree of similarity, indicating the key role played by these
molecules in the aroma deterioration of beer. Finally, the kinetic parameters, E, and k, were calculated,
and it was observed that the Arrhenius equation described well the temperature dependence of the
reaction rate constant. Measuring the concentration of methional and phenylacetaldehyde may provide
information about the key steps along the process that most affect the flavor stability of beer, which
may be useful in establishing the best storage conditions.
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INTRODUCTION The Maillard reaction involves sugars and amino compounds

Flavor stability has become one of the most important subjects in @ very complex network of reaction3). Strecker degrada-
in brewery research, as demonstrated by the large number oftion is a minor pathway of this wide mechanism, but it is very
studies available in the literaturé€21). Several mechanisms importantin the formation of many volatile organic compounds,
are recognized as contributors to the undesirable “stale char-the “Strecker aldehydes”.
acter” typical of flavor deterioration1@). Two are widely In beer, the degradation of amino acids such as leucine,
accepted as the most relevant: lipid oxidation and Maillard isoleucine, and valine into the Strecker aldehydes 3-methylou-
reaction (3). The first pathway is responsible for the presence tanal, 2-methylbutanal, and 2-methylpropanal, respectively, are
of trans-2-nonenal, involving the chemical or enzymatic oxida- POsitive contributors to aroma quality, considered to be respon-
tion of polyunsaturated fatty acids, linoleic acid isomers. This Sible for the malty characte®(10, 13). However, Strecker
aldehyde, which has the unpleasant smell of cardboard with analdehydes derived from methionine and phenylalanine degrada-
extremely low odor threshold of 0.03&/L (2), is responsible  tion, respectively, methional and phenylacetaldehyde, were
for one of the most undesirable aromas in beer. More recently related to the typical aromas of spoiled white wing8, (24).
it has also been suggested that it can be released from proteind? beer, methional was also related to the flavor of aged beer

of wort during beer storages). (14, 15). _
Carbonyl compounds are known constituents of beer raw
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to levels below the analytical detection limit, by yeast activity, of aged beer. In a first set of sessions, every member of the panel was
even in cold conditions26—27). asked to freely describe the aroma of the beer. The hedonic and

The sulfur dioxide formed by the yeast metabolism can bind redundant terms, as well as the nonpertinent terms, were then
these molecules, thus contributing to a reduction in the perceivedd'sregarded and a first group of descriptors was obtained in this manner.
“aged character”. Nevertheless, the possible release of aldehydeghen’ the panel was asked to determine if the first series of descriptors

- . . Were present or absent. Those descriptors considered to be absent by
from the sulfite adducts during bottle storage may also contribute 5o, ¢ ihe panel were eliminated, and a second group of descriptors

to the accumulation of these molecules in beer. was obtained. The panel was then asked to rank each of these descriptors
The aim of this work was to select suitable chemical on a scale of 610.

substances, responsible for aroma deterioration, to be monitored = Similarity TestingThe aroma-active compounds methional, phenyl-

during beer production, to provide information concerning the acetaldehyde, anans-2-nonenal were added singly and in combina-

key steps along the process that most affect the flavor stability tion to a fresh beer in the following concentrations: 3, 4, and 0.25

and thus the beer’s shelf life. ug/L. The similarity value (SV) was determined by a comparison test.

The aim was selection of the most relevant descriptors relatedEach supplemented sample (coded) was presented to the panel together

with the typical aged aroma of a lager-type beer. The correlation vv_ith an aged beer, and the panel was asked to rate the similarity, on a

- . scontinuous scale from 0 (no similarity) to 10 (indistinguishable), of
between sensorial data and the presence of chemical substancegéach sample with the aged beer. The data obtained were treated

was carried out by gas chromatograptojfactometry (GC-O) according to the ANOVA procedur&9).
me‘flsurements' Beer samples, lager type, were proylded from Quality Scoring.The impact of methional and phenylacetaldehyde
an industrial brewery. To promote aroma degradation, SOme g, the typical aroma of aged beer was evaluated using a continuous
samples were submitted to forced aging experiments, in which “quality scale” from+1 (no defect) to-3 (major defect), as normally
temperature was the only technological parameter changed. Theised at the brewery. The lower acceptance level is considered to be
kinetic parametersi; and k, of the Strecker aldehydes were —1.4. Tests were performed individually. The results were collected
also calculated. after two tasting sessions by the trained industry sensorial panel using
the same sample preparation for each session. The average scores rated
by the panel were then calculated.
Organic Extract Selection: Aroma Represeit}i. Aromas were
Samples were produced in Portugal at UNICER Brewery facilities, extracted from a beer sample using different organic solvents: hexane,
following the standard production parameters corresponding to the ether, ethyl acetate, and dichloromethane. The same volume of beer
commercial brand lager-type beer. The pH, ethanoh,@éd total S@ (50 mL) was processed twice with 10 and 5 mL of each solvent.
values ranged from 4.3 to 4.5, from 5.4 to 5.6 (% v/v), from 5.1t0 5.5 Similarity tests were performed between the aroma of the obtained
g/L, and from 15 to 24 mg/L, respectively. The dissolved oxygen was extracts and the bee8@). Two 2-mL aliquots of each organic extract
<0.2 mgl/L. were concentrated under nitrogen stream to 0.5 mL. A drop was then
Beer Group 1: Forced Aging Experiment.To promote the aroma put on a “perfumer’s blotter” sampling paper, and the aroma was
degradation of beer, a forced aging experiment was implemented. compared with the original beer as a pair. The panel was asked to rate
Thirty-four lager beer samples (330 mL bottles, crown cork sealing the similarity on a discontinuous scale from 0 (no similarity) to 10
cap) were divided into two groups: (i) one was stored at a temperature (indistinguishable) of each sample with the aged beer. The data obtained
of 37 °C, for 7 days (standard procedure in the brewery in order to were processed according to the ANOVA procedure, and the Tukey
evaluate flavor stability); (ii) the other was kept at@ for 180 days. test was used to establish differences among organic soh&hts (
Samples were analyzed immediately after the storage period. Gas ChromatographyOlfactometry. To identify the substances
Beer Group 2: Normal Aged Beers.Eight beer samples were  responsible for the aromatic notes associated with the selected descrip-
analyzed after the 6 months corresponding to the shelf life period of tors of the aged beer, GC-O analysis was employed. Several dichlo-
the product. Two were kept at€ at the brewery, and the other six, romethane extracts from beers with different ages were submitted to
kept under commercial storage conditions, were returned to the point GC-O. Two microliters of the extract was injected into the GC equipped
of production after the shelf-life period had expired (“boomerang with an olfactometric detector. Chromatographic conditions were the
beers”). following: Hewlett-Packard HP 5890 gas chromatograph; column, BP-
Two samples of 25- and 40-year-old lager beers, belonging to the 21 (50 mx 0.25 mmx 0.25um) fused silica (SGE); hydrogen (5.0,
Carlsberg collection, were graciously furnished by the company Air—liquid); flow, 1.2 mL/min; injector temperature, 22TC; oven
(Carlsberg, Denmark). Despite being individual samples, and the temperature, 40C for 1 min programmed at a rate o€/min to 220
unrealistically long period of storage, it was chosen to include these °C, maintained during 30 min; splitless time, 0.5 min; split flow, 30
samples in the study. These samples could be of interest as “indicators”’mL/min. The makeup gas employed on the olfactometric device (SGE)
of chemical changes occurring after several years of bottle aging, was air (80% N, 20% ) (Air —liquid). Two streams were used: one
considering that the aroma degradation of the product results from awas bubbled through water to humidify the air and avoid drying out
progressive accumulation of molecules responsible for off-flavors during the assessor’'s mucus membranes; the other was applied at the exit of
storage. the GC column to lower the temperature of the effluent. A panel of
Beer Group 3: Kinetics Studies.Thirty bottles of 330 mL (five four individuals, using the same operational conditions and on the
groups of six bottles), crown cork sealing cap, of the same beer were same chromatograph, repeated this procedure. The odor zones reported
stored at different temperatures: 22, 30, 37, 44, and 88.Bamples by each panel member were compared with each retention index. The
were analyzed each 24 h for a total of nine sampling times. Kinetics descriptors were selected according to their frequency of citations.
of formation of methional and phenylacetaldehyde were determined Hedonic terms were not considered (good/bad), and those considered
as a function of time and temperature. to be analogous were replaced by the most cited.
Sensory StudiesSensorial PanelTwo sensorial panels were used: Chemical Studies.Standards PreparatiorThe following molecules
(i) one composed of 7 trained assessors, brewery workers, and (ii) awere purchased from Sigma-Aldrich: 3-(methylthio)propionaldehyde
second panel composed of 10 persons, university students and laboratorg27,746-0) (100% purity); 4,5-dimethyl-3-hydroxy-2{pfuranone
personnel. The latter panel was trained weekly for 2 months. Tests (W36,340-5) (97%); phenylacetaldehyde (10,739t8ns-2-nonenal
were performed individually, using tulip glasses containing 30 mL of (18829-56-6) (97%); isoamyl acetate (30,696FDamascenone was
beer in a room at a controlled temperature of Z0 Samples for graciously furnished by Firmenich.
sensorial analysis were kept in a refrigerator &C4and presented to Quantification Methods: Gas Chromatographylass Spectrometry
the panel immediately after opening. (GC-MS/MS)To quantify methional, phenylacetaldehyde, and sotolon
Descriptor SelectionThe AFNOR NFV-09-02128) procedure was an extraction was performed according to the previous w@gs To
used to select the most important descriptors related to the typical aroma50 mL of beer were added %0 of octan-3-ol at 466 mg/L as internal

MATERIALS AND METHODS
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standard ath 5 g ofanhydrous sodium sulfate. The beer was extracted RI
twice with 5 mL of CHCIl, (Merck). The two organic phases obtained 0 F1100 1075 fruity/very intense
were combined and dried over anhydrous sodium sulfate. Four milliliters | —————===_| igzg ;‘i‘fy’ fike
of this organic extract was concentrated until 1/19 .under a nitrogen 10] _151200 1110 strawberry like
stream with a 20 mL/min gas flow, and /A was injected on the F1300 1116  olives likefintense
chromatograph. 20 % 1125  floral/very intense

A gas chromatograph equipped with a GCQ mass detector, from 1400 1138 aged beer ike/very intense

1150 banana like
1500 1166  grass like
1202 floral like
1211 amylic alcohol
1310  bread like/very intense
1388  herbaceous like
1443 coffee like
1454  Acetic Acid/intense

51900 1463 Cookedgmoe llke/vergmtense

1516  fresh beer like/geranium like/very intense

Finnigan Mat (San Jose, CA), was used. The carrier gas was helium —
C-60 (Gasin), at a constant volumetric flow rate of 1 mL/min. The
transfer line and source temperatures were 200 and@9@spectively. é
The emission current was 70 mV, and the electron multiplier was set 40 %
according to the autotune procedure. The split valve was opened 1 min §
after injection with a flow of 60 mL/min. Volatile compounds were s =
separated in a FFAP (CP-Wax 58) column (50xn®.25 mmx 0.20 =
um) Varian-Chrompack (Walnut Creek CA) at a constant flow of 1 =
mL/min. The oven temperature was held at°&for 1 min and then [1690  Honey like |
increased at 3C/min to a final temperature of 230C, which was " 2100 1838 Cooked apple like |
held for 20 min. Mass spectra were acquired in MS/MS mode in four 70 o 1919 Rose like/very intense

segments: segment | (internal standard, 3-octanol), timelZ5min, j’ F2200 2038 Melted sugar like/very intense
precursor ion 83, width 1.0, time 16, excitation voltage 0.5 V, time 80 F [2189“Aged Port Jcurry Tike/very intense |
32}2‘?? :18-;?[?' S:Jeacr:};fsl(;?t:gz (;.UOIZer\-ll\tidﬁzisggtTrsgt;g(tié?tlggsg’ Figure 1. Chromatogram-FID and main descriptors detected by GC-O of
voltage 0.3 V, time 10 mgy = 0.225, quantification current 4&vz,  dichloromethane extract of a 40-year-old beer.
segment Il (phenylacetaldehyde), time-81 min, precursor ion 120,

T T T T T

1600

1700

[ 1800

;2000 1680 fatty-acid/very intense

width 1.0, time 16us, excitation voltage 2.0 V, time 30 m3=0.225, were employed. From an initial large number of descriptors,
quantification current 92z, segment IV (sotolon), time 2129 min, four were selected with the highest ratings: “malty”, “honey-
precursor ion 128, width 1.0, time 1#s, excitation voltage 1.2 v,  like”, “cooked potato”, and “metallic”.

time 30 ms,q = 0.300, quantification current 88vz. All segments GC-O Results. The similarity tests performed by the panel,
were acquired at 2@Scans. among samples that were in several sessions, unanimously

The quantification limits30) in beer samples for the molecules under considered as presenting the typ|ca| aroma of aged beer and
investigation were calculated@ = [meanx 10 x standard deviation]) the respective organic extracts, showed that the typical aroma
as well as the respective variation coefficients [C\#%(standard was better represented in the dichloromethane extract, 71%
deviation/mean)c 100]. They were, respectively, for 3-(methylthio)- 044 deviatior 17.6). Hence, this solvent was chosen to

propionaldehyde, 0.kg/L and 6.7%, for 4,5-dimethyl-3-hydroxy- . .
2(5H)-furanone, 0.4g/L and 3.2%, and for phenylacetaldehyde, 0.4 perform the GE-O using samples from group 1, forced aging,

ug/L and 7.1%. and group 2, normal aged, including the 25- and 40-year-old
To determinetrans-2-nonenal, a solid-phase microextraction was lager beers.
used as described in re3y). Twenty-three odor-active zones were selected as the most

Statistical Treatment#n analysis of variance (ANOVA), using the  frequently cited by the four members of the GC-O panel. Among
Excel software Windows 98 v. 7.0, was applied to the experimental them, six showed aromas close to the descriptors selected by
data; the results were considered to be significant if the assogiated the AFNOR procedure as characteristic of oxidative aged beer.
value was<0.05. To determine which samples were significantly They were described as “aged beer like”, “bread”, “cooked

different from another, the Tukey test was used. Samples were arrange ” P « "D
according to magnitude, and the least significant difference at 95%%&3&; dfcguag:f,e EE?Q Iggg)é)(RZ:ngl,‘ng)é dhc;q:%,, ((Fél#: :;658%))’

(LSD) was determined. Any two samples that differed by a valu8D .

were regarded as significantly differer@2j. (Figure 1). . ) . . .
Kinetic AnalysisStatistical data analysis was performed using the It was possible to identify, using GC-MS and chemical

Statistica program version 6.33). The most usual kinetic models ~ Standards, the corresponding molecules for the retention indi-

reported in the literature to describe kinetic of compound formation ces: 3-(methylthio)propionaldehyde (methional) (R1L463),

are zero-orderd = co + ki), first-order £ = ¢, expkt)], or second- phenylacetaldehyde (R+ 1690),3-damascenone (Rt 1838),
order (1€ = 1/co + kt) reaction models. The Arrhenius equatitrs and 3-hydroxy-4,5-dimethyl-2(5)-furanone (RE= 2189). It is

ker exp(-EJR x (1T — 1/Tee)], is usually applied to evaluate the  jnteresting to note the absence of the “cardboard-like” descriptor
effect of temperature on the reaction rate constamy, (whereT, k, related to the presence ¢fans-2-nonenal on the very old

ker, and B, are, respectively, the reference temperature, the E’”Cmar@msamples, whereas the Strecker aldehydes, methional and phe-
reaction rate constant, the Arrhenius equation constant, and the . .
nylacetaldehyde, were identified.

activation energy. )
To obtain meaningful narrower confidence limits for Arrhenius Strecker Aldehyde Levels in Samples.To correlate the

parameters, the one-step nonlinear regression method was employedjuantities of methional and phenylacetaldehyde with the flavor
This statistical technique takes into account all experimental data, quality of samples, a quantification method was developed using
attempting to fit a model to all concentration versus time data for all GC-MS/MS.
tested temperatureSs). Beer from group 1 was analyzed after a forced aging
Other Analytical Measurementd.he concentration of dissolved  experiment to promote aroma deterioration. Strecker aldehydes
oxygen was measurgd using aWTW 340 oxygen probe. Kovats index were quantified after 7 days of storage at°&7and also on a
Is calculated according to the literatui@6). second group (control) kept at°€ for 180 days. The results
are shown inFigure 2.
As shown inFigure 2, the quantities of these two aldehydes
Descriptor Selection. The selection of the most relevant are significantly higher in samples stored at the higher temper-
descriptors of the characterization of the typical aroma of aged ature. Using ANOVA processes significant differences were not
beer was carried out using the AFNOR NFV-09-0225)( observed regarding these Strecker aldehydes among samples
procedure. Samples from the group 1 forced aging experiment(p value = 2.38E-8 andp value = 4.46E-6). Conversely,

RESULTS AND DISCUSSION
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[ min = st quartile - median ~ 3th quartile ® Max| methional (g/L)
3.5 0.0 02 04 06 08 10 12 14
[Clug| (12 : —— 3 020
0 * W %o '0'4<E 2 em .
2.5 -+ & R 3 -0.60\ e ¢ .
2.0 y ,::l g 08¢ ® (X
5 - R L J [
LS ~ ; § -1.01 0. X
1.0 ) ﬂ.‘j P P12 .
05 = -1.4 o
0.0 r—i—\ -1.6 °
: T=4°C T=37°C T=4°C T=37°C 18- r=0.6103
n =17 samples n =17 samples n =17 samples n =17 samples -
Methional Phenylacetaldehyde
Figure 2. Levels of methional and phenylacetaldehyde in samples stored 0.0 . p hgny lagetalqehy de (4 g/L)ﬁ
at 4 and 37 °C for 180 and 7 days, respectively («g/L). 5 024 0'5. 1'“. .1'5 20 25 30 35
) .
. £ -04 S
[ B Methional [M] 774 Phenylacetaldehyde [P]] S o6 o
“Control “Boomerang Samples” (bs) < ¢
Samples” (cs) . & -08 Al
«T=4°C « T = Commerce Storage Conditions % '§ L0
~ 097 «t=180days | |*t=180days average & stand. deviation 353 §) )
%o,r M=05pgl;8D=02 ||, 7 -12 ~—..
=2 07 avera [P]=2.4pg/L; SD=0.5 -4 1.4 * *
= ge L2255 ® *
£ 0,6 [M=03 pg/L "~ -1.6 1
'§ 054 [P]= 1.4 pg/lL 208 ] L 0.6009 .
S 041 F1s 8 . T . .
= 031 %’, Figure 4. Relationship between quality means scores and methional and
0.2 - Lo é’ phenylacetaldehyde contents (ug/L) for group 1 beer samples.
ro,5
0,1 1 g
i : year-old beer and 2.4 and 6:&/L for the 40-year-old one,

Samples respectively. It is interesting to note the presence of sotolon in
the 40-year-old beer (1.0g/L), which is in accordance with
the “Port-like” aromas reported by the sensory panel. Finally,
the levels ofrans-2-nonenal were close to the limit of detection

of the method (0.0Jg/L) on the oldest beer and above this
limit on the 25-year-old beer (0.10g/L), which is consistent
with the “more oxidized character” reported by the panel for
this sample. It is important to emphasize that Strecker aldehydes
were always present in high levels.

Figure 3. Levels of methional and phenylacetaldehyde observed in beers
kept under different storage conditions: cs (control samples); bs
(boomerang samples) (ug/L).

differences were observed (95% level) for methional and
phenylacetaldehyde between samples stored at 4 artC37
respectivelyp value= 0.27 andp value= 0.33. As shown in

the inset Figure 2) these two molecules have a high correlation . ) .
value ¢ = 0.7567), indicating a concomitant formation during All of these observations point toward a progressive ac-

Strecker degradation. These results are in agreement withcumulation of Strecker aldehydes during storage; thus, special
previous works 23, 24). attention was taken regarding methional and phenylacetaldehyde

Considering the extreme conditions applied to forced aged as possible ‘indicators™ of aroma. deterioration.

. . . Correlation between Sensorial and Chemical DataTo
samples and knowing that the reactions due to high temperaturesestimate to what extent methional and phenylacetaldehyde levels
are different from those produced during regular agi8g),( pheny Y

. - were related with flavour quality, the samples were submitted
methional and phenylacetaldehyde were analyzed in beers . . .

) - 2 to sensorial evaluation. Sensorial data were collected by the
submitted to normal aging conditions (group 2 samples), after

the 6-month shelf-life period. Results are showrigure 3. brewery panel. The globgl quality of the Sar.“p'es was rated using
Th | d il giti a continuous scale ranging frotl to —3 using group 1 beers.
e samples exposed to commercial storage conditions ayerage scores for each beer were calculated (quality means

presented higher levels of both aldehydes, indicating that thesescores) and results are shownFiigure 4.

molecules are formed in normal aging conditions, with average The quality means scores are correlated with methional and
value_s of 0.3ug/L (SD = 0.2) and 2.4ug/L (S.D = 0.5) for phenylacetaldehyde concentrations witk= 0.6103 andr =
methional and phenylacetaldehyde, respectively, whereas the 5009, respectively. Higher values could be reached if chro-
levels observed in samples kept af@ were, for the same  \aiographic procedures that had low detection limits or
molecules, 0.3 and 14g/L. “outliers” of sensorial data were rejected. These outliers can

Strecker aldehyde formation is greatly affected by two correspond to beers with a higher aromatic complexity (matrix
parameters: (i) the temperature and (ii)_the levels of dissolved effect), for instance, with a high concentrationfeflamascenone
oxygen, mainly when close to saturatio4]. Because the o jsoamyl acetate. In fact, previous works reported that these
values of oxygen in these samples wei@2 mg/L, the observed o compounds are key odorants in beers, responsible for “sweet
variations within the commercial storage sample§ most likely notes” ©). For each pair stored at 4 and 3C the levels of
related to temperature, that is, the storage conditions. S-damascenone and isoamyl acetate were quantified. The typical

The two old lager samples, 25 and 40 years old, were also concentrations observed in the samples stored°at for the
submitted to chemical analysis after it was confirmed that they B-damascenone and the ester ranged, respectively, from 3 to 5
presented the typical aromas of aged beer by a previous sensorighg/L and from 200 to 40Qig/L. These levels were increased
evaluation. by factors of 35 and 12% on samples kept at@7respectively,

The levels of methional and phenylacetaldehyde found in the for f-damascenone and isoamyl acetate. The same behavior was
25- and 40-year-old samples were 4.8 anduy/L for the 25- explained in wines by the hydrolysis of the norisoprenoid



Role of Strecker Aldehydes on Beer Flavor Stability J. Agric. Food Chem., Vol. 52, No. 26, 2004 7915

Table 1. Sample Evaluation Results of the Multiple-Comparison Test All pair additions contributed in a high degree to “aroma
(Level = 95%)3 spoilage” perception, SV ranging from 5.44 to 61able 1).
It is interesting to note that the SV values for both Strecker
Tesf;f;yy; erer T wer e 1w p et SamApLe:r:c:res aldehyde additions (5.4) were close to thatraihs2-nonenal
atar | — Uﬁ— (sv = 5.0). Hence, these results suggest lmrhsz-_nonenal
rep | 60 contributes more to aroma degradation than methional. Never-
M&T | - SN 57 theless, the combined effect of the two Strecker aldehydes,
MeP | - - T e 54 formed by Maillard mechanisms, has a higher impact on the
1; i oo . j’; perceived aroma associated with the aged beer.
Pl x x x x-S 37 Because of this, these key odorants, due to the cumulative
Noddd| X X X X X - - T - 22 behavior observed during aging, could be useful as indicators
Least Significant Difference (LSD) : - 2,20 in shelf-life estimations. In fact, the quantities found after the
Standard Error (SE) : 0,49 . . .
shelf-life period (6 months), on the boomerang beers, are in
aSamples marked with an “X” are significantly different. agreement with what would be expected, that is, above the

] o aroma threshold. These findings look promising in view of the
glycoside precursor3g, 39), as well as the esterification rate  possible applications in shelf-life control by minimizing the
increment to attain the equilibrium, both facts promoted by strecker aldehyde formation.

temp?(;atrl:rs. The odc_)rl p(;(cepgor& gf rrrl]ethional or pkf‘emr’]" Nevertheless, this last application needs to be validated with
acetaldehyde Is certainly disturbed by the presence of Other,, o eyperimental data, as well as the comparative study of

substances in the beer, which could mask their aroma. Never-q o\ojution of the quantities of Strecker aldehydes versus
theless, methional and phenylacetaldehyde seem to be associatggl, < >_nonenal during storage

with beer quality. Kinetics Results.To gather more information concerning the

Sepsorlal Impact Validation. To Investigate further the relationship between the quantities of Strecker aldehydes, storage
contribution of these two molecules (methional and phenyl- : ; o
temperature, and the shelf-life period, a kinetic study was

acetaldehyde) and validate the observed correlation between ;
concentrations and flavour quality on the beer aroma, theseperformed. These models are very important to understand the

. L extent of a specific chemical reaction and the rate at which the

molecules were added separately or in combination to a fresh L
. . X changes occur and also to be able to optimize the food-
beer, in concentrations close to those found in the aged beers;

. processing or storage conditions. In addition, the knowledge
Qg:\g'i%g%lngt tks:eqﬁ]é h ?ani??fgﬁggtﬂgﬁggf oar‘]t tﬁ?/bLe-er and control of the kinetic parameters can greatly enhance the

. . . : thermal processing conditions in terms of maximizing the rate
aroma degradation, this compound was also included in the test, . . .
of generation of the desired flavor compounds or suppressing

at a 0.25ug/L level. Although_ threshold "m't?’ n b_eer WETE " the rate of formation of off-flavor or undesired producig)(

not performed by our panel, triangular tests with spikedyL d . bi Kineti dels f .

phenylacetaldehyde and Ou®/L methional were carried out TO. etermine unambiguous kinetic models for a certain
Jeaction, it is very important to know the reaction’s stoichio-

by 10 assessors. All assessors recognized spiked samples . ) ]
being different from the control. These results imply that the Melry and mechanisms. However, the formations of methional
threshold limits for these two compounds are lower than those and phenylacetaldehyde are very complex. Therefore, for the
concentrations. global reaction mechanism assumed, on_Iy an apparent reaction
Despite the high concentration wans 2-nonenal added: 7 rate can be calcul_ated a_lnd Fhe resultant kmetms_determlned. The
times the published threshold)( supplemented samples were most usyal S|mp_l|f|e.d kinetic models, repor.ted in the literature
to describe the kinetics of compound formation through Strecker

not considered by the panel as “aberrant”; the samples were .
accepted by the assessors, and this high level was kept. degradation, are zero-ordetlj. Some authorsd) reported a

Panelists were instructed to compare aged beer with spiked_ﬁrSt'Order model for the formation of the Amadori compound

new beer samples. A simple comparison pair test was carried @ phenylalar)ineglucose agueous mod.el system. The forma-
out to rate the degree of similarity between each of the tion of the Schiff base complex intermediates followed second-

supplemented samples and the aged beer. To determine Whidgrder _kine'ii_cs. _Some ot_her aulthor4;31 Stgdi?d _the Mai”ardh
samples were significantly different from another, the Tukey frowdnn;g |rr]1et|cs_ at ;/ahrlo_us_, 9 lucose an gffycm% rinos. T ey
test was used. Mean rating scores (MRS) were arranged ©Un that the ratio of the initial reactants affected the reaction

according to magnitude, and the LSD at 95% was determined, KInN€tic order models. _

If, for two samplesi andj, MSR — MSR, > LSD, then the The temperature dependence of the reaction rate constant was
samples are regarded as significantly differ@).(The average well described by. the Arrhenius equation for bpth aldehydgs.
of the similarity values and the standard deviation (SD) N fact, the reaction rate of each compound increased with
calculated for each pair, as well as the Tukey test, are given inincreasing temperatures, and it was similar for both methional
Table L and phenylacetaldehyd€&igures 5and6).

The ANOVA calculations for the data showed differences  Statistical analysis using a one-step nonlinear regression
between samplep {/alue= 8.19E-9) at the 95% level and no ~ method was applied to estimate the Arrhenius kinetic parameters.
significant differences between assessors. The highest similarityThe experimental data for concentration versus time for all tested
value found was observed when the three molecules were addedemperatures were used, which increases substantially the
simultaneously to the beer (S¥ 7.2). The panel rated all  degrees of freedom and therefore gives much narrower confi-
supplemented samples with higher similarity values than the dence intervals for the estimated parameters. The activation
nonsupplemented beer. The single major contributortveas- energies ;) and rate constant) estimated at the reference
2-nonenal (S\&= 5.0). Furthermore, this molecule was the only temperatureTeer) of 40 °C and corresponding 95% confidence
one among the three single additions that produced a statisticallyintervals are reported ifiable 2.
significant difference with a nonsupplemented sample (differ-  The activation energy, as well as the rate of reaction observed,
ence= 2.8 and LSD= 2.2) (Table 1). was slightly higher for phenylacetaldehyde, indicating a rela-
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Table 2. One-Step Nonlinear Regression Modeling Parameters, E,,
keet, and Gy, for Methional and Phenylacetaldehyde

c= CO{ theef X
exp*(Ea/ R)(1/N)—(1/ T,e,)]}

model Keet
order E,(kd/mol)  (ug/L) xh~! Co (uglL)

62.2+13.6 0.0031+0.0011 0.15+0.11
76.7+33.2 0.0051+0.0042 0.73+0.37

methional
phenylacetaldehyde

Zero
zero

tively superior sensitivity to temperature of this molecule.

Nevertheless, both constants were of the same order of
magnitude, which is in close agreement with the observed

correlation reported above. It is important to note that the

Strecker aldehyde formation is greatly affected by the levels of

dissolved oxygen, mainly when close to saturatiaf);(at the
initial time its value was<0.2 mg/L.

Soares da Costa et al.
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deuteratedE)-2-nonenal during beer aging from labeled precur-
sors synthesized before boiling. Agric. Food Chem2002 50,
7634-7638.

(3) Gijs, L.; Chevance, F.; Jerkovic, V.; Collin, S. How low pH
can intensify-damascenone and dimethy trisulfide production
through beer agingl. Agric. Food Chen002 50, 5612-5616.

(4) Lermusieau, G.; Liegeois, C.; Collin, S. Reducing power of

hop cultivars and beer agingood Chem2001, 72 (4), 413—

418.

Noel, S.; Liegeois, C.; Lermusieau, G.; Bodart, E.; Badot, C.;

Collin, S. Release of deuterated nonenal during beer aging from

labeled precursors synthesized in the boiling ketlleAgric.

Food Chem1999 47, 4323-4326.

Noel, S.; Metais, N.; Bonte, S.; Bodart, E.; Peladan, F.; Dupire,

S.; Collin, S. The use of oxygen 18 in appraising the impact of

oxidation process during beer storade Inst. Brewing1999

105 (5), 269-274.

Nyborg, M.; Outtrup, H.; Dreyer, T Investigations of the

protective mechanism of sulfite against beer staling and formation

of adducts withtrans-2-nonenalJ. Am. Soc. Brew. Cherh999

57 (1), 24-28.

Lermusieau, G.; Noel, S.; Liegeois, C.; Collin, S. Nonoxidative

mechanism for development bins2-nonenal in beerd. Am.

Soc. Brew. Chenl999 57 (1), 29-33.

Schieberle, P.; Fritsch, H. Changes in key aroma compounds

during boiling of unhopped and hopped wort. Presented at the

29th International Congress of the European Brewing Conven-

tion, Dublin, Ireland, 2003.

(10) Raymond Boccorh; Paterson, A. Variations in flavour stability
in larger beers. Presented at the 6th Sensometric Meeting,
Dortmund, Germany, 2002.

(11) Bennett, S. J. E.; Hughes, P. S.; Chandley, P. From grain to
glass—an integrated approach to monitoring the sensory quality
of beer.Eur. Brew. Com. Cannes1999 5, 17—26

(12) Komarek, D.; Hartmann, K.; Schieberle, P. Changes in key
odorants in beer during exposure to ligbtsch. Forschungs.
Lebensmittelchen2003 650-653.

(13) Perpee, P.; Collin, S. Contribution du 3-ttteylthiopropional-
déhyde ala flaveur de métudes biees sans alcooEur. Brew.
Corw. Cannesl999 14, 95-102.

(14) Visser, M. K.; Lindsay, R. C. Role of methional in the
development of off-flavors in beed. Am. Soc. Brew. Chem.
(ASBC Proceedings)971, 230-237.

(15) Gijs, L.; Perpete, P.; Timmermans, A.; Collin, S. 3-Methylthio-
propionaldehyde as precursor of dimethyl trisulfide in aged beers
J. Agric. Food Chem200Q 48, 6196-6199.

(16) Garbe, L.-A.; Hucbke, H.; Tressl R. Oxygenated fatty acids and
flavour stability—new insights. Presented at the 29th International
Congress of the European Brewing Convention, Dublin, Ireland,
2003.
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Assuming the same matrix is used, these models can be useful (17) Meilgaard, M.; Elizondo A.; Et Moya, E. A study of carbonyl

tools to determine to what extent temperatures during storage

affect the shelf life of the product as well providing information

compounds in beeilech. Q. Master Brew. Assoc. Ai®7Q 7,
143-49.

about the key steps along the process that most affect the flavor (18) Moll. M.; Moll, N. Voies principales de formation des compsse

stability of beer.
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