6828 J. Agric. Food Chem. 2003, 51, 68286834 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Interactions of Soluble Peptides and Proteins from Skeletal
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The ability of skeletal dipeptides (carnosine and anserine) and a sarcoplasmic protein (myoglobin) to
interact with key flavor compounds (hexanal, octanal, methional, 2-pentanone, 2-methylbutanal, and
3-methylbutanal) has been studied using the solid phase microextraction (SPME) technique. Conditions
for SPME analysis (fiber coating, sampling time, and linearity of detection) were optimized. The effect
of pH on the binding was also investigated. Thermodynamic models were applied to evaluate the
binding parameters n (number of binding sites), K (affinity constant), and AG (Gibb’s free energy) to
all of the flavor compounds studied, and they showed an absence of cooperative effect. Carnosine
was the peptide with the highest affinity for all of the volatile compounds except 2-pentanone. Its
interaction with hexanal and methional was significantly affected by pH. Anserine showed a lower
level of interactions with hexanal, methional, 2-methylbutanal, and 3-methylbutanal, whereas myoglobin
interacted with only hexanal and 2-methylbutanal. Differences in aroma retention can thus result in
different sensory perceptions of muscle foods.
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INTRODUCTION has buffering capacity and antioxidant activiiy?]. The ability

The compounds responsible for flavor perception must be of carnosine and othgr histidine-containing dipeptides to quench
released from the food matrix and transported to the flavor Unsaturated aldehydic products has been reported by Zhou and
receptors in the mouth and nose. The volatile compounds Decker (13,14), indicating the important contribution of these
generated in meat will contribute to the aroma depending on compounds to decrease lipid oxidation products and minimize
their concentrations, odor thresholds, and interactions with otherrancidity in muscle foods. On the other hand, myoglobin is the
food components that will affect its gas phase concentration Main pigment in beef, pork, and dark muscles, representing 70—
and, therefore, the perceived aroma. The main influence of 90% of the total concentration in heme proteitS) The post-
proteins on flavor release and perception is caused by themortem process and especially the pH fall stimulate the acid-
interaction of the flavor component with the protein. Knowledge catalyzed autoxidation of Féto FEé* of myoglobin in meats.
of the factors affecting this interaction is important for flavor The typical color of cured meat products is due to the reaction
perception {). The main factors are protein nature, volatile of myoglobin with nitric oxide generated from the added nitrite
compound nature, ionic strength of the medium, concentration (16).
of other food components, temperature, and @H Klowever, The study of the interaction between proteins and flavor
many studies on food protein interactions are based on milk compounds can be useful to solve problems such as off-flavor
proteins such as casei,@) andf-lactoglobulin 6), due to originating from the presence of compounds interacting with
their importance for the dairy industry, and soy protein), the protein and, therefore, it is very important not only for flavor
because it is a functional ingredient in food products. Few papersmodulation but also to improve the sensory properties of meat
deal with protein interactions from animal origin such as bovine products. A relatively new technique, solid phase microextrac-
serum albumin §), fish actomyosing), and ovalbumin 0). tion (SPME), has been successfully applied to the study of in-

On the other hand, the studi_ed aroma compounds are mainlyieractions between proteins and volatile compouf@sl(7, 18).
ketones and esters due to their fruity and sweet aroma. However, . cpvE is an equilibrium process in which the concentra-

there is an absence of studies of the interaction between mUSCIEEion of the analyte in the fiber coating is directly related to its

proteins and volatile compounds responsible for meat flavor concentration in the headspad®), The concentration of the

(12). . NS e
Carnosine is the most abundant dipeptide in skeletal muscle,an"jllyte n the. SPME fiber IS baseq on the equilibrium among
three phases: the polymeric coating, the headspace, and the

and like other histidine-containing dipeptides such as anserine, i : ;
g dipep matrix. The different concentrations of the analyte among the

* Corresponding author (telephone 34 96 3900022; fax 34 96 3636301; thrée phases depend on the driving forces that move the analyte
e-mail ftoldra@iata.csic.es). from the matrix to the fiber coating. For agueous samples, the
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headspace/water partition coefficients are determined by their Determination of Partition Coefficientsor determination of air/
volatility and hydrophobicity (20). water partition coefficients of each compound, air phase concentrations
t (w/v) were divided by the concentration in the water phase (w/v). The

Due to the lack of previous studies on interactions of mea determinations were made using 50 mM phosphate buffer, pH 6.0, as

proteins with flavor compounds, the objective of this investiga- water phase and at 3T.

tion W,as to thlmlzg the appropriate Cond't'qns, for SPM_E The partition coefficients of the fiber coatings were determined
analysis and its application to the study of the binding behavior 4ccording to the method of Zhang and Pawliszyn (2R)= (AVg)!
of flavor compounds to skeletal dipeptides (carnosine and (a,v;) whereA; andA, were the peak areas from the GC corresponding
anserine) and a sarcoplasmic protein (myoglobin). to fiber coating and direct gas injections, respectivélyvas the volume
of the coating and/y the volume of gas sample injected. The time of
exposure of the fiber coating was 30 min at q0.
Volatile—Protein Binding. Preparation of Protein Solutiong.he
Materials. The dipeptides -carnosine (5-Ala-His) and-anserine ~ Protein solutions were made by dissolving carnosine (4 mgjL
(B-Ala-1-methyl-His) and the protein myoglobin from horse skeletal anserine (1 mg mt!), and myoglobin (4 mg mt!) in 50 mM
muscle were purchased from Sigma Chemical CO. (St. Louis, MO). Phosphate buffered at different pH 5.0, 5.5, 6.0, and 6.5.
The aroma compounds 2-methylbutanal, 3-methylbutanal, hexanal, Effect of pH on Volatile-Protein Binding.The flavor compounds

octanal, 3-(methylthio)propanal (methional), and 2-pentanone were Were added at a concentration of 50 mgkinto the peptide/protein
obtained from Fluka Chemie (Buchs, Switzerland). solutions described above. The quantity of aroma compound was

determined by a previous gas chromatography extraction using SPME
under the optimized conditions for each compound. Results are
expressed as a percentage of the free volatile compound found without
any peptide or protein in the solution at the respective pH. All
experiments were done in triplicate.

Calculation of Binding Parameterslhe flavor compounds were
added into the peptide/protein solutions in the linear range of each
compound. The pH of the solution for each compound was selected
from the higher binding determined above.

The quantity of aroma compound was determined by a previous gas
) ) . . chromatography extraction using SPME under the optimized conditions.

Appropriate fiber coating was determined for each aroma compound Regyits are expressed in nanograms of compound adsorbed by the fiber.
_by a comblnatlor_l of its affinity for‘a par_ucular ﬂb_er and its partitioning 5| experiments were done in triplicate.
in the sample vial. The appropriate fiber coating was selected from 1 non_covalent and reversible binding of volatile compounds with
among the following fiber coatings: 100n polydimethylsiloxane (100 proteins can be represented by the Scatchard equagn (
um PDMS), 7um PDMS, 85um polyacrylate (85um PA), 75um
carboxen/PDMS (7zm CAR/PDMS), and 50/3@m divinylbenzene/ vi[L] = nK — vK
carboxen/PDMS (50/30 DVB/CAR/PDMS), all purchased from Supelco
(Bellefonte, PA). The trapping time was chosen as a time lying within wherev is the number of ligand moles (volatile compound) bound per
the linear range of the adsorption by time plots. The linearity of mole of protein, [L] is the molar concentration of free ligands the
detection for each aroma compound with the selected fiber and trappingtotal number of binding sites in the protein, afds the intrinsic binding
time was confirmed in the range of 20—200 mg kg constant.

Five milliliters of solution containing the volatile compound was The concentration of free ligand [L] is calculated using the equation
placed in a 10 mL headspace vial and sealed with a PTFE-faced siliconeof O’Keefe et al. (24, 25)
septum (Supelco). A SPME fiber was then exposed to the headspace
for sampling the aroma compound. The SPME needle was pushed [L]=PIC)xT
through the septum and the fiber exposed by depression on the plunger.

After an appropriate adsorption time, the fiber was retracted into the WhereP (mol/L) is the measured headspace concentration for the protein
needle and the holder was withdrawn. The needle was then insertedouffer solution,C (mol/L) is the measured headspace concentration in
into the gas Chromatograph’ the fiber extended by depression of p|unger,the control bUffer, and is the initial concentration added in the solution.
and chromatographic analysis startgd)( The aroma compounds were v, the number of ligand moles (volatile compound) bound per mole
desorbed by inserting the fiber into the GC injection port set at'g20  of protein, is calculated using the equation of O'Keefe et 2) (

for 5 min in splitless mode. The split valve was opened 1 min after

MATERIALS AND METHODS

Optimization of the Extraction Method. Sample PreparationA
stock solution containing 10000 mg ®gof each aroma compound
was made up in water except for octanal and methional, which were
prepared in ethanol. The aroma compounds were added in triplicate to
a solution of 50 mM phosphate buffer, pH 6.0, resulting in a final
concentration of 50 mg kg. The solutions were stored during 15 h at
30 °C in the absence of light to allow equilibration.

SPME.Different parameters (affinity for the fiber, trapping time,
and the combination of water/air and air/fiber partition coefficients)
were tested to optimize the conditions for flavor compounds.

injection. After desorption, the fiber was retracted and the needle was (ﬂ) T
removed from the injection port. All analyses were carried out in y= c :
triplicate. The fiber was baked at 22C for an additional 10 min to [protein]

eliminate possible analyte carry-over between samples. ) )

GC AnalysisAn 8000 CE Instruments gas chromatograph (Rodano, 1he Scatchard equation can also be expressed in the form of a
Milan, Italy) equipped with a flame ionization detector (FID) was used. double-reciprocal equation (Klotz plot):
The aroma compounds were separated in a DB-624 capillary column 1 1 1
(J&W Scientific, 60 m, 0.32 mm i.d., film thickness 1.8 m). Helium =4
was used as carrier gas with a linear velocity of 20.4 ctnBhe GC v N nK[L]
oven temperature program began when the fiber was injected’a 70
and maintained for 5 min; then, the temperature was increased to
220°C at a rate of 10C min~* and held for 5 min, giving a total time
of 25 min. The detector temperature was set at 240

Standard curves for each aroma compound were made at the propeg
range by injecting known quantities of aroma compound and by
headspace analysis using a gastight syringe in order to calculate th
linear response of the GC and the quantity present in the headspace, AG = —RTInK
respectively.

Results are expressed in hanograms of compound adsorbed by the Statistical Analysis. The effect of pH on the interaction between
fiber. All of the experiments were done in triplicate. peptides, protein, and volatile compounds was studied by analysis of

A plot of 1/v versus 1/[L] should give a straight line with a slope of
1/nK and an intercept of &/from where the binding parametens (
andK) are calculated.

The experimental determination of the equilibrium binding constant
as a function of temperature facilitates the determination of the
ethermodynamic parameter Gibb’s free energy of binding (AG):
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Table 1. Partition Coefficients for Each Volatile Compound

Kiiver—air (30 °C, 30 min)

volatile compd Kair—water (30 °C) CAR/IPDMS DVD/CAR/PDMS PDMS 100 xm PA PDMS 7 um
2-methylbutanal 1.31x1072 12 008 6122 2796 2560 2618
3-methylbutanal 1.08 x 102 17392 2734 458 317 105
hexanal 6.96 x 103 17 233 12 322 1378 1285 282
octanal 2.67x1073 57118 47019 28 383 21632 5950
2-pentanone 473 %1073 58 327 10173 511 523
methional 1.95x1075 414 321 81948 2821 8497 6343
Table 2. Selected Operating Conditions for Each Volatile Compound 7000 -
MR CAR/PDMS
volatile compd SPME fiber coating time (min) 6000 4 %a’gﬁfﬂ“s
2-methylbutanal PDMS 100 um 10.00 5 — Fors
3-methylbutanal CAR/PDMS 75 um 0.33 £ 5000 4
hexanal PDMS 100 um 30.00 E
octanal PDMS 7 um 20.00 8 4000
2-pentanone CAR/PDMS 75 um 1.00 £
methional CAR/PDMS 75 um 30.00 o
T 3000 1
-]
g
variance (ANOVA) using Statgraphics plus v 2.0. The means were F 2000 +
compared using Fisher's least significance difference (LSD) procedure
(p < 0.05). 1000 4
RESULTS AND DISCUSSION 0 i W
hyl 3-Methyl Hexanal OQctanal 2-Pentanone Methional

The selection of six flavor compounds to study the interac- _ Duenal Buanal ,
tions with skeletal peptides and myoglobin was based on their Figure 1. Affinity of the different fiber coatlngg. Resultg are expresse_d
presence and contribution to the flavor of a typical Spanish cured as nanograms of compound adsorbed t_)y the f'b.er. coating after 30 min
meat product such as dry-cured ham. The six compoundsOf exposure in the headspace of a solution containing 50 ppm of volatile
selected have been detected by SPME in the headspace ofompound in 50 mM phosphate buffer, pH 6.0.

Spanish dry-cured han2§). Hexanal, 3-methylbutanal, 2-meth-
ylbutanal, and 2-pentanone were selected because of their hig
proportion in the headspace of dry-cured h&®,27), whereas
octanal and methional were selected due to their odor activity
in the aroma of dry-cured han2§).

The rate-limiting step in SPME analysis is considered to be
the diffusion of the analyte from the aqueous phase to the
headspace (31). Therefore, the appropriate fiber coating was
selected for each flavor compound (Table 1), and the partition

coefficients were determineﬂable 2) The values fOKairfwater that presented the hlgheSt aff|n|ty for all of the . selected
were all much lower than those obtained for Kiger_a; for all compounds followed by the DVB/CAR/PDMS coating. The

of the compounds, including all of the fiber coatings studied. PDMS 100um, PA 854m, and PDMS 7m coatings resulted

These partition coefficients can explain why methional was in lower affinities for the studied compounds. The higher
adsorbed by the five fiber coatings in very low amoufig(re affinities of these bipolar coatings have been previously reported

fFase, it is necessary to select an appropriate fiber coating and
optimize the necessary time for trapping the volatile compound
and control the response of the fiber to different concentrations
(linearity of detection)29). The optimization process was done
on the six selected flavor compounds. The first step in the
selection of the appropriate fiber consisted of the study of the
different affinities of the coatings to the six flavor compounds
as shown irFigure 1. The CAR/PDMS coating was the fiber

1). Although it has a higtKsiper—ain it was the compound with (30).

the lowestK air—water The selected operation conditions (fiber coating and sampling
On the other hand, 2-methyl- and 3-methylbutanal are time) for each volatile compound are described @ble 2. The

compounds with highair—water and moderatésiper—air (Table sampling time selected for each compound and its fiber coating

1). These compounds are present at high concentrations in thevas determined by analyzing the adsorbed compound during
headspace and, to avoid a saturation of the fiber, the conditionssampling time (Figure 2). The amount of analyte removed by
chosen for the analysis consisted of the use of CAR/PDMS fiber the fiber is proportional to the concentration of the compound
with a short sampling time for 3-methylbutanal. In the case of in the sample when the fiber and the sample reach equilibrium
2-methylbutanal, the PDMS 1Q0m fiber was selected because ©r before equilibrium but as long as the sampling parameters

of its low Kiiper—air (Se€Table 1). are carefully controlled31). In this case, the selected sampling
There are few studies dealing with partition coefficients time was before reaching equilibrium in all cases except for
between fiber coatings and headspace. The valuégf_ai hexanal, for which the selected time was at equilibrium.

obtained for 3-methylbutanal with PDMS 1@én fiber coating ~ Therefore, these selected conditions have to be carefully
was similar to the one obtained by Roberts et al. (32). However, controlled to allow correct quantification of the compounds.

the value ofKper—air Obtained for hexanal with PDMS 1Q0m Furthermore, the temperature effect on equilibrium is rjot

fiber coating was lower than the value reported by Song et al. reported because all of the experiments were done at a fixed

(33). temperature of 30°C in order to avoid variations in the
Optimization of SPME for the Study of Volatile—Protein concentration.

Binding. The optimization of appropriate conditions for SPME The linearity of detection of each aroma compound using
sampling depends on the compounds to be analyzed. In thisthe selected operation conditions reportedlrable 2 can be
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Figure 2. Effect of sampling time on compound uptake by the selected
SPME fiber coating. Results are expressed as nanograms of compound
adsorbed by the fiber coating after exposure for different times in the
headspace of a solution containing 50 ppm of volatile compound in 50
mM phosphate buffer, pH 6.0: (A) 2-methylbutanal to PDMS 100 zm
(@), 3-methylbutanal to CAR/PDMS 75 um (O), 2-pentanone to CAR/
PDMS 75 um (m); (B) hexanal to PDMS 100 um (); octanal to PDMS
7 um (v); methional to CAR/PDMS 75 um (O).
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2500 Figure 4. Effect of pH on volatile—peptide/protein binding: (A) carnosine;
(B) anserine; (C) myoglobin. Results are expressed as a percentage of
the free volatile compound found without any peptide or protein in the
solution at the respective pH.
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to its importance in color formation. We studied the effect of
pH as a factor that can modify the protein conformation and
thus exert a considerable influence on the binding of volatile
compounds.

The interaction of carnosine with the studied volatile com-
pounds was remarkable except for 2-pentanone, which did not
present interaction (reduction of the percentage of free volatile
_ o ) compounds) at any of the studied pH valuEgy(re 4A). The
Figure 3. Linearity of detection of each aroma compound: 2-methylbutanal other flavor compounds reacted with carnosine, particularly
(®); 3-methylbutanal (O); 2-pentanone (M); hexanal (v); octanal (v); octanal. The free hexanal in the presence of carnosine was
methional (O). Results expressed as nanograms of compound adsorbed significantly (p < 0.05) lower at pH 5.0, 6.0, and 6.5 than at
by the fiber coating under the previously optimized selected conditions pH 5.5. In the case of methional, the free volatile compound
(see Table 1). Verticals bars represent means of three replicates + was significantly (p< 0.05) lower at pH 6.0 and 6.5 than at
standard error of means. pH 5.0 and 5.5. A low free volatile compound in solution means
observed inFigure 3. The SPME technique can be applied, that at this pH exists a higher interaction with carnosine.
under the selected conditions, to quantify changes in volatile Therefore, in the cases of hexanal and methional the interaction
concentrations ranging from 20 to 150 mgkgor the six with carnosine was increased at higher pH values.
studied volatile compounds. On the other hand, anserine showed interactions with 2-meth-

Interaction of Volatile Compounds with Skeletal Peptides ylbutanal, 3-methylbutanal, hexanal, and methioRajfre 4B),
and Myoglobin. In the case of meat proteins, all of the changes although these interactions were low because a reduction of only
that occur during processing are very important because they~10—20% of the free volatile compound present in the head-
will affect not only the texture but also the interactions between space was detected. The free methional in the presence of
the generated flavor compounds and the proteins and peptidesinserine was significantly lowep (< 0.05) at pH 6.0 and 6.5
and, finally, these interactions will be responsible for different than at pH 5.0 and 5.5. In the case of 3-methylbutanal, the free

1000 4

Adsorbed compound (ng)

o
f=3
(=3

0 50 100 150 200 250

Concentration (ppm)

sensory perceptions. volatile compound was lower at pH 5.0 and 6.5 than at pH 5.5
Due to the absence of previous studies on interactions betweeraind 6.0.
muscle peptides and proteins with flavor compourids (two The structure of amino acids and peptides is important in

skeletal muscle dipeptides, carnosine and anserine, which areheir binding potential for volatile compounds. Zhou and Decker
not degraded during the processing of meat products such ag13, 14) have reported the interaction of a variety of amino acids
dry-cured ham and dry-cured loin (335), were selected. In  and peptides present in the skeletal muscle with aldehydic lipid
addition, a sarcoplasmic protein, myoglobin, was selected dueoxidation products. They suggested that the imidazole nitrogen
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group, and not thg-amino group, is the major reaction site in 0,14 A
histidine-containing dipeptides. However, our results indicate 0,12
a different interaction behavior between carnosine and anserine. 0,10 %
These differences might be attributed to the presence of a methyl 0,08 9
group in the ring of anserine. 0,06
The interaction of myoglobin with the volatile compounds 0,04 %
and the effect of the pH on the binding is showrFigure 4C. 0,02
The hexanal—myoglobin binding showed a significantly lower 0,00 e
(p < 0.05) free hexanal percentage at pH 6.0 and 6.5 than at
pH 5.0 and 5.5. On the other hand, the interaction of 2-meth- .;:; 002600001 000010 000100 001000
ylbutanal and myoglobin was not affected by pH, although it s B
was higher than the interaction observed with hexanal. o 00 o
There are no papers in the literature about myoglobin binding. 3 0
However, there are studies indicating that pH may produce E 0,025
alterations on the binding sites of proteins induced by confor- T oo
mational changes such as in the case of the interaction of BSA § 0,015
with 2-nonanone that varied with the pH. The intrinsic binding 2 o
constant increased at pH 3, 5, and 6 and decreased at pH 9 E '
(36). In the case oB-lactoglobulin the retention increased from N 00010 00100
pH 3 to 9, whereas it decreased at pH BY)( Adams et al. 18 c
(10) reported a stronger interaction between ovalbumin and 16
disulfide compounds (diethyl, diallyl, dipropyl, dibutyryl, and ”
2-furfuryl methyl sulfides) with the increase in pH. They ’
indicated that when the pH increased from 6.7 to 8.0, the amount 12
of disulfides in the headspace of native and heat-denatured 1.0
ovalbumin was decreased. 08
For binding studies, we studied only those cases in which 06
the interaction caused a reduction>620% of the free volatile 04 ‘
compound found without peptide or protein in the solution and 0.1 1 10
the pH selected was that of the highest interactieigure 4). Free ligand concentration, L (M)

The binding curves obtained at 3Q for carnosine, anserine,  rig,re 5. Number of ligand moles bound per mole of protein () against

and myoglobin with the selected volatile compounds aré e mojar concentration of free ligand [L]. Binding isotherms of (A)

presented irFigure 5. camosine to 2-methylbutanal (@), 3-methylbutanal (O), hexanal (),
Klotz (38) indicated that in order to be able to calculate the octanal (v), and methional (C); (B) anserine to 2-methyl-butanal (@) and

total number of receptor sites, it is necessary that a graphhexanal (v); and (C) myoglobin to 2-methylbutanal (®).

showing the moles bound plotted against the concentration of

free ligand on a logarithmic scale have the following charac- Table 3. Binding Parameters of Reversible Interactions

teristics: (1) an inflection point appears at half-maximum

binding; (2) the S-shaped curve is symmetric about the inflection

point; and (3) a plateau is reached as the concentration of free_ Protein  volatilecompd ~ pH  sites(n)  K(M™!)  AG (ki/mol)

binding parameters

ligand approaches very large values. In our experiments, all of camosine ~ 2-methylbutanal 6.5  0.036 831 -16.9
the binding curves (Figure 5) showed the behavior proposed 3-methylbutanal 65 0062 7680 —22.5
by Klotz (38) and the binding parameters, binding sit@sand 23‘;”;' g:g g:ggg ggig :gg:z
affinity constantsK), were obtained from the double-reciprocal methional 65  0.159 2620 ~19.8
plot of these data and presentedTiable 3. Also, O’'Keefe et anserine 2-methylbutanal 6.0 0.041 3535 -20.6
al. (25) indicated that the binding curves (on a linear scale) have hexanal 65 0038 2658 -199

to show a hyperbolic pattern because a sigmoidal pattern would ™°globin  2-methylbutanal = 603 1083 -176

indicate the presence of cooperation in the binding sites. We
represented the data in linear scale (data not shown), and all of, . . .

) . than for hexanal, whereas myoglobin showed a medium affinity
the curves were hyperbolic and also the double-recripocal plots

. oo . constant for 2-methylbutanal.
were linear, indicating the absence of cooperativity. The free energy of bindingAG) values obtained in these

The numbers of binding sitesobtained Table 3) were very  exneriments were similar for all of the compounds studied
low for carnosine and anserine, probably due to the dipeptide (Taple 3). The functional groups are important in binding, and
structure, meaning that there is only one binding site for each seyeral authors have used the thermodynamic data to postulate
dipeptide. Myoglobin, however, showed three binding sites for ypes of bondsf). These authors indicated that the increase in
2-methylbutanal. free energy AG) of binding with chain length was consistent

The obtained affinity constants (Table 3) indicated that with hydrophobic interactions. In our experiments, this fact was
carnosine affinity was higher for the two linear aldehydes, not observed in the binding of hexanal and octanal.
hexanal and octanal, and for 3-methylbutanal. However, car- Zhou and Decker14) have reported that the interaction
nosine presented a very low affinity for 2-methylbutanal. These between hexanal and various peptides showed that the increase
results indicate that the structure of 2-methylbutanal producesin size of alkyl groups increases hexanal binding (e.g., Leu-
a steric effect resulting in less affinity for carnosine binding. His > Val-His > Ala-His > Gly-His). The peptide lle-His had
Anserine showed a higher affinity constant for 2-methylbutanal a lower binding activity than Leu-His, indicating that the
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branched methyl group at the first carbon of the side chain has (14) Zhou, S.; Decker, E. A. Ability of amino acids, dipeptides,
less impact on hexanal binding than the branched methyl group polyamines, and sulfhydryls to quench hexanal, a saturated
at the second carbon of the side chdid)( In our experiments, aldehydic lipid oxidation productl. Agric. Food Chem1999,
when the interactions of hexanal with carnosigea(anyl- 47, 1932—-1936. o L
histidine) and anserinef{alanyl<-1-methylhistidine) were (15) Baron, C.P.; Andersen, H. J. Myoglobin-induced lipid oxidation.
compared, a higher affinity by carnosine than for anserine was A review. J. Agric. Food Chem2002,50, 38873897,

o . . 16) Gray, J. |.; Pearson, A. M. Cured meat flavAdy. Food Res.
observedTable 3), indicating that the methyl group in anserine (16) 1981 29. 1-86. v

makes the amino group unreactive. However, the opposite (17) Fapre, M.; Aubry, V.: Guichard, E. Comparison of different
behav|0r was Observed f0r the Interaction Of 2'methy|butanal methods: static and dynamic headspace and So|id_phase mi-
with carnosine and anserine as a higher binding affiniy ( croextraction for the measurement of interactions between milk
was obtained in the case of anserine with 2-methylbutanal proteins and flavor compounds with and application to emulsions.
binding. J. Agric. Food Chem2002,50, 1497—-1501.

In summary, the retention of flavor compounds by skeletal (18) Zhou, A.; Boatright, W. L.; Johnson, L. A.; Reuber, M. Binding
peptides, carnosine and anserine, and the sarcoplasmic protein, ~ Properties of 2-pentyl pyridine to soy protein as measured by
myoglobin, was determined by their volatility measured using . o SBO“? ﬁhaRS% mc|cr|9bexttr_act|ofrj- Food SC':Z?OZI’.S7'h142_145'
SPME analysis. The results showed that carnosine was the (19) Bartelt, R.J. Calibration of a commercial solid-phase microex-

. . . .. . traction device for measuring headspace concentrations of organic
peptide with the higher affinity for volatile compounds. volatiles. Anal. Chem 1997 69. 364—372
However, the myoglobin showed a higher number of binding  (50) zhang, z.; Yang, M.; Pawliszyn, J. Solid-phase microextraction.
sites than the dipeptides. These results indicate different aroma Anal. Chem1994,66, 844A—853A.
retentions by skeletal dipeptides and myoglobin that can result (21) Keszler, A.; Héberger, K.; Gude, M. Quantitative analysis of
in different sensory perceptions of muscle foods such as dry- aliphatic aldehydes by headspace SPME sampling and ion-trap

cured products.

ABBREVIATIONS USED

SPME, solid phase microextraction; GC, gas chromatograph;

PDMS, polydimethylsiloxane; CAR, carboxen; PA, polyacrylate;
DVB, divinylbenzene.
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