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Abstract — Interactions betweeBlactoglobulin and flavour compounds were analysed by instru-
mental and sensory studies. Affinity chromatography was used to determine binding constants of
flavour substances belonging to different chemical classes. A systematic study on esters, pyrazines
and phenolic compounds revealed that the increase in the hydrophobic chain length increases the affin-
ity for the protein. Concerning the 4 diastereoisomers of 3paxenthane-8-thiol, only theis-
transisomery led to different binding constants. In general, binding constants increased with increas-
ing log P values, except for the terpenic compounds studied, for which another explanation has to be
found, taking into account the geometry of the molecule. Sensory analyses applying a matching test
showed that the addition @flactoglobulin had no effect on the odour perception of vanillin, but
brought about a significant decrease in the odour perception of eugenol.

B-lactoglobulin / flavour / interaction / affinity chromatography / sensory analysis

Résumé— Interactions entre B-lactoglobuline et composés d’ardme de différentes classes
chimiques. Impact de la protéine sur la perception de la vanilline et de I'eugéndlkes interactions
entref-lactoglobuline et composés d’ardbme ont été étudiées par des méthodes instrumentales et
sensorielles. La chromatographie d’affinité a été utilisée pour déterminer les constantes d’affinité de
molécules d’arémes de différentes classes chimiques. Une étude systématique sur des esters, pyra-
zines et composés phénoliques a montré que I'allongement de la chaine hydrophobe augmente la
constante d'affinité. Concernant les 4 diastéréoisomeres du g-memthane-8-thiol, seule I'isomérie
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cis-transconduit a des constantes différentes. De fagon générale, I'affinité augmente avec le log P sauf
pour les composés terpéniques étudiés, pour lesquels une autre explication doit étre trouvée, tenant
compte de la géométrie de la molécule. Un test d’appariement en analyse sensorielle a montré que
I'ajout dep-lactoglobuline n'a pas d’effet sur la perception de I'odeur de vanilline mais induit une baisse
significative de I'odeur de I'eugénol.

B-lactoglobuline / ardme / interaction / chromatographie d’affinité / analyse sensorielle

1. INTRODUCTION ment with the values found by O’Neil and
Kinsella [15]. Using the same methodol-

Factors influencing the release of flavourogy, Pelletier et a[19] found no interac-
compounds during eating have beertions between BLG and short-chain fatty
reviewed by several authors [3, 17, 20]acids or methyl pyrazine and hydrophobic
They outlined the importance of proteinsinteractions with esters from homologous
on flavour release due to the binding oiseries. The global affinity calculated was
flavour compounds. Reactions betweerslightly lower than the value obtained by
flavour compounds and proteins have beeother methods on the same batch of protein,
summarized by Fischer and Widder [6]suggesting some hindrance of binding sites
emphasizing the possibility of reversibledue to the immobilization of the protein.
and irreversible interactions.

B-Lactoglobulin (BLG) is one of the best
characterized milk proteins. Its structure
was determined by Papiz et al. [18] by stan
dard crystallographic techniques, showing i
similarity to the retinol binding protein. A
possible binding site for retinol was identi-
fied by model-building. Monaco et al. [12],
who analyzed the structure of BLG using

No work has been undertaken until now
on key flavour compounds such as ethyl-3-
methyl butyrate and furaneol in strawberry
aroma [23], or isopropyl-methoxypyrazines
and vanillin in chocolate [24]. Therefore,
these flavour-producing compounds were
analyzed in the present study, together with
related molecules in order to assess the influ-
X-ray diffraction methods, located the bin 4.ence of structural differences of substances

ing site for retinol in a hydrophobic pocketOn the binding to BLG.

on the surface of BLG. More recently, WU  noreover, no previous study has inves-
et al. [27] demonstrated, after co-Crystaljgated the influence of native BLG on
lization of the complex, that palmitate wasfjayour perception. BLG is used as an emul-
bound in the central cavity of the protein.gifier or fat replacer by the food industry.
Dufour et al. [4] proposed the presence Orqr example, in ice creams flavoured with
two binding sites based on their competiygpjliin, Ohmes et al. [16] did not find any
tion studies of retinol and protoporphyrin change in flavour perception when milk fat
IX, which was con_flrmed by the res_ults of was replaced by whey-based fat replacers.
Narayan and Berliner [13] on the simulta-{jansen and Heinis [8] found that the addi-
neous binding of retinol and fatty acids. tjon of a whey protein concentrate to a

Sostmann and Guichard [25] showed thasucrose solution flavoured with vanillin
affinity chromatography allowed a rapid decreased its flavour perception. In this
screening of flavour compounds (methylstudy, our aim was to assess the real impact
ketones, alcohols and aldehydes) interacof pure BLG on the flavour perception of
ing with BLG. The calculated global affin- vanillin and of a structurally similar com-
ity obtained for methyl ketones was in agreepound, eugenol.
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2. MATERIALS AND METHODS 0.3 mol-I=2 sodium chloride, pH 7.2), and

then filtered (0.4%m). Immobilization of
the protein was performed by connecting
d the PEEK column to a high-performance

PEEK columns (5crm4.6 mmid.)and . ~.
quid chromatography (HPLC) pump and
supplements were purchased from Touza&orcing 675 mL of the BLG solution

& Matignon (Courtabeceuf, Francg)-Lac- 1 .

: : . 9.3 mg-mL+) to circulate at a flow rate of
toglqbulm (vanantg AB, purity 9.0%) was g) 5 ngmirrlz‘or 18 h at room temperature
obtained from Besnier (Chateaulin, France),l.'hen the column was rinsed successivély
silica diol ‘LiChroprep Diol" (25-40um) 2 0 rate of 1 mL-mirt with the fol-
was from Merck (Darmstadt, Germ_any) an owing buffers: 0.2 mol-tL Tris=HCI con-
2,2,2-trifluoroethanesulfonyl chloride (tre- taining 1 mmoll-tll dithioerythriol, pH 8.0
syl chloride) was obtained from Sigma- ;g6 11,y "0 1 mol-t! sodium phosphate
Aldrich (Deisenhofen, Germany). I:Ia\/(.)urcontaining 0.5 mol-t! sodium chloride and
compounds were from IFF (LONGVIC, 1 1041171 githioerythriol, pH 7.5 (90 mL),
F“”?“CG)' lea_udan—unre (Dubendorf,oll mol-I=! sodium phosphate containing
Switzerland), Slgma—A!dnch or Fluka (Neu- 1 mmol- - dithioerythriol, pH 7.5 (90 mL).
Ulm, Germany). Their purity was deter-pq oo mn was then rinsed with water con-
mined by.h|gh resolution gas chromatografaining 25 mmol-ELNaCl, pH 3.0 for equi-
phy. Purity of flavour compounds wasiiy aiion before use. No variation in pH was

> 95% except for 5-ethyl-3-hydroxy-4- observed durin :
g the experiment. The amount
methyl-2(H)furanone (93%), ® 4R)- ot hoynd protein was calculated from the

trans- and (15, 4R)-Cis-3-oxop-menthane- itterence in BLG concentrations before
8-thiol, 4-vinylguaiacol and nerol (90%), 4nq after immobilization (determined
3-ethyl-2-methoxypyrazine (87%), ethyl ghectrophotometrically at 278 nm). The
isobutyrate and 4-vinylphenol (83%), pule-4 columns produced contained 8.0, 8.2, 8.3
gone, (B 49)-trans- and (R, 49-Cis-3- 414 8.5 mmol-t! BLG. Column produc-
oxo{-menthane-8-thiol (80%), (-)-carveol 15y \as thus repeatable under the condi-
(98%; a mixture of isomers, 52% and 46%)tjons described above. Maximal immobi-
The qualitative purity of vanillin and |ization of protein on the activated silica
eugenol was checked by gas chromatogrgio| was indicated by the fact that BLG con-
phy/olfactometry, applying the on-column centration in the solution after coupling did

injection technique. All other chemicals used,ot decrease when increasing the time of
were of p.a. quality. For sensory analysisgjrculation.

Evian mineral water was used.

2.1. Materials

2.2.2. High performance liquid
2.2. Affinity chromatography chromatography

2.2.1. Preparation of the columns The HPLC system consisted of a Waters
. e . 600 pump coupled to a Waters LC spec-
The method of immobilizing the protein trophotometer model 481. Flavour com-
developed by Sostmann and Guichard [25hounds were detected at the following wave-
was modified with reference to Felix and|engths, determined by recording uv spectra
Liu [5]. Silica diol was activated with tresyl of their solutions in water (25 mmof-L
chloride. The dried activated diol was therNaCl, pH 3.0): ester (208 nm), pyrazines
filled into a PEEK column under vacuum. (214 nm), phenols (200 nm), 2-phenyle-
A BLG solution was prepared by suspendthanol (206 nm), vanillin and ethylvanillin
ing 1.5 g of the protein in 150 mL buffer (204 nm), norfuraneol, furaneol and ethyl-
(0.3 mol-I=t sodium phosphate containing furaneol (286 nm), mesifurane (278 nm),
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sotolon and abhexone (232 nm), pulegonealues of the substances were calculated
(259 nm), (-)-carvone (242 nm), other ter{Tab. I). If experimental values of related
penes (200 nm). Aqueous solutions ofmolecules were available, themethod was
flavour compounds were injected using aapplied [21]. The log P values for the ter-
Rheodyne injector with a 50k loop. The penes and the furanones were calculated
concentrations of flavour solutions wereusing the fragment method [7].

between 0.05 and 1 mmotd, depending

on water solubility and sensitivity of UV

absorption of the substances. Elution of the 2.4. Sensory analysis

compounds was performed at room temper-

ature at a flow rate of 1 mL-nvh A multi- The test panel consisted of 15 experi-
channel chromatography workstationenced and inexperienced assessors (11 males
(Almanza and Mielle, INRA, Dijon, France) and 4 females, aged from 25 to 70 years).
was used for data acquisition and treatmer$ensory evaluations were performed in a
of data. Retention times of flavour sub-testing room equipped with computerized
stances, at 2 different concentrations, anbooths. Data acquisition and data treatment
void times of the columns (injection of purewere conducted with FIZZ software (Biosys-
water) were determined for 2 columns contémes, Dijon, France).

taining BLG and for 1 column without BLG. Samples (20 mL) were presented in

brown glass bottles (60 mL) closed with
screw caps. After an equilibration time of
Binding constants (§) were calculated 4 hat 21 +1 °C, their odour intensities were

with reference to Nilsson and Larsson [14EValuated.

basing on the retention times determined by In two training sessions, panelists were
affinity chromatography and on the proteinasked to classify 8 concentrations of vanillin

2.2.3. Calculation of binding constants

concentration of the columns: and of eugenol. Additionally, they were
to—t familiarized with the method described in
Kg = (L-math the following.

Cpx 1y Odour intensities of aqueous solutions
with: (Evian water, 25 mmoliL NaCl, pH 3.0) of
ty: retention time of the compound on thevanillin and eugenol in the presence of

column containing protein, B-lactoglobulin were estimated by applying
t:  retention time of the compound on thethe matching test according to Rousseau et

column without protein, al. [22] The concentration ranges of BLG
cy protein concentration (mol-f), and of _the f_Iavou_r c_ompounds had been
t,: void time. determined in preliminary tests.

During an experimental session, panelists

This equation supposed that the ConCengra first provided with a set of 8 samples of
tration of ligand was small in comparison;ya flavour compound analyzed, which

to the number of binding sites, which WaSserved as a reference. Concentrations ranged

the case. However, we verified that the Valu?rom 1.60 to 447 mgt! (vanillin) and from

obtained was the same for 2 different coNg 16 1o 450L-L-L (eugenol), respectively,

differing by a concentration step. The
samples coded from 1 to 8 were spotted on
2.3. Calculation of log P values a continuous line scale overlapping the
8 reference points, ranging from 0 to over 8.
As BLG-flavour compound interactions Subjects were asked to sniff the 8 samples in
are considered to be hydrophobic, log Prder of increasing concentration, and to

centrations of ligands.
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Table I. Binding constants Kdetermined by affinity chromatography and log P values of analyzed
substances (SD = standard variation on 2 columns).

Tableau I. Constantes d'affinité Kdéterminées par chromatographie d'affinité et valeurs de log P
pour les composés analysés (SD = coefficients de variation sur 2 colonnes).

Flavour compound K log P
(SD %)
Ethyl isobutyrate \H?* 132 1.51
o (5)
Ethyl butyrate /\i 136 1.A
o™ &)
Ethyl 3-methylbutyrate /ki 284 2.61
0~
)
Ethyl 2-methylbutyrate /ﬁi ~ 288 2.61
[e)
)
Ethyl pentanoate \/\i 366 221
o (7)
2-Methoxypyrazine [Njo\ 47 -0.24
N
(16)
3-Methyl-2-methoxypyrazine [N:LO\ 62 0.82
N
(10)
3-Ethyl-2-methoxypyrazine [NIO/‘ 171 082
N
®3)
3-Isopropyl-2-methoxypyrazine [ °~ 452 1712
N
®)
3-Isobutyl-2-methoxypyrazine EN:QOJ\ 795 162
N ©)
3-secButyl-2-methoxypyrazine [NIT/\\ 912 1.82
" (©)
2-Phenylethanol O,\ 132 1.86
OH
®)
4-Methylphenol oH 440 1.95
(p-cresol) /0 (3)
4-Ethylphenol \/OOH 888 2.%
®)
2-Methoxyphenol ©:°” 245 1.33
(guaiacol) o~ @)
4-Ethyl-2-methoxyphenol \/C(OH 830 2.38
td

(4-ethylguaiacol) 0 (5)
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Table I/Tableau I. (Continued/Suite).

Flavour compound K log P
4-Ethenyl-2-methoxyphenol OH 1165 298
(4-vinylguaiacol) \/C[O, 1)
2-Methoxy-4-(2-propenyl)phenol OH 1360 268
(eugenol) ,\/O:O/ (1)
4-Hydroxy-3-methoxybenzaldehyd OH 319 1°26
(vanillin) OHC,O:O/ A3)
3-Ethoxy-4-hydroxybenzaldehyd OH 475 1676
(ethylvanillin) OHC,(:(O»\ 2

Linalool gﬁ” 565 2.0
' ©

Nerol g} 1134 3.00

oH

(10)

a-Terpineol ? 483 3.15
OH (9)

(-)-Carveol ?"” 542 2.60
(14)

(-)-Carvone ?O 748 1.91
)

Pulegone ?o 857 2.46
©)

a-Menthone QO 1138 3.61
4)

cis-3-oxo-p-Menthane-8-thiol 1 ?O 208 3.10
- (1)

rans 3-oxop-Menthane-8-thiol 1461 3.0

@ ;
T 0

@)
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Table I/Tableau I. (Continued/Suite).

Flavour compound K log P
4-Hydroxy-5-methyl-3(®) HO 4 0.24f
furanone (norfuraneol) j;f (100)
4-Hydroxy-2,5-dimethyl-3(R) HO P 16 0.78
furanone (furaneol) ,CS\ )
2-Ethyl-4-hydroxy-5-methyl-3(3) i 39 1.32
furanone (ethylfuraneol) /CK\/ 3)
4-Methoxy-2,5-dimethyl-3(&) zﬁ_f’\ 19 1.61
furanone (mesifurane) o @)
OH
3-Hydroxy-4,5-dimethyl-2(5l) )'i. 31 -0.22
furanone (sotolone) oo (14)
OH
5-Ethyl-3-hydroxy-4-methyl-2(8) 82 0.32
furanone (abhexone) 0”70 4)

2 Calculated based on the experimental value of ethyl propionate (1.21, [6]) by applyimgétieod [15].
b Calculated basing on the experimental value of pyrazi@£2, [6]) by applying theemethod [15].
¢Mean of the experimental values cited by Hansch and Leo [6].

dCalculated based on the experimental value of guaiacol by applyingntie¢hod [15].

€ Calculated based on the experimental value of vanillin by applyirg-thethod [15].

f Calculated by applying the fragment method [6].

aCalculé a partir de la valeur expérimentale du propionate d’éthyle (1,21, [6]) en appliquamgtizode [15].
bCalculé a partir de la valeur expérimentale de la pyrazib@2, [6]) en appliquant lEméthode [15].
¢Moyenne des valeurs expérimentales citées par Hansch et Leo [6].

d Calculé a partir de la valeur expérimentale du guaiacol en appliquantdthode [15].

€ Calculé a partir de la valeur expérimentale de la vanilline en appliquaméihode [15].

f Calculé en appliquant la méthode des fragments [6].

memorize the intensity of the odours permarking their position on the line scale. Ses-
ceived. After this calibration exercise, pan-sions were duplicated.

elists had to estimate the odour intensity of _
9 samples coded with 3-digit random num- Sensory data were subjected to a 3-way

bers, following a presentation order based Oﬁnalyss of variance (3-way ANOVA) test-

a Latin square. The samples were preparé g the 3 following factors (concentration

according to a complete factorial designo BLG, concentration of flavour compound,

with the flavour compound factor at 3 Ievelsassessor) and all interactions, considering
(8, 40 and 200 mg-E vanillin or 0.8, 4.0 'C aSSessor factor as random.

and 20.QuL-L~eugenol, respectively) and  Means and confidence limitB & 0.05)

the BLG factor at 3 levels (0, 0.3 and 1.0%)were calculated. Sample means were com-
Their odour intensities were evaluated bypared by the multiple range test of New-
comparing them with the references and bynan-Keuls and of DunnetP (= 0.05).
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3. RESULTS enced K. The binding constant of 3-iso-
o butyl-2-methoxypyrazine was lower than
3.1. Affinity chromatography that of 3secbutyl-2-methoxypyrazine,

) although the 2 substances have the same
After stocking the HPLC columns for theoretical hydrophobicity. The difference
several weeks, retention times decreasegktween the constants of the structural iso-
independently on the use of the columnsmers was smaller than the difference

The K; values obtained with a freshly pre-petween K of the pyrazines differing by
pared and an aged column differed for most C-atom in the substituent chain.

of the substances by 25 to 35%. This was . I
also observed by Vidal-Madjar et al. [26], When comparing the phenols with dif-
and may be due to protein degradation, corférent functional groups (4 methyl with
tamination by organic substances or micro#-€thylphenol, guaiacol with 4-ethylguaia-
bial agents. In order to minimize this phe-c0! or 4-vinylguaiacol with eugenol, vanillin
nomenon, Aubel and Rogers [1] addedVith (—gthylvamlhln), a prolongation of the
sodium azide. As we noticed interactionsSuPstituent chain length always enhanced
between sodium azide and BLG, we did nofh® hydrophobicity and hence the interac-
add this antimicrobial agent. Binding con-lions of the compound with the protein.
stants were calculated from the retentiorg-Phenylethanol had a rather low binding
times obtained on 2 freshly prepared-onstant, especially when compared with
columns (Tab. I). In these conditions, thed-ethylphenol which has a S|m|lar_structqre
obtained values were highly reproducible?nd the same number of C-atoms in the side-
(CV < 10%). Log P values of the substance§nain, but with a lower hydrophobicity.
were calculated as mentioned in Table 1. ntroduction of a methoxy function in posi-

L . .tion 2 of 4-ethylphenol had very little influ-
For the esters, a significant increase inynce on K or on log P. Oniy a slight

the binding constants by increasing the NUNyecrease in the binding constant of 4-ethyl-
ber of C-atoms of the acid chain from 3¢, ,5i500| was observed. The double bond of
(ethyl butyrate) to 4 (ethyl pentanoate) Wag-vinylguaiacol caused an increase ig K

found, thus confirming previous results ., maared to the same structure with a single

obtained by Pelletier et al. [19]. The effect of, ;4 (4-ethylguaiacol) with lower hydro-

branching on a hydrophobic chain was stud- hobicity. The vanillin aldehyde group was

ied for 2 series of esters. Branching on @asnonsible for onlv a sliaht but significant
chain length of 3 C-atoms had practicallyincﬁeasel in K of gugiacollg utsigni

no influence on the binding constants of the )
esters (ethyl butyrate and ethyl isobutyrate In general, the terpenes analyzed had high
had the same K, whereas the 2- and binding constants compared with the other
3-branched esters of pentanoic acid showedasses of substances, indicating strong inter-
lower K values and lower log P values thar@ctions withB-lactoglobulin. The terpenic

the corresponding linear ester. Obviouslycompounds are rather apolar, in spite of their
the position of the methyl group was notcarbonyl or alcohol functions. For ketones

important, as ethyl 2-methylbutyrate andwith a similar structure, Kvalues are

ethyl 3-methylbutyrate had the same bindingielated to log P values. For the alcohols, the
constants. differing binding constants cannot be

2-Methoxypyrazine had a rather IOWeprained by the log P values.

binding constant, corresponding to its neg- Steric effects have been studied by appli-
ative log P value. Kand log P increased cation of affinity chromatography to a chiral
with increasing chain length of the sub-substance. Four enantiomerically pure
stituent in position 3. Here, differing from thiols were analyzedis-(1R, 4S)- and
the esters, the position of branching influ{1S, 4R)- as well adrans-(1R, 4R)- and
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(1S, 49)-3-oxop-menthane-8-thiol. While « Ester
retention times on the HPLC column with 1600 - |™Fyrazine
out protein were exactly the same for & 1400 | » qhenal x
4 enantiomers, they were different on tf xFuanone *
column containing BLG focis- andtrans- 1200 1 s x>
isomers. K of the 2transiisomers were .~ 1000 . .
similar, and significantly higher thantof 800 ., &
the 2cis-compounds. 600 - o x
The furanones showed very low o 400 - " e, )
almost no interactions wifBrlactoglobulin 200 .
expressed by the lowest binding constants [ SN x e ‘ ‘ i
all analyzed substances. Log P values we o 1 5 3 4

also rather low. No interaction was foun
for norfuraneol (4-hydroxy-5-methyl-3B-
furanone), having only 1 methyl group inFigure 1. Binding constants Kin relation to
the furanone ring. Increasing the proportiorhydrophobicity of the analyzed substances.

of the apolar substituents led to an increasFigure 1. Relation entre hydrophobicité et
in hydrophobicity and K (norfuraneol, fura-  constante daffinité K pour les composés ana-
neol, ethylfuraneol). Replacement of thelyses.

hydroxyl group in furaneol by a methoxy

group (mesifurane) doubled log P, but did

not change K. When comparing sotolon protein. However, affinity chromatography
(3-hydroxy-4,5-dimethyl-2(8)-furanone) only measures reversible interactions [25].

with furaneol (4-hydroxy-2,5-dimethyl- BLG concentrations were chosen based
3(2H)-furanone) and abhexone (5-ethyl-3-,, their natural content (0.3%) in milk. A

hydroxy-4-methyl-2(8)-furanone) with 3.wa ;
-way ANOVA was performed in order to
gtg';_/'lfufraneol (2-ethy:c-:1r;hy2dgflx%/-&methyl- establish the effect of each variable (con-
(2H)-furanone), K of the 2(3H)furanones - .o v asion of vanillin or eugenol, concen-

was 2-fold the K of the corresponding : ) : :
3(2H)furanones, though log P Valuesf[ratlon off3-lactoglobulin, assessor) and their

behaved in the reverse manner. Sotolon ar{gteractions on perceived odour intensities.
ethyl furaneol showed the same behaviour to Results are shown in Table Il. For the
BLG in spite of the ethyl group of the 8(g ~ @nalysis of the vanillin odour intensity, sig-
furanone. The relation between binding conhificant effects of the vanillin concentra-
stant k; and the hydrophobicity of the ana-tion, of the assessors and of fBdac-
lyzed substances is depicted in Figure 1. toglobulin-assessor interaction were found.
For the analysis of the eugenol odour inten-

sity, significant effects of the eugenol con-
3.2. Sensory analysis centration, of the assessor and of the inter-

actions between eugenol and BLG were
Vanillin was selected because it is com-observed.

monly used in the aromatization of dairy  perceived odour intensities of the flavour
products and eugenol because of its similaggompounds in aqueous solutions with or
structure, different chemical properties anqyithout BLG are depicted in Figures 2 and 3.
higher binding constants._T_he interactionsy significant difference between samples
between BLG and vanillin can be of\ya5 ohserved in only 1 case: at a concen-
reversible and irreversible nature, due to thgation of 20uL-L~L, eugenol odour intensity
possibility of the aldehydic function to form 55 significantly P = 0.05) diminished by
Schiff bases with free NjHgroups of the 194 BL.G. Performing the Newman-Keuls

log P
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Table Il. Matching test of vanillin and eugenol. Results of 3-way ANOVA.
Tableau Il. Test d’appariement pour la vanilline et I'eugénol. Résultats de ’ANOVA a 3 facteurs.

Vanillin Eugenol
Factor F-value P-value F-value P-value
Concentration of flavour (F) 131.41 <0.0001* 238.43 <0.0001*
Concentration op-lactoglobulin (BLG) 1.75 0.1929 231 0.1175
Assessor (A) 2.35 0.0061* 485 <0.0001*
FxBLG 0.19 0.9432 3.01 0.0254*
FxA 1.25 0.2023 0.96 0.5234
BLG x A 1.57 0.0466* 1.14 0.3074
FxBLG x A 1.33 0.0916 0.98 0.5221

* Significant atP < 0.05.

2
.E E.
g 2
£ 2
5 E=
] 5
3 o
o B
°
8 40 200 0,8 4 20
. -1
concentration of vanillin [mg.L"] concentration of eugenol [uL.L"]
00.0 % BLG 0.0 % BLG
00.3 % BLG [0.3 % BLG
B1.0% BLG B1.0 % BLG

Figure 2. Results of the matching test for Figure 3. Results of the matching test for
vanillin; a, b, ¢ are the groups from the New- eugenola, b, ¢, d are the groups from the New-
man-Keuls testR = 0.05). man-Keuls testR = 0.05).

Figure 2. Résultats du test d’appariement pour leFigure 3. Résultats du test d’appariement pour
vanilline.a, b, c sont les groupes du test de New-I'eugénol.a, b, ¢, d sont les groupes du test de
man-Keuls P = 0,05). Newman-Keuls® = 0,05).

test atP = 0.1 revealed that the 3 samples 4. DISCUSSION
containing 20QuL-L~! eugenol and 0, 0.3
and 1% BLG were significantly different.

No significant effect was observed for the ag interactions between BLG and small
vanillin samples. molecules are considered to be of hydrophobic

4.1. Affinity chromatography
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nature, binding constants;Kvere related phenylalanine. The same effect was dis-
to log P values of the substances (Fig. 1)cussed for tryptophan by Papiz et[aB]
Regarding especially the pyrazines, arfor the other binding site of BLG.

increase in the chain length of the substituent

caused an increase in the hydrophobicity of Introd.uction of a metho>.(y group in thg
the molecules and therefore of their interphenOI ring led to only a slight decrease in

actions with BLG. Pelletier et al. [19] did EB t(mer? comparing tﬁ'em'g d“a'fi‘cﬁ' "f‘"”;]
not observe any significant interaction -ethylphenol), € the introduction of a

between different alkylpyrazines and BLG.aIOIeh%de function led to a_ﬁl_lght_lrrl]creas_e in
On the other hand, Boudaud and Dumon't<BI (w fn cgmparlgg f\]{anl n wit lguala-”
[2] observed quenching of the fluorescenc o). T $.0 Served € ?}Cté’\.’?s only ‘?‘mﬁ
emission of BLG by 3-isobutyl-2-methoxy- | ut ;'gn'l icant, as was the difference in the
pyrazine and also by 2,3,5-trimethy- 0g  values.

Ipyrazine, indicating complex formation.  That hydrophobicity cannot be the only
They concluded that the ring structure andactor influencing BLG-flavour compound
not the methoxy group was important forinteraction is also evident when regarding
the interactions between BLG and thethe results obtained for the terpenic alco-
pyrazines. In the present study, 3-isobutylhols (Tab. 1). Linalool and nerol, with a sim-
2-methoxypyrazine and 8ecbutyl-2- ilar polarity, differ in K; by a factor of 2.
methoxypyrazine with the same theoreticaiThe higher K of nerol can be explained by
hydrophobicity differ in their binding con- the position of the OH function at the end of
stants (Tab. 1), indicating a steric influencethe carbon chain, allowing the rest of the
We suppose that the 3-isobutyl-2-methoxymolecule to enter into the hydrophobic
pyrazine enters less easily into the hydrophgaocket of BLG. In linalool, the hydroxyl
bic pocket of BLG because of the ramifica-group is positioned within the hydrophobic
tion at the end of the chain resulting inchain. Therefore, only a part of the molecule
weaker interactions with the protein. Thisinteracts with the protein. The cyclic ter-
steric effect was less important than theyenic alcohols are supposed to enter by the
hydrophobicity effect, because the differ-apolar end of the molecule opposite the OH
ence in K; values of the 2 stereoisomersfunction into the hydrophobic pocket of
was only 13%, while the difference betweerBLG. Other parameters taking into account
Kg of 3-isopropyl- and of 3-isobutylmetho- the topological characteristics of the
Xypyrazine was 43%. molecule may be investigated using QSAR

The interactions of an alkyl chain with (quantitative structure-activity-relationship).

BLG can also be reduced by a polar group, Apart from the described steric effects
as in the case of 2-phenylethanol. The Okt gifferent origin, the influence of the stere-
function at the end of the hydrophobic subgchemistry of flavour compounds on their
stituent is responsible for weaker interacinteractions with BLG was shown by the
tions when compared with thegKof  anpalysis of the 4 3-oxp-menthane-8-thiol
4-ethylphenol. The Kof 4-vinylguaiacol enantiomers. As the only difference between
is higher than that of 4-ethylguaiacol despitehe molecules was the arrangement of the
its lower hydrophobicity. This may be substituents in positions 1 and 4, and as each
explained by a stabilization of the 4-vinyl- substituent is once in the axial and once in
guaiacol-BLG-complex resulting from a the equatorial position fais- andtrans-iso-
structural analogy between the planamers respectively, the difference in for
flavour compound and the planar side-chairis- andtrans-3-oxop-menthane-thiol must
of an amino acid in the hydrophobic pocketbe due to the relative position of the 2 sub-
of BLG. Monaco et al[12] suggested that stituents. Lamiot et al. [9] also found a greater
the planar ring ofi-ionone was fixed by affinity for transisomers of dodecadienols
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in comparison to theisisomers. However, the interindividual variations in the percep-
we observed no stereoselectivity of BLGtion of BLG odour. The odour of BLG could
for these compounds, which confirms thealso be the reason for the BLG—-assessor
results obtained by Massolini et al. [11].interaction observed for the vanillin sam-
The importance of the geometry of theple set. The significance of this factor results
molecule has also been pointed out byrom the different tendencies of the assessors
Libke et al. [10], who showed, by infraredin evaluating the samples containing 0, 0.3
spectroscopy, that the fixation of retinol andand 1% BLG.

B-ionone into the hydrophobic cavity The vanillin and the eugenol effects were

induced no significant conformational _. .

. L significant, as samples were grouped accord-
change in BLG, whereas the fixation of; . )
a-ionone did. Both isomers only differ by ing to their flavour compound concentra

the position of the cyclohexene double bon({mn:”'_l'heF(-jvalue forl the conce;]n:]r_atrl]onshof
which is in the ‘retinol-like’ position for vanillin and eugenol was much higher than

: theF-value for the assessor effect, reflecting
[3-ionone. .
) _ the greater importance of the flavour com-
the furanones are supposed to be due to thgmpared with that for vanillin indicated a
polarity of the furanone ring combined W'thgreater difference between the 9 samples

only a few short hydrophobic side-chainsynen they contained eugenol as the odor-
The higher K values of the 2@@)furanones, s substance.

sotolone and abhexone, compared to the K S
values of the corresponding B{furanones, ~ There was a significant effect for the
furaneol and ethylfuraneol, may be due t@ugenol-BLG interaction, corresponding to
the proximity of the apolar substituents. the fact that a significant influence of BLG
Looking at Figure 1, a general tendencfn the perception of the odour intensity of
toward increased interactions indicated b ugenql was observed for pnly a certain con-
increasing K with increasing hydropho- centration of eugenol. This means that the
bicity (expressed by log P values) Waénfluence of BLG on the odour intensity of
observed. The Krose when the number of eugenol is dependent on the eugenol con-

C-atoms in the side-chain of the “gandcentration. Headspace analyses performed

(pyrazines) was increased. For less homdn the same solutions showed a retention

geneous classes, for example when func@f around 15% eugenol by BLG, which is in
tional groups change (phenols and relate@igreement with the binding constants cal-
compounds like 2-phenylethanol, vanillin Culated and the concentrations used.

and ethylvanillin; terpenes), the relation No significant effect was found for
between K and log P is not evident. Obvi- vanillin, in agreement with the relatively
ously, the topological characteristics oflow binding constant, indicating weaker
flavour molecules play an important role injnteractions with BLG. It was not possible to
their interactions with BLG, which are detect vanillin by headspace analysis at the
not taken into account by calculated l0gconcentrations studied.

P-values.

4.2. Sensory analysis 5. CONCLUSION

The assessor effect was significant for Affinity chromatography is a rapid, repeat-
the sample sets of vanillin and eugenolable method to measure global affinity
meaning that the assessors estimated thxetween BLG and flavour compounds. Even
intensity of the odorants in a different way.if the reversible interactions measured are
A different use of the scale may be due telosed related to the hydrophobicity of the
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molecules, topological characteristics havél
to be taken into account for a better inter-
pretation. The influence of binding on odour, 10]
intensity was demonstrated for 2 phenolié
compounds in water solution, showing a
significant effect only for the compound
with the higher binding constant. Further
experiments are in progress to study the inc'hl]
dence of these interactions on flavour per-
ception in real food systems.
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