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ABSTRACT KEYWORDS
I nteractions between water and flavour molecul es have been widely stud- Butyl acetate;
ied and are characterized by the hydrophobicity and volatility. The influ- Sugars;
ence of different types of sugar should be known in case of they are part Solubility;
fromthematerial. Flavour rel ease from complex food matricesisdifficult to Unsaturated.

predict and solubility data would be helpful. Thus, interactions between
flavour molecules and other compounds are often investigated in binary
and ternary model systems (e.g., water, flavour compounds, carbohydrates)
to characterize specific rel ease mechanisms.

In this paper, the solubility of butyl acetate from pure water and various
low-viscosity aqueous solutions (D-Sucrose, D-Glucose, D-Fructose), at
10-30 gL %, wasinvestigated. Static isothermal method was used and con-
centrations of the aroma or flavour compound at thermodynamic equilib-
rium were monitored by analyzing liquid samples using gaseous chroma-
tography. Experiments were carried out at temperature range of 278.2 -
298.2 K. Flavour solubility from mixtures decreased with increasing tem-
perature and decreased with molecular superficial area of the sugar com-
pound. The flavour compound was retained more extensively in the pres-
ence of glucose agent, compared to in pure water, while anincreasein the
solubility was observed in presence of sucrose and fructose. All aqueous
solutions had similar behavior as sugar concentration was increased, al-
though it was expected that sugar molecular weight tended to have influ-
encesin the equilibrium concentration. A correl ation between temperature
or sugar concentration and butyl acetate solubility in the low-viscosity
solutions was evident. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION Furanones and esters have been described asthe most

important aroma-active constituents in sweets and

Esters, alcohols and ketones are considered im-  juices!l. Among esters, ethyl and butyl acetatearein-
portant with respect to fruit and synthetic drinksflavours. ~ cluded. Thelargest group of flavour compoundsinwines
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consistsof estersof thediphatic monocarboxylic ac-
ids. Butyl acetate and many of thelong-chain estersin
wineareformed by yeast principally by enzymereac-
tionsduring fermentation and not in chemical reactions
between ethanol and corresponding acids?3. It is
known that 29% of compounds detected in naturefruit
areesters. Also, they had ahigher number of identified
compounds, and the sweet fruity notes of acerolaor
Cupuagu aroma, for example, were attributed by their
presence. Aliphatic esters comprised thelargest class
(31%) of thetotal volatilescompoundsfound inthe
sweet fruity juice. The extract obtained from different
fruit samplesfrom Brazil presentsapleasant fruity sweet
aroma, having higher proportionsof sweet high-boiling
compounds?.

Thecommercid interest involatiles, such asbutyl
acetate, semsfromtheir aromatic and flavour qudities.
Severd of them, have significant antimicrobia and anti-
neopl astic activity. Vol atilesare obtained from plants
by digtillation at or by extraction with organic solvents
(ethanal, chloroform, hexane, benzeneand so on)“.

The exact compositionsof many a coholic bever-
agesaretrade secrets; however, thereisextensivelit-
erature on the aroma components which are usually
present at low level s, more than 1300 of which have
been identified™. Information about nonaromacom-
poundsislessextensive. Aninteresting exampleisChi-
neseliquort® which has strong fruit, pineappleand ba-
nanalikearomas. Sixty-e ght volatile components, in-
cluding acohols, esters, acids, acetas, ketones, alde-
hydes and heterocyclic compounds, have been identi-
fiedin Chineseliquors®. Very few studiesreport on
aromacompoundsinthem. It would be very important
the knowing of equilibrium concentration datato the
aromaof Chinesearoma-typeliquor, based on thecal-
culated odour activity vaue. Up to now, no studieshave
reported on the contribution of aromacompoundsto
the characteristic bouquet of thisliquort®.

Juiceswerealready characterized by sugar, amino
acid, carboxylic acid and ash pseudocomponentsin
aqueous sol ution®®, To correlateinteraction parameters
of traditional or new equations, it isimportant to obtain
experimenta datafor the systemsinvolved. To study
thedidtillation aswell asextraction processes, will be
necessary to obtainthermodynamic equilibrium datafor
theliquid-liquid equilibrium!™ so asto determinethe
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compositionsand their possibleindustria uses.

A viable candidatefor useasan aromaishbutyl ac-
etate. However, it has not been possibletofind inthe
literatured'? acomprehensiveexperimental study of its
isobaric solubility in unsaturated mixtures of thewater—
glucose, water-fructose and water-sucrose systems at
atmospheric pressure. Usudly, theequilibrium datafor
this system, which are necessary for the design and
smulation of theextraction and didtillation process, have
been obtai ned from predi ctions by means of thermo-
dynamic model swith parametersbased onthe correla
tionof binary VLE and LLE data.

Inthiswork, solubility of butyl acetatein both pure
water and several unsaturated agueous sol utions of
some monosaccharide, D-(+)-Glucose, D-(-)-Fruc-
tose, D-(+)-Sucrose, has been measured at tempera-
turerangefrom 278.2 - 298.2 K. using an isothermal
method. Also, this paper has presented the discussion
of theinfluence of thetemperature and sugar concen-
tration with respect to these systems. Also, theknowl-
edgeof butyl acetate soluhility, infruitsand drinksme-
diaat |low temperatureswill alow abetter understand-
ing of the physic-chemical interactionsof volatilemol-
eculesinfood and drinksat thisrange of temperatures.

MATERIALSAND METHODS

Experimental
Chemicals

The sugar compounds (D-Glucose (>99.8%), D-
fructose (>99.0%) and D-sucrose (>99.9%)) used in
the study wereall supplied by VETEC Quimica (Rio
deJaneiro - Brazil). Butyl Acetate (>99.8%) was pur-
chased from ISOFAR. Distilled and deionized water
was produced using an academic compact water puri-
fication systlem (Quimis- Brazil). All materid swereused
asrece ved without any further purification.

Apparatusand procedure

The solubility measurementswere performed us-
ing an isothermal technique based on the research
group experienceon solid-liquid and liquid-liquid equi-
librium(™11,

Jacketed glass cells of about 40 cm? each were
loaded with the appropriate amount of compounds,
sugar and water, to perform the desired concentration
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10.0-30.0gL ™. Each solution of different composition
was prepared by wei ghting the desired amount of each
compoundina+0.0001 g precision balance. Butyl ac-
etate was added to the solution rapidly inaslight ex-
cessof over theexpected solubility, toaspecified lig-
uid sugar solution. Preliminary experimentsweremade
to estimate the amounts to be added of this compo-
nent. Theinterna temperatureof the cell wascontrolled
by circulating thermostatic liquid inthejacket with a
low-temperaturethermostat bath (NovaEtica - Brazil)
and was a so measured with acalibrated thermometer.
Thethermodtaticliquidwasamixtureof water and glyc-
erol. Thetemperature can be considered to be accu-
ratewithin+0.1K. Mixtureswere magneticaly tirred
at constant temperaturefor at least 2.0 h, thetime con-
sidered to be sufficient to reach the equilibrium, based
on some preliminary testsand according to the experi-
ence of theteam!(**!%, Once the sol ution was saturated,
the stirring was stopped and the excess aromagradu-
aly supernatant inthe surface, resultinginaclear bot-
tom liquid phase. Themixturethenwasdlowedto settle
for at least 24 h at aconstant temperature. Inintervals
of threeor more hours, samplingwas carefully madein
triplicate, using 2 mL syringesequipped withfilter. The
solubility of butyl acetate or aromawas determined us-
ing ahigh performance gaschromatography (FocusCG
SSI/FID - Thermon Eletron S.p.A) coupled withaFID
detector withaOV-5 fused silicacapillary column (30m
X 0.25mmx 0.25 um, 5% phenyl-methylpolysiloxane).
Thetemperature of the columnwas513.2 K and the
flow rates of gaseswere: N, 30.0 L-min™, Syntheticair
280L-min*and H,30.0 L-min™. All sampleswerewith-
drawnintriplicates. Theaverage sandard deviationon
the measurementswas approximately 0.002g.L ™.

RESULTS

Itiswell known that sugarshavevery high affinity
for water’*, and considering few concentrations used
intrids, sodl sugarsagueoussolutionshad completely
dissolution. Relatively few dataareavailablein thelit-
eraturefor sugar mixturesand flavorg™® compounds.

Someexperimentswere carried out by monitoring
theliquid phase. It wasdonewithdrawing an diquot of
theglucosesolutionin different intervalsof time. Figure
1 isan example of the obtained result. It can be seen
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Figurel: Equipment used for sampleanalysis- 1. Gascon-
tainer and flow control valve; 2. Seringue 3. Column and oven;

4.F. 1. Detector; 5. Signal amplifier; 6. Register.
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Figure2: Solubility asafunction of time (h) for butyl acetate
in glucose solution. (10g L)

that after 22 hoursthe ester concentration is constant
and then, the phases reached equilibrium.
Theisotherma method was used to determine solu-
bility of butyl acetate in pure water. The results ob-
tained by the application of thismethod to the acetate
arepresented in TABLE 1, wherethe solubilitiesare
expressed intermsof gramsof ester per 100 grams of
solution. Thesolubility of theflavour compoundinwa-
ter presented in TABLE 1 are compared with the lit-
erature and showed good agreement for 298.2 K.
INTABLE 2, experimentd resultsfor solubility of
butyl acetatein water/sugar systemsat 288.2 K shows
theinfluenceof sugar concentration on ester solubility.
For solution of water/glucose and water/fructose, solu-
bility of butyl acetate decreased whilesugar concentra-
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TABLE 1: Solubility of butyl acetate(g.100g?) in purewater
at different temperatures

Reference TK)
2782 2832 2882 2932 2982
Thiswork 1.08514 0.7748 0.7327 0.6630 0.5917
Literature 1* - - - - 0.5928
Literature 2 ** - - - - 0.6573

* Smith and Bonner (1950); ** Krupatkin and Glagoleva (1970)

TABLE 2: Solubility of butyl acetatein water/sugar systems
at 288.2K

Sugar concentration (gL ™%
10.0 20.0 30.0
Ester solubility (gL ™)

0.2984 0.3812 0.3107
0.4608 0.4165 0.4132
0.8244 05590 0.2718

Ester/sugar

Butyl acetate/sucrose
Butyl acetate/glucose
Butyl acetate/fructose

tion increased. Furthermore, thisbehavior wasnot ob-
served inwater/sucrose.

Figures 2-4 show curvesthat givesthe evol ution of
themagnitudes, S(g.100g%, solubility), asafunction of
temperaturefor each sugar used. These Figuresshows
the experimentd resultsand ispossibleto observethe
influence of sugar concentration on butyl acetate solu-
bility. Thelow retention of butyl acetatein sugars solu-
tion, compared with purewater, isredlly linked to mo-
lecular weight of sugarssamplesinvolvinginteractions
with macromolecules.

AccordingtotheFigure3, in mixturesat 20 g.L ™,
solubility of butyl acetatein fructosesolutionwashbig-
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Figure 3 : Solubility of butyl acetate as a function of
temperature in aqueous solutions (10 g L) (= Glucose A
Fructosee Sucrose)
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Figure4: Solubility of butyl acetateasafunction of tempera-
turein aqueoussolutions(20gL™?)
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Figure 5 : Solubility of butyl acetate as a function of
temperaturein aqueoussolutions(30gL™)

ger thaninglucoseand sucrose, inthetemperaturerange
studied. In mixtures containing different sugarsat con-
centrations of 30 g.L*(Figure. 4), butyl acetate was
retained more extensively in the presence of glucose
agent, compared to in presence of sucrose and fruc-
tose.

Asdescribedintheliterature, themolecular weight
of polysaccharidesisanother parameter that caninflu-
encethecompoundssolubility. Comparingtheresuts,
Figure. 2-4, it is possible to observe the effect of
substrate’s nature and the concentration on butyl ac-
etate sol ubility, when substrate concentration increased,
solubility decreased and when the mol ecul ar weight of
substrateismajor, assucrose, the solubility decreased.
This both effect were detected by Covarrubias-
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Cervanteset a1, and they rel ated that thislast effect
was moreimportant in polyolsthanin carbohydrates
solutions.

Theresult of increasing thetemperature appearsto
be quite spectacular for butyl acetate, asisillustratedin
Figure2. For thewater/butyl acetate syseminthepres-
ence of sucrose therise in temperature produces an
inggnificantincreaseinthesolubility. Inthe presence of
glucose and fructose, however, thereisan important
increasein solubility. Thus, it seemsthat theriseintem-
perature influencesthe solubility morethan the sugar
concentration. Likewise, one may notethat therisein
temperaturediminishesthesolubility of thisester inpure
water.

Figure5illustratestheinfluence of the sugar con-
centration in water-glucose mixtures. Differencesbe-
tween solubility valuesin any glucose solution were
observed for butyl acetate. Theeffect of temperature
for compound followed the same behavior inany ague-
ous solution asthat observed for glucose solutions.
Solubility decreased in therangefrom 298.2 downto
278.2 K.

Accordingtoour findings, itisclear that all sugars
studied had anegativeinfluence on butyl acetate solu-
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Solubility (9.100 g™
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Figure6: Solubility of butyl acetateasafunction of tempera-
turein mixtureswith different glucose concentration (=10, e
20and A30g.L™Y).
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bility compared to in purewater. Thisresult could be
explained by the existence of interactionsbetweenin-
termol ecul ar forces and mol ecul es polarity of water,
sugar and butyl acetate. Also, thedatapresent inthis
paper indicatethat thetemperature (T) significantly af-
fect aromacompounds, and overall quality, duringthe
process and the storage of beverages.

Experimental data and adjustmentsof solubility

Literature™® has been recommending equationsor
modelsto correlatesolubility data. We can citethe useful
correlations proposed by Heidmanet al., Yawset a.
andWanget a. Similarly and following theseauthors,
solubility (S, ing/L or X, inmolefraction) of butyl ac-
etatein water and in sugar agueous sol utionswas cor-
related by Egs. (1), (2) and (3).

S=a+bexp™ @
S=a+bT® )
INX,=a"T>+b"T+c” &)

wherea, b, c; @', b’, ¢’; and a”, b”, ¢ are the set of
parametersfor each equation: Exponentia, Power and
Polynomid.

Themost recent datafor butyl acetatein water was
presented by Daneshfar et al.[*? and Yang and Wang!™.
TABLE 1 presentstheir solubility datafor comparison.
Also, ascan beseenin TABLE 2, our dataare more
closed to Yang and Wang data than the other authors.
It can confirm the sentencewritten by Daneshfar et d .12
that the difference observed between their resultsand
theresultsreported in literature ismostly dueto the
differencein methodsof andysisor experimentd error.

Corrdatingthebutyl acetatesolubility in mixtures

Eq. (3) wasused to correlate the solubility datafor
each sugar concentration (x,) asafunction of tempera-
ture.

Resultsfor solubility of butyl acetatein mixturesof
sugar-water can befoundin TABLE 2 including the
ones for pure solvent. As can be seen, the standard

TABLE 3: Parameter sfrom equations 1, 2and 3for systemsbutyl acetatein purewater.

Equation A b c R? R.M.SD
S=za+bexp'® 6.065x10" 1.1920x10% 5.9218 0.9857 370
S=a+ b1 1.9525x10° -1.6164 x10° 3.27 x10? 0.9188 6.88
INXo=a'T? + BT +¢” 2.173x10° -1.2789 1.8322x10° 0.9607 6.28
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TABLE 4: Ajusted parameter susing exponential equation for butyl acetatein sugar aqueoussolutions.

S=za+bexp™®

Sugar Concentration 5
a b c R R.M.SD
10gL? 3.598 x10* 4.9940x10% 4502 0.9986 2.35
Glucose 20gL™ 2.047 x10* 1.6181x10° 2.1265 x10* 0.9889 233
DgL? 2.501 x10* 2.5731x10’ 1.5359x10* 0.9635 5.05
10gL? 2.308 x10* 6.6486x10™ 9364 0.9957 342
Fructose 20gL* 3.008 x10* 3.0753x10’ 1543210 0.9625 5.89
DgL? 1.135 x10* 5.6296104 2283 0.9532 457
10gL* 2.703 x10' 2.1369x10™" 1.0174x10%° 0.9752 502
Sucrose 20gL™ 4,051 x10' 26120x10” 7557 0.9947 157
DdgL™ -755x10° 1.5285x10° 4.6786x10" 0.9952 135
TABLE5: Adjusted parameter susing power equation for butyl acetatein sugar aqueoussolutions.
S=a +b’T°
Solution Concentration 5
a b' ¢ R R.M.SD
10gL? 3.9421x10* 4.4470x107 -1.044x10%° 09238 16.06
Glucose 20gL* 5.3540x10° -3878 x10 55537x10°? 09823 2.66
vgL? 1.2094 x10° -1.1886x10° 299 x10° 0.9404 6.67
10gL? 4.0728x10° -4.0139x10° 2543x10° 0.9587 12.25
Fridios 20gL*? 3.1249x 107 -2.8616x10° 15228x10" 09524 4.98
DgL? 1.9377x10° -1.9238x10° 1239 x10° 0.9480 4.9%
10gL? 1.1386x10° -95324x10* 3.0744x10°? 0.9505 5.55
Sucrose 20gL*? 1.0529x 10° -1.0509x10" 3.27x10% 0.9505 6.02
DglL? -2.1756x10* 3.6893x 10! -9.068x10° 0.9936 1.62

TABLE 6: Adjusted par ameter susing thenor dstrom and rasmuson’s equation for butyl acetate in sugar aqueous solutions.

INnX,=a’T?+b”T + ¢”

Solution Concentration >
a” b” c” R RM.SD
10gL? 3.740x10° -2.209 3.1986x10° 09957 4.66
Glucose 20gL* 2480 x10* -1.667 x10* 2.1319x10! 0.9834 2.29
30gL? 6.0 x10* 3.7275x10" 5.1489x10" 09641 4.86
10gL? 26860x10° -1.6138 2.3532x10? 0.9935 5.89
Fructose 20gL* 4.050 x10* -2.6241x10* 3.5422x10* 0.9624 5.75
30gL? 2.20x10* -1.5896x 10 1.9651 x10* 0.9559 455
10gL? -1.0x10° 3.3507x107 -7.9427 0.9801 3.09
Sucrose 20gL? 1.287 x10° -7.6436x 10" 1.0695 x10? 0.9970 1.09
30gL? 2.0x10° 1.014 x10? -2.1936 0.9952 1.36

deviation (6) presented low vauesin al cases. Differ-
ently from the butanedioic acid in ethanol -water mix-
tures®?, citric acid has not shown maximum solubility
vaueinany mixture. It wasnoted that solubility ways
increased for the studied temperature range. In addi-
tion, dtricacid presented Smilar solubilityinboth a cools
and wasmore solublein a cohol thaninwater contra-
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dicting theresultsof Daneshfar et d. 2012.

Inorder to correlatethe acid solubility inthe etha-
nol-water mixtures, it wasused the Eq. 5. For thisequa:
tion, thefitted parametersarelisted inTABLE 3. This
TABLE showstheexperimental and ca culated results
of solubility for citric acid in ethanol -water. Theroot-
mean-sgquare deviationsresultsfor thefitted curveare

A udéan Journal



PCAIJ, 9(9) 2014

Moilton R.Franco Jr. et al.

307

asogiveninTABLE 3. Ingenera, rmsdisfoundto be
about 0.013 for all concentrationsand, therefore, the
equation predictstheexperimenta datareasonably well.
Theaccuracy of the estimation of the equation param-
gtersissatisfactory, asaso presented in Oliveird?.
The parameters and the root-mean-square devia-
tions (RMSD) for Egs. 2-4 are shown in TABLE 3.
Theroot-mean-square deviation isdefined by Eq. (5).

n %
RMSD {LZ(’@ —*“p)z} ®
n-1=
wherenisthe number of experimental points. Experi-
mental (x*?) and calculated (x , or x ,) datafor pure
solventsarelistedin TABLE 1. Also, TABLE 1 shows
datafrom other researchers (x) aswell. It can be seen
that the experimental dataisreasonable correl ated by
both equations.

CONCLUSIONS

Thevariousresults presented here emphasize the
relations between themol ecul ar structure of sugarsand
their influenceinthebutyl acetate solubility in sugar so-
lutions. Theestablishment of ahydrogen bond with oxy-
gen of acarbonyl group seemsto bethe essentia solu-
bilization factor for the organic molecule. Concerning
the effects of sugars, aspecificinteraction of themol-
eculewith ester hasbeen examined.

Further consideration should be given concerning
theinfluencesof themolecular structure of thesugar on
ester solubility inthe aqueous phase. Judging fromthe
resultsobtained, it seemsthat in the higher sugar con-
centrationstheinteractionsarevery smilar that thetype
of sugar hasnoinfluenceinthemeasured solubility. Al o,
increasing thetemperaturedisfavorsester solubility in
the agueous phase.
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