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Effect of Oil in Fruit Juice on Flavor Loss
in Osmotic Distillation Process
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Abstract

This research studied the effect of oil in fruit juice on flavor loss and membrane wettability in
osmotic distillation process (OD) with hydrophobic hollow fiber polyvinylidene-fluoride (PVDF) mem-
brane. The model solutions of flavors (ethyl acetate and ethyl hexanoate) and limonene oil were used. In
case of absence of limonene in feed solution, the results showed that water flux slightly decreased while
flavor fluxes and flavor losses increased with increasing flavor concentration. Flux and percentage loss
of ethyl acetate were slightly higher than those of ethyl hexanoate.

In the range of limonene concentration studied (0-1,000 ppmv) the membrane was not wetted,
however, permeability and flavor retention properties of membrane decreased considerably. When
limonene concentration was increased, water flux decreased significantly while flavor fluxes and flavor
losses increased. For solution at 200 ppmv limonene concentration, the flavor loss increased 46% and
61% for ethyl acetate and ethyl hexanoate, respectively, comparing with solution in the absence of
limonene.
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NILUIUNTT osmotic distillation (OD) Wunszuu
ﬂ’liLﬁaLLNULLUUMﬁG‘[uﬂ@:N membrane contactor 49
I%’LﬁﬂLLNUgW‘gUIﬁJ%EJUIE’I (hydrophobic porous
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inanadduzaniwa i unan [2-7] agwlsfinw
lasnmiwalsidszneusosedszneunanvanssie
NaMAD uanmnﬁflma@ﬂmﬁLﬂuaaﬁﬂiznauwé’nu,ﬁ';
Foflusiiu 1o (pulp) ansl¥inause (flavor) uaztindu
Wugiu sedunssdiunslunszuiuns oD weeh
HaliaseToliinafiuandaluannszuiuns OD ey
FIRZALIIRGY I LU TEIMIANITBIWANTUAZNS
guiuansiinause

Alves WazAne [6] WUIWENSFlUNILUIUNNT OD
Po9thdNanadas19sInEIsoua s nsiuntg Tu
mm:ﬁﬂﬁnﬁmmmmmﬂ@ﬂsm:ﬁauﬁwmmumo
WIN waTAranaIavaINfisdun1TuIuYTENI 6
Hlue Befidemainamminazainannlsiuuase
ﬁﬁag”[uﬁ’walﬁ FosonAdpariuseN1uTes Bailey Uay

Az [4] Baftnun OD vavthegu Foheguiiinisia
Tudlasdusensziunssanilamsdu Wousnide
wazinAfuaanly ﬁw:53‘ﬁﬂWﬁnﬁgondﬁw&’nﬁmmﬁﬂa\ju
lsildiuntstnia Taeg3de [4, 6] Tallgnaaforinaiu
fiflogTurhwald

Tuns@nensziums OD zevasacaeglasa
[8-9] wulunseifisnsazaeglasanausy limonene
oil (mﬁﬂiznawﬁﬂuﬁﬁuLLa:nfwalﬁ?iu) 02 %w
Hawnulwalidausanasad (Polyvinyl alcohol, PVA)
azifiamaiden (wet) Wufl wazasldawangiisiunn
diadeuinsdiluiiunas LLﬁiﬁ’]N’]i@Zﬂ’]ﬂ‘gIﬂ‘Sﬂ
151 limonene oil 9 linunsdlunvaaidausuias wie
namdntevils thiwdusmeivilindndanasuas
ilidaunuinniadengls wingslsfinuysanu
Wiy 02 %w (2,000 ppm) ﬁugan’hﬁ’mﬁuﬁmuﬁw
walsiann Taeniduazsl limonene 18.4-276 ppm LAE
fifusn 22-400 ppm  [10-11]
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Anfuzasanslvinauss liun ethanol, 3-methybutanol,
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19 OD ﬁqmwgﬁ 25 °g wuin AWanganslEnau
sa/anti (J4d,) maolﬂfﬂa\juu,a:‘lfﬁ&’ugond'mmms
QERILIIABININ 1 HUNTEHYRY ethyl acetate (iDWHY
TnwAlwsAdu (Polypropylene, PP), Celgard 2500) §ifn
J/J, DNRIIRZRILINADY {f'la\ju WaTTNENUTENN
1X10*%, 25X10* wae 50X10* awady Geazidiuld
71 0D Pasiwaliiadeimagadastindusaninnin
fn3azapIaesio 25-50 wih usdslainumawa
Fonauivinlsi J/d,, gaﬁumnﬁﬂw%’uﬁﬂa\juLLa:{f'lﬁu L
Frlusnsazapsrassiuazdl limonene WENBE Y
faw waiemadadusnidiwulubsslisnndeud
1 ppm  BefAdulalléissauysanaes limonene Tu
ﬁwa\juua:ﬁ'}ﬁuﬁﬁnm

msﬁﬁ’mﬁuﬁmm‘mwauﬁﬁga Foufulyladau
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2. qﬂnsniuazmwﬂam
21 d@15.A3

Ethyl acetate 99.9% 27nU3EN Mallinchkrodt
87U ethyl hexanoate=99% WA limonene
((R)-(+)-limonene) 97% 4pa1nu3sm Aldrich

wa A

@mﬁmu@mf\fﬁmmaamima’wﬁumﬂum'ﬁwﬁ 1

=3

P Y in water Relative Hydrophobic
Compound MW nLnan i 25 °x i 25 ° volatility® constant
(D | @agsen) (std. deviation) ” log P
wfia axdiem 811 | 711 87.32 70 (4) 259 073
wila angluen 144.2 168 1.18 32,700 (920) 1,638 2.80
Aluflu 136.3 176 066 370,000 (37,000) 10,365 457
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2.2 gunsal Osmotic distillation
yagUnsal Osmotic distillation uanalugLf

1 Feansazaeilauandellouazgnilowdngluganes
Wourumesnuluvia (tube) Toviausuidulonaiede
ﬁu Peristaltic (6) (Masterflex easy load Il, Cole-
Parmer Instrument Company) f1IasaETInuImng
sananidauwsuazgmindusngdeilou Tusuefisaiu
snsazaendeudaiuazgniloudnglugazesdousiu
mMaduuenvia (shell) 2adifiouiu  F9asiinnnsdny
i nduasazatedeu uluie) Tugdmas
araEinde (Fuuanvia) YFUSIAsTRIaNAzaNE
fauvIaimuImvanad LaUINIAITIEITALAELINAD
quifindu asnsadavsiesfiwasuldldeinnissu
mmgaﬁﬂmm (3) ﬁaﬁagﬁ”’a’[uﬁoﬁauLLa:ﬁamsatmﬂ
LNAD

doflauuasdvasazanainfeussgeylu water bath
(YCW-010 series, KK) @iuangungiisae thermo-
stat #udnsINsivazasansasaetlauuasasazans
indesnsadsuldfiiuuas Tadasmslvadae flow
meter (5)

oududilfifuidouduzngunuuidulonaie
Twﬁlaﬁalaﬁu—vdgaaliﬁ (polyvinylidene-fluoride,
PVDF) 789U35m Memcor Australia (iausufizuing
wyu 02 Um fwouduls 30 Wule uacduiibe
WY 0.0138 .
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quasy 7 Falas amiuiausinassesssazaetlou
(GnuLnm) LLa:mia:mﬂmﬁaﬁnmqﬂﬁw 32 T0

anudndusasanslindusaluansaratetlouusiu
wazfiagavine fewdnsufialasulanswil GC
Algilent 6890 (FID) War¥iNN1IMTINNDULITNULNED
caCl, Tussazaeilouiiiangaiing
Tagnnmanasesldasazaeinie Cacl, 450 %w
fisnnslvarasansazaeilounazansasaenaativ
222 W/l uay 132 WA/l MNERY AILAN
puvgfimasiomslounasasacaeinfaliineii 34 o
uargmsussazaeilauiisl imonene iuasdlsznay
v ndsanfigiiuns oD udrezFesdradounudie
0.1 M NaOH fiutaan 30 wiit uddwradisiingu
AMANTIN (J, IVmh) uazAdndoesansiwinau
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J = £ (1)
At
vCc —VC _
J/_ — 0~ i0 fif X10 6 (2)
At
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anudintuzesarslindusasandntassarsazais
ethyl acetate WR=&19AZANY ethyl hexanoate HLLU?
Tinfmfoutu duanstuguil 2 Tasdindndundien
anavLAntiny usdndansliindusageiunuanuidy
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Fearoti WaamnudaduzosansTindusadaanndu
¥ ¥ water activity Tuansazarpanaaiieaiantie
[17] F9vilFusedudun1saremuiairdaud1eaed
WanFuhdefdanaclinnn Tussd activity 289815
Tindussaziinduagefiteddy [17] Huwaldad
Wﬁﬂf"ﬂmmﬂﬁﬂﬁuia ethyl acetate ac ethyl
hexanoate g\‘l’ﬁuﬂ;’um\‘l
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UM 4 wazasanadadurasarstindusasenisguiieaslvinduss sasansazaiy EA-water

LAT§19aLaNy EH-water

aviuldindadrundndravanslvindusase
windveni (J/J,) Tugtit 3 flehAeuines aglu
239 5X10™ fiv 4X10° ama‘l‘snmu Weuiueau
dinduzasanslinausalumweiien ©, quni (4)
wuiranadndusassslinausalumaiionganii
anudadurasansvnausalussasaedouisuduiy
4.8-53 19N UaY 5.8-8.8 W1 8 1MTUN1IALAY ethyl
acetate WAL ethyl hexanoate MNAL FILAAIIL
A19199 2 Fenaneanuudaudulidaisnsainansly
ﬂ?iuiﬂ ethyl acetate WAL ethyl hexanoate 16 w38
SnilewilvansTindussmoufiasnnudousuinnnini
Twes wetimaifiosnananstinausaiinwlsinoy
1hie Feadauiiingimtideusiudolsizothmiiou
fuldannind  Sonbifanudadurssansidngu
safifmidousugendilu buk Usznaufulaana
maams‘lwnaummmusymmwmﬁmmn (@, g9
A9 1) ﬁ?\ﬁyLWEJLLE\IULLWiN’]mEJE]LLNuIﬂN’mﬂ’J’]u’]
mmmeummmﬁwnauiﬂmwauLawwq\*}mwmm
Waduluasazaeilou

nan1naassieduiisanansasfussauideoes
Barbe wavAmiy [12] F9An®inszuiun1s OD 289
f1TazAIEIIaasTadENs Windusavianewiin dwnsuide
LW PVDF (Durapel VWSP) &@1 J/J, TO981IRLANY
ethyl acetate WAz ethyl hexanoate Usrunau

1.1X10* way 1X10° snady wsadisufuainu
dindusnsulussazaedifiiss 1 ppmv uaz 0.01
ppmv &1%3U ethyl acetate WAs&1IATAIY ethyl
hexanoate uswzdidn C / C,, Yszanm 110 uaz
100 MINRAL

Wanfuey ethyl acetate ganiwanduae ethyl
hexanoate LiNeNLANTIDE (gﬂﬁ 2) W1 ethyl hexanoate
azszmediend wififisualuanaivandy ethyl ac-
etate Founssnugngusaidousiuldisnnit vinliwen
SN ethyl acetate gandwﬂﬁnﬁmm ethyl hexanoate
Tabsnmin sowal¥anisgauiiuansindusa ethyl ac-
etate 9xdAgINIn ethyl hexanoate Lantipy (gﬂﬁ 4)

nnsfidndaaeasiindusafaisnduus
Wingraniaeuien (gﬂﬁ 2) @i’lmigm;l,ﬁﬂmﬂﬁ
ﬂﬁuiﬂ ethyl acetate La: ethyl hexanoate ':v"\‘lLﬁsJ
snfuiloradaduzsasindusalussazaeiiia
i sauanaluguil 4

duflihdanadn mmigzyLﬁﬂm{[ﬁnﬁ'umﬁﬁhqo
wndszutuevas 40-70 Felunasldenuaie
289n3xuUMs OD lidiasnslwanstvinfusasine Tu
vwaldiiudausululs flowddefiswauidluans
PavaafiszinedeaansaruSaurulEunnuiy
Alves LLlar Coelhoso [6] WUI1 OD 28dd13aLany

wnaglasa 45 %w Fefldunanzay citral uas ethyl
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butyrate Bi9aT 18 ppm AziNIFYLAY citral uaz
ethyl butyrate fiv¥paay 12 wasiouas 14 AINRIGU
usnaniuanuans@ine oD Taw Ali uazeme [7]
fiAn9geide hexyl acetyl ¥apay 37-73 ethyl
butyrate 388as 43-77 benzaldehyde 3ppay 36-52
was hexanol ¥away 25-38 Fouanaliiiuindounu
Tissnsainfussldndusaldogrefilszdndnw F9
msvniBasnsgaudsansliindusamaniliiosas Tng
nsUsuwWasuan1Izn1Iaunsimanzan on
fagdu nMafindnsnsinazasanstlou deazyi
imsazanzesanswndusaifmtibounuanag
HaiNITEvETasR s N AusaR v o unuanaaly
Fan aslrnAusEIILNT RS LNUTDERY

3.2 wapaJ limonene siaAManNGuazn1IgaLdn

s lnauss
31t 5 usnsnazasANAdaEu limonene
ﬁﬁﬁi@@hﬂﬁnﬁﬁmﬁ ﬁL'qumﬁ'm (7 Flug) 89T
NCANUNNN water - ethyl acetate - limonene LAY
19BN EN water - ethyl hexanoate - limonene
Tasasdindurasasiindusansiiii 420 ppm
anifiuldimandiranasetvsnnidisanaudaduses
limonene LTy LﬁaLﬂ%‘ﬂmﬁﬂuﬁ’ugﬂﬁ 2 Fandng
ihfimdoudwasiidioradaduasasiindusaiy
Fu Fonanldimsanasethannzssidndinioas
Wiaduaes limonene sy ma:mmnmmqﬁu
wnndnfiasidunasinnisildsuntasany water
activity swamduldléfide limonene fuansiidl
mm\lﬂ,i‘ﬁauﬁ’lgd (@310 hydrophobic constant, log
P, a3 1) sal,ﬁmmi@mfj’umetﬂuagﬁﬁwﬁnﬁa
WA ﬁﬂﬁiumqmmﬁmwimu%u limonene 1#1g#"
windousuldendu Sadleasdsdiupes imonene
Wiy AunLnzesiu limonene fazanndulugae

WlweanfootinBeanas

wsnandifodanaldin limonene Tussazanssdl
naspwantrasasinAuTaEiulETn 171”’061 finu
Waduzaeaslinausaluaisazarefidrasiife 420
ppm n3findnFansanstindusafinduniuay
Waduaee limonene 1aufiBeN1a AN aNDY
limonene fiRminbauru uazddnad ethyl
acetate Waz ethyl hexanoate @iidusnsysznau
Mlairout 98 IN1T08TRIBUAZ LN HIUTUDDY
limonene %@ﬁ@mauﬁﬁ‘lﬂﬂﬁauﬁwLﬁulﬁmﬁu 16En3n
W vl mangaesssnausaiainsndu

ﬁ”’omsa:mﬂwau water - ethyl acetate -
limonene LLRLAIIRCANUWEN water - ethyl hexanoate
- limonene fiAdndu JAJ, BEILNIN 0.0017 9
00058 fogUil 6 Amfuaadndusasansidnause
Tuiwafitendly 1,700-5,800 ppmv 9N1NNTIAN
Wadurasaslrinausaluasilousdusu (420 ppmv)
wauwh uazidiintudeanudisduses imonene
iy FeviliemagandeasTindusaiiaiann
Fupuaadinduses limonene §ae (gﬂﬁ 7) wiulg
#@d1 limonene finasgnannsemaviivigaiuansli
NAUTENINT Tt LA AT ABUAZ WS
NUFUTD9 limonene Aigzanagfifmiiudousuladni
W fefinannuds

INMIRTUIMIanasTasANaNTIN wunlad
ffindndanasatnsiiuiuiiar uansinbaunuia
msdlen wazannInTIeEauYSuNMLeY CaCl, LN
WUl cacl, Tudmumn Bnviaaunuaansadosae
NaOH Thflpmuasifmilowdounuiusuld Seaqulé
Ilugreanudnduzes limonene &9 1,000 ppmv
il idideuduinnisfon SeUsuiuves
limonene ftAsfiseuviFdawiuAansdun Ao
2,000 ppmw [8-9]
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%Loss

sUn 7 wavesanudinduresiniuniive %Loss YDINNS IHNAUTAVIETALANY limonene-EA-water-
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4. ‘iJ‘VIﬂEﬂ
N92UUNT OD BBIRNTAZaNE7i L3S limonene x4l

&%

winFnaeuteaed ualunsdifisl limonene Wandu
anavpgssnifioaadiduaeg limonene iindu
AMNENTULDY limonene 200 ppm FolndiLAeiuLSanmu
limonene fiwuTuiindy [11] azfindnfinanasisiouas
24 Wauiunsdinlaidl imonene Foifulyléindsud
ﬁag’[uﬁma‘[ﬁﬁuﬁnmmwﬁaﬁﬁﬂﬁﬂﬁnﬂuns:mu
M3 OD zswiwalddnimandoasssaraissan
uan‘lﬂmnmmamn‘[ﬂﬁu wAdy wazie [4, 6]

UBNAINTY limonene ﬁ’aﬁwaﬁiamsgwﬁﬂm{[ﬁnﬁu
seaney Taeiideanudisduses limonene findu
Amsgaidsastindusafifindu danudaduses
limonene 200 ppm f@n13gauid ethyl acetate uay
ethyl hexanoate Winfiu3asas 93.7 wazipuas 90.9
85U ANEAU w%aﬁﬁhmigfyLﬁﬂm{[ﬁnﬁuimﬁu
FuSewar 46 uazdovar 61 Awady (feuipuiy
n3ALNA limonene

Tugeaudnduaeetindu limonene 0-1,000
ppmv thdulsiidounuinnsden nienanaléin
ﬂ%mmﬁﬂﬁuﬁﬁaﬁ[uﬁwa\lﬁ (270 ppmw) AnTfiasyin
Widausuianisden

HansneasvaneudTefivtesfulseTemilunis
Wannuisz AN muazaamsgadsnsinausaty
N5UUM3 OD T8vtHald LﬁaTﬁaﬂuﬂsaﬂszqnﬁ
Hlalugmamnssnadasialy

5. AinAnssNUsznA

AIvprRTaUNITAME MTLNUgAYUITERINE 1N
SUAZNTTNNNTITUURIDA

6. 1NF13D19DY

1. Kunz, W., Benhabiles, A, and Ben-Aim, R,
1996, “Osmotic Evaporation through Macroporous
Hydrophobic Membranes: A Survey of Current
Research and Applications”, Journal of Membrane
Science, Vol. 121, No. 1, pp. 25-36.

2. Rodrigues, R.B., Menezes, H.C., Cabral,

L.M.C., Dornier, M., Rios, G.M., and Reynes, M.,
2004, “Evaluation of Reverse Osmosis and
Osmotic Evaporation to Concentrate Camu-Camu
Juice (Myrciaria dubia),” Journal of Food Engi-
neering, Vol. 63, No. 1, pp. 97-102.

3. Belafi-Bako, K., 2006

“Enhanced Water Flux in Fruit Juice Concentra-

Koroknai, B.,

tion: Coupled Operation of Osmotic Evaporation
and Membrane Distillation,” Journal of Membrane
Science, Vol. 269, No. 1-2, pp. 187-193.

4. Bailey, AFF.G., Barbe, AM., Hogan, P.A,,
Johnson, R.A, and Sheng, J., 2000, “The Effect of
Ultrafiltration on the Subsequent Concentration of
Grape Juice by Osmotic Distillation,” Journal of
Membrane Science, Vol. 164, No. 1-2, pp. 195-204.

5. Vaillant, F., Jeanton, E., Dornier, M., and
O'Brien, G.M., 2001, “Concentration of Passion
Fruit Juice on an Industrial Pilot Scale using
Osmotic Evaporation,” Journal of Food Engineer-
ing, Vol. 47, No. 3, pp. 195-202.

6. Alves, V.D. and Coelhoso, .M., 2006,
“Orange Juice Concentration by Osmotic Evapo-
ration and Membrane Distillation: A Comparative
Study,” Journal of Food Engineering, Vol. 74, No.
1, pp. 125-133.

7. Ali, F., Dornier, M., Duquenoy, A., and
Reynes, M., 2003 “Evaluating Transfers of Aroma
Compounds during the Concentration of Sucrose
Solutions by Osmotic Distillation in a Batch-type
Pilot Plant,” Journal of Food Engineering, Vol. 60,
No. 1, pp. 1-8.

J. and Fane, A.G,,

”

1999,

Journal of

8. Mansouri,
“Osmotic Distillation of Oily Feeds,
Membrane Science, Vol. 153, No. 1, pp. 103-120.

9. Xu, J.B., Lange, S., Bartley, J.P., and
Johnson, RA., 2004, “Alginate-coated Microporous
PTFE Membranes for Use in the Osmotic Distilla-

tion of Oily Feeds,” Journal of Membrane Science,



MNsETITBURsALN 195, 7 30 aufl 2 wmsu-Aguieu 2550 249

Vol. 240, No. 1-2, pp. 81-89.

10.Selli, S., Cabaroglu, T., and Canbas, A., 2004
“Volatile Flavour Components of Orange Juice
Obtained from the cv. Kozan of Turkey,” Journal
of Food Composition and Analysis, Vol. 17, No. 6,
pp. 789-796.

11.Shaw, P.E., Lebrun, M., Dornier, M. Ducamp,
M.N., Courel, M., and Reynes, M., 2001, “Evalua-
tion of Concentrated Orange and Passionfruit
Juices Prepared by Osmotic Evaporation,”
Lebensm.-Wiss. u.-Technol, Vol. 34, No. 2, pp. 60-65.

12.Barbe, AM., Bartley, J.P., Jacobs, AL. and
Johnson, R.A.,1998, “Retention of Volatile Organic
Flavour/Fragrance Components in the Concentra-
tion of Liquid Foods by Osmotic Distillation, Jour-
nal of Membrane Science, Vol. 145, No. 1, pp. 67-75.

13.Ragazzo-Sanchez, J.A.,, Chalier, P., Cheva-
lier, D., and Ghommidh, C., 2006, “Electronic Nose
Discrimination of Aroma Compounds in Alcoholised
Solutions,” Sensors and Actuators B, Vol. 114, No.
2, pp. 665-673.

14. Fichan, I, Larroche, C., and Gros, J.B., 1999,
“Water Solubility, Vapor Pressure, and Activity
Coefficients of Terpenes and Terpenoids,” Journal
of Chemical and Engineering Data, Vol. 44, No. 1,
pp. 56-62.

15.Sancho, M.F., Rae, MA., and Downing D.L,
1997 “Infinite Dilution Activity Coefficients of Apple
Juice Aroma Compounds,” Journal of Food
Engineering, Vol. 34, No. 2, pp. 145-158.

16.Savary, G., Guichard, E., Doublier, J.-L., and
Cayot N., 2006, “Mixture of Aroma Compounds:
Determination of Partition Coefficients in Com-
plex Semi-Solid Matrices,” Food Research Inter-
national, Vol. 39, No. 3, pp. 372-379.

17.Pozderovic, A., Moslavac, T., and Pichler,
A., 2006, “Concentration of Aqua Solutions of
Organic Components by Reverse Osmosis. [:
Influence of Trans-Membrane Pressure and
Membrane Type on Concentration of Different
Ester and Aldehyde Solutions by Reverse Osmo-
sis,” Journal of Food Engineering, Vol. 76, No. 3,
pp. 387-395.






