\f.'o _}Ja,:}.éﬁi .Yr n)}) g\vo A)La..i': g;)\;ll &\M GL.& K} (}J& A.W

Ol ) e s 5 psle aleus

www.fsct.modares.ac.ir :dow Colw

‘;:A}}%_JJ& Jlas

&‘.1.5@\&,0):}@0\%5]3 G‘;"é’.ﬂ‘): 6}:.5;:3 U':'}‘JS "\:‘?.‘Jé :ﬁJlS WaBPs

"0l ol bl Ll

d.}l] gQ\j.@.'f cdﬂ.)kw‘ )‘)I SLisls Slad>s rj.l.c Be P «&‘J& C.:ru b 3 r)l.p a}; aLgJISJ 6}};,.:..-\5 =)

U.jil gd\;@i uuA)L,a\ be cli..i.}') uQU.:.E;J E) (:}.L& .l>|) ‘Liib‘; @LM.D Lf‘”'w E) r}lﬁ aj‘)f ‘LS‘):SJ 6}»2.:\2 -y

o.,\,'s.? e SN
Glapab W5 53 0380l sl Eel 132 stiasab SLS 5 G pme hl5dl 4 5, Ly, Plie gla g

Sosme Slold 4 a5 L a.l.’.h}r.xb oS 5y p CLSSS cl sl Sl
ina glie T3 S Olgea s sl w645 5 eSS 1L
@l Sagtenn 5l Jhre SLS S SLSL Gle e LSS ple 4 s
ol plie llir duT 3 g ses ool azils m L o(g5,5lES
sl o o slad S50 Uil lisl jsba oS col fodoe 8 glalis Sl sl
033538 pde (oS (G551 B pae 3w edisa 5 AST e oS 1) mle STy bl s
Jlizal 3550 Glane SLS 5 S LS Bis 5 g3lulir 4 alaws sl alesd Sls
LSl (el 58 (b zel a3 Jana S 5 3l il p s Ve 3 el 4B 513
I =0 I o sad JUKa (s ol cmbal sl dacy S osda s JSI
el (S5 O o pd alax Sl cilie mbie 51 U OLSHl -JHT-Y SWS\[te
s Blo (S 5 ol S i I o s JE L O (658 O s
POMS ; PEBA PDMS) (s, 55 sl 5 gblis sl eslinal L ol ) ba
OS5 el Al o33b dle dT 3 sl el )b s L3k (b 58,50 5 SOl sbalis)
e Falize S STy gles (STt Ol o sl g Lid (S
Ol ladllas cpl ST zdls o) 5550 OSULS slge 5l edd ol Sl Jans DS 5
Ak L2E 3lgn 3l 55 il el 035 T3l aal S a s eins
wwey opl 55 LL oS syl 55 (SBS P(VDF-co-HFP) PU oL 5 ail) Koo

2,8 3 bl sy mi

VEYNNNG 3l gyl
VYA 15505 sl

VERO/ VYT 5l Gy

1S olds
S Fuls

10.48311/fsct.2026.83711.0

Baharemirpourian@gmail.com

asmabasatil 726(@gmail.com

14


mailto:Baharemirpourian@gmail.com
http://www.fsct.modares.ac.ir/

S sl AT 5,8 )

Ol e ool 5 bles L]

SS1s 5 OseldenS) g den ol (S ST LS 5

Bl S Sl esliza el o s sl e ol s
(ol odosls 0Lz slis O by S g bl
Sl T e Gl sl Kl S
Goloalls gl o sl il cpl sl SIS
Sl b e bl Ole s ol 4l OS5
S Olsea PV o35 0l &S a aal b ) sl ool (61
4SS bl edlis slas o5 sl o seb s sl
Sonp sdd= gl plasd 5 s sla 2S1s
WJbl Jledlgon) oland slge adal 5 grabali o
Gl 5 d>ly Slles s (MTBE oJ b 255!
G IY] gt 488 a5 aadas T slad S0
Jledlgea) OF Glle Ws & PV 5l eslizal s el
sles Jials lde 53 VU w0l (lles Sale
e S B 4 S (S5 3 e e 5 o e
b Dl o me gl 5 ki Gl 2l
Jolse OB wen Sl Sageil asl W)l g 55 LG
3 Shas ol b a gl wlp s gl
ol ezl (Sa gl st 5 S e S ane DS 3
OS5 o3k @l 2 PV Sleslizal o1l .06l oo J5l0>
ol atlid (glos xS sbay slde zle s b s
s oo atlid plisl plid aul 3 G Olsea PV.Col
e LS 5 glalas Gl Sl Osysl gl 4
o Al bl lelis ol w8 S O
Lol Gl ol s 4 b mbe 51 JT LS 5
I s el Sl amlr ol e e S
M sl o LK 5 bl eSS )
o5l LS G PV Ol 3 oS dites Jans slgs as
e LS 5 55 ge oLsL it Olallas yioeas O
Liee |y glle Oluls 5 (65,5l OV e

15

dadao—)
SIS Glasosls slr SletnlB Lol sl
Sl b g5 glaskae 5 lagab edias [ S5 5150
Jﬁj@j,u)dm%jw:ﬁ\juu;@u,; o5zl
Jold) ploasd olge 5l gles S 0y S b 5 ke 551
L L o SIT 5 WaOlSOT ahe 31 o e J 550 YY 000 51 2
o JSU (o S 584 05 28 0381 05 L 1) 0B S 0 i
3 Jleasl ol s JT glaad 5 a0 5 (s 2l
Sk 53 plandiolse Sl ates 0 501513 s oy 5 oS 51
Lozl dae s QLS 3 Gasein glasy i o8 Lo
St JT bS5 cnl i genassba s Ul
bl gl las (0e sle 51 (5ol A5 slail 3
o s5S slols 0asl Gl V] dres zilig
bt Slatul 3 G b 51 @3ls)s Lol s (LS 5
5 48 Sl S e iz s S 255 e L
I s Wl dijls Cedl 5 gl 550U 5 5lse @
S sl sl Son o Kol
sl 5 etz mnd slagab b slacd lagab ke
My glp Senoly 3 el o3 Y5l 25
Gib D) s Jeolpea @ls 2y WO b
s b 50T 2l sl b (05 055 g (sl S5
Bl u.fli)'lf/clf':‘.ﬂl «.q}f e &S ol sy dleasl ol
(Ol e aose ASle) (655l b OV g
Sheslimal b (o 5 laojlas odd (sl b slalie
S8 ek Gl 4 Bil ol glasess
WJal s g el 0l sleis U8 e sl ngi)'l.g
s 53 4 3L gl el gl LSSl ples
Wl dils I b ol lapinms 53 DS 5 035
e s b OLS S ol 5 Rk ST 4 e s

Rl A1 Bl (s ST sk el

1-pervaporation (PV)



VE40 ;a0 s YW 0,95 VO oyl

C)|)‘o‘| g;l"lb @L&Jf}l&&u

Ob o) e sl 53 Sbw &) ot S Jlesl L L
[£]s55 0 435 (o315
olad ol 5l ol Lie Ol 51 STy e gl ) se
ShoLas Gl bl ol 5 5 5 STy J e oo
Olid=s jy pd e W R 4y Al S,k
53 Lis 3l sl gl S g Sl s a2 LT
(oo e 53 4 Sl s e eslizad o5l 5 Ce
B3l 0T Olags alasl sy Mot sl 5 0515 5l Sale s
ijfe&.gw\ IS s il b oa 0 400 (g3l

[0] Gl slZosls OLEPV

3l sl K wll lis opl e (ol ol L [FIiles S
L3 g hol b 51 daol Sliste iomen 5 oabs las

el (PV) (6o sl 5 31 esliza

S sl 5 Jge-Y
LT3 SPV) s Sil5 b s il
Sl) mbe Lol O b oS ool plid (s3lalisr
D3 TSl slis L it b 3 (ST
Gl sl Sl 4 x5 L byl sl 5,5 s
L Cubrs glaly 5o 2n 8 ol sl an i

L;“.,a-)\f “’<'i 41.:...4}44. (raj‘f") e.,\;.'SS}:iJ ;}7.-‘95515)}..&

I l\]lllt|

:> Retentate

Feed e—=>>
] 1 1
A L
Vapot

: S Permente

Vacuum pump

Figure 1 - Schematic of the PV process [6]
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Table 1- Division of PV process based on the type of membrane and its application

Membrane Hydrophilic Hydrophobic Organophilic
type
Polydimethylsiloxane
Polyvinyl alcohol (PVA) (PDMS) Polydimethylsiloxane
Polyacrylonitrile (PAN) Polyoctylsiloxane (POMS) (PDMS)
Polyether-block-amide Polyether-block-
Cellulose acetate (PEBA) polyamide
Polysulfone Ethylene-propylene diene (PEBA)
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Carboxylmethyl-cellulose terpolymers (EPDM) Polypropylene (PP)
Poly-1-trymetylsilyl-1-
Polyetherimide (PEI) propylene Polyethylene (PE)
Chitosan (PTMSP) Polyvinyl alcohol (PVA)
Polypropylene (PP) Polyetherimide (PEI)
:nembrane Polybutadiene (PB)
ype
Hydrophobic zeolites
o . Separation of methanol
Applications Removal of organic matter from MTBE
Breaking the azeotropes of from water Separation of benzene and
binary mixtures Removal of alcohol from cyclohexane

alcoholic beverages
Recovery of aromatic
compounds from food products
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Table 2. Some aromatic compounds recovered from different agricultural and food products using PV

process
Aroma Source Membrane nature Membrane Operating Productivit | Ref
Compounds material conditions y permeate
Kg/m*h
Isobutyl acetate Bi . Hydrophobic/organophilic | POMS 30°C 0.003
ioconversion 0.5 mbar [18]
culture broth :
S-methyl thio- Cauliflower Hydrophobic PDMS 30 °C 0.0006
butyrate PEBA [19]
Blanching 2.7 mbar 0.0002
water
Linglool Blueberry Hydrophobic PDMS 30 °C, [20]
d-Limonene -
model 3.9 mbar
1-Heptanol solution
1-Hexanol
Trans-2-hexenal
Ethyl acetate
cis-3-hexenol Tea extract Hydrophobic/organophilic POMS 30 °C 0.003 [21]
6 mbar
Ethyl acetate Model Hydrophobic PDMS 25 °C, 0.008 [22]
solution 3.9 mbar
2,3—butanedioil§ Model Hydrophobic/organophilic Commercial 20°C, 2.5 0432 [20]
23 solution PDMS mbar
pentanedione
Vanillin model Hydrophobic PEBA 50°C 0.39 [13]
solution 3 mbar
B-Pinene Lemon Juice | Hydrophobic/organophilic | - pop /g 30°C 0,000 23]
Limonene 0 mbar 0: 0009
Isopentyl Pomegranate Hydrophobic PDMS 30°C 00005 | [24]
acetate juice ’
n-Hexanol 0 mbar
o -Ionone
I-methyl-1-
pyrrole,
methylpyrazine,
Bergapten, Bergam{)t ' Hydrophobic Commercial 25-40 °C 0.0009 [25]
linalool, linalyl | SSSential o1 GFT 1070 10 mbar
acetate,
limonene
Ethyl alcohol Sugarcane Hydrophobic Commercial 30°C 0.100 [26]
Ethyl acetate molasses Pervap )
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Isoamyl alcohol | fermentation 4060 10 mbar
Isoamyl broth
acetate
Pentan-1-ol | Plum, apple, Hydrophobic Commercial 60°C 0.008 [27]
Hexanal | blackcurrant Pervap ECO ’
Butyl acetate | and cherry 001 BP 3000
Heptan-1-ol hydrolysates mbar
Benzaldehyde | Coffee Hydrophobic PDMS 20, 30, and 0.006 [28]
acetic acid 40°C
270, 530,
800 Pa
Nerol | Lemon essential Hydrophobic PDMS/PVDF [29]
a-terpineol | oil waste 30°C. 10 0.0003
linalool mbar’ 0.0009
0.0006
1-octen-3-ol Oyster Hydrophobic PDMS 30°C 0.0005 [30]
hexanal
benzaldehyde 0 mbar
B-Ionone Black tea Hydrophobic MWCNT 30°C 0.0005 | 311
PDMS 0 mbar
Linalool Blackberry juice Hydrophobic Z1F-8/PDMS 20°C 0.0009 [32]
benzaldehyde .
ethyl acetate 2.5 mbar
Inalool lavender Hydrophobic PDMS 40°C 0.25484 [33]
terpinen-4-ol .
a-terpineol 10 mbar
camphor
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Figure 3- Integrated membrane production process for kiwifruit juice concentration UF, ultrafiltration;
RO, reverse osmosis; PV, pervaporation; OD, osmotic distillation
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Figure 4- Schematic of the recovery process of aromatic compounds from oysters by PV method [30].

)‘JM_.:LC;U)J .,b‘eb‘y_)...ﬂje u._:_lﬂTgL.:jﬁjﬂ GLZ: oAy
La0sS ol damjl) LS55 il g Ve
s Lo 1t 3 (Lay S 50 ol ISI1 s
PV lalis 51 eslinal b ciloe sl 51 gl sba

S S azes-V
Lol 03 s sl dnl el Wi ol s



S sl AT 5,8 )

Ol e ool 5 bles L]

C:%Lua slas

ERIRUEPey) (W‘ Sl g &

Sl ool il
Celes SO il ys elasl o b ool Jas

@\.:»—/\

[1] Alharbi, W.N., et al., Extraction of organic volatile
pollutants in over-saturated water by pervaporation
technique using a poly (dimethylsiloxane)-based
sealer as a membrane. Water, 2021. 13(8): p. 1049.

[2] Manshad, S., et al., Membranes with favorable
chemical materials for pervaporation process: A
review. Journal of Membrane Science &
Technology, 2016. 6(4).

[3] Silvestre, W., et al., Pervaporation in the
separation of essential oil components: A review.
Trends in food science & technology, 2019. 93 :p.
42-52.

[4] Castro-Muiioz, R., M.Z. Ahmad, and A. Cassano,
Pervaporation-aided processes for the selective
separation of aromas, fragrances and essential
(AFE) solutes from agro-food products and wastes.
Food Reviews International, 2023. 39(3): p. 1499-
1525.

[5] Pereira, M., C. Brazinha, and J. Crespo,
Pervaporation recovery of valuable aromas from
by-products of the seafood industry: Modelling of
fractionated condensation for off-flavour removal.
Separation and Purification Technology, 2022. 286:

p. 1204-1241.
[6] Sun, X., et al., Production of alcohol-free wine and
grape spirit by pervaporation membrane

technology. Food and Bioproducts Processing,
2020. 123: p. 262-273.

[7] Schifer, T. and J.G. Crespo, reactors by
pervaporation. Integration of Membrane Processes
into Bioconversions, 2012: p. 177.

[8] Castro-Muiioz, R. and J. Gonzalez-Valdez, New
trends in biopolymer-based membranes for
pervaporation. Molecules, 2019. 24(19): p. 3584.

25

aS ))\J S99 dLo.Z;-\ U'i‘ g)'}f‘ “ G .l v"l‘iJL’

sblis 5L, POMS , PEBA PDMS

Al e Sk S e sl S8R S
k) SR e olie slse Sl S S bl
LU S 3,05 34> 5 (SBS P(VDF-co-HFP) PU Lol S
dtees 6,8 513 sl 3ose b aS ae ool 53
wlad sl ann g g9, 5 L8 Jb s sl ans
Slatussdome ads sl 45 5550 3lge 55 b i

Lok @l sl Sl Olse s PV (655l slagssluesly
Sl nl pesdle el plnil J- 3 laee DA S
35 e 5 5 OS5 ol gl Sl glol IS
Gl S (il 5 milhg 5 il olie mbe

s W g,k ol 5l eslana

[9] Du, C.,, et al., Green extraction of perilla volatile
organic compounds by pervaporation. Separation
and Purification Technology, 2021. 261: p. 118281.

[10] Crespo, J. and C. Brazinha, Fundamentals of
pervaporation, in Pervaporation, vapour permeation
and membrane distillation. 2015, Elsevier. p. 3-17.

[11] Chandane, V.S., A.P. Rathod, and K.L.
Wasewar, Enhancement  of  esterification
conversion using pervaporation membrane reactor.
Resource-Efficient Technologies, 2016. 2: p. S47-
S52.

[12] Molnar, M., E. Marki, and G. Vatai, Preparation
of apple spirit by ceramic pervaporation membrane.
Acta Alimentaria, 2016. 45(4): p. 551-557.

[13] Camera-Roda, G., et al., A pervaporation
photocatalytic reactor for the green synthesis of
vanillin. Chemical engineering journal, 2013. 224:
p. 136-143.

[14] Olmo, A.d., et al., Setting up of a method of
pervaporation for improving alcohol-free beer.
Procedia Engineering, 2012. 44: p. 1005-1006.

[15] Unlu, D., Concentration of aroma compounds by
pervaporation process using polyvinyl chloride
membrane. Flavour and Fragrance Journal, 2019.
34(6): p. 493-505.

[16] Overington, A., et al., Concentration of dairy
flavour =~ compounds  using  pervaporation.
International dairy journal, 2008. 18(8): p. 835-848.

[17] Gernat, D., E. Brouwer, and M. Ottens,
Aldehydes as wort off-flavours in alcohol-free
beers—origin and control. Food and Bioprocess
Technology, 2020. 13: p. 195-216.

[18] Bluemke, W. and J. Schrader, Integrated
bioprocess for enhanced production of natural



VENO g a3 YF 6,95 VO ol

&lﬂl L;l‘j'b Gw‘gf‘y\&&u

flavors and  fragrances by  Ceratocystis
moniliformis. Biomolecular Engineering, 2001.
17(4-5): p. 137-142.

[19] Souchon, I., et al., Pervaporation as a
deodorization process applied to food industry
effluents: recovery and valorisation of aroma
compounds from cauliflower blanching water.
Desalination, 2002. 148(1-3): p. 79-85.

[20] Weschenfelder, T.A., et al ,.Concentration of
aroma compounds from an industrial solution of
soluble coffee by pervaporation process. Journal of
Food Engineering, 2015. 159: p. 57-65.

[21] Kanani, D.M., et al., Recovery of valuable tea
aroma components by pervaporation. Industrial &
engineering chemistry research, 2003. 42(26): p.
6924-6932.

[22] Ribeiro Jr, C. and C. Borges, Using
pervaporation data in the calculation of vapour
permeation hollow-fibre modules for aroma
recovery. Brazilian journal of chemical
engineering, 2004. 21: p 629-640.

[23] Raisi, A. and A. Aroujalian, Aroma compound
recovery by hydrophobic pervaporation: the effect
of membrane thickness and coupling phenomena.
Separation and Purification Technology, 2011. 82:
p. 53-62.

[24] Raisi, A., A. Aroujalian, and T. Kaghazchi,
Multicomponent pervaporation process for volatile
aroma compounds recovery from pomegranate
juice. Journal of Membrane Science, 2008. 322(2):
p. 339-348.

[25] Figoli, A., et al., Bergamot essential oil extraction
by pervaporation. Desalination, 2006 :()-Y)Y4Y p.
160-165.

[26] Rossi, S.C., et al., Use of pervaporation process
for the recovery of aroma compounds produced by
P. fermentans in sugarcane molasses. Bioprocess
and biosystems engineering, 2017. 40: p. 959-967.

[27] Dawiec, A., et al., Mathematical modeling of
sorption step in pervaporative aroma compounds
recovery from the multicomponent solution.
Chemical Engineering Science, 2015. 129: p. 78-90.

[28] Hernandes, E., T. Weschenfelder, and A. Scheer,
Pervaporation process of coffee volatile compounds
with PDMS membrane. International Food
Research Journal, 2020. 27(3): p. 487-496.

[29] Rui, L., et al., Improving the Pervaporation
Separation of Aromatic Components from Lemon
Oil Processing Waste Liquid by the Synergistic
Effect of Ethanol. Modern Food Science &
Technology, 2022. 38(11.(

[30] Soares, L.S., et al., Pervaporation as an
alternative for adding value to residues of oyster
(Crassostrea gigas) processing. Separation and
Purification Technology, 2020. 232: p. 115968.

[31] Li, J., et al., Fabrication of MWCNTs/PDMS
mixed matrix membranes for recovery of volatile
aromatic compounds from brewed black tea.

26

Separation and Purification Technology, 2021. 259:
p.- 118101.

[32] Rao, Y., et al., Efficient recovery of the volatile
aroma components from blackberry juice using a
ZIF-8/PDMS hybrid membrane. Separation and
Purification Technology, 2020. 230: p. 115844.

[33] Xu, S., et al.,, Enriching volatile aromatic
compounds of lavender  hydrolats by
PDMS/ceramic composite membranes. Separation
and Purification Technology, 2022. 294: p. 121198.

[34] Isci, A., S. Sahin, and G. Sumnu, Recovery of
strawberry aroma compounds by pervaporation.
Journal of food engineering, 2006. 75(1): p. 36-42.

[35] Assis, A.v.R.d., et al, Recuperagio e
concentragdo de componentes do aroma de caju
(Anacardium occidentale L.) por pervaporagao.
Food Science and Technology, 2007. 27: p. 349-
354.

[36] Cassano, A., et al., Nanofiltration and tight
ultrafiltration membranes for the recovery of
polyphenols  from  agro-food  by-products.
International Journal of Molecular Sciences, 2018.
19(2): p. 351.

[37] Raisi, A., A. Aroujalian, and T. Kaghazchi, A
predictive mass transfer model for aroma
compounds recovery by pervaporation. Journal of
food engineering, 2009. 95(2): p. 305-312.

[38] Catarino, M. and A. Mendes, Non-alcoholic
beer—A new industrial process. Separation and
Purification Technology, 2011. 79(3): p. 342-351.



JFST No. 175, Vol. 23, September 2026

Wi Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Application of pervaporation process in the Extraction of aromatic
compounds in the food industry

Asma Basati!, Bahare Mirpourian?

1-Ph.D. student, Department of Food Science & Technology, Science and Research Branch, Islamic Azad

University. Tehran, Iran.

2-Ph.D. student, Department of Food Science & Technology, Science and Research Branch, Islamic Azad

University. Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received: 2024/02/08
Review: 2024/11/04

Accepted: 2026/04/11

Keywords:
Pervaporation,

Membrane technology,

Aromatic compounds

10.48311/fsct.2026.83711.0
*Corresponding Author E-
asmabasatil 726(@gmail.com

Baharemirpourian@gmail.com

The increasing trend in the consumption of food flavoring compounds
has motivated the production of food flavors. Conventional
techniques for the production of flavoring compounds are not
sufficient in terms of quantity and variety due to the rising market
demand, pervaporation as a reliable membrane process has grown
rapidly compared to other conventional techniques for the recovery of
aromatic compounds from agro-food systems. Pervaporation is a
membrane separation process based on the use of non-porous
membranes that selectively regulates the transfer of target molecules
dissolved in the liquid feed mixture, and especially due to low energy
consumption, no addition of chemicals to achieve separation and
maintain the integrity of aromatic compounds. It has been welcomed.
More than 70 different types of aromatic compounds including esters,
ketones, aldehydes, alcohols, and hydrocarbons, such as ethyl acetate,
ethyl butyrate, hexanal, limonene, linalool, a-terpineol,
benzaldehyde, 1-3-l-octane hexanal and benzaldehyde from various
sources including coffee, strawberry, cashew, kiwi juice, orange juice,
plum, apple, black grape and cherry fruits, seashells were selectively
recovered using PV membranes and PDMS, PEBA and POMS
(hydrophobic/organophilic membranes) membranes were used for
recovery. Process parameters such as extraction efficiency, feed
composition, pressure, module type, feed flow rate, and feed
temperature, had different effects on the number of aromatic
compounds extracted from various investigated materials and most of
these studies have shown the successful results of this process.
However, there are still some other new membrane materials (such as
PU copolymer, P(VDF-co-HFP), SBS) that should be further
evaluated in this field.
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