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Figure 1- Permeate flux variations of pomegranate
juice during time in different pressures and
temperatures
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Figure 2 Permeate flux comparison of pomegranate
juice at 2.5 bar pressure between temperatures of 20
and 30°C
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Table 1- The values of Rt, Rm, Rif and Rt in different membrane operating conditions

Measured parameters

Treatments

Rif (x10%12 m1) Rif (x10*12 m'1) Rm (x10*2 m'1) Rt (x10*12 m'1) P (bar) T (°C)
18.02+0.45¢ 1.15+0.09¢ 8.36+0.06° 27.53+0.5¢ 15 20
20.15+0.25° 1.44+0.1° 9.5+0.04° 31.0940.4° 2
22.51+0.172 2.19+0.06¢ 10.81+0.52 35.51+0.22 2.5
6.92+0.33f 2.73+0.19¢ 7.66+0.06 17.31+0.2¢ 15 30
9.78+0.6° 3.66+0.16° 8.55+0.02¢ 21.99+0.6¢ 2
12.38+0.1¢ 4.28+0.012 9.35+0.03° 26.01+0.5¢ 2.5
Rir+Rri/R (%) Rri/Rt (%) Rif/Rt (%) Rm/Rt (%)
69.6+0.55?2 65.43+0.82 4.18+0.35P 30.40+0.5¢ 15 20
69.44+0.352 64.81+0.32 4.63+0.31P 30.56+0.44 2
69.56+0.12 63.4+0.172 6.16+0.18° 30.44+0.1¢ 2.5
55.71+0.87¢ 39.95+1.5¢ 15.77+1.12 44.29+0.82 1.5 30
61.1+0.7° 44.39+1.7° 16.71+1.22 38.940.7° 2
63.93+1.37P 47.44+1.9° 16.5+0.582 36.07+1.4¢ 2.5

*Different superscript letters in each column shows significant difference between treatments (p< 0.05). P: Pressure and

T: Temperature

L 5l 5 Spias K€ 0¥ 5 sad slae chou
Oolan 5 M Ko S e alanl 1y ol el
b s s o plad @ HlwBlis u)se 5u (Y0 -0)
ol wlat ilwdilis uyse Lo (Yo01) oL en
08 GLIR 1 pliie ol 50 U,

(Rm) sLekié 313 o glas

Qe poba € ol olis gubT bl ml
slie (513 ceplie 5 Loo 5 5Lid Shilee slayial
O V s 4 a8 b (p<i/h0) ugm Ll
okt ¥ °C & ¥ 5l L Sl oS 0 S 58ean

Omiaad (P<+/+0) wd R Gle L2alS &iels (s ls sne

poale LS (Il L wd o LAl aa WS S b les
9 oSS il Gl Hla Gl JS o glie Sl 33
0w oF @oluailis sy e 5o 50 (Y+4V) LISoas
o8 b5 HLa Gial38) Judo o saesl L3I B,
L owmlie o a4l5 la 5 TMP 3L 586 (las
585 (Yoo ¥) oS 5 Gasssn (g9 -aiieals JS oo slis
09 YL S cglie 5 YL (S8 S S wu S u,)8
saaliie Guly ase Glisa cesn 5 Y glajlas
Yo slaylas Ho € wo S Vaiel Guin BT aed e
5 83 Wb glid mhaiuss Gul s Sl o, (o

o9 sk su) g lal pad JHeuid Gelh YL HLas



1) sl il 5] (6 yorly (sl 31 o3limal b )bl T (g3lncdlis o (SIS g ogly )l b, e (slapial)y 3

slol SI31 € aase plas mlB (WA ol,Kan
» b ol Sllee glajyially aliae rsla
(P< /2 0) s s Sla e smisedS 5 (K38 S e glie
Ol 81 3 50 0 sl oo saaliie V Jgaa Ho 4S Hsblas
il RalS (ool dae Hsbas R Hlaie :Silie Les
G by ye YY/o MY em bl Ry Llaie oyt
Lol oF Dhie (o3 y Y/o bar-Y-°C jlas
A Ve bar-Y:°C Llad 4 bgsye V/AYXTTY.m
Olose DlsgAre Glalbd) &els 50 HLad LIl (pinas
gl 3 Hld o0 Hu s SI Glls 4 da o8 L Lad Ry
9SS ¥ Gl FaSIie 5 Sads sel Gl il
ok ) adl e L a5l 3 5 (K888 Gl
Ol G 5 Sy QRalS L 50 Les Gl 331 Saa
205 0SS GY 5 ond i) slge LLEDI Coyud
Sl L el ol il Gl Ry e 13 5 sk 5153
5 Oz 6y (Yo0V) Lota 5 oSS sla
X0 gles Lo Rt wls cdilbs (Yo0¥) ollSan
o8 o (A L) JS ceplie B g Gasidi
e sl 5 oy palainl osa & Cbide sla L
e a3 51 G e sla,lid u Y- slos 5o (gols
© Los Gil3dl b Lol (p>+/+0) el ssas 7 RfR:
L5alS ZYA/R0 liie & N0/80 3 7 RefRe Llsiie ¥+9C
Aaline glajlias o Y-°C glow Lo (e il
adls asas /0 Ra/Re sl 51 gola pae BGA
(p<+/-0)

(Rif) podalh CadiS 4 Cao glds

Loy b 4 G glial Gia 51 b cwylis
ST b sains Gk 5 4S aib o sl 3le o 00
ol Gl Sl €€ ol plis i 0l o ua
eslie 5 Loy slad Slhlee slajial ly A
(P<e/0) w g0 ol (Sre bS58 S

sasl ) Jgan 5o Blide slaslas @ bgoys Rit olis
ol JS (K88 S e gl 5o 1) agen (A Rir el
Y00 Llass L Rir €S ols Lk 7 Rif/Ry caacas dualie

Slasae I8l &iels Y/o bar Vo 1 Las il el
w58 @ R Dl fp il 5 (R AS .l R Gl
V/o bar-Y-°C jlass & bgsye VALY oMt Ll s
s Y/o bar-Y-°C lass 4 bgsye Vo /AN emE
S5 L oS 83,8 Ll (V1Y) Lot 5 0eS S
T AV S R Glaae € bar 4y ) LS
03 Rt 5V Rm s cwlyoo Oal38) VY/ExMTYem
I¥ 10 L by lagaa Y-0C (glas Lo Cilide glalis
JRe Ganeats o ld GRl30 b slasine YA 5 805
7o Rm/Rt caes ¥+ °C (slon Ho g .ondilad 5o 5 /Rm
L sl oS5 4 Yo bar 5 ¥ /o glajlas ol
WA (golel Llad 5 S ues Y-V 5 YA/A £8/Y4
29 Rm (p<+/v0) cndils usa g soolie fpl G (suls S
G 15 (EEZ/YA) R ) ages Cppsidis V/o bar=Y- °C L
29 (YouV) oblkea 5 slulS oy Golaidl s
o9 e s S Lalis g SI L S O ghluailis
2153 15 R 3 R g /4 bar-YooC Slilae byl it
W8S i S ALY

(5538 55 Cuo gl

e O i O el oo saaliie V Jaa o oS shiles
(Rit + Rir) S8 coaglio & bigsye JS cuaslie )l
Janis lae € ol condly o) Sl < ol
Soglie pges Gpids 5 oS ol sad (S S
Lossye 7200/VY b 5l 555 4 JS oo slie 51 (S8 S
ZY-0C Llass 45 bogase N4/ 5 V/0 bar—¥-°C Llas 4
o0 03 |y apline ol 50 HlEsas yalew .o gs V/e bar
SBS ceglie (lhae s slas 5 Les slajial,l )
@l ¥V LlSota 5 S K) wilsa S 5,18 slae
(Y ohlKan

(Re) et o 1238 % e gl

Sl 8 50 5 eass mlise (KBS o g i slie (p
o seplie Cpl sl e ok Sl @ s OT L
Ol 3350 ¥ S5 5 J5S g0 9 SLe i) pda Juls
5 B5a0) Ssdee JSas wul s Gl B Ho clile



Voo Jo /Y ojless ¥ ala / plie mlio sla yimghy & s

w g Sl Sy NAY

sLis Rir g Rrf jo lids sla,Lds g Lales j8I-Y Jgua

UF
Table 2- Effects of different temperatures and
pressures on Ry and Ris of UF membrane

Measured parameters ~ Treatments
P T

Rit Rt (bar) (°C)
2.26£0.332  26.21+1.38% 15 20
3.33£0.672  29.98+0.98 2 2
3.67+0.88 2 31.39+0.09 @ 2.5
4.33£0.57 2 12.05+0.8 ©f 1.5 30
3.33£0.882  13.15+0.81 % 2
3.01+0.58 2 16.82+0.43 ¢ 2.5

*Different superscript letters in each column shows significant
difference between treatments (p< 0.05). P: Pressure and T:
Temperature
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Table 3- Retention % of pectin, tannin and anthocyanin compounds at different operating conditions

Measured parameters Treatments
Retention % P (bar) T (°C)
Tannin Anthocyanin Pectin

4243+ 15% 555+0.679 99.12+0.03°? 15 20
47.06+£1%°  425+099¢ 99.19+0.022 2
48.07£1%°  523+057¢ 99.19+0.022 25
44.2+1.22° 9.75+1.44°  98.99+0.06 2 15 30
50.93+£0.24% 15.31+0.59% 98.99+0.14°? 2
50.20+0.712 10.59+1.81° 98.99+0.14°? 2.5

*Different superscript letters in each column shows significant difference between treatments (p< 0.05). P: Pressure and

T: Temperature

S GT Lu snse smly alge sl 5 (S35 slasaily
olal58) baly s G2 4 sal 550 Y JSaS
oaalS bl 4 Y/o bar jlas 5o Y- °C 4 Y. 5l Lo
il Glal el sl 3 Ll (S A dails 5 4 S
Slafie cilite gla,ldd o ¥20C € Ye 5l Lea Giul 33l b
o Loy ool (ualS (gHlsfae Hobas JS ceslie
dals 4 L0 OF @olwoilid b Lo Giline gla,lis
ola b glie mhaw 5o ad s Wlse ad il
SBS el sels sliae 3lie Gad ssame 5 abas
S gosk © s nll S8 5 nly waS
GRal3al L 5 Ghalial s CRal3l b Ll (S5 S
Loa 5 ol ililae (slaiol, L5806 Ll ol LualS Loy
oligle)] mli s o e nibeudS s S8 S
iy o LU O leoslis wulyy & ols glas
e 788 ugaa halS Gl & sacal bl i) olie
- oSy e e a3 gles GRalbsl ol U1 O S,
Load Lol Bl Gad shml 5 luses sla
©oolad aba &S QY Gud Jadis 5 oShe
5 ol (b sl& 5 Hae Ol 50 slie (lsie

wadly il 58 T ads s 0

slasles sl (50 8o ws 5o 5a0lie (Al ady wus yu
Golel 5aUT s ool a8, 51 ¥ Jsaa 5o Al
lasiol,l Gliae ol Lol Sl « ol olas
3 sl B mbds wmye 5 Hlad g Lo (Slilae
s Lo omly¥l b 6 ads sy Hlade ( p<i/e0)
e Gayidis 5 GaAS adl Rl GLas Ghal 58l
olas 4 bssye ZEV/EY b sals oS5 4 56 pds
Y bar-Y-°C ,lag @ bgs o /0+/AY 5 V/o bar-Y-°C
S5l S silss Olsige ¥ Jsen saalie b
o8 e s9b) 586 Lo QRN L dwnlie o 5Las
LY Gad Saadas 5 aShiie bl adls (56 s
o5 Ol b glie plsie 4 lad alaw SS
RO PR ] B R NN VO ¥ A ] L CH P
(VAAA) OlolSan 5 Jloss 50 9 (Y20 8) OLSaa 5 Ol
0 ocnn ol B SlSE s s lad B sy

O
o3 T8 gley (o U1 QT sl Hla Sualiss oy 5
9 Lo ol «K uly olas calin,s glajlis o Lales
Gosb @ asdiee ol 5 L Saelins juas &uely Hlas
cla L ol 1 agls L s e SRl S

Ll (A Wl wile ublS &l ala



Voo Jlo /Y oploud ¥V Al / olis mlio sba jingh 4 pis w g Sy Sy Y

oaldicyl vy g0 c_.\l.'\.o

2SS i, b oleoslin aline glajlad 585 YA g b v s 5 g soban @ IBSLE e Su
AV=AA (V) Vo 2lie ol so (oIS 5 50508 S S alae GBI GT (550505 5 (plard S50 olus sl

pole i EYLILE Jae Hoelie (SS9 oIS 5o HLES 31 ci 0 ATVAC a Lo (ssuse 9§ ou (S8BT 0 o SIS
AN ANV ol wlie 5 5058 (538

wasla a0 sy (Kol o sacal il 5 Sae 51 suliical S50 AYAC (u l3ssal 5 £ solan ¢ p cpladilia o Sl
£0-0Y (Y) ¥ 0lil (olie ol 5 asle (slagia o5y das . S eyl K5 5 oS

Alighourchi H, Barzegar M and Abbasi S, 2008. Anthocyanins characterization of 15 Iranian pomegranate

(Punica granatum L.) varieties and their variation after cold storage and pasteurization. European Food
Research and Technology 227: 881-887.

Bagci PO, 2014. Effective clarification of pomegranate juice: a comparative study of pretreatment methods
and their influence on ultrafiltration flux. Journal of Food Engineering 141: 58-64.

Cassano A, Conidi C, Timpone R, D’Avella M and Drioli E, 2006. A membrane-based process for the
clarification and the concentration of the cactus pear juice. Journal of Food Engineering 80(3): 914-921.

Cheryan M, 1998. Ultrafiltration and microfiltration handbook. Lancaster, Technological Publishing
Company. Pp. 527-528.

Conidi C, Cassano A, Caiazzo F and Drioli E, 2017. Separation and purification of phenolic compounds
from pomegranate juice by ultrafiltration and nanofiltration membranes. Journal of Food engineering 195:
1-13.

Coulson JM and Richardson JF, 1991. Membrane separation processes. In Backhurst, J R, Harker J H,
(Eds.), Chemical Engineering, New York, USA. Pergamon Press. Vol. 2. Pp. 858-891.

De Barros SD, Andrade CMG, Mendes ES and Peres L, 2003. Study of fouling mechanism in pineapple
juice clarification

by ultrafiltration. Journal of Membrane Science 215: 213-224.

De Bruijn JPF, Venegas A, Martinez JA and Borquez R, 2003. Ultrafiltration performance of Carbosep
membranes for the clarification of apple juice. LWT-Food Science and Technology 36: 397—-406.

ElI-Nemr SE, Ismail 1A and Ragab M, 1990. Chemical composition of juice and seeds of pomegranate fruit.
Food/Nahrung 34: 601-606.

Farmani B, Haddadekhodaparast MH, Hesari J and Aharizad S, 2008. Determining optimum conditions for
sugarcane juice refinement by pilot plant dead-end ceramic micro-filtration. Journal of Agricultural
Science and Technology 10: 351-357.

Fouladitajar A, Zokaee Ashtiani F, Rezaei H, Haghmoradi A and Kargari A, 2014. Gas sparging to enhance
permeate flux and reduce fouling resistances in cross flow microfiltration. Journal of Industrial and
Engineering Chemistry 20, 624-632.

Gil MI, Francisco ATB, Betty HP, Deirdre MH and Kader A, 2000. Antioxidant activity of pomegranate
juice and its relationship with phenolic composition and processing. Journal of Agricultural and Food
Chemistry 48: 4581-4589.

Gokmen V, Artik N, Acar J, Kahraman N and Poyrazoglu E, 2001. Effects of various clarification
treatments on patulin, phenolic compound and organic acid compositions of apple juice. European Food
Research and Technology 213: 194-199.

Gokmen V, Cetinkaya O, 2007. Effect of pretreatment with gelatin and bentonite on permeate flux and
fouling layer resistance during apple juice ultrafiltration. Journal of Food Engineering 80: 300—305.

Hamachi M, Gupta BB and Ben Aim R, 2003. Ultrafiltration: a means for decolorization of cane sugar
solution. Separation and Purification Technology 30: 229-239.

He Y, Ji Zand Li S, 2007. Effective clarification of apple juice using membrane filtration without enzyme
and pasteurization pretreatment. Separation and Purification Technology 57: 366-373.


https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=52507
https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=2025
https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=2025
https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=9142
http://www.springer.com/food+science/journal/217
http://www.springer.com/food+science/journal/217
http://www.sciencedirect.com/science/journal/13835866

14 sl il 5] (6 yorly (sl 31 o3limal b )bl T (g3lncdlis o (SIS g ogly )l b, e (slapial)y 3

Kashyap DR, Vohra PK, Chopra S and Tewari R, 2001. Application of pectinases in the commercial sector:
a review. Journal bioresource technology 77(3): 215-227.

McLellan MR and Padilla-Zakour OI, 2005. Juice Processing. In: Processing Fruits, Science and
Technology, Eds: Barrett D. M, Somogyi L and Ramaswamy H, Second edition, Florida. USA., CRC
Press LLC. Pp. 71-95.

Mirsaeedghazi H, Emam-Jomeh Z, Mousavi SM, Aroujalian A and Navidbakhsh M, 2009. Changes in
blocking mechanisms during membrane processing of pomegranate juice. International Journal of Food
Science and Technology 44: 2135-2141.

Orak H, 2007. Total antioxidant activities, phenolics, anthocyanins, poly phenoloxidase activities of selected
red grape cultivars and their correlations. Scientia Horticulturae 111: 235-241.

Pabby AK, Rizvi SH and Sastre AM, 2009. Handbook of membrane separations: Chemical, pharmaceutical,
food, and biotechnological applications. Boca Raton: CRC press.

Pulipati S, Babu PS and Narasu ML, 2014. Quantitative determination of tannin content and evaluation of

antibacterial activity of Amaranthus tricolor (L). International Journal of Biological Pharmaceutical
Resource 5: 623-626.

Rai P, Rai C, Majumdar GC, DasGupta S and De S, 2006. Resistance in series model for ultrafiltration of
mosambi (Citrus sinensis (L.) Osbeck) juice in a stirred continuous mode. Journal of Membrane Science
283: 116-122.

Siebert KJ, 1999. Protein-polyphenol haze in beverages. Food Technology 53 (1): 54-57.

Taylor B, 2005. Fruit and juice processing. In: Ashurst PR, Chemistry and technology of soft drinks and fruit
juices. Second edition, Oxford, UK. Blackwell Publishing Ltd. Pp. 35-67.

Todisco S, Pena L, Drioli E and Tsllarico P, 1996. Analysis of the fouling mechanism in microfiltration of
orange juice. Journal of food processing and preservation. 20 (6): 453-466.

ToupalPoudineh M, Zarafshan P, Mirsaeedghazi H and Dehghani M, 2019. Comparison study of the effect
modeling of flow parameters on the membrane clarification efficiency for pomegranate juice. Engineering
in Agriculture, Environment and Food 12 (4): 379-387.

Vural G, Zandrie B and Herry HN, 1998. Improved ultrafiltration for color reduction and stabilization of
apple juice. Journal of Food Science 63: 504-507.

Wrolstad RE, 1976. Color and pigment analyses in fruit products. In: Agricultural Station Bulletin 624.
Oregon State University.

Youn K S, Hong JH, Bae D H, Kim SJ and Kim SD, 2004. Effective clarifying process of reconstituted apple
juice using membrane filtration with filter-aid pretreatment. Journal of Membrane Science 228(2): 179-86.


https://www.sciencedirect.com/science/article/abs/pii/S1881836619300096#!
https://www.sciencedirect.com/science/article/abs/pii/S1881836619300096#!
https://www.sciencedirect.com/science/article/abs/pii/S1881836619300096#!
https://www.sciencedirect.com/science/article/abs/pii/S1881836619300096#!
https://www.sciencedirect.com/science/journal/18818366
https://www.sciencedirect.com/science/journal/18818366

Voo Jlo /Y oploud ¥V Al / olis mlio sba jingh 4 pis g Sl Sy VA4S

Journal of Food Researches/vol.31 No.3 2021/pp 183-197
https://foodresearch.tabrizu.ac.ir
DOI: 10.22034/FR.2021.40623.1752

Effect of operating parameters on permeate flux and fouling behavior during
clarification of pomegranate juice using ultrafiltration polymeric membrane

S Bodbodak!* B Farmani ! and M Nejatian?

Received: July 17, 2020 Accepted: February 27, 2021

1Assistant Professor of Department of Food Science and Technology, Ahar Faculty of Agriculture and
Natural Resources, University of Tabriz, Tabriz, Iran

2Assistant Professor of Department of nutrition and food hygiene, Faculty of Health, Bagiyatallah
University of Medical Sciences, Tehran, Iran

“Corresponding author: s.bodbodak@tabrizu.ac.ir

Introduction: Pomegranate juice is classified in the group of clarified fruit juices. Therefore,
clarification operation is necessary after the extraction process of pomegranate juice. Removal of
most turbidity agents and colorants by the membrane process is possible without addition of
chemicals. However, membrane fouling is an important subject in the clarification of fruit juices
(Mirsaeedghazi et al., 2009). The objective of the study was to evaluate the efficiency of
ultrafiltration polymeric membrane for clarification of pomegranate juice under the different
operating parameters (different pressures and temperatures).

Materials and methods: Pomegranate Malas variety (Punica granatum L.) was supplied from
local market in Saveh and after transporting to laboratory, washed and juice was extracted by juicer.
The cross-flow membrane pilot system with tubular ultrafiltration (UF) polymeric membrane
(polyvinylidene difluoride (PVDF)) with kDa 20 MWCO was used. Clarification process was
carried out at 2 levels of temperatures (20 and 30 ° C) and 3 levels of Transmembrane pressure
(TMP) (1.5, 2 and 2.5 bar) for 45 min and the permeate flux was measured (Bodbodak et al., 2009).
Quality indices such as tannin retention rate (Pulipati et al., 2014), clarity (Bodbodak et al., 2009),
titratable acidity (He et al., 2007), total soluble solids (Gokmen et al., 2001), density (He et al.,
2007), pH (He et al., 2007), apparent viscosity (Orak 2007), phenolic compounds (G6kmen et al.,
2001), total anthocyanin (Gil et al., 2000), decomposition constant (Gil et al., 2000), color intensity
(Wrolstad, 1976), browning index (Gékmen et al., 2001) and amount of pectin (Kashyap et al.,
2001) in pomegranate juice were measured before and after membrane process. The efficiency
indices of ultrafiltration process including permeability of pomegranate juice, percentage of
reversible and irreversible fouling of the membrane and retention rate of the compounds were
measured. Total resistance, intrinsic resistance of the membrane, concentration polarization
resistance or reversible resistance and irreversible fouling resistance were calculated using the
resistance-in-series model. In this research, the effect of process operating parameters including
temperature and TMP on ultrafiltration process efficiency indices and quality attributes of
pomegranate juice using factorial experiments in a completely randomized design using SAS
software was analyzed.

Results and discussion: The results showed that the permeate-time curves were divided into 3
sections: 1) The rapid decrease region of the permeate flux up to the 5th minute Il) the slow
decrease region of the permeate flux which begins from the 6th minute up to about 22-27th minute
I11) the constant flow area was from the 28th minute until the end of the operation. The rapid
decrease in permeate flux could be attributed to the surface adsorption of colloidal particles such as
pectins, tannins, polymeric colorants, and other polymeric materials present in pomegranate juice
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and the formation of concentration polarization layer. Increase of the pressure at 20 and 30 °C
significantly increased the permeate flux (p <0.05). This was result of the increase in the driving
force of the convective flow to the surface of the membrane (Todisco et al., 1996). The
experimental results indicated that increase of TMP from 1.5 to 2 and 2.5 bar at constant
temperature of 20°C led to increase of the permeate flux in the steady state by 51.33 and 58.68%,
respectively. The total resistance value decreased significantly with increase of the temperature
from 20 to 30 °C at different pressures. It could be attributed to the decrease of apparent viscosity
and increase of the diffusion coefficient of the compounds from the cake layer into the retentate
flow. Also, the total flux increased with increase of pressure despite rise of the resistance, because
the rate of deposition of colloidal particles on the surface of the membrane was enhanced at high
pressures. It resulted in more compaction of the deposited components on the surface of the
membrane and formation of a thicker and denser cake layer with high resistance (McLellan and
Padilla-Zakour 2005). The results showed that the effect of different pressures and temperatures on
the intrinsic resistance of the membrane was significant and Rm significantly reduced with raising
the temperature from 20 to 30 °C (p <0.05). Also, increasing the pressure from 1.5 to 2.5 bar caused
a significant increase in Rm. The highest contribution in the total resistance is related to the fouling
resistance (Ri + Rif), which indicates that the membrane fouling was severe. Ris had the lowest
contribution in total resistance. Furthermore, Ris was increased with raising temperature. This is due
to the higher penetration of particles into the membrane pores and blockage of the membrane pores
at high temperatures (Todisco et al., 1996). Raising temperature reduced the apparent viscosity and
increased the diffusion coefficient of the compounds from the cake layer to the retentate flow and
reduced the fouling. The main effects of pressure and temperature on reversible fouling were
significant (p <0.05). With raising pressure and temperature, it was decreased and increased
respectively. In all treatments, the value of reversible fouling was about 12-31%. The pomegranate
juice pectin was reduced by 99% during the ultrafiltration membrane clarification process.
Anthocyanin decomposition constant increased significantly with raising temperature from 20 to
30°C (p <0.05), due to the acceleration of the decomposition reactions and polymerization of
anthocyanins (Siebert 1999). The retention rate of tannins increased with increasing temperature
and pressure. It should be mentioned that raising pressure had higher effect on retention rate of
tannins as compared with increasing the temperature. As the surface cake layer, as a secondary
membrane, became denser and thicker, the permeability of tannin compounds decreased and its
retention rate was increased (Youn et al., 2004).

Conclusion: Finally, it was found that clarification of pomegranate juice using ultrafiltration
membrane, in all treatments decreased pomegranate juice pectin content about 99%. The treatments
of 20°C- 2 bar and 30 °C- 2 bar had the lowest (4.25%) and the highest (15.315) anthocyanin
retention value, respectively. The lowest (42.43%) and highest (50.93%) tannin retention values
were observed at treatments of 20°C- 1.5bar and 30°C- 2 bar, respectively.

Keywords: Pomegranate juice clarification, Permeate flux, Membrane Process, Separation of
Impurities, Membrane fouling.



