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ABSTRACT

The clarification of Moroccan Valencia orange juigerformedby ultrafiltration (UF) using flat sheepolysulfone
(PS) membrane with molecular weight cut off 20 kKDize freshly squeezed juice, after a depectiniaatep, was
submitted to an UF procesm experimental tests performed according to titaltrecycle mode for study the effect
of the operating conditions on the permeate flug aoality The clarified juice was produced according to the
batch concentration mode working in optimal opergtand fluid dynamic conditions. The quality of gzmples
coming from the UF process was evaluated in terfngotal soluble solids (TSS), color, clarity, tb&ntioxidant
activity (TAA), totafflavonoids content (TFCascorbic acid (AA), and total phenolics conterC). The clarified
orange juice was highly close to the initial juiegcept for suspended solids (SS) and pectin contieich were
totally concentrated in the retentate. In the peateeof the UF process a low reduction of TPC (12,4VAA
(13.52%), TFC (13.41%) and AA (7.86%) were obsewitld respect to the initial juice.
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INTRODUCTION

Fruit and vegetable juices are beverages of hidhtiomal value. These beverages possess seveyatltetional
components such as minerals, vitamins and antiotgsd@mong several beverage processing sectorgs dituits
constituting orange, lemon, pineapple and mosar@sange juice is probably the best known and madespread
fruit juice all over the world, particularly appiated for its fresh flavor and considered of higiméficial value for
its high content of vitamin C and natural antioxitta such as flavonoids and phenylpropanoid [, Zitrus fruits
primarily constitute both lower-molecular-weightnepounds (such as sugar, acid, salt, flavor, aroomapounds,
etc.) as well as higher-molecular-weight polysaddes (such as pectic material cellulose, hemitmdky etc.).
Pectins are long-chain polysaccharides that cal@melioess and post-bottling haze formation as \asllitheir
fermentation during long storage and also makegutoe highly viscous, which can affect the shelé land pose
difficulties for subsequent processing [4, 5].

Traditional methods for juice processing involvigrdition using fining agents to remove suspendedi @oiloidal
particles and low-pressure evaporation [6]. Theyalso characterized by high energy consumptiotefoiperature
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control and the use of large amounts of coadiuvant$ additives (bentonite, gelatinetc) with consequent
problems of environmental impact due to their désgpd7]. Unfortunately, during these processingpstea major
portion of the compounds that contribute toward doelity of the beverage (such as aroma, flavor pmumds,
sugar content and acidity) get deteriorated dukdomal and chemical treatment steps [8].

Membrane technologies can work as well or bettan tthe existing technology regarding product quaénergy
consumption and environmental issues in the agod-findustry [9].

Moreover, membrane processes are very efficigstems to protect the nutritional and sensory pitogse while
obtaining high-quality, natural fresh-tasting ardtliéive-free products as the separation processinexino heat
application or the use of chemical agents [10]. rvfittration, ultrafiltration (UF), nanofiltrationand reverse
osmosis are the main membrane processes [11, IBbné these, UF membranes have been shown to be of
potential interest for clarification of fruit juiseand have become a commercial success. Advarmagies UF over
conventional fruit juice processing are in termsintreased juice yield; possibility of operating a single step
reducing working times; possibility of avoiding tbee of gelatines, adsorbents and other filtradids; reduction in
enzyme utilization; easy cleaning and maintenarfcte equipment; reduction of waste products; elation of
needs for pasteurization [13]. Permeate flux aratipet qualities are two important aspects duringpdécess. A
high permeate flux is necessary for filtration ®gdractical and economic, and product quality sthatlleast meet
those obtained by other standard clarification mwe$h14, 15]. The main problem in practical apgloa of UF is
the reduction in permeate flux with time, causedHsy accumulation of feed components in the mengbpres
and on the membrane surface [16, 17, 18, 19, 20% problem can be overcome by an enzymatic trestofethe
juice; this treatment is carried out by adding eneypectinase. It enables the reduction of the siscof the juice
by depolymerization of insoluble pectin [21].

MATERIALS AND METHODS

2.1. Preparation of Valencia orange juice

Valencia orange juice was prepared in laboratooynfifresh fruits cultivated in Regional AgriculturBlesearch
Centre in Kenitra, Morocco. Fruits were manuallystved with water in order to remove surface dirted,hthey
were cutting crosswise and then squeezed by a diznjeiser. The squeezed juice was depectinizedising a
commercial pectinase from Aspergillus aculeatusctfRex® Ultra SPL from Aspergillus Aculeatus, Sigma
Aldrich), which was added in a quantity of 20 mgilhe enzyme is able to hydrolyze both high and ésterified
pectins and also partially hydrolyze cellulose dranicellulose [22]. The juice was incubated for &athroom
temperature in plastic tanks and then filtered \aitiylon cloth. The depectinized juice was stote@@ °C andvas
defrosted to room temperature before the UF tresttme

2.2. Ultrafiltration unit and procedures

UF experiments were performed in laboratory pilaiss-flow filtration unit supplied by Sterlitech Qaration
(Sterlitech Corporation, WA, USA), equipped withSepa CF membrane Cell System Fig 1. The juice was
ultrafiltered through flat sheet PS membrane witW®0 20 kDa having an effective membrane arex@f4 nj
(PS35, Nanostone). It was supplied by Sterlitechp@ation (WA, USA).UF experiments were performed
according to the total recycle and the batch camagon mode. In the former the experimental triakre devoted
to the investigation of the effect of the operatingnditions on the permeate flux (Jph this case permeate was
continuously recycled to the feed tank to ensusteady state in the volume and composition of delf In the
batch concentration mode which permeate was continuously collected amdrétentate stream were recirculated
back to the feed tankhe UF system was operated at a TMR bfr, at an axial feed flow rat®f) of 228I1/h and at

a temperature a27°C to clarify the juice up to a volume reductiontéac(VRF) of about 3 unitsThe permeate
volume was collected in a measuring cylinder evl#ymin to determine the permeate flux, and theredtat -20
°C for further analyses.

The membrane permeability was determined from libygesof distilled water flux versus pressure.
VRF is defined as the ratio between the initialdfemlume and the final retentate volume, accordimghe

following equation:
VRAL = 1412
Vr Vr
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WhereVf, Vr, andVp are the volume of feed, retentate, and permeatpeoctively.

The rejection (R) of UF membranes towards speciimpounds was calculated as follows:
_ _Cp
R=100(1-2)

WhereCp andCf are the concentration of a specific component éngtermeate and feed, respectively.
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Fig 1: Scheme of UF laboratory pilot

2.3. Analytical methods

2.3.1. Analysis of Physico-chemical Properties

Samples of fresh, clarified (permeate) and coneggdr(retentate) juice coming from the UF experitmgerformed
according to the batch concentration mades analyzed for color, clarity, soluble solidssmended solids content,
pH, acidity, viscosity, density and pectin content.

Color andclarity of the juice were evaluated according28]. They were evaluated by measuring the absobanhc
420 nm and transmittance at 660 nm, respectivadingua UV/Vis spectrophotometeBRECORI 210 PLUS,
analyticjena, Germany Total soluble solidsT{SS) were measured, using a ATAGO digital refractométgago
Co., Ltd., Tokyo, Japan) and results were expresse@Brix. Acidity (TA) measurements were carried out by
titrating 10 mL of the juice sample with 0.1 N NaQHitil the solution pH reached 8.2 and expressedta%
anhydrous citric acid equivalent. TigH values of the solutions were measured using a mtem(Hanna
Instruments, HI 2221, USA)iscosity was measured by using a FUNGILAB viscometer (Barag Spain). The
density of juice was determined using 25 ml juice by voatrit flask of 25 ml and precision balance.

The suspended solids contef®S) was determined in relation to the total juice (wf) by centrifuge
(UNIVERSAL 320R, Germany), at 2000 rpm for 20 miy, mL of a pre-weighted sample; the weight of edttl
solids was determined after removing the superh§?dh

The content of pectic materials was measured imgesf alcohol insoluble solidA(S) according to [25]. AIS
values were determined by boiling 20 g juice wi@® 3nL of 80% alcohol solution and simmering forr@h. The
filtered residue was then again washed with 80%/hedtsolution. The residue was dried at 100°C fér &hd was
expressed in percentage by weight.

2.3.2. Determination of flavonoids content (TFC)

The total flavonoid content was spectrophotometbrcetermined by the aluminum chloride method llase the
formation of complex flavonoid-aluminum [26]. 1 rof juice dilutewas mixed with 1 ml of AIGI methanolic
solution (2%wl/v). After incubation at room temperrat for 15 min, the absorbance of the reaction unéxtwas
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measured at 430 nm. The contents of TFC were estihfaom the standard calibration curve of 4-40 mmd/
quercetin.

2.3.3. Determination of total phenolic content (JPC

Determination of total phenolic content was carmed according to [27]. 100 uL of dilute juice wdissolved in
1500 pL (1/10 dilution) of the Folin—Ciocalteu reagenthel solutions were mixed and incubated at room
temperature for 1 minute. After 1 minute, 15Q00f 75 g/L sodium carbonate (M2O;) solution was added. The
final mixture was shaken and then incubated fom80 in the dark at room temperature. The absorbarfical
samples was measured at 765 nm using UV-Vis speaitometer. Gallic acid was used as standard fer th
calibration curve and was plotted at (0.03-0.42)ml Gallic acid that was prepared in 80% (v/v)tha@ol. The
estimation of total phenols was carried out inlicgte and results were expressed as mg/L galict ac

2.3.4. Determination of ascorbic acid (AA)

Ascorbic acid was determined by HPLC, accordind2®]. HPLC performed by using a Jasco, PU 2089 plus
separation modulélasco, Japan) equipped with an UV-Vis detectoe dhalytical column was a 150 x 4.6 mm
i.d., C18 Microsorb, thermostated at 25°C. The aof\wsystem used was a gradient of solvent A (waiiér 0.1%

v/v acetic acid) and solvent B (methan&@pamples of permeate UF were directly injectece(diltration on 0.45um
HPLC filters),whereas feed juices and UF retentatee previously rediluted ,and then centrifuge8@20 rmp for

15 min, in order to remove the pulp fractions. Tolowing gradient was applie@®-15 min, 5% B; 15-40 min, 80%
B; 40-42 min, 5% B; and 42-50 min, 5% B. The flaater was 0.9 mL mih HPLC filters and monitored &78 nm.
The concentration of ascorbic acid was calculatethfthe experimental peak area by analytical imiatpn in a
standard calibration curve and was expressed dofmy/ange juice. Each assay was performed ificefe.

2.3.5.Total antioxidant activity (TAA)

Evaluation of antioxidant activity of Valencia ogenjuices was measured by DPPH° radical (DPPH &estrding
to [3]. Briefly, the samples were diluted and centrifdgg 4000 rmp for 15 min. 2.5 mL of sample solutieas
added to 0.5 mL of 0.2 mM DPPH solutiofhe reaction mixture was shaken akept for 30 minat room
temperature in the darkhe absorbance of the solution was measured anbBil7The percentage inhibition was
calculated according to the equation:

Inhibition (%) =(Ac -As / Ack 100.

WhereAc is the absorbance of control (containing DPPH smh)t As is the absorbance of sample. Antioxidant
activity was expressed as mg Trolox equivalent/sarhple. All determinations were performed in icigle.

RESULTS AND DISCUSSION

3.1. Effect of operating parameters on the pernfhate
UF experiments, carried out according to the totalcle mode, were performed in order to studyefiect of
TMP, temperature and axial feed flow rate on thengate fluxes.

3.1.1. Effect of the TMP on the permeate flux

Fig. 2 shows permeate flux values at steady stateug the applied TMP in selected operating canditiof feed
flow rate (114 L/h) and temperature (20 °C). Fow Ipressures the solvent flux is proportional to #pplied
pressure. As the pressure is increased flux shodesviation from a linear flux— pressure behaviod &nbecomes
independent of pressure. In these conditions ditighflux is reached at a TMP value of about 2 &@d any further
pressure increase determines no significant inerefshe permeate flux. The existence of a limitfhex can be
related to the concentration polarization phenometitat arises as the feed solution is convectedartdsvthe
membrane where the separation of suspended anblesaalids from bulk solution takes place. A cortcation
profile from bulk solution to membrane surface éngrated by the rejected material accumulated ®@mémbrane.
The formation of a viscous and gelatinous typedayeesponsible for an additional resistance oghrmeate flux
in addition to that of the membrane. The TMP limgtivalue (TMR,,) depends on physical properties of the
suspension and feed flow rate [29, 30]
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Fig. 2. Effect of the TMP on the permeate flux (T 220°C; Qf = 114l/h)

3.1.2. Effect of the axial feed flow rate (Qf) dretpermeate flux

Fig. 3 shows the influence of the axial feed flow ratetloe permeate flux at a temperatur@0fC and at a TMP of
2 bar: It was observed that the permeate flux irsgddinearly with increasing cross-flow velocityhel permeate
flux increased from 29.23 to 43.11 L4mwhile the feed flow rate increased frdr4 to 228 L/h Increasing of
cross-flow velocity would enhance wall shear st@sshe membrane surface. Higher wall shear stsesslpful to
reduce concentration polarization and reversihldirig on the membrane surfaf@i].
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Fig.3. Effect of the axial feed flow rate on the permeatflux (T = 20°C; TMP = 2bar)

3.1.3. Effect of the temperature on the permeate fl
The influence of the temperature on the perméaxe$: when the operating temperature is raisedetbe viscosity
is reduced and the diffusion coefficient of macréeoales increases. The effect of these two fadtote enhance

mass transfer and to increase the permeation Faie.each increasing of 1°C the permeate flux irszda
approximately at a rate of 1.41 fim

3.2. Batch concentration mode

UF experiments carried out according to the batmitentration mode were performed at a TMP of 2 daraxial
feed flow rate of 228 L/h and a temperature of @7 Rig. 4 shows the time course of the permeatedhtained in
the UF treatment of the depectinized Valencia ogapgce. The permeate flux decreased gradually it
operating times due to concentration polarizatiod gel formation. The initial permeate flux of 55.¥m2h
decreased to about 17.15 2lmwhen the VRF value reached about 3. The Jp vafRiiscurve (Fig. 5) was divided
into three periods: firstly, the permeate flux d&ses rapidly due to the concentration polarizatgetondly, the
permeate flux decreases slightly up to a VRF etual which corresponds with the beginning of tbelihg. The
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last period of the curve is characterized by adstetate flux due to complete fouling. These obatons
corroborate the results obtained by [7, &8]clarification of blood orange juice.
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Fig. 4. Time course of permeate flux (batch conceration mode TMP = 2 bar; T = 27°C; Qf = 228 I/h)
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Fig. 5. Effect of VRF on permeate flux (batch conegration mode, TMP=2 bar; Qf=228 L/h; T=27 °C)

3.3. Analytical evaluations
Table 1 shows the results of the physico-chemi@krhinations performed on feed, permeate and teg&en

samples coming from the UF treatment of the depigetil Valencia juice according to the batch coreioin
mode.

AIS and SS were totally removed from the juice and a cladfipice was obtained as permeate. There is

improvement incolor andclarity of Valencia juice after filtration due to remowaf suspended colloidal particles
present in juice.

The TSS content of permeates decreased slightly with WFaddition, TSS levels appeared to be higher in the
retentate than in the permeate fraction: this pheammn can be attributed to the presence of susfdesalas
content and soluble pectin in fruit juices that ¢aterfere with the measurement of the refractivédek. These
observations corroborate the results obtained bgrakauthors [7, 32, 33].
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The viscosity and density of filtered juice have been reduced significardlye to removal of all the suspended
solids and pectic material during filtration, argy are close to water viscosity, similar resulerevobtained by
[34]. ThepH andTA values were slightly changed with UF.

Table 1 Physicochemical characterization of depectized Valencia orange juice submitted to UF treatnet

Parameters Color  Clarity TSS SS pH Acidity Density Viscosity AIS
(A42[) (%Teac) (OBHX) Wit% %CA g/Cn‘? mpa§ (Wt%)
Feed 0.76 4557 1109 412 332 102 1.09 1.45 0.18
Permeate 0.1026 98.31 10.84 0 329 0.99 1.02 1.03 0
Retentate 1.64 1825 1211 6.01 337 1.04 1.1 1.95

TPC Table 2 shows the effect of UF membrane on totahplic content, the TPC of permeates was foundeto b
568.57 mg/L. The rejection of UF membrane towarBECWwas 12.4% (Table 3). The reduction of TPC inmeste,
can be attributed to some polyphenols in Valencenge juice are probably associated with other amapts
which were rejected by the membranes this agre#s ngsults [32, 24, 35] . The rejection of UF mear®s
towardsTAA was about 13.52% (Table 3). In addition, a straigtionship was observed between the rejection of
UF membranes towards phenolic compounds and the fgjection. These results can be attributed tostheng
contribution of polyphenols to the TAA of the Vatga orange juiceln the permeate of membrane a little reduction
of the TFC was observed in comparison with the feed 13.418bI@3).

Table 2. Effect of UF on TFC, TPC, AA, and TAA of \alencia orange juice

Parameters TPC TPC AA TAA
(mg GAE/L) (mg QE/L) (mg/L) (mgTE/100ml)
Feed 649.05 249.15 474.84 29.96
Permeate 568.57 215.72 437.53 2591
Retentate 769.13 298.91 431.2 37.02

GAE:Galllic acid equivalent, QE: Quercin equivalefE: Trolox equivalent

Ascorbic acidin the clarified juice &.86% reduction of the ascorbic acid was observed wasipect the feed juice.
In Table4 the mass balance of the UF process for ascorlit; &aé&\A, total phenols content and flavanoids is
reported. This balance is referred to an UF runmtich, starting from 2 L oflepectinizeduice, 1.318 L of permeate
and 0.682 L of retentate (final VRF = 2.93, recgvéactor = 65.9%) were obtained. It can be noteat the
recovery of investigated compounds in the permeétthe process was higher than 57¥he 8.31% loss of
ascorbic acid, as quantified by the mass balanes, probably due to an oxidation of this componenised by
continual recycling of the juice around the UF systAn interaction solute—membrane, and consequertrpiisn
of solute on the membrane surface or inside the,poan be also considered. Cassano [29] reporidthie
reduction of AA in clear blood orange juice was18#with the 15 kDa tubular PVDF membrane, whitker [32 ]
foundto be 18.3, 19.59 and 20.42% in blood orange jwitie 100, 50 and 30 kDa PES membranes respectaraly
Cassano [11] found this reduction to be 16% in Kiwit juice.

Table 3. Rejection of UF membrane towards TSS, S8JS, TFC, TAA, AA, and TPC of Valencia orange juice

Characteristic TSS SS AIS TPC TFC AA DPPH
Rejection% 225 100 100 12.4 13.41 7.86 13.52

Table. 4 Mass balance of the UF process

Feed Total permeate Final retentate Balance
Volume(L) 2 1.318 65.9% 0.682 34.1% 100%
AA  (9) 0.950 0.5767 60.72% 0.294 30.97% 91.69%
TPC (9) 1.298 0.749 57.73% 0.525 40.41% 98.14%
TFC (9) 0.4981 0.284 57.08% 0.204 40.93% 98.00%
DPPH(g) 0.599 0.342 57.04% 0.252 42.13% 99.17%
CONCLUSION

Moroccan Valencia orange juice was clarified byssrflow ultrafiltration (UF) using a flat sheet pstlfone (PS)
membrane with a molecular weight cut-off of 20 kDathe optimal operating conditions (2 bar, 228dhd 27°C)
guaranteeing maximum permeation flux, minimum fogliandthe clarified juice presents physico-chemical and
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nutritional properties very close to those of teed Valencia orange juice, except for the absehcigpended
solids and pectin content which were totally coried in the retentate.
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