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ABSTRACT 
The presence of impurities, microorganisms, enzymes, suspended solids, and impurities in 
unclarified pomelo juice negatively affected the quality and shelf-life of the product in the 
food industry. The objective of this study focuses on the clarification of fresh pomelo juice 
using an ultrafiltration (UF) process. The study examined the influence of the operating 
pressure (OP) on the various quality attributes of pomelo juice, such as pH, total soluble sol
ids (TSS), turbidity, color, total phenolic content (TPC), ascorbic acid content (AAC) and foul
ing mechanisms and permeate flux (J) behavior. To perform the clarification of pomelo 
juice, a 100 kDa membrane (polymeric) was used in a dead-end system, and the process 
was carried out in batch mode at OP values of 1.0, 1.5, 2.0, 2.5 and 3.0 bar. The findings 
revealed that increasing OP led to higher flux during ultrafiltration with limiting pressure 
(Plim). The limiting pressure (Plim) was anticipated to be beyond 3.0 bar due to the enzymatic 
pretreatment. The primary fouling mechanism during the clarification process was total pore 
blocking. After filtration, the resulting juice showed a significant reduction in turbidity of 
over 97%, while TSS was lowered by 7–17% compared to fresh juice. The pomelo juice was 
efficiently clarified while the pH remained stable at �3.8. The clarified juice showed a minor 
decline of 10.1–13.9% in TPC and a 10.8–16.7% reduction in AAC compared to the fresh 
unclarified juice. In conclusion, a pressure of 3.0 bar is recommended for conducting the 
ultrafiltration process in order to attain desirable flux behavior and optimum properties of 
the juice.
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Introduction

Pomelo, scientifically known as Citrus maxima or 
Citrus grandis, is a sizeable citrus fruit that origi
nates from Southeast Asia. Pomelo juice is a 
nutritious and refreshing beverage that is rapidly 
gaining acceptance around the world. It has been 
traditionally used for medicinal and culinary ben
efits and has recently been recognized as a valu
able source of healthy juice production (Nguyen 
et al. 2022). Pomelo juice offers several important 
health advantages due to its abundance of vital 
minerals as well as vitamins, such as vitamin A, 
vitamin C, B5, B3, B2, and B5, as well as calcium, 
potassium, and magnesium (Davarcı et al. 2019). 

These nutrients are highly essential in neutraliz
ing harmful free radicals in the body and protect
ing against cellular damage. They also play a 
crucial role in sustaining a healthy immune sys
tem and preventing or treating conditions such 
as the common cold, flu, and various body infec
tions (Dal Magro et al. 2019). Besides, several 
studies have reported that pomelo has anti-cancer 
properties and may contribute to protection 
against the development of certain types of can
cer, lower cholesterol levels, improve insulin sen
sitivity, and reduce inflammation in the body 
(Zeng et al. 2022).

However, similar to other conventional fruit 
juices, pomelo juice contains large molecules 

CONTACT Mohd Zuhair Mohd Nor zuhair@upm.edu.my Department of Process and Food Engineering, Faculty of Engineering, Universiti Putra 
Malaysia, 43400 UPM Serdang, Selangor, Malaysia. 
� 2024 Taylor & Francis Group, LLC

CHEMICAL ENGINEERING COMMUNICATIONS 
https://doi.org/10.1080/00986445.2024.2303764

http://crossmark.crossref.org/dialog/?doi=10.1080/00986445.2024.2303764&domain=pdf&date_stamp=2024-01-16
http://www.tandfonline.com
https://doi.org/10.1080/00986445.2024.2303764


such as polysaccharides., including cellulose and 
hemicellulose, and pectin that could undermine 
the properties of the juice if stored for prolonged 
durations than a short period for commercial 
purposes (Kharazmi et al. 2020). These colloids 
trigger the cloudiness, turbidity, and viscosity of 
fruit juice, which decreases consumer recognition 
in certain markets, either as untreated pomelo 
juice or as blends with various juices. These mac
romolecules can be removed through many clari
fication techniques, such as centrifugation and 
flocculation. However, these techniques presented 
several drawbacks, including the presence of 
residual chemicals in the juice, high energy con
sumption, expensive, unpredictable results, the 
heat produced during centrifugation can cause 
degradation of the juice quality, time-demanding, 
process feasibility, and the use of chemical agents 
(Yousefnezhad et al. 2017; Gulec et al. 2018; 
Omar et al. 2020).

Interestingly, the membrane filtration process 
presented an outstanding alternative for the juice 
clarification, as it eliminates the need for chem
ical agents or phase transition, operates efficiently 
under mild conditions, is relatively inexpensive, 
and can be easily scaled up (Katibi et al. 2021; 
Yee et al. 2021). The categorization of membrane 
processes is based on the force driving the filtra
tion and the size of the pores. These catefories 
encompass several techniques, such as nanofiltra
tion, microfiltration, ultrafiltration, as well as 
reverse osmosis (RO) (Katibi et al. 2021). 
Importantly, membrane filtration offers a signifi
cant advantage in conserving juice’s nutritional 
content and flavor, while simultaneously elimi
nating undesired compounds, for instance, mac
romolecules and microorganisms. Thus, it yields 
a clear and transparent juice plentiful in nutrients 
and has an extended shelf life (Zhao et al. 2017). 
Combining membrane filtration operations with 
other interesting techniques has been proposed as 
a substitute for traditional methods in fruit juice 
(Akhtar et al. 2020; Panigrahi et al. 2022).

Many studies have been conducted on using 
membrane processes to manufacture fruit juices, 
particularly apple, orange, pineapple, Vietnamese, 
and kiwifruit juices. These studies have focused 
on investigating various processing parameters 
such as temperature, operating pressure, feed 

concentration, pH, and crossflow velocity, in add
ition to examining the quality attributes of the 
resulting juice (clarity, nutritional content, color, 
and pH) (Bhattacharjee et al. 2017; Mai 2017; 
Conidi et al. 2020).

However, pomelo fruit has undergone limited 
processing in industrial trials; no studies have 
explored the application of membrane technology 
for processing pomelo juice. Besides, the study of 
the effect of this technology on the clarity of 
pomelo juice, preservation of bioactive com
pounds, and potential fouling issues is highly 
indispensable.

In this study, we investigate the use of mem
brane-based clarification methods for the process
ing of pomelo juice as well as the recovery of its 
bioactive compounds. Additionally, the study will 
focus on evaluating the effectiveness of different 
membrane processing parameters in improving 
the clarity of the juice while preserving the bio
active compounds and the fouling issue that 
might interfere.

Materials and methods

Pomelo juice preparation

Fresh pomelos were sourced from a market in 
Kajang, Selangor, Malaysia. The fruits were phys
ically unclad using a sharp knife, cut into smaller 
pieces, weighed, and mixed with 100 mL. of dis
tilled water with a ratio (1:1) for 2 min. The 
extract was sifted via a cheesecloth before centri
fugation under 9000 rpm for 15 min at ambient 
temperature.

The liquid left after centrifugation, known as 
raw pomelo juice, was utilized as a feed source 
for the enzymatic preliminary treatment and the 
ultrafiltration (UF) procedure.

Enzymatic pretreatment

Before the ultrafiltration (UF) process, a 500 mL 
sample of raw pomelo juice was treated with an 
enzyme. The enzyme utilized was pectinase (EC 
3.2.1.15) derived from Aspergillus niger, which 
had an activity level of 3800 unit/mL and was 
obtained from Sigma-Aldrich, Merck, located in 
St. Louis, MO. Different enzyme concentrations 
were applied, namely 0.1%, 0.2%, 0.3%, 0.4%, and 

2 M. Z. MOHD NOR ET AL.



0.5% by sample volume. A sample was created as 
a control group not exposed to enzymatic treat
ment. The samples that underwent enzymatic 
treatment were kept in a water bath (903, 
Protech Electronic, Malaysia) at 33 �C for a dur
ation of 108 min, as stated by (Sagu, Karmakar, 
et al. 2014; Sagu, Nso, Karmakar, et al. 2014). 
Following the enzymatic treatment, the enzyme 
in the samples was deactivated by heating the 
samples at 95 �C for 5 min, as described by Sagu, 
Nso, et al. (2014). Afterwards, the samples under
went centrifugation at 9000 rpm for 10 min using 
the Eppendorf 5804 R instrument from Germany 
to separate the suspended solids. The resulting 
supernatants were then examined to determine 
their viscosity prior to undergoing the ultrafiltra
tion (UF) process.

Ultrafiltration experimental procedures

Using a 250 mL laboratory-grade membrane 
stirred cell unit (AmiconVR , Millipore, USA) con
nected to an N2 gas cylinder, the ultrafiltration 
(UF) experiment was carried out. The system 
contained a dead-end disk membrane crafted 
from polyethersulphone, with a molecular weight 
cutoff (MWCO) of 100 kDa, which effectively 
clarifies natural juices and agricultural by-prod
ucts (Castro-Mu~noz et al. (2018). The tempera
ture was kept at the ambient level (20 �C) 
throughout the experiment. Table 1 provides the 
membrane composition employed in this study 
to clarify the pomelo juice. To establish the opti
mum operating pressure (Plim) required for the 
batch concentration mode and to achieve the 
superior permeate flux, each ultrafiltration (UF) 
test was carried out using varying operating pres
sures (OP) of 1.0, 1.5, 2.0, 2.5 and 3.0 bar.

For each run, the filtration process was contin
ued until 80% permeate recovery (PR) was 
reached to ensure the process ran efficiently, fol
lowing Eq. (1);

PR %ð Þ ¼
Vp

Vf
� 100 (1) 

Vp and Vf are the volume (g) of the permeate 
and the feed. The efficiency of the ultrafiltration 
system was assessed based on the permeate flux 
(J), which was calculated following Eq. (2);

J ¼
1

Am
�

DW
Dt

(2) 

Equation (2) provided calculates the permeate 
flux (J) by dividing the permeate weight collected 
(DW) over a period of time (Dt) in units of 
kg.h−1 by the effective membrane area (Am) in 
square meters (m2).

Membrane cleaning

The measurement of pure water flux (J) involved 
introducing distilled water into the membrane 
module and quantifying the volume of collected 
permeate (DW) within a specified time (Dt) 
across the membrane surface area (Am), as 
expressed in Equation 2. The pure water flux val
ues were graphed against the applied transmem
brane pressure (TMP) values to determine 
hydraulic permeability. The slope of the resulting 
straight line provided the hydraulic permeability 
of the UF membrane, referred to as Lp0 for the 
fresh membrane. The membrane’s hydraulic per
meability after the Pomelo juice’s UF process is 
represented as Lp1.

The membrane module cleaning procedure 
involves a two-step process. Initially, distilled 
water circulated through the membrane module 
for approximately 30 min at 3 bar pressure, aim
ing to minimize the impact of reversible cake 
layer resistance. The hydraulic permeability was 
then measured and denoted as Lp2. The module 
underwent a cleaning phase using a solution 
comprising 250 mL of 0.5 mM Sodium hypochlor
ite (NaOCl) in 0.5 M Sodium hydroxide (NaOH) 
for 20–40 min. Subsequently, a final rinsing was 
performed with distilled water for 5–10 min. 
Finally, the module was filled with distilled water 
and 10% ethanol and stored in a refrigerator at 

Table 1. Experimental results fitting on distinct fouling mod
els of the pectinase-treated sample (d) model I; (e) model II; 
and (f) model III.

OP (bar)

R2

Model I (1/J) Model II (1/J2) Model III (LnJ)

1.0 0.8432 0.8542� 0.7187
1.5 0.8972 0.9626� 0.7512
2.0 0.9496 0.9785� 0.8299
2.5 0.9689 0.9762� 0.8625
3.0 0.9461 0.9947� 0.848
�Indicates the highest R2 for each experimental data block.
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approximately 4 �C. The extent of membrane 
fouling, associated with the percentage drop in 
pure water flux after filtration, was determined 
by assessing the difference in pure water flux 
before the ultrafiltration treatment of pomelo 
juice and after the cleaning process.

Analysis of fouling behavior and mechanisms

Three fouling models were utilized to examine 
the fouling mechanism during the process, which 
consider the relationship between the alteration 
of permeate flux and filtration time (Conidi et al. 
2020). The expression to characterize this rela
tionship is described in Eq. (3);

J ¼
Jo

1þ JoKt
(3) 

Where Jo represents the initial permeate flux 
while K and t are a coefficient and time, respect
ively. By using Eq. (3), various equations were 
developed for distinct fouling mechanisms, as 
illustrated in the following models;

Model I
Cake build-up fouling caused by the nature and 
properties of the membrane, as shown in Eq. (4).

1
J
¼

1
Jo
þ Kt (4) 

Model II
Equation (5) explains the occurrence of cake for
mation fouling, where a layer of particles covers 
the entire surface of the membrane.

1
J2 ¼

1
Jo

2 þ Kt (5) 

Model III
Equation (6) demonstrates pore blocking fouling, 
where particles fully obstruct certain fractions of 
the pores;

ln J ¼ ln Jo þ Kt (6) 

To evaluate the primary fouling pattern in the 
studied ultrafiltration (UF) process, the experi
mental data was examined using a linear regres
sion function in Microsoft Excel 2022 (USA) to 
fit each model. The model that exhibited the 

superior coefficient of determination (R2) was 
subsequently computed.

Analysis of viscosity, pH, and total soluble solid 
content

This study assessed the superficial viscosity of 
pomelo juice trials by employing a rheometer 
with controlled stress/controlled strain capabil
ities (MCR 301; Anton Paar GmbH, Graz, 
Austria) that had a dual gap cylinder model 
(DG.26.7/Q1; Anton Paar GmbH). The shear rate 
utilized was within the range of 0–500 s−1, which 
was proposed by Omar et al. (2020). Moreover, 
the juice’s pH was measured using a pH meter 
(Con 700, Oakton, USA) calibrated with buffer 
solutions with pH values of 4 and 7. The Total 
Soluble Solids (TSS) were also evaluated by 
means of a digital refractometer (RP-101, Atago, 
Tokyo, Japan), with the results expressed in �Brix 
units.

Analysis of total phenolic content (TPC)

The study utilized a colorimetric method to 
investigate the TPC in the pomelo juice samples. 
The method employed was the Folin-Ciocalteau 
assay, which operates by reducing a Folin- 
Ciocalteau reagent in the presence of phenolic 
compounds under alkaline conditions. 
Approximately 0.3 mL of the pomelo juice sample 
was blended with 1.5 mL of 10% Folin reagent 
(diluted with 90 mL of distilled water) and 1.2 mL 
of 7.5% sodium carbonate, Na2CO3 (prepared by 
dissolving 7.5 g of Na2CO3 in 100 mL of solu
tion). A Shimadzu UV-VIS spectrophotometer 
(Ultraspec 3100 Pro, Amersham Pharmacia 
Biotech, UK) was employed to measure the solu
tion’s absorbance at 765 nm, and gallic acid was 
used to generate the standard curve. The total 
phenolic content was subsequently expressed in 
mg/L as a gallic acid equivalent.

Analysis of ascorbic acid content

Before titration against dichlorophenolindophenol 
(DCPIP) solution, the pomelo juice sample was 
diluted with distilled water (1:1 v/v) ratio. The 
titration was performed until a pink color 
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surfaced and lasted for at least 30 s, indicating 
the endpoint. The mass of ascorbic acid (in milli
grams) present in the sample was computed 
using the volume of the titrated DCPIP solution.

Statistical analysis

The filtration process of pomelo juice was 
repeated twice, and all measurements were con
ducted three times. The collected data was ana
lyzed by utilizing the Statistical Analysis System 
(SAS) software (Version 9.2, SAS Institute, USA) 
with a one-way analysis of variance (ANOVA). 
To determine the significance of differences in 
means, a p-value less than 0.05 was considered 
significant and compared using a t-test at a 5% 
significance level.

Results and discussion

Influence of enzymatic pretreatment on the 
viscosity of juice

The result of enzymatic pretreatment of the pom
elo juice is presented in Figure 1. Figure 1 exhib
its that the viscosity of the pomelo juice was 
considerably decreased by 35–54% after the appli
cation of pectinase in comparison to the unpro
cessed sample. This result suggests that pectin is 
a significant polysaccharide component in pom
elo juice. Since the presence of pectin (polysac
charide) causes an elevated viscosity, the 
pectinase enzyme has been extensively utilized 
during the processing of fruit juice to hydrolyze 

the galacturonan support of pectic polysacchar
ides of plant tissues to gain a lesser juice viscosity 
(Omar et al. 2020). Having a low viscosity is 
highly desirable when processing juice since it 
makes it easier to carry out the next steps in the 
process, such as clarification.

Figure 1 shows that there was no significant 
variation in the apparent viscosity of pomelo 
juice when different proportions of pectinase 
(ranging from 0.01% to 0.05%) were considered. 
This could be due to the level of pectin that 
exists in the juice. The concentration of pectin in 
juice may be lower, and as such, 0.02% pectinase 
is adequate to break it down. Based on the find
ings of this study, 0.02% pectinase has been 
selected as the treatment for pomelo juice for 
succeeding UF procedure.

Evaluation of permeate flux behaviour

The result of flux behavior is displayed in 
Figure 2. With reference to Figure 2, 1.0 bar 
OP demonstrated the least starting flux (59.9 kg/ 
m2/h) as well as required the lengthiest time to 
attain 80% permeate recovery, under 60 min. 
Contrastingly, at 3.0 bar OP, the highest initial 
flux of 92.93 kg/m2/h was obtained, and the pro
cess was accomplished in 44 min. This occurrence 
was anticipated because the rise in permeate flux 
under pressure was caused by a greater driving 
force across the membrane, which was consistent 

Figure 1. Apparent viscosity of untreated and pectinase- 
treated pomelo juice.

Figure 2. Permeate flux (J) profiles (a) J against time (t) at dif
ferent operating pressures (OP); (b) steady-state J against oper
ating pressure.
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with previous findings regarding the juice filtra
tion of bananas (Yee et al. 2021) and guava 
(Omar et al. 2020).

In Figure 2(a), it was observed that all flux 
profiles underwent three stages of flux reduction, 
with decreasing trends toward the end of the pro
cess, eventually reaching stable condition values 
across all operating pressures. The initial phase of 
the process involved a significant decrease in 
flux, which persisted for approximately 10 min. 
The subsequent phase saw a smaller decrease in 
flux, followed by a stable phase where the perme
ate flux remained constant over time until reach
ing its final value. The observed patterns were 
closely associated with the fouling occurrence 
that occurs on the membrane surface while 
filtering.

During the filtration, the gel polarization 
occurred as the feed navigated via the membrane, 
leaving suspended solids behind. Consequently, 
these suspended solids were deposited on the 
membrane surface, leading to fouling and a sub
sequent reduction in the flux rate. According to 
Omar et al. (2020), the flux rate at a steady state 
generally rose with an increase in pressure 
between 1 and 2 bar, as demonstrated in the inset 
of Figure 2.

According to Castro-Mu~noz et al. (Castro- 
Mu~noz et al. 2018), Plim is the point at which 
fouling and polarization-concentration begin to 
exert a greater influence on the permeation rate 
than the driving force. The present study 
observed that the steady-state flux continued to 
increase even at the highest OP of 3.0 bar 
(Figure 2(b)), suggesting that the Plim of this pro
cess lies beyond that value. It is possible that the 
enzymatic pretreatment facilitated a higher Plim 
in this study by reducing the fouling issues.

Membrane cleaning performance

The result of the PES membrane cleaning with 
respect to hydraulic permeability is presented in 
Figure 3. The initial flux at the beginning of the 
experiment represents the membrane’s perform
ance under normal conditions prior to pomelo 
fruit juice clarification. The initial flux was 70 Kg/ 
h/m2 under a TMP of 1.0 bar. The flux rose to 
104 Kg/h/m2 under a TMP of 3.0 bar. The 

membrane was then subjected to a flux test using 
pomelo fruit juice as a feed stream. The hydraulic 
permeability flux declined to 40 Kg/h/m2 and 
53 Kg/h/m2 under 1.0 and 3.0 bar TMP, respect
ively, after the pomelo fruit juice clarification 
test, compared to the initial flux. This is because 
during the clarification of pomelo fruit juice, sub
stances such as pectin, proteins, or other macro
molecules may be present and can contribute to 
forming a cake layer on the membrane, reducing 
its permeability. Perhaps particles or substances 
in the fruit juice could block the membrane’s 
pores and reduce the effective pore size, limiting 
the passage of water through the membrane. 
After that, the flux was slightly recovered upon 
membrane cleaning using distilled water and rose 
to 45 and 64 Kg/h/m2 with TMP of 1.0 and 
3.0 bar, respectively. The result obtained in this 
study is consistent with previous studies (Rabuni 
et al. 2015; Zhang et al. 2021). The moderate 
recovery in flux after cleaning with water indi
cates that some fouling was reversible but not 
completely removed. Water cleaning might have 
removed loosely attached particles or substances 
from the membrane surface.

Subsequent cleaning with NaOCl and NaOH 
further significantly advanced the flux recovery, 
thereby attaining 65 kg/h/m2 and 110 kg/h/m2 

with TMP of 1.0 and 3.0 bar respectively. The 
most significant enhancement in flux is observed 
after cleaning with NaOH and NaOCl. The 

Figure 3. Pure water flux of membrane before and after UF 
and cleaning treatments.
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substantial recovery after the more intensive 
cleaning with NaOCl (hypo) and NaOH (alka
line) solutions implies the successful removal of 
fouling agents, resulting in enhanced membrane 
performance. This underscores the efficiency of 
the cleaning method, which includes NaOCl and 
NaOH, in effectively removing reversible fouling 
from the membrane surface. Thus, the intensive 
cleaning process is an effective strategy in restor
ing the membrane’s permeability.

Investigation of permeate flux decline mechanism

Fruit juices comprise a significant quantity of 
large molecules like polysaccharides (including 
pectins, hemicellulose, starch and cellulose) and 
particles that can cause turbidity (such as sus
pended solids (SS), proteins, polyphenols and col
loidal particles); they may promote the 
development of fouling. Therefore, it is important 
to manage the operational pressure and other 
process parameters to prevent negative effects on 
the flux efficiency, as reported by Bhattacharjee 
et al. (2017). In order to ensure successful mem
brane filtration in the food industry, it is crucial 
to thoroughly examine the mechanism of 
membrane fouling that can hinder the process. 
Table 1 compares three models (referred to as 
model I, model II, as well as model III) in line 
with previous studies (Omar et al. 2020), which 
consider the relationship between changes in per
meate flux and filtration time. By comprehending 
these models, we can enhance our ability to iden
tify and address issues related to membrane foul
ing (Cassano et al. 2007).

The most appropriate model to describe the 
experimental data can be determined by identify
ing the model with the highest R2 value among 
all samples. Model II was found to be the excel
lent model to describe the flux profiles due to its 
superior R2 value, with R2 (0.8542) at 1.0 bar and 
R2 (0.9947) at 3.0 bar, compared to models I and 
III. According to model II, the primary cause of 
membrane fouling is the deposition of a cake on 
the entire membrane surface due to the accumu
lation of particles. This cake development during 
the filtration of pomelo juice is expected due to 
the numerous large molecules in fruit juice, such 
as polysaccharides, suspended solids, proteins and 

colloidal particles (Omar et al. 2020). As indi
cated in Table 1, a higher R2 (0.9947) was 
recorded at elevated OP (3.0 bar). This could be 
because, at higher operating pressures, there was 
a more significant amount of non-permeating 
molecules absorbed on the surface of the mem
brane, resulting in complete blockage of the 
pores. In this study, despite pre-treating the juice 
with pectinase enzyme, the same fouling mechan
ism remained dominant during the UF process. 
However, the resulting cake formation is classi
fied as reversible fouling, indicating that appro
priate cleaning measures can restore membrane 
permeability (Sagu, Nso, et al. 2014).

Investigation of the quality of the clarified pomelo 
juice

Analysis of pH and total soluble solid
Table 2 displays the outcomes for pomelo juice’s 
pH and overall soluble solid content. The pH 
level of the juice afterwards the clarification pro
cedure (as shown in Table 2) does not exhibit 
any significant alterations. This suggests that the 
UF process does not have an impact on the pH 
status of the clarified pomelo juice, which aligns 
with previous research on the clarification of fruit 
juices (Conidi et al. 2020; Omar et al. 2020; Yee 
et al. 2021).

Table 2 demonstrates that the ultrafiltration 
(UF) method effectively decreased the total sus
pended solids (TSS) content in the filtered pom
elo juice by a range of 7–17%. Although there is 
no apparent correlation between organic pollu
tants (OPs) and the reduction of TSS in the per
meate, the result implies that the UF system 
efficiently eliminated certain suspended particles 
from the pomelo juice. This observation is con
firmed by the fact that the retentate of all sam
ples exhibited higher TSS levels than the feed, 
indicating that the membrane retained the soluble 
solids. A decline in the flux was due to concen
tration polarization which can also be linked to 
the concentration of TSS of the retentate solu
tion. This decline can be attributed to the fouling 
deposits that developed from a blend of sus
pended solids as well as adsorbed large molecular 
impurities (Mai 2017).
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Analysis of turbidity and clarity

Turbidity, which refers to the cloudiness or hazi
ness of a liquid, is a major factor contributing to 
a decrease in quality during the processing and 
storage of juices in the industry. The cloudiness 
in fruit juice is the presence of polysaccharides, 
including hemicellulose, pectin, and starch, which 
tend to settle down gradually during storage. 
Figure 4(a,b) represent the results of turbidity 
and clarity of pomelo fruit juice under varying 
operating pressure of 1.0–3.0 bar. After under
going the UF process, the turbidity of the perme
ate was almost eliminated. The turbidity content 
of the feed juice (unfiltered) ranged between 
45.30 and 50.0 NTU, respectively (Figure 4(a)). 
Distinct turbidities contents (0.50–1.10 NTU) 
were obtained after filtration. Among the five 
operating pressures applied (1.0–3.0 bar) in pom
elo juice, 3.0 bar resulted in the lowest turbidity 
(0.50 NTU) (Figure 4(a)). All the filtered samples 
displayed a turbidity reduction of more than 

97%, leading to a significantly clearer pomelo 
juice.

The elimination of turbidity in the clarified 
juice can be linked to a decrease in TSS. 
Turbidity typically indicates the existence of sus
pended particles, fibers, high molecular weight 
carbohydrates, and TSS, according to Castro- 
Mu~noz et al. (2018). Most non-permeable 
molecules are gathered on the membrane surface 
during the UF process, leading to elevated turbid
ity and TSS levels in the retentates.

The enhancement of pomelo juice’s physical 
attributes, precisely its clarity, holds great impor
tance as consumers highly value the appealing 
appearance of fruit juice. Juice that exhibits a 
clear and visually appealing appearance is more 
likely to be preferred and consumed by the public 
(Castro-Mu~noz et al. 2018). The removal of tur
bidity has resulted in a significant improvement 
in the clarity of the pomelo juice. The clarity 
results are shown in Figure 3(b). There was a 

Table 2. Results of pH and TSS of the pomelo juice subjected to UF under varying operating pressures.

Operating pressure (bar)

pH TSS

Feed Permeate Retentate Feed Permeate Retentate

1.0 4.02 ± 0.01a 4.05 ± 0.05a 3.97 ± 0.02a 6.42 ± 0.4a 5.72 ± 0.68b 6.60 ± 0.29a

1.5 4.04 ± 0.02a 3.97 ± 0.06a 3.98 ± 0.03a 7.95 ± 0.55a 6.92 ± 0.27b 8.23 ± 0.55ac

2.0 4.04 ± 0.03a 3.96 ± 0.04a 3.99 ± 0.01a 7.20 ± 0.59a 6.15 ± 0.53b 8.05 ± 0.45c

2.5 3.94 ± 0.01a 3.91 ± 0.05a 3.91 ± 0.03a 8.05 ± 0.69a 7.48 ± 0.33b 8.47 ± 0.51a

3.0 3.88 ± 0.03a 3.91 ± 0.01a 3.89 ± 0.02a 7.55 ± 0.46a 6.22 ± 0.41b 7.68 ± 0.32a

�Means (± SD) with the distinct letters are significantly different at p< 0.05 for each row of the section.

Figure 4. UF pomelo juice properties at different operating pressures (a) turbidity; (b) clarity.
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significant increase in the clarity of the juice after 
the filtration process. The transmission values of 
the filtered pomelo juice sample showed an 
increase of 95.17%, 91.92%, 98.29%, 91.04%, and 
96.23% for the juice filtered at 1.0, 1.5, 2.0, 2.5 
and 3.0 bar, respectively, which resulted in a bet
ter juice clarity. The increased clarity of pomelo 
juice produced a visually cleanse output. Fruit 
juice with a clear appearance is more attractive 
and pleasant for public consumption (Omar et al. 
2020).

Total phenolic content (TPC) and ascorbic acid 
content (AAC)

The results of total phenolic content (TPC) and 
ascorbic acid content (AAC) are presented in 
Table 3. In general, filtering pomelo juice resulted 
in a decrease in TPC, with reductions of 12.6%, 
13.9%, 7.8%, 12.3%, and 10.1% observed when 
the process was carried out at operating pressures 
of 1.0, 1.5, 2.0, 2.5 and 3.0 bar, respectively. To 
achieve a clear extract, it is essential to reduce 
the levels of turbidity and total solids, but this 
can lead to a decrease in polyphenols, which can 
undermine the nutritional value of the extract (de 
Santana Magalh~aes et al. 2019). While the loss of 
nutritional value in the juice is not ideal, other 
research has also observed similar outcomes. This 
has been attributed to oxidation and interactions 
with other compounds not retained by the mem
branes (Castro-Mu~noz et al. 2018; Omar et al. 
2020).

The decline in TPC that was observed in the 
permeate could be due to the reaction of com
pounds that were restricted from passing through 
the membranes (Castro-Mu~noz et al. 2018). This 
loss of phenolic compounds could also be linked 
to the ongoing effects of polyphenol oxidases in 
the retentate (Zhao et al. 2014).

However, according to the results of this study, 
the reduction in TPC may not be influenced by 
changes in the operating pressure. Besides, the 
TPC of the juice is not only indicative of its anti
oxidant properties but also related to its astrin
gency. As a result, the observed reduction of TPC 
in this study suggests a decrease in the clarified 
juice’s astringency, which could be viewed posi
tively in terms of sensory perception.

Under varying operating pressures, the AAC in 
the permeate was reduced than that in the feed. 
The AAC decreased by 12.6%, 11.2%, 12.2%, 
16.7%, and 10.8% at operating pressures of 1.0, 
1.5, 2.0, 2.5 and 3.0 bar, respectively. 
Nevertheless, the decrement is deemed to be 
minor as most of the ascorbic acid was still pre
served in the filtered juice. Similar to TPC, the 
AAC is thought to be independent of changes in 
operating pressure.

Appraisal with previous studies

Table 4 summarizes various findings regarding 
the clarification of different fruit juices. The 
results indicate the efficacy of varying membrane 
processes in treating fruit juices, with each 
specific condition and membrane type showing 
varying degrees of performance in removing tur
bidity, TSS, and phenolic content. The compari
sons across different studies provide valuable 
insights into the potential applications of mem
brane technology in fruit juice processing. The 
present study achieved a significant reduction in 
turbidity (>97%), indicating the effectiveness of 
the UF process in clarifying suspended particles. 
This result aligns with the high removal percen
tages reported in studies on Guava (Omar et al. 
2020) and Dragon Fruit (Le et al. 2021), where 
turbidity removal exceeded 97%. The present 
study reported a slight reduction in Total 

Table 3. Results of total phenolic content (TPC) and ascorbic acid content (AAC) of pomelo juice subjected to UF under varying 
operating pressures.

Operating pressure (bar)

TPC (mg/L) AAC (mg)

Feed Permeate Retentate Feed Permeate Retentate

1.0 75.15 ± 5.58a 65.68 ± 3.23b 73.39 ± 2.62a 48.12 ± 3.61a 42.05 ± 3.22b 47.08 ± 2.46a

1.5 79.05 ± 4.12a 68.08 ± 2.71b 73.32 ± 2.53c 45.13 ± 4.02a 40.07 ± 2.36ab 44.10 ± 4.50a

2.0 80.02 ± 6.67a 73.76 ± 4.60b 76.23 ± 3.10b 50.17 ± 4.01a 44.07 ± 2.41b 44.11 ± 3.46b

2.5 85.66 ± 5.87a 75.10 ± 4.70b 82.41 ± 1.85a 49.18 ± 2.76a 40.98 ± 3.39b 42.10 ± 4.30b

3.0 88.22 ± 6.03a 79.30 ± 3.66b 81.01 ± 2.55b 47.22 ± 3.03a 42.11 ± 1.29b 43.11 ± 4.36b

�Means (± SD) with the different letters are significantly different at p< 0.05 for each row of the section.
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Phenolic Content (TPC) (10.1–13.9%), which is 
consistent with the findings from studies on 
Tomatoes (Alaei et al. 2021) and Pomegranate 
(Zarouk et al. 2022) where the removal of phen
olic compounds ranged from 10.8% to 16.7%. 
The slight decline in TSS (7–17%) for Pomelo 
juice observed in the present study is comparable 
to the results reported in other studies, such as 
Pomegranate (Morittu et al. 2020) and Dragon 
Fruit (Le et al. 2021) where TSS removal was 
highly effective.

Hence, compared to other studies, the present 
study’s performance in turbidity reduction, TSS 
removal, and phenolic content reduction demon
strates the effectiveness of UF in improving the 
quality of Pomelo juice. The results indicate that 
UF can be a reliable and efficient membrane pro
cess for treating various fruit juices, contributing 
to the growing body of knowledge on membrane 
technology applications in the food and beverage 
industry.

Conclusion

In this study, pomelo juice was clarified using a 
UF (Ultrafiltration) process, which yielded 
important information regarding the flux profile 
at varying operating pressures, fouling mecha
nisms, and quality traits of the juice. A pretreat
ment with 0.02% pectinase is adequate to reduce 
the juice viscosity. The operating pressure influ
enced the permeate flux in the UF stages, and the 
process’s limit pressure (Plim) is expected to be 

more than 3.0 bar. Total pore blocking was deter
mined to be the principal fouling mechanism of 
the UF process at all operating pressure. The UF 
process effectively clarified the pomelo juice by 
reducing TSS and turbidity while maintaining the 
pH. However, the permeates showed some reduc
tion in TPC and AAC compared to the fresh 
juice due to oxidation and solute interactions. 
Despite this, the reduction in TPC could be con
sidered a positive development since it is 
expected to decrease the juice’s astringency. 
Considering the permeation flux profiles and 
juice quality characteristics, the ideal operating 
pressure to clarify pomelo juice for the UF pro
cess in this study appears to be 3.0 bar.
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