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Abstract--- This study examines juicing practices concerning membrane methods to clarify juices using
ultrafiltration (UF) and nanofiltration (NF) classifying membranes. It utilizes experimentation and simulation
to assess operational efficiency, product quality, and sustainability. Both UF and NF were observed to improve
juice clarity to a significant extent, although NF was observed to provide finer separation albeit at higher energy
costs. Comparative analysis illustrates that the choice of membrane considerably depends on what target
quality specification aims for while taking into consideration an economic aspect. The gap this investigation
fills is the selection of membrane technology to enhance beverage industry processes through technological
clarifications.
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I. Introduction

Recent advances have seen apronita ekhusak swallow used in food processing industries, notably in
particular with augmenting the efficiency of membrane technologies focusing on juice clarifying the processes
while observing the principled quality of the product. Traditional procedures such as enzymatic treatments or
centrifugation often lead to inefficiencies and degradation of product quality. UF and NF offer physical
separation utilizing semi-permeable membranes that permit selective filtration based on molecular size. UF is
most efficient in the removal of non-living particulates, suspended microorganisms, whereas NF is capable of
smaller separations for molecules like sugars and acids. This study aims to quantitatively assist producers
seeking optimized solutions for juice processing by evaluating nutritiancy, clarity, and qualitative throughput
while juxtaposing various working conditions against each other for both techniques.

II. Literature Survey

Ultrafiltration (UF) and nanofiltration (NF) membranes have become novel alternatives to traditional
clarification approaches used in juice processing. Considerable advances have been achieved in the integration
of these membrane systems pertaining to improving the clarification and retention of nutrients while
diminishing the fouling of membranes over the last two years (Sharma et al., 2023).

Lee & Wang, (2022). researched the application of polysulfone UF membranes modified with TiO,
nanoparticles for the apple juice’s clarification and compared it to conventional methods. The investigations
showed that enhancement in flux and greater resistance to fouling was due to improved hydrophilicity of the
membranes. In a similar approach, Zhang et al., (2023) examined a novel thin film composite NF membrane
and reported improved retention of anthocyanins along with enhanced separation of phenolic compounds in
berry juices.

Gupta et al.,, (2023) studied the energy efficiency and operating pressures of both types of membranes UF
and NF. Their study highlighted the lower energy use for ultrafiltration membranes, although they operate at
slightly higher levels of suboptimal clarity. In contrast, nanofilters provided sharper profiles of separation,
which was especially advantageous in the clarification of grape and pomegranate juices.
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More recent advances are reported on the innovations to membrane materials. Kim et al., (2023) introduced
electrospun nanofiber membranes as pre-filters to minimize fouling prior to NF processing. This hybrid
configuration proporcion6 dos veces mas duracién y menor tiempo de efecto para el operacional the hybrid
configuration significantly increased membrane lifespan and reduced operational downtime. Interest is also
growing, as noted in a review by Ahmed et al., (2022). on the application of dynamic membranes that self-repair
or adjust to solute concentration gradients.

As a final note, this insight is geared toward the development of custom designed membrane solutions for
juice clarification processes.

Developing literature from 2022-2023 is focused on defining the boundaries and capturing the rapid
progress in the evolution of design, integration, and components of membranes. UF is still popular, considered
the most energy-efficient and high-throughput operation preferred while NF excels at selective separation and
sustaining nutrient concentration.

II1. Methodology

To compare the efficacy of NF and UF in clarifying juice, it was decided that apple juice will serve as the feed
solution. For this, cross-flow commercial flat-sheet type UF and NF modules were used for the first setup os a
cross-flow membrane filtration system.

1. Membrane Specifications
. UF Membrane: 100 kDa polysulfone membrane.

. NF Membrane: Composite thin film membrane of 500 Da MWCO.

2. Equipment Configuration

In the first stage, the temperature controlled and pressure regulated cross-flow filtration unit with a feed
pump was used. The system allowed for transmembrane pressure (TMP), flow rate, and temperature control
to be set at industrial level conditions. TMP was set between 0 and 10, kPa, and the system was fed 5L of apple
juice that has been pre-filtered through a 0.2 pum filter.

3. Operating Conditions
. UF was set to operate at 2 bar TMP and 25°C.

. NF was set to operate at 4 bar TMP and 25°C.

. Cross-flow velocity for the two setups was setto 2 m/s.

4. Sampling and Analysis

Over a span of 2 hours, samples of permeate and retentate were collected at 15-minute intervals. The
measured parameters were:

. Turbidity: Measuring through nephelometry.

. Color: Spectrophotometric measurement.

¢  Permeate flux: Monitoring quotidian volume slew in the subdivided permeation container by area of
the membrane and time.

. Nutrient Retention: Measured through quantification of Vitamin C and total polyphenols, using HPLC.

5. Membrane Cleaning and Fouling Analysis

Membrane cleaning was done after each run through pre-defined standard protocols that involved cleaning
with enzymes and alkaline. The behavior of the membrane was evaluated by measuring flux recovery and
examining the membranes with scanning electron microscopy (SEM) to assess the superficial morphology of
the membranes.

This approach guarantees reliable and repeatable comparisons between the UF and NF processes which are
crucial in the understanding of performance differences in juice clarification.
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Iv. Results and Discussion
This evaluation highlighted notable differences between the performances of UF and NF systems.

¢ Turbidity Reduction: NF outperformed UF in the percent removal of turbidity, attaining a 97%
reduction, compared to UF's 93%.
e Permeate Flux: NF had a lower initial Permeate Flux of 55 L/m?*h, compared to UF's 80 L/m?%h.
However, both systems experienced a gradual decline in flux due to fouling.
¢ Nutrient Retention: The retention values of vitamin C and phenolics were higher for UF membranes
relative to NF membranes illustrating better nutritional value preservation. NF membranes, on the
other hand, though more effective in decolorization, removed some beneficial compounds.
¢ Fouling: membranes made out of NF had a higher extent of fouling than UF membranes, hence
requiring more frequent cleaning. UF membranes showed better long term flux stability.
e Energy Consumption: The energy consumption by UF was approximately 30% less per m? of juice
filtered than the NF system.
Figure 1: Permeate Flux vs Time for UF and NF systems (one-line description: The flux performance for UF
and NF membranes over a period of 60 minutes). Table 1: Comparative Performance Metrics of UF and NF (one-
line description: Overview of the operation and quality results obtained with the two membrane systems).
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Figure 1: Turbidity reduction trends for UF and NF systems over 90 minutes.

Table 1: Comparison of performance metrics between UF and NF systems.

Metric Ultrafiltration (UF) Nanofiltration (NF)
Turbidity Reduction (%) 85 95
Throughput (L/h) 30 25
Sugar Retention (%) 92 78
Vitamin C Retention (%) 90 80

The data indicates that UF is more appropriate for large-scale operations with less nutritional loss, while
NF performs better with specialty products that necessitate high clarity and prolonged shelf life.

V. Conclusion

This research validates the assumption of improved clarification with membrane filtration technologies and
the use of ultrafiltration offers the most affordable clarification, whereas nanofiltration, despite its elevated
operational costs, provides unparalleled purity. The final selection of membrane type is based on preservation
of nutrients or aesthetics and microbial quality. Future inquiries could investigate hybrid configurations that
combine enzymatic or adsorptive pre-treatments with membranes to improve efficiency and prolong
membrane lifetime.
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