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Graphical abstract 
 

 

Abstract 
 
In this research, using an ultrafiltration (UF) membrane to purify bromelain 
enzyme during the production of bromelain enzyme from pineapple brings 
high efficiency in product quality. This study evaluated membrane filtration 
using computational fluid dynamics (CFD) simulations. First, the simulation 
builds a computational model based on the actual UF module to evaluate the 
filtration performance and the fluid behavior through the filter. Additionally, 
The Navier – Stokes equations and conservation equations are used to solve 
the conditions in the study of membrane filtration. The transient mode is 
used, corresponding to a time level of 3500s. Under the turbulent flow model 
(SST 𝑘−𝜔), it is necessary to predict the velocity and pressure behavior as 
well as the parameters of the fluid inside the equipment. The results show 
that the bromelain enzyme obtained is 99.17%, and the maximum pressure 
when the process is stable is 236 kPa. The simulation shows that the 
mathematical model and the simulation results are consistent with validated 
experimental data.  
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1.0 INTRODUCTION 
 
Vietnam is a country in Southeast Asia with great potential for 
horticulture because of its tropical climate, which is favorable for 
many kinds of fruit. Pineapple (Ananas comosus L.) is a fruit that 
is grown a lot, spreading from the north to the south of Vietnam 
[1,2]. Pineapple is a source rich in vitamins and minerals [3], for 
example, a ripe pineapple can provide about 16% vitamin C daily 
[4]. However, in the fruit processing industry, pineapple 
produces about 45-55% of waste [5]. Besides, pineapple waste 
can arise from pineapple farms such as leaves, stems, roots, and 
damage to the pineapple after harvest. The pineapple tree is 
estimated to be more than 6 kg of fresh waste if 12,000 trees are 

planted on an acre of land, generating more than 70 tons of solid 
waste [6]. Therefore, it is necessary to have appropriate 
treatment methods to prevent environmental pollution and 
utilize them for processing into other valuable materials or 
applications.  

The recent emphasis on extracting the enzyme bromelain 
from pineapples is crucial due to its special applications in 
industries such as food, cosmetics, and pharmaceuticals. For 
example, the present study indicates that bromelain combined 
with donepezil has the ability to neuroprotection, and limit 
cognitive impairment, which promises to be a study that makes 
a great contribution to the treatment of Alzheimer’s disease [7]. 
Moreover, bromelain produced from pineapple waste is a great 
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advantage in terms of cost than using the fruit [8–11]. The 
circular economy of solid waste from pineapples contributes to 
the green economy by reducing deforestation and direct carbon 
dioxide emissions and increasing the revenue for processing 
facilities in Vietnam. As a result, the extraction of bromelain 
from pineapple by-products can develop the sustainable use of 
high-value products from the waste pineapple, which even so, is 
a good way towards economic development and environmental 
friendliness [11]. 

In addition to studies on the extraction of bromelain enzyme, 
extensive research on the purification of bromelain from 
pineapple has attracted appreciable attention, especially the 
application of membrane technology. Membrane technology is 
one of the most significant solutions for water treatment as well 
as protein separation fields which requires high-quality 
products, and green technology due to the lack of chemical 
requirements [12,13][13-16]. The application of membrane 
technology in the separation of bromelain has been studied 
extensively. Lopes et al. [16] set up an experimental two-stage 
membrane process to investigate the influence of pH and 
transmembrane pressure by using a plane microfiltration 
membrane at the first step. After that, the enzyme continues to 
purification by a 10 kDa ultrafiltration membrane at the second 
step with 90% bromelain recovery. According to Nor et al. [17], 
an ultrafiltration process combined with 2 stages with 75 kDa 
and 10 kDa tubular ceramic membranes has been successfully 
proposed for bromelain purification. The instrument was 
operated at v = 7.5 m/s-1 and pH = 4.0 conditions. The research 
results show that the membrane filtration process is successfully 
applied, ensuring the activity of the enzyme bromelain. Doko et 
al. (1991) investigated the use of sequential batch filtration, 
consisting of microfiltration (8μm) and ultrafiltration (100 kDa), 
before lyophilization of the residue during filtration to be 
removed through a binding method. ammonium precipitation 
and ultracentrifugation, the recovery yield was 50% [18]. 
However, there are still some active problems, especially the 
efficiency of the separation process, and membrane clogging 
owing to the physical properties of the inlet stream as well as the 
filter flux. Recent advances in protein separation, such as 
membrane filtration, can be applied to successfully utilize this 
technology in bromelain purification. However, conventional 
membrane separation methods continue to have flux and 
entrance stream characteristics, particularly viscosity, 
challenges. Furthermore, process modification is required to 
enhance extraction efficiency, minimize oxidation, prevent 
denaturation, and promote protein absorption. Assessment on 
a larger scale necessitates high precision as well as significant 
implementation costs and takes a long time. To break through 
this barrier, numerical approaches like CFD (computing fluid 
dynamics) simulations are a good way to validate experimental 
models and compare results. The application of CFD on 
membrane technology has been conducted recently.  In 2020, a 
study simulated whey protein ultrafiltration, showing protein 
concentration polarization over time increased membrane 
resistance and reduced permeate flux. Haribabu et al [19] 
demonstrated the importance of accounting for concentration 
polarization in predictive modeling of protein ultrafiltration 
processes. According to Marcos [20], a computational fluid 
dynamics (CFD) model was presented to simulate momentum 
and concentration equations during ultrafiltration using the 
finite element method. The CFD model couples the Navier-
Stokes equations with a resistance model linking protein 

concentration, feed velocity, permeate flux, and membrane 
surface pressure to predict transient permeate flux and pressure 
compared well to experimental soy protein concentrate 
concentration data. Based on our current understanding, there 
has been no prior research on the application of Computational 
Fluid Dynamics (CFD) for the ultrafiltration membrane in 
purifying bromelain enzyme. 

To the best of our knowledge, the efficiency of the filtration 
process is highly dependent on the geometrical structure and 
the operating conditions of the membrane. Parameter values in 
both axial and radial directions, which can be formed by the 
nature of the fluid and the structure of the membrane, affect the 
filtration efficiency and the post-filtration concentration [21]. In 
this study, the use of CFD simulation aims to evaluate the 
behavior of the fluid inside the filtration module, thereby 
verifying the simulation results by comparing it with the 
experimental filtration of bromelain enzyme (extracted from 
pineapple by-products). The study revealed the internal flow 
distribution, understanding of the design, and improving the 
effective filtration method in the future. 
 
 
2.0 METHODOLOGY 
 
2.1 Development of The Model 

 
The ceramic membrane filter, primarily made of titania, is a 
tube-shell equipment with the geometry principle illustrated in 
Figure 1. The equipment consists of a cylindrical shell and a 
tubular filter inside. The inlet is tubular with a circular cross-
section through which the fluid flows into the module 
tangentially to the filter, the outlet is also tubular and is designed 
for a concentrated stream outlet. When the fluid enters, the 
smaller components will permeate through the porous medium 
of the filter membrane into the permeable flow, whereas the 
larger components will be retained and collected at the 
concentrator end.  

The feed inlet in this model is assumed to only have 2 
components, water and bromelain enzyme. The impurities in the 
feedstock is assume to be ignored.  
 

 
Figure 1 The geometry and dimensions of the ceramic membrane 

 
 
A 3D mesh was built by using a polyhedra grid with 450,937 cells 
and 1,748,247 nodes as shown in Figure 2. The quality of the grid 
is acceptable in that the skewness and orthogonality average 
qualities are 0.19 and 0.85, respectively. 
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Figure 2 The polyhedra grid of the membrane module 

 
2.2 Numerical Methods 

 
A three-dimensional (3D) CFD of the ceramic membrane module 
to explore the hydrodynamics and performance of the 
bromelain ultrafiltration (UF). ANSYS Fluent software was used 
to solve the model equations in the feedstock, concentrated, 
and permeate streams with the proposed boundary conditions. 
The finite volume method (FVM) for the numeric dissolving of 
the equations is applied [22]. In this investigation, the inlet flow 
into the membrane module is a combination of bromelain and 
water. It is observed that the bromelain enzyme is soluble in 
water[23]. In order to describe the multiphase flow inside the 
module, the Eulerian model and the Shear-Stress Transport (SST 
𝑘−𝜔) model were utilized as described by Neto et al [24].  In the 
multiphase model, we introduce the volume fraction (𝛼𝑝) for the 

calculated phase (denoted by subscript "p"). This inclusion aims 
to examine how each phase occupies volume in relation to the 
total cell volume. Within each cell, the laws of mass and linear 
momentum conservation are maintained separately for each 
phase. Therefore, the control volume of each phase is given by: 

𝑉𝑞 = ∫ 𝛼𝑝𝑑𝑉

 

𝑉

 

 where:  ∑ 𝛼𝑝 = 1𝑛
𝑞=1   

 
The feed inlet in this model assumes only two components: 

water and the bromelain enzyme. Impurities in the feedstock are 
disregarded. Consequently, a multiphase approach is applied, 
wherein the bromelain, representing the granular phase, is well 
dispersed in water, the continuous phase. The equations of the 
moment and continuity are assumed to be solved for the same 
pressure, as are the conditions of conservation of mass and 
linear moment for each phase [25,26]. 

The mass conservation equation is given by: 
∂

∂𝑡
(𝛼𝑞𝜌𝑞) + ∇ ⋅ (𝛼𝑞𝜌𝑞�⃗�𝑞) = 0 

where "q" represents the water or bromelain phase in the 
mixture; 𝛼 is the volumetric fraction; 𝜌 and �⃗� are the density, 
and velocity vectors, respectively. 

Equation of momentum defined by: 

∇ ⋅ (𝛼𝑞𝜌𝑞�⃗�𝑞�⃗�𝑞) = −𝛼𝑞∇P + ∇ ⋅ 𝜏‾𝑞 + 𝛼𝑞𝜌qg⃗⃗ + ∑  

n

p=1

R⃗⃗⃗pq 

where �⃗⃗�𝑝𝑞, 𝜏‾̅𝑞  and 𝑃 is an interaction force between phases, the 

stress tensor, and the pressure shared by all phases, 
respectively. 

The stress tensor is defined by: 

𝜏‾̅q = 𝛼q𝜇q(∇v⃗⃗q + ∇v⃗⃗q
𝑇) + 𝛼q (𝜆q −

2

3
𝜇q) ∇ ⋅ v⃗⃗qI̅ ̅

Here 𝜇𝑞 and 𝜆𝑞 are the shear and bulk viscosity of phase 𝑞, 

and 𝐼‾̅ is the unit tensor. 

The interaction force between water and bromelain phases  

�⃗⃗�𝑝𝑞  defined by: 

∑  

𝑛

𝑝=1

�⃗⃗�𝑝𝑞 = ∑  

𝑛

𝑝=1

𝐾𝑝𝑞(�⃗�𝑝 − �⃗�𝑞), 

Here Kpq is the interfacial momentum transfer coefficient; v 

is the velocities of the phase. 
The interfacial momentum transfer coefficient is defined by: 

Kpq =
𝜌pf

6𝜏p
dpAi 

where f, 𝐴𝑖  are the drag function and the interfacial area, 
respectively. 

The term 𝜏𝑝 is the "particulate relaxation time", defined as 

follows: 

𝜏𝑝 =
𝜌𝑝𝑑𝑝

2

18𝜇𝑞
 

where 𝑑𝑝 is the diameter of the drop. 

The Schiller and Naumann model [27] was used to describe 
the drag function f in interfacial momentum transfer, as follows: 

f =
CD𝑅e

24
 

Here 𝐶𝐷, is the drag coefficient, Re is the relative Reynolds. 
In the porous region, the multi-phase model and governing 
equations for mass and linear momentum are applied similarly 
to the non-porous zone. However, in ANSYS Fluent software, the 
porous zone is modeled as a fluid element zone. The 
modification of the linear momentum occurs through a change 
in the source term, which comprises two parts: the loss of 
viscosity, represented by Darcy’s Law, and the loss of inertia. In 
this research, the porous zone is homogeneous, and therefore, 
the source term is given by: 
 

Si = − (
𝜇

𝐾𝑖
vi + C2

1

2
𝜌|v|vi) 

 where i-th is represented for the dimensional space (x, y, z) of 
the linear momentum equation, |v| is the magnitude of the 
velocity, 𝐾𝑖 is the permeability and  𝐶2  is the inertial resistance 
factor. 
The boundary conditions used for the simulation of bromelain 
enzyme filtration by membrane filtration are presented in Table 
1. In which some parameters of input, output, and property 
parameters of each strain are presented at operating conditions 
of 101325 Pa following the experimental setup. Additionally, the 
material properties used in this simulation are described in Table 
2, and the permeability (K) is 4.18 x 10-18 m2 and the membrane 
porosity is 60 % were chosen. 
 

Table 1 Boundary conditions 
 

 
Parameters 

Inlet Mass flow inlet 

Bromelain: 0.005 kg/s 

Volume fraction: 0.1 

Water: 0.01 kg/s 

Concentrate outlet Pressure outlet with a zero-gauge pressure 

outlet 

Permeate outlet Pressure outlet with a zero-gauge pressure 

outlet 

Wall Non-slip wall, null roughness, zero speed 

Operation condition 101325 Pa 
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The Coupled algorithm was chosen to solve the continuous 
equation by the concatenation method with the goal of creating 
a lower convergence range than other separable solving 
algorithms [28,29]. The spatial customization for all original 
transport equations is in the first-order reverse direction while 
the pressure diagram uses PRESTO. 

The physical properties of the materials used in this 
simulation are described in Table 2. 

 
Table 2 Thermo-Physical Properties of Fluids and Material 

 

Properties Bromelain Water Titania 

Density 
(kg/m3) 

1400 998.2 4230 [28] 

Cp (j/kg.k) 3970 [29] 4182 683 [28] 
Thermal 
Conductivity 
(w/m.k) 

0.537 [30] 0.6 4.8 [28] 

Viscosity 
(kg/m.s) 

0.0015 0.001003  

Molecular 
weight 
(kg/kmol) 

28000 
[31] 

18.0152  

 
2.3 Experimental Setup 

 
To validate the simulation results, in this study, bromelain was 
isolated from pineapple wastes, including crown (40%), peel 
(40%), and fruit residues (20%). Firstly, pineapple wastes were 
cut into small pieces and extracted with phosphate buffer (pH 
7.0) with the solid-liquid ratio (w/v) of 1:2 (g: mL) at room 
temperature for 10 mins. Afterward, the mixture was filtered 
through 35 microns filter cloth and then centrifuged at 3000 rpm 
for 25 minutes to remove any insoluble materials. The obtained 
liquid was continuously gone through a microfiltration system 
including a 1-micron water filter (poly-propylene), and a 0.2-
micron filter (Polysulfone). For isolation and purification of 
bromelain, an ultrafiltration membrane system was developed 
including a 100kDa and 20kDa ceramic membrane. In the first 
stage, the feed from the microfiltration system was subjected to 
a cross-flow of UF membrane with a pore size of 100kDa. The 
high molecular weight molecules, such as polysaccharides, in the 
retentate flow, were separated from the low molecular weight 
bromelain (28kDa) in the permeate flow. The permeate 
continuously went through the 20kDa ceramic ultra-filter to 
obtain a bromelain solution in retentate flow. The quantity of 
bromelain was determined by the high-performance liquid 
chromatography (HPLC) method of Campos et al. [32]. The 
temperature change of the whole process was maintained at 
less than 10%. The mass flow of bromelain in this step was 
defined as the total weight of bromelain flow per total time of 
ultrafiltration. 

 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Distribution Of Water Volume Fraction 
 
Figure 3 shows the distribution of water volume fraction inside 
the module at different times: 10s, 60s, 180s, 3500s. The volume 
fraction of water tends to decrease with time and has a low value 
in the lower region of the module. In addition, the volume ratio 

of water always reaches a maximum value of approximately 1 at 
the permeate flow, which means that the amount of bromelain 
hardly passes through the membrane to enter the permeable 
stream, indicating the membrane works with good efficiency 
and has high selectivity when most of the fluid passing through 
is water and remains very stable during the filtration process. 
Furthermore, as the filtration process takes longer, a ring forms 
around the membrane surface where the volume fraction of 
water is reduced to the lowest value due to the flow of water 
through the membrane. This indicates the formation of a 
bromelain layer on the membrane. 
 
 

 
 
Figure 3 Distribution of water volume fraction at different times 

 
In Figures 3a) and 3b), from 10s to 60s, when filtration takes 

place, as water is continuously filtered through the membrane 
entering the permeable stream and retaining the amount of 
bromelain inside the module, so the volume fraction of water 
will decrease. This value drops from 0.88 at 10s to 0.74 at 60s in 
most regions of the module. The longer the filtration time, the 
more bromelain concentrate in the module, thereby reducing 
the volume ratio of the water in the filter. This result can be 
observed in Figure 3c at 180s. At this time point, the water 
volume fraction reached the lowest value of 0.371.As can be 
seen from Figure 3, around the membrane surface exists an area 
with a water volume ratio of about 0.9 lower than other regions 
while at 10s and 60s this ratio is always maintained uniformly at 
0.99 in the membrane. This means that bromelain has already 
begun to exist in the membrane, which can cause fouling and 
concentration polarization that interferes with filtration. This is 
shown more clearly in Figure 3d, at 3500s, the volume fraction 
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of water increases gradually with the thickness of the membrane 
and has the lowest value of 0.37 in the membrane area on the 
outer pipe side. At this time, water almost cannot pass through 
the membrane because the amount of bromelain has occupied 
the space in the membrane, hindering the separation process. 
Therefore, the inlet stream will mix with the amount of 
bromelain in the module causing an increase in the volume of 
water in the whole module. As can be seen from Figures 3c and 
3d, this value increases from 0.37 to about 0.47 in the lower 
region of the module. 
 
3.2 Distribution of Bromelain Volume Fraction 
 
Regarding bromelain's volume fraction, this value's distribution 
will have the opposite behavior compared to that of water. This 
means that the volume fraction of bromelain in the module will 
increase over time as the amount of water is continuously 
filtered, shown in Figure 4. This value increases from about 0.12 
at 10s to 0.26 at 60s. and reached a maximum value of 0.61 in 
most areas of the module. In addition, the volume fraction of 
bromelain at the concentrate outlet increased from 0 at 10s and 
60s, to a maximum value of about 0.4 at 180s and then to 0.34 
at 3500s. This is because at the beginning of filtration, as the 
water is passed through the permeate flow, bromelain will 
accumulate in the module but not enough to be able to come 
out of the concentrate outlet.  

Until the 180s, bromelain has taken up most of the volume 
in the module, then mixes with the added inlet mixture and goes 
out at the concentrate outlet. At time 3500s from Figure 4d, 
when the water barely passes through the membrane into the 
permeate flow, the water will stay in the module and reduce the 
volume fraction of bromelain. The maximum value decreases 
from 0.61 to about 0.54. Furthermore, the volume fraction of 
bromelain at the membrane surface will increase with time until 
it occupies most of the membrane and interferes with filtration. 

 
 

 

Figure 4 Distribution of bromelain volume fraction at different times 

 
 
3.3 Distribution Of Streamline 
 
Figure 5 shows the water flow at different times of 10s, 60s, 180s 
and 3500s, respectively. It can be observed that, from the 
beginning of the process to before 180s, water always passes 
through the membrane in a permeable stream. But the 
permeation flux decreases over time because bromelain 
accumulation at the membrane surface causes pore blocking or 
concentration polarization, until 3500s most water does not pass 
through the membrane into the permeable stream. At 180s, 
when the volume of water added is greater than the amount of 
water filtered out, the water starts to come out at the 
condensed outlet as shown in figure 5c. 
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Figure 5 Streamline of water at different times 

 
It can be observed from Figure 6 that behavior of bromelain 
streamline is opposite to water, during the filtration process, the 
membrane blocks most of the bromelain and keeps it from going 
into the permeate flow. As the water phase passes through the 
membrane, the amount of bromelain retained in the bottom of 
the module increases until it takes up most of the volume in 
module and goes out at concentrate outlet from 180s to 3500s 
It can be seen that bromelain flow tends to go around on the 
membrane surface, causing fouling and concentration 
polarization. 
 

 
 

Figure 6 Streamline of bromelain at different times 
 
3.4 Distribution Of Velocity 

 
The results of the velocity distribution of water are shown in 
Figure 7 at the time points of 10s, 60s, 180s and 3500s. Observe 
at 10s and 60s, because most of the water pass through the 
membrane into permeate flow and leaves empty space in the 
module, so the water entering will have a large velocity in the 
inlet area and lower region of the module. At this time, the speed 
reaches the maximum value during the process is about 0.13 
m/s-1 and then decreases as it goes away from this region. When 
the filtration is stable, from 180s to 3500s, the velocities at the 
inlet and outlet are maintained at a constant range from 0.04 to 
0.05 m/s-1.  
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Figure 7 Distribution of water velocity 
 

It can be seen that the velocity of water is higher in the inlet-
outlet regions and the flow direction of the fluid. At the 
concentrate outlet, the velocity increases from 0 to about 0.39 
m/s-1 over time and maintains this velocity from 180s to 3500s. 
Because the tangent flow of the input fluid enters the free space 
inside the equipment parallel to the membrane surface in a 
vortex shape, the area surrounding the membrane surface has a 
higher velocity than other parts. The velocity of the liquid 
flowing parallel to the membrane increases as a result. The 
results are compatible with Marcos et al. [25], which involved 
modeling the flow and temperature of the spiral membrane 
module. 

At the beginning of the process, when the effect of hindering 
the filtration process is not significant, the water velocity inside 
the infiltration stream increases gradually from the inlet to the 
outlet region of the permeate. This happens during filtration 
because along the z-axis of the membrane the water is 
continuously filtered, through the membrane and into the 
permeate flow thus increasing the water flow velocity. This can 
be observed in Figure 7 at 10s and 60s. But from 180s to 3500s 
this speed-increasing area narrows because water is obstructed 
through the membrane by bromelain clinging to the membrane 
surface. Until 3500s, at this time, water almost does not pass 
through the membrane due to fouling or concentration 

polarization of bromelain, so the amount of water in the 
permeate flow is low and the velocity is almost zero. 
 

 
 

Figure 8 Distribution of bromelain velocity in the module 
 

Figure 8 shows the velocity distribution of bromelain inside the 
module. The behavior of this distribution is similar to the velocity 
distribution of water. The regions near the inlet and the 
concentrate outlet have higher velocities than the rest, the 
velocities around the membrane surface tend to be greater than 
in the other regions. The difference is that the velocity of 
bromelain in the permeate is zero most of the time. But at time 
180s, there appears a region with velocities from 0.1 m/s-1 to 0.2 
m/s-1. This happens because a small part of the bromelain will be 
carried by the water through the membrane slowly and when it 
enters the permeate, bromelain will follow the water and exit 
the permeate outlet. 
 
3.5 Distribution Of Pressure 
 
Figure 9 shows the module's pressure distribution at the xy and 
yz sections. It can be seen that along the z-axis at all times, the 
pressure is almost constant, and the area under the module has 
higher pressure than in other areas. The pressure in the module 
increased with time and kept stable for a long time at the inlet-
outlet during the filtration process. In addition, the pressure at 
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the filter membrane decreases gradually in the radial direction 
forming transmembrane pressure, which is the driving force for 
the filtration process. When water goes through the membrane 
into permeate flow, it always presents a pressure drop region in 
the membrane called transmembrane pressure. It’s the 
motivation of filtration to ensure water flows through the 
membrane. Besides, from the 180s to the 3500s, the pressure on 
the inlet and outlet are stable. The highest pressure is 236 kPa 
at 3500s, and the lowest is 11 kPa at the permeate outlet. This 
behavior shows that the filtration process is highly efficient while 
maintaining a stable pressure in the module and membrane for 
a long time. 
 

 
Figure 9 Distribution of pressure in the module 

 
 
3.6 Performance Of Membrane Module And Validation 
 
Based on the results of Table 3 for the mass flow of water and 
bromelain at the inlet and outlet, 99% of bromelain exits the 
equipment at the concentrate outlet in comparison to the input 
source, and the bromelain composition at the concentrate outlet 
is 37.73 %, higher than input 4.4%, 18.3% of water flow has been 
filtered. The low bromelain mass flow at the permeate outlet 
indicates that the filtration is efficient when almost the protein 
does not pass through the membrane, and most of the 
bromelain is collected at the outlet concentrate. Bromelain loss 
at the concentrate outlet is caused by a small part adhering to 
the membrane surface, which hinders the filtration process. The 

bromelain was isolated and purified to confirm the simulation 
results, as described in section 4. The results demonstrated that 
the actual values obtained from the experiment gave the 
bromelain’s mass concentrated outlet of 4.88 g/s and the 
water’s mass concentrated outlet of 8.03 kg/s. It was close to the 
simulation values. Additionally, the coefficient of variation of the 
model is nearly accurate (<10%). Therefore, this model can be 
used to simulate and control the purification process of 
bromelain. 
 
 

Table 3 Mass Flow Of Bromelain And Water 

Parameters 
Simulation results Experimental results 

Water Bromelain Water Bromelain 

Inlet (g/s) 10 5 10 5 
Permeate 
outlet (g/s) 

1.82 1.199.10-4 1.67 1.094.10-4 

Concentrated 
outlet (g/s) 

8.17 4.95 8.03 4.88 

 

 
 

4.0 CONCLUSION 
 
In this study, the proposed mathematical model effectively 
predicts the fluid dynamics of enzyme bromelain inside the UF; 
The volume fraction of water decreases with time until the water 
no longer passes through the membrane. The volume fraction of 
bromelain increased with time, and bromelain was concentrated 
mainly and below the machine, reaching a maximum value of 
0.608. The volume ratio of bromelain at the concentrate outlet 
has a maximum value of 0.37. Over time the amount of 
bromelain concentrates around the membrane surface as much 
as possible, causing membrane clogging, concentration 
polarization, and hindering the filtration process. About 99.17% 
of bromelain is recovered at the outlet of the concentrate, and 
small bromelain contents remain on the membrane surface or 
exit at the permeation stream. In addition, the results 
demonstrate that the actual values obtained from the 
experiment for the mass of bromelain concentrate are 0.00488 
kg/s, and the coefficient of variation of the model is almost 
accurate (<10%). Therefore, this model can simulate and control 
the bromelain purification process.  
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