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Abstract - This work focuses on the adsorption of Bromelain in expanded bed conditions, such as the 
adsorption kinetics parameters. The adsorption kinetics parameters showed that after 40 minutes equilibrium 
was achieved and maximum adsorption capacity was 6.11 U per resin mL. However, the maximum adsorption 
capacity was only determined by measuring the adsorption isotherm. Only by the Langmuir model the 
maximum adsorption capacity, Qm, and dissociation constant, kd, values could be estimated as 9.18 U/mL 
and 0.591, respectively, at 25 °C and 0.1 mol/L phosphate buffer pH 7.5. A column made of glass with an 
inner diameter of 1 cm was used for the expanded bed adsorption (EBA). The residence time was reduced 10 
fold by increasing the expansion degree 2.5 times; nonetheless, the plate number (N) value was reduced only 
2 fold. After adsorption, the bromelain was eluted in packed bed mode, with a downward flow. The 
purification factor was about 13 fold and the total protein was reduced 4 fold. EBA showed to be feasible for 
purification of bromelain. 
Keywords: Adsorption; Enzyme Activity; Purification; Axial Dispersion; Expanded Bed Adsorption; 
Bromelain. 

 
 
 

INTRODUCTION 
 

The pineapple (Ananas comosus L.) is cultivated 
extensively in Hawaii, Philippines, Caribe, Malaysia, 
Australia, Mexico, South Africa and Brazil. Brazil is 
the pineapple’s second worldwide producer with 
45,000 planted hectares. The main planted areas are 
the rain forest and northeast, although it is cultivated 
all around the country (Silveira, 2007). 

The stem and fruit bromelains (formerly E.C. 
3.4.22.4 and E.C. 3.4.22.5, respectively) are 
extracted from the A. comosus. Considered by many 
to be a whole fruit, it is in fact an infrutescence. 
Many independent fruits are bonded together in one 

body around a fibrous stem. The stem bromelain 
(E.C. 3.4.22.32) is the most abundant endopeptidase 
cystein in the pineapple’s stem. It exhibits a broad 
specificity for protein cleavage, having a strong 
preference for Z-Arg-Arg-|-NHMec amongst the 
small molecule substrates (Hatano, et al., 1998; 
Harrach et al., 1998; Hatano et al., 2002; Haq et al., 
2002; Rasheedi, 2003; Khan et al., 2003; Gaspani et 
al., 2002). The fruit bromelain (E.C. 3.4.22.33) is 
extracted from the pineapple infrutescence. It 
hydrolyzes proteins with a broad specificity for 
peptide bonds. Bz-Phe-Val-Arg-|-NHMec is a good 
synthetic substrate, but there is no action on Z-Arg-
Arg-|-NHMec (Maurer, 2001).  
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Expanded Bed Adsorption (EBA) is a 
chromatographic technique for separation and 
purification of biological products directly from 
crude feedstock, without centrifugation, 
microfiltration and other prior clarification steps 
(Chase, 1994; Hjorth; 1997; Thömmes, 1997; 
Anspach et al., 1999; Trinh et al., 2006; Camprubi 
et al., 2006; Tan et al., 2006). This technique 
permits crude feeding into the chromatographic 
column without initial treatment and, as the bed 
expands, it increases adsorbent surface contact, 
making interaction with the target molecule more 
effective (Roy et al., 1999; Fernandez-Lahore et 
al., 2001). 

Several works on expanded bed adsorption have 
contributed to a better understanding of the effects of 
adsorption, emphasizing studies of adsorbent type 
and size (Yamamoto et al., 2001; Dainiak et al., 
2002), bed height, linear velocity (Mullick and 
Flickinger, 1999), fluidization and elution solution 
effects on residence time distribution (Fernandez-
Lahore et al., 2001; Santos et al., 2000; Santos et al., 
2002) for application in the recovery of important 
biomolecules. 

The axial dispersion in EBA is a parameter of 
greater importance, as it reveals the flow 
performance, the adsorption and mass transfer 
mechanisms of biomolecules and the particular 
adsorption behaviors along the bed. Non-uniform 
axial distribution of particle size and local bed 
voidage are always established within the bed, due to 
broad size and/or particle density, which results in 
the variation of the axial dispersion with the bed 
height (Bruce and Chase, 2001; Yun et al., 2004a; 
Yun et al., 2004b). 

In the present work, bromelain from a crude 
extract of Ananas comosus was purified by expanded 
bed adsorption with Amberlite IRA 410 ion-
exchange resin on a glass column (1 cm i.d.). The 
effect of expansion degree of resin bed on bromelain 
purification was studied and also a residence time 
distribution study was performed. 
 
 

MATERIAL AND METHODS 
 
Reagents 

 
Amberlite IRA 410 ion-exchange resin was 

purchased from VETEC (São Paulo, Brazil). 
Pineapple, Ananas comosus cv. Smooth cayenne, 
was purchased at a local market. All others reagents 
were of analytical grade. 
 

EBA Column 
 

A glass column of 1 cm inner diameter and 40 cm 
height with an adjustable piston on the top, feed inlet 
at the bottom and an outlet at the top was used. A 
sixty mesh plate at the feed inlet was used to avoid 
loss of adsorbent particles. A ruler was placed along 
the column to measure the bed height. 
 
Enzyme Extract 
 

The enzyme extract was obtained from the 
pineapple’s (A. comosus) infrutescence. The 
pineapple’s stem and fruit were processed in a 
blender and then filtered in a sixty mesh filter to 
remove the plant tissue fibres.  
 
Enzyme Assay 
 

The bromelain proteolytic activity was estimated by 
the method described by Kunitz (1973) and modified 
by Walter (1984), using casein 2 % (w/v) as substrate 
and tyrosine as standard. One enzymatic unit was 
defined as the bromelain amount necessary to produce 
1μmol/mL of tyrosine in 1 minute at 37ºC. 
 
Protein Determination 
 

The total protein concentration was determined 
by the method described by Deutscher (1990) using 
albumin as standard. The protein concentration was 
measured by absorbance at 280 nm.  
 
Adsorption Equilibrium and Kinetics 
 

In kinetic experiments, 2 mL of drained resin was 
mixed up with 20 mL of buffered bromelain 
solutions (0.1 mol/L phosphate buffer pH 7.5). The 
adsorption was carried out in a shaking incubator at 
25ºC. At different time intervals, supernatant 
samples of 0.5 mL were analysed for bromelain 
activity. Using this procedure, the time course of 
bromelain activity decrease was determined. 

In adsorption equilibrium experiments, 5 mL of 
drained resin was added to 25 mL of bromelain 
extract solutions of different concentrations. The 
aqueous solution was 0.1 mol/L phosphate buffer 
(pH 7.5).  Adsorption experiments were conducted at 
25ºC for 2 h in a shaking incubator (100 rpm). At the 
end of adsorption, the solid phase was separated and 
the supernatant was analyzed for bromelain activity. 
The activity of adsorbed bromelain was calculated 
by mass balance. 
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Determination of Bed Voidage (ε) 
 
Bed voidage was obtained by substitution of data 

for specific mass (ρp) and mass of the adsorbent 
particles (mP), cross sectional area of the column 
(AT) and bed height (H) into the following equation 
(Santos et al., 2000; Fernandez-Lahore et al., 2001; 
Yamamoto et al., 2001): 
 

P P P

B T P T

V V m1 1 1
V A H A H

ε = − = − = −
ρ

        (1) 

 
where VP is the particle volume and VB is the bed 
volume. 
 
Residence Time Distribution (RTD) Study 

 
Phosphate buffer at 0.1 mol/L concentration and 

at pH 7.5 was used as fluidizer; the bed was fluidized 
until the bed height achieved the pre-determined 
height (1.5, 2.0 and 2.5 times the initial bed height). 
All experiments were carried out at standard 
conditions of temperature and pressure (25ºC and 1 
atm). An acetone solution (2.5 % v/v) was used as 
tracer. The acetone solution was fed into the column 
until a maximum UV signal was observed at the 
outlet and then, the feed solution was switched to 
buffer and samples collected at the column outlet at 
time intervals varying with the flow velocity. 

The RTD curves were obtained by the negative 
pulse method. Figure 1 shows how RTD curves were 
determined experimentally. The mean residence time 
(t) and the standard deviation (σ) were substituted 
into equation (2) to obtain the number of theoretical 
plates (N). 
 

2

2
tN =
σ

                (2) 

 

Axial dispersion (Daxial) was calculated as described 
in equation (3) 
 

axial

UHHETP
2 D

=
ε

             (3) 

 
where U is the flow velocity. 
 
Bromelain Purification 

 
Expanded bed adsorption was carried out at 25ºC, 

1 atm and pH 7.5. The adsorbent bed was pre-
equilibrated at the desired height, with 0.1 mol/L 
phosphate buffer at pH 7.5. A 4.0 cm bed height was 
expanded to 6.0, 8.0, and 10 cm; these bed heights 
correspond to 1.5, 2.0 and 2.5-fold expansion 
degrees, respectively. 25 mL of enzyme solution, 
1.02 U/mL of enzyme and 2.7 mg/mL of protein, in 
phosphate buffer at pH 7.5, were loaded onto the 
column bottom for adsorption of bromelain on 
Amberlite IRA 410 ion-exchange resin. After 
adsorption, the column was washed until the protein 
concentration at the outlet reached the baseline. The 
elution was performed with a continuous 0.1 – 0.5 
mol/L NaCl gradient at 0.95 mL/min in downward 
flow. The bromelain activity and protein 
concentration were measured from time to time 
during adsorption, washing and elution periods. 
 
SDS-PAGE 

 
SDS-PAGE was performed according to the 

method described by Hochstrasser et al. (1998a; 
1998b) for silver staining. The molar mass range was 
from 24 kDa to 66 kDa, and the markers were 
Trypsinogen (24 kDa); Carbonic Anhydrase (29 
kDa); Glyceraldehyde-3-phosphate dehydrogenase 
(36 kDa); Ovoalbumin (45 kDa); Glutamic 
dehydrogenase (55 kDa); and Albumin (66 kDa). 
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Figure 1: Scheme of UV-signal record at the bed outlet during RTD test 
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RESULTS AND DISCUSSION 
 
Characterization of Amberlite IRA 410 

 
Figure 2 shows the adsorption isotherms of 

bromelain on Amberlite IRA 410 ion-exchange 
adsorbent. The adsorption isotherm was well 
expressed by the Langmuir equation: 
 

m
d

cQ Q
k c

=
+

              (4) 

 
The adsorption of bromelain was near 6.11 U/mL 

of resin at 25 °C and 0.1 mol/L phosphate buffer pH 
7.5, although the maximum adsorption capacity (Qm) 
was nearly 9.2 U/mL of resin. The dissociation 
constant (kd) was 0.591 U/mL. The main difficulty in 
obtaining kinetic constants from bromelain 
adsorption was the limited amount of enzyme per

cm3 of vegetative tissue. In addition, the Ananas 
comosus stem is very fibrous, requiring the addition 
of distilled water during the extraction of the 
enzyme, diluting the extract.  

Lali et al. (1989) claimed that the wall effect on 
the bed expansion behaviour is negligible as long as 
the ratio of column to particle diameter is larger than 
20. Because the value of this ratio in this work was 
larger than 20, the bed expansion experiments should 
be influenced by the wall effect. The bed expansion 
degrees for the resin are shown in Figure 3, and the 
expansion degrees for Streamline are also shown for 
comparison. 

Amberlite IRA 410 has a specific mass (ρp) of 
1.12 g/mL and a particle diameter of 4 x 10-4 m. 
Although the specific mass is smaller than streamline 
material (Amersham Pharmacia, 1997), the particle 
diameter is greater, resulting in lower expansion 
degrees with higher flow velocities, as shown in 
Figure 3. 
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Figure 2: Adsorption equilibrium curve based on bromelain activity at 25 °C 
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Figure 3: Expansion degree of (•) Streamline resin and (■) Amberlite IRA 410 ion-exchange resin 
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Residence Time Distribution Study 
 

Figure 4 shows RTD curves for acetone (2.5 % 
w/v) tracer as it passed through the column bed. 
Analyzing the RTD obtained after a perfect ion-
tracer pulse (axial dispersion, plug-flow exchange of 
mass with stagnant zones) gave a quantitative 
description of the underlying hydrodynamic situation 
during the EBA process (Fernandez-Lahore et al., 
2001). 

Table 1 shows the RTD results after substitution 
of data into equations (1) to (3), according to the 
methodology used by several authors (Santos et al., 
2000; Fernandez-Lahore et al., 2001; Yamamoto et 
al., 2001; Toledo et al., 2006). 

As detailed in Table 1, the liquid axial dispersion 
increased with bed height and hence with expansion 
degree. There was a 12-fold increase in axial 
dispersion when the expansion degree was raised 1.5 
fold and a 51-fold increase as its expansion degree 
increased 2.5 fold. This increase in axial dispersion 
facilitates the flow of particles and biological 
material into the bed and increases the interaction of 
target molecule and adsorbent particles, facilitating 
the feed of crude extract directly to the bed, avoiding 
fouling and reducing costs, as the number of pre-
treatment and pre-purification steps may be reduced, 
which are the main chromatographic problems 
(Wheelwright, 1994; Amersham Pharmacia, 1997; 
Fernandez-Lahore et al., 2001). 
 
Expanded Bed Adsorption of Bromelain 

 
Table 2 shows the results for Bromelain by 

expanded bed adsorption on Amberlite IRA 410. The 
recovery yield increased as the expansion degree 
increased, which should occur because there are 
more adsorbent-target molecule interactions in 
expanded beds than in fixed beds, by the increase of 
the influence of bed voidage. This effect was also 
reported by Chang et al. (1994), and Santos (2000) 
working with G6PDH and lysozyme, respectively. 

As the expanded bed lengthened, there was also 
an increase in the specific activity. This shows that 
bromelain purification is somehow proportional to 
the expansion degree or flow velocities under the 
conditions studied here. Similar results were found 
by Toledo et al. (2006) working with α-amylase. It 
also agrees with the RTD study, because the bed 
height increases the contact between enzymes and 
the ion-exchange resin, Amberlite IRA 410. 

The purification factor also rose as the expanded 
bed height increased. The purification factor of the 
expanded bed at 2.5-fold expansion degree increased 
more than 12-fold, which is higher than in reverse 
micellar systems (Hebbar et al., 2008) or aqueous 
two-phase systems (Rabelo et al., 2004). This 
purification factor was close to those reported in ion-
exchange chromatography for several enzymes (Kim 
et al., 2000; Wang et al., 2008). However, the use of 
DEAE-cellulose and DEAE-sephacel resins 
increased the cost of purification of biomolecules. 
With the use of Amberlite IRA 410 ion-exchange 
resin and the expanded bed condition, it was possible 
to obtain pure biological products, such as 
bromelain, with lower operational cost, thus, 
decreasing overall process cost (Fernandez-Lahore et 
al., 2001). 
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Figure 4: RTD tests using acetone as tracer. (■) H = 4.0 cm; 

(•) H = 6.0 cm; (▲) H = 8.0 cm; (♦) H = 10 cm 
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Table 1: Experimental stability parameters obtained by RTD tests using acetone as tracer 

 
Bed H (cm) N HETP (10-3) ε U (cm/h) Daxial (cm2/s) 

Fixed 4.0 37.09 1.08 0.440 72.61 0.089 
6.0 20.21 2.97 0.627 454.39 1.076 
8.0 19.68 4.06 0.720 850.7 2.401 Expanded 
10.0 16.89 5.92 0.776 1200 4.578 

 
Table 2: Expanded bed height influence on Bromelain recovery by EBA 

 
Samples H (cm) Activity (U/mL) Protein (mg/mL) S.A. (U/mg) P.F. 

Crude n/a 1.02 2.7 0.379 1 
4.0 0.088 0.104 0.851 2.24 
6.0 0.146 0.080 1.829 4.82 
8.0 0.263 0.081 3.214 8.48 

Recovered 
 

10.0 0.330 0.071 4.641 12.24 
S.A. = specific activity; P.F. = Purification Factor 

 
 

The protein and bromelain activity history is 
presented in Figure 5. It shows that bromelain was 
eluted in a single peak, although there was an 
overlap of the first and second peak. This might have 
occurred due to variations in buffer composition at 
the column outlet; the stepwise gradient provides at 
least three different buffer compositions travelling 
through the column at the same time. This might 
have caused the overlap to appear in the 
chromatogram, which showed more than one protein 
peak, although it is related to a difference in the 
mobile-phase composition, not to the heterogeneity 

of the product (Wheelwright, 1994) as seen in the 
SDS-PAGE of the collected extract (Figure 6). 

The SDS-PAGE analysis shows that the eluted 
peaks containing bromelain activity were 
electrophoretically pure. The estimated molecular 
weight of bromelain was around 32.2 kDa; similar 
results were found by Silverstein and Kezdy (1975), 
35 kDa; and Murachi (1976), 33 kDa. However, Ota 
et al. (1972), Takahashi et al. (1973), Wharton 
(1974), and Suh et al. (1992) have found different 
molecular weights for bromelain, 28 kDa, 28 kDa, 
28.4 kDa, and 37 kDa, respectively.  
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Figure 5: The protein and bromelain activity history for fractions  

collected during the elution step in fixed bed mode. 
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Figure 6: SDS-PAGE. Lane 1 - molecular weight markers; Lane 2 - Crude Extract; Lane 3 – Eluted 
bromelain extract by the EBA at H = 10 cm. The molecular markers are Trypsinogen (24 kDa); Carbonic 
Anhydrase (29 kDa); Glyceraldehyde-3-phosphate dehydrogenase (36 kDa); Ovoalbumin (45 kDa); Glutamic 
              dehydrogenase (55 kDa); and Albumin (66 kDa) 

 
 

CONCLUSIONS 
 
This work showed that the purification of 

bromelain by expanded bed adsorption is feasible by 
using Amberlite IRA 410 as adsorbent, showing 
good activity for the recovered extract and a good 
purification factor for the purification process as 
well. It was also shown that, by increasing flow 
velocity, other variables also increase such as bed 
expansion, bed voidage, HEPT and axial dispersion, 
which lead to a high purification factor and an 
electrophoretically pure product. 
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