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Amylolytic Activity in Fruits: Comparison of Different
Substrates and Methods Using Banana as Model
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Several methodologies have been developed for cereal amylolytic activity estimation, but there is
lack of information about the application of these methods for fruits. Mature green banana fruit can
achieve 20% of starch content which is degraded during the ripening period in a complex process
involving R- and â-amylases and R-1,4 and R-1,6-glucosidases, besides phosphorylases that can
compete for the same substrates. Methods used to determine total hydrolytic activity and individual
activity of enzymes involved in starch breakdown were compared for banana extracts in several
ripening stages. Total hydrolytic activity was measured by DNS and iodometric methods. Endoam-
ylolytic activity on amylose-azure substrate was also evaluated. BPNPG7 and PNPG5 chromogenic
substrates were used for R- and â-amylase activities, respectively. The results showed that methods
that depend on the use of thermal treatment or on inhibitors to inactivate one of the enzymes were
not adequate. The use of p-nitrophenol derivatives seemed to be the most specific, reproducible,
and easiest method employed for single R- and â-amylases activities determination in complex tissues.
The DNS and iodometric methods can be used only for initial screenings of total hydrolytic activity,
because the nonspecific substrate used in these procedures allows the action of more than one
enzyme simultaneously.
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INTRODUCTION

Unripe banana fruit has almost 20% starch which disappears
during the ripening process concomitantly with the sucrose
accumulation (1). The literature reports many enzymes and
probably more than one pathway involved in this process.
Amylases (2, 3), glucosidases (2, 4), phosphorylases (5, 6),
sucrose-phosphate synthase (7), and sucrose synthase (1, 8)
participate in the starch breakdown and sucrose synthesis during
banana ripening. Amylases, glucosidases, and phosphorylases
act differently on the same substrate, producing a mixture of
oligosaccharides and soluble sugars that make the individual
enzyme analysis inaccurate.

Literature on methods for amylolytic activity determination
is extensive and dates back to past centuries. Most of the
enzymatic parameters related to quantitative determination of
amylase have been investigated, and many changes been
suggested. Incubation times have been extended or shortened;
substrate types and concentrations have varied; biological source
and starch preparation have been investigated; attempts were

made to stabilize the substrate; and hydrolysis-detecting methods
have been altered and compared. This shows a general dis-
satisfaction among researchers concerning the techniques applied
for existing amylase assays (9). This is particularly true in events
such as ripening, germination, and fermentation, in which there
is a need for determination of amylase and glucosidase activities,
not only in the presence of each other but in the presence of
inhibitors and interfering compounds as well.

The composition of the extraction medium should avoid
compounds such as phenols and enzymes as proteases or
poliphenoloxidases that are released when the plant cell is
ruptured, and may lead to preparations with low or even no
activity. The use of complex compounds such as PVP or
enzymes inhibitors in the extraction medium can avoid this (10).
One enzyme may be protected or inactivated depending on the
choice of the buffer compound and pH.

Another important point to consider in the methods of enzyme
activity determination is the substrate itself. Starch is a
heterogeneous macromolecule with varying molecular weight
and branching degrees, what can deeply affect its susceptibility
concerning the amylase attack speed. In addition, once in
solution, it can retrograde, rending a starch less susceptible to
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amylase hydrolysis (11). The reproducibility of methods that
use starch as the substrate is reputed to be poor, with large
differences being associated with distinct operators or slight
protocol variations (12). It has been recognized that neither
starch nor glycogen are the ideal substrates, and that there should
be a better defined one.

A desirable method is one that gives a direct measure of the
number of cleaved bonds in the substrate, which can be readily
converted to International Units of enzymatic activity (13).
However, the assays based on measures of released reducing-
sugar equivalents from starch are tedious, varying according to
the nature of the employed substrate and its storage conditions,
and many enzymes can release reducing sugars if the substrate
is not specific.

To overcome some of these deficiencies, a group of dye-
linked amylaceous substrates was developed and has been used
for R-amylase assays. These substrates include starch or starch-
fractions directly dyed, or dyed and cross-linked starch, and
dyed amylose chemically modified to increase the solubility.
These useful substrates have been superseded by defined
maltosaccharide substrates, chemically bonded through the
reducing-end glucose unit to a chromophore, which is usually
p-nitrophenol (p-NP) or 2-chloro-p-nitrophenol (14).

The more commonly used methods for amylase activity
determination have been classified into three main groups:
amyloclastic, saccharogenic, and chromogenic (15) (Table 1;
16), but the information obtained from these methods cannot
reveal the predominant product formed from starch hydrolysis.

The amyloclastic methods measure the starch degradation by
viscometric, turbidimetric, or iodometric procedures (17). The
saccharogenic methods are a direct measure of the hydrolysis,
once they determine the number of formed reducing ends (18),
and the chromogenic methods are based on releasing of soluble
dye linked to the substrate (13, 15).

It is noteworthy that the information about enzymatic type
and extent of activity profile in fruits is mostly based on methods
of low specificity, such as reducing or amyloclastic, although
recent works have used chromogenic substrates as starch azure,
faced to the roll of enzymes present in plant extracts (2, 19).
By investigating enzyme expression during ripening, it was
observed that sometimes the appearance of RNA or protein
shown by blotting did not have a correspondence to enzymatic
activity, due to inadequacies of the method. Consequently, most
of the results are dubious and hardly reproducible, which
reinforces the necessity of using more accurate and specific
methods.

As part of a project involving the investigation of banana
starch breakdown, the aim of this work was to apply different
methods of amylolytic activity determination in fruits and
compare their efficiency of measuring theR- and â-amylase
activities separately. Methodology details and elimination of
interference present in complex tissues are also discussed.

MATERIALS AND METHODS

Plant Materials. Banana fruit (Musa acuminataAAA, cv. Nanicão)
was collected at pre-climacteric stage (110 days after anthesis) and
stored at a controlled temperature (18°C). It was sampled daily during
this period until full ripening was achieved. Mango (Mangifera indica
cv. Keitt; 123 days after anthesis) and pear (Pyrus communiscv.
d'Anjou; ready to eat) fruits and grains of corn-cop (Zea mays) were
acquired at central markets. Samples were immediately rinsed, peeled
(except corn), sliced, or threshed in liquid nitrogen and stored at-80
°C. The stage of ripening of the fruits was characterized by the starch
content and enzymatically determined as described by Cordenunsi and
Lajolo (1).

Enzyme Extraction and Assays.Part of frozen samples was ground
in 5 vol (w/v) of 50 mM Hepes-NaOH pH 7.0, containing 20 mM
cysteine, 1% (w/v) PVP-40, and 1 mM benzamidine, centrifuged at 4
°C for 40 min at 10 500g. The supernatant constituted the enzymatic
extract. When necessary, enzyme extracts were desalted by dialysis
through a molecular porous dialysis membrane (Spectra/Por Membrane,
MWCO 12-14.000 from Spectrum, Houston, TX) or by a Sephadex
G-25 Hytrap (Pharmacia) desalting column. The extracts of mango and
pear were prepared as described for banana, except for corn, where 50
mM sodium acetate buffer (pH 5.5) was used in the extraction medium
(15). Total protein content was quantified by the Bradford method (20)
using BSA as standard.

Total Hydrolytic Activity. Modified DNS Assay (21).Enzymatic
extract was desalted by Sephadex G-25 Hytrap (Pharmacia) desalting
columns previously equilibrated with dialysis buffer (20 mM Hepes-
NaOH pH 7.0 containing 1 mM benzamidine). An aliquot (100µL) of
freshly desalted extract was incubated with 100µL of a 1% potato
starch solution, previously boiled for 10 min. The reaction was carried
out at 37°C for 30 min, stopped at 95°C for 15 min with DNS solution
(100 µL), and diluted with 900µL of distilled water. The released
reducing sugars were determined at 540 nm using maltose as standard.
One unit of enzyme releases 1 mmol of maltose per 3 min at 37°C.

Iodometric Assay (22).A 100-µL aliquot of enzyme extract was
incubated with 1 mL of stable phosphate-buffered starch (pH 7.0) at
37 °C for 35 min. The reaction was stopped with 1 mL of 0.01 N
iodine solution. The activity was estimated by measuring (at 660 nm)
the blue color developed when the residual starch and iodine were
linked. One unit of enzyme activity was arbitrarily defined as the
enzyme present in 1 mL of sample that hydrolyzes 1 mg of potato
starch solution at 37°C for 15 min.

Table 1. Some Methods for Amylolytic Activity Determination, Chemical Reaction, and Method of Detectiona

method substrate reaction principle detection

Saccharogenic Method
DNS native or soluble starch alcalin 3,5-dinitrosalicylic acid reduced

to 3-amino-5-nitrosalicylic
spectrophotometrically

Chromogenic Methods
Ceralpha BPNPG7b endolytic attack followed by R-glucosidase/glucoamilase

action on part of p-NP, releasing p-NP
spectrophotometrically

Betamyl PNPG5c exolytic attack and R-glucosidase action on part of p-NP,
releasing p-NP

spectrophotometrically

dyed starch amylose−azured liberation of the blue color due to amylose hydrolysis visually or
spectrophotometrically

Amyloclastic Method
iodometric starch or amylose amylose−I3- complex hydrolysis, reducing the complex

and blue color
spectrophotometrically

a Adapted from the source: Duedahl-Olesen et al. Suitability and limitations of methods for characterization of activity of malto-oligosaccharide-forming amylases.
Carbohydr. Res. 2000, 329, 111. b Blocked p-nitrophenol-maltoheptaose. c p-Nitrophenol-maltopentaose. d Amylose cross-linked to the remazolbrilliant blue dye (RBB).
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r-Amylase Activity. Adapted Amylose-Azure Assay (23).Amyl-
ose-azure (36 mg/mL) was suspended in 20 mM Hepes-NaOH buffer
(pH 7.0) containing 0.3% NaCl (w/v). This substrate was incubated at
37 °C for 15 min before being added to 200µL of enzyme extract
(1:1). The reaction was carried out at 37°C for 1 h and stopped with
160 µL of acetic acid (18%, v/v). Samples were centrifuged at 8000g
for 15 min in order to pellet the remaining insoluble substrate. The
supernatant absorbance was read at 595 nm. One unit ofR-amylase
activity releases 1µg of soluble dye (RBB, remazolbrilliant blue) per
gram of banana pulp per min. The calculated activity was based on a
standard curve of RBB (Sigma Chemical Co.).

BPNPG7 Assay (13). The substrate mixture, BPNPG7 (benzylidene-
blockedp-nitrophenyl maltoheptaoside reagent; Megazyme, Ireland),
was previously equilibrated at 30°C for 5 min. Enzyme extract (50
µL) was incubated with 50µL of substrate at 30°C for 60 min. The
reaction was stopped by adding 1% (w/v) Trizma base (750µL, pH
>10) and the developed color was read at 410 nm. A calibration curve
was prepared withp-nitrophenol in 1% Trizma base. The activity was
expressed inµmol of p-nitrophenol released per min of incubation under
the defined assay conditions.

â-Amylase Activity. PNPG5 Assay (24).The same conditions
applied forR-amylase assay (BPNPG7) were used in this case, except
that PNPG5 (p-nitrophenyl-R-D-maltopentaoside; Megazyme, Ireland)
was used as the substrate mixture instead.

RESULTS AND DISCUSSION
Extraction Medium. High levels of phenolic compounds and

correlated enzymes present in plant tissue make it difficult to
proceed with the enzyme extraction with full activity. It demands
an extraction medium with effective protective agents against
them. Garcia and Lajolo (2) optimized a specific extraction
medium for banana fruit that contains phosphate buffer, soluble
PVP-40, and cysteine. In the present work, Hepes-NaOH buffer
replaced the phosphate buffer, because the latter could be a
source of phosphorus for an undesirable phosphorylase activity,
and benzamidine was included as a protease inhibitor. Tris-
HCl buffer was not considered here because it could inhibit
theR-glucosidase present in the substrate mixtures used for the
assay ofR- andâ-amylases using the chromogenic substrates
BPGNP7 and BPNPG5, respectively. Extraction conditions were
considered adequate to obtain full enzyme activity from all
ripening stages covered by the experiment.

To detect the optimum pH for amylase activities using
different methods, crude extracts were desalted in buffers
covering a pH range from 6.0 to 7.5. The highest activity values
were achieved with pH 6.5 for all methods.

Desalting by Dialysis or Molecular Exclusion?To use the
DNS method (21) for total hydrolytic activity determination,
samples were desalted through a molecular porous dialysis
membrane or by a Sephadex G-25 desalting column (Hytrap-
Pharmacia), and the results were compared. It was observed
that the desalting process using Sephadex G-25 was more
efficient than conventional dialysis, as almost no extract
background and very low sugar concentration were detected.
The responses obtained for the activity assay of the extracts
desalted through molecular exclusion were clearly different as
shown in Figure 1. Whereas the extracts desalted through
Sephadex G-25 presented an increasing activity at 4 days after
harvest, dialyzed extracts showed an almost flat profile. An
explanation for this difference would be an inhibitory effect of
the sugars accumulation during ripening or of other low-
molecular-weight compounds on amylolytic activity, which
could not have been efficiently removed by dialysis. Another
possibility would be the time needed for cleaning samples.
Molecular porous dialysis is a cheaper process, but it is time-
consuming. Despite the use of protease inhibitors and of low
temperature, a deleterious effect of proteases action on amy-

lolytic activity cannot be discarded. Additionally, the desalting
process through Sephadex G-25 column decreased the pectin
interference, which is abundant in ripening banana.

Amylolytic Activity and the Interference of Other En-
zymes.Alpha andâ-amylases have been detected and purified
(25) in several plant species, mainly cereals. Unless there is a
specific substrate to measureR- or â-amylase activity, it is
necessary to inactivate one of the enzymes, especially in crude
extracts. The commonly used procedures are based on selective
inactivation ofR-amylase by EDTA (2, 26) or inactivation of
â-amylase by thermal treatment or HgCl2 (27, 28). The
specificity of the thermal treatment is questionable, because there
are heat labileR-amylases from some plant species which could
be inactivated by heat (29, 30). Another limitation could arise
from the vegetal material being used. As fruits seem to have a
significant â-amylase activity (3), any method for assay of
R-amylase must be free from interference byâ-amylase, if no
specific substrates are used. In this way, any remaining activity
of an enzyme originally present in excess would dramatically
affect the results, leading to a unsuitable interpretation of the
data. On the basis of this statement the efficiency of thermal
treatment and inhibitors were tested for the evaluation of specific
activity in bananas.

Thermal treatment (70°C/15 min) was developed for cereal
amylases, and its effect onR-amylase activity from other
sources, such as fruits, is unknown. Literature reports indicate
thatR-amylase activity in bean (26), wheat (31), and corn (32)
extracts were reduced by 80 to 100% after heat treatment. On
the other hand, MacGregor et al. (33) and Doehlert and Duke
(34) related a total inactivation ofâ-amylase through heat
treatment in barley extracts, with no alteration of theR-amylase
properties. In this way, to access the effect of heat treatment
on some of the enzymes that can contribute to starch degradation
in banana, total amylolytic andR-amylase activities were
evaluated before and after incubation of the extracts at 70°C
for 15 min.

Figure 1. Total hydrolytic (DNS method) and endoamylolytic (amylose−
azure) activities of banana extracts desalted by Sephadex G-25 Hytrap
column (b) and by molecular porous dialysis membrane (9). Points
represent the means ± SE of 3 replicates.
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Figure 2 illustrates that thermal treatment affected both total
hydrolytic (DNS method) andR-amylase (amylose-azure
method) activities in banana extracts by decreasing their values
significantly by 70% and 80%, respectively. This suggests that
â-amylase might be responsible for almost 70% of total
hydrolytic activity, or that other hydrolases includingR-amylase
have been inactivated. Use of the thermal treatment is not
recommended forâ-amylase inactivation in banana extracts,
becauseR-amylase activity can be affected.

EDTA has been largely used as anR-amylase inhibitor by
chelating the calcium present in the enzyme molecules altering
their stability (26, 30), and HgCl2 treatments have been used
for â-amylase inactivation, but there are controversies about
the specificity and efficiency of these inhibitors (26, 35).

Figure 3 shows that endoamylolytic activity on amylose-
azure increases during banana ripening at the same time most
starch is degraded. The extracts treated with Tris-HCl had a
profile similar to that of the controls, but a 35% activity
reduction was observed. This result indicates that Tris-HCl, a
probable inhibitor ofR-glucosidases (2), partially inhibited either
R-amylase activity or mostR-glucosidase activity, or both.
Because crude extracts have been used in the assays, one cannot
ignore the presence ofR-glucosidases. Therefore, conclusions
can arise from this observation. Both Tris-HCl and amylose-
azure might not be specific, the former asR-glucosidases
inhibitor and the latter asR-amylase substrate. An assay in the
presence of EDTA was performed to check the specificity of
amylose-azure as an amylase substrate, which proved to be a
potent inhibitor ofR-amylase activity in banana extracts (2).
Also shown in the same figure, the endoamylolytic activity was
87-100% reduced in the EDTA-treated extracts. On the basis
of Figure 3 one can conclude that most amylolytic activity

observed in control extracts corresponds toR-amylase activity.
The absence of calcium ions in the extraction medium probably
contributed to the susceptibility ofR-amylase to EDTA. The
CaCl2-treated extracts had almost the same activity as that of
the control, but a greater reduction of endoamylolytic activity
in the last ripening stages can be seen, when a high soluble
pectin content is also released probably reacting with calcium
ions and producing a gel consistence. It was also observed that
this gel interferes with the activities determination, probably as
a result of the combinatory effects of chelating of calcium ions,
entrapment of substrate, or interactions with proteins. It can be
considered that, in the absence of chelating agents, there are
enough calcium ions linked toR-amylase to provide its full
activity. Another important point is thatR-amylase assay in
pectin-rich tissue can be affected by its solubilization during
development and ripening which addresses the importance of
pectin removal on Ca2+ supplementation.

Concerning the uncertainty and controversy observed in
several related works, it is recommendable to use a general
method for total hydrolytic activity determination, and to use
more specific substrates for differentiation ofR- andâ-amylase
activities which are better than any other kind of indirect
determination.

Enzymes Responses to BPNPG7 and PNPG5 Substrates
and Comparison to Other Methods.A compilation of results
for amylase activity obtained by different methods in banana
extracts is shown inFigure 4. Note that the expected increase
in the hydrolytic activity during fruit ripening is confirmed in
all tested methods and is parallel to the starch breakdown profile.

If the iodometric method is considered to measure mostly
R-amylase activity, the decreasing slope found in its profile can
be attributed mainly toR-amylase activity, because this behavior
does not appear in the DNS profile where other hydrolytic
enzymes also must be involved. BecauseR-amylase is the
enzyme that hydrolyzes starch the fastest (36), the specificity
of the iodometric method depends on the incubation time. The
minimum incubation time applied would reflect mostly the
R-amylase activity. As the profile obtained for hydrolytic activity
by iodometric method was similar to that obtained with the
BPNPG7 substrate, it can be implied that the incubation time
used was adequate for most bananaR-amylase activity measure-
ment. It is important to reinforce that the adopted saccharogenic
and iodometric methods were developed to suit human saliva,
serum, and urine samples, whereâ-amylase and glucoamylase
are not present. In this way, there should be a special concern
about the specificity of interference when using fruit extracts.

Figure 2. Effect of thermal treatment of crude banana extracts on (A)
total hydrolytic activity (DNS method) and (B) R-amylase activity (amylose−
azure), determined in different incubation times. Bars are means ± SE of
3 replicates.

Figure 3. Effect of EDTA (30 mM), Tris−HCl (0.15 M), and CaCl2 (10-1

mM) on endoamylolitic activity (amylose−azure) in banana extracts. Points
are means ± SE of 3 replicates.
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Both R-amylase chromogenic assays (amylose-azure and
BPNPG7) show increasingR-amylase activity(Figure 4),
although a better response was observed whenp-nitrophenol
derivative substrate was used. The BPNPG7 method is straight-
forward and can be indicated for routine tests.

The R-amylase activity profile on amylose-azure shows a
more prominent peak when compared to that of BPNPG7 assay.
As amylose-azure is a nonblocked substrate, it can suffer the
action of other enzymes different fromR-amylases, such as
glucosidases. A commercial sample ofR-glucosidase without
R-amylase contamination was tested on amylose-azure sub-
strate and showed a nonnegligible activity (data not shown).
So, considering a possible interference of endogenous banana
R-1,4 glucosidase activity on amylose-azure substrate, the
method will not quantify onlyR-amylase activity.

The possibility of applying BPNPG7 and PNPG5 methods,
which are considered specific methods forR- andâ-amylases,
respectively, is very attractive when dealing with complex
extracts such as those obtained from banana fruit.Figure 5
shows the results obtained when other fruits such as mango and
pear, and seeds such as green corn, were analyzed. The presence
of both R and â-amylases is revealed in each sample, and
â-amylase activity seems to be higher than theR-amylase
activity, in opposition to previous results that were obtained
through nonspecific methods and suggesting the participation
of this enzyme on starch degradation. It should be pointed out
that the highâ-amylase activity found for corn extracts justifies
the difficulty in proceeding with the comparative analyses with

other vegetal sources such as fruits, which have been submitted
to methods previously developed for cereals.

However, before PNPG5 can be used as a specific substrate
for â-amylase, a number of factors must be considered. In
cereals, bothR-glucosidase andR-amylase releasedp-nitrophe-
nol from PNPG5, though at a very much slower rate (24). On
the other hand, McCleary and Codd (24) concluded that the
effect of the endogenousR-glucosidase on PNPG5â-amylase
assay was negligible. Although bananaR-glucosidases have
already been purified (37), there is not yet information available
about their action on PNPG5.

The other factor to be considered when the PNPG5 reagent
is being used is the possibility of interference byR-amylase,
which can be overcome by a correction factor forâ-amylase
activity obtained with the activity of purifiedR-amylase
measured on BPNPG7 (24). Once the purified bananaR-amylase
is obtained, it will be possible to evaluate its action rate on
PNPG5 substrate and also consider some information about its
different affinity for substrates of low molecular weight in order
to draw conclusions about the specificity of PNPG5 when used
to determineâ-amylase activity. Not only bananaR-amylase,
but also endogenousR-glucosidases, activities on PNPG5 ought
to be analyzed afterward. On the basis of our results and on
other authors reports, it can be taken into account that PNPG5
is a reasonable substrate forâ-amylase assays.

CONCLUSIONS

The iodometric assay seems to be more sensitive when
compared to the DNS method, detecting the hydrolytic activity
even in nondesalted extracts. The chromogenic method using
amylose-azure is a useful device to determine endoamylolitic
activity in banana extracts and probably in other fruits, although
the issue ofR-1,4 glucosidase interference should not be
disregarded.

The Sephadex G-25 desalting method proved to be more
efficient to remove the low-molecular-weight compounds from
banana extracts, favoring the total hydrolytic activity determi-
nation submitted to both DNS and iodometric procedures,
besides showing more reliable results.

The use of EDTA and HgCl2 or heat to inactivateR- and
â-amylase activities, respectively, are not recommended for fruit
extracts because of their low specificity. Therefore, more specific
reagents such asp-NP derivative substrates can be a valuable
alternative for the single analysis ofR- or â-amylases.

Making the appropriate controls and considering the method
limitations, the BPNPG7 and PNPG5 reagents can be used in
the routine estimations ofR- andâ-amylases of banana extracts

Figure 4. Amylolytic activity on different substrates versus starch
breakdown during banana ripening. Points are means of 3 replicates of
specific activity (U/mg protein). Total hydrolitic activity was analyzed by
DNS (mmol maltose per 3 min per mg prot) and iodometric methods (mg
hydrolyzed starch per mL per 15 min per mg prot); endoamylolitic activity
by amylose−azure (µg RBB per min per mg prot); R-amylase activity by
BPNPG7 (µmol p-nitrophenol per min per mg prot); and â-amylase activity
by PNPG5 (µmol p-nitrophenol per min per mg prot).

Figure 5. Alpha and â-amylases activities on BPNPG7 and PNPG5
substrates, respectively, in corn, mango, and pear extracts. Bars are means
± SD of 3 replicates.

Comparison of Amylolytic Methods in Fruits J. Agric. Food Chem., Vol. 50, No. 21, 2002 5785



and in tissues where there are changes due to synthesis or
activation of enzymes during development or ripening.

In accordance with the previous discussion, when no specific
substrates are available to measureR- andâ-amylases activities,
although other methods can be considered, care must be taken
when interpreting the results.
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