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Among the pectic enzymes present in fruits and vegetables, pectin methylesterase (PME) is usually related to the loss of quality
and it causes adverse effects on finished products. In this research, the kinetic of ultrasound and thermal treatments are
evaluated in the PME activity in papaya juice. The results showed that the ultrasound treatment caused an increase in the
catalytic activity up to 52%. After a while, the catalytic activity decreased in 27% indicating that the ultrasound was not
effective in the enzymatic inactivation, whereas the thermal treatment ina ctivated 71% of the PME. However, these results open
perspectives to evaluate the effect of ultrasound and enhance the catalytic activity of enzymes of industrial interest.
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INTRODUCTION
Fruit consumption is important in public health care because it reduces the
risk of various cancers and it also helps to reduce obesity (de Bruijn, 2010).
Therefore, the development of new technologies, to obtain minimal
processed foods, retaining their nutritional and organoleptic qualities, are
important issues in food the industries.
Pectin methylesterase (PME, EC3.1.1.11) is usually found in the cell-wall of
plants, phytopathogenic fungi and bacteria; it catalyzes the hydrolysis of the
methylester bonds, releasing methanol and pectin with free carboxyl groups;
PME also catalyzes the enzymatic de-esterification of pectin, decreasing its
degree of methylation (DM). Therefore, the inactivation of endogenous PME
in fruits is important to avoid a production of low methoxyl pectins (DM <
50%), which could result in a decrease of the quality of fruit texture. On the
other hand, in low-acid fruits, the presence of divalent ions such as calcium,
interconnect pairs of carboxyl groups of different low methoxyl pectin
chains, forming aggregation of pepectic substances, phenomena know as
cloud loss of fruit juices (Croak and Corredig, 2006).
Mainly, the inactivation of PME is conducted using thermal process, with a
negative impact on the product attributes. Prolonged treatment at high
temperatures, such as those needed to sterilize low-acid vegetables can result
in a partial or total pectin depolymerization, resulting in a texture
degradation of fruits (Croak and Corredig, 2006). Several works
inactivating fruit PMEs in combination with or whitout thermal processes
such as high pressure, high intensity pulsed electric field, have been reported
elsewhere (Castro et al., 2006; Espachs-Barroso et al., 2006; Guiavarc'h
et al., 2005; Polydera et al., 2004; Velázquez-Estrada, et al., 2012;
Wilińska et al., 2008). However, a few studies have been reported
combining the thermal process and the ultrasound (Raviyan, et al., 2005;
Terefe et al., 2009; Tiwari et al., 2009). The mechanism of enzyme
inactivation by ultrasound treatment involves the formation, growth, and
collapse of tiny gas bubbles or cavities in a liquid where the ultrasound
waves travel through it (Raviyan et al., 2005). Most of the data regarding
the inactivation of PME using ultrasound processes are conducted for tomato
(Raviyan et al., 2005; Plaza et al., 2007), apple juice (Abid et al., 2014),
carrots (Gamboa-Santos et al., 2012), orange juice (Tiwari et al., 2009),
mango juice (Santhirasegaram et al., 2013), and cantaloupe melon juice

(Fonteles et al., 2012); from experiments conducted in various fruits, the
researcher indicate that ultrasound has advantageous because of the
reduction PME activity is in a short times and it does not have significant
effects on vitamins content, pH, sugars and phenolic compounds. In this
context, the present study focuses on the kinetics of inactivation of PME by
ultrasound and thermal treatment, in papaya juice.
MATERIALS AND METHODS
Fruit samples and sample preparation
The papaya fruits, were purchased in a wholesale food market in the city of
Tingo María, Huánuco Perú. After, we proceeded according to the flowchart
show in Figure 1. The operations are described below:
The fruit was washed with distilled water (GFL, D-30938 Burgwedel, Type
2004), removing all impurities attached on its surface. After it was
performed peeled with stainless steel knives, by cutting lengthwise, seeds
were separated with a stainless steel spoon. The pulp was obtained with the
juicer (DeLonghi Duo System, Model: ROBOdiet).
After 5 mL of papaya pulp were packaged in glass tubes with screw caps. In
this stage the pH was analyzed (OAKTON pH 1100), °Brix (Labor MIN) and
the titratable acidity to obtain the index of maturity of the product.

Figure 1 Flowchart of operations for obtain papaya juice
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Ultrasonic treatment

Table 1 Analysis of pH, º Brix, acidity titratable and maturity index ripe
papaya pulp

The treatment was performed by placing the papaya pulp (5 mL) in glass
tubes, within the ultrasound equipment (JAC Ultrasonic Lab. Companion
Model: 1002) at different times (1, 2, 3, 4, 5, 6, 8 and 10 min at 40 kHz) the
temperature of water in the ultrasound equipment was maintained at 27°C.
Then the tubes were immersed in a container containing crushed ice to stop
the enzymatic reaction in the papaya juice. The samples were kept in the ice
bath to measure the activity of the pectin methylesterase.

Analysis in papaya pulp 1
pH
% Total soluble solids (TSS)
% Acidity titratableγ (TA)
Maturity index (TSS/TA)

Means
5,80 ± 0,20
11,00 ± 0,96
2,18 ± 0,34
5,10 ± 0,50

Data expressed as mean ± standard deviation, n=3. γ Expressed in % citric
acid
1

Thermal treatment
The glass tubes containing papaya pulp, were placed in a maria bath
(GEMMYCO, Model: YCW-010E) in total immersion, then the maria bath
was scheduled with a maximum temperature of 75.5 °C.
After that, samples were taken (papaya pulp tubes) at different times of
thermal treatment (to intervals of 4 min for 56 min) and immediately were
immersed in a container containing crushed ice in order to stop the
inactivation of PME by heat. Then, the pectin methylesterase activity was
assessed.
Measurement the activity of the pectin methylesterase (PME)
Activity of pectin methylesterase (PME) was performed according to the
method reported by Stoforos et al. (2002). In a titration vessel 42 mL of
aqueous suspension of pectin 0.5% (pH 7.0), was added, then 15 mL of NaCl
(0.5 M) plus 2.8 mL deionized water. Then adjusted to pH 7.5 with NaOH
(0.01 N), the hydrolysis reaction was initiated by adding 200 µL of the juice
obtained from the papaya pulp (previously filtered to vacuum with Wattman
paper No. 40). This was continuously titrated with NaOH (0.01 N) for 30
min, recording the volume consumed during titration at 27±0.4 °C, all
samples were measured in triplicate. The enzymatic activity (AE), was
calculated as follows:
AE =

dVNaOH
dt

.

NNaOH
Vsample

,

Eq. 1
Where AE: [µeq H+/(min. mL)], dVNaOH/dt means, NNaOH is the Normality
of Sodium Hydroxide and Vsample the volume used in the sample in mL.
Statistical analysis
Statistical analyzes were performed using Statistica V8, the inhibition of activity
PME subjected to an analysis of variance (ANOVA), with a level of 0.05.
RESULTS AND DISCUSSION

The maturity index (TSS/TA), by which we measured the physiological
maturity of the fruit ripens, was 5.10±0.50. That indicates the stage of
development of the fruit, is usually associated with consumer acceptation
(Blankenship et al., 1997).
Kinetic of inactivation by ultrasound and thermal treatment of PME
Pectin methylesterase (PME; E.C.3.1.1.11) is one of the enzymes present in
many fruits and it usually bring negative consequences on the characteristics
of the fruit (Yeom et al., 2002), it is an endogenous pectic pectin enzyme
found presents in many fruits that de-esterifies the methyl group of pectin and
converts it into low methoxy pectin or pectic acids (Giner et al., 2000). In this
experiment, we evaluated the effect of ultrasound and the thermal treatment
with respect to the time for inactivating the PME.
Regarding the results of the effects of ultrasound treatments on enzyme
activities of PME in papaya juice is show in the Figure 3, the inhibition of
PME by ultrasound were kept at the constant water temperature of 27°C and,
the ultrasound power (40 kHz), inactivation kinetics shown two phases ; one
phase comprises the activity increasing of the PME from 2 to 4 minutes,
until the initial enzyme activity was 3.8 μeqH +/(min mL) at 4 min showed
that the maximum activity was 5.8 μeqH+/(min mL) which corresponds to an
increase of 52%, this behavior is probably due by the cavitation bubbles that
enhance the activity of the enzyme (Subhedar and Gogate, 2014), producing
changes in the enzyme conformation mainly attributed to Trp, Tyr and Phe
residues, particularly to Trp residue, could induce molecular unfolding of protein,
destroying hydrophobic interactions of protein molecules, causing that
hydrophobic groups and regions inside the molecules are exposed to the outside
(Jia et al., 2010). Subsequently, from minute 4 to 5, it was observed a
decreasing in the enzyme activity up to 2.6 μeqH +/(min mL) equivalent to
27% compared with the initial enzyme activity. Ultrasound can rupture the
weak linkages like hydrogen bonds or Van der Waals interactions and bring
conformational changes in the protein structure (Bashari et al., 2013) and
probably destroying hydrophobic interactions of protein molecules
(Gülseren et al., 2007). These events cause the enzymatic inactivation
(López and Burgos, 1995; Cullen et al., 2012).

State of ripeness
Fruit ripening in papaya (Carica papaya) varies widely in terms of skin
color changes, pulp firmness and shelf life. However, yellow color in the
fruit skin (Figure 2) has been used as a harvest index criterion to assure
adequate ripening and maximum shelf life (Basulto et al., 2009). The
maturity index is a measurement that can be used to determine if a fruit is
mature (Fawole and Opara, 2013). The contents of titratable acids (TA) and
hence the sugar/acid ratio (TSS/TA) is highly correlated with the maturity
index (Reichel et al., 2010). It is known that the acidity in the papaya fruit
increases during maturation, because increases its content of vitamin C, also
increases in total soluble solids content (Serry, 2011). In the Table 1 are
shows the results of evaluations conducted for the papaya pulp.

Figure 3 Kinetic of inactivation of PME in papaya juice by ultrasound (40
KHz)

Figure 2 Fruit ripe of papaya (carica papaya)

Similar results were obtained by Gamboa-Santos et al. (2012), who evaluated
the inactivation of PME at 20 kHz, in carrots ground and sliced. They reported a
decrease of the PME activity of 49.0 ± 3.0% treated at 35 °C by 60 min while the
carrot pieces obtained in maximum decrease to 53.5 ± 2.1% at 70 °C for 15 min.
Meanwhile Wu et al. (2008), they inactivated PME by thermosonication in
tomato juice (24 kHz) at different times and temperatures, as a result for
inactivation of 90% PME were required 41.8, 11.7 and 4.3 minutes to 60 °C, 65
°C and 70 °C, respectively. An important aspect concerning the short PME
inhibition refers de Assis et al. (2000), who describe that this behavior may be
related to the presence of isoenzymes, or possible aggregates which form during
the process of sonication and that is added to protect the enzyme decreasing the
damage to the protein structure. It is also known that the active site of the PME is
situated in the outer part of the β-helix of the PME (Giovane et al., 2004). The
results obtained demonstrate the relevance of ultrasound applications in the
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increasing and decreasing of activity of the PME.
On the other hand, the Figure 4 showed that the kinetics inhibition of PME
by effect of temperature in function of time. The increasing temperature and
time produced the reduction of PME activity. Arising from this, the
mathematical model was obtained that explain the inhibition of PME activity
(Equation 2).
AE = 7.1 − 0.15T + 0.09t; R2 = 0.99
2

Eq.

Where T represents the Temperature in (ºC) and t is the time in unities of
(min).

Figure 4 Enzymatic activity in papaya juice as function of time and
temperature of thermal treatment
The effect of temperature, generated by the water bath, was effective in reducing
the enzymatic activity of the PME, we obtained 71% inactivation at 56 minutes
75.5 °C, at atmospheric pressure. Cano et al. (1997), reported a maximum
inactivation of PME (25% reduction of the initial activity) for the treatment of
orange juice to 200 MPa and 30 °C the tested range was from 50 to 400 MPa and
20 to 60 °C. Meanwhile, Stoforos et al. (2002) evaluated the inhibition of PME
in tomato pulp, applying heat (60-75 °C) and pressure of 0-800 MPa, obtaining
greater inactivation at 75 °C and atmospheric pressure, also reported an increase
of inactivation at higher pressures that 700 MPa at 75 °C, and demonstrated that
the loss of enzyme activity may occur via two different mechanisms, one
mechanism may be associated with the temperature and the other with the
pressure induced. Ly-Nguyen et al. (2002), extracted and purified PME from
carrots and evaluated the effect of heat treatment, after 10 min and 65 °C of
treatment the PME activity was not detected. While de Assis et al. (2000)
required 98 min and 110 °C to inactivate the PME in acerola. Our results
obtained include greater time and temperature (56 min, 75.5 °C) to reduce by
71% the activity of the PME. It is clear that among the various sources of
obtaining PME, the inactivation have different temperatures (de Assis et al,
2000; Wu et al, 2008).
CONCLUSION
The effect of increasing temperature over time, caused the reduction in high
percentage of the PME activity, however the kinetics of sonication has a
positive effect on PME activity because partly increased the activity to obtain
52% in 4 min of treatment, subsequently the effect of inactivation decreased
27% compared with the untreated sample at initial time. The increase in
enzyme activity by the ultrasound open perspectives for increases the
capacity of catalysis in other enzymes of industrial interest.
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