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Abstract The effect of antifungal hot-water treatments
(AHWT) at 55 °C for 0, 3, 6 and 9 min on quality
attributes and cell-wall enzymatic activity during storage at
25 °C was investigated in papaya fruit. The total soluble
solids (TSS), pH, titratable acidity (TA), firmness and fresh
weight loss were not affected, whereas color on skin was
negatively affected by the treatments of 6- and 9-min.
However, the skin color was not different between the
3-min treated fruit and the untreated fruit during the
storage. Decay was delayed and reduced by AHWT. We
observed that the 3-min treatment of 55 °C did not affect
softening and quality of papaya cv Maradol when applied
as a pesticide-free treatment at color-break stage of papaya.
PME (Pectinmethylesterase) and PG (Polygalacturonase)
activities were not significantly affected by AHWT. We
concluded that the AHWT did not affect the softening
process from papaya pulp since the cell-wall enzyme
activity (PME and PG) was not altered by treatments.

Keywords Carica papaya . Antifungal-hot-water-
treatments . Pectinmethylesterase . Polygalacturonase .

Decay . Postharvest quality

Introduction

Many chemical treatments have been banned or restricted
as postharvest fungicide treatments of fruits in some
countries, and the demand of pesticide-free produce has
increased (Adaskaveg et al. 2002). So, it has been necessary
to develop alternative treatments in order to avoid toxic and
dangerous chemical compounds in food for human con-
sumption. Heat treatments have been shown to be effective
as a non-chemical mean of improving postharvest quality of
a range of horticultural products. They are usually applied
as hot water dips, vapor heat, or hot-air treatments (Lurie
1998). They may affect ripening and protect against
physiological disorders (Klein and Lurie 1992), and have
been used as an effective alternative treatment for decay
control (Cantwell and Nie 1996). Furthermore, hot water
immersion, humid vapor exposition and forced hot-air
treatments are the main technologies of physical type used
as pest and disease control in fruits and vegetables (Paull
and Armstrong 1994). It is well known that heat treatments
offer a viable alternative to the postharvest problems, since
they produce a fungicidal and insecticidal action on papaya
fruit (Paull and Armstrong 1994), and keep the good
quality of some fruits (Klein and Lurie 1992). Furthermore,
they alleviate some physiological disorders as chilling
injury (McDonald et al. 1993; Chan et al. 1994). However,
the excessive-heating effect on ripening (Paull 1994; Paull
and Chen 1990) and on papaya-polygalacturonase activity
has also been reported (Chan et al. 1981, Lazan et al. 1989).
Chan et al. (1981) observed a significant PG-activity
inhibition when the hot water (HW) treatments of 46 °C
for, 40, 65 and 90 min were applied on Papaya cv Solo at
their advanced ripeness stages (quarter and half ripe).
Pectin Methyl Esterase (PME) (EC 3.1.11) and Polygalac-
turonase (PG) (EC 3.2.1.15) are two enzymes frequently
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associated with cell wall changes and fruit softening during
ripening (Huber 1983; Carrillo-López et al. 2002). Both,
PME and PG act in concert to increase cell wall
solubilization (Pressey and Avants 1982). De-esterification
of cell wall galacturonans by PME may be required prior to
hydrolysis by PG (Awad and Young 1979). The activity of
these enzymes account for textural changes that collectively
contribute to fruit softening, increased pathogen suscepti-
bility and ultimately to the deterioration of fruit tissue
(Bennet 2001; Carrillo-López et al. 2003). Furthermore,
fruits and vegetables are very susceptible to undesirable
alterations as a consequence of injuries suffered during
storage, handling and processing (Watada et al. 1990).
Among such alterations are flavor and color which may
decrease their quality and the market value of the produce
may suffer economic losses (Almeida and Nogueira 1995).
Papaya is a tropical fruit that possesses good nutritional
quality attributes, but may suffer some postharvest handling
problems due to its susceptibility to decay and insect pests
(Salunkhe and Desai 1984; McGregor 1987). AHWT of
55 °C for several minutes could be applied to control decay
with no deleterious effect on softening and quality of
papaya. The aim of this paper is to know the effect of
AHWT applied on Papaya cv Maradol at color-break stage
on the activity of softening-related enzymes (PME and PG)
and on postharvest quality attributes (TSS, pH, TA, fresh
weight loss, skin color, firmness and decay) when stored at
temperatures of marketing (25 °C).

Materials and methods

Papaya (Carica papaya cv. ‘Maradol’) fruit were harvested
from Angostura, Sinaloa at physiological maturity stage
(color-break stage) and immediately transported to the
laboratory. Fruits were washed and chosen based on
uniformity of skin color, free of physical damage and with
an average weight of 1400 g±300 g. Fruits were randomly
sorted to the planned treatments. Papaya fruit was immersed in
hot water at 55 °C for 0, 3, 6 and 9 min, using a bath with a
temperature controller Cole Parmer, Model 1266-02. Imme-
diately after the AHWT the fruits were cooled with water at
25 °C during 20 min. Fruits were evaluated every 3 days
during storage for 9 to 15 days at 25±1 °C, 80–85% HR.

Quality parameters Physical and Chemical analysis per-
formed included, total soluble solids (TSS), pH, titratable
acidity (TA), fresh weight loss, skin color, firmness and
decay.

TSS, pH, and TA These were determined following the
methodology of the AOAC (1998). TSS was determined
using a Refractometer Abbe Bellingham + Staley Limited

and expressed as °Brix. The pH was determined using a
pH-meter (Orion Research Inc. model 520.Boston, M.A,
USA,). TA was expressed as % of malic acid.

Fresh weight loss It was measured employing a scale
OHAUS (Ohaus Corporation Florham Park, N.J. EUA,
model TP2KS) by weighing periodically the whole fruit
and calculating the percentage of weight loss in relation to
the initial weight of the fruit.

Skin color (L*, a*, b*, C * and hue) It was evaluated using
a colorimeter (Minolta Chromameter model CR-210, Japan)
in three different points on the fruit (McGuire 1992).

Firmness It was measured according to Barca et al. (2000)
as the maximum compression force in Newtons (N) reached
during the rupture of the fleshy portion of the fruit on six
points of every fruit, employing a plunger of 8-mm
diameter, using a digital firmness-tester (Chatillon model
DF150, John Chatillon & Sons, Inc. NY, N.Y, EUA)

Decay on skin It was evaluated subjectively according to
McDonald et al. (1998), measuring on fruit the rotted area
in relation to the skin total area expressed as percentage.

Enzyme extraction PME (EC 3.1.11) extraction was carried
out as described by Fayyaz et al. (1993). Twenty grams of
fresh tissue were homogenized in a blender (Model
Osterizer Lo-20 Mexico) with 30 mL 2 M NaCl at 4 °C.
The homogenate was adjusted to pH 7.5 with 0.1 N NaOH
or 0.1 N HCl, previously and during a period of stirring for
30 min at 4 °C. Then it was centrifuged (Centrifugal Ivan
Sorball Inc. Super model Speed RC-2, Connecticut, USA)
at 24000 × g during 30 min at 4 °C. The supernatant was
used as the enzymatic extract. PG extraction was carried out
as described by Roe and Bruemmer (1981) and by Aina and
Oladunjoye (1993). Twenty five grams of fresh tissue were
homogenized in a blender (Osterizer Model Lo-20 Mexico)
with 25 mL of a solution containing 12% polyethylene
glycol (VWR Scientific Einecs, Switzerland) and 0.2%
sodium bisulfite pH 5.0, at 4 °C. The suspension was
centrifuged (Ivan centrifuges Sorball Inc. Super model
Speed RC-2, Connecticut, USA) at 5000 × g during 20 min.
The pellet was washed twice with cold distilled water and
centrifuged again at 5000 × g during 20 min. The pellet was
resuspended in 25 mL of 0.5 M NaCl for 30 min and
centrifuged again at 5000 × g during 10 min. The
supernatant was used as the enzymatic extract.

Enzyme assays PME activity was determined according to
Hagerman and Austin (1986) based on the color change of
a pH indicator during the PME-catalyzed reaction. As the
ester bonds from pectin are hydrolyzed, acid groups are
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produced and the pH is lowered, causing the indicator dye
to change its color. This change is continuously monitored
spectrophotometrically. In a cuvette, 2 mL of 0.5% citric
pectin (Sigma Chemical Co. St. Louis. MO, USA) was
mixed with 0.5 mL of 0.01% bromothymol blue solution
(Sigma from Mexico, D.F., Mexico) (in 0.003 M potassium
phosphate buffer) (Sigma Chemical Co. St. Louis. MO,
USA) and 0.4 mL of distilled water. The mix was adjusted
to pH 7.5 and the reaction was started by adding 100 μL of
PME-enzymatic extract. The reaction was carried out at
30 °C and monitored during 5 min at 620 nm. (Spectro-
photometer UV-visible model Australian Varian Cary 1E).
A standard curve of galacturonic acid was used (Sigma
Chemical Co. St. Louis. MO, USA) (Hagerman and Austin
1986). The units of PME activity are expressed as μmoles
of H+ released/min × 100 g fresh tissue at 30 °C at pH 7.5.
PG activity was assayed spectrophotometrically according
to Gross (1982) on the basis of the hydrolytic release of
reducing groups from polygalacturonic acid. Four milliliter
of PG-enzymatic extract and 4 mL of 0.8% polygalactur-
onic acid (Sigma Chemical Co. St. Louis. MO, USA) were
mixed with 1.6 mL of 0.2 M sodium acetate buffer (Baker
Analyzed, J.T. Baker, CORP. of C.V. Xalostoc, Mexico) at
pH 4.6 and incubated for 2 h at 37 °C. 0.8 mL were taken
from the incubated reaction and mixed with 4 mL of 0.1 M
borate buffer (pH 9) (VWR Scientific Einecs, Switzerland)
to stop the reaction and then 0.8 mL of 0.1% 2-
cyanoacetamide (Aldrich Chemical Company, Inc. Milwaukee
Wis, USA) was added. Samples previously mixed were
immersed in boiling water for 10 min. After equilibration to
25 °C, the absorbance at 276 nm was measured to quantify the
released reducing groups (Spectrophotometer UV-visible
model Australian Varian Cary 1E). A standard curve of
reducing groups from galacturonic acid was used. (Sigma
Chemical Co. St. Louis. MO, USA). The units of PG activity
are expressed as μmoles of reducing groups (as galacturonic
acid) released/h × 100 g fresh tissue at 37 °C, pH 4.6.

Statistical analysis Data were analyzed using a completely
randomized design (Montgomery 1991). Analysis of
variance with at least four replicates was done and
comparison of means using the least significant difference
(LSD) test with a significance level of 5% was carried out.
The SG-Plus (1992) program was used.

Results and discussion

TSS, pH and TA on pulp TSS, pH and TA were measured
on the edible portion of the fruit. The results are shown in
Fig. 1. During ripening of untreated papaya fruit stored at
25 °C, TSS increased from 5.92 to 7.6. The pH increased

from 5.38 to 5.55, while TA decreased from 0.24 to 0.09.
The behavior of these three quality parameters did not show
significant differences (p≤0.05) between untreated and
treated fruits during storage, being this indicative that, the
taste quality of papaya fruit was not affected by the applied
AHWT because of these chemical parameters are good
fruit-taste and ripeness indicators (Cámara et al. 1993).
Jagtiani et al. (1988) reported pH in papaya varying
between 5.5 and 5.9, and TSS between 5.65 and 7.1%.
Also, Lazan et al. (1989) observed that hot water treatments
at 48 °C for 20 min, did not affect TA in papaya cv
‘Backcross Solo’ stored to 24–28 °C.

Firmness The untreated fruit showed an initial firmness of
106 N at its color-break stage. However, during the 9-day
postharvest life, the flesh firmness diminished to 16 N
(losing the 85% of its initial firmness). Papaya flesh lost the
64% of its firmness during the first 3 days of storage
(Fig. 1). Gaete-Eastman et al. (2009) reported that firmness
of untreated fruit Cv ‘mountain’ fell quickly during the first
days of shell life, with minimum firmness values reached
after 7 days of storage at 20 °C. Similar behavior of loss of
firmness was observed in our results. Hot-water treated fruit
did not show significant differences in firmness during
storage in relation to the unheated fruit. Our treated fruits
did not show heat-injured mesocarp tissue as seen in
Papaya cv ‘Solo’ by Chan et al. (1981) who reported that
hot-water treatments of 46 °C for 65 and 90 min caused a
delayed and uneven softening in one-quarter and half-ripe
papaya fruit cv ‘Solo’, but not in color-break stage fruits.
Also, Paull and Chen (1990), observed that ripening was
impaired by heating the papaya cv ‘Sunset’ at 42 °C for
30 min followed by 49 °C for 70 min, with areas of flesh
failing to soften. The higher temperature (55 °C) together
with the shorter times along with the ripeness stage in our
study could explain this difference.

Fresh weight loss Weight loss in papaya cv Maradol
increased during storage (Fig. 2). At the ninth day, the
untreated (control) fruit had lost a level of 11.2% (±2.59) of
its weight. Similar weight loss was reported by Ramakrishna
et al. (2002) for untreated Papaya Cv ‘Co-2’ during storage at
30 °C. Our treated fruit did not show significant differences
in weight loss (P<0.05) during all the storage period in
relation to the control fruit.

Skin color Since papaya peel turns from green to yellow
during ripening in ‘Maradol’ variety, L* (lightness), a*
(green to red axis), b* (blue to yellow axis) and C*
(chromaticity) values of skin papaya fruit, normally
increases while h value (hue angle) decreases as seen in
untreated fruit (control) (Fig. 2). However, AHWT signif-
icantly affected skin color, depending on the exposure time
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at 55 °C. While the 3-min treatment did not show any
noticeable effect on skin color, the 6- and 9-min
treatments negatively affected (p<0.05) the peel color as
can be seen in every measured parameter of color (L*, a*,

b*, C* and h values) being the effects on skin color
noticeably shown at the 6 and 9 days of storage at 25 °C
(Fig. 2). Papaya fruit from the 6- and 9-min treated lots
showed an irregular development on skin color, exhibiting
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abnormal degreening/yellowing during ripening in storage
being the fruit color quality seriously damaged. At the end
of ripening process the fruit exhibited a clearly browning
on peel showing remaining-green areas. Similar results
were observed in papaya cv ‘Solo’ by Akamine and
Hundtoft (1971). Also, Paull (1994) reported the rupture
of the normal color development as a heat damage
manifestation.

Decay on skin The earliest fruit showing decay was the
untreated one after the 9th day of storage (Fig. 3). AHWT
delayed decay appearance on fruit for several days stored at
25 °C. The 3- and 9-min hot-water treated fruit showed
decay development after the 11th day of storage while the
6-min treated fruit exhibited decay after the 14th day of
storage. Furthermore, AHWT reduced the fungi growth as
noticed by a lower rotted area on treated fruits. Decay on
treated fruit was lower than untreated fruit during all the
storage period. However, although the 6- and 9-min AHWT
delayed and decreased the fungi growth on papaya peel, the
effect was neglected due to the color-quality damage
provoked on peel, although the flesh quality was unaffected.
However, the 3-min AHWT delayed the appearance of decay
without negatively affecting the peel color quality on papaya
cv ‘Maradol’. This delaying of decay can be satisfactory for
marketing conditions handling the papaya fruit at 25 °C.
Similar results of decay control on papaya fruit cv ‘Solo’,
specially anthracnose (Colletotrichum gloesosporioides Penz)
and stem-end rots were observed by Akamine and Hundtoft
(1971), and Couey et al. (1984) applying hot-water-spray
treatments of 54 °C by 3 min. In addition, Perez-Carrillo and
Yahia (2004) observed a decrease in fungi development
applying dry hot-air treatments (48.5 °C, 50% RH).

Cell wall enzymatic activity PME from untreated fruit had a
43% activity loss (from 0.35 to 0.20 Units) during the first
3 days of storage and remained constant thereafter. PME
from treated fruit had a similar behavior throughout the
storage period and significant differences in relation to
untreated fruits were not detected at any time (Fig. 3). PG
from untreated fruit showed an increased activity of about 3
fold (from 0.17 to 0.49) in the first 3-day period of storage
and thereafter decreased to 0.3. PG activity from treated
fruits was not different than untreated one at any time
(Fig. 3). Chan et al. (1981) reported that PG activity was
unaffected when hot water treatments of 46 °C for, 40, 65
and 90 min were applied on Papaya cv Solo at the color-
break stage. However, they observed a significant PG-
activity inhibition when the hot water treatments were
applied at more advanced ripeness stages (quarter and half
ripe). In addition, Lazan et al. (1989) reported that the effect
of heat treatments in suppressing PG activity was relatively
greater in inner than in outer mesocarp, suggesting that

sensitivity of the enzyme to heat treatments may vary with
stage of ripeness of the tissue. It is well known that the
ripening of papaya initiates at the inner area of the pulp and
it is followed for the outer area. Also, Paull and Chen
(1990) suggested that the riper-inner mesocarp of papaya
fruit may be more susceptible to heat stress than the less-ripe
outer mesocarp. For papaya cv ‘Solo’, the PG-activity
inhibition has been correlated to delayed softening by Chan
et al. (1981) suggesting that PG activity is important during
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its softening process, although Lazan et al. (1989) reported
that the extent of tissue softening in cv ‘Backcross Solo’
during tissue ripening may not be dependent entirely on PG
action. Because of the measured-in-pulp physico-chemical
parameters (TSS, pH, TA, Firmness), and PME-, PG-
activity were not significantly affected, it is observed that
the tested AHWT had no effect on the overall ripening
process of papaya fruit. And, due to the skin color and decay
were seriously affected by 6- and 9-min treatments, it is
suggested that these treatments can be applied at 55 °C for
about 3 min at the color-break stage of papaya fruit cv
“Maradol” for fresh market. However, because the inner
quality was not affected for the treatments of 6 and 9 min,
these treatments can be applied when the papaya fruit is
destined to processing and the skin is discarded or the skin
color quality is not an important factor. Papaya peel possesses
lower thermal conductivity than pulp (Espinoza-Guevara et
al. 2010), and due to this fact, peel is established as a
heat-transfer barrier limiting the heat transfer inward the pulp
and avoiding excessive temperature elevation at the more
heat-sensitive-inner-mesocarp. Furthermore, short exposure
treatments of 55 °C for 3 to 9 min rather than the longer
commercial treatments of 46–47.5 °C for 40–90 min, makes
faster the packinghouse operations.

Conclusions

We concluded that the AHWT of 55 °C for 3, 6 and 9 min.
did not affect the softening process from papaya pulp
because of the cell wall enzymes (PME and PG) were not
altered at their activity by these applied treatments. The
AHWT of 55 °C for 3 min., did not affect negatively the
quality parameters of pulp and skin of papaya at their color-
brake stage of ripeness. So, this treatment can be applied in
order to delay decay development during the papaya
marketing at non-refrigerated temperatures (25 °C).
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