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ABSTRACT

RESUMEN

Mamey sapote fruit (Pouteria sapota) with
round lanceolate shape, harvested at physiological ma-
turity, were subjected to mechanical compressive yield
strength (CYS) and mechanical compression point bio-
cedence (CPB) in order to evaluate the effect of mecha-
nical damage in the color components: luminosity (L*),
chromaticity (C*) and hue (h), the firmness, the content
of soluble protein (SP) and total phenols (TP) and the
enzymatic activity of peroxidase (POD) and polyphenol
oxidase (PPO). The color components were not diffe-
rent from the shape of fruit, nor influenced by the com-
pression levels only at 0 and 3 days of evaluation (DE).
During the 9 days of storage in the round shaped fruits
subjected to CYS, color components were not affected:
L*, C*, h (62.3, 49.8 and 50.9), firmness (32.8 N) and
enzyme activity of POD (2,109.3 U-mg™ pro) and PPO
(52.7 U'mg"" pro). The lanceolate fruits were most affec-
ted by the compression treatments, being CPB where
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Frutos de zapote mamey (Pouteria sapota) con
forma redonda y lanceolada, cosechados en madurez fisiolo-
gica, se sometieron a compresion mecanica a limite elastico
(CLE) y compresién mecanica a punto de biocedencia (CPB)
con la finalidad de evaluar el efecto del dafio mecanico en los
componentes de color: luminosidad (L’), cromaticidad (C’) y
matiz (h), la firmeza, el contenido de proteina soluble (PS) y
fenoles totales (FT), asi como la actividad enzimatica de peroxi-
dasa (POD)y polifenol oxidasa (PFO). Los componentes de co-
lor no fueron diferentes por la forma de fruto, ni influidos por los
niveles de compresion mecanica unicamente a los 0 y 3 dias de
evaluacion (DdE). Durante los 9 dias de almacenamiento en los
frutos con forma redonda sometidos a CLE no fueron afectados
los componentes de color: L, C', h (62.3, 49.8, 50.9), firmeza
(32.8 N) y la actividad enzimatica de POD (2,109.3 U-mg"' pro)
y PFO (52.7 U'mg" pro). Los frutos lanceolados fueron los mas
afectados por los tratamientos de compresion, siendo en CPB
donde se presentaron los valores menores de L (41.0), C’
(25.9), h (47.7), firmeza (0.8 N) y FT (229.2 mg g' pf)alos 6y
9 DdE; mientras que los valores de PS (3,001.1 mg-kg'pf) y la
actividad enzimatica de POD (2,706.1 U-mg™ proteina soluble)
y PFO (57.5 U-mg" pro) fueron mayores a los 9 DdE, con un in-
cremento al transcurrir el almacenamiento. Los frutos de zapote
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lower values of L* (41.0) were presented, C* (25.9), h
(47.7), firmness (0.8 N) and TP (229.2 mgg'pf) at 6 and
9 DE; while the values of PS (3,001.1 mg-kg' PF) and
enzyme activity of POD (2,706.1 U-mg pro) and PPO
(57.5 U'mg'pro) were elevated at 9 DE, up to elapse
storage. The fruits of Mamey sapote with round shape
had lower susceptibility to mechanical damage when
subjected to levels of CYS, therefore, the fruit shape
influences the resistance to mechanical compression.
Mechanical damage by CPB affected postharvest qua-
lity and accelerated the maturation process of the Ma-
mey sapote with lanceolate shape.

KEY WORDS

mamey con forma redonda presentaron menor susceptibilidad
al dafio mecanico al someterlos a los niveles de CLE, por lo
cual, la forma de fruto influye en la resistencia a la compresion
mecanica. El dafio mecanico por CPB afecté la calidad posco-
secha y acelero el proceso de maduracion del zapote mamey
con forma lanceolada.
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Introduction

In the last decades, consumers have deman-
ded horticultural products of high quality, and this is a
tendency that will be maintained in the future (Van et al.,
2007). The mechanical effort in the tissue of the fruits
provoked by factors as compression, impact and friction
represent important sources for the loss of quality du-
ring the post-harvest (Kays and Paull, 2004). Damage
by compression appears when the strength applied on
the fruit surpasses the yield strength (Thompson, 2003)
and it generally occurs during handling, transportation
and storage (Kays and Paull, 2004).

Mechanical damage leads to physiological responses
that accelerate the maturation and senescence proces-
ses in the fruit. Hence, it has been evidenced that brui-
sing increases respiration and production of ethylene
in tomato (Lycopersicon esculentum) and kiwi (Actini-
dia sp.) (McLeod et al., 1976; De Martino et al., 2002).
Phenolic compounds in vacuoles of apple (Malus sp.)
cells have interaction with the enzyme catecol oxidasa
in the plastidios caused by mechanical damage; the la-
tter leads to formation of quinines that polymerize and
generate dark compounds (Knee and Miller, 2002). On
the other hand, enzymatic activity of peroxidase increa-
ses during the maturation and has been correlated with
changes in the deterioration of taste, texture and color
of fruits and vegetables (Augusto, 2002). In particular,

Introduccion

En las ultimas décadas, los consumidores han
demandado productos horticolas de calidad alta y esta ten-
dencia se mantendra en el futuro (Van et al., 2007). El es-
fuerzo mecanico en el tejido de los frutos ocasionado por
factores como compresién, impacto y friccién representan
fuentes importantes para la pérdida de calidad durante pos-
cosecha (Kays y Paull, 2004). El dafio por compresion apa-
rece cuando la fuerza que se aplica sobre el fruto rebasa
el limite elastico del tejido (Thompson, 2003) y generalmen-
te ocurre durante el manejo, transporte y almacenamiento
(Kays y Paull, 2004).

Se ha descrito que el dafio mecanico desencadena respues-
tas fisiolégicas que aceleran el proceso de maduracion y se-
nescencia en el fruto. Asi, se ha evidenciado que el magullado
incrementa la respiracion y produccién de etileno en jitomate
(Lycopersicon esculentum) y kiwi (Actinidia sp.) (McLeod et
al., 1976; De Martino et al., 2002). Los compuestos fendlicos
en vacuolas de las células de manzana (Malus sp.) tienen in-
teraccion con la enzima catecol oxidasa en los plastidios a
consecuencia del dafio mecanico, lo anterior conduce a la for-
macion de quinonas que se polimerizan y generan compues-
tos oscuros (Knee y Miller, 2002). Por otra parte, la actividad
de la enzima peroxidasa se incrementa durante la madura-
cion y se ha correlacionado con cambios de deterioro en el
sabor, textura y color de frutas y hortalizas (Augusto, 2002).
En particular la enzima peroxidasa reacciona con fenoles utili-
zando H,0, como sustrato (Franck et al., 2007).

La susceptibilidad al dafio mecanico en un fruto esta deter-
minado por sus propiedades mecanicas (Van et al., 2007),
especie, variedad, factores precosecha (humedad relativa,
riego y fertilizacion), etapa de madurez y factores poscosecha
como: dias después de la cosecha, temperatura, etapa de
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the enzyme peroxidase reacts with phenols using H,O,
as substrate (Franck et al., 2007).

The susceptibility to mechanical damage in the fruit is
determined by its mechanical properties (Van et al.,
2007), species, variety, pre-harvest factors (relative
humidity, irrigation and fertilization), maturity stage;
and post-harvest factors as: days after harvest, tempe-
rature, maturity stage of the fruit, water potential and
storage time (Martinez et al., 2004; Van et al., 2007).
The compression test simulates the static load condition
that the fruit can resist and the strength of the tissue
deformation in fruits beyond the yield strength, during
handling and storage, important parameters to evaluate
damage produced by bruises (Sing and Reddy, 2006).

The fruit of sapote mamey tree is consumed in fresh
and is highly appreciated by its organoleptic charac-
teristics (Pennington and Sarukhan, 2005). One of the
aspects that has not been studied is the effect of the
mechanical damage in fruits of sapote mamey, in the
post-harvest quality of the fruit. It has been appointed
that from harvest until getting to the distribution centers,
fruits are manipulated and hit up to five times (Alia et
al., 2007), which can cause darkening in pulp, limiting
its commercialization. Therefore, the effect of two levels
of mechanical compression in physical and chemical
changes during maturation of fruits of sapote mamey
was studied in this work.

Materials and Methods

Vegetal material and location of the experi-
ment. Sapote mamey fruits in physiological maturity
with round lanceolate shape were harvested from cre-
ole trees located in Coatlan del Rio, Morelos. The index
of harvest used by producers was used, meaning, a
small part of the epidermis of the fruit was eliminated
to observe the coloring of the orange or red pulp, which
assures that the fruit has reached its consumption ma-
turity (Alia et al., 2005b; Martinez et al., 2006). Fruits
were placed in wooden boxes with load capacity of 30
kg, and transported to the Materials Laboratory from the
Department of Agricultural Mechanics Engineering and
Multiple Uses of the Universidad Autonoma Chapingo,
where mechanical compression tests and evaluation of
physicochemical variables were performed. Fruits were
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maduracion del fruto, potencial de agua y tiempo de almace-
namiento (Martinez et al., 2004; Van et al., 2007). La prueba
de compresién simula la condicién de carga estatica que la
fruta puede resistir y la fuerza de deformacion del tejido de
los frutos mas alla del limite elastico, durante el manejo y
almacenamiento; parametros importantes para evaluar da-
fos producidos por las magulladuras (Singh y Reddy, 2006).

El fruto del arbol de zapote mamey es consumido en
fresco y es muy apreciado por sus caracteristicas orga-
nolépticas (Pennington y Sarukhan, 2005). Uno de los
aspectos poco estudiados es el efecto del dafio mecanico
en frutos de zapote mamey en la calidad poscosecha del
fruto. Se ha indicado que, desde la cosecha hasta llegar
a los centros de distribucion, los frutos son manipulados
y golpeados hasta en cinco ocasiones (Alia et al., 2007),
lo que puede ser causante de oscurecimiento de la pulpa,
esto Ultimo limita su comercializacion. Es por tanto que
en el presente trabajo se estudio el efecto de dos niveles
de compresién mecanica en cambios fisicos y quimicos
durante la maduracion de frutos de zapote mamey.

Materiales y Métodos

Material vegetal y ubicaciéon del experimento.
Frutos de zapote mamey en madurez fisiolégica con for-
ma redonda y lanceolada se cosecharon de arboles criollos
ubicados en Coatlan del Rio, Morelos. Se utiliz6 el indice
de cosecha empleado por los productores, es decir, se eli-
mind una pequefa porcién de la epidermis del fruto para
observar la coloracion de la pulpa naranja o roja, lo cual
asegura que el fruto alcance la madurez de consumo (Alia
et al., 2005b; Martinez et al., 2006). Los frutos se coloca-
ron en cajas de madera con capacidad de 30 kg y se trans-
portaron al Laboratorio de Materiales del Departamento
de Ingenieria Mecanica Agricola y de Usos Multiples de la
Universidad Autdbnoma Chapingo, donde se realizaron las
pruebas de compresion mecanica y la evaluacién de las
variables fisicoquimicas. Los frutos fueron transportados
cubiertos de una capa de plastico con burbujas para evitar
la friccion entre frutos. Los frutos fueron aclimatados por
24 h a las condiciones de laboratorio, 20+2 °C; 50-60 % de
HR, antes de iniciar las pruebas mecanicas.

Organizacion experimental. Se formaron seis
grupos de 24 frutos para estudiar el efecto de la forma del
fruto de zapote mamey: redondo (FR) o lanceolado (FL),
y la aplicacién de tres diferentes niveles de compresion
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transported covered with a bubble plastic layer to avoid
friction between the fruits. Fruits were acclimated for 24
h to lab conditions, 20+2 °C; 50-60 % of relative humid-
ity (RH) before initiating mechanical tests.

Experimental organization. Six groups of 24
fruits were made to study the effect of shape of sapo-
te mamey fruit: round (RS) or lanceolate (LS) and the
application of three different levels of axial compression:
without compression (WC), compressive yield strength
(CYS) and compression at biocedence point (CBP).
To apply mechanical compression a universal mecha-
nical testing machine INSTRON (model 4469, Instron,
Norwood, MA, USA) was used, with crosshead speed
of 50 mm-min-' and a load cell of 500 N; the CYS and
CBP were determined with the help of load vs displa-
cement graphics, finding that such distances were 5.7
and 12.9 mm, for CYS and CBP respectively (Pérez et
al., 2009). After application of mechanical compression,
fruits were stored at lab temperature during nine days
(20 °C; 50-60 % RH). Every third day, meaning at 0, 3,
6 and 9 days after applying mechanical compression,
three fruits from each treatment were taken in order to
perform the analysis of variables.

Evaluated variables. Pulp color was deter-
mined with a spectrophotometer (X-rite®, Mod. 3290),
eliminating a portion of the epidermis in two opposite
sides of the equatorial part of the fruit and luminosity,
chromaticity and hue angle were measured (Diaz-Pérez
et al., 2000). Firmness was evaluated by retrieving a
portion of the shell in two opposite sides of the equato-
rial part of the fruit, using a texturometer (Chatillon®)
with conic strut of 0.7 cm in the base. Values were re-
ported in Newtons.

Total phenols were quantified using the method by Folin
and Ciocalteu (Waterman and Mole, 1994). 1 g of the pulp
was homogenized with 5 mL of cold methanol at 80 %;
after, it was centrifuged at 12,000 g at 10 °C during 5 min.
1 mL of the supernatant was mixed with 15 mL of deion-
ized water and 1 mL of the reactive of Folin and Ciocal-
teu, after mixing vigorously, 3 mL of sodium carbonate
were added at 20 %; it was left aside during two hours
in the darkness. After, the reading of the samples were
760 nm in a spectrophotometer (Milton Roy, Spectronic
21D). A patter curve of tannic acid was made. Results
were reported in mg g-' fresh weight (mg-g" fw).

axial: sin compresion (SC), compresion a limite elastico
(CLE) y compresién a punto de biocedencia (CPB). Para
aplicar la compresion mecanica se utilizé una INSTRON
universal mechanical testing machine (model 4469, Instron,
Norwood, MA, USA) con una velocidad de cruceta de 50
mm-min”'y una celda de carga de 500 N; la CLE y CPB se
determinaron con la ayuda de las graficas de carga vs des-
plazamiento encontrando que dichas distancias fueron de
5.7 y 12.9 mm, para la CLE y CPB, respectivamente (Pérez
etal., 2009). Posterior a la aplicacion de la compresion me-
canica, los frutos se almacenaron a temperatura del labora-
torio durante nueve dias (20 °C; 50-60 % HR). Cada tercer
dia, es decir, a los 0, 3, 6 y 9 dias después de la aplicacion
de la compresiéon mecanica se tomaron tres frutos de cada
tratamiento para realizar el andlisis de las variables.

Variables evaluadas. El color de la pulpa se deter-
mind con un espectrofotémetro (X-rite®, Mod. 3290), para
esto se elimind una porcion de la epidermis en dos lados
opuestos de la parte ecuatorial del fruto y se midié la lumi-
nosidad, cromaticidad y el angulo matiz (Diaz-Pérez et al.,
2000). La firmeza se evalué al retirar una porcion de la cas-
cara en dos lados opuestos de la parte ecuatorial del fruto,
se empled un texturémetro (Chatillon®) con puntal cénico de
0.7 cm en la base. Los valores se reportaron en Newtons.

Los fenoles totales se cuantificaron por el método de Folin y
Ciocalteu (Waterman y Mole, 1994). Se homogenizé 1 g de la
pulpa con 5 mL de metanol frio al 80 %; después, se centrifugd
a 12,000 g a 10 °C durante 5 min. 1 mL del sobrenadante se
mezclé con 15 mL de agua desionizada y 1 mL del reactivo de
Folin y Ciocalteu, después de mezclarlos vigorosamente, se
agregaron 3 mL de carbonato de sodio al 20 %; se dejé repo-
sar durante dos horas en oscuridad. Posteriormente, las lectu-
ras de las muestras fueron a 760 nm en un espectrofotémetro
(Milton Roy, Spectronic 21D). Se realizé una curva patrén de
acido tanico. Los resultados se reportaron en mg g' de peso
fresco (mg-g™ pf).

Para la cuantificacion de proteina soluble y actividad enzimati-
ca, se elaboro polvo de acetona (PAc) (Alia et al., 2005b), para
lo cual, 20 g de pulpa de zapote mamey se homogenizaron
con acetona fria (-15 °C), y se filtr6 al vacio, éste proceso se
repitié en cuatro ocasiones. El polvo obtenido se secé a tem-
peratura ambiente y se guardé en ultracongelador (-20 °C).

La proteina soluble se determiné por el método de Bradford
(1976), se homogenizaron 0.05 g de PAc con 5 mL de
amortiguador Tris-HCI 0.1 M (pH= 7.1); 0.1 mL de éste ex-
tracto se afiadieron a 5 mL de solucion de Coomassie blue,
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Acetone dust (PAc) was made for the quantification
of soluble protein and enzymatic activity (Alia et al.,
2005b), for which 20 g of pulp of sapote mamey was ho-
mogenized with cold acetone (-15 °C) and filtered under
vacuum; this process was repeated in four occasions.
Obtained dust was dried at room temperature and kept
in an ultrafreezer (-20 °C).

Soluble protein was determined by the Bradford method
(1976), 0.05 g of PAc were homogenized with 5 mL of
damper Tris-HCI 0.1 M (pH= 7.1); 0.1 mL of this extract
was added to 5 mL of solution of Coomassie blue, after
agitation readings were taken at 595 nm. Quantifica-
tion was made by a pattern curve of albumin of bovine
and results were expressed in mg kg of fresh weight
(mg-kg™ fw).

Peroxidase (EC. 1.11.1.7). This enzyme was extracted
from 0.05 g of PAc, which was homogenized with 5 mL
of Tris-HCI 0.1 M (pH 7.1) during 30 s; the homoge-
nized was centrifuged during 20 min at 12,500 g at 4 °C.
The assay was made according to the Flurkey and Jen
method (1978), in a total volume of 3 mL that contained
2.6 mL of Tris-HCI 0.1 M (pH 7.1), 0.25 mL of guaiac
0.1 M, 0.1 mL of hydrogen peroxide at 0.25 % and 0.15
mL of supernatant. Absorbance change was determined
at 470 nm. The enzymatic unit (U) was defined as the
formation of 1 mmol of tetra-guaiaconate min-'.

Polyphenol oxidase (EC.1.14.18.1). The extraction of
the enzyme was made from 0.2 g of PAc, it was homog-
enized with 5 mL of Tris-HCI 0.1 M (pH 7.1) during 1
min, and it was then centrifuged during 20 min at 10,000
g at 4 °C. The assay of the enzymatic activity (Lamink-
anra, 1995) was made with 0.2 mL of supernatant and
3 mL of catechol (60 mM), the absorbance change was
evaluated at 420 nm. The U was defined as the forma-
tion of 1 mmol of o-benzoquinone min-'. Enzymatic ac-
tivity of POD and PPO was reported in terms of U mg"'
of protein (U-mg-' pro).

Data analysis. The experimental design was
factorial, with factor A: shape of fruit and factor B: com-
pression level, with a fix 2 X 3. One fruit was conside-
red as repetitions and three repetitions were used. Data
obtained from the analyzed variables were submitted to
ANAVA and mean comparison by Tukey test (p<0.05), for
each day of evaluation, with the statistical program SAS®
(Statistical Analysis System, ver. 9.0) (SAS, 2002).

después de agitacion se tomaron las lecturas a 595 nm. La
cuantificacion se realizé mediante una curva patrén de albu-
mina de bovino y los resultados se expresaron en mg kg’ de
peso fresco (mg-kg™' pf).

Peroxidasa (EC. 1.11.1.7). Esta enzima se extrajo de
0.05 g de PAc, el cual se homogenizé con 5 mL de Tris-
HCI 0.1 M (pH 7.1) durante 30 s; el homogenizado se
centrifugé durante 20 min a 12,500 g a 4 °C. El ensayo
se realizé de acuerdo al método de Flurkey y Jen
(1978), en un volumen total de 3 mL, que contenia 2.6
mL de Tris-HCI 0.1 M (pH 7.1), 0.25 mL de guayacol 0.1 M,
0.1 mL de peroxido de hidrogeno al 0.25 % y 0.15 mL del
sobrenadante. Se determiné el cambio de absorbancia
a 470 nm. La unidad enzimatica (U) se definié como la
formaciéon de 1 mmol de tetraguayacol min-'.

Polifenol oxidasa (EC. 1.14.18.1). La extraccion de la en-
zima se realiz6 a partir de 0.2 g de PAc, éste se homoge-
nizé con 5 mL de Tris-HCI 0.1 M (pH 7.1) durante 1 min,
posteriormente se centrifugé por 20 mina 10,000 ga 4 °C.
El ensayo de la actividad enzimatica (Laminkanra, 1995)
se realizé con 0.2 mL del sobrenadante y 3 mL de catecol
(60 mM), se evalué el cambio de absorbancia a 420 nm.
La U se defini6 como la formaciéon de 1 mmol de o-ben-
zoquinona min™'. La actividad enzimatica de PDO y PFO
se reportd en términos de U mg' de proteina (U-mg™ pro).

Andlisis de datos. El disefio experimental fue fac-
torial, con el factor A: Forma de fruto y el factor B: Nivel de
compresion, con un arreglo 2 X 3. Se considerd un fruto como
repeticion y se emplearon tres repeticiones. Los datos obteni-
dos de las variables analizadas se sometieron a un ANAVA y
comparacién de medias mediante la prueba de Tukey (p<0.05),
por cada dia de evaluacion, con el programa estadistico SAS®
(Statistical Analysis System, ver. 9.0) (SAS, 2002).

Resultados y Discusion

Color. El color de pulpa en los frutos de zapote ma-
mey es uno de los atributos de calidad que cambia duran-
te la maduracion y es el principal indice de cosecha (Alia
et al., 2007). En el presente experimento la luminosidad
(L") en los frutos redondos sin compresion (SC) mostré un
cambio minimo en L" de 66.1 a 62.6, mientras que en los
frutos lanceolados SC los valores de L™ disminuyeron de
69.7 a 48.9, durante el periodo de evaluacion (Tabla 1). Lo
anterior concuerda con estudios realizados durante la ma-
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Results and Discussion

Color. Pulp color in fruits of sapote mamey is one if
the quality attributes that changes during maturation, and is
the main harvest index (Alia et al., 2007). In this experiment,
luminosity (L*) in the round fruits without compression (WC)
showed a minimal change in L* from 66.1 to 62.6, while
in the lanceolate fruits WC, values of L* decreased from
69.7 to 48.9, during the evaluation period (Table 1). The
latter agrees with the studies made during maturation
of sapote mamey, where L* changed from 65.8+5.5 in
physiological maturity to 46+8.7 L* in consume maturity
(Diaz-Perez et al., 2000; Arenas-Ocampo et al., 2003).
On the other hand, lanceolate fruits WC and with com-
pression at biocedence point (CBP) at 6 and 9 days
were statistically different (p<0.05) to other treatments,
being lanceolate fruits with CBP those that showed mi-
nor values (Table 1), which suggests that damage at
this level of compression negatively affects luminosity
in lanceolate fruits. In apple, values of luminosity de-
creased exponentially during the first 10 h after applying
stress by impact due to intoxication of phenols (Samin
and Banks, 1993).

Chromaticity (C*) in sapote mamey does not present
significant changes during maturation (Diaz-Perez et
al., 2000; Arenas-Ocampo et al., 2003), the latter was
similar in round WC fruits, where values decreased C*
=46.9 to 45.4; however, in lanceolate WC fruits, values
decreased up to 34.1 C*, at the end of the evaluation
period (Table 1); therefore, observed differences can be
attributed to endogen differences of the material used.
Lanceolate fruits previously submitted to CBP showed
significant differences at 6 and 9 days of evaluation
(p=<0.05) and minor values of chromaticity (Table 1).

The hue angle (h) in round WC fruits was maintained
with values between h = 54.2 and 51.8, maintaining col-
or tending towards orange after 9 days, nevertheless,
in lanceolate fruits WC, values decreased h = 54.6 to
46.8, meaning, they initially presented color tending to-
wards orange and after 9 days, color showed tendency
towards red (Table 1). The latter agrees with reports of
physiological maturity of sapote mamey, where values
were obtained from h = 55+3.5, while in maturation of
consumption, values reported were h = 47+5 (Diaz-Pe-
rez et al., 2000; Alia-Tejacal et al., 2002, Arenas-Ocampo
et al., 2003). Gaona-Garcia et al., (2008) when evaluat-
ing fruits of sapote mamey in maturation of consumption

duracion de zapote mamey, donde L cambi6 de 65.8+5.5
en madurez fisiologica a 46+8.7 L" en madurez de consumo
(Diaz-Pérez et al., 2000; Arenas-Ocampo et al., 2003). Por
otra parte, los frutos lanceolados SC y con compresién al
punto de biocedencia (CPB) a los 6 y 9 dias fueron esta-
disticamente diferentes (p<0.05), a los otros tratamientos,
siendo los frutos lanceolados con CPB los que presentaron
los valores menores (Tabla 1), lo cual sugiere que el dafio
a este nivel de compresion afecta negativamente la lumi-
nosidad en frutos lanceolados. En manzana, los valores de
luminosidad disminuyeron exponencialmente durante las
primeras 10 h después de aplicar estrés por impacto debi-
do a la oxidacién de fenoles (Samin y Banks, 1993).

La cromaticidad (C") en zapote mamey no presenta cam-
bios significativos durante su maduracion (Diaz-Pérez et
al., 2000; Arenas-Ocampo et al., 2003), lo anterior fue
similar en los frutos redondos SC, donde los valores
disminuyeron de C" = 46.9 a 45.4; sin embargo, en los
frutos lanceolados SC, los valores disminuyeron hasta
34.1 C’, al final del periodo de evaluacién (Tabla 1); por
lo que probablemente las diferencias observadas en la
cromaticidad se pueden atribuir a diferencias endégenas
del material utilizado. Los frutos lanceolados sometidos
previamente a CPB mostraron diferencias significativas
alos 6 y 9 dias de evaluacion (p<0.05) y los valores me-
nores de cromaticidad (Tabla 1).

El angulo de matiz (h) en frutos redondos SC se mantuvo
con valores entre h = 54.2 y 51.8, manteniendo un color
tendiente al naranja después de 9 dias, no obstante, en fru-
tos lanceolados SC, los valores disminuyeron de h = 54.6 a
46.8, esto es, inicialmente presentaron color con tendencia
al naranja y a los 9 dias el color mostré tendencia hacia al
rojo (Tabla 1). Lo anterior concuerda con reportes en la
madurez fisiolégica del zapote mamey, donde se obtuvie-
ron valores entre h = 55+3.5, mientras que en la madurez
de consumo se reportaron valores de h = 47+5 (Diaz-Pérez
et al., 2000; Alia-Tejacal et al., 2002, Arenas-Ocampo et
al., 2003). Gaona-Garcia et al., (2008) al evaluar frutos
de zapote mamey en madurez de consumo provenientes
de 19 arboles criollos cuantificaron valores minimos de h
=61y maximos de h = 81, mostrando asi la gran variacion
en este parametro. Solo a los 6 dias de evaluacion se pre-
sent6 diferencia estadistica (p<0.05), entre los frutos lan-
ceolados SC y con compresion al limite elastico (CLE), con
respecto a los demas tratamientos. Los frutos redondos
y lanceolados sometidos a CPB fueron estadisticamente
iguales (p<0.05), por lo cual se infiere que este tipo de
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Table 1.
Color and firmness of maturation of round and lanceolate sapote mamey fruits
previously submitted to mechanical compression.

Tabla 1.
Color y firmeza durante la maduracion de frutos de zapote mamey redondos y
lanceolados previamente sometidos a compresién mecanica.

Evshmiion Shape of Level of Lumsnnsily Chroame Hae Fmnexs
days inat COMNESIIoN (L] ) M L))
WC 6612 A6 L ol 6/ 17
Round CYS 678 455% 544% 66.67
¢ CEP 66.4° 483" L. g 633"
WwWC e 465" 55 64 47
Lanceolate CYS 665" 497 523 581®
CBP .0 a7 4* Ll 49 g"
MSHD 46 ig 45 104
WC 657 4647 [Z¥ Y 621
Round CYS 674" a71? 56 618
3 CBP 6507 473 el s o
wWC 66.0° 473 R 6347
Lanceolate CYs 66.9° AT 5 521% 5220
CEBP 647 a7 8 525 B E
MSHD 59 in 6.1 Y3
WL 635 G 1= s Fr i
Round CYS 65.1% 4656* e el e
& CEP 628 465 512% wF
WwWC L 445" 453" 44"
Lanceplate CYs 616" 478 454" ar
CBP 47" 298" 497 15°
MSHD a4 64 59 58
WC 626 4547 518 v
Round CYs 623" 49 8° 509 k)i
g CEBP 625" 4] | o e 28
WwC 489" 341" 458 27
Lancenkate CYS R T 413% 473 20"
CEP 4100 - 477 0B
MSHD 14.1 121 93 137

ZEqual letters in the sense of the column in each variable are statistically equal according to Tukey (p<0.05).
WC: Without compression (control). CYS: Compressive yield strength. CBP: Compression at biocedence
point. MSHD: Minimum significantly honest difference.

“Letras iguales en el sentido de las columnas en cada variable son estadisticamente iguales de acuerdo a
Tukey (p<0.05). SC: Sin compresion (testigo). CLE: Compresion a limite elastico. CPB: Compresion a punto
de biocedencia. DMSH: Diferencia minima significativa honesta.

I3

from 19 creole trees quantified minimum values of h = 61
and maximum of h = 81, showing the great variation in this pa-
rameter. Only at 6 days of evaluation statistical difference was
presented (p<0.05), between the lanceolate WC fruits and with
compression at yield strength (CYS), respect other treatments.
Round and lanceolate fruits submitted to CBP were statistically
equal (p=0.05), there it is inferred that this type of compression
equally influences in both types of fruit (Table 1). In general,

compresion influye por igual en ambos tipos de fruto
(Tabla 1). En general, se menciona que la disminucién
de los fenoles totales durante la maduracién afectan los
componentes del color (Alia-Tejacal et al., 2002; Alia et
al., 2005a) en este contexto, en los frutos sometidos a
CPB se vieron afectados dichos componentes y a su
vez presentaron las concentraciones menores de feno-
les totales (Tabla 2).

Revista Bio Ciencias 4(3): 189-201

Enero 2017 195



Mechanical damage in fruits of sapote mamey (pouteria sapota)/
Dario mecanico en frutos de zapote mamey (pouteria sapota)

revista

- I3

Table 2.
Total phenols, soluble protein and behavior of enzymatic activity in round and lanceolate
fruits of sapote mamey previously submitted to mechanical compression.
Tabla 2.
Fenoles totales, proteina soluble y comportamiento de la actividad enzimatica en frutos de
zapote mamey redondos y lanceolados previamente sometidos a compresion mecanica.

Evalustion Shapeof  Levelof T P5 POD PPD
days il compression (ingy” fw] imgikg'fvl (Ung’ po] AUng’ pro)

WC 1580 5™ 7600 3T 104F

Round CYs 1584 1* 1D17° 355 4= 3=

" PP 1497 5% 164.4" aHr . b

WC 1m4e 776 M7 5= 236"

Lanceasle s 13p5. 0" 1365" apn 28"

cap 1282 4° 176.0" 5 4" y.rlig

MSHD 1178 27 56.7 32
WC 1434 ° 153.1° 551 218

Round CYS 1211.4° 1387 [ g 731"

3 cap 1082 5° mr &7 293"

WC 13383 156> 5326 HA1"

Lancedate CYs 1068 B v 6126 25.1°

cBP 1079 B 4373 D7 B1"

MSHD 973 304 i5.5 i.5

WC 1155 286X poz 4% Y1

Round CYs o3 16T 503 4" 36"

& cBP 6515 4420 136,30 41"

WC 1071.0° 2894 985 5~ A"

Lancedate CYs B2 5 o1 11189 W

CBP 664.1" 1568 214.1" 534"

MSHD 742 U728 1BD5 23

WC ST BT B35 6= HETF o1

Round CYS 544 4* 503 4™ HDAT v

8 cap 1 yiikhk g 221 - S

WC 534 6% 1031.1° HD5.5 v

Lancedate CYS 454 1° Az 1 2357.4" L W

CapP 2294 3001.1" THG. 1" Ly

MSHD 295 354 2066 26

ZEqual letters in the sense of the column in each variable are statistically equal according to Tukey (p<0.05). TP: Total Phenols;
SP: Soluble protein; POD: Peroxidase; PPO: Polyphenoloxidase; WC: Without compression (control). CYS: Compressive yield
strength. CBP: Compression at biocedence point. MSHD: Minimum significantly honest difference.

“Letras iguales en el sentido de las columnas en cada variable son estadisticamente iguales de acuerdo a Tukey (p<0.05). FT:
Fenoles totales; PS: Proteina soluble; POD: Peroxidasa; PFO: Polifenoloxidasa. SC: Sin compresion (testigo); CLE: Compre-
sién a limite elastico; CPB: Compresion a punto de biocedencia. DMSH: Diferencia minima significativa honesta.

it is mentioned that the decrease of total phenols during
maturation affects color components (Alia-Tejacal et al.,
2002; Alia et al., 2005a); in that context, fruits submitted
to CBP were affected by such components and also pre-
sented lower concentrations of total phenols (Table 2).

Firmness. Values of this variable decreased in
round fruits from 67.1 to 37.0 N, while in those of lanceo-

Firmeza. Los valores de esta variable disminuye-
ron en los frutos redondos de 67.1 a 37.0 N, mientras que
en los de forma lanceolada fueron de 64.4 a 2.7 N (Tabla
1); y solo a los 6 y 9 dda hubo diferencias significativas
(p<0.05) entre la forma del fruto. Esto probablemente se
deba a que los frutos redondos tienen mas semillas que
los frutos lanceolados (Morton, 2013; Gaona-Garcia et al.,
2008), lo cual pudiera ofrecer mas resistencia a la compre-
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late shape, they went from 64.4 to 2.7 N (Table 1), and
only at 6 and 9 days of storage there were significant
differences (p<0.05) between the shapes of the fruit.
This is probably due to the fact that round fruits have
more seeds than lanceolate fruits (Morton, 2013; Gao-
na-Garcia et al., 2008), which could offer more resis-
tance to compression; nevertheless, the edible portion
of the pulp is lower and therefore of low quality of its
consumption in fresh. On the other hand, the CBP treat-
ment presented lower values in both types of fruit, be-
ing statistically different (p<0.05) between themselves;
in this context, lanceolate fruits were the most affected
by this type of compression (Table 1), this suggests that
shape of the fruit influences in the susceptibility of dam-
age by compression and CBP accelerates the loss of
firmness. Arenas-Ocampo et al., (2003) report that firm-
ness decreases in sapote mamey fruits during matura-
tion due, mostly, to an increase in the activity of the
enzyme [-galactosidase.

Total phenols. Round and lanceolate fruits WC
were statistically equal (p=0.05) by presenting values that
decrease during storage days from 1,582.5 and 1,603.4
to 537.6 and 524.6 mg g™ of fresh weight (FW). This be-
havior has been reported previous to the maturation of
fruits of sapote mamey, where total phenols decrease
causing a diminishment in the astringency (Alia et al.,
2005b). On the other hand, in fruits submitted to CYS and
CBP, concentration of total phenols was lower in respect
to fruits WC; and in days 3, 6 and 9, statistical difference
(p<0.05) among themselves and because of fruit shape
was detected; hence, lanceolate fruits had lower concen-
tration of these metabolites, and fruits submitted to CBP
were those that showed lower values of total phenols
(Table 2) and luminosity (Table 1); likewise, these fruits
showed higher values in the enzymatic activity (Table 3).
The latter agrees with reports where diminishment of to-
tal phenols in sapote mamey has been associated with
the reduction of luminosity and increase in the enzyma-
tic activity of peroxidase (POD) and polyphenoloxidase
(PPO) (Alia et al., 2005b).

Soluble protein. Values in this variable increa-
sed in round and lanceolate fruits of sapote mamey
WGC; during storage, they changed from 76.8 and 77.6
to 885.6 and 1,110.5 mg-kg' FW, respectively (Table
2); however, no significant statistical difference was de-
tected between the shapes of the fruit WC. In the lan-
ceolate fruit submitted to CYS and CBP, a higher con-

sion; no obstante, la porcion comestible de pulpa es menor
y por lo tanto son de baja calidad para consumo en fresco.
Por otra parte, el tratamiento de CPB presenté los valores
menores en los dos tipos de fruto, siendo estadisticamen-
te diferentes (p<0.05) entre si; en este contexto los frutos
lanceolados fueron los mas afectados por este tipo de com-
presion (Tabla 1), esto sugiere que la forma del fruto influye
en la susceptibilidad al dafio por comprension y que la CPB
acelera la pérdida de firmeza. Arenas-Ocampo et al., (2003),
reportan que la firmeza disminuye en frutos de zapote ma-
mey durante la maduracion debido, en mayor proporcién, a
un incremento en la actividad de la enzima (3-galactosidasa.

Fenoles totales. Los frutos redondos y lanceola-
dos SC fueron estadisticamente iguales (p=0.05), al pre-
sentar valores que disminuyeron durante los dias de alma-
cenamiento de 1,582.5 y 1,603.4 a 537.6 y 524.6 mg g
de peso fresco (PF). Este comportamiento se ha reportado
previamente en la maduracion de frutos de zapote mamey,
donde los fenoles totales disminuyeron ocasionando dismi-
nucion en la astringencia (Alia et al., 2005b). Por su parte,
en los frutos sometidos a CLE y CPB, la concentracion de
fenoles totales fue menor con respecto a los frutos SC; y
en los 3, 6 y 9 dias se detectaron diferencia estadistica
(p=0.05) entre ellos mismos y por la forma de fruto; asi, en
los frutos lanceolados se tuvo la menor concentracion de
estos metabolitos, siendo los frutos sometidos a CPB, quie-
nes mostraron los valores menores de fenoles totales (Ta-
bla 2) y luminosidad (Tabla 1); a su vez estos mismos frutos
mostraron los valores mas altos en la actividad enzimatica
(Tabla 3). Lo anterior concuerda con reportes en zapote
mamey donde se encontrd que la disminucion de fenoles
totales se ha asociado con la reduccién de la luminosidad e
incremento en la actividad enzimatica de peroxidasa (POD)
y polifenoloxidasa (PFO) (Alia et al., 2005b).

Proteina soluble. Los valores de esta variable se
incrementaron en los frutos de zapote mamey redondos y
lanceolados SC, durante el almacenamiento cambiaron de
76.8y 77.6 a 885.6 y 1,110.5 mg-kg"' PF, respectivamente
(Tabla 2); sin embargo, no se detecto diferencia estadistica
significativa entre las formas de fruto SC. En los frutos lan-
ceolados sometidos a CLE y CPB se cuantificé una mayor
concentracion de proteina con valores de 136.5 y 176.0
a 2,022.1 y 3,001.1 mgkg" PF; y presentaron diferencia
estadistica (p<0.05) dentro de cada forma de fruto y tipo
de compresion (Tabla 2). Esto sugiere que la compresion
mecanica causo mayor incremento en la concentraciéon de
proteina soluble, siendo significativamente mayor en los

Revista Bio Ciencias 4(3): 189-201

Enero 2017 197



Mechanical damage in fruits of sapote mamey (pouteria sapota)/
Dario mecanico en frutos de zapote mamey (pouteria sapota)

, fevista,

centration of protein with values from 136.5 and 176.0
to 2,022.1 and 3,001.1 mgkg"' FW was quantified; and
they presented statistical difference (p<0.05) within
each form of the fruit and type of compression (Table
2). This suggests that mechanical compression caused
higher increase in the concentration of soluble protein,
being significantly higher in lanceolate than round fruits,
probably due to the change and increase in metabolic
routes that involve maturation (Tucker, 1993). These re-
sults confirm the acceleration in the maturation of the
lanceolate fruits in response to compression.

POD activity. During storage days, a constant in-
crease in the activity of this enzyme was observed in all
treatments; this behavior was also observed during ma-
turation in sapote mamey, where the increase was due
to the presence of phenolic compounds free of reaction,
related to climacteric respiration (Alia-Tejacal et al., 2002;
Alia et al., 2005b). On the other hand, there was no sta-
tistical difference (p=0.05) amongst round and lanceolate
fruit WC during evaluation days (Table 2), which suggests
that shape of the fruit does not influence in the POD acti-
vity. Round fruits submitted to CYS were statistically equal
to fruits WC, which can indicate that the shape of these
fruits can bare such compression, not so for the lanceolate
fruits, which presented higher values of activity (1,118.9
and 2,357.4 U-mg™ pro) at 6 and 9 days, respectively. In
mangosteen fruit (Garcinia mangostana L.) submitted to
impact of a fall of 80 cm, a rapid increase of peroxida-
se was observed, hence impact can increase the activi-
ty of peroxidase and it can simultaneously damage the
tonoplast of vacuoles that result in the drain of phenolic
compounds that get in contact with peroxidase (Ketsa and
Atantee, 1998). On the other hand, fruits with CBP showed
higher enzymatic activity; in this context, there was statisti-
cal difference (p<0.05) between the two form of the fruit in
days 0, 3, 6 and 9; lanceolate fruits were the one presen-
ting higher values from 504.4 to 2,706.1 U'mg™ pro, from 0
to 9 days of storage; therefore, differences are evidenced
in response to the mechanical damage due to the type of
compression and the fruit form. In plums (Prunus domes-
tica) submitted to mechanical damage, POD activity was
increased during maturation, due probably to the need of
eliminating H,0, that is generated in the senescence (De
Martino et al., 2002), process that is accelerated due to
the mechanical effect by compression.

PPO activity. This enzyme presented similar
tendency to the activity showed by POD, where enzy-
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frutos lanceolados que en los frutos redondos; probable-
mente debido al cambio e incremento en rutas metabdlicas
que involucra la maduracion (Tucker, 1993). Estos resul-
tados confirman el aceleramiento en la maduracién de los
frutos lanceolados en respuesta a la compresion.

Actividad de POD. Durante los dias de almacena-
miento se observé un incremento constante en la actividad de
esta enzima en todos los tratamientos; este comportamiento
también se observo durante la maduracion de zapote mamey,
donde el incremento se debié a la presencia de compuestos
fendlicos libres de reaccion, relacionados con el climaterio de
respiracion (Alia-Tejacal et al., 2002; Alia et al., 2005b). Por
otra parte, entre los frutos redondos y lanceolados SC no
hubo diferencia estadistica (p=0.05) en los dias de evalua-
cion (Tabla 2), lo cual sugiere que la forma de fruto no influye
en la actividad de la POD. Los frutos redondos sometidos a
CLE fueron estadisticamente iguales a los frutos SC, lo que
puede indicar que la forma de estos frutos puede soportar
dicha compresién, no asi los frutos lanceolados, quienes
presentaron mayores valores de actividad (1,118.9 y 2,357.4
U:mg™ pro) a los 6 y 9 dias, respectivamente. En frutos de
mangostan (Garcinia mangostana L.) sometidos a impacto
de una caida de 80 cm, se observé un rapido incremento de
peroxidasa, por lo que el impacto puede aumentar la actividad
de la peroxidasa y simultaneamente dafar el tonoplasto de
vacuolas que resulta en la fuga de compuestos fendlicos que
entran en contacto con peroxidasa (Ketsa y Atantee, 1998).
Por otra parte, los frutos con CPB fueron los que mostraron la
mayor actividad enzimatica; en este contexto, hubo diferencia
estadistica (p<0.05) entre las dos formas de fruto en los 0, 3, 6
y 9 dias; siendo los frutos lanceolados los que presentaron los
valores mayores, de 504.4 a 2,706.1 U'mg pro, de los 0 a 9
dias de almacenamiento; por lo cual se evidencian diferencias
en la respuesta al dafio mecanico por tipo de compresion y
por forma de fruto. En ciruelas (Prunus domestica) sometidas
a dafo mecanico la actividad de POD se incrementd durante
la maduracion, debido probablemente a la necesidad de eli-
minar H,O, que se genera en la senescencia (De Martino et
al., 2002); proceso que se ve acelerado por efecto del dafio
mecanico por compresion.

Actividad de PFO. Esta enzima presentd
tendencia similar a la actividad observada en POD, en
donde la actividad enzimatica se incrementd durante la
maduracion de los frutos de zapote mamey. Sin embargo,
solo en el analisis inicial (0 dias) hubo diferencia estadisti-
ca (p=0.05) entre los frutos redondos y lanceolados SC, lo
que indica que la forma del fruto influye inicialmente en la
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matic activity was increased during maturation of the
fruits of sapote mamey. However, there was statistical
difference between lanceolate and round fruits WC only
in the initial analysis (0 days), which indicates that the
shape of the fruit initially influences in the activity of
PPO, not so during storage, since at days 3, 6 and 9, no
significant statistical differences (p=0.05) were obser-
ved between such fruits (Table 2). It has been reported
that during maturation of sapote mamey the activity of
PPO is increased, associating it with the loss of astrin-
gency and gradual darkening of the pulp (Alia-Tejacal et
al., 2002; Alia et al., 2005b). On the other hand, round
and lanceolate fruit submitted to CYS showed statistical
differences only at days 3 and 6 of storage, lanceola-
te ones presented higher activity (25.1 and 34.6 U-mg""
pro), respectively. Steffens et al., (1994) indicate that
the PPO enzyme is located in plastids and after dama-
ges or fruit senescence cytosol is released. In this site
molecular oxygen is used to oxide oxidar o-difenoles to
o-quinonas (Wang and Constabel, 2004).

Quinones products are responsible for the darkening of
the pulp and have been associated to the increase of the
PPO activity (Steffens et al., 1994). Finally, the applica-
tion of CBP in lanceolate fruits caused a higher enzyma-
tic activity (from 27.0 to 57.5 U-mg™ pro), showing statisti-
cal difference (p<0.05) in relation to other treatments and
during evaluation period Round(Table 2). According to
Mohsenin (1970), the deterioration threshold starts with
a cellular rupture of the tissue, which produces an exces-
sive deformation beyond biocedence point.

Conclusions

The shape of the fruit sapote mamey influences
in the resistance to mechanical compression since round
fruits showed less susceptibility to mechanical damage
when submitted to compression levels than lanceolate fruits.
In addition, compression at biocedence point affected the
components of color and firmness; likewise, total phenols
decreased while the content of soluble protein increased as
the enzymatic activity of POD and PPO; therefore, a negati-
ve effect in the post-harvest quality of the fruit was present,
along to an acceleration in the maturation process. These
results show the dependence of the metabolism of the tissue
of the fruit with the intensity and direction of application of
mechanical effort, which altogether constitute important cri-
teria to consider in the design of packaging systems.

actividad de PFO, no asi durante el almacenamiento, puesto
que a los 3, 6 y 9 dias no se observaron diferencias esta-
disticas significativas (p=0.05) entre dichos frutos (Tabla
2). Se ha reportado que durante la maduracién del zapote
mamey se incrementa la actividad de PFO, asociandose
con la pérdida de astringencia y oscurecimiento gradual
de la pulpa (Alia-Tejacal et al., 2002; Alia et al., 2005b).
Por otra parte, los frutos redondos y lanceolados someti-
dos a CLE, mostraron diferencias estadisticas solo a los
3y 6 dias de almacenamiento, siendo los lanceolados los
que presentaron mayor actividad (25.1 y 34.6 U-mg"' pro),
respectivamente. Steffens et al., (1994) indican que la en-
zima PFO se localiza en plastidios y después de dafos
o senescencia del fruto, se libera al citosol. En este sitio
se utiliza oxigeno molecular para oxidar o-difenoles a o-
quinonas (Wang y Constabel, 2004).

Los productos de las quinonas son los responsables
para el oscurecimiento de la pulpa y se ha asociado al
incremento en actividad de PFO (Steffens et al., 1994),
finalmente la aplicaciéon de la CPB en frutos lanceolados
ocasion6 una actividad enzimatica mayor (de 27.0 a 57.5
U-mg" pro), mostrando diferencia estadistica (p<0.05)
con respecto a los demas tratamientos y durante el pe-
riodo de evaluacion (Tabla 2). Segun Mohsenin (1970), el
umbral de deterioro inicia con ruptura celular del tejido,
la cual produce una excesiva deformacion mas alla del
punto de biocedencia.

Conclusiones

La forma del fruto de zapote mamey influye
en la resistencia a la compresién mecanica, puesto que
los frutos redondos mostraron menor susceptibilidad al
dafio mecanico al someterlos a los niveles de compre-
sién que los frutos lanceolados. A su vez, la compresién
a punto de biocedencia afecté los componentes de co-
lor y la firmeza, asi mismo, los fenoles totales dismi-
nuyeron mientras el contenido de proteina soluble se
incremento al igual que la actividad enzimatica de POD
y PFO por lo cual se presenté un efecto negativo en
la calidad poscosecha del fruto, aunado a un marcado
aceleramiento en el proceso de maduracion. Estos re-
sultados demuestran la dependencia del metabolismo
del tejido del fruto con la intensidad y direccion de apli-
cacion del esfuerzo mecanico, que en su conjunto cons-
tituyen criterios importantes a considerar en el disefio de
los sistemas de empaque.
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