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ETHYLENE, ENZYMATIC AND RESPIRATORY PATTERN EVOLUTION
IN LOQUAT (Eriobotrya japonica (Thunb.) Lindl.) CV. GOLDEN NUGGET IN
THE LAST FOUR SEQUENTIAL STAGES OF MATURATION

Pedro L. Undurraga M.", José A. Olaeta C.!, and Cristian Cancino!

There is some controversy regarding the respiratory pattern of loquat (Eriobotrya japonica [Thunb.] Lindl.). Thus in order
to provide information on this aspect of loquat, fruit of 50-70 g, from cv. Golden Nugget were harvested in four stages of
maturity: green (BBCH 709), color break (BBCH 801), yellow (BBCH 807), and orange (BBCH 809). The parameters
evaluated in each stage were: soluble solids, titratable acidity, respiration, ethylene generation, and activity of the enzymes
pectin methyl esterase (PME), peroxidase, polyphenoloxidase (PPO), polygalacturonase (PG), and cellulose, and the soluble
solids:acidity ratio was calculated. The results show that ethylene concentration increased at the time of color break, which
was not the case for the change in the respiratory rate. The activity of the peroxidase enzyme increased from the green
stage to color break, while the enzymes PME, cellulase, and PG showed a constant reduction from the green to the orange
stage, and PPO showed no change over the four stages studied. With regards to quality, from color break onwards soluble
solids increased to 11.8 °Brix and titratable acidity dropped from 0.67 to 0.28 g L' malic acid. Based on these results, the
conclusion is that towards the end of its development loquat cv. Golden Nugget evidence enzymatic and ethylene behavior

similar to that of climacteric fruits.
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he loquat (Eriobotrya japonica [Thunb.] Lindl.)

is a subtropical evergreen fruit tree of the family
Rosaceae, subfamily Pomoideae native to southeast
China (Gariglio et al.,2002). It was introduced to Europe
in the 18™ century and has been cultivated in countries
such as Italy, Spain, Turkey, and others (Llacer et al.,
1995).

Cultivation in Chile is mainly restricted to the cv.
Golden Nugget, which produces oval fruits that are
yellow-orange in peel and flesh, with a mean weight of
54 g and a mean diameter of 45 mm (Martinez-Calvo et
al.,2000). The degree of perishability of any fruit and its
postharvest management are strongly linked. In general
perishability is proportional to respiratory behavior,
meaning that fruit can be classified in terms of this aspect
and ethylene production, as either climacteric or non-
climacteric (Kader, 1985).

The loquat fruit is traditionally associated with non-
climacteric fruits, as it shows no signs of increased
respiration or ethylene production after harvesting or in
the period immediately before (Blumenfeld, 1980; Razeto,
1988; Zhang et al., 1990; Zheng et al., 1993; Chachin and
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Hamauzu, 1997; Ding et al., 1998a; Kader, 2002; Tobar,
2004; Wang et al., 2010). However, some authors have
found a rise in respiration and in ethylene generation
during the last period of fruit growth and development,
thus assigning climacteric behavior and at the same time
causing controversy with regards to its true respiratory
pattern (Hirai, 1980; 1982; Hamauzu et al., 1997; Amords
et al.,2003; Cortés 2003).

Christoffersen et al. (1982) studying avocado (Persea
americana Mill.) and Speirs et al. (1984) studying tomato
(Lycopersicum esculentum Mill.) have stated that protein
analysis during maturation of climacteric fruits shows
that enzyme formation occurs in the pre-climacteric stage
in order to regulate the transformation of several reserve
compounds, causing fruit maturation. This aspect has not
been greatly studied in the case of loquat, so that finding
enzymatic formation and activation patterns in the fruit
would support the theory that the loquat has a climacteric
respiratory pattern. Alia-Tejacal et al. (2002) stated that
one of the most relevant aspects of a climacteric fruit
is increased synthesis of soluble proteins and increased
activity of catalase, peroxidase, and polyphenoloxidase.

This research aims to evaluate the evolution of
respiration and ethylene production, and the evolution
of the activity of some enzymes related to the maturation
and quality of loquat (E. japonica) cv. Golden Nugget,
in the last four stages of fruit development, with the final
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objective of contributing to knowledge on its climacteric
or non-climacteric status.

MATERIALS AND METHODS

The study was conducted at the La Palma Experimental
Station (32°50° S, 71°13° W) of the Faculty of Agriculture
of the Pontificia Universidad Catdlica de Valparaiso,
Chile. Some 304 loquat fruit ‘Golden Nugget’, between
50 and 70 g in weight, were separated into 76 fruit per
each maturity stage. Maturity stages were determined
according to skin color (Martinez-Calvo et al., 1999)
as: green (BBCH 709), color break (BBCH 801), yellow
(BBCH 807), and orange (BBCH 809) (Figure 1).

The following assessments were made for each
stage of maturity: soluble solids (thermocompensated
refractometer Atago, 0-32 °Brix); titratable acidity
(AOAC, 1984) expressed in g malic acid 100 mL™! juice;
soluble solids:acidity ratio; pH (pH-meter Schott-Geriite,
measured in 20 mL of filtered juice); respiration (Dansensor
gas analyzer model 9900, expressed in mg CO, kg h'');
ethylene (Shimadzu GC 8 A gas chromatograph, with
aluminum column and flame ionization detector [FID],
results expressed in uL. C,H, kg h'"). The activity of the
peroxidase and polyphenoloxidase (PPO) enzymes was
determined using the Bradford method (Bradford, 1976)
and expressed in units of activity per mg total protein.
The activity of polygalacturonase was determined by the
capacity of galacturonic acid release by the action of the
enzyme in reducing dinitrosalicylic acid (DNS), and its
absorption was determined at 540 nm. Enzyme activity
was expressed in gmoles min™' galacturonic acid released
ug! protein (Menéndez e al., 2006).

In order to determine the activity of the pectin
methylesterase (PME) enzyme, groups of released
carboxyls were titrated in a citrus pectin solution
(substrate) at 1% in 0.1 M NaCl, as the enzyme extract was
added. Enzyme activity was expressed in milliequivalents
of hydrolyzed ester mL™! extract min™' reaction (Rouse and
Atkins, 1952).

i

Figure 1. Maturity stages in loquat cv. Golden Nugget.

In the case of cellulase, the procedure began with
incubation of the enzyme for 2 h at 37 °C under constant
shaking. The sample was then dried and placed in an
ice bath, allowing it to settle; it was then centrifuged
and returned to storage. Later, 3 mL of glucose reactive
was added and incubated. Absorption was measured at
340 nm in a Shimadzu spectrophotometer. Finally, 0.1
mL of sample supernatant was added and the increase in
absorption at 340 nm was recorded for 3 to 5 min. The
cellulase activity was expressed as units of activity mg™
total protein.

Five fruit were used for the measurement of soluble
solids, titratable acidity, pH, and the soluble solid:acidity
ratio, ten fruit for the enzymatic analysis and four to
evaluate respiratory activity and ethylene concentration,
so that a total of 19 fruit were used per replicate to perform
the measurements

A completely randomized design was used. Each
loquat fruit was considered an experimental unit and
for each treatment (each color-based maturity stage),
four repetitions were carried out with 19 fruit each.
The studied variables were analyzed with a one-way
ANOVA. In the case that the maturity stages showed
significant differences (P < 0.05), mean separation was
then performed using Tukey’s test (a0 = 0.05).

RESULTS AND DISCUSSION

Quality parameters

All the quality parameters evaluated over time were
influenced by the stage of maturity. The maturity stages
of color break (BBCH 805) and yellow (BBCH 807)
present similar characteristics in terms of fruit quality
(Tablel), which may be because color development is
primarily initiated by chlorophyll degradation, which
in turn leads to an increase in the luminosity of the
fruit without increasing color intensity (Amoroés et al.,
2003) or sugar and acid content. Only the subsequent
formation of (-carotene and cryptoxanthin gives the
fruit its final orange color (BBCH 809) (Hamauzu et
al., 1997).

The marked increase in soluble solids from the green
to orange stages is mainly due to an increase in sugar
content, which begins simultaneously with the start of
the rapid growth stage in the spring period and when the
fruit has reached 70-80% of its final weight (Undurraga et

Table 1. Effect of the stage of maturity of loquat cv. Golden Nugget on
soluble solids, acidity, soluble solids/acidity, and pH.

Soluble Soluble
Maturity stage solids Acidity solids/acidity pH
°Brix g 100 mL"!
Green 4.86a 0.67a 744a 28la
Color break 727b 1.00b 749a 293a
Yellow 8.31b 0.95ab 8.89a 299
Orange 11.80c 0.28¢c 49.08b 3.51b

Distinct letters in the same row indicate significant differences according to Tukey’s test
(p=0.05).
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al.,2006). This result is in agreement with Gariglio et al.
(2002), who reported that fructose represents 15 to 33%
of the total sugar in the initial stages of fruit growth, and
during color change it increases three times. Similarly,
Amoros et al. (2003) found that in the color break stage of
cv. Golden Nugget, sucrose increases sharply, before the
initiation of the increase in glucose and fructose. Ding et al.
(1998a) concluded that the most common soluble sugars
and sugar alcohols found in loquats are fructose, sucrose,
glucose, and sorbitol, and that sucrose accumulates before
final maturity; which would mean a high increase in
fructose and glucose in the first postharvest stages of the
fruit. Kader (2002) states that consumers prefer fruit with
sugar levels above 10%, which was only achieved in our
trial with the orange-colored fruit.

With respect to acidity, Guadarrama (2001) states that
titratable acidity in most fruit trees tends to increase until
a maximum is reached at physiological maturity, then
falls during maturation, since organic acids are used as a
substrate for respiration. This statement fully agrees with
the results obtained in our research, in which we found an
increase in acidity values in fruits with color break and a
subsequent fall in orange fruits.

The main acid present in loquat is malic acid, which
increases until immediately before color break and is
responsible for 90% of total acidity, along with the
presence of other organic acids, such as succinic, ascorbic,
and fumaric, which also decrease with maturation.
Another important acid is citric, which remains constant
throughout fruit development (Uchino et al., 1994;
Hamauzu et al., 1997; Ding et al., 1998a; Lin et al., 1999;
Amorés et al., 2003).

The sugar-acid ratio changes and makes the fruit more
palatable when it attains the orange color, as the ratio is
above 20:1. The orange fruit had significantly higher pH,
which reflects a lower acidity that was not observed in
earlier maturity stages, probably due to the buffer effect
of the organic acids present in the fruit.

Ethylene and respiratory activity

There was a significant effect of the fruit maturity stages
on the respiratory rate and ethylene generation (Table 2).
The values obtained for respiration decreased significantly
until the orange maturity stage in our trials, which agrees
with the respiratory pattern of non-climacteric fruit where
the respiratory rate normally shows a constant decline.

Table 2. Effect of the stage of maturity on respiratory rate and ethylene
generation in fruit of loquat cv. Golden Nugget.

Maturity stage Respiration Ethylene
mg CO, kg' h'! pLk!'h!
Green 268.89a 9.78a
Color break 287 44a 15.22b
Yellow 25791a 12.26ab
Orange 74.62b 2.79¢

These results are contrary to those of Hirai (1980; 1982);
Hamauzu et al. (1997); Amorés et al. (2003), who found
a significant, though slight, increase in the respiratory
rate at color break. The situation with ethylene is quite
different, as here a significant increase in concentration
was observed as the fruit changed color from green to
color break, which continues until yellow, before finally
falling. This situation is representative of climacteric
fruit. Chachin et al. (1990) observed similar behavior in
loquats harvested in early stages, where the fruit had a
small increase in CO, and ethylene production, leading
to the conclusion that this species presents a climacteric
pattern.

Hirai (1980; 1982) and Amor6s et al. (2003) concluded
that the increase in ethylene in loquat is caused by the
initiation of maturation, shown by the rise in respiration
and color change, comparing it to the maturation of fruits
such as apples and pears. This is very important when
evaluating the respiratory pattern of the species, since the
increase observed in ethylene production is characteristic
of climacteric fruits and could be an indication that the
climacteric stage occurs in this tree when the fruit begins
to break down chlorophyll and synthesize carotenoids
(Berger, 1988).

Enzyme activity

Analysis of enzyme activity shows that only the activity
of polyphenoloxidase (PPO) registered no changes across
the different stages of maturity. Peroxidase activity
increased, while the activity of all the other enzymes
analyzed decreased from the green to orange stages
(Table 3).

Peroxidase activity increased significantly from green
fruits to those in color break, remaining constant until
the yellow stage, when it again dropped drastically. This
is in line with the observations of Rao and Chundawat
(1989) and Alia-Tejacal et al. (2002), who, working with
Manilkara zapota (L.) P. Royen and Pouteria sapota
(Jacq.) H.EE. Moore & Stearn respectively, found an
increase in peroxidase activity, and attributed this to an
increase in respiration, since the enzyme uses hydrogen
peroxide as a substrate. This behavior has also been
observed in different climacteric fruit, such as Pyrus
communis and Lycopersicon esculentum (Frenkel, 1972),
Mangifera indica L. (Mitra and Baldwin, 1997).

Table 3. Effect of the state of maturity on activity of: peroxidase,

poliphenoloxidase (PPO), cellulase, pectin methylesterase (PME), and
polygalacturonase in fruit of loquat cv. Golden Nugget.

Maturity stage Peroxidase PPO Cellulase PME Polygalacturonase

g galacturonic acid

Units of activity/mg total protein g total protein

Green 359 352a  6443a  15904a 207a
Color break 5241b 151a  1215ab  1669b 19b
Yellow 4268b 418a 757b 1563b 24b
Orange 292a 198a 652b 879b 39

Distinct letters in the same row indicate significant differences according to Tukey’s test
(p=<0.05).

Distinct letters in the same row indicate significant differences according to Tukey’s test
(p=<0.05).
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The increase found in the peroxidase activity in this
assay, leaves a doubt about the results of respiration,
since this enzyme is related to increases in the respiratory
rate. Pérez-Tello et al. (1999) studied P. sapota, stored
at 20 °C, observing that peroxidase activity increased
during maturation. This induction of maturation and
initiation of senescence is probably due to the presence
of free, possibly reactive, phenolic compounds, since
the increase in peroxidase activity is linked, as stated, to
the increase in respiration during the climacteric stage
(Alia-Tejacal et al., 2002). After color break, peroxidase
activity drastically decreased, which agrees fully with the
decrease observed in the respiration rate in the orange
fruits. Brady (1987) and Lelievre et al. (1997) stated
that in climacteric fruit the rise in respiratory rate at
the initiation of maturation is a response to an increase
in ethylene, adding that in association with the increase
in respiration, there is an increase in protein synthesis,
which may be generated by a strong increase in messenger
RNA. Bennett and Christoffersen (1986) indicated that in
avocado (a climacteric fruit) there is clear evidence of a
qualitative change in protein synthesis during maturation.

We found no significant effect of the stage of maturity
on the activity of PPO. This is contrary to results reported
by other authors, who state that the activity of this enzyme
tends to decrease during the development and maturation
of the fruit (Ding et al., 1998b; Casado Vela et al., 2002).
Also, Cortés (2003) studied loquat fruit cv. Golden
Nugget, observing that PPO activity decreased from color
break onwards.

We found a significant effect of the stage of maturity
on the activity of polygalacturonase (PG) in loquat fruit
cv. Golden Nugget, which decreased at color break and
remained constant afterwards. This behavior would
indicate that the processes that lead to fruit softening begin
at color break, the moment of the onset of structural pectic
substance degradation, triggering the loss of firmness.
Fruit softening during maturation is due to a large extent
to alterations in the polysaccharides represented largely
by polygalacturonide acids (Guadarrama, 2001), which
are closely linked to PG activity.

From the analysis of PME, it can be observed that
the activity of this enzyme is very high in green fruits,
but progressively decreases as the fruit develops. This
behavior is because PME activity, as with that of PG, is
related to softening. In fact, in order for PG to be able to
act upon the polygalacturonic acid, it must have a certain
degree of demethylation, which is attributed to prior
activity of PME (Guadarrama, 2001). This allows us to
conclude that the degradation of the cell wall in loquat
fruits, which leads to softening, occurs with the color
break of the fruit and depends on the joint action of PG
and PME.

Cellulase also shows a fall in activity at color break.
Similar results were obtained by Abeles and Biles (1991)
when studying the evolution of cellulase activity in apples.

This behavior is because the enzyme, as with PG and
PME, participates in the degradation of cell walls during
fruit maturation, showing the same behavior pattern as the
aforementioned enzymes, by decreasing activity in fruits
in the color break stage and then showing a progressive
decline (Bennett and Christoffersen, 1986; Zanotti et al.,
2009). This fact leads to the conclusion that the softening
process of the loquat fruit cv. Golden Nugget is not the
exclusive responsibility of one enzyme in particular, but
rather of the joint participation of different hydrolytic
enzymes in the cell wall, which occurs largely at the
moment the chlorophyll breaks down and carotenoid
synthesis begins, which corresponds to stage BBCH 801.

CONCLUSIONS

The results of this study indicate that during the
development of the loquat fruit cv. Golden Nugget, the
stages of maturity, color break (BBCH 801) and yellow
(BBCH 807) correspond to the same level of maturity in
terms of fruit quality, respiration level, ethylene generation,
and enzymatic activity. The quality characteristics increase
from color break up to orange, with an increase in soluble
solids and a fall in titratable acidity. With regard to the
activity of the enzymes peroxidase, pectin methylesterase
and cellulase, and ethylene generation, in the four latter
stages of maturity, loquat fruit show similar behavior to
that of climacteric fruits, while respiration is more similar
to that of non-climacteric fruit.

Evolucion del patrén respiratorio, enzimatico y
de etileno del nispero japonés (Eriobotrya japonica
(Thunb.) Lindl.) cv. Golden Nugget en los ultimos
cuatro estadios secuenciales de madurez. Existe
controversia sobre el patrén respiratorio del nispero
(Eriobotrya japonica [Thunb.] Lindl.). Con el fin de
aportar informacién sobre este aspecto, frutos del cv.
Golden Nugget entre 50-70 g, fueron cosechados en
cuatro estadios de madurez; verde (BBCH 709), quiebre
de color (BBCH 801), amarillo (BBCH 807), y anaranjado
(BBCH 809). Los pardmetros evaluados en cada estadio
fueron: sélidos solubles, acidez titulable, relacion sélidos
solubles acidez, respiracion, generacién de etileno y la
actividad de las enzimas pectin metil esterasa (PME),
peroxidasa, polifenoloxidasa (PPO), poligalacturonasa
(PG), y celulasa. Los resultados muestran que el etileno
incrementd su concentracion al momento de quiebre
de color, lo cual no fue equivalente en el cambio de la
tasa respiratoria. La actividad de la enzima peroxidasa
se increment$ desde el color verde al quiebre de color,
mientras que las enzimas PME, celulasa, y PG mostraron
una reduccién constante desde el color verde hasta el
color anaranjado y la PPO no se vi6 alterada en los cuatro
estadios estudiados. Respecto a la calidad, a partir del
quiebre de color se incrementaron los sélidos solubles
hasta 11,8 °Brix y se redujo la acidez titulable desde 0,67 a
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0,28 g L' de acido malico. Basado en estos resultados, se
concluye que hacia el término de su desarrollo el fruto de
nispero cv. Golden Nugget presenta un comportamiento
enzimdtico y del etileno similar al que muestran frutos de
tipo climatérico.

Palabras clave: color de piel, peroxidasa, CO,, calidad de
fruta, poligalacturonasa.
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