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ABSTRACT l

Brazilian fruit production has been increasing du& to favorable ambient
conditions, mainly in irrigated areas. This fact leads to increased income
and job offer as well as new opportunities in the‘internatxonal trade of
fresh fruit. Among commercially cultivated Annonas, sugar apple (Annona
sguamosa L.) can be considered as one ¢f the most representative. This work
aimed to study growth and maturation of sugar appie fruit, in order to
gather information for the determination of - their harvest indices. Seven
Hundred ninety two ~792 - plants from a commercial|orchard in Petrolina,
Perrambuce state, Brazil, were used in the experima4nt. The plants were 2
years old and were located within an area of 4 x 1.§ m. 23% new by formed
fruits in 156 plants were tagged. Weight and diametergwere measured weekly,
in a sample of tayged fruits until their completipn of growth., Total
gsoluble solids, titrable acidity of pulp and chlorophyll content of peel
were also measured periodically during the experiment!. Results showed that
there were increases in total soluble solids from 4(2 to 27.56 °Brix and
tictrable acidity from 0.14 to 0.29 %, while chlorophyll content decreased
from 68.97 to 27.57 mg/100 g. It could be concluded that fruits reached
complete maturatiorn in 15 weeks. \
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SUMGRY .

El Brasil viene presentande un aumento aiqnificati*o en la produccidn de
frutas, debidc =us caracteristicas edafocliméticas fhvorables, notadamente,
en los polos irrigadeos. Este cuadro viene generandg empleos y renta para
millones de personas, bien como c¢onguistando njevoa a3pacicas en el
competitivo mercado i{nternacional de frutos in natur - Entre las annonaceas

cultivadas con interés ccmercial , la “anén”, (A. |aquamosa L.), tambien

llamada de pinha o fruta del conde es uno de los printipales representantes
de la familia. Con el objetive de estudiar el desargollo y maduracién de
los frutos de "andén”, asi como obtener sunsidios para la determinacién del
punto de cosecha, fué instalado @&l experimento utilizmandose 792 plantas da
un pomar comercial irrigado, localizado en la alcaldia de Petrolina - PE,
El Area utilisado fué compuesto por plantas de aftos sembradas en
espaciamento de 4 x 1,5 m. Fueron marcados 239 frutds recién formados en
156 plantas. En ura muestra de frutos marcados, cada 7 dias eran
realizadas mediciones de largura e diametro, hasta e

del fruto. Paralelamente a 0, 21, 35, 4%, 56, 63, 70,

completo desarrollo
77, 84, 91, 93, 105
dias, eran cosechados 5 frutes para el acompafiamiento de alteraciones
fisicas, fisico-quimica y quimicas. Los frutcs alcdnzaron su completa
maduracién =n 15 semanas., Los frutos presentaron durante el desarrollo y
maduracién, aumento en los teorea de sélidos solubles {totales de 4.2 para
27,56 y de acidaz titulable de 0,14 para 0,25, en cu

diminucidn en el teor de clorofila de la cascara de &8,

tc gque ocurrid una
7 para 27,57.

INTRODUCTION

Brazil has been recognized as an important fruit jproducer, specially
tha tropical and subtropical ones. Annonas have been grpwn in this country

for a long time.

Annonaceae family has a great pumber <of gehus and|species, the wajor
thoae which have
t (KAVATI, 1992).

number native of tropical or subtropical regions, Amon
commarcial interest, sugar apple is considered as import

Sugar apples are trade as fresh fruits, with| restrict wuse 1in
industry. Sugar apple is considered as the mair ofe in the family
Annonaceae, being important in various Brazilian Northeast states and Sao

Fauloc.

Sugar apple trees were formed with seed plants. Frult characteristics
are variable, mainly the form of fruit and its color, |rugosity of each

carpel, intercarpel tissues coloration, and que quantity of cells in pulp.

Davelopment of fruit occurs 1n a variable rate, in function of
dichogamy associated to c¢limate conditions: high temgerature and low
relative humidity dry the stigma very fast; xain obstructs pollen

transporc, while low temperatures diminish polinizing insedts action.
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COGEZ & LIANNAZ (1994) observed that development percentage vary
depending on the cultivar THAI LUP type, in open polinization shows 0% of
development and cv. New caledonian, 3.6%. When mandal polinization is used,
development rate exceeded 90%.

Tryings to increase shelf life of sugar apples for fresh
consumption’s must consider their own characteristics: their formation and
maturation physiology, chemical and physical characlteristics. Through these
parameters, harvest and post-harvesting techniques &re defined.

Annonaceae fruits are classified as climateric,| due the increase in
respiratory activity and ethylene production during their maturation.
These fruits complete ripening process after harvepting. Sugar apple show
only one climateric peak, differently from the dther annonaceae fruits
(BROWN et a., 1988: TSAY & WU, 1990; KUMAR, 1995). 4ccording to LEAL (1990
climacteric respiratory occurs before ethylene prpduction, although the

phenomenon begins to increase before the respiratoryl maximum. (BROWN et al.
1988) .

Increasing 1in the respiratory activity in annonas is accompanied by

fast modifications in chemical composition, where ste and aroma beccmes
very pleasant, while pulp firmness diminishes (BROW| et al. 1888). Soluble
solids increases, mainly carbohydrates and organif acids, and volatile
compounds. Maximum quality for consumption is readhed with high soluble
scliids and titrable acidity (LERAL, 1990; LILIA & GINATC, 19%0:; TAYLOR,
1993,

High proportion of sugars, specially fructose, lexceeding the level of
sucrose, contributes for the very sweet taste of |[these fruits, because
fructose is 1,7 times sweeter than sucrose (LEHNINGER} 19786).

When soluble solids values increase, pulpi pH values decrease

significantly, and titraple acidity increases about t}n times, fxrom 0,067 g
to 0,67 g of malic acid per 100 grams of pulp, due 4n increase of 7 times
in malic acid concentration values and three times inj citric acid (PAULL et

al., 1%83).

Volatile compounds production is parallael witH ethylene production,

reaching the maximum 5 days after harvesting, in the Bame occasion where it
can be seen maximum values for sugars and acids (PAPLL et al., 1983) and
higher sensorial acceptability. (LIZANA & REGINATO, 1840).

After peak, there is a falling 1in the ain aroma compounds
production, with the release of vclatile compounds which are assoclated to
strange aroma of super ripened fruit. (PAULL et a}., 1983). This same
tendency is cbserved in relation to sugars and orgapic acids. Therefcre,

fruits loss their quality after the ripened stage.

3196




HG. 86
EMBR&PQ—CNP&T—CH.GER P&G

@3: 59 pa5-2991833 )

Ve
[¥u]
[ax)

89/ 24/1

Sugar apples must be harvested manually before maturation, in order
to avold splits and damage caused by falling of frults from the tree. Sugar
apples are very difficult to harvest due their tenddncy of splitting caused
by carpels separation (LEAL, 19350). BLEINROTH et al|. (19%2) recommends rhae
use of ladders in the harveating spe¢ration, and fruils must be gotten with
scissors or knife, never by twisting them.

MATERIAL AND METHODS

Seven Hundred ninety twa -782 - plants from a| commercial orchard in
Petrolina, Pernambuco state, Brazil, were used in the experimen;, The
plants weze 2 years old and were located within an 4rea of 4 x 1.5 m., Two
hundred thirty nine just formed fruits were tagged i 156 plants,.

Length and diameter measurements werxe done each|7 days , until fruits
were completely developed and ripened.

In parallel, 5 tagged fruits were harveated ani taken to Physiology
and Postharvest Laboratory of EMBRAPA/CNPAT. After pghysical measurements,
fruits were peeled manually with aid of knifes. Skir}, seed and pulp were
separated and pulp was homogenized for chemical 4nd physico chemical

analysis. Methods used are described below:

~ weight: a semi-analytical electronic balance wgs used. Results were
expresaed a® grams, to the nearest 0.01 grams,

-~ length and diameter - measuring with callipers. Results were
recorded in centimeters (cm), to the nearest 0,01 mm,

- pH: measured by potenciometry using glass| electrode. Results

expressed in pH units,

-~ titrable acidity: titrable acidity was done With diluted sodium
hydroxide, as recommended by Institutc Adolfo Lutz (]985). Results were

expressed as percentage of malic acid.

~ Soluble solids: measuring with refractometer and expressed in °Br:ix
as recommended bu AOAC (1990)

-~ total chlorophyll: extracted in acetone acqording to BRUISMA
(1963), and calculated as mg/100 g of sample, accordigg to the eguation
given by ENGEL et al, (1991}, after measuring absorbancy lat €52 rmuo.

RESULTS AND DISCUSSION

As can be observed in figure 1, development of fruilt is a progressive
variable. Welght gain valuez(figure 2) indicare a double sigmodial

development model.

In this experiment conditions, fruits reached physjolegical maturity
in 98 days (14 weeks). They showed a slight increase |in solid  values
during development until reaching an value of 3,5 °Brix.
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After maximum development , when steored during

24,5 °C and 75% R.H.,

PAL & KIMAR (1385) observed two peaks during d
45 and 60 days and another at 90 - 105 days. In Sao
fruits harvest before the

second peak, don’t re

wilting and becoming-petrcus fruits harvest in the

stage, whose main characteristic 18 carpels

quality pulp.

LIZANA & REGINATTO (1930) observed that £ro
peak it takes 100 days. In Chile,
harvest is reached after 9 months ( + 39 weeks)

firs~ the ideal

Sugar apples showed an average of 35,5 seeds

grams.,

According BEERTH et al. Apud PAL & KUNAR
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solid scluble valve was 27,6 °Bfix

separgtion,

=

PaG.

a pariod of 7 days at
(FIGURE 3).

velopment: one between
aulo state conditions,
h consumption point,
beginniny of ripening

leading to 1low

the blooming to the

maturatjon index for

and weight of 347,39
there 1is

(1995%),

oo

relationship between fruit size and number of seefa, maybe due to the

as prcrosed by MAZUMDAR (
fruits rxeach consumption point

insufficient pollination,
maximum development,
ambient temperature of 28 + °C.

1977) .

in 2 toc 5

After reaching

days, at

FIGURE 4 shows pH values, which ranged from 5,28 to 5,80 at and 35
anc 98 days, respectively. After harvesting and| stcrage at ambient
tenperature, pH wvalvues diminished to 5.08. Titrable| acidity expressed as
citrie acid was almost constant for 91 dayp, increasing uatil
physiological maturation, completing the increment diiring storage (FIGURE
9 .

REGO et al. (1989), analyzing pulp of mature fruits found the
following values: Ph 4,35, 24 °2rix and titrable acidilty of 0,88%. SILVA et
al. (1986) found pH 4,62, titrable acidity 0,21mg/}00g of pulp (citric
acid) and 22,36 of total soluble solids (mg/i100g).

BEERH et al. Apud PAL &KUMAR (189))

assure that

for ripened fruits,

total solids values vary from 20,6 to 28,0 °Brix, wﬂile titrable acidity

ranges between 0,3 - 0,4 % mainly citric acid.

Harvest index wusually wused for sugar

appearance of the fruits,
green color.
values in the fruits skin, from 68,77 to 27,57 mg/l1l0Q
the fruits had reached physioclegical maturation,

values, 60,63% of pulp;,

Comparing to values obtained for
46,668 of skin and 6,79% of seeds),
(FIGURE 7).

ciameter of 10 cm and length of 938% 10,5 cm,

between the two stages
ahow

apples is

they showed
34,85%70f skin and 4,43 & of sers.

ripened fruikts
there was only
Fruits with 35C to

the external

when they show carpels sepafation and yellowish-
In FIGURE 6 it is possible to see the lofering of chlorophyll

O g. At 98 days, when

in average

(45, 55%
a slight difference

of pulp,

450 grams of weight,
b6, 6 of skin; 4,8 of

-1
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seeds and 38,6 of pulp. Fruits with 250

to 350 grams shows

in average

values, 107 carpel, about go normal ones, 27 under ddveloed and 65 seeds,
generally, they have diameter ¢of 9 cm and length of 9{em. Skin is 52,8% of
total weight, seeds 5,8 and pulp 41,4% (KAVATI, 1987).
Fruits analyzed by MAIA et al (1986) =showed 54,1%9% of pulp, 38,18% of
skin and 7,60 of seeds.
CONCLUSIONS
~ In the experimental conditicns, fruits can be h&rvested at 98 days

(physiological maturation) and stored for 7 days at

reaching ripening.

of

another characteristic which were ng

- More studies about apples

eatablishment of

development sugar

mbient temparature,

are suggested, for

t indicated in this

work and a study about the stability of such characteristics during
storage.
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