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Brazilian fruit p r oduc t í on has be en increasin9 dU~ to f~varable ambient

cond1tions, mainl)' in irrigated Areas. Thie fact le~ds to increased inC<ll\\é

and job ofter e s well a s new opportunities in the \1nternational t r ade af

f r e sh frui t. Among commer c í eLl y cu l ti vat ed Annona~ sugar app Le (Armona

squamosa L.) can be con,idered as one of the I\\ost re resentative. This work
aiméd to !ltudygrc\-Jth and mat u r a t Lon of sug,r app ti fruit, in order 1..0

gather infol:'mat ion for the de t e rmi.na t ion of their harvest indices. Seven

Hundréd ninety t wo -792 - plants from a commerciallorchard in Pet r o Lí na ,
?err.ambuco s t a t e . Elraül, were us eeí in the @xperim,nt. The pLan t s were 2

ythU5 old and Were Loca t.ed withJ.n an e re a o r 4 x 1. ~ m. 239 new by f ormad

fru1ts 1n 156 p~ants were tagged. Weight and diameteriwere mea~ured weekly,

in a sampl e of tayged fruH.s until t he i r completi'rn oi Qrowth., Total

eol.ub Le ao l í de . titrable acidity af pulp and chlorOfhyll eontent ai peE!l

were a1$0 measured periodlcally during the experim@nt~ Results showed tha~
t.here wet'ft Lnc r ea s e s an total s oLubLe sol ida trom 4 2 t.o 27.56 cBrix dtld

citrable aCidity frem 0.14 to 0.29 \, while chloroph 11 Conteot decreased
f zom 68,97 to 27.57 m9/l00 g. It could be conclude that fruits reached

I
complete maturation in 15 weeks. I
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•• a,••l1 v í ene p r e s en t ando un .:='Oi9n1fiC~U \ o en ,. p r cducc í ón de

!r\l~.8, debido !!!IJ!s car$cteristicaa adafoclimáticas ftvorables, notadlJl\ente,

en loa po Los 1rr.igados. E:~te cuad r o v í e ne Qenerllndieftl.Ple05 y reota pa.ra

millonea de personas, bien como conquistando n VO$ .8paci05 en el
competitivo mercado internacional de frut.os in no!itur . Entre lll~ annonaceas
cult!.vadas eon interés comercial

ipales repre5ên~antea

0110 y l!IAducIlci6n de

Ia d~termlnaci6n dei

ndose 192 plllnta~ da
de Petrol1na - PE.

.l.a "lIn60" I (A. squ.!mo,j~ L.), tarnbien
llAl'lUlda de pj,nha o fX'u't.ldel conde @! uno de
de 1a t!lJ!\ilia. Con el objetivo de e st ud.íar
108 trutos de "ancn? , a~i como obt ene r sur>s\'dio!! par

punt o de co s e cha , fué 1nstalado el expe r í rneneo utiliz

un pomar comercial í.r rLçado , locali:udo en 1a a Lc a Ld
El área ut.i11l1ado fué compuesto por plantas de
ftapacloU1.,nto de 4 x 1,5 rn • Fue r on mar cado, 239

156 plant.5. En una muestra de frutos M4tcado~,
realizadas med í c í one e de largura é dl~etro, hasta e

de1 fruto. Paralelamente a O, 21, 35, 4'1, 55, 63, ')0,

a~o~ Be~rad~5 en
recién formados en

cada 7 di.s eran
completo desarro11o

71, 84, 91, 98, 105

dias, eran COS6chado5 5 frutos para el acompa~ami de alterac10nes

fiSl.C'&s, fisico-qui;niciI y qu imí ce s . I.,os frutcs ale au completa
I!I4durac16n en 15 semanas. L05 f rut.os presencaron de.arro 110 y

maduraciOn, aumento en 105 teores de sólidos solúbles de 4.Z para

27,56 'I de acidez titulablp. de ú.14 para 0,29, to que ocurri6 uno.
diminuci6n en el teor de clorofila de l~ ea~cara de 68, 7 para 27,57.

IN'rRODUCt'ION

Brazil has b ee n rec:ognizec! ,a:. an Lmpcr t ant; z ocíuce r , spe c í e Lt y

tht!l tropiccl and subtropical one". Annon<\\s hav& been 9' wn in this country
for 11. lonq time.

Annon~ceae family has à greàt numbe~ af qenua and

number n4tive of tropical or 5ubt::opical regioos. Amon
commercial interest, suq4r app1e i~ con~ider@d as import

specie" the major

thoo. which have

t (KAVATI, 1992).

r."trict use io
in t ne family

~tato!!! arid Sao

SU9ar apples are trade as fresh fruits,

industry: Sugar app l.e 15 cone Lde r ed as the ma i!".

Annonacea., belng important io various Brazili~n Northe

~aulo.
$uqar apple trees were formed with 5eed plant5. fru t characteriatic8

are variable, m!linly the form of fruit and its color, ruqosity of each

carpel, in~ercarpel tissues coloration, and que quantity o cells in pulp.
ofOevelopment of fruit: OCCUX3 10 a variable r a t e , 10 tunctl.on

d1cnoq.my aasoc1atect to climate cond1tiona; h1qn

relati'lft h'..Ut\ldity dry the stiql'llo very fast; raio

tran3porc, whil~ low ~emperAtur.8 diminish Folinizin9 1n~e ts action.
poll.n
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COGEZ L:rANNAZ (1994) ob s a r ve d

depending 00 the cultivar TRAI tup
development and CV. New caledOlllan,
development rate êxceeded 90%.

type,
that dev lopment percentage vary

in open olinizat1on shows 0% of
3.6\. When man a1 pollnization is u5@d,

Trying$ 1;0 increase s he Lf life of au ar app Les for fteeh

eon,umptionJs must con3ider their own characterist ce: their formatlon and
maturation physiology, chemical and physical charac eristics. Throu9h these
pararnetero, harve~t and post-harvesting lechniquee re defined.

Annonaceae fruits are clô!5sif1ed as cl1materic, due the increa3e in
their matur~tion.

Sugar app Le ehow
annonaceae fr~its

re~plratory actlv1ty and ethylene production
The~e fruits complete ripen~ng proc.ess after
onLy one climaterlC p ee k , d í f f eran t Ly frem the
(SROWN et a., 1988: TSAl' & WU, 1990; KUMAR. 1995)

climacteric z esp i r e t o ry o ccu rs before ethylene p

phenornenon begins to increa5e befor@ the re~pirator
1988) .

to LEAL (1990)

li 1thou9h t he
(BROWN e t al,

lncreasing r n the respiratory activity in an
fast modi!ications in chemical composition, whe~e
ve ry pleasant, while pulp f i rmriess dIm.ín Ishe s
solids increa~es, rna1nly cdrbohydrates and
compounds , M5ximum quali t y for con sump t Lon ia
sc Lí ds and titrable acidity (LEAL, 1990; LILIA &

;,.993) •

1~ accompanied by
and aroma beccmes

et .:li. 1988) . Soluble
Acid.s. and volatl1e

ed with high soluble
GIN~TO, 1990: 'TAYLOF.,

Hiçh proportloh of sU9ar~, speçially fructose, exceeding the levei of
s uc ro se , contributes for the ver"y swe@t taste of th • .,e fZ'uits, because
fructo~e 15 1,1 times ~weeter than sucrose (LEHNINGER 1976).

When soluble solids values increa~e, pulp pH value~ dec~ease
signiticantly, and ~itrable dcidity increa~es about t n times, trom 0,067 g
to 0,67 9 of malic acid per 100 grarn~ af puIp, due n increase of 7 times
in malic acid çoncentration vitlues and threl! times in citric Bcid (PAULL et
al,,1983).

Vo La t Ll e ccmpounds production 1.-;pS1:allel wit ethylene p ro du ct í c n ,
reaching the maxirnurn 5 days af~er harvesting, in the ame occasion where it

Aftex-

et aI., 198) i andcan be .seen ma x i mum va lue s for suq a rs and ac í ds
n í qrie r sensotla.l a c ce p t ab aLí c y . (LIZANA s REGINATO,

th@re 13 a talling in th@ aroma compo~nds
are a3so~iated topzc·oduction.

st ranç e aroma of sup e r ripened f ru í t , (PAULL et 1983), This ~.!ImF.'

tendency is o b se r ved. 10 re Le c í on to suq a rs and OI"gõl ic a cí o s . Thet'efçr~,
fruits loss their quality after th~ ripened 9tage.

3 ') 6
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Sugar app Le s rcus t be ha rve s t ed tnanually bef e mat ura t ion , an o rríer
to avold apiits and da.age caused by fali!ng of fru ta trom the tree. Suq~r
apples are very dlfficult to harvest due their tend ncy aí splitting caused
by carpels aepe r e t í on (LEAL, 1990). BLEINRO'I'H @t a Ll, (l992) r e commends tho

u~e of ladders in the harvpqting opçL~Llon, and frui 5 mu~t be qotten wlth
sci$sore or knife, never by twisting them.

MATERIAL ANO METHOOB

Seven Hundr ad n í ne r y tlolO -792 - pLante from _ comnercial o r ch e r d í n
Petrolina, Pernambuco s t a t e, Br<!l2.il, were used ti the expe r í mant . The
plants were 2 years old and were located w1thin an rea of 4 X 1.5 m. Two
hundr~d thir~y nine just formed frult~ were ~a9ged i 56 plants.

Length and diameter measurements were done each 7 days . until truits
were completely developed anct ripened.

1n parallel, 5 tagged fruits were harveet ed a
and Po:ttharvest Laboratory o f EMBAAPA!CNPAT. After
fruit$ Wel:e peeled manually with aid of xnifes.
~eparated and pulp was homogeni~ed for chem1cal
analysis. Method~ used are described below:

t ake n to Phys í c l oqy

y.,icdl measuremenr s .
sef!d and pulp WE!t'ê

nd physico chemical

- weight: a semi-analytical electronic balance W B used. Re.,ult3 wete
expre5~ed a5 grams, to the nearest 0.01 grams.

length and diameter meaBuring with call pers. ~esult~ were
recorded in centimeters (em). to the nearest 0,01 mm.

pH: mea5ured by potenciometry
expressed 1n pH units.

using 91&35 electrode. Results

titrl1ble acidi ty: t í t r ab Le acidit.y was done

hydroxide, as recomme nded by Instituto Adolfo Lut z
expre~~ed &$ percentage of malic aCid.

i t.h di luted soc í urn

Resul t$ wer:e

total chlorophyl1: @xtracted in acetone rding to BP.U!SMA
(1963), and cAlculated as mg/100 9 of eamp le, to th~ equatll)n

given by ENGEL et al. (1991). after mea~uring absorb~ney t 652 ~n.

- Soluble .!olids: mea$uring with refractotl1@ter ao expre5s!'d in °Brl.x
as r~commended bu AOAC (1990)

RESULTa ANO OISCUSSION

As can be observed in figure 1, development of fru't i5 a progressive
var í ab Le . We.l.qht gain values(fiÇllJ;re 2) indicace a doub Le sigmodi..êll

devclopment modelo

111 thi~ expe r íraent; conditions, f ru í t s reached phys o loqi caI m~turl.ty

i:I 98 da ys (14 week:J). They ShO\.Jêd a sli9ht. increa~e in so Lx d vaLu es
during development until reaching an value of 3,S °Br1x.

307
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After rnax í murn de ve Lopmen t , when s eo r ed du r i n a pe r a od 01: '1 d,~y!l :1t.

24,5 °c and 75% R.H., ~Olld sQluble valv~ WQS 27,6 °á ix (FIGURE 3).

PAL & l<IMAR (1985) ot..served two pp.aks dur.ing d velopment: One b~tween
4~ and 60 days aod another 8t 90 - 105 days. In SAo aulo state conditlons,

t ru.í t.s ha r ve s t be f cr e the s econd pe a k, don' t r e h con sumpc í cn po Lne ,

wilting ~nd b@col!\lnq-pet.rous fruits ha r ve s t; in the beginn.t.ng af ripening

s t aqe , who:se mein char8cteristic i s ca r pe Ls s ep ar tion, teading to l:lw
qúality pulp.

LIZANA & REG!NATTO (1990) o.bserved t ha t fro the bloominq to the

firs,: pe.lc it t ak e e 100 day s , In Ch i Le , t.he ideal mat u r e t í.cn index f or

harveot 13 r~ach@d after 9 rnonthe ( ~ 39 weeka)

Sugar app Le s ~howed an ave r aqe af 35,5 eeeds and weight of 347,39

grc.Jlls.

~ccording BEERTH et al. Apud PAL , KUNAR (1995), there i3 ~o
r~l8.tionship betwl!!en f r u i t SI ze and numbe r of l3ee S, maybe due to t::-'o

i.n!'luffici.ent. pol:!.ination, as p rc r e s ed by MAZUMDAR ( 977). ~fl:.er r~açh.i:ng
maximurn development, trui t s reach consumption point in 2 to 5 days, a t

~rnbient temperature af 28 ~ oCo

FIGURE 4

and 96 daY~1
r erepe re t ure , pH

citric ec í d

shovs pH va Lue s , which r ançed from 5 2a to 5, ao at and .3:'

re3p~ctiv@1y. After harvestinq and etcraqe at ~nbient

va Lvue s dim1nished to 5.013. Ti trllble acidi ty expressed as

was almost corrs t an t; for 91 a nc r e e s í nq unt.Ll
physioloqiclll rnaturatioo, completi.ng the Lnc r ement, d ring storage (fIGI.Jl:\E

5) .

REGO et alo (1989), e n a Ly z í nq pulp of f r u í t s !ound t hs

'o11owiog ve Lue s : Ph 4,3." 24 °2.[i>< anó titrable acid' 'I of O,SS\. SILVA e t

alo (19B6) f ound pH 4,62, t a t r ab Le acidity O,21mg/ OOg of pulp {c i t r a c

acid) and 22,36 of to~al ~oluble solids (mg/100q).

B~ERH et a l . Apud PAI. &KUMAR (1995) assu r e tha for r1pened f r u i t s ,

total ac l í de va Lue s v~ry from 20,6 to 28, O °Brix, w iil! titrable ac í d a t y

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

Harvl"Ist index usually used for sugar
appearance oi th@ fruits, when th~y show carpels
green colar. 1n FIGURE 6 it is pO$~ible to 5ee

values to the fruits s k í n , f.rom 68,77 to 27,57

appl 5 i$ the external
sepa ation and yel1owi~h-

ering of chlorophyll
9. At 98 day s , whc:-l

t.he fruits had ze acrie d phY5iologic~1 mdturation,

values, 60,63% of pulp; 34,851af skin and 4,43 , of

Ccmp e r í nq to v e l ue s obtained for ripen.ed fru 5 (4~, 55\ of pul p ,

46,66\ o f s k í n e nd 6,79' of aeeds), there wa!l only a slight d.í f f er ence

between the two stages (FIGURE 7). F'r u í t s with 350 to 450 ç r arns of weight,
c í amet e r ot. 10 em s nd length o f 9 to 10,:) em, JShow 6,6 o f s kan , 4,8 of. 31')'3
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seeds. and 38,6 of pulp. Fruits wlth 2S0 to 350 gr ms shows i n ave r aq e

va Lue a , 107 carpel, about go normal one s , 27 under de ve Loe d and 65 eeeos ,

generally, they have diam@ter of 9 em and length of 9 cm. S~in 1s 52,8\ of

t ot a I we1qht, s eeds 5,8 and puLp 41,4% C1<.AVATr, 1987).

Fruitl5 analyzed by MAlA et al (1986) shove d 54,1 , o t pu l p , 38,18\ of

3k~n and 7,60 of ~eed$.

CQNCLUSIONS

1n the @xperiment,d co nd í.t Lon e , fruits C4n be h~ zvest ed at 96 days
(physioloqical maturation) and s tor ed for 7 days at ~mbient t.empertstuI"(!,

reaching ripening.

More $tudie~ about developrnent of sugar apples are suqqested, for
est4bli!lhment o f another che r ac t er í et í c which were nc t and.íca t ed í n th í s

work and !l s tudy about the stabili ty of such cha r ac t e r i s t i cs du r í nq

storage.
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