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RINGKASAN

Perubahan-perubahan f is io logikal  ke atas Pisang Emas te lah diukur semasa ianya dalam
proses s-dang masak {r ipening) dan dalam penl impanan. Buah-buah pisang te lah diu j i  dalam

beberapa suhrr  dan kcadaan penl inrpanan 1.ang berbedza. Kadar pengeluaran carbon dioxide and

eth ' lene te lah diukur.  Telah didapat i  bahau,a suhu lebih kurang 20"C adalah yang pal ing sesuai

l inruk pen) ' impanan dln suhu kurang dar i  11 'C memberikan kesan lang bumk kepada buah-buah

pisang. Keadaan udara !  ang lembab dan pernl- .uangan carbon dioxide menlpercepatkan

kemasakan buah. lnanakala keadaan r :dara lang kurang lembab memberi  kesan buruk ke atas

mutu buah. \ lasa penf impanan akan bertambal . r  dengan pembuansan eth! ' lene yang dikeluarkan.

Keadaan penl impanan ) ' rn-e dis)urkan adalah sepert i  ber ikut :  suhu lebih kurang 20'C ethylene

hendaklah dibuang dan kandungan kelembapan udara lebih kurang 85% semasa di  dalam

slmpanan.

INTRODUCTION

According to a studv carried out b) the Federal Agricultural and Marketing Authority of
Mala1 's ia (F.A. I '1 .A.  1968).  the potent ia l  o f  the bananas as an export  comnrodi ty  and a money
earner  is  very great .  iv{oreover .  compared to other  local  and imported f ru i ts .  i t  is  one of  the
cheapest  and n lost  popular .  E leven v i tanr ins hare been repor ted present  in  the f ru i t ,  amongst
which are v i tarn ins A.  Bt .  B1 and C (Str t t roxns 1966).  The calor i f ic  va lue is  surpr is ingly

low.  about  4 i .g  t  (SI l t r tox os.  1q66) and does not  therefore pose excessive d ietary
problents.  Coupled rv i th  thei r  vear  round ara i lab i l i ty .  thev beconte one of  the Inost  desi rable of
Malal,,sian fruits. In thrs cotrurunication. factors affecting the storage and ripening of a common
local  var ic ty .  Pisanq Emas.  are repor ted as par t  of  a cont inuing ser ies of  invest igat ions a imed at
e luc idat ing opt inra i  s torage cor ld i t ions to preserve f ru i ts  both for  use in  th is  country and for
expo r t .

EXPERIMENTAL

Fruit I  local varier\ oi . l luss sapienttrnt Pisang Enras (Farni lr ' ' :  Musaceae; Order:

Z i lgerbera les)  ( I IL r  L \ t  t .  1970) .  ob ta inec i  t iour  the  N ' la la l  s ian  Agr icu l tu ra l  Researc l i  and

Deve lopnten t  lns t i ru te  ( \1 .A .R.D.1 . ) .  Sc ' rdang.  Se lansor  rvas  used th roughout .  F ru i ts  were  p icked

g r e e n .  s i x t \  c l a 1 , s  a t ' t e . r  a n t h c s i s .  l n  t h e s e  s t u d i e s .  t \ \ ' o ' l l n s e r s ' f r o r n  t h e  s e c o n d ' h a n d ' w e r e

e lc losed in  I  j l i .  V lse l ine  w 'as  app l ied  to  the  cu t  e r tds  to  p levent  dehydra t ion  and funga l

in fec t ion .  Resu l ts  a fc  n rea l l s  o i  a t  leas t  th lee  rep l i ca tes .

(a) Effect of Tetnpertture

Tws bana las  \ \c rc  incubated  in  ruod i f ied 'Fowlers  Vaco la '  ja rs  as  descr ibed by

B I i . o t r ( ; u ' r ' o N .  t l A S u t \ t  S H E \  a n d  T . A N  ( 1 q 7 ? )  T e r u p e r a t u r e s  u s e d  w e r e  6 o C ,  1 l ' C , 2 0 o C

and lSoC (1  1 ' ( ' ) .  Carbon d iox ide  and e th t ' lene  were  measured da i i y  fo l lowed by  a  th ree  hour

ocr rod  o1 'aer r t ro r . r  \ \ ' l t l l  earb( )n  d iox ide  f ree  a i r  (see  BnOUC;HTON ef  a l . ,  1917) .

* [ ' a r l  l .  l \ l AR l ) l  l l c s
+ * l ) r esen t  add ress :

u u l l .  . s (  1 9 7 7 )  p .  . 5 9  7 2 .
\ lar  l )hnck lnst i tLr t  f i i r  Z i ichturgsforschung
I)  50()0 K'r i ln  30
l r c i l r r r l  Re  pub l i e  o1  ( l ennan \  .
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(b) Effect of Humidity

High humidities were achieved with wet fi l ter papers, low humidities
sil ica gel. The sil ica ge1 was replaced periodically and the fruits exposed to
dry air as thd case may be for three hours per day after measurement of
ehtylene.

(c) Effect of Carbon Dioxide Removal

with self indicating
a stream of wet or
carbon dioxide and

Carbon dioxide was removed from tl.re chamber with self indicating soda lime pellets.
After incubation. ethylene was measured and the fruits aerated with carbon dioxide free air for
three hours.

(d) Effect of Ethylene Removal

Ethylene was retnoved by placing potassium pennanganate inside the chamber. In thrs case
only carbon dioxide was measured as described below.

(.) Determination of Carbon Dioxide and Ethylene

These were assayed by' t itr imetry and gas chromatographv respectively as described
previously  (see BnoucHroN e/  a l . ,  I9 j7) .

(0 Determination of Reducing Sugars

levels of reducing sugars in the fruits \\ 'ere measured as follows. Ten grams of pulp was
homogenised with a mortar and pestle in 5 ml ol I0% (wrv) tricl i loroacetic acid. Then, the
homogenate was centrifuged at 10.000 x g for 20 min and the supernatant assayed for reducing
sugars by the Somagyi  -  Nelson method (SO\tAGyr.  1952).

RESULTS

"Pisang Emas" displayed the characteristic climacteric type and respiration (Fig. I). The
carbon dioxide peak preceeded the ethylene peak at 28"C bui at the other temperatures. the
order was reversed (Fig t and 2). Both the carbon dioxide and ehtylene peaks occurred sooner
and were of greater magnitude at higher temperatures. Bananas ripened fastest at 2g"C. had
normal colour and flavour'b1lt bv the eighth day fungal wastage began to occur. on the other
hand, bananas stored at 20oC ripened more slowly but had tl ie same good quality and taste.
Storage life was also prolonged. Fruits held at 6oC and 11'C showed no signs of ripening. Atthese temperatures the banana skin turned dark green with dark brown mottl ing. Accordingly,
20oC seemed to be a good temperature for storage and further attempts at extending the
storage life of the fruit were carried out at this temperature.

When carbon dioxide was removed froni the chamber. the ethylene peak was brought
forward by about four days compared to the control fruit (Fig. 3). The fruit took only srx
days to ripen compared to the controls which took nine days. When ethylene was ,.1nou.A
instead. the carbon dioxide peak occurred at about the same time as in t.l're control fruit (Ftg.
4) but the fruits took a very much longer time to ripen (more than rwenty days).

Banana respiration in both the high and low relative humidity treatments showed a similar
pat tern (F iS.5)  In  the h igh re lat ive humidi t i ' t rearment .  the f ru i ts  remained turg id.  smooth,
ripened evenly. developed a nice yellow colour and were of good flavour. At low relative
humidities however. the fruits became shrunken and wrinkled: ihe peet tended to tum black
and the puip was soft. Ripening of the fruits was faster at the higher relative humidity.
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6vels of reducing sugars seemed to increase as the fruits ripened but later decreased during the

overripe phase (Fig. 6 ).

6 8

Days after harvest

Figure I. Rate of carbon dioxide evolution by Hsang Emas stored at different temperatures.
Fruits were placed in gas-tight containers (Fowler's llo. 31, Fowlers - Vacola, Hawthom,

victoia, Australia) and stored at ll"C, 20"C and 28"C. Dai4' aeration of the fruit
and determination of the amount of carbon dioxide evol'r,ed, were perJbrmed as descibed
in the text.
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Figure 2. Rate of ethylene evolution by Pisang Emas stored at different temperatures.
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Figure 3. Effect of removal of carbon dioxide on ethylene evolution by Pisang Emas stored at

20" C. Sampling of the gaseous phase for ethylsns and daily aeratiotl of the fruit was

Derformed as described in the text.
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Figure 4. Effect of removal of ethylene from the respiration chamber on the rate of carbon

dioxide evolution by Pisang Emas stored at 20o C. Measurement of carbon dioxide evolved

and daily aeration of the fruits were performed as descibed in the text.
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Figurc 5. Effect of different humidities in the respiration chamber on the rate of carbon
dioxide evolution by Pisang Emas stored at 20"C.
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Figure 6. Changes in the reCucing
stages of ipeness were used.
descibed in the rexr.

Yellorvish Green Deep Yellow Brownish yel low

sugar content of ipening pisang Emas. Fruits of different
The technique for dercrmining the redttcing sugar content is

DISCUSSION

"Pisang Emas" was found to ripen normally berween Z0oC and 2g"C. At 2g"C ripenrng
was fast and the shelf l i fe short. At 20'C ripening was gradual with a longer shelf l i fe. At
lower temperatures (6 'C and 11"C),  the f ru i ts  fa i led to r ipen.  Gexr  (1936) showed thar ' ,Gros
Michel" bananas ripen normally between 13oC and 30oC. He also showed rhat chil l ing occurred
at  11.6oC. Wu (1976) found that  the "Pisang Embun' '  and "Pisang Rasta l i ' ' .  another  two local
var iet les of  banana.  r ipen normal ly  between 15oC to 25oC (see BRouGHTox and Wu. 1979).
Thus most varieties of banana have an almost similar ripening teinperature range. The rate of
respiration and ethylene evolution followed actual ripening closelv at all temperuiur.r. An effect
of temperature was therefore to stimulate evolution of both carbon.dioxide and ethyiene.

Most fruits do not ripen if the ethylene in their vicinity is completely removed.
FonsvrH,  EAVES and LIGHTnoor (1969) s tored apples for  189 days at  j .3oC under low
e thy lene  l eve l s .  Sco t r .  BLAKE,  S rRacsan ,  TuGwELL  and  McGrRssoN (1971 )  f ound  tha t
bananas stored in polyethylene bags remained green for 8 18 days at ambient temperatures.
Exogenous ethylene has been shown to accelerate ripening in other bananas (BRouGHTSN
and Wu, 1979).

Removal of carbon dioxide hastened the ripening process without detrimental effects on
the flavour of the fruits. On the other hand, when carbon dioxide was allowed to accumulare,
ripening was delayed. BuRc and Bunc (1965) explained this by proposing that carbon dioxide
competitively inhibits binding of ethylene to the receptor site thus rendering the ethylene
ineffective. No trails were carried out to find the safe range of carbon dioxide levels but 5%
(v/v) appears satisfactory. Many workers have shown that carbon dioxide may be iniurious ro
fruits at certain concentration (see for example ToMKINs. 1959).

Yellor'"
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Bananas maintained at high relative humidities ripened normally while those at 1ow

relative humidities tended to shrivel and turn black. although under bot1.r sets of conditions the

fruit did exhibit the respiratory climacteric. This is not alwal's the case since HEaRD and

HULTIN (1969) found that a number of vaneties of banana. maintained at relative humidities

less than 80% did not exhibit a climacteric rise in respiration'

WARDLA$' .  LEONARD and B.q,nNe LL (1939) showed that  the increase in reducing sugar

content in bananas was due to the hydrolysis of starch. The level of reducing sugar in "Pisang

Emas" increased as the fruits ripened and decreased with post ripening. Similar changes were

reported for  "Pisang Embun" and "Pisang Rasta l i "  (BnOUCsTON & WU 1979).

Table I shows clearlv that the best ripening and storage temperatule is lO'C as the

ripening was gradual and the shelf l i fe longer. Rernoval of ethylene also l-relps to extend the

shelf l i fe of the fruits. On the other hand removal of carbon dioxide or allowing the ethylene

produced to accuri 'rulate enhanced ripening.

TABLE 1.  EFFECT OF THE VARIOLIS TREATN'IENTS ON THE CLIMACTERIC, ETHYLENE

PRODUCTION. FINAL TASTE A\D APPEARANCE OF PISANG EMAS

Treatments Days to reach
C2H4 peak

Da1,s to reach
COl  peak

Days to
. ' r - "

Fruit appearance and taste when ripe

Temperature:

6 "C

l l o c

20'c

2g"c

9

5

1 l

6

3

l

1

I

Fruits failed to ripen; peel turned brown

Fruits failed to ripen; peel turned brown

Uni forrn r ipening:  ye l low:  good taste

Lln i form r ipening:  ye l low:  good taste but

shor t  s torage l i fe .

Humidity:

High

Low

1 0

1 2

Uniform ripening: yellow; good taste

Fruits were shrivelled; peel turned black,
pulp soft: taste astringent.

Removal of CO2 Uniform ripening; yellow; good taste

Removal of C2H4 20 Uniform ripening; yellow; good taste
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SUMMARY

Physiological changes were measured during the ripening and storage of a local. variety of

banana - the "Pisang Emas". lruits were subjected to different temperatures and storage

atmospheres. and their rate of carbon dioxide and ethylene evolution measured. Temperatures of
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about 20'C prolonged the storage i i fe of  the i ru i ts  uhi le temperatures belor ' , '  l1"C i r ,ere
detr imental  causing chi l l in-e in jur ies.  High humidi t l  and removal  of  carbon dioxide enhanced
r ipening whi le lou humidi ty adversel l  af fected t ' ru i t  qual i ty .  Storage l i fe rvas prolonged by the
removal  of  the eth"v lene produced. Recommended storage condi t ions are:  temperature of  about
20'C, removal  of  ethylene and about 851 re lat ive humidi ty in the storage atmosphere.
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